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IntROduCtIOn
Microdeletion syndromes are common genetic disorder characterized 
by small and variable chromosomal deletion, usually smaller than 5 
Mb size (sub-microscopic), in which multiple genes associated with 
developmental anomalies are involved. The phenotype is mainly due 
to haploinsufficiency of genes in the critical interval. The common 
microdeletion syndromes are 22q11.2 (DiGeorge/Velocardiofacial 
syndrome), 15q11-13 (Prader–Willi/Angelman syndrome), 7q11.23 
(Williams-Beuren syndrome), 17p11.2 (Smith Magenis syndrome), 
17p13.3 (Miller Dieker syndrome), 17q11.2 (Neurofibromatosis 
type 1), 22q12.2 (Neurofibromatosis type 2), etc. The 22q11.2 
microdeletion syndrome is characterized by hemizygous deletion of 
<5 Mb size in 22q11.2 region. The prevalence of the syndrome is 1 
in 4000 to 6000 live births [1]. Diagnosis of microdeletion syndrome 
is based on prometaphase banding cytogenetics [2], FISH [3-5], 
array CGH [6-8], QFPCR [9] with polymorphic micro satellite marker, 
MLPA [10] and NGS [11,12]. 

Mosaicism is defined as the presence of two or more population of 
cells with different genotypes derived from single zygote. Mosaicism 
in microdeletion syndrome is commonly viewed as rare and reported 
infrequently [13-15]. Interphase FISH analysis is the prime method for 
diagnosis of mosaicism, although MLPA, microarray and NGS can 
also be used to study mosaicism. The FISH analysis has the ability 
to determine the presence of a particular DNA sequence in cells 
(qualitative) along with information on numbers (quantitative) besides 
their anatomic/physical location in cell to cell basis i.e., cells type, 
number, etc.,. Interphase FISH can diagnose mosaicism rapidly and 
reliably as this can analyse large number of cells individually and even 
low level of mosaicism [14,16]. Diagnosis of 22q11.2 microdeletion 
mosaicism through FISH on prenatal samples [17], on peripheral 
blood lymphocytes [14,16,18,19] and on cardiac tissue [19] have 

been reported earlier [Table/Fig-1] [13,14,16,17,20-35]. SNP 
microarray is another good method to screen clinically suspected 
microdeletion cases [8], as this single test provides information on 
genome at high resolution on aneuploidy, polyploidy, microdeletions, 
microduplications, parental inheritance/uniparental disomy, but often 
may fail to detect low level mosaicism, if not carefully analysed. The 
present study was conducted to observe mosaicism, which is one 
of the leading mechanisms for phenotypic heterogeneity associated 
with the 22q11.2 microdeletion syndrome. 

MAtERIALS And MEtHOdS
This study was conducted in the Department of Reproductive 
Biology, All India Institute of Medical Sciences (AIIMS), New Delhi, 
India. From January 2005 to July 2017, 257 cases of clinically 
suspected 22q11.2 microdeletion syndrome were evaluated using 
FISH method [3]. The study was approved by the Institutional Human 
Ethics Committee (Ref. No. IEC/NP-93/11.4.14 & A-21:12/08/2005). 
Procedure was in accordance with the Helsinki declaration. All 
cases were referred from various parts of North India and mostly 
included referred cases with normal karyotype, excluding very sick 
neonates. All 257 cases (excluding very sick neonates) underwent 
clinical evaluation as per guideline [36] before undergoing specific 
FISH test for 22q11.2 microdeletion. There were 164 males and 93 
females between ages 5 days to 15 years. EDTA and heparinized 
blood samples were collected from most patients and their parents 
after obtaining written consent for the study. FISH study was carried 
out on both interphase and metaphase cells using non-commercial 
FISH probe [3,4]. PAC (P1-based artificial chromosomes) clone (RP5-
882J5/dJ882J5 for 22q11.2) was obtained from European Resource 
Centre for Molecular Cytogenetics, University of Bari, Italy (http://
www.biologia.uniba.it/rmc/; courtesy Professor Mariano Rocchi) for 
the study. The clone was received as bacterial LB agar stab culture, 
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ABStRACt
Introduction: Microdeletion syndrome is characterized by 
sub-microscopic chromosomal deletion smaller than 5 Million 
bp (5Mb) and frequently associated with multiple congenital 
anomalies. Fluorescent In Situ Hybridization (FISH), Multiplex 
Ligation-Dependent Probe Amplification (MLPA), Quantitative 
Fluorescence Polymerase Chain Reaction (QFPCR), array 
Comparative Genomic Hybridization (aCGH), Single Nucleotide 
Polymorphism (SNP) microarray and Next-Generation 
Sequencing (NGS) techniques are commonly used for precise 
genetic diagnosis of microdeletion syndrome.

Aim: To study the role of mosaicism for the causation of 
phenotypic heterogeneity in 22q11.2 microdeletion syndrome.

Materials and Methods: In this study, for over the period of 
10 years, we worked on detection of 22q11.2 microdeletion 
and observed mosaicism frequently. FISH analysis was used 
to assess level of mosaicism in metaphase and interphase 
cells derived from peripheral blood culture (lymphocytes) and 

interphase cells of various tissues like blood nucleated cells 
(mesodermal origin), buccal cells (ectodermal origin) and urinary 
exfoliated cells (endodermal origin). We have also used SNP 
microarray and QF PCR for further characterization.

Results: Among 257 cases of clinically suspected 22q11.2 
microdeletion syndrome, presence of 22q11.2 microdeletion 
was confirmed in 39 cases (15.2%) by FISH. Eleven of 22q11.2 
microdeletion cases (28.2%) were found to have mosaicism. 
We report high (28.2%) prevalence of mosaicism in 22q11.2 
microdeletion syndrome and often (about 36% cases) low grade 
mosaicism (<35% deleted cells). Outsourced SNP microarray 
failed to detect low grade mosaicism. We also observed wide 
variations in deleted cell concentration amongst various tissues 
(blood, buccal and urinary cells). 

Conclusion: We conclude that mosaicism in 22q11.2 
microdeletion is common (28.2%) and interphase FISH should 
be the choice of test for detecting mosaicism.
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nuclei (50 interphase cells as per ACMG FISH standard and guideline) 
[37] and 10 metaphase nuclei (more in case of low level mosaicism) 
were attempted in every case. Presence of both one and two signals 
in metaphase (at least 5%) and interphase (at least 10%) cells were 
observed, the case was considered to have mosaicism [14]. In 
absence of metaphase chromosome, mosaicism was considered 
when at least 35% interphase cells display one or two signal/s in any 
type of cells (blood, buccal or urinary). Interphase FISH was carried 
out on buccal (ectodermal origin) and urinary cells (endodermal origin) 
as described before [38] to find out whether mosaicism restricted 
to blood or generalized. Diagnosis of mosaicism was assigned after 
examining various factors viz., clinical features, deletions in metaphase 
chromosome (>5%) and/or deletions in interphase cells.

RESuLtS
In this study the prevalence of mosaicism in 22q11.2 microdeletion 
has been assessed (DiGeorge) syndrome by FISH and importance 
of examining various tissues to detect mosaicism. A total of 257 
cases of clinically suspected 22q11.2 microdeletion syndrome were 
studied by FISH using 22q11.2 probe (RP5-882J5) as per guideline 
for 22q11.2 microdeletion FISH test [36]. The 22q11.2 FISH probe 
hybridization efficiency in normal control was observed as two signals 
(dizygous) in about 98% nuclei in interphase lymphocytes (cultured), 
about 96% nuclei in nucleated blood cells (uncultured), about 95% 
nuclei in buccal cells and about 90% nuclei of urinary cells [Table/
Fig-2]. Hemizygous deletion in normal individual was observed as 
about 2% in interphase lymphocyte (cultured) and without culture 
in about 3.6% in blood nucleated cells, about 4.5% in buccal cells 

processed in house and used as directly flurochrome labelled FISH 
probe [5,14]. The origin of this clone was in Pieter de Jong library 
as RPCI-5: Human (M) PAC library. An RPCI Human PAC segment 
cloning vector was pCYPAC2, average insert size was 115 kb and 
genomic coverage was 6X. Standard cytogenetic techniques were 
used to obtain metaphase lymphocytes chromosomes. In short 
blood microculture was planted in the presence of mitogen and after 
70 hours, a mitotic inhibitor was added to stop mitosis (arrest cells in 
metaphase) followed by hypotonic treatment and fixation in methanol 
acetic acid solution. For interphase cells preparation about 100µl 
blood was processed into a 1.5ml micro centrifuge tube containing 
400µl PBS (phosphate buffered saline, pH7.4, Sigma), mixed well 
and centrifuged at 5000 rpm for 5 minutes. The supernatant was 
discarded and this washing procedure was repeated three times 
followed by adding 400µl hypotonic solution (50mMol KCl) into 
the pellet and incubated for 20 minutes before adding fixative (3:1 
methanol and acetic acid). Approximately 15-20µl of cell suspension 
was used to make slide. Probes and cell DNA were denatured 
together for 3 minutes at 75ºC and incubated at 37ºC in a moist 
chamber for overnight. Post hybridization washing was done using 
NP40 solution. The slides were counterstained and mounted using 
antifade containing DAPI and screened under fluorescent microscope 
using appropriate filter sets. Probe hybridization efficiency (sensitivity 
and specificity) was evaluated in control metaphase spread with each 
FISH experiment. We found no cross hybridization and the probe 
hybridized specifically on chromosome 22q. We have also evaluated 
FISH probe hemizygous deletion prevalence in various cells in normal 
individual [Table/Fig-2]. An evaluation target of at least 500 interphase 

Microdeletion tissue examined Method result reference

3q29 Blood nucleated cells QF PCR 40% deleted cells (mosaicism) in carrier father [26]

9q34.3 Blood nucleated cells and fibroblast cells in 
family 1; buccal cells in family 2

FISH Family 1 carrier mother had less deleted cells in fibroblast 
than blood
Family 2 carrier mother had 80% buccal cells with deletion 

[24]

12q24.31-q24.33 Interphase lymphocytes FISH 44.5% normal, 30% hemizygous deletion and 25.5% 
homozygous deletion 

[27]

15q11-13 Metaphase lymphocytes FISH 40% deleted cell lines (case report)  [28]

15q11-13 Metaphase lymphocytes FISH 15% deleted cells  [16]

15q11-13 Metaphase lymphocytes FISH 58% deleted metaphase cells (lymphocytes)  [29]

17p11.2 to
17p12

Interphase lymphocytes FISH 12% deleted cells
(case report)

 [25]

17q11.2 Interphase lymphocytes FISH 40% (8/20) cases had somatic mosaicism; deleted cell line 
was 91-100% in blood cells but 51-80% in buccal and skin 
cells 

 [21]

17q11.2 Metaphase lymphocytes FISH 22.2% (2/9) cases had somatic mosaicism  [30]

17q11.2 Blood WBC and DNA (derived from peripheral 
blood)

FISH, MLPA, QF 
PCR

44% in NF1 type 2 & 25% in NF1 atypical
Overall 9.6% (14/146) had mosaicism (deleted cells were 
50% to 97%)

 [20]

17q11.2 Metaphase lymphocytes and skin fibroblast 
cells

FISH Mother had deletion in 70% lymphocytes and 15% fibroblast 
metaphase cells

 [23]

17q21.31 Interphase and metaphase lymphocytes and 
buccal cells

FISH Family 1 carrier mother had 8% cells with deletion in 
buccal cells and Family 2 carrier mother had 7% cells with 
deletion in buccal cells but 3% in interphase and metaphase 
lymphocytes

 [22]

20p12 Blood WBC FISH Mother carrier had deletion in 50% of peripheral blood cells  [31]

21q22 Amniocytes FISH 14-97% deletions with different probes (complex mosaicism)  [32]

22q11.2 Interphase lymphocytes FISH 7% cells with deletion in carrier mother with 2 affected sons  [33]

22q11.2 Interphase amniocytes FISH 61% cells deleted  [17]

22q11.2 Metaphase and interphase lymphocytes and 
fibroblasts

FISH 55% (11/20) cells with deletion and 45% (9/20) cells with 
duplication in metaphase lymphocytes
85.7% (18/21) metaphase fibroblasts and 40/50 (80%) 
interphase fibroblast with deletion

 [13]

22q11.2 Interphase lymphocytes, buccal cells and 
urinary cells

FISH 78-89% cells deleted in case 1 in various cell type
12-15% cells deleted in case 2 in various cell type

 [14]

22q11.2 Interphase lymphocytes FISH 70% lymphocytes with deletion  [34]

22q11.2 Interphase lymphocytes FISH and microarray 66% cells deleted in affected fetus  [13]

22q13.3 Blood WBC FISH 6% deletion in carrier mother with 2 affected children  [35]

[table/Fig-1]: List of publications citing mosaicism in various microdeletion syndromes [13,14,16,17,20-35].
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and 9.8% in urinary cells, respectively. This indicates normally with 
this probe FISH on interphase cells one may expect one signal/one 
copy at maximum in about 10% cells. The reason for background 
(procedural) low level hemizygous deletion (1 signal) is due to 
various factors like probe hybridization efficiency, superimposition 
of signals, chromosome segregation error, etc.,. The 22q11.2 
microdeletion was identified in 39 (15.2%) cases. Mosaicism was 
detected in 11 (28.2%) cases [Table/Fig-3-7]. Proportion of deleted 
cell in various tissues was 10-90% in interphase cells [Table/Fig-7]. 
Clinical comparison depending upon deletion load (<35%, 35-65% 
&>65% deleted cells) in mosaic cases is presented in [Table/Fig-8]. 
No co-relation was detected between deleted cell concentration 
and phenotypic presentations [Table/Fig-8]. Neither 22q11.2 
microdeletion nor even low level of mosaicism was observed in 
parents of the analysed cases.

dISCuSSIOn
In this study 11 mosaic cases, have been detected among 39 
cases of 22q11.2 microdeletion syndrome, giving a frequency of 
28.2% mosaicism. We have also observed low level (<35%) of 
deleted cell lines in over 36% (4/11) cases. Until now, mosaicism 
in common microdeletion syndromes was reported as case 
reports or few case series [Table/Fig-1] and considered as rare 
[13-17]. This study has shown comparatively high incidence 
(28.2%) of mosaicism in 22q11.2 microdeletion syndrome. This 
study, therefore demonstrates that mosaicism represents an 
important context in the investigation of 22q11.2 microdeletion 
syndrome. High frequency of mosaicism is also reported with 
NF1 (Neurofibromatosis 1) type 2 (44%) and NF1 atypical (25%) 
microdeletion syndromes [20]. Somatic mosaicism i.e., variation 
in deletions in different somatic tissues [Table/Fig-7] viz., blood 
nucleated cells (mesodermal origin), buccal cells (ectodermal 
origin) and urinary cells (endodermal origin) were also observed. 
This is also reported in NF1 [20,21] as well as other microdeletion 
syndromes [13,22-24]. In addition, we have observed wide 

[table/Fig-4]: FISH image using 22q11.2 locus specific probe (labeled with FITC) on 
lymphocyte culture cells showing dizygous/normal (two green signals) cells (one meta-
phase and four interphase cells) and hemizygous/deleted (one green signal) cells (arrow).

[table/Fig-5]: FISH image using 22q11.2 locus specific probe (labelled with Cy3) 
on buccal cells showing dizygous/normal (two red signals) cells and hemizygous/
deleted (one red signal) cells (arrow).

[table/Fig-6]: FISH image using 22q11.2 locus specific probe (labelled with Cy3) 
on urinary cells showing dizygous/normal (two red signals) cells and hemizygous/
deleted (one red signal) cells (arrow).

parameters
22q11.2 

Microdeletion
remarks

FISH probe details RP5-882J5
Non-commercial 
probes

Clinically suspected cases tested 
by FISH

257
Adequate number of 
cases evaluated

FISH deletion positive cases 39 (15.2%) Low detection rate

Pure/non-mosaic deletion in 
peripheral blood lymphocytes 
(mesodermal origin)

28 (71.8%)
Pure/non-mosaic 
deletion cases 71.8%

Mosaic deletion 11 (28.2%) Mosaic deletion 28.2% 

Remarks
High frequency of 
mosaicism

[table/Fig-3]: Summary of FISH results in 22q11.2 microdeletion syndromes. 

22q11.2 FiSh 
probe 

(rp5-882J5)

number of 
controls 
studied

dizygous/
2 signals

hemizygous/
1 signal (%)

others/
3-4 

signals

Peripheral blood 
lymphocytes
(interphase post 
culture)

FISH result 131 48933 832 (1.66%) 127

Observed 
hemizygous deletion 
in normal individual

1.7% cells

Peripheral blood 
nucleated cells 
(WBC)
(interphase 
uncultured)

FISH result 5 488 19 (3.6%) 9

Observed 
hemizygous deletion 
in normal individual

3.6% cells

Buccal ells

FISH result 5 418 20 (4.5%) 8

Observed 
hemizygous deletion 
in normal individual

4.5% cells

Urinary cells

FISH result 5 277 31 (9.8%) 7

Observed 
hemizygous deletion 
in normal individual

9.8% cells

[table/Fig-2]: The 22q11.2  microdeletion probes hybridization efficiency in 
control (normal) lymphocytes (post cell culture), nucleated blood (granulocytes & 
mononuclear; without cell culture), buccal (squamous cells) & urinary (uroepithelial 
cells) cells (interphase).
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Cases 
Age/Sex

Metaphase FiSh in blood 
lymphocytes

interphase FiSh in 
blood cells

interphase FiSh in buc-
cal cells

interphase FiSh in urine 
cells

remarks

1½ months/ Male 
very sick (in ICU; expired), 
HC, TH, CL/ CP, Cyanosis, 
F/H of CHD, etc.,

1 copy in 3 metaphase cells 
(27.3%), 
2 copies in 8 metaphase cells 
(72.7%)

1 copy in 170 cells (26.5%), 
2 copies in 470 cells 
(73.5%)

Not done Not done About 27% metaphase have 
deletion

10 months/ Male
TOF, Dys, NPI, LSF, F/H of 
CHD, etc.,

1 copy in 3 metaphase cells 
(27.3%), 
2 copies in 8 metaphase cells 
(72.7%)

1 copy in 228 cells (31%), 
2 copies in 500 cells 
(68.7%)

1 copy in 51 cells (94%), 
2 copies in 3 cells (6%)

1 copy in 25 cells (92.6%), 
2 copies in 2 cells (7.4%)

>27% metaphase has 
deletion; Buccal and urinary 
cells show over 90% 
deletion whereas blood cells 
show approximately 30% 
deletion 

1 year/ Male
TOF, Dys, DD, CP, LSF, 
etc.,

1 copy in 7 metaphase cells 
(77.8%), 
2 copies in 2 metaphases 
(22.2%)

1 copy in 500 cells (86%), 2 
copies in 84 cells (14%)

Not done Not done 14% metaphase/ interphase 
cells have no deletion 

1½ years/ Male
CHD (VSD), Dys, DD, LSF, 
etc.,

Blood culture not attempted 
due to EDTA blood

1 copy in 319 cells (46.6%); 
2 copies in 365 cells 
(53.4%)

Not done Not done 46% deletion in interphase 
cells

1½ years/ Male
TOF, Dys, DD, NPI, LSF, 
Trigonocephaly, etc.,

1 copy in 6 metaphase cells 
(15%), 
2 copies in 34 metaphase 
cells (85%)

1 copy in 121 cells (11.6%), 
2 copies in 925 cells 
(88.4%)

1 copy in 8 cells (13.8%), 
2 copies in 50 cells (86%)

1 copy in 7 cells (14.9%), 
2 copies in 40 cells (85%)

15% metaphase have 
deletion; 12-15% of 
interphase cells have 
deletion

2 years/ Male
TOF, Dys, DD, polydactyly, 
MCK, etc.,

1 copy in 4 metaphase cells 
(40%), 
2 copies in 6 metaphase cells 
(60%)

1 copy in 183 cells (54%), 
2 copies in 155 cells (46%)

Not done Not done 43% metaphase have 
deletion

2 years 10 months/ Male
TOF, Dys, DD, HAP, LSF, 
etc.,

1 copy in 50 metaphase cells 
(94.3%), 
2 copies in 3 metaphase cells 
(5.6%)

1 copy in 2900 cells 
(85.3%), 
2 copies in 497 cells 
(14.6%) 

1copy in 14 cells (78%), 
2 copies in 4 cells (22%)

1 copy in 8 cells (89%), 
2 copies in 1 cell (11%)

>5% metaphase have no 
deletion; 11-22% interphase 
cells without deletion

3 years/ Male
TOF, Dys, DD, NPI, LSF, 
etc.,

Blood culture failed 1 copy in 500 cells (47.6%), 
2 copies in 550 cells (52%)

1 copy in 18 cells (72%), 
2 copies in 7 cells (28%)

1 copy in 12 cells (70.5%), 
2 copies in 5 cells (29.5%)

47-72% interphase cells 
have deletion 

15 years/ Male
TOF, Dys, HC, SD, tall, etc.,

1 copy in 2 metaphase cells 
(25%), 
2 copies in 6 metaphase cells 
(75%)

1 copy in 150 cells (26%), 2 
copies in 430 cells (74%) 

1 copy in 8 cells (10%), 
2 copies in 70 cells (90%)

1 copy in 4 cells (12.5%), 
2 copies in 28 cells (87.5%)

25% metaphase have 
deletion 
Low level (10-26%) of 
interphase cells have 
deletion 

1 month/ Female 
CHD (VSD, PDA, etc.,), Dys, 
HC, LSF, etc.,

1 copy in 4 metaphase cells 
(40%); 
2 copies in 6 metaphase cells 
(60%)

1 copy in 160 cells (49%), 2 
copies in 164 cells (51%) 

1 copy in 11 cells (27.5%), 
2 copies in 29 cells (52.5%)

1 copy in 2 cells (28.5%), 
2 copies in 5 cells (71.5%)

40% metaphase have 
deletion 
27-49% interphase cells 
have deletion 

3 years/ Female
TOF, Dys, DD, HAP, LSF, 
etc.,

1 copy in 5 metaphases 
(50%), 
2 copies in 5 metaphase cells 
(50%)

1 copy in 260 cells (51%), 2 
copies in 252 cells (49%)

Not done Not done 50% metaphase 
lymphocytes have deletion

[table/Fig-7]: Interphase (blood, urine and buccal cells) and metaphase (blood) FISH result in mosaic 22q11.2 microdeletions.
TOF: Tetralogy of fallot; Dys: Dysmorphism; DD: Developmental delay; HAP: High arched palate; LSF: Long slender fingers; CP: Cleft palate; NPI: Nasopharyngeal insufficiency; MCK: Multicystic kidney; CHD: 
Congenital heart defect; VSD: Ventricular septal defect; PDA: Patent ductus arteriosus; HC: Hypocalcemia; F/H: Family history; ICU: Intensive care unit; TH: Thymic hypoplasia; CL: Cleft lip; SD: Skeletal deformity

parameters <1/3 deleted cells
>1/3 to <2/3 
deleted cells

>2/3 deleted 
cells

remarks

Number of cases 4 5 2

Cono-truncal cardiac anomaly such as Fallot’s tetralogy 
(TOF), interrupted aortic arch, truncus arteriosus or 
major aorto-pulmonary collateral arteries / suspected 
but not evaluated due to intensive care

3/4* 
(TOF)

5/5 
(TOF in 3)

2/2
(TOF)

Cardiac abnormality does not correlate on concentration of deleted 
cells in blood lymphocytes

Dysmorphism (broad bulbous nose, square shaped tip 
of nose, short philtrum, telecanthus, slanting eyes, low 
set ears, etc.,)

3/4* 5/5 2/2
Dysmorphism also does not correlate on concentration of deleted 
cells in blood lymphocytes

Hypocalcaemia/seizures/etc., 2/4 1/5 0/2
Hypocalcaemia also does not correlate on concentration of deleted 
cells in blood lymphocytes

Immunodeficiency or thymic hypoplasia
1/4

(hypoplastic thymus)
0/5

0/2 Thymic hypoplasia also does not correlate on concentration of 
deleted cells in blood lymphocytes

Cleft palate, high arched palate, velopharyngeal 
insufficiency or swallowing difficulty

3/4* 2/5 2/2
Cleft palate, high arched palate, velopharyngeal insufficiency or 
swallowing difficulty also does not correlate on concentration of 
deleted cells in blood lymphocytes

Others (long slender fingers/hands, short stature, renal 
abnormalities, etc.,)

3/4* 5/5 2/2 Prevalence little more with >35% deletions in blood lymphocytes 

Family history of congenital cardiac defects 2/4 0/5 0/2
Family history of congenital cardiac defects observed only in cases 
with <1/3 deleted cell line

Remarks
Clinical presentation does not correlate with deletion frequency in 
lymphocytes

[table/Fig-8]: Summary of clinical presentation in respect of deleted cell frequency in blood lymphocytes.
* One baby of 1½ months old was very sick with central cyanosis in ICU thus not evaluate for dysmorphism, pharyngeal insufficiency or cardiac malformation although major cardiac malformation was 
suspected clinically (also F/H of cardiac defect)
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variations in deleted cell concentration in different type of tissues 
using interphase FISH. We observed near similar concentration in 
all 3 germ layers but in some cases, there were wide variations 
between blood (mesodermal) and others tissues (ectodermal 
and endodermal). Hence, the use of interphase FISH on blood 
and other cell types is advisable as prime detection technique 
for mosaicism. This is very important during screening parents of 
an affected child as often one of the parents may have low level 
of mosaicism in some or all tissues [26,27] or gonad that may 
cause recurrence (as high as 50%) [39]. In this situation, FISH can 
analyse large number of cells quickly and can help to determine 
carrier state of parents, thus helps in accurate reproductive 
genetic counselling although no carrier parents were found in this 
study. Gonadal mosaicism in father can also be determined easily 
from sperm FISH. However, gonadal mosaicism in mother is 
difficult to assess as this requires either polar body or oocyte FISH 
(single cell and invasive/assisted reproductive technology). Low-
level mosaicisms (7-35% of abnormal cells) was reported with 
various microdeletion syndromes [14,16]. However, FISH provides 
information only on targets and does not allow a comprehensive 
evaluation of atypical deletions outside the region of FISH probe 
[8]. 

In mosaicism individuals have two or more cell lines with genetic 
differences. These cell lines are derived from single zygote but 
shows variation due to post-zygotic mutational events. The 
mechanism of mosaicism involves mitotic error during cell 
division through non-disjunction (for chromosome numbers) 
or anaphase lag (for chromosome numbers) or structural 
abnormalities (for translocations, deletions, duplications, marker 
or ring chromosomes), including Non-Allelic Homologous 
Recombination (NAHR). Most copy number variations 
(microdeletion and microduplication) result from meiotic 
and/or mitotic NAHR. Somatic NAHR is mediated by intra-
chromosomal exchange during mitosis [40] and somatic NAHR 
may be responsible for the occurrence of somatic mosaicism. 
Cytoplasmic abnormalities such as impaired cytoskeleton and 
spindle malfunction or Low Copy Repeat (LCR) sequences 
influence abnormal DNA segregation (copy number variation) 
or cell division (aneuploidy) and thus leads to mosaicism [7]. 
Appearance of rescue attempt at a particular time during 
embryogenesis determines the proportion of affected cells. 
Rescue of mutated cells through the process of recombination 
after fertilization results in mosaicism and may confer advantage 
in survival. Mosaicism is considered as an important mechanism 
of phenotypic heterogeneity in microdeletion syndrome [25,41]. 
However, in this study we did not find any co-relation between 
load of deleted cells and severity of disease [Table/Fig-8]. We 
have found classical phenotype with low-grade mosaicism 
(<35% cells with deletion) as well as milder phenotype with 
high-grade mosaicism (>65% cells with deletion). Similarly, other 
researchers also observed classical phenotype with mosaicism 
[42], even with low level of mosaicism [43]. This difference could 
be due to tissue mosaicism; often non-blood cells have more 
deleted cells than blood cells and vice versa as seen with some 
of our cases [Table/Fig-7]. Reason of phenotypic variability is 
complex and depends on many factors, including deletion size 
[7], associated CNVs (copy number variation), tissue mosaicism 
[14,16], parental origin of deletion, and epigenetic changes, 
however further studies are required in this field. 

Our experience with SNP microarray (outsourced) was 
unsatisfactory for mosaicism detection in cases with low grade 
mosaicism. However, others have demonstrated that microarray 
is capable of detecting low level of mosaicism, as low as 25% 
[44-46] or levels as low as 10% but only under optimal conditions 
[47]. Some additional studies suggest that BAC based arrays 
CGH are more reliable to detect low level of mosaicism (at level of 

10%) than oligo array (at level of 20%) [44]. However, for prenatal 
diagnosis of microdeletion mosaicism requires about 30% 
concentration of deleted cell line on BoBs (BAC on beads) array 
[48]. SNP array is more sensitive and can detect chromosomal 
mosaicism at levels as low as 5% [49] but for reliable detection of 
mosaicism higher concentration is required, preferably >25% [50]. 
Similarly, sensitivity of detecting mosaicism by QF-PCR/MLPA is 
lower than microarray although both methods can detect mosaic 
aneuploidy as low as 10% [48]. Our experimentation with QF 
PCR on mosaic deletion (<50%) cases was unreliable due to wide 
variation in amplification (allele to allele, individual to individual). 
Conventional cytogenetic analysis of metaphase cells can also 
provide information about mosaicism but may not accurately 
reflect levels and distribution of mosaicism (culture biasness and 
low number of metaphase cell count). FISH analysis of uncultured 
sample provides most reliable results to study mosaicism as 
this overcome culture artifact/clonal selection besides ability to 
analyse large numbers of cells of various types and origin rapidly 
thereby interphase FISH serves as the best method to detect 
mosaicism, even at low-grade. 

COnCLuSIOn
We conclude that the high prevalence of mosaicism (28.2%) in 
22q11.2 microdeletion (DiGeorge) syndrome, often low-grade (36% 
cases) and frequently associated with somatic mosaicism. Interphase 
FISH analysis is the best available method to detect mosaicism, 
particularly for low grade. Phenotypic variability in microdeletion 
syndrome is complex and does not depend solely on mosaicism. 
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