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ABSTRACT 

Background and objective
A small supernumerary marker chromosome (sSMC) is a rare structurally abnormal chromosome in 
which no part can be identified by conventional cytogenetic banding technique. There is little known 
about the association of marker chromosomes with male infertility. We performed a molecular cyto-
genetic characterization sSMCs and investigated their association with male infertility.

Methods
Among 4230 infertile male patients who underwent cytogenetic analyses from January 2008 to 
December 2018, the records of 15 patients who were diagnosed with sSMCs were reviewed. After ini-
tial infertility evaluation, the patients received additional genetic tests including G-bands by trypsin 
using Giemsa (GTG-banding), Nucleolar organizer region (NOR) banding, Fluorescence in situ 
hybridization (FISH), and array comparative genomic hybridization (aCGH) analyses to further char-
acterize and identify the origin of their marker chromosome. Testis biopsy was performed for the 
azoospermic patients to evaluate spermatogenic status.
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INTRODUCTION

Infertility, defined as the inability of a couple 
to have a baby after 1 year of regular unprotected 
intercourse, affects 10–15% of couples. Among 
couples with infertility, it is estimated that 35% of 
cases are due to female factors alone, 30% are due 
to male factors alone, 20% are due to a combina-
tion of male and female factors, and 15% are due 
to explained causes.1 Known causes of male infer-
tility include anatomical abnormalities, hormonal 
imbalances, and genetic defects. However, vari-
ous aspects of male infertility are still poorly 
understood, and many men are diagnosed as hav-
ing idiopathic infertility. Although researchers 
believe that genetic background has a substantial 
effect on male infertility, the ability to diagnose 
these defects is limited.2,3 

On the other hand, recent assisted reproduc-
tive technologies (ARTs), such as in vitro fertiliza-
tion (IVF) and intracytoplasmic sperm injection 
(ICSI), have revolutionized infertility treatment 
and achieved high pregnancy rates. However, 
ART can lead to ovarian hyperstimulation syn-
drome (OHSS), multiple pregnancy, premature 
birth, and low birth weight. In addition, current 
ARTs, especially ICSI, can potentially increase 
the risk of bypassing the natural selection mecha-
nism.4,5 Therefore, identifying the underlying 

genetic basis of male-factor infertility is essential 
for development of appropriate screening tests 
that can be used to counsel couples planning for 
assisted reproduction. Current genetic tests for 
male infertility, such as karyotyping and Y chro-
mosome microdeletion testing, are widely avail-
able and provide a direct benefit to infertile 
couples with severe male-factor infertility.

A small supernumerary marker chromosome 
(sSMC) is defined as a rare structurally abnormal 
chromosome in which no part can be identified 
by conventional cytogenetic banding technique. 
The prevalence of sSMCs is estimated to be 
0.03–0.05% among infants.6 The significance of 
an sSMC marker is variable, depending on its 
composition, and there is little known about the 
association of marker chromosomes with male 
infertility. Herein, we characterized the molecular 
cytogenetics of sSMCs and investigated their 
association with male infertility.

METHODS

This retrospective study analyzed the records 
of the patients who underwent cytogenetic analy-
ses for male infertility at a single fertility center 
and was approved by our Institutional Review 
Board (GCI-20-13). Among the 4230 infertile 
male patients who underwent cytogenetic 

Results
Among 15 infertile males with sSMCs, eight had nonobstructive azoospermia, five had severe oligozo-
ospermia, and two had sperm concentrations above the lower normal limit. The marker chromosomes 
were identified as Y ring chromosomes (n = 8), an isodicentric Y chromosome (n = 1), a neocen-
tromere Y chromosome (n = 1), a derivative chromosome 1 (n = 1), and an acrocentric short arms 
(n = 4). 

Conclusion
Marker chromosomes appear to be a rare genetic cause of male infertility. Additional cytogenetic 
tests, including NOR banding, FISH, and aCGH, could help to characterize the origin of the marker 
chromosome. Appropriate genetic counseling for couples with infertility caused by a marker chromo-
some should be recommended. 
Key Words: Male infertility; Marker chromosome; Azoopermia; Cytogenetic analyses; Genetic 
counseling
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analyses from January 2008 to December 2018, 
the records of patients diagnosed with marker 
chromosome abnormality were reviewed. Patients 
with cryptorchidism, previous scrotal surgery, or 
exposure to a gonadotoxin such as chemotherapy 
were excluded. 

A total of 15 infertile male patients with 
marker chromosomes were finally included. 
Initial fertility evaluation consisted of a thorough 
personal and family history, physical examina-
tion, semen analyses, and profiles of reproductive 
hormones. Testis volume was measured using an 
orchidometer by an experienced andrologist. The 
patients underwent additional genetic tests due to 
severe male infertility with nonobstructive azo-
ospermia or severe oligozoospermia (<5 × 106/mL) 
at the initial evaluation.

All semen samples were obtained by mastur-
bation into a wide-mouthed plastic container 
after at least 2 days of sexual abstinence, and were 
allowed to liquefy for at least 20 min at 37°C 
before further analysis. Then, semen parameters, 
including sperm concentration, motility, and 
morphology, were assessed. If  sperm were not 
detected using a conventional microscopic Makler 
chamber evaluation, the sample was rechecked 
after centrifugation at 1500 × g for 10  min to 
detect any sperm. 

Cytogenetic analyses were performed accord-
ing to the standard operating protocol as previ-
ously described.7 Metaphase spreads from 
lymphocytes were prepared. G-bands by trypsin 
using Giemsa (GTG-banding) and Nucleolar 
organizer region (NOR) banding were used to 
identify the marker as an acrocentric chromo-
some or a neocentromere, respectively. 
Fluorescence in situ hybridization (FISH) using 
specific probes (Vysis, Abbott Park, IL, USA) 
and aCGH analyses using array probe 
(Affymetrix, Santa Clara, CA, USA) were used 
to identify the origin of the marker chromosome. 
The polymerase chain reaction (PCR) and direct 

TABLE 1 Patient Characteristics

Clinical characteristics
Number of patients 15
Age (years) 35 years (31–43) 
Infertility duration (months) 12.8 ± 8.8 
Azoospermia (cases) 8
Severe oligozoospermia (cases) 5
Normal (≥15×106/mL) (cases) 2
Serum FSH (mIU/mL) 22.9 ± 8.4
Serum Testosterone (ng/mL) 4.8 ± 2.0
Rt. testis volume (mL) 8.4 ± 5.4
Lt. testis volume (mL) 8.0 ± 5.4

sequencing were used to clarify the deleted loci of 
the Y chromosome with Y-specific sequence-
tagged sites (STSs). All procedures were followed 
according to the manufacturer’s instructions.

RESULTS

We retrospectively examined 15 infertile male 
patients with sSMCs (Table 1). The mean age was 
35 years (range: 31–43 years) and the mean dura-
tion of infertility was 12.8 ± 8.8 months. Infertility 
was the main clinical issue in all patients, and 
none of them had any other abnormality, such as 
mental retardation, dysmorphic features, or 
motor disturbance. The mean serum FSH level 
was 22.9 ± 8.4 mIU/mL (normal: 1.5–12.4), the 
mean testosterone level was 4.8 ± 2.0 ng/mL 
(normal: 3–12), and the mean testis volume 
8.4 ± 5.4 mL (right) and 8.0±5.4 mL (left). Eight 
patients had nonobstructive azoospermia, five 
patients had severe oligozoospermia, and two 
patients had sperm concentrations above the 
lower normal limit (≥15 × 106/mL). 

GTG banding indicated the karyotype was 46, 
X, +mar or 47, XY, +mar (mostly mosaic forms) 
in all 15 patients (Figure 1). We performed addi-
tional tests to identify the origin of the 15 marker 
chromosomes (Figures 2 and 3). The results 
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FIG. 1  Representative images showing GTG-banding of a marker chromosome (a) and NOR-
banding with an acrocentric origin of a marker (b).
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indicated that these marker chromosomes were 
Y  ring chromosomes (n  =  8), an isodicentric Y 
chromosome (n = 1), a neocentromere Y chromo-
some (n = 1), a derivative chromosome 1 (n = 1), 
and acrocentric short arms (n = 4) (Table 2). 

Eight patients underwent a testis biopsy for 
pathologic diagnosis. The results showed Sertoli 
cell only tubules (n = 6), maturation arrest (n = 1), 
and hypospermatogenesis (n = 1). 

DISCUSSION

We analyzed 15 cases of sSMC-associated 
male infertility. In all cases, infertility was the 
main clinical issue and the men were otherwise 
healthy and with no other concomitant 

FIG. 2  Representative images showing a normal Y chromosome (a), a neocentromere of a Y 
chromosome (b), and C-banding and FISH indicating the marker was a neocentromere of the Y 
chromosome (c) and (d). 

neo(Y)
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FIG. 3  Representative FISH images with Tel 
Xp/Yp SpectrumGreen and CEP Y (DYZ3) 
showing the marker was a ring Y chromosome. 



Marker Chromosomes and Male Infertility

J Mens Health Vol 16(3):e11-e18; 17 July 2020
This article is distributed under the terms of the Creative Commons Attribution-Non

Commercial 4.0 International License. ©2020 Kim et al.

e16

abnormalities. Male infertility is an example of a 
complex phenotype with substantial genetic basis. 
Previous studies estimated that underlying genetic 
abnormalities account for 15–50% of male-factor 
infertility.3,8 These genetic factors include numer-
ical and structural chromosomal anomalies and 
several gene mutations. For example, karyotypic 
abnormalities are present in 5% of patients with 
fertility problems, and the prevalence increases to 
13% when considering men with azoospermia.2 
Most chromosomal abnormalities associated 
with male infertility involve the sex chromosomes, 
and Klinefelter syndrome (47, XXY) is the most 

commonly detected karyotypic abnormality in 
infertile men.

Previous studies reported that sSMCs, a spe-
cific genetic imbalance, were present in the 
patients with mental retardation, infertile cou-
ples, and prenatal fetuses.9 We identified 15 of 
4230 infertile males as carriers of marker chro-
mosomes, corresponding to a frequency of about 
0.35%, similar to previously reported data. 
sSMCs can occur as ring chromosomes, minute 
acrocentric chromosomes, or inverted duplica-
tions. In our study, eight patients had Y ring 
chromosomes, one had an isodicentric Y 

TABLE 2 The Characterization of Marker Chromosomes 

Infertility type Additional tests Marker type Final Result
1 Severe 

oligozoospermia
FISH inv dup(15) 47,XY,+mar.ish idic(15)(D15Z4+)

2 NOA FISH r(Y) mos 46,X,r(Y)[85]/45,X[15].ish  
r(Y)(SRY+,DYZ3+,telXp/Yp-)

3 Severe 
oligozoospermia

NOR inv dup(acro) inv dup(acro)

4 NOA FISH idic(Y) 46,X,+mar.ish  
idic(Y)(q11)(TelXp/Yp++,DYZ3++)

5 Normal NOR inv dup(acro) inv dup(acro)
6 Severe 

oligozoospermia
aCGH, FISH der(1) mos 47,XY,+mar[10]/46,XY[10].ish  

der(1)(D1Z1+)
7 NOA Y microdeletion r(Y) mos 45,X[6]/46,X,r(Y)[44]
8 Normal NOR inv dup(acro) inv dup(acro)
9 NOA FISH/Y 

microdeletion 
r(Y) mos 46,X,r(Y)[38]/45,X[12]

10 Severe 
oligozoospermia

FISH/Y 
microdeletion

r(Y) mos 46,X,r(Y)[44]/45,X[6]

11 NOA Y microdeletion r(Y) mos 46,X,r(Y)inv(9)(p12q13)[82]/45,X,inv(9)[18]
12 NOA Y microdeletion r(Y) mos 45,X[68]/46,X,r(Y)[32]
13 NOA Y microdeletion r(Y) mos 45,X[68]/46,X,r(Y)[32]
14 Severe 

oligozoospermia
C-banding, FISH,
Y microdeletion 

neo(Y) 46,X,neo(Y)(pter→q12→neo→q12→qter)[110]
/45,X[10]

15 NOA Y microdeletion r(Y) mos 45,X[20]/46,X,r(Y)[80]

NOA, Non-obstructive azoospermia; FISH, Fluorescence in situ hybridization; NOR, Nucleolar organizer region; aCGH, array 
comparative genomic hybridization.
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chromosome, one had a neocentromere Y chro-
mosome, one had a derivative chromosome, and 
four had acrocentric short arms. 

Most publications that examined the associa-
tion of marker chromosomes with male infertility 
were case reports.10,11 One relatively large study 
analyzed the connection of sSMCs with fertility 
in 32 patients.12 However, that study included 
male and female patients and did not provide 
detailed clinical characteristics of these patients. 
Although the correlation between the presence of 
an sSMC and male infertility is still unclear, these 
related reports also showed an association of an 
sSMC with spermatogenesis impairment, espe-
cially oligozoospermia. Our study only analyzed 
infertile males, and clearly showed a strong asso-
ciation between the presence of an sSMC and 
male infertility due to severely impaired 
spermatogenesis. 

The significance of a marker chromosome can 
vary, and generally depends on its specific genetic 
composition. Sometimes, the marker consists of 
inactive genetic material that has little or no 
effect. In fact, two patients in our study who had 
marker chromosomes also had normal sperm 
concentrations, suggesting that the genetic mate-
rial in their marker chromosomes did not signifi-
cantly impact spermatogenesis. 

Spermatogenesis is a complex developmental 
process in adult testes that requires the coordi-
nated expression of many genes. Y chromosome 
microdeletion is a well-known genetic cause of 
male infertility due to its impairment of sper-
matogenesis, and there are concerns for transmis-
sion of this trait to male offspring after ART.5 
The long arm of the Y chromosome (Yq) con-
tains the azoospermia factor (AZF) region, which 
contains genes critical for spermatogenesis; 
microdeletion of this region is associated with 
severe oligozoospermia or azoospermia.13 The 
ring Y chromosome and the isodicentric Y 
marker chromosome in our study may have 

combined Y chromosome microdeletions, result-
ing in severe disruption of spermatogenesis. 

Accurate transmission of the haploid chromo-
somal content is fundamental for embryonic 
vitality and development. Study of the underly-
ing genetic causes of male-factor infertility has 
become more important because increasing use 
of ARTs (such as ICSI) may allow fertilization 
even in men whose infertility has a genetic basis.14 
Correct genetic diagnosis is therefore essential for 
providing appropriate counseling to infertile cou-
ples about the effectiveness and safety of ART 
treatments, such as IVF/ICSI, and preimplanta-
tion genetic diagnosis. 

Limitations of this study include the relatively 
small number of patients and the use of retro-
spective analysis. Another limitation is that it was 
mainly cytogenetic analyses, not gene-level analy-
ses. However, cytogenetic studies are essential 
and important in evaluating the genetic causes of 
male infertility, and our study provided analysis 
of rare genetic causes of male infertility due to 
marker chromosomes. Further research using 
advanced techniques, such as whole-genome 
analysis with next-generation sequencing, are 
needed for more detailed investigations of the 
genetic association of sSMCs with male 
infertility.15,16

CONCLUSION

Marker chromosomes appear to be a rare 
genetic cause of male infertility. Additional cyto-
genetic tests, including NOR banding, FISH, and 
aCGH, could help to characterize the origin of 
the marker chromosome. Appropriate genetic 
counseling for couples with infertility caused by a 
marker chromosome should be recommended. 

CONFLICT OF INTEREST

The authors have no potential conflict of 
interest to declare with respect to the research, 
authorship, and publication of this article.



Marker Chromosomes and Male Infertility

J Mens Health Vol 16(3):e11-e18; 17 July 2020
This article is distributed under the terms of the Creative Commons Attribution-Non

Commercial 4.0 International License. ©2020 Kim et al.

e18

FUNDING

This work was supported by the National 
Research Foundation of Korea (NRF) grant 
funded by the Korea government (MSIT) 
(No. 2019R1G1A100223712).

REFERENCES

	 1.	 Leaver RB. Male infertility: An overview of 
causes and treatment options. Br J Nurs 
2016;25:S35–40. https://doi.org/10.12968/bjon.2016.​
25.18.S35

	 2.	 Ferlin A, Raicu F, Gatta V, et al. Male infertility: 
Role of genetic background. Reprod Biomed 
Online 2007;14:734–45. https://doi.org/10.1016/
S1472-6483(10)60677-3

	 3.	 Carrell DT, De Jonge C, Lamb DJ. The genetics 
of male infertility: A field of study whose time is 
now. Arch Androl 2006;52:269–74. https://doi.
org/10.1080/01485010500503603

	 4.	 O'Flynn O'Brien KL, Varghese AC, Agarwal A. 
The genetic causes of male factor infertility: A 
review. Fertil Steril 2010;93:1–12. https://doi.
org/10.1016/j.fertnstert.2009.10.045

	 5.	 Silber SJ, Repping S. Transmission of male infer-
tility to future generations: Lessons from the Y 
chromosome. Hum Reprod Update 2002;8:217–
29. https://doi.org/10.1093/humupd/8.3.217

	 6.	 Liehr T, Weise A. Frequency of  small supernu-
merary marker chromosomes in prenatal, 
newborn, developmentally retarded and infertil-
ity diagnostics. Int J Mol Med 2007;19(5):​
719–31. 

	 7.	 Jiang Y, Yue F, Wang R, et  al. Molecular cyto-
genic characterization of an isodicentric Yq and a 
neocentric isochromosome Yp in an azoospermic 
male. Mol Med Rep 2020;21:918–92. https://doi.
org/10.3892/mmr.2019.10883

	 8.	 Brugh VM 3rd, Maduro MR, Lamb DJ. Genetic 
disorders and infertility. Urol Clin North 

Am 2003;30:143–52. https://doi.org/10.1016/S0094- 
​0143(02)00112-X

	 9.	 Liehr T, Claussen U, Starke H. Small supernu-
merary marker chromosomes (sSMC) in humans. 
Cytogenet Genome Res 2004;107:55–67. https://
doi.org/10.1159/000079572

	10.	 Song SH, Park SH, Shin E, et al. Male infertility 
associated with a supernumerary marker chromo-
some. World J Mens Health 2017;35:205–8. http://
dx.doi.org/10.5534/wjmh.17015

	11.	 Koç A, Onur SO, Ergün MA, et al. Supernumerary 
marker chromosome 15 in a male with azoosper-
mia and open bite deformity. Asian J Androl 
2009;11:617–22. http://doi.org/10.1038/aja.2009.37

	12.	 Manvelyan M, Riegel M, Santos M, et al. Thirty-
two new cases with small supernumerary marker 
chromosomes detected in connection with fertility 
problems: Detailed molecular cytogenetic charac-
terization and review of the literature. Int J Mol 
Med 2008;21:705–14.

	13.	 Yu X-W, Wei Z-T, Jiang Y-T, et al. Y chromosome 
azoospermia factor region microdeletions and 
transmission characteristics in azoospermic and 
severe oligozoospermic patients. Int J Clin Exp 
Med 2015;8:14634–46. 

	14.	 Giacone F, Cannarella R, Mongioì LM, et  al. 
Epigenetics of male fertility: Effects on assisted 
reproductive techniques. World J Mens 
Health 2019;37:148–56. http://dx.doi.org/10.5534/
wjmh.180071

	15.	 Carrell DT. Contributions of spermatozoa to 
embryogenesis: Assays to evaluate their genetic 
and epigenetic fitness. Reprod Biomed Online 
2008;16:474–84. https://doi.org/10.1016/S1472-
6483​(10)60454-3

	16.	 Aston KI, Carrell DT. Genome-wide study of sin-
gle-nucleotide polymorphisms associated with 
azoospermia and severe oligozoospermia. 
J Androl 2009;30:711–25. https://doi.org/10.2164/
jandrol.109.007971

https://doi.org/10.12968/bjon.2016.25.18.S35
https://doi.org/10.12968/bjon.2016.25.18.S35
https://doi.org/10.1016/S1472-6483(10)60677-3
https://doi.org/10.1016/S1472-6483(10)60677-3
https://doi.org/10.1080/01485010500503603
https://doi.org/10.1080/01485010500503603
https://doi.org/10.1016/j.fertnstert.2009.10.045
https://doi.org/10.1016/j.fertnstert.2009.10.045
https://doi.org/10.1093/humupd/8.3.217
https://doi.org/10.3892/mmr.2019.10883
https://doi.org/10.3892/mmr.2019.10883
https://doi.org/10.1016/S0094-0143(02)00112-X
https://doi.org/10.1016/S0094-0143(02)00112-X
https://doi.org/10.1159/000079572
https://doi.org/10.1159/000079572
http://dx.doi.org/10.5534/wjmh.17015
http://dx.doi.org/10.5534/wjmh.17015
http://doi.org/10.1038/aja.2009.37
http://dx.doi.org/10.5534/wjmh.180071
http://dx.doi.org/10.5534/wjmh.180071
https://doi.org/10.1016/S1472-6483(10)60454-3
https://doi.org/10.1016/S1472-6483(10)60454-3
https://doi.org/10.2164/jandrol.109.007971
https://doi.org/10.2164/jandrol.109.007971

