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Editorial on the Research Topic

Physiological Regulation and Homeostasis Among Coral Holobiont Partners

Scleractinian corals form the biological and physical framework for the most productive
marine ecosystem in the oligotrophic oceans and play an important role in oceanographic
processes (Costanza et al., 1997). The ecological success of coral reefs hinges on the symbiosis
between the stony corals and the photosynthetic symbiodiniacean dinoflagellate
(zooxanthellae), in which stony coral provides inorganic nutrients and carbon dioxide for
the photosynthetic symbiont, whereas the symbionts supply the coral host with indispensable
organic nutrients and oxygen (Shinzato et al., 2011). However, coral reefs, the home of the
highest biodiversity in the ocean, are degrading rapidly in response to climate change and
environmental pollution in the Anthropocene (Renegar and Riegl, 2005; Hughes et al., 2017;
Serrano et al., 2018). Revealing how the symbiotic system adaptively responds to the variability
of temperature and nutrients and maintain their homeostasis is necessary for efforts to rescue,
restore, and protect the disappearing reefs in the face of climate change and environmental
deterioration.

Coral lives in a complex holobiont composed of not only the cnidarian and zooxanthellae, but
also the internal and external microbes (Rosenberg et al., 2007). For a long time, research on
coral health and problems has laser focused on the mutualistic relationship between the
cnidarian and the endosymbiotic symbiodiniacean dinoflagellates (zooxanthellae). With the
advances of multi-omic technologies and physiological methodologies, a great deal has been
learned about how the symbiotic relationship is started and maintained (Davy et al., 2012). A
recent study indicated that the differential binding efficiency and specificity of coral lectins to the
mannose moieties on the cell surface of different symbiodiniacean species might have significant
effects on the success to initiate the symbiosis and maintain it during heat stress (Wang X et al.,
2021). Nutrient compound exchanges are essential for the maintenance of a healthy and
productive mutualism, and for the exchange, the compatibility of nutrient transport,
assimilation, and storage machinery is vital (e. g., for translocation of glucose or glycerol,
Lin et al., 2015), which might determine the symbiont preference (Lin et al., 2019).
Environmental nutrients may also be important for the symbiodiniacean dinoflagellates to
withstand heat stress (Zhou et al., 2021; Kirk et al. Nat Comm), but on the contrary nutrient
overloading (eutrophication), particularly in combination with heat stress, can adversely impact
the symbiosis and cause bleaching (D’Angelo and Wiedenmann, 2014; Lam et al., 2015;
Humanes et al., 2016; Decarlo et al., 2020; Donovan et al., 2020). In addition, symbiont cell
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cycle modulation and host immunity are also critical for the
maintenance of the symbiosis (Rivera and Davies, 2021).

In parallel to the continued effort to understand the coral-
zooxanthella mutualism, there is a growing appreciation for the
importance of bacteria in shaping the physiology and
acclimatization of coral holobionts under novel and changing
environments (Voolstra et al., 2021). In the last decade or so, an
increasing number of studies examined the community structure
and function of bacteria inside or on the surface of (mucus-
associated) the host coral (e.g., Shnit-Orland and Kushmaro,
2009; Glasl et al., 2016). The need to study coral systems as
holobionts is clear. Such effort has revealed that coral hosts,
Symbiodiniaceae, and bacteria participate in the environmental
adaptation of scleractinian coral (Yu et al., 2020a). For example,
studies on scleractinian coral of the South China Sea have found
that the trophic status (Xu et al., 2021), colony tissue thickness
(Qin et al., 2020), Symbiodiniaceae density, Chla content and
tissue biomass (Qin et al., 2019), Symbiodiniaceae and bacteria
diversity and community structure (Chen et al., 2019; Chen et al.,
2021) of scleractinian corals are primarily driven by SST with
latitudinal gradient shifts. These factors have important effects on
coral holobionts tolerance; however, there are some differences
between regions, coral species and even coral individuals (Yu
et al., 2021a; Yu et al., 2021b; Yu et al., 2020b).

This Research Topic on Physiological regulation and
homeostasis among coral holobiont partners aims to bring
novel research findings together to bear on the molecular and
physiological mechanisms in the partners of coral holobionts that
underlie the establishment, maintenance and stability of
symbiosis and adaptation to environmental changes. Nine
exciting articles have been published.

One of the papers surveys the literature and draws perspectives
about the importance of studying corals as holobionts using a
holistic approach. Goulet et al. discussed the ramifications of how
different genotypic combinations of the consortium constituents
affected the coral holobiont entity. It was noted, using the
zooxanthellae as the example, that the holobiont attributes
might not necessarily be the sum of the constituents. The
holobiont properties are consequential to holobiont fitness,
which are in turn contributed by the myriad constituent
organisms. The authors clearly articulated that a holistic
approach requires evaluating the entire consortium instead of
focusing on one species or component of the holobiont,
investigating holobiont characteristics and performance,
assessing parameters of as many of the holobiont participants
as possible. The literature survey also revealed the paucity of data
on the microbiome.

Four papers of the papers investigate the role of symbiotic
microbiome in environmental adaptation of coral holobionts.
Three papers focus on symbiotic Symbiodiniaceae. Wang et al.
established monoclonal culture techniques and documented the
physiological and ecological characteristics of Symbiodiniaceae
C1 strain from the scleractinian coral Galaxea fascicularis, and
this will be instrumental to further unraveling the roles of
Symbiodiniaceae in the adaptive evolution of coral holobionts
in future studiesWang et al. The work reported in Kirk et al. deals
with transcriptional responses to trophic shifts in

Symbiodiniaceae. The results showed that Breviolum
minutumstrain SSB01 grew at a much faster rate and
maintained stable photosynthetic efficiency when
supplemented with organic nutrients compared to when only
inorganic nutrients or no nutrient were provided. The authors
concluded that these physiological changes were driven by
massive transcriptomic changes involving DNA
topoisomerases, histones, chromosome structural components,
translation, ion transport, generation of second messengers, and
phosphorylation. There was a high genetic diversity in
Symbiodiniaceae with broad physiological plasticity within and
between species, conferring great thermal tolerance.

Russnak et al. performed a comprehensive comparative
experiment to explore the photosynthetic performance and
tolerance as function of light and temperature of different
genetic types of Symbiodiniaceae. The results clearly
demonstrated that there were significant eco-physiological
differences in light affinity and temperature tolerance among
the tested species as well as strains within a species. The authors
concluded that genetically different Symbiodiniaceae all had a
broad photophysiological tolerance and substantial thermal
plasticity. The effect of coral-associated bacterial communities
on holobiont heat tolerance were examined by Connelly et al. The
researchers investigated the microbial interactions in four
Pocillopora coral colonies under heat stress and antibiotic
treatment. The results showed that combined antibiotics and
heat stress treatment significantly altered coral-associated
bacterial communities and caused major changes in gene
expression in both the coral and the symbiont Cladocopium.
This study indicates the potential that the alteration of the
bacterial community may contribute to or even exacerbate the
stress imposed by heat. This paper provides further evidence that
corals and their associated Symbiodiniaceae and bacteria
communities engage in highly coordinated metabolic
interactions that are crucial for coral holobiont health,
homeostasis, and heat tolerance.

Three papers deal with nutrients and energy. One of these
investigated the diversity of N2-fixing bacteria in the coral
holobionts in the South China Sea (Liang et al.). Sixty-eight
coral colonies were collected from six coral reef areas
encompassing different environments ranging from 9°20′06″N
to 22°34′55″N. PCR amplification and sequencing of nifH gene
from the samples revealed a diverse diazotrophic flora dominated
by Proteobacteria, Chlorobi, Cyanobacteria, and two unclassified
phyla. Data further showed that coral-associated diazotrophs
were common among coral demonstrate the potential
importance of N2-fixing bacteria as the source of N-nutrient
for corals, which live in the oligotrophic environment.

Lipids and fatty acids (FAs) are important constituents of cell
and organelle membranes and have become a hot topic of
research to understand the effects of eutrophication on corals.
Liu et al. investigated the effects of nitrate (NO3

−) enrichment on
the respiration, photosynthesis, and FA compositions of
Pocillopora damicornis larvae. Their survey showed that
saturated FAs (SFAs) were the most abundant in P.
damicornis larvae followed by polyunsaturated FAs (PUFAs)
and monounsaturated FAs (MUFAs). Nitrate enrichment
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significantly changed the FA composition of P. damicornis larvae.
The lipids of P. damicornis larvae became progressively saturated
when the nitrate concentration was below 10 mM, due to the
decreases of PUFAs and concomitant increases in SFAs. Such
changes enabled the P. damicornis larvae to adapt to low-level
nitrate enrichment (<10 mM). Moreover, with high nitrate levels,
biomembrane restructuring in larvae may become ineffective,
increasing respiration and rapidly consuming lipids, which could
adversely affect the successful settlement and development of the
larvae.

To understand how nutrient assimilation by the coral-
Symbiodiniaceae entity is affected by heat stress, Tang et al.
(2020) exposed Pocillopora damicornis to 32°C and measured the
activity of ammonium assimilation enzymes among other
physiological parameters. They found that the glutamine
synthetase and glutamine oxoglutarate aminotransferase
activities in the coral increased under heat stress, whereas that
in the symbionts showed no significant changes. When the
activities of glutamine synthetase were inhibited through
glufosinate treatment, the heat stress response of the entity
was intensified as indicated by the decline of symbiont density
and chlorophyll content as well as the induction of coral
antioxidant capacity and apoptosis. Therefore, ammonium
assimilation contributes to the acclimatization of the coral-
Symbiodiniaceae symbiotic association to high temperature.

While treatment experiments are powerful for controlling
experimental conditions to test effects of one or few variables
at a time, in situ studies provide understanding on the
physiologies and behavior of the organisms in the natural
complex environment. Xu et al. conducted a comparative
study on corals in two distinct environments, the northern
and southern sides of Weizhou Island in the South China Sea.
They measured in situ electron transport rate (rETR),
zooxanthella density and Chla concentration, genetic diversity
of the symbionts, stable isotopic signals of carbon, coral biomass,

energy storage (in terms of carbohydrates), and superoxide
dismutase (SOD) activity. ITS2 genotyping showed that
Galaxea fascicularis contained either type C21 or D1a as the
dominant symbiodiniacean symbiont depending on the regional
environmental stress. Furthermore, the response of
photosynthetic performance (the light use efficiency) and
energy metabolism to the north-south environmental
differences varied between species, and in the case of P.
verrucose and Montipora truncate, the symbiont density (C1)
in the north was higher, compensating for their lower
photosynthetic efficiencies there, in comparison to the
southern population.

The papers published in this special topic provide novel
insights into how the coral holobionts respond to the
environmental conditions, how the host, zooxanthellae, and
bacteria may differentially contribute to the holobiont
performance in the face of environmental stress. These
findings demonstrate the value of in situ studies and treat the
holobiont holistically in experiments. The in situ and holistic
approach, coupled with omics and isotopic technologies, dealing
with heat stress combined with different nutrient conditions,
should be pursued much more in the future. Insights from such
studies about how the coral holobionts respond and adapt to
projected future climate and environment will be helpful for
screening or breeding resilient genotypes in the urgently needed
effort to rescue and restore the disappearing coral reefs, the
treasure of the ocean. Finally, the Topic Editors would like to
sincerely thank all the authors for their valuable contributions
and all the reviewers for their efforts.

AUTHOR CONTRIBUTIONS

SL conceived the concept and wrote the manuscript. KY wrote the
manuscript. ZZ wrote the manuscript.

REFERENCES

Chen, B., Yu, K., Liang, J., Huang, W., Wang, G., Su, H., et al. (2019). Latitudinal
Variation in the Molecular Diversity and Community Composition of
Symbiodiniaceae in Coral from the South China Sea. Front. Microbiol. 10,
1278. doi:10.3389/fmicb.2019.01278

Chen, B., Yu, K., Liao, Z., Yu, X., Qin, Z., Liang, J., et al. (2021). Microbiome
Community and Complexity Indicate Environmental Gradient
Acclimatisation and Potential Microbial Interaction of Endemic Coral
Holobionts in the South China Sea. Sci. Total Environ. 765, 142690.
doi:10.1016/j.scitotenv.2020.142690

Costanza, R., d’Arge, R., de Groot, R., Farber, S., Grasso, M., Hannon, B., et al.
(1997). The Value of the World’s Ecosystem Services and Natural Capital.
Nature 387, 253–260. doi:10.1038/387253a0

D’Angelo, C., and Wiedenmann, J. (2014). Impacts of Nutrient Enrichment on
Coral Reefs: New Perspectives and Implications for Coastal Management and
Reef Survival. Curr. Opin. Environ. Sustain 7, 82–93.

Davy, S. K., Allemand, D., and Weis, V. M. (2012). Cell Biology of Cnidarian-
Dinoflagellate Symbiosis. Microbiol. Mol. Biol. Rev. 76 (2), 229–261. doi:10.
1128/mmbr.05014-11

Decarlo, T. M., Gajdzik, L., Ellis, J., Coker, D. J., Roberts, M. B., Hammerman, N.
M., et al. (2020). Nutrient-Supplying Ocean Currents Modulate Coral Bleaching
Susceptibility. Sci. Adv. 6 (34), eabc5493.

Donovan, M. K., Adam, T. C., Shantz, A. A., and Burkepile, D. (2020). Nitrogen
Pollution Interacts With Heat Stress to Increase Coral Bleaching Across the
Seascape. Proc. Natl. Acad. Sci. USA 117 (10), 5351–5357.

Glasl, B., Herndl, G. J., and Frade, P. R. (2016). The Microbiome of Coral Surface
Mucus Has a Key Role in Mediating Holobiont Health and Survival upon
Disturbance. ISME J. 10, 2280–2292. doi:10.1038/ismej.2016.9

Hughes, T. P., Barnes, M. L., Bellwood, D. R., Cinner, J. E., Cumming, G. S.,
Jackson, J. B. C., et al. (2017). Coral Reefs in the Anthropocene. Nature 546,
82–90. doi:10.1038/nature22901

Humanes, A., Noonan, S. H. C., Willis, B. L., Fabricius, K. E., and Negri, A. P.
(2016). Cumulative Effects of Nutrient Enrichment and Elevated Temperature
Compromise the Early Life History Stages of the Coral Acropora Tenuis. PLoS
One 11, e0161616. doi:10.1371/journal.pone.0161616

Lam, E. K. Y., Chui, A. P. Y., Kwok, C. K., Ip, A. H. P., Chan, S. W., Leung, H. N.,
et al. (2015). High Levels of Inorganic Nutrients Affect Fertilization Kinetics,
Early Development and Settlement of the Scleractinian Coral Platygyra Acuta.
Coral Reefs 34, 837–848. doi:10.1007/s00338-015-1317-8

Lin, M. F., Takahashi, S., Forêt, S., Davy, S. K., and Miller, D. J. (2019).
Transcriptomic Analyses Highlight the Likely Metabolic Consequences of
Colonization of a Cnidarian Host by Native or Non-native Symbiodinium
Species. Biol. Open 8 (3), bio038281. doi:10.1242/bio.038281

Lin, S., Cheng, S., Song, B., Zhong, X., Lin, X., Li, W., et al. (2015). The Symbiodinium
kawagutii Genome Illuminates Dinoflagellate Gene Expression and Coral
Symbiosis. Science 350, 691–694. doi:10.1126/science.aad0408

Frontiers in Physiology | www.frontiersin.org May 2022 | Volume 13 | Article 9214013

Lin et al. Editorial: Holistic and in situ Approach

https://www.frontiersin.org/articles/10.3389/fphys.2020.00390/full
https://doi.org/10.3389/fmicb.2019.01278
https://doi.org/10.1016/j.scitotenv.2020.142690
https://doi.org/10.1038/387253a0
https://doi.org/10.1128/mmbr.05014-11
https://doi.org/10.1128/mmbr.05014-11
https://doi.org/10.1038/ismej.2016.9
https://doi.org/10.1038/nature22901
https://doi.org/10.1371/journal.pone.0161616
https://doi.org/10.1007/s00338-015-1317-8
https://doi.org/10.1242/bio.038281
https://doi.org/10.1126/science.aad0408
https://www.frontiersin.org/journals/physiology
www.frontiersin.org
https://www.frontiersin.org/journals/physiology#articles


Qin, Z., Yu, K., Liang, Y., Chen, B., and Huang, X. (2020). Latitudinal Variation in
Reef Coral Tissue Thickness in the South China Sea: Potential Linkage with
Coral Tolerance to Environmental Stress. Sci. Total Environ. 711, 134610.
doi:10.1016/j.scitotenv.2019.134610

Qin, Z., Yu, K., Wang, Y., Xu, L., Huang, X., Chen, B., et al. (2019). Spatial and
Intergeneric Variation in Physiological Indicators of Corals in the South China
Sea: Insights into Their Current State and Their Adaptability to Environmental
Stress. J. Geophys. Res. Oceans 124, 3317–3332. doi:10.1029/2018jc014648

Renegar, D., and Riegl, B. (2005). Effect of Nutrient Enrichment and Elevated
CO2 Partial Pressure on Growth Rate of Atlantic Scleractinian Coral
Acropora cervicornis. Mar. Ecol. Prog. Ser. 293, 69–76. doi:10.3354/
meps293069

Rivera, H. E., and Davies, S. W. (2021). Symbiosis Maintenance in the Facultative
Coral, Oculina Arbuscula, Relies on Nitrogen Cycling, Cell Cycle Modulation,
and Immunity. Sci. Rep. 11, 21226. doi:10.1038/s41598-021-00697-6

Rosenberg, E., Koren, O., Reshef, L., Efrony, R., and Zilber-Rosenberg, I. (2007).
The Role of Microorganisms in Coral Health, Disease and Evolution. Nat. Rev.
Microbiol. 5, 355–362. doi:10.1038/nrmicro1635

Serrano, X. M., Miller, M. W., Hendee, J. C., Jensen, B. A., Gapayao, J. Z.,
Pasparakis, C., et al. (2018). Effects of Thermal Stress and Nitrate
Enrichment on the Larval Performance of Two Caribbean Reef Corals.
Coral Reefs 37, 173–182. doi:10.1007/s00338-017-1645-y

Shinzato, C., Shoguchi, E., Kawashima, T., Hamada, M., Hisata, K., Tanaka, M.,
et al. (2011). Using the Acropora digitifera Genome to Understand Coral
Responses to Environmental Change. Nature 476, 320–323. doi:10.1038/
nature10249

Shnit-Orland, M., and Kushmaro, A. (2009). Coral Mucus-Associated Bacteria: a
Possible First Line of Defense. FEMS Microbiol. Ecol. 67, 371–380. doi:10.1111/
j.1574-6941.2008.00644.x

Tang, J., Wu, Z., Wan, L., Cai, W., Chen, S., Wang, X., et al. (2020). Differential
Enrichment and Physiological Impacts of Ingested Microplastics in
Scleractinian Corals In Situ. J. Hazard. Mat. 404, 124205. doi:10.1016/j.
jhazmat.2020.124205

Voolstra, C. R., Suggett, D. J., Peixoto, R. S., Parkinson, J. E., Quigley, K. M.,
Silveira, C. B., et al. (2021). Extending the Natural Adaptive Capacity of Coral
Holobionts. Nat. Rev. Earth Environ. 2, 747–762. doi:10.1038/s43017-021-
00214-3

Wang X, X., Wu, Z., Wu, Y., An, M., Zhou, Z., and Lin, S. (2021). Differential
Affinities of a Pocillopora Damicornis Galectin to Five Genera of
Symbiodiniaceae at Different Temperatures. Front. Mar. Sci. 8, 754808.
doi:10.3389/fmars.2021.754808

Xu, S., Zhang, Z., Yu, K., Huang, X., Chen, H., Qin, Z., et al. (2021). Spatial
Variations in the Trophic Status of Favia Palauensis Corals in the South China
Sea: Insights into Their Different Adaptabilities under Contrasting
Environmental Conditions. Sci. China Earth Sci. 64, 839–852. doi:10.1007/
s11430-020-9774-0

Yu, X., Yu, K., Chen, B., Liao, Z., Liang, J., Yao, Q., et al. (2021a). Different
Responses of Scleractinian Coral Acropora pruinosa from Weizhou Island
during Extreme High Temperature Events. Coral Reefs 40, 1697–1711.
doi:10.1007/s00338-021-02182-y

Yu, X., Yu, K., Chen, B., Liao, Z., Qin, Z., Yao, Q., et al. (2021b). Nanopore Long-
Read RNAseq Reveals Regulatory Mechanisms of Thermally Variable Reef
Environments Promoting Heat Tolerance of Scleractinian Coral Pocillopora
Damicornis. Environ. Res. 195, 110782. doi:10.1016/j.envres.2021.110782

Yu, X., Yu, K., Huang, W., Liang, J., Qin, Z., Chen, B., et al. (2020a). Thermal
Acclimation Increases Heat Tolerance of the Scleractinian Coral Acropora
Pruinosa. Sci. Total Environ. 733, 139319. doi:10.1016/j.scitotenv.2020.139319

Yu, X., Yu, K., Liao, Z., Liang, J., Deng, C., Huang, W., et al. (2020b). Potential
Molecular Traits Underlying Environmental Tolerance of Pavona decussata
and Acropora pruinosa in Weizhou Island, Northern South China Sea. Mar.
Pollut. Bull. 156, 111199. doi:10.1016/j.marpolbul.2020.111199

Zhou, Z., Zhang, K., Wang, L., Su, Y., Wang, J., Song, T., et al. (2021). Nitrogen
Availability Improves the Physiological Resilience of Coral Endosymbiont
Cladocopium goreaui to High Temperature. J. Phycol. 57 (4), 1187–1198.
doi:10.1111/jpy.13156

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.

Copyright © 2022 Lin, Yu and Zhou. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Physiology | www.frontiersin.org May 2022 | Volume 13 | Article 9214014

Lin et al. Editorial: Holistic and in situ Approach

https://doi.org/10.1016/j.scitotenv.2019.134610
https://doi.org/10.1029/2018jc014648
https://doi.org/10.3354/meps293069
https://doi.org/10.3354/meps293069
https://doi.org/10.1038/s41598-021-00697-6
https://doi.org/10.1038/nrmicro1635
https://doi.org/10.1007/s00338-017-1645-y
https://doi.org/10.1038/nature10249
https://doi.org/10.1038/nature10249
https://doi.org/10.1111/j.1574-6941.2008.00644.x
https://doi.org/10.1111/j.1574-6941.2008.00644.x
https://doi.org/10.1016/j.jhazmat.2020.124205
https://doi.org/10.1016/j.jhazmat.2020.124205
https://doi.org/10.1038/s43017-021-00214-3
https://doi.org/10.1038/s43017-021-00214-3
https://doi.org/10.3389/fmars.2021.754808
https://doi.org/10.1007/s11430-020-9774-0
https://doi.org/10.1007/s11430-020-9774-0
https://doi.org/10.1007/s00338-021-02182-y
https://doi.org/10.1016/j.envres.2021.110782
https://doi.org/10.1016/j.scitotenv.2020.139319
https://doi.org/10.1016/j.marpolbul.2020.111199
https://doi.org/10.1111/jpy.13156
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/physiology
www.frontiersin.org
https://www.frontiersin.org/journals/physiology#articles

	Editorial: Physiological Regulation and Homeostasis Among Coral Holobiont Partners
	Author Contributions
	References


