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Primary amenorrhoea in a case with homozygous T(14;21) in a 
family with consanguinity
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Case presentation 

An 18 year old girl with history of primary amenorrhoea 
was referred for karyotyping. She was tall (5.5 ft) and appeared 
healthy with normal look. She was retrospectively detected 
having born to consanguineous parents. She did not have any 
other medical condition; thus, they declined to go for further in-
vestigation. Her parents were first cousins. She had one young-
er sibling alive and one elder brother, who expired at early age 
and the family could not describe the reason of his death. His 
karyotyping was not performed.

The karyotype of the present case appeared with 44 chromo-
somes with two copies of homozygous Robertsonian transloca-
tion involving 14 and 21 in each. She had two normal X chro-
mosomes with 44, XX, 2xt(14;21) karyotypic pattern in all 25 
cells analysed (Figure 1a). Based on this result, karyotyping was 
considered for her mother and the younger sibling, and that re-
vealed 45, XX, t(14;21) (Figure 1b) and 45, XY, t(14;21) (Figure 
1c) of the mother and brother respectively meaning they had 
heterozygous condition of the translocation. Father was not 
alive. One of the paternal cousins (born to paternal uncle) had 
congenital malformations with mongoloid facial features and 
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Consanguineous marriage shares blood lineage and is known to 
cause genetic defect in progenies through transmission of detrimen-
tal genes from both parents. Autosomal recessive disorders are well 
known in this context. Transmission of chromosomal rearrangements 
through consanguinity is not a very common example. Rearrange-
ments involving chromosome 21 poses additional risk of trisomy 21 
or Down Syndrome (DS) in the offspring. We present a 18 year old girl, 
referred for karyotyping for primary amenorrhoea, and that detected 
homozygous 44, XX, 2xt(14;21) chromosomal pattern in her genome. 
Retrospectively parental consanguinity and presence of t(14;21) in 
her mother and paternal uncle confirmed inheritance of t(14;21) from 
both parents. Her brother and paternal cousin too were detected with 
the translocation, where the latter had trisomy 21 i.e. DS indicating 
higher risk of DS in progenies of the carriers of t(14;21). The novelty 
of the case is many-fold: involvement of 21 in translocation influences 
meiotic error; 2xt(14;21) caused primary amenorrhoea; consanguinity 
has resulted in inheritance of t(14;21) from both parents; complete 
absence of free 14 and 21 in a single individual; and application of con-
ventional cytogenetics for detection of this condition at an affordable 
cost. Culture of consanguinity shall be abolished to protect next gen-
eration from the burden of genetic disorders.
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Figure 1: Partial karyotypes show the Robertsonian translocations: a. The propositus, b. Mother, c. Brother, d. Cousin with Down syndrome.

karyotyping revealed 46, XY, +21, t(14;21) pattern with trisomy 
21 and heterozygous t(14;21) in all 25 cells studied. Thus, he 
was diagnosed as a variant Down syndrome. Further karyotyp-
ing of the paternal uncle showed 45, XY, t(14;21) pattern. Con-
sanguinity and carrier status of the paternal or maternal grand-
parents remained unknown.

It is apparent from all these results that her father also had 
t(14;21). She had inherited the t(14;21) from both parents (44, 
XX, t(14;21) pat, t(14;21)mat) and her sibling received one copy 
from either of the parents. This is inheritance of genetic condi-
tion from parents (Figure 2). However, the girl was not lucky 
because she inherited parental abnormal genetic property from 
both parents, not economy.

Material and methods

For karyotyping, 5 ml of peripheral venous blood was col-
lected in sodium heparin. Whole blood culture was performed 
in 5 ml RPMI medium supplemented with fetal bovine serum 
and phytohemagglutinin in replicate sets [1]. The cells were 
harvested following standard colchicine-hypotonic-fixative 
protocol, dropped onto chilled slides and air dried. Metaphase 
chromosomes were trypsinized and stained in Giemsa follow-
ing standard GTG banding technique. A total of 25 well spread 
metaphases were analysed for each subject, and karyotypic 
classification was considered for 10 metaphases for each fol-
lowing ISCN nomenclature (ISCN 2020).

 Discussion

Consanguinity is a cultural practice of some of the Indian 
communities, especially in minorities of tight religious faith 
[2,3]. The system is known to multiply the risk of hereditary 
condition of recessive mutations in future generations and af-
fects births with genetic impairments. The autosomal recessive 
genetic conditions are expressed clinically in children born to 
consanguineous parents. Jews Genetic Diseases (JDG) of the 
Ashkenazi Jews population and many such racial recessive ge-
netic disorders have been established through consanguineous 
marriages [1].

Robertosonian translocations have been reported as the fre-
quently seen structural rearrangements with an epidemiologic 
prevalence of 1 in every 1000 newborns. These translocations 
arise from inter-chromosomal exchanges of the acrocentric 
chromosomes, which may occur at the centromere region, in 
the proximal short-arm satellite DNA, or within the Nucleolar-
Organizing Region (NOR) of ‘D’ and ‘G’ group chromosomes. The 
inter-chromosomal rearrangements result in monocentric or di-
centric chromosomes, depending on the site of the recombina-
tion event [4]. The configuration of the two acrocentric chromo-
somes changes to metacentric (D; D or G; G) or sub-metacentric 
chromosomes (D; G). In the present report, the translocation 
in all carriers became sub-metacentric due to fusion of 14 and 
21. Thus, the fusion of two centromeres of the two acrocen-
tric chromosomes results in either loss of centromere of one 
chromosome or centromere of both chromosomes could be 
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Figure 2: Pedigree of the family: half filled squares indicate carriers 
of one copy of t(14;21) and the solid filled circle indicates presence 
of two copies of the t(14;21) from paternal and maternal orogin. 
The elder brother of the propositus expired from unknown reason. 
His carrier status also remained unknown. F1 and F2 indicate the 
carrier status of the first and second generations respectively. 

retained as a dicentric chromosome. Nevertheless, the trans-
location results in loss of satellites of both acrocentric chromo-
somes [5]. Severity of clinical consequences might depend on 
the content of the centromere in Robertsonian translocations. 
The individuals carrying t(14;21) may not have any discernible 
clinical or phenotypic effect; however, they are a greater risk 
of experiencing meiotic non-disjunction, and thus, reproduc-
es children with DS with Robertsonian translocation meaning 
these children carry both numerical and structural alterations.

The present case has cited a unique example of inheritance 
of chromosomal abnormality from both parents, who are first 
cousins and have shared blood lineage. In general, carriers of 
t(14;21) apparently have full genetic complement and are fer-
tile, but with higher risk of pregnancies with trisomy 21 i.e. DS 
due to production of unbalanced gametes [4]. Seemingly, pres-
ence of t(14;21) in the paternal uncle might have influenced 
meiotic non-disjunction leading to trisomy 21, and that had re-
sulted in DS in the paternal cousin of the propositus. The pres-
ent case did not attain menarche, though she had two normal 
X chromosomes. Hence, she would most likely be infertile. Her 
younger brother carrying one copy of the translocation might 
not suffer from primary infertility, but might reproduce children 
with DS similar to the situation of the paternal uncle.

Homozygous Robertsonian translocations between 14 and 
15, 13 and 14, and 14 and 21 have been reported in individuals 
born to consanguineous and heterozygous carriers [6,7]. A DS 
karyotype was reported with homozygous t(14;21) [8]. Prenatal 
diagnosis would be mandatory for heterozygous carriers, includ-
ing her sibling, who is carrying a t (14;21), since that poses a risk 
of trisomy 21 in future generation. The proband, if attains men-
arche and is successful to conceive a pregnancy, in all normal 
consequences she will transmit one copy of the Robertsonian 
translocation to her offspring. However, since both of her 14s 
and 21s are translocated, a complex recombination can occur 
from crossing over during gametogenesis. Two copies of homo-
zygous t(14;21) was reported in a fetus who was physically nor-
mal at birth and had a normal psychomotor development [9]. 
The present case was healthy and didn’t have any dysmorphic 
features; thus, it corroborates well with subjects with 44 chro-
mosomes and with homozygous Robertsonian translocations, 
though ribosomal rDNA gene clusters, several long noncoding 
RNAs, and in the case of RTs involving chromosome 21, several 

mRNA encoding genes are perturbed [10]. Thus, since consan-
guinity shares blood lineage, it is detrimental for the next gen-
eration; hence, the practice shall be avoided. 

The present study has employed conventional G-banding 
technique exclusively on peripheral blood lymphocytic chro-
mosomes, and the technique was good enough for the present 
family study and detection of chromosomal rearrangements at 
pre- and post-natal age [11]. Previous publication with homozy-
gous (14;21) translocation in a Down syndrome had considered 
Fluorescence In Situ Hybridization (FISH) and microsatellite 
polymorphism assay for confirmation of the origin of the two 
t (14;21) s [8]. Another study of homozygous t (14;15) involved 
FISH, array-comparative genomic hybridization (a-CGH), and 
telomere FISH on peripheral blood and spermatocytes of the 
hetero- and [7]. However, the two studies have detected pa-
rental non-consanguinity and segregation of the translocation 
in hetero- and homozygous carriers. It is needless to mention 
that conventional G-banding and pedigree analyses are suffi-
cient to establish the inheritance and segregation. In all reports, 
conventional cytogenetics was the first technique employed to 
detect the presence of chromosomal rearrangements. There-
fore, the present study didn’t require employment of other 
molecular technique for generating the information included in 
this report.
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