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There are many limitations surrounding the standard semen analysis and routinely utilized 
infertility screening diagnostic assays that aim at measuring the reproductive capacity of 
males seeking fertility treatment. Although a semen analysis provides a solid base for guiding 
towards proper infertility treatment, many physiological prerequisites to yield a viable 
conceptus remain unassessed.  

RNA-Seq is a promising tool that is capable of classifying and predicting the value of the 
contribution by the paternal gamete to the embryonic epigenome. By quantifying vital sperm 
RNA transcripts, we can predict their influence upon delivery to the oocyte and how they link 
to embryonic development. The absence of key coding and non-coding RNA found within the 
spermatozoon has been correlated to infertility (1). 

In this study, we attempted to profile the paternal transcriptome and categorize key 
regulating factors involved in syngamy by controlling vital checkpoints during embryogenesis 
and spermatogenesis. Expressions of specific genes were then related to fertile and infertile 
individuals.  

Objective: To classify and predict the value of the contribution by the paternal gamete to the embryonic epigenome. By identifying vital spermatozoa RNA transcripts, 
we can predict their influence upon delivery to the oocyte and how they link to embryonic development. 
Design: Beyond transporting the genetic material to the oocyte, spermatozoa deliver coding and non-coding RNA that ordain early embryonic development. We 
attempted to profile the paternal transcriptome and categorize key regulating factors involved in syngamy by controlling vital checkpoints during embryogenesis. 
Expression of specific genes were related to fertile and infertile individuals. 
Materials and methods: Men undergoing infertility treatment were screened and semen parameters were assessed according to WHO 2010. RNA was isolated from 
25 x 106 human spermatozoa using a spin column commercial kit. The nucleic acid quality, RNA integrity number (RIN), and spermatozoal RNA concentration were 
assessed. The RNA samples were then made into paired-end libraries. Pilot paired-end 36bp RNA-Sequencing (RNA-Seq) using an Illumina platform (NextSeq 500) 
was carried out and then expanded to 60M reads. 
Results: In 19 consenting infertile men with a mean age of 39.6 ± 5.1yrs, an average sperm concentration of 47.9 ± 16.0 x 106/mL, motility of 47.1 ± 5.5%, and 
normal morphology of 2.9 ± 1.6%. The RNA isolated from the samples yielded an average concentration of 14.05 ± 5.9 ng/µL and a RIN of 5.9 ± 1.7. BOK, a 
regulating factor of apoptosis during the cell cycle, had an excess of transcripts in the sperm of infertile patients, corresponding to a higher (14.3%) embryonic 
fragmentation rate. RANBP2 contributes to the reorganization of the paternal genome post-fertilization but was found to be comparably expressed in both fertile and 
infertile men; coinciding with acceptable embryo cleavage (85.7%) in the infertile cohort. PLK4 and BUB1, which dictate chromosome stability & mitotic segregation by 
regulating centriole development, displayed a decreased expression in the infertile group and indeed this group yielded 66.7% genetically abnormal embryos as 
determined by preimplatation genetic diagnosis. 
Conclusion: Sperm RNA-Seq is an ideal technique capable of reaching beyond microscopic evaluation, morphometric assessment, and traditional diagnostic assays 
to help predict the contribution of the male gamete to early pre-implantation development. This novel technique, by assessing coding and non-coding RNA, may 
further classify the transcripts that play an influential role in pre and post fertilization and informs on embryo developmental competence of a specific paternal 
epigenome. 
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Sperm RNA-Seq is an ideal technique capable of reaching beyond microscopic evaluation, 
morphometric assessment, and traditional diagnostic assays to help predict the contribution 
of the male gamete to early pre-implantation development. This novel technique, by 
assessing 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. 
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METHODS 
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. The option of “--very-sensitive” is activated in 
tophat in order to increase mapping sensitivity and accuracy. Genes in hg19 and human 
lincRNA catalog were subjected to expression analysis using Cufflinks, version v2.2.1. 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. 

The profiles of infertile men were compared to a control 
based on multiple RNA-Seq parameters. By analyzing fold 
change in relation to p-values determined by differential 
analysis, we identified 86 genes with statistically different 
expression (Figure 2). 

Within this group of genes, 18.6% (16/86). Further analysis 
was performed on sets of genes with known association to 
male infertility, the expression values of the infertile group of 
patients were compared to a control (Figure 3).   

In 25 consenting infertile men with a mean age of 39.6 ± 5 yrs, an average sperm 
concentration of 46.3 ± 19 x 106/mL, motility of 44.8 ± 14%, and normal morphology of 2.9 ± 
2%. The RNA isolated from the samples yielded an average concentration of 14.3 ± 6 ng/µL 
and a RIN of 5.7 ± 2 (Table 1).  

RNA transcripts were classified and associated with spermatogenesis, sperm 
development, and sperm function (Figure 1). 

 Table 1. Patient characteristics 

Patients 25 

Male age (M yrs ± SD) 39.6 ± 5 

Sperm concentration (M x106/ml ± SD) 46.3 ± 19 

Motility (M% ± SD) 44.8 ± 14 
Morphology (M% ± SD) 2.9 ± 2 

RNA concentration (M ng/ul ± SD) 14.3 ± 6 

RNA integrity number (RIN; M ± SD) 5.7 ± 2 Figure 1. Depiction of genes known to be linked to 
infertility localized to the spermatogenic and 
spermiogeneic point in which they regulate. 

Key genes were correlated to 
c l i n i c a l o u t c o m e a n d g e n e 
expression values were compared 
(Table 2). BOK, a regulating factor of 
apoptosis during the cell cycle, had 
an excess of transcripts in the sperm 
of infertile patients, corresponding to 
a h igher (14 .3%) embryon ic 
f ragmenta t ion ra te . RANBP2 
contributes to the reorganization of 
t h e p a t e r n a l g e n o m e p o s t -
fertilization but was found to be 
comparably expressed in both fertile 
and infertile men; coinciding with 
acceptab le embryo c leavage 
(85.7%) in the infertile cohort.  

After sorting the genes by a 
calculated z-score, we determined 
the amount of exclusively expressed 
genes in the control group (n = 22) 
and infertile cohort (n = 245) above a 
value of 3.89 ± SD (Figure 4). 

Figure 2. Volcano plot depicting 
significantly over and under 
expressed genes in relation to 
fold change. 

Figure 3. Expression patterns in spermatozoa to identify the paternal transcriptome contribution with relation to genes involved in 
spermatogenesis and spermiogenesis (a), preimplatation embryos between 1 cell and 4 cell (b), preimplatation embryos 
between 4 cell and 8 cell (c). 
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Infertile (n = 2148) 
Exclusively expressed: 

245 (11.3%) 

Z-Selected Distribution Profile  
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(n = 1903) 

87.7% 

Figure 4. Exclusive and shared 
gene expression in the 
control and infertile cohorts. 

 

Table 2. Comparison of gene expression values 
for genes correlated to clinical outcome 

Content (FPKM) 

Gene Control Infertile 

BOK 5.22 10.4 

RANBP2 29.5 27.6 

PLK4 11.2 3.7 

BUB1 13.0 3.9 

PLK4 and BUB1, which dictate chromosome stability & mitotic segregation by regulating 
centriole development, displayed a decreased expression in the infertile group and indeed 
this group yielded 66.7% genetically abnormal embryos as determined by preimplatation 
genetic diagnosis. 
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