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The present study evaluated the role of SNP microarray in 101 cases of clinically suspected FISH negative (noninformative/normal)
22ql1.2 microdeletion syndrome. SNP microarray was carried out using 300 K HumanCytoSNP-12 BeadChip array or CytoScan
750K array. SNP microarray identified 8 cases of 22qll.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 22ql1.2 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 <3 mb 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
22ql1.2 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 22qll.2 duplication displays
features like 22ql1.2 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 22ql1.2 microdeletion/microduplication containing
TBX1 gene were detected. In this study with SNP microarray
we have assessed 101 cases of FISH negative/noninformative
clinically suspected 22q11.2 microdeletion syndrome to deter-
mine whether any benefit is gained from using SNP microar-
ray.
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2. Material and Methods

This study was conducted in the Department 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 22q1l.2 microdeletion syndrome
cases were prospectively enrolled for the study using SNP
microarray. FISH was 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 2 mL EDTA
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 300 K) or Affymetrix (GeneChip Human Mapping
750K) platforms. Images were captured on iScan System
or Cytoscan, respectively. Data were analyzed (primary)
using [llumina’s KaryoStudio/GenomeStudio and Affymetrix
ChAS software. Resolution was set as 0.1mb for deletion,
0.5 mb for gain, and 3 mb 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, and DGV. 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 22qll.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
22ql11.2 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/AOH of known UPD disorders
(Table 5) and some more likely pathogenic UPD disorders
(Table 6) in the study.
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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 22qll.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 in microdeletion
syndrome including 22q11.2 microdeletion syndrome (most
common microdeletion syndrome) is unsatisfactory as FISH
detects approximately 8% of cases of 22qll.2 microdele-
tions [7, 8]. The reasons for low positive rate of 22qll.2
microdeletion syndrome using RP5-882]5 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 RP5-882]J5 PAC clone iden-
tifies all typical deletions (=2 mb); 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 from one to eight and most 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
22ql11.2 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
22qll.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 22qll.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 (>5 mb) UPD/LOH/AOH locus/loci detected in suspected 22q11.2 microdeletion™.
DBN Cytoband Size (mb) Gene number Remarks (associated CNVs and LOH/AOH)
One uncertain (3) CNV of chromosome 1 (q21.2
20 6p2l.1pl2.3 >7 38 Multiple LOH/I(\())H of chromosomes 6 an(éll )
One benign (1) CNV of chromosome 9 (p24.3)
43 4q21.23-q22.1 87 38 One LOPig/AOH of chromosome 15 b
Xq21.1 q21.2 q21.31 19 28 Partial tetrasomy of chromosomes 1-8, 11-14, and 18
49 q21.32 q21.33 q22.1 and partial disomy of chromosome X
Multiple LOH/AOH of chromosome X and one
Xq27.2 4273 q28 67 2 LOH/Ij\OH of chromosome 1
2p25.2 p25.1 5.7 33
2q21.1-q23.3 18 44
3p21.31-pl4.2 13 161
3q21.1-3 q23 16 135
4q31.3-q35.1 32 112
6p2l.1 p12.3 5.7 86
73 1 0952254 5:;?1 ) 18138 2(9) One hkely benign (3) CNV of chromosome 4 (q22.3)
Multiple LOH/AOH of many chromosomes
10926.11-q26.3 12.8 68
11p15.4-p15.1 11.7 102
14q11.2 q12 8.8 63
14ql12-q22.3 23.9 112
15q22.33-q25.2 14.4 155
18p11.31-p11.21 1.9 55
18q11.1-q12.3 228 85
One benign (1) CNV of chromosome 14 (q11.2
76 17q12-q21.1 >3 102 Multiple Ig,OI(-IiAOH of many chromosorilqes :
84 3p21.31-p21.1 7 34 No CNVs; multiple LOH/AOH of many chromosomes
85 8q23.1¢23.2 q23.3 6 14 Eg oCtII\XSL OH/AOH
No CNVs
87 6q2122.1q22.2 q22.31 12 60 One LOH/AOH of chromosome 11
101 6ql4.1-q15 10.5 51 One benign CNV
1g23.1-q31.1 29.5 232
3q271-q29 13.6 108
5q33.3-35.3 24.7 195
105 7pl4.2 pl4.1 53 22 Multiple benign/likely benign CNV's
10p15.1 pl4 54 34 Multiple LOH/AOH of many chromosomes
1622.3-q23.3 10 44
17p13.1-p11.2 11.7 124
18q12.1-q12.3 13 46
2 5pl5.2 pl5.1 7 18 One benign CNV
9q31.1-q32 8.3 71 LOH/AOH of chromosome 11 (p11.2 p11.12)
1p13.3-p12 9.9 101
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
169 12q22-q24.32 34.3 281 2 likely benign CNV's of chromosomes 8 and X
14q23.3-q32.2 30.3 231 Multiple LOH/AOH of many chromosomes
19q13.32-q13.42 7.2 272
20q13.13-q13.32 8 43
22ql1.1-q12.1 11.4 173
Xp22.32-p21.1 27 123
Xq23 q24 9.8 51
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TABLE 6: Continued.

1

DBN Cytoband Size (mb) Gene number Remarks (associated CNVs and LOH/AOH)
8 5p13.3 pl3.2 5.8 37 No CNV
17p11.2-ql1.2 9.9 125 No other LOH/AOH
13q14.2-q21.32 18.6 75
6p22.3-p21.33 10.3 269
- 2q32.3 q33.1 5.2 717 No CNV
2q34-g36.1 9.6 765 No other LOH/AOH
2q36.1-q371 74 622
7p22.2-p21.3 5.7 49
189 17q21.32-q23.2 13.3 175 No CNV
4q32.3-q34.3 9.7 616
2q11.1-ql2.1 8.8 996
500 2p12-pll.2 8.2 844 No CNV
2p22.3 p22.2 p22.1 6.1 719 2 other LOH/AOH
3p26.1 p25.3 p25.2 p25.1 78 830
15q23-q24.3 8 1205
3qll.2 q12.1ql12.2 q12.3 6 49
204 q16p1%.1 plci.Z plil.l 8 107 One likely benign CNV
No other LOH/AOH
16q11.2 q12.1 q12.2 7 40
. 5q21.3-q22.3 73 30 No CNV
14q22.1-q23.1 73 51 One LOH/AOH of chromosome 7
214 18qll1.2-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 55 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.

(c)

-—

iy e R b

(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).



Scientifica

12

uorappoIw 7'11bzz apnpoxs of,
dHD¢

oIS A19A IDD YIM N D] JLIIRIPIJ UT SR P[O-JUOW -9, I Awostiy,

(¢) ezeb zbiz

uoneEpoIW 7 11bzg 9pnpxa 0,
wd[qo1d TeIorAeyaq ‘9sou peorg

310§ 0s pue ‘wa[qoxd
[eI0TARY2q TOT)OJUT A10JeIIdSaT JUa1Inda1 ‘@D ‘s1oduy 1opuss Suof (wnnyd
Suo] pue diy ury ‘o1ered Yoo 9sou peoiq) wsTydIoWSAp YIIM dewd) plo-Teak-1ySig

(s112 profdin %¥7 HSIA
£q powrayuoo wsporesow) Aprofdriy,

(€)

SIUWIOSOWOIYD [[Y

uoneeposdIw 7 1bzz apnpxo of,
dHO

310§ 0s pue ‘eruojodAy
sisowrrydoreydayq ‘iseu aefe pue [reu onserdod£y <(3095op [e3dos TenornuaA) (b11 7 19111g
ASA uondayurt L10jexrdsar ‘suoneuriojreur spdnnu urrajord ¢(UonoIsaI ‘uasqooe() Awostn by renreg
IMO0I3 SULIINBIIUT) YO N JLIIPWWASE ) D] UT 9JBUOIU J[BUIY) P[O-AeP-UIAIS

(¢) scb-zerbt

SWOIPUAS UBUOON 3

U310y os pue ‘ded [epues ‘sas pajuesdn
‘s1e3 305 Mo[ Areydooorderd ©oej oYI[ SWOIPULS UBUOON PUE (D) 2IN[TE] JBIPILd Awosouowr bgy renteq
2A1)$a3U00 M HD dNoueAdE (D) JTUN T8 JAISUUT UT A[EW P[O-THIUOUW-dUQ)

(1) €zb-1€712b8I

uonepodIw 7 T1bzz apnpxo of,
dHO

IMIA UO BIDB[RTUONNI] JB[NOLUIALIDd pUe 93] WI0})0q JaYDO0I
9sou snqnq ‘wWsLIo[31adAY (PI[[013u0d) UOIS[NAUOD D0} pue quIny} peoiq (qdD)
Kefop rejuatndofaaap eqoy3 <(30930p Terdos [erne) Sy pue pajerado (s[assaa jeais jo (s1122 projdin 9¢¢ ‘HSIA
uontsodsuenonxap) ADIJ ‘wo[qoid Surpasdf Toqe] Jo ssaxdorduou o) anp A12ATop  £q paTUIgUOD WSIEsOw) Aprofdu,
uonoas uearesad Loueudard Surmp jusurosour [e39f s3] (T 21n31]) 1910RIRYD
X2s A1epu029s AU JNOYIIM PO STBIL CT MOU pUE (JISTA ISITJ J&) S[BWd) P[O-TeIL-IAL]

(€)

sowrosowoIyd Ty

uon[eposdIw 7' T11bzz apnpxo of,
dHO

(AHD) 199Jop 11eaY [e)Tua3u0d d1joueAde )M S[BW PO-YIUOW-UIAIS 81 Awostiy,

(€) €zb-111bST
1z 1id-ze 1rdst

UOSEal [eLI2]Joy

S[re3op [ea1ur)D) s1sougderp AeIIROIDTIA

(AND) O[/snd0T

“Ke1reodTi JNS £q Pa1093ap SIII[EULIOUQE [BUIOSOUIOIYD JO S[TIaP [edTUl])) i/ AT V],



13

Scientifica

Y3103

IIN 0§ pUE ‘UOT}OdJUT JUILINII “‘WNIO[ed MO] {(H.Ld) duowioy proifyjered moj ‘s1oduy A/ RIAIAIK 89 UOT)I[P QW 6T
1opuars Suoy ‘orered payore ySiy ‘wsrydiowsAp ‘(@D ©INZIDS YIM d[ew P[o-Tedh-¢
(¢) z1ib¥1 [}10J 0S pue ‘SN[NAJOA Jng prur

(1) zrmdir ‘wnyeurred snjoad opddru paoeds spim xes onserdsAp dif padeys A ‘wstiofelradAy N/N/A/A/N 9 uonedrdnp qui 810
(¢) ¢zede anmns ordojowr Jusurwoad ‘Gurssoq (B30I ‘QHD YIM W] P[O-YIUuowW-0]
AoueuSaid Surmp soruwrerpLydjod

IIN Jo £103s1 pue AeI-X UO MOPEYS JTWAY} JUISGE ‘WNID[Ed MO] ‘SINNOLYIP SuIppns A/RIAIAIK 69 UONI[p qQUI 67
UOT)ORJUT JUSLINIAI DINZISS I[QBIDBIIUT JUSLINDAT O], YIM S[ewrd) p[o-Aep-S§

IN Kefop yooads pue ‘q@o ‘wistydiowsAp [eroe) JO,I, YIM d[ew P[o-Teak-G' A/ KIAIRIK 69 uona[op qui 6°g
(skep c¥

N 3s€[ 20UIS) 2In[rey A103eIIdsar pue DINZIes UONIJUT [eSUny JUSLINOAI “erurad[esodAy A/AIAIAIK 6% uonaEp qui /17
cwstprorfyyeredodAy 10] NDJ BISIYISIUE WIOTJ PIIISJAI SR P[O-TeAh-F¢

'N dOL Yim d[ew pjo-reaf-¢'| N/N/N/N/A St UOnIPP qu €0

(¢) 1z11bL wistydiowssAp pue JO,I, Y}IMm [eWdJ P[O-1edk-/ K/ AIAIAIA 59 UOTId[PP qQUIG'T
110§ 0S pue ‘AnoIgIp Jurpasy ‘9sou peoiq

N wistydiows£p eroej pue (pajerado 410, Mv uo“ﬂﬁmm Wo \ﬁwoﬁmbw MFS WEM% +¢ JO ofeIN A/R/A/AIR 8s HORIPP qure

SAND QPO S[Ie32P [eTUID 840D A/ATIOOA/9YDOA/TIOODA/IXAL ~ SdU9D s[re1op AesreonIN

‘Ke1reosoruu JNS £q pa3oa3op SAND 7' 11bz¢ Jo s[rejap [eoturD :g 814 vy,



14 Scientifica
TaBLE 9: Clinical details of other pathogenic CNV's detected by SNP microarray.
Microarray details Genes Diagnosis Clinical details Other CNVs
Three-month-old male with TOE, feeding
15q11.2 . difficulty, hypocalcemia, dysmorphism,
6 15q11-q13 duplicat
0.46 mb duplication AHale duptication poly/syndactyle, hypoplastic mandible, 10q11.22 (3)
IUGR, and so forth
4-month-male with CHD (DORY,
})65511}211) deletion 46 16pl11.2 deletion PS/pulmonary stenosis), 1115%1122(?3))
) blepharophimosis, ptosis, and so forth 4
Male of 2+ years with TOF, broad nose,
1211 thin upper lip, absent philtrum, small and
4= L 24 1g21.1 duplication low set ears, antimongoloid slant, 11plLI12 (3)
1.9 mb duplication .
telecanthus, long slender fingers, widow
peak, and so forth
15q11.1 q11.2 1 150111 q11.2 duplicati 1-year-old male with CHD (VSD),
2.3 mb duplication 3 5qlL.1 ql.2 duplication 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
22ql1.22 0.4 mb duplication 7 .
7qlL.21 0.49 mb deletion 3 2-year-old male with TOF
1q21.2 1.9 mb duplication 18 9-year-old male with TOF (operated)
19p13.11-12 4.6 mb duplication 35 .
1plL.2 3.1 mb duplication 10 17-year-old female with TOF (operated)
1g31.3 3.8 mb triplication 13
Xq21.1-24 23.8 mb duplication 27 13-year-old male with TOF (operated)
Xq27.2-28 6.7 mb duplication 18
1q21.1 1.3 mb duplication 12 .
Xp22.33 1.2mb duplication 10 4-year-old male with TOF (operated)
One-month-old male with hypocalcaemia
15q11.2 2.2 mb deletion 19 (Ca 5.6; PTH-46), convulsion, osteopenia,
10q11.22 2.1 mb duplication 23 squint, small toe, deep furrow feet, and so
forth (Figure 2)
6-year-old female with dysmorphism,
square nose tip, proportionate short stature,
cyanotic CHD (tricuspid atresia, ostium
22ql1.23 0.26 mb duplication 2 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 22ql1.2 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 22ql1.2 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 22ql1.2
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
22ql1.2 deletion syndrome, including heart defect [16]. In
22ql11.2 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)

(®)

()

(c)

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 CNV's of
22q11.2 (duplication of 0.18 mb spanning 18844632-19033532
and containing genes like DGCR6, PRODH, KIAA1647,
DGCRY9, DGCRI10, and DGCR2 and deletion of 0.38 mb span-
ning 19405537-19792353 and containing genes like UFDIL,
PI4KA, SERPINDI, SNAP29, CRKL, AIFM3, AIFM3, LZTR],
THAP7, FLJ39582, MGC16703, P2RX6, P2RX6, SLC7A4,
P2RX6P, LOC400891, and TBXI1) with multiple malforma-
tions including cardiac malformations. These atypical small
deletions are rarely reported [13, 19]. The role of TBX1in heart
development has been already demonstrated in mice [20] and

TBXI mutations have also been identified in individuals with
TOF [21]. We have also observed TBXI 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 FISH or 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 22ql11.2 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 from many 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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