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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)

, DIFRREE

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

B AL

B IR K ZR S IE

BeIR 2 HR

4p16.3
5p15.3-p15.2
7911.2
8q23-q24
15911.2-q13
17p13.3
17p11.2
22q11.2

10p14

BRIRE

1/50,000
1/15,000 - 1/50,000
1/7,500 — 1/20,000

1/200,000
1/10,000 - 1/25,000
1/100,000 - 1/30,000
1/15,000 -1 / 25,000
1/4,000

1/6,000
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BARTUFES 53T (chromosomal microarray analysis, CMA)

ETCGHHIFE ETF SNPHISE G

Ref sample Exp sample
() 1umina

Reference Experimental
DNA-CY3  DNA-CYS §1s A{::.
T
G.r.
CAGA
o ETC Tr®




Fluorescence ratio
A (red/green)

Test DNA Control DNA

Array CGH/RIE \

I |

(

\
000000
@O

DNA labeling

o00®
@O0000
Q@O0O00O
| JoJelel 1@
| JoJelel 1@
000000
000000
000000
OO00O00O
O®00eO0

05 10 15
(loss) (gain)

W
ﬂ
®®

(]

©.0.0.00000000000 .::}
00000000 0 0.0 000 0 0 |
o Wash and scan | i:_()
0°0%0%6°6%%°c %% e % ©°c° /
Hybridization

B [ i C
R R g et ARSA (22q13.3) Spectrum Green Control Probe
[ -aed Bl P b del(22)(q11.2q11.2)

Rpnn 2000, ) H

b ) 0 LT
e ‘g IR Tupte 1 2241121

del(22)(q11.2q11.2)

221333

e g G B |
tan ey oy i
22q13.32 kU= . . ' o
7
fun




Chrom 1
B Allele Freq

028 05 078 10 1 Mb
3 e o)

SNP Array/RIE

BRSO 10Mbl |
CMASFHISHEEE 100K E el S &

J%, A/M1.28cmx1.28cm o byt

49 45

7417

Gene
(coding region)

DNA molecule
123.62
e A AA Protein
<<_’)

=) T T T 148.35

— 4 Copy CN\

BBBB

Chromosome ABBB

AABB 173.07

AAAB

1878

» Protein
altered

SNP Site

- 247.25



AffymetriX SNP-Microarray &%t

2
g l_’.‘lf‘

“w
- —




The NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISMED IN 1812 DECEMBER 6, 2012

VOL, 367 NO, 23
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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

(Published Electronically Ahead of Print on March 1, 2016)
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If a structural abnormality is strongly suggestive of a
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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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LNN, a 26-year-old healthy
woman

gravia 2, para 0
The first pregnancy:

at 12 weeks of gestation:

the fetus was found of bilateral
absence of one of the bones In the
forearm by ultrasound:

at 16 weeks of gestation: bilateral
absence of radius was confirmed
by ultrasound:;

the pregnancy was terminated
without any genetic testing.
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* The second pregnancy:

i = * at 16 weeks of gestation:
o Z16)8 B I LR Bk the fetus was confirmed of
e 2178 %%, SNP array#i . bilateral absence of radius by

ultrasound exam:

* Amniocentesis at 1/ weeks of
gestation; SNP array was
performed.
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Interpretation :

10 OMIM genes in the deleted region,
including RBM8A

RBM8A,associated with TAR syndrome
(thromocytopenia-absent of radius)

Absecence/Dysplasia of radius is
common in TAR

Pathogenic CNV is still uncertain.
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Compound inheritance of a low-frequency regulatory
SNP and a rare null mutation in exon-junction complex
subunit RBM8A causes TAR syndrome

Cornelis A Albers'>'7, Dirk S Paul>!7, Harald Schulze®>!7, Kathleen Freson®, Jonathan C Stephens’?,

Peter A Smethurst!2, Jennifer D Jolley"?, Ana Cvejic'~3, Myrto Kostadima’, Paul Bertone’, Martijn H Breuning?,
Najet Debili®, Panos Deloukas®, Rémi Favier?, Janine Fiedler®!?, Catherine M Hobbs!-2, Ni Huang?,

Matthew E Hurles®, Graham Kiddle!?, Ingrid Krapels!!, Paquita Nurden'?, Claudia A L Ruivenkamp®,

Jennifer G Sambrook!2, Kenneth Smith!314, Derek L Stemple?, Gabriele Strauss'®, Chantal Thys®,

Chris van Geet5!6, Ruth Newbury-Ecob!>'%!8, Willem H Ouwehand'-*'# & Cedric Ghevaert">!8

Albers et al. (2012) selected 5 individuals
with TAR of European ancestry who had
the 1g21.1 deletion and sequenced their
exomes, but were unable to find TAR-
associated coding mutations in any gene.
However, 4 of the cases carried the minor
allele of a low-frequency SNP in the 5-
prime UTR of the RBM8A gene
(rs139428292; 605313.0001), while the
remaining case carried a previously
unknown SNP in the first intron of the
same gene (605313.0002). Genotyping by
Sanger sequencing of another 48 cases of
European ancestry identified the 2 SNPs in
35 and 11 samples, respectively.
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Sanger sequencing for RBM8A of fetus tissue and mother
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4. RBMBA % ~/ANJ4F 2 F K # A £ NM_005105.4(RBM8A):c.*6C>G % # (GRCh37:
Chr1:145509217, dbSNP: 1s12079762), ##% & ClinVar # A I5 /& & X 1. £ BL26339 A

AR,

BL26340 # #4742 PC0725 A X 6% (2T H),

Clinical
significance
(Last
evaluated)

3.85kb 174 aa

Uncertain
significance
(May 15,
2015)
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