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Male factor infertility is known to be responsible for 50% of

infertility, which affects 10-15% of all couples. The conventional

method to screen men undergoing fertility treatment is via semen

analysis, however this is limited in its usefulness in giving

information about the actual genomic competence of the

spermatozoa. Fluorescent in situ hybridization (FISH) is the

standard technique used to evaluate the cause of recurrent

pregnancy loss or recurrent IVF failure by measuring the

incidence of aneuploidy in spermatozoa. However, this technique

has its limitations. The assessment of the karyotype by copy

number variants (CNVs) through Next Generation Sequencing

(NGS) has been gaining popularity due to its accuracy and ability

to assess all chromosomes. CNVs, or deletions and duplications

on individual chromosomes, may contribute to the genome

variability of spermatozoa. The purpose of this study is to use

NGS to assess the gene CNV between fertile and infertile

cohorts.

In infertile couples where standard tests fail to provide information on male gamete competence, DNA sequencing provides a comprehensive method for genetic

assessment. While FISH has its limitations, NGS allows for a more thorough screening of the male gamete. Moreover, the detection of CNVs identifies specific gene

imbalances that may guide towards the appropriate ART procedure and possibly predict a successful pregnancy outcome.
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Ejaculates were obtained from 2 donor specimens and

consenting men undergoing ART by ICSI. These men were

subdivided according to their ability to carry on a successful

pregnancy and compared to those with an early miscarriage.

Aneuploidy assessment by FISH was performed on at least 1000

sperm cells with a threshold of >1.6%. Whole genome

assessment was carried out by extracting DNA from ~500

spermatozoa per sample followed by PCR-based random

hexamer amplification, yielding an average DNA concentration of

580±348ng/ul with an adequate quality for Next Generation

Sequencing (NGS). CNVs were calculated by CASAVA and

VarScan2 and compared between the fertile and infertile cohorts.

The average male and female age was 38.3±7yrs and 37.5±5yrs, respectively. Six couples in 15 ICSI cycles achieved a clinical pregnancy rate of 80%, defining the fertile group. Another ten couples were

treated in 21 cycles and achieved a pregnancy rate of only 23.8%. However, these cycles resulted in a first trimester pregnancy loss and defined the infertile group (Table 1). For these two cohorts, sperm

aneuploidy by FISH was comparable at 2.8% and 3.1%, respectively. Whole genome sequencing, on the other hand, yielded an overall aneuploidy of 4.0% for the fertile and 8.6% for the infertile group

(P<0.0001) (Figure 1).

Objective: We carried out a whole molecular karyotype with gene copy number variant (CNV) assessment to properly profile the male genome.

Design: Whole genome assessment was carried out on spermatozoa of men undergoing ART by ICSI and subdivided according to their ability to carry on a successful pregnancy and

compared to those with an early miscarriage.

Materials and Methods: Ejaculates were obtained from consenting men and 2 donor specimens. FISH was performed on at least 1000 sperm cells with a threshold of >1.6%. DNA was

extracted from ~500 spermatozoa per sample followed by PCR-based random hexamer amplification, yielding an average DNA concentration of 580±348ng/ul and adequate for Next

Generation Sequencing (NGS). CNVs were calculated by CASAVA and VarScan2.

Results: The average male and female age was 38.3±7yrs and 37.5±5yrs, respectively. Six couples in 15 ICSI cycles achieved a clinical pregnancy rate of 80%, defining the fertile

group. Ten couples treated in 21 cycles achieved a pregnancy rate of only 23.8% that, however, resulted in a first trimester pregnancy loss defining the infertile group. For those 2

cohorts, sperm aneuploidy by FISH was comparable at 2.8% and 3.1%, respectively. Whole genome sequencing, on the other hand, yielded an overall aneuploidy of 4.0% for the fertile

and 8.6% for the infertile group (P<0.00001). Gene duplications were 2.3% in the control, progressively increased to 8.4% in the fertile cohort, and reached 95% in the infertile

(P<0.00001). Similarly, gene sequencing deletions in the control at 4.4% rose to 6.1% in the fertile and all the way to 92.5% in the infertile cohorts (P<0.00001). Interestingly, for the fertile

and infertile cohorts there was a remarkable imbalance of DPY19L2 and ADAM3A, responsible for acrosomal development and sperm-egg fusion, respectively. On the other hand, in the

infertile men, we identified additional genes such as HAUS1, KIF4A, XRN1, and NLRP7, involved in centrosome integrity, spindle stabilization, telomere maintenance, and trophoblast

proliferation, respectively.

Conclusions: In infertile couples where standard tests fail to provide information on male gamete competence, DNA sequencing provides a comprehensive method for genetic

assessment. Detection of CNV identifies specific gene imbalances that may guide towards the appropriate ART procedure as well as predict a successful progression of pregnancy.

Support: None

ABSTRACT

Table 1. Patient characteristics for the control, fertile and infertile cohorts

Control Fertile Infertile

Couples 2 6 10

Female Age (M ± SD) 42.0 ± 1 35.5 ± 5 35.6 ± 4

Male Age (M ± SD) 21.0 ± 1 36.5 ± 2 37.9 ± 5

Cycles 2 15 21

Clinical Pregnancy (+FHB) 2 (100) 12 (80.0) 5 (23.8)

Pregnancy Loss (%) - - 5 (100)
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Gene duplications were 2.3% in the control, progressively increased to 8.4% in the fertile

cohort, and reached 95% in the infertile (P<0.05). Similarly, gene sequencing deletions in

the control at 4.4% rose to 6.1% in the fertile and all the way to 92.5% in the infertile cohorts

(P<0.05) (Figure 2). Interestingly, for the fertile and infertile cohorts there was a remarkable

imbalance of two genes responsible for acrosomal development and sperm-egg fusion. On

the other hand, in the infertile men, we identified additional genes involved in centrosome

integrity, spindle stabilization, telomere maintenance, and trophoblast proliferation (Table 2).

Table 2. Prevalent genes in all patients assessed as well as those imbalanced in only the infertile cohort

Gene Chr Function

DPY19L2 7 Sperm head elongation and acrosome formation

ADAM3A 9 Involved in sperm-egg fusion during fertilization

Prevalent genes in the Infertile Cohort:

HAUS1 18 Mitotic spindle assembly, maintenance of centrosome integrity, completion of cytokinesis

KIF4A X Plays a role in mitotic chromosomal positioning and bipolar spindle stabilization.

XRN1 3 Homologous recombination, meiosis, telomere maintenance, and microtubule assembly

NLRP7 19 Trophoblast development

Figure 1. Comparing FISH and NGS assessment  on 

the same individual according to reproductive potential 

Figure 2. Comparing duplications and deletions according to 

reproductive potential


