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ABSTRACT

OBJECTIVE

Title: Detection of DiGeorge and Cri du Chat Syndrome Deletions
from Maternal Plasma by Deep Sequencing Cell Free DNA (cfDNA)

The objective of this retrospective study was to examine the potential of massively parallel sequencing (MPS) of cell-free DNA (cfDNA)
for noninvasive detection of sub-chromosomal abnormalities that
may cause fetal abnormalities.

Objective: The objective of this retrospective study was to examine the utility of massively parallel sequencing methods for noninvasive detection of sub-chromosomal abnormalities that may
be considered when fetal ultrasound abnormalities are present.
Study Design: Maternal plasma samples from women undergoing
invasive diagnostic testing for high risk clinical indications were
obtained from the RAPID sample bank. Seven cases with fetal
ultrasound anomalies and confirmed cytogenetic abnormalities
(5 22q- and 2 5p-) and seven gestational age-matched controls
with normal karyotype were studied. Extracted cell free DNA was
sequenced to a depth of greater than 100M reads. After normalization, deviation from the expected 100kb coverage profile was
calculated and used to confirm the presence or absence of 22q
and 5p deletions.
Results: Sequencing results identified decreased copy number in
the region of chromosome 22q in 4 of the 5 DiGeorge syndrome
cases. Results for one of the samples correctly showed a significantly larger copy number change in the microdeletion region for
a case where both the pregnant woman and fetus were affected.
The size of the 22q deletion in the discordant case is not known
since the karyotype was identified using a single FISH probe.
cfDNA sequencing also identified a reduced copy number pattern
on chromosome 5p for the Cri du Chat samples (Figure 1). There
were no false positive results for these regions in cases with a
normal karyotype.
Conclusion: NIPT using sequencing to a depth of 100M reads
can successfully identify sub-chromosomal deletions associated
with DiGeorge and Cri du Chat syndromes. Analysis of additional
samples is ongoing to determine if a wider range of sub-chromosomal rearrangements can be identified in cases with ultrasound
anomalies.
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Seven cases with fetal ultrasound anomalies and confirmed cytogenetic abnormalities (5 22q- and 2 5p-) and
seven gestational age-matched controls with normal karyotype were studied. MPS detected 4/5 cases with Di
George syndrome (22q-) and 2/2 with Cri du Chat (5p-) (See Table).

BACKGROUND

Sequence results for Chr 22 segmented into
100Kb bins for an unaffected control population
(grey dots) and sample 5 with confirmed fetal
22q deletion (blue line). Ratio of the counts within each bin were determined, and the red line
denotes no deviation from the normalized coverage profile. A deviation consistent with deletion is evident in the region demarcated by vertical lines allowing classification of sample as
‘affected’ at the Di George syndrome loci.

Noninvasive prenatal testing (NIPT) via massively parallel sequencing (MPS) of maternal plasma cfDNA to detect whole chromosome fetal aneuploidy of chromosomes 13, 18, 21, X and Y is widely available
1
in the private sector . Recently deep sequencing of maternal plasma
combined with high-resolution segmental analysis of the data to detect copy-number changes due to fetal sub-chromosome abnormal2
ities has been reported .

MATERIALS AND METHODS
Plasma samples, stored at -80oC, obtained from double spun maternal blood obtained from pregnant women undergoing invasive diagnostic testing for clinical indications were obtained from the RAPID
sample bank in the UK. http://www.rapid.nhs.uk/
Associated clinical information including gestational age, ethnicity,
indication for invasive prenatal testing, fetal, maternal and paternal
karyotypes were derived from the RAPID database (see Table).
Plasma was shipped to the Verinata Health laboratory where cfDNA
was extracted.

Cri du Chat (5p-)
Sequence results for Chr 5 segmented into 100Kb
bins for an unaffected control population (grey
dots) and sample 1 with confirmed fetal 5p deletion (blue line). Ratio of the counts within each
bin were determined, and the red line denotes no
deviation from the normalized coverage profile.
A 20Mb deletion is evident (blue arrow) allowing
classification of sample as ‘affected’ at the Cri
du Chat syndrome loci.

È

Research laboratory personnel who carried out the sequencing were
masked to the clinical outcome
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Cytogenetic Diagnosis

NIPT
Chr 5

NIPT can detect sub-chromosomal deletions associated with clinically relevant syndromes as 4/5 samples
with DiGeorge syndrome and both cases of Cri du Chat syndrome were detected.

È

Failure to detect a 22q- deletion, which was confirmed using a 126Kb FISH probe, indicates a possible size
resolution limitation using current MPS methods.
No false positive results were seen in this small cohort. Further studies using larger numbers of samples are
required to understand limits of sensitivity and specificity before introduction into clinical practice.
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Sequence tags were mapped to human genome reference build hg19.
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CONCLUSIONS

Cell free DNA was sequenced to a depth of greater than 100M reads
as previously described1.

All algorithm parameters were determined from an independent training set of unaffected samples.

Sample

Mat Age
(yrs)

*Mother also had VSD and same cytogenetic diagnosis as fetus

SEQUENCING

Deviations were calculated from the expected 100kb normalized
coverage profile and used to confirm the presence or absence of
copy number changes in regions corresponding to the Cri du Chat
(5p15.33-p15.2) and DiGeorge syndrome (22q11.21) loci.
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RESULTS

Di George Syndrome (22q-)

CASES TESTED AND PLASMA PREPARATION
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Additional amplification on Chr 4 in sample
with confirmed fetal Cri du Chat syndrome
Sequence results for Chr 4 on sample 1 (blue
line) with confirmed 5p deletion. An amplification on 4q of approximately 80 Mb was identified (blue arrow). As before, ratio of the counts
within each bin were determined, and the red
line denotes no deviation from the normalized
coverage profile.
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