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Climate change is causing the world’s oceans to increase in temperature, threatening 

many populations of organisms. Corals are of particular concern, due to both their 

ecological importance and sensitivity to high temperatures. Coral populations in the 

Persian Gulf, however, have been surviving in normally-lethal thermal conditions. An 

analysis of specific genetic regions was conducted to determine if this regional 

thermal tolerance was related to certain enzymatic adaptations. Two lactate 

dehydrogenase (LDH) regions for three coral genera were sequenced and aligned to 

compare for substitutions between two separate regions. 2 out of 17 differences were 

found to be statistically significant. Despite this low significance rate, the overall 

process serves as a trial run for future endeavors. 
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Genetic Variation as a Cause for Thermal Tolerance in Persian Gulf Corals 

 

Introduction 

 With the environmental impacts of climate change being felt around the 

world, vital ecosystems are in grave danger. As the planet warms, the sea’s 

temperature rises as well. The increased sea temperatures are threatening a variety of 

communities, with coral reefs being one of the most important. Corals, and the 

structures they provide, contribute immense ecological services to their environment, 

including shelter, food, substrates, water filtration, and many more [1]. Because of 

this, coral reefs have colloquially earned the nickname “The Rainforests of the Sea.” 

For this and many reasons, it is important to study these organisms for any 

information that may guide us in protecting them. 

 There are many biological and biochemical symptoms that are associated with 

thermal stress on corals. For instance, studies have shown that temperatures higher or 

lower than the natural range can reduce growth and fecundity [2,3,4]. The most well-

known symptom of thermal stress, however, is coral bleaching. This occurs when the 

mutualistic dinoflagellate Symbiodinium spp. is released from its host, coral polyp 

cells. As the average sea temperature has gradually risen since the beginning of the 

Industrial Age, the frequency and severity of mass bleaching events have also 

increased [5,6]. While reef bleaching has long been the standard indicator for extreme 

thermal stress on coral populations, other negative effects of stress can be expressed 

even without evident bleaching [7]. 



 

 

 Many organisms undergo biochemical adaptation of certain enzymes in 

response to increased thermal stress [8]. Temperature has a massive influence on 

enzymatic rates. A slightly higher temperature than normal can speed up enzymatic 

pathways, making physiological processes more efficient. However, too high of a 

temperature can increase the number of enzymes in a cell that can’t bind to ligands. 

This is due to an increased Michaelis-Menten constant (KM) for the enzymes, which 

denotes a lowered affinity for their respective ligands [8]. Temperatures that are 

extremely high can also denature proteins, destroying them and upsetting their 

respective metabolic pathways. This thermal trade-off for enzymes can put organisms 

in a precarious balancing act with their surroundings. However, like most 

environmental stressors, many populations have adapted to prolonged exposure to 

high temperature ranges. Genetic orthologs from areas with higher and more variable 

temperature ranges exhibit a lower KM (and therefore a stronger ligand affinity) when 

exposed to ‘normal’ temperature ranges for the species [8,9]. The specific adaptation 

varies between studied groups, but in general adapted thermotolerance is related to a 

higher protein thermal stability [8]. In other words, thermotolerance may arise in a 

population because their proteins have genetically adapted to the higher temperatures 

of their environment, lowering the KM values and increasing stability. 

 While biochemical adaptation of many forms is present in all biotic groups, it 

is especially evident in species that are drastically affected by relatively minor shifts 

in temperature, such as corals. While corals are found around the world, they 

typically can only live and thrive under a narrow range of conditions, including 

temperature limits (usually ~26°C) [10,11,12]. However, certain subspecies and 



 

 

populations do exceedingly well under normally-lethal conditions. For example, 

corals in the Persian/Arabian Gulf (referred to as “The Gulf” hereafter, see Figure 1), 

the hottest sea in the world, withstand maximum temperatures of 35-37ºC [13], which 

is ~10ºC higher than the average survivable temperature range of most other coral 

populations worldwide [11,13]. 

It is currently unknown why the coral populations living in the Gulf are able 

to survive such conditions. A leading theory relates to the populations of 

Symbiodinium that live with the coral polyps. The thermal tolerance of subspecies of 

Symbiodinium has been potentially linked to the health of their respective coral 

populations [14]. Coupled with this is the fact that thermal-tolerant Symbiodinium is 

the most prevalent algal symbiont in the Gulf [15], and these thermal-tolerant algae 

show a genetic diversity unique to the area [16]. While the biological interactions 

between coral polyps and symbiotic algae provide information on the question of 

thermal tolerance in the Gulf, studies have shown that it is not the sole factor; coral 

genetics play a role as well [16,17]. A recent study showed that corals from the Gulf 

of Aqaba in the near-by Red Sea show an increase in metabolic rates (related to 

enzymatic function) when exposed to extreme temperatures, providing a distinct 

resistance to high levels of both temperature and acidity [18]. This study searched for 

any possible genetic drivers within the genome of the corals that underlie the thermal 

tolerance of populations from the Persian Gulf. It is hypothesized that the populations 

of corals within the high-temperature Gulf will have undergone biochemical 

adaptation and have significantly different genetic sequences for key regions of 

certain enzymes. 



 

 

Methods 

 Three genera commonly found in the Gulf were studied: Favia, Platygyra, 

and Cyphastrea. Tissue and skeleton samples of all three were collected in 2013-14 

from the waters of the Gulf off the coast of both Abu Dhabi and Fujairah, United 

Arab Emirates (UAE) (Figure 1). Samples were of various states of health. DNA was 

extracted from each sample using the Omega Bio-Tek© E.Z.N.A. Tissue DNA 

Extraction Kit. The DNA samples were quantified using AccuClear buffer and 

fluorescence analysis. 

Following quantification, the samples then underwent CO1 barcoding. This is 

a process used to positively identify species based on their genetic code. The 

mitochondrial cytochrome oxidase 1 gene (CO1) is highly conserved within a species. 

This means that, despite genetic variations and adaptations that specific populations 

undergo, virtually all members of a species will have the same CO1 sequence, which 

is unique to that species [19]. It provides an easy way to verify field identifications in 

the lab. For the Favia and Cyphastrea samples, barcoding was done using the Perfect-

TAQ polymerase in PCR. For Platygyra samples, Q5 polymerase was used instead, 

as it provided stronger results (viz. brighter bands in gel electrophoresis). The PCR 

mix consisted of the polymerase and its respective buffer, 10mM dNTPs, and 10µM 

forward and reverse CO1 primers.  For all mixes, bovine serum albumin was used to 

reduce inhibitors in the DNA products. The quality of CO1 products was evaluated by 

running the sample through gel electrophoresis. Samples with multiple-band artifacts 

had the appropriate band cut out and reamplified via CO1 PCR. Sequencing was done 



 

 

via Sanger sequencing. These sequences were compared via the “blastx” program at 

blast.ncbi.nlm.nih.gov. 

Following CO1 sequencing, regions of lactate dehydrogenase (LDH) were 

sequenced via Sanger sequencing and compared using “blastx.” We chose to 

sequence LDH because this enzyme has been extensively studied as a model for 

biochemical adaptation to elevated temperatures [8]. The geometry of the catalytic 

vacuole in LDH has been highly conserved over evolutionary time, meaning that 

there is little variation between species [8]. However, species have adapted to 

different temperatures by adapting the rate at which the enzyme accepts and releases 

ligands (the rate-determining step). This adaptation occurs when amino acids are 

substituted in the regions of the enzyme that control ligand binding, but not in the 

conserved catalytic vacuole [8]. Research has shown that which substitutions occur 

are unique to a population, even if serving the same benefit as other substitutions in 

nearby populations. Therefore, comparisons were made between the LDH sequences 

of the samples collected, with the samples from directly inside the Gulf (labelled 

‘Abu Dhabi’) being compared to those from just outside the Gulf (labelled 

‘Fujairah’). 

Nucleotide sequences were analyzed using command line programs. All 

nucleotide sequences were compared against a custom database, before being 

translated to protein sequences. These protein sequences were then aligned and 

examined for substitutions between samples. The differences in substitutions between 

Abu Dhabi and Fujairah samples were statistically analyzed using a Chi-Square test 

via the program R. 



 

 

Results 

 

 
Figure 1. Map of the Persian Gulf showing the two main collection sites. The red arrow marks Abu 

Dhabi, and the orange arrow Fujairah. Samples were collected from various sub-sites in the general 

area. Note that the Fujairah site is outside the Gulf proper. 

 

 
Figure 2. Product of gel electrophoresis run on the samples analyzed. From left, each column is 

respectively: 1kb GeneRuler© ladder, 133-CO1, 14C-LDH1, 14C-LDH3, F109-CO1, F104-LDH1, 

F104-LDH3, P23-CO1, SDYP6-LDH1, and P17-LDH3 (Format: Sample#-Region sequenced). Note 

the lower molecular weight of the LDH3 product compared to CO1 and LDH1. 



 

 

Table 1. Sequence alignment results for LDH1 samples of all three genera. Position counting starts at 

the first amino acid of the captured sequence, and analysis begins with sequence PIWSGVN, inclusive. 

The p-values for Chi-square test, and the alignment classes assigned by the analysis program are listed. 

No statistically significant differences (p-val ≤ 0.05) between Abu Dhabi and Fujairah regions found. 

 

CYPHASTREA 

Abu 

Dhabi 

Allele 1 

Abu 

Dhabi 

Allele 2 

Class 

(1-2) 

Fujairah 

Allele 1 

Fujairah 

Allele 2 

Class 

(1-2) 

 

P-val 

Pos 173 5 2 . (T-N) 1 1 . (T-N) 0.5784 

Pos 174 2 5 - (I-H) 1 1 - (I-H) 0.5784 

Pos 179 4 3 . (T-N) 0 2 . (T-N) 0.094 

Pos 180 4 3 - (L-P) 2 0 - (L-P) 0.1685 

 

FAVIA 

Abu 

Dhabi 

Allele 1 

Abu 

Dhabi 

Allele 2 

Class 

(1-2) 

Fujairah 

Allele 1 

Fujairah 

Allele 2 

Class 

(1-2) 

 

P-val 

Pos 208 1 2 - (T-N) 3 3 - (T-N) 0.6327 

Pos 209 1 2 - (H-I) 2 4 - (H-I) 1 

Pos 210 2 1 - (A-T) 3 2 - (A-T) 0.8499 

Pos 218 2 0 . (T-N) 2 1 . (T-N) 0.2764 

 

PLATYGYRA 

Abu 

Dhabi 

Allele 1 

Abu 

Dhabi 

Allele 2 

Class 

(1-2) 

Fujairah 

Allele 1 

Fujairah 

Allele 2 

Class 

(1-2) 

 

P-val 

Pos 195 12 1 - (V-G) 4 0 - (V-G) 0.4561 

Pos 196 12 1 : (N-H) 3 1 : (N-H) 0.3816 

Pos 197 12 1 - (I-K) 4 0 - (I-K) 0.4561 

Pos 200 12 1 - (V-R) 4 0 - (V-R) 0.4561 

 

Table 2. Sequence alignment results for LDH3 samples of all three genera. Platygyra had no 

differences between samples. Position counting starts at the first amino acid of the captured sequence, 

and analysis begins with sequence VLGSHGV and ends with sequence EIQESLT, inclusive. The p-

values for Chi-square test, and the alignment classes are listed. Two statistically significant differences 

(p-val ≤ 0.05) were found, both of which were differences between Favia samples (marked with an *). 

 

CYPHASTREA 

Abu 

Dhabi 

Allele 1 

Abu 

Dhabi 

Allele 2 

Class 

(1-2) 

Fujairah 

Allele 1 

Fujairah 

Allele 2 

Class 

(1-2) 

 

P-val 

Pos 21 6 1 : (K-R) 1 1 : (K-R) 0.3124 

Pos 43 1 6 . (S-Q) 0 2 . (S-Q) 0.4635 

Pos 47 7 0 : (K-R) 1 1 : (K-R) 0.0611 

 

FAVIA 

Abu 

Dhabi 

Allele 1 

Abu 

Dhabi 

Allele 2 

Class 

(1-2) 

Fujairah 

Allele 1 

Fujairah 

Allele 2 

Class 

(1-2) 

 

P-val 

Pos 42* 2 3 . (S-Q) 0 7 . (S-Q) 0.0433 

Pos 47* 2 3 . (E-T) 0 7 . (E-T) 0.0433 

 

PLATYGYRA 

Abu 

Dhabi 

Allele 1 

Abu 

Dhabi 

Allele 2 

Class 

(1-2) 

Fujairah 

Allele 1 

Fujairah 

Allele 2 

Class 

(1-2) 

 

P-val 

N/A N/A N/A N/A N/A N/A N/A N/A 

 



 

 

Discussion 

 

The reason for comparing samples between Abu Dhabi and Fujairah is rooted 

in the base question being asked by this research: How do coral populations living 

under extreme thermal conditions adapt to those conditions? While the Abu Dhabi 

samples were collected from within the Persian Gulf, the Fujairah samples were 

collected in the nearby Gulf of Oman (Figure 1). While this region experiences 

hotter-than-normal conditions, it is not as thermally harsh as within the Gulf. 

Therefore, the Abu Dhabi samples and those from Fujairah were compared to analyze 

whether the thermal difference between the sites was enough to elicit a genetic 

change. Of the 12 total differences found for the LDH1 samples, 0 were statistically 

significant (Table 1). However, of the 5 differences for LDH3 samples, 2 were 

considered significant (Table 2). Both significant changes were within the Favia 

genus. 

For both positions, all 7 Fujairah samples had the same amino acid (glutamine 

and threonine, respectively), and 2 of the 5 Abu Dhabi samples had a replacement 

(serine and glutamic acid, respectively). While these differences were statistically 

significant, there’s no immediate indication that they are related to thermal tolerance. 

As discussed above, LDH is studied for thermal tolerance experiments due to its 

inherent physiological and genetic stability. To drastically increase protein stability at 

a single site, the amino acid that replaces the original should theoretically be much 

larger, much more hydrophobic, and/or have a stronger polarity. Serine replaced 

glutamine at Position 42; while serine has a strongly polar hydroxyl group in its side 

chain, it is smaller than glutamine (which is also polar). Similarly, glutamic acid 



 

 

replaced threonine at Position 47. This substitution provides stronger evidence for 

thermal tolerant adaptation, as glutamic acid is larger and much more polar than 

threonine. However, more analysis regarding the change in LDH stability caused by 

these specific substitutions must be done before drawing any final conclusions on the 

relationship between these two changes and thermal tolerance in the organism. 

While there were only 2 statistically significant substitutions between Abu 

Dhabi and Fujairah samples, there were a total of 17 differences in protein sequence 

across LDH1 and LDH3 samples, making the significance rate 11.8%. This result 

highlights one of the underlying issues prevalent throughout this project: sample 

quality. Statistically speaking, a good explanation behind some of the higher p-values 

reported in Tables 1 and 2 is the fact that many subsections of samples (e.g. 

Cyphastrea LDH1 samples from Fujairah, Table 1) only had two or three total 

samples. With such a small pool to draw from, it is difficult to find statistically 

significant differences. This pool was so small due to low sample quality in many 

groups. Of an original 69 samples, only 42 were analyzed in the end. The rest were 

disregarded at various stages of the project due to poor quality of DNA extractions 

and PCR amplifications. Samples that did not have successful CO1 sequences were 

not analyzed as they could not be verified to be from the correct genera. Many of 

these samples also had numerous issues in LDH sequencing and DNA quantification. 

If these and more samples could have been properly studied, more defined patterns of 

substitution may have arisen. 

The reason for this low quality is most likely a combination of the age of the 

samples as well as various contaminants. The samples were collected at numerous 



 

 

sites in 2013-14, where they spent hours on a customs airport tarmac in the UAE 

before being shipped to the United States. Following this, they have been thawed and 

refrozen countless times over the past few years of research on them. This type of 

stress may have deteriorated some or all of the samples to varying degrees. Along 

with this, various biological contaminants and inhibitors were prevalent in DNA 

extractions. To help counter this, bovine serum albumin was added to PCR 

amplifications, which did indeed provide better sample quality. The primers used for 

the amplifications may have caused issues as well. Because no database of specific 

coral LDH sequences have been built yet, the primers used were designed around a 

general structure based on the Platygyra transcriptome, which was compared against 

other coral genomes. This caused the LDH1 samples to have a large chunk of an 

intron captured within the desired sequence, while others couldn’t align properly. The 

LDH3 primers didn’t capture any introns. 

Despite the issues outlined above and the small significance of results, this 

project still provides a successful framework for many future endeavors. The overall 

process served as a trial run for regional protein alignment categorization and 

comparison using a much larger number of samples. The evidence of significant 

differences in sequence, as well as the successful translation and alignment using the 

command line analysis tools, asserts that future studies can expand on the basis 

outlined here. For instance, this process looked at LDH sequences specifically. 

However, the full transcriptomes of the genera studied could be analyzed in a similar 

way, to see other potential genetic adaptations between sub-populations. Because this 

project focused on the coral polyp transcriptomes, a future study may want to analyze 



 

 

those of Symbiodinium, which have already been shown to exhibit genetic differences 

between regions of the Gulf [16]. A final note is the fact that LDH sequences aren’t 

readily available for all 3 of the coral genera studied. When that database is compiled, 

the protein sequences of coral samples from the Gulf and Fujairah should be 

compared with those of corals of the same genera that have grown under more normal 

environmental conditions. Coral research should not be underappreciated, especially 

in the context of thermal tolerance adaptation. These ecological necessities are facing 

an increasingly alarming threat from climate change, and our understanding of their 

ability to fight that enemy is crucial in our effort to aid them. 
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