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CASE REPORT

Outcomes of two different unbalanced 
segregations from a maternal t(4;10)(q33;p15.1) 
translocation
Judith Fan1, T. Niroshini Senaratne2, Jason Y. Liu1, Michelle Bina3, Julian A. Martinez‑Agosto4, 
Fabiola Quintero‑Rivera2 and Jessica J. Wang1*   

Abstract 

Background Unbalanced translocations can cause developmental delay (DD), intellectual disability (ID), growth 
problems, dysmorphic features, and congenital anomalies. They may arise de novo or may be inherited from a parent 
carrying a balanced rearrangement. It is estimated that 1/500 people is a balanced translocation carrier. The outcomes 
of different chromosomal rearrangements have the potential to reveal the functional consequences of partial trisomy 
or partial monosomy and can help guide genetic counseling for balanced carriers, and other young patients diag‑
nosed with similar imbalances.

Methods We performed clinical phenotyping and cytogenetic analyses of two siblings with a history of develop‑
mental delay (DD), intellectual disability (ID) and dysmorphic features.

Results The proband, a 38‑year‑old female, has a history of short stature, dysmorphic features and aortic coarctation. 
She underwent chromosomal microarray analysis, which identified partial monosomy of 4q and partial trisomy of 
10p. Her brother, a 37‑year‑old male, has a history of more severe DD, behavioral problems, dysmorphic features, and 
congenital anomalies. Subsequently, karyotype confirmed two different unbalanced translocations in the siblings: 
46,XX,der(4)t(4;10)(q33;p15.1) and 46,XY,der(10)t(4;10)(q33;p15.1), respectively. These chromosomal rearrangements 
represent two possible outcomes from a parent who is a carrier for a balanced translocation 46,XX,t(4;10)(q33;p15.1).

Conclusion To our knowledge, this 4q and 10p translocation has not been described in literature. In this report we 
compare clinical features due to the composite effects of partial monosomy 4q with partial trisomy 10p and partial 
trisomy 4q with partial monosomy 10p. These findings speak to the relevance of old and new genomic testing, the 
viability of these segregation outcomes, and need for genetic counseling.

Keywords 4q translocation, 10p translocation, Unbalanced translocation, Monosomy 4q, Monosomy 10p, Trisomy 4q, 
Trisomy 10p, Case report
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Background
Unbalanced translocations can cause developmental 
delay (DD), intellectual disability (ID), growth prob-
lems, dysmorphic features, and congenital anomalies. 
They may arise de novo or may be inherited from a par-
ent carrying a balanced rearrangement. It is estimated 
that 1/500 people is a balanced translocation carrier. 
The chance of a balanced translocation carrier having a 
live-born child with an abnormality varies by the spe-
cific chromosomal regions affected, but most risk figures 
range from 0 to 30% [1]. Balanced translocation carriers 
are typically asymptomatic but have a chance of having 
offspring with DDs and/or birth defects and an increased 
risk for miscarriage due to unbalanced segregation [1]. 
The outcomes of different chromosomal rearrangements 
have the potential to reveal the functional consequences 
of partial trisomy or partial monosomy.

The 4q deletion syndrome is a recurrent abnormality 
with an estimated incidence of 1:100,000 [2]. Features 
include DD, ID, growth failure, autism spectrum disor-
ders, attention deficit disorders, as well as craniofacial, 
skeletal, digital, and cardiac anomalies [3–8]. On the 
other hand, duplications of 4q33-4q34 are associated 
with DD, mild-to-severe ID, growth delay, microcephaly, 
dysmorphic features, and digital anomalies [9]. Less com-
mon features include cardiac malformations, renal anom-
alies, cryptorchidism, umbilical hernia, and epilepsy. 
Deletions of 10p15.3 are associated with severe ID, DDs, 
craniofacial dysmorphism, hypotonia, brain anomalies, 
seizures, language impairment, and autistic behavior [10, 
11]. Duplication of 10p15 has rarely been described in 
the literature.

The aim of this report is to present two siblings with 
a history of DD, ID and dysmorphic features, whose 
G-banded karyotype confirmed different reciprocal 
unbalanced translocations. These chromosomal rear-
rangements represent two possible outcomes from a par-
ent who is a carrier of a balanced translocation. To our 
knowledge, this 4q and 10p translocation has not been 
described in literature. These findings speak to the via-
bility of these segregation outcomes and can help guide 
genetic counseling for balanced carriers, and other young 
patients diagnosed with similar imbalances.

Methods
Participant characteristics
Two siblings with a history of DD, ID and dysmorphic 
features present for genetic counseling and evaluation. 
Parents are South Asian and non-consanguineous. Their 
first-born child is a phenotypically normal female with a 
reportedly normal karyotype and two healthy children. 
There was no family history of spontaneous abortions.

Chromosomal microarray analysis (CMA)
CMA was performed on peripheral blood for patient 
1 at the UCLA Clinical Microarray Laboratory using 
clinically validated protocols. A whole genome Single 
Nucleotide Polymorphism (SNP) oligonucleotide array 
was used to assess for imbalances in the genomic DNA 
sample tested. The assay compared patient 1’s DNA to 
an internal reference and to an external reference from 
380 normal controls using the Affymetrix Genome-
Wide SNP Array CytoScan™ HD (ThermoFisher Scien-
tific). This array platform contains 2.6 million markers 
for Copy Number Variant detection, of which 750,000 
are genotype SNPs and 1.9 million are non–polymor-
phic probes, for whole genome coverage. The analy-
sis was performed using the Affymetrix Chromosome 
Analysis Suite (ChAS) software, version 3.1.0.15 
(r9069).

G‑banded karyotype and fluorescence in situ hybridization 
(FISH)
Standard G-banded high-resolution chromosome analy-
sis and metaphase FISH were performed for both patients 
and their mother at the UCLA Cytogenetics Labora-
tory following clinically validated protocols. Stimulated 
peripheral blood cultures were used. Giemsa-banded 
metaphase cells were analyzed and described according 
to ISCN 2016. Fluorescence in situ hybridization (FISH) 
was performed using the Vysis ToTelVysion Probe kit 
(Abbott Molecular) with probe cocktails specific to chro-
mosomes 4p/q and 10p/q.

Results
Patient 1, a 38-year-old female, was born via vaginal 
delivery at 36  weeks gestation to a 35-year-old mother 
and a 42-year-old father. Her birth was complicated 
by umbilical rupture and bleeding. She had motor and 
speech delays, attributed to possible anoxic injury at 
birth. During pre-operative evaluation for dental sur-
gery at the age of 37, electrocardiogram (ECG) showed 
a low atrial rhythm (negative P waves) and slight slurring 
of the QRS, consistent with Wolff-Parkinson-White pat-
tern. Transthoracic echocardiogram showed mild coarc-
tation of the aorta. At age 38, she has mild ID, takes the 
bus independently to volunteer, and attends a two-year 
community college part-time. Other diagnoses include 
iron deficiency, migraine without aura, and generalized 
anxiety disorder. Height is 155 cm (10% percentile). She 
has hypotelorism, palpebral fissure length 3  cm, mild 
proptosis, low set ears, midface hypoplasia, thin upper 
lip, micrognathia, dental crowding with orthodon-
tics, high arched palate, fifth digit brachydactyly, soft 
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tissue syndactyly of the 2–4 toes, levoscoliosis, right knee 
hyperreflexia, and multiple small nevi.

Patient 2, a 37-year-old male, is the brother of patient 
1. He has a history of DD and behavioral difficulties. At 
8  months of age he could not sit and started physical 
therapy. He sat and walked at 3  years. First words were 
at 4 years of age. He was in special education but main-
streamed by the fourth grade. He had trouble speak-
ing full sentences and received speech and occupational 
therapy. He was diagnosed with unilateral cryptorchid-
ism at 3  years of age, which was successfully treated 
with hormone therapy. He exhibits aggressive behav-
ior, treated with quetiapine. At age 37, he attends a day 

program. On echocardiogram he has a mildly thickened 
but functionally trileaflet aortic valve that is not clini-
cally significant. He has hirsutism, brachycephaly, trian-
gular head, metopic ridge, synophrys, broad nasal bridge, 
mild proptosis, ptosis, low set posteriorly rotated ears, 
micrognathia, short neck with sloping shoulders, pectus 
excavatum, mild fifth finger clinodactyly, soft tissue syn-
dactyly of the toes, and levoscoliosis.

Patient 1’s CMA showed a loss minimally spanning 
19.4 Mb of 4q33→4q35.2 and a gain minimally spanning 
5.2 Mb of 10p15.3→10p15.1 (arr[GRCh37] 4q33q35.2(1
71509635_190957473) × 1,10p15.3p15.1(100026_531366
2) × 3) (Fig. 1). The loss on 4q involves 96 curated RefSeq 

Fig. 1 Chromosomal microarray analysis (CMA) for Patient 1. A Whole genome view of CMA data, showing weighted log2 ratio (top panel) and 
allele difference (bottom panel). These data show a copy number loss on chromosome 4, with a corresponding decrease in allele difference, and 
a copy number gain on chromosome 10, with a corresponding increase in allele difference. B View of CMA data for the chromosome 4q region, 
highlighting log2 ration ‑0.5, decrease in allele difference (two tracks, normal pattern is 3 tracks) and smooth signal of 1 all representing a 19.4 Mb 
monoallelic terminal loss (red bar). C View of CMA data for the chromosome 10p region, highlighting log2 ration 0.5, increase in allele difference 
(four tracks tracks) and smooth signal of 3 all representing a 5.2 Mb terminal gain (blue bar). Screenshots were taken from the Chromosome Analysis 
Suite (ChAS) software from Affymetrix, Inc
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genes, while the gain on 10p involves 38 curated Ref-
Seq genes (gene content is provided in Additional file 1: 
Table S1). These findings indicate a terminal loss from the 
long arm of chromosome 4 and a terminal gain involv-
ing the short arm of chromosome 10. No additional copy 
number changes of known clinical significance or long 
contiguous stretches of homozygosity were identified.

Standard chromosome analysis identified an abnor-
mal karyotype, with a derivative chromosome 4 result-
ing from an unbalanced (4;10) translocation, with 
breakpoints consistent with those observed by CMA: 
46,XX,der(4)t(4;10)(q33;p15.1) (Fig.  2A). Metaphase 

FISH with subtelomere probes targeting chromosomes 
4 and 10 confirmed the unbalanced translocation, with 
loss of a 4q-specific signal and gain of a 10p-specific 
signal: ish der(4)t(4;10)(q35.2−,p15.3+)(D4S2930-
,10pTEL006+) (Fig. 2B).

Patient 2 underwent G-banded karyotype and meta-
phase FISH. These studies found that he also carried 
an unbalanced (4;10) translocation but with a deriva-
tive chromosome 10: 46,XY,der(10)t(4;10)(q33;p15.1) 
(Fig. 2C). Metaphase FISH confirmed loss of a 10p-spe-
cific signal and gain of a 4q-specific signal: ish der(10)

Fig. 2 Chromosome analysis and fluorescence in situ hybridization (FISH) for Patient 1 and 2. A G‑band chromosome analysis for Patient 1 showed 
one normal copy of chromosome 4, a derivative chromosome 4, and two normal copies of chromosome 10. Standard ideograms are shown next 
to the normal chromosomes, as well as a hypothetical ideogram for the derivative chromosome 4. The red and blue bars highlight the regions 
that were found by CMA to be lost/gained. B Metaphase FISH for Patient 1, focusing on the derivative chromosome 4. This chromosome showed a 
4p‑specific signal but was missing a 4q‑specific signal (left). In a separate hybridization, this chromosome was found to hybridize with a 10p‑specific 
FISH probe (right). C Chromosome analysis for Patient 2 showed two normal copies of chromosome 4, one normal copy of chromosome 10, and a 
derivative chromosome 10. Standard ideograms are shown next to the normal chromosomes, as well as a hypothetical ideogram for the derivative 
chromosome 10. D Metaphase FISH for Patient 2, focusing on the derivative chromosome 10. This chromosome showed a 10q‑specific signal but 
was missing a 10p‑specific signal (left). In a separate hybridization, this chromosome was also found to hybridize with a 4q‑specific FISH probe 
(right). E Chromosome 4 and 10 karyotype of the siblings’ mother
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t(4;10)(q35.2+ ,p15.3− )(D4S2930+ ,10pTEL006− ) 
(Fig. 2D).

Parental studies showed that mother carries a balanced 
translocation, 46,XX,t(4;10)(q33;p15.1) (Fig.  2E). The 
father’s karyotype was normal.

Discussion
This report highlights different features associated with 
two different outcomes of meiotic segregation in a bal-
anced translocation carrier. The mother of our proband 
was found to carry a balanced (4;10) translocation. The 
daughter, patient 1, inherited the derivative chromosome 
4, resulting in partial monosomy 4q (loss of 19.4  Mb) 
and partial trisomy 10p (gain of 5.2  Mb), with break-
points defined by CMA. The son, patient 2, inherited the 
derivative chromosome 10, resulting in partial trisomy 
4q and partial monosomy 10p. While patient 2 did not 
get a CMA, the breakpoints of his translocation can be 
inferred based on those identified in his sister, suggesting 
a 19.4 Mb gain of 4q and a 5.2 Mb loss of 10p. Together, 
these patients help expand the phenotypic spectrum 
associated with copy number variation involving 4q and 
10p and identify possible candidate genes associated with 
these phenotypes. The clinical data for our patients com-
pared to individuals reported in the literature and ana-
lyzed by CMA is summarized in Table 1.

Regions 4q32.3–q34.3 and 4q33–q34 have been impli-
cated as critical regions accounting for 4q deletion and 
duplication phenotypes, respectively [8, 9]. Xu et  al. 
reported an 8-month-old male with growth delay, skel-
etal anomalies, ventricular septal defect, secundum atrial 
septal defect thickened dysplastic pulmonary valve with 
stenosis and regurgitation, and a de novo 11.6 Mb dele-
tion of 4q32.3q34.3 [8]. The authors concluded that the 
region spanning TLL1 (MIM# 606742), HPGD (MIM# 
601688), and HAND2 (MIM# 602407) is critical for the 
development of congenital heart defects in the 4q dele-
tion syndrome (Additional file  1: Table  S2). The over-
lap between their patient’s deletion and that seen in 
our Patient 1 is approximately 7.0  Mb and involves 31 
curated RefSeq genes, including HGPD and HAND2 
but not TLL1. HGPD encodes 15-hydroxyprostaglandin 
dehydrogenase and may play a role in remodeling of the 
ductus arteriosus [12]. HAND2, heart and neural crest 
derivatives expressed 2, encodes a helix-loop-helix tran-
scription factor that regulates several cell types during 
embryonic development [13]. Deletions of HAND2 have 
been associated with congenital heart defects [2].

Regarding the 4q duplication phenotypes, Thapa et al. 
proposed 4q33–q34 to be a critical region and suggested 
that dosage sensitivity of one or both of GLRA3 (MIM# 
600421) and GPM6A (MIM# 601275) may be associ-
ated with DD and ID, while HAND2 may be critical for 

craniofacial development [9]. The minimal region of 
overlap between the two patients reported by Thapa et al. 
and the predicted gain in our Patient 2 is approximately 
7.5  Mb and involves 33 curated RefSeq genes, includ-
ing GLRA3, GPM6A, and HAND2. GLRA3 encodes the 
alpha-3 subunit of the neuronal glycine receptor essen-
tial for synaptogenesis while GPM6A [14]. GPM6A is a 
neuronal transmembrane protein that is thought to play a 
role in neurite growth, neuronal differentiation, and syn-
apse formation. Gregor et al. reported a GPM6A duplica-
tion in an individual with learning disability, behavioral 
problems, and minor facial dysmorphism and studied the 
impact of dosage alterations of GPM6A on Drosophila 
melanogaster [15]. Their findings implicated the overex-
pression of GPM6A in the cognitive phenotype seen in 
their patient.

A 1.6  Mb region in 10p15.3 has been proposed as a 
critical region for ID and speech impairment, with two 
proposed candidate genes, UCN3 (MIM# 605901) and 
IL15RA (MIM# 601070) [10]. The region of overlap 
between the proposed 1.6  Mb critical region and the 
region deleted in our patient is approximately 622  kb 
but does not include either UCN3 or IL15RA. DeScipio 
et  al., documented 19 individuals with submicroscopic 
deletions of 10p15.3 and found that ZMYND11 (MIM# 
608668) was deleted in all individuals but one and DIP2C 
(MIM# 611380) was deleted in all but one other individ-
ual. They suggested that haploinsufficiency of these genes 
contributes to the features of the 10p15 deletion pheno-
type [11]. ZMYND11 has been associated with autoso-
mal dominant ID and both ZMYND11 and DIP2C are 
expressed in the brain [16]. Both genes were deleted in 
our patient 2.

Stone et al. reported siblings with a paternally inherited 
derivative chromosome 9 resulting in a 10p14p15 dupli-
cation [17]. Features in this family included dysmorphic 
features, decreased IgG levels, mild learning problems 
and eye anomalies. Benzacken et al. described a patient 
with a de novo 10p14pter duplication presenting with 
significant hypotonia, DD, agenesis of the corpus callo-
sum, glottic stenosis, and dysmorphic features [18]. In 
contrast, duplication involving the entire short arm of 
chromosome 10 has been well described and is associated 
with dysmorphic features, DD, ID, growth retardation, 
hypotonia, high-arched/ cleft palate, organ malforma-
tions, skeletal abnormalities, and clubfoot [19–21].

Translocations between 4q and 10p have previously 
been described in association with multiple congeni-
tal anomalies, but contain different breakpoints than 
our patients’. One report documented an unbalanced 
translocation between 4q35 and 10p11.23 resulting in a 
duplication of 10p11.23pter found in a child with severe 
failure to thrive, moderate delays, multiple congenital 
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anomalies, facial dysmorphism, and craniosynostosis 
[22]. Another report identified a cryptic reciprocal trans-
location resulting in a 4q35 deletion and 10p15 duplica-
tion in proband and her maternal aunt who both had ID, 
dysmorphic features, and immunological symptoms [3]. 
Shah et al. reported a 4q34.3q35.2 11.5 Mb deletion and 
10p15.3p12.1 29.3 Mb duplication in a patient with global 
DD, severe ID, Marfanoid phenotype, moderate aortic 
regurgitation due to progressive aortic root dilatation, 
and a “string of beads” appearance of the femoral artery 
typical of medial fibroplasia type of fibromuscular dys-
plasia [23]. The deletion of 4q reported in this patient was 
slightly larger but overlapping that seen in our patient 1 
(breakpoints within 2  Mb of each other), while the 10p 
duplication was significantly larger (29.3  Mb versus 
5.2 Mb).

Finally, these cases illustrate how balanced transloca-
tion carriers gives rise to unbalanced translocations in 
offspring, specifically, how quadrivalent chromosomes 
of a balanced translocation carrier during meiosis give 
rise to reciprocal unbalanced translocations (Fig.  3). 
Accurate and comprehensive family history information 
assists in diagnosis and tracking of genetic conditions 
throughout a family. Balanced carriers of chromosomal 
rearrangements can have reproductive histories that 
include infertility, recurrent pregnancy loss, fetal anoma-
lies, and offspring with abnormalities. Therefore, collec-
tion of a targeted family history can identify individuals 
with increased risks to carry a chromosomal rearrange-
ment based on their own reproductive history or the 
history of close relatives. Identification and evaluation 

of at-risk relatives allows for preconception considera-
tion of various reproductive options, including the use 
of assistive reproductive technology, and the prevention 
of added negative psychological stress due to learning of 
an increased risk for abnormalities during an ongoing 
pregnancy.

Conclusions
To our knowledge, this is the first report of siblings with 
reciprocal unbalanced translocations between 4q33q35.2 
and 10p15.3p15.1. Both have a history of DD, learning 
problems, and characteristic craniofacial features, with 
varying degrees of special needs. These findings speak 
to the viability of these segregation outcomes, their 
natural history and need of further characterization of 
CMA findings, and for genetic counseling of carriers of 
this translocation. Moreover, we compared clinical fea-
tures due to the composite effects of unbalanced trans-
locations. The outcomes of different chromosomal 
rearrangements have the potential to reveal the func-
tional consequences of specific partial trisomy or partial 
monosomy.

Abbreviations
DD  Developmental delay
ID  Intellectual disability
CMA  Chromosomal microarray analysis
ECG  Electrocardiogram
SNP  Single nucleotide polymorphism
FISH  Fluorescence in situ hybridization

Fig. 3 Diagram depicting meiosis of a balanced translocation carrier resulting in reciprocal unbalanced translocations in the offspring. The 
balanced translocation chromosomes are paired, forming quadrivalent, then segregated during the meiosis I, into two different unbalanced 
translocations arrangements
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