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Abstract 

Background: Chromosomal structural rearrangements can lead to fertility problems 

and recurrent miscarriages. The intricate interplay of genetics during human devel-

opment can lead to subtle anomalies that may affect reproduction. 

Case Presentation: A 33-year-old woman sought fertility treatment after experienc-

ing six miscarriages. Products of conception from the final pregnancy loss had been 

karyotyped, revealing a Robertsonian translocation (RT), involving chromosome 14. 

Fertility investigations showed low anti-Mullerian hormone (AMH) levels but oth-

erwise normal female characteristics with normal sperm parameters of her husband 

were observed and both partners having a normal karyotype. Two embryos were 

transferred in an IVF cycle but neither resulted in a successful pregnancy. Subse-

quently, preimplantation genetic testing for aneuploidy (PGT-A) was applied to 

trophectoderm biopsy specimens from 4 embryos, which revealed abnormalities in-

volving chromosome 14. Sperm aneuploidy testing failed to detect any increase in 

the incidence of aneuploidy affecting chromosome 14. Further embryos genetic test-

ing indicated that all identified chromosome 14 abnormalities in the embryos had a 

maternal (oocyte) origin.  

Conclusion: This case underscores challenges in diagnosing and managing germline 

mosaicism in fertility. A maternal 14;14 Robertsonian translocation, undetected in 

the patient's blood but impacting oocytes, likely explains recurrent miscarriage and 

observed embryo aneuploidies. Genetic mosaicism in reproductive medicine high-

lights the necessity for advanced testing and personalized treatments. Data integra-

tion from various genetic analyses could enhance managing treatment expectations 

and improving fertility experiences. 
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Introduction 

he human genetic blueprint comprises 22 

pairs of autosomes and two sex chromo-

somes, forming the foundation of human in- 
 

heritance. During the formation of a zygote, ge-

netic material is contributed equally by both par-

ents through the sperm and oocyte, resulting in a 

blend of genetic information. However, the jour- 
 

 

 

 

ney from conception to birth is not without its 

challenges, and genetic errors may occur during 

the myriad cell divisions that occur on this path. 

In some instances, mosaic embryos, characterized 

by the presence of genetically different cells, in-

cluding some that may have chromosomal abnor-

malities or gene mutations, can develop into 
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seemingly healthy individuals. Such individuals 

can have a subpopulation of genetically abnormal 

cells either in somatic tissues or within their 

germline (gametes). The latter holds significance 

in predisposing individuals to abnormal concep-

tions and, in some cases, children affected by cy-

togenetic abnormalities of monogenic disease.  

Detecting mosaicism, especially in the germline, 

presents challenges owing to the subtlety of the 

phenomenon and the frequent lack of a pheno-

type. Confirming aneuploid mosaicism in an indi-

vidual across different cell types can offer insight 

into the embryonic stage at which the abnormality 

occurred. Crucially, it must be recognized that 

aneuploidies originating from mitotic errors in 

oogonia may not manifest in postnatal karyotype 

analyses of somatic tissues, which could lead to 

underestimations of germline-associated mosai-

cism rates (1). 

The genetic make-up of an individual may be 

seemingly normal from a phenotypic perspective. 

Balanced structural chromosomal rearrangements 

rarely disrupt genes and do not involve loss or 

duplication of genetic material. Consequently, 

aneuploidies may remain hidden, only being re-

vealed when the individual attempts to conceive 

and begins to experience fertility problems, such 

as recurrent miscarriages or genetically abnormal 

pregnancies/births. The reported incidence of 

structural chromosome alterations in first-tri-

mester miscarriages ranges from 1.2% to 4.4% 

(2). In the general population, the most common 

type of structural chromosomal rearrangements is 

the Robertsonian translocation (RT), arising from 

fusion between the long arms of two of the acro-

centric chromosomes (13-15, 21, 22), near their 

centromeric regions. RT can occur between non-

homologous or homologous chromosomes, with 

the latter being extremely rare. This rarity is partly 

due to the fact that rearrangements cannot be pro-

pagated through generations of a family (3). Car-

riers of homologous RT tend to be infertile and 

suffer from recurrent miscarriages, due to an ina-

bility to produce chromosomally balanced gam-

etes. In fact, nearly 100% of their gametes will be 

either nullisomic or disomic for the translocated 

chromosome (3). The only way for such a patient 

to produce a karyotypically normal embryo is 

when uniparental disomy (UPD) affects the trans-

located chromosomes, an extremely rare event 

that carries its own problems associated with ab-

normal expression of imprinted genes. Consider-

ing that the incidence of RT is approximately one 

in 1000 individuals and that one in 100 couples 

with recurrent pregnancy loss will be carriers, it is 

important to delve deeper into the genetic basis of 

miscarriages resulting from such chromosomal 

rearrangements (4). Advances in genetic testing, 

coupled with assisted reproductive technologies, 

have revolutionized the landscape of genetic risk 

assessment in humans. Preimplantation genetic 

testing for aneuploidy (PGT-A) has emerged as an 

approach for identifying embryos with chromo-

somal abnormalities before implantation, hence 

reducing the risk of miscarriages, abnormal preg-

nancies, and birth defects. In this context, the pur-

pose of the current report was to contribute to the 

growing body of knowledge surrounding germline 

mosaicism involving structural chromosome rear-

rangements. The findings described offer valuable 

insights into genetic risk assessment in the context 

of germline mosaicism and fertility.  

 

Case Presentation 

A 33-year-old woman sought fertility treatment 

at Aria Fertility in London in May 2021, follow-

ing four years of attempting to conceive. Written 

consent from the patient was obtained for this re-

port. The couple experienced a series of recurrent 

miscarriages (n=6), most of which occurred with-

in 4-5 weeks of gestation, with the most recent 

one dated February 2022. A product of conception 

(POC) analysis was performed via karyotyping, 

revealing an abnormal chromosome complement 

(der(14;14) (q10;q10)). Consequently, the couple 

underwent karyotyping of peripheral blood lym-

phocytes, which yielded normal results twice. The 

genetic laboratory determined that the RT detect-

ed in the recent miscarriage was most likely to 

have occurred de novo, rather than resulting from 

missegregation of a parental rearrangement (Fig-

ure 1). For this reason, the risk of recurrence was 

predicted to be low. 

Fertility investigations disclosed an anti-Mulleri-

an hormone (AMH) level of 2.6 pmol/L in 2021 

and 3.86 pmol/L in 2022, which were both outside 

the normal range (4.1-58 pmol/L). In 2023, the 

semen analysis conducted for the male partner 

indicated normal values, including a sperm count 

of 102 M/ml, 71% progressive sperm, and 7% 

normal forms. Sperm DNA fragmentation testing 

done in 2020 showed a DNA fragmentation index 

of 9.4% (normal). 

During treatment at the patient's initial clinic in 

April 2022, a total of 7 mature oocytes were ob-

tained. Among them, 5 successfully fertilized, 
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leading to the transfer of a single blastocyst, while 

two additional embryos were vitrified. Unfortu-

nately, both the initial cycle and a subsequent fro-

zen single embryo transfer yielded negative re-

sults on urine pregnancy tests. Endometrial recep-

tivity analysis (ERA; Igenomix, UK) indicated 

normal receptivity, and hysteroscopy and dilation 

and curettage (D&C) procedures showed normal 

findings. The remaining embryo was transferred 

to Aria Fertility Laboratories. 

In April 2023, the patient underwent another cy-

cle of IVF at Aria Fertility including PGT-A. The 

PGT-A method employed was PGTseq (Juno Ge-

netics, USA), which is a custom targeted amplifi-

cation-based approach. This method is widely 

recognized as one of the most validated and accu-

rate techniques for PGT-A currently available (5-

6). The IVF cycle resulted in 5 oocytes, all of 

which fertilized successfully, with 3 embryos 

reaching the blastocyst stage. The three blasto-

cysts from the fresh cycle and the cryopreserved 

embryo from the previous cycle underwent tro-

phectoderm biopsy, involving approximately 5 

cells, followed by PGT-A analysis. The results 

showed that two of the blastocysts were monoso-

mic for chromosome 14, one was trisomic for the 

same chromosome, and the remaining embryo 

exhibited trisomy 14 along with a mosaic loss of 

chromosome 15 (Supplementary Figure I).  

Sperm aneuploidy test (ERA; Igenomix, UK) 

was performed to determine if the elevated aneu-

ploidy rate for chromosome 14 could have a pa-

ternal origin. SAT is a cytogenetic test used to 

assess male infertility by measuring the percent-

age of spermatozoa with specific abnormalities in-

volving loss or gain of the tested chromosome(s). 

SAT employs fluorescence in situ hybridization 

(FISH) and can be applied to ejaculated, epididy-

mal, and testicular sperm. The details on the 

probes used are as follows: triple FISH includes a 

centromeric probe for chromosome 18p11.1-q11.1 

(D18Z1) in blue, a centromeric probe for chromo-

some Xp11.1-q11.1 (DXZ1) in green, and a cen-

tromeric probe for chromosome Yp11.1-q11.1 

(DYZ3) in orange (Cytocell Ltd., UK). Dual FISH 

involves a locus-specific probe for chromosome 

13q14.2 in green and a locus-specific probe for 

chromosome 21q22.13 in orange (Cytocell Ltd., 

UK). Dual FISH utilizes a locus-specific probe for 

chromosome 14q32.33 in green and a locus-

Figure 1. Summary illustration of investigations performed. The karyotype analysis was conducted for the couple due to their history 

of multiple miscarriages, and the products of conception were tested for one of the miscarriages. The embryos created through assist-

ed reproductive technologies were found to be aneuploid following PGT-A testing. Created with BioRender.com 
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specific probe for chromosome 18q21.33 in red 

(Cytocell Ltd., UK). A normal SAT result is con-

sidered when the sample shows similar percentage 

of abnormal sperm compared to an internal con-

trol population of 44 fertile males with normal 

sperm parameters (evaluated using a Chi-square 

test or Fisher exact test; p<0.05). A total of 6175 

sperm were analyzed, resulting in a normal SAT 

outcome for the analyzed chromosomes (13, 14, 

18, 21, and sex chromosomes). The percentage of 

disomy for chromosome 14 was 0.10, compared 

to 0.13 in the control group (7). This outcome in-

dicated that there was no elevated risk of sperm 

chromosomal abnormalities and therefore chro-

mosome 14 aneuploidies observed in the embryos 

were unlikely to have had a paternal origin.  

Supplementary Figure I. Next-generation sequencing (NGS) plots for the embryos tested through preimplantation genetic testing 

for aneuploidy (PGT-A) 
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In order to determine the parental origin of chro-

mosome 14 aneuploidies in the embryo biopsies, a 

genotype analysis was conducted using DNA 

samples obtained from the maternal and paternal 

blood samples. Juno Genetics employs PGTseq 

platform for their regular PGT-A procedures, in-

corporating chromosomal copy number analysis 

alongside a genotyping method that encompasses 

roughly 5,000 single nucleotide polymorphisms 

(SNPs) distributed across the entire genome. The 

SNPs located on chromosome 14 were analyzed 

in the parental samples as well as the embryos 

tested by PGT-A to investigate the parental origin 

of aneuploidy. The analysis confirmed that all the 

four chromosome 14 abnormalities detected in 

embryos were associated with errors of maternal 

(oocyte) origin. 

 

Conclusion 

The results are indicative of a maternal 14;14 RT 

affecting some or all of the female partner’s oo-

cytes. This inference is supported by the follow-

ing observations: 1) the patient had experienced 

multiple miscarriages, and one of the miscarriages 

was found to carry a 14;14 RT; 2) during IVF cy-

cles, there was an unusually high incidence of 

chromosome 14 abnormalities in the produced 

embryos, which is expected if one of the parents 

carries a 14;14 RT; 3) the abnormalities in chro-

mosome 14 copy number seen in the embryos 

were determined to be of maternal origin; and 4) 

analysis of a sperm sample from the father did not 

reveal an elevated frequency of abnormalities of 

chromosome 14. Considering that the analysis of 

blood samples from the two parents had previous-

ly failed to detect a translocation, it seems likely 

that the female patient is mosaic, with the translo-

cation restricted to a subpopulation of her cells. 

Oocytes carrying a 14;14 RT have a significantly 

low probability of developing into viable embryo. 

It is uncertain whether all of the patient’s oocytes 

carry the translocation or if there are oocytes with 

a normal karyotype. However, the history of mis-

carriages and prevalence of chromosome 14 an-

euploidies observed in the embryos suggest that 

abnormalities associated with the translocation 

will probably be present in the majority of oocytes 

produced. Although no evidence of oocytes lack-

ing the translocation was seen during the PGT-A 

analysis, the number of embryos tested was lim-

ited, and consequently the possibility that there 

could be some oocytes of normal karyotype can-

not be excluded. 

Following the first case report of a homologous 

RT involving chromosome 14 (8), several publi-

cations have documented both female and male 

carriers (9-11). Cinar et al. in 2011 presented a 

36-year-old female and a 56-year-old male with a 

history of two unsuccessful IVF attempts (12). 

The male had two healthy children from his pre-

vious relationship, during which his former part-

ner had experienced six spontaneous abortions. 

The semen analysis showed that the sample was 

oligoasthenoteratozoospermic and cytogenetic 

analysis performed on a peripheral blood sample 

revealed a pure 45,XY,t(14;14)(q10;q10) karyo-

type for the male (the female partner had a normal 

karyotype). Interestingly, sperm FISH analysis for 

chromosome 14 revealed that 13% of sperm cells 

were normal. The presence of two healthy chil-

dren from male partner excludes the possibility of 

these embryos resulting from uniparental disomy 

(UPD), since paternal UPD for chromosome 14 is 

associated with mental retardation and dysmor-

phism due to abnormal expression of imprinted 

genes (13). Although this study showed a case 

where the male gamete was the likely cause of 

increased genetic abnormalities, it highlights the 

intricacy of predicted germline mosaicism. 

It is important to acknowledge the emotional 

strain, grief, and loss resulting from recurrent mis-

carriages and the complexities associated with the 

couple’s unique case. Providing emotional sup-

port and equipping the couple with various coping 

resources for infertility and recurrent pregnancy 

loss is important. Taking a comprehensive and 

holistic approach to genetic counselling can be 

immensely beneficial, aiding the couple in making 

well-informed decisions while navigating the in-

tricate landscape of their reproductive journey 

throughout their fertility experience. 

Although PGT-A was performed on embryos, 

the mosaic nature of the translocation may prompt 

consideration of a broader range of reproductive 

options, including the use of donor eggs or em-

bryo adoption. This wider perspective on repro-

ductive choices can offer the couple alternatives 

to increase their chances of a successful pregnan-

cy and provide clarity and closure regarding their 

initial expectations about their desired family dy-

namic.  
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