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Abstract 

The toxic alga Prymnesium parvum lives in freshwater environments, and deprived of nutrients, 

it can cause harmful algal blooms. These blooms are responsible for substantial ecological and 

economic damage, and they are spreading into new water ways in the Western United States. All 

the individuals in a bloom do not behave the same, some are more aggressive than others. The 

genetics behind aggression is difficult to understand because the strains share a very similar 

genome content. Three loci were chosen for observation due to their differential expression 

between the strains, and possible relationship to toxicity. One is believed be involved directly 

with the toxin, and two are α-subunits for G-protein coupled receptors which are involved in 

signal transduction. The results show that one α-subunit is highly expressed in the aggressive 

strains and the other is being expressed in the passive strain. Both probably have an effect on the 

difference in phenotype. From a comparison of α-subunits that have similar structures it was 

concluded that one appeared to be involved in tubulin formation and the other could be involved 

in many functions. Further work will need to be done to confirm the correlation, and find the 

exact function of these α-subunits. 

Introduction 

Harmful algal blooms happen all over the world, and have been responsible for large-scale fish 

and marine life mortality. These blooms can occur in both freshwater and marine environments. 

Many different species of algae can cause these dangerous blooms. The species examined in this 

study, the alga Prymnesium parvum, is one of the culprits for these blooms. The first time the 

alga was associated with a harmful algal bloom(HAB) was in Denmark (Manning et al., 2010). 

The frequency and severity of these blooms has been increasing in the Western and Southern 
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United States, causing a large amount of economic and ecological damage. Later, it was first 

discovered in Texas after a series of massive fish kills in the Pecos River. Since then it has 

become endemic in many western rivers, which has caused concern about future blooms 

(Southard et al., 2010). The alga is found all over the world, but it is especially prevalent in 

temperate climates. One reason these blooms are so problematic is when a bloom occurs the 

algae secretes a toxin that is dangerous to both fish and marine organisms in the water. The toxin 

is used by the algae in order to kill micro-organisms and use them as a source of nutrients. It has 

the unintended consequence of suffocating fish, by causing their gills to become permeable. The 

algae cannot use the fish as a nutrient source. A bloom causes a considerable loss of marine life 

which leads to an imbalance in the ecosystem. Even though P. parvum has a wide geographic 

distribution, the blooms have mostly been observed in areas of low salinity, with standing water 

and between the temperatures of 12-30 ºC. Once a bloom occurs the P. parvum secretes a toxin 

that is ichytoxic, cytotoxic, neurotoxic, hemolytic, antibacterial and allopathic. Activation of the 

toxin can be triggered by phosphorus limitation and nitrogen limitation (Granéli, 2006). This 

alga has been responsible for killing fish in multiples fisheries. It has lead to huge economic 

loss;D in Texas it was estimated there have been $13 million dollars worth of fish lost (Southard 

et al., 2010). The alga is spreading and we are not entirely sure how to combat these blooms. 

The mechanism behind these blooms is not fully understood, but do have a basic understanding 

of the bloom dynamics. Not all of the algae within a bloom exhibit the same phenotype. Some 

have a more aggressive phenotype and are induced to produce toxin quickly. Other individuals 

within the bloom display a passive phenotype, which means even under high levels of nutrient 

deprivation they will not produce toxin. The genetic basis underlying toxin production and 

aggressive behavior is not fully understood. This work identifies genes that may be involved in 



 
 

4 
 

any behavioral differences between the strains and measures their expression. Most of the 

previous work focuses on the algae as a whole, but this study hopes to understand the phenotype 

of individual alga within the bloom. This would should give us a greater understanding of bloom 

dynamics. It has been hypothesized that within a bloom there is a high level of diversity among 

individuals in the ability to express the toxin (Driscoll et al., unpublished). 

Previous work has been done on the strains being examined in order to establish the level of 

aggression of each strain. This study looks at seven different monoclonal strains 12A1, 12A1-2, 

13A5, 12B1, 80-10, 80-20 and 80-27. In order to establish the level of toxicity of each strain 

hemolytic assays were used following the protocol from Manning (2010). The results from that 

experiment can be viewed in Figure 1. The figure only addresses strains 12A1(tox+), 13A5 

(tox2), and 12B1 (tox-). Two of the strains, 13A5 and 12A1, were strongly hemolytic as they 

went into stationary phase. But for 12B1 it was much less hemolytic than the other two strains. 

This leads to the conclusion that both 12A1 and 13A5 are highly toxic, while 12B1 is extremely 

passive (Driscoll et al., 2012). The other strains have been examined and it was determined their 

aggression level falls between the two aggressive strains and the passive strain. 

Other experiments performed examined the differences between 12B1 and 12A1. First, the 

cultures were grown in phosphorus limited media. The more passive 12B1 was better at growing 

than 12A1 under these conditions. As soon as prey was added, the roles reversed and 12A1 

became the dominant strain. The growth peak of 12A1 was right after the prey was wiped out 

and declined from that point. Both strains were put into cultures with the green alga which had a 

dense population this gave an advantage to 12A1, but it did not help the growth of 12B1 which 

had difficulty growing in the dense cultures. The filtrate was examined in order to determine the 

hemolytic effect, 12A1 was producing toxin much sooner than 12B1. When a diatom competitor 
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was added 13A5 populations were largely unaffected, where 12B1 populations were significantly 

inhibited (Driscoll et al., 2012). 

Another paper has been published on the strains in this study. This study also examined the 

strains 12A1, 12B1 and 13A5. First heterotrophic ability of the strains was determined. The 

populations were starved of phosphorus, and then the ability to recover was measured. Two types 

of phosphorus were used inorganic and organic phosphorus which was the prey Dunaliella 

tertiolecta. It was observed that the strains with a toxic phenotype were able to recover faster 

when they were given prey than when they were given an equal amount of inorganic phosphorus. 

For the passive strain the type of phosphorus provided did not change the ability of the algae to 

recover. This shows that aggressiveness and heterotrophy have some sort of correlation (Driscoll, 

unpublished). 

In the same study transcriptomic data was gathered for 12A1 and 12B1. The strains share a 

similar genome, but act differently when exposed the same environmental conditions. The 

mRNA was extracted to examine the different levels of expression to try to understand the 

difference in nature between these strains. From this it was determined that the proteins were 

similar to Emiliania huxleyi, which is also a haptophyte. The strains were 99% identical at the 

nucleotide level, and only around 5% of the loci had different levels of expression between the 

strains. Genome Ontology was used to determine the possible function of genes with 

significantly different levels of expression. It was determined that the genes highly expressed in 

12A1 likely had some involvement in stress response, cell adhesion, glycolipid transport, and 

calcium binding. Some of the loci were also chosen as being possibly involved with the toxins. 

The loci with high expression levels in 12B1 are likely involved with cell proliferation and signal 
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transduction. The ability to slow down reproduction in times of stress is important in order to 

conserve resources (Driscoll et al., unpublished). 

One of the genes chosen for observation in this study from the transcriptomic data is Locus 400. 

It is a carboxylesterase which was highly expressed in 12A1 when compared with 12B1. To 

further confirm the differential expression in the strains it was grown over 14 days then Q-PCR 

was used to confirm the transcriptomic results. The passive strain did have an increase in 

expression of the carboxylesterase but it never reached the level of expression observed in 12A1.  

The study hypothesized the toxin worked by creating an endogenous carboxylesterase, which 

starts as nontoxic inside the cell and then is made toxic through hydrolysis (Driscoll et al., 

unpublished). 

Signaling is vital to a cell’s survival because it allows a cell to respond to the environment. Two 

of the genes in this study were chosen because of their close BLAST hits to G-protein coupled 

receptor (GPCR) α-subunits and their significantly different expression between passive and 

aggressive strains from the previous transcriptomic work from Driscoll (Unpublished). GPCR 

proteins have 7 transmembrane(TM) α helices that go through the plasma membrane. The 

protein is used to relay information from the outside of the cell to the inside of the cell. A ligand 

will bind on the exterior part of the GPCR which then initiates an intracellular response. The 

7TM helices of the GPCR are closely associated with the Gα, Gβ and Gγ subunits on the inside 

of the cell. The α-subunits, β-subunits, and γ-subunit form heterotrimeric complexes and each of 

subunits can be used to initiate different responses (Kroeze et al, 2003). The GPCR can be 

activated by many different kinds of signals including light, odorants, biogenic amines, lipids, 

proteins, amino acids, hormones, nucleotides and many other signals. They are one of the most 

common proteins found in many animals. The α-subunit becomes activated when the GDP is 
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traded for GTP causing it to become active and involved in a signaling cascade (Marinissen et 

al., 2001).  

The first Gα subunit from a plant was cloned from Arabidopsis (AtGPA1). The function was 

found using loss of function mutations, it was shown to be involved with oxidative stress, 

stomatal opening and closing, fungal defense and sugar perception. The G-protein coupled 

regulatory system appears to be different in plants than in animals as shown in figure 3. In 2003, 

the C-terminal end of the AtRGS1 protein was shown to contain an RGS box which has usually 

been found in the cytoplasmic end of animal G-proteins. In Arabidopsis it was shown that the Gα 

subunit would bind to GTP without being attached to the GPCR in vitro. This means it did not 

need guanine exchange factor (GEF), which in animals is used to regulate the binding of GTP. 

Due to these findings it has been concluded that the G proteins found in plants use a different 

regulatory system. It has been assumed that in plants, that once activated the GPCR inhibits an 

inhibitor which is preventing GTP from binding to the Gα subunit. (Urano et al., 2013, Urano 

and Jones, 2014).  

In algae GPCRs have only been discovered within the past couple years. It was found in the alga 

Chara braunii, this finding shows that G-proteins date farther back than was originally 

hypothesized. Algae might contain one of most basal lineages of these proteins. Studying them 

further could give us inside into the origin of GPCRs (Hackenberg and Pandey, 2014). It is 

unknown if the GPCRs in P. parvum are more similar to the plant or animal GPCRs. It is 

possible they are not similar to the either and have a unique GPCR system. It will also shed light 

on the functions that they control and the role they play in aggressiveness. 

 



 
 

8 
 

Materials and Methods 

Identification of Target Genes 

Previous transcriptomic work was done comparing the strains 12B1 which is a phenotypically 

passive strain and 12A1 which is a phenotypically aggressive strain (Driscoll et al, unpublished). 

Target genes for this study were chosen based on a variety of factors. The first criteria was the 

genes must exhibit a large difference in expression between the two strains under nutrient stress. 

One of the genes, Locus 400, was chosen because it encodes for a carboxylesterase which is 

hypothesized to be involved with the toxin. The other two genes were Locus 799 and Locus 

34457, which both encode for an Gα subunits of G-Protein Coupled Receptors. The previous 

study showed that Locus 799 was more highly expressed in 12A1 and Locus 34457 was more 

highly expressed in 12B1. 

Cell Growth and cDNA extraction 

All the cells used in the experiment were grown using the following protocol. The monoclonal 

strains of P. parvum were isolated and grown as outlined in (Driscoll et al., 2013). In this study 

seven strains were examined and designated 12A1, 12A1-2, 12B1, 13A5, 80-10, 80-20, and 80-

27. The strain 12A1-2 contains the same monoclonal strain as 12A1, but 12A1-2 was exposed to 

an antibiotic treatment. Each of the strains exhibits different levels of aggression with 13A5 

being the most aggressive and 12B1 being the most passive. 

The seven strains were grown under three different conditions with replete nutrients, phosphorus 

limited nutrients and phosphorus limited nutrients with prey. All cultures were all grown in 22 ºC 

and kept in cool white fluorescent lights (~75µmolm-2S-1) the light cycle was a 12 hour light and 

12 hour dark cycle. After two weeks the cells were harvested when they reached a density 
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between 104-106 unless otherwise described. The cultures grown in replete media were grown in 

20ml of Artificial Lake Water(ALW) and with the nutrients F/2 without silicon. The cultures 

grown in phosphorus limited media were grown in 20mL of ALW and with 1/20 of the 

phosphorus in F/2 without silicon. The protocol for the cultures grown with prey, was that they 

were first grown with 19mL of ALW and 1/20 of the phosphorus in F/2, and then the prey 

Dunaliella tertiolecta was added. The cultures were grown for three more days before the RNA 

was extracted. Total RNA was extracted using the Qiagen RNAeasy Plus Mini Kit and then a 

cDNA synthesis was performed to extract the mRNA using the Thermo Scientific Maxima H 

Minus First Strand cDNA Synthesis Kit.  

Q-PCR 

Primers were designed from previous transcriptomic data, and checked for accuracy and 

efficiency on cDNA using quantitative PCR and standard PCR. The primers used for each gene 

are listed below: 

Primer Forward Reverse 

Actin 5’ GGCAGAAGGATGCGTATGTT 3’ 5’ CCTCTCCATGTCGTCCAAGT 

3’ 

Locus 400 5’ CGGTTGACTCCGACAAAAAT 3’ 5’ CGTTCACAGGGGCAACTTAT 

3’ 

Locus 799 5’ GATGCCCGAGAAATCCATCT 3’ 5’CTTGACGTTGCCCGTATCT3’ 

Locus 

34457 

5’CGAGAAACGATTCGCAGACTAT3’ 5’GACTTGTCGGCCTTGTTCTT3’ 

 

The cDNA from all seven strains grown under each condition was used for Q-PCR. Q-PCR was 

done using Quanta PerfeCTa SYBR Green FastMix for iQ. The genes examined were the ones 
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mentioned above. A gene known to code for actin was used as the reference gene. The 

denaturation temperature used was 55 ºC.  

Identification of Possible Alpha-Subunit Function 

The possible functions of the α-subunits was determined based on a database search in gpDB, 

from http://bioinformatics.biol.uoa.gr/. Both Locus 799 and Locus 34457 were put into a 

National Center for Biotechnology Information (NCBI) blastx search to try to determine the 

organisms containing the most similar protein sequence. 

 

Results 

The sequences for Locus 34457 and Locus 799 were put into a NCBI blastx search. A blastx 

search is used to find sequences from other organisms with similar protein sequences. For Locus 

799 the overwhelming majority of the hits were for α-subunits from various organisms. The most 

similar hits have e values ranging from 6-108 -2106 the top organisms are Spizellomyces punctatus, 

Cercospora fijiensis, Sphaerulina musiva, and Escovopsis weberi, which all are different species 

of fungi. For Locus 34457 the most similar hits were also α-subunits. The top five hits have e-

values ranging from 2-149-8-114. The organisms are Chrysochromulina sp (haptophyte), Emiliania 

huxleyi (haptophyte), Talaromyces islandicus (fungi), Talaromyces verruculosus (fungi), and 

Talaromyces marneffei (fungi). 

The database gpDB was used to determine the possible pathways and interactions that the α-

subunits could have. For Locus 799 the top hits have e-values ranging from 1.6-74-4.7-74. The top 

organisms listed are Rosellinia necatrix(fungi), Cryphonectria parasitica(fungi), Gibberella 

fujikuroi(fungi), Fusarium oxysporum(fungi), and Fusarium oxysporum(fungi). For Locus 

http://bioinformatics.biol.uoa.gr/
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33457, the top hits have e-values ranging from 1.7-77-3.3-76. The top organisms listed are 

Aspergillus fumigatus(fungi), Sporothrix schenckii (fungi), Emericella nidulans (fungi), 

Cryphonectria parasitica (fungi), and Rosellinia necatrix(fungi). All the results were examined in 

the gpDB database for both loci and a list was created of possible functions which is listed in the 

discussion. 

The Q-PCR data for all the strains under each conditions is shown in figure 3. It was observed 

that when phosphorus is limited Locus 799 is upregulated in both 13A5 and 12A1 in comparison 

to 12B1. These results are similar for when the strains are grown with prey. This shows that there 

is some correlation between aggressive behavior and a high level of expression of this gene. For 

Locus 33457 the gene is upregulated in 12B1 when compared with 13A5 and 12A1 under 

phosphorus limitation. Once prey was added Locus 34457 becomes highly upregulated in 13A5 

when compared with 12A1 and 12B1. The reason for this is unknown. From this data there 

appears to be a correlation between the expression of Locus 34457 and passive behavior. Both 

genes are being expressed differently based on the phenotype, even when exposed to the same 

environmental conditions. Both are α-subunits for GPCRs which means that aggression is being 

controlled by intracellular responses to the environment. Another interesting observation is that 

Locus 400 expression does increase after prey was added to the cultures, and it increases 

drastically in 13A5. Many of the strains have a similar amount of Locus 400, but 13A5 has a 

huge increase in toxin production. This further confirms that the algae are able to sense the 

presence of prey. 

Overall the data is inconclusive, further experiments will need to be performed to determine if 

the genes truly are related to the toxic phenotype. The data points for 80-10, 80-20 and 80-27 do 

not follow a clear pattern of gene expression. Previous work found them to be phenotypically in 
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between the most aggressive strain and the most passive. It is possible that the phenotypic 

profiles will need to be reexamined. Another possibility is that there are other factors that were 

not controlled for in the experiment. It is also possible that because we were only looking at the 

genetic expression and not at the regulatory sequences of each gene that could explain the 

discrepancies.  

 

Discussion and Conclusion 

Two of the α-subunits showed differential expression in the passive and aggressive strains. The 

next step is to determine possible functions of the subunits. This is difficult because not many 

studies have examined algal GPCRs. With our current understanding of their function we are not 

even sure if they are more similar to plant or animal GPCRs. They are a basal lineage that further 

research will need to be done to confirm how they function. Of the GPCRS that have been 

studied the number we understand the function for are limited, and the majority of functions that 

we do understand are from animals. There are few α-subunits in plants that have a known 

function, so the possible function of the loci will be compared to animal α-subunits to determine 

their function. The database gpDB was used; it contains the related GPCRs to many different α-

subunits, and the effects that is has in the cell. 

For Locus 799 the hits consistently showed involvement in stimulation of GTPase activity, and 

activation of tubulin. Tubulin is also used to form microtubules that are an important part of cell 

division. It is also an important part of cell motility and it is used to engulf prey. Both the 

haptonema and the flagella are made of tubulin. Locus 799 is highly downregulated in 12B1. 

This would imply that cells with this gene upregulated would be moving around their 
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environment and engulfing prey. This would make sense considering that the more aggressive 

phenotype would need to be moving around to search for prey. As seen in previous work, the 

more aggressive strains were not limited by phosphorus once prey was added. Allowing them to 

continue to divide at a normal rate, while the more passive strains would avoid proliferation to 

conserve nutrients. This could explain why the α-subunit is downregulated in 12B1; it is trying to 

conserve nutrients because it cannot find the phosphorus it needs. 

The α-subunits with a similar protein sequence to Locus 34457 were involved in a wider variety 

of GPCRs and effectors. It was involved with the inhibition of adenylate cyclcase, which 

catalyzes the transfer of ATP to 3',5'-cyclic AMP (cAMP). Many of the closest hits show that it 

is similar to effectors that stimulate the Rac and Src pathway. It also has hits involved with the 

stimulation of GTPase activity in tubulin, same as Locus 799. In humans, Rac1 is a GTPase 

involved in many cellular functions. It is classified under the Rho subgroup which is involved in 

cytoskeletal control, regulation of the formation of the stress fibers, focal adhesions, cell growth, 

membrane trafficking, development, and axon guidance and extension (Takai et al., 2001). The 

Src family are protein tyrosine kinases that are also involved in cell signaling. They are involved 

in signal transduction and have been shown to control GPCR activity in relation to cell 

proliferation and cytoskeletal rearrangement. SFKs and GPCRs are both used for cellular 

signaling and sometime work together to accomplish a goal (Parsons and Parsons, 2004). Killer-

cell immunoglobulin-like receptors are on the surface of the Natural Killer (NK) cells and on 

some types of T cells. They play various roles the function of NK cells, and can stimulate or 

inhibit the activation of the NK cells. Natural Killer cells are used in the body’s defense against 

viral infection (Campbell et al., 2011).  
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For Locus 799 and Locus 34457 both NCBI blastx and the gpDB database show that fungi have 

the most similar sequences. Which could mean that GPCRs in P. parvum are most functionally 

similar to fungi. It has been shown that GCPRs in fungi are involved in the ability of the fungi to 

tell that it has come in contact with a specific type of surface. In M. grisea it has been shown to 

be involved with appressorium formation when it contacts a specific type of surface. They have 

also been shown to be involved in nutrient sensing (Kumamoto, 2008). Being able sense 

nutrients is vital to cell survival. For this study we are looking to understand the ability to cell to 

sense phosphate. In Saccharomyces cerevisiae it has been shown that phosphate signaling is also 

dependent on glucose sensing. A study showed that it was required that either a GPCR that is 

involved in glucose signaling or the glucose-phosphorylation-dependent system was necessary 

for the cell to have phosphate signaling. The phosphate signaling could continue with both, or 

one of the systems. But once both were deleted phosphate signaling stopped. Phosphate signaling 

was also shown to not be mediated by cAMP and that it activates PKA (Giots et al., 2003). Both 

of the α-subunits from P. parvum could be involved in some sort of nutrient sensing either of 

phosphate directly or of glucose. The phosphate could either bind to the GPCR as a ligand and 

that is triggering a signal cascade (Holsbeeks et al., 2004). 

P. parvum has the ability to attack prey and use them for nutrients. Under microscopic 

observation it has been concluded that P. parvum is not a good swimmer, and not well adapted to 

predation. To negate this poor design the toxins manage to slow down the prey before they are 

caught. It is likely there are many different molecules are involved in the toxin. A study was 

done on a dinoflagellate Oxyrrhis marina, it showed that the algae would swarm the misshaped 

and partially lysed O. marina. The mortality of O. marina decreased when the concentration of 

P. parvum was reduced and when the concentration of O. marina increased. The study 
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hypothesized that reason that an increase in O. marina concentration reduced mortality was that 

the toxin was binding to the membrane and it was not enough to kill the dinoflagellate. At levels 

of low toxicity O. marina is able to ingest P. parvum, at higher levels of toxicity P. parvum has 

the advantage and consumes the dinoflagellate as food. It is possible that in natural systems the 

amount of dissolved organic matter, particulate organic matter and the biomass of the other 

species in the area would influence the toxicity of the algae (Tillman, 2003). 

Our current understanding of the toxins is limited. The primary toxic compounds are 

hypothesized to be fatty acids. The toxin applied directly to the prey by the alga and is not just 

released into the surrounding area. Locus 400 was shown to be upregulated in all the strains as 

soon as prey was added. This shows that the algae will not produce the toxin in high 

concentrations unless it is needed. 

     In order to combat these blooms, we will need to have a better idea of what environmental 

factors contribute to their formation and on an individual basis what influences an alga to exhibit 

the toxic phenotype (Driscoll, unpublished). Some methods have been successful in bloom 

control. One method to combat the blooms that has been shown to be effective is nutrient 

enrichment. Even though the P. parvum density increased it was not the dominant micro-

organism in the water. Adding nutrients to the water at specific times could be one effective 

method to eliminate these blooms (Roelke et al., 2007). Water inflow has also been shown to end 

blooms (Roelke et al., 2010). Hopefully this work will help us understand why these methods 

work, and shine light on the pathways involved in the nutrients sensing. With this knowledge the 

ability to prevent and combat the blooms will be easier. If we understanding the signaling 

network that causes the aggressive phenotype, it might be possible to stop these blooms before 

they occur. Also, if we understand which genes are directly involved with toxicity it will help 
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development of new techniques for measuring toxicity. Hopefully it will also shine some light on 

the evolutionary origin of allelopathy, an important concept for drug development. More 

experiments will need to done to confirm the results presented. New insight has been gained that 

perhaps genetic expression of genes related to aggression is not as straightforward as it was 

originally assumed. 
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Figure 1 

 

Figure 1 Growth data for three genetically similar, coexisting strains of Prymnesium parvum fit 

to logistic growth curves on a log scale. The coarse dashed line is a logistic curve fit to strain 

TOX− data (triangles), the solid line is the fit to strain TOX1 data (circles), and the fine dashed 

line is the fit to TOX2 data (diamonds). While TOX− and TOX1 increase at a similar maximal 

rate early in growth, they differ in the timing of the transition to stationary phase, so that TOX− 

grows to approximately twice the final density of TOX1. Despite different maximal rates of 

growth, both toxic strains saturate at the same density. Inset: Parameters from logistic curve fits 

to growth data, with mean values across three independent cultures ± 99% confidence interval. 

Here, r is maximal rate of growth, K is carrying capacity, and T is hemolytic potential in early 

stationary phase, expressed as a fraction of total erythrocyte lysis. 

Driscoll, William W., et al. "ALLELOPATHY AS AN EMERGENT, EXPLOITABLE PUBLIC GOOD IN THE BLOOM‐FORMING 

MICROALGA PRYMNESIUM PARVUM." Evolution 67.6 (2013): 1582-1590. 
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Figure 2 The difference between animal and plant GPCRs. On the left is the animal GPCR and 

on the right is the regulation in the plant Arabidopsis 
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(a) Replete Nutrients: Fold change when compared to 12A1       

Gene 12A1-2 12B1 13A5 80-10 80-20 80-27 

Locus 400 1.097 0.045 0.263 2.228 2.737 28.067 

Locus 799 0.0804 0.0929 0.279 0.202 0.517 1 

Locus 34457 0.575 0.958 1.409 32.967 1.474 1.034 

 

(b) Phosphorus Limited 1: Fold change when compared to 12A1 

Gene 12A1-2 12B1 13A5 80-10 80-20 80-27 

Locus 400 0.152 0.000639 1.159 0.111 0.485 0.123 

Locus 799 0.726 0.00684 0.811 1.173 0.767 3.574 

Locus 34457 96.27 1400.345 8.688 139.277 5.319 131.623 

       

 

(c) Phosphorus Limited 2: Fold change when compared to 12A1 

Gene 12A1-2 12B1 13A5 80-10 80-20 80-27 

Locus 400 0.107 0.000585 1.013 0.045 0.837 0.0757 

Locus 799 0.503 0.00323 0.91 1.343 1.477 0.897 

Locus 34457 30.702 307.349 2.19 50.167 2.017 27.6 

 

(d) Grown with Prey: Fold change when compared to 12A1 

Gene 12A1-2 12B1 13A5 80-10 80-20 80-27 

Locus 400 2.657 3.361 487.849 12.06 3.509 2.817 

Locus 799 0.000389 0.402 1996.068 56.243 0.483 0.461 

Locus 34457 0.286 8.287 1228.461 39.966 0.532 1.028 

 

Figure 3 Q-PCR examining Locus 400, 799 and 33457. Actin was used as the reference gene 

and the fold change was compared to 12A1 (a) All the strains grown with replete media (b) & (c) 

All the strains growth with limited phosphorus. Locus 3347 was upregulated in 12B1 and Locus 

799 was upregulated in 13A5. (d) All the strains grown with prey. 13A5 has an increase in 

expression of all the loci when compared with 12A1. Locus 799 is still not highly expressed in 

12B1. 

 

 

 

 


