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PURPOSE

» To evaluate the feasibility of DNA extraction and isolation from fecal matter.
e To evaluate the genetic variation of microsatellites of the DNA from Harbor Seals

{(Phoca vitulina concolor) from different locations within Long Island Sound



absGRAcs

Seal fecal samples were opportunistically obtained from Long Island Sound and
desiccated. The DNA of these samples was then isolated using a (Qiagen DNA stool kit. The
DNA samples were quantified by spectrophotometry. The average amount of DNA in each was
assessed in pg. Samples from Norwalk contained an averaged 13.9pg, where as the samples

from great guil island averaged  pg.

The DNA samples then underwent amplification for microsatellites using Polyerase
Chain Reaction. This served to amplify the specific microsateltites of the seal DNA. The samples
were then electrophoresed so that the length of their microsatellites could be contrasted. Once

viewed under ultraviolet light, the microsatellites indicated limited distinguishable diversity

among the different samples.



incRoductinn

Harbor Seals (Phoca Vitulina concolor)

Harbor Seals belong to the Sub Order Pinnipedia, which includes sea lions, fur seals,
walruses and seals. 33 species of organisms exist within this sub order and are thought to be
evolved from a bear-like ancestor that moved into the water at some point around 23 million
years ago. Two endangered species of Pinnipedia exist in the United States today: Stellar Sea
Lions and Hawaiian Monk Seals. Pinnipedia are often distinguished by their head, which is dog-
like in appearance, and the W shape formed by their nostrils.

The Harbor Seal (Phoca vitulina concolor) is the most common type of seal found in
Long Island Sound. Previously hunted to near extinction, the Harbor Seals are now pratected by
the Marine Mammal Protection Act of 1972, which restricts hunting of the seals to Alaskan
natives, and the Harbor Seal population has made a significant rebound. The seals migrate from
Maine in the winter to reach a warmer climate and then return in the summer. Their coats vary
from light gray or tan to brown and red, with black or light spots. The coat often looks dark when
wet, but can be very light when dry (http://www.mmsc org/info/seal-harbor.html). The males are
about & feet long and can weigh up to 250 pounds, which is consistently larger than the females
who only reach about 5 feet in length. Unlike many seal species, the harbor seal pup has a coat
that closely resembles the adult coat. Some have a longer, softer white or gray coat (lanugo)
when born, but they shed that coat within about 10 days. These pups are born from late April to
mid-June and weigh about 21 pounds with a length of about 2.5 feet (The Martne Mammal

Center, 2002). Wild harbor seals consume about 6 to 8 percent of their body weight in food per



day, depending on the nutritional value of the food being eaten. Their diet varies greatly
depending on location, and includes a wide variety of fish, cephalopods, and crustaceans. Their
average life span is around 25 years, although some have lived for over 30 years. However,
males tend to live shorter lives, probably due to the added physical stress of fighting during
breeding season. Harbor Seals are often known to “haul out”, or drag themselves onto rocks
where they lie and bathe in the sun. Reefs, sand and gravel beaches, sand and mud bars, and
glacial and sea ice are commonly used for hauling sites (Kinkhart, 2002). Although they are
fairly clumsy on land, hauling out provides the seals with an opportunity to congregate, give
birth, care for their pups and rest, The seals are usually seen hauled out in groups, possibly to

reduce the amount of time each individual must spend scanning for threats.

Microsatellites

Microsatellites are short sequences of mono, di, tri, or tetra nucleotide repeats of variable
leangth distnbuted widely throughout the genome. Using PCR primers to the unique sequences
upstream and downstream of a microsatellite their location and polymorphism can be
determined. (CancerWEB project, 2003).  These short strings of repeated nucleotide
combinations are commonly used as a genetic marker when comparing the primary and
secondary structures of DNA. Widely dispersed among eukaryotic genomes, microsatellites
appear in their primary structures as repeated nuclectide segments called “DNA repeats” like so;
CTGCTGCTGCTG, in which this microsatellite would be referred to as (CTG)".

Microsatellites are commonly referred to as “junk” DNA, in the sense that these
repetitious DNA bands usually don't have any measurable effect on phenotype of an organism. In

contrast, the importance of microsatellites is observed through an organism vs. organism



relationship. Repeated sequences can occur as a tandem array. Such sequences, called Variable
Number Tandem Repeats (VNTRSs), are unique to each person and are the basis for the precise
DNA. fingerprinting used in forensics (Frank, Microsarellite instability). The polymorphism of
the microsatellites is used for comparison between organisms to view genetic variation,
Variation in microsatellite length suggests the variation in organism genetics.

To visibly read and evaluate DNA variation, a method called PCR (polimerase chain
reaction) is used. PCR is a molecular technique that Two synthetic oligonucleotide primers,
which are complementary to two regions of the target DNA to be amplified, are added ta the
target DNA, in the presence of excess deoxynucleotides and Taq polymerase, a heat stable DNA
polymerase. In a series of temperature cycles, the target DNA is repeatedly denatured, annealed
to the primers and a daughter strand extended from the primers. As the daughter strands
themselves act as templates for subsequent cycles, DNA fragments matching both primers are
amplified exponentially, rather than linearly (Medical Oncology, 2003). As PCR is taking place,
the specific primers being amplify the specific microsatellites intended for isolating. As the DNA
i$ denatured, the tertiary and quaternary structures of the DNA is broken down to its simplest

form to the primary structure, and the primers then locate the DNA sequence, and amplify the

sequerces.

Polymerase Chain Reaction

PCR or Polymerase Chain Reaction is a technique that allows scientists to single
out and amplity specific sequences of DNA millions of times in just a few hours. Itisa
technique used widely in studies of biology, genetic engineering and disease, forensics,
medicine, cloning, and molecular evolution. By using relatively small samples of DNA,

replicates can be produced rapidly for many purposes. For example, in the case of forensics,



investigators can find a small drop of blood at the scene of the crime. Even though there is very
little DNA 1in a dried drop of blood, by using PCR and DNA polymerase a small sample of DNA
can be multiplied creating a large sample that may be easily analyzed. The tiny sample is placed
in a test tube, and DNA polymerase along with the other components of PCR. are added. The
sample is then heated up momentarily, and the two strands of DNA separate. Then DNA
polymerase builds a new double helix from each strand. These two copies are then heated, and
duplicated, yielding four copies. After many times, a large quantity of identical DNA strands are
produced. Our own DNA polymerases, and those from most organisms, would be destroyed by
the heating step in this processbecause of the denature of proteins at high temperatures. But
today, DNA polymerase from Thermus aquaticus, a bacterium that lives in hot springs, is used.
The benefit of using the Thermus aquaticus DNA polymerase is that the enzyme is capable of
remaining active after repeated heating during amplification.

Polymerase is an enzyme that catalyses the repair and formation of DNA and RNA_ It
catalyses the synthesis of the new DNA strand by utilizing the parental strand as a template. In
addition to the replication of chromosomes, DNA polymerases are also needed in other processes
like DNA repair, transcriptional and cell cycle control, and DNA recombination. Every time a
celi divides, DNA polymerase duplicates all of its DNA, and the cell gives one copy to each
daughter cell. In this way, genetic information is passed from generation to generation.

There are other ingredients in the process of PCR as well. Primers (also known as
oglionucleotides) play a vital role in PCR. After the two strands of the template DNA are split
apart, the copying of the target sequence cannot begin if there is just a single strand of DNA
sitting there. There has to be a double-stranded section for the polymerase to start from. The

primers attach to either end of the target sequence. Chemical or pH buffers are used in order to



make sure the solution is not too basic or acidic which could result in inaccurate copies of DNA.
Magnesium Chloride is added to ensure that DNA polymerase functions properly. Two other
enzymes, gyrase and hexicase are used as well. Gyrase helps break apart the DNA when heated
and hexicase keeps the double helix open so it can be copied. PCR is executed in a machine
called a thermocycler, which heats and cools samples of DNA on a block.

There are several steps that occur in the process of PCR. First off, the tube with all the
ingredients is heated to a very high temperature (94-96°C) in the thermocycler in order to break
apart or denature the DNA. Next, the temperature is lowered so that the primers can attach or
anncal themselves to the single strands of the DNA that have been separated. Lastly, the tube is
heated to a temperature somewhere between the first two, so that the copying of the DNA can

begin. This process continues approximately 30-40 times.



mateRials and PROGEOURE

SamEle collection:

Scat (fecal samples) were opportunistically collected from harbor seal haul out sites
during low tide. When the tide comes in, it washes samples off the rocks, so samples can be
discretely collected without fear of cross contamination. Samples were stored in zip-lock bags
until preparation. Small samples (~8 cnr’) were placed in glass jars with excess silica gel

desiccant, The desiccant was blue in color and if it turned red, indicating saturation with water,

more was added until the blue color remained.

Eight samples were collected from Norwalk and seven samples were collected from Great Guill

1sland.

Isolation of Harbor Seal DNA:

A Qiagen DNA stool kit was used to isolate the DNA. 200 mg of seal scat was massed and
placed in a 15 ml sterile culture tube. 1.6 ml of Buffer ASL was added to each tube and each
tube was vortexed for 1 minute followed by a 1 minute centrifugation. 1.4 ml of the sypernatant
was put into a 1.5 mi tube and 1 InbibitEX tablet was added. Samiples were vortexed for 1
minute, incubated at Toom temperature for 1 minute, and centrifuged for 3 minutes. The

supernatant was transferred to another 1.5 ml tube and re-centrifuged for 3 minutes to remove

any remaning solid material. The supernatant (600 pl) sample was transferred to another 1.5 ml



centrifuge tube and 0.25 pl of Proteinase K + 600 ul of Buffer AU was added to the sample.
The sample was vortexed for 15 seconds, incubated for 10 minutes in a 70°C water bath and
vortexed again for 15 seconds. 600 pl of ethanol and €00 ul lysate was added to z spin column
and centrifuged for 1 minute. Filtered waste was discarded and this process was repeated until
alt of the supernatant was used. 500 pl of Buffer AW was added to the column and centrifuged
for 1 minute. 500 ul of Buffer AW2 was added to the column and centrifuged for 3 minutes.
The waste was discarded and 200 pl of Buffer AE was added, incubated for 1 minute at room

temperature and centrifuged for 1 minute to collect the DNA sample.

Spectrophotometry:

Spectrophotometer was first calibrated using standard techniques. 100ul of DNA of each of 8
scat samples was added to a 1ml quartz cuvette along with 700 of distilled Hz0. The cuvettes
were then inserted into the spectrophotometer and the absorbance was recorded at 260.00nm.

Every absorbance unit indicated 50ug of DNA in the sample. Therefore, the weight of the DNA

in each sample was calculated and recorded.



Amplification of Microsatellites:

Two sets of primers were purchased for 2 microsatellite genes.

Pvcl® + GGGTGAACAGGATTTATCC

- GTGCTAGATAACAATCCTAC

Pve 29 + GGTTAATTGTGITGTTTACATCT

- AACCAGAAGAATAGAATTAGCAT

For each PCR sample, 0.25 pl of Taq polymerase, 5 yul of 10x buffer solution, 4 pul ANTP
bases, 5 ul seal DNA, 5 ul + primer, 5 ul - primer, and 26 ul of distilled Hz0 for a total of 50 ul
was added to a 200 pl thin-wall microcentrifuge tube. Each seal DNA sample was used twice;
once with the Pvc 19 primers and once with the Pvc 29 primers. Samples were loaded into a
PerkinElmer GeneAmp PCR System 2400 thermal cycler. The machine was set to denature the
DNA for 5 minutes at 940C, then cycled 32 times under the following conditions: denaturation
940C for 30 seconds, annealing 450C for 30 seconds, extension 720C for 30 seconds. A final

extension for 7 minutes was done at 720C. The cycler then stored samples at 40C until they

were retrieved for electrophoresis.

Gel Electrophoresis

A 2% wiv agarose gel in 1xTBE (Tris Borate EDTA) Buffer was prepared and 6.5 il of PCR

sample was combined with 3.5 pl of loading buffer (bromophenol blue, xylene cyanol FF).



Samples were electrophoresed at 100 v for 1 hour. Gels were stained with Ethidium Bromide

and viewed under L'V transillumination.

Resolving of DNA bands

Successful PCR products were electrophoresed on a 4.5% Agarose MS (micro screening) gel
which provided a more accurate display of microsatellite length. The Agarose MS gel allows the

samples to move slower and shows a 3% band size increase over the 2% agarose gel.



CONGJUSiONn

In conclusion, despite difficulty the seal DNA from each of the samples was isolated and

purified until pure DNA was successfully extracted. Feces are complex assemblages of
biomelecules and contain substances known to interfere with DNA analysis (Coltman, YEAR)
The isolated DNA from the fecal matter demonstrated that although scat sampling may not be
the most efficient direct form of DNA extraction {in comparison to that of skin or blood
samples), it is possible and yields efficient DNA extraction. As these samples were taken
opportunistically without bothering the seals, no harm was done.

Spectrophotometer results indicated that samples from Long Island Sound contained an
average of 13 9ug, where as samples from Great Gull Island averaged ****** DNA
respectively.

Furthermore, PCR techniques used insured the successful amplification of the seal DNA
microsatellites and not the DNA of any other organisms that might have been present in the fecal
material. The specific primers used, (Pvc 19/29) complemented the DNA of harbor seals, and
could only amplify that of specific seal microsatellites. This amplification succcsstully
eliminated the need for analysis of any access material and insured that only the seal DNA was
used. To test the results of the samples afier PCR, electrophoreses went underway to compare
DNA length of the seal microsatellites. The migration patterns of the PCR samples through the
Agarose gel served to verify this. After electraphoresis, the Pve 19 primer displayed high levels
of heterozygousticity.

The linear proximity of the samples within the Agarose gel after the electrophoreses,

showed that microsatellite length did not vastly vary amongst the different seals DNA, After



electrophoreses, the bands migrated in no distinct pattern and resulted in random distribution.
The data advocates that due to the random gel alignments, along with the low genetic variation
of microsatellites, the harbor seals appear to express similar genetic characteristics but do not
show patternistic signs of direct biological relations. The data also conveys the hypothesis that
harbar seals in general show low signs of variation amongst their populations in a given area.
Although seal samples were taken amongst different areas in Long Island Sound, this suggests
that samples taken within a small geographical radius equates to the idea that seals in similar
areas share similar genetic traits and have possible family ties.

The data may have resulted in this way due to the habitual cyclic natural pattems of
harbor seals. Harbor seals live in close groups and migrate north to Maine in the summer, and
return to Long Island Sound in the winter. This continuous cycle has been done for generations,
suggesting common ancestry. This kinship would suggest little genetic diversity among the seals
themselves, which was displayed through the similarity in microsatellite length and is exactly
what the electrophoresis results suggested.

Certain samples did not appear on the gel at all. This can be attributed to several factors.
Human error during the PCR process could easily have caused temperature fluctuation, which
would prevent the primers from annealing correctly. Also, limited size of the fecal samples
themsclves may have contributed to a lack of sufficient DNA.

All in all, a great experience was accompanied by great results. While breaking new
ground in the procedures of amplification and purification of DNA, this experiment has shown a
new humane way to study and analyze seals. Through studying fecal material, just enough DNA

can be isolated to learn a treasure trove of information about seals all without the slightest harm

done to them.
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The Effects of Water Effluent
On Long Island Sound
Grass Shrimp

Abstract

The experiment was tested nitrate levels, dissolved oxygen levels, heart
rate and liver glycogen lavels in grass shrimp. The results were compared
between Long Island Sound water and water effluent from tho Bridgeport East
Facility. The tests were taken to see how the effluent effects the marine
environment. The grass shrimp were randomly placed in four fish tanks: two
controls (Long 1sland Sound water) and two variables (water effluent). For one
month they were monitored and then the tests were taken. The nitrate levels
were tested with a Venier Probe and a curve. All four samples (controls and
variables) came out to around 85 ml/L. All of the dissolved oxygen levels were
between 6.5 and 7.0 ppm. This data shows that they are all knownto be at a
healthy enviranmental level. The heart rate showed a significantly higher rate in
the shrimp in the effluent then in the controls, according to the 1-Test. Also, the
glycogen levels were shown to be significantly different from a t-Test as well.

Introduction

|. Grass Shrimp

Palaemonetes pugio, grass or popcorn shrimp, belong to the Arthroped

family. They have five pairs of appendages: two antennae, a pair of



jaws/mandibles, and two pairs of mouthparts (maxillae). These appendages are
on a segmented body. The grass shrimp has a serrated rostrum, with teeth, that
extends over its eyes; a spiny tail (telson) and its first two pairs of walking legs
have claws. An adult shrimp can grow up to about 5 cm.

These creatures are almost invisible except for the yellow pigment in the
eyestalks. They appear very fragile, but surprisingly they are good scavengers.
They are a very important part of the food web.

Grass shrimp are found in estuarine waters along the Atlantic and Gulf
Coasts, from Massachusetts to Florida. They are usually submerged in
vegetation or oyster shells. They can tolerate a wide range of salinity but they
usually avoid high salinity waters. Since the shrimp were only found in the marsh,
the habitat is expressed by ways to hide easier (turbidity), can not live in acidic
water (pH), but the low dissolved oxygen shows they can take harsh condition.

Grass shrimp usually reproduce in the summer, although the spawning
season could range from April to September. The shrimp normally mate after
molting. Males fertilize the eggs externally as
they emerge from the female, and she carries
f them within a brood pouch for about twelve to
sixty days, following fertilization. Through the

¥ female’s translucent shell, the eggs are visible.

r ? 2 * b i #2 Occasionally, the grass shrimp also carries a
less welcome burden, a parasitic isopod that usually attaches externally, near the

gill area. The larvae are released and undergo a series of developmental phases.



The duration of this periad depends on the water temperature and the presence
of food (Chesapeake Bay Program).

The crustacean heart consists of a single muscular chamber that is
suspended within the pericardial sinus. During ¢ardiac contraction, hemolymph is
ejected through multiple arterial outlets, sach artery supplying a defined region of
the animal. An artery branches laterally three to four times before terminating in
tissue sinuses where exchange takes place. Hemolymph then flows through a
series of larger sinuses, passes through the gills and finally backs to the heart.
Control of hemolymph circulation may be imposed at any numiber of paints along
the circuit. The primary contral mechanisms appear to be the force and rate of
cardiac contraction and the tonus of the cardicarterial valves located at the
entrance to each artery. The heart and the cardicarterial valves respond to
neurchormones such as proctolin, CCAP, serotonin and dopamine. Injection of
neurchormones results in alteration of force and rate of cardiac contraction as
well as modulation of arterial outflow via contraction of the valves. These
regulatory pathways are established sequentially during embryonic development.
The ontogenetic timing of this can determine if an embryo or larvae is able to
meet the demands placed upon the developing organism both physiclogically
and environmentally. Changes to this developmental sequence in response to
changing physiological demands or environmental conditions can potentially
have long term effects on adult physioclogy. The ontogenetic timing of key
regulatory pathways and physiological function of the cardiovascular system may

allow crustaceans to exploit such diverse environments as anoxic burrows, warm



estuary waters and terrestrial system. As the crustacean cardiovascular system
shows itself to be compiex and highly regulation, many questions are being
asked. Some of the mare basic questions deal with fundamental hemodynamic
issues during development {pressure-flow relationships), neurohormanal
regulation by the cardiac ganglion and pericardial organs, receptor-ligand
interactions and intracellular transaction mechanisms. The technical advances
seen in the field of physiology, coupled with advances in biochemistry, molecular
biclogy and computer systems has led to an explosion in research in these areas
(Chapman).

Liver glycogen can change through environment and food sources. When
certain toxins are introduced, it could deplete the levels. For instance, when the
relationship batween liver glycogen and endosulfan toxicity was tested on a
catfish, the quality of liver glycogen showed a decreasing trend as concentration
of toxicant increased (Agrawal).

[l. Estuarine Salt Marsh

Salt marshes are transitional areas between land and water, cccurring
along the intertidal shore of estuaries and sounds where salinity ranges from
near ocean strength to fresh in upriver marshes. They are subject to rapid
changes in salinity temperature and water depth. Salt marshes rank among the
most productive ecosystems on the earth. Grass shrimp aide the source of
nourishment for many creatures. Larval grass shrimp eat zooplankton and algae.
The adult shrimp feed on algae, marine worms, and cther crustaceans. Their

nutrient-rich pellets form an important element in estuarine ecosystems, and



















































