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The present study evaluated the role of SNPmicroarray in 101 cases of clinically suspected FISH negative (noninformative/normal)
22q11.2 microdeletion syndrome. SNP microarray was carried out using 300K HumanCytoSNP-12 BeadChip array or CytoScan
750K array. SNP microarray identified 8 cases of 22q11.2 microdeletions and/or microduplications in addition to cases of
chromosomal abnormalities and other pathogenic/likely pathogenic CNVs. Clinically suspected specific deletions (22q11.2) were
detectable in approximately 8% of cases by SNP microarray, mostly from FISH noninformative cases. This study also identified
several LOH/AOH loci with known and well-defined UPD (uniparental disomy) disorders. In conclusion, this study suggests more
strict clinical criteria for FISH analysis. However, if clinical criteria are few or doubtful, in particular newborn/neonate in intensive
care, SNP microarray should be the first screening test to be ordered. FISH is ideal test for detecting mosaicism, screening family
members, and prenatal diagnosis in proven families.

1. Introduction

The 22q11.2 microdeletion syndrome is the most common
microdeletion syndrome and seen at a prevalence of 1 in
4000 to 6000 live births [1]. It is characterized by hemizygous
microdeletion of ≤3mb size of chromosome 22q11.2 locus
in which several genes are lost. It is mostly spontaneous/de
novo and in <10% cases are inherited [2–4]. It is frequently
associated with multiple congenital anomalies, in partic-
ular cardiac anomaly (conotruncal cardiac anomaly such
as Fallot’s tetralogy, interrupted aortic arch, truncus arte-
riosus, or major aortopulmonary collateral), developmental
delay, hypocalcaemia, immune deficiency, cleft palate or
velopharyngeal insufficiency or swallowing difficulty, and
dysmorphism (broad bulbous nose, square shaped tip of nose,
short philtrum, telecanthus, slanting eyes, low set ears, etc.).
FISH, until recent, was commonly used for precise genetic
diagnosis of common microdeletion syndromes, including
22q11.2 microdeletion [5–8]. However, FISH provides infor-
mation only on targeted locations and does not allow a
comprehensive evaluation of the whole genome. In addition,

atypical smaller deletions are difficult to identify by FISH due
to failure in covering those locations by single FISH probe
(outside the region of hybridisation by the FISH probe). Fur-
thermore, it is difficult to detect 22q11.2 duplication by FISH
due to variable size of signals as well as distraction with split
signals of normal cells. Often 22q11.2 duplication displays
features like 22q11.2 deletion syndrome [9]. Hence, FISH
alone cannot provide reliable diagnosis for cases of 22q11.2
microdeletions/duplications syndrome. Further, if FISH is
used for doubtful cases (if few numbers of clinical criteria
are fulfilled by patient) then chances of detecting targeted
deletion are less frequent [7, 8]. High-resolution array CGH
was used to investigate FISH negative for 22q11.2 deletions
cases with conotruncal heart defects [10] and additional
cases of 22q11.2 microdeletion/microduplication containing
TBX1 gene were detected. In this study with SNP microarray
we have assessed 101 cases of FISH negative/noninformative
clinically suspected 22q11.2microdeletion syndrome to deter-
mine whether any benefit is gained from using SNPmicroar-
ray.
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2. Material and Methods

This studywas conducted in theDepartment of Reproduction
Biology, All India Institute of Medical Sciences, New Delhi,
India, from September 2011 to August 2014. A total of
101 FISH negative/noninformative (FISH was normal in 85
cases, was not attempted in 12 cases due to frozen/clotted
samples, and failed in 4 cases due to few/lysed/clumped
cells) clinically suspected 22q11.2 microdeletion syndrome
cases were prospectively enrolled for the study using SNP
microarray. FISHwas carried out using noncommercial FISH
probe (22q11.2; RP5-882J5; genomic coordinate/exact posi-
tion of probe is unavailable; obtained from Uniba Biologia,
University of Bari, Italy, by curtsy of Professor Mariano
Rocchi, http://www.biologia.uniba.it/rmc/). SNP microar-
ray was used to detect chromosomal abnormality (aneu-
ploidy, triploidy, mosaicism, etc.) as well as microdeletion,
microduplication, UPD/LOH, and so forth as described
before [11]. All cases were referred from various hospi-
tals of Delhi (northern India) for confirmation of clini-
cal diagnosis. The Institutional Human Ethics Committee
approved research protocol. Most patients (excluding very
sick/intensive care patients) underwent clinical genetics eval-
uation (directly by our team or by referral physician) as per
specific 22q11.2 microdeletion syndrome proforma (Supple-
mentary file 1 in Supplementary Material available online
at http://dx.doi.org/10.1155/2016/5826431). About 2mLEDTA
blood sample was collected from the affected individual.
SNP microarray study was carried out commercially either
from Illumina (HumanCytoSNP-12 DNA Analysis Bead
Chip Kit 300K) or Affymetrix (GeneChip Human Mapping
750K) platforms. Images were captured on iScan System
or Cytoscan, respectively. Data were analyzed (primary)
using Illumina’s KaryoStudio/GenomeStudio and Affymetrix
ChAS software. Resolution was set as 0.1mb for deletion,
0.5mb for gain, and 3mb for LOH/AOH. Secondary analysis
was carried out using web data analysis resources like DECI-
PHER (GRCH37; version 9.4), OMIM, and UPD with cross
reference to UCSC, NCBI, Ensembl, andDGV. Interpretation
and reporting followed American College of Medical Genet-
ics standards and guidelines for interpretation and reporting
of postnatal constitutional copy number variants [12].

3. Result

A total of 101 DNA samples from FISH negative/nonin-
formative clinically suspected 22q11.2 microdeletion syn-
drome were analyzed by SNP microarray successfully.
Details of SNP microarray findings of all 101 FISH neg-
ative/noninformative samples are available as master table
(Supplementary file 2). Out of 101 FISH negative for
22q11.2 microdeletion cases, SNP microarray detected sev-
eral cases of chromosomal abnormalities (Table 1), 22q11.2
microdeletion/microduplication (Table 2), other microdele-
tion/microduplication cases (Table 3), and several cases of
likely pathogenic CNVs (Table 4). SNP microarray also
detected several cases of LOH/AOHof knownUPDdisorders
(Table 5) and some more likely pathogenic UPD disorders
(Table 6) in the study.

This SNP microarray study identified 6 cases of chro-
mosomal abnormalities (Table 1). Clinical feature in brief
is presented in Table 7 (Figure 1). The study also identified
eight cases of 22q11.2 microdeletions (7)/microduplication
(1), mostly from FISH noninformative cases and 2 smaller
CNVs (outside scope of FISH probe). Clinical feature in
brief is presented in Table 8. This study detected 4 cases of
other pathogenic CNVs (Table 3) and several cases of likely
pathogenic CNVs (Table 4), which were outside the scope of
FISH. Clinical features in brief of these cases are presented
in Tables 9 and 10 (Figure 2). Microarray analysis identified 9
cases of segmental LOH/AOH, those associated with known
UPD disorders (Table 5). Clinical features in brief of these
cases are presented in Table 11 (Figure 3).

4. Discussion

We have been investigating microdeletion syndrome using
FISH since 2005. Our experience with FISH inmicrodeletion
syndrome including 22q11.2 microdeletion syndrome (most
common microdeletion syndrome) is unsatisfactory as FISH
detects approximately 8% of cases of 22q11.2 microdele-
tions [7, 8]. The reasons for low positive rate of 22q11.2
microdeletion syndrome using RP5-882J5 PAC clone (FISH
probe for 22q11.2 locus) were poor clinical inclusion criteria
(often single criteria) and poor quality of sample referral
(clotted/frozen/clumped blood samples/cells leading to FISH
failure or omission of FISH tests). In our experience (8, 11–
13), FISH probe derived from RP5-882J5 PAC clone iden-
tifies all typical deletions (≥2mb); however, it is unable to
detect atypical deletions of ≤0.5mb sizes (at proximal or
distal LCRs). Number of diagnostic criteria fulfilled by our
patients ranged fromone to eight andmost consistent referral
criteria were broad nose, TOF, swallowing difficulty, and
hypocalcaemia/convulsion. Patient often was referred to our
laboratory for 22q11.2 FISH testing based on a single clinical
feature, namely, CHD (TOF) or convulsion. These lead to
lower deletion detection rate. Poirsier et al. [13] also observed
poor clinical criteria for FISH test referral.

In this prospective study, SNP microarray was carried
out in 101 FISH negative/noninformative clinically suspected
22q11.2 microdeletion syndrome cases to assess the role of
SNP microarray in the evaluation of clinically suspected
22q11.2 microdeletion syndrome. There were 12 samples that
were not processed for FISH due to freezing or clotting.
Microarray was successfully carried out in all 101 cases.
Chen et al. [10], like this study, investigated FISH negative
22q11.2 deletion cases using high-resolution array CGH.
They have found better diagnostic sensitivity of array CGH
over FISH in fetuses with cardiac abnormalities associated
with deletion 22q11.2 and duplication 22q11.2 syndromes.
In the present study we have also detected several cases
of chromosomal abnormalities (trisomy, triploidy, partial
monosomy, or partial trisomy) and other pathogenic/likely
pathogenic CNVs (Tables 1, 3, and 4). We have also picked
up some smaller specific deletions/duplications outside the
region of hybridisation of the FISH probe. Clinically sus-
pected specific CNV (22q11.2) was detectable in approx-
imately 8% of cases by SNP microarray over and above
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Table 6: Large (>5mb) UPD/LOH/AOH locus/loci detected in suspected 22q11.2 microdeletion∗.

DBN Cytoband Size (mb) Gene number Remarks (associated CNVs and LOH/AOH)

20 6p21.1 p12.3 5.7 38 One uncertain (3) CNV of chromosome 1 (q21.2)
Multiple LOH/AOH of chromosomes 6 and 1

43 4q21.23-q22.1 8.7 38 One benign (1) CNV of chromosome 9 (p24.3)
One LOH/AOH of chromosome 15

49
Xq21.1 q21.2 q21.31 19 28 Partial tetrasomy of chromosomes 1–8, 11–14, and 18

and partial disomy of chromosome Xq21.32 q21.33 q22.1

Xq27.2 q27.3 q28 6.7 25 Multiple LOH/AOH of chromosome X and one
LOH/AOH of chromosome 1

73

2p25.2 p25.1 5.7 33

One likely benign (3) CNV of chromosome 4 (q22.3)
Multiple LOH/AOH of many chromosomes

2q21.1-q23.3 18 44
3p21.31-p14.2 13 161
3q21.1-3 q23 16 135
4q31.3-q35.1 32 112
6p21.1 p12.3 5.7 86
9p24.2-p23 8.3 29

10q25.1-q26.11 11.8 60
10q26.11-q26.3 12.8 68
11p15.4-p15.1 11.7 102
14q11.2 q12 8.8 63
14q12-q22.3 23.9 112

15q22.33-q25.2 14.4 155
18p11.31-p11.21 11.9 55
18q11.1-q12.3 22.8 85

76 17q12-q21.1 5.3 102 One benign (1) CNV of chromosome 14 (q11.2)
Multiple LOH/AOH of many chromosomes

84 3p21.31-p21.1 7 34 No CNVs; multiple LOH/AOH of many chromosomes

85 8q23.1 q23.2 q23.3 6 14 No CNVs
No other LOH/AOH

87 6q21 q22.1 q22.2 q22.31 12 60 No CNVs
One LOH/AOH of chromosome 11

101 6q14.1-q15 10.5 51 One benign CNV

105

1q23.1-q31.1 29.5 232

Multiple benign/likely benign CNVs
Multiple LOH/AOH of many chromosomes

3q27.1-q29 13.6 108
5q33.3-q35.3 24.7 195
7p14.2 p14.1 5.3 22
10p15.1 p14 5.4 34

16q22.3-q23.3 10 44
17p13.1-p11.2 11.7 124
18q12.1-q12.3 13 46

112 5p15.2 p15.1 7 18 One benign CNV
LOH/AOH of chromosome 11 (p11.2 p11.12)9q31.1-q32 8.3 71

169

1p13.3-p12 9.9 101

2 likely benign CNVs of chromosomes 8 and X
Multiple LOH/AOH of many chromosomes

5q35.1-q35.3 8 107
10q11.21 q11.22 5.4 49
10q21.1-q22.1 19 81
10q24.1-q25.2 14 133
12q22-q24.32 34.3 281
14q23.3-q32.2 30.3 231
19q13.32-q13.42 7.2 272
20q13.13-q13.32 8 43
22q11.1-q12.1 11.4 173
Xp22.32-p21.1 27 123
Xq23 q24 9.8 51
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Table 6: Continued.

DBN Cytoband Size (mb) Gene number Remarks (associated CNVs and LOH/AOH)

178 5p13.3 p13.2 5.8 37 No CNV
17p11.2-q11.2 9.9 125 No other LOH/AOH

182

13q14.2-q21.32 18.6 75

No CNV
No other LOH/AOH

6p22.3-p21.33 10.3 269
2q32.3 q33.1 5.2 717
2q34-q36.1 9.6 765
2q36.1-q37.1 7.4 622
7p22.2-p21.3 5.7 49

189 17q21.32-q23.2 13.3 175 No CNV

200

4q32.3-q34.3 9.7 616

No CNV
2 other LOH/AOH

2q11.1-q12.1 8.8 996
2p12-p11.2 8.2 844

2p22.3 p22.2 p22.1 6.1 719
3p26.1 p25.3 p25.2 p25.1 7.8 830

15q23-q24.3 8 1205

204
3q11.2 q12.1 q12.2 q12.3 6 49 One likely benign CNV

No other LOH/AOH16p12.1 p11.2 p11.1 8 107
16q11.2 q12.1 q12.2 7 40

211 5q21.3-q22.3 7.3 30 No CNV
14q22.1-q23.1 7.3 51 One LOH/AOH of chromosome 7

214 18q11.2-q12.1 5.6 29 One likely benign CNV
6p25.2-p24.3 5.5 42 Two LOH/AOH of chromosomes 12 and 19

228 8q24.21 q24.22 5.5 20 No CNV or no other LOH/AOH
∗To investigate its clinical importance/significance/associations/and so forth there is a need for further study using SNP microarray of parents.
DBN: database number.

(a) (b)

(c) (d)

Figure 1: Mosaic triploidy case showing facial profile (a), flat rocker bottom foot ((b) clinical and (c) X-ray), and triploid metaphase cell (d).
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Table 9: Clinical details of other pathogenic CNVs detected by SNP microarray.

Microarray details Genes Diagnosis Clinical details Other CNVs

15q11.2
0.46mb duplication 6 15q11-q13 duplication

Three-month-old male with TOF, feeding
difficulty, hypocalcemia, dysmorphism,
poly/syndactyle, hypoplastic mandible,
IUGR, and so forth

10q11.22 (3)

16p11.2
0.68mb deletion 46 16p11.2 deletion

4-month-male with CHD (DORV,
PS/pulmonary stenosis),
blepharophimosis, ptosis, and so forth

15q12 (3)
14q11.2 (3)

1q21.1
1.9mb duplication 24 1q21.1 duplication

Male of 2+ years with TOF, broad nose,
thin upper lip, absent philtrum, small and
low set ears, antimongoloid slant,
telecanthus, long slender fingers, widow
peak, and so forth

11p11.12 (3)

15q11.1 q11.2
2.3mb duplication 13 15q11.1 q11.2 duplication 1-year-old male with CHD (VSD),

dysmorphism, GDD, and so forth 14q11.2 (3)

Table 10: Clinical details of likely pathogenic CNVs detected by SNP microarray.

Locus/loci Microarray details Genes Clinical details
22q11.22
7q11.21

0.4mb duplication
0.49mb deletion

7
3 2-year-old male with TOF

1q21.2 1.9mb duplication 18 9-year-old male with TOF (operated)
19p13.11-12
11p11.2

4.6mb duplication
3.1mb duplication

35
10 17-year-old female with TOF (operated)

1q31.3
Xq21.1-24
Xq27.2-28

3.8mb triplication
23.8mb duplication
6.7mb duplication

13
27
18

13-year-old male with TOF (operated)

1q21.1
Xp22.33

1.3mb duplication
1.2mb duplication

12
10 4-year-old male with TOF (operated)

15q11.2
10q11.22

2.2mb deletion
2.1mb duplication

19
23

One-month-old male with hypocalcaemia
(Ca 5.6; PTH-46), convulsion, osteopenia,
squint, small toe, deep furrow feet, and so
forth (Figure 2)

22q11.23 0.26mb duplication 2

6-year-old female with dysmorphism,
square nose tip, proportionate short stature,
cyanotic CHD (tricuspid atresia, ostium
secundum ASD, etc.), clubbing, tracheal
shift, right pneumothorax with lung
collapse, right anotia, synophrys, pear
shaped nose, webbed neck, and so forth

FISH, mostly from FISH failure samples (frozen/clotted
samples; FISH not tried). In fact, it was unexpected from
FISH to identify small atypical deletions outside the region
of hybridization in two cases (database numbers 48 and
191), which were identified by microarray. Thus, microarray
contributed actual improvement by ∼2% above FISH for
specific 22q11.2 deletions. However, SNP microarray pro-
vided many other pathogenic/likely pathogenic microdele-
tions/duplications besides aneuploidy/partial aneuploidy,
triploidy, UPD, and other disorders. We have also observed
poor clinical criteria as the leading contributor of failure to
detect specific 22q11.2 deletion. Variations in deletion size
and/or break point difference (with genes involvement) as
well as other CNVs with or without LOH were evident. This
study also identified several cases of LOH/AOH loci with

known and well-defined UPD disorders. Several cases of
suspected LOH/AOH were also identified; however, confir-
mation of association needs additional investigation using
SNP microarray/QF PCR of their parents before claiming
causative.

One of the major referral criteria for our patients was
congenital heart disease, mainly conotruncal heart defect [7].
Several studies have established the importance of 22q11.2
CNVs in the etiology of congenital heart disease (CHD) with
or without other associated malformations [14, 15]. Patients
with 22q11.2 duplication also present clinical features like
22q11.2 deletion syndrome, including heart defect [16]. In
22q11.2 duplication syndrome, most prevalent heart defect
was conotruncal heart defect [17]. This is also true in animal
experiment where mice carrying extra copies of TBX1 gene
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(a) (b)

(c)

Figure 2: Male child with 15q11.2 deletion and 10q11.22 duplication showing squint, small toe and deep furrow feet.

(a) (b)

Figure 3: Male child with LOH/AOH of 6p22.3-p21.32 showing repaired cleft lip, broad and bifid nose, small left cornea and eye, long fingers,
and rough creased skin over hands.

display full clinical picture of 22q11.2 deletion syndrome [18].
In this study we have found 2 cases of atypical small CNVs of
22q11.2 (duplication of 0.18mb spanning 18844632–19033532
and containing genes like DGCR6, PRODH, KIAA1647,
DGCR9,DGCR10, andDGCR2 anddeletion of 0.38mb span-
ning 19405537–19792353 and containing genes like UFD1L,
PI4KA, SERPIND1, SNAP29, CRKL, AIFM3, AIFM3, LZTR1,
THAP7, FLJ39582, MGC16703, P2RX6, P2RX6, SLC7A4,
P2RX6P, LOC400891, and TBX1) with multiple malforma-
tions including cardiac malformations. These atypical small
deletions are rarely reported [13, 19].The role of TBX1 in heart
development has been already demonstrated inmice [20] and

TBX1 mutations have also been identified in individuals with
TOF [21]. We have also observed TBX1 deletion with TOF, in
our series.

This study detected several cases of LOH/AOH of known
UPD disorders (Table 5) and some more likely pathogenic
UPDs (Table 6); however, further study using SNP microar-
ray on parental DNA is required before reporting associations
with specific developmental disorders.

Our study indicates that microarray should be first tier of
test when samples are scant, lysed, or clumped/clotted/frozen
as FISHor conventional cytogenetics are bound to fail/nonin-
formative. This study suggests that microarray is a superior
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technique in clinically doubtful cases as well as ICU admis-
sions on life support and 22q11.2 microdeletion is suspected
on the basis of convulsion and/or cardiac defect/failure.
Furthermore, in early weeks of life dysmorphology and
malformation detection is difficult, in particular sick neonate
on life support. We have observed in this study that clini-
cally suspected microdeletion syndrome cases are frequently
associated with second/more hits (deletion or duplication)
elsewhere in the genome (tables/associated CNVs). Microar-
ray also detected several cases of chromosomal aneuploidy,
partial aneuploidy, triploidy, and so forth. This approach of
DNA microarray will provide the highest chance of making
a diagnosis and sparing the patient unnecessary diagnostic
testing frommany places, in addition to saving crucial times.
Our conclusion is in agreement with the consensus statement
[22].

We conclude that more strict clinical criteria should
be followed for FISH test. If clinical diagnosis is uncertain
or doubtful then microarray should be the first screening
test. This is most important with newborn/neonate in inten-
sive care unit as clinical criteria are few and difficult to
elicit. Microarray is applicable in all samples irrespective of
frozen, lysed, clotted, clumped, and other samples. Further-
more, SNP microarray provides information on aneuploidy,
triploidy, partial aneuploidy, and associated small CNVs
(often many) besides information on LOH/AOH (indicat-
ing UPD disorders/in case of consanguinity homozygosity
of recessive disorders). FISH may be used for detecting
mosaicism, screening family members, prenatal diagnosis,
and preimplantation diagnosis of specific deletions in proven
family.
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