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Delivering spermatozoan
RNA to the oocyte

Even though the genetic fingerprint of
human sperm has been defined, its
role in orchestrating fertilization and

the development of the early embryo
remains vague. Here we show that human
male gametes pass over more to the oocyte
than just the haploid male genome —
paternal messenger RNAs are also delivered
to the egg at fertilization. If these tran-
scripts, previously thought to be left-overs
from spermatogenesis, are important in
early development, our findings may have
implications for the success of somatic-cell
nuclear transfer in cloning technology and
the identification of components leading to
unexplained male-factor infertility.

Microarray analysis has identified a set of
transcripts that are common to both human
testes and spermatozoa and are implicated
in fertilization as well as in zygotic and
embryonic development1. We investigated
this possibility using the polymerase chain
reaction (PCR) with reverse transcription 
to determine which of these transcripts is
present in human spermatozoa but not in
unfertilized human oocytes, and identified
six candidates (Table 1). The implication is
that spermatozoa deliver these transcripts to
the ooplasm at fertilization.

We therefore used the zona-free hamster
egg/human sperm penetration assay (a
standard clinical assay to test the virility of
human sperm) to investigate this possibility
(for methods, see supplementary informa-
tion). Complementary DNAs from human
spermatozoa, hamster oocytes and hybrid
human–hamster zygotes were interrogated
by real-time PCR; these RNA preparations
were devoid of DNA contamination (the
310-base-pair protamine-2 gene was not
detected). Only the protamine-2 and clus-
terin transcripts were consistently detected
in spermatozoa, zygotes and in the positive
control, and not detected in hamster
oocytes or in the negative control (Fig. 1).
These results show that spermatozoa deliver

RNAs to the oocyte at fertilization.
Why should spermatozoa messenger

RNAs be transferred to the oocyte? Messen-
ger RNAs encoding proteins that bind
nucleic acids, such as protamine-2, are likely
to be deleterious and are probably degraded
following entry2, and a similar fate may
await other RNAs that gain access3.But some
may have a role in the developing zygote: for
example, clusterin (also known as sulphated
glycoprotein-2, or SGP-2) is delivered to the
oocyte and has been implicated in cell–cell
and cell–substratum interactions, enhance-
ment of fertility rate, lipid transportation,
membrane recycling, stabilization of stress
proteins, and promotion or inhibition 
of apoptosis4–7. These may therefore be
required in the early zygote but unnecessary
in the oocyte.Alternatively (or in addition),
these and other unidentified molecules,
such as small interfering RNAs (siRNAs),
may participate in processes such as pro-

nuclear formation, the
orchestration of events
leading to oocyte activa-
tion, the transition from
maternal to embryonic
gene control, and the
establishment of imprints
in early embryos.

It could be argued that
successful parthenogenesis
and somatic-cell nuclear-
transfer experiments pre-
clude a role for paternal
RNAs in these processes.
Parthenogenetic activation
has been known to support

development up to the limb-bud stage (corre-
sponding to about 30 somites)8,9, and only
recently a ‘parthenogenetic’(derived from two
different egg cells) mammal was born after
genome modification10. However, the success
of such experiments and of somatic-cell
nuclear transfer is limited11, as is the produc-
tion of human embryonic stem cells after
somatic-cell nuclear transfer12. This may be
because sperm RNAs contribute to early devel-
opment. Transcripts that are specific to male
germ cells play a role in the differentiation of
embryonic stem cells13 and their function may
not be easily replaced.

Our results indicate that sperm RNAs
could be important in early zygotic and
embryonic development and that they may
hold the key to more successful somatic-cell
nuclear transfer or to the identification of
male-derived factors that underlie idiopathic
infertility.
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Table 1 Spermatozoa transcripts implicated in early development

Fertilization Stress response Embryogenesis and Implantation

morphogenesis

�Clusterin HSF2 MID1 �RPL2

Calmegin HSPA1L �NLVCF

�AKAP4 DNAJB1 CYR61

�Oscillin �HSBP1(CDH13)     EYA3

�Protamine-2 DUSP5 �FOXG1B

�WNT5A

�WHSC1

�SOX13

Transcripts detected in spermatozoa for biological processes important to fertilization and its associated
stress response, which is critical for sustaining zygotic development and early embryonic development.
Transcripts that are detected in spermatozoa and not in unfertilized human oocytes are indicated by plus
and minus signs, respectively. We can roughly estimate the total number of RNA molecules that would be
delivered to the oocyte upon fertilization as some 18,000 transcripts, assuming an average RNA size of
1,000 bases and a yield of RNA of at least 10 ng per million spermatozoa.
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Figure 1 Early fate of two human spermatozoa-gene transcripts

delivered at fertilization. a, Protamine-2; b, clusterin. All RNAs,

including messenger RNAs, were isolated from human spermato-

zoa, hamster oocytes and zygotes of hamster oocytes fertilized by

human spermatozoa at 30 min and 3 h post-fertilization. The trans-

fer of spermatozoa-specific RNA was assayed by real-time poly-

merase chain reaction (PCR): half of the reaction mixture was used

to confirm product size on 2% agarose gels stained with ethidium

bromide. PCR fidelity was verified with human genomic DNA and

testis complementary DNA (cDNA) as positive controls and hamster

genomic DNA and water as negative controls. Lanes in both gels:

(1) size-calibration ‘ladder' (100–1,000 base pairs (bp) at 100-bp

increments, plus 1,200- and 1,500-bp standards); (2) human

spermatozoa cDNA; (3) hamster oocyte cDNA; (4) zygotic cDNA at

30 min post-fertilization; (5) zygotic cDNA at 3 h post-fertilization;

(6) human genomic DNA; (7) hamster genomic DNA; (8) human

testis cDNA; (9) water. The protamine-2 sequences (148 bp for

cDNA; 310 bp for genomic DNA) or clusterin sequences (110 bp)

are evident in spermatozoa, zygotes and the positive control, but

not in hamster oocytes or in the negative control.
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