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Background 
Coral reefs are the most diverse marine ecosystems, supporting local economies 
through fisheries and tourism. Corals are under threat due to unsustainable pressure 
from concentration of human populations along the coastal zones attracted by the 
ecosystem goods and services. Corals have a symbiotic relationship with 
microorganisms in various anatomical parts, such as the surface mucus layer, coral 
tissue, and coral skeleton, which influence the host's well-being. Coral mucus contains a 
diverse bacterial community that serves as the coral's first line of defense against 
pathogens. Studying the associated microorganisms can potentially identify sensitive 
and rapid markers for ecosystem stress. Since microorganisms respond and adapt fast 
to environmental perturbations, shifts in their composition and functions can be utilized 
as early indicators of the state of environment, underpinning effective management and 
restoration strategies. This realization has led to an increase in amplicon and shotgun 
metagenomic studies globally to identify microbial indicator of environmental 
perturbations. This approach allows for annotation of microbial structure (taxonomy) as 
well as functional potential, which often needs to be confirmed by metatranscriptomics 
to pinpoint actual genes involved in functions of interest. There has not been any 
metatranscriptomics studies to characterize marine microbial taxonomy, even though 
this analysis is possible with the method. Furthermore, if metatranscriptomics would 
yield taxonomic results comparable to metagenomics, it would be a convenient and 
robust one-stop approach for identifying microbial composition, functions, and metabolic 
pathways expressed by active microorganisms. We sought to confirm the possibility of 
detecting indications of human impacts on mucus-associated microbial community 
using metatranscriptomics. Results were compared with taxonomic profile from a 
previous study we undertook in the same sites by metagenomics. 
 
Method 
Samples were collected from Acropora digitifera mucus to detect anthropogenic impacts 
in three marine protected areas (MPAs) on the Kenyan coast, experiencing varied range 
of human activities i.e., Kisite-Mpunguti (considered “baseline”), Malindi (“exploited”), 



and Mombasa (“polluted”). Total RNA was isolated and paired-end sequenced with 
Illumina Novaseq platform. Raw reads filtering was done with fastp at a quality threshold 
of Q5 and read length of 25 bases, while host RNA was removed using bbsplit against 
the Acropora digitifera reference genome. Taxonomic classification was performed by 
kraken2 against minikraken2 database and visualized by pavian.  
 
Results 
In all, 40 phyla of Archaea, Bacteria, Eukarya and Viruses were classified. With 34 
phyla, Bacteria metatranscriptomes were the most dominant domain classified from all 
study sites. Proteobacteria (62%) was the dominant bacteria phylum recording higher 
relative abundance in the polluted and exploited sites than the baseline site. 
Conversely, Firmicutes and Actinobacteria phyla registered more metatranscriptomes in 
the baseline compared to the polluted and exploited sites. Tenericute 
metatranscriptomes were found only on samples from Kisite-Mpunguti marine park, the 
baseline site. Inspecting Proteobacteria classes revealed abundance patterns 
potentially predisposing Mombasa and Malindi risks of coral diseases. For instance, 
Gammaproteobacteria’s abundance decreased from 45% in Kisite, to 39% in Malindi 
and 16% in Mombasa, while Alphaproteobacteria increased from 6% in Kisite, to 14% in 
Malindi and 34% in Mombasa. This pattern has been associated with susceptibility to 
white band and white plague coral diseases. Furthermore, metatranscriptomes from 
members of Cyanobacteria phylum had lower relative abundance at the baseline (5%) 
than in the exploited (12%), and polluted (21%) sites suggesting increased risk for black 
band disease at the marine parks with degradative impacts i.e., Mombasa and Malindi. 
Among the sites, Malindi marine park had the most Pseudomonas metatranscriptomes, 
and the least diversity indicating possible dominance with opportunistic bacteria, 
associated with coral diseases, and loss of beneficial microorganisms.  
 
Conclusion 
These results demonstrate the potential for metatranscriptomics to detect human 
impacts in coral reef ecosystems. Microbial community observed were generally 
consistent to previous findings by metagenomics. Overall, the coral reefs showed 
variations in the relative abundances of ecologically significant taxa consistent with the 
repertoire of human impacts in the respective sites. This study is the first 
metatranscriptomic assessment of Western Indian Ocean (WIO) coral reef microbial 
taxonomy results. Our current approach, therefore, presents a more robust and versatile 
approach of exploring microbial genomes considering metatranscriptomics’ capability to 
uncover communities’ diversity and ecological function. Furthermore, the study 
establishes a baseline for the active microbial composition of Acropora digitifera mucus 
in a coastal Kenyan of the WIO. 
 


