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Fertilization of human eggs brings a mother’s 
and a father’s DNA together into one cell. It 
is crucial that this parental DNA is trans-
ferred accurately and without damage to the 
trillions of daughter cells that will eventually 
develop from the fertilized egg. Writing in 
Cell, Palmerola et al.1 show that the accurate 
transfer of DNA often fails very early in devel-
opment, directly after fertilization, owing 
to inefficient and incomplete copying of the 
parental genomes before the first division of 
the embryo.

The unification of the parental genomes in 
a fertilized egg, also called a zygote, involves 
several steps that are unique to this stage of 
life. For instance, the maternal and paternal 
chromosomes are initially enclosed in two 
separate nuclei, which must come together. 
After fertilization, the chromosomes need 

to be extensively modified through the addi-
tion and removal of molecular groups, and 
copied through DNA replication, to ensure 
that two complete genomes are available 
when the zygote divides into two cells. All of 
this  happens in the absence of transcription. 
Whether human zygotes can replicate and 
transfer parental genomes efficiently and 
without DNA damage despite these unusual 
circumstances has been unclear.

Palmerola and colleagues studied parental 
genomes in human zygotes before and after 
DNA replication. They noticed that DNA 
damage was undetectable directly after ferti-
lization, but present in about 50% of zygotes 
after DNA replication was completed. Further 
investigation revealed signs of DNA replication 
stress — a phenomenon involving the slowing 
or stalling of structures called replication 
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Analysis of early human embryos reveals that DNA duplication 
after fertilization is highly inefficient. This causes DNA 
damage, chromosome breaks and abnormal numbers of 
chromosomes, impairing embryo development. 

forks, which form when the DNA duplex 
unwinds to enable replication, and which 
move along the strand as replication proceeds.

Strikingly, the authors found that repli-
cation forks moved along DNA much more 
slowly in zygotes than in cells at later stages 
of embryo development. This prompted 
them to investigate whether some zygotes 
fail to complete DNA replication before they 
divide. This would be dangerous, because 
incompletely replicated chromosomes can 
break, causing the loss of a piece of a chro-
mosome2,3— a condition called segmental 
aneuploidy4,5. This condition affects 15–25% 
of human embryos, and has been suggested 
to cause embryonic failure4.

When the authors blocked DNA replication 
shortly before zygotes divided, they observed 
a prominent increase in chromosome break-
ages, compared with cells in which replica-
tion was unperturbed. This indicated that 
some DNA regions are indeed replicated only 
shortly before a zygote divides. Might these 
regions sometimes fail to replicate before 
division? To test this hypothesis, the authors 
examined unperturbed embryos, and found 
that chromosomes often broke in gene-poor 
regions, which replicate late. The break sites 
overlapped with those induced by blocking 
DNA replication. These data strongly suggest 
that replication stress causes segmental 
aneuploidy in human embryos.

DNA replication stress can also cause entire 
chromosomes to distribute incorrectly during 
cell division2. This leads to a condition called 
whole-chromosome aneuploidy, in which cells 
have an incorrect number of chromosomes. 
More than 50% of human embryos contain this 
type of aneuploid cell, which is considered to 
be a leading cause of embryonic failure and 
miscarriage6. Palmerola et al. therefore investi-
gated whether DNA replication stress in human 
zygotes contributes to whole-chromosome 
aneuploidy. They used a similar experimental 
approach to that used before, but inhibited 
DNA replication over a longer period. After 
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Figure 1 | DNA-replication errors at the beginning of human embryo 
development. Fertilization of an egg by sperm generates a zygote — the first 
cell of the embryo. Before the zygote divides into two cells, the parental DNA 
derived from the egg and sperm must be duplicated through DNA replication. 
Palmerola et al.1 report that, in human zygotes, DNA replication is slow and erratic 
(a phenomenon known as replication stress) and is sometimes not completed 

before cell division. Incomplete DNA replication leads to chromosome 
breakages, and can also cause errors during segregation of the duplicated 
chromosomes into daughter cells. These defects respectively cause phenomena 
called segmental aneuploidy (in which parts of chromosomes are missing 
from the 2-cell embryo) and whole-chromosome aneuploidy (in which whole 
chromosomes are missing). The aneuploidies can lead to embryonic failure.

5. Rodrik-Outmezguine, V. S. et al. Nature 534, 272–276 
(2016).

6. Sewell, T. J. et al. J. Biol. Chem. 269, 21094–21102 (1994).
7. Clemons, P. A. et al. Chem. Biol. 9, 49–61 (2002).
8. Wager, T. T., Hou, X., Verhoest, P. R. & Villalobos, A. 

ACS Chem. Neurosci. 7, 767–775 (2016).
9. Rageot, D. et al. J. Med. Chem. 61, 10084–10105 (2018).
10. Brandt, C. et al. Neuropharmacology 140, 107–120 (2018).
11. Ehinger, Y. et al. Nature Commun. 12, 4407 (2021).

The authors declare no competing interests.
This article was published online on 14 September 2022.

Nature | Vol 609 | 22 September 2022 | 683

©
 
2022

 
Springer

 
Nature

 
Limited.

 
All

 
rights

 
reserved. ©

 
2022

 
Springer

 
Nature

 
Limited.

 
All

 
rights

 
reserved.



Learn at your own pace from Nature Portfolio editors and industry experts with our 
peer-reviewed courses on everything from writing a persuasive grant application, 
managing your data and preparing for publication. Access training and practical 
exercises designed for busy researchers.

Wherever you are on your research journey, we’re here to help.

Build your skills.
Boost your confidence and advance your scientific 
research with on-demand training from 
Nature Masterclasses

Access free course samples and find out more at:
masterclasses.nature.com

@Nature Masterclasses

A111535 / Image credit: Cavan Images

cell division, the treated zygotes were much 
more likely to exhibit whole-chromosome 
aneuploidy than were untreated zygotes. 
DNA replication stress could thus be one of the 
reasons that whole-chromosome aneuploidy 
is common in human embryos.

Interestingly, the authors found that DNA 
also replicated slowly in mouse zygotes. How-
ever, these were much less prone to defects 
than were their human counterparts. The 
group provide evidence that this might be 
explained by differences in how mouse and 
human zygotes process stalled replication 
forks: mouse zygotes efficiently generate DNA 
damage foci (sites at which proteins involved 
in DNA repair cluster around a break), whereas 
chromosome breaks are more likely in human 
zygotes. RNA that encodes proteins involved 
in DNA repair or chromosome breakage were 
present at different levels in mouse and human 
zygotes, which might explain this observation.

Together, Palmerola and colleagues’ find-
ings establish that DNA replication stress 
causes segmental aneuploidy in the early 
embryo. Furthermore, because they find 
that DNA replication stress can cause mis- 
segregation of entire chromosomes, the 
process they have uncovered is also likely to be 
one of the factors causing whole-chromosome 
 aneuploidy in human embryos6–8 (Fig. 1).

This work reveals interesting differences 

between mouse and human embryos, as 
observed in other studies8–10. It is becoming 
clear that, although mouse embryos are a use-
ful model, studies addressing clinically relevant 
questions related to human embryo develop-
ment benefit from experiments performed 
directly in human embryos or alternative 
model systems. Research on human embryos, 
although difficult and ethically contro versial, 
is important for improving assisted-reproduc-
tion technologies such as in vitro fertilization. 
Palmerola and colleagues’ work is an impres-
sive example of how much information can be 
obtained using human embryos, in spite of the 
challenges.

The study points to further avenues for 
investigation. For instance, an obvious next 
step is to determine the causes of replica-
tion stress in human zygotes. Perhaps this 
stress is linked to the unique properties of 
the zygote and the comprehensive changes 
that parental genomes undergo after fertili-
zation. It will also be interesting to investigate 
whether replication stress is a problem in later 
embryonic cell divisions. A final question is 
why human embryos have not evolved to 
replicate their DNA and segregate their chro-
mosomes more efficiently, given the severe 
consequences of errors in these processes.

Palmerola and colleagues’ work is also a 
reminder that any procedures applied to 

human embryos during the sensitive zygote 
stage — such as embryo freezing — might 
have unforeseen consequences. This uncer-
tainty underscores the importance of further 
investigation of this crucial stage of human 
development.
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