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Signs and Symptoms

Approximate number of
patients (when available)@

Abnormality of the tracheobronchial system

Very frequent
(present in 80%-99% of cases)

Anxiety

Very frequent
(present in 80%-99% of cases)

Attention deficit hyperactivity disorder

Very frequent
(present in 80%-99% of cases)

Brachycephaly

Very frequent
(present in 80%-99% of cases)

Brachydactyly

Very frequent
(present in 80%-99% of cases)

Broad forehead

Very frequent
(present in 80%-99% of cases)

Corticospinal tract hypoplasia

Very frequent
(present in 80%-99% of cases)

Deeply set eye

Very frequent
(present in 80%-99% of cases)

Delayed eruption of primary teeth

Very frequent
(present in 80%-99% of cases)

Delayed speech and language development

Very frequent
(present in 80%-99% of cases)
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European Journal of

Human Genetlcs

BMC Medical Genetics,2010,11:142-146\Medical Genetics '
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TaBLE I: Description of the aneuploidies and microdeletion syndromes included in the Prenatal BoBS kit.

Syndrome Frequency of occurrence Lifespan Mental retardation Severe medical symptoms
Down syndrome (21) 1/750-800 50 years Mild to moderate -+
Patau syndrome (13) 1/6,000 4 days Severe ++
Edwards syndrome (18) 1/10,000 2.5 days Severe +
Triple X syndrome (XXX) 1/1,000 Normal No -
Klinefelter syndrome (XXY) 1/500-1,000 Normal No -
XYY syndrome (XYY) 1/1,000 Normal No -
Turner syndrome (X0) 1/2,500 Slightly reduced Mild to moderate —/+
Wolf-Hirschhorn (4p16, 3) 1/50,000 Limited Moderate to severe +
Cry du Chat (5p15, 3-pl15, 2) 1/15,000-50,000 Normal Moderate to severe -+
Williams-Beuren (7ql1, 2) 1/7,500-20,000 Reduced Mild to moderate —/+
Langer-Giedion (8q23-q24) unknown Normal Mild to severe -+
Prader-Willi (15q11-q12) 1/10,000-30,000 Normal Mild -+
Angelman (15q11-q12) 1/12,000-25,000 Normal Severe -+
Miller-Dieker (17p13, 3) 1/100,000-300,000 Reduced Profound —/+
Smith-Magenis (17pll, 2) 1/25,000-50,000 No data Mild to moderate —/+
DiGeorge (10p14) 1/4,000-5,000 Reduced Mild to moderate +
DiGeorge (22411, 2) 1/2,000-4,000 Reduced Mild to moderate +

The severity and type of the symptoms are represented from — (in cases where symptoms range from none to mild) to ++ (for those ranging
from moderate to severe). The information in this table was adapted from the following resources: http://www.orpha.net, http://www.nlm.nih.gov, and
http://www.rarechromo.org.

O LB R SR B IE R EFRA111/1600



Wolf-Hirschhorn syndrome

Cri du Chat syndrome
Williams-Beuren syndrome
Langer-Giedion syndrome
Prader-Willi / Angelman syndrome
Miller-Dieker syndrome
Smith-Magenis syndrome
DiGeorge syndrome

DiGeorge I
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Chromosomal Microarray versus Karyotyping

for Prenatal Diagnosis
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ABSTRACT

BACKGROUND

Chromosomal microarray analysis has emerged as a primary dizgnostic tool for the
luation of develop I delay and structural malformations in children. We

auned to mluzxe the accuracy, efficacy, and incremental yield of ch 1

From the Departments of Obstetrics and
Gynecology (RJ.W., M.S.) and Pathology
and Cell Biology (B.L., V.S.A,, ON), Co-

lysis as compared with karyotyping for routine prenatal diagnosis.

METHODS
Samples from women undergoing p | diagnosis at 29 were sent to a
central karyotyping laboratory. Each sample was split in two; standard karyotyping

was performed on one portion and the other was sent to one of four laboratories for S

lumbia L y Medical Center, Carne-
gie Hill Irmgmg for Women (D.S.), and
Medical Ci Ein-

stein College of Medicine (s K) —all in
New York; the Department of Human
Genetics, Emory University School of
Medicine, Atlanta (C.L.M., B.B., DH.L);
Genomic Laboratories, Spokane,

. WA (B.C.8, AN.L, LG.S): the Depart-
chromosomal microarray. ment of Molecular and Human Genetics,

Baylor College of Medicine, Houston
RESULTS (cu: AP, ALB); George Washington
We enrolled a total of 4406 women. Indications for p I diagnosis were ad- Center, Rockville,
vanced maternal age (46.6%), abnormal result on Down's syndrome screening MD,.Q”}" ‘,fv:"'.e’" f."f“' for M“
(18.8%), str 1 lies on ult Tids ,‘, (25.2%), and other indicalions M,,.ﬁ (LOPY; h-sbcrgsmdu«!
(9.4%). In 4340 (98.8%) of the fetal sampl ray analysis was University, Chicago

87.9% of samples could be used without tissue culture. Mlcroamy analys:s of the
4282 nonmosaic samples identified all the ploidies and unbalanced rearrange-
ments identified on karyotyping but did not identify balanced translocations and

(W.A G.): Integrated Genetics, Westbor-
ough, MA (T.5.), and Santa Fe, NM (K.M.);
Florida International University, Miami
oL S) and Drexel University College of
Philadelphia (L) ). Address re-

fetal triploidy. In samples with a normal karyotype, ray analysis led
clinically relevant deletions or duplications in 6.0% with a st 1 ly and

prln( mquens to Dv Wapner at Columbia

in 1.7% of those whose indications were advanced maternal age or positive screen-
ing results.

CONCLUSIONS

In the context of p I di ic testing, ch | mi ray analysis iden-
tified additional, clinically sngmﬁcam cytogenetic information as compared with
karyotyping and was equally efficacious in identifying aneuploidies and unbal-
anced rearrangements but did not identify balanced translocations and triploidies.
(Funded by the Eunice K dy Shriver National Institute of Child Health and Hu-
man Development and others; ClinicalTrials.gov number, NCT01279733.)

Medical Center, Department
cf Obstetrics and Gynecology, 622 W.
168th St, PH16.66, New York, NY 10032,
or at w2191 @mail.cumc.columbia.edu.

N Engl) Med 2012367217584,
DO 10.1056/NEJMoal 203382
Copyright © 2012 Momachusress Medical Saciety.
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Table 3. Frequency and Clinical Interpretation of Microdeletions and Duplications on Chromosomal Microarray in the 3822 Samples
with a Normal Karyotype, According to Indication for Prenatal Testing.

Total Known Pathogenic
Normal Common Uncertain Clinical and Potential for Clinical
Indication for Prenatal Diagnosis Karyotype Benign Pathogenic Significance (N=130) Significance®
Potential
Likelyto Be  for Clinical
Benign Significance
no. no. (%) no. (%) [95% CIJt
Any 3822 1234 (32.3) 35 (0.9) 69 (1.8)% 61 (1.6) 96 (2.5) [2.1-3.1]
Advanced maternal age 1966 628 (31.9)  9(0.5) 37 (1.9) 25 (1.3) 34 (1.7) [1.2-2.4)
Positive on Down's syndrome 729 247 (339) 3 (04) 13 (1.8) 9(1.2) 12 (1.6) [0.9-2.9]
screening
Anomaly on ultrasonography 755 247 (32.7) 21 (2.8) 16 (2.1) 24 (3.2) 45 (6.0) [4.5-7.9]
Other§ 372 112 (30.1)  2(0.5) 3(0.8) 3(0.8) 5 (1.3) [0.6-3.1)
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mutation that causes the disease. Karyotype or microar-
AR 218 fay anabas ahaukd e ofeced in ceer casc gk
rforming k micr may not be neces-
sary in a low-risk patient. Also, routine measurement of
amniotic fluid alpha fetoprotein to screen for neural tube
defects may not be necessary in all cases when amnio-
centesis is performed for other indications and the ultra-
sound examination is normal with good visualization of

'\--&1 ( Society for the fetal S[?ine anq head ('I"able 1). .
;‘ 3 } g;@;‘:;:m"és: :cfolosim ) m;‘??c”e"" In patients with a major fetal structural ab.normahg'
; ine found on ultrasound examination, CVS or amniocentesis
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particular aneuploidy in the fetus (eg, duodenal atresia or
an atrioventricular heart defect, which are characteristic
thout FISH

Numeer 162, May 2016 (Replaces Practice Bulletin Number 88, December 2( : TASN > VAN X
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DlSOl'del‘S screening or cell-free DNA testing, amniocentesis with
Prenatal genetic diagnostic testing is intended to determine, with as much certainty as possible, whether a specific FISH plllS karyotype or with karyotype alone should be
genetic disorder or condition is present in the fetus. In contrast, pr | genetic screening is designed to assess wheth 14: : _
a patient is at increased risk of having a fetus affected by a genetic disorder. Originally, prenatal genetic testing focused o.ffered. Addmona.llly, chromosomal rmcroarray analy
primarily on Down syndrome (trisomy 21), but now it is able to detect a broad range of genetic disorders. Although it is sis should be available to women undergomg nvasive
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Committee on Genetics

Society for Maternal-Fetal Medicine

This Committee Opinion was developed by the American College of Obstetricians and Gynecologists” Committer on Gemetics in
collaboration with committee members Nees L. Vora, MD; Stephanie T, Romero, MD); and Steven [, Rafston, MD, MPH, and the
Soviety for Maternal-Fetal Medicine's Publication Committer in collaboration witk Lorraine Drgoff, MDD, ard Jeffrey A. Kuller, MD.

ument reflects emerging clinical amd scientific advances as of the date issed and is subject fo change. The information should
not be comtried ay dictating an exclusve course of treatment or procedure to be followed

Microarrays and Next-Generation Sequencing
Technology: The Use of Advanced Genetic Diagnostic
Tools in Obstetrics and Gynecology

ABSTRACT: Genetic technology has advanced dramatically in the past few decades, and its applications and
use in caring for and counseling pregnant women has been transformational in the realm of prenatal diagnosis.
Two of the newer genetic technologies in the prenatal setting are chromosomal microarray and whole-exome
sequencing. Chromosomal microarray analysis is @ method of measuring gains and lesses of DNA througho!
the human gencme. It can identify chremosomal aneuploidy and other large changes in the structure of ¢
mosomes as well as submicroscopic abnormalities that are too small to be detected by traditional m
Prenatal chromosomal microarray analysis is recommended for a patient with a fetus with one or more
tural abnormalities identified on uitrasonographic examination and whe is undergoing invasive prenat
Whele-genome seguencing analyzes the entire genome, including noncoding regicns (introns) and
{exons). However, bacause the introns are typically of little clinical relevance, there has been a f
whole-exome seguencing, which examines the coding regicns (exons) of the genome. The exans gt
greater clinical relevance and applicability to patient care. Howaever, the routine use of whole-genome or whole-
exome sequencing for prenatal diagnesis is not recommended outside of the context of clinical trials.

R dations and C. lusi « Most genetic ch identified by ch |

Most genetic changes identified by chromosomal
microarray analysis that typically are not identi-
fied on standard karyotype are not associated with
increasing maternal age; therefore, the use of this test
can be considered for all women, regardless of age,
who undergo prenatal diagnostic testing.

Prenatal chromosomal microarray analysis is recom-
mended for a patient with a fetus with one or more
major structural abnormalities identified on ultraso-
nographic examination and who is undergoing inva-
sive prenatal diagnosis. This test typically can replace
the need for fetal karyotype.

In a patient with a structurally normal fetus who
is undergoing invasive prenatal diagnostic testing,

The American College of Obstetricians and Gynecologists
(the College) and the Society for Maternal-Fetal \(:dmne
make the following r dations and |

for the use of chromosomal microarray analym and
newer genetic technologies in prenatal di

« Chromosomal microarray \mlym i¢ a method of
measuring gains and losses of DNA throughout the
human genome. It can identify chromotomal aneu-
ploidy and other large changes in the structure of
chromosomes that would otherwise be identified by
standard karyotype analysis, as well as submicrosco-
pic abnormalities that are too small to be detected by
traditional modalities.

microarray anah—m that typically are not identi.
fied on standard karyotype are not associated with
increasing maternal age; therefore, the uce of this test
can be considered for all women, regardless of age,
who undergo prenatal diagnostic testing.
Prenatal chromosomal microarray analysis is recom.
mended for a patient with a fetus with one or more
major mucmr.al abnormalities identified on ultraso.
ion and who is undergoing inva-
cnvv.- prtnaul diagnosis. This test typically can replace
the need for fetal karyotype.

« In a patient with a structurally normal fetus who

is undergoing invasive prenatal diagnostic testing,
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Use of Array Genomic Hybridization Technology
in Prenatal Diagnosis in Canada
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Abstract

Objective: To summarize for obstetrical care providers the curent
literature on array
and to outline the recommendations of the Canadian College of
Medical Geneticists regarding the use of this new technology with
respect to prenatal diagnosis.

Evidence: PubMed and Mediine were searched for articles published
in English between 2004 and 2010, using the key words DNA
QF-PCR, quantitative fluorescent polymerase chain reaction, fetal

abnormaiities, prenatal diagnosis, array genomic
hybridization, fetal structural anomalies, and copy number variants.
Results were restricted to systematic reviews, randomized control
rials/controlled dinical trials, and observational studies. Searches
were updated on a regular basis, and articles were incorporated
in the guideline to September 2011. Grey (unpublished) literature
was identified through searching the websites of health technology
assessment and health technology assessment-related aga\dss
clinical clinical
national

Values: The quality of evidence in this document was rated using the
ciiteria described in the Report of the Canadian Task Force on
Preventive Health Care (Table 1).

tics

Gen
ormwran s s woseons. ACIMIG STANDARDS AND GUIDELINES mMedlcme

ACMG Standards and Guidelines for constitutional
cytogenomic microarray analysis, including postnatal and
prenatal applications: revision 2013

Sarah T. South, PhD'?, Charles Lee, PhD?, Allen N. Lamb, PhD'?, Anne W. Higgins, PhD*
and Hutton M. Kearney, PhD?; for the Working Group for the American College of Medical Genetics
and Genomics (ACMG) Laboratory Quality Assurance Committee

Disclaimer: nm American College of Medical G

primarty a1 n ducaiona resoure orcinkcl

elp thern
necessarily fl medical outcome. These Standard usive of all d msunrcxd\m\'c
f other 10 obtaining test, the clinical
Iaboratoy gentics should sppy bis o her o profssiona udgment I ¥ patient or specimen. Clinical
laboratory geneticists are encouraged to document in the pati fa proced , whether or not it is in confor-
mance vith these Standards and Guidelnes. They also are dvised the ¥ p & dopted, and to consider other relevant
‘medical and scientific i that beco date. It also swould be prudent to property y

the performance of certain tests and other procedures.

Microarray methodologies, including array comparative genomic
hybridization and single-nucleotide  polymorphism-detecting
arrays, are accepted as an appropriate first-tier test for the evalua-
tion of imbalances associated with intellectual disability, autism, and
multiple congenital anomalies. This technology also has applicability
in prenatal specimens. To assist clinical laboratories in validation of

‘microarray methodologies for constitutional applications, the Amer-
ican College of Medical Genetics and Genomics has produced the
following revised professional standards and guidelines.

Genet Med advance online publication 26 September 2013

Key Words: constitutional; guidelines; microarray; postnatal;
prenatal; stan
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