
*

Initial Characterization of Freshwater Sponge Species 

by PCR Using Random and Specific Primers

Submitted in partial fulfillment of the Requirements for 

Graduation with Honors to the Department of Biology and Chemistry at 

Carroll College, Helena, Montana

Richard C. Redman

CORETTE LIBRARY CARROLL COLLEGE

3 5962 00117 397



SIGNATURE PAGE

This thesis for honors recognition has been approved for the 
Department of Biology and Chemistry.

Date

Date

Reader Date



Acknowledgments

I owe thanks to a number of individuals who helped me complete this project. I 

# would like to thank Jeff Knight, Chris Gillette, and Miller’s Crossing for their generous

hospitality throughout the summer. I am in debt to Nina Luzod and Linda Beischel of the 

Genetics Laboratory at Shodaire Hospital. They were surprisingly willing to quantitate a 

large number of DNA samples over the course of this endeavor. I would especially like to 

thank Linda for being a reader for this thesis and for her willingness to offer valuable 

advice on PCR and DNA purification throughout the summer. I also owe thanks to my 

other reader, Dr. Marilyn Schendel. She even said she enjoyed reading one of the drafts I

wrote. I owe a tremendous amount of thanks to Dr. John Addis. He advised me and

assisted me throughout this entire project and read several drafts of this thesis during the 

past two months. Finally, I would like to thank my parents and family for giving me the 

opportunity to attend Carroll College and for supporting me during the past 23 years.

ii



Abstract

A nongemmulating species of freshwater sponge, Discospongilla cooperi, was 

recently discovered in western Montana. Because traditional classification of freshwater 

sponges is based upon morphological characteristics of gemmules, freshwater sponges 

that do not produce gemmules cannot be reliably classified using morphological criteria.

This project was designed as a preliminary step to differentiate D. cooperi from 

three other freshwater sponges that are known to exist in western Montana — Ephydatia 

muelleri, Spongilla lacustris, and Eunapius fragilis - and determine the phylogenetic 

relationship of these freshwater sponges using molecular criteria.

DNA was purified using proteinase K digestions or microwave disruption 

followed by phenol-chloroform extraction and then amplified with the polymerase chain 

reaction (PCR). Sizes of PCR products were used to characterize multiple individuals 

from each of the four sponge species studied. Random primers (RAPD) and primers 

specific for a receptor tyrosine kinase gene of the marine sponge Geodia cydonium were

used for the PCR reaction.

Reproducible PCR products were obtained from E. muelleri and D. cooperi. 

These PCR products provided enough information to differentiate E. muelleri and D. 

cooperi. Some molecular variability was observed between individuals within each of 

these species as well. This variability was attributed to differences in PCR conditions, 

DNA degradation, ineffective DNA purification, and DNA polymorphisms.

S. lacustris and E. fragilis did not produce consistent PCR products. 

Consequently, the phylogenetic relationship between these four species of freshwater 

sponge could not be determined.
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Introduction

The sponge is among the simplest of multicellular animals. Whether the sponge 

even contains discrete tissues is debatable, and it has no means of locomotion. 

Consequently, the sponge has a sedentary lifestyle, which consists of siphoning food 

through its many canals and filters.

The sponge’s simple morphology can make individual species difficult to 

distinguish. However, most freshwater sponges contain distinctive spicules, gemmules, 

and gemmoscleres, which can be used for species identification. However, if gemmules 

are not present positive identification becomes difficult.

An apparently new species of freshwater sponge, Discospongilla cooperi, has 

recently been discovered in western Montana that lacks gemmules and gemmoscleres 

(Barton and Addis, 1997). Consequently, the positive identification of this sponge and its 

phylogenetetic relationship to other known freshwater sponges has been difficult to 

determine. One solution to this problem is to examine the degree of DNA sequence 

variation to characterize species of freshwater sponges, as opposed to the more traditional 

morphological approach of classification.

This project has two objectives. The first objective was to differentiate D. cooperi 

from three other freshwater sponges that are known to exist in western Montana — 

Ephydatia muelleri, Spongilla lacustris, and Eunapius fragilis — examining DNA 

polymorphisms. The second objective was to determine the phylogenetic relationship 

between each of these four freshwater sponges by examining the degree of relatedness of 

DNA patterns. I used the polymerase chain reaction (PCR) to molecularly differentiate 

each freshwater sponge based upon the size of PCR products.
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Literature Review

Freshwater Sponges of Western Montana

♦ Traditional classification of the freshwater sponge is based largely upon

morphology. This morphological classification is focused on the characteristics of 

spicules (mainly microscleres), gemmules, and gemmoscleres. The spicules of the 

freshwater sponge are siliceous structures, which make up the skeleton of the sponge. 

These spicules can be large (megascleres) or small (microscleres). Gemmules are 

specialized structures that encapsulate cells of the sponge in a protective coat during the 

winter season. Gemmoscleres are siliceous structures that make up the skeleton of the 

gemmule. The morphological characteristics of the gemmules and gemmoscleres provide 

the most unique observable differences between species. These characteristics also 

provide the simplest and most accurate method of relating freshwater sponges 

morphologically.

This project focused upon four species of freshwater sponges from western 

Montana: Spongilla lacustris, Eunapius fragilis, Ephydatia muelleri, and Discospongilla 

cooperi. Morphological characteristics of these freshwater sponges were described by 

Barton and Addis (1997).

Spongilla lacustris (Figure 1) grows attached to rocks and logs. The sponge 

frequently forms finger-like branches extending out from its base. The sponge body 

contains two types of spicules: smooth, curved megascleres and small, spiny 

microscleres. S. lacustris forms gemmules, which may or may not be covered with blunt 

- ended, randomly spined gemmoscleres. Cells of S. lacustris harbor symbiotic algae. 

Consequently, the sponge appears green.
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Figure 1. Spongilla lacustris’ growing from beneath a rock 
(Barton 1995).

Figure 2. Eunapius fragilis, growing on the underside of a log 
# (Barton 1995).
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Eunapius fragilis (Figure 2) typically forms encrusting growths on the top and 

sides of rocks and logs. The spicules of E. fragilis are long, thin megascleres; 

microscleres are not present. These megascleres do not contain spines, but they do come 

to a sharp point at both ends. E. fragilis forms gemmules, which are covered with 

coarsely spined gemmoscleres. Symbiotic algae are often present in this sponge’s cells.

Ephydatia muelleri (Figure 3) also forms encrusting growths on the surface or 

sides of rocks and logs. The surface of the sponge can be folded or lobed. The skeletal 

structure of this sponge consists of large, spiny megascleres. These spicules are curved 

slightly, and they gradually come to a point at both ends. Microscleres are absent. E. 

muelleri produces gemmules with birotulate gemmoscleres. The cells of this sponge 

house symbiotic algae, which give it a green color.

Discospongilla cooperi (Figure 4) has only recently been discovered. This 

freshwater sponge grows attached to the undersides of rocks and logs. D. cooperi only 

contains large megascleres. These spicules are slightly curved, come to a sharp point at 

both ends, and they are covered with small spines. An absence of gemmules makes D. 

cooperi more difficult to positively identify than the other freshwater sponges studied. 

The sponge’s cells do not house symbiotic algae.

*

4



Figure 3. Ephydatia muelleri growing on the side of a rock 
(Barton 1995).

Figure 4. Discospongilla cooperishown growing on the
underside of a rock (that has been turned over).*
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It is possible to identify freshwater sponges by examining the overall morphology, 

spicules, and gemmules of the sponge. The fact that D. cooperi lacks gemmules prompted

9 me to search for a different method of freshwater sponge identification. The genomic

characteristics of each sponge species could potentially yield valuable information about 

the identity of each sponge.

Polymerase Chain Reaction

The polymerase chain reaction (PCR) is an efficient method of copying segments 

of DNA from the genome of any organism. PCR replicates short sections of DNA 

thousands of times during one reaction and produces a high concentration of specific 

DNA fragments. Analysis of the sizes of PCR products by gel electrophoresis can reveal 

a distinct and reproducible pattern of DNA fragments each time the organism’s DNA is 

amplified. I used PCR to amplify fragments of DNA from four different freshwater 

sponge species.

The following information, unless otherwise stated, was taken from Palumbi 

(1996). The PCR process works by combining the reagents required for DNA replication 

into a single solution and subjecting the solution to different temperatures. The PCR 

reaction requires six essential ingredients: template DNA, DNA polymerase, 

deoxyribonucleotide triphosphates (dNTP), buffer, MgCfr (cofactor required by the DNA 

polymerase), and a DNA primer (a set of two primers is often used).

Template DNA is obtained from the organism that is being studied. One or more 

small segments of this DNA are amplified during the PCR reaction. During the PCR 

reaction, the entire double stranded DNA is denatured into single stranded DNA by
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subjecting the reaction mixture to a high temperature. Primers are oligonucleotides that 

are generally 10 to 20 base pairs in length and designed to bind to the template DNA 

when the temperature of the reaction is lowered. The DNA polymerase binds to a section 

of single stranded DNA that is immediately adjacent to a double stranded segment of 

DNA (formed by the primer/ template DNA complex) and replicates the template DNA. 

The polymerase will construct a new strand of DNA until it reaches the end of the 

template DNA or until the reaction temperature is increased, at which time the DNA 

polymerase will separate from the template strand. When this process is repeated multiple 

times on multiple strands of DNA, an enormous amount of one length of DNA can be

made.

The PCR reaction mixture is generally subjected to three different temperatures 

during the course of the reaction (this protocol can be varied for more complex 

reactions). These temperatures are repeated multiple times in a thermal cycle. The

solution is originally subjected to a relatively high temperature (« 94° C). At this

temperature, most of the double stranded DNA is denatured into single stranded DNA.

The temperature of the reaction is then reduced to a temperature that is between 30° C

and 60° C. During this step the primer anneals to the template. The temperature of the

annealing step varies depending on the degree of complementation that exists between 

the primers and the template DNA. If the primers and template match perfectly, a high

temperature can be used (« 60° C), but if the match is less than perfect, a lower

temperature has to be implemented (37° - 55° C). Following the annealing step the 

temperature is raised back to « 70° C. The polymerase used for PCR (Tag polymerase)
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functions optimally at this temperature, and the DNA is extended from a primer that is 

bound to the template.

During the polymerase chain reaction primers are constantly in motion and 

competing with other primers and template strands for available and thermodynamically 

stable template binding sites. The kinetics of the reaction give smaller primers a distinct 

advantage in the sense that they are moving faster and require fewer binding sites than 

the larger denatured template DNA. Primer/ template bonds, template/ template bonds, 

and primer/ primer bonds are constantly made and broken. Consequently, the complex 

that is formed with fewest unstable bonds will survive the longest and remain intact when 

the polymerase catalyzed DNA extension begins.

The polymerase chain reaction is very useful for rapid and relatively easy analysis 

of DNA. After consistent products are obtained, the reaction conditions can be used for 

fast and inexpensive identification of different species or different individuals within the

same species.

When different species are being studied, it is important to design primers that can 

effectively bind to the DNA of all organisms being studied. It is helpful to have specific 

information about the genome of each species that is being studied. However, when this 

information is not available random primers or primers designed for a closely related 

species may be implemented for PCR.
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Receptor Tyrosine Kinase Based Primers

Morphological and genetic studies show that the kingdom Animalia arose via a 

monophyletic origin. Some of the earliest multicellular animals arose in the phylum 

Porifera, 800 million years ago (Gamulin et al., 1994). Structures that are important to 

multicellular life have been highly conserved throughout evolution from primitive

metazoa to vertebrates.

An integral part of multicellular life is the ability to recognize and organize 

individual cells into a single functioning organism. Multicellular organisms require many 

different molecules and conditions to survive, including cell adhesion receptors. Cell 

adhesion receptors are important for the organization of individual cells into multicellular 

tissues and organisms.

An important cellular receptor is the receptor tyrosine kinase (RTK). 

Phosphorylation of the receptor tyrosine kinase functions in cellular signaling in all 

known multicellular animals, including sponges (Ottilie et al., 1992). The existence of 

RTK’s in prokaryotes, plants, algae, and protozoa has not been documented. Unicellular 

eukaryotes do contain receptor kinases, but they phosphorylate serine and threonine just 

as well as they phosphorylate tyrosine. Tyrosine specific kinases are exclusive to 

metazoan animals, and these RTK’s evolved and diverged within the phylum Porifera 

(Ottilie et al., 1992).

The amino acid sequences of receptor tyrosine kinases show that these proteins 

consist of four characteristic segments: an extracellular region (consisting of an 

immunoglobulin domain), a transmembrane region, and two cytoplasmic regions. One of
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these cytoplasmic regions consists of the tyrosine kinase domain. These tyrosine kinase 

domains have recently been characterized in marine sponges (Gamulin et al. 1994).

According to Pancer et al. (1997), the RTK gene of the marine sponge Geodia 

cydonium contains two Ig-like domains, separated by an intron. Pancer et al. (1997) 

cloned four different individual sponges and performed PCR across this intron on 

genomic DNA. Genetic variation, in the size of PCR products, was observed in 14 of 15 

clones. These results indicate that multiple RTK genes are present in individual sponges. 

The majority of these polymorphisms were due to variations within the sequence of the 

intron. These polymorphisms can be used to examine differences between different 

species and within a species.

The overall sequence of the receptor tyrosine kinase gene from G. cydonium has 

been studied by Mueller (1995). This gene has been shown to be homologous to tyrosine 

kinase genes throughout the animal kingdom. I decided to exploit this widespread 

homology and construct PCR primers, identical to those used by Pancer et al. (1997), for 

use in freshwater sponges.

Random Primers

Williams et al. (1990, 1993) described a method of PCR analysis that can be used 

when no knowledge of an organism’s genomic nucleotide sequence is available. This 

method, which produces random amplified polymorphic DNA (RAPD), utilizes short, 

arbitrarily designed primers for use with PCR. These primers, when used in a properly 

optimized PCR reaction, can produce very reproducible and useful data about the DNA

of different species.
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RAPD primers are optimally designed using the following criteria: 9-10 

nucleotides in length, 50%-60% guanine and cytosine base composition, and no 

palindromic sequences greater than 6 base pairs in length (Williams et al., 1993). When 

fewer than nine base pairs were used, fewer amplification products were obtained by 

Williams et al. (1993). According to Caetano-Anolles (1993), primers longer than 10 

nucleotides do not produce more accurate results.

The primer concentration should be no less than 0.1 pM and no more than 2.0 

pM. If the primer concentration is too low, PCR products are difficult to detect on 

ethidium bromide-stained agarose gels. If the primer concentration is too high, several 

poorly amplified pieces of DNA will be produced. These small-unresolved pieces of 

DNA do not form distinct bands on a gel. Instead, a smear will be observed on the gel 

when PCR products are analyzed (Williams et al., 1993).

Caetano-Anolles (1993) reported that the 3’ termini of any oligonucleotide primer 

are critical for proper primer/ template interaction and binding. Perfect homology, 

between the first 5-6 nucleotides from the 3’ terminus of the primer DNA, is essential for 

primer binding. Changes on the 5’ end (2-3 nucleotides from the end) had no effect on 

the primers binding capabilities. However, substitution near the 3’ end of the primer 

caused it to bind to another site or not at all. Consequently, a number of RAPD primers 

may need to be tried before the PCR reaction is optimized.

The concentration of genomic template DNA is also very important for good 

RAPD results. Excessive template DNA will appear as a smear when the PCR products 

are analyzed via gel electrophoresis. However, if the concentration of template DNA is 

not adequate, the results will show few bands. Many of the observable bands will not be
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reproducible (Williams et al., 1993). Other factors affecting band intensity include 

magnesium ion concentration, annealing temperature, and dNTP concentration. Williams 

et al. (1993) recommend that dNTP concentration be at least 100 pM. Lower dNTP 

concentrations produce weaker band intensities, but raising the concentration does not

affect the reaction.

Williams et al. (1990) originally designed RAPD primers as a method of 

analyzing and locating polymorphisms within closely related individual organisms.

Single primers can detect single base pair changes as well as insertions, deletions, and 

inversions within the area of the genome being amplified. Williams et al. (1993) found 

that by altering one nucleotide near the 3’ terminus of the primer, different sized PCR 

products were produced from the same genomic DNA. These results suggest that a single 

base pair substitution, insertion, or deletion within the primer-binding site will prevent 

primer/ template binding at the site.

A single base pair substitution at the primer-binding site could appear as absent 

bands when the PCR products are analyzed. Multiple base pair substitutions between 

primer binding sites would cause a band to disappear if the substitution separated the 

primers by a distance that could not be read and copied by the polymerase within the 

given extension period. If the polymerase could copy the new length of DNA, the size of 

the amplified product would be larger than the original product (Williams et al., 1990).

The sensitivity exhibited by the RAPD reaction indicates that it will be useful for

obtaining a “PCR fingerprint” from nearly any organism. The PCR products can then be
4

used as a source of data for the identification of an individual within a species.
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The results obtained by Williams et al. (1990) and the fact that a single base pair 

substitution can generate new PCR products suggests that RAPD products can only be 

used to analyze individuals that are related at the species (or possibly genus) level. This 

limitation is a result of the sensitivity of the reaction. If the organisms are too distant 

evolutionarily, they will not exhibit any truly common RAPD products, thus making 

effective phylogenetic analysis impossible.

The use of RAPD primers can be very advantageous when information about an 

unknown genome is desired. The process is relatively inexpensive and easy to perform, 

after the reaction is properly optimized. One set of primers can be used to test the 

phylogenetic relationship between closely related species with a high degree of 

sensitivity (a change of one nucleotide can be detected). However, massive genomic 

changes, such as large insertions, deletions, or substitutions within the primer binding 

sites, can produce bands of very different size, even if the organisms are closely related. 

RAPD analysis has been used effectively to fingerprint bacteria and fungi, analyze the 

phylogenetic and taxonomic relationships in plants, and establish molecular relatedness 

and genetic variation within animals (Caetano-Anolles, 1993).

I used RAPD primers to obtain additional information about the genome of the 

four freshwater sponges in this study. RAPD primers may or may not provide 

information about the phylogenetic relationship between these freshwater sponges, but 

they will provide information that will help differentiate them from each other.
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Materials and Methods

Freshwater Sponge Collection

• The freshwater sponges Ephydatia muelleri, Eunapius fragilis, Spongila lacustris,

and Discospongilla cooperi were collected from Coopers Lake (47°05’N/ 112°55’W) and 

Salmon Lake (47°06’N/113°24’W) in western Montana. Sponge samples were 

immediately cut up, packaged in aluminum foil, frozen on dry ice, and stored at -70° C

until needed.

DNA Extraction and Isolation

Method 1. DNA was extracted and isolated according to a method modified slightly

from Hillis et al. (1996). Each sample was removed from a -70° C freezer and placed on 

dry ice. A small piece (approximately 0.2 g) was cut from each sample with a razor 

blade and immediately placed into a sterile, chilled (-70° C) mortar. The sample was

ground into a powder and scraped into a sterile microtube using a sterile, chilled (-70° C) 

spatula. All equipment was stored on dry ice when not in use.

Tissue samples were digested using Proteinase K (Sigma). The digesting mixture 

was prepared by combining 3 ml of a sterile solution containing 1 mM EDTA and 50 mM 

Tris - HC1 (pH 8.0), 150 pi of Proteinase K (10 mg/ml), and 450 pi of sterile 10% SDS.

This solution was filter sterilized through a 0.2 pm sterile Acrodisc (Gelman Sciences). A

600 pi aliquot of solution was pipetted into each DNA sample tube. Each sample tube

was mixed by inversion and incubated in a 55° C shaking water bath for 2 hr. After 1 hr
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the tubes were inverted several times to insure that the sponge tissue stayed in 

suspension.

Following the two hour incubation, an equal volume of phenol: chloroform: 

isoamyl alcohol (PCI) (25:24:1; Sigma) was added to each sample tube. These solutions 

were incubated for 5 min at room temperature and mixed by inversion every 15 s. The 

four microtubes were then centrifuged for 5 min at 7000xg. Following centrifugation, the 

aqueous layers were removed and transferred to new sterile microtubes. PCI extraction

was done twice.

The aqueous layers from the second PCI extraction were transferred to sterile 

microtubes. An equal volume of chloroform: isoamyl alcohol (CI) (24:1; Sigma) was 

added to each aqueous solution and mixed by inversion. These solutions were incubated 

at room temperature for 2 min and mixed by inversion every 15 s. The microtubes were 

then centrifuged for 3 min at 7000xg. Each aqueous layer was transferred to a new sterile

microtube. CI extraction was also done twice.

The aqueous layers from the second CI extractions were transferred to a sterile 

microtube. Ten percent of the aqueous solution’s volume of sterile 2M NaCl was added 

to each microtube. An aliquot of 2.5 times the aqueous solution’s volume of ice cold 

95% ethanol was also added to each tube. The solutions were allowed to precipitate at -

20° C overnight. The precipitate was centrifuged for 10 min at 7000xg and washed twice 

with 70% ethanol. Each wash was followed by a 2 min centrifugation. All of the pellets

were suspended in 50 pi of sterile double-distilled water following the purification.

15



As an alternate method of DNA extraction, I substituted 1/10 of the aqueous 

solution’s volume of ammonium acetate for NaCl in the precipitation step described

above.

Method 2. DNA was also extracted using a “microwave miniprep” method (Pan et al., 

1993). A 0.05 g sample of frozen sponge tissue was cut into four small pieces and placed 

into a microcentrifuge tube. A 100 pi aliquot of lysis buffer (50 mM Tris-HCl [pH 7.2], 

50 mM EDTA, 3% sodium dodecyl sulfate, 1% 2-mercaptoethanol) was added to the 

tube. All tubes were then microwaved for 15 s, 10 s, and 5 s. The tubes were separated, 

and the microwave was stopped for 3 s between each segment to prevent boiling of the 

solutions. Following the microwaving, 300 pi of lysis buffer was added to each tube.

These tubes were all incubated in an 80° C water bath for 10 min. An extraction with an

equal volume of PCI followed the incubation. The solution was then centrifuged for 15 

min at 10,000xg. The aqueous layer was removed after centrifugation. An aliquot of 1/80 

of the aqueous solution’s volume of sodium acetate and 54% of the aqueous solution’s 

volume of isopropanol were added to the aqueous solution. This mixture was centrifuged 

at 10,000xg for 3 min. The liquid was pipetted off the DNA pellet, and the pellets were

dried in a vacuum. All of the pellets were suspended in 50 pi of sterile double-distilled

water following the purification.

All sterile equipment and solutions were sterilized by autoclaving at 121° C and 

15 psi. Each aqueous and ethanol extraction was done with separate sterile pipettes. All 

solution additions were done with sterile micropipettes (Eppendorf).
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All purified DNA was quantitated by the Genetics Laboratory at Shodair Hospital 

using the Hoefer Minifluorometer. Each purified DNA sample was analyzed with 

electrophoreses (85 V for 45 — 60 min.) in 40 mM Tris-Acetate/ 2mM Na2EDTA buffer 

(pH 8) on a 7.6 cm, 1% agarose (Sigma) gel. These gels were stained with ethidium 

bromide to assess the purity, quality, and quantity of the purified DNA.

Polymerase Chain Reaction

Receptor Tyrosine Kinase Primer Amplification. I used two primers for the RTK 

amplification: 5’-GTCATACATCTTGACCTCCCA and

5’-AGTCCACCTCCACTATCA. These primers were synthesized by Research Genetics 

Incorporated. This PCR method was adapted from Palumbi (1996), but modified for 

optimal results. Successful reactions were run using 25 pmol - 45 pmol of each primer, 

0.10 pg - 0.25 pg of template DNA, 0.8 mM - 1.8 mM of dNTP (Perkin Elmer), and 1.5 

mM - 3 mM of MgCL ion solution (Perkin Elmer). The rest of the reaction reagents were

the same in all successful PCR trials: 2.5 pi of reaction buffer (Perkin Elmer), 0.625

Units of Taq DNA Polymerase (Perkin Elmer), and 2.5 pi of Rediload (Research

Genetics). The complete reaction volume was 25 pi. The cycling parameters used to 

amplify the DNA samples between the RTK primers (Pancer et al., 1998) were: 5 min at 

94° C, then 8 cycles of 94° C - 45s, 43° C - 45s, 65° C - 1 min, then 35 cycles of 94° C

- 45s, 52° C - 30s, 72° C - 1 min, and a final extension step at 72° C for 4 min.

9
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RAPD Primer Amplification. The following RAPD method was adapted from Williams 

(1993). Every combination of four different RAPD primers was used to analyze the 

purified DNA from each of the four species of freshwater sponge described above. All 

four primers were purchased from Operon Technologies. The following primers were 

used during the RAPD PCR reaction: 5’-GTGATCGCAG (OPA - 10), 

5’-CAGCACCCAC (OPA - 13), 5’-AGGTGACCGT (OPA - 18),

5’-GTTGCGATCC (OPA - 20). A 15 pmol aloquot of each of two primers or 30 pmol 

of one primer was added to each reaction. The reaction also consisted of 10 ng of purified 

template DNA, 2.5 pi of reaction buffer (Perkin Elmer), 0.2 pM each dNTP (Perkin 

Elmer), 0.75 U of Taq DNA Polymerase (Perkin Elmer), 2.0 mM MgCh (Perkin Elmer), 

and 2.5 pi of Rediload (Research Genetics). The total reaction volume was 25 pi. The

cycling parameters were: 5 min at 94° C, then 45 cycles of 94° C - 60s, 36° C - 60s, 72°

C - 2 min, and a final extension step at 72° C for 7 min.

A Perkin Elmer Thermal Cycler (Model 2400) was used for all PCR reactions. A 

water control was run with every PCR reaction in an effort to detect any contamination of 

the reagents or template DNA solutions. All of the PCR products were separated and 

analyzed by electrophoresis (85 V for 45 - 60 min.) in 40 mM Tris-Acetate/ 2mM

NajEDTA buffer (pH 8) on 7.6 cm, 2.6% agarose gels (Sigma). These gels were stained 

with ethidium bromide. PCR product band sizes were estimated using a 100 bp 

GelMarker ladder (Research Genetics).
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Results

Positive Identification of Freshwater Sponges

W Each freshwater sponge was initially identified in the field at the time of

collection by gross morphological examination. Six members of the species D. cooperi, 4 

members of the E. muelleri species, and 3 members of the E. fragilis and S'. lacustris 

species were collected for this study. The identity of each member of all four freshwater 

sponge species was confirmed at the time of use by dissolving an aliquot of sponge tissue 

in a dilute solution of household bleach and viewing the spicules (Figures 5-8) under the 

microscope. These examinations confirmed that each sponge was correctly identified. 

Permanent slides were made using the method described by Pennak (1978).

DNA Purification

The purified DNA yields ranged from 0 pg DNA/ mg tissue to 0.6 pg DNA/ mg 

tissue. All samples of purified freshwater sponge DNA were analyzed by electrophoresis 

(85 V for 45 - 60 min.) in 40 mM Tris-Acetate/ 2mM NaiEDTA buffer (pH 8) on 7.6 cm 

1% agarose gels and stained with ethidium bromide (Figure 9). Purification results were 

similar when each method of purification was used.

I treated one sample of the purified DNA with RNase to see if RNA was present 

in the DNA samples used during the study (Figure 10). These results clearly showed that 

a large amount of RNA was present in the sample analyzed.
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Figure 5. Microscleres and a megasclere 
Spongila lacustris.

Figure 7. Megasclere from 
Ephydatia muelleri.

Figure 6. Megascleres from 
Eunapius fragilis.

Figure 8. Megascleres: 
Discospongilla cooperi.
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Figure 10. Purified DNA sample treated with RNase. We 
analyzed the original sample (Lane 2) and the sample treated 
with RNase (Lane 1) with electrophoresis (85 V for 45 - 60 
min.) in 40 mM Tris-Acetate/ 2mM Na2EDTA buffer (pH 8) on 
a 7.6 cm, 1% agarose gel. This gel was stained with ethidium 
bromide.
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Receptor Tyrosine Kinase Primer PCR

PCR using RTK primers gave consistent results for D. cooperi and E. muelleri. 

Results and conditions of all RTK primer PCR reactions from these two species are 

shown in appendices A and B. Bands ranging from 50 bp to 600 bp were obtained using 

these primers (Figure 11). The consistent bands for D. cooperi were 150 bp, 400 bp, and 

500 bp in length. E. muelleri only showed one consistent band of 275 bp.

The RTK primer PCR results varied occasionally when primer and template

concentration were varied. However, identical bands were obtained when different

concentrations of reagents were used. Figures 12 and 13 show the overall results of all 

amplifications.
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14

Band Sizes (base pairs)

Figure 12. PCR products obtained from D. cooperi with RTK 
primers. Percentages were determined by dividing the number 
of times bands were observed by the total number of PCR 
amplifications of D. cooperi DNA with RTK primers.

Band Sizes (base paiis)

Figure 13. PCR products obtained from E. muelleri with 
RTK primers. Percentages were determined by dividing the

0 number of times bands were observed by the total number of
PCR amplifications of E. muelleri DNA with RTK primers.
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PCR was also performed on the algae that lives symbiotically within the cells of 

E. muelleri, E. fragilus, and S. lacustris, as a control. This symbiotic algae was harvested

* from E. muelleri. Algal DNA was extracted from the algae using the one of the methods

(microwave miniprep) that was used to extract DNA from the freshwater sponges. PCR 

results did not show any observable bands when the RTK primers and conditions 

identical to those conditions used to amplify freshwater sponge DNA were used. These 

negative results indicate that the bands observed for E. muelleri were not due to the 

symbiotic algae.

RAPD PCR

PCR using a RAPD primer (OPA - 13) also gave reproducible results for D. 

cooperi and E. muelleri (Figure 14). PCR of D. cooperi revealed consistent bands that 

were 450 bp, 800 bp, and 1100 bp in length. E. muelleri gave a consistent band of 900 bp. 

Figures 15 and 16 show the results of all PCR amplifications that yielded visible bands 

on agarose gels. Results and conditions of all RAPD primer PCR reactions from these 

two species are shown in appendices C and D. These results were very consistent for D. 

cooperi. When the DNA of E. muelleri was amplified, additional bands were 

occasionally observed at 600 bp, 800bp, and 1250 bp. Consistent results were not 

obtained from E. fragilis or S. lacustris.
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Band Sizes (base paiis)

Figure 15. PCR products obtained from D. cooperi with RAPD 
primers. The results shown here were obtained with RAPD 
primer OPA-13. Percentages were determined by dividing the 
number of times bands were observed by the total number of 
PCR amplifications of D. cooperi DNA with the OPA-13 primer.

Band Sizes (base pairs)

Figure 16. PCR products obtained from E. muelleri with RAPD 
primer. The results shown here were obtained with RAPD primer 
OPA-13.. Percentages were determined by dividing the number of 
times bands were observed by the total number of PCR 
amDlifications of E. muelleri DNA with the OPA-13 primer.
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Bands were also observed from D. cooperi, E. muelleri, and E. fragilus using 

other RAPD primer combinations: OPA - 13 with OPA - 20, OPA - 18, and OPA - 13 

with OPA - 10. However, these results were not reproducible.

A symbiotic algae control was also run when RAPD primers were used to analyze 

the freshwater sponge DNA. A very high molecular weight band was consistently 

observed when RAPD primer OPA-13 was used. However, this band does not correspond 

with any of the bands observed when the DNA of the freshwater sponges was analyzed.

♦
1
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Discussion

RAPD primer results and RTK primer results provided enough information to 

• differentiate E. muelleri and D. cooperi from each other. However, since reproducible

bands were not obtained from S. lacustris and E. fragilis phylogenetic analyses could not 

be performed. I have attributed unobservable and inconstant PCR results to sub-optimal 

or variable PCR conditions, DNA degradation, ineffective DNA purification, or DNA 

polymorphisms.

I devoted a significant amount of time to optimizing PCR conditions. Most 

reagents and reaction conditions were varied in an effort to obtain reproducible results 

from each species studied. Most sources recommend running the PCR thermal cycle with 

a relatively high annealing temperature (~ 50° C) to obtain accurate and reproducible 

results with specific primers. No results were observed when I ran PCR reactions with a 

high annealing temperature (52° C) and RTK primers. However, when the annealing

temperature was lowered to 43° C for 8 cycles and then increased to 52° C for 35 cycles,

bands were observed. These results suggest that the RTK primers did not match with the 

template perfectly. However, this problem was anticipated (RTK primers were not based 

upon the genomes of the sponges in this study) and consistent results were obtained with 

the lower annealing temperature.

Pancer et al. (1997) reported intraspecies variation of PCR results using the same 

RTK primers I used for amplification. My PCR results did not conclusively show that 

intraspecies variation exists within the species I studied. I observed consistent 

amplification products across both species that showed successful results, but some 

variation was also observed within each of these species. It is possible that the variation I
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did observe was a result of variable PCR conditions, DNA contamination, unobserved 

amplification products, or possibly intraspecies variation. I incorporated RAPD primers 

into this study in an effort to obtain additional consistent results.

I used every combination of four different RAPD primers to obtain the RAPD 

PCR results. The thermal cycle temperatures and times were not varied when these 

primers were used. Three consistent bands were observed for D. cooperi and one 

consistent band was observed for E. muelleri during the course of the study when RAPD

primers were used.

The RAPD primers used in this study produced fewer consistent PCR products 

than were expected for E. muelleri, S. lacustris, and E. Fragilis. Caetano-Anolles (1993) 

has reported that the first round of standard PCR produces fragments of DNA containing 

preferred template binding sites (complementary template and primer sequences). When 

a low concentration of only one primer is used in the RAPD reaction, palandromic 

termini are produced on the ends of the amplified DNA fragments. These matching ends 

cause the new strands of DNA to form hairpin loops, which make template/ primer 

binding less likely. I tried to avoid this problem by using two different RAPD primers or 

a high concentration of one RAPD primer.

Some small molecular weight bands were also observed when the DNA of each

species was examined. These bands could be attributed to self - amplification by RAPD 

primers. Pan et al. (1997) has pointed out that 19 of 20 Operon A Kit primers and 4 of 20 

Operon C Kit have produced artifact DNA bands in negative control reactions. These 

artifacts range in size from 100 bp to more than 2000 bp. Pan et al. (1997) attributed 

these products to self - amplification by the RAPD primers used in their study.
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Several different RAPD primers are available from different sources. Each 

available primer could potentially produce different successful results. It is possible that 

other RAPD primers could be used to successfully amplify the DNA of all four 

freshwater sponges studied here.

The introduction of foreign DNA or the presence of any leftover cellular material 

could also disrupt the primer/ template binding process or the DNA replication process. 

Any impurity of the freshwater sponge DNA samples or the reaction mixtures used could 

adversely affect the reaction.

Contamination of the reaction mixtures by foreign DNA did not appear to be a 

problem. I ran negative water control reactions during each set of PCR trials in order to 

ensure that contaminants were absent from the reagents used in the reaction. Occasionally 

bands were observed in the negative control lanes when they were analyzed along with 

the other products via electrophoresis. However, these bands did not resemble the other 

products obtained during the reaction. Small molecular weight bands were also observed 

in some of the lanes that contained amplified template DNA. It is possible that these 

small molecular weight bands could represent the primer - derived products described by

Pan et al. (1997).

Contamination of the reaction mixtures may have come directly from the 

freshwater sponge samples, rather than from an outside source. During the DNA 

extraction process, an unusual green color was observed in the 5'. lacustris and E. fragilis 

samples. This color could have been associated with a pigment from the sponge or algal

cells. This contaminant could be the reason results were not obtained from these two

species. Other digestion techniques may be able to remove this contaminating substance.
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RNA may have been a source of interference in the PCR reaction (although the 

literature does not indicate that this problem occurs). The DNA sample that was treated 

with RNase and analyzed alongside a normal sample indicated that a significant amount 

of RNA was present in the samples we used for PCR. It is very likely that a similar 

amount of RNA is present in each of the other DNA samples used for this study. This 

RNA could theoretically compete for primers if it was present in a high enough 

concentration. In the future, RNase should be incorporated into the digestion process.

The phylogenetic relationship between the four species of freshwater sponge 

could not be determined at this time. No bands were obtained for S. lacustris or E. 

fragilis and only two consistent bands were obtained for E. muelleri. With other methods 

of DNA extraction and more optimization of the PCR reaction, data about each 

freshwater sponge might be obtained. This additional data could be used to determine the 

phylogenetic relationship between each sponge.

The PCR results obtained during this study will be useful for the positive 

identification of D. cooperi and possibly E. muelleri. D. cooperi has a very reproducible 

PCR pattern that consists of three bands when RTK primers or OPA - 13 primers are 

used. E. muelleri consistently produced one band when each of these primers was used 

for amplification. Further study may be needed in order to determine the exact reagent 

concentration that is required for optimal PCR amplification of D. cooperi DNA. 

Additional work may also be necessary to obtain a more specific pattern of bands for E. 

muelleri, S. lacustris, and E. fragilis.

$
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Appendix A: PCR Results from D. cooperi with RTK Primers

Species Primer dNTP MeCb Template Band Size Purification Rediload
(pmol) (mM) (mM) (pg) (bp) (pi)

Dc-9 25 0.8 1.5 0.1 190, 50 Method 1
Dc-9 25 0.8 3 0.167 Method 1
Dc-9 25 0.8 1.5 0.167 Method 1
Dc-9 35 0.8 3 0.167 Method 1 2.5
Dc-9 35 0.8 3 0.1 Method 1 2.5
Dc-9 35 0.8 3 0.1 Method 1 2.5
Dc-9 35 0.8 3 0.167 150, 400, 500 Method 1 2.5
Dc-9 45 0.8 3 0.1 Method 1 2.5
Dc-9 45 0.8 3 0.167 150 Method 1
Dc-9 45 0.8 3 0.1 Method 1 2.5
Dc-9 45 0.8 3 0.1 Method 1 2.5
Dc-9 45 1.8 3 0.1 500, 400, 50 Method 1 2.5
Dc-9 45 1.8 3 0.1 100, 300, 400, 500 Method 1 2.5
Dc-9 45 1.8 3 0.1 100 Method 1 2.5
Dc-9 45 0.8 3 0.1 Method 1 2.5
Dc-3 45 0.8 3 0.1 Method 1* 2.5
Dc-3 45 1.8 3 0.1 500, 400, 50 Method 1* 2.5
Dc-3 45 1.8 3 0.1 100 Method 1* 2.5
Dc-3 45 1.8 3 0.1 100 Method 1* 2.5
Dc-3 45 0.8 3 0.1 150,400 Method 1* 2.5
Dc-3 45 0.8 3 0.1 Method 1* 2.5
Dc-2 45 0.8 3 0.1 Method 1 2.5
Dc-2 45 1.8 3 0.1 Method 1 2.5
Dc-2 45 1.8 3 0.1 Method 1 2.5
Dc-2 45 0.8 3 0.1 Method 1 2.5
Dc-2 45 0.8 3 0.1 Method 1 2.5
Dc-13 25 0.8 3 0.167 Method 1
Dc-13 25 0.8 3 0.167 50 Method 1
Dc-13 25 0.8 1.5 0.167 50 Method 1
Dc-13 25 0.8 1.5 0.167 Method 1 2.5
Dc-13 35 0.8 3 0.167 50 Method 1
Dc-13 25 0.8 3 0.167 50 Method 1 2.5
Dc-13 25 0.8 3 0.167 Method 1 2.5
Dc-13 25 0.8 3 0.25 Method 1 2.5
Dc-13 25 0.8 3 0.25 Method 1
Dc-13 25 0.8 3 0.167 Method 1 2.5
Dc-13 35 0.8 3 0.25 150 Method 1
Dc-13 35 0.8 3 0.167 150,400 Method 1 2.5
Dc-13 35 0.8 3 0.167 Method 1 2.5
Dc-13 35 0.8 3 0.167 Method 1 2.5
Dc-1 45 0.8 3 0.1 Method 1* 2.5
Dc 25 0.8 3 0.167 190, 50 Method 1
Dc 35 0.8 3 0.1 Method 1* 2.5
Dc 35 0.8 3 0.1 600, 500, 475, 50 Method 1* 2.5

* Alternate Method 1
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Appendix A: PCR Results from D. cooperi with RTK Primers

Species Primer dNTP MgCl? Template Band Size Purification Rediload
(pmol) (mM) (mM) (pg) (bp) (pi)

Dc 35 0.8 3 0.1 Method 1* 2.5
Dc 35 0.8 3 0.167 150,400,500 Method 1* 2.5
Dc 45 0.8 3 0.1 150, 400,500 Method 1* 2.5
Dc 45 0.8 3 0.167 200, 250 Method 1*
Dc 45 0.8 3 0.1 Method 1* 2.5
Dc 45 0.8 3 0.1 150, 400, 500 Method 1 2.5
Dc 45 0.8 3 0.1 150 Method 1* 2.5
Dc 45 0.8 3 0.1 Method 1* 2.5

* Alternate Method 1
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Appendix B: PCR Results from E. muelleri with RTK Primers

Species Primer dNTP MgCl? Template Band Size Purification Rediload
(pmol) (mM) (mM) (Pg) (bp) (pi)

Em-la 25 0.8 3 0.167 Method 1 2.5
Em-la 25 0.8 3 0.25 Method 1 2.5
Em-la 25 0.8 3 0.167 Method 1 2.5
Em-la 25 0.8 3 0.25 Method 1
Em-la 25 0.8 3 0.25 300, 400, 625 Method 1
Em-la 25 0.8 3 0.167 300,400, 625 Method 1 2.5
Em-la 25 0.8 1.5 0.167 Method 1
Em-la 25 0.8 3 0.167 Method 1
Em-la 25 0.8 3 0.167 190, 50 Method 1 2.5
Em-la 25 0.8 3 0.167 Method 1
Em-la 35 0.8 3 0.167 Method 1
Em-la 25 0.8 1.5 0.1 Method 1
Em-la 25 0.8 3 0.167 400, 275, 190, 50 Method 1
Em-la 25 0.8 1.5 0.167 Method 1
Em-la 35 0.8 3 0.1 Method 1 2.5
Em-la 35 0.8 3 0.1 Method 1 2.5
Em-la 35 1.8 3 0.1 Method 1 2.5
Em-la 35 1.8 3 0.1 Method 1 2.5
Em-la 35 0.8 3 0.1 Method 1 2.5
Em-la 35 0.8 3 0.1 Method 1 2.5
Em-la 35 0.8 3 0.1 Method 1 2.5
Em-la 35 0.8 3 0.15 Method 1 2.5
Em-la 35 0.8 3 0.1 275 Method 1 2.5
Em-la 35 0.8 3 0.15 Method 1
Em-la 35 0.8 3 0.1 Method 1 2.5
Em-la 35 0.8 3 0.1 Method 1* 2.5
Em-2a 35 0.8 3 0.1 Method 3 2.5
Em-2a 35 0.8 3 0.1 250 Method 3 2.5
Em-2a 35 1.8 3 0.1 275 Method 3 2.5
Em-2a 35 1.8 3 0.1 Method 3 2.5
Em-2a 35 0.8 3 0.1 Method 3 2.5
Em-2b 35 0.8 3 0.1 Method 1 2.5
Em-2b 35 0.8 3 0.1 Method 1* 2.5
Em-2b 35 0.8 3 0.1 Method 1 2.5
Em-3b 35 0.8 3 0.1 Method 1 * 2.5
Em-3b 35 1.8 3 0.1 275 Method 1* 2.5
Em-3b 35 1.8 3 0.1 Method 1* 2.5
Em-3b 35 1.8 3 0.1 250 Method 1* 2.5
Em-3b 35 0.8 3 0.1 Method 1* 2.5
Em-3b 35 0.8 3 0.15 Method 1* 2.5
Em-3b 35 0.8 3 0.1 275 Method 1* 2.5
Em-3b 35 0.8 3 0.15 Method 1*
Em-3b 35 0.8 3 0.1 Method 1* 2.5
Em-4a 45 0.8 3 0.1 Method 1* 2.5
Em-4b 35 0.8 3 0.1 Method 3 2.5
Em-4b 35 1.8 3 0.1 Method 3 2.5

* Alternate Method 1
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Appendix C: PCR Results from D. cooperi with RAPD Primers

Species Primer dNTP MgCl? Template Band Size Purification Rediload
(pmol) (mM) (mM) (pg) (bp) (pi)

Dc 30 0.2 2 10 450, 650, 825,900, 1100 Method 1* 2.5
Dc 30 0.2 2 10 1100, 875, 450 Method 1* 2.5
Dc-2 30 0.2 2 10 1100, 875,450 Method 1 2.5
Dc-2 30 0.2 2 10 Method 1 2.5
Dc-3 30 0.2 2 10 Method 1 * 2.5
Dc-3 30 0.2 2 10 1100, 875,450 Method 1* 2.5
Dc-3 30 0.2 2 10 Method 1* 2.5
Dc-9 30 0.2 2 10 Method 1 2.5
Dc-9 30 0.2 2 10 Method 1 2.5
Dc-9 30 0.2 2 10 1100, 875,450 Method 1 2.5
Dc-9 30 0.2 2 10 Method 1 2.5
Dc-9 30 0.2 2 10 Method 1 2.5
Dc-9 30 0.2 2 10 450, 650, 875, 1100 Method 1 2.5

* Alternate Method 1
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Appendix D: PCR Results from E. muelleri with RAPD Primers

Species Primer dNTP MgCl2 Template Band Size Purification Rediload
(pmol) (mM) (mM) (pg) (bp) (fil)

Em-4b 30 0.2 2 10 Method 3 2.5
Em-4b 30 0.2 2 10 Method 3 2.5
Em-4b 30 0.2 2 10 Method 1 2.5
Em-4a 30 0.2 2 10 775 Method 1* 2.5
Em-4a 30 0.2 2 10 650, 900 Method 1* 2.5
Em-3b 30 0.2 2 10 650, 900, 950 Method 1* 2.5
Em-2b 30 0.2 2 10 650, 900, 1225 Method 1 2.5
Em-2b 30 0.2 2 10 825 Method 1 2.5
Em-2b 30 0.2 2 10 Method 1 2.5
Em-2b 30 0.2 2 10 950 Method 1 2.5
Em-2b 30 0.2 2 10 Method 1 2.5
Em-2b 30 0.2 2 10 Method 1 2.5
Em-2b 30 0.2 2 10 950, 1250 Method 1 2.5
Em-la 30 0.2 2 10 Method 1 2.5
Em-la 30 0.2 2 10 Method 1 2.5
Em-la 30 0.2 2 10 Method 1 2.5
Em-la 30 0.2 2 10 Method 3 2.5

M
* Alternate Method 1
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