International Journal of Medicine
pISSN 1468-3814 | eISSN 2667-7008
https://theinternationalmedicine.conV

Cytogenetic Complexity in Translocation Down Syndrome: Apparently De

Novo der(13;21)(q10;910),+21 with Additional t(6;7)(q13;p15).

Dr. Ajay Suryakant Wani'*, Ms Taniya Dasgupta?, Dr. Sumedha Dey?, Dr. Mallika Ghosh?, Dr. Reena Nakra®, Dr.
Vandana Lale.

1Sr. Consultant & In-charge Clinical Cytogenomics, Dr Lal PathLabs Ltd., Kolkata Reference Lab (KRL), Kolkata, India.

2Research Assistant-1, Dr Lalpathlabs Itd, Kolkata Reference lab [KRL], Kolkata, India.

3Associate Head of Lab Ops, Dr Lal PathLabs Ltd.,, Kolkata Reference Lab (KRL), Kolkata, India.

“Lab Operations - Zonal Head - West Bengal & North East, Dr Lal PathLabs Ltd., Kolkata Reference Lab (KRL), Kolkata, India.
5Principal Director - Lab Management & Technical Excellence, Dr Lal PathLabs Ltd., National Reference Lab (NRL), New Delhi, India.
6Executive Director, Dr Lal PathLabs Ltd.,, National Reference Lab (NRL), New Delhi, India.

Abstract

Background: Translocation Down syndrome requires complete cytogenetic definition
because recurrence-risk counselling depends on whether the chromosome 21 dosage
imbalance results from free trisomy 21, mosaicism, a Robertsonian translocation or
another structural rearrangement. A second visible autosomal translocation further
increases the interpretative and counselling complexity. Case presentation: A two-year
old female with clinical features suggestive of Down syndrome, including dysmorphic
facies, low birth weight, ventricular septal defect, impaired auditory response and
developmental delay, underwent peripheral blood GTG-banded chromosome analysis.

Correspondence: Thirty metaphases were counted in the proband. The final band-level karyotype was
Dr. Ajay Suryakant Wani. interpreted as 46,XX,t(6;7)(q13;p15),der(13;21)(q10;q10),+21[30]. The der (13; 21)
Sr.  Consultant & In-charge |(q10; q10), together with an additional chromosome 21, resulted in chromosome 21
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dosage imbalance and explained the Down syndrome phenotype. The t(6;7)(q13;p15)
appeared balanced at GTG-band resolution. Parental karyotypes were normal.

Lab (KRL), Kolkata, India. Discussion: The patient showed apparently de novo Robertsonian-translocation Down

syndrome. The proband is the only affected individual and both parental karyotypes are
normal. De novo Robertsonian formation is a recognized mechanism within translocation
Down syndrome. Peripheral blood karyotyping cannot exclude low-level parental gonadal
mosaicism. If either parent had been a balanced der(13;21) carrier, the recurrence-risk
discussion would be sex-dependent and substantially different; if a parent had carried the
reciprocal t(6;7), counselling would additionally address quadrivalent segregation and
the possibility of miscarriage or unbalanced offspring. Therefore, this case is an
apparently de novo dual structural rearrangement with low but non-zero recurrence risk
and a need for diagnostic prenatal testing in future pregnancies. Conclusion: This case
highlights the continued value of conventional cytogenetics for structurally complex
constitutional abnormalities. Accurate ISCN, parental studies, recurrence-risk counselling
and cytogenomic follow-up where indicated are essential for interpretation.
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INTRODUCTION

Down syndrome is the most common viable autosomal aneuploidy and results from increased dosage of chromosome 21
material. The phenotype reflects chromosome 21 gene dosage across neurodevelopmental, craniofacial, cardiac, immune,
hematopoietic and ageing-related pathways rather than a single-gene mechanism.1,2
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Cytogenetically, Down syndrome may result from free trisomy 21, mosaic trisomy 21 or a structural rearrangement that
produces extra chromosome 21 material. Approximately 3%-4% of individuals with the Down syndrome phenotype have
additional chromosome 21 material due to an unbalanced translocation, most often involving chromosome 21 and another
acrocentric chromosome.2 A complete karyotype is therefore important because rapid aneuploidy assays or FISH may
confirm extra chromosome 21 dosage but do not reliably define the translocation mechanism required for recurrence-risk
counselling.2

Robertsonian translocations are among the most frequent constitutional structural rearrangements and arise through
centromeric or whole-arm fusion of acrocentric chromosomes. Their population frequency has been estimated at
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approximately 1 in 1000 newborns.17 In contrast, autosomal reciprocal translocations are also important in reproductive
genetics; large PGT datasets cite a prevalence of approximately 0.14% among newborns and increased representation in
infertility and recurrent pregnancy-loss cohorts.19

The present case combines translocation Down syndrome caused by der(13;21)(q10;q10),+21 with an additional apparently
balanced reciprocal t(6;7)(q13;p15) where a segment from the long arm of Chromosome 6 at band (ql13) has swapped
places with a segment on the short arm of Chromosome 7 at band (p15) . This dual-rearrangement setting requires careful
separation of the mechanism causing Down syndrome from the second rearrangement.

CASE PRESENTATION

A two-year-old female was referred for constitutional cytogenetic evaluation because of clinical features suggestive of
Down syndrome. The history included Brachycephaly, dysmorphic facies, macroglossia, low birth weight, ventricular
septal defect, impaired auditory response to noise and developmental delay.

A three-generation pedigree was constructed from the available family information. The proband's parents were clinically
unaffected and peripheral blood karyotypes were normal. The proband has one clinically unaffected brother. On the
maternal side, the maternal grandfather was deceased due to cardiac arrest, the maternal grandmother was alive and
unaffected, and the mother had two unaffected sisters; each maternal aunt had one unaffected son and one unaffected
daughter. On the paternal side, the paternal grandfather was deceased due to cardiac arrest, the paternal grandmother was
unaffected, and the father had one unaffected sister with two unaffected sons. No other family member with Down
syndrome, congenital anomaly or a known chromosomal rearrangement was reported. This pedigree pattern is compatible
with an apparently de novo Robertsonian translocation event in the proband and does not support a proven familial
Robertsonian carrier state.3,4

Cytogenetic methods

Conventional cytogenetic analysis was performed on peripheral blood lymphocytes at 450-550 band resolution using GTG
banding according to standard protocols23. Peripheral blood lymphocytes were cultured in RPMI-1640 medium
supplemented with 20% fetal calf serum, L-glutamine, antibiotics (penicillin and streptomycin), and phytohemagglutinin.
Cultures were incubated for 72 hours at 37°C in a humidified atmosphere with 5% CO-. Colcemid was added for 45 minutes
to achieve metaphase arrest prior to chromosome harvesting. Cells were exposed to hypotonic solution (0.075 mol/L KCI)
and fixed with methanol: acetic acid (3:1). Slides were prepared and stained using G-banding. A minimum of 30 metaphases
were analyzed for each individual using an Olympus BX-63 microscope (ASI software, version 8.3.2). Karyotypes were
assigned according to ISCN 2024 recommendations12.

Cytogenetic findings

GTG-banded chromosome analysis of the proband showed a female chromosome complement with 46 chromosomes and
two visible structural chromosomal abnormalities. The final band-level karyotype was interpreted as:
46,XX,1(6;7)(q13;p15),der(13;21)(g10;g10),+21[30]. Clinical history provided as parental karyotypes were normal.
Reciprocal translocation t(6;7)(q13;p15) where a segment from the long arm of Chromosome 6 at band (q13) has swapped
places with a segment on the short arm of Chromosome 7 at band (p15).

The 13;21 rearrangement was described as a Robertsonian translocation because the abnormal chromosome was interpreted
as a centromeric or whole-arm acrocentric fusion. The q10;q10 notation is used to denote fusion at the centromeric/whole-
arm level. 12.

The additional chromosome 21 material explains the Down syndrome phenotype through chromosome 21 dosage
imbalance. The reciprocal translocation between chromosomes 6 and 7 appeared balanced at GTG-band resolution.
Because both parental karyotypes were normal, the dual rearrangement is best interpreted as apparently de novo; however,
very low-level gonadal mosaicism cannot be excluded by routine peripheral blood karyotyping.3,4.
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Figure 1. Representative GTG-banded metaphase spread of the proband. Red arrows highlight the chromosomes involved
was
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46,XX,1(6;7)(q13;p15),der(13;21)(q10;910),+21[30].
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Figure 2. GTG-banded karyogram of the proband showing a female complement with reciprocal t(6;7)(q13;p15),

der(13;21)(g10;910), and additional chromosome 21 material.
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Figure 3. Three-generation pedigree of the proband's family. The proband is indicated by a filled circle and arrow. Both
parents are clinically unaffected and have normal peripheral blood karyotypes; The proband has one unaffected brother.
The maternal grandmother and paternal grandmother are unaffected, while both grandfathers are deceased due to cardiac
arrest as per family history. The mother has two unaffected sisters, each with one unaffected son and one unaffected
daughter; the father has one unaffected sister with two unaffected sons. No other family member with Down syndrome,
congenital anomaly or known chromosomal rearrangement was reported. The pedigree supports an apparently de novo
event in the proband, although very low-level gonadal mosaicism cannot be excluded by peripheral blood karyotyping.

DISCUSSION

Translocation Down syndrome is uncommon relative to free trisomy 21 but has disproportionate counselling importance.
Approximately 3%-4% of individuals with the Down syndrome phenotype have additional chromosome 21 material due
to an unbalanced translocation, most often involving chromosome 21 and another acrocentric chromosome.? A large
cytogenetic registry from England and Wales including 29,256 Down syndrome cases reported that nearly 97% were free
trisomy 21, while contributory trisomy 21 accounted for 2.9%; the majority of contributory translocations were
Robertsonian or rearrangements involving chromosome 21.22 Robertsonian translocations as a class occur in approximately
1 in 1000 newborns, whereas reciprocal translocations have been reported in approximately 0.14% of newborns and are
enriched in infertility or recurrent pregnancy-loss settings.*”:1°

The de novo possibility in the present family is therefore scientifically plausible. In the same national registry, among
Robertsonian der(14;21) translocations with known parental origin, 54% were de novo, 41% were maternally inherited and
5% were paternally inherited.?? These proportions should not be applied numerically to every Robertsonian subtype, and
they are best established for der(14;21), not specifically for der(13;21). Nevertheless, they support the broader counselling
principle that de novo Robertsonian formation is well recognized among translocation Down syndrome cases. In this case,
the normal maternal & paternal karyotype support an apparently de novo origin of the proband's der(13;21)(q10;q10),+21
and additional t(6;7)(q13;p15) where a segment from the long arm of Chromosome 6 at band (q13) has swapped places
with a segment on the short arm of Chromosome 7 at band (p15) . This combination is rare because it places two different
structural-rearrangement mechanisms in the same constitutional karyotype.

Role of karyotyping, FISH, chromosomal microarray and cytogenomics

This case illustrates why conventional cytogenetics remains clinically useful in the genomic era. Karyotyping can detect
balanced and unbalanced visible rearrangements, define overall chromosomal architecture and guide parental studies.
Rapid interphase FISH or QF-PCR may confirm increased chromosome 21 dosage, but they may not reconstruct the full
rearrangement. CMA can detect copy-number imbalance at higher resolution, but it generally will not define a truly
balanced reciprocal translocation.’
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For structurally complex constitutional cases, the most robust interpretation combines conventional karyotyping, parental
studies, phenotype correlation and targeted cytogenomic testing. FISH could verify chromosome 21 material on the
Robertsonian chromosome and clarify derivative architecture. CMA can assess for cryptic copy-number imbalance, and
optical genome mapping or genome sequencing may define breakpoint architecture beyond routine karyotype resolution.®
8,14-16

Clinical management should follow standard Down syndrome health supervision, including cardiac, hearing,
developmental, thyroid, growth and other surveillance according to paediatric guidance.? The cytogenetic complexity
should be handled through a genetics service so that medical management and recurrence-risk counselling are not confused.

Genetic counselling implications:

The family should be counselled that the child has extra genetic material from chromosome 21, which explains the Down
syndrome phenotype. The extra chromosome 21 material is present because of a structural chromosome rearrangement
involving chromosomes 13 and 21. A second separate translocation involving chromosomes 6 and 7 is also present. The
result is chromosomal in origin and should not be attributed to parental behaviour, diet, stress, infection, routine medication
exposure or any action by either parent.

The pedigree shows unaffected parents, one unaffected brother, unaffected maternal and paternal aunts and unaffected
available cousins. This pattern is scientifically compatible with a de novo Robertsonian translocation Down syndrome case;
it is not necessary for other relatives to be affected when the rearrangement has arisen in the proband. Therefore, the most
appropriate inheritance interpretation is apparently de novo dual structural rearrangement with a low but non-zero
recurrence risk due to the residual possibility of parental gonadal mosaicism.®*

If Robertsonian translocation der(13;21) had been inherited from a parent

If either parent had carried a balanced der(13;21)(g10;910), the parent would usually have had 45 chromosomes and could
be phenotypically normal. During meiosis, the Robertsonian chromosome and the two homologous acrocentric
chromosomes form a trivalent. Alternate segregation can produce normal or balanced gametes, whereas adjacent or 2:1
segregation can produce gametes with monosomy or trisomy for the involved acrocentric long arms. A gamete carrying
the der(13;21) chromosome together with a normal chromosome 21 can lead to translocation trisomy 21 after
fertilization.>41718

If the balanced carrier were the mother, recurrence risk for a liveborn child with translocation Down syndrome would
generally be higher than for a paternal carrier, although the exact empirical risk depends on the chromosomes involved and
the specific rearrangement. If the balanced carrier were the father, the liveborn recurrence risk is generally lower, but
miscarriage, infertility and unbalanced conceptions remain possible. If the rearrangement were a homologous 21;21
Robertsonian or isochromosome 21q, viable offspring would be expected to have either trisomy 21 or, alternatively,
conceptions with monosomy 21 would be non-viable; therefore recurrence risk is far higher than for most non-homologous
Robertsonian carriers.®#

If t(6;7)(q13;p15) had been inherited from a parent

If one parent carried a balanced reciprocal t(6;7)(q13;p15), that rearrangement would not explain the Down syndrome
phenotype by itself. However, it would be highly relevant for reproductive risk. In reciprocal translocation carriers, the two
derivative chromosomes and the two normal homologues form a quadrivalent during meiosis. The quadrivalent may
segregate through alternate, adjacent-1, adjacent-2, 3:1 or rarely 4:0 patterns. Alternate segregation gives either a normal
or balanced gamete. Adjacent-1 and adjacent-2 segregation usually create partial monosomy for one segment and partial
trisomy for the other. A 3:1 pattern can create a 47- or 45-chromosome conceptus, and 4:0 segregation can create double
trisomic or double monosomic products.t®2

Because the parental karyotypes are normal in this case, t(6;7) is not currently shown to be familial. Nevertheless, its
presence in the proband is important for future counselling because balanced reciprocal translocation carriers may have
risks of infertility, recurrent pregnancy loss or chromosomally unbalanced offspring.>1%20

Future pregnancy planning for the parents

For any future pregnancy, the couple should be offered preconception or early antenatal genetic counselling. The recurrence
risk is expected to be low because both parental karyotypes are normal, but it should not be described as zero. Screening
tests, including cell-free DNA screening, assess risk for common aneuploidies but do not define the precise fetal structural
chromosomal architecture in a family with a previously affected child and a known structural rearrangement.®
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Chorionic villus sampling or amniocentesis with fetal karyotyping should be discussed as the key diagnostic approach for
determining whether the fetus has a normal chromosome complement, a balanced rearrangement or an unbalanced
rearrangement involving chromosome 21. Rapid QF-PCR or interphase FISH may provide early information about
chromosomes 13, 18, 21 and sex chromosomes, but it should be considered an adjunct rather than a replacement for full
fetal karyotyping when the family issue is structural .20

Future counselling for the proband

The proband is currently a child, so counselling should be revisited over time. In childhood, the focus should be health
supervision, early developmental support, hearing and cardiac follow-up, and family support.? In adolescence and
adulthood, specialist genetic counselling will be required if reproductive planning becomes relevant. The proband carries
translocation trisomy 21 and an additional reciprocal translocation; theoretically, meiosis would involve a trivalent related
to der(13;21) and a quadrivalent related to t(6;7), producing risks that cannot be summarized by a simple single-
translocation recurrence estimate. %1921

Table 1. Genetic counselling summary
Recommended counselling

Person/group Main issue

Parents

Apparently de novo translocation Down
syndrome with der(13;21)(q10;q10),+21
and a second apparently balanced
reciprocal t(6;7). Parental karyotypes are
documented normal.

Explaining chromosome 21 dosage imbalance; low
but not zero recurrence risk because gonadal
mosaicism is not excluded; recommend early genetic
counselling and diagnostic prenatal testing in future
pregnancies.

Future pregnancies

Screening alone cannot define fetal
structural chromosomal architecture.

Discussing CVS or amniocentesis with fetal
karyotype. Using QF-PCR/FISH only as rapid
adjuncts. Adding CMA if ultrasound anomalies or
cryptic imbalance concerns exist.

Siblings Not expected to be obligate carriers when | No mandatory childhood testing solely due to this
both parents have documented normal | case. Offering karyotyping later for reproductive
blood karyotypes. planning or if clinical indications arise.

Proband Long-term reproductive risk may be | Revisiting counselling in adolescence/adulthood.
complex because of translocation trisomy | Future pregnancy would require specialist genetic
21 plus t(6;7)(g13;p15). counselling and diagnostic prenatal testing.

Clinical team Separating Down syndrome health | Continuing Down syndrome health supervision,
supervision from cytogenetic recurrence- | cardiac and hearing follow-up, developmental
risk counselling. support and genetics follow-up as appropriate.

CONCLUSION

The der(13;21)(q10;910),+21 explains the Down syndrome phenotype through chromosome 21 dosage imbalance, while
the additional apparently balanced t(6;7)(q13;p15) adds cytogenetic and future reproductive counselling complexity. The
case emphasizes the continued importance of conventional karyotyping, parental studies, pedigree assessment and
individualized genetic counselling. Although the rearrangement is apparently de novo, recurrence risk should be considered
low but not zero because parental gonadal mosaicism cannot be completely excluded.
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