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Results Summary No mutatmns detected ; festxalijgg in normal range. See Resulis Interpretation on the foliowing

pagels) ior el Values and residual risk informalion.

Tests Ordered
Carrict Reducnd Risk

Cystic Fibrosis (CF) £l 13}

Spinal Muscular Atrophy [SMA) a X

Patient Specimen Physician

Mame: Doner 5138 GSG Spacimen #:  PAT142439 MNarmne: Lorraine Bonner, MD

Date of Birth: 09‘1 793 Date Collected: 07/15/2015 G586 Account #:  SBCXO1CA

Gender: Male Date Received: 07/16/2015 Address: The Sperm Bank of California

Race / Ethnicity: Caucasian Specirnen Type: Bload 27115 Milvia Eirest
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Results Interpretation / % /] Z/(-’ ,f ’S-

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

Ashkenazi Jewish 1/699, Caucasian 1/420, Hispanic 1/427, African American 17462, Asian 17247,

Spinal Muscular Atrophy [SMA): Two copies of SMM? detected. \./ (ML 7/‘24 i'i /‘r S

This result reduces, but dnes not gliminate, the chance that this individual is a carrier of SMA. Presuming a negative family

history, residuat ricks are as follows by ethnicily: Ashkenazi Jewish 1/611, Caucasian 1/834, Hispani¢ 1/579, Alrican
American 1/13D, Azian 1/80é&.

This analysis does not differentiate carriers of SMA with two or more copies of the SMN1 gene on one chromosome and no
copies on the other chromosome, from non-carriers with one copy on each chromosome. Additionally, carriers of small
intragenic changes are not detected. Appreximatefy 2% of patients with SMA have de nove mutations [new mutations in the

germline that are not detected on blood analysis} ; this assay does not detect germline mosaicism for SMN? mutatians.

Comments

The results and interpretation in this repert are based on the information provided about the tested individual, and the
currently available informalion regarding the disarder and, when applicable, the sequence varialions of Lhe genes tesled,
Individuals are presumed te 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 aceduracy of 1he risk assessment, Far addilional inforralion about Lhe disorders tesled, please centacl Good
Start Genetics™, Inc, [Good Start Genetics).

Next-generation sequencing [or NGS} technalogy is used to evaluate genetic variants. The variants reported include alt
mutations {pathogenic variants] recommended for testing by ACOG/ACMGE, those that have been previously determined to be
pathogenic by Good Slarl Genealics (the GS6 palhogenic mulalion seth, and those hal are commuonly assessed and mazel our
pathogenicity criteria (G5 class 1 variants). Novel variants, i.e., those not in the GSG pathogenic mutation set, but expected to
be pathogenic based on the nature of the sequence change, are also repariad. Benign variants, variants of unknown clinical
significance, variants wilh insulficient published informaticn 1o adaquately assess Lhe pathogenic nature ar determineg the
gxact genomic location, and those not reported to be associated with the appropriate phenotype are not inctuded. For the
purposes of this report, the term mutation is used interchangeably with: pathogenic variant. Analytic sensitivity and specificity
for the GSG pathogenic muatation set are »39%. For novel variants detected by NGS, the analytic sensitivity and specificity are
»98% and »99%, respectively. NGS5 is also used for copy number determination for spinal muscutar atrophy: analytic sensitivity
and specificity for detection of the SMN1 excn 7 deletion are »99%.

Non=-NGS methadotogy is utilized for a subset of disorders. In seme of these caces only a targeted set of mutations is
genotyped, Targeled analysis [ocuses onh Lhose varianls generally accepled Lo be important and prevalent, such as Ashkenazi
Jewish founder mutations. Anatytic sensitivity and specificity for fragile X [FMR1 gene| CGG repeat and alpha-thalassamia
[HRA1/2; the commen deletions and the Gonstant Spring mutation} analyses are »3%%. For HBA1/2 deletion assessment
carriers of alpha-thalaszemia with three or more copies of the alpha-glabin gene on one chromasame, and one ar no copies
on the other chromosome may not be detected.

[dentified mutations are reported using HGVS approved cONA nomenclature, whenever possible. Widely used common names
are put in parentheses, if availabie. If subsequent testing wiil be undertaken at another laboratory, for the reported
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mutation(sl. please contact Good Start Genetics to obtain the exact genomic position.

Hemngtohin alectrophoresis for assessment of beta-thalassemia or sickle cell carrier status, detects abnormally migrating
hemogiobing and the retative amount of A2 hemaglabin [%AZ). The coefficient of variation [CV] far the precision of %AZ
determination iz 52.8%. Yarianl hemoglobins are delecled when Lheir migration pattern is distingt from that of noermat
hemogtlobir [Hb A; some variants overlap and cannot be readily differentiated). All hemoglobin results should be interpreted in
conjunction with hematological information [in particular, patients with low mean corpuscular volume IMCV], low mean
corpuscular hemoglobin IMCHI and law hemoglabin levels may warrani additional evaluation even when hemoglobin
electrophoresis results are normall. Samples suspected to be positive for Hb § will be assessed by a chemical precipitation
assay ar by Sanger sequencing for canfirmation. Other suspected variants may be assessed using Sanger sequencing.
Hemaglobin variants not already charactarized by Sanger sequencing should be confirmed by molecular genetic analysis of
the appropriate glohin genes for reproductive testing purposes (e.g. prenatal diagnosis or preimplantation genetic diagnosis].

Tay-Sachs 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 hexpsaminidase A activity and will not be detacted by enzyme
analysis alone. In addition, patients with the AB variant will nol be detected by 1Lhis assay.

Tay-5achs analysis may detect Lhe presence of pseudodeficizncy varianis and B1 mutalions, Pseudedeliciency varianls cause
a false positive result on HexA enzyme analysiz and do not confer a risk for Tay-Sachs disease. B1 mutations cause a false
negativa rasult on HexA enzyme analysis and deo confer a risk for Tay-5achs disease. DNA analysis detects the two frequent
pseldodeliciency variants [RZ47W and R249WI and the known B1 mulations [R178H, R178C, R178L, D258H].

Methods

Genomic DNA is isolated and quantified using standard, high purity methods and subsequently anatyzed by une or more of the following
processes, depending on the tests ordered.

* Next-generation sequencing (MG5): Exons, selacted intronic regions, ahd the 2 hp conserved accaptor f donor splice sites are salectively
amplified and subsequently sequenced on a next-generation DNA sequencing platform. The resulting resds ara integrated ta define genatypes
within the amplified regions and compared te human reference genome hg18 to identity variants. Mutations that fall in low coverage or
challenging regions (such as SMPO exen 1] and certain deletions, insertions ar indcls may nat be assessed by NGS. In addition, cortain novet
mutations in CFTR exon 10 [legacy name. exen 91 may not be detected.

« Targeted NG5 Analysis: A targeted NGS approach is used for detection of the TMEM214 ¢ 2186~>T mutation eausing Joubert syndrome 2, the
FKTN e.1147dupA mutation causing Walker-Warburg syndrame, and the NEE delExanb5 mutation causing Nemaline Myopathy. Analytic
sensitivity and speciticity tar these tests are both 29%%.

+ N(35-hased copy number determination: The loci of interest as well as a set of control loci lused for normatization) are seiectively amplitied
and sequenced on o next-generation DNA sequencing platform. The resulting normatized read-count frequencics for cach of the toci of
interest are subsequantly utilized to infer copy number.

* Allels-specific primer extensiors (ASPE]: GSE class 1 variants not amenable te NGS analysis are amplified by PCR using gene-specific
primers. The resulting PCR fragments are either fluorescently labeled or subsequently used in one or more reactions with fluorescently
labeled nucleotides. The products of the PCR, OLA or ASPE reactions are then measured by capillary electrophoresis.

* Sanger sequencing is used to assess some repetitive genomic regions (e.g., CFTR polyT) and for contirmation of some mutations found by
NGS or capiliary eloctrophoresis.

= Muitiplex ligatien-dependent probe amplification [MLPA): Paired oligonucleetides are hybridized to the target of interest, as well as other
genomic regicns for normalization of the data, After hybridization, adjacent oligonuclectides are ligated together. PCR amplification of the
ligated oligonucleotides is follawed hy capitlary electrophoresis te determine the presence or absence of each target sequence. MLPA is alse
used for coptirmation of the spinal muscular atrophy SMNT exen 7 deletion when detected by NGS.

* Triplet repeat detection: This technigue involves PLR with tluorescently laheled primers, followed by capitlary electraphoresis. Based en
intarnal validation data, sizing aceuracy is expected to be 41 for CGG ropeat allales 90 and +3 for CGG repeat aileles »90. Positive results and
cartain negative rasults may be canfirmed by methylation analysis at Good Start Genatics or in some instances ARUP Labarataries, 500
Chipeta Way, Salt Lake City, UT 84108-1221; phone number [800) 247-2787,

Final Report 07/23/2015 Page 3 of 5



07/23/2013 14:3% GoodStart Genetics 5108410332 Pg 5/8

GOOdStartQ . Patient Name: Donor 5138
Genetics o®%" " ;gELE?BEERESUItS Report 0.0.B: 09/ 993

. -
N o goodstarigensics.com BSO Specimen #:  PAT142439

Ordering Physlclan: Lorraine Bonner. MD

MNon-DNA bascd maothods arc performed as described below.

« Capillary electropheresis is used to separate hemogiobin fractions dicectly from whole blood based on charge and mass. Potential bota-
thalassemia carriers are identified based on elevation of the AZ hemoglobin fraction. The Hb 5 allele and other variant hemaglobins are
detected by abnormal migration patterns. Suspected hemoglobin variant carriers identified by the capillary electrophoresis method are
contirmed using either Sanger sequencing or a standard qualitative solubility assay, Some samples referred tor heta-thalassemia f sickie cell
disoose evaluation may be tested at either Mayo Clinie, Department of Laboratory Medicing and Pathology, 200 First 5. 5W, Rochester, MN
55905; phone number {B00) 533-171C or ARUP Laboratories, 500 Chipeta Way, Salt Lake City, UT B4108-1221; phone nurmber [800) 242-2787.

+ Enzyme analysis is used to determine the percent hexesaminidase A activity in white blood cells. Testing iz performed at the Maye Clinic,
Department of Laberatory Medicine and Patholagy, 200 First St. SW, Rochester, MN 55905; phone number [800) 633-1710 or at Maunt Sinat
Genetic Testing Laboratory, 1428 Madisan Avenusg, Atran Laboratory Building AB 225, New York, NY 10029, phone number [212) 241-7518,

Referances

Professional Socicty Guidelines
* ACOG guidelines: Update on carrier screening tor cystic tibrosis, Obstetrics & Gynecology, Yol. 117, No. 4, April 2011,

* ACMUG guidelines: Technical standards and guidelines tor spinal muscular atraphy testing. Prior et al., Genetics In Medicine, Yol 13, No. 7,
July 2011,

+ ACMG guidclines: Fragile X syndrome: diagnostic and carrier testing. Sherman et al., Genetics In Medicine, Val. 7, No. 8, October 2005,

* ACMG practice guidelines: Carrier screening in individuols of Ashkenazi Jowish descent. Gross ot al., Geneties In Medicine, Vol. 16, No. §,
January Z008.

* ACOB cammittes opinion: Preconception and prenatal carrier screening for genetic diseases irindividuals of Eastern European Jewish
desgent, Obstetrics & Gynecology, Yoi. 114, No. &, Uctober 200%,

= ACOS cammittee opinion; Genetic screening for hemaglobinepathies. International Journal of Gynecology & Chstetrics, Vol. 74, No. 3,
September 2001,

* Joint SOGC-GOME clinical practice guidetine: Carrier screening for thalassemia and hemoglobinopathies in Canada. Langlois et al., Journal
of Obatetries and Gynaecalogy Canada, Vol. 30, No. 10, Pages $56-959, October 2008.

Hemoglobinopathies

+ Significant hacmegiobinepathics: guidelings for screening and diagnosis. Ryan ct al., British Journal of Hoematology, Vol. 149, No. 1, April
2010.

Selected Ashkenazi Jewish disorders

¢ Experience with carrier sereening and prenatal diagnesis for 16 Ashkenazi Jewish genetie diseases. Beott ot al,, Human Mutatien, Vol 31,
No. 11, Pages 1240-1250, Novernber 2010,

« Mutations in TMEM214 perturb ciliogenesis and cause Joubert, Meckel and related syndromes. Valente et al., Nature Genetics, Val. 42, No.
7, Pages 619-625, July 2010.

+ ABCCS mutation allele frequency in the Ashkenazi Jewish population and risk ot focal hyperinsulinemic hypaglycemia, Glaser et al., Genstics
in Medicine, Yol. 13, No. 10, Pages 891-894, October 2011.

+ Founder Fukutin mutation causas Walker-Warburg syndrome in feur Ashkenazi Jewish families. Chang et al., Prenatal Diagnosis, Vol. 29,
No. 4, Pages 560-54%, June 2009,

Technical & General
¢« Additional references and diserder-spacific information can be found on the Good Start Genatics website {wwav.goodstartganetics.com).
« HGYS homenctature reference: http:/Awww hgvs.org/mutnomen/ [version 1).

« A navel next-generation DNA sequencing test for detection of disease mutations in carvier and affected individuals. Porreea et al., Fertility
and Sterility, Vol. 94, No. 3, Page 540, September 2011.

Disciaimer
These tests were developed and their pertermance charastaristics determined by Good Start Genetics'™, Inc. They have not been cleared ar
approved by the U.5. Food and Drug Administration. However, the laboratory is regulated under the Cirical Laboratory Improvement

Amendmants (CLIA} as qualifiad te performs high complexity clinical testing and the teats have been analytically validated in aceordance with
CLiA standards.

These tests analyze anly mutations determined to be pathogenic by Good Start Genetics, Inc., hence a regative result does oot rule out the
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possibility that an individual carries a pathogenic mutation.

Although this testing is highly aceurate, falsc pasitive or pegative diagnostic errors may sccur due to one or mare of the follewing: sample
mik-ug o isidentification, blood transfusion, bane marrow transplantation, technical errors, sample aging/degradation, intarfering
substances or conditions or genetic variants that interfere with ane or more of the analyses. False negative resuits for beta-thalassermia may
accur it Hb A2 is decreased due te iron deficiency anemia, reduced preduction or availabilily of alpha-glohin, and delta-globin mutations. The
chemical assay for Hb S confirmation may give false positive results in patients with erthyrocytosis {clevated hematoerit), hyperglobinemia
[elevated lgG ar protein), extreme leukeeytosis (highly elevated Leukesyte numbers], or hyperlipidernia. False positive results are also
possible when extreme anemia is present or in patients with certain hemoglabin variants (Hb C-Harlem].

Residual risk values are inferred from published carrier frequencies, mutatian detection rates, and mutatian types per gene, in individuals of
seli-declared ethnicity. They are provided only as a guide for asses5ing approximate risk given a nagative resulf, and values will vary based en
tha exact cthnic backgraund of an individual. This report does not represent medical advice but should be interproted by a genetic counseler,
medical genaticist or physician skilled ib genatic result interpretation and the relevant medical literature.

Number of Varianis Tested, by Disease

The fallowing table lists the number of variants being analyzed on samples received as of May 25, 2015, and is subject to change. Please

contact Good Start Genetics it additional information is needed,

Dismase Hame Gene Mame ] Number of Yarlanis Disruse Name Gene Name Mumber of Yarlanis
Tastad Testad
Alpha-Thalassemia HOAT, HRAZ 10 Joubert Syndrame 2 TMEM214 1
Bata- thalassemia / Sickle Calt Diseass HEB YAZ ghd Hb varlants Maple Syrup Urine Disease 1ype 1A BUKEHA 17"
Rloam's Syndroma B f1% Mapla Syrup Lring Dissasa Typa 1R RLKDHA il
Cunsvan Disesse ASFA 44 | PEurolipidosis Type IV MCQENT 7
Dysiic Firosls CHIR AN Nemaling Myipathy NEY 1 i
Dihyd ralipaamnide Debyd ragenase Deficiency oL 3* Miemann-Pick Discase Type &/8 SMPDT 454
Faitilisl Elys.nulunumin IKBRAP 2 Spinal Mustulsr Atrophy NI COpY fumbEr
Famitial Hyparinsnliniam ARCLE S Tay Sachs (lisaasa HFX4 73"
Fanconi Anemin Group © FANCC 27 Usher Syndrome Type IF PECHTS 16*
Fragile X Syndroms FMET DG repeat si2e usher syndrame 1 ype it CERNT i
Gauchar Nisaasa ERA 19 Wallar Warhurg Syndrama FRIM 1
Clycugen Storsge Diseuse Type Ta CAFC 47
* povel truncating mutations may also be detected
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