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Results Suramary No mutations detected; test values in narmal range. See Results Interpretation on the following
pagels) lor lest values and residual risk informalion.

Tests Ordered

Carricr Reduced Risk
Cystic Fibrosis (GF) 0 =
Spinal Muscular Atrophy [SMA) | 1|
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Results Interpretation

Cystic Fibrosis [CF): No mutation detected. A negative result reduces, but does not eliminate, the chance that this
individual is a carrier of cystic fibrosis. Presuming a negative family history, residual rizks are as follows by ethnicity:

Ashkenazi Jewish 1/499, Caucasian 11420, Hispanic 1/427, Alrican American 1/462, Asian 1/257,

Spinal Muscular Atrophy [SMA): Two copies of SMN1 detected.

This result reduces, but does not eliminate, the chance that this individual is a carrier of SMA. Presuming a negative family
history, residual risks are as follows by elhnicily: Ashkenazi Jewish 1/611, Caucasian 1/834, Hispanic 1/579, Alrican
American 1/130, Asian 1/804&.

This analysis does not differentiate carriers of SMA with two ar more copies of the SMNT gene on one chrompsome and no
copies on the other chromosorne, from nonr-carriers with one copy on each chromasome. Additionally. carriers of small
intragenic changes are not detected. Appraximately 24 of patients with SMA have da nove mutations [naw mutations in the

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

Comments

The results and interpretation in this report are based on the information previded about the tasted individual, and the
curreatly available infoermalion regarding the disarder 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 counseling is a recommended option for all patients undergoing testing. Testing of the reproductive partner
increases Lhe accuracy of Lhe risk assessmenl, For addilional information about Lhe diserders tested, please cantacl Good
Start Genetics™, Inc. [Good Start Genetics).

Next-generation sequencing [or NG5S} technalagy is used to evaluate genetic variants. The variants reported include all
mutatinns [pathogenic variants] recommended for testing by ACOG/ACME, those that have been previously determined to be
pathogenic by Good Starl Genelics (the G5G palthagenic mulation set), and those thal are comimonly assessed and meel our
pathogenicity criteria (656 class 1 variants). Novel variants, 1.e., those not in the G5G pathogenic mutation set, but expected to
be pathogenic based on the nature of the sequence change, are atso reported. Benign variants, variants of unknown clinical
signilicance, variants wilh insuflficient published information 1o adequately assess Lhe pathagenic nature ar determine the
gxact genomic location, and those not reported to be associated with the appropriate phenatype are not included. For the
purposes of this report, the term mutation is used interchangeably with pathogenic variant. Analytic sensitivity 2nd specificity
for the G5G pathogenic mutation cet are »¥9%. Far novel variants detected by NGS, the analytic sensitivity and specificity are
=98% and »%9%. respectively. NG5 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%.

Nan-NG% methoedology is utilized for a subset of disorders. In 2ome of these cases only a targeted set of mutations is
genotyped., Targeted analysis [ocuses on those varianls generally accepled Lo be important and prevalent, such as Ashkenaz
Jewish founder mutations. Analytic sensitivity and specificity for fragile X (FMR1 gene} CG6 repeat and alpha-thalassemia
{HBA/2; the common deletions and the Constant Spring mutation) analyses are »99%. For HBA/2 deletion assessment -
carriers of alpha-thalassemia with three or more copies of the alpha-glohin gene on one chromosome, and one or no capies

on the other chromosome may not be detected.

Identified mutations are reported using HGYS approved cDNA nomenciature, whenever possible. Widely used cormnmon names
are put in parentheses, if available. If subsequent testing will be undertaken at another labaratory, far the reported
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mutationis, please contact Good Start Genetics to obtain the exact genomic position.

Hemaoglobin etectropharesis far assessment of beta-thalassemia or sickle cell carrier status, detects abnarmally migrating
hemoglohing and the relative amount of A2 hemoglobin [%:A2]. The coefficient of variatian (CV] for the precicion of %A2
determinalion s 52.8%. Varianl hemoglobing are delected when Lheir migration pattern is distingt from Lhal of normal
hernaglabin {Hb A; some variants overlap and cannot be readily differentiated]. Alt hemoglobin results should be interpreted in
cohjunction with hematologicat information [in particular, patients with tow mean corpuscular volurme [MCV], low mean
corpuscular hemoglobin (MGH) and low hemoglabin levels may warrant additional evaluation even when hemoglakin
electrophoresis results are normall. Samples suspected to be positive for Hb 5 witl be assessed by a chemical precipitation
assay of by Sanger sequencing for confirmation. Other suspected variants may be assessed using Sanger sequencing.
Hemoglobin variants not already characterized by Sanger sequencing should be eonfirmed by malecular genetic analysis of
the appropriate globin genes for reproductive testing purposes (e.q. prenatat diagnosis or preimplantation genetic diagnosis).

Tay-5achs enzyme analysis determines the level of total hexosaminidase and the percentage of hexosaminidase A (%HexAl. A
small percentage of carriers [<0.5%] may exhibit normal hexagaminidase A activity and will not be datacted by enzyma
analysig alone. In addition, patients wilh Lhe AB variant will nol be detected by this assay.

Tay—SacHg ahalysis may detect the presance of pseudodefliciency variants and B1 mutalions. Psaudodeliciency varianls cause
a false positive result an HexA enzyme analysis and do not canfer a risk for Tay-Sachs disease. B] mutations cause a false
negative result an HexA enzyme analysis and de confer a rick for Tay-Sachs disease. DMA analysis detects the two frequent
pseudoedeliciency variants (R247W and R249W) and Lhe known B1 mulations (R178H, R178C, R178L, D258H].

Methods

Genomic ONA is isolated and quantitied using standard, high purity methods and subsequently analyzed by one or more of the following
processes, depending an the tests ordered. '

* Next-generstion sequencing [NGS): Exons, selected intranic regions, and the 2 bp conserved acéeptcrrfdonnr splice sites are selectively
amplified and subsequently sequenced on a next-generation ONA sequencing platform. The resulting reads are integrated ta define genatypes
within the amplified regions and compared to human reterence genome hg18 to identity variants, Mutations that fall in low coverage or
challenging regions [such as SMPD1 cxon 1) and cortain deletions, insertions or indels may not be assessed by NGS. In addition, certain novel
mutatiens in CFTR exan 10 (legacy name, exen 9] may not be detected.

= Targeted NGS Analysis: A targeted NG5 approach is used for detection of the TMEM216 ¢.2186T mutation causing Joubert syndrome 2, and
the FKTN £.1147dupA mutation causing Walker-Warburg syndrome. Analytic sensitivity and specificity far these tests are both #99%.

= NGS-based copy number deter mination: The loci of interest as well as a set of control loci fused for normalization) are selectively amplified
and sequenced on a next-gensration DNA sequencing plattorm. The resulting nermalized read-count frequencies tor each of the loci of
interest are subscequently utilized to infer copy numbcer.

* Allele-specific primer cxtension [ASPE): GSG class 1 variants not amenable ta NGS analysis arc amplificd by PCR using genc-specific
primers. The resulting PCR fragments are either fluorescently labeled or subsequently used in ore or more reactions with fluarescently
labeled nuclectides. The products of the PCR, 0LA or ASPE reactions are then measured by capillary electrapharesis.

» Sanger sequencing is used to assess some repetitive genomic regions [e.g., CFTR polyT} and for confirmation of seme mutatians found by
NG5S or capillary electrophoresis, )

* Multiplex ligation-dependent probe amplitication iIMLPA): Faired oligonucleotides are hybridized 1o the target of interest, as well as other
genomic regions for normalization of the data. Aftar hybridization. adjacent oligonucleotides are tgated together. PCR amplification of the
ligated oligonucleotides is followed by capillary electropharesis to determine the presence or absence of each target sequence. MLPA is also
used for confirmation of the spinal muscular atraphy SMNt exen 7 deletion when detected by NGS.

= Triplet repeat detection: This technique invalves PCR with fluorescently laheled primers, follawad by capillary electropharesis. Based en
internal validation data, sizing accuracy is expected to be 11 tor CGG repeat alleles s90 and 13 for CGG repeat alleles =90, Positive results and
cartain negativa resulte may be confirmed by methylation analysis at Good Start Genetics or it soma instances ARUP Laboratories, 500
Chipata Way, Salt Lake City, UT 84108-1221; phone number (800} 242-2787.

Man-ONA based methods are performed as described below.
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» Capiltary clecirophoresis is used to scparate hemoglobin fractions dircctly from whole bloed based on charge and mass. Potential bota-
thalassemia carriers are identified based on elevation of the A2 hemoglobin fraction. The Hb 5 allele and other variant hemaglobins are
detected by abnarmal migration patterns. Suspected hemoglobin variant carriers identified by the capillary etectraphoresis methed are
contirmed using either Sanger sequencing er a standard qualitative solubitity assay, Some samples reterred tor beta-thalassemia / sickle cell
discasc cvatuation may be tested at either Mayoe Clinic, Department of Laboratory Medicine ard Pathelogy, 200 First 5t. SW, Rochester, MN
55905; phore nurnber [B00) 533-1710 ar ARUP Laborataries. 500 Chipeta Way. Salt Lake City, UT 84108-1221: phone number (#00) 242-2787.

* Enzyme analysis is used to determine the percent hexosarninidase A aetivity in white blood cells. Testing is performed at the Mays Clinie,
Department of Laboratory Medicine and Pathalagy, 200 First St. SW, Rochester, MN 55905; phane number [800] 532-1718 or at Mount Sinai
Genetic Testing Laboratory, 1428 Madison Avenue, Atran Laboratory Building AB 225, New York, NY 1002%; phane number [212] 241-7518,
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Technical & General

= Additinnal referances and disordar-spacific information can be found an the Good Start Genetics website (www.goodstartgenetics.com).

* HGVS nomenclature reference: hitp:/fwww. hgva.org/mutnomen/ version 1].

+ A novel next-géneration INA sequencing test for detection of disease mutations in carrier and affected individuals: Porreca ot al., Fertility
and Sterility, Vol. 96, No. 3, Page 560, September 2011,

Bisclaimer

These tests were developed and their performance characteristics determined by Bood Start Genetics™, Inc. They have not been cleared or
approved by the U5, Food and Drug Administration. However, the laboratory is regulated under the Elinical Labaratory lmprovement
Amendments [CEIA]} as qualified to perform high complexity elinical testing and the tests have been analytically validated in accordznce with
CLIA standards.

These tests analyze anty mutations determined to be pathogenic by Goed Start Genetics, Inc., hence a negative result does not rule out the

possibitity that an individuat carries a pathogenic muiation.
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Although this testing is highly accurate, false positive or negative diagnastic crrors may occur due to onc of mora of the following: sample
mix-up or misidentification, blood transfusion, bone marrow transplantation, technical ertors, sarple aging/degradation, interfering
substances or conditions or genetic variants that inferfere with one ar more of the analyses. Falsa negative results for beta-thalassemia may
gceur it Hb A2 is decreased due to iron deticiency anemia, reduced production or availability ot alpha;globin. and delta-globin mutations. The
chemical assay for Hb & confirmation may give false positive results in patients with erthyrocytosis felevated hematocrit, hyperglobinednia
[elevated |gB or protein], extreme leukacytosis (highly elevated Leukaeyte nurbers), ar hiyperlipidemia. False positive results are atso
possible when extreme anemia is present or in patients with certain hemoglobin variants (Hb C-Harlem].

Residual risk values are infarred from published carrier frequencies, mutation detection rates, and mutatien types per gene, in individuals of
self-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 interproted by a genetic counseler,
rnedical genaticist or physician akilled i genetie result intarpratation and the relevant medieal literature.

Number of Variants Tested, by Disease

The Fallowing table lists the number of variants being analyzed on samples received as of August '.IB, 2014, and is subject to change. Please

contact Good Start Genetics if additional informatien is necded.

Disease Mame Gena Hame Humbey of Yarlants Disease Name Gene Name Number of Yarlanta
Taxtod Tectad

Alpha-ThaI.ns:cmia HEBAT, HBAZ 10 Joubert Syndrome 2 TMEMZ14 1

Bala-1halassema / Sickle Call Uiseass HEE FoAZ and Hb varlanis Maple Syrup Urine Disease lype 1A BLKLHA 13*

Blaom's Syndrama Al M f14 Mapla Syrup Uring Diseass Typa 1R REKDHA 1=

Canavan Diseaus ASPA &4 Mutotipidusiz Type ¥ MEDLNT kM

Cystic-Hbresls CFIR LT Nemallng Myopathy NE# 1

Dihydralipoamide Ochydragenase Deficiency | DLD 3 Mizmann-Fick Discase Type 4B SMED! 45

Carritial Dysdu lonumis IKEKAF 2" Spinal Muscular Alruphy LSMNT Copy number

Familial Hyparinsulinism ARCLE AR Tay Sachs [liseare HFXA 73"

Fanconi Anocmia Group C FANCE 27 Uzher Syndrome Type IF PCOHTS 164

| Fragite X Syndrote FMRT U0 repeat size Lesher Syhdrine [ype [ LLHNT u*

Giaurhar Nirnasa A 1¢ Walker Warhiurg Syndroma FKTM 1

Clytugen Storage Diseuse Type ta Garl [T .

* novel truncating mutatlons may also be detected
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