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Editorial on the Research Topic
Time, genetics and complex disease

Decoding the genetic mechanisms of complex diseases is difficult since they
typically involve hundreds of genes (Gibson, 2009; Hu et al., 2016). Additionally
complicating the task is the fact that these genes can form complex interactions with
each other (Gibson, 2009). These interactions change over time, further increasing the
complexity of the entire system (Hu et al., 2016). The circadian clock is genetically based
on a relatively simple regulatory system that can generate complex behaviors and
impact health and disease in a dynamic manner (Takahashi, 2017; Rijo-Ferreira and
Takahashi, 2019). Circadian regulation has been shown to be associated with several
complex diseases including, but not limited, to neurodegenerative disorders (Nassan
and Videnovic, 2022), chronic diseases (Chaix et al., 2019), and various aging-related
disease (Rijo-Ferreira and Takahashi, 2019; Acosta-Rodriguez et al., 2021). Modeling
the complex interactions of disease-related genes and other genes involved in the
physiology of an organism from a circadian perspective is still in its early stages (Sun
et al., 2020; Li et al., 2022).

This Research Topic aims to gather information gained from research
concerned with advancing the understanding of complex diseases through time
related mechanisms, especially those related to circadian regulation. In the
following we provide a brief thematic overview of the diverse content of the
Research Topic.

We first present research work on the regulation of circadian behavior and its
effect on multiple layers. For the central clock, Lu et al. examined the effects of
electroacupuncture on the phosphoproteome of the mammalian pacemaker, the
suprachiasmatic nucleus, at different circadian times. More than 5,000 distinct
phosphosites were quantified by mass spectrometry-based analysis, with many of
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the shifts
electroacupuncture. In a mechanistic study, Wu et al

them contributing to phase induced by
discovered that PCBPI, a circadian expressed gene, acts as
a regulator of period length in human U20S cells, possibly
through enhancing the link between CRY1 and the CLOCK/
BMALI1 complex. Xing et al. found that sleep deprivation
reduces the expression of the core circadian clock gene
of
of
results in
of

acute sleep deprivation on the circadian transcriptome in

NR1D1 in mice, which leads to a down-regulation
CYP7A1, the enzyme responsible for the conversion
This
cholesterol accumulation. Lu et al. focused on the effect

cholesterol into bile acids. in turn

mouse lung. By subjecting mice to sleep deprivation,
identified that
altered rhythmic expression pattern in the lung, which may

thousands of genes were showed an
directly or indirectly impact COVID-19 infection. In

another approach, a video recording-based analytical
method was developed by Niu et al. It can be used to
monitor the daily feeding rhythm in fruit flies and enables
the stable and reliable analysis of long-term feeding behavior
in great detail.

Next, we included three review manuscripts discussing the
linkage between complex diseases and circadian regulation. Li
et al. reviewed the pathogenesis of circadian-related complex
diseases by focusing on the liver, heart, skeletal muscle, blood and
other peripheral organs. The paper highlights the notion that
different circadian regulatory molecules or checkpoints are
involved in different diseases. From the circadian and
developmental disorders perspective, Lorsung et al. explored
the link between autism spectrum disorder (ASD) and
circadian regulation. Specifically, four circadian physiological
factors that are disrupted in ASD (sleep-wake cycle,
melatonin, cortisol, and serotonin) are elaborated upon in
detail. Peripheral clocks are important components of the
circadian clock that function even when the master clock is
decoupled. Lee and Hong summarized the progress of utilizing
3D organoids to investigate the property of circadian peripheral
clocks and their relevance for complex diseases.

Last, but not least, we included contributions on several other
complex diseases. For Netherton syndrome, Wang et al. revealed
a new frameshift mutation, which is located in the SPINK5 gene,
by utilizing whole exome sequencing. They also found that
of the

LEKTI1 cause distinct disease phenotypes. For intervertebral

N-terminal and C-terminal mutations protein
disc degeneration, integrative data analysis by Jiang et al.
revealed a gene co-expression network composed of long non-
coding RNAs, miRNA, and protein-coding RNAs, all with

functions that may be related to cytokine secretion and
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immune cells. For chronic kidney disease, Gao et al. found
that mortality of this disease can be better predicted with the
help of the nomogram model based standard deviation of the
normal-to-normal (SDNN) R-R intervals and other clinical
factors.

In summary, based on genetic data, an increasing number of
complex diseases have been found to be closely linked to time,
specifically to circadian-related regulation. The availability of
public omics data and computational toolsets make the
examination and statistical detection of linkages more
straightforward. However, additional efforts and high-quality
datasets are still required to fully understand the temporal
dynamics of complex diseases. We hope the readers will find
this Research Topic (and e-book) to be a good resource for
exploring the linkage between complex diseases and time. Finally,
we acknowledge all the experts that have contributed to this
Research Topic and the reviewers  excellent comments and

valuable suggestions.

Author contributions

All authors listed have made substantial and intellectual
contributions to the work and have approved publication.

Funding

This work was supported by the National Natural Science
Foundation of China (Grant Nos. 81827901 and 32170567).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their
affiliated organizations, or those of the publisher, the
editors and the reviewers. Any product that may be
evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the
publisher.

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fgene.2021.656571/full
https://www.frontiersin.org/articles/10.3389/fgene.2020.610496/full
https://www.frontiersin.org/articles/10.3389/fgene.2021.664334/full
https://www.frontiersin.org/articles/10.3389/fgene.2021.763200/full
https://www.frontiersin.org/articles/10.3389/fgene.2021.721231/full
https://www.frontiersin.org/articles/10.3389/fgene.2021.721231/full
https://www.frontiersin.org/articles/10.3389/fnins.2021.642745/full
https://www.frontiersin.org/articles/10.3389/fgene.2022.874288/full
https://www.frontiersin.org/articles/10.3389/fgene.2022.943264/full
https://www.frontiersin.org/articles/10.3389/fgene.2022.929843/full
https://www.frontiersin.org/articles/10.3389/fgene.2022.872920/full
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2022.1016049

Zhang et al.

References

Acosta-Rodriguez, V. A., Rijo-Ferreira, F., Green, C. B., and Takahashi, J. S.
(2021). Importance of circadian timing for aging and longevity. Nat. Commun. 12,
2862. doi:10.1038/541467-021-22922-6

Chaix, A., Manoogian, E. N. C., Melkani, G. C., and Panda, S. (2019). Time-
restricted  eating to prevent and manage chronic metabolic
diseases. Annu. Rev. Nutr. 39, 291-315. doi:10.1146/annurev-nutr-082018-
124320

Gibson, G. (2009). Decanalization and the origin of complex disease. Nat. Rev.
Genet. 10, 134-140. doi:10.1038/nrg2502

Hu, J. X,, Thomas, C. E., and Brunak, S. (2016). Network biology concepts in
complex disease comorbidities. Nat. Rev. Genet. 17, 615-629. doi:10.1038/nrg.
2016.87

Frontiers in Genetics

03

10.3389/fgene.2022.1016049

Li, J., Nie, P, Turck, C. W., and Wang, G. Z. (2022). Gene networks under
circadian control exhibit diurnal organization in primate organs. Commun. Biol. 5,
764. doi:10.1038/s42003-022-03722-0

Nassan, M., and Videnovic, A. (2022). Circadian rhythms in neurodegenerative
disorders. Nat. Rev. Neurol. 18, 7-24. doi:10.1038/s41582-021-00577-7

Rijo-Ferreira, F., and Takahashi, J. S. (2019). Genomics of circadian rhythms in
health and disease. Genome Med. 11, 82. doi:10.1186/s13073-019-0704-0

Sun, L., Ma, J.,, Turck, C. W., Xu, P,, and Wang, G. Z. (2020). Genome-wide
circadian regulation: A unique system for computational biology. Comput. Struct.
Biotechnol. J. 18, 1914-1924. doi:10.1016/j.csbj.2020.07.002

Takahashi, J. S. (2017). Transcriptional architecture of the mammalian circadian
clock. Nat. Rev. Genet. 18, 164-179. doi:10.1038/nrg.2016.150

frontiersin.org


https://doi.org/10.1038/s41467-021-22922-6
https://doi.org/10.1146/annurev-nutr-082018-124320
https://doi.org/10.1146/annurev-nutr-082018-124320
https://doi.org/10.1038/nrg2502
https://doi.org/10.1038/nrg.2016.87
https://doi.org/10.1038/nrg.2016.87
https://doi.org/10.1038/s42003-022-03722-0
https://doi.org/10.1038/s41582-021-00577-7
https://doi.org/10.1186/s13073-019-0704-0
https://doi.org/10.1016/j.csbj.2020.07.002
https://doi.org/10.1038/nrg.2016.150
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2022.1016049

	Editorial: Time, genetics, and complex disease
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References


