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ABSTRACT

Background: Chromosomal mosaicism refers to the presence of two or more genetically distinct cell lines
within an individual derived from a single zygote. The clinical expression varies widely depending on the
proportion and distribution of abnormal cells.

Objective: To evaluate the spectrum, clinical presentation, and outcomes of chromosomal mosaicism in
individuals with suspected chromosomal abnormalities at a tertiary care center.

Materials and Methods: This observational study included 308 individuals with suspected chromosomal
disorders evaluated between January 2024 and March 2026. Peripheral blood samples were collected and
cultured using standard cytogenetic techniques. Karyotyping was performed using G-banding.

Results: Chromosomal mosaicism was identified in 9 cases (2.9%). The majority involved sex chromosome
mosaicism, predominantly mosaic Turner syndrome variants. Common clinical indications included primary
amenorrhea and short stature. Structural abnormalities of the X chromosome were also observed. One case of
mosaic trisomy 21 and one case of 45,X/46,XY mosaicism were identified. Mosaic cases generally exhibited
milder or incomplete phenotypic features compared to classical syndromic presentations.

Conclusion: Chromosomal mosaicism is associated with variable and often attenuated clinical manifestations.
Low-level mosaicism tends to correlate with better clinical outcomes and survival. Early detection is important
for appropriate management and genetic counselling. Mosaic cases, particularly when identified prenatally,
may have favourable prognostic implications.
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chromosome abnormalities

Corresponding Author: Dr.Manisha B.Sinha, Professor, Lab of Molecular and Cytogenetics,
Department of Anatomy, All India Institute of Medical Science Raipur C. G, India.
E-Mail: manishabsinha@gmail.com

Access this Article online Journal Information

Quick Response code International Journal of Anatomy and Research
ISSN (E) 2321-4287 | ISSN (P) 2321-8967
https://www.ijmhr.org/ijar.htm

DOI-Prefix: https://dx.doi.org/10.16965/ijar {m]w

Article Information

Received: 07 May 2026 Accepted: 01 Aug 2026
Peer Review: 15 May 2026 Published (0O): 01 Sep 2026
Revised: 26 Jul 2026 Published (P): 05 Sep 2026

DOI: 10.16965/ijar.2026.192

INTRODUCTION

Chromosomal mosaicism is defined as the
presence of two or more genetically distinct
cell populations within a single individual
arising from a single fertilised egg. This
phenomenon results from postzygotic genetic
alterations and contributes to a wide range of
clinical conditions, spanning from localised
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developmental anomalies to systemic genetic
disorders and malignancies.

The phenotypic expression of mosaicism
depends on several factors, including the
timing of the mutational event during embryo-
genesis, the proportion of abnormal cells, and
their distribution across tissues. Mosaicism
may involve somatic cells, germ cells, or both,
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and is broadly classified into somatic mosa-
icism, germline mosaicism, and combined
(gonosomal) mosaicism.

Clinical features of mosaicism frequently
manifest as asymmetrical tissue development
(e.g., focal cortical dysplasia or segmental
hypertrophy), patchy cutaneous pigmentation
along lines of Blaschko, and localized vascular
malformations

Mechanisms causing mosaicism (Table 1)
1. De novo genetic alteration:
2. Epigenetic Mosaicism:
3. Mosaic Nullizygosity:
4. Rescue mechanisms:
A. Postzygotic loss

B. Spontaneous reversion

Table 1 represents the different mechanisms
of mosaicism.

Table 1: Showing the mechanism for different
alterations.

Sn Mechanism Origin Key feature
1 De nov.o Post Zygotic  Errors in mitosis (non-disjunction).

Alteration
2 Nullizygosity Loss of function zﬁ;)end hit leaves a cell line with zero active

Genome is same, but expression is "on" or
"off."

Extra chromosome of an trisomic embyo lost
to survive

Epigenetic

3 -
mosaicism

functional

4 Rescue (loss) corrective

A "back-mutation” restores normal function
to a cell line.

Mosaic manifestations of Mendelian disorders:
it is sub-grouped as

5 Reversion corrective

1. Mosaicism for lethal mutations exists only
in mosaic forms. Death occurs in a few years
of life. Because it is lethal, it does not transfer
to offspring.

2. Mosaicism for mutations known in autoso-
mal -dominant/X linked recessive disorders:
Occurs in Neurofibromatosis type 1, Neurofi-
bromatosis type 2 as somatic mosaicism
25.33% and 6.5% respectively [1]. Severity
depends on the time of mutation at the
postzygotic stage. Clinical manifestations
presented as an atypical and disseminated
form. Sometimes they present atypically, away
from the expected manifestations of this
disorder.

In these parents are with somatic mosaicism

3. Rare mosaicism that happened as aggrava-
tion of an in-segmental area phenotype: this
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type occurs in a subpopulation of precursor
cells having a germline mutation.

Chromosomal mosaicism:

Chromosomal mosaicism in fetuses leads to
abortions. Constitutional gain or loss of a few
chromosomes, such as 13, 18, 21, and X, can
occur in mosaic form [2]. Mosaicism in partial
deletion of X and normal X is also commonly
observed in primary amenorrhea and infertil-
ity cases. These people have better cognitive
function. They have a milder phenotype. Other
additional chromosomal aneuploidies occur
only in mosaic form, such as chromosomes 8,
9, 14, 17, and 22. They are not viable for life if
present in constitutional form. The presenta-
tion of the sign is milder. It totally depends on
the number of cells in the mainstream. How-
ever, the correlation between the number of
mosaic cells and clinical features has not yet
been established. The presence of patchy
pigmentation will suggest mosaicism.

Various parameters, such as maternal age [3],
consanguinity [4,5], socioeconomic status [6,7],
ethnicity [8], play a role in the development
of chromosomal abnormalities, including
mosaicism.

Chen et al. in 2022 found mosaic trisomy 18
at amniocentesis at 18 weeks. Mosaicism was
30%, 47,XX,+18[6]/46,XX[17] in that case by
karyotyping. Chromosomal array (comparative
genomic hybridization- aCGH) on uncultured
amniotic fluid cells showed 45% mosaicism.
Later in the pregnancy, the mosaicism percent-
age has decreased. In the same 1%-month-old
child, the blood karyotype showed 14% mosa-
icism for trisomy 18, and the buccal mucosa
karyotype was 2% [9]. This implies that the
lowering mosaic proportion over time is ex-
plained by somatic selection favoring normal
cell lines in quickly dividing tissues (such as
blood and buccal mucosa), which lowers mor-
bidity with mosaicism. In a study of cohort 500,
12 cases were found to be mosaic [10]. Three
proband and nine parents were received a
diagnosis of mosaicism.

Identifying mosacism in a proband and then
to a family member or a parent is important.
These have recurrence risk. De novo
pathogenic variants have a recurrence risk ~1%.
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This is an empirical risk estimate that accounts
for the rare potential of germline parental
mosaicism; nonetheless, discovery of the same
pathogenic mutation in a parent can greatly
raise the recurrence risk (up to 50%). De novo
pathogenic variant in postzygotic.

Advances in cytogenetic and molecular
techniques have improved the detection of
mosaicism; however, conventional karyotyping
remains a widely accessible and essential
diagnostic tool in resource-limited settings.

The present study aims to evaluate the
frequency, clinical spectrum, and cytogenetic
patterns of chromosomal mosaicism in
individuals presenting with suspected
chromosomal abnormalities at a tertiary care
center, and to correlate these findings with
clinical presentation and outcomes.

MATERIALS AND METHODS

After obtaining the institute’s ethical
clearance, the study was conducted in a
cohort of 308 participants with suspected
chromosomal disorders from Jan 2024 to
March 2026. A blood sample was collected in
a heparinized bottle. After taking consent and
a demographic profile, the sample was
cultured. After 70 hours of culturing, harvest-
ing, and slide preparation, the process was
completed. Giemsa stain was used to obtain
bands. Karyotype images were taken under a
microscope (Carl Zeiss, Oberkochen, Germany).
In suspected cases where over two cell lines
were observed, more than fifty metaphases
were examined using the automated system
(300-850 band levels of resolution).

RESULTS

Cases of Mosaicism: There were nine cases of
chromosomal mosaicism. Four patients were
visited at the OPD with a primary complaint
of amenorrhea. Three girls had the primary
complaint of short stature. One baby had
syndromic features. One Child had the primary
complaint of micropenis.

Case 1:

A 4-year-old female child, weight 12.81kg,
height 90.6cm, head circumference 45cm.
Height-for-Age was -2.8SD, which indicates the
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child is significantly shorter than average. A
value below -2.0SD (Standard deviation) is
considered short stature. Head Circumference-
for-Age was -3SD, showing a head circumfer-
ence significantly smaller than average for their
age. W/A (Weight-for-Age) = -1.7SD. The child’s
weight was below average for their age, but
less severely impacted than their height. W/H
(Weight-for-Height) = 0.0SD: This is a positive
sign. Child’s weight is perfectly proportional
to their current height. The iron profile was
absolutely normal. The vitamin D 25-hydroxy
serum level was lower (15.7). Other blood
parameters were within normal limits.
Karyotype of the case was mos 46,X, del(X)
(q26)[14]/46,XX[46]. The most prominent
manifestation in turner syndrome is short
stature, which is supposed to result from
haploinsufficiency of genes and/or loss of
distal regulatory elements located beyond
Xg26 that are required for normal skeletal
growth and development. The severity of the
phenotype depends on the extent of the
deleted segment and the degree of mosaicism.

Case 2:

A 16-year-old female visited with her parents
with a primary complaint of amenorrhea.
Other signs and symptoms included a
high-arched palate, widely spaced nipples,
cubitus valgus, B/L short 4th fingers, short
stature, underdeveloped secondary sexual
characteristics, and an aortic murmur. On
USG examination, a hypoplastic uterus
(3x1.2x0.4cm?3) and ovaries (Right 1.7x0.8cm?,
left 1.3x0.5cm?) were observed. Hormonal
essay revealed LH- 42.49mlU/ml(high),
FSH — 193.57mIU/ml (high), Testosteron- 7ng/
dl(borderline), Prolactine- 9.49ng/ml(normal).
Karyotype was mos,45,X[55]/46,X,+mar[5]
(figure 1). The treatment plan would depend
on whether the marker carries the SRY gene.
This was a complex scenario. MLPA ( using
P095-A4 ANEUPLOIDY Kit) showed the absence
of the SRY gene.

Case 3:

One of these was a 25-year-old female who
complained of primary amenorrhea. On
Tanner staging, breast development was grade
[ll, and pubic hair development was grade Il
to lll.
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Fig. 2: Karyotype of case 2- 46,XX/46,XX,del(X)(q26).

USG findings showed an infantile uterus with
fewer follicles seen in both ovaries. Karyotype
of the patient was Mos 45,X0[4]/46,XX[48].

Case 4:

A 25-year-old female came with a complaint
of amenorrhoea. On USG of the pelvis, a hy-
poplastic uterus of 4.5x2.5x1.6cm?3, volume
10.6 cc, and endometrial thickness 5.7mm was
found. The right and left ovaries were normal,
and a 2x1.7cm? functional cyst was in the left
ovary. TSH level (2.39ulU/ml), LH level
(4.51mIU/ml), and FSH level (3.21 mlU/ml)
were normal. Karyotype of case was
mos46,XX,del(X)(q27-28)[25]/46,XX[48].

Case 5:

Another case of primary amenorrhea, age 25
years, visited the OPD; on Tanner staging,
breast development was grade lll, pubic hair
development was grade Ill. On USG and MRI
of the pelvis, an Infantile hypoplastic uterus
(2.0x 1.0 x 2.2cm3) with fewer follicles was seen
in both ovaries. Levels of hormone were TSH
level 1.21mIU/ml(normal), FSH — 53.6mlU/
ml(high), LH- 29.1mIU/ml( high), prolactin
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5.66n/ml. Karyotype was Mos46,XX,del (X)(g26-
ter)[4]/46,XX[46].

Case 6:

A case of micropenis with bilateral palpable
testes was seen in OPD. USG abdomen showed
normal features. Testosterone level - 18.11ng/
dl (low), TSH- 3.38mIU/ml (normal). The
patient’s karyotype showed mosaicism,
mos,45,X[20]/46,XY[30]. This patient was un-
der regular follow-up for testicular carcinoma.
This type of patient has dysgenetic gonads.
Testosterone replacement therapy has been
initiated under pediatric endocrine supervi-
sion to induce puberty and promote penile
growth.

Case 7:

Male child of 2425g birth weight, delivered by
LSCS at 33 weeks of gestation with G3P1L1A1;
the age of the mother was 29 years at the birth
of the baby. She had pregnancy-induced
hypothyroidism. The child had bilateral
undescended testes. The X-ray showed a
double Bubble appearance. On USG examina-
tion, duodenal Atresia Type 1, non-rotation of
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the large bowel, and dextrocardia were found.
The operation done was an exploratory
laparotomy and a Kimora duodeno-
duodenostomy. Karyotype of the baby was
mos,47, XY,+21[20]/46,XY[30].

Case 8:

A seven-year-old female child, weighing 15.3kg
and measuring 107cm in height, presented
with an upper respiratory tract infection. She
visited the OPD with the primary complaint of
short stature, restricted growth, and patchy
hyperpigmentation on the elbow. Her upper
segment of body: lower segment of body was
57:59, 0.96:1. Karyotype was mos46, XX,del(X)
(q26)[15]/46,XX[39] (Figure 2). The physical
embryology of somatic cell lineage migration
is vividly highlighted by the hyperpigmenta-
tion that followed Blaschkan lines or develop-
mental whorls.

DISCUSSION

In this single-center observational cohort of
308 individuals evaluated for suspected
chromosomal abnormalities, chromosomal
mosaicism was identified in 8 cases (2.6%). This
frequency is broadly consistent with prior
genomic cohort data, such as the study by
Cook CB et al., which reported mosaicism in
12 of 500 cases (~2.4%), supporting that
mosaicism represents a small but clinically
significant subset in diagnostic genetics.

A key observation in our series is the predomi-
nance of sex chromosome mosaicism, particu-
larly mosaic monosomy X and its structural
variants. Most patients presented with classi-
cal but attenuated Turner phenotype features,
including short stature, primary amenorrhea,
and variable gonadal dysgenesis. However,
compared with non-mosaic counterparts, phe-
notypic expression was milder and heteroge-
neous. This aligns with established concepts
that the proportion and tissue distribution of
abnormal cell lines critically influence clinical
severity, although precise genotype—pheno-
type correlations remain inconsistent.

Notably, structural mosaic abnormalities of the
X chromosome (e.g., del(Xqg)) were associated
with endocrine dysfunction and reproductive
anomalies, even in the presence of a significant
proportion of normal cell lines.
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Prophylactic gonadectomy should be done as
they have an increased risk of developing
gonadoblastoma [12], a precursor to
dygerminoma.

The detection of marker chromosomes and the
need for further molecular characterization
(e.g., SRY status by MLPA) highlight the
importance of adjunct techniques beyond
conventional karyotyping for risk stratification,
particularly regarding gonadoblastoma in
cases with Y chromosomal material.

The inclusion of mosaic 45,X/46,XY disorder of
sex development (DSD) further illustrates the
phenotypic variability inherent to mosaicism.
These individuals require longitudinal surveil-
lance due to risks of gonadal malignancy and
endocrine dysfunction. Clinical management
of 45,X/46,XY DSD requires a multidisciplinary
approach because the phenotype is highly vari-
able and depends on the degree of testicular
development and fetal hormone production.
Management typically involves pediatric
endocrinologists for endocrine evaluation and
long-term hormonal care, pediatric surgeons
or pediatric urologists for assessment and
management of gonadal and genital anatomy
when indicated, and genetic counsellors to
explain the diagnosis, recurrence risk, and
implications for affected individuals and their
families. Care should be individualized
according to the patient’s phenotype, gonadal
function, internal reproductive anatomy, and
clinical needs, particularly because ductal
development may range from miillerian struc-
ture retention to wolffian duct stabilization
depending on fetal testicular function.

Autosomal mosaicism was less frequent but
clinically relevant. One case of mosaic trisomy
21 demonstrated variable growth and
developmental profiles, with presenting
multiple congenital anomalies. These findings
support prior observations that mosaic
trisomies, especially involving chromosome 21,
are compatible with survival and often
associated with a milder phenotype compared
to full trisomy.

Importantly, our data reinforce that mosaicism
may present with subtle or atypical clinical
features, such as patchy pigmentation or
isolated growth abnormalities, necessitating
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a high index of suspicion. The variability in
clinical expression observed across cases
reflects the timing of the postzygotic event and
the distribution of the mosaic cell line across
tissues.

CONCLUSION

Chromosomal mosaicism constitutes a
clinically significant but relatively infrequent
finding. In current study we found 2.9% (9/308)
cases in a setup of cytogenetic laboratory at
tertiary care center. Among individuals with
suspected chromosomal disorders. In our
cohort, mosaic cases were predominantly
associated with sex chromosome abnormali-
ties, particularly mosaic Turner variants.

These cases typically exhibit attenuated or
incomplete phenotypic manifestations
compared to their non-mosaic counterparts,
contributing to improved survival and, in some
instances, near-normal functional outcomes.
The presence of low-level mosaicism appears
to correlate with a more favorable prognosis,
although clinical variability remains substan-
tial.

Early detection of mosaicism is essential for
appropriate clinical management, genetic
counseling, and risk assessment, particularly
in relation to reproductive outcomes and
malignancy risk. Our findings support the
notion that mosaic chromosomal abnormali-
ties are often compatible with life and may
justify a more conservative approach in
prenatal settings, provided detailed evaluation
and counseling are undertaken.
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