
Determining Embryo Developmental Competence by 
Measuring Expressivity of the Paternal Epigenome 

BACKGROUND
Although semen analyses are useful in diagnosing
male infertility, a normal semen analysis does not
guarantee fertility and does not provide functional
information about the sperm. While new infertility
biomarkers such as SCSA, TUNEL, FISH and Comet
assays may provide additional information, they do not
reflect an individual’s fertility potential. Upon
fertilization, the sperm provides a complete, highly
structured, and epigenetically marked genome into the
oocyte. It is thought that characterization of sperm
RNAs may be suited to better understand the
contribution of the paternal epigenome, and the
regulatory roles these RNA transcripts play in post-
fertilization embryo development. The purpose of this
study is to profile the transcriptome of men with
unexplained infertility and to identify key sperm-
specific RNAs that contribute to post-fertilization
embryonic developmental competence.

METHODS
During a 15-month period, RNA-Seq was performed
on ejaculated semen samples provided by men
undergoing infertility screening. All men had normal
semen parameters and their female partners <35
years had normal infertility screening.
RNA was isolated from 25x106 spermatozoa using a
hybrid isolation protocol with TRIzol® Reagent
(ThermoFisher Scientific, USA) and a spin column kit
(RNeasy Mini Kit, QIAGEN, Germany). Pilot
sequencing was carried out at 2x36bp to determine
library quality and expanded to 50-60M reads at
2x76bp utilizing an Illumina platform (NextSeq 500)
(Figure 1). Data was processed and analyzed using
the Tuxedo Protocol. Expression values were
calculated in FPKM (Fragments Per Kilobase of Exon
Per Million Fragments Mapped). The expression of
RNA transcripts was compared between men who
were and were not able to achieve conception with
intracytoplasmic sperm injection (ICSI).

The 25 consenting men had the following semen parameters: 37.3±17 x 106/mL
(concentration), 46.6±10% (motility), and normal morphology. The average concentration of
RNA extracted was 14.3±6 ng/μL.
The age demographics were comparable among couples who conceived i.e., fertile
(men=37.6±3 years; women=34.8±3 years) and did not conceive i.e., infertile (men=38.3±5
years; women=33.6±7 years) with ICSI. The fertilization rates with ICSI and number of
embryos transferred were also similar (Table 1).

RESULTS

RNA expression analysis revealed 86 differentially expressed genes between the groups
(P<0.001) – 24 overexpressed and 64 unexpressed (Figure 2). Unique gene expression
patterns were noted between the 1-4 cell stage and 4-8 cell stage.
The expression profiles of these RNA transcripts were compared with embryo development
parameters. A higher embryonic fragmentation rate (14.3%) was noted in the infertile group,
which corresponded to a higher expression of BOK RNA transcripts in the sperm of infertile
patients (P<0.001). The BOK gene is known to regulate apoptosis during the cell cycle;
however, the cleavage rate of embryos was similar between the two groups (85%) and was
consistent with the expression of RANBP2, a gene involved in the assembly of cytoskeletal
elements. PLK4 and BUB1, which dictate chromosome stability and mitotic segregation by
regulating centrosome development, had decreased expression in the infertile group
(P<0.001), possibly leading to increased aneuploidy and impaired implantation.

LIMITATIONS
The small sample size of our study represents a significant limitation. Thus, our findings need
further validation in a larger cohort. The contribution of the paternal genome in embryonic
aneuploidy needs confirmation via pre-implantation genetic screening of embryos or
cytogenetic analysis of miscarriage specimens.

Table 1: Comparison of demographics of the control, fertile and infertile cohort  

Parameter Donor Control Fertile Infertile
Couples 3 5 5

Female Age (M ± SD) 38.3 ± 5 33.6 ± 7 34.8 ± 3

Male Age (M ± SD) 21.0 ± 4 38.3 ± 5 37.6 ± 3

Cycles - 5 5
Fertilization (%) - 23/29 (79.3) 30/42 (71.4)

Clinical Pregnancy (+FHB) 3 5 0
Delivered 3 5 0

CONCLUSIONS

Transcriptome profiling of human spermatozoa using RNA-Seq can
reveal genes products that are critical to embryonic development and
assisted reproductive treatment outcomes. This novel technique can
further classify the transcripts that play an influential role in pre and post
fertilization and embryo developmental competence.

Figure 2: Heat map of differentially expressed genes

4 Cell – 8 Cell1 Cell – 4 Cell

Control Study Control Study

Nigel Pereira, Alessandra Parrella, Stephanie Cheung, Claire O’Neill, 
Zev Rosenwaks, Gianpiero D. Palermo 

The Ronald O. Perelman & Claudia Cohen Center for Reproductive Medicine, Weill Cornell Medicine, New York, NY

Study question: To profile the transcriptome of men with unexplained infertility and to identify key sperm-specific RNAs that
contribute to post-fertilization embryonic developmental competence.
Summary answer: Transcriptome profiling of human spermatozoa using next generation sequencing (RNA-Seq) can reveal genes
products that are critical to embryonic development and assisted reproductive treatment outcomes.
What is known already: Although semen analyses are useful in diagnosing male infertility, a normal semen analysis does not
guarantee fertility and does not provide functional information about the sperm. While new infertility biomarkers such as SCSA,
TUNEL, FISH and Comet assays may provide additional information, they do not reflect an individual’s fertility potential. Upon
fertilization, the sperm provides a complete, highly structured, and epigenetically marked genome into the oocyte. It is thought that
characterization of sperm RNAs may be suited to better understand the contribution of the paternal epigenome, and the regulatory roles
these RNA transcripts play in post-fertilization embryo development.
Study design, size, duration: During a 15-month period, RNA-Seq was performed on ejaculated semen samples provided by 25
consenting men undergoing infertility screening. All men had normal semen parameters and their female partners <35 years had normal
infertility screening. Following RNA extraction, the expression of RNA transcripts was compared between men who were and were not
able to achieve conception with intracytoplasmic sperm injection (ICSI). The expression profiles of these RNA transcripts were then
compared to embryo development parameters.
Participants/materials, setting, methods: RNA was isolated from 25x106 spermatozoa using a hybrid isolation protocol with TRIzol®
Reagent (ThermoFisher Scientific, USA) and a spin column kit (RNeasy Mini Kit, QIAGEN, Germany). Pilot sequencing was carried
out at 2x36bp to determine library quality and expanded to 50-60M reads at 2x76bp utilizing an Illumina platform (NextSeq 500). Data
was processed and analyzed using the Tuxedo Protocol. Expression values were calculated in FPKM (Fragments Per Kilobase of Exon
Per Million Fragments Mapped).
Main results and the role of chance: The 25 consenting men had the following semen parameters: 37.3±17 x 106/mL (concentration),
46.6±10% (motility), and normal morphology. The average concentration of RNA extracted was 14.3±6 ng/µL. The age demographics
were comparable among couples who conceived i.e., fertile (men=37.6±3 years; women=34.8±3 years) and did not conceive i.e.,
infertile (men=38.3±5 years; women=33.6±7 years) with ICSI. The fertilization rates with ICSI and number of embryos transferred
were also similar. RNA expression analysis revealed 86 differentially expressed genes between the groups (P<0.001) – 24
overexpressed and 62 unexpressed. The expression profiles of these RNA transcripts were compared with embryo development
parameters. A higher embryonic fragmentation rate (14.3%) was noted in the infertile group, which corresponded to a higher expression
of BOK RNA transcripts in the sperm of infertile patients (P<0.001). The BOK gene is known to regulate apoptosis during the cell
cycle; however, the cleavage rate of embryos was similar between the two groups (85%) and was consistent with the expression of
RANBP2, a gene involved in the assembly of cytoskeletal elements. PLK4 and BUB1, which dictate chromosome stability and mitotic
segregation by regulating centrosome development, had decreased expression in the infertile group (P<0.001), possibly leading to
increased aneuploidy and impaired implantation.
Limitations, reasons for caution: The small sample size of our study represents a significant limitation. Thus, our findings need
further validation in a larger cohort. The contribution of the paternal genome in embryonic aneuploidy needs confirmation via pre-
implantation genetic screening of embryos or cytogenetic analysis of miscarriage specimens.
Wider implications of the findings: The application of sperm RNA-Seq can extend beyond microscopic evaluation, morphometric
assessment, and diagnostic assays to help predict the contribution of the male gamete to early pre-implantation development. This novel
technique can further classify the transcripts that play an influential role in pre and post fertilization and embryo developmental
competence.
Study funding/competing interest(s): Funding by Clinic/None
Trial registration number: Not applicable
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