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Abstract

Background: In carriers of reciprocal translocations, gametes with unbalanced chromosomes can be created during the reproductive period, which reduces the 
reproductive ability of the carriers. The reproductive risk of carriers of reciprocal translocations depends on the length of the translocation segment. The aim of this study 
was to evaluate the reproductive risk of reciprocal translocations with segments of different lengths for couples carrying these translocations. 

Methods: Chromosome analysis was performed using the Moorhead and Seabright method. For the exact identifi cation of chromosomes, the standard method of G 
bands was used.

Results: A cytogenetic diagnosis of reciprocal translocations with segments of different lengths was confi rmed on 20 couples. Among the examined cases the most 
frequent (55%) were those with reciprocal translocations having a long translocated segment on one chromosome and a short translocated segment on another non-
homologous chromosome. In total 64 pregnancies were conceived among the examined couples with reciprocal translocation. These pregnancies showed a higher risk 
of miscarriages and congenital anomalies: 59.4% resulted in recurrent miscarriages, 14.1% in stillborn babies, 10.9% in babies with congenital malformations, and 15.6% 
in normal birth. All three groups of subjects with different types of reciprocal translocations had a high risk for recurrent miscarriages. The three couples with reciprocal 
translocations had primary infertility.

Conclusion: In our study population reciprocal translocations were identifi ed as the main cause of impaired reproductive health in 17 couples and the primary cause of 
infertility in 3 couples. Among couples with reciprocal translocations involving long and short translocated segments, a higher risk of congenital anomalies and recurrent 
miscarriages was observed.
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Introduction

Reciprocal translocations result from a break in a certain 
location of two non-homologous chromosomes and the 
subsequent reciprocal exchange of these detached chromosomal 
segments; in this case, the total amount of genetic material 
remains the same. The segments that get exchanged 
between these two non-homologous chromosomes are called 
translocated segments and they can be of different lengths. 

Since the carriers of reciprocal translocations have the same 
total amount of genetic material, they usually demonstrate 
a normal phenotype. Even though reciprocal translocations 
don’t cause obvious changes in phenotype, they still represent 
a considerate risk for the reproductive health of their carriers, 
because they can result in forming gametes with unbalanced 
chromosomes [1]. Among the general population, the frequency 
of reciprocal translocations is 1.44/1000 newborn babies [2]. In 
couples with recurrent spontaneous miscarriages, one of the 
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partners could be a silent carrier of reciprocal translocations 
[3-8]. These translocations are present in 1.4- 3.5% of couples 
with recurrent spontaneous miscarriages [9-11].

Reciprocal translocations are one of the factors that 
decrease the reproductive ability of humans. In the literature, 
there are various cytogenetic studies in families with reciprocal 
translocations, trying to assess the risk for general reproduction 
of the patients affected by these translocations, respectively in 
assessing the risk of giving birth to a child with an anomaly as 
a result of unbalances karyotype [12-14]. These studies have 
shown that silent carriers of reciprocal translocations are at 
varying levels of risk for giving birth to babies with congenital 
anomalies and for recurrent spontaneous miscarriages. They 
also demonstrated that the reproductive risk depends on the 
length of the translocated segment, the chromosomes that 
are part of the translocation, and the translocation carrier’s 
gender. 

The genetic mechanism of the harmful effect of reciprocal 
translocations on the reproductive ability of the carrier can 
be explained through the disjunction and segregation of the 
chromosomes during gametogenesis [1,15,16]. In heterozygote 
carriers of reciprocal translocations, the four chromosomes 
that are involved in multivalence approach their homologous 
segments during meiosis in the zygonema stage, creating a 
formation like a cross known as quadrivalent or pahiten diagram 
[17]. The disjunction and segregation of the chromosomes 
of the quadrivalent occurs during the anaphase of the fi rst 
meiotic division; during this, the chromosomes travel towards 
the opposite poles of the cell division axis. Disjunction and 
segregation of chromosomes during meiosis can occur in four 
ways:

1. Disjunction 2:2 and segregation adjacent -1.

2. Disjunction 2:2 and segregation adjacent -2.

3. Disjunction 2:2 and segregation alternative.

4. Disjunction 3:1 or 1:3.

During meiosis, the manner of disjunction and segregation 
of the chromosomes of the quadrivalent is mainly determined 
by the length of the translocated segment.

The carriers of reciprocal translocations with short 
segments have a disposition for disjunction 2:2 and segregation 
adjacent -1 of chromosomes [15,17]. Gametes created through 
disjunction 2:2 and segregation adjacent -1 are unbalanced 
and they tend to result in the formation of a descendant with 
a trisomic translocation segment of one chromosome and 
monosomic of the other chromosome that is a part of the 
translocation. If the segments of the translocation are short, 
they can be compatible in trisomic state with the intrauterine 
life of the descendant, but the babies will have congenital 
anomalies. On the other hand, monosomic short segments 
are mostly incompatible with the intrauterine life of the 
fetus and the pregnancies end in spontaneous miscarriages. 
Therefore silent carriers of reciprocal translocations with short 
segments of translocations are at higher risk of giving birth 

to a descendent with anomalies and for spontaneous recurrent 
miscarriages. 

Reciprocal translocation carriers with long segments of 
translocation during gametogenesis after the formation of 
the pahiten diagram have a disposition for disjunction 2:2 and 
segregation adjacent-2 of chromosomes of the quadrivalent 
[17,18]. Through disjunction 2:2 and segregation, adjacent-2 
gametes with great genetic disbalance are created, which cause 
early intrauterine fetal demise. Therefore these couples are at 
risk of spontaneous miscarriages.

According to some authors, the approximate risk of giving 
birth to a descendent with anomalies can be assessed by 
testing for reciprocal translocations in the family. If reciprocal 
translocated chromosomes leading to partial aneuploidies are 
discovered in a child with congenital anomalies, these could 
be the result of reciprocal translocations of the parents. In this 
case, the risk of having another child with anomalies is very 
high, around 20%. If the reciprocal translocation is detected 
because of spontaneous recurrent miscarriages in a family, the 
risk of giving birth to a descendent with unbalanced anomalies 
is lower than 5% [14].

The risk of giving birth to a child with an unbalanced 
karyotype depends also on the gender of the carrier of the 
reciprocal translocation. The average risk for giving birth 
to a child with anomalies is around 7% if the mother is the 
carrier of the reciprocal translocation and only 3% if the 
father is the carrier. The early detection of silent carriers of 
reciprocal translocation is very important in the assessment of 
the general reproductive risk of a couple and in preventing the 
birth of children with congenital anomalies.

Aim

The aim of this study was to determine the frequency of 
different types of reciprocal translocations, to assess the 
general reproductive risk of these couples, and the risk of 
giving birth to descendants with unbalanced karyotypes. 
Furthermore, we aimed to elucidate the genetic mechanism 
of the creation of gametes with chromosomal aberrations in 
carriers of reciprocal translocations with different lengths of 
translocated segments.

Material and methods

In the cytogenetics laboratory of the Obstetrics and 
Gynecology Clinic in Prishtina, cytogenetic diagnosis of married 
couples with reduced reproductive capacity was performed. 
These married couples have had two or more spontaneous 
miscarriages, births with abnormalities, and stillbirths. Some 
of these couples experienced primary infertility.

The cytogenetic diagnosis was made in the preparations of 
chromosomes obtained from the cultivation of peripheral blood 
lymphocytes through the modifi ed method of Morehead [19]. 
The karyotype work procedures according to this method go 
through several stages of work: 1. Obtaining peripheral blood 
from patients under sterile conditions and seeding the blood 
in the nutrient medium; 2. Cultivation of lymphocytes in an 
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incubator at 370C; 3. Extraction of chromosomes from peripheral 
blood lymphocyte nuclei and preparation of chromosomal 
preparations. For the exact identifi cation of chromosomes, the 
standard method of G bands was used [20]. In order to create 
the bands - G in the chromosomes, the action with trypsin 
was done on the chromosomes of the prepared preparations. 
Then the chromosomes were stained with Giemsa softened in 
phosphate buffer. The observation of chromosomes was made 
with the optical microscope and with the help of karyotyping 
software, the karyotype of the patients was prepared.

From the researched cases, 20 married couples were selected 
where one of the partners had a reciprocal translocation 
between non-homologous chromosomes. For the reciprocal 
translocations that were found in the researched material, 
we determined the sizes of the translocation segments. The 
evaluation is based on the physical lengths of the translocation 
segments. Translocation segments are classifi ed based on 
their physical length into long segments and short segments 
without being based on any exact criteria since no exact criteria 
for the classifi cation of long and short translocation segments 
have been presented in the literature. Based on the length of 
the translocation segments, married couples were categorized 
into groups with different levels of general reproductive risk 
which are presented in the results section.

Results

From 554 couples (1108 persons) with reduced reproductive 
capacity examined in the cytogenetic laboratory of the Obstetrics 
and Gynecology Clinic in Prishtina, 20 have been diagnosed 
with reciprocal translocations. Therefore, the frequency of 
reciprocal translocations in people with reduced reproductive 
ability was 1.80%. Out of those, in 11 cases the carrier of the 
reciprocal translocations was the male partner (55%) while in 9 
cases was the female partner (45%). All patients carrying these 
translocations demonstrated a normal phenotype. Amongst the 
patients participating in this study, reciprocal translocations 
were only found in autosomal chromosomes. 

The total number of pregnancies in couples with reciprocal 
translocations was 64 (Table 1). Out of these, 10 pregnancies 
(15.6%) ended in the birth of a healthy child, 7 (10.9%) in the 
birth to a child with malformations, 9 (14,1%) in stillbirth 
and 38 (59.4%) in spontaneous miscarriages. The number 
of spontaneous miscarriages is higher than the number of 
liveborn babies, showing that the reproductive ability is very 
low among these couples with reciprocal translocations.

The carriers of reciprocal translocations demonstrated 
different lengths of segments with translocation. In 
each reciprocal translocation, only two nonhomologous 
chromosomes were involved. Based on the length of the 
translocated segments of the chromosomes that were involved 
in the translocation, the carriers of translocation were divided 
into three groups: 1. carriers of long translocated segments on 
both chromosomes included in translocation. (Figures 1,2); 2. 
carriers of one long translocated segment on one chromosome 

and one short translocated segment on the other chromosome 
that are part of the translocation (Figures 3,4); and 3. carriers 
of short translocated segments on both chromosomes that are 
part of the translocation (Figures 5,6).

Table 1: Descendants of couples with reciprocal translocations.

Descendant No %

Normal born baby's 10 15.6

Babies born with malformation 7 10.9

Dead born babies 9 14.1

Spontaneous abortion 38 59.4

The total number of pregnancies 64 100.0

Figure 1: Karyotype of the patients with reciprocal translocation with long 
translocated segments in both chromosomes involved in the translocation: 46, XY,t 
(1;10)(p21;q22).

Figure 2: Schematic appearance of reciprocal translocation creation with two long 
translocated segments in patients with karyotype: 46,XY,t (1;10)(p21;q22).



026

https://www.clinsurggroup.us/journals/journal-of-gynecological-research-and-obstetrics

Citation: Kolgeci D, Istogu JK, Istogu L, Kolgeci N, Kouskouti C, Krasniqi B, et al. Reproductive Risk of Couples with Reciprocal Translocations. J Gynecol Res Obstet. 
2024;10(2):023-030. Available from: https://dx.doi.org/10.17352/jgro.000127

From the three groups in which we categorized our patients 
based on the length of the translocated segment, the highest 
frequency (55%) was observed in Group 2 (Table 2). Group 3 
(30%) demonstrated a lower frequency and Group 1 was the 
least frequent (15%). 

Group 1 included 3 couples of carriers of reciprocal 
translocations with long translocated segments in both 
chromosomes that are part of the translocation. Two of 
these couples were diagnosed with primary infertility. Only 
3 pregnancies have occurred among this group of patients: 1 
resulted in a stillborn baby and 2 in spontaneous miscarriages 
(Table 3).

Group 3 included 6 couples of carriers of reciprocal 
translocations with short translocated segments in both 
chromosomes that are a part of the translocation. In this 
group of couples, 13 pregnancies have occurred. Out of these, 
2 pregnancies resulted in healthy babies, 1 pregnancy in a 

baby with malformations, and 10 pregnancies in spontaneous 
miscarriages (Table 4).

Group 2 included 11 couples of carriers of reciprocal 
translocations with one long translocated segment in one 
chromosome and one short translocated segment in the 
other chromosome that are a part of the translocation. In this 

Figure 3: Karyotype of the patients with reciprocal translocation with one long 
translocated segment in one chromosome and one short translocated segment in 
the other chromosome that are part of the translocation 46, XY, t (7;10) (q34;q11).

Figure 4: Schematic appearance of reciprocal translocation creation with one long 
translocated segment on one chromosome and one short translocated segment 
on the other chromosome that are part of the translocation in patients with a 
karyotype: 46, XY,t (7;10)(q 34;q11).

Figure 5: Karyotype of the patients with reciprocal translocation with short 
translocated segments on both chromosomes that are part of the translocation: 
46,XX, t (4;16)(p14;p12).

Figure 6: Schematic appearance of reciprocal translocation creation with two short 
translocated segments in patients with a karyotype: 46,XX, t (4;16)(p14;p12).

Table 2: The frequency of different types of translocations among couples with 
lowered reproductive ability.

Type of reciprocal translocation
Number of 

couples 
%

Reciprocal translocations with one long segment of 
translocation on one chromosome and one short segment 
of translocation on the other chromosome that are part of 

the translocation

11 55

Reciprocal translocation who have short translocated 
segments in both chromosoms that are part of the 

translocation
6 30.0

Reciprocal translocation who have long translocation 
segments in both chromosoms that are a part of the 

translocation 
3 15.0

Total 20 100.0
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group of couples, 48 pregnancies have occurred. Out of these, 
8 pregnancies resulted in healthy babies, 6 pregnancies in 
babies with malformations, 8 pregnancies in stillborn babies, 
and 26 pregnancies in spontaneous miscarriages (Table 5). 
No changes in phenotype were observed in normal live-born 
children of married couples with reciprocal translocations. 
Chromosome analysis was not performed on these children, 
because the parents of the children did not agree that their 
children should be analyzed on the karyotype, even though 
the parents were informed by our staff that any of these 
phenotypically normal children could be carriers of reciprocal 
translocations.

Discussion

In our study, reciprocal translocations have been diagnosed 
in 20 couples as the cause of spontaneous miscarriages, children 
born with anomalies, stillbirth, and infertility. These data 
demonstrate the negative effects that reciprocal translocations 
can have on the reproductive health of the carriers. Our results 
are in line with the results of previously published studies 
of other research groups [21-24]. While analyzing data on 
reproductive histories and genealogical trees, it can be noticed 
that different groups of reciprocal translocations have different 
levels of risk to the reproductive health of the carriers. 

Table 3: Presentation of the reproductive ability of couples with reciprocal translocation who have long translocated segments in both chromosomes that are part of the 
translocation

No.
Chromosomal Complement Normal born 

babies
Babies born with 
malformations

Dead born 
babies

Spontaneous 
miscarriage

The whole number of 
pregnanciesWife Husband

1 46,XX 46,XY,t(1;10) (p22;q22) 0 0 0 0 0

2 46,XX,t(9;17) (q21;q12) 46,XY 0 0 0 0 0

3 46,XX 46,XY,t(1;10) (p13;q22) 0 0 1 2 3

Total 0 0 1 2 3

Table 4: Presentation of the reproductive ability of couples with reciprocal translocation who have short translocated segments in both chromosomes that are part of the 
translocation

Chromosomal Complement Normal born 
babies

 Babies born with 
malformations

Dead born 
babies

Spontaneous 
miscarriage

The whole number of 
pregnanciesWife Husband

46,XX 46,XY,t(14;19)(q24;q12) 1 1 0 3 5
46,XX,t(9;16) (p21;p11) 46,XY 0 0 0 2 2

46,XX 46,XY,t(1;2) (q42;q33) 0 0 0 2 2
46,XX 46,XY,t(10;17)(p14;q23) 0 0 0 1 1
46,XX 46,XY,t(4;7) (q33;q32) 1 0 0 2 3

46,XX,t(4;16) (p14;p12) 46,XY 0 0 0 0 0
Total 2 1 0 10 13

Table 5: Presentation of the reproductive ability of couples with reciprocal translocation who have one long translocated segment in one chromosome and one short 
translocated segment in the other chromosome that are part of the translocation.

No.
Chromosomal Complement Normal born 

babies
 Babies born with 

malformations
Dead born 

babies
Spontaneous 
miscarriage

The whole number of 
pregnanciesWife Husband

1
46,XX,t(13;18)

(q32;q12)
46, XY 1 0 0 3 4

2 46, XX
46,XY,t(10;15)

(q23;q24)
0 0 0 2 2

3
46,XX,t(10;18)

(q26;q12)
46, XY 1 2 2 2 7

4 46, XX
46,XY,t(3;8)
(p26;p11)

0 2 0 2 4

5
46,XX,t(1;11)

(p35;q12)
46, XY 1 0 0 4 5

6 46, XX
46,XY,t(8;11)

(q13;q23)
0 0 0 2 2

7
46,XX,t(1;6)
(q32;q11)

46, XY 0 0 4 0 4

8 46,XX
46,XY,t(1;2)
(p36;q13)

0 0 0 3 3

9
46,XX,t(2;3)
(q22;q28)

46, XY 2 0 0 2 4

10
46,XX,t(5;21)

(q12;q22)
46, XY 1 2 2 3 8

11 46,XX
46,XY,t(7;10)

(q34;q11)
2 0 0 3 5

Total 8 6 8 26 48
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The silent carriers of reciprocal translocations have 
different levels of general reproductive risk, since in every 
reciprocal translocation different chromosomes are included 
with different translocated segments, different lengths of 
segments, and different content of genes. 

The way of discovering the reciprocal translocation, the 
gender of the carrier, the size of the translocated segment, and 
the form of the pahiten diagram of the carriers can facilitate 
the approximate assessment of the general reproductive risk 
and the risk of giving birth to a baby with anomalies, due to an 
unbalanced karyotype [13-17]. In our study cohort, in 7 of the 
20 examined couples, the reciprocal translocations have been 
discovered through a child born with anomalies. Based on the 
criteria proposed by other authors, the risk of having another 
child with anomalies in these couples is around 20%. In 13 of 
the 20 couples in our cohort, reciprocal translocations were 
discovered through the investigation of recurrent spontaneous 
miscarriages. In these couples, the risk of having a baby born 
with anomalies is lower than 5%. 

Mothers who are carriers of reciprocal translocations 
possess a higher risk of giving birth to a child with anomalies 
compared to the risk when the father is the carrier. If a mother 
is the carrier of a reciprocal translocation, the average risk 
of giving birth to a child with anomalies is around 7%, while 
if the father is the carrier the risk is around 3%. Within the 
examined group with reciprocal translocations when the 
mother was the carrier of the reciprocal translocations with 
one long translocated segment in one chromosome and one 
short translocated segment in the other chromosome four 
children were born with anomalies, while when the carrier of 
reciprocal translocation was the father only two children were 
born with anomalies. 

In 6 of the patients of our study cohort, reciprocal 
translocations with short translocated segments in both 
chromosomes that were part of the translocation were found 
(Table 2). Based on the criteria proposed by other authors 
for disjunction and segregation of chromosomes during 
meiosis carriers of this type of reciprocal translocation have a 
predisposition for the creation of unbalanced gametes during 
meiosis through disjunction 2:2 and segregation adjacent -1 
[15,17]. Therefore the carriers of these translocations have a 
risk of giving birth to descendents with partial trisomia or 
partial monosomia. Partial trisomia can be compatible with 
intrauterine life, and these babies can be born alive but will 
demonstrate congenital anomalies. In our patient cohort, there 
was only one child born with anomalies in this group of patients 
(Table 4) even though we would have expected a higher number 
of children with anomalies because of the disposition that these 
carriers have for disjunction 2:2 and segregation adjacent -1, a 
type of segregation which leads to the birth of a higher number 
of descendants with anomalies. This can be explained by the 
fact that the translocated segments, even if they are short, 
carry important genes for the life of the descendent, which 
in trisomia or monosomia state are incompatible with the 
intrauterine fetal life. These data show that in order to assess 
the risk of having a descendant with an unbalanced karyotype 

from reciprocal translocation carriers, the physical status of 
the translocated segments of the chromosomes is alone not a 
defi nitive determinant. One has also to take into consideration 
the genetic composition of these segments. However, carriers 
of reciprocal translocations with short translocated segments 
in both chromosomes that are a part of translocation have a 
higher general reproductive risk and a high risk of giving birth 
to descendants with anomalies. 

In 3 patients of our research cohort, we found reciprocal 
translocations with long translocated segments in both 
chromosomes that are a part of the translocation (Table 2). 
Based on the criteria proposed by other authors for assessing 
the reproductive risk for disjunction and segregation of the 
chromosomes during meiosis, the patients with this type 
of translocation have a predisposition for the creation of 
unbalanced gametes through disjunction 2:2 and segregation 
adjacent -2, which are incompatible with the intrauterine life of 
the fetus in trisomic and also monosomic state [17,18]. This can 
be proved by the severe impairment of the reproductive health 
of the patients of this group, who had no live births, neither 
of health nor of babies with anomalies (Table 3). Two of the 
patients in this group suffered from primary infertility. Since 
a similar phenomenon has been noted by other researchers 
as well, we can conclude that reciprocal translocations with 
long translocated segments may cause infertility [25]. Based 
on the anamnesis of real reproduction we can observe that 
the patients that were a part of this group have a high risk 
of general reproductive, while a lower risk of giving birth to 
a descendant with anomalies, since the fetus that they create 
has a huge change in the genetic material that can cause the 
early intrauterine death of the fetus in every pregnancy and 
this won’t allow these patients to give birth to a healthy child 
or a child with anomalies.

Most of the patients in our cohort (55%) carried reciprocal 
translocations with one long translocated segment in one 
chromosome and one short translocated segment in the other 
chromosome that is a part of the translocation (Table 2). 
Through their reproductive history, we can observe that this 
group of patients had the highest number of healthy live-born 
children, children with anomalies, and stillborn children (Table 
5). This demonstrates the fact, that in carriers of this type of 
reciprocal translocation, there is the possibility of every type 
of disjunction and segregation of chromosomes occurring after 
the formation of the quadrivalent during meiosis. As a result, 
all possible outcomes can be observed in this group of patients. 
Normal-born children are the result of gametes created through 
disjunction 2:2 and segregation alternative, while children 
with malformations, stillbirths, and spontaneous miscarriages 
can be the result of disjunction 2:2 and segregation adjacent-1, 
of disjunction 2:2 and segregation adjacent 2 or disjunction 3:1. 

Based on the reproductive data of our study cohort, we 
can observe that in all three groups of our patients, with 
three different types of reciprocal translocations, there is an 
increased risk of spontaneous miscarriages, which has a big 
impact on the reproductive health of these carriers. No similar 
reciprocal translocations, as the translocations presented in 
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this study, have been found in the already published literature. 
The married couples with mutual translocations presented 
in our paper during pregnancy did not have a prenatal 
cytogenetic diagnosis of the fetus. we recommend that in 
married couples affected by reciprocal translocations during 
each pregnancy cytogenetic diagnosis of the fetus is performed 
through chorionic villus biopsy (choriocentesis), through early 
amniocentesis, or through cordocentesis, and if chromosomal 
aberrations are detected in the fetus, the parents decide on 
continuation or interruption of pregnancy. we also prefer that 
phenotypically normal children born to couples with reciprocal 
translocations have their karyotype analyzed, because any of 
them may be silent carriers of reciprocal translocations. It 
would be good to discover as soon as possible the silent carriers 
of reciprocal translocations to prevent the birth of children 
with chromosomal aberrations.

Conclusions

After the cytogenetic and pedigree analysis of the couples 
with reciprocal translocations included in our study, we 
reached the following conclusions: Couples with reciprocal 
translocations have a lower reproductive ability since 59,4% of 
all the pregnancies among these couples ended in spontaneous 
miscarriages, 14,1% in stillborn children, 10,9% in children 
with malformations and only 15,6% liveborn healthy children. 
The most frequent translocations among all the patients 
that were a part of our study, were the group with reciprocal 
translocation that carried one long translocated segment in 
one chromosome and one short translocated segment in the 
other chromosome. This type of translocation was present in 
11 couples (55%). These couples had a high risk of giving birth 
to children with anomalies and spontaneous miscarriages. 
The lowest frequency (15%) was amongst the couples that 
had reciprocal translocation with long translocated segments 
in both chromosomes that were a part of the translocation. 
All three groups of patients with different reciprocal 
translocations, that were a part of the study, showed a high 
risk of spontaneous miscarriages. Reciprocal translocations 
were the cause of primary infertility in three couples.
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