
EXPANSION OF THE CHLOROVIRUS GENUS BY STUDIES ON VIRUS 

NATURAL HISTORY AND CHLORELLA HOST METABOLISM 

 

 

by 

 

 

Cristian F. Quispe 

 

 

A DISSERTATION 

 

 

Presented to the Faculty of  

The Graduate College at the University of Nebraska  

In Partial Fulfillment of Requirements  

For the Degree of Doctor of Philosophy 

 

 

Major: Biological Sciences  

(Genetics, Cell, and Molecular Biology) 

 

 

 

Under the Supervision of Professor James L. Van Etten  

 

 

 

Lincoln, Nebraska 

December, 2015  

 
 
 
 

 
 
 

PREVIE
W



All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed, 

a note will indicate the deletion.

  
All rights reserved.

This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLC.

ProQuest LLC.
789 East Eisenhower Parkway

P.O. Box 1346
Ann Arbor,  MI 48106 - 1346

ProQuest 3738965

Published by ProQuest LLC (2015).  Copyright of the Dissertation is held by the Author.

ProQuest Number:  3738965

 
 
 
 

 
 
 

PREVIE
W



EXPANSION OF THE CHLOROVIRUS GENUS BY STUDIES ON VIRUS 

NATURAL HISTORY AND CHLORELLA HOST METABOLISM  

 

Cristian F. Quispe, Ph.D. 

University of Nebraska, 2015 

Adviser: James L. Van Etten      

 
Inland waters cover about 2.5 percent of our planet and harbor huge numbers of 

known and unknown microorganisms including viruses. Viruses likely play 

dynamic, albeit largely undocumented roles in regulating microbial communities 

and in recycling nutrients in the ecosystem. Phycodnaviruses are a genetically 

diverse, yet morphologically similar, group of large dsDNA-containing viruses 

(160- to 560-kb) that inhabit aquatic environments. Members of the genus 

Chlorovirus are common in freshwater. They replicate in eukaryotic, single-

celled, chlorella-like green algae that normally exist as endosymbionts of protists 

in nature. Very little is known about the natural history of the chloroviruses and 

how they achieve high-titer and long-term persistence in nature. To study their 

natural history, we examined chloroviruses over a three-year period to determine 

their abundance, prevalence, and genetic diversity in a small lake in Nebraska 

(Chapter II). These studies indicated that the amount of infectious virus particles 

was seasonal and both host- and site-dependent. Chlorovirus populations 

persisted year-round, suggesting that the viruses are either very stable or that 

viral production occurs in an unknown natural host(s).  During this study, a new 

viral group was discovered and characterized, expanding the Chlorovirus genus 
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(Chapter III). This group, designated as Only Syngen viruses (OSy), replicates in 

Chlorella variabilis (Syngen 2-3) cells. Furthermore, OSy viruses also have non-

permissive features in two phylogenetically related C. variabilis sub-species and 

constitute the first report of a post-infection host mechanism that results in 

resistance against infection. In Chapter IV, five symbiotic-virus suceptible and 

four free-living Chlorella species were evaluated for their capabilities to 

assimilate nutrients. Hierarchical clustering reveals a clear distinction of both 

groups based on their assimilation of galactose, nitrate, asparagine, proline, and 

serine. Additionally, genomic and differential expression analyses of symbiotic 

algae confirm an abundance of amino acid transporter genes, some of which are 

constitutively expressed when the symbiotic algae either grow axenically or as an 

endosymbiont within their host. Such similarities indicate a parallel coevolution of 

shared metabolic pathways across multiple independent symbiotic events and 

suggest that physiological changes driving the Chlorella symbiotic phenotype 

also contribute to their natural fitness.   
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Literature Review 
 

Viruses: cosmopolitan, abundant and important entities in nature 

Viruses are ubiquitous members of the biosphere as they are found in essentially 

every ecosystem on the planet (Short, 2012). For example, analyses of aquatic 

environmental samples indicate that high concentrations of viruses (105 to 109 

particles/ml) that infect microorganisms, primarily bacteria, are present in marine 

and inland waters (e.g., Lim et al., 2013; Rodriguez-Brito et al., 2010; Short, 

2012; Yau et al., 2011). The virus number typically exceeds that of cellular 

organisms by at least an order of magnitude; thus, the number of different 

viruses within a community is huge. Their functions of predation and gene 

transfer make viruses key drivers in the dynamics of microbial ecosystems  

(Mokili et al., 2012; Suttle, 2007). Furthermore, viruses play important roles in the 

global biogeochemical cycling of carbon and nutrients  (Bratbak et al., 1990; 

Rohwer & Thurber, 2009).  

Studies from diverse biomes show that different environments possess distinct 

viral community structures. Even small and individual ecosystems, such as 

human feces, contain around 1,000 viral genotypes, whereas viral communities 

in seawater, although they are more diverse, contain around 5,000 genotypes 

(Breitbart et al., 2002; Breitbart et al., 2003). In both environments, the 

predominant viral type accounted for at least 1% of the total population. In 

contrast, samples collected from near-shore marine sediments were highly 

diverse, hosting between 10,000 and one million viral genotypes, with the most 
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abundant type representing less than 0.01% of the community. Thus, our 

biosphere is abundant with genetic information, which mainly is of viral origin and 

we have not yet been able to assign a role, function or evolutionary origin (Cortez 

et al., 2009). 

 

“Virus” misleading us for decades 

Virology officially started in 1898  (Beijerinck & Johnson, 1964), and for decades, 

viruses were defined by what they were not: very small entities (ultra filterable 

microbes) not visible under the microscope and not culturable in the absence of a 

host. Viruses were first considered as possible intermediate forms between 

mineral and true cellular life (Witzany, 2012). Additionally, at the end of the 20th 

century, the first viruses known to the public were those causing malignant 

phenotypes in clinical or agricultural organisms such as yellow fever in humans, 

mosaic disease in tobacco, and foot-and-mouth disease in livestock. Not 

surprisingly, virus is the Latin term for “poison, venom, or slimy fluid,” which 

reflects its common strategy to survive (Witzany, 2012). Although at the time, the 

depiction of viruses as malicious killers was very appealing, new information 

about viruses emphasizes the important roles they possess, not only in the 

evolution of all life, but also as symbionts or co-evolutionary partners of host 

organisms (Witzany, 2012). Thus, with the advances in sequencing and 

technology of modern science, we are just now able to rediscover and 

understand what “viruses” really encompass.  
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Viruses are unlimited sources for diversity in their composition and shape 

Viral genomes are the major source of genetic information in the biosphere, as 

they are known to evolve rapidly (Koonin et al., 2015). Despite being the most 

diverse biological entities, viruses are also the least characterized microbe in 

terms of their genetic, taxonomic, and functional diversity; for example, they often 

contain unique genes for which no homologues exist (Witzany, 2012).  

There are countless unique genes in viruses with the potential to have unique 

and completely unexpected functions; in such a diverse pool, genes can produce 

structurally and functionally conserved proteins that have no apparent cellular 

ancestors. For example, novel proteins are able to generate unlimited structures, 

as evidenced by the various shapes seen in prokaryotic viruses: lemon-shaped 

viruses, tulip-shaped viruses, bottle-shaped viruses, stick-shaped viruses with 

hooks and pleomorphic-viruses along with others with globular, icosahedral and 

filamentous shapes (Pietila et al., 2014) (Figure 1). 

Viruses also lack a universal gene (Rohwer & Edwards, 2002) such as the 

ribosomal RNA genes that are used to assess microbial diversity. Some genes, 

however, are conserved within particular taxonomic groups, as evidenced in the 

sequenced genomes of viral isolates; thus, their sequences are similar enough at 

the nucleotide level to facilitate taxonomic identifications (Mokili et al., 2012). 

Taxonomically, viruses are also classified by the nature of their nucleic acids 

following the Baltimore classification (Baltimore, 1971).  
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Poxviridae, Asfarviridae, Iridoviridae, Ascoviridae, Mimiviridae, Marseillevirus, 

Pandoravirus, and Pithovirus (Chen & Suttle, 1996; Koonin et al., 2015) (Figure 

2).  

Collectively these viruses are designated as nucleo-cytoplasmic large dsDNA 

viruses (NCLDV). They infect animals and diverse unicellular eukaryotes, and 

they replicate either exclusively in the cytoplasm of the host cells or possess both 

cytoplasmic and nuclear stages in their life cycle  (Koonin et al., 2015; Van Etten

et al., 2010). Intriguingly, NCLDVs have not yet been reported in any higher 

plants. 

 

Phycodnaviruses are cosmopolitan in marine and freshwater environments 

The Phycodnaviridae family represents icosahedral dsDNA viruses that infect 

marine and freshwater eukaryotic algae. Phycodnaviruses are key elements in 

aquatic ecosystems with important roles in the regulation of algal microbial 

habitats such as communities of red and brown algae (Coll et al., 2010; Kaiser, 

2000; Short, 2012). 

The family Phycodnaviridae is divided into six genera based on their host range: 

Chlorovirus, Coccolithovirus, Phaeovirus, Prasinovirus, Prymnesiovirus, and 

Raphidovirus. These divisions are supported not only by phylogenetic analysis, 

but also by sequence identity and structural conformation of their major capsid 

proteins. Their genomes range in size from 100- to 550-kb  (Larsen et al., 2008; 

Van Etten et al., 2002).  
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Genus Chlorovirus 

Members of the genus Chlorovirus, are ubiquitous in nature and have been 

isolated from inland waters collected throughout the world (Yamada, et al., 2006) 

including North and South America, Europe, Asia and Australia  (Cho et al., 

2002; Short & Short, 2009; Van Etten et al.,1985a; Van Etten, et al.,1985b; 

Zhang et al., 1988) (Figure 3). Chloroviruses infect certain unicellular, eukaryotic, 

ex-symbiotic chlorella-like green algae, often referred to as zoochlorellae  

(Meints, et al.,1984; Reisser et al.,1991).  

Typically, chlorovirus titers in native waters fluctuate between 1-100 plaque-

forming units (PFU) per ml; however, titers as high as 100,000 PFU/ml of 

indigenous water have been observed. Titers fluctuate with the seasons, with the 

highest titers occurring in the spring; however, the mechanism(s) in nature that 

allows long-term chlorovirus persistence and distribution in freshwater is still 

unknown (Cho, et al.,2002; Reisser, et al.,1988; Van Etten, 1995; Yamada, et 

al.,1991; Yamada, et al.,1993; Zhang, et al.,1988).  

 

Common endosymbiosis between zoochlorellae and protist species 

Green algae are some of the most abundant and ancient organisms on the 

planet. They have emerged as significant contributors in global energy and 

biogeochemical recycling (Grossman, 2005). Algae form a group of diverse 

photosynthetic organisms, ranging from multicellular to single-celled genera such 

as Chlorella (Proschold et al., 2011). Members in the genus Chlorella (Phylum 
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