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Objectives: A non-traditional exome trio, comprised of the proband, 
his unaffected sister, and his affected niece, was analyzed to establish 
an unifying diagnosis for a condition that has additional affected family 
members in multiple generations. A case study of the family had been 
published more than 50 years ago (Ruvalcaba et al. 1971. PubMed ID: 
5567967) and indicated that all investigations, including an unbanded 
karyotype, were normal. 

Design and Methods: Whole exome sequencing (WES) was performed 
using next generation sequencing on the Illumina NovaSeq 6000 platform 
(Illumina, San Diego, CA, USA). Data analysis and interpretation was 
performed by an internally developed Infinity pipeline. Single nucleotide 
and copy number variants were compared between the members of the 
trio. 

Results: Copy number variant (CNV) analysis revealed a 3.2 megabase 
(Mb) terminal deletion at 2q37.3 and a 6.5 Mb terminal duplication 
at 5q35.2q35.3 in the affected uncle. Interestingly, the affected niece 
was found to have the reciprocal: a 3.2 Mb duplication at 2q37.3 and 
a 6.5 Mb deletion at 5q35.2q35.3. The unaffected individual showed 
no evidence of a chromosomal imbalance but is presumed to have a 
balanced rearrangement given her affected brother and daughter. 

Conclusions: The results are indicative of a familial balanced translocation 
(t(2;5)(q37.3;q35.2)) that has previously gone undiagnosed in the family for 
more than 60 years. Trio WES analysis allowed direct comparisons between 
affected individuals, determining that both unbalanced karyotypes 
are present in living family members. This study also provides valuable 
information for other potential balanced translocation carriers in the family. 

Whole Exome Sequencing (WES): Next Generation Sequencing (NGS) 
covers the full coding regions of genes plus ~10 bases of flanking non-
coding DNA in all available transcripts along with other non-coding regions 
in which pathogenic variants have been identified at PreventionGenetics or 
reported elsewhere. As required, genomic DNA is extracted from patient 
specimens. Patient DNA corresponding to these regions is captured using 
hybridization probes. Captured DNA is sequenced on the NovaSeq 6000 
using 2x150 bp paired-end reads (Illumina, San Diego, CA, USA). The 
following quality control metrics are generally achieved: >97% of target 
bases are covered at >20x, and mean coverage of target bases >100x. 
Data analysis and interpretation is performed by the internally developed 
Infinity pipeline. Variant calls are made by the GATK haplotype caller 
(through Sentieon) and annotated using in house software and Jannovar.
Common benign and low quality variants were filtered from analysis. 

Copy number variants (CNVs) are also detected from NGS data. We 
utilize a CNV calling algorithm that compares mean read depth and 
distribution for each target in the test sample against multiple matched 
controls. Neighboring target read depth and distribution and zygosity 
of any variants within each target region are used to reinforce CNV calls. 
All CNVs are confirmed using another technology such as chromosomal 
microarray (CMA), custom gene-centric array comparative genomic 
hybridization (aCGH), multiplex ligation-dependent amplification (MLPA), 
or polymerase chain reaction (PCR) before they are reported.

Whole-Genome Chromosomal Microarray (CMA): Equal amounts of 
genomic DNA (~1.0 microgram) from a patient and a gender matched 
reference sample are amplified and labeled with Cy3 and Cy5 dyes, 
respectively. Labeled patient product is then purified, quantified, and 
combined with the same amount of reference product. The combined 
sample is loaded onto a microarray slide and hybridized for at least 22-24 
hours at 65°C. Arrays are then washed and scanned immediately at 2.5 µM 
resolution. CMA copy number data is analyzed following feature extraction 
of the scanned microarray, using Agilent CytoGenomics Software and in-
house tools. The resolution for CNV detection depends on the region 
of the genome, its uniqueness and complexity. On average, across the 
targeted regions, this array can detect CNVs of minimal size between 
500 bp to 30 kb.
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1971 – Drs. Ruvalcaba, Reichert, and 
Smith published a case report about a 
new familial syndrome with four affected 
family members (individuals 1-4 in 
the pedigree) (Ruvalcaba et al. 1971. 
PubMed ID: 5567967). The syndrome 
was characterized by developmental 
delay, intellectual disability, short 
stature, dysmorphic features, urogenital 
anomalies, and skeletal anomalies (see 
Table). All investigations at the time 
including a number of biochemical 
analyses and an unbanded karyotype 
were interpreted as normal. The authors 
proposed a new autosomal recessive or 
X-linked codominant disorder. 

1978 – The niece of individuals 1 and 2 
(individual 5 in the pedigree) presents 

with multiple congenital anomalies 
including hydrocephalus, cardiac defects, 
dysmorphic features, recurrent infections, 
and seizures as well as developmental 
delay and intellectual disability. Her 
condition was attributed to congenital 
rubella syndrome, although she was 
missing the key features of hearing 
loss and cataracts. Dr. Judith Hall was 
consulted and suggested the possibility 
of an unbalanced familial translocation. 
Although a banded karyotype was 
recommended, there is no evidence that 
it was performed. 

2021 – Trio exome analysis is requested 
with individual 1 as the proband and his 
affected niece and her unaffected mother 
as comparators. 

Phenotype Individual 1 Individual 2 Individual 3 Individual 4 Individual 5
Developmental delay Present Present Present Present Present
Short stature Present Present Present Present Unknown
Delayed puberty Present Present Unknown Present Unknown
Craniofacial anomalies Microcephaly, downslanted palpebral fissures, 

narrow and small nose, narrow 
maxilla/crowded teeth

Microcephaly, downslanted palpebral fissures, 
narrow and small nose, narrow 

maxilla/crowded teeth

Narrow maxilla/crowded teeth Downslanted palpebral fissures, narrow and 
small nose, narrow maxilla/crowded teeth

Hydrocephalus

Urogenital anomalies Undescended hypoplastic testicles, 
hypoplastic genitals, abnormal position of 

kidney

Undescended hypoplastic testicles, 
hypoplastic genitals, abnormal position of 

kidney

Absent Hypoplastic genitals Unknown

Cutaneous anomalies Areas of hypoplastic skin Areas of hypoplastic skin Absent Unknown Unknown

Skeletal anomalies Present Present Present Present Unknown
Other Inguinal hernia Inguinal hernia Absent Unknown Cardiac anomalies, seizures, recurrent 

infections

Next generation sequencing 
results:  CNV calling by NGS detected 
a terminal deletion on the long arm 
of chromosome 2 band q37.3 in the 
proband and a reciprocal terminal 
duplication in his affected niece 
(upper panel). A terminal duplication 
on the long arm on the long arm of 
chromosome 5 at bands q35.2q35.3 
and a reciprocal terminal deletion 
in his affected niece (lower panel). 
These results were confirmed by CMA 
(data not shown). Key: red indicates a 
deletion, blue indicates duplication.

ISCN Nomenclature: 
Proband: arr[GRCh37] 
2q37.3(239860877_243040276)
x1,5q35.
2q35.3(174157465_180696806)x3

Niece: arr[GRCh37] 
2q37.3(239884369_243068396)
x3,5q35.
2q35.3(174375130_180696806)x1

•  Whole exome sequencing trio analysis on a non-
traditional trio revealed a previously unrecognized 
familial translocation, solving a 50-year diagnostic 
odyssey.

•  Two affected individuals carried reciprocal 
unbalanced products of the presumably balanced 
familial translocation.

•  The region on chromosome 2 includes 59 
genes, including the OMIM genes AGXT, 
D2HGDH, CAPN10, HDAC4, NDUFA10, and 
KIF1A. Recurrent deletions of 2q37.3 have been 
reported in patients with chromosome 2q37 
deletion syndrome (OMIM #600430), which is 
characterized by variable dysmorphic features, 
short stature, obesity, brachydactyly, and  
intellectual disability. Deletions of this region are 
interpreted as pathogenic while duplications of 
this region are interpreted as uncertain. 

•  The region on chromosome 5 includes 121 genes, 
including the OMIM genes B4GALT7, NHP2, PROP1, 
ADAMTS2, NSD1, GRM6, and FLT4. Duplications 
including NSD1 have been reported in patients with 
microcephaly, short stature, dysmorphic features, 
and mild to moderate intellectual disability (Dikow 
et al. 2013. PubMed ID: 23913520;  Žilina et 
al. 2013. PubMed ID: 23369838; Jamsheer et 
al. 2013. PubMed ID: 23342975). Deletions that 
include NSD1 have been reported in patients 
with Sotos syndrome 1, which is characterized 
by overgrowth, advanced bone age, craniofacial 
dysmorphic features, learning difficulties, and 
various degrees of intellectual disability (Novara et 
al. 2014. PubMed ID: 24819041). Both deletions 
and duplications of this region are interpreted as 
pathogenic. 

•  The unaffected sister of the proband, who is also 
the mother of his affected niece, is an obligate 
carrier of the familial translocation, although to our 
knowledge she has not been karyotyped to date.

Presumed Familial 
Translocation: Ideogram 
depicting the presumed 
familial translocation 
( t (2 ;5 ) (q37.3;q35.2 ) ) 
at the 800-band level. 
It is unclear if this 
rearrangement could 
have been detected on 
banded chromosomes, 
given the relatively small 
size of both translocated 
regions (3.2 Mb at 
2q37.3 and 6.5 Mb at 
5q35.2q35.3), but would 
have been detected by CMA, had either the proband 
or his affected niece been tested by CMA. 


