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Abstract 

Coral reefs form some of the most spectacular, biologically and structurally diverse marine 

ecosystems. They represent sources of income and resources through their role in tourism, 

fishing, building materials, coastal protection and the discovery of new drugs and biochemicals. 

In addition to suffering from a long-term decline due to direct anthropogenic disturbances, they 

currently face a greater threat from climate change induced increase in sea surface temperature. 

Scientists question whether they will exist as functional ecosystems by the end of the century due 

to the projected global warming. Given the scale and impact of mass coral bleaching on coral 

reefs there has been growing interest in understanding the underlying cellular and molecular 

mechanisms of resilience and vulnerability to bleaching. To aid in conservation efforts and to 

enable more rigorous and realistic predictions of the effects of anthropogenic climate change on 

marine systems, accurate metrics of coral status are desired to determine those species and 

populations most threatened by climate change. Numerous biochemical indices have been 

examined in corals, including the induction of heat shock proteins, the regulation of antioxidant 

enzymes and the accumulation of ubiquitin-conjugated proteins. The positive correlation 

between variation in these indices and the intensity of various stressors has led to the promotion 

of molecular biomarker systems for assaying coral health. Another potentially informative 

indicator of organismic metabolic state is RNA (Ribonucleic acid) content and the RNA/DNA 

(DeoxyRibonucleic acid) ratio, an index already successfully and broadly employed to determine 

protein synthetic capacity and ecophysiology in fishes. Thus to assess the underlying molecular 

and cellular mechanisms underlying responses of two hard corals of varying resilience to climate 
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change induced sea surface temperature increase in this study, coral nubbins belonging to a 

branching, less resilient hard coral Pocillopora species and a mounding, comparatively more 

resilient coral Anomastrea species were exposed to elevated temperatures under controlled 

laboratory conditions. Samples for RNA and DNA extraction were taken immediately after heat 

stress, 24 hours after heat stress and when partially bleached. Both RNA and DNA were 

extracted from the same sample using Trizol reagent
TM

 and purified using silicon mini-columns 

according to the manufacturer’s instructions. Extracted total RNA and DNA were quantified 

using Nanodrop ND-1000 (Thermo Scientific). Both intertidal and subtidal heat stressed samples 

belonging to Anomastrea species recorded higher mean RNA/DNA ratios (6.8 ± 1.6) than similar 

control samples (4.3 ± 2.5). This seemed to indicate increased protein synthetic capacity despite 

heat stress hence possible resilience to climate change. On the contrary, heat stressed samples 

from intertidal and subtidal habitats belonging to Pocillopora species recorded a lower mean 

RNA/DNA ratio (12.7 ± 9.2) compared to control samples (15.1 ± 9.4) indicating that more 

energy was directed to heat stress as opposed to protein synthesis. Pocillopora species recorded 

significantly higher RNA/DNA ratios than Anomastrea for both control and treatment samples 

(df =1, p= 0.015 F= 7.45). This is a pointer to differing molecular response mechanisms to heat 

stress hence implications on the resilience to climate change. Only species had a significant 

effect on RNA/DNA ratios, while habitat (sub-tidal versus intertidal) and treatment (heat stress 

versus control) did not have a significant effect on the RNA/DNA ratios. The findings provide an 

insight as to why some coral species are more resilient to climate change than others despite their 

geographical location or prevailing sea water temperatures. This can help predict the effects of 

climate change on coral reefs and possibly help with management and genetic interventions 

mechanisms.  
 


