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Up-regulated genes and their functions
The osteoclast associated, immunoglobulin-like receptor (OSCAR) gene (up-regulated by a factor of 12-fold) is a member of the leukocyte receptor complex which performs several functions including bone homeostasis and re-absorption (1). It initiates immune response and maintains a role in adaptive and innate immunity (2). 
Chemokine (C-X-C motif) receptor 2 (CXCR2) and Chemokine (C-X-C motif) receptor 1 (CXCR1) (both up-regulated by a factor of 9-fold), are receptors for IL8, also involved in the immune response (3). These findings suggest that the immune system of manatees exposed to red tide is trying to mount an immune response to red tide toxins.
The thymocyte selection associated family member 2 (THEMIS2) gene supports the production of tumor necrosis factor (TNFα) and thymocyte development (4). Themis2 protein acts on macrophages and signals pathway specific effects on toll like receptors (5). Themis2 protein is a known tumor angiogenic factor, which is increased drastically in inflammatory cells and allergic and inflammatory lung disease (6). 
Matrix metallopeptidase 9 (gelatinase B, 92kDa gelatinase, 92kDa type IV collagenase) (MMP9) is thought to assist extracellular matrix proteolysis and leukocyte migration (7). In addition, the protein encoded by MMP9 degrades fibronectin and is potentially involved in osteoclastic resorption in bone. Transmembrane protein 56-like (TMEM56) (up-regulated by a factor of 11-fold) is an integral membrane protein whose upregulation was associated with hypertension and an increased likelihood of having coronary heart disease (CHD) in a previous gene expression study (8).
Myotubularin related protein 2, transcript variant 2 (MTMR2) is involved in phosphatase activity (9). MTMR2 is located in motor and sensory neurons and Schwann cells, which are sites where myelin is formed (10). MTMR2 is thought to have a role in enhancing peripheral nerve functioning (9). Changes in these types of genes suggests a direct effect of brevetoxins on the nervous system, which is consistent with the findings of a previous study that showed the brevetoxins bind with high affinity to brain synaptosomes (11). 
The gene stimulator of chondrogenesis 1 (SCRG1) (up-regulated by 7-fold) is also involved in neurodegenerative changes (12) and may be responding to brevetoxins.  
Complement component 1 2C r subcomponent-like (C1RL), a gene involved in the complement cascade, innate immune response, and cleavage of prohaptoglobin to its active form in the endoplasmic reticulum (13) was up-regulated by 4.7-fold. Haptoglobin (HP) is an acute phase protein (up-regulated 9.7-fold in this study) that supports inflammation and T cell immune response (14). It binds free hemoglobin, prevents iron loss, and performs antibacterial activity (15). While complement cascade and acute phase proteins are typically increased during inflammation, several genes are typically down-regulated during an acute phase response. 
Transthyretin (TTR) is an acute phase protein encoded in a gene, which is typically down-regulated during immune response and inflammation. These findings were similar to results seen in a separate proteomics survey performed by several of the authors of this study using the same manatee samples where increased acute phase complement cascade proteins C3 and C4-A were also increased while TTR was decreased (16). These results were consistent with other studies of the positive and negative acute phase gene profiles associated with inflammation, immune response, and trauma (17).

Down-regulated genes and their functions
The gene piccolo presynaptic cytomatrix protein (PCLO) is associated with cognitive functioning and neurotransmitter release (18). In a previous study, PCLO absence was associated with neuronal loss and neuron synapse dysfunction (19). This finding is compatible with the known health effects associated with brevetoxins which have shown a neurotoxic effect in previous studies (20). 
Interleukin 6 (IL6) encodes proteins involved in acute phase response, inflammation, and autoimmune response (21). This is compatible with previous studies, which showed that brevetoxins have immunosuppressant properties (22). Past research has shown that manatees experienced immune impairment following red tide exposures and this immune impairment places them at a greater risk of developing severe red tide illness (22-24).
The zinc finger protein 804B (ZNF804B) gene is involved in neuronal chemokine and cytokine regulation, autoimmune response, and immune activation (25). 
The function of the encoded protein for the gene Family with sequence similarity 186, member A (FAM186A) is currently not known. 
The ankyrin 2, neuronal, transcript variant 1 (ANK2) gene is associated with the stability of neuron synapses and is expressed in neuronal regions (26). In a study of neuromuscular junction (NMJs), ANK2 was recognized as one of the mutated genes identified in areas of instability (26). Lack of the ANK gene is related to synaptic microtubule dysfunction (26). 
The multimerin 1 (MMRN1) gene is associated with bleeding disorders. It is expressed in endothelium and platelets (27). The down-regulated gene expression of MMRN1 is compatible with the potential hemolytic effect of brevetoxins, which has led to hemorrhaging in manatees during past red tide episodes (22, 28).
The XK, Kell blood group complex subunit-related family, member 6 (XKR6) gene is thought to have a role in immune function. The XKR6 gene was down-regulated in persons with eosinophilic esophagitis (EoE), a type of tissue-specific severe allergic sensitivity to certain foods (29). EoE produces an allergic reaction, which includes inflammation and causes the esophagus to swell. This condition is often seen in humans with allergies, eczema, and asthma (29). 
The cysteine-rich, angiogenic inducer, 61 (CYR61) promotes endothelial cells adhesion. It’s down-regulation was associated with leiomyoma tumors or smooth muscle neoplasms and nonsmall cell lung cancers in previous studies (30). 
Forkhead box A1 (FOXA1) gene deficiencies are associated with a disruption of albumin and transthyretin liver markers (31). In this study, transthyretin was down-regulated and confirmed through Western blot. 
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