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Over the last several decades, the sciences of developmental biology and physiology
have expanded and intertwined their scope enormously. Where once it might have been
acceptable to believe that a zygote (derived from a single egg and a spermatozoon) is
just an undifferentiated but autonomous cell that has charge of its own future, this is
no longer the case. It is increasingly evident that the future health and wellbeing of
developing embryos, regardless of species, depends on the health, nutritional status and
even psychological status of the previous generation(s). How is it possible that the future
growth, phenotype and survival of such a zygote could be entirely encoded in its genes?
Developmental biologists have struggled with this question for millennia, and over the
years, various hypotheses have been proposed and later rejected because they could not
provide a satisfactory explanation (for review, see [1]). One of the more recent approaches
to this topic, the reductionist approach, gained popularity once researchers appreciated
the functional significance of genes as both components and controllers of biochemical
pathways. This rather inflexible and mechanistic paradigm of development was itself
challenged by the same author [1], who argued that the reductionist approach is too
focused on identifying molecular pathways and signal networks and fails to appreciate the
processes which lead to phenotypic diversity, complex traits and their variations.

These different opinions reflect the divergent backgrounds and prejudices of the inves-
tigators themselves, and the small collection of articles in this Special Issue demonstrates
clearly that an understanding of development involves inputs from a multitude of different
sources and disciplines. Here, we have taken a broad approach, which not only demon-
strates the developmental importance to adult health (in mammals) of being provided
with good quality maternal and paternal diets before conception [2], but also how stress
in fishes, via parental ethanol exposure prior to conception, can dramatically affect the
behavior of offspring. The rationale for this particular study [3] was to see whether the
mechanisms behind “Foetal Alcohol Spectrum Disorders (FASD)” in humans could be
investigated using zebrafish development as a model system. Stress responses in larvae
produced by adult females that had been exposed to 1% ethanol, as well as an alarm cue
(an extract prepared from the skin of stressed fishes), were less sensitive to the alarm cue
than those derived from control females not exposed to ethanol. It is apparent from this
study that environmental conditions, such as both ethanol exposure and exposure to the
stress cue, experienced by adult females have lasting consequences on the subsequent
generation. Presumably, the underlying cause of what seems to be a psychological effect is
being produced via perturbations of brain function.

Additionally, in this Special Issue, Davies et al. [4] investigated a different role of stress
hormones (glucocorticoids), where, in late pregnancy, they help to satisfy the increased
energy needs of the mammalian brain as it adapts to new postnatal functions. In essence,
the brain adapts by generating more mitochondria and producing more ATP via oxidative
phosphorylation. However, this description is an extreme simplification as the brain is such
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a complex organ, and the authors showed that, in reality, the different anatomical regions
of the brain do not all respond in the same way.

Two of the papers published in this Special Issue [5,6] explore communication mecha-
nisms between cells and tissues, including embryo-maternal interactions within that sphere,
focusing primarily on the importance of extracellular vesicles (EVs). Over the last few decades,
it has become increasingly obvious that cells communicate with each other by packaging im-
portant molecules within EVs of various dimensions and releasing them into situations where
they can be recognized and internalized by their target cells. One of the first such recognized
interactions involved the transfer of EVs from epididymal cells to spermatozoa undergoing
maturation within the epididymis [7]. Since then, EVs have been analyzed in detail using mass
spectrometry and are now known to contain many proteins and diverse species of RNA [8].
The two EV studies reported in this Special Issue confirmed that EVs function to modulate the
physiology of the mammalian female reproductive tract, and besides participating in embryo
development and implantation, they can be used to enhance in vitro embryo development
and modulate embryo transcription after embryo transfer [5,6]. Both articles present data that
relate closely to the review about the debilitating impacts of endometriosis in women [9], a
major cause of human infertility. Endometriosis is a pathological condition involving many
of the same processes as implantation, and the authors discuss the significance of genetics,
epigenetics, glycosylation and microRNAs.

The nutritional relationships between parents and offspring in teleost fishes have, in
the past, received a great deal of attention, mainly in the context of food production and
growth rates [10,11], but also in more specialized fields, such as seahorse and pipefish
conservation [12-14]. However, as discussed by one of the articles in this Special Issue [15],
because fish development can be supported entirely from the maternally supplied yolk
(lecithotrophy) or supplemented after fertilization from maternal (matrotrophy) or paternal
(patrotrophy) sources, there are some inconsistencies in the way that embryo nutrition is
defined and measured across different studies. The authors recommend that the use of an
alternative and more objective approach to obtaining a parentotrophy index is essential to
reliably distinguish between provisioning strategies in teleosts.

Finally, the paper by Holt and Comizzoli [16] takes a broad view of reproductive
biology, focusing on recent progress in epigenetics and asks whether the rapidly changing
environment might bring about developmental changes akin to accelerated evolution. The
field of developmental epigenetics is still in its infancy, but it could resolve some very subtle
but important and transgenerational effects. Epigenetic transgenerational relationships are
now being implicated in the field of nutrition, where grandparental nutrition is known
to influence the growth and fitness of grandsons and granddaughters (see Batra et al. in
this Special Issue [2]). However, the susceptibility of small rodents to flea infestations [17]
has recently also been shown to depend on the extent of grandparental flea exposure. It
is likely that explaining such effects as parent—offspring effects still requires more inputs
from diverse scientific disciples, such as olfaction, pheromone detection, animal behavior
and perhaps all the way through to sexual selection and evolution. The main lesson from
this small collection of manuscripts is, therefore, that researchers are not running out of
topics to investigate!

Conflicts of Interest: The authors declare no conflict of interest.

1. Richtsmeier, ].T. A century of development. Am. J. Phys. Anthropol. 2018, 165, 726-740. [CrossRef] [PubMed]

2. Batra, V.; Norman, E.; Morgan, H.L.; Watkins, A.J. Parental programming of offspring health: The intricate interplay between diet,
environment, reproduction and development. Biomolecules 2022, 12, 1289. [CrossRef]

3. Kitson, J.E,; Ord, J.; Watt, PJ. Maternal chronic ethanol exposure decreases stress responses in zebrafish offspring. Biomolecules

2022, 12, 1143. [CrossRef]

4. Davies, K.L.; Smith, D.J.; El-Bacha, T.; Wooding, P.EP,; Forhead, A.].; Murray, A.].; Fowden, A.L.; Camm, E.J. Cortisol regulates
cerebral mitochondrial oxidative phosphorylation and morphology of the brain in a region-specific manner in the ovine fetus.
Biomolecules 2022, 12, 768. [CrossRef]



Biomolecules 2023, 13, 1299 30f3

10.

11.

12.

13.

14.

15.

16.

17.

Hart, A.R.; Khan, N.L.A ; Dissanayake, K.; Godakumara, K.; Andronowska, A.; Eapen, S.; Heath, PR.; Fazeli, A. The extracellular
vesicles proteome of endometrial cells simulating the receptive menstrual phase differs from that of endometrial cells simulating
the non-receptive menstrual phase. Biomolecules 2023, 13, 279. [CrossRef] [PubMed]

de Alcantara-Neto, A.S.; Cuello, C.; Uzbekov, R.; Bauersachs, S.; Mermillod, P.; Almifiana, C. Oviductal extracellular vesicles
enhance porcine in vitro embryo development by modulating the embryonic transcriptome. Biomolecules 2022,12,1300. [CrossRef]
[PubMed]

Belleannee, C.; Calvo, E.; Caballero, J.; Sullivan, R. Epididymosomes convey different repertoires of micrornas throughout the
bovine epididymis. Biol. Reprod. 2013, 89, 1-11. [CrossRef]

Rowlison, T.; Comizzoli, P. The knowns and unknowns about epididymal extracellular vesicles in different animal species.
Adv. Biol. 2021, 6, 2101066. [CrossRef] [PubMed]

Shan, J.; Li, D.-].; Wang, X.-Q. Towards a better understanding of endometriosis-related infertility: A review on how endometriosis
affects endometrial receptivity. Biomolecules 2023, 13, 430. [CrossRef] [PubMed]

Laine, P; Rajasilta, M. The hatching success of Baltic herring eggs and its relation to female condition. J. Exp. Mar. Biol. Ecol. 1999,
237, 61-73. [CrossRef]

Izquierdo, M.S.; Fernandez-Palacios, H.; Tacon, A.G.]. Effect of broodstock nutrition on reproductive performance of fish.
Aquaculture 2001, 197, 25-42. [CrossRef]

Ripley, ].L.; Foran, C.M. Differential parental nutrient allocation in two congeneric pipefish species (Syngnathidae: Syngnathus spp.).
J. Exp. Biol. 2006, 209, 1112-1121. [CrossRef] [PubMed]

Otero-Ferrer, F; Izquierdo, M.; Fazeli, A.; Holt, W.V. Embryonic developmental plasticity in the long-snouted seahorse
(Hippocampus reidi, Ginsburg 1933) in relation to parental preconception diet. Reprod. Fertil. Dev. 2016, 28, 1020-1028. [CrossRef]
[PubMed]

Saavedra, M.; Masdeu, M.; Hale, P,; Sibbons, C.M.; Holt, W.V. Dietary fatty acid enrichment increases egg size and quality of
yellow seahorse Hippocampus kuda. Anim. Reprod. Sci. 2014, 145, 54-61. [CrossRef] [PubMed]

Skalkos, Z.M.G.; Van Dyke, ].U.; Whittington, C.M. Distinguishing between embryonic provisioning strategies in teleost fishes
using a threshold value for parentotrophy. Biomolecules 2023, 13, 166. [CrossRef] [PubMed]

Holt, W.V.; Comizzoli, P. Conservation biology and reproduction in a time of developmental plasticity. Biomolecules 2022, 12, 1297.
[CrossRef]

Warburton, E.M.; Khokhlova, L.S.; van der Mescht, L.; Downs, C.J.; Dlugosz, E.M.; Krasnov, B.R. Effects of maternal and grandma-
ternal flea infestation on offspring quality and quantity in a desert rodent: Evidence for parasite-mediated transgenerational
phenotypic plasticity. Int. ]. Parasitol. 2019, 49, 481-488. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.



	References

