Environmental Constraints on Marine Cyanomyophage Abundance












A Thesis Presented for
the Master of Science 
Degree
The University of Tennessee, Knoxville











Tiana Pimentel
August 2013




[bookmark: _Toc349808170]Acknowledgements		


[bookmark: _Toc349808171]Abstract (350 words or less)
Viruses are highly abundant in the world’s oceans and are thought to be important participants in marine biogeochemical cycling. Of these viruses, cyanophages are considered especially important because they infect and lyse cyanobacteria, which are the main primary producers in marine environments. Cyanophages are known to influence abundance, diversity, and mortality of cyanobacterial populations, and thereby affect primary productivity and microbial community structures. Despite their ecological relevance, little is known about how environmental factors control cyanophage abundance and diversity over large temporal and spatial scales. To address this gap in knowledge, samples were collected over a temperature gradient spanning from Honolulu to San Diego. The myoviridae family was targeted for study because of its perceived ecological dominance amongst the cyanophages and the existence of molecular probes which can be used to measure their diversity and abundance. Environmental parameters including pH, temperature, salinity, nutrient concentration, and depth were recorded by CTD or analyzed on-board the ship. The g20 gene (which codes for portal vertex protein in myoviruses) was targeted by an established primer set and used as a proxy for cyanomyophage abundance in qPCR assays. Bacterial and cyanobacterial abundance were calculated through flow cytometry. Total viral abundance was determined through epifluorescence microscopy.  Initial analysis of quantification data has revealed a possible trend between temperature and cyanomyophage abundance, indicating the potential for climate change to alter cyanophage dynamics.
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Figure 1. Average number of g20 copies/mL vs. temperature (I will be re-formatting this table with axes labels and depth units once I figure out how).  Writing another sentence to make sure it doesn’t appear in the title. I don’t really know how to fix that.	4
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· AU, arbitrary unit
· Bp, base pair
· DOM, dissolved organic matter
· qPCR, quantitative polymerase chain reaction
· VLP, virus-like particles
· TFF, tangential flow filtration
· PCR, polymerase chain reaction
· dsDNA, double-stranded DNA
· FCM, flow cytometry
· PBS, phosphate buffered saline
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[bookmark: _Toc349808176]Introduction
Viruses are the most abundant biological entities in the world’s oceans (1) and have been documented at numbers up to 108 viral particles per mL (2-4). Viruses are thought to contribute to biogeochemical cycles by releasing bioavailable carbon and nutrients through infection and lysis of their hosts (5, 6). Bacteriophage, which constitute the majority of marine viruses, are assumed to shape microbial communities through a “kill the winner” mechanism, in which the most dominant microbes become more likely to succumb to viral infection due to increased contact rates, enabling less dominant members of the community to flourish (7, 8). Through this process, phage can also influence overall microbial community structure (9, 10) and genetic diversity within host populations (11, 12). Furthermore, marine viruses are thought to contribute to horizontal gene transfer (12, 13).
	The picocyanobacteria Synechococcus and Prochlorococcus are the dominant primary producers in the ocean (14), and thus the phage which infect them, termed “cyanophages”, are the most widely studied marine viruses. Cyanophage reduce primary productivity by inducing lysis of their cyanobacterial hosts (4, 15). The most frequently isolated cyanophage are members of the myoviridae family (16, 17). These cyanomyoviruses are considered the most dominant of the phage infecting Synechococcus and Prochlorococcus because of their broad host ranges (16, 17), the high incidence of T4-like g20 genes identified in oceanic metagenomic surveys (18, 19), and high abundance in previous environmental studies (11, 20). This g20 gene, which codes for the portal vertex protein in myoviruses, has been widely used as a molecular marker for studies of cyanophage genetic richness (9, 21-23). A qPCR protocol has recently been optimized which enables the quantification of this g20 gene as a proxy for cyanomyoviral abundance (20). SOME KIND OF SEGUE HERE. Though these cyanomyophages are widely studied, not much is known about how ecological factors affect their abundance over large geographical areas.
	Climate change is already altering the chemistry of the world’s oceans by causing an overall increase in temperature (24) and decrease in pH (25). Higher temperatures are predicted to trigger widespread glacial melting (26) and changes in precipitation which would cause reduced salinity in certain areas and possibly alterations in global ocean currents (27). What we know about how abiotic factors influence phage life cycles has been primarily studied in enteric bacteriophage (27), and evidence suggests that total viral abundance cannot be predicted by one variable alone in marine environments (27).
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	Test Table
	Measurement
	Other Measurement
	Another Measurement

	Thing 1
	23158972573
	5.0*
	214000

	Thing 2
	5235879
	44.4**
	4239500

	Thing 3
	39825739
	57.9
	31597015


*Inserting a note to see how that looks
**And another one






a. Importance of marine viruses 
b. Cyanophages 
i. Cyanomyophages 
c. Climate Change 
i. Effects on marine physiochemistry 
ii. Effects on marine cyanobacteria 
d. Evidence of environmental control of cyanophage/host dynamics 
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[bookmark: _Toc349808184]qPCR g20 quantification
The qPCR protocol was followed as detailed in Matteson et al. 2011. Samples were quantified in triplicate. The third replicate of each dilution was spiked with a known number of Synechococcus phage S-PWM1 particles (data not shown). 
[bookmark: _Toc349808185]Phage isolation and g20 sequencing
Viral concentrates for each station were obtained by ultrafiltration of 2.0 L surface water through a (INSERT PRODUCT NAME) with a (SOMETHING SIZED CUT-OFF) filter.
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