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Abstract

Paramecia species are fairly ubiquitous in freshwater bodies. It has been found in our past

research that the distribution of Paramecia in small ponds in the Ulster County region is diverse

and varies depending on the biogeochemical qualities of the water. To expand on this research,

the distribution of Paramecia in larger bodies of water throughout New York State was

determined through sampling and genotyping. Water samples were collected from six larger

lakes throughout the state. These samples were scanned for Paramecia cells, and single-cell lines

were established from these cells. Cells were cultured in wheatgrass medium. Genomic DNA

was extracted from these cultures through use of Chelex preparations. The ITS gene was chosen

as the gene to be amplified through polymerase chain reaction (PCR). The amplified gene was

sequenced at a commercial lab. The sequences were then genotyped for Paramecia species

(through NCBI Blast) and strain (through alignments with known sequences). We found that the

diversity of Paramecia species and strains was greater in these larger lakes compared to the small

ponds that were sampled previously. We also found several new strains that had not been found

before. We suspect that these strains are endemic to the ponds that they were found in, due to

their limited distribution. More extensive sampling and sequencing will be needed to determine

the true distribution of these strains, as well of Paramecia overall.

Keywords: Biology, Paramecia, genetics, DNA sequencing, lakes, biogeography
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Introduction

Paramecia are unicellular eukaryotic organisms that are generally found in freshwater

habitats. There are many different species of Paramecium, with some of the most common being

P. aurelia, P. caudatum, and P. multimicronucleatum (Sonneborn, 1970). P. aurelia itself is a

species complex and consists of more than a dozen species (Sonneborn, 1970). Within these

species exists even more genetic diversity, in the form of various strains or haplotypes. This term

was derived to describe a group of genes on a chromosome that tended to migrate together.

The debate on how microorganisms, including Paramecia, are geographically distributed is

ongoing. There are many studies in which researchers argue that microorganisms have a

cosmopolitan distribution. For example, Finlay, et al. found that in a small section of a stream in

Spain, 43 of the species found had already been documented in other locations great distances

away (1993). Another study found that in an area that was only several square centimeters wide,

the species found corresponded to 8% of all known ciliate species (Fenchel, et al, 1997).

On the other hand, many studies have disputed the theory of cosmopolitan distribution of

microorganisms. Foissner argues that many species, especially ciliated protists such as

Paramecia, are endemic to the regions they are found in, and thus do not have a global

distribution (2006). Other studies of biogeographic distribution of bacteria also suggest that

microorganisms are endemic to different geographical regions (O’Malley, 2008).

Many studies (Przyboś, et al, 2010; Dobosh, 2019; Potekhin & Mayen-Estrada, 2020)

have investigated the biogeographic species distribution of Paramecia. Przyboś et al sampled a

small pond in Krakow, Poland, repeatedly over a two-year time period. The researchers in this

study sampled from late spring through the summer, and into the fall. They found that several

aurelia species can be found in the same body of water, including P. biaurelia, P. triaurelia, P.
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tetraurelia, P. pentaurelia, and P. dodecaurelia. These species were not all found every season;

for example, P. pentaurelia was only found during a sampling performed in June (Przybos, et al,

2010). These findings point toward the idea that local diversity of microorganisms is more rich

than global diversity, as well as the importance of environmental factors in the presence or

absence of these organisms.

On the other hand, De Souza, et al (2020) found that some Paramecia species might be

distributed on such a wide scale because they emerged before the Cretaceous period, during

which Pangaea was still intact. This is also suggested in the study done by Potekhin and

Mayén-Estrada, where strains found in Mexico had also been found in other countries, including

Japan, China, and Russia.

An issue facing investigation into Paramecium biogeographic distribution that has

contributed to the debate of endemism versus cosmopolitanism is that not all areas of the world

have been sampled equally. For example, Central America is largely underrepresented in

Paramecia sampling. Potekhin and Mayén-Estrada sampled a wide variety of natural and

artificial water sources in Mexico from January through March of a single year. These included,

but were not limited to lakes, ponds, canals and streams. The researchers found a new aurelia

species, Paramecium quindecaurelia (Potekhin and Mayén-Estrada, 2020).

A study from our lab analyzed the distribution of Paramecia species and haplotypes in

several small ponds in Ulster County, New York over the course of several years through

seasonal sampling and genotyping. This study found that certain haplotypes, specifically of P.

caudatum, are widely distributed throughout the region with little diversity, while others, such as

those of the P. aurelia complex, show greater diversity on a wider scale than on a local scale
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(Dobosh, 2019). Thus it may be hypothesized that the distribution of a microorganism may

depend on the species of that organism.

There are few, if any, known studies that investigate the relationship between water body

size and Paramecia species diversity. This study expanded upon the research performed by

Dobosh. We hypothesized that the diversity of Paramecium species would increase when larger

bodies of water were sampled in a single season.

Materials and Methods

Water samples were collected from the perimeters of six different lakes located in New

York State from September to November of 2020. These lakes were chosen because of their

similar sizes to the ones used in the previous study in Indiana. The names of the lakes and their

locations are shown below in Figure 1.

Figure 1. Map of sampling locations for this study. Six lakes were chosen on the basis of their size relative
to a previous study performed in Indiana.
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The lakes varied in their water quality and characteristics. North-South Lake is sandy at

most of its sampling points. It has trees lining some of the edges and therefore has some leaf

litter in the water. Greenwood Lake is mostly sandy along its perimeter, and also includes a

beach. The lake is used for multiple recreational activities, including boating. Some of the sites

sampled at Greenwood Lake yielded water that was fairly clear. Cooper Lake is isolated, and is

mostly rocky. The water from Cooper Lake was also quite clear, similar to Greenwood Lake. The

perimeter of Yanketown Pond was mostly inaccessible due to thick vegetation surrounding it,

and was quite marshy and contained a lot of leaf litter and other organic debris. Bashakill

Reservoir was also fairly isolated from human activity. It resembled a wetland, and was quite

swampy and contained a large amount of leaf litter and debris. Finally, Great Sacandaga Lake

was muddy at one sampling point, but mainly clear or sandy at the remaining points. It is also

used for recreational activities, including boating and fishing. Local residents indicated that the

water levels in the lake were lower than they had been in years. Figure 2 includes photos of the

lakes that were sampled.

Figure 2. Lake photos. (A): Bashakill Reservoir; (B): Greenwood Lake; (C): Great Sacandaga Lake; (D):
Cooper Lake; (E): Yanketown Pond
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It was intended to collect 40 samples from each lake (8 tubes at 5 different,

evenly-spaced sites, or 5 tubes at 8 different sites). However, due to the nature of the area

surrounding the lakes, or for safety reasons, this was not always possible. Therefore, there were

some lakes where less than 40 samples were collected. The number of samples collected in each

lake is listed in Table 1 below.

Table 1. List of lakes sampled for this study. Locations, approximate sizes, and number of samples
that were collected from each lake are also listed in the table.

Name of Lake Location GPS Coordinates Perimeter
(km)

Area (km2) Number of samples
collected

North-South Lake Haines Falls, NY 42°11'45.8"N
74°03'02.2"W

4.01 0.36 40

*Bashakill
Reservoir

Wurtsboro, NY 41°32'07.9"N
74°30'44.5"W

18.67 3.24 20

Greenwood Lake Warwick, NY 41°13'05.2"N
74°17'55.1"W

27.19 7.68 40

Cooper Lake Woodstock, NY 42°03’41.9”N
74°10’41.8”W

3.75 0.606 40

*Yanketown Pond Woodstock, NY 42°01’19.9”N
74°10’33.9”W

4.32 0.47 16

Great Sacandaga
Lake

North Broadalbin,
NY

43°07’34.1”N
74°11’57.1”W

132.32 102.7 40

*- These lakes had reduced accessibility to their perimeter; therefore a smaller number of samples was collected

Once the water samples were collected, they were brought back to the lab and immediately

poured into Petri dishes and grown with several grains of rice for about 10-14 days. The samples

were then screened for Paramecia cells under the microscope. Single-cell lines were established

from samples that contained Paramecia cells. This was done by pulling a single cell from the

mixed-culture petri dish using a pulled Pasteur pipette. The single cell was transferred into a

glass three-well dish, and allowed to replicate to about 25 to 30 cells. Once this concentration

was reached, the cells were moved to test tubes containing wheat grass media inoculated with

Klebsiella pneumoniae and allowed to grow to significantly high concentrations. Single-cell lines
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were fed on a weekly basis by pouring out about half of the media in the tube and replacing it

with fresh wheatgrass media. In most cases three single cell lines were started from each Petri

dish; in samples where Paramecia were scarce, more single cell lines were started.

Once the cell cultures were significantly concentrated, DNA was extracted by means of a

Chelex preparation. For each cell line, 800 µL of cell culture was transferred into a microtube.

The microtubes containing the cells were then centrifuged at 4°C for 3 minutes. The supernatant

was removed from each tube, and 200 µL of 5% Chelex solution was added to the pellet. The

tubes were then vortexed for about 15 seconds in order to break up the pellet. They were then

spun again briefly in the centrifuge. The samples were then incubated at 95°C on a hot block for

20 minutes. Following the incubation, the samples were vortexed for 15 seconds. They were then

spun at high speed on the centrifuge for 1 minute. Finally, the DNA concentration of each sample

was determined through the use of nanodropping. The samples were then stored at 4°C until they

were used for PCR.

For this study, the gene amplified from the Paramecium genome was the Internally

Transcribed Sequence of the ribosomal RNA gene (ITS 5.8S) gene. To amplify the ITS gene,

polymerase chain reaction (PCR) using Klentaq polymerase was performed. For each 50 µL

reaction, 1 µL genomic DNA was added (concentration between 10 and 100 ng/µL) to a final

concentration of 1X PCR buffer, 1 mM dNTPs, 0.2 µM concentration forward and reverse ITS

primers, 0.05 µL Klentaq polymerase. The samples were then placed in a thermocycler machine

(BIORAD T100). The DNA was denatured at 94°C for 2 minutes, then at the same temperature

for 50 seconds, and annealed at 51°C for 40 seconds. Extension then occurred at 68°C for 2

minutes. The cycle was repeated 34 times, before one last extension at 68°C for 5 minutes,

before storage at 4°C.

7



Isma Rajpura Spring 2021

Following the PCR, 10-20 µL of each sample was run on a diagnostic gel for the

presence of DNA. Gels were imaged using a UV-light box. Samples that did not produce clear

bands on the gel were not purified or sequenced. The DNA from the samples that did produce

clear bands was purified using an Invitrogen PureLink purification kit using the package

directions.

Purified DNA samples were sent to a commercial laboratory (MCLab; mclab.com) for

sequencing. Sequence files were viewed on a computer using the program Geneious

(https://www.geneious.com/). The sequences were genotyped online using NCBI Blast

(https://blast.ncbi.nlm.nih.gov/Blast.cgi), and assessed for species, Genbank ID, and percent of

matching nucleotides. If the percent match between the top hit on BLAST and the sequence was

100%, the sample was considered to already have been found and recorded.

Sequences that did not have a perfect match on BLAST were aligned with known

genotypes from the previous project on Geneious to determine the sample’s haplotype. Samples

that still did not match the sequences in our own database, were assessed to determine if they

were too short to find a match, or were entirely new sequences that have not yet been sequenced

before. Sequences that were too messy to find a match were re-amplified and resequenced to

obtain better results.

Results

There was a general correlation between pond size and the number of different

haplotypes found in each pond. This finding is presented in the plot in Figure 3 below.
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Figure 3. Perimeter of lakes sampled vs average number of haplotypes found. The number of different
Paramecium haplotypes in each pond and lake sampled was plotted against the perimeters of the ponds to

assess the relationship between pond size and Paramecium diversity.

There is some correlation between pond size and the diversity of the Paramecia species

and haplotypes being found in the pond. Larger lakes, such as Bashakill and Sacandaga, tended

to be more diverse in that they both had larger numbers of different haplotypes. On the other

hand, the smaller ponds sampled in the previous study tended to have a smaller number of

different haplotypes when sampled in the fall.

The three species of Paramecia found were P. caudatum, P. aurelia, and P.

multimicronucleatum, as seen in Figure 4 below.
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Figure 4. Abundance of each Paramecium species found overall. Collectively, three species were found in
lakes sampled throughout New York State: P. aurelia (multiple members of species complex were found), P.

multimicronucleatum, and P. caudatum.

Of the 46 samples genotyped in this study, 23 were found to be members of the P. aurelia species

complex. This is exactly 50% of the dataset. Additionally, 15 samples yielded P. caudatum, and

the remaining 8 samples were determined to be P. multimicronucleatum.

The specific numbers of each species found in each lake are depicted in Figure 5 below.
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Figure 5. Species abundance in each lake. The species abundance results from Figure 3 above are broken
down by the locations they were found in this bar graph. All of the lakes, except for Cooper Lake, yielded

some amount of P. aurelia.

Bashakill Reservoir and Sacandaga Lake yielded the greatest abundance of Paramecia cells in

their samples. Both lakes contained all three species that were found in this study. Furthermore,

these were the only two lakes to present P. multimicronucleatum.

The sequences of the genotyped samples were aligned with known sequences to

determine their specific haplotype. Overall, three different haplotypes from each species were

found. The majority of the genotyped samples were from Lake Sacandaga and Bashakill

Reservoir. The genotypic compositions of the lakes are compared in Figure 6 below.
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Figure 6. Sacandaga and Bashakill haplotypes. The numbers of each haplotype found in Sacandaga (A) and
Bashakill (B) lakes were tabulated to compare the lakes’ respective genotypic diversities.

As listed in Table 1, Great Sacandaga Lake, which has a perimeter of 132.32 km, is much larger

than Bashakill Reservoir, which has a perimeter of 18.67 km. Yet, both lakes exhibit high levels

of Paramecium diversity, with a wide range of haplotypes present, as seen in Figure 6. Multiple

haplotypes of P. multimicronucleatum and P. caudatum were found in Sacandaga, and different
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genotypes of caudatum, P. multimicronucleatum, and P. aurelia were all found in Bashakill.

Interestingly, a significant portion of the haplotypes found in one lake was not found in the other,

as shown in Figure 6. For example, there were four C5 samples found in Sacandaga Lake, but C5

was not found in Bashakill. A3 and A4 were found in Bashakill, while the only P. aurelia

genotype found in Sacandaga was A2.

Another inquiry of this study was the proportion of samples that were new haplotypes

versus haplotypes found in the seasonal pond sampling study. Figure 7 is a double bar graph

depicting the percentages of samples found in each lake that were either new or already found.

Figure 7. Proportion of genotype overlap between larger and smaller lakes. The double bar graph
compares the proportion of samples from each lake that produced haplotypes that had already been found

before versus the amount that were novel.
As seen in Figure 7, about 20% of the genotyped samples represent haplotypes that have not

been documented before. The biggest lake, Sacandaga, had the largest proportion of new

haplotypes. Cooper Lake and North South Lake, which were among the smaller lakes sampled,
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did not present any new haplotypes. Greenwood Lake, although relatively large, did not present

any novel Paramecium haplotypes.

Discussion

We found that there was a general, but not strong, correlation between lake size and the

diversity of the lake. The lake with the largest perimeter in this study, Great Sacandaga Lake, had

the greatest number of different Paramecium haplotypes present. This is consistent with our

hypothesis that lake size is a contributing factor to Paramecium diversity.

However, Bashakill, which is significantly smaller, is equally diverse in its species and

genotype composition to Sacandaga Lake (Figure 6B). This suggests that other factors, in

addition to size, contribute to the diversity of Paramecium genotypes found in a given lake or

pond. One possible factor is the presence of different ecological niches within the same body of

water. This possibility was suggested by the results of the study conducted by Przybos, et al,

where the appearance of certain species was limited to specific seasons and locations within the

sampled pond. The researchers indicated that the presence of different niches in a single pond

may contribute to its diversity (2010).  The seasonal pattern was also found in the sampling study

conducted by Dobosh (2019).

Bashakill and Sacandaga were also strong candidates for Paramecia diversity based on

the characteristics of their water. Out of all the lakes sampled in this study, Bashakill was the

muddiest, and had a great amount of leaf litter and other various detritus. The presence of these

ecological factors most likely played a role in the high diversity as well as abundance of

Paramecia in the lake. On the other hand, Sacandaga varied in its water quality at different

sampling points. The muddiest site, Site 1, was where the majority of Paramecia cells from that

lake were found. The remaining sites were either sandy (one site was a beach) or rocky. A
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similar trend occurred in the study completed by Dobosh, where the muddier ponds with more

debris tended to yield higher numbers of Paramecia than those that were less muddy (2019).

Thus it can be concluded that water quality is an important characteristic to consider when

determining a lake or pond’s likelihood of having abundant populations of Paramecia.

Another question addressed in this study concerned the biogeographical distribution of

Paramecium species and genotypes. Compelling evidence both for endemicity and cosmopolitan

distribution exist in the literature. We found support for both hypotheses in this study. For

example, the C5 haplotype of P. caudatum was only found in Sacandaga Lake during this study.

This genotype has not been discovered in any other body of water in the world thus far. It is

possible that this genotype of P. caudatum is endemic to Sacandaga Lake. On a similar note, two

other haplotypes of P. caudatum, C1 and C3, that were previously found by Dobosh in Ulster

County, NY (2019), were not found in the lakes sampled for the present study. This is despite the

fact that all of the lakes were located in New York State as well. This suggests that the C1 and

C3 haplotypes are endemic to the Ulster County region. However, as emphasized by many other

researchers (Potekhin & Mayen-Estrada, 2020; Foissner, 2006) undersampling prevents any

conclusions of certainty from being made at this point in time.

Interestingly, evidence for the cosmopolitan distribution of Paramecia was also found in

this study. All of the P. aurelia haplotypes found in Ulster County ponds (Dobosh, 2019) were

also found in the lakes sampled for this study. This implies that these P. aurelia genotypes are not

endemic to the Ulster County area. Furthermore, half of the genotyped samples in this study

yielded cells of the P. aurelia species complex, pointing to their widespread distribution.

However, much more sampling over the long term will be necessary to determine if these
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genotypes are globally distributed, or at least on a wider scale than New York State (e.g, over

northeast North America).

The widespread distribution of P. aurelia in New York state (in comparison to the

apparent endemism of certain haplotypes of P. caudatum) is significant because it parallels some

of the results found in another sampling study. Tarcz, et al found that in a sample set of 125

samples containing P. biaurelia, from different places around the globe, only three different ITS

haplotypes were found (2018). P. biaurelia has also been found in high numbers in Poland

(Przybos, 2011). These results, combined with the high frequency of P. biaurelia in the present

study, suggest that P. biaurelia is adapted to survive in many different environments, as described

by Gill and Hairston (1972).

At the same time, the distribution of P. aurelia in this study did not entirely mirror that of

other studies. Przybos, et al found that multiple species of the P. aurelia complex could be found

in the same body of water (2011). This did not yield for the present study, where the A3 genotype

of the biaurelia species was solely found in Bashakill Reservoir. Furthermore, all of the P.

aurelia found in Bashakill were P. biaurelia. The remaining P. aurelia cells found in the study

were P. primaurelia, found in North-South Lake and Greenwood Lake. This data collectively

stands in contrast to the rich diversity of P. aurelia species found in Przybos’s study (2011).

Another contrast in the data to existing research is the amount of each species found. In

this study, the majority of genotyped samples were found to be P. aurelia species. The smallest

portion of the dataset contained samples of P. multimicronucleatum. This differs from the

findings of other researchers. When sampling smaller ponds, Dobosh found P. caudatum to be

the most abundant species over seven seasons of sampling in Ulster County in (2019), while

Potekhin and Mayen-Estrada found P. multimicronucleatum to be the most abundant while
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sampling throughout Central America (2020). Both of these findings, combined with our own

observations, suggest that there is some endemicity of different species of Paramecium.

An improvement in this study might have been to utilize different primers beyond the ITS

used in this study. Barth, et al found that when compared to cytochrome c oxidase I (COI) genes,

ITS genes were much less variable (2006). It is possible that there was more genetic variation

present in the lakes sampled than made apparent by the genotyping performed using the ITS

primer. Further studies might utilize COI primers to investigate this possibility and potentially

expand upon the known diversity of Paramecium species and genotypes. Another possible

strategy might be to use multiple primers in a single study, as done by Tarcz, et al, who obtained

strains from Europe, Asia, and North America to study the genetic distances of strains that were

geographically distant from each other. They found that using two genetic markers, ITS and

COXI, was helpful in distinguishing different strains of Paramecia (2012).
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