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INTRODUCTION

Schistosomiasis is an infectious human diseaseeddunsthe trematode blood
flukes: Schistosoma mansoni, Schistosoma haematolint§chistosoma japonicum
These parasites are predominantly found in tropegibns of Africa, South America,
and Southeast Asia and the disease afflicts 2dibmjeople worldwid€King, 2009)
Symptoms of schistosomiasis vary, and many aftliatelividuals are initially
asymptomatic. Typically, an itchy rash developthatsite of skin penetration by the
schistosome, and within months a person can experifever, chills, cough, and muscle
aches. However, the most detrimental effects oafthin the liver, spleen, and intestines
(Van der Werf et al, 2002). In school-aged childisshistosome infection is also
associated with anemia, a factor which can profouafiect physical and mental
development (Mahgoub et al., 2009). It is estimaled schistosomiasis causes 200,000
deaths annually (Van der Werf et al, 2002).

Although schistosome-related morbidity and mdstdlave decreased in recent
years due to use of the drug Praziquantel, reiiofeetnd drug resistance have become
increasingly widespread (Bayne, 2009; King, 208&cause of this, additional strategies
are being developed to prevent the disease. Omafoaty meritorious approach is to
interrupt the parasite life cycle at the leveltsfintermediate host. Schistosome eggs are
normally introduced into tropical freshwater streaon lakes by the feces or urine of
infected humans and other mammals. The eggs sdoh &iad release larvae (miracidia)
that infect specific species of snails. In susd#ptindividuals of the infected snail,
miracidia shed their ciliated covering and develdp mother sporocysts. Each mother

sporocyst asexually reproduces, yielding daughgeraeysts which subsequently
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produce cercariae. Approximately one month aftandafected, the snail begins to shed
thousands of cercariae into the water. Humans aontine parasite by coming into
contact with the infected water, typically by waglior bathing. The cercariae penetrate
the skin and require less than half an hour ty feiter the epidermis. Within 24 hours,
the schistosomes (as schistosomules) enter theheeal circulation and pass to the
heart. From here, the schistosomules enter theqnany capillaries and access the
systemic circulation. The parasites spend abouteka/ developing in the liver before
travelling to the blood vessels of the intestinebladder, where they mature and begin to
reproduce. The parasite’s life cycle is perpetuatkdn infected humans pass the
schistosome eggs in feces or urine. Since botktagdiand susceptible snails exist in
natural populations (Stein, 1979; Morand et al,@)9Bumans can become infected only
when susceptible snails shed cercariae. Thusterhegtderstanding of the biochemical
and molecular components that dictate snail resstausceptibility (R/S) may provide
insights into methods that could be developed sough the life cycle. To this end,
laboratory strains dbchistosoma mansoand its intermediate ho®jomphalaria
glabrata,have been used in attempts to discover which facterermine the outcome

of a snail-schistosome encounter (Richards & Met72; Bayne, 2009).

TheB. glabratastrain (13-16-R1) used in the work presented fsere
predominantly resistant . mansonfPR-1 strain). Both in vivo and in vitro studies
have demonstrated that phagocytic hemocytes istaggisnails’ hemolymph encapsulate
and kill parasites within 48 hrs (Jourdane, 198¥kdr et al, 1982; Hahn et al, 2001). In
vitro studies involving hemocyte-sporocyst inter@acs$ have illustrated that, like

mammalian leukocytes, hemocytes undergo a respratost and generate reactive
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oxygen species (ROS) (Adema et al, 1994, Fig Intheanore, hydrogen peroxide
(H20,) was shown to be a decisive constituent in pag&siing (Hahn et al, 2001).
These results suggest that enzymes and pathwagls@avin the production or
consumption of KO, likely play vital roles in determining R/S.

Cytosolic copper/zinc superoxide dismutase (SOR13lgzes the production of
hydrogen peroxide (#D,) from superoxide (). Within the 13-16-R1 population, there
are three major alleles (A, B, C) of tB®D1gene, which encode for the superoxide
dismutase enzyme (Goodall et al, 2006). Coordinptehotyping (R/S) and genotyping
experiments have revealed a significant associdtetween the B allele and resistance,
as well as an association between the C allelesasceptibility toS. mansoninfection
(Goodall et al, 2006). However, these alleles doacoount fully for R/S, indicating that
other loci are involved. In a subsequent study, dme SOD1lexpression was measured
in 13-16-R1 individuals, and the B allele was fouadbe associated with high8OD1
expression (Bender et al, 2007). Together, thesdtseimply that the B allele is not
merely a marker locus for resistance, but thaa#t & functional association. The
association of the B allele with resistance, amgh@iSOD 1transcript levels in R snails,
imply its apparent linkage to a polymorphism thrdluences transcription.

The work presented here focuses on the specp ¢f putative regulatory
polymorphism that may influenc®OD1lexpression. Such regulatory variants can be
classified as either@s-acting ortrans-acting(Wittkopp, 2005) Cis- regulatory regions
can be located on a gene’s promoter region, wahimtron, or further upstream on the
MRNA (Hubner et al., 2005l contrastfrans-regulatory regions are genes that have

secondary effects on other genes (Yvert et al.3R08s a first step toward determining
the
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putative regulatory region and in order to clas#ikgSOD1regulatory polymorphism,
we set out to establish whether or not, in hetegomyg individualsSOD1alleles

are expressed differentially (allelic imbalancE)e presence of allelic imbalance would
be evidence for a polymorphism that affects a sidjele (ecis-acting variant). The
absence of allelic imbalance would imply that anljymorphism of a regulatory
element affects all alleles {@ns-acting variant), indicating that another geneuefices
SOD1transcription. The goals of this project werengpliement a protocol for detecting
allelic imbalance, and to examine heterozygBuglabrataindividuals for evidence of

differential allelic expression inemocytes from BC heterozygotes.
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MATERIALS & METHODS

Hemocyte collection, RNA extraction and cDNA s\githe

Hemolymph (approx. 7fL) was collected from individual 13-16-R1 snailavi
cardiac puncture, placed on Parafilto allow shell debris to settle (approx. 1 min),
transferred to an untreated 96-well cell cultuggland spun for 10 min at 400 rpm.
Hemocytes were allowed to adhere for 15 min 4C2&nd then washed three times with
150puL Chernin’s balanced salt solution (CBSS; Cherfh#63). Each well was
examined microscopically and those wells with lawntbers of hemocytes were
excluded. Following CBSS removal, hemocytes wesedyin 15QuL Trizol®
(Invitrogen, Carlsbad, CA) and transferred to &0r@. tube. RNA was purified as
detailed below and at each step the organic andoaguphases were thoroughly mixed
and then separated by centrifugation. FirstuB®f chloroform was added to the lysate.
After being mixed, sample were centrifuged fomiis at 12,000 x g. Next, 1Q4L of
the pink organic layer was removed and discardee. O the difficulty of this extraction,
the two phases were again centrifuged to moreyeedillect 65uL from the aqueous
layer. This extraction was added to a new tubeatoimy 65uL of acid
phenol/chloroform (USB, Cleveland, Ohio). After émer round of mixing and
centrifugation (5 min at 12,000 x g), BQ was collected from the aqueous layer and
added to 3QuL of chloroform-isoamyl alcohol (1:1), 3L 3M sodium acetate, and.2.
Pellet Pairt (Novagen, Darmstadt, Germany). The Pellet Bdatilitates the extraction
of small amounts of RNA by making the pellet moighte. The RNA was allowed to

precipitate at room temperature for 10 min, petl€ts min at 16,000 x g) and the pellet
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rinsed with 10QuL of 70% ethanol. All liquid was removed and thdlgtevas allowed to
air dry for 5 min, and dissolved in 1. of RNase-free water. Each RNA sample was
treated with DNAase (Ambion., Foster City, CA) talling manufacturer’s instructions
to remove any contaminating DNA. Purified RNA waseerted to cDNA using both
oligo-dT and random hexamer primers with Sprint Bxaeript Reverse Transcriptdse

(Clontech, Mountain View, CA) following the manufacer’'s protocol.

Headfoot collection and genomic DNA isolation

Immediately after hemolymph collection, the headfioom each individual was
removed for subsequent DNA extraction as previodsBicribed (Goodall et al, 2006).
Briefly, each headfoot (approximately 35 mg each} wxcised with a new razor blade
and placed into a tube containing 200 pL digedbioifier made up of 2% wi/v
hexadecyltrimethyl-ammonium bromide, 1.4M NaCl,%.2/v-mercaptoethanol, 20mM
EDTA, 100mM Tris—HCI pH 8, and 200ug/mL protein&s@/Ninnepenninckz et al,
1993). The tubes were incubated on a shaking phatfor 16 h at 37°C, followed by
centrifugation at 15,000 x g for 5 minutes. Nex@5 UL was extracted from each sample
and placed into a new tube. The remaining 75 pdrwdie sample was stored and
preserved at -80 °C as a reserve sample. The DMAlea were not pooled and each
individual was placed in a labeled tube at eacp. Stbe resulting digests were each
moved to a new tube and mixed with an equal vol(t28& L) of
phenol/chloroform/isoamyl alcohol (25:24:1), themtrifuged at 15,000 x g for 5
minutes (Goodall et al, 2006). From this, 100 plthef aqueous layer was extracted and

added to a new tube with 100 pL of chloroform-isghatcohol (24:1), and once more
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centrifuged at 15,000 x g for 5 minutes (Goodakle®006). For the final extraction 60
pL of the aqueous layer was removed and placedewetube. Finally, the DNA was
precipitated by adding 2/3 volume (40 uL) isopragapelleted by centrifugation, air
dried and dissolved in 200 pL distilled water. indual snails were genotyped as

previously described (Goodall et al, 2006).

Quiality control check of cDNA synthesis

In order to determine if the RNA extraction and\tbsynthesis protocols
(above) yielded sufficient quantities and qualiteDNA, Polymerase Chain Reaction
(PCR) was performed to ampli8OD1 The process was done as previously described
(Goodall et al, 2006). All primers were designethg$rimer 3 (Rozen & Skaletsky,
2000). The PCR master mix components (amount petiom) were 10.5 pL of RNA-
free water, 8 pL of 2.5x Eppendorf master mix, |pL5of the previously designed
forward primer S1 (TTCTATCATTGGTCGCAGCTT), and Quk of the previously
designed reverse primer S2 (CACCACAAGCTAAGCGAGGNext, 19.5 uL of the
PCR master mix was mixed with 0.5 pL of cDNA tent@lgor a final volume of 20 pL
for each sample. The PCR profile was as followst@%or 2 minutes, 95 °C for 20
seconds, 56 °C for 20 seconds, and 72 °C for 2ihdscThis process was repeated for
40 cycles. Samples were then run on a 1 % agasdseitt) a sodium borate buffer
(Goodall et al, 2006). The presence of an ampleiin the expected size of the S1- S2
amplicon (112 nt) was the basis used for deterrgiminether or not cDNA was present.

Pictures of the cDNA quality control checks andenttiescriptions of this project can be



Differential Allele Expression ddOD1in Biomphalaria glabrata

found in the associated lab notebook in Cordley9300
Genomic DNA contamination check of cDNA

In order to determine if any genomic DNA contantimawas present in cDNA
samples, PCR was performed. The process was dgre\asusly described (Goodall,
2006). The PCR master mix components (amount petiom) were 10.5 pL of
deionized water, 8 puL of 2.5x Eppendorf master ri%,uL of theSOD1forward primer
S11 (GACCTTTGACTTACAGCCATGAA, intron 4), and 0.5 (df theSOD1reverse
primer S12 (AACAGTCCTGTCATGTAGCC, intron 4). Next9.5 pL of the PCR
master mix was mixed with 0.5 pL of cDNA templabe & final volume of 20 uL for
each sample. The PCR profile was as follows: 95tQ@ iminutes, 95°C for 20 seconds,
55°C for 20 seconds, and 72°C for 20 seconds.prbiess was repeated (without the
initial 2 min at 95 °C) for 40 cycles. Samples wiren run on a 1 % agarose gel with an
SB buffer (Goodall et al., 2006). Both a no-temg@latntrol (water substituted in a well)
and a positive genomic DNA control (know genomicAdshmple) were used as the
determinants for the presence of genomic DNA comtation. Pictures of the genomic
DNA contamination checks and other descriptionthisf project can be found in the

associated lab notebook in Cordley 3009.

Amplification ofSOD1cDNA and genomic DNA by polymerase chain reactiBi@R)
In this study, cDNA and genomic DNA were amplifiesing PCR and were

processed as previously described (Goodall eCal6R The PCR master mix

components (amount per reaction) were 10.5 pL mindeed water, 8 puL of 2.5x

Eppendorf master mix, 0.5 pL of ts®D1forward primer AE 4 (A ACATTGTGGCTG
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GTGATGA), 0.5 pL of thesOD1reverse primer AE 5 (A AGCTGCGAC
CAATGATAGAA). Next, 19.5 pL of the PCR master mixasmixed with 0.5 pL of
either cDNA or genomic DNA as a template for a fm@ume of 20 pL for each sample.
The PCR profile was as follows: 95 °C for 2 minu@s°C for 20 seconds, 55 °C for 20
seconds, and 72 °C for 20 seconds. Thermal cyalagyrepeated for 44 cycles. Samples
were then run on a 1 % agarose gel with SB bu@eo(all et al., 2006).

After the PCR, the samples were each treatedshitimp alkaline phosphatase
(SAP) and an exonuclease (EXO1), as describeceiprittocol for the SNaPshot® kit
(Applied Biosystems). The SAP treatment removegptiraers from the sample, whereas
EXO1 removes the unincorporated dNTPs. The EXOldiaged (for each sample) by
adding 0.2 pL stock EXO1 to 0.8 uL EXO1 buffer (@™ Tris, pH 9; 2mM MgC)).
Next, 1.0 pL of diluted EXO1 was added to 5 pL 8fPSand 2.3 pL of 10x SAP buffer,
and was used for the 15.5 (0.5 pL each) PCR predHutally, the samples were

incubated at 37 °C for 1 hour, followed by 75 °€16 minutes.

Single base pair extension of cDNA and genomic DdlAg the SNaPShot@otocol
Allele expression was measured using the SNaRstaatction (Applied
Biosystems). This procedure is a primer extensiethod involving the addition of a
fluorescently labeled terminator nucleotide (ddN&Pbhe site of a single nucleotide
polymorphism (SNP) that discriminates betweenS#®1B and C alleles. Thus, when
analyzing samples from a heterozygote, the endyotauf this reaction essentially
contains a primer labeled with either one of twmfescent tags. The SNaPshdit

(Applied Biosystems) contains four different ddNTd2sh labeled with a different

10
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colored flurophore. After capillary electrophorearsd scanning, the peak area of each
fluorophore is measured, and this is proportiooahe amount of each amplified allele.
Since each fluorophore has unique properties mgeif its fluorescent intensity and its
influence on incorporation of the ddNTP, the pewdaa are not always identical between
two alleles of equal abundance (Anderle et al, 2004erefore, the allelic ratios of
genomic DNA are used to normalize the ratios of éDBince heterozygote genomic
DNA is assumed to contain equal amounts of eaeleall

The base pair extension mix was made of the falgwomponents: 2.0 pL of
SNaPshot® reaction mix, 1.0 pL of the forward esten primefTGATGATGGTGT
TGCTGA), 6.0 pL of deionzed water, and 1.0 pL of@EXand SAP treated PCR
product. The thermocycler was programmed for thglsibase pair extension reaction as
follows: 96°C for 10 seconds, 50°C for 5 secondd,&0°C for 30 seconds. Thermal
cycling was repeated for 25 cycles and put on hoK#PC. The SNaPshot® kit was
handled and implemented following the manufactsrarstructions (Applied
Biosystems). In order to remove the primers usdtersingle base pair extension,
another SAP treatment was performed. For each sarhl pL of SAP and 1.0 pL of
10x SAP reaction buffer were used. The samples thereincubated at 37 °C for 1 hour,
followed by 75 °C for 15 minutes. Finally, the poots of the treated single base pair
extension reactions were sent to the OSU CRBG Calbeor processing by capillary
electrophoresis. This lab used AB 3730 Gene ScamGenemapper 3.7 (Applied
Biosystems) to obtain measured peak areas frommDN&A and genomic DNA samples.
Peak areas were identified based on the correspgfidrophore of the incorporated

ddNTP.

11
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RESULTS
Correlation between fluorescence peak area andialtatios of genomic DNA

Control experiments were done to asses the accaratreliability of the assay;
these examined if the peak area ratios were priopaitto the known amounts of each
allele added (Figure 1). Genomic DNA from BB and knozygous individuals were
used to create specific dilutions of tR®D1B allele to the C allele (1:1, 1:2, 1:3, & 1:4).
After amplification, each allele was fluorescer#peled with a specific ddNTP
fluorophore during single base pair extension uhegSNaPshot kit. Capillary
electrophoresis was used to separate componetite céaction mix, and
electrophoregrams were scanned to detect the #oen¢ markers in the form of allele-
specific peak areas which were measured. Peakatrea were determined as the ratio
of the B allele to the C allele for each individeajenomic DNA. The dilutions
were used as standards to assess the power afSig ta accurately quantitate the
allele expression (peak area) from each samplé &iadtion was run in triplicate; only
mild deviations were observed between samplestaadiéviation is represented by the
error bars (Figure 1). The assay was deemed taaetyreflect the ratios of alleles in
genomic DNA (f = 0.977). Therefore these data validated the fifeecsame
methodology to determine the extent of allelic itabae inSOD1in the BC individuals.
Normalized peak area ratios in BC heterozygousviddials

We identified 4 BC snail individuals that were appriate for analysis of allelic
expression. After amplification and treatment, Bi¢A each individual was subjected to
the single base pair extension and capillary edetioresis. Genomic DNA and cDNA

from each snail were run in triplicate in ordergéweal any variability within

12
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the assay. The quantity of mMRNA representing elieleavas determined by comparing
the quantities of each fluorophore. In each cdserdphore-labeled amplicons of the B
and C alleles flurophores were the highest peaksai/eak peaks of the incorrect
corresponding fluorophore were determined to b&dracind and deemed not relevant to
this study.The area of the peak representing the B allelelzatdepresenting the C allele
were used to calculate the peak area ratios (BFure 2a)Normalized peak area

ratios (cCDNA/gDNA) were obtained from genomic DNAdcDNA from the same
individual and were run within the same assay (Fadib). If allelic imbalance is present
in a sample, then the normalized peak area shavii clearly from unity, which is
represented as a 1:1 ratio of cDNA/gDNA (Zhang,5)08s a group, the normalized
peak area ratios for our samples approached unégn normalized peak ratios = 0.94 +
0.17 (Figure 2a). For individual samples, it is endifficult to determine deviation

from unity. Since each bar represents the tripheatf the normalized peak areas per
individual, variation (both biological and techrlicamong samples of the triplicates
becomes more apparent. It is for this reason teadl@cided to evaluate the assay for the
introduction of technical variance (differencedluorescence) due to both the single
base pair extension step and the capillary elelstnasis step. When allelic expression of
SOD1 was previously investigated in homozygous 13-16sRails, the ratio of allele
expression (B allele to C allele) was found to ¢qué6 times (Bender et al, 2007). Since
allelic ratios in our data do not approach thisieait appears that the B allele is not
imbalanced with the C allele. The only individuaivhich the allelic ratio diverged
somewhat from unity was AE 60 (Figure 2b), and th& imply that the C allele is in

very slight imbalance relative to the B allele. §marginal imbalance is considered

13
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unlikely to be of biological significance in detgining R/S and SOD1 activity and
therefore was not further analyzed.
Technical variation due to single base pair extensaand capillary electrophoresis

While testing for allelic imbalance (Erg 2), variation was apparent within
triplicate samples of the individual snails. In erdo determine if the extent to which the
assay protocol might be responsible for the diffees among samples, we evaluated the
two critical steps: single base pair extension @aylllary electrophoresis. Samples AE
56 and AE 60 were used to test these procedures suificient quantities were available
of both the cDNA and genomic DNA. The single bage pxtension was tested by
separating amplified cDNA and gDNA into triplicagasor to performing the single
base pair extensions. After undergoing the samdlagpelectrophoresis, the triplicates
for AE 56 and AE 60 appeared to deviate little witbach trio (Figure 3). The capillary
electrophoresis was tested by dividing the AE 56 AB 60 samples only after they
underwent the same PCR and single base pair eatediese results also varied little

among the aliquots comprising the triplicates afremdividual sample (Figure 4).

14
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Figure 1:Correlation between fluorescence peak area and allelic ratios of genomic
DNA. Genomic DNA was isolated from snails that were bpygous at th&OD1locus
(i.e. BB or CC individuals). Different amountsgi®NA were used to obtain B:C ratios
of 1:1, 1:2, 1:3, 1:4. The gDNA mixtures were ariiptl and the alleles were labeled
using the SNaPshot kit. The peak area for eacleallas determined by capillary
electrophoresis. The peak area ratios were plafjathst the known gDNA ratios,
demonstrating that the assay is quantitative (1% D).
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a)
Samples Observed Normalized
cDNA gDNA cDNA/gDNA
AE 31 3.77 3.01 1.252
3.23 3.58 0.902
3.98 3.66 1.086
AE 50 3.71 4.18 0.888
3.52 3.95 0.891
5.25 4.14 1.267
AE 56 3.2 3.75 0.853
3.66 3.85 0.951
2.87 3.38 0.849
AE 60 3.3 3.82 0.864
2.70 3.71 0.726
2.63 3.48 0.756
Mean+S.D. | 3.71+0.33 3.48 £+ 0.70 0.940 + 0.17
b) L4
1.2 T T b
§ 1.0
: - 1
o
T 0.8 1 - T T
2 I
el
Q0.6 1 E
g
£
o 0.4 1 4
zZ
0.2 A T
0.0 T T T T
AE 31 AE 50 AE 56 AE 60
Sample Number
Figure 2:

a) Observed and normalized peak arearatiosfor cONA and genomic DNA in BC
heter ozygous samples. The SNaPshot reaction and capillary electrophoresig wer
employed to measure peak areas of the B alleletbeeC allele in both genomic DNA
and cDNA. Data were normalized by dividing cDNA keaea ratios by genomic DNA
peak area ratios.

b) Normalized peak arearatiosin BC heter ozygousindividuals. The bars represent
the mean (x standard deviation) of the normalizibs of three separate assays per
individual. Samples are compared to unity whictlééned as the lack of allelic
imbalance (i.e. cDNA: gDNA = 1:1).

16
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4 AE 56 AE 60

H

Peak Area Ratio
N

cDNA gDNA cDNA gDNA

Figure 3:Variation among replicates of the SNaPshot reaction. A single PCR reaction
and subsequently three SNaPshot reactions weranegfrom cDNA and genomic
DNA from two individuals (AE 56 and AE 60). Pealeas were measured by capillary
electrophoresis and peak area ratios (B alleldiezawere calculated. Each bar
represents the mean peak area ratio (+ standaratidey.

17
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41 AE 56 AE 60

H

Peak Area Ratio
N

cDNA gDNA cDNA gDNA

Figure 4:Variation among replicates of capillary array electrophoresis.

A single PCR reaction and subsequently a singlePSNat reaction were prepared from
cDNA and genomic DNA from two individuals (AE 56AE 60). Peak areas were
measured in triplicate by capillary electrophoresid peak area ratios (B:C) were
calculated. Each bar represents the mean peaka@#&+ standard deviation).

18
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DISCUSSION

Significance of regulatory variants

Regulatory variants of a gene are sequence popmsims that modify the
expression level of a transcript, and can be dladsas eithecis-acting ortrans-acting
elements. By definition, eistegulatory polymorphism would be found within th@[31
locus and d@rans+egulatory polymorphism would be another gene (Mgjtp, 2005).
Consequently, the presence of allelic imbalanceldvoonstitute evidence foras-
acting polymorphism, whereas the absence of allelalance would suggestrans
acting polymorphism (Pastinin & Hudson, 2004). &hsen our research, the B and C
alleles ofB. glabrataSOD1do not appear to be so imbalanced as to imglg-acting
variant. This implies that mans-acting variant is involved. It is important notathdue
to the small number of samples (n=4) and becaus®lnfidual differences, our work
may have failed to detect allelic imbalance thaingeality, present; however the
available evidence suggests that this is not tee.daurther research will be needed in
order to definitively determine this as well to elehine what other gene might be

involved if atrans-acting polymorphism regulates transcriptiorS@D1in this mollusc.

Statistical analysis

In this project no formal statistical analysis vp&sformed. Firstly, the sample
size (n=4) was too small to use traditional paraimésts (i.et-test), and, due to time
constraint, it was impractical to isolate more gaimDNA and cDNA of the
appropriate genotype (BC). Secondly, a similarymslis needed for AB and

AC heterozygous snails. This would allow a moreustbnference as to the presence or
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absence ofis or trans+egulation of transcription. The AB samples thateveriginally
procured, were contaminated during PCR steps amd oot be used in the project.
Lastly, although the Oregon State University StasDepartment was consulted in
order to implement a non-parametric test, and taetar and author determined that it
was beyond the scope of this thesis and wouldylikeloke a type-I error or reject the
null hypothesis (no allelic imbalance) when theractually no differential expression.
This thesis is therefore strictly empirical andefstional, and any inferences are based

on logical reasoning rather than a statistical ysigl

Next steps to explore and consider

It is evident that although the thesis is compldte project is not. In tandem with
the presentation of these observational findinds g&notyped individuals are currently
being processed. It is also likely that AC genotypelividuals will be available for
study. Within the next couple of months more gercoBINA and cDNA will be isolated
and analyzed in order to increase the sample nuarizediversify the genetics. In order
to measure allelic expression with greater accuaacyprecision, a new guantitative
Polymerase Chain Reaction (qPCR) instrument wéldug his will enable us to better
detect and measure the relative allelic expresstoen normalized to genomic DNA.
With these objectives pursued, the project willyidle a more definitive answer as to

whether ais- or trans- polymorphism is regulating SOD1 expressioBirglabrata.

20



Differential Allele Expression ddOD1in Biomphalaria glabrata

BIBLIOGRAPHY

Adema, C., van Deutekorn-Mulder, E., van der Kn&dp,& Sminia, T.
Schistosomicidal activities afymnaea stagnalisemocytes: the role of oxygen radicals.
Parasitology109 no. 4 (1994): 479-485.

Anderle, P., Nielsen, C., Pinsonneault, J., KragBrodin, B., & Sadee, W. Genetic
variants of the human dipeptide transporter PEB®drnal of Pharmacology and
Experimental Therapeuti&l6 no. 2 (2006): 636-646.

Bayne, C.J. Successful parasitism of vector #iainphalaria glabrataby the human
blood fluke (Trematode$chistosoma mansora 2009 assessmeMolecular &
Biochemical Parasitolog$65 (2009): 8-18.

Bender, R., Goodall, C., Blouin, M., & Bayne, C.r\&ion in expression of
Biomphalaria glabrateSOD1 a potential controlling factor in susceptibilitysistance to
Schistosoma mansomevelopmental Comparative Immunoldfly no. 9 (2007): 874-
878.

Chernin, E. Observations on hearts explaitedtro from the snaiAustralorbis
glabratus Journal of Parasitology9 (1963): 353-364.

Goodall, C., Bender, R., Brooks, J., & Bayne, Bidmphalaria glabratecytosolic
copper/zinc superoxide dismutase (SOD1) gene: edgycof SOD1 alleles with
resistance/susceptibility tochistosoma mansomilolecular & Biochemical Parasitology
147 (2006): 207-210.

Hahn, U., Bender, R.C., & Bayne, C.J. Killing®thistosoma mansosporocysts by
hemocytes from resistaBiomphalaria glabratarole of reactive oxygen species.
Journal of Parasitology7 no. 2 (2001): 292-299.

Hubner, N., Wallace, C., Zimdahl, H., Petretto,&chulz, H., Maciver, F., Mueller, M.,
Hummel, O., Monti, J., Zidek, V., Musilova, A., KrgV., Causton, H., Game, L., Born,
G., Schmidt, S., Muller, A., Cook, S., Kurtz, T.h\Waker, J., Pravenec, M., & Aitman,
T. Integrated transcriptional profiling and linkagealysisNature: Genetic87 no. 3
(2005): 243-253.

Jourdane, J. Study of the mechanisms of rejectiamcompatible mollusk-schistosome
pairs from infestations by means of a natural rautey microsurgical transplantations of
parasitic stage#\cta Tropica39 no. 4 (1982): 325-335.

King, C. Toward the elimination of schistosomiadlew England Journal of Medicine
360 no. 2 (2009): 106-109.

21



Differential Allele Expression ddOD1in Biomphalaria glabrata

Loker, E.S. & Bayne, C.Jn vitro encounters betweedchistosoma mansopiimary
sporocysts and hemolymph components of susceptitnlgesistant strains of
Biomphalaria glabrataAmerican Journal of Tropical Medicine ahtlygiene 31 no. 5
(1982): 999-1005.

Mahgoub, H., Mohamed, A., Magzoub, M., Gasim, Gdeih, W., Ahmed, A., & Adam,
|. Schistosoma mansomifection as a predictor of severe anemia in sktbbitdren in
Eastern Sudadournal of Helmintholog$4 no. 2 (2009): 132-135.

Morand, S. Parasite-host coevolution and geogrgpdtierns of parasite infectivity and
host susceptibilityBiological Science63 no. 1366 (1996): 119-128.

Pastinen, T. & Hudson, Tis-acting regulatory variation in the human genoBwence
306 (2004): 647-650

Richards, C.S. & Merritt J. Genetic factors in ssceptibility of juvenildBiomphalaria
glabratato Schistosoma mansoimfection.American Journal of Tropical Medicine and
Hygiene21 no. 4 (1972): 425-434.

Rozen, S. & Skaletsky, H. Primer3 on the WWW fongyal users and for biologist
programmersMethods in Molecular Biolog$32 (2000): 365-386.

Stein, P. & Basch, BBgesnail cell-line antigens: ineffectiveness as anhistosomal
vaccine in miceJournal of Parasitology5 no. 6 (1979): 862-869.

Van der Werf, M., Vlas, S., Looman, C., Nagelkeike,Habbema, J., & Engels, D.
Associating community prevalence ®thistosoma mansoimfection with prevalence of
signs and symptom#écta Tropica82 no. 2 (2002): 127-137.

Winnepinninckx, B., Backeljau, T., & De Wachter, Bktraction of high molecular
weight DNA from molluscsTrends in Genetic8 no. 12 (1993): 407.

Wittkop, P. Genomic sources of regulatory variafionis andtrans. Cellular and
Molecular Life Science82 no. 16 (2005): 1779-1783.

Yvert, G., Brem, R., Whittle, J., Akey, J., Foss, &nith, E., Mackelprang, R., &
Kruglyak, L. Transacting regulatory variation iBaccharomyceserevisiaeand the role
of transcription factordNature: Genetic85 no. 1 (2003): 56-64.

Zhang, Y., Wang, D., Johnson, A., Papp, A., & SatléeAllelic expression imbalance

of human mu-Opioid Receptor (OPRM1) caused by nadd 18G.Journal of
Biological Chemistry280 no. 38 (2005): 32618-32624.

22






