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Heat stress drives shift in bacterial communities associated with
distinct Symbiodiniaceae clades in the coral Pocillopora damicornis
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Abstract: [Objective] To investigate the interactions between coral-associated Symbiodiniaceae
and bacteria in mediating heat stress adaptation of corals. [Methods] Using Pocillopora
damicornis harbouring distinct Symbiodiniaceae clades, we performed a laboratory-controlled heat
stress simulation experiment to examine the dynamics of symbiotic bacterial community shifts via
16S rRNA gene amplicon sequencing. [Results] Bacterial alpha diversity exhibited a transient
increase during the initial stress, followed by a significant decrease under prolonged stress, in
P. damicornis harbouring clade C (Cladocopium spp.) or clade D (Durusdinium spp.) algal
symbionts (i.e., PAC versus PdD holobionts). Compared with PdD, PdC demonstrated enhanced
bacterial community shifts, alongside progressively diminished network stability and complexity
with prolonged heat stress. Analysis of bacterial abundance at the class level revealed divergent
trajectories of the two holobionts, with the abundance of Alphaproteobacteria increasing in both
PdC and PdD, whereas that of Cyanobacteriota increasing in PdC but decreasing in PdD over the
course of the experiment. During the later stage of heat stress, Cladocopium spp. in PAC showed
increased sensitivity, coinciding with the enrichment of potentially opportunistic pathogens,
whereas Durusdinium spp. in PdD were thermotolerant, coinciding with elevated abundance of
bacteria possibly involved in photosynthesis, quorum sensing, calcification, and ABC transport.
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[Conclusion] These findings suggest that different clades of Symbiodiniaceae might interact with
bacteria to differentially regulate the P. damicornis response to heat stress. Thermal sensitive
Cladocopium spp., combined with the proliferation of potential opportunistic pathogens, may
exacerbate the risk of thermal bleaching in PdC, whereas resilience could be strengthened in PdD
via thermotolerant Durusdinium spp. coordinating with beneficial bacteria with supportive
metabolic potential (e.g., photosynthesis, calcification, and quorum sensing). This algal-bacterial
interaction mode provides critical insights into the microbially-mediated thermal bleaching
mechanisms and an important reference for the practice of reef restoration in the context of global
climate change.

Keywords: Pocillopora damicornis; 16S rRNA gene; high-throughput sequencing; heat stress;
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Colony Fragemention Thermal stress simulation
* PdC n=6x4
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s [ 29 51X g FHR I LR HTO h (26 °C, TO), LAGRE A G)56 h (T1). 7d(T2). 14d(T3) (32 °C).
Figure 1  Schematic diagram of the heat stress experiment. PAC and PdD refer to Pocillopora damicornis
associated with Cladocopium (clade C) and Durusdinium (clade D), respectively. For each symbiont type (PdC
and PdD), three maternal colonies (n=3) were collected, and 48 fragments (n=48) were generated per colony. The
sampling time points correspond to 0 h before heating (26 °C, T0), and 6 h (T1), 7 d (T2), and 14 d (T3) after the
heat stress (32 °C).
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Figure 2 Variation of bacterial community alpha diversity indexes under PdC and PdD. A: Shannon diversity

index; B: Chaol richness index. The sampling time points correspond to 0 h before heating (26 °C, T0), and 6 h
(T1),7 d (T2), and 14 d (T3) after the heat stress (32 °C). PdC and PdD denote Pocillopora damicornis associated
with Cladocopium (clade C) and Durusdinium (clade D), respectively. Lowercase letters above bars indicate

significant differences based on Tukey’s multiple comparison test. Bars sharing the same letter are not

significantly different, while those marked with different letters show statistically significant differences.
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Figure 4 The differentially ASVs in PdC and PdD across time points compared to TO. A —C: ASVs that
significantly changed in abundance at T1, T2, and T3 compared to TO in PdC; D-F ASVs that significantly
changed in abundance at T1, T2, and T3 compared to TO in PdD. The sampling time points correspond to 0 h
before heating (26 °C, TO0), and 6 h (T1), 7 d (T2), and 14 d (T3) after the heat stress (32 °C). PdC and PdD

represent Pocillopora damicornis associated with Cladocopium (clade C) and Durusdinium (clade D),

respectively. ASVs marked exhibited significant changes in relative abundance.
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Figure 5 LEfSe-based taxonomic divergence analysis of bacterial communities between PdC and PdD. In the
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(26 °C, T0), and 6 h (T1), 7 d (T2), and 14 d (T3) after the heat stress (32 °C). PdC and PdD denote Pocillopora

damicornis associated with Cladocopium (clade C) and Durusdinium (clade D), respectively.
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Figure 7 Functional prediction analysis of the coral-associated bacterial communities (PdC and PdD) under heat
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