Introduction

Results

Increased pollution adversely affects aguatic organisms and may exert effects on the entire
ecosystem. Molecular assays are a procedure used to discover the presence, amount, and
functionality of a particular gene. They are used to determine if an organism’s genes are
affected by exposure to pollutants. Aquatic amphipods that experience exposure to pollution
and continue to reproduce will be the most sensitive reporters of environmental contamination
and as a result may be used as a highly specific molecular bioassay (Beaty et al., 1998). When
these amphipods reproduce, substances present in the environment affect their genes. These
changes will occur on a fast timescale due to the speed at which amphipods reproduce.

In aerobic organisms, glutathione serves as the main redox agent, which moves electrons from
one substance to another, to detoxify various foreign substances (Deponte, 2013). Currently,
there is substantial research focused on glutathione-S-transferase (GST), using multiple species
to indicate its high potential as a biomarker due substantial evidence that GST is “induced or
Inhibited in response to environmental contaminants™ (Lee et al., 2007). When exposed to
hydrogen peroxide, arsenic, cadmium, or copper, the mRNA expression for GSTs were all
upregulated in Tigriopus japonicas, another crustacean species (Lee et al., 2008). There are
also various classes and subclasses of GST, with the subclasses Sigma, Mu, and Delta/Epsilon
relevant to ecotoxicology. Each subclass has as different function, all of which have all been
upregulated in different concentrations of various pollutants. Therefore there iIs evidence that
GST can be an indicator of metal pollution.

Parhyale hawaiensis i1s a marine amphipod that has recently had its genome sequenced
(deposited into Joint Genome Institute) and has well-established culture methods. It Is
hypothesized that exposure to environmentally relevant concentrations of contaminants will
cause up-regulation of GST genes and therefore can function as a molecular bioassay for the
detection of pollution exposure.

Materials and Methods

Parhyale hawaiensis maintenance: The P. hawaiensis cultures were cleaned and fed every
other day for the duration of the project. Pipettes were used to remove all of the food particles
and debris that accumulated at the bottom of the tanks. The debris was first transferred to a
150ml beaker and examined under a light to ensure no neonates (amphipod less than 1-2 days
of age) were accidentally removed with the debris. If neonates were discovered amongst the
debris, a narrow stemmed pipette was used to gently remove the neonates and place them back
Into the culture tanks. Once the tank was clear of debris, half of the remaining water was
removed and discarded. Fresh saltwater, with a refractive index of 1.025, was then added to
replace the water content. Lastly, 20-50 pellets of food were scattered around the tank
depending on the amount of P. hawaiensis present.

Locating Glutathione S-transferase (GST) genes: Since the genome of P. hawaiensis is not
annotated, other crustaceans were used to find potential GST genes. The crustaceans used
were: Daphnia magna, Daphnia pulex, Tigriopus japonicas, and Calanus finmarchicus. Each
of the above crustaceans has already had their genome published on the NCBI database.
Therefore, the NCBI database was used in order to locate GST genes. Once the genes were
located, the coding sequence of those particular genes were converted to FASTA format, using
the features of the NCBI database, and then copied into a Word document labeled with the
name of the crustacean it was obtained from. Three sets of genes were collected: Sigma
subclass, Mu subclass, and Delta/Epsilon subclass.

Aligning the GST sequences: All the sequences of a particular subclass were aligned in order
to determine the similarity between the genes. To do this, the ClustalW program was used. All
sequences in FASTA format were copied into ClustalW. The program was set to analyze DNA
sequences using a slow alignment algorithm to ensure greater accuracy.

Primer Design and Creation: Primers were created for all Daphnia spp. GST. Primer3 was
used to generate primers to Daphnia spp. GST. Each of the sequences for the D. pulex and D.
magna were placed into Primer3 and programed to find a PCR product of ~300-500 bp length.
The primers selected had an annealing temperature within 2°C of each other.

PEU?&?OGO.ITjaponicusMuZ

GCARRRCGTGACTTTGARARGTTARCATCATGAGT GCGCCTAGTRRRGCGATCTTAGGATATTGGGATTGTICGTGET
CITTGCCATGCCAGTCGACTGGTITITGGRATATGCTCRAAGCTCCTTATGAGTTCARACCGGT GCARAGTGGRCCAGT
GCCTTATTITIGCCAAGARGRTTTGGTTGGACCAGRARATTCARAGTCTTGAGTGACTITGATTTCCCCAATCTGCCTT
ATTATCAGGATGAGAGTGTGAAACT CACTCAGT CCATGGCCATTCTICAGTACTTGGGACGGRAGTATGGTTITIGGTT
GCGGAGAGT GRAGAGGCCCAMATTCATTTGGATTTGITICGI GARCAAATARATGRACTTTTTGGGGCGATTICARG
CTACGICTATTTICCCCARGCATATTGGARAGGGCACCARACCCTCARCAGARGRAARMRAACGTCTCCAGAGRGCCCT
TCCTTARCARATGCARCGCCGATATCCCGLTIGTTGGRAGAAGAARARATCCARGATAGCTGGCCCTIGGTIGRICGEE
GRCAAGCTTACCTACGT GGACTTCCACCTIGTACGARGCCCTGGATCATGTITCGARAGTTARTTCCCGGRATCTITGRA
CAACTGCCCCCATCTTTCCARAGT GATGGAT CAGT TCGAGAGGCTICTTITTATICARGATTACCTTAGATCCGATC
GARTTCAAGCCGTACCCATTGIGEAGT GAGCGAT CCAGCATTGRATTAAAGGAAGGCGAT TAT GAGACCGACTCGTAC
GCAATTATCARATGGAT CTAATGGT CAAGACCCTGTITICGGGCGT CAGRCALGRAATACAGAGTTGTAATTTGCAARA
AMRADARARDAAADARADDAADDD

>GL732524. 1DpulexMul
ATGCCTCCAGITCTAGCCTACTGGGCAATTCGTGGGTIGGCTCAACCAATTCGCTIGCTGTTGARATATACCCARAC
CGAGTTTGAGGATAAGCGITATGT CGTAGGTCCAGGATTCGATARATCATGCTGGTITGATGT GAAATATTICICTITIG
GATTAGACTTCCCARATCTCCCCTATTATGTAGAT GGGGAT GTCRAAGTTAACTCARAGCARTGCCATCCTACGCTAT
ATTGCTGGAARRACATAACCTGATTGGCACGAATGAARAGGAAALARTCCGTGTGGACCTTATGGAGRATGRAGTIGE
TGATTTCCGTAATGGATGGETCAGACTGIGCTACAGTCCTAATTTTGAT GAATTGAAAGGTGACTACATCAGTGGIC
TCCCATCAAARCTCTCTGAATTTTCAARGTATCTAGGAGACAACARCTGGCTAGCTGGAGARARATATTICGITIGIG
GATTTCATTITTITATGARAATGTTGGATCAACACATGATATTGGTACCCGACTGITIGGATTCCTITITTGARATCTTAA
ACTTCATTGCGAGAGATTCCGATCITIGGACTCTATTAAAACTTATATTITCGAGCAGCGAATTTATAGCACGCCCAT
TAARACAATCCTCATGCTGGATTITAAGTAA

>GAXK01204544 . 1CfinmarchicusMutranscribedrna
TITTTTIITITTIITITTATTGCATACATGTATTTCAAAATTAGATAACTCAT GTATARAGGATCAGRAGCCARACTTTG
CCATTITGTIGITGATTGRAGCCTTCATGAATTTGTICACTCITCATGTACTCGGATAT CTTGGGCAGAGCCTCARAC
CTCTCCATGARCTTCTGCATGTTCTCCATCTTATCCARGCAGCTGGGCTCCARCRRCTTGTGCTGGT CCACCARCTC
GTACATCACARAGTCTGRARAGGARAGAGACTCTCCAGCARACCATGCTTTTGCACCGAGGARGTCAGRRRRCTGET
GEAGTGTITTICGGGAGAGCTTTTAGGTAGTCATCCTTCAGGI TGGCGARGTCTGGGTTGTAGCAGAGCCGCACCCAG
CCGTTCCTGARGTCCATGGACTGGTCGGCCATCATGTCCACCATGGCCTICTCCITCTCGCTCTITCCCGACCAGGTIC
ATTCTTCCTGGCAATGTGGCGCAGEATGGCATTACTCIGGGTGATCTTCACCTCCCCATCTATGTAGTAAGGCARGT
TGEGGAAGTCCAGCCCGRAATGAGAACTTGTITAT CGARCCAGCAGGRACTTGTCARRGCCAGGAGCTGGACCACAGGAG
AGCATCCGGTICCTICARACTCAGTCCCTGIGTAGGTGRGCAGCAGCCTGAT GGGCTGGGCCAGGCCGCGGATGTICCCA
GTAGCAGAGCACAGGGGTGGACATITICTIITTAGGTI IGTCARGAGATGT T GAGACGAT GRAGRACTRAACTARCGCRAR
GGCGIGCCAGRAAGCGTCTGARAACCCCAGCTGCGRAGTACAGATGCARACCAGGTCTCGGGCCGGTTTIGTACACTT
TACTGTACAGTGTATACAGTCTTTCTARACCACAGCTTATGAARTTCTGCACACCCTGATGGGGGTCTICTCTCCCA
ATGTCTGTACATGAACATTGRACAACCCCTITCT

Figure 1. Sample of GST Mu sequences

SeqA ¢ Name

¢ Length 4 SeqB ¢ Name

1 EUT4T061.1Taponic usMUSmMRNA | 849

1 EU747081.1TjaponicusMuSmRNA | 848

-

1 EUT4T081 1 Tiponic usMUSmRNA ' 848

1 EUT47061.1Tponic usMUSMRNA | 849
2 EUT47063.1Tjaponic usmud 850
EUT4T063.1Tjaponic usmud 50
EUT47063.1Taponk usmud a0
EUT4T060.1Taponic usMu2 87
3 EUT47060.1Taponic usMu2 87

- GL732524.10putexMu2

>EU747054 . 1TiaponicusGSTmRNAZ (delta/ep2ilon)
GTTTAGCTITCAAGCCAAGCCACARCTCTCAGTITCTTTCTCCCACTGTTCTCARRACATCTGCARARATGCC
GGTCGARACTTCATGGAATGCCCGCTICTIGCCCCTTGCCGAATTGTGGCCATGACCTTGGRATGCTTGGAR
GTCCCTITATGAATACAAGACCGTGEACCTGAT GECTGGAGACCATATGAAGCCCGAATACCTGARRAATCA
ACCCTCAACATARCATTCCARCTCTIGGTIGGAT GECGATITTIGCTCTIGAATGAGAGCAGAGCCATTIGCCGE
TTATGIGETCAATGCCCATGGCARAGACTCARRACTCTATCCCACTGAGCCCARAGTTCGRAGCCETIGETT
GATARATGCATGTATTTCGACATGEGCETGTICTACAAAGCCATTGGTGATATGATCTACCCCAAGATGT
TCGAGGECAAGGATCCCGCTCCCACTGCCGLTGATARACTCAAGGAGGTTCTCGGTITGEAT CAATGATAT
GGTCARGAAAACCGGCTACGCCGCTGGAACCGATTCCATGACTCTGGCCGATTTATGCTTICGTCGCTTICT
TTCAGCACTTTGGATGGAAGCTGGATGCTACGACGTGTCTIGGTTITCACCGAGTTGRAATGCTTGGTICGAGR
AGGTCARAGGGAGARATCAAGAACTACGAGARAGGCCAACGGCGRAAGGAGCCACTGCCATGGGCRAATIGETA
CAAGTCTAAGA A GTGAAGT TGACGT ITTAAACTATGATATITITCTIGACGT GARATTGATTGGARATALR
CTTITATGACACTGAALAALRARADAAN

>GAXKO01204939.1CfinmarchicustranscribedDelta
GATACRATATATGTAAGTTAAGTTAATAATGT GATGAACTGGARAGTCAGTGTITGARARARATGGAATGET
ACCARCTGCAGGAGCAGCGACCATCATCATTTGTCTGGLGAGAGCAGCACCAACATTACCCTTTCCAGTG
AATGEGETCAGTATTACT GECAGGAGTATAGCTACCATCATCACTGGCACTARATGTATARTCAGTTCCAG
ATTCAGATTCACTTGTARAGACCATGCTAGAT GTTTCGGATGATACGTCARCTTTGARATCCTGAGCATT
TGCATCTTTTTCCACCTTATCAGTCCCAGACTTTTCATATCTTTCCCGARRCCTTTTACCARACTCATCT
GCCCCCTICTGGCAGTTATTTTCATAGT TGGGARCCTGCTTTCTCATATTTTCAAGCCACATACTGATGT
TTTTGTACGGAT GRAGGCTTAGTATGTIGGAGGCTTCTAAT GTGEACATGET GEAGAGARAGGCARTETC
AGCAATAGTCATGGAGGTGTCCAGRACATATCCACCAACAGTCATCTGGTTGATCCACATCAGGACTTCC
TTCAGTIGITTCCATCTTITICAGTTICAATACT GGRACTCTTGCCCATARARACAGGGGCRATGCATTCAR
TCAGGGCCTCATAGRATCTTCCARTGTGGARCTGRAGT CTTTGGTCAATCTGAGATACTTTCTTIGCACA
TTCCGGETAGAGTTGGCTGGAGCTETACTGCAT GACCAAGTAGGTGATAGCAGCCGTACTCTCAGTGATG
ACCAGGTCACTATCCACAAGGACAGGGACAGATTTGTGAGGATTAAGT GCGAGGRAAGT CACGGGTIGCATG
TGCTTCCATTCGCAACATTTACTTCTGTATACTIGTAATCTAACTTGAGARGGTCCAGTGTCATCTGAAC
TGACTGGGATARAGGACATACTGATGATCCARRAGAGGCTCAATGTTGACATCTIGTAGGTCTTATATTICA
CTARRRTTATAGTGARAGCARAGCGGTTITTATCCTICTTIIGITAGTIGTIGGTIGCT

>HFT736883 . 1lmagnaGSTmRNA (delta/epsilon)
ACTTTTITCACTARCGTTATAGARACTTAATCCTATCTAGRARCARRARAATGCCGATTGACTTGTATTACAT
GTCTCTIGAGTGCCCCTTGICGGGCAGTITTGCTCACTGCCARRATGGTGGET GICGAACTARACCT GARR
ACCGTCAATCTTATGGGAGGAGRAACAAATGARGCCCGAATTCCTCAAGATTAATCCACAGCACACCGETTC
CTACTITGGATGACTCGGGATTCGTITIGACT GRARAGCCGCGCCATTTIGCGCTIATTTAGCARACARGTA
CGGEAL AR ACGACAAATTGTATCCCARGTCGCCARRAAGAT CGOGCTGTAGT CGACCAGAGRCTCTICTIIC
GATCTIGGTGIITICTACTICTITCGTICTCCGATTACTATTATCCAATAATATTCCGTGERAGCCACGT CAC
TTGATGACGGCAAGARA M AGA A AT T GEACGAAGCTTTGAGATTCTITAACATGITCGTGTCAGACCGTGA
TTTTGCTGCCGGAGATCACTTGACAATCGCGGATCTTTCACTGATGGCCTCTGCCTCTACTATGGAGAGT
GTGAATCCAARRMATTTTCGATGACTACCCGAAGATARAAGEATGEATGGARCGAT GCARRRACCAGATTT
CCGATTATCACGACCTTAATCAAGT GGGTGCAGRAAT CTTITGGTCARATAGGTARARAGTGCTCTGGCGRAA
AATTCAGTAARN AL GAATGARAATACGEGEEEEEGGEAALT GCTGAGALGRATICTATARTTGGCCTTAC
ACTITGCGTCGCTTAGAAGTITTGACTGGTGTACCGCGITATGITITCAGCCCITTGAGTTCCAACCCAG
AGTTAAATAAATATCATGGACGAATGGTICTCTCCGCCAARAAARAAAALARAARAARIAT

Figure 4. Sample of GST Delta/Espsilon sequences

SeqA ¢ Mame ]
KFT38983, 1DmagnaGSTmRNA_deftadepsilon_
KF 36583 1 Dmagnal S TmRMNA_deftadepsilan_
KFT36283. 1DmagnaGSTmRMNA_delialepsiion_
KF 738583, 1DmagnaG STmRNA_delalepsion_
KFT3E583 1DmagnaGSTmRNA_deftndepsilon_ =
EUT4TISI. 1 Tpponikc us GSTmRMNAT_delalepsion
EUTATOS. 1 TRponic us G STmRMNAT_deltalepsion_
EUTATOS 1 Tiponic us G STmRMNAT_deftalepsion_
EUT4TISI. 1 Tiaponk usGSTmRMNAT_delafepsiion_
EUT4TISS 1 Tponic us GETmRMAZ_dellafepsion_
EUTATOEA 1 Tponic us G STmRMNAZ deftafepsion_ T8
EU47lo4. 1 Tpponk usla > TmRMNAL_deltaiepsion_

4 GAXKD07 34638, 1CInmar: hic usdatatranse ribedRMNA | 401

4 GAXNKDIDTISES 1CHinmare hic usdeltatranse ribedRNA 401

EU7470€1 1T japonicusMuSoRNL
EU747063 1T japonicusmad
EUT470€0 1T japonicusiuZ
GL732524 . 10pulexMuZ
GAXED1204944_ 1CEfinmar chicusMut

EU7470€1 1T japonicusMuSoRHNA
EUT47063 1T japonicusmad
EUT470&0 1T japonicusiuZ
GL732524 . 10pulexMaz

GRHED1 204544 _ 1Cfinmar chicusMut

EUT470€1 1T japonicusMuSoRNL
EUT747063 1T japonicusmuad
EUT470e0 1T japonicusiuZ
GL732524 10pulexMuz
GRHED1Z204544 . 1Cfinmar chicusMut

ET7470€l . 1T japonicusMuSoRIR
EU747063 1T japonicusmad
EUT47060 1T japonicusiuZ
GL732524 . 10pulexMaZ
GAHED1Z20454 4. 1CEfinmar chicusMut

EU7470€1 1T japonicusMuSmRNL
EUT47063 1T japonicusmad
ET747080 1T japonicusMuZ
GL73Z524 . 1DpulexMuZ
GAXED12045%44 . 1CEfinmar chicusMut

EUT7T470€1 1T japonicusMuSmRNL
EU747063 1T japonicusmad
ET7470&0 1T japonicusMuZ
GLT32524 . 1DpulexMaz
GAXED1Z2045944. 1Cfinmar chicusMut

————————————————————RCRCGTGTITTCTTOCGRCRRGTICCACRET 20
-——————————————————CRCACGTGTTTCTTCOGRCRAACTTCCACRET 31

——————— - ———— - GCAARRCGTGACTTT —- -GARAAGTT--————--— 23

e mm e e - NTGCCTCC—- - ———AGTT-————-— 12

TTTTTITTTTTT TTTAT TGCATACATGTATTTC- —— ~-AARATT-—————— 39
B - E

GCACAMCCCCATTAATCCATTGAACA-—--ATGTCCARTCCCCCCETICT 76
GCACARCCCCAT TAATCCATTGAACA——-ATGTCCARTCTCCCCGTICT 77
--——AACATCATGAGTGCECCTAGTA- —— —AAG- —CEATCT ———————-T 55
i o . Ve o e

-———-RCATLLCTCATGTATRRREGATCRERRECCRARCTTTECCATITT 24
-

CIGCT——ATTGEERTATCCOGRGGECTCGoCCRRO DD ————-—ATTOGCTT 118
CTGCT-—-ATTEEERTATOCGREEECTCGOCCRRE O —————-ATTCECTT 115
AR T-——RTTEEERATIGTC TSI CTTI TECCRATRO ——————RETOGRCT 537
-——CT--LCTEEECART TCGTEEETIGECTCRRCCE ——————ATTCOECTT 56

GITGETIGRT TGERSCOCTTCATGRATTT G- TCACTCTTCATGTRCTCOGEAT 133
o w ek o - FIETR [T

GCTACTCGLGTRCRCOGEEROC AR AT-TTGREEACR AECRATTEETCTET 167

GCTACTCGAGTRCROOGEEROCARAT-TTEREERCRAGIRRTTEETCTET 168

GETTTTGEL LT TECTCRARGCTOCTT-ATGRETTCRARCOGETECLRRET 148

GCTGTTGRRRTR TROCCRR RO GAGT-TTGREEATRRED-GTTATETOET 104

ATCTTEEEC AL GOCTC AR RO TCTCC AT GRRCTTCTECAT ETTCTOCAT 183
- - - LR - - -

GE-RCCCEETC-——-CCRRTTATGACRR —CRET T GT GEACCARDGL ———— 208

GE-ACCCEETC———CCART TAT GACAR —GAET GT GT GEACCARCGL ———— 209
GE-RCCRGCEC---CITATTITGCCAR-GRREETTTGETTEERCCh ———— 187
ME-GETCCAGG-——————ATTCGATRAR -TCATGC-TGEITIGATGT ———— 140

CTTATCCRAL RGO TEEECTOCARCARCTTET G -TGETCCRACOCALCTCE 232
- - Ll - L

=GRAGCACARGECTC ———————-GEICTCGACTITCC-—CARTCTGCCTIAC 248

=GRACCACR LT ——————=GGT CTCGRACTTTC O~ ~CRATCTEOCCTRC 245
—GAARATTCA R TCTIGRAET-GRCTITGATTTICCC-—CARTCTGCCTIAT 233

~GRRRATATTCTCTT ———————GGEATTAGACTTOCC--RRATCTCOCCTAT 180
TARCATCACA RN TCTEERARAGEAR RER CRCTCTOCRGCRRRCCATECTIT 282
L L L L L LR L L
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51732535 .10PulexG5Tsigmal TE—-——————————————————————— —— CCTGTTTAC-——-—--RAEG-- 15

GLT32535 . 10PulexGSTsignal TG————————————————————————— ——O0GEGECTTAT---——--ARA-- 1%
>GL732538. 1DPulexG5Tsigna’ 51732535 .10PulexG5TsigmaZ TE—————————————————————— ——— —— COGEGCTAC- —————-RRL-- 15
ATGCCGECTTATAAACTTCATTACTTTAACCTCOGTGETCARGECTGAGCTGECCCATCTEAT TCTCAACCAGGCAGE EL732533 . 10PulexGETsigmas TE—m ————m——mm e e e COEEETT L - —— ————LLL—— 15
TGTTGAGTTCGAGGATGTCCGTTTCGAGCEEGCTGAAT GECCAGCACTCARAGCTAGTATGCCTTTTGCCCARGTTC 51732535 .10DulexGSTsignas g T — L L P . JEN 3
CCGTCTTGGAGETTGACGEACARATGCTAGCACAGT CARACACCATTTCTCGATACCT TGCCAGGCARCATGGTCTT DQOB8365 _1Tjaponicussigmalikel TET—————— ——— e A TRCTTTTTTACTT————RBRR—— 73
GCTGECARAGACEAGTGEEAACAGECECAGGCTCACATCTATGCT GACAACAT CAACGACTTGATGACTGETATGAG CEXEDLZ045343. 1Calanus f1nmarchi TETTETA A AT T CACAE AR TAE e AET CA CTACT TTETT CT CoACALACE 100
ACCAGCATTCTTGGAGAAGGATGCAGACARGCAGAAGGAGCTCTACCAGARATTCATGACT GACAGTGTTGCCCCCC CL¥ED] 204942 . 1Cf inmarchicustra TR e A ATETCTCACATC —- —ARE - 71
ATGTTGCTATTGTTGAGRAGCAATTGGAGARGARCGETAGTGEACATCTGET T GGARAAGAGTTGACCT GGECTGAT . iﬂ“
TTGGCTTACTACGETTACTTCTCCTTCCTTETCGAGARATTCEECEAGEACTTCTTGARGEATGCECCACTCTTGAR
AGCTTTGATCGCTATGETCGARGCTCTGCCCARCAT TARARRATGGGTTGAAT CTCGTCCTARRACCGARATTTAR _ )

GLT325359 . 10PulexE5Tsigmal ———————————CTITCACT-——————————ACTTTRARCRACCCOECEICGAG 43
[-Do88365. 1TjaponicussignalikeGST EL: 35? as. 1DP1.:1|=_-KESI5:!. ng.aE B "ETIH C“P‘{T_ I — TEM:" - __E IE E: E 33
ATGTACTACTTTTITACTTAARATCCCATITICTACTCITATTTITGAGGCGT TARARATARATAARTTCATTCTITC GLT3Z533 . IDPulexGETsigmal —= === —CICTACT-————— -~ ——RCTTCART-—--——GTCCGRAG 37
TAMAGTTCTACTATTACGTATTACTAAATTCAAAAAATTTTETCTTTAGTCT GGARARGCTAATCCCTCTCCAGTTT GL732539.10PulexGEiT=igmas -——=—=——-——CTTTATT----—-————-RCTTCGAC--—-—-GTCCGAG 37
TAAGCTTACTCARAACCTTGARATAAATTCATARAACGCARTTAAAAAAGGARARTATCGEATATCCCGTTTIICCG GLT325353.10PulexGETsigmat ———————————CIGCAIT-——————————AITTTRAT-—————TIGCRCG 37
GTTTIGGAAACTCGTTTGAAACCGARTGCACTAACCGEAAGATTAAATCCTCTAAGAACT TARAAATTTTTTAGGTT DQ08E8365 . 1Tjaponicussigmalikes —=—=———————TCCCATTT ———————TCTACTCTTAT--———-TTTTEAG 45
TTAGGAATTTCATGATGCCAARAGAACCACAGACAATATCCTACACTTGARATGGCTCCTTCAGTGARATTGGTTTA GRXEDLZ04543. 1Calamusfinmarchi RECRATGGCROCCTCASTT ARG T GRCTTACTTIGAT——————CTCCREE 144
CTTTCCCCITCGAGGCCGAGCCGAGCTCATCAGGCTCATTTTGGAGGCTARGGGGATCTCATATCAGGAT GARACCA GRXED1Z204542_ 1CEfinmarchicustra ———————————CTEACTT -—————————ATTTCRART——-—--CTGRAEE 53
TTCCCTCGGAGARAT GEGGT GACARGAAAGCATCCATGCCTTTCCGATCTTTGCCTGTGTTATATTGEGTAGGCGAR - - - - -
GAGATTGGACAATCCTTAACTATTGCTCGATCTGT GACCARAARAGCEEET CTCECCOGEAACAAT GATATCGAGC
AGCCCGAGCAGATGCARTTGTTGATACCGTAGCCAATCTGCCALCGARGCTCTTCGARATARARAATARGGACGAGT GLT3253%.10PulexG5Tsigmal GT————{CEEGECEEA AT TETCCCSTCTCATCT TTAG- -CCAGECCEEC B4
CTACGARATCCGAGGCCATTCARGCTTTTCTCARCACTGAATTGAGCGGAATTCTGGATATCAGCGAGAATCTCTTR GL732539 _1DPulexGSTsigmaT GT —— ——— —— B EC TeA G TEe o e T CTEAT TO TC AL - —CCACECREET 78
AAGAACCGAGGTGGARAGTTCTTTACTGGARGCARATTGAGTTACGGCGACAT CGCARTGTTTGCCGTGATAGACTT GL732535 . 10PulexG5Tsigmas G- —— ————ACEAGE AR M TTTCTORT TTGAT TT TECE- —-CTACECOEGT 78
ACTCCTARACCCGGARATCATGACTGGATTCGGATTTGGACCTGTTCTGGAT GAGCTCARGAAGCTGAT CARGGATC EL722525 100ulexE5T=igmas B —— ——— A CET AR CCL AT TTT T CEL ST AR T TT TR A —C TR O TERT 78
ATCCCCTICACCTACGGGGTGTACAAGAT GETCAAGAGCCAACCARARATTGCCGAATATGTGACCARACGCCCCARG GL?32539.1DPU1EK55I51§I&E G- ————CTT e A G T O CEGATGAT TTTOCA— - TTACGCCRER 78
TATCCATTCTAR DQ088365 . 1Tjeponicussigma likels GOGTTARARRTARRTRA AT TCATTCTTCTARAGT TCTA- —~CTATTACGTE 97

GRXKD1Z204543 . 1Calamisfinmarchi G———————-GOEEGERAERAGC TTACEARGRCTTAT GO TR RRA GO REEGERAGET 187
>GRXK01204842.1CfinmarchicustranscribedSignaRiA GIMED1204342_ 1Cfinmarchicustra G-——-——-BAGAGCAGAAATTGCACGCCT TATTCTEAG- —~CTACTCAGEE 134
ATGGCAGTATTCTGCAGTCAATCARACCARCACAGACT ARACAGAGCACATAGARRATGTCT GACATCARGCTGACT . . 4 e . . .

TATTTCAATCTGRAGGGRAGAGCAGRA ATTGCACGCCTTATTCTGAGCTACT CAGGGRAAGALAGTTCACAGAT GARALAC
GCTGACTGGCGCACAGTTTGGTGCAAT CAAGTCCACCTTGCCGTATGLACAGCTGCCTCTCCTGRAATTACAAGGGALC
AGGTICTICTIGCCAGTCTATITCTATCGCAAGGT I TCTAGCTGGGGAGT TIGGACTGGCTGGCARARACALRTATTGAG
AGTGCACAGGCTGAT GAGATAGT CGATGCTGTGAGT GATCTTCARACTGCCATGATCARAGCATTTGCCCCAGRTGE
TR AGATGTAA A AGCTGT O A RA T T GG T GEATAATGTGTACCCTGCTGGACT GECTAACATTGAGAALATGTTAR
CATCTAGAGGTGGACAATTTTITGTI TGGARAATARTCTGACCTGGGCTGACTIGGCCGICTITCCTIITICTIGCACTGAT
GGCATCGGCGGARAACCTCCARAGGACTTAAGCGCATTCCCCAAGATAGCCARCTIGGTCCAGAGAGT GGCTGAGAT
TCCARRCATCAAGARCT GEAT GACTGCARGACCCGTTACT GCAATGT GARCT GTARAGTAGRALGAT GTCAACARAC
TGACTGACARAACACATGCCATTTATTACCCATIGTGCCTITGTGCACRRRLATTAACTTITAAGT

Figure 7. Sample of GST Sigma sequences

GL73253%3.10PulexE5Tsigmal
GL732535% .10PulexE5T=sigma’
GL7325353.10PulexE5TsigmaZ
GL732535% . 10PulexGSTsigmat
GL73253%3.10PulexE5Tsigmas
DQ08B3E5 . 1Tjaponicussigmalikels
GRHED1Z204543_ 1Calamsfinmarchi
GRHED12045%42_ 1Cfinmarchicustra

GT——TERRTTCRRRGRCGTC-CECT——-TCICCCRA-——CRGOG--RRET-- 121
GT—TEARGTTOGLEGRT T C-CGT T—-TCOGREC G- ——GEC0TG—-LAT-- 115
GTRCCT--TTCGRTGRTTTIT-CGT T—-TCGERGEEG———CRARG--RTT-- 115
GO0 -TTCGREGRTTTC-CETGATATCGATTATTTC ARG -RCT-- 121
GIGCCG—-TTOERRGRTGTC-CGT T—-TCOERE0G———CRRACG--RET-- 115
TTARCTRRRTTCRRL R TTT-TETC——-TTTRGTCTEERARAECTRRTOD 143
G———-BATTTTGREGRTTGC-CERAR—-TCCCRTT-——CRGTG--RET-- ZZZ2

Figure 8. Sample of the alignment of GST Sigma sequences

Sech e Name A Lo o SecBo Name $ Lengh o Score ¢ OLIG0 start _len tm gc% _ any 3" =seqg
LEFT PRIMER 136 28 6a.12 S55.e8 4.e8 1.8 CCCACTACGCCCTTTAGTCA

RIGHT PRIMER 452 28
SEQUENCE SIZE: 633
INCLUDED REGION SIZE: 633

59.76 45,88 4.8 @.80 TOCTTCCCAACCAAATATCC

PRODUCT SIZE: 317, PAIR ANY COMPL: 4.88, PAIR 3' COMPL: @.@8

Figure 2. Sample of the alignment of GST Mu sequences

¢ Length ¢ Score ¢

EU747063 1 Tjaponic usmud

EU747060.1Tjaponic ushu2

GL732524, 1DpulexMu2 £45
GAXKD1204944 1Chinmare hi usMutransc ribedma | 957
EUT47060. 1Tjaponic ushu2 71
GL732524, 1DpulexMu2 845

GAXKD1204544 1CHinmare hic usMutranseribedma | 957
GL732524.1DpulexMu2
GAXKD1204944 . 1Cfinmarc hic usMutranse

GAXKD1204944 1Cfinmarc he usMutranscribedma | 957

Figure 3. Alignment results of GST Mu sequences

GANKDI0AESX, 1Cinmar hic ustranscribeddeta

Length &

Seqb &

GRAHEOLOT34e8. ICfinmar chicusdel
GAMEODLO355Z2]1. ICfinmarchicustra
GANEDLZ04535. 1Cfinmarchicustra
EF73€%83 . 1DmagnaGEToRNL delta/
EU747054 _1TjaponicusGSToRNRZ d
EUT47053 . 1TjaponicusGEToRNRL 4

GAMEOLOT34e8. ICfinmar chicusdel
GAMEODLO355Z2]1. ICfinmarchicustra
GRAHEDLZ04535. 1Cfinmarchicustra
EF736583 . 1DmagnaGETeRNA delta/
ET747054 . 1TjaponicusESToRNAZ d
ET747053 . 1TjaponicusGSTolRl d

GAHEDLOT34e8 . ICfinmar chicusdel
GRHEODLO03552]1. ICfinmarchicustra
GRMEDLZ04535. 1Cfinmarchicustra
EF736583 . 1DmagnaGSTeRNA delta/
ET747054 . 1TjaponicusESToRNAZ d
EU747053 _1TjaponicusGSToRNRL d

GRANEDLOT34cE. ICfinmar chicusdel
GAMEOLO355Z21. ICfinmarchicustra
GRMEDLZ04535. 1Cfinmarchicustra
EF736%83 . 1DmagnaGiToRNA delta/
EU747054 . 1TjaponicusGSToRNRZ d
EU747053 _1TjaponicusGSToRNRL d

GRAHEOLOT34e8. ICfinmar chicusdel
GAMEOLO355Z21. ICfinmarchicustra
GRAHEDLZ04535. 1Cfinmarchicustra
KF73e583 . 10magnaGSToRME delta/
ET747054 . 1TjaponicusGSToRNAE d
ET747053 . 1TjaponicusESToRNAL d

845

ribedma | 957

97,86

e BTRB - —— k- —— ———AGACTC-————CC 13
——-ACGARAT---TACAATATT TTTCAACTA- - ——— MALCTCTET--CC 36
GATACAATATA--TGTARGTTARGTTARTARTGTGATGARCTGGARAGTC 48
--———-ACTT--TTTCA--CTAACGTTATAG- - —--ALRACTTARTCCTA 34
--————CTTTAGCT TCAMGCCAR-GOCACA-- - —--ACTCTCAGTICTT 36
— — —-AGTCG--TTCG——AAGACALCOG- —— —-ACACCTARCTATT 32

-

AT--b--=--=——-TCAMA~————=————=GTh--AAGCT--AECTGET-CL 27

ACTEE~——=——--TCALATCAC-TGCCACGTL —- AL ATT RAGCGESTTCR 75

AETET-——————-TTCAAMART -CEARTECTLOC AL CTECAGERAECAGCE 839

ICT--——-——————-REARCRR———RRRRTEC-CGATTGACTTIGIATTR &7

TCTCOCACT GTT CT CAR AR CRAT CTGCARR RTEC-CoETCEARCT TCATGE BS

ACTCC-——-—————-AMATCRC-TRCRAANTCC-CTCTCCARCTCTRAC-G €3
L L - L

ACTCTEG--——-———————————=——==CTCT 4G -----—-----CLACL 55
ACATTCARCATT CARC-—————————-LCAOC MG —— ————————-CLTAL 103
ACCATCATCATT TETCTGECEAGAGIAGCAOC ML —— ——— —————~CLTTA 128
CRTETCTCT GAGTGOC-————————CCTTGICEEECAGT TTTCCTCACTG 108
ARTGCCCECTTCTE0C-————————CCTTGOCG- ——AATTGTEGCCATGE 123
CCCATCCOCAAT CECCA--——-—--TTTTGCCG- —- ATCCGTGTCCATGR 108

Ex

———— === —GG--—-AIC---TT--—————————————GTG-————————— &5
--——---—-GETG--ATT---TCTATAACCATTGACCAGTGTAC- —————— 133
CCCTTICCAGTG--AATGGETCAGTA- TTACTCGCAGGAGTATAGCTACC 175
CC—-----ALAA-TGET-GECTGTCEARC -TARACCTGARARCCETCART 143
CCTT----GGAA-TECTTCEAAGT COCTTATCAATAC-ARCACCETCGAC 167
CTTT----GTCCCTAGT -GEECAAGGACCACGACTACAARTACT -TGGAC 152

———m——m————— - ——— GATRRAGCTTG--T-----—----—-——CAGT 81
~CCECEACTGET TTARAAGACAGACCC TG --TACC-———CTCAACTCRET 176
ATCATCACT GECACTARATGTATARTCAG--TTCCAGATTCAGATTCACT 223
CTTATGGGAGEAG- AACAAATGAAGOCCEAAT TCC-——~TCARGATTAAT 154
CTGATGGCT GEAG- ACCATATGARGOCCGAATACC- -~ TGARARTCRAC 212
TTGT TTGCTGECG- AACAGARRAGCCCCGART TCC-———~ TCARGATCRRAT 197

- - -

Figure 5. Sample of the alignment of GST Delta/Epsilon

sequences

Wama ¢ Length ¢ Score ¢
ELIT4ATO53, 1 Tjaponic usGSTmRNAT_defa‘epsiion_ 311 58,45
EUTAT0A 1T jppone us G STmRNAL_celin‘spsiion T 61.2
G AXKD1 073468, 1 Chnenar: hic usdelairansc ribedRMNA | 401 87
GAXKD1035521. 1 Chnmant hic ustrans: ribeddela vl 49
(G AXKD 204538, 1 Cinman: hicustransc ribedDeta Lk 45
EUTATOS. 1T japone usGSTmRNAZ _selia‘apsiion T6E 58
G XKD 1073468, 1 Chinmant hic usdekairansc ribedRMA | 401 57.58
GAXKD 1035521, 1 Clinmanng hic usirans: ribeddela I 45 82
3 AXKD1 204836 1 Chinmar: hic ustrans: ribedDelda 33 3.5
G AXKD1 073468 1 Chnenare hic usdelairanac ribedRMA | 401 63 B4
G AXKD1035521, 1 Chinman: hic ustransc ribeddela vl 51.%
L AKLN 20, 1 L hnmarg he ustransc ripedlela =015
GAXKD1035521 1Chnmar: hic usirana: ribedosia .5

-

G AXKD1 204535 1 Clinman hit ustranse ribedDelta

G AXKD 1 204535, 1 Clinman: hic ustransc ribedDeta

Figure 6. Alignment results of GST Delta/Epsilon sequences

QOLIGOD start _len tm zck any 3' seq
LEFT PRIMER 256 28 o, a5 4,88 2.8 9,20 ooCACGAATIALLAGRGALLS

RIGHT PRIMER G625 28 59.497 45.88 4.88 0.80 GATTGTTTAATGGGCGTGCT
SEQUENCE SIZE: 845
INCLUDED REGION SIZE: 845

PRODUCT SIZE: 378, PAIR ANY COMPL: 5.8@, PAIR 3' COMPL: 1l.28

GLTI2530.10PGSTaigma

QOLIGO start _len tm gck any 3' seq
LEFT PRIMER 171 28 6@ .84 45.88 6.8 2.880 AAGUCCGAATTCCTCAAGAT

RIGHT PRIMER 5449 28 59.97 55.88 4.8 2.80 TAGAGOCAGAGGCCATCAGT
GLT2538 1DPuksGSTaignas AL SEQUENCE SIZE: 908
0 poork saleST 0y Mo INCLUDED REGION SIZE: 99@

TR {1

PRODUCT SIZE: 379, PAIR ANY COMPL: 4.88, PAIR 3' COMPL: 1.@8

Figure 9. Alignment results of GST Sigma sequences Figure 10. Sample of primers

Conclusion

In this experiment, the alignment percentage being 80% or higher would ensure that the gene
was highly conserved; this means that the sequences would be easy to locate within the P.
hawalensis genome. However, the alignment percentages obtained suggest that the genes are
not highly conserved between species since they were all under 70% identity. Since the GST
genes were not highly conserved across multiple species, Daphnia sequences were examined
to determine whether the genes are conserved within a genus. It was determined that GST
genes are not conserved, even at the genus level. Instead, Daphnia primers were designed and
will be tested for proof of principle, to show that GST is a potential ecotoxicology model to
test for contaminant exposure. It is expected that once the primers are tested with Daphnia it
will be easier to manipulate those same primers to find the exact gene within the P. hawaliensis.
As a result, P. hawaiensis may still become a new model for detecting pollutants in the water.
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