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A basic infertility should provide evidence of ovulation, adequate sperm production and 

patency of the fallopian tubes (1). However, even the most sophisticated diagnostic 

assessment cannot reveal all possible abnormalities. A semen analysis is routinely used as a 

clinical tool to investigate male infertility, though it rarely predicts spermatozoal function. Men 

with ostensibly normal semen parameters, can therefore, be subfertile or infertile due to 

presence of an otherwise unknown male genetic factor. Upon fertilization, the spermatozoon 

provides a complete, highly structured, and epigenetically marked genome that, together with 

a defined complement of RNAs and proteins, plays a distinct role in early embryonic 

development. In this context, next-generation sequencing of spermatozoal RNAs has 

emerged as a novel technique, which objectively measures the paternal genetic contribution 

to idiopathic infertility (1). The primary objective of this study is to investigate the epigenetic 

basis of idiopathic infertility using next-generation sequencing of spermatozoal RNAs, 

thereby identifying candidate genes central to spermatozoal competence.  

Background: A semen analysis is routinely used as a clinical tool to investigate male infertility, though it rarely predicts spermatozoal function. Men with ostensibly 

normal semen parameters, can therefore, be subfertile or infertile due to presence of an otherwise unknown male genetic factor. Next-generation sequencing of 

spermatozoal RNAs has emerged as a novel technique, which objectively measures the paternal genetic contribution to idiopathic infertility. 

  

Objective: To investigate the epigenetic basis of idiopathic infertility using next-generation sequencing of spermatozoal RNAs, thereby identifying candidate genes 

central to spermatozoal competence.  

 

Materials and methods: Three control (conceived naturally) and five test (able to achieve pregnancy via ICSI) samples were included in this study. RNA was isolated 

from 25x106 human spermatozoa using a hybrid isolation protocol utilizing TRIzol® Reagent (ThermoFisher Scientific, USA) and a commercially available spin 

column kit (RNeasy Mini Kit, QIAGEN, Germany). The nucleic acid quality and spermatozoal RNA concentration were assessed by 2100 Agilent Bioanalyzer and by 

NanoDrop™. Illumina stranded RNA-Seq library preparation with Ribozero purification was used to construct the paired-end libraries. Pilot sequencing expanded to 

50-60M reads at 2x76bp utilizing an Illumina platform (NextSeq 500). Data was then processed and analyzed following the Tuxedo Protocol.  

 

Results: RNA transcripts were classified and associated with spermatogenesis, sperm development, and sperm function. By analyzing fold change in relation to P-

values determined by differential analysis, we identified 86 genes with statistically different expression. Within this group of genes, 7 differentially expressed genes 

(APLF, CYUB5R4, ERCC4, MORC1, PIWIL1, TNFRSF21, and ZFAND6) known to regulate DNA repair mechanisms or protect spermatozoa from reactive oxygen 

species throughout spermatatogenesis showed significant under expression in the infertile group when compared to the fertile control.  

 

Conclusion: Our findings suggest that under-expression of genes involved in DNA repair or protection from apoptosis may be responsible for infertility in the study 

sample. Prospective and extensive data are required to elucidate the epigenetic mechanisms involved in male infertility. This may influence the choice of fertility 

treatments, thereby reducing the time to pregnancy. 

Our findings suggest that under-expression of genes involved in DNA repair or protection 

from apoptosis may be responsible for infertility in the study sample. Assessment of coding 

and non-coding RNA, may further classify the transcripts that play an influential role in 

spermatogenesis, pre and post fertilization, and informs on embryo developmental 

competence of a specific paternal epigenome. Prospective and extensive data are required 

to elucidate the epigenetic mechanisms involved in male infertility. This may influence the 

choice of fertility treatments, thereby reducing the time to pregnancy.  
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METHODS 

Three control (conceived naturally) and five test (able to achieve pregnancy via IVF-ICSI) 

samples were included in this study. Men undergoing infertility treatment were screened and 

semen parameters were assessed according to WHO 2010. RNA was isolated from 25x106 

human spermatozoa using a hybrid isolation protocol utilizing TRIzol® Reagent 

(ThermoFisher Scientific, USA) and a commercially available spin column kit (RNeasy Mini 

Kit, QIAGEN, Germany). The nucleic acid quality, RNA integrity number (RIN), and 

spermatozoal RNA concentration were assessed by 2100 Agilent Bioanalyzer and by 

NanoDrop™. Illumina stranded RNA-Seq library preparation with Ribozero purification was 

used to construct the paired-end libraries. Pilot sequencing was carried out at 2x36bp to 

determine library quality and then expanded to 50-60M reads at 2x76bp utilizing an Illumina 

platform (NextSeq 500). Data was then processed and analyzed following the Tuxedo 

Protocol (2). Quality control checks on the raw pair-end RNA-Seq reads are performed using 

FastQC, version v0.10.1. Reference genome sequences and gene annotations of human 

hg19 are downloaded from the Illumina iGenomes website. The paired-end reads are 

mapped to the reference genome using tophat, version 2.0.10, and and bowtie2, version 

2.1.0. Bias detection and correction algorithm is activated to improve accuracy of transcript 

abundance estimates. Expression values are calculated in FPKM (Fragments Per Kilobase 

Of Exon Per Million Fragments Mapped) and normalized read counts. Plots were generated 

in PNG using CummeRbund, version 2.10.0. 

Five consenting infertile men with a median age of 37 (29.5-41) years, sperm 

concentration of 58 (44.8-59.8) x 106/mL, motility of 60 (42-62.7)%, and normal morphology 

of 3 (3-4)% were included (Table 1). The median age of the female partner was 36 (31.3-

39.8) years. All couples had failed 2-4 IUI cycles, but subsequently achieved a live birth with 

ICSI.   

 

Figure 1: Volcano plot depicting significantly over and 

under expressed genes in relation to fold change for 

the study cohort.  

Figure 2: Expression patterns in spermatozoa to identify 

candidate genes central to spermatozoal competence 

and idiopathic infertility.  

Patient characteristics (n=5) 

Female age (years) 36 (31.3-39.8) 

 

Male age (years) 37 (29.5-41) 

 

Volume (mL) 2.0 (0.8-3.05) 

 

Concentration (x10^6/mL) 58 (44.8-59.8) 

 

Motility (%) 60 (42-62.7) 

 

Morphology (%) 3 (3-4) 

 

Table 1: Patient characteristics 

RNA transcripts were classified and associated with spermatogenesis, sperm 

development, and sperm function. By analyzing fold change in relation to P-values 

determined by differential analysis, we identified 86 genes with statistically different 

expression (Figure 1,2).  

Seven differentially expressed genes (APLF, CYUB5R4, ERCC4, MORC1, PIWIL1, 

TNFRSF21, and ZFAND6) known to regulate DNA repair mechanisms or protect 

spermatozoa from reactive oxygen species throughout spermatatogenesis showed significant 

under expression in the infertile group when compared to the fertile control (Table 2).  

 

 
Table 2: Candidate genes implicated in idiopathic male fertility based  

on next-generation sequencing of spermatozoal RNAs 

Gene Description Locus Control Test Log (Fold 

Change) 

P 

 

APLF Nuclease involved in single-

strand and double-strand DNA 

break repair. 

chr2:68694690-

68807294 

54.1008 7.14285 -2.92108 0.0002 

CYB5R4 Protects the cell from excess 

buildup of reactive oxygen 

species (ROS). 

chr6:84569369-

84670146 

299.354 17.7367 -4.07704 0.0001 

ERCC4 Involved in the 5' incision made 

during nucleotide excision 

repair. 

chr16:14014013-

14046205 

69.7445 7.76545 -3.16694 0.00005 

MORC1 Protein early in 

spermatogenesis, possibly by 

affecting entry into apoptosis. 

chr3:108677086-

108836993 

66.4155 3.9012 -4.08953 0.00025 

PIWIL1 Plays a central role during 

spermatogenesis by repressing 

transposable elements and 

preventing their mobilization, 

which is essential for the 

germline integrity. 

chr12:130822432

-130856877 

203.357 9.34235 -4.44408 0.0003 

TNFRSF21 Can also promote apoptosis 

mediated by BAX and by the 

release of cytochrome c from 

the mitochondria into the 

cytoplasm. 

chr6:47199267-

47277680 

193.186 8.39489 -4.52434 0.00015 

ZFAND6 Involved in regulation of TNF-

alpha induced NF-kappa-B 

activation and apoptosis. 

chr15:80351909-

80430735 

489.309 64.8089 -2.91648 0.0003 


