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Contamination of mercury (Hg) from the production brocesses of natural gas production
in the off-shore area is a major concern on the,welfare of animals inhabited in the surrounding
areas. In addition to the chemical method%\ ly used for monitoring Hg contamination in
the sea, sensitive techniques emphasized on ¢ the sublethal effects of Hg on living
organisms is crucial for the monitori rogram. | , bioassay for monitoring the change
of Hg contamination in relation scular _;csponwﬂreen mussel, Perna viridis, in the
surrounding areas of petroleum pr platform: e Gulf of Thailand was studied. Hg
responsive genes including HSP, and CYP4 genes were obtained and
used for designing specific_psi i

0.5, and 1.0 pg/L under la 8 weeks. During the experiment, Hg
i d. The result showed increasing level of
plied doses. The Hg level in tissue

samples. The result revealed that
2 » >d to the increasing level of Hg.
t thé ¢oncentration as low as 0.2 pg/L of Hg (P<0.05). The

Significant difference was detect: the-€o
expression level of the other genes showed ho sig ant difference within the range of applied
was carried out by transplanting mussels

concentrations. Field validation of the obtained bioassay
to the surrounding areas of petroleufii production platforms for nths. The result showed the
correlation of pvMT07 C?Sssion with Hg level. These resul )jnned that the expression of

sll-gel electrophoresis technique.
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Genotoxicity of Hg was investigated
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pvMTO07, one of MT variant

DNA damage was
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Hg monitorinytechniques and kno%:edge obtained from this study will provide valuable
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CHAPTER |
INTRODUCTION
1.1 Statement of Problems

Heavy metals discharged to the environment are of great concern all over the
world. Heavy metals can accumulate in marine organisms and are toxic when present
at high concentrations. Among them, mercury (Hg) is the most serious global
pollutant. Many of its derivations are highly toxic and readily released into the
environment because of their-high volatility and.mebility. On a molar basis, Hg is far
more toxic to marine orgamisms.than any heavy metals. Low level of Hg still has
chronic effects to living.erganisms (Langston, 1990; Boening, 2000).

Traditional monitoring 0f Hg in the marine environment involves determining
and comparing the metal concentrations in water, sediment and biota but each method
presents its own problems and Iimitations._ The low concentration of Hg in ambient
water makes analysis difficultas contaminatidh problems become significant and pre-
concentration is required.; The typical -iéfgtle temporal variations in the metal
concentrations in water often warrant frequent"éampling and analyses, which are not
cost-effective. The majority of the studies associated with Hg have been designed
from a toxicological approach, including the measurement of the concentrations of Hg
in various tissues and organs. Obtaining an ncreased knowledge of biological
indicators of Hg exposure would prove to be the key to understand and determine the
toxic mechanisms'of this‘metal at the cellular level’ (Narbonne, 2000; Lynn et al.,
2001; Wiener etaal., 2002).

Various numbers' of mollusks .including mussels™ are proposed as the most
suitable marine organisms for monitoring the contamination levels of heavy metals in
coastal water areas because of their high accumulation of many heavy metals,
relatively long life span, large size of individuals enabling the analysis of individual
specimens, tolerance of large temperature and salinity ranges, as well as their wide
geographical distribution. Mytilus edulis are common mussel species widely used as a
surveillance organism (Andersen, 1996). Moreover, M. edulis are able to synthesis the

metal-binding protein, metallothionein, for metal detoxification. Green mussel, Perna



viridis, a close member of M. edulis, is a native mussel of Thailand and this mussel is
widely distributed inside and around the Gulf of Thailand and it is one of suitable
model species commonly used for determining heavy metal contamination. Therefore,
the research designed to assess the cellular and molecular responses of living
organisms such as green mussels following exposure to Hg would provide valuable
information for developing techniques to determine the adverse effects of Hg to
marine environment (Amiard, 2000; Lawson and Mason, 2002; NIMPIS, 2002;
Nicholson and Szefer, 2003).

1.2 Objectives

This study aims to_investigate the expression of Hg specific metallothionein
(MT) gene and some candidatefenes that are responsive to Hg exposure at low levels

in both laboratory and field trails: Specific objectives of this study are:
1. To determine the expression levelof Hg specific MT isoforms in P.viridis,

2. To clone and charactefize siress responsive genes which might contain Hg

specific properties'in P.viridis, and: »

3. To obtain some candidate genes for the potential use as biomarkers for
determining Hg contamination in water afidwuse-for monitoring petroleum

activity in the-gulf of Thailand.
1.3 Scope of Study

1. Determination 0f Hg concentration in mussel, P.viridis,itissue at study site
(petroleum areas) and reference site (Mussel farm, Trad province) in the Gulf
of Thailand.

2. Cloning and characterization of at least 2 Hg responsive genes (CYP and
HSPs) in P.viridis

3. Determination of the expression level of Hg specific Metallothionein isoforms

in P.viridis.

4. Evaluation of the correlation between Hg level and expression level of Hg
specific genes (MT, CYP and HSPs) in P.viridis



5. Determination of genotoxicity of Hg on P.viridis
1.4 Hypotheses

Hg responsive metallothionein, cytochrome P450, and heat shock protein genes in
this study can respond to the low levels of Hg contamination and can be used as
biomarkers for determining Hg contamination in the Gulf of Thailand

AULINENINYINS
ARIANTAUNNIING 1A Y



CHAPTER I
LITERATURE REVIEW
2.1 Mercury

Mercury (Hg) is a heavy metal used in thermometers, barometers, vapor
lamps, and batteries, and in the preparation of chemical pesticides. Hg is a silvery-
white poisonous metallic element, liquid at room temperature. Its atomic number is 80
and atomic weight is 200.59. Melting and beiling points are -38.87 and 356.58°C,
respectively. Specific gravity.is 13.546 (at 20°C)Hg may occur in 3 valency states in
seawater and marine _sediments: zéro (elemental mercury), +1 (mercurous
compounds), and +2 (mercurie compound). The +2 valency state is the most common
in well-oxygenated water and sédintents. The major species of inorganic Hg in
seawater are the chloride; HgCl> and Otll;é} chloro complexes. Inorganic Hg is more
abundant than organic Hg in sga-water é,nd‘ sediments; organic Hg usually is more
abundant than inorgani€ Hg insair and tissues of marine organisms (Lynn et al., 2001;

Neff, 2002). £)

[
S _J-.

Hg can accumulate in livifig organisms and surrounding environment in many

forms and cycles in the eriVironment as'a result of fidturaland human (anthropogenic)
activities. The amount/of Hg mobilized and released into the biosphere has increased
since the beginning of the industrial age. In aquatic envitonments, Hg cycle pathways

are very complex. The vafious forms of Hg'can be converted from one to the next.
The most important form ds the [conversion 'to methyl mercury (MeHg) which is
highly toxic, soluble, and can getsinto food chain. Ultimately,sHg ends up in the
sedimeiits, fish and wildlife, ot evades back to.the atmosphere by volatilization.
Dietary uptake is the dominant pathway for MeHg accumulation in aquatic organisms.
The bioavailability of MeHg is controlled by digestive processes rather than by
constrained transfer across the gills, skin or intestinal epithelium (Neff, 2002). Fish
have been estimated to assimilate from 65 to 80% of the MeHg present in the food
they eat. Hg is distributed throughout the tissues and organs of the fish, but a large

portion of the MeHg eventually relocates to skeletal muscle where it becomes bound



to the muscle protein of a contaminated fish. There is no way to clean or cook the fish

to remove or even reduce the amount of Hg presented (Wiener, et al. 2002).

Petroleum Production Process is one of human activities that release Hg to the
ocean. Thailand’s first gas production started in 1981 from Erawan Gas Field which
located in the Gulf of Thailand and operated by Unocal Thailand Ltd. At present, total
of 37 fields are produced, 21 fields in the Gulf and 16 are onshore. In the petroleum
production process, the discharged water contains high concentration of Hg and oil
which must be treated before releasing to theé environment or re-injected to the well
head. Presently, the produced water diseharged directly to the sea is reduced.
However, in long-term effeet; Hg thatis already released from previous production
process and newly discharggscan still be accumulated in the sediment surrounding
the production areas and® can affect, the environment and human. Therefore,
monitoring of Hg contamination and its effect is necessary (Veil, et al. 2004; DMF,

2007). -

2.2 Toxicity of mercury and molecular responses for the mercury exposure

#

A large number of decuments clearl-}—li:ﬁr_(l)_\_/ide evidences that Hg is cytotoxic. Its
biochemical damage at the cellular-fevel inclu”dég DNA damage and inhibition of DNA
and RNA synthesis«(Khera, 1990) Hg al-src.i'-_'c_jéuses alterations in protein structure,
alterations in calcium transport; along with the inhibition of glucose transport and enzyme
function (O’Halloran, 1993; Goyer, 1995). It also interfercs with essential nutrients by the
replacement of essential minerals such as zinc at sites in enzymes. This is a part of the
toxic effect of Hg that disables the enzymatie-progess: Aminhibition of cellular enzymatic
processes by binding ‘with the hydroxyl radical (SH)"in amino‘acids appears to be a major
part of allergic/immune reactive conditions (Bagenstose et al., 1999): The effects of Hg
binding'with proteins also inclyde the bleckage of sulfur oxidation/processes (McFadden,
1996), enzymatic processes of vitamins B6 and B12 (Srikantarah, and Radjakushnan,
1970), effects on cytochrome-c energy processes (Veltman, 1986), along with Hg’s
adverse effect on the cellular mineral levels of calcium, magnesium, zinc, and lithium
(Danielson, 1984). Hg probably affects the inherent protein structure, which may interfere
with functions relating to protein production. Hg has a strong affinity for sulthydryl,

amine phosphoryl, and carboxyl groups, and inactivates a wide range of enzyme systems,



as well as causing injury to cell membranes. Hg may also interfere with some functions of

selenium, and can be an immunosuppressant.
2.2.1 Acute toxicity

The organic forms of Hg are generally more toxic to aquatic organisms than
the inorganic forms. Aquatic plants are affected by Hg in the water at concentrations
approaching 1 mg/L for inorganic Hg but at much lower concentrations of organic Hg
(Boening, 2000). Aquatic invertebrates wvary greatly in their susceptibility to Hg.
Generally, larval stages are more sensitive tham adults. The 96-h LC50s vary between
33 and 400 pg/L for freshwater fish and are lughcr for sea-water fish (WHO, 1989).
Toxicity is affected by temperature, salihity, dissolved oxygen, and water hardness. A
wide variety of physiologieal and biochemical abnermalities has been reported after
fish have been exposed tessubdethal concentrations of Hg, although the environmental
significance of these effeefs is difficult to assess (WHO, 1989). Reproduction is also

affected adversely by Hg.

Hg as the reactiye, free inorganic’ ion, and as various organomercury
compounds in solution is one of the most 'tfaxiq metals to marine organisms. Acutely
lethal concentrations of inorgahic Hg in solutjfon to marine invertebrates are in the
range of 1.0 to 10,000 pg/L (WHO, 1989).’Maﬁne and fresh water fish are somewhat
more tolerant, with acutely-lethal-concentration-in-the range of 4 to 23,000 pg/L.
Birds are considered -quite sensitive, with acutely lethal concentrations in the diet

ranging from 1 to about 5,000 mg/kg body weight (Boening, 2000).

Marine phytoplankton produced metal-chelating [ligands that are capable of
complexing with reactive metals, particularly Hg, in seawater, rendering them less
bioavailable and texic (Langston, 1990;" Bryan and Langston,~[992). Nevertheless
marine phytoplankton are among the most sensitive marine organisms to inorganic
Hg. Concentrations in the range of 0.8 to 1.0 pg/L are capable of inhibiting
photosynthesis and reducing growth rate of some species of marine micro algae. The
species composition of natural assemblages of phytoplankton may be altered by
chronic exposure to 1 to 5 pg/L dissolved inorganic Hg. Growth of sporlings of the
brown macroalga, Laminaria saccharina, was inhibited by dissolved Hg

concentration as low as 0.5 pg/L (Langston, 1990). Exposure to inorganic Hg at



concentration as low as 0.1 pg/L inhibited the enzyme glutathione-S-transferase in
different foliar tissues of the seagrass, Posidonia oceanica (Ranvier et al., 2000).
Enzyme inhibition is greater in grasses from a Hg-contaminated environment than
from a relatively uncontaminated environment in the Mediterranean Sea. Marine
invertebrate larvae also are sensitive to inorganic Hg. Shell growth in larval mussels,
Mytilus edulis, was reduced by dissolved Hg concentration as low as 0.3 ug/L
(Langston, 1990). Zebra fish embryos were sensitive to Hg at relatively low
concentrations as measured by hatching and survival time. It was shown that 32 pg/L
of HgCl, completely inhibited hatching when administered to embryos at blastula
stage (Dave and Xiu, 1991)

MeHg at concentrations of 15/to 30 ug/L caused a variety of teratogenic
effects, including skeletal .defects, 'cardiovascular abnormalities, and craniofacial
defects in developing«€mbiyo fo' maring and freshwater minnows (Sharp and Neff,
1982; Gorge, 1990; Samson and Shenke}r,-2000). The 4 to 8 cell stages of minnow
embryos were the most sensitive to effects of MeHg. Minnows Fundulus heteroclitus
fed MeHg-contaminated food bioaccumulafe Hg in their body tissues and eggs (Matta
et al., 2001). Females containing.l:1 to 1.2'ug/g wet weights MeHg produced eggs
containing 0.01 to 0.63 pg/g of MeHg that ;fécreased fertilization success and the
surviving offspring altered sex-ratio and r’edilcéd reproductive success (Matta et al.,

2001).
2.2.2 Neurotoxicity

Hg hasrals@ been [foundito cause additional méurological immune system effects

through immune/autoimmune reactions (Kubicka-Murranyi, 1996)

Generally, neurotoxicity of Hg studies in'vertebrate and human. Hg is toxic to
the renal; reproductive and nervous system in rat that treats with HgCl, 0.5 and 2.0
mgHg/kg. In the spontaneous cortical and hippocampal activity, altered distribution of
the frequency bands was seen after 5 weeks after treatment but not at the end of the
post-treatment period. Hippocampal population spikes in the treated animals were
depressed and showed less potentiation, which effect was still present 19 weeks after
finishing the treatment. The duration of the sensory cortical evoked potentials was

shorter than in the controls (Vezer et al., 2005).



Kamakshi (2003) studied the effects of Hg on the nervous system of the
mouse. It was found that 10 uM of HgCl, caused neuronal cell death on 14 day old
mouse embryos. In human, Hg caused a variety of neurological and behavioral effects
including central hearing loss, vestibular dysfunction, autism, mental detioration,
speech difficulty, impaired vision, weakness of the extremities and ataxia, and in

some cases has proven to be fetal (Chang, 1997).

Hg may enter the body as organic salt, inorganic salt or as elemental Hg.
There are clinical and experimental evidences that each of these forms produces a
variety of neurologic deficits, with MeHg bemg the most dangerous and common
source of Hg toxicity. In the brain, MeHg is converted to inorganic Hg most likely by
in situ demethylation. “Humans  and monkeys exposed chronically to MeHg have
shown a high percentage ofsinorganic Hg in the brain."Submicromolar concentration
of HgCl,, an inorgani¢ Hg'compound, is shown to inhibit a variety of metabolic
events in the brain by potentiating s_eéondary neurotoxic events. Organic and
inorganic Hg was repogted to’ disrupt jon channel functions and, in turn, affect
processes such as synapti€ transmission énd-; growth cone elongation. (Sirosis and
Atchison, 1996). Shafer et al., (2002) observed that prolonged exposure to MeHg in
low concentration reduced both-Na" and Ca+ 16n currents in the membrane channels

of cultured cells. e
2.2.3 Genotoxicity

Inorganic Hg compounds were also found to induce the generation of reactive
oxygen species; afid] glutathiong depletion: il ‘cultured miamimalian cells. Although
different Hg compounds tended to produce qualitatively comparable genetic effects,
which suggests. the, inyolvement.of a common ‘toxic,entity,. MeHg derivatives and
other ionizable organomercury compounds were fiore active in-short‘term tests than
either non-ionizable Hg compounds (e.g., dimethylmercury) or inorganic Hg salts
(e.g., HgCl,). The results of cytogenetic monitoring in peripheral blood lymphocytes
of individuals exposed to elemental Hg or Hg compounds from accidental,
occupational or alimentary sources were either negative or borderline or uncertain as
to the actual role played by Hg in some positive findings. Both genotoxic and non-

genotoxic mechanisms may contribute to the renal carcinogenicity of Hg, which so far



has been convincingly demonstrated only in male rodents treated with HgCl, (Flora et

al., 1994),

The in vivo exposure of embryos of killfish (Fundulus heteroclitus) to MeHg
at 1 and 7 days post-fertilization enhanced the frequency of micronuclei and
chromosomal abnormalities (chromosome bridges, laggard chromosomes) in embryo
cells. The number of mitoses was decreased in groups of embryos exhibiting
teratogenic effects (Perry et al., 1988). Exposure of larvae and embryos of the urodele
amphibian newt (Pleurodeles waltl) to MeHg chloride, at doses similar to HgCl,,
induced micronuclei in red blood cells, and e~mitosis and chromosomal aberrations in

embryo cells (Zoll et al., 1988).
2.3 Biomarkers
2.3.1 Definition and classification:

Biomarkers are defingd as-quantitative measures of changes in the biological
system that respond t0 either (or both) exposure to, and/or dose of xenobiotic
substance that lead to biological effeets. The term biomarker is often used restrictedly
to cellular, biochemical, molecular, or physiological changes that are measured in
cells, body fluids, tissues, or organ with an organism and are indicative of xenobiotic

exposure and/or effeet (WHO, 1993).

Biomarkers are categorized into 3 types: biomarker of exposure, effect and
susceptibility. Biomarker of exposure measures an exogenous substance of its
metabolite andats mteraction with'a biplogical molecule. Bécause a number of factors
determine whether a chemical exposure reaches its biological target for a toxic
responge, thesmest-accurate measurementyof dose-is the biologicallyseffective dose at
the target tissue, which can be ‘more reliably measured by biomarkers of exposure
than estimated by measurements of administered or ambient chemical exposure.
Biomarkers of effect are measurable biochemical, physiological, behavior, or other
alterations within an organism. Biomarker of effect is primarily concerned with
adverse effects, although the level of evidence varies for the relationship between a
given measured effect and specific, pathological responses, which occur often after a
long period and after chronic exposures. There is an overlap between biomarker of

exposure and biomarker of effect because the same biomarker can be used for both
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measurements. Some of the same biomarkers are also used to measure interindividual
differences in response and thus further serve as biomarkers of susceptibility

(Barrett et al., 1997; Amiard et al., 2000; Narbonne, 2000).

The advantages of biomarker of exposure are their early response and their
specificity of reaction. The latter may also be regarded as disadvantageous since the
complex contamination situations are not reflected. Thus biomarkers of exposure are
useful for the monitoring of hot spots of pollution or clearly defined point source
inputs as well as for the characterizations of chronic unknown chemical input.
Biomarkers of effect reflect pathological endpeints and are determined at each level
of the biological organization. In contrast to the biomarkers of exposure, these effects
mostly cannot be attributed to.theimpact of singlc contaminants and therefore serve
as integrative markers of complex foxicities. The advantages are the high ecological
relevance of biomarkers athigh'lévels of organization (individual, population and
community level) and the general picture;éf the status of environmental deterioration
that can be obtained by applying this kind of biomarkers. The disadvantage is that in
most of the cases the quality of contaminaﬁon— remains speculative. Therefore, only a
combination of both kinds ‘of biomarkers provides sufficient information for the
assessment of responses reflectmig the quali& ajs well as the quantity of environmental

deterioration (Broeg, et al., 2005). Yo o
2.3.2 Application of biomarkers

Biomarkers have been used routinely in recent years to assess the health of
wildlife in reldationi toftheitekposuretto contaminantsy(Peakall, and Burger, 2003).
Biomarkers have been applied to various fields. For example, changes in the immune
system,.. which..can, affect susceptibility. to disease, .may provide, sensitive, early
warning signals of'the'toxic éffects of*metals (Weeks, 1992; Jewett,’and Lawrence,
2007). The response to acute stress, as evaluated by measurements of corticosteroids
which are regulators of processes relating to energy metabolism, gland function, and a
few more important processes, is another biomarker that may be affected by some

trace metals (Hontela et al., 1996).

A wide range of biomarkers had been developed and suggested for use in

monitoring programs. Biomarker has been used both in vivo and in vitro for the
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evaluation of xenobiotic effects. One of the advantages of biomarkers is that it can
indicate biological effects, while chemistry-based surveillance system cannot. It can
determine the changes before a real damage has taken place. There is evidence that
many biomarker responses are not directly associated with real harmful effects in the
target organism (Halander, 2003). In recent years, there has been considerable interest
in the use of biomarkers for the early-warning systems. This involves knowledge of
their biological function and it is necessary to identify possible interferences that can

influence these responses in order to standardize the analytical procedure.
2.4 Potential biomarkers for mercury exposure

There are quite a number of biomarkers commonly used in various kinds of
organisms. For examples Ethoxyresorufin o-diethylase (EROD) is known to be
specific to polyaromaticshydrocatbon (PAH), Polychlorobiphenyl (PCB) and dioxin

contamination (Amiard egal. ,2000):

2.4.1 Metallothignein

Metallothionein (MT) is the main biomarker applied for determining heavy
metal contamination. MTs" are /lew- moleecular weight proteins. Their physiological
roles are the regulation of essential metals, such as Cu and Zn, sequestration of heavy

metals, and free radieal scavenging.

On the contrary, cysteinyl residues are present in large amount (about 30% in
mammal MTs) (Werner, 2008). A remarkable feature of MTs is their inducibility. It is
in fact well knewn that different factors, and in particular heavy metal cations, can
stimulate the syfithesis of mRNA encoding for MTs (Viarengo et al., 2001). Owing to
this properntysand dee te, the, high-affinity; of MFEs for heavy metals, these proteins play
an important' role ‘in regulating ‘the physiological” concentration of ‘essential metals,
such as Zn and Cu, and in detoxifying noxious metal cations penetrating into the cells
(Viarengo et al., 2001; Werner et al., 2008). MT is induced by exposure to many
xenobiotics including Hg. Induced MT modulates intracellular Hg concentration or
gene expression and protects cells from Hg. MT has many other functions, for

example, protection against carcinogenesis.
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These functions might also be based on changes in intracellular Hg level or
modulation of gene expression. A rapid increase in intracellular Hg concentration is
important for cell signaling in mast cells. MT might be involved in a lot of cell

signaling systems (Kimura and Itoh, 2008).
2.4.2 Cytochrome P450

Cytochrome P450s or CYPs are enzymes that respond to halogenated
hydrocarbon exposure. This usually aceompanies and often precedes toxicity in all
animals. CYP is a large and ubiquitous /gsoup of heme proteins found in fish,
mammals, birds, plants, and microorganisms. that catalyze the oxidative
biotransformation of diverse lipophili-.c xenobiotic and endogenous compounds.
Because CYP enzymes play a‘cutical role in the metabolism bioaccumulation, and
potential toxicity of halggenated and nonhalogenated hydrocarbons found in the food
chain, levels of individual C¥P enzymeé-éfe important determinants of susceptibility
to environmental contaminant exposure.'_‘:CYP enzyme induction in fish populations
has been suggested as a‘sensitiye biochenﬁcal marker of contaminant exposure and by
inference of marine ecosystem héaith (Mi_li;lariet al., 2003). Induction of the CYPIA
subfamily of enzymes can'be determined_ '..-l;y_,_'_measurement of associated enzymes
activities such as ethoxyreqsuﬁn O-d_i;ﬁ_lyl_ase (EROD) and benzo[a]pyrene
hydroxylase or by measuring CYPIA prote-inﬂusing immunochemical methods and
determining transcripﬁonal levels using quantitative PCR (Miller et al., 2003;
Campbell et al., 1996). Induction is an adaptive response that protects cells from toxic
xenobiotics by increasing.the detoxification activity. Environmental pollutant and
many other xenobiotics including heavy metals enhance the metabolism of themselves
and of the other co-ingested/inhaled compounds, resulting in_a reduction of an
increase of toxicity-ds,a result'of an in¢rease formation of reactiveimetabolites (Shaw,
et al., 2004). For example in leaping mullet (Liza saliens) exposed to 50 pM Hg”",
cytochrome P450 reductase activity was inhibited completely (100%), while at the
same concentrations, Cd™, Cr", and Ni" caused 66%, 65% and 37% inhibition,
respectively (Bozcaarmutlu and Arinc, 2007). Bozcaarmutlu and Arinc (2007) and
Korashy and El-Kadi (2005) found that CYP1A1 mRNA levels were increased when
exposed to 5 pM Hg*", 25 uM Pb*" and 10 uM Cu”" in Murine hepatoma Hepa 1clc7

cells.
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2.4.3 Heat Shock Protein

Heat shock proteins (HSPs) are groups of intracellular proteins that have an
unusually high degree of identity at the amino acid level, among diverse organisms.
As this family of proteins is induced by stressors other than heat, they are also
commonly referred to as stress proteins in the literature. The term stress proteins also
may refer to several other groups of proteins that respond to stressors. Stress proteins
are among the most abundant intracellular proteins. Prokaryotic and eukaryotic cells
react to exposition unfavorable conditions of the outer environment by increased
synthesis of the stress proteins. The struciite”and functions of these proteins are
evolutionary highly conserved and theyrare present in different variations in the cell
of all living organisms*(Iwama-€i-al., 1998). An cxpression of HSPs is induced by
many environmental strésses‘ineluding exposure to trace metals or organic pollutants,
changes in temperatuf€ or" osmolarity, hypoxia, anoxia, exposure to ultraviolet
radiation and reactive oxygen forms. Althbﬁgh during stress, proteins are expressed as
the constitutive proteins, and they play the sai-gniﬁcant role even in the cells which are
not exposed to the stress factor (Harboe aﬁd- Quayle, 1991; Iwama et al., 1998; Feder
and Hofmann, 1999; Kopeéek .etral, 2001). In Mediterranean mussel (Mytilus
galloprovincialis) exposed to“0.75 uM CH;ng+ for 6 days, CH3Hg" inhibited
MgHSP70 and induced MgHSC70 expressi’dn'(Franzellitti and Fabbri, 2005).

2.5 Use of biomarkers in field studies

The use of biomarkers for the determination of xenobiotic contamination has

been increasingly adopted as part ofithe environmental monitoring,programs.

Parsont (2003) ‘studied on"MT expression in Hg=exposed mussel P. viridis.
The RT-PCR data showed that there was a significant higher levels of MT mRNA in
treated mussels within 2 to 4 weeks of Hg exposure (p<0.05). At concentration of

1 ppb, HgCl, induced the MT mRNA levels significantly comparing to control.

Timmermans, et al.,, (2005) studied on MT expression in springtail
(Orchesella cincta, insecta) at cadmium contaminated area and reference site in

Netherlands. The MT gene in cadmium tolerance of O. cincta was studied by means
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of quantitative RT-PCR. The constitutive and Cd-induced MT mRNA expression of
the laboratory cultures was measured. Results show that the mean constitutive MT
mRNA expression of populations from polluted sites was significantly higher than of

populations from reference sites.

Zorita, et al., (2007) studied two families of MT Isoforms (MT10 and MT20)
in mussels (Mytilus galloprovincialis). Mussels were exposed to 200 ppb Cd and 40
ppb Cu for 2 and 9 days to characterize the tissue and isoform specificity of metal-
induced MT expression. MT expression /was detected in non-ciliated duct cells,
stomach and gill epithelial cells, haemocytes, adipogranular cells, spermatic follicles
and oocytes. RT-PCR resulted in cloning of a novel M. galloprovincialis isoform
homologous to recently=eloned-Mytilus edulis. In gills, Cd only affected MT10 gene
expression after 2 days"of exposure while increases in MT protein levels occurred at
day 9. In the digestive'gland, a marked increase of both isoforms, but especially of
MT20, was accompanied by increased 1évels of MT proteins and basophilic cell
volume density (VVBAS )after 2 and 9 days and of intralysosomal metal accumulation
in digestive cells after 9 days. Conversré,ly-; although metal was accumulated in
digestive cells, lysosomes and the VvBAS.increased in Cu-exposed mussels, Cu
exposure did not produce an increase of MI é’éne expression or MT protein levels.
These data suggested that MTs-were expre’sée’d#in a tissue-, cell- and isoform-specific

way in response to differentmctals.

Choi, et al., (2008) studied HSP90 and MT gene in Pacific Oyster
(Crassostrea gigas). The expression of HSP90 increased significantly with exposure
to 0.01 ppm Cd for 11 days or 0.05 or 0.1 ppm Cd for 7 days. The expression of MT
increased significantly with exposure to 0.01, 0.05, or 0.1 ppm_Cd for 11 days.
Glutamate" 0xdloacetate and”glutamate pyruvate levels ‘increased significantly with
exposuré to 0.05 or 0.1 ppm Cd for 7 days. These results indicated that HSP90 and
MT played important roles in the physiological changes related to metabolism and

cell protection that occur in Pacific oysters exposed to Cd.

Brulle, et al., (2007) studied on MT gene in earthworms exposed to 80 mg/kg
of Cd in soil. A significant increase of the quantity of mRNA expressed after 14 h (6
fold; p=0.012) was observed compared to the quantity obtained in control animals.

mRNA levels were 20, 24, 28, 63 folds higher after 1 day (p=0.0003), 2 days
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(p=0.001), 6 days (p=0.026) and 14 days (p=0.035) of exposure respectively. The
induction pattern was quite similar in earthworms exposed to 800 mg/kg of Cd in soil,
but gene induction started earlier. Significant inductions (3 fold, 28 fold, 35 fold, 85
fold, 76 fold, 80 fold) were registered after 6 h, 14 h, 1 day, 2 days, 6 days and 14

days of exposure respectively.

Baker, et al., (2003) studied CYP isoforms in aspects of human cadmium
toxicity. The possible link between non-workplace cadmium (Cd) exposure,
cytochrome P450 expression and hypertension was investigated. Results of the
investigation into the relationships between laver and kidney Cd burdens and the
abundance of the CYP isoform 4A11 were shown. Data showed associations between
non-workplace Cd expesurc_and-changes in the abundance of hepatic and renal
cortical CYP4A11. In"liverthe Jevels of immunochemically detectable CYP4A11
were positively correlatedswith: tissue. Cd content while, in contrast, CYP4A1l
abundance was inversely correlated With;léidney Cd burden. These differences were
most likely related to the different.Cd -:.buafden of the tissues. These observations
suggested the potential foginyolvement of Cd as a mediator of CYP4A11 expression
in kidney cortex and indicated that elevations.in kidney Cd content might be involved

in hypertension via alteration of the expressiqn'lcif this particular isoform.

Poupardin, et! al., (2008) studied énq Cytochrome P450 monooxygenases
activities in mosquite (Aedes aegypti) larvae, exposed to permethrin, fluoranthene and
copper. Quantitative RT-PCR on different biological replicates was used to validate
the expression pattern of.the genes isolated from microarray experiments. The
specific inductions of “CYP6M6 by fluoranthene” and CYPO6MI11 by copper were
confirmed (2.2-"and 3.4-fold, respectively). Interestingly, the induction of CYPIMO,
CYPOMB,"CYP6Zs, CYP6ALI; CYPONIZ and CCEjhelF by-one xenobiotic was
confirmed but multiple inductions of these genes by other xenobiotics were also

observed.

Faverney, et al., (2000) studied on heavy metals and oxidative stress in fish
liver cells by measuring CYP1A expression in trout (Oncorhynchus mykiss)
hepatocytes. 3-methylcholanthrene (3-MC) induced the CYP1A-related EROD
activity. This induction was inhibited by concomitant exposure to Cd (II), Cu (II), Pb
(IT) or Zn (II). CYP1A mRNA levels were also reduced. Simultaneous treatment with
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3-MC, a heavy metal and TEMPO suppressed both the inhibition of EROD activity
and the decrease of CYP1A mRNA expression.

Franzellitti and Fabbri, (2005) studied on 2 genes (MgHSP70 and MgHSC70)
in Mediterranean mussel (Mytilus galloprovincialis) exposed to heavy metals (Hg*"
and Cr). Hg2+ (150 pg/L for different time periods) significantly induced MgHSP70
expression that reached maximum levels after 24 h, decreasing thereafter. MgHSC70
expression was inhibited after 1 day and induced after a 6-day exposure to Hg*". A 1-
week exposure to Cr®" (1, 10, and'50 ng/l) induced and inhibited MgHSC70 and
MgHSP70 transcript levels, respectively.

Kohler and Eckwert,«(1996) studied HISP70 in laboratory toxicity tests,
woodlice (Oniscus asellusyTsopoda) exposed to a variety of different combinations of
the metals. Cadmium, lead, @and ‘zine exhibited a broad range in intensity of the

induction of the 70 kDa sifess protein (h§p70, stress-70).

Rios-Arana et aly (1993) studied :"g_)ri-HSP60 in the rotifer Plationus patulus,
exposed to various concenfrations of As, Cr--,' Cu, Ni, Pb, and Zn. Following exposure,
total protein was quantified and stress p‘rotem 60 (HSP60) was identified using
Western blotting. P. patulus induced HSP6éfa:s'lf'-é response to single exposures to low
and high heavy metal (As 10 and 50 ug/l),'(é?io and 50 pg /1), (Cu 10 and 50 pg/l),
(Ni 10 and 50 pg /B;(Pb-t0-and 100 pg /i) and (Zi 20 and 50 pg /1). HSP60
expression was increased (2 folds) in rotifers exposed to these single elements at both
low and high concentrations as compared to unexposed rotifers. Arsenic exposure

resulted in a 2 foldidéctease intHHS P induction:

2.6 Techniques used for'examination of mercury exposure and toxicity
2.6.1 Toxicity test for identification of acute toxicity

Toxicity test is needed in water pollution evaluation due to chemical and
physical test alone are not sufficient to assess potential effects on aquatic organisms.

To examine acute toxicity, which is a relatively short-term lethal or other effect,
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usually defined as occurring within 4 d for fish and macro invertebrate, toxicity test

has to be done.

Toxicity test can be divided following the method of adding test solutions into

3 types:

1. Static test is the test in which solution and test organisms are placed in test

chambers and kept for the duration of the test.

2. Renewal test is the test in which organisms are exposed to solutions of the
same composition that are renewed periodically during the test period. This is

accomplished by transferring test organiSms or replaecing test solution.

3. Flow-through.test is«the test in which solution is placed continuously in test

chambers throughout the'test«duration.

To conduct short-term test, the .fe:c}_mique can be static, renewal, or flow-
through test. Exposure period for thése te"s_ts are 48 h or 96 h. Static or renewal tests
are less expensive to perform than ﬂow-thr(')"iléh tests. However, the flow-through test
is suit for high ~-BOD or/ COB system-_'éﬁ'_dl._for the test of unstable of volatile
substances (APHA, AWWA, WEE, 1992)

2.6.2 Single cell gel electrophoresis for examination of genotoxicity

To measure DNA strand breaks, the single cell gel electrophoresis or comet
assay is a rapid, sensitive and in expensive,method. This method has advantage over
other DNA damage methods, such-as sistet chromatid exchange, alkali elution, and
micronucleus assay, because of its high sensitivity and the DNA strand breaks are

determined! in individual ¢ells:

The technique is performed by dispersing and immobilizing cultured cell or
isolated cells in an agarose gel coated on appropriate support media, such as
microscope slides. The fixed cells are lysed with alkaline lysis solution to disperse
cell component and leave the immobilized DNA in the agarose. The DNA is
denatured in an alkaline solution. Strand breaks in the denatured cellular DNA result
in supercoil relaxation. The more breaks leads to the greater the degree of relaxation.

The application of an electric field across the slides creates a motive force by the
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charged DNA may migrate through the surrounding agarose away from the
immobilized nuclear DNA. The DNA in the fixed slides in stained with a fluorescent
DNA-specific dye. DNA binding dyes which can be used for comet assay included
ethidium bromide, propidium iodide, etc. Stained slides are examined using a
fluorescent microscope. Optimal magnification will depend on the quality of DNA in
the cells being assessed for DNA damage. The migration of DNA away from the
nucleus can be measured by eyes using an ocular micrometer or image analysis
software to determine various parameter of the comet, i.e. tail length, percentage of

DNA in tail, tail moment (Lee and steinert; 2003) (figure 2.1).

e My

Figure 2.1 Diagram of typical comet showi_@_d_i_stribution of DNA in tail and head.

2.6.3 RT-PCR {Reveise-Franscription-PECR)-and Semi-quantitative RT-
PCR for determination of gene expression

Reverse transcriptien. polymerase chain reaction (RT-PCR) is a technique for
amplifying a defined piece of a ribonucleic.acid (RNA) molecule. The RNA strand is
firstly reverse transcribed into its complementary DNA (cDNA), followed by
amplification of the,obtained CDNA using polymerase chain reaction.. RT-PCR differs
from the'lconventional PCR by ¢cDNA is used as template rather than genomic DNA.
The method has been used to determination of gene expression in mRNA population

(Kawasaki et al., 1990)

Semi-quantitative RT-PCR is a quantitative technique used to quantitate the
relative amount of mRNA as cDNA from the starting samples. Target cDNA is
separately or co-amplified with the internal control gene, such as f - actin, elongation

factor 1 alpha, using the same template. Use of internal control gene is under the
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criterion that they are transcribed constantly and independently from the

environmental stimuli.
2.7 Green Mussel

Green Mussel, Perna viridis is a marine mussel in Phylum: Mollusca, Class:
Bivalvia, Subclass: Pteriomorphia, Order: Mytiloida, Family: Mytilidae with separate
sexes and external fertilization. The life span of P. viridis is typically 1-2 years.
Growth rates are influenced by envirommental factors such as temperature, food

availability and water movement.

P. viridis is a large-mussel, 80-100 mm-in-length, occasionally reaching 165
mm. The shell tapers to a sharp, down turned beak and has a smooth surface covered
with a periostracum (skin)«that can be vivid green to dark brownish-green near the
outer edge and olive-greendear the attachment point. The ventral margin of the shell
is straight or weakly concaye. The interiojr of the shell valves is shiny and pale bluish
green. The ridge which suppeorts the ligani'c:?th- connecting the two shell valves is finely
pitted. The beak has interlocking técth: one in‘the right valve and two in the left. The
wavy posterior end of the pallial line and ther large Kidney-shaped adductor muscle are

it

diagnostic features of this specics: =
2.7.1 Growth-and Reproduction

Sexes in this specics are separated and fertilization is external. Spawning
generally occurs twice a_year between early spring and late autumn. However in the
Philippines and, Thailand, 'spawning occurs, year tound: Fertilized eggs develop into
larvae and remain in the water column for two weeks before settling as juveniles.
Sexual-maturity, typically~oceursyat d5-30ymmshellylengthy, (earresponding to 2-3
months of age). First year growth rates vary between locations“and range from 49.7

mm/yr in Hong Kong to 120 mm/yr in India. (Rajagopal et al., 1998)
2.7.2 Feeding

This species is an efficient filter feeder, feeding on small zooplankton,

phytoplankton and other suspended fine organic materials.
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2.7.3 Habitat

P. viridis forms dense populations (up to 35,000 individuals per square meter)
on a variety of structures including vessels, wharves, mariculture equipment, buoys
and other hard substrata. It is susceptible to overgrowth from other fouling organisms
that make it difficult to detect despite its vivid green appearance. It is primarily found
in estuarine habitats with salinities ranging from 18-33 ppt and temperatures from 11-
32 °C, P. viridis has a broad salinity and temperature tolerance (in experimental
testing it survived salinities of 1-80 ppt and-tgmperatures of 7-37.5 °C).

Many species of mussels can be used-as marine biomonitoring, for example,
-
Zebra mussel, oyster, blue mussel and green mussel, because of the mussel can

accumulate the heavy ;)‘etyféluding.Hg. The tissue of Mytilus galloprovincialis

accumulate twice as mu Hg duriné exposure for 35 d to the two forms of Hg in
both the food and water (Fowdenet al.; 19-73) Small mussels accumulate slightly more

of both types of Hg than 1 ge pssels I_‘fllqtler and Larocque, 1987)

Perna viridis is co nIy ‘used as’ ‘-blbmonltorlng organisms because it is an
efficient filter feeder (feef,hng ‘Oﬂ smaﬂf{rZOoplankton phytoplankton and other
suspended fine organic matenaﬂ:lt has:&trong capacity for bioconcentration of
xenobiotics. It is a common ‘sessile anlmél and w1dely, distributed in the Gulf of

Thailand, It has reTaErve—long—lrfe—wan—}arge—srze—of— m§1V1duals can analyzed of
individual specimens (‘F igure 2.2) (Amiard et al., 2000; NIMPIS, 2002).
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Figure 2.2 Green mussel, Perna Viridis



CHAPTER III
MATERIALS AND METHODS
3.1 Test organisms

Green mussels, P. viridis, length 8—10 cm were collected from unpolluted-Hg
area of Trad Bay at Trad Province, Thailand. This area is less polluted because of the
absence of any industrial activities. Mussels were transported to the laboratory
(Center of Excellence for Marine Biotechnology (CEMB), Faculty of Science,
Chulalongkorn University Bangkok, Thailaad) in the polystyrene foam boxes.
Fouling organisms were removed from the external part of the shells. In the
laboratory, mussels were aeclimated for 4 weeks in seawater at the 30%o salinity, pH
8.0 and temperature ranged from 23 to 25 °C. Mussels were fed with unicellular algal
species (Chaetoceros sp.)(Figure 3.1 € and D) and Brine shrimp (Artemia sp.) 1 time
daily during acclimation and exposure periods. To avoid the accumulation of nitrite
and nitrate, water was exchanged 10% dai‘ly and aeration was provided by continuous

air-bubbling system.
3.2 Mercuric Chloride =

Mercuric Chioride used in the experiment was gbtained from local supplier
while laboratory grade Hg was purchased from Ajax FineChem, Inc. (Australia). The
stock solutions were prepared by diluting mercuric chloride in distilled water to give

stock concentration.
3.3 Mercury analysis in mussel tissue

Total Hg'concentration was‘determined in the mussel saniples.’Approximately
0.1-0.2 g of lyophilized and homogenized tissue was weighed and placed into Teflon
digestion vessel. After addition of 5 ml of conc. HNO; (ultra pure) and 0.040 g of
V,0:s, the vessel was closed and the mixture was left to react at room temperature for
1 h. Digestion was finished by heating in microwave for 5-10 min After the digestion,
samples were left in room temperature until it cooled down, then 3 ml of K,Cr,O7 was

added and diluted to 40 ml. by Mili-Q water. Total Hg concentrations in tissue and
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water sample were determined by CVAAS and CVAFS the method was modified
from the method of U.S. EPA (1997), Odzak (2000) and Gaspi¢ (2006).

3.4 Experimental set up
3.4.1 Laboratory test

The experiment was conducted in five 800 L tanks. Each tank contained
approximately 200 mussels put in mussel bag (15-20 mussel per 1 bag) (Figure 3.1A)
with aerated seawater and bioreactor (Figurg 3.1 E and F). Mercuric chloride (HgCl,)
was applied to each tank making up the ceficentration of 0.0, 0.1, 0.2, 0.5 and 1.0
pg/l, respectively. Water quality was monitored every 2 days for ammonia, nitrite,
and nitrate. The water was.exchanged for 10 % every day and HgCl, was applied with
the new water in the ratioffo mainiain the same calculate concentration in every tank.

Mussels were maintained.in thiscondition for 2 months.

_—

Sampling was performed for the p‘jédridcj)d of 8 weeks. At each sampling time, 10
specimens were sampled. Gills and'digestiﬁze tracts of the mussels were dissected and
snap frozen in liquid nitrogén and then sfgred im -80 °C freezer. Shell length and
weight of each individual spe'cin;len was;;fr;lé’ésured. The collected samples were
subjected to RNA extraction and remain tlssut: samples were kept in sealed plastic

bags at -20 °C freezer-for-Hg analysts:
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Figure 3.1 Green ssel tanks maintained in _Eyl. mussel bag (A), worker

|
(B), plankton culture fank (C and D),
bioreactor (F) P
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transplarﬂed and maintained in petroleum production platform at sites specific in

tank Qow bioreactor (E), enlarge

figure 3.2 for 90 days. Mussels were put in net bag, each contained 15-20 specimens
and tied to the rope at 5, 20 (upper thermocline), and 40 m below the sea level (below
thermocline) (Yanagi, 2001). The end of the rope was weighed with heavy concrete to
maintain position (Figure 3.3). Sampling was performed monthly in the period of 3
months. At each sampling time, the content of one net bag with 10 specimens was

sampled. Shell length of each individual specimen was measured. Gills and digestive
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tracts were dissected and mixed with RNA later® solution. Specimens were kept in
4 °C cooler when transported from experiment site to laboratory and then stored in
-80 °C freezer (Figure 3.5). Remain tissue samples for Hg analyses were stored in
sealed plastic bags at -20 °C freezer for total RNA extraction, cDNA preparation, and

analysis of expression level of candidate genes using the same method with lab test.

Plankton was collected every time of mussel sampling using 20 micron mesh

size, 50 cm diameter and 150 cm long. Plankton was sampled vertically in a water
column of 40 m. depth from the &\e 'f? surface and preserved in 3% neutral
formaldehyde stored at rookmperatu

nsported from experiment site to

Figure 3.2 Equéjrlmental sites in the Gulf of Thailand. Station A (N7 54.765, E102

5518 9 BB 651 G QMG G130 we

locations' of petroleum production platforms where the field study was carried out.
Station D (N12 23.265, E101 15.0879) is the reference site near Trad Province. The

map is modified from http://commons.wikimedia.org/wiki/File:Gulf of Thailand.svg
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Petroleum Platform A

Figure 3.3 Transplanéatlon of mussels at experimental sites. Diagram of the

transplanted xﬁ;su EJ sﬁgvpﬂ Wqﬁﬂ ﬂ p’“ ﬂu%‘ production platform,

mussel transplafiting process, and mussel bags attached to the strlng are shown in B,

. a“dﬁW”Iﬂyﬂﬂ'im UANINYA Y
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Figure 3.4 Plankton expetimental si . Planktons were collected using

20 micron mesh (A, 14C ) ] a preserved in plastic bottle

Figure 3.5 Mussel specimens and sample preparation. Mussels were collected and
shell length was measured (A), tissues were dissected (B), gills and digestive tracts
were preserved in RNA later (C, E), and the remaining tissues were in plastic bag and

kept in -20°C (D).
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3.5 Basic techniques for molecular study
3.5.1 Nucleic acid extraction
3.5.1.1 Genomic DNA extraction

Genomic DNA was extracted from a piece of target tissue using a phenol-
chloroform-proteinase K method. A piece of frozen or fresh tissue was placed in
microcentrifuge tube containing 500 pl of the extraction buffer (100 mM Tris-HCI,
100 mM EDTA, 200 mM NaCl, pH 8)./ Fhe tissue was briefly homogenized and
added with SDS (10%) and RNase A (10 mg/mil) solutions to a final concentration of
1 % (w/v) and 100 pg/ml, respectivelyf The mixture was incubated at 37 °C for 1 h.
Proteinase K solution was.added (300 1ig/ml) and further incubated at 55 °C for 3-4 h.
An equal volume of buffer-equilibrated phenol: chioroform: isoamylalcohol (25:24:1)
was added and gently mixed for' 10-min. The solution was centrifuged at 10,000 rpm
for 10 min at room ‘femperature.. The Efqueous phase was transferred into a new
microcentrifuge tube. The solvent excharilge process was repeated once with phenol:
chloroform: isoamylalcohol (25':24:1) an_c-l_: (J):nce with chloroform: isoamylalcohol
(24:1). The aqueous phase was transferred 1n{0 ‘a new microcentrifuge tube. One-tenth
volume of 3 M sodium acetate, pH 5.2 v?és :.added to the aqueous solution. Two
volume of chilled absolute refhanol was ad(ied and. gently mixed to precipitate
genomic DNA. DNA pellet was recovered by centrifugatioh at 12,000 rpm for 10 min
at room temperature, washed twice with 1 'ml of 70% ethanol, air-dried, and re-
suspended in 50-80 pl of TE buffer (10 mM, Tris-HCI, pH 8.0 and 0.1 mM EDTA).
The DNA solution was-incubated at 37 °C tor 1-2 hrand kept at4 °C until use.

3.5.1.2 RNA extraction

Tissue samples were dissected and immediately homogenized in liquid
nitrogen. Ground samples were mixed with TRI REAGENT (Molecular Research
Center, Inc, USA) (50-100 mg. or tissue per 1 ml of Tri reagent) and maintained for 5
min at room temperature to permit the complete dissociation of nucleoprotein
complex. The mixture was then centrifuged at 12,000 g for 10 min the aqueous phase
(upper phase) was transferred to a fresh tube and extracted with 0.2 ml of Chloroform

per 1 ml of TRI REAGENT. The mixture was left a room temperature for 2-15 min
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then centrifuged at 12,000 g for 15 min at 4 °C. The colorless upper aqueous phase
containing RNA was transferred to a fresh tube. RNA was then precipitated by the
addition of isopropanol (0.5 ml of isopropanol per 1 ml of Tri reagent originally
used). The mixture was kept a room temperature for 5-10 min before centrifugation at
12,000 g for 8 min at 4 °C. The supernatant was discarded and RNA pellet was
washed with 75% ethanol followed by centrifugation at 7,000 g for 15 min at 4 °C.
The pellet containing total RNA was air-dried for 3-5 min, dissolved in DEPC-treated
distilled water and kept at -80 °C until further used.

3.5.2 Determination of Nucleic acid
3.5.2.1 Spectrophotometry

DNA and RNA .€ansbe quantified by measuring the absorbance at the
wavelength of 260 nm (Abg). Oune A,q tnit for double strand DNA, single strand
RNA, and oligonucléotidé gquals to 50, 40, and 33 pg/ml, respectively. The

concentration of nucleig'acid was caleulated using the following equation:

Nucleic acid concentration (gtg/mb)y="Asz X‘f'crbsorbability coefficient x Dilution factor

The quality of nucleic acid was estimated by the ratio of Ajs/Azso. The
isolated DNA that was free from RNA and protein. the-acceptable Ajq0/Azgo ratio
must be higher than 17,

3.5.2.2 Agarose gel.electrophoresis

DNA and RNA were determined by agarose gel electrophoresis using 1.2 to
2.0 % agarose .gel..Generally, agarose gel was prepared by.adding, agarose powder
into 1x TBE buffer(89'mM Tiis-Hel, 8:9 mM boric acid,'and 2.00'mM.EDTA), melt in
microwave oven until completely dissolved, and then poured into the gel mould with
an appropriate comb. The gel was left to solidify for at least 30 min at room
temperature. The comb was gently removed and the gel was transferred into the
electrophoretic chamber, TBE (1x) was added to cover the gel. Five ul of PCR
products was thoroughly mixed with one-tenth volume of 10x loading dye (0.25%
bromophenol blue and 25% ficoll) and care fully applied into the gel slot. Two
hundred pg of 100 bp DNA ladder was used as standard DNA marker.
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Electrophoresis was carried out at constant voltage of 100 volts until tracking dye
reach about 1 cm from the lower edge of the gel. After electrophoresis, the gel was
stained with ethidium bromide (0.5 pg/ml) for 3 min and destained to remove
unbound ethidium bromide by submerging in water for 10 min. The DNA fragments
were visualized under the UV light using UV transiluminator. The visible bands of
DNA on the stained gel were photographed using camera Pentax K1000 (Asahi Opt.
Co, Ltd).

3.5.3 First strand cDNA synthesis using Reverse Transcription

Polymerase Chain Reaction

Total RNA isolatienfrom tissue of mussel-was subjected to single stranded
cDNA synthesis by thesteverse transctiptions of mRNA to cDNA using oligodT;s
primer. The reverse trapsCription reaction was performed in the final volume of 20 pl,
at 42°C, for 90 min using dAmprom TI TM reverse transcription kit. The condition
includes 1 U of Improm Tl ™ 2:ul of 1 % Improm IT "™ reactive buffer, 2.5 mM
MgCl,, 0.5 mM dNTP mix, 0.5 pg Oligo dT, and 2.0 U of recombinant RNasin®
Ribonocluose Inhibitor. The obtained first _é_tgand ¢DNA template was kept at -20 °C

until use. posidd

3.5.3.1,PCR

The target cDNA is amplified from single stranded cDNA template by PCR
using degenerated primers designed from conserved sequences of genes. The reaction
mixture of PER contains~1X PCR buffer (100 mMTris-Hel:pH 8.8, 50mM KClI,
0.1%TritonX-100), 0.4 "mM dNTPs, 1.5 mM MgCl,, 1U of Taqg DNA polymerase,
100 ng.of cDNA template. and 0.5 pM of forwatd and reverse primers. The reaction

mixture was carried out'in thetmal'¢ycler.
3.5.4 RACE-PCR
3.5.4.1 Primer design

Gene specific primers (GSPs), including Metallothionein, Cytochrome P450,
and Heat Shock Protein are designed from the obtained nucleotide sequence resulting

from cloning and sequencing analysis.
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3.5.4.2 First strand cDNA synthesis

Total RNA extracted from gill and digestive tract using TRI REAGENT®
(Molecular Research Center, Inc) was subjected to mRNA purification using
illustra™ QuickPrep Micro mRNA Purification Kit (GE Healthcare UK Limited).The
purified mRNA was further reversed transcribed to RACE-Ready cDNA using a
SMART™RACE c¢DNA Amplification Kit (Clontech Laboratory, Inc). The reverse
transcription is performed by mixing of 1.0 pg mRNA, 1pul of 5° CDS primer A and 1
pl of SMART II A oligonucliotide for 5’RACE-PCR and 1.0 pg of mRNA, 1pul of 3’
CDS primer A for 3’RACE-PCR. The solution was gently mixed and briefly
centrifuged. The reaction.was.incubated’at 70-°C for.2.min and immediately placed on
ice of 2 min. The reaction tube-was briefly centrifuged and added with 2 pl of 5X first
strand buffer, 1 pl of (20mM )/DDT, ' ul of dNTP. Mix (10mM each) and 1 pl of
MMLV Reverse TransCripiase’ The, reaction was then incubated at 42 °C for 1.5 h.
The first strand reaction products were ciiluted with 125 pl of Tricine-EDTA buffer
and heat at 72 °C for 7 min. .

3.5.4.3 Rapid Amplification of cDNA Ends (RACE)

Master Mix of 5’ and 3> RACE PCR r;eaction were prepared in a volume of
41.50 pl for each reaction. The mixture conta-i_h—S- 34.5 ul of PCR-Grade water, 5 ul of
10X Advantage 2 PCR buffer, I pl of dNTP mix (10 mM each) and 1 pl of 50X
Advantage 2 polymerase mix. PCR reaction was performed for 25 cycles of 94 °C for
30 sec, 68 °C for 30 se¢s and 72 °C for 3 min. The 5’ and 3° RACE-PCR products

were analyzed ising [1.2% agarose gel electrophoresis.
3.5.5.SSCP (Single-Strand Conformation Polymorphism)

SSCP was the electrophoretic separation of single-strand nucleic acids base on
subtle differences in sequence (often a single base pair) which results in a different
secondary structure and a measurable difference in mobility through a gel. The
method used in this experiment was a method described by Hein et al., (2003) using
Polyacrylamide Electrophoresis, PROTEAN® 1II xi Cell (Bio-Rad, USA).
Polyacrylamide gel (1.5% gel, 2.66% cross-link) (16x20x0.4cm) was prepared. The

gel was allowed to polymerize for 4 h and pre-run in the gel box in a 4 °C cold room
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for at least 5 min. PCR product (8 pl) from each sample was mixed with 32 pl of
loading dye and heated at 95 °C for 5 min and immediately transferred to the ice box.
Sample was loaded onto polyacrylamide gel and running until the dye reaches the
bottom of the gel. After the gel was removed with on side attached to the glass, placed
into the fix-stop solution for 20 min, and washed with distilled water, the gel was
stained with 0.1% silver nitrate for 30 min., washed again with distilled water for 10
sec., and placed into the developing solution. Once the band of DNA starts to appear,
the gel was transferred into freshly prepare developing solution and shaken until all
DNA bands are visualized. Following gel staining, separating band of ssDNA was
analyzed. Each ssDNA band was cut out of thc.gel and washed 3 times with ultrapure
water. Each band was added with 20 pl of ultrapure water and incubated at 37 °C for
24 h to allow DNA to difftisesto from gel to the water. This cDNA was used as
template for amplificationof each variation of genes. PCR product was loaded onto

1% agarose gel and the band of inteiest is cut out and DNA was eluted.

3.5.6 Cloning and Sequencing

Target DNA obtained from' PCR wgs_ purified using QIAquick gel extraction
kit (QIAGEN). Method was ‘¢onducted fé_llbi)ving manufacture protocol. Purified
DNA was ligated to pGEM-T easy vector by performing in a final volume of 10 pl
ligation reaction that contains 3 pl of target PCR produet, 25 ng of pGEM-T easy
vector, 5 ul of 2x rapid ligation buffer (60 mM Tris-HCI pH 7.8, 20 mM DTT, 2 mM
ATP and 10% PEG 8000) and 3 Weiss unit of T4 DNA-ligase. The ligation solution
was gently mixed by pipetting and incubatéd’at 4 °C overnight. Ligation product was
then transformed into[ E.Coli [strain IM109 cells_by mixing the resulting ligation
solution into 200 ul of the competerit cells, placing in a 42 °C water bath for 45 sec,
and immediately placing/on ice for 5. min; The solution was thén added into a tube
containing 1 ml of SOC medium. The solution was incubated at 37 °C with vigorous
shaking for 1.5 h. The solution was transferred to a microcentrifuge tube and
centrifuged at 8,000 rpm for 1 min at room temperature. The supernatant was
discarded and the cell pellet was resuspended with 100 pl of SOC medium. The cell
solution was spread on LB agar containing 50 pg/ml of ampicillin, 25 pg/ml of IPIG,
and 20 ug/ml of X-gal. The plate was incubated at 37 °C overnight. The recombinant

clones containing inserted DNA were observed as white colony whereas the clones
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without inserted DNA are blue colony. The recombinant plasmid was screened for the
size of inserted DNA using colony PCR. The PCR was performed in a volume of 25
pl containing 1x buffer, 1.5 mM MgCl,, 0.2 mM each of dATP, dCTP, dGTP, dTTP,
02 puM of pUCI (5CCGGCTCGTATGTTGTGTGGA-3’) and pUC2
(GTGCTGCAAGGCGATTAAGTTGG-3") primers and 0.5 U of DyNAzyme'™II
DNA Polymerase (Finnzymes). Individual of recombinant colony was picked using
micropipette tip and mixed in the amplification reaction. The PCR profiles was
predenatured at 94 °C for 3 min, followed by 35 cycles of 94 °C for 30 sec, 55 °C for
60 sec, and 72 °C for 90 sec, and a final extension at 72 °C for 7 min, The resulting
PCR product was analyzed wusing agarose” gel" electrophoresis. Alternatively, the
recombinant clones showing cxpected size of target DNA insert can be detected by
restriction enzyme digestion: Lhe method was conducted by isolating plasmid from
cultured cells using QIAprep® Miniprep Kit (QIAGEN GmbH, D-40724 Hilden).
The insert size of recombinant plasimid was examined by digestion with ECORI. The
digestion was performed in‘a volume of 13 ul reaction containing 1x restriction buffer
(90mM Tris-HCI, pH 25, 10mM NaCl, “Ia_nd 50 mM MgCl,), 1 pg of recombinant
plasmid and 2-3 units of ECORI and inc@bé-ted at 37 °C for 3-4 h. The resulting
digestion was analyzed using. agarose gel- electrophoresis. Recombinant plasmid
containing target DNA fragment was subﬁét;:d to sequence analysis. The cloned
DNA fragment was sequencéd by autome-l-te-;l_qi)NA seqtiencer using M13 forward
and/or M 13 reverse!piimers as the sequencing primer by MACROGEN (Korea). The
obtained nucleotide sequences were subjected to BLAS search (NCBI) to identify

homologous nucleotide sequence.
3.6 Cloning and characterization of mercury inducible genes in P.viridis

Target genes ‘including metallothionein, cytochrome P450,-and heat shock
proteins ‘that reported in various animals to respond significantly to heavy metal
exposure or recognized as sensitive biomarkers for heavy metal were subjected to
cloning and characterization. ¢cDNA partial sequences of the target genes were
determined by performing degenerate and specific PCR and full length sequences
were obtained by RACE-PCR.
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3.6.1 Primer design

To amplify fragments of the target genes in P.viridis, degenerated and specific
primers for PCR amplification were designed. Primers specific to each target gene are
shown in Table 3.1. For Metallothionein gene, degenerated primers were designed

from conserved regions specific to each isoform of MT.

Table 3.1 Sequence, length and the melting temperature of primers designed for MT

genes and some of its isoforms from Puvinidis.

Gene Sequence Length Tm

J (bp) °C

Metallothionein | Sense 5*ATgCCCAgCCCTTOTAAITg 3~ 20 57.8
Anti senses5” ITATTTgCACgAACAACTgg 3° 20 53.7

B-actin Sense 5° TTgggACgATATQgAgAAQAT 3~ 21 56.2
Anti sgfise 5’ACgACCAgAggCgTACAgAg 3” 20 57.5

pvMTO1 Sense 57 CTTgTAATTQCATTQAAACAA 3~ 21 51.9
Anti séfise #5 7CATGCACACTCTCCTQgC,3” 18 | 543

pvMTO02 Sense 5~ ggTgCAgCggAgAAgA. 3~ 16 51.7
Anti sgise #'5 TCTggAgTEACATTTACAggTg 3~ 21 52.7

pvMTO3 Sense 5° gTgggAgTgUATYCAGC 3~ 17 | 538
Anti sense 57 CCACACgCACACQCAT 3~ 16 54.2

pvMTO7 Sense 579TgguAgTIgYToCAgA 3” 17 54.0
Anti sense  5*TACAGGTCTTTggTCCCg 3” 18 53.4

pvMTOS Sense 57T9ggAgTgggTgCAgA 3~ 16 52.2
Antiisense  5° TACAQQTCTTTggTCCCA /3~ 18 |50.7

pvMT11 Sense———b5-ATGCCCAGECCTFGFAAT 23 18 |55.1
Anti‘sense 57 TgCACACTCTCCTggCTg -3~ 18 | 54.9

CYP4 Sense 57 ATCCgAQCQgAAGTCgATACTT 3~ 22 | 621
Anti sense 57gTggTTCATgCCAgACAGTTgg 3 22 62.5

HSP71 Sense 57 ACTCgCAAAGACAGYCAACAA 3” 21 60.8
Anti sense 5"CTCAgACgACgAACAQCTCTCTT 3~ 23 60.8

3.6.2 PCR amplification

PCR was conducted to amplify fragments of target gene using total RNA
extracted from gill and digestive tract of P.viridis . PCR reaction was performed in a
final volume of 25 pl, which composed of 1X buffer, 1.5 mM MgCl, , 0.2 mM dNTP
mix, 0.2 uM Forward Primer, 0.2 pM Reverse Primer, 1U of DyNAzyme'™ II DNA
Polymerase (Finnzymes), The typical PCR profiles was predenaturing at 94 °C for 5
min, followed by 35 cycles of 94 °C for 30 sec, 50-65 °C for 45 sec (depending on the

melting temperature of the primer), and 72 °C for 45 sec, and a final extension at
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72 °C for 5 min. Amounts of first strand cDNA template and annealing temperature

for each gene are shown in Table 3.2

Table 3.2 Details on template and annealing temperature used for gene amplification

Gene First Strand Te?rllpe:::;glre PCR
c¢DNA (ng) C) Product (bp)
Metallothionein 500 50 220
B-actin 500 50 208
pvMTO1 500 50 151
pvMTO02 500 50 154
pvMTO3 500 50 118
pvMTO07 500 50 147
pvMTOS8 500 50 146
pvMTl11 500 50 159
CYP4 250 55 355
HSP71 250 55 337

v
3.7 Expression analysis of the gene in m‘_ussel exposed to mercury

l‘f
Expression levels & of térget genes, including various subunits of

metallothionein, cytochrome P450heat sh—k proteln 70 in mussels exposed to Hg
(lab test) and mussels transplanted at petroleum platforms (field test) were analyzed

using semi-quantitative RT-PCR analysis. B-actin was used as internal control gene.
3.7.1 Exposurc¢ of mussel to mercury

Acclimated! mussels were exposed to musse€l in 5 exposure series: 0, 0.1, 0.2,
0.5 and 1 pg/l. Exposed mussel (N=10) were collected from each treatment after 1, 2,
3,4, 5,6, 7 and 8 weeks of exposure and their gills and digestive tiacts were subjected
to the total RNA extraction and first strand cDNA synthesis as described in 3.5.1.2
and 3.5.3.
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3.7.2 Semi-quantitative analysis
3.7.2.1 Primer design

Primer designed specifically for each target gene and used for semi-

quantitative RT-PCR are shown in Table 3.1
3.7.2.2 Optimization of PCR condition

Prior to the quantitative analysis, /the appropriate PCR condition including
temperature, template concentration, numbet.of cycles, and MgCl, concentration for
each of target genes and.iefeience gene weie veiified based on the criteria that the

PCR product must be on the log phase of amplification.

PCR was perfoamed in a' PCR thémal cycler (Hybraid Limited, England). The
PCR reaction was based onsthe standard_:c;ondition consisted of 1X buffer, 1.5 mM
MgCl, , 0.2 mM dNTP mix, 0.2 ptM ForWaf'd Primer, 0.2 uM Reverse Primer, 1U of
DyNAzyme™ II DNA Polymerase (Fiﬁi}_,zy_mes), The typical PCR Profiles was
predenaturing at 94 °C for 5 min, followed by 35 cycles of 94 °C for 30 sec, 50-65 °C
for 45 sec (depending on the melting tempeféthfe of the primer), and 72 °C for 45 sec,

and a final extension at 72 °C for 5 thin. The:‘cogdition was optimized as follow.

First, the annealing temperature for each targef gene was adjusted within
several degrees to obtain the best intensity and specificity of the target band. Then,
PCR reactions with varigus. concentrations.of DNA templates (between 50-1000 ng)
and amplified'in different numbers of PCR cyeles (20, 25, 30 and 35 cycles) were
carried out. The'condition that amplified the PCR product in the exponential range
and did nét’ teach d plateau develi was chosen:) Also, the applicdtioiis of MgCl, and
primer concentration, ranged from 1.5, 2, 3, and 5 mM for MgCl, and 0.05, 0.1, 0.15
and 0.2 uM for primers, and were determined, the concentrations that gave the highest

yield and specificity were chosen.
3.7.2.3 Semi-quantitative RT-PCR

Semi-quantitative RT-PCR for each target gene was conducted using

the optimize condition as shown in Table 3.4. The PCR product was analyzed using
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agarose gel electrophoresis. The intensity of target band was examined using the
Quantity I Program (BioRad). The expression ratio of target gene and B-actin gene
was analyzed using statistical package in SPSS Version 15 for Window. Significant

different among group of treatments was examined using Duncan’s test and P<0.05.

Table 3.3 Optimal condition for Semi-quantitative RT-PCR of gene in gill and

digestive tract of Hg exposed mussel.

Template | MgCl, | Primer Anealing PCR PCR

Gene (ng/pl) (M) uAD) Teomp. cycle product
O Number (bp)
Metallothionein 500 50 25 50 28 220
p-actin 500 50 25 50 28 208
pvMTO1 500 o0 LY 50 28 151
pvMTO2 500 30 5.5} 50 28 154
pvMTO03 500 30, p. 5, 50 28 118
pvMTO07 500 30 3 235 50 28 147
pvMTO8 500 50 -2 50 28 146
pvMT11 500 30 \ 28 50 28 159
CYP4 250 50 25 35 28 355
HSP71 250 504 26 + 55 28 337

#

— J-:

3.8 Determination of the correlation betwéén-Hg levels and expression levels of

candidate genes.

Correlation of-Hg levels and expression level of candidate genes will be

evaluated by correlations and one way analysis of variance (ANOVA) followed by

Duncan’s newy/niultiple range testsy Significant)comparisens will be considered when

the P value is <,0.05:

3.9 Single cell gel electrophoresis analysis or comet assay, (Génotoxicity test)

In vitro testing was conducted to examine the genotoxic effects of Hg on

mussel haemocytes and sperms using single cell gel electrophoresis assay. The

method was performed according to Pereira et al., (2010) with modification.
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3.9.1 Haemocyte

Haemolymph was withdrawn from coelomic fluid of mussel using 24 G
needle and 1 ml syringe containing 10% sodium citrate as anticoagulant (1:1 dilution).
Haemolymph was centrifuged at 600 g for 2 minutes to precipitate haemocyte and

then resuspended in 100 pl of 10% sodium citrate.

Haemolymp obtained from healthy mussel were separated into 5 treatments
with 3 replications. The test was conducted by adding 10 pl of 10% Sodium citrate to
haemolymp and diluted to the solution that/ceftained approximately 10* haemocytes.
The solution was then mixed with mercuric chilorde stock solution which was diluted

to make the final concentiation of0, 0.001, 0.01,0:1,.1.0 and 10.0 pg/l, respectively.

The exposed haemocyies were then mixed with melted 1% low melting-point
agarose, subsequenctly layered on' 1 % agarose-precoated microscope slide, covered
with a cover slip, and allowed to solidiff at 4 °C. The coverslip was removed and a
second layer of low melting-point agaro‘;_e was placed on the top of the solidified
layer. The gel was then coveéred, with _ the cover slip and stored at 4 °C for
solidification. After the removal of cover shf),lthe slide was subjected to a lysis step
by placing the slide into chilled lysis solut_i(__)'—r‘r_i: (25 M NaCl, 10 mM Tris-HCI, 0.1 M
Na,EDTA, 1X TritoiX;10% Dimethylsulfoxide, pEli0) it 4 °C for 1 h. At the end of
lysis step, the slide. Was placed in an electrophorisis ghamber containing alkaline
electrophoresis buffer (0.3 M NaOH, I mM Na,EDTA, 0.2% Dimithylsulfoxide)for
30 min to allow DNA tosunwind. The electrophoresis was conducted for 10 min at 26
V and 300 mA&After completion of the electrophorisis , the DNA was neutralized by
placing the slide'into neautralization buffer (400 mM Tris-HCI pH 7.5), stained with
ethidium, bromide; andidried“for imimersing i) absoluted éthangly Fot DNA damage
visualization and analysis, micoscopic analysis was conducted using Olympus BX 50
Microscope. Randomly chosen nuclei image (N > 50) from each slide were taken
using Pentax 20D and categorized into ghost cells or cells damaged by cytotoxicity
and comet cells or cells whose DNA was damaged by genotoxicity, the comet cells
were then analyzed using Comet Score software (CometScore' ', TriTek Corporation,
USA). DNA tail length was measured from the exposed haemocytes. DNA tail
moment was calculated (tail length x % DNA in tail), and used as parameters for

determining the degree of DNA damage.
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Viability of haemocytes and the values of tail length and tail moment were
analyzed using the statistical package in SPSS Version 15 for Window. The
difference of parameter among group of treatment for each experiment was tested for
normality and variance homogeneity using Shapiro-Wilk and Levene’s test. For the
genotoxicity test, the parameter was averaged tail length and tail moment. Significant

different among group of treatments was examined using Duncan’s test at P<0.05.
3.9.2 Sperm

Sperms was withdraw from sperm sa¢ of mussel using 1 ml pipettes tip and

diluted to 10° cell/ml. in 10% sodium citrate as.anticoagulant approximately 500 pl.

Prior to the assay,.in"Viiro cell was examined on the normal and Hg exposed
haemocytes and sperms_after 40 30 and 60 min of exposure using PBS buffer. The

mixture was left at room temperature.

The method for comet assay study:"jn sperms similar with study in haemocytes

cells.
3.10 Statistical Analysis 22470

Variables of each exbériment were -t}_/—piéally analyzed using the statistical
package in SPSS Vidision 15 for Window. The differencre of each variable among
group of treatment was tested for normality and variance homogeneity using Shapiro-
Wilk and Levene’s test. . Significant different among group of treatments was

examined using'Duncan’s test at P<0.05.



CHAPTER 1V
RESULTS
4.1 Cloning and characterization
4.1. Degenerate PCR amplification

Degenerate primers designed from conserved regions of HSP70, HSP90, and
CytochromeP450A1 of Pacific oyster, ersggstrea gigas (GenBank accession no.
CB617404), Abalone, Halietis asinina, (GeénBank accession no.EF621884), and
Crassostrea gigas (GenBank accessiono. AJ305315), respectively (Table 4.1), were
used for DNA ampliﬁcitfio_n: Asshown in figure 4.1, DNA fragments at the sizes of
400, 180, and 250 bp, W (__)btained fr&m the PCR of HSP70, HSP90, and CYPIA,
respectively. Sequenc?d{}}_sis these P_CR products were shown in figure 4.2-4.4.
BLAST result (Table S?/illﬂigaﬁed th5§ t}}ese 3 fragments were no match to the
sequences of HSP70, HSP9O, apd CYPIA;;_

sEdy
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Figure 4.1 PCR product of HSP70 (lane 3), HSP90 (lane4), CYP1A (lane5) and
B-actin gene (land 2) as positive control. Lane M is 100 bp DNA ladder.
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Table 4.1 Degenerate primers designed for amplifying target genes in mussel.

Gene Primer sequence Length | Size
(bp) | (bp)
HSP70 | Forward 5 ggAATAgATCTTggAACCACATA 3 23
Reward 5> TTgCCAAgQATATQCTTCTgCAQT 3~ 23 | 382
HSP90 | Forward 5> ggTgAATgTTACCAAggAAgg 3~ 21
Reward 5” gTTACgATACAgCAAQgAgATg 3~ 22 126
CYPIA | Forward 5 gTgCATCAAAQGAATTTTggATAC 3 23
Reward 5 TgCAATAATTTTTgAAgCCCCgg 3~ 23 | 248

GGAATAGATCTTGGAACCACATAATTAGAGCTAGTAAGCACTGTTTAAGTACACTAAAACAT
TTTCTCCCCTTTCCACAAAGICATAAGCATTATGTGCTAGTCAATAGCAGGAAAAATTAATT
ACTTTAAATTGAAAAAAAAGAAAAACTATAAACT TATATCACAGAGATGTTTCCCCTGTCAC
ATATGGATGTTGTTATTCGAGACTFTCGATTGGTGCTAACAGTGTTACTAATTTCATATGTAAT
GGATAAAATATGATATCAAT TGAACT TTTTGACACTACCTAAAAGGATAGATTCCTCGGGTA
TAGTTTGTTTGCATATTGACCTGTC I TAAAGTCGATAATCTCAAACCATGACTGCAGAAGCAT
ATCTTGGCAA —

Figure 4.2 Nucleotide sequence of 400 bp fraément. Primers used in PCR are indicated in
bold and underlined. s .

#

i

GTGAATGTTACAAGGAAGGAGGCTGAGAGTTG'!_’TGA-TTGCCTTCAGGGATTCCAGCTTACACA
TTCCTTGGGAGGTGGAACTGGATCTGG TATGGGAACCETGCTCATCTCCTTGCTGTATCGTA
AC

Figure 4.3 Nucleotide sequence of 180 bp fragment. Primers used in PCR are indicated in

bold and underlined.

GTGCAICAAAGAATTITTGGATACTCTGGAAACATTATCGAAAGAGGATTGCGAAGAAAAAGG
AATCTATCATACGCTTAAAGAAGCCACGGAGGAAAAAGACGAAAATGGGGAACCGTGTATAA
ATGAGGATAACATATATGGAATACTTTTTAATCTTGCTGGAGCTGGATATTTAACAACACGG
GGAACTCTATTATCCGTAATTCAGATCCTTGCAAAAAGACCGGGGCTTCAAAAATTATTGCA

Figure 4.4 Nucleotide sequence of 250 bp fragment. Primers used in PCR are indicated in

bold and underlined.
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Table 4.2 BLAST results of PCR products amplified from first strand cDNA template

of mussel tissue using degenerate primers designed from HSP70, HSP90, and CYP1A

genes of closest species.

Gene Detected | Actual | Putative gene Species Expected | Figure
size (bp) size value
(bp)
HSP70 | 400 382 Unknown - - 4.1
HSP90 | 180 126 Beta-tubulin Rhizoctonia solani 0.58 4.1
CYPIA | 250 248 Unknown - - 4.1

4.1.2 Specific PCR.amplification
-

Specific primers (table 4.3) designed from HSP71 and CytochromeP450
family4 (CYP4) of green mussely Puvirldis, (GenBank accession no. DQ988328 and

EU429566, respectively) were amplified.and subjected to sequence analysis. The

results of PCR and sequienging (figure 4:6 and 4.7) confirmed the identity of HSP71

and CYP4 genes of P.vigidis;

bp

Figure 4.5 PCR product of HSP71 (lane 3), CYP4 (lane4) B-actin gene (land 2) as

positive control, and negative control (lanel). Lane M is 100 bp DNA ladder.
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Table 4.3 Specific primers designed from HSP71 and CYP4 genes of P.viridis.

Gene Primer sequence Length | Size
(bp) | (bp)

HSP71 | Forward 5> ACTCgCAAAgACAggCAACAA 3~ 21
Reward 5 CTCAgACgACgAACAQCTCTCTT 3~ 23 337

CYP4 Forward 5> ATCCgAgCggAAgTCgATACTT 3~ 22
Reward 5 gTggTTCATgCCAgACAQTTgg 3~ 22| 355

ACTCGCAAAGACAGGCAACAAAAGATGCTGGAACCATCTCTGGAATGAATGTGCTGCGTATCATCAATG
AACCTACAGCTGCAGCTATTGCCTATGGT TTAGACAAAAAGCCTACAGGTGAAAGAAATGTTCTCATTT
TTGATCTTGGAGGAGGAACTTLIGATCTATCCATTCTGACAATTGAAGATGGTATCTTTGAAGTCAAGT
CCACCTCTGGAGACACTCACITAGGCIGCEGAAGAT TTTGACAACAGAATGGTGAATCACTTCATCCAAG
AATTCAAACGCAAACACAAGAAAGACAT TAGTGAAAACAAGAGAGCTGTTCGTCGTCTGAG

Figure 4.6 Nucleotid¢ sequenege 0T HSP71: Primers used in PCR are indicated in bold and

underlined.

ATCCGAGCGGAAGTCGATACTTTCTTGTTTGCAC@TCATGATACTACGACCAGTGCAATGAC
TTGGATTCTGTATGAGCTTGCAAAACAACCGGATfACATGATGCAATGTCAGGAAGAAATTG
ATATTGTCTTAAAGGATAGCCATGGCGTTGTAAAGTGGGATAGTTTGGAAAAATTAGAATTT
TTGACTCAGTGCATTAAGGAAGGTATCGAGACTTICATTCACCTGTTCCGATCATCGGTAGACA
GGCGTCAAGACCCTATACCATAGATGGTGTAACATTCCCAGECAAAACTTACTTTTCTGTGC
AAGTGTATGCCTTACAECACAACCCAACTGTCTGGCATGAAECAC

Figure 4.7 Nuéleotide sequence of*CYP4. Primers used in/PCR lare indicated in bold and

underlined.

Table 4.4 BLAST results of PCR products amplified from first strand cDNA template
of mussel tissue using specific primers designed from HSP71 and CYP4 genes of

P.viridis. (Appendix C)

Gene Detected | Size | Putative gene Species Expected Figure
size (bp) | (bp) value
HSP71 337 337 | Heat shock protein 71 P. viridis 2x107° 4.5
CYP4 355 355 | Cytochrome P450 family4 | P. viridis 6x10% 4.5
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4.2. Laboratory study
4.2.1. Mercury concentration (Total mercury) in mussel tissues

Average Hg levels in mussel tissues (whole soft tissue) measured in tank 1
(control), 2, 3, 4, and 5 were 0.0104+0.0090, 0.0579+0.0241, 0.0885+0.0500,
0.1378+0.0505, 0.1644+0.0500, 0.1383+0.0803 ng/g, respectively (Table 4.5). In the
first week, Hg concentrations in un-exposed (control) and other Hg expose mussels
remained the same level except in tank 3:(200 ng/L) which were significantly higher
(Fig.4.8A). At the end of the experiment (weck 8), the differences between treatments
were statistically significant (Fig.4.8B). Hg levels increased in corresponding to the
increasing levels of Hg that applied to the mussels. The average level of Hg in the
mussel before treatment was 0.0104+£0.0091 pg/g while the level from the highest Hg
treatment for 8 weeks was 0.133340.0803 pg /g. The Hg level was approximately 10

times higher than that of initial mussek
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Figure 4.8 Hg concentrations in mussel tissue. The results of Hg level in mussel

tissue at week 1(A) and average 8 weeks (B)
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Table 4.5 Mercury concentration (mean = SD) in tissue of experiment mussels

exposed to different concentration of HgCl, (nug/g)

Time of
Exposure Mussel tanks
(week) Tank 1 Tank 2 Tank 3 Tank 4 Tank 5
(Control) (0.1 pg/L) (0.2 pg/L) (0.5 pg/L) (1.0 pg/L)
0 0.0104+0.0090 | 0.0104=0.0090 | 0.0104-0.0090 | 0.0104£0.0903 | 0.0104=0.0090
1 0.0110£0.0191 | 0.0300£0.0138 | 0.149040.0262 | 0.1266£0.0998 | 0.0140+0.0010
2 0.092640.0371 | 0.065120.0265 | 0.158240.0196 | 0.1176£0.0295 | 0.2076:0.1000
3 0.060120.0291 | 0.114220.0694 | 0.053940.0159 | 0.1506£0.0554 | 0.1048+0.0368
4 0.0559£0.0144 | 0.079320.0252 || 04105720.0476 | 0.1237£0.0954 | 0.07470.0378
5 0.0650£0.0383 | 0.089820.0452 | 0. 146400725 | 0.1966:0.0692 | 0.1499+0.0269
6 0.060120.0396 | 0.1930-0.0663 | 02051400587 | 0.2550£0.1094 | 0.2493%0.1023
7 0.0608+0.0337 | -0.04540.0243 NA 0.181020.0836 | 0.0167=0.1312
8 NA 109142003169 N NA NA
Average | 0.0579-0.0241 | 0:088520.0500 | 0.1378+0:0505.| 0.1644+0.0500 | 0.13830.0803

Remark: NA = data ismot ayailable due to mortality of mussel.

4.2.2 Mercury concentration in éiperiment water

After 8 weeks of mercunic chloridé:_tféatment, the average level of Hg detected
in water of tank 1 (control) to tank 5 (0, 100,’-200, 500, and 1000 ng/L, respectively)
were 2.7514£1.6959, 4.9286+2:5461, 'ik}.$60017.2910, 18.0443+12.1593 and
40.1314+37.1110 ng/L, respectively { Table 215.6'Jf21nd Figure 4.9). This revealed that Hg
levels remained at 0,049, 0.054, 0.036, dr{d'r'6:040 %, tespectively, of the applied

concentrations.
1,200
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Figure 4.9 Hg concentrations in the mussel rearing water in tank 1 (0), tank 2 (0.1

ng/L), tank 3 (0.2 pg/L), tank 4 (0.5 pg/L), tank 5 (1.0 pg/L)
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Table 4.6 Mercury concentrations in water of the experiment mussel tanks (ng/1)

Time of Mussel tanks
Exposure
(week) Tank 1 Tank 2 Tank 3 Tank 4 Tank 5
(Control) (0.1 pg/L) (0.2 ug/L) (0.5 ug/L) (1.0 pg/L)
0 2.60 8.48 23.14 27.93 109.5
1 0.72 4.65 4.82 6.64 15.60
2 1.53 2.37 3.88 6.60 18.82
3 2.57 3.06 6.34 9.26 15.31
4 2.03 2.23 7.54 17.38 22.67
5 5.85 6.00 12.44 19.26 24.03
6 3.96 77 M 2 41786 39.24 74.99
7 NA NA Tr7.r NA NA
8 NA NA L NA NA
Average 2.75 —3 e 18.04 40.13

Remark: NA = data is I@ duelto lost of sample in analysis process

4.2.3 Water qu

Water qualitie m-'erogenous waste) were determined every 2 days.

As shown in figure 4.10 levéls ammonla nitrite, and nitrate were between

after water exchange, lThese resﬁItS‘lndlcatéﬂ‘:ﬂTﬁt the am(‘)tmts of nitrogenous waste in

all experiment tank§ i

Figure 4.10 Experiment tanks for rearing of green mussels (A) and details of

bioreactor used for nitrogenous waste treatment (B, C, and D).
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Figure 4.11 Water qualities of the experiment tanks. A= tankl (control), B = tank 2
(0.1 pg/L), C =tank 3 (0.2 pg/L), D = tank 4 (0.5 pg/L), E = tank 5 (1.0 pg/L)

Remark: * Water was exchanged 50 %, 1 week before start treat Hg in the mussel tank.
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4.3 Field study
4.3.1 Mercury concentration in mussel tissue

Hg concentrations in mussel tissues (whole soft tissue) measured from the
mussel transplanted to petroleum platforms were shown in Table 4.7. Hg levels
ranged between less than 0.0100 to 0.1725 ng/g. The concentration of Hg in mussels
maintained at 5 m. from station A and B were in the same level as station D (reference
site) while that of station C 30D (Fig 4.12) was significantly higher than that of the
other stations (P<0.05).

0.2000

0:1000

Hg.Conc. (ug/g)

nw |
AW ‘ ;
Station A. 511! Station'B. 5 m. Station C.5 m. Station D. 5 m.

0.0000,

Figure 4.12 Hg concentration in musscl tissue from Station A, B, C and D at 5 m.

depth. 30D.

When the levels of Hg in mussels frorré_,g;ach station were compared according
to time, the results showed that after 30 _dfays,_ the level of Hg in tissue tended to
increase. (Fig.4.13B, €, and E) At station A, the level of Hg in mussels at 20 m depth

(Fig. 4.13E) at day 30 was significantly lower than that of day 60 and 90 (P<0.05).

When the levels of Hg in mussels from each station were compared according to
depth, the result'showed jthat thererwas signiticantidifferencesbetween the level of Hg
from the mussels exposéd at 5 m, 20 m and 40 m deépth at station B and C. At day 60,
the level of Hg at 5m was_significantly, higher than that of 20 m and 40 m,
respectively (P<0.05) (Fig. 4. 14Eiand ).
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Figure 413 Hg concentration in mussel tissue according to time of exposure. A to D

indicates the result from 5 m. depth at station A to D, respectively. E to G indicates

the result from 20 m. depth at station A to C respectively. H to J indicates the result

from 40 m. depth at station A to C respectively.
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Figure 4.14 Hg concentration in mussel tissue according to depth of exposure. A to
D indicates the result from 5 m. depth at station A to D, respectively. E to G indicates
the result from 20 m. depth at station A to C respectively. H to J indicates the result
from 40 m. depth at station A to C respectively.
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Table 4.7 Mercury concentrations (Mean + SD) in mussel (pg/g) tissue from

petroleum production platform station A, B, C, and D (reference station)

Station/Depth Days of Exposed
m
(m 30 Day 60 Day 90 Day

St.AS5m 0.0341+0.0143 0.0288+0.0326 0.0502+0.0198
St.A20 m 0.0100+0.0000 0.0797+0.0275 0.0596+0.0316
St.A 40 m 0.0100+0.0000 0.0876+0.0097 NA
St.BSm 0.0535+0.0262 0.1104+0.0555 0.0243+0.0192
St.B 20 m 0.0250+0.0260 0.0219+0.0206 0.0269+0.0292
St.B 40 m 0.0100+0.0000 0.0100+0.0000 0.0100+0.0000
St.CSm 0.0319+0.0051 0,1313+0.0213 0.0888+0.0054
St.C20 m 0.0337+0.0130 0.0349+0.0216 0.0505+0.0040
St.C 40 m 0.0412+0.0094 0.0400-:0.0000 0.0293+0.0166
St.D S m 0.026140.0075 + 0.0360+0:0027 0.0328+0.0048

Remark: NA = data was.netavailable due to mortality of mussel.
Result in stationsD (reference site) showed only in 5 m. depth due to
shallow water at mussel farms. |

| el
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4.3.2 Plankton composition

The average composition of planktons detected from different sites was shown
in fig 4.15. No significant difference were found for the composition of plankton
(t-test, ns) within the offshore stations (Station A, B, and C) while the near shore
station which was reference site (Station D) was significantly higher than that of
Station A, B and C (p< 0.005). The dominant groups of planktons in station A, B, and

C was blue green algae while the dominant group of station D was diatoms.
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Figure 4.15 Plankton,compositions from Petroleum Production Platforms (Station A,

B and C) and referéﬁc’f@' site (Station D) in September 200?_.;

4.3.3 Survival rate of mussel b

Transplanted mussels were collected (3 bags) from each station at 5, 20, and
40 m. and referent site. Survival rates of the mussels were determined and shown in

Fig 4. F6A )

Comparing the mussels maintained in different water depth, no significant
difference between survival rates was found (t-test, ns) except at 90D station A and B
survival rates of mussels at 20 m tend to higher than that of 5 and 40 m depth . When
compared between stations, that of the mussels from Station D, which was a reference
station, were significantly higher than that of the other station (t-test, s) (p< 0.005).
During 3 months of experiment, the survival rates of mussel tend to decrease when

increasing time of exposure.
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Figure 4.16 Survival rates of Mussel, Perna viridis, from Petroleum Production

Platform. A, B, and C represent data from station A, B, and C, respectively while D

indicates station D (reference site).

Remark: * Lost of sample (mussel string shear) at station A 40 m 90D
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4.3.4 Growth rate of transplanted mussels

The mussel growth rate was determined by measuring the average shell length

of 10 mussels from each treatment. Mussels from Station D. (TRAD reference site)

appeared to have larger sizes than the mussels from other stations. The results were

shown in Fig 4.17. By comparing between different depths and stations, no significant

difference was found for shell length of mussel (t-test, ns) between stations.

Shell length/of mussel

B 30D
160D
& 90D

0 0 0 0 0 0 0 0 0 0 0 o o 0 0 e e e
A A e R R R

i
B R

12.00 4

10.00 -
8.00 -

(un) Y3uwd[ [PYS

Station/ Depth

Figure 4.17 Shell lengths of transplanted mussel, Perna viridis, from Petroleum

Production Platform

4.4 Determination of MT, HSP71, and CYP4:.gene expression in Hg exposed

mussels

10n

f PCR conditi

imization o

4.4.1 Opt

Prior to the quantitative analysis, the appropriate PCR condition including

temperature, template concentration, number of cycles, and MgCl, concentration for

each of target genes and reference gene were verified based on the criteria that the

PCR product must be on the log phase of amplification. The condition was optimized

as follow.
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First, the annealing temperature for each target gene was adjusted within
several degrees to obtain the best intensity and specificity of the target band. Then,
PCR reactions with selected annealing temperature were conducted with various
concentration of MgCl, (0.5, 1.0, and 1.5 mM) and the concentration that provide the
best and specific target band was chosen. The optimal primer concentration was
examined with the concentration ranging from 0.10, 0.20 0.25, and 0.30 uM using
PCR with optimal MgCl, concentration and the concentration that gave highest yield
and specificity was chosen. Finally, op‘gimal MgCl, and primer concentration was
used to identify the suitable PCR cycle hﬁ'@er with various concentration of DNA
template (between 100 to 1,000 ng). The cj}clg-’ﬂﬁglber and amount of template that
amplified the PCR produ_cj:__ig the expeﬁ"mental range 'apd did not reach a plateau level

was chosen.

4.4.1.1 Metall

Six subunits of

MTO08, and pvMT11) _id_errtiﬁeﬂiwere subjected to expression analysis. Six

L

rea;;h suhﬁﬁit were designed and used for PCR

.- "
Abd b

pairs of primers speci
amplification in compariso tq;,t*_c—)t_al MT. Elffn@:rs previously obtained for amplifying
total MT gene. Figure 4.18 sho@ the P?i({gr_oducts of each subunit which were

amplified from the same stock of first strand cDNAipr r_pussel gills using specific

primers of each subéttﬁ%. 4:)

Figure 4.18 PCR products of MT variants of P.viridis using the first strand cDNA
extracted from gill (lane 1 to 9 represent 100 bp ladder, B-Actin (200 bp), MT (220
bp), pvMTO1 (151 bp), pvMT02 (154 bp), pvMTO03 (118 bp), pvMTO07 (147 bp),
pvMTO8 (146 bp), pvMT11 (159 bp), respectively.
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The optimal PCR condition of total MT gene and 6 of its variants were shown in Fig.

4.19-4.25 and summary of optimal condition shown in table 4.8

a M1 23 b M1234

c M12.34'5, 67 8 910

1000~

——250 ng

—A—500 ng

Intensity of band

e ol
el Numberofeli:]e_‘“-_‘;,-E

\ |=.
> 4

Figure 4.19 Optim-i('zfaﬁon of PCR condition for quantigii;lg the expression level of
total MT gene. MgClz_:_‘_concentration was examined fro_é_l the varied concentration of
0.5, 1.0, and 1.5 mM.(Lane _al-a3). Primer, was examined from the concentration of
0.10. 0.20, 0.25'and 0.30 uM (Lane b1-b4).iNumber of cycle was examined from the
varied number of 15, 20, 25, 30, and 35 cycles for 250 ng (Lane cl-c5)and 500 ng
(Lane «c6-c10) of <gill “first strand |[cDNA ‘template. Laine ‘M 45y DNA ladder. The

intensitysof amplified product was plotted against the number of amplification cycle

(d)
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Figure 4.20 Optimiza;cion of PCR condition, for quantifying the expression level of
pvMTO1. MgCl; concentration was examined from the varied concentration of 0.5,
1.0, and 1.5 mM. (Lane al-a3). Primer was examined from the concentration of 0.10.
0.10, 0:25 and 0.3 uMi(Eaneb 1=b4).;Nuthber of Cycl¢iwas exaniined from the varied
number of 15, 20, 25, 30, and 35 cycles for 250 ng (Lane c1-c5)and 500 ng (Lane c6-
c10) of gill first strand cDNA template. Lane M is DNA ladder. The intensity of

amplified product was plotted against the number of amplification cycle (d.)
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Figure 4.21 Optimizaﬁon of PCR condition for quantifying the expression level of
pvMTO02. MgCl, concéntratiofi‘was lexamitied /froinl the varied concentration of 0.5,
1.0, and 1.5 mM:(Lane al-a3). Primer was examined from the concentration of 0.10.
0.20, 0.25 and 0.30.uM, (Lane.b1-b4). Number.of cycle was examined from the varied
number of 15, 20,235, 30, and35cyclesifor 250 ng (LLane-¢1-c5)and 500 ng (Lane c6-
c10) of gill first strand cDNA template. Lane M is DNA ladder. The intensity of

amplified product was plotted against the number of amplification cycle (d.)
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Figure 4.22 Optimizafion of PCR condition for quantifying the expression level of
pvMTO03. MgCl; coricéntration /wds lexamined froil the varied concentration of 0.5,
1.0, and 1.5 mM; (Lan¢ al-a3). Primer was examined from the concentration of 0.10.
0.20, 0.25 and 0.30.uM, (Lane.b1-b4). Number.of cycle was examined from the varied
number of 15, 20,235, 30,/ and35cyclesfor 250 ng (LLane-¢1-c5)and 500 ng (Lane c6-
c10) of gill first strand cDNA template. Lane M is DNA ladder. The intensity of

amplified product was plotted against the number of amplification cycle (d.)
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Figure 4.23 Optimiza{ion of PCR condition, for quanti}‘ying the expression level of
pvMTO07. MgCl, concentration was examined from the varied concentration of 0.5,
1.0, and 1.5 mM. (Lane al-a3). Primer was examined from the concentration of 0.10.
0.20, 0225 and 030 uMi(Eaneb I=b4).MNumber of cycl¢iwas exaniined from the varied
number of 15, 20, 25, 30, and 35 cycles for 250 ng (Lane ¢1-cS)and S00 ng (Lane c6-
cl10) of gill first strand cDNA template. Lane M is DNA ladder. The intensity of

amplified product was plotted against the number of amplification cycle (d.)
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Figure 4.24 Optimiza&on of PCR condition for quantifying the expression level of
pvMTO08. MgCl, concentrationi'was examined 'from the varied concentration of 0.5,
1.0, and 1.5 mM: (Lane al-a3). Primer was examined from the concentration of 0.10.
0.20, 0.25 and 0.30-uM,(Lane-b L-b4). Number-of-cycle,was examined from the varied
number of 15, 20, 25, 30, and"35-cycles for 250 ng (Lane-e1-c5)and 500 ng (Lane c6-
cl10) of gill first strand cDNA template. Lane M is DNA ladder. The intensity of

amplified product was plotted against the number of amplification cycle (d.)
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Figure 4.25 Optimization<of PCR conditién’ for quantifying the expression level of
pvMT11. MgCl; concentration was examined from the varied concentration of 0.5,
1.0, and 1.5 mM. (Lane al-a3). Primer was examined from the congentration of 0.10.
0.20, 025 and 0.30"uM (Lane b1-b4). Number of cycle was examined from the varied
number of 15, 20, 25, 30, and 35 cycles for 250 ng (Lane cl-c5)and 500 ng (Lane c6-
c10) of gill first strand cDNA template. Lane M is DNA ladder. The intensity of

amplified product was plotted against the number of amplification cycle (d.)



4.4.1.2 HSP71 gene

The optimal PCR condition of total HSP71 gene was shown in fig. 4.26
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Figure 4.26 'Optimization of PCR condition for quantifying thé ‘expression level of

HSP71 gene. MgCl, concentration was examined from the varied concentration of

0.5, 1.0, and 1.5 mM. (Lane al-a3). Primer was examined from the concentration of
0.10. 0.20, 0.25 and 0.30 uM (Lane b1-b4). Number of cycle was examined from the
varied number of 15, 20, 25, 30, and 35 cycles for 250 ng (Lane cl-c5)and 500 ng
(Lane c6-¢c10) of gill first strand ¢cDNA template. Lane M is DNA ladder. The

intensity of amplified product was plotted against the number of amplification cycle

(d)



4.4.1.3 CYP4 gene

The optimal PCR condition of total CYP4 gene was shown in fig. 4.27
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Figure 4.27 Optinmzation of PCR condition for quantifying the,expression level of

CYP4 gene. MgCl, concentration was examined from the varied concentration of 0.5,

1.0, and 1.5 mM. (Lane al-a3). Primer was examined from the concentration of 0.10.

0.20, 0.25 and 0.30 uM (Lane b1-b4). Number of cycle was examined from the varied

number of 15, 20, 25, 30, and 35 cycles for 250 ng (Lane cl-c5)and 500 ng (Lane c6-

cl0) of gill first strand cDNA template. Lane M is DNA ladder. The intensity of

amplified product was plotted against the number of amplification cycle (d.)



4.4.1.4 p-actin gene

The optimal PCR condition of total B-actin gene was shown in fig 4.28
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Figure 4.28 Optimization of PCR conditioﬁ for quantifying the expression level of

B-actin gene. MgCl, congentration was examined from the varied concentration of

0.5, 1.0, and 1.5 mM. (Lang al-a3). Primer was examined from the concentration of
0.10. 0.20, 0.25 and 0.30 uM (EBane bl-b4).:N‘u]i“nber of cycle was examined from the
varied number of 15, 20, 25,30, and 35 cycles (Lane c1-c5) for 500 ng of gill first
strand cDNA template-tbane-M-is-DNA-ladder—the-itensity of amplified product

was plotted against themumber of amplification cycle (d-)

Table 4.8 Summary of‘optimal condition for semi-quantitative RT-PCR of gene

in gill of mercury exposed mussel.

Template | “MgCl," | | Primer Arfdipe reR PCR
Gene tng/jil) (mM) (M) Timp. cycle product

(0O Number (bp)

1. Metallothionein 500 0.50 0.25 50 28 220
2. pyMTO1 500 0.50 0.25 50 28 151
3. pyMT02 500 0.50 0.25 50 28 154
4. pvMTO03 500 0.50 0.25 50 28 118
5. pyMT07 500 0.50 0.25 50 28 147
6. pyMTO8 500 0.50 0.25 50 28 146
7. pvMT11 500 0.50 0.25 50 28 159
8. HSP71 250 0.50 0.25 55 28 337
9.CYP4 250 0.50 0.25 55 28 355
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4.4.2 Semi-quantitative RT-PCR of MTs, HSP71, and CYP4 genes

4.4.2.1 Laboratory study
4.4.2.1.1 Expression level of total MT gene in Hg exposed mussels

Total MT gene expression levels were determined from the mussels exposed
to 0, 0.1, 0.2, 0.5, and 1.0 ppb of mercuric chloride for 8 weeks. The results (table 4.9
and figure 4.29 A-H) revealed no significant difference between mussels from control
and other treatments (P>0.05). Within week 7, complete mortality of mussel was
obtained from 0.2 ppb treatment. Complete moitalities were increasingly obtained

within week 8 (control, O:dy:0:5;and 1.0 ppb treatments).
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Figure 4.29 Relative expression level of MT gene in experiment mussels. A to H

indicates the result from week 1 to 8, respectively.

Table 4.9 Relative expression levels of MT gene of mussels exposed to different

concentrations of HgCl,

Egl;l)‘;l?rfe HgCl, Concentration (pg/L)

(week) 0 0.1 0.2 0.5 1.0
0 0.814+0.22 0.81+0.22 0.814+0.22 0.81+0.22 0.81+0.22
1 0.89+0.18 0.94+0.02 0.88+0.05 0.82+0.20 1.03+0.13
2 1.04+0.06 1.02+0.10 0:99+£0.07 1.01+0.17 0.95+0.01
3 0.95+0.01 0.9040.02 0.98+0.11 0.99+0.07 0.95+0.02
4 0.84+0.18 0.96::0.03 1:03£0.12 0.84+0.18 0.97+0.04
5 0.94+0.05 0.97+0.06 0.99+0.09 0.96+0.05 0.97+0.01
6 0.89+0.09 0.9940.06 0.94=0.01 0.95+0.04 0.96+0.03
7 0.97+0.02 1.00::0.01° NA 0.97+0.03 0.97+0.06
8 NA 1.005:0.00 § NA NA NA

Remark: NA = data not available due to n&bﬁality of mussel.

4.4.2.1.2 Expression level of vaTxﬂl’-‘in Hg exposed mussels

The results (table 4.10 and figure 4.3'0A{H) revealed no significant difference

between mussels from control and ether treaﬁ_n_eints (P>0.05). Also, no significant

difference of the expréssion level of pyMTO1 was detected.in all mussels during the

experiment.
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Figure 4.30 Relative expression level of pyMTO1 in experiment mussels. A to H

indicates the result fromweek'1 t0'8, respectively.

Table 4.10 Relative expression level-of pyMTO1 gene of mussels exposed to different

concentrations of HgClI, i
E’l;::(l)z 1;)rfe HgCl é:qg?fntration (ng/L)

(week) 0 0.1 0.2 0.5 1.0
0 0.74+0.33 | -0.74+0.33 [/ 0.74+0.33 0.74+0.33 0.744+0.33
1 0.83+0.12 0.93+0.14 0.96+0.04 0.95+0.08 1.05+0.25
2 1.012-0:06 0.85+0.14 0:95£0:06 " 10.94+0.10 0.92+0.11
3 0.94+0.08 0.85+0.04 0.97+0.13 0.92+0.05 0.86+0.05
4 0.944+0.03 0.83+0.10 1.01+0.16. | 0.94+0.03 0.944+0.03
5 0.90+0.09 0.82+0.10 0.934+0.12 0.94+0.05 0.924+0.06
6 0.95+0:05 0.96+0.08 0.92+0.02 0.96+0.06 0.88+0.04
7 0.9040.03 1.01+0.00 NA 0.88+0.13 0.97+0.05
8 NA 1.01+0.01 NA NA NA

Remark: NA = dataywas not available due'to mortality of mussel.

4.4.2.1.3 Expression level of pvMTO02 in Hg exposed mussels

The results (table 4.11 and figure 4.31A-H) revealed no significant difference
between mussels from control and other treatments (P>0.05). Also, no significant
difference of the expression level of pvMTO02 was detected in all mussels during the

experiment.
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Table 4.11 Relative expression level of pvMT02 gene of mussels exposed to different

concentrations of HgCl,

El;(l:(l);;):e HgCl, Concentration (pg/L)

(week) 0 0.1 0.2 0.5 1.0
0 0.64+0.08 0.64+0.08 0.64+0.08 0.64+0.08 0.64+0.08
1 0.75+0.01 0.86+0.06 0.88+0.20 0.94+0.10 0.85+0.16
2 0.95+0.09 0.84+0.16 0.87+0.06 0.85+0.13 0.83+0.01
3 0.86+0.09 0.78+0.01 0.89+0.09 0.81+0.05 0.79+0.03
4 0.93+0.11 0.88+0.07 0.85+0.09 0.93+0.11 0.80+0.02
5 0.89+0.15 0.86+0.04 0:92:£0.15 0.80+0.04 0.82+0.03
6 0.87+0.05 0.88+0.07 0.89+0.05 0.90+0.11 0.94+0.05
7 0.82+0.02 1,01+0.01 NA 0.91+0.08 0.97+0.08
8 NA 1701-:0.00 NA NA NA

Remark: NA = data was'notavailable due to mortality of mussel.

4.4.2.1.4 Expression level of vaT03 in Hg exposed mussels

The results (table'4.12 and figure 4.é2A-H) revealed no significant difference

between mussels from cofitrol and ‘other tréatments (P>0.05). Also, no significant

difference of the expression level of pVMT§)3 was detected in all mussels during the

experiment.
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Figure 4.32 Relative expressionlevel of pvMTO3 in experiment mussels. A to H

indicates the result from week I'to &, respectively.

Table 4.12 Relative expgession leyel of pyMTO3 gene of mussels exposed to different

concentrations of HgCl,

El;(l:(l);;):e HgCl Concentration (ng/L)

(week) 0 0.1 200.2 0.5 1.0
0 0.82+0.20 | 0.82#0.20 | 0.82+0.20 | 0.82+0.20 | 0.82+0.20
1 0.94+0.01 | 0:83£024 | 0.91+0.04 [0.90+0.06 | 1.01+0.14
2 1.0240.06 | 0.92+0.08 | 1.01£0.07 §.0.97+0.14 | 0.98+0.10
3 0.90:0.07 | 0.86£0.01 | 1.01£0.13 |.'0.91+0.11 | 0.86+0.04
4 0.86:0.09 | 0.87£0.08 | 0.9740.19 | 0.86+0.09 | 0.90+0.05
5 0.92+0:07 | 0.85£0.10 | 0.92+0.15~| 0.91+0.06 | 0.84+0.09
6 0.90+0.08 .. 0.92£0.09 [2.0.90+0.06 | 0.92+0.06 | 0.90+0.03
7 0.894+0:02 7)) 1/012-0.01 NA 092+0.10 | 0.93+0.10
8 NA 1.01=0.02 NA NA NA

Remark: NA-=.data<was net available dueito,mertality of mussel,

4.4.2.1.5 pvMTO07 expression in mussels tissue

Significant differences between the expression levels of pvMTO07 in mussels

from different treatments were detected (table 4.13 and figure 4.33A-H). It was

increasing in correlation with the increasing level of Hg applied to the mussels.

Expression level of pvMTO07 from mussels exposed to 0.2 ppb of mercuric chloride

was significantly higher than that of control mussels within the first week (p<0.05)

(Fig. 4.34A). At the end of the experiment (8 weeks), the average pvMTO07 expression
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level from all Hg treatments (tank 2-5) appeared to be significantly higher than that of
control mussels (tank 1) (p<0.05) (Fig. 4.34B).
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Figure 4.33 Relative expression level of pvMTO7 in experiment mussels. A to H

indicates the result from week 1 to 8, respectively.

Remark? The same supetscripts indicated that the relative expression level was not
significantly different (P>0.05) amount group of treatment within the same period of

exposure.
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Figure 4.34 Average expression level of ‘_Iéi/MTO7 at week 1 (A) and average 8 week

Remark: The same superscripts indicated that the relative expression level was not

significantly different (P>0.05) amount gr;)iif')j_(l)gf treatment within the same period of

exposure.

| el

Table 4.13 Relative expression level of pyMTO7 gene ofmussels exposed to different

concentrations of HgCl,

E];(l::)il;):e HgCl, Concentration (pg/L)

(week) 0 0.1 0.2 0.5 1.0
0 0.51+0.22° | 0.51+0.22* | 0.51+£0.22% | 0.51£0,22° | 0.5140.22°
1 0:37+0.04% 0:63041E3 & 0133£0.28% b 1.13:0:323% | 0.65+£0.36*°
2 0.76%0.42*7 | 0:78+036™° [10.77:0,08™% | 1.16+0.33™° | 0.96+0.23*°
3 0.54+0.29" | 1.15+0.26™° | 0.89+0.06™° | 1.10+0.34*° | 1.42+0.82*°
4 0.9440.11*° | 1.16+0.24*° | 0.89+0.27*° | 1.03+0.59*° | 0.8620.41*°
5 1.02+0.56*° | 0.73+£0.08*° | 1.3420.58*" | 1.42+0.52*° | 1.06+0.13*°
6 0.724+0.04*° | 0.91+£0.25*° | 1.09+0.19*° | 1.20£0.10*" | 1.1140.05*°
7 0.67+0.08"" | 0.69+0.10*" NA 1.61+0.23° | 1.35+0.13*°
8 NA 0.91+0.27 NA NA NA

Remark: NA = data was not available due to mortality of mussel. The same
superscripts indicated that the relative expression level was not significantly different

(P>0.05) amount group of treatment within the same period of exposure.



4.4.2.1.6 Expression level of pvMT08 in Hg exposed mussels

The results (table 4.14 and figure 4.35A-H) revealed no significant difference
between mussels from control and other treatments (P>0.05). Also, no significant

difference of the expression level of pvMTO08 was detected in all mussels during the
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Figure 4.35 Relative expression level of pvMTO08 in experiment mussels. A to H

indicates the result from week 1 to 8, respectively.
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Table 4.14 Relative expression level of pvMTO08 gene of mussels exposed to different

concentrations of HgCl,

E'l;(l:(l);;):e HgCl, Concentration (pg/L)

(week) 0 0.1 0.2 0.5 1.0
0 0.58+0.24 0.58+0.24 0.58+0.24 0.58+0.24 0.58+0.24
1 0.59+0.06 0.61+£0.03 0.65+0.11 0.78+0.20 1.03+0.13
2 0.87+0.18 0.76+0.08 0.76+0.11 0.73+0.09 0.95+0.01
3 0.68+0.03 0.70+0.04 0.68+0.07 0.66:0.09 0.95+0.02
4 0.77+0.14 0.66+0.05 0.77+0.14 0.62+0.07 0.97+0.04
5 0.70+0.07 0.76+0.07 0164::0.07 0.71+0.08 0.97+0.01
6 0.74+0.03 0.75+0.11 0.74+0.06 0.83+0.10 0.96+0.03
7 0.69+0.04 1703+0.01 NA 0.89+0.14 0.97+0.06
8 NA 1703-:0.02 NA NA NA

Remark: NA = data was'notavailable due to mortality of mussel.

4.4.2.1.7 Expression level of pvMT11 in Hg exposed mussels

The results (table'4.15 and figure ;4.§6A-H) revealed no significant difference

between mussels from cofitrol and ‘other tréatments (P>0.05). Also, no significant

difference of the expression level of pVM”P:!l:l, was detected in all mussels during the

experiment.
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Figure 4.36 Relative expression level of pvMTI11 in experiment mussels. A to H

indicates the result fromaweelk'1 £0'5, resbectively.

i

Table 4.15 Relative expression level'of pyMT11 gene of mussels exposed to different

concentrations of HgCl,

. " F
Erl;;l(l)zl;):e z "_HgClz 'ﬁ:t:_r_l}ﬁentration (ng/L)
(week) 0 =01 0.2 0.5 1.0

0 0.73+0.28 | 0734028 | 0.73£0.28 | 0.73+0.28 | 0.73+0.28
1 0.79£0.02 | 0.95+0.17 | 0.95+0.14. 1. 0.89+0.12 | 1.02+0.23
2 1.05:0:70 | 0.9050.15 | T.01£0.06 1| 10.91+0.08 | 0.96+0.07
3 0.85+0:07 | 0.84+0.06 | 0.96+£0.07~ 0.88+0.13 | 0.84+0.08
4 0.87+0.22 | 0.87+0.12 | 1.03+0.17.| 0.87+0.22 | 0.93+0.12
5 0.90£0.09 | 0.93+0.14 |. 0.89+0.14 | 0.92+0.13 | 0.84+0.12
6 0.96+0011 ~f 091046y 4~ 940109 1-094+0.07 | 0.96+0.12
7 0.8440.06 « 1.01+0.00 NA 0.93+0.12 | 0.96+0.09
8 NA 1.02+0.02 NA NA NA

Remarks; NA = dataywas not available due to mortality of mussel:
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4.4.2.1.8 Expression level of HSP71 gene in Hg exposed mussels

The results of HSP71 gene expression (table 4.16 and figure 4.37A-H)
revealed no significant difference between mussels from control and other treatments

(P>0.05). No significant difference of the expression level was also detected in all

mussels during the experiment.
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Figure 4.37 Relative expression level of HSP71 gene in experiment mussels. A to H

indicates the result from week 1 to 8, respectively.
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Table 4.16 Relative expression level of HSP71 gene of mussels exposed to different

concentrations of HgCl,

El;(l:(l);;):e HgCl, Concentration (pg/L)

(week) 0 0.1 0.2 0.5 1.0
0 0.81+0.22 0.81+0.22 0.81+0.22 0.81+0.22 0.81+0.22
1 0.89+0.18 0.94+0.02 0.88+0.05 0.82+0.20 1.03+0.13
2 1.04+0.06 1.02+0.10 0.99+0.07 1.01+0.17 0.95+0.01
3 0.95+0.01 0.90+0.02 0.98+0.11 0.99+0.07 0.95+0.02
4 0.84+0.18 0.96+0.03 1.03+0.12 0.84+0.18 0.97+0.04
5 0.94+0.05 0.97+0.06 0:99:£0.09 0.96+0.05 0.97+0.01
6 0.89+0.09 0.99+0.06 0.94+0.01 0.95+0.04 0.96+0.03
7 0.97+0.02 1700+0.01 NA 0.97+0.03 0.97+0.06
8 NA 1700-:0.00 NA NA NA

Remark: NA = data was'notavailable due to mortality of mussel.

4.4.2.1.9 Expressionlevel of CYP4 gene in Hg exposed mussels

The results of CYP4 gene expiession (table 4.17 and figure 4.38A-H) revealed

no significant difference between mussels from control and other treatments (P>0.05).

No significant difference of the expression level was also detected in all mussels

during the experiment.
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Figure 4.38 Relative expressionslevel of CYP4 gene in experiment mussels. A to H

indicates the result from week I'to &, respectively.

Table 4.17 Relative expression level of :CYP4 gene of mussels exposed to different

concentrations of HgCl,

E'l;(l:(l);;):e HgCl; Concentration (ng/L)

(week) 0 0.1 0.2 0.5 1.0
0 0.81+0.22 0.81£0.22, [70:81+0.22 0.81+£0.22 0.81+0.22
1 0.89+0.18 | 0.94£0.02 0.88+0.05 0.82+0.20 1.03+0.13
2 1.04+0.06 1.02+0.10 0.99+:0.07 4 -1.01+0.17 0.95+0.01
3 0.95+0.01 0.90+0.02 0.98+0.11 0.99+0.07 0.95+0.02
4 0.84+0.18 0.96+0.03 1.03+0.12 0.84+0.18 0.97+0.04
5 0.94+0:05 0.97+0.06 0.99+0.09 | 0.96+0.05 0.97+0.01
6 0.89+0.09 0.99+0.06 0.94+0.01 0.95+0.04 0.96+0.03
7 0.97+0.02 1.00£0.01 NA 0.97+0.03 0.97+0.06
8 NA 1.00x0.00 NA NA NA

Remarks NAs=-data-was not available dueiteymortality of mussel:
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4.4.2.2 Field study

Expression levels of target genes including MT gene and its variants, HSP71,
and CYP4 genes in mussels transplanted at petroleum production platforms were

determined.
4.4.2.2.1 Expression level of total MT gene in transplanted mussels

Expression levels of total MT gene were determined in gills and digestive
tracts of mussels transplanted at 3 offshore stations (station A, B, and C) in
comparison with reference station (station D). The results of total MT expression
levels in mussels at different-depths during 3 -menths of experiment were shown in

figure 4.39a, 4.39b and table 4¢18a and 4.18b.
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Figure 4.39a Relative cxpression level of total MT gene in gill of mussels

transplanted at 4 studied sites /A to D indicates the result from 5 m. depth at station A

to D, respectively. E to G indicates the result from 20 m. depth at station A to C,

respectively. H to J#indicates the result from 40 m. depth at station A to C,

respectively.
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Figure 4.39b Relative expiession level of total MT gene in digestive tract of mussels
transplanted at 4 studied sif€s /A to D indicates the result from 5 m. depth at station A
to D, respectively. E to @ indicates the result from 20 m. depth at station A to C,
respectively. H to J#indicates the result from 40 m. depth at station A to C,

respectively.

Table 4.18a Relative expression level of total MT gene in gill of mussels transplanted

i

at 4 studied sites (n=3) Sl

Stations/ Depth Time of Exposure (Day)
(m) 30D
ay 60 Day 90 Day

ST.ASm 1.04+0.31 0.91+0.19 1.75+0.89
ST.A20 m 0,77£0.26 1.10+0.60 0.55+0.06
ST.A 40 m 0.79+046 14224033 NA
ST.BSm 1.0740.44 1.25+0.59 0.81+0.21
ST.B20 m 0.83+0.47 0.99+0.18 1.27+0.60
ST.B 40.m 1.284+0.83 1.1310,18 1.20+0.21
ST.C 5'm 0.99£0.15 0.60£0.07 0.29+0.03
ST.C 20 m 0.73+0.30 1.44+0.48 1.09+0.33
ST.C 40 m 1.00+0.57 1.50+0.66 0.62+0.23
ST.D5Sm 0.91+0.50 0.97+0.07 0.89+0.15

Remark: NA = data was not available due to mortality of mussel.
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Table 4.18b Relative expression level of total MT gene in digestive tract of mussels

transplanted at 4 studied sites (n=3)

Stations/ Depth Time of Exposure (Day)
(m) 30D
ay 60 Day 90 Day

ST.AS5Sm 0.87+0.29 0.99+0.51 0.95+0.26
ST.A 20 m 0.91+0.41 0.83+0.47 0.85+0.35
ST.A 40 m 0.65+0.24 1.10+£0.43 NA
ST.B5m 0.75+0.20 1.19+0.41 0.69+0.27
ST.B 20 m 0.83+0.47 1.01+0.66 0.80+0.31
ST.B 40 m 0.85+0.58 1003+0.71 0.72+0.17
ST.C5m 1.11+0.66 1.040.43 0.83+0.43
ST.C20 m 0.9320.51 ) 17082036 1.51£1.23
ST.C40 m 1.27::0:39 1.090.07 0.41+0.10
ST.D5m 0.91+0"50 0.92+0.40 1.41+0.15

Remark: NA = data wagaiot available dug to mortality of mussel.

The total MT expression levels appea}_red to be various among different depths,
time, and stations. Alsg, the average MT éxpression levels of mussels from some
stations (station A and B) seemed to be hlgher than that of station D (reference site)
and that of the gill appeared to be expfés_ng.ad higher than that of reference site.
However, there were no significant differenéeé J]';etween the results from these stations
due to the diverse results between sampléé:'-;Thi's can be-indicated that there is no
influence factors on the expression level of total MT gene from mussels at reference
site (station D) and betroleurn production platforms (station A, B, and C). Similar

result was obtained from the study of digestive tract (Fig; 4.40A and B)

Ratio of MT/Actin Gill 5 m. A Ratio of MT/Actin Digestive tract 5 m. B
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0.0000 - e |
StationA 5m. StationB5m. StationC 5m. Station D 5m.

Figure 4.40 Ratio of MT expression in mussels at 5 m. depth (A = ratio of MT in gill,
B =ratio of MT in Digestive tract)
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When compared the levels of total MT gene from each study site according to
time, the results showed that after 30 days, the level of total MT gene tended to

increase in tissue. (Fig. 4.41) However, the difference was not statistically significant.

A B
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Figure 4.41 Ratio of MT expression in mussel during times of experiment (A = MT

gill at station B at 20m, B=MT digestive tract at station C at 20 m)
4.4.2.2.2 Expressiondevel of pvMT01 in transplanted mussels

The pvMTO1 expreSsion levels appeared to be various among different depths,
time, and stations. (Table" 4.19) Also, $he average pvMTO1 expression levels of
mussels from some stations (station A 60If’)) (Fig.4.42A) seemed to be higher than that
of station D 30D and 60D (refefence sf_ifglt){(Fig.4.42D) However, there were no

significant differences between the results frjb—m_l-ghese stations.

When compared the levels of pVMT(")'-I"-g"ene from each study site according to
time, the results showed-that-aftei-30-days,-the level of pvMTO1 gene tended to
increase in tissue. (Fig. 4.42A, B, C, D, E, G, and F) However, the difference was not

statistically significant.

When compared the level of pvMT01 gene between depths, the results showed
the level of pvMTO1 gene tended to decrease in tissue (station B 5, 20, and 40m.).
(Fig. 442B, F,"and+) However, the difference was not 'statistically significant.
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Figure 4.42 Relative expression level of pvMTO1 in gill of transplanted mussels. A to

D indicates the result from 5 m. depth at station A to D, respectively. E to G indicates

the result from 20 m. depth at station A to C, respectively. H to J indicates the result

from 40 m. depth at station A to C, respectively.
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Table 4.19 Relative expression level of pvMTO1 in gill of transplanted mussels (n=3)

Stations/ Depth Time of Exposure (Day)
(m) 30D
ay 60 Day 90 Day

ST.AS5m 0.27+0.06 0.81+0.12 0.34+0.09
ST.A 20 m 0.50+0.07 0.69+0.31 0.65+0.39
ST.A 40 m 0.22+0.03 0.40+0.36 NA
ST.B5m 0.48+0.22 0.73+0.24 0.78+0.16
ST.B 20 m 0.58+0.28 0.44+0.34 0.24+0.03
ST.B 40 m 0.49+0.18 0.42+0.34 0.62+0.41
ST.C5m 0.45+0.35 0.58+0.23 0.36+0.14
ST.C20 m 0.27+0.03 0.51+£0.25 0.47+0.39
ST.C40 m 0.63+0.39 0.40+0.04 0.64+0.27
ST.D Sm 0.42%0.06 0.69£0:20 0.48+0.20

Remark: NA = data was.met ayailable due to mortality of mussel.

4.4.2.2.3 Expression level of pyMTO02 in transplanted mussels

The pvMTO02 expression levels appeeifred to be various among different depths,
time, and stations (Table 4.20), Also, the average pvMTO02 expression levels of
mussels from some stations (Station B and € at 5M 30, and 60D) (Fig.4.43B and C)
seemed to be higher than that of station D (@éﬁence site) (Fig.4.43D) However, there

were no significant differences between the rcsglts from these stations.

When compared the levels of pvMTO02 gene from cach study site according to
time, the results showed that after 30 days, the level of pvMTO02 gene tended to

increase in tissue. (Fig. 4.43E) However, the difference was not statistically

significant.

When compared the level of'pvMTO02 genesbetween depthsi.the results showed

the level of pvMTO2 gene tended fo decrease in dissue (stationyC 5, 20, and 40m.).

(Fig. 4.43C, G, and J) However, the difference was not statistically significant.
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Figure 4.43 Relative expression level of pvMT02 in gill of transplanted mussels. A to
D indicates the result from 5 m. depth at station A to D, respectively. E to G indicates
the result from 20 m. depth at station A to C, respectively. H to J indicates the result
from 40 m. depth at station A to C, respectively.
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Table 4.20 Relative expression level of pvMT02 in gill of transplanted mussels (n=3)

Stations/ Depth Time of Exposure (Day)
(m) 30D
ay 60 Day 90 Day

ST.AS5m 0.46+0.25 0.49+0.05 0.54+0.16
ST.A 20 m 0.55+0.09 0.69+0.27 0.43+0.07
ST.A 40 m 0.52+0.26 0.36+0.17 NA
ST.B5m 0.72+0.34 0.59+0.09 0.53+0.14
ST.B 20 m 0.50+0.24 0.44+0.11 0.47+0.19
ST.B 40 m 0.41+0.12 0.43+0.19 0.85+0.19
ST.C5m 0.74+0.21 0.77+0.24 0.63+0.29
ST.C20 m 0.53+0.15 0.60+:0.17 0.50+0.04
ST.C40 m 0.53+0.24 07530419 0.58+0.21
ST.D Sm 0.66¥0.27 0.57£0.06 0.59+0.19

Remark: NA = data was.met ayailable due to mortality of mussel.

4.4.2.2.4 Expression level of pyMTO03 in transplanted mussels

The pvMTO03 expression levels appeeifred to be various among different depths,

time, and stations. (Table ' 4.21) Also, the average pvMTO3 expression levels of
mussels from some stations (sStation A, B, femglr C) (Fig.4.44A, B, and C) seemed to be
higher than that of station” D ‘(reference s@)'-‘_'(Fig.4.44D) However, there were no

significant differences between the tesults f-ro_m;these stations.

When compared the levels of pvMTO03 gene from cach study site according to
time, the results showed that after 30 days, the level of pvMTO03 gene tended to

increase in tissue. (Fig. 444A, C, and E) However, the difference was not statistically

significant.

When compared the level of'pvMTO03 genesbetween depthsi.the results showed

the level of pvMTO3 gene tended fo decrease in dissue (stationyC 5, 20, and 40m.).

(Fig. 4.44C, G, and J) However, the difference was not statistically significant.
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Figure 4.44 Relative expression level of pyMTO03 in gill of transplanted mussels. A to
D indicates the result from 5 m. depth at station A to D, respectively. E to G indicates
the result from 20 m. depth at station A to C, respectively. H to J indicates the result
from 40 m. depth at station A to C, respectively.
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Table 4.21 Relative expression level of pvMTO03 in gill of transplanted mussels (n=3)

Stations/ Depth Time of Exposure (Day)
(m) 30D
ay 60 Day 90 Day

ST.AS5m 0.47+0.05 0.65+0.11 0.64+0.37
ST.A 20 m 0.28+0.18 0.74+0.34 0.47+0.21
ST.A 40 m 0.68+0.26 0.40+0.19 NA
ST.B5m 0.74+0.17 0.45+0.16 0.57+0.09
ST.B 20 m 0.48+0.37 0.39+0.20 0.45+0.20
ST.B 40 m 0.59+0.23 0.68+0.26 0.74+0.27
ST.C5m 0.56+0.14 0.72+0.28 0.61+0.28
ST.C20 m 0.65+0.13 0.51+£0.16 0.44+0.09
ST.C40 m 0.38+0.12 0703019 0.49+0.02
ST.D Sm 0.45%0.06 047X0°11 0.51+0.08

Remark: NA = data was.met ayailable due to mortality of mussel.

4.4.2.2.5 Expression level of pyMTO07 in transplanted mussels

The pvMTO07 expression levelé:, appeared to be various among different
depths, time, and stations. (Table 4.22) Aisi_(),,__the average pvMTO07 expression levels
of mussels from some stations (station A, B, and C) (Fig.4.45A, B, and C) seemed to
be higher than that of station D'{reference s_lteD’ (Fig.4.45D) However, there were no

significant differences between the tesults f-ro_m;these stations.

When compared the levels of pvMTO07 gene from cach study site according to
time, the results showed that after 30 days, the level of pvMTO07 gene tended to

increase in tissue. (Fig..4.45A, B, E, H, and J) However, the difference was not

statistically significant.

When compared the level of'pvMT07 genesbetween depthsi.the results showed

the level of pvMTO7 gene tended fo decrease in dissue (stationyC 5, 20, and 40m.).

(Fig. 4.45C, G, and J) However, the difference was not statistically significant.
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Figure 4.45 Relative expression level of pvMTO07 in gill of transplanted mussels. A to

D indicates the result from 5 m. depth at station A to D, respectively. E to G indicates

the result from 20 m. depth at station A to C, respectively. H to J indicates the result

from 40 m. depth at station A to C, respectively.
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Table 4.22 Relative expression level of pvMTO07 in gill of transplanted mussels (n=3)

Stations/ Depth Time of Exposure (Day)
(m) 30D
ay 60 Day 90 Day

ST.AS5m 0.37+0.26 0.55+0.32 0.81+0.50
ST.A 20 m 0.49+0.01 0.58+0.39 0.58+0.27
ST.A 40 m 0.57+0.03 0.77+0.03 NA

ST.B5m 0.61+0.31 0.74+0.37 0.66+0.09
ST.B 20 m 0.41+0.26 0.38+0.29 0.36+0.23
ST.B 40 m 0.54+0.24 0.28+0.12 0.71+0.11
ST.C5m 0.61+0.34 0.76+0.18 0.65+0.20
ST.C20 m 0.44+0.23 0.37+0.12 0.37+0.22
ST.C40 m 0.40+0.34 0702:0:37 0.27+0.04
ST.D Sm 0.571=0.06 0471021 0.41+0.14

Remark: NA = data was.not available due to mortality of mussel.

4.4.2.2.6 Expression level of pyMTO08 in transplanted mussels

The pvMTO08 expression levels apbeei—’red to be various among different depths,
time, and stations. (Table 4.23) Also, the average pvMTO8 expression levels of
mussels from some stations (Station, A, B,‘Eg:lgl‘ C) (Fig.4.46A, B, and C) seemed to be
higher than that of station” D ‘(reference sﬁ}'-{(Fig.4.46D) However, there were no

significant differences between the tesults from;these stations.

When compéfeii the levels of pvMTO08 gene froni Qéch study site according to
time, the results showed that after 30 days, the level of pvMTO8 gene tended to

increase in tissue. (Figs 4.46A, C, E, and J) However, the difference was not

statistically significant.

When compared the level of'pvMTO08 genesbetween depthsi.the results showed

the level of pvMTO8 gene tended fo decrease in dissue (statiomyC 5, 20, and 40m.).

(Fig. 4.46C, G, and J) However, the difference was not statistically significant.




pvMTO08 St. A5 m A pvMTO8 St. B5 m B
= =
< <
) ®°
= =
2 2
2 a2
=) =)
£ B
St. A 5m 30D St. A 5m 60D St. A 5m 90D St. B5Sm 30D St. B 5Sm 60D St. BSm 90D
Time (day) Time (day)
pvMTO8 St. C5 m C pvMTO8 St. D 5 m D
= =
< <
o *°
= =
2 e
£ 3
= =
=2 = ‘
St. C 5m 30D St. C 5m 60D St. € 5m 90D St. D 5m 30D St. D 5m 60D St. D 5m 90D
Time (day) Time (day)
pvMTO8 St. A 2040 1)) pvMTO8 St. B 20 m F
= =
< €
o )
= =
% %
a2 a
5
& - . .
St. A20m30D  St. A20m 60D St. A 20m90D St. B20m30D  St. B20m 60D  St. B 20m 90D
Time (day) Time (day)
pvMTO8 St. C 20 m G pvMTO8 St. A 40 m H
= =
g =
o *x
=l =
E =
2 B
2 £
< <
m T i m T 1
St. C20m 30D _ St C20m 60D  St. C 20m 90D St. A40m 30D & St. A40m 60D  St. A 40m 90D
Time (day) Time (day)
pvMTO08 St. B 40 m I pvMTO8 St. C 40 m J
= =
g <
K *
= =}
= =
: :
a2 2
£ £
= =
m T T z T T
St. B 40m 30D, ' St..B 40m 60D . St. B 40m 90D St. C40m 30D | St. C40m 60D/ St. C 40m 90D
Time (day) Time (day)

92

Figure 4.46 Relative expression level of pvMTOS in gill of transplanted mussels. A to

D indicates the result from 5 m. depth at station A to D, respectively. E to G indicates

the result from 20 m. depth at station A to C, respectively. H to J indicates the result

from 40 m. depth at station A to C, respectively.
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Table 4.23 Relative expression level of pvMTO8 in gill of transplanted mussels (n=3)

Stations/ Depth Time of Exposure (Day)
(m) 30D
ay 60 Day 90 Day

ST.AS5m 0.23+0.03 0.34+0.05 0.35+0.15
ST.A 20 m 0.194+0.06 0.50+0.35 0.23+0.07
ST.A 40 m 0.19+0.03 0.19+0.06 NA

ST.B5m 0.40+0.18 0.34+0.17 0.49+0.18
ST.B 20 m 0.40+0.25 0.22+0.03 0.23+0.01
ST.B 40 m 0.33+0.05 0.21+0.05 0.35+0.16
ST.C5m 0.40+0.23 0.48+0.28 0.27+0.03
ST.C20 m 0.26+0.06 0:31+0.09 0.25+0.03
ST.C40 m 0.2140.06 0.39+0.01 0.25+0.05
ST.D Sm 0739£0.05 0:28+008 0.30+0.18

Remark: NA = data was.not available due to mortality of mussel.

4.4.2.2.7 Expression level of pyMT11 in transplanted mussels

The pvMT11 expression levels apbeei—’red to be various among different depths,
time, and stations. (Table ' 4.24) Also, the average pvMTI11 expression levels of
mussels from some stations (Station, A, B,‘Eg:lgl‘ C) (Fig.4.47A, B, and C) seemed to be
higher than that of station” D ‘(reference sﬁ}'-{(Fig.4.47D) However, there were no

_—

significant differences between the tesults from;these stations.

When compéfeii the levels of pvMT11 gene froni Qéch study site according to

time, the results showed that after 30 days, the level of pvMT11 gene tended to

increase in tissue. (Figs 4.47C, E, G, and J) However, the difference was not

statistically significant.

When compared the level of'pvMT11 genesbetween depthsi.the results showed

the level of pvMTI1 gene tended fo decrease in dissue (stationyC 5, 20, and 40m.).

(Fig. 4.47C, G, and J) However, the difference was not statistically significant.
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Figure 4.47 Relative expression level of pvMT11 in gill of transplanted mussels. A to

D indicates the result from 5 m. depth at station A to D, respectively. E to G indicates

the result from 20 m. depth at station A to C, respectively. H to J indicates the result

from 40 m. depth at station A to C, respectively.
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Table 4.24 Relative expression level of pvMT11 in gill of transplanted mussels (n=3)

Stations/ Depth Time of Exposure (Day)
(m) 30D
ay 60 Day 90 Day

ST.AS5m 0.59+0.10 0.54+0.21 0.68+0.11
ST.A 20 m 0.38+0.10 0.69+0.32 0.46+0.32
ST.A 40 m 0.47+0.32 0.22+0.05 NA
ST.B5m 0.75+0.45 0.59+0.29 0.47+0.33
ST.B 20 m 0.55+0.37 0.60+0.08 0.24+0.02
ST.B 40 m 0.44+0.24 0.46+0.08 0.81+0.27
ST.C5m 0.324+0.22 0.63+0.39 0.55+0.22
ST.C20 m 0.25+0.04 0:40+0.19 0.30+0.04
ST.C40 m 0.4040.33 0.56=0.27 0.27+0.07
ST.D Sm 0.57%0:14 Y 0.52¥0.25 0.54+0.36

Remark: NA = data was.not available due to mortality of mussel.
1

4.4.2.2.8 Expression level of HSP71 gene in transplanted mussels

The HSP71 expression levels apb'(;ar"ed to be various among different depths,
time, and stations. (Table 4.25) Also, the él_fv_:_g:rgge HSP71 expression levels of mussels
from some stations (station A, B, and C) (Eig.4.48A, B, and C) seemed to be higher
than that of station D (reference site) (F 1g4i8D) However, there were no significant

differences between the results from these StatiQns.

When compéfed the levels of HSP71 gene from e@ich study site according to
time, the results showed that after 30 days, the lcvel of total HSP71 gene tended to
increase in tissue. (Fig. 448A, C, and F) However, the difference was not statistically

significant.

When compared the level of HSP71 genesbetween depthsj.the results showed

the levelof total HSP71 gene no/significant difference were found between depths.
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Figure 4.48 Relative expression level of HSP71 gene in gill of transplanted mussels.
A to D indicates the result from 5 m. depth at station A to D, respectively. E to G
indicates the result from 20 m. depth at station A to C, respectively. H to J indicates

the result from 40 m. depth at station A to C, respectively.
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Table 4.25 Relative expression level of HSP71 gene in gill of transplanted mussels

(n=3)
Stations/ Depth Time of Exposure (Day)
(m) 30D
ay 60 Day 90 Day

ST.ASm 1.19+0.31 1.35+0.17 1.21+0.19
ST.A 20 m 1.32+0.10 1.06+0.41 1.29+0.22
ST.A 40 m 1.12+0.15 1.16+0.37 NA
ST.B5Sm 1.30+0.01 1.27+0.13 1.35+0.24
ST.B 20 m 1.08+0.33 1.35+0.16 1.28+0.14
ST.B 40 m 1.36+0.15 1.34+0.14 1.34+0.06
ST.C5m 1.21+0.19 1.41%0.10 1.60+0.19
ST.C20 m 1.05:30°22 J 171210.41 1.29+0.41
ST.C 40 m 1.3 2:s009 1:52:0.09 1.26+0.03
ST.DS5Sm 1.160713 1.26+0.18 1.20+0.20

Remark: NA = data wagaiot available dug to mortality of mussel.

i
_—

)

4.4.2.2.9 Expression level of CYP:_A],___ge_ne in transplanted mussels

,-' .}

The CYP4 expression levels appeared to be various among different depths,

time, and stations. (Table 4. 26 and F1g47fg) Also, the average CYP4 expression

levels of mussels between statlons no 51gn1ﬁcant dlfferences were found.

When compared the levels of CYP4 gene fromi-cach study site according to

time, the results showed no significant difference were found between levels of total

CYP4.

When compared the level of. CYP4 gene between depths, the results showed

the levellof total (CX P4 'géne no significant differénce wete found.
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Figure 4.49 Relative expression level of CYP4 gene in gill of transplanted mussels. A
to D indicates the result from 5 m. depth at station A to D, respectively. E to G
indicates the result from 20 m. depth at station A to C, respectively. H to J indicates

the result from 40 m. depth at station A to C, respectively.
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Table 4.26 Relative expression level of CYP4 gene in gill of transplanted mussels

(n=3)
Stations/ Depth Time of Exposure (Day)
(m) 30D
ay 60 Day 90 Day

ST.ASm 0.96+0.10 0.83+0.17 0.63+0.11
ST.A 20 m 0.99+0.22 0.50+0.16 0.73+0.13
ST.A 40 m 0.89+0.06 0.50+0.01 NA
ST.B5Sm 0.87+0.03 0.73+0.12 0.93+0.20
ST.B 20 m 0.64+0.13 0.77+0.23 0.83+0.21
ST.B 40 m 0.63+0.31 0.67+0.34 0.67+0.24
ST.C5m 0.73+0.16 0.78+0.31 0.81+0.15
ST.C20 m 0.76+0.07 J 0°71:20.18 0.65+0.19
ST.C 40 m 0.90::0:03 0:60+0.23 0.64+0.09
ST.DS5Sm 0.83+0.04 0.84+0.16 0.68+0.14

Remark: NA = data wagaiot available dug to mortality of mussel.
4.4.3 Correlation between gene expression level and mercury concentration in
y

mussel

4.4.3.1 Correlation between MT gene and Hg concentration in mussel

sty
—

4.4.3.1.1 Total MT gene =

Correlation between expression levels of total MV gene and Hg concentration
were analyzed in gills of Hg treated mussels (laboratory study) and mussels
transplanted at petroléum production platforms (field study). The results showed in
figure 4.50 (laboratory, data) and figure 4.5}, (field data), The result revealed that
expression level of MF-gene did net correlated with the Hg level in the same mussel

tissue.
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correlation between pvMTO1 and Hg concentration in both laboratory and field
studies. The results were shown in Fig. 4.52 (Laboratory data) and Fig 4.53 (Field
data).



101

Lo - y=10.0625x + 0.9166
. R*=0.0022

PRTI RN RSt W RPN i

= LA oa0¢ X2 TR TR .

= . M

=

= 0.50

0.00 0.10 0.20 0.30 0.40
Hg Conc (ug/g)

Figure 4.52 Analysis of ¢ vMTOl gene expression and Hg

concentration in mussel ti
‘—
\\. +0.4561

,"‘-..,,L. 0223

PVMTOL/A

0.20

Figure 4.53 Anal ~gene expression and Hg

concentration in m ssel tissue (Field study).

4.4.3.1.3 vamz gene

The eﬂ %H ’311&] gﬂﬂ&j gée Pwas | ol i agreement with. the

increasing level! of Hg concentrat.r,on in mussel tissue. Therefore there was no

correl :ﬂm{? GTQ gtory and field
studies. The resul were s own in Fig aboratory data) and Fig 4.55 (Field

data.)



102

1.50 - y=0.1518x +0.8518
R’ =0.0144
= . .
g 1007 : “3. ‘.\ .0.:..:‘:..‘. > . ¥ .o Ky : ’ ?
= R RN ADWS IS IR .
E KS * LR
> .
2 0.50
0.00 T T T !
0.00 0.10 0.20 0.30 0.40
Hg Conc (ug/g)

Figure 4.54 Analysis of ¢

concentration in mussel ti

vMTO02 gene expression and Hg
rato

pvMTO2/AT

0.20

Figure 4.55 Analysis oene expression and Hg

concentration in m t*‘f tissue ( Y |

4.4.3.1.4 va’ms gene l}]
e I IS WYART secmn win e

increasing level” of Hg concentration in mussg tissue. There&;e, there was no

| RO B R 5 B

studies. The results were shown in Fig. 4.56 (Laboratory data) and Fig 4.57 (Field
data.)



103

y=0.0279x + 0.9149
1.50 - R*=0.0005

L4 .
1.00 § gowt,d *
> $

PVMTO3/AT

0.00 0.10 0.20 0.30 0.40
Hg Conc (ug/g)

Figure 4.56 Analysis of co vMTO03 gene expression and Hg

concentration in mussel tiss

pvMTO3/AT

Figure 4.57 Analysi ~gene expression and Hg

- 0,
concentration in mu ‘h LISSuc (ricid stud; \__J

4.43.15 vaE7 gene @
The e)ﬁ%ﬁ@ o‘ﬂw ‘i?fw%}r’e] ﬂb‘%’in agreement with the

increasing levellof Hg concentratlon in mussel tlssue Therefore, the correlation was

b KA ?Wﬂ‘ﬂs’r‘? PR e



104

y=2.6133x + 0.6725
R*=0.2902

pvMTO7/AT

T T 1
0.00 0.10 0.20 0.30 0.40
Hg Conc (ug/g)

vMTO07 gene expression and Hg

Laboratory study)
——

=2.2481x +0.4312
\ 0.0913

pVMTO7/AT

j“" ;l, F

’J'.ﬂfﬂ ‘ 5 AL

Figure 4.59 Analysis oene expression and Hg

B —
concentration in mussel tissue (R ‘J study)

4.43.1.6 va'ms gene m
e < UL AP B WA BT caeemens wit

increasing levell of Hg concentratgon in mussel tissue. Therefore there was no

R AT AN = e

studies. The results were shown in Fig. 4.60 (Laboratory data) and Fig 4.61 (Field
data.)
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data.)
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As the results ycorrelation between Hg concenmtion and 6 of MT variants, it

is indicated tla ﬁ ziﬁs% ﬂﬁg aﬁi'&jlifja y correlated with Hg
concentration of' t ussel T lﬂt s its'of MT gene (p<0.01)
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Figure 4.64 Correlation between the expression levels of 6 MT subunits including

total MT in the same mussel tissue of P.viridis transplanted at petroleum processing
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platform (Continuous line represents the expression of MT subunit while dotted line
represents Hg concentration). A to G indicates correlation levels of genes total MT,

pvMTO1, pyMTO02, pvMTO03, pvMTO7, pvMTO8, and pvMT11, respectively.
4.4.3.2 Correlation between HSP71 gene and Hg concentration in mussel
was not in agreement with the increasing
71% gerefore, there was no correlation

n 1n b ry and field studies. The results
were shown in Fig. 4.65 (Labg d'cE a) and 466 A and B (Field data.)
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Figure 4.65 Analysis of correlation between | P71 gene expression and Hg

concentration in mussﬂtis )
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Figure 4.66 Analysis of correlation A = Correlation between HSP71 gene expression
and Hg concentration in mussel tissue (Field study). B = Correlation between the
expression levels of HSP71 in the same mussel tissue of P.viridis transplanted at
petroleum processing platform (Continuous. dine represents the expressions of MT

subunit while dotted line represents Hg'concentration).

4.4.3.3 Correlation between CYP4 gene and Hg concentration in mussel

_—

tissue

e

The expression level of CYP4 geﬂe}__was not in agreement with the increasing
level of Hg concentration in mussel tis{sﬁe: Therefore, there was no correlation
between CYP4 and Hg concentfation in bo@ fé%oratory and field studies. The results

were shown in Fig. 4.67 (Laberatory data) andF 12 4.68 A and B (Field data.)
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Figure 4.67 Analysis of correlation between CYP4 gene expression and Hg

concentration in mussel tissue (Laboratory study)
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Figure 4.68 Analysis‘of cofrelation A - Correlation between CYP4 gene expression
and Hg concentration 4n muissel tissue éField study). B = Correlation between the
expression levels of CY¥P4 in the same‘%'drrdi-ussel tissue of P.viridis transplanted at
petroleum processing platform (Continuoﬁs line represents the expressions of MT
subunit while dotted line represents Hg coi’jléjlvejnt;ation).
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4.5 Single cell gel electrophoresis analysis _qumet assay)

DNA damage-caused by exposing to Hg ifi Viffo was measured in haemocytes
(figure 4.69, 4.73) an;i sperm (figure 4.70, 4.74) of mussell The degree of damage was
estimated from tail length as the extent of the migrationrof the genetic material in the
direction of the,anode ‘and‘the'tail moment-which is calculated by multiplying the tail
length with % of DNA 1n tail. Mean tail length of comets obtained by Hg exposures
are given inytable-4.27 and 4.28, T'he,trend-of-inerease jin-comet,tail length with
increasing Hg concentration and’duration'is depicted in“Figure“4.7F+A and B. At 10
min exposure, the comet tail lengths of the haemocyte treated with 0, 0.001, 0.01, 0.1,
1.0, and 10.0 pg/L of HgCl, were 53.56+24.25, 168.48+41.59, 181.91+51.88,
191.91+46.52, 212.54436.40, and 245.80+31.91 in length (Table 4.27), which were
1.0, 3.15, 3.40, 3.58, 3.97, and 4.59 folds longer than that of control (Table 4.31,
Fig.4.75a) and at 10 min exposure, the comet tail lengths of the sperms treated with 0,
0.001, 0.01, 0.1, 1.0, and 10.0 pg/L of HgCl, were 106.20+66.26, 128.35+43.75,
161.42+39.41, 225.06+48.51, 254.58+56.35, and 273.72+44.53 in length (Table
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4.28), which were 1.0, 1.21, 1.52, 2.12, 2.40, and 2.58 folds longer than that of control
(Table 4.31 and Fig.4.75a).

Figure 4.69 Mussel hae csVasualized e at 200X (a) and 600X (b)

(a) and 400X (b)

All concentratlondg evoked s1gn1ﬁcant DNA damage (p<0.05) when compared

with controlsﬂluﬂltqaw ﬂ«w Aﬁgﬁﬂoﬂt ﬁfﬂeﬁes between treatment

groups.

ama\mm UANINYA Y



112

A Comet mussel haemocyte Tail Length
0 10 min Treated 30 min Treated @ 60 min Treated ‘
500
400 cde c d de dgf
® ccd %
=
= 300 - i
H ceec Lo & g:l:l:
.3 200 - - T m ]
2™ abh %::::: o g;:;:;
Dt " " s e
100 %I:I:l /:-:-: %I:I:I
S ] | [ s Im_m]
N B B B B
Control Hg 0.001 ug/L Hg 0.01 ug/LL Hg 0.1 ug/L Hg 1.0 ug/L Hg 10.0 ug/L
Treatment
Comet mussel spexm Tailllengh
00 Cl_10mmin exposed 30 min exposed B 60 min exposed ‘ ffh
350 1 d de de I
i i d a "
- 300 al inl L o
£ 20 2 el ! == ==
) | L N L |
Fom %1:5: o =
| {E | L H | |
= 150 - /‘l.l.\ ' " "y
= . - / | " " "
0 g = o = =
.| ‘m m] L m | |
3 :i:i- o = =
0 e | i L H | |
Control Hg 0.00 Lug/L Hg0.01 ug/L; Hg 0.1 ug/L Hg 1.0 ug/L Hg 10.0 ug/L
Treatment

Figure 4.71 Comet Tail length. ‘A indicates comet in haemocyte and B indicates

comet in sperm

Table 4.27 DNA tail length (um) (mean + SD) from haemocyte after 10, 30, and 60

min of HgCl, exposure

Exposure HgCl, concentration (ng/L)
Time 0 0.001 0.01 0.1 1.0 10.0
(min)
10 53/56+24.25" | 168 48+41.59%. |1 181.91:51138% |1 191,91446.52 | 212.54+36.40° | 245.80+31.917
30 87.68+34.06° || 162.72+46:88%4| 195:08+40.81° | 250.38+47.72% | 239:07+49.54% | 339.11+58.032
60 86.48+27.42° | 154.14+44.76° | 237.66+48.03% | 277.02+41.18° | 263.88+45.25% | 321.58+58.77"

Remark: The same superscripts indicated that the DNA tail length was not

significantly different (P>0.05) amount group of treatment within the same period of

exposure.
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Table 4.28 DNA tail length (um) (mean + SD) from sperms after 10, 30, and 60 min

of HgCl, exposure
Exposure HgCl, concentration (ug/L)
Time 0 0.001 0.01 0.1 1.0 10.0
(min)
10 106.20+66.26* | 128.35+43.75° | 161.42+39.41° | 225.06+48.51% | 254.58+56.35% | 273.72+44.53"
30 99.11433.59" | 142.69+61.41% | 230.37+53.20% | 253.59+40.59% | 280.21+47.16" | 277.90+55.05
60 111.72+31.62° | 228.50+53.43% | 278.75+24.08° | 264.21+32.06% | 317.66+29.04% | 335.85+41.99"

Remark: The same superscripts indicated that the DNA tail length was not
significantly different (P>0.05) amount group of treatment within the same period of

exposure.

The comet tail moment of the haemogyte treated with 0, 0.001, 0.01, 0.1, 1.0,
and 10.0 pg/L of HgCl, at"10" min were 6.77+6.48, 49.96+30.27, 69.27+37.97,
71.68+34.55, 88.36+40.34¢"and 135.12427.96 (Table 4.29), which were 1.0, 1.21,
1.52,2.12,2.40, and 2.58 folds higher than that of control (Table 4.31, Fig.4.75A) and
at 10 min exposure, thé comet tail_‘mome’lﬁt 9f the sperms treated with 0, 0.001, 0.01,
0.1, 1.0, and 10.0 pg/E of HgCl, werg 55.83i27.80 53.81432.60, 87.22+36.79,
150.80+51.50, 172.94+61.86, and 187 O8i52 81 (Table 4.30), which were 1.0, 2.08,
3.38, 5.84, 6.70, and 7.24 folds hlgher than {ha't of control (Table 4.32 and Fig.4.76A).
The values of comet tail moment of DNA dEmage significant differences on the DNA

tail moment of haemocyte and” sperms exposea to different concentrations of HgCl,

were obtained (p<0.03): Withifi 10 min of éxposure; there was a small difference in
the extent of comet tail moment between sperms and haemocytes treated with 0.001
ng/L HgCl, and control group, statistically signiﬁcarit (p<0.05). It appeared that

sperms of mussel responded to Hg'quicker that haemoCytes.
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Figure 4.72 Tail moment in mussel haemocyte (A) and sperm (B)

Table 4.29 DNA tail moment (mean + §D) from haemocyte representing DNA

damage after 10, 30,.and 60.min of HgCl, exposure

Exposure HgCl, concentration (ng/L)
Time 0 0.001 0.01 0.1 1.0 10.0
(min)
10 6.77£6.48° | 47.96+30.27° | 69.27+37.97% | 71.68+34.55% | 88.36+40.34% | 135.12+47.96'
30 15.08+13.09* | 37.05+23.34° | 57.74+39.25% | 98.83+44.83° | 102.29+48.37° | 152.63+61.718
60 16.68+12.68" | 38.94+25.08° | 108.51+47.58° | 139.12+53.99" | 128.35+42.30" | 174.18+69.85"
Remark: The same superscripts indicated that the DNA tail length was not

significantly different (P>0.05) amount group of treatment within the same period of

exposure.
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Table 4.30 DNA tail moment (mean + SD) from sperms representing DNA damage

after 10, 30, and 60 min of HgCl, exposure

Exposure HgCl, concentration (ng/L)
Time 0 0.001 0.01 0.1 1.0 10.0
(min)
10 25.83+27.80° | 53.81£32.60° | 87.22436.79™ | 150.80+51.50% | 172.94+61.86% | 187.08+52.81°
30 30.65+19.67° | 52.55+40.57° | 129.94+54.087 | 166.39+53.62% | 180.22+58.25% | 199.29+65.94°
60 37.61+27.41% | 104.51£58.84° | 173.93+51.38° | 199.41+39.61" | 234.06+45.14% | 248.42+57.73"

Remark: The same superscripts indicated that the DNA tail length was not

significantly different (P>0.05) amount gr(}up of treatment within the same period of

exposure.

Figure 4.73 Comet result of mussel haemocytes exposed to 0, 0.001, 0.01, 0.1, 1.0,

and 10.0 pg/L is show in a, b, c, d, e, and f, respectively, within 10, 30, and 60 min.

(a-f =10 min treated, g-1. = 30 min treated and m-r = 60 min treated)
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r ;T !_‘_;' 27 /N
Figure 4.74 Comet result of mhﬁl sperﬁié;_%igbosed to 0, 0.001, 0.01, 0.1, 1.0, and
10.0 pg/L is show in a, b, ¢, die;-and f, resﬁéc'ﬁ.;sfely, within 10, 30, and 60 min. (a-f=

10 min treated, g-1 <30 min treated and m-r = 60 min treéted)
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Figure 4.75 Ratio of tail length of mussel haemocyte and sperms compare with

control, A=10 minctreated,/B =130 min‘treated;C=60 mindreated.

Table 4.31 Ratio of tail length of mussel haemocyte and sperms compare with

controlp A=10 mintreated, B =30 min treated, C= 60 min treated:
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Exposure HgCl, concentration (ng/L)

Time (min)/target 0 0.001 0.01 0.1 1.0 10.0
tissues

10 sperm 1.00 1.21 1.52 2.12 2.40 2.58
10 haemocyte 1.00 3.15 3.40 3.58 3.97 4.59
30 sperm 1.00 1.44 2.32 2.56 2.83 2.80
30 haemocyte 1.00 1.86 2.23 2.86 2.73 3.87
60 sperm 1.00 2.05 2.50 2.36 2.84 3.01
60 haemocyte 1.00 1.78 2.75 3.20 3.05 3.71
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Figure 4.76 Ratio of tail moment of mussel haemocyte and sperms compare with

control, A=10 minitreated,/B, =30 min‘treated;C=60 minreated.

Table 4.32 Ratio of tail moment of mussel haemocyte and sperms.compare with

controlg A=10 mintreated, B =30 min treated, C= 60 min treated:

Exposure HgCl, concentration (ug/L)
Time (min)/target 0 0.001 0.01 0.1 1.0 10.0
tissues
10 sperm 1.0 2.08 3.38 5.84 6.70 7.24
10 haemocyte 1.0 7.08 10.23 10.59 13.05 19.96
30 sperm 1.0 1.71 4.24 5.43 5.88 6.50
30 haemocyte 1.0 2.46 3.83 6.55 6.78 10.12
60 sperm 1.0 2.78 4.62 5.30 6.22 6.61
60 haemocyte 1.0 2.33 6.51 8.34 7.70 10.44




CHAPTER V
DISCUSSION
5.1 Use of mussel as model animal for Hg bio-monitoring

Various metal-accumulating biomaterials, such as plants (AI- Shayeb et al.,
1995), non-parasite organisms (lichens, mosses, algae) (Antonelli et al., 2001; Conti
and Cecchetti, 2003 ), and animal tissues /and organs (feathers, livers, kidneys, bones)
(Catsiki and Strogyloudi, 1999; Dauwe et'al ,2006) have been used as environmental
bioindicators because they-are those with low-Cost; ease of sampling, and showing a
good correlation with environmentalr quality ehange of ecosystems. Mollusks,
especially mussels, wetesfound promising for monitoring the change of heavy metal
contamination in aquatic systems (Cléisse et al.,, 2001; Astudillo et al., 2002;
Nicholson, 2003). However, using 11V1}1g organisms often times can be limited
because they are not always a natural chponent of the ecosystem and sometimes
appear there spontaneouisly In this study, g}gep or green lipped mussel, Perna viridis,
were used as bioindicator for monitoring._ﬁg in petroleum production platform by
transplanting into the sites to be monitored'-'Bée:;-ause this mussel is a common sessile

animal and widely distributed in the Gulf of j?he_ﬁland.

During 3 months of mussel fransplantation at petroleum production platforms,
increasing mortality was detected. However, no significant difference between
survival rates of the mussels was found between different water depths, and stations.
There was no significant difference between the growth fates of transplanted mussels
from different petroleum platform stations. However, significant different growth rate
can berdetected-between.musselsywhenjcompared, te, those from-reference site. This
was probably due to the less abundance of food. This was’confirmed-by the result of
plankton composition between stations where the amounts of diatoms from reference
site which was the natural habitat of mussel were much higher than any of the test
stations. These results indicated that mussels could be transplanted and survived in
un-natural habitat such as petroleum production platforms in the middle of the Gulf of
Thailand where food was much less abundant for up to 3 months without significant

physical change.
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5.2 Mercury concentration in water and mussel

Hg monitoring programs have been carried out globally (Amiard et al., 2000).
Advances in analytical techniques over the last decade have allowed extremely
accurate determinations of Hg and Hg species. As the result, determination of Hg
level in various sources is still the most important part for facilitating the monitoring

strategy in the activities involving Hg.

In this study, mussels were exposed to very low levels of inorganic Hg
(between 0.1 to 1.0 pg/L) under controlled Jaboratory condition. The levels of Hg in
rearing water decreased rapidly. Less than 0.1% (between 0.03 to 0.05%) of total Hg
was detected after 24 h of application.;.This result coincides with most experiments
(Sanchez et al., 1998) sinee inorganic Hg has been known to be changed quickly in
aquatic environment and‘mostly fransformed into organic Hg by living organisms
(Kannan et al., 1998). This indicated that the amount of Hg measured from the water

only represent very small amount of Hg thatactually released into water.

Microorganisms in sediments produc'e most of organic Hg as methylated
forms which are then concentrated in aqua{ig food chain. Predatory organisms at the
top of the food chain can acCumtlate MeHJg in their diets and present elevated
concentrations. While the conceéntration atfﬁé’ﬁdttom of the aquatic food chain may
be at the low parts-pertrithion—levels;at the top, fish tissue can present Hg
concentrations in excess of 1 ppm. Bioconcentration tfactors can be on the order of 10
thousand to100 thousand times (Fowler et al., 1978; Phillips and Buhler, 1978;
Thompson et al; 199057 Yamadaretiall,2003).

Mercuric chloride was usedas source of Hg in this study,because it was one
form of inorganic Hg\which was proved to be the dominant toxic species in water.
Although MeHg is the most toxic form of Hg, its concentration was found to be less
in water and tends to accumulate in organisms and sediment (Sayler et al., 1975;
Pentreath, 1976; Barkay et al., 1997). This is also the case in this study that the
increasing level of Hg in mussel tissue coincide with the increasing level of Hg
applied to the test tank and the tissue Hg levels were thousand folds higher than that
of water (Table 5.1 and 5.2)
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Table 5.1 Average Hg concentration in experiment water (mussel tank) during 8

weeks of experiment

Mercury Concentration (pg/l)

Control

Tank 2

Tank 3

Tank 4

Tank 5

0.0028+0.0017

0.0050+0.0025

0.0109+0.0073

0.0180+0.0122

0.0401+0.0371

Table 5.2 Average Hg concentration in experiment mussel during 8 weeks of

experiment
Mercury Concentration (pg/kg)
Control Tank 2 Tank 3 Tank 4 Tank 5
57.9+24.1 88.5450.0 137.8£50.5 164.44+50.0 138.3+80.3

Concentrations ‘of 'Hg _in coastal water and estuaries generally are much higher
than those in the open ocgan. Concentlration in relatively uncontaminated coastal and
estuarine water may be'as high'as 19 ng/L dissolved Hg. in British estuaries (Law et al.,
1994) (Table 5.3). Hg eoncentration as ﬁiéh as 350 ng/L. were reported in the Derwent
Estuary, Tasmania (Plaschke‘et al, 1997); Il the Gulfiof Thailand, the levels of Hg were
between 0.31 to 4.54 ng/L (Table 5.3) (DNEE-, 2008) which were in the same level as those
found in the Offshore Great Britainy and Evf-gijsh channal this level of Hg is quite low in
the safe level less than standard*¢ 0.1 pg/L) @Cb, 1997).

-

Table 5.3 Concentrations of dissolved total Hg in oceani¢ and coastal waters of the world

based on recent determiinations. Concentrations are ng/L

Location Total Mercury (ng/L) Reference
Darwent Estuary, Tasmania 350.0 Plaschke et al., 1997
Dogger Bankj North Sea 0.19-0.12 Fileman et al., 1991
North Sea, Offshore 0.34 Coquery & Cossa, 1995
North Sea, Nearshore 0.72 Coquery & Cossa, 1995
Offshore Great Britain <0.2-647 Law et al;.1994.
English Channal 0.19:4°1 Cossa &-ffileman, 1991
Straits'of Dover 0.12-1.3 Cossa & Fileman, 1991
British'Estuaries 0.35-19.0 Law et al., 1994,
Lapdev Sea, N. Russia 0.80-2.7 Coquery et al., 1995
Kara Sea, N. Russia 0.14-3.4 Coquery et al., 1995
North Atlantic Surface water 0.31 Mason et al., 1995
Patuxent River Estuary, MD 0.04-0.30 Bernoit et al., 1998
North Atlantic Ocean 0.10-0.50 Guentzel et al., 1996
Mediterranean Sea 1-5000 m 0.16-1.28 Cossa et al., 1997
South Florida Estuarine 3.0-7.4 Kannan et al., 1998
Gulf of Thailand Offshore 0.31-4.54 DMF, 2008
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In field study, Hg concentration in the water around platform was monitored
every 3 or 4 years by the Department of Mineral Fuel, Ministry of Energy. The
standard value for the offshore seawater regulation is less than 0.1 (pg/l) (PCD, 1997).
The average Hg concentrations of water detected at Station A, B, C, and D (reference
site) were 3.51-4.54, 1.25-2.00, 0.44, and 0.31 ng/l, respectively (Table 5.4). Hg
concentration at every platform was lower than the standard limit values of the

offshore seawater regulation.

Table 5.4 Mercury concentrations in the Gulf of Thailand at Station A, B, C and D
(reference site) (DMF, 2008)

Year Station Platforin Distances form Platform Hg-Total (ng/l)

2004 | Station A Averdge surface 4.54
Average bottom 3.51

2004 | Station B Average ] surface 2.00
Ayerage i bottom 1.25

2003 Station C Avgrage = surface 0.44
AVeraige \ & bottom NA

2003 Reference site Average T surface 0.31
Ayerage! bottom NA

Remark: NA = data is not ayailable- : J = .

Concentration of Hg in the whole so'—ft‘.ﬁssues of mussel of marine organisms
from throughout the-world generally falls in the range of 0.003 to 264 ng/g dry weight
(Table 5.5). The average level of Hg in the mussel before treatment was
0.0104+0.0091 pg/g while the level from the highest Hg treatment for 8 weeks was
0.1383+0.0803_pg. /g which*were approximately 10 times higher than that of initial
mussels. At petroleam.platforms, Hg' conCentrations inimussel tissues were in the
range between 0.0100 to 0.1725 ngfg. The average level was slightly lower than that
of laboftatory: study. (0:0100 to 0.3644. ug/g.). Although, the amount of Hg applied to
laboratory test mussels was many folds higher than Hg levels in the field, the Hg
levels obtained from laboratory appeared to be slightly higher than that of field study.
However, both results were still in the same range of Hg found in mussels studied by
Neft (2002) (0.004-11.7 pg /g. dry wt.) as shown in table 5.5 In previous study, the
levels of Hg detected from tested mussels reached between 1.3200 to 2.2900 pg /g
after exposing to 1-5 ng /L of Hg for 4 weeks (Parsont, 2003). This level was more

than 10 times higher than the result of this study, indicating that Hg accumulated in
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mussel tissue could be very high if the mussel were treated with very high level of

Hg.

The average level of Hg in tissue of mussels transplanted to petroleum
platforms for 3 months was 0.0413 pg/g. This value was much lower than that of
mussel located at Map Ta Phut areas (0.175ng/g) where industrial activities were
heavily operated (PCD, 2010). Minimal risk level (MRL) which has been set for Hg
exposure in human recommends that people can ingest Hg between 0.002 to 0.007
mg/kg/day without appreciable risk of adverse non-cancer health effect (ATSDR,
2010). According to this MRL guideline, averé{ge people (weight at 60 kg) should not
consume Hg more than 0.42 mg/day which ¢an be roughly calculated as 44 kg of
transplanted mussels and 10 kg of mussels from Map Ta Phut areas per day. This
calculation reveals the fefe'of possib]f Hg risk to human consuming mussels from

!

the lowest and highestdeveloT Hg fopnd in.the Gulf of Thailand.

Table 5.5 Range of Hg concentratlons 'Sn ‘mussel or whole soft tissues of marine

organism from througho‘ut the world (Neff‘2002) Concentrations are pg/g dry weight

F,

l'gl #

Taxon No. Analyses* | "':"r ‘Hg Cone. nug/g Remark
All 888 JIns . 0,003-264 Neff, 2002
Macroalgae 15 = ~ 0.1-46.8 Neff, 2002
Polychaetes 16 oot - 0085-7.3 Neff, 2002
Snails \ 38 0.025-3.7 ¢ Neff, 2002
Mussels e — QOO T Neff, 2002
Oysters wdi 74 0.003-8.0" ».4 Neft, 2002
Scallops gl 0.05-0.35 Neff, 2002
Clams - 32 0.005-85 .o Neff, 2002
Cephalopods 18 0.013-8.2 Neft, 2002
Shrimp 27 0.,02-6.2 Neff, 2002
Lobsters 14 0.05-12.6 Neff, 2002
Crabs 20 0.0152.3 Neff, 2002
Echinoderms 5 0.031-1.4 Neff, 2002
Sharks 57 0.035-52.5 Neff, 2002
Fish 379 0.01-115 Neff, 2002
Sea turtles 8 0.04-1.78 Neff, 2002
Marine Birds 24 0.15-25.0 Neff, 2002
Marine Mammals 27 0.005-264 Neft, 2002
Mussel (P. viridis) 87 0.04-0.69 This study (Field)
Mussel (P. viridis) 108 0.04-1.46 This study (Lab)

Remark: from this study conversation factor change wet weight to dry weight is

multiply by 4.0
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5.3 Bioaccumulation of mercury in tested mussel

The average level of Hg in the acclimated mussels before treatment was
0.0104£0.0091 pg/g while the level from the highest Hg treatment for 8 weeks was
0.1383+0.0803 pg/g. The Hg level rose approximately 10 times higher than that of
initial mussels. The accumulation of Hg in tested mussels can be roughly determined
by calculating the amount of Hg applied to the rearing tank and that detected from
mussel tissues. The result revealed that mussel in experiment tanks accumulated

48.89%, 27.56%, 14.52%, and 4.51% of Hg in tank 2-5, respectively.

The accumulation efficiencies of "Hg vary greatly between organisms,
especially in marine mollusks-(Neff, 2602). The assimilation efficiency of Hg from
food of Mussel Mytilus edulis.was repotted to be 1-9 % for inorganic Hg and 30-87%
for MeHg (Gagnon & Fishery1997). In this study, the maximum accumulation of Hg
(48.89 %) was found in mussels expose&fé the lowest level of Hg (100 ng/L) (Table
5.6). The levels of accumulation seemedzo be reduced when the level of Hg applied
to the mussels was inereased. This un—e;cpec‘_ced result was probably due to excess
level of Hg applied to the muséeis. Alscj);;ln}trifying bacteria from bioreactors and
algaec might play some parfs in aiz;éorbing j:I;Ig;,from the treated water. It was quite
interesting to note that detectable amount CF Hg was obtained from control treatment
(both tissue and water) where Hg was not apf)li:ad to the tank (Table 5.6). The amount
of Hg detected in cohirol mussel tissues and water were.in the same level as those
detected from reference site in ficld study, indicating that the Hg detected in control

samples were the background concentrationsof Hg normally found in mussels from

natural habitat,

Table 5.6 Summary for mass. balance of Hg.in'mussel water tank after 8 weeks of

experiment (Laboratory study)

Hg in water tank (%)
Hg accumulated in Hg remained in
Mussel Hg conc. Hg added mussel tissue water Hg loss
Exposed
tank Remark
to mussel
ng % ug % ng % ug %
Tank 1 0 0 - 75.31 - 15.41 - - - Control
Tank 2 100 ng/L 304.00 100 148.64 48.89 27.60 9.08 127.77 42.03
Tank 3 200 ng/L 608.00 100 167.59 27.56 60.81 10.00 379.60 62.43
Tank 4 500 ng/L 1,520.00 100 220.71 14.52 108.22 7.12 1,191.07 78.36
Tank 5 1,000 ng/L | 3,040.00 100 137.10 4.50 224.74 7.40 2,678.16 88.09
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Hg in inorganic or (such as HgCl,) can accumulate through plankton because
phytoplanktons can bioaccumulate inorganic Hg at the cell membranes of plant in a
relative non-bioavailable forms. Also, an organic form or MeHg can accumulate
through methylation of inorganic Hg by sediment bacteria (Mason et al., 1995).
Lobsters, Nephrops norvegica, accumulated inorganic and organic Hg from both
water and food. Hg, particularly inorganic forms and taken up from the water,
accumulated preferentially in gills while Hg, accumulated from food, concentrated in
hepatopancreas (Canli and Furness, 1995). All organic Hg (MeHg) is associated with
soft tissues, whereas 15 % of the inorganic Hg s bound to the exoskeleton (study on

copepod) (Lawson and Mason, 1998).

5.4 Expression analysis'of Hg résponding genes in mussels exposed to very low

level of Hg

Hg is a trace component “of all’ fossil - fuels including natural gas, gas
condensates, crude oil, and coal. The proxc‘iuetion processes of these fuels provide the
main opportunity for emissions of Hg to'the environment. Speciation techniques for
Hg compounds in water have evolved é}oﬁg with the development of the very
sensitive detectors. Hg and its compounds ca-n now be measured in aqueous media at
below parts per trillion (ng/L) levels. But thg_gse_: of these advanced techniques is still
limited due to the requirement of sophistic-ated equipmients and special operators.
Therefore, this study focuses on the feasibility and validity of using candidate genes,
which were earlier reported as Hg responsive genes, as biomarkers of Hg

contamination in the surrounding areas of petroleum production platforms in the Gulf

of Thailand.

Bioassay, was established, using semi-quantitative, RT-PCR. for quantitative
evaluation of the téanseripts of thettatget genes which'ineluded'MT-and its variants,
HSP71, and CYP4 of mussel. The assay was initially conducted on the mussels
exposed to 0 to 1.0 ug/L of Hg in laboratory controlled condition. Consequently after
an appropriate condition for each gene was obtained, field validation was carried out
by measuring the expression of candidate genes from mussels transplanted to the

petroleum production platforms
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5.4.1 Laboratory study

Twelve forms MT of P.viridis were previously identified. They were divided
into two main subforms, defined as mop1 and mop2 that contained 6 isoforms, similar

to mop1 and mop2 of mollusk metallothioneins (Figure 5.1).

Family 2: Mollusc MTs

| | l | SUBlFORM

MOl MO2 MOG MO

MOPI ,
MOPI-a MOPRJ#b ./ MOP1-¢
(pvMT1,10) (pYMTA1,12) [(pvMT2) MOP2

20 ON N

MOP2-a MOP2-b MOP2-¢
(pyMT7) (pvMT8) (pvMT3,4,5,6,9)

Figure 5.1 Diagram of ¢lassification of Vériént metallothionein gene from gill and
digestive tract. The members of isoforrr;’-- r-nﬁg.pla are pvMT1 and pvMTI10. The
members of isoform moplb are pVMTllT%l_n_d_ pvMT12. The member of isoform
moplc is pvMT2. The member of isoform mop2a is pvM17. The member of isoform
mop2b is pvMTS. The members of isoform mop2¢ are-pvMT3, pvMT4, pvMTS5,
pvMT6, and pvMT9 (Parsont, 2003).

Six variant§ pvMTs (pv-MTO1;pyv-MTO2, pv-MT0O3; pv-MTO07, pv-MTO08, and
pvMTI11) out of 12 pvMTs were selected for primer design due to limited regions for

possible,speeific, primer, production.

Expression levels of 6 subunits and total MT gene were analyzed on the gills
of mussels exposed to various levels of Hg (0-1.0 pg/L). The result revealed that only
the expression of pvMTO07 responded and correlated significantly to the amount of Hg
at very low levels (lower than 0.2 pg/L) within the first week of experiment while
total MT, which was previously responsive to Hg at the concentrations of 1-5 pg/L

(Parsont, 2003), did not show significant difference among mussels from all
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treatments. The result indicated that pvMTO07 is the most sensitive form among tested

pvMT variants when mussels were exposed to Hg at the level lower than 1 pg/L.

Metal-specific forms of MT have been reported in a number of organisms
(Roesijadi, 1992). Most mammals tissues examined by far contained two major MT
isoforms, designated as MT-I and MT-II (Kojima and Kagi, 1978; Kagi, 1993). In
mouse, 4 isoforms of MT (MTI, MTII, MTIII, and MTIV) were found and studied on
the effect of zinc and cadmium. The result showed that only MTI isoform was
specific to zinc (Andrew, 2000). So far, a few DNA sequences of molluscan MTs
have been characterized. These include MTs la'the mussels, Mytilus edulis (Lemoine
et al., 2000; Soazig and Marc 2003), Perna viridis (Khoo and Patel, 1999) and the
oyster Crassostrea virginica (Roesijadi, 1992; Unger and Rosejadi, 1996). To date,
the highest number of‘i§ofoums found in aquatic specics was in mussel, M. edulis MT
(at least nine Cd-indueed isoforms). Evidences also indicated that some forms were

more specific to curtaingmetal than the others (Rigaa et al., 1998).

Buouwer (2002) studied 3 isofof;ns of MT gene in blue crab, Callinectes
sppidus, (MTI, MTII and MTHI); His r_e-;_.s.ual.t revealed that MTI was induced by
cadmium, zinc and copper; MT=Il'was indlic-:t;d,_'by cadmium and zinc, and MTIII was
induced by copper only. The data also shoy'—izé_d_that one gene could be specific to a
few contaminants. Two isoform of MT, (MTIO and MT20) were found in Mytilus
edulis. The result showed that MT20 was more specifi¢ to cadmium than MTI10
(Soazig, 2003). In this study, only one 1soform of MT (pvMT07) was found to be
more specific to very low level of Hg (<0.laug/g Hg in tissue) than the others. No Hg

related gene ever report on the response of Hg at this very low level.

For the expression.analysis of other Hg-rélated.genes,.a few attempts to clone
HSP70, HSP90, aiid CYPA1fgenes have been conducted using 'dégenerate primers
designed from conserved regions of those genes from closest species reported in
GenBank database. None of them were successfully obtained. Therefore, reported
genes including HSP71 and CYP4 of mussel were obtained and used for designing
specific primers for quantitative evaluation analysis. The result showed that the
expressions of HSP71 and CYP4 genes were not significantly different in mussels

exposed to Hg level lower than 1 pg/L.
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Usually, these 2 genes are proved to be sensitive to many toxicants including
Hg (Shaw, 2002; Micovic, 2009). They did not show any dose-related responses to
Hg in this study was possible because of 2 reasons; one was the doses of Hg used in
this study was much lower than the threshold of these genes or the forms of these

genes used in this study were not specific to Hg.

Study on HSP70 and HSC70 of Mediterranean mussel, Mytilus
galloprovincialis, exposed to Hg”™ at 150 pg/L revealed that expression of HSP70
was induced and reached maximum levels after 24 h of exposure while HSC70 level

was inhibited after 1 day and induced afier .6 days of exposure (Franzellitti, and

Fabbri, 2005).

Members of the.€vtochrome P450 (CYP) family are key detoxification
enzymes which metabelize® many -chemicals suech as plant metabolites and
pharmaceutical contaminants:(Nebert et.-a"l'., 1989). The CYP isozymes superfamily
consists of over 800 genes (Nelson, 201(_):).JCYP enzymes are potentially induced in
response to specific envitonmental xeﬁbbioﬁcs (Gonzalez, 1998). Among them,
CYPIA isoform, the most frequénf used b-i;;)r;iarkers, was reported to be induced by
PAHs, PCBs, and dioxin. CYPlal mRNA.j'ié:_\{els in Murine hepatoma Hepa Iclc7
cells were found to be increased when exp(_)_;;:'_(_l‘_t_or 5 uM Hg”" (Korashy and El-Kadi ,
2005; Bozcaarmutlu and Arine, 2007). CYP4 ;soform was known to be induced by
phthalate ester plasticizers, and chlorinated aryl phenoxy herbicides (Stein et al.,
1998). HSP72 has also been induced by Hg (II) in NRK-52E cells significantly after
24 h. of treatment of 40suM HgCl, (Stacchiotti, 2009) Duffy et al., (1999) study on
HSP70 and HSP60 from 31 gillsof Alaska fish: The [expression level of HSP70
significantly correlation with Hg level higher than 1.0 pg/g. but no statistical
relationship ;bétween sincreased ‘levels of HSP6O0 jin /gills dand ‘sicreased Hg levels.
Bozcaarmutlu and Arinc (2007) study the effect of Hg on CYP in leapin mullet (Liza
saliens) the result shown 50 mM Hg concentration inhibited the Cytochrome P450

reductase activity completely (100%).
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5.4.2 Field validation

Optimized condition of semi-quantitative RT-PCR for each genes used with
tested mussels in laboratory study were carried out with samples collected from field
study sites. Quantitative evaluation revealed similar result obtaining from laboratory
study where only the expression of pvMTO07 correlated with the Hg level in tissue of

mussels.

Dose-related expressions of MTs and other Hg related genes are generally
induced by sublethal and lethal doses of vatious metals including Hg. They have been
successfully used as biomarkers in variouS.ntiimbers of environmental monitoring
programs (Rigaa et al., 1998). An ihcreasing number of investigations on the
environmental impact of-h€avy metal using the induction of MT gene as indicator
have been applied to the real sworld conditions. Use of MT gene expression as
biomarker for determining the efivironmental impact of heavy metals has increasingly
been applied to the real werld/condition. ifor-example, MT expressions were analyzed
in springtail, Orchesella cincta, at cadmium contaminated area and reference site in
Netherlands. The study also included MT éene that involved cadmium tolerance
Results showed that the mean constitutive M’i“ mRNA expression of populations from
polluted sites was significantly higher thja—_r_lr'_of populations from reference sites

(Astudillo, et al., 2002).

For the envirofithental impact of Hg, the asscsstient is more complicated due
to the lethal dose of Hg is much lower than most heavy metals (Zoll, 1988).
Investigation on chrodic effect of'Hg invarigusispecies of-diverse ecosystem has
become even harder since the chronic dose is many folds lower than the acute
concentration, and in many, cases,.chronic.levels‘of Hg are. in, proxXimity to the levels
currently considered safe (Hontelas 1996; Vezer, 2005).n this'study, pvMTO07, one
subunit of P.viridis, has been proved to be sensitive to the induction of Hg at very low
level (< 1.0 p/L). Furthermore, its feasibility for determining the exposure of Hg in
mussels has been confirmed in both laboratory and field studies. The results from the
investigations on other stress inducible genes such as HSP71 and CYP4 in P.viridis
revealed no significant change in their expression levels after exposing to low levels
of Hg in the field, indicating that these genes were not sensitive enough to detect the

exposure of Hg at the levels and times tested in this study. Further investigation on
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these 2 genes in mussels exposed to higher concentrations of Hg will clarify their
sensitivity and availability as biomarker of exposure for the higher doses of Hg.
Generally, these 2 genes belong to heat shock proteins and cytochrome P450 families
which are recognized as stress responsive genes in various organisms (Campbell,
1996). In invertebrates, CYP4 are mainly reported and the expression level of its
genes has become one of the potential biomarkers for determining chemical
contaminants in marine environment (Simpson, 1997; Snyder, 1998; Chaty, 2004).
CYPIA is usually found in most vertebrates and commonly used as biomarker of
exposure for many substances including heavy metals (Goksoyr, 1992; Ueng, 1996
Shaw, 2002). For example, ¢ytochrome P450 expression and hypertension of human
was investigated on th¢ possible link between non-workplace cadmium (Cd)
exposure. The results indieated that the relationships between liver and kidney Cd

burdens and the abundange of .the CYP isoform 4A 11 were shown (Baker, 2003).
5.5 Genotoxicity of Hgon haecmeocytes and sperms of mussels

Scoring of comets can be conducted in several ways including the percentage
of DNA in the comet tailythe lengthrof the tall, and DNA tail moment (product of the
fraction of DNA in the tail and tail length). _’I-’e'-li]_l_'_moment is considered to be one of the
best indices of induced DNA damage amoné—_t_h_e_ various parameters (De Boeck et al.,
2000). For the evaluation of DNA damage in fh—is study, 2/parameters were monitored;
tail length and tail moment. Significant results with regard io comet tail length and tail
moment were observed with Hg exposure over a range of concentrations from 0.001
to 10.0 pg/L at different interval times (10, 30, and 60 min) in comparison with
hydrogen peroxide treatment. Similar results' were obtained from both parameters.
Increases were found when measuring Comet tail length, but the greatest changes
were if), tail moment which showed that the extent|of DNA danjage was proportional
to the concentration of Hg. The result indicated that the lowest level of Hg was still

highly toxic to both somatic and germ cells of mussels.

Sperms appeared to be more sensitive to Hg exposure than haemocytes. In
mammals, effects of Hg on reproductive development are well documented. Studies
of occupational exposure indicate that exposure to elemental Hg may affect human
reproduction. Possible effects are increased spontaneous abortions, congenital

anomalies, and reduced fertility among women (Khan, 1987). In aquatic invertebrates,
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their susceptibility varies greatly to Hg. Generally, larval stages are more sensitive

than adults (WHO, 1989).

Hg is known to induce genetic damage in vertebrates (Ben-Ozer et al., 2000;
Ruiz et al., 2008). In hamster, ovary cells exposed to 75 uM of Hg for 60 min created
DNA damage (Orazio, 1984). Hg is well studied in terms of its bioavailability,
bioaccumulation, biomagnification, and cellular toxicity, especially in bivalves
(Geret et al., 2002). Nevertheless, despite its high toxicity and genotoxicity (in
vertebrates), only few studies reported that Hg was shown to be genotoxic to
invertebrates. One example was found /in _a" mollusk, Mytilus galloprovincialis
(Bolognesi et al., 2004). It was found that exposure of M. galloprovincialis to 32 pg/L
of HgCl, for 5 days caused a_significant increase in the frequency of micronuclei in
both gill cells and haemocytes.Tn M. egulis, single strand breaks could be detected
using the Comet assay'in haemocytes exposed to HgCly at the concentration of 20
pg/L for one day (Tram et al.;2007) (T;lll)le 5.7). In this study, DNA damage was
detectable in both haemogeytes and-spermé' of mussels after exposing in vitro to HgCl,
at the concentration of 0.001 pg/L for only-rj'l.Oemin. This indicates that mussel cells are
more sensitive to Hg than other mollusks. Iﬁ higher Hg concentration leading to more
DNA in comet tails, similar result was obgaﬁ‘fed from the study on haemocyte of

bivalve mollusk, Scrobicularia piana (Petriﬂis'}QOO9).

Table 5.7 Assessmeritrof DNA damage by comet assays-after in vitro exposure of

aquatic animal cells to genotoxicants.

Animal Tissue/cell Chemical treated Assessment nmrethod Response Reference
£ (D-R;I)
Mussel (M,edulis) Gills, haemoeytes H,0, ,NDMA Empirieal Score D-R; 1 Steinert, 1996
Digestive gland, MX, BP, NP, Cu, Percentage of DNA in tail Wilson, 1998
sperm NF, araC,IMNNG Taildength Michelmore, 1998a
Micchelmore, 1998b
Mussel (M,édulis) Haemocyte Hg, Se % DNA in tail D-R; I Tran, 2007
Mud welk Haemocyte H50,,:Cu Tail length 1 Sastre, 1997.
(N. tegula)
Ribbed mussel Haemocyte H,0, Tail length 1 Sastre, 1997.
(M. senhousia)
Flounder Blood H,0,, MNNG Tail length D-R; 1 Cotelle, 1999.
(P. americanus) Nacci, 1996.
Bivalve mollusk Haemocyte H,0,,(xeno-) Tail length, Tail moment D-R; 1 Petridis, 2009.
(S. plana) estrogens
Brown trout Hepatocyte MNNG Tail length I Micchelmore, 1998b
(Salmo trtta)
Mussel Haemocyte, H,0,, HgCl, Tail length, Tail moment D-R; I This study
(P. viridis) sperm

Remark: + Dose-response (D-R) curves and /or significant increase above control (I)

MNNG = n-methyl-nitrosoguanidine, BP = benzo(a)pyrene, MX = 3-chloro-4-
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(dichloromethyl)-5-hydroxy-2[5H]-furanone, NP =1-nitropyrene, NF = nitrofurantoin,

araC = cytosine-f-D-arabinofuranoside, NDMA = N-nitrosodimethylamine.

In this study, the ratio of tail length of mussel haemocyte and sperms in
comparison with control showed significant increase when the levels of Hg increase
from 1.5 to 4.5 times higher than control. The same result was found in haemocyte of
flounder treated with H,O, in low dose (5uM of H,0,). Average tail length was
approximately 2.2 times higher than control. In high dose (500uM H,0,), average tail
length increased 11-17 times higher than control (Nacci, 1996). The effect of HgCl, at
20 pg/L was reported to cause DNA damagedn V. edulis (Tran et al., 2007).

The DNA must be considered a target site of its toxic action. If induction of
DNA lesions and active.répait of these lesions are important for mutagenicity of
carcinogenicity of a chemical agent, then Hg may be expected to have mutagenic
activity. Additionally, the DNA lésions-induced by HgCl, may result in miscoding
during DNA replication. However, Hg(xlliza-has been shown to inhibit cell growth
specifically in S phase (Costa, 1983) and therefore miscoding during DNA replication
must occur at concentrations of HgCl, that:_,.al-.rlow this process to proceed in order to
achieve a mutagenic response,in a surviviﬁ;g_f_';ell. These mechanistic findings may
help explain the low mutagenic/carcinogeni(; —gc'_t_ivity displayed by HgCl, in a number

of experimental systems (Leonard, 1983)

The DNA damage results revealed a great deal of information about the
various ways mussels respond to different contaminants and suggest a pathway of
toxicity that haS'nét been considered it previons studies, Wheni'compared to germ cell
DNA damage, somatic cells appear to have a high capacity to repair damage than
germ cell (Steinert,. 1998).. The ability, to.distinguish, between somatic and germ cell
DNA damage is ‘one "of the' most informative faspects—of the ‘Comet assay. The
organism capacity to cope with contaminant exposure can be compared to overall
sustained damage levels. In addition, germ cell damage shows a more rapid response

and in the future may represent a rapid measurement.
5.6 Applications and future prospects

Apart form the natural emission, the primary sources of Hg released into the

Gulf of Thailand are the discharge of offshore petroleum operation and anthropogenic
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activities along the coastline. There were an increasing number of platforms for oil
and gas exploration and production. It was reported that 21 oil rigs were operating in
the middle of the Gulf by the year 2002 (DMF, 2008). This led to the increasing

amount of Hg released into the Gulf.

Pollution Control Department (PCD) has performed comprehensive
monitoring program for determining Hg contamination in water, sediment, and marine
organisms in the vulnerable areas surrounding the oil and gas processing platforms.
The result in 1995 showed high Hg concentrations in seawater around the area and it
was calculated in 1997 that Hg released into water was between 40-300 kg/year or
loading into water from 20-740 ng/L (Pornseok et al, 2010). In 1998, Hg level in
tissue samples ranged fiem0.023 10 1.57 ng/g dry weight, while in 2001, the level of
Hg in sea water was 0.0008 ug/Ls and tissue samples were between 0.001 to 0.51 pg/g
(Pornsook et al, 2010).Untiknow, the re‘s_uyts have shown that Hg in water and animal
tissues are decreasing oyer time and the réﬁges of Hg levels measured were still lower
than the standard limit (standard allowaB_le values are 0.1 pg/L in sea water and 0.5
ug/g (wet weight) or 1.25 pg/g (dry weigﬁf). in animal tissues) (PCDa, 2010). On the
other hand, the levels of Hg in sediment from different platforms varied the value at
one platform to be between 0.0%5 and 0.02 @Zé-"(sediment) and the other location was
between 0.02-5.01 pg/g (sediment) (Pomsobk-btral, 2010). In addition, Hg levels in
the sediment collected from central production platformi were higher than sediment
from the distance radius points. The results reveal a trend of decreasing Hg levels in
sediments with increasing distance from the platfornt=" This indicates that Hg can
accumulate further.in sediment and. if the discharge continues,.perhaps finally Hg can
go beyond the presetibed standard while Hg'levelslin water and animal tissues are still
below standard (1pg/g sediment dfy weight) (P€Da, 2010). Itais well aware that
inorgani¢ Hg can transform quickly into organic Hg and accumulate in sediment and
microorganisms. Therefore, monitoring Hg level in the water cannot adequately

indicate the activity of Hg in aquatic environment.

Another major source of Hg is the anthropogenic activities in the areas of
industrial ports and estates where heavy industries are operated in the vicinity to the
coastline of the inner Gulf. Map Ta Phut and Laem Chabang areas, located at eastern
part of Thailand, are the classic examples of industrial estates that are confronting

with pollution caused by industrial activities. Map Ta Phut also has a high-capacity
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industrial port to serve heavy industries with a wide range of public utilities and
infrastructure services. It is presently the biggest industrial port in Thailand, located in
a strategic location suitable for all types of industries. PCD has conducted pollution
monitoring program using samples collected from surrounding areas and the results
generally indicated that the levels of most pollutants, especially heavy metals, were
lower than the standard limit (PCDb, 2010) while the data of National Cancer Institute
of Thailand indicated that during 1997-2001, all types of cancer are increasingly
found in Map Ta Phut areas, 3-5 folds higher than the people in the other areas
(Jadsri, 2006; Sangrajang, 2008; Thai Post,.2008). A number of people having
symptoms  relating to respiratory fraet” also increased  significantly
(Bureau of Occupational and Environmental Diseases, Department of Disease Control
Ministry of Public HealthyThailand, 2010). These contradictory evidences clearly
showed that parametersstoutinely used for determining the effects of harmful
chemicals in the areas were not sensitive enough for early detection of contaminant

exposure and/or the toxic effects.

The ability of low level of pollutaﬂts and their derivatives to affect their toxic
actions can complicate” the assessment ‘based solely on environmental levels.
Deleterious effects on populations-are often idifﬁcult to detect in organisms since most
effects tend to be clear only-aftct longer’periods of time. When the effect finally
becomes obvious, the- destructive process may have gone-beyond the point where it
can be reversed by remedial actions or risk reduction. Standard method commonly
used to measure the toxicity of chemicals by evaluating mortality values can only
provide a measure ,of shott-term acute .toxicity and are .not always useful for
predicting the'ecological consequences loffexposure to a patticular chemical where
effects are observed at concentrations well belowsthe lethal value:sHence, the need for

associate methods to assess, monitor, and mitigate the impact of /Hg 1S important. This

scenario has triggered the research to establish early-warning signals, or biomarkers,

reflecting the adverse biological responses towards environmental toxins.

In this study, we assessed the use of P.viridis MTs as biomarker of exposure
by exposing healthy mussels to 2 conditions: laboratory exposures where mussels
were exposed at arrange of very low concentration of Hg and field exposure where

mussels were exposed to Hg contaminated water at the real-world condition from
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petroleum processing facilities in the middle of the Gulf of Thailand. This study found
that pvMTO07 induction threshold lies near 0.2-0.5 pg/L of Hg while expression of
other forms of pvMT weakly correlates with this range. It is proved that pvMTO07 can
be applied as a suitable biomarker for Hg monitoring at the areas such as petroleum
production platforms in the Gulf of Thailand where Hg level is close to the
background value. This Biomarker can provide information on the potential adverse
impacts of Hg contaminants and can act as early warning signals of impending

environmental damage.

There is increasing interest in assessing.the impact of genotoxicants which are
chemicals capable of causing damage tojgenetie materials released into coastal marine
ecosystems. The level.of cellulat-DNA damage has been proposed as a sensitive
biomarker in environmental'biomonitoring. In the present study, single cell gel
electrophoresis or comet assay is vised as the technique to preliminarily determine the
DNA damage of haemaeyteand sperm of fnussels caused by in vitro exposure of Hg.
The result provides some gvidences on the potential genotoxic property of Hg.
Nevertheless, the nominal goncentrations ﬁsed; in this study may not reflect the exact
concentration that mussel eells.may réspond to Hg since the experiment was
conducted in vitro where cells were colleciéd";and experimented in artificial media.
Further study in the in vivo cendition is needed to verify the exact situation where the
whole bodies of livitig animals are exposed to Hg before the assessment of DNA
damage in aquatic amimals collected from contaminated sites is carried out.
Additionally, since variations in factors such as feeding, reproduction, sexual status
and lipid content,. as well-as. DNA repait-rate can .affect the pollutant uptake of
organisms, it would'be.mote instructive té relate.a biological response to the body
burdens of the toxicant concerned rather tham. the nominal aconcentrations. As
genotoXicatts are often' present at contaminated marine sites, itis suggested that the
comet assay could be beneficially used at many sites to determine if there are linkages

between DNA damage and effects at the population and community levels.

Application of the assays on both pvMT07 and DNA damage established in
the present study can be further conducted in most polluted areas such as Map Ta
Phut and Laem Chabang industrial ports and estates along the coastal line of inner
gulf. It is suitable for applying these assays in these contaminated areas because they

are natural habitat to mussels which are used as bioindicators in the assay. Even in
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some sites where mussels are not available, mussels from reference site in Trad can be
easily transplanted to the target sites. However, the situation facing one specific
problem and requiring one biomarker is rare. Generally, ecosystem has to confront
with multiple causes of disturbances and it is virtually impossible to monitor all
contaminants that are potential threat to the environment. Various number of
biomarkers used in environmental studies include enzymes, receptors, biogenic
amines, vitamins, hormones, DNA damage, antioxidants, immunological,

s and other pathological effects and the

reproductive cycle, skeletal abnorm llij

ability to integrate data from di s is not a straightforward procedure.
Therefore, a panel of com and y relevant biomarkers would be

necessary and extensive er and ecological studies in the

ecosystems of different g validate the use of biomarkers

for modeling environme
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CHAPTER VI
CONCLUSION

The production of all fossil fuels is one of the main sources for emissions of
mercury to the environment. It is important that the cycle of Hg and released
compounds including their effects on living organisms are monitored efficiently. In
this study, bioassay for determining Hg contamination in marine environment at the
surrounding areas of petroleum platform in the Gulf of Thailand was established. The
study focused on the feasibility and validity«6f using candidate genes, which were
earlier reported as Hg responsive genes, as biomarkers. In addition, the genotoxicity
of Hg was investigated using.eomet assay. Green musscl, P.viridis, was used as model

species for monitoring the ghange/of Hg contamination in target areas.

The study was initially conducte.c;lj’.by testing the response of mussels to low
level of Hg in controlled gondition. The f?sult indicated that growth and survival rate
of the experiment mussels from laboratory, and field studies were relatively normal
when compared to the mussels rearing ny ‘Eheir natural habitat. Transplantation of
mussels at petroleum production platforms éﬁé{yed no sign of any physical anomalies
on experiment samples. This showed that tra;_ls‘glanted mussels could be maintained in
un-natural habitat sueh as petroleum production platforms in the middle of the Gulf of
Thailand where food“was much less abundant for up to 3 months without significant

physical change.

Sublethal levels of 1horganic Hg (between 0.1 to- 1.05ug/L) were applied to
experiment mussels for 8 weeks in order to monitor Hg concentration in both water
and tissues rof-the~mussels. sFhe+resulty reyealed-thaty Hgy level«ingwater decreased
rapidly. Lessthan 0.1% was detected after 24 h'of'application while Hg level in tissue
increased significantly; indicating that the majority of Hg applied to the experiment

tank was absorbed into the tested mussels.

The average level of Hg in the mussel before treatment was 0.0104 pg/g while
the level from the 10 pg/L Hg (the highest dose) treatment for 8 weeks was 0.1383
pg/g. It was more than 10 times higher than in the initial mussels. This indicates that

Hg can be uptaken into living organisms almost completely within 24 h and Hg can
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be accumulated in the mussel tissue at the concentration more than 1,000 folds higher

than the Hg level in the surrounding water.

It was calculated that almost 50% of Hg applied to the tested mussels during
the experiment were accumulated in the mussel body. The accumulation rate of Hg is
reduced when Hg level in the surrounding water increases. This is presumably
because the uncertain level of bacteria growing in the water-treated bioreactor and the
excess amount of Hg applied to the mussels or it could be the higher efficiency of
mussel to eliminate Hg from theit bodigs .when the homeostasis was interfered.
Although, Hg level of transplanted mussels appéacred to be slightly lower than that of
laboratory tested mussels due to the experiment period was shorter and the level of Hg
in the surrounding water'was much lower, the difference between Hg levels of water
and tissue from musselS transplanted at'the field sites was still in agreement with the

result obtained from thé laberaiony study.

In order to develop a reliable and'_‘;aasy-to-use method to monitor the effect of
sublethal level of Hg on maring organismé;. molecular response of mussels exposed to
Hg at very low level were analyzéd; Expre_sé.io}l levels of MT genes and their 6 variant
forms, together with other 2'Hg responsivc;'..-g-é_r_l_es, HSP71 and CYP4, were analyzed
in mussels exposed to sublethal level of Hg— (0 to 1.0 pg/L) in laboratory condition.
Bioassay for quantitative evaluation of th-e Htranscripts of the target genes was
established using semi;quantitative RT-PCR technique. The result of laboratory study
indicated that pvMTO07, one of MT variant form, responded to Hg at very low levels
(lower than 0.2 pg/L) within the first weelk of experiment while the other candidate
genes showed mno |difference in each treatment. Expression level of pvMTO07 also

correlated significantly with the increasing level of Hg applied to the tested mussels.

In order 'to’ study the' feasibility ‘and validity ' of-the’ obtained method, the
optimal condition of the assay used in laboratory study was used for analyzing the
expression level of those candidate genes in mussels transplanted at petroleum
platform. The result of all candidate genes provide no detectable change on their
expression among sampling mussels due to the Hg level in the surrounding areas was
lower than the minimal level of the assay. However, the correlation between
expression levels and Hg level in mussels still confirmed that pvMTO07 was dose-

related to Hg even at very low level. The results from both laboratory and field studies
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show that the capacity of pvMTO07 and the method can be used as a tool to monitor Hg

activity at very low level.

Study of Hg genotoxicity to mussel was conducted on haemocyte and sperm
cells using single cell gel electrophoresis. Target cells were exposed in vitro to HgCl,
at the concentration between 0.001 to 10.0 pg/L at different time interval (10, 30, and

60 min). By measuring the tail length and the tail moment of the assay, similar result

was obtained from the assay of both haemocyte and sperm which indicated that the
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APPENDIX A
1. LB Broth (per Liter)
10 g of NaCl
10 g of tryptone

5 g of yeast extract

Add deionized H,O to a final djust to pH 7.0 with 5 N NaOH and

autoclave.

Add deionized H,O to a fin t to pH 7.0 with 5 N NaOH and

autoclave. After, pour-into.p: S s (=25 ml; plate)
Y. .

3. LB-Ampicillin Agﬂ(per ite

ﬁﬁﬂ%ﬂﬁﬁﬁﬂﬁdﬂ?“°€

wm}iﬁiﬂ AN e

4. 1x TAE Buffer

- 40 mM Tris-acetate

- 1 mM EDTA
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5. SOB Medium (Per liter) :

- Bacto-tryptone 20¢g
- Yeast extract 5g
- NaCl 05¢g

6. Ampicillin

Stock solution. 25 mg/ml of the sodium salt of ampicillin in water. Sterilize by

filtration and store in aliquots at —20 °C
7.5 M NaCl

Dissolve 292.2 g#of NaCl 'in 800 ml of H,O. Adjust volume to 1 liter.

Dispense into aliquots andfsterilize by autoelaving.

8.1 M MgCl,

Dissolve 203.3 g of MgCl, i 6H,0 _ir;} 800 ml of H,O. Adjust volume to 1 liter.

Dispense into aliquots and sterilize by autoclaving.

9. 3 M Sodium acetate (pH 5.2) s

Dissolve 4081 g of sodium acetate ' 3H,0 in 800 ml of H,O. Adjust pH to 5.2
with glacial acetic acid: Adjust volume to 1 liter. Dispense into aliquots and sterilize

by autoclaving,.
10. 10% Sodium dodecyl sulfate (SDS) (also called sodium lauryl sulfate)

Dissolve 100 g'of electropheresis-grade SDS in 900 ml ¢f H;O. Heat to 68 °C
to assist dissolution. Adjust the pH to 7.2 by adding a few drops of concentrated HCI.

Adjust volume to 1 liter. Dispense into aliquots.
11. Ethidium bromide 10 mg/ml

Add 1 g of ethidium bromide to 100 ml of H,O. Stir on a magnetic stirrer for
several hours to ensure that the dye has dissolved. Wrap the container in aluminum

foil or transfer to a dark bottle and store at 4 °C.



12. TE pH 8.0
- 10 mM Tris * CI (pH 8.0)
-1 mM EDTA (pH 8.0)
13. Tris-Borate (TBE)

-Working solution

- 0.089 M Tris-bos

0,089 M Horicacid

-0.002 M,

- Concentrate
Per liter:

- Tris base

- Boric acid

- Y
14. Gel-Loading B 'I

- 10x buffers.,

qummmwmm
AAIRIRGHUN TN

- 25% Ficoll (type 400) in H,O

- Store at room temperature.
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15. 10x TEN buffers
-0.1 M Tris-CI (pH 8.0)
-0.01 M EDTA (pH 8.0)
- 0.1 M NaCl

16. Glycerol (10% v/v)

Dilute 1 volume of molecular-biology-grade glycerol in 9 volume of sterile
pure H,O. Sterilize the solution by passing it.thteugh a prerinsed 0.22 pM filter. Store

-

in 200-ml aliquots at 4 °C

17. IPTG (20% wiv, 0:8"M)

IPTG is isopropyithio-B-D-galactoside. Make a 20% solution of IPTG by
dissolving 2 g of IPTG in& ml of distille-_a H>O. Adjust the volume of the solution to
10 ml with H,O and sterilize by passir;g it through a 0.22 uM disposable filter.
Dispense the solution intg'1-ml aiiqﬁots ar;d:;.s{é-)re them at -20 °C

e My

18. X-gal solution (2% wi/v) =25 y

-

X-gal is 5-br0m0-4-chloro-3-indolyl-B- -galactoside. Make a stock solution
by dissolving X-gal iﬁ dimethylformamide at a concentration of 20 mg/ml solution.
Use a glass or polypropylene tube. Wrap the tube containing the solution in aluminum
foil to prevent damage by light and store at#20 °C. It is not necessary to sterilize X-gal

solution by filtration.
19. 10% (wiv) Ammonium persulfate

Ammonium persulfate sigma) 1.0 g is dissolved in 10 ml of dH,O.

20. Resolving gel buffers : 3 M Tris-HCI pH 8.8

Tris 36.3 g is dissolved in 40 ml of dH,O, adjusted with 1 M HCI to pH 8.8
and adjusted to 100 ml final volume with dH,O.
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21. Phosphate Buffer Saline (PBS)

NaCl 8g
KCl 02¢g
Na,HPO4 144 ¢

KH2P04 0.24 g
Dissolve in 800 mil"of-dH,0, adj 8 and adjust to 1000 ml final
volume with d

Add dH,O to 1 at 37 °C then autoclave.

' %
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APPENDIX B

PCR product of MTs, HSP71 and CYP4 gene (Laboratory study)

S ——
b= in
1 11

6 78910

12 1314151617

161

Figure B1 PCR product of MT vaTOl pVNTTO2 pVMIO3 pvMTO07, pvMTO08 and

pvMT11 using firstls sfpand cDNA from mussel gill, B- actrh |used as positive control is

shown in lane 1B and ID Lane M is 100 bp DNA 1adder Negative control is shown

in Lane 1A and 1C. Analyzed on 2.0% agarose gel electrophores1s and stain with

ethidium bromide.
Lane M 100 base pair ladder Lane Lane Lane
Lane 1A Negative Control 1B Positive Control B-actin 1C Negative Control 1D Positive Control B-actin
Lane 2A Initial #1 B-actin 2B initial #3 B-actin 2C Control weekl #2 B:actin 2D 0.1 pug/L week1 #1 B-actin
Lane 3A Initial #1 MT 3B Initial #3 MT 3C Control weekl #2 MT 3D 0.1 pug/L weekl #1 MT
Lane 4A Initial #1 pvMTO1 4B Initial #3 pvMTO1 4C Control week] #2 pyMTO01 4D 0.1 pg/L weekl #1 pvMTO1
Lane 5A Initial #1 pvMT02 5B Initial #3 pvMT02 5C Control week1 #2 pyMT02 5D 0.1 pg/L weekl #1 pvMT02
Lane 6A Initial #1 pvMTO03 6B Initial #3 pvMTO03 6C Control week1 #2 pyMTO03 6D 0.1 pug/L weekl #1 pvMTO03
Lane 7A Initial #1 pvMTO07 7B Initial #3 pvMTO07 7C Control week1 #2 pyMTO07 7D 0.1 pug/L weekl #1 pvMT07
Lane 8A Initial #1 pvMTO8 8B Initial #3 pvMTO08 8C Control week1 #2 pvMT08 8D 0.1 pg/L weekl #1 pvMTO08
Lane 9A Initial #1 pvMTI11 9B Initial #3 pvMTI11 9C Control week1 #2 pyMT11 9D 0.1 pg/L weekl #1 pvMTI1
Lane 10A Initial #2 B-actin 10B Control week1 #1 B-actin 10C Control weekl1 #3 B-actin 10D 0.1 nug/L week1 #2 B-actin
Lane 11A Initial #2 MT 11B Control weekl #1 MT 11C Control weekl #3 MT 11D 0.1 pg/L weekl #2 MT
Lane 12A Initial #2 pvMTO1 12B Control week1 #1 pyMTO1 12C Control week1 #3 pyMTO01 12D 0.1 pg/L weekl #2 pvMTO1
Lane 13A Initial #2 pvMT02 13B Control week1 #1 pyMT02 13C Control week1 #3 pyMT02 13D 0.1 pg/L weekl #2 pyMT02
Lane 14A Initial #2 pvMTO03 14B Control weekl #1 pvMTO03 14C Control week!1 #3 pyMTO03 14D 0.1 pg/L weekl #2 pyMTO03
Lane 15A Initial #2 pvMTO07 15B Control week1 #1 pvMTO07 15C Control week1 #3 pyMT07 15D 0.1 pug/L weekl #2 pvMT07
Lane 16A Initial #2 pvMTO8 16B Control week1 #1 pyMTO08 16C Control week1 #3 pvMT08 16D 0.1 pg/L weekl #2 pvMTO08
Lane 17A Initial #2 pvMTI11 17B Control week1 #1 pyMT11 17C Control week1 #3 pyMT11 17D 0.1 pg/L weekl #2 pvMTI1
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Figure B2 PCR product of MT, pvMTO1, pyMT02, pyMT03, pyMT07, pyMTO8 and

pvMT11 using first strand cDNA-from mu‘éjéél;igill, B-actin used as positive control is

shown in lane 1B andi,_lD. Lane M is 100 bp DNA ladde.‘r_;. Negative control is shown

in Lane 1A and 1C. "f’&nalyzed on 2.0% agarose gel elé’cfrophoresis and stain with

ethidium bromide. = ~
Lane M 100 base pair ladder L'ane Lane Lane
Lane 1A Negative Control 1B Pasitive Control B-actin 1C Negative Control 1D Positive Control B-actin
Lane 2A 0.1 pg/L weekl #3 B-actin 2B 0.2 pg/L week1 #2 B-actin 2C 0.5 pg/L weekl #1 p-actin 2D 0.5 pg/L week1 #3 B-actin
Lane 3A 0.1 pug/L weekl #3 MT 3B 0.2 pug/L weekl #2 MT 3C 0.5 ug/L weekl #1 MT 3D 0.5 pg/L weekl #3 MT
Lane 4A 0.1 pg/L weekl #3 pvMTO1 | 4B 0.2 pg/L weekl #2 pyMTO1 | 4C 0.5ug/L weekl #1 pyMTO1 | 4D 0.5 pg/L weekl #3 pvMTO1
Lane 5A 0.1 pug/L week"#3 pyMT02", 5B 0.241t8/L week 1i#2,pvMT02 | | 15C 0.5"mg/Liweek 1#1 pvMT02#4%5D, 0.5 pug/L weekl #3 pyMT02
Lane 6A 0.1 pug/L weekl\#3 pyMT03 || 6B 0.2/ ug/L week 1 #2 pyMT03 || 6C 0.5 ng/L weekl1 #1 pvMTO3/ [+ 6D 0.5 pg/L weekl #3 pyMTO03
Lane 7A 0.1 pg/L weekl #3 pyMTO07 || 7B 0.2/ng/L week Ii#2 pyMT07| 7C 0.5 ug/L weekl #L.pvMTO7.| 7D 0.5 pg/L weekl #3 pyMT07
Lane 8A 0.1 pug/L weekl #3 pvMTO08 | 8B 0.2 pug/L weekl #2 pvMTO08 | 8C 0.5 ng/L weekl #1 pyMTO8 | 8D 0.5 pg/L weekl #3 pvMTO08
Lane 9A 0.1 pg/L weekl #3 pvMTI11 | 9B 0.2 pg/L weekl #2 pvMTI1 | 9C 0.5 pg/L weekl #1 pyMT11 | 9D 0.5 pg/L weekl #3 pvMTI1
Lane 10A 0.2 pg/L weekl #1 B-actin 10B 0.2 pg/L week1 #3 B-actin 10C 0.5 pg/L weekl #2 B-actin 10D 1.0 pg/L weekl #1 B-actin
Lane 11A 0.2 ug/L weekl #1 MT 11B 0.2 pug/L weekl #3 MT 11C 0.5 pg/L weekl #2 MT 11D 1.0 pg/L weekl #1 MT
Lane 12A 0.2 pg/L weekl #1 pyMTO1 | 12B 0.2 pg/L weekl #3 pyMTO1 | 12C 0.5 pg/L weekl #2 pyMTO1 | 12D 1.0 pg/L weekl #1 pvMTO1
Lane 13A 0.2 ug/L weekl #1 pyMT02 | 13B 0.2 pug/L weekl #3 pyMT02 | 13C 0.5 ng/L weekl #2 pyMT02 | 13D 1.0 pg/L weekl #1 pyMT02
Lane 14A 0.2 ug/L weekl #1 pvMTO03 | 14B 0.2 ug/L weekl #3 pyMT03 | 14C 0.5 pg/L weekl #2 pyMTO3 | 14D 1.0 pg/L weekl #1 pvMTO03
Lane 15A 0.2 pg/L weekl #1 pyMTO07 | 15B 0.2 pg/L weekl #3 pyMT07 | 15C 0.5 pg/L weekl #2 pyMT07 | 15D 1.0 pg/L weekl #1 pvMT07
Lane 16A 0.2 ug/L weekl #1 pvMTO08 | 16B 0.2 pug/L weekl #3 pyMT08 | 16C 0.5 ng/L weekl #2 pvMTO08 | 16D 1.0 pg/L weekl #1 pvMTO8
Lane 17A 0.2 pg/L weekl #1 pvMTI1 | 17B 0.2 pg/L weekl #3 pvMTI1 | 17C 0.5 pg/L weekl #2 pvMTI11 | 17D 1.0 pg/L weekl #1 pvMTI1
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Figure B3 PCR product of MT, pvMTO1, pyMT02, pyMT03, pyMT07, pyMTO8 and

pvMT11 using first strand cDNA-from mu‘éjéél;igill, B-actin used as positive control is

shown in lane 1B andi,_lD. Lane M is 100 bp DNA ladde.‘r_;. Negative control is shown

in Lane 1A and 1C. "f’&nalyzed on 2.0% agarose gel elé’cfrophoresis and stain with

ethidium bromide. = ~
Lane M 100 base pair ladder Lane Lane Lane
Lane 1A Negative Control 1B Positive Control B-actin ic Negative Control 1D Positive Control B-actin
Lane 2A 1.0 ug/L week1 #2 B-actin 2B Control week2 #1 B-actin 2C Control week2 #1 B-actin 2D 0.1 pug/L week2 #2 B-actin
Lane 3A 1.0 ug/L weekl #2 MT 3B Control week2 #1 MT 3C Control week?2 #1 MT 3D 0.1 pug/L week2 #2 MT
Lane 4A 1.0 pg/L weekl #2 pyMTO1 | 4B Control week2 #1pvMTO1 4C Control week2 #1 pyMTO01 4D 0.1 pg/L week2 #2 pvMTO1
Lane 5A 1.0 pg/L week 1 #2pvMT02 |~5B Control'week2#1 pvMT02 5C Control week2#1 pvMT02 5D 0.1 pg/L week2 #2 pyMT02
Lane 6A 1.0 ug/L week1 #2 pvyMTO03 | 6B Control week? #1 pvMTO03 6C Controliweek2+#1 pvMT03 6D 0.1 pug/L week2 #2 pvMT03
Lane 7A 1.0 pg/L weekl #2 pyMTO07 |.'7B Control week2 #1 pvMT07 C Control week2.#1 pyMTO07 D, 0.1 pg/L week2 #2 pyMTO07
Lane 8A 1.0 pg/L weekl #2 pyMTO8 | 8B Control week2 #1 pyMT08 8C Control week2 #1 pvMT08 8D 0.1 pg/L week2 #2 pvMT08
Lane 9A 1.0 pg/L weekl #2 pvMTI11 | 9B Control week2 #1 pyMT11 9C Control week2 #1 pyMT11 9D 0.1 pg/L week2 #2 pvMTI1
Lane 10A 1.0 pg/L week1 #3 B-actin 10B Control week2 #1 B-actin 10C 0.1 pg/L week2 #1 B-actin 10D 0.1 pg/L week?2 #3 B-actin
Lane 11A 1.0 ug/L weekl #3 MT 11B Control week2 #1 MT 11C 0.1 ug/L week2 #1 MT 11D 0.1 pug/L week2 #3 MT
Lane 12A 1.0 pg/L weekl #3 pyMTO1 | 12B Control week2 #1 pyMTO1 12C 0.1 pg/L week2 #1 pyMTO1 | 12D 0.1 pg/L week2 #3 pvMTO1
Lane 13A 1.0 pg/L weekl #3 pyMT02 | 13B Control week2 #1 pvMT02 13C 0.1 pg/L week2 #1 pyMT02 | 13D 0.1 pug/L week2 #3 pvMT02
Lane 14A 1.0 ug/L weekl #3 pyMTO03 | 14B Control week2 #1 pvMT03 14C 0.1 ug/L week2 #1 pyMTO03 | 14D 0.1 pug/L week2 #3 pvMT03
Lane 15A 1.0 pg/L weekl #3 pyMTO07 | 15B Control week2 #1 pyMT07 15C 0.1 pg/L week2 #1 pyMTO07 | 15D 0.1 pg/L week2 #3 pyMTO07
Lane 16A 1.0 pg/L weekl #3 pyMTO08 | 16B Control week2 #1 pvMTO08 16C 0.1 pg/L week2 #1 pyMTO08 | 16D 0.1 pug/L week2 #3 pvMTO8
Lane 17A 1.0 pg/L weekl #3 pvMTI11 | 17B Control week2 #1 pyMT11 17C 0.1 pg/L week2 #1 pyMT11 | 17D 0.1 pg/L week2 #3 pvMTI1
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Figure B4 PCR product of MT, pvMTO1, pvMT02, pyMT03, pyMTO07, pvMT08 and

pvMT11 using first strand cDNA-from mu's;s:eLgill, B-actin used as positive control is

shown in lane 1B and’1D. Lane M is 100 bp DNA laddeé. Negative control is shown

in Lane 1A and 1C*Analyzed on2.0% agarose gel electfophoresis and stain with

ethidium bromide. -
Lane M 100 base pair ladder Lane Lane Lane
Lane 1A Negative Control 1B Positive Control B-actin ic Negative Control 1D Positive Control B-actin
Lane 2A 0.2 pg/L week2 #1 B-actin 2B 0.2 pg/L week2 #3 B-actin 2C 0.5 pg/L week2 #2 B-actin 2D 1.0 pg/L week2 #1 B-actin
Lane 3A 0.2 ug/L week2 #1 MT 3B 0.2 ug/L week2 #3 MT 3C 0.5 ug/L week2 #2 MT 3D 1.0 pg/L week2 #1 MT
Lane 4A 0.2 pg/L week2 #1 pyMTO1 | 4B 0.2 pg/L week2 #3pvMTO01 | 4C 0:5.ug/L week2 #2 pyMTOL |'4D 1.0 pg/L week2 #1 pvMTO1
Lane 5A 0.2 ng/L week2 #lipvyMT02 |#58 0:2ugEweek2:#3 pyMT021 15C. 0% ng/liweek? #2 pvMTO2y, | 5D 1.0 ug/L week2 #1 pvMT02
Lane 6A 0.2 ug/L week2 #1 pyMTO03 | 6B 0.2 pug/L week2 #3 pvMTO03 [/ 6C 0.5 pg/L week2 #2 pvyMTO03. || 6D 1.0 ug/L week2 #1 pvMT03
Lane 7A 0.2 pg/L week2 #1 pyMTO07 |.'7B 0.2 pg/lLweek2 #3 pvMT07 || 7C 0.5 pg/L week2#2 pvMTO7 || 7D 1.0 pg/L week2 #1 pvMT07
Lane 8A 0.2 ng/L week2 #1 pyMTO8 | 8B 0.2 ug/L week2 #3 pvMTO08 | 8C 0.5 pg/L week2 #2 pyMT08 | 8D 1.0 pg/L week2 #1 pyMTO8
Lane 9A 0.2 pg/L week2 #1 pyMT11 | 9B 0.2 pg/L week2 #3 pvMTI11 | 9C 0.5 pg/L week2 #2 pvMTI11 | 9D 1.0 pg/L week2 #1 pvMTI1
Lane 10A 0.2 pg/L week2 #2 B-actin 10B 0.5 pg/L week2 #1 B-actin 10C 0.5 pg/L week2 #3 B-actin 10D 1.0 pg/L week2 #2 B-actin
Lane 11A 0.2 ug/L week2 #2 MT 11B 0.5 ug/L week2 #1 MT 11C 0.5 pg/L week2 #3 MT 11D 1.0 pg/L week2 #2 MT
Lane 12A 0.2 pg/L week2 #2 pyMTO1 | 12B 0.5 pg/L week2 #1 pyMTO1 | 12C 0.5 pg/L week2 #3 pyMTOl | 12D 1.0 pg/L week2 #2 pvMTO1
Lane 13A 0.2 ng/L week2 #2 pyMT02 | 13B 0.5 ug/L week2 #1 pvMT02 | 13C 0.5 pg/L week2 #3 pyMT02 | 13D 1.0 pg/L week2 #2 pyMT02
Lane 14A 0.2 ug/L week2 #2 pyMTO03 | 14B 0.5 ug/L week2 #1 pvMTO03 | 14C 0.5 pg/L week2 #3 pyMTO03 | 14D 1.0 pg/L week2 #2 pyMTO03
Lane 15A 0.2 pg/L week2 #2 pyMTO07 | 15B 0.5 pg/L week2 #1 pyMT07 | 15C 0.5 pg/L week2 #3 pyMT07 | 15D 1.0 pg/L week2 #2 pvMT07
Lane 16A 0.2 ng/L week2 #2 pyMTO08 | 16B 0.5 ug/L week2 #1 pvMTO08 | 16C 0.5 pg/L week2 #3 pyMT08 | 16D 1.0 pg/L week2 #2 pyMTO8
Lane 17A 0.2 pg/L week2 #2 pyMT11 | 17B 0.5 pg/L week2 #1 pvMTI1 | 17C 0.5 pg/L week2 #3 pyMTI11 | 17D 1.0 pg/L week2 #2 pvMTI1




3 45

6 7 8910 11

12 13141516 17

. J
i

165

Figure B5 PCR product of MT, pvMTO1, pvMT02, pyMT03, pyMTO07, pvMT08 and

pvMT11 using first strand cDNA-from muSSeLgill, B-actin used as positive control is

shown in lane 1B and ID. Lane M is 100 bp DNA ladder. Negative control is shown

in Lane 1A and 1C."Analyzed on 2.0% agarose gel clectrophoresis and stain with

ethidium bromide.
Lane M 100 base pair ladder Lane Lane Lane
Lane 1A Negative Control 1B Positive Control B-actin ic Negative Control 1D Positive Control B-actin
Lane 2A 1.0 pg/L week?2 #3 B-actin 2B Control week3 #2 B-actin 2C 0.1 pg/L week3 #1 B-actin 2D 0.1 pg/L week3 #3 B-actin
Lane 3A 1.0 ug/L week2 #3 MT 3B Control week3 #2 MT 3C 0.1 ug/L week3 #1 MT 3D 0.1 pug/L week3 #3 MT
Lane 4A 1.0 pg/L week2 #3 pyMTO1 | 4B Control week3 #2pvMTO01 4C 021 ng/L week3 #1 pyMTOL |"4D 0.1 pg/L week3 #3 pvMTO1
Lane 5A 1.0 pg/L week2 #3ipvMT02 |~5B Control'week3'#2 pvMT02 5C 071, pg/liweekd #1 pvMTO02y, | 5D 0.1 pg/L week3 #3 pvMT02
Lane 6A 1.0 ug/L week2 #3 pyMTO03 | 6B Control week3 #2 pvMTO03 6C 0.1 g/t week3 #1 pvMTO03."'| 6D 0.1 pug/L week3 #3 pvMT03
Lane 7A 1.0 pg/L week2 #3 pyMTO07 |.'7B Control week3 #2.pvMT07 C 0.1 pg/l week3.#1 pyMTO7 1| 7D. 0.1 pg/L week3 #3 pyMT07
Lane 8A 1.0 pg/L week2 #3 pvMTO08 | 8B Control week3 #2 pvMTO08 8C 0.1 pg/L week3 #1 pyMTO8 | 8D 0.1 pg/L week3 #3 pvMTO08
Lane 9A 1.0 pg/L week2 #3 pvMTI11 | 9B Control week3 #2 pyMT11 9C 0.1 pg/L week3 #1 pyMT11 | 9D 0.1 pg/L week3 #3 pvMTI1
Lane 10A Control week3 #1 B-actin 10B Control week3 #3 B-actin 10C 0.1 pg/L week3 #2 B-actin 10D 0.2 pg/L week3 #1 B-actin
Lane 11A Control week3 #1 MT 11B Control week3 #3 MT 11C 0.1 pg/L week3 #2 MT 11D 0.2 pg/L week3 #1 MT
Lane 12A Control week3 #1 pyMT01 12B Control week3 #3 pyMTO01 12C 0.1 pg/L week3 #2 pyMTO1 | 12D 0.2 pg/L week3 #1 pvMTO1
Lane 13A Control week3 #1 pvMT02 13B Control week3 #3 pvMT02 13C 0.1 pg/L week3 #2 pyMT02 | 13D 0.2 pug/L week3 #1 pvMT02
Lane 14A Control week3 #1 pvMT03 14B Control week3 #3 pvMT03 14C 0.1 ug/L week3 #2 pyMTO03 | 14D 0.2 pg/L week3 #1 pyMT03
Lane 15A Control week3 #1 pyMT07 15B Control week3 #3 pyMT07 15C 0.1 pg/L week3 #2 pyMT07 | 15D 0.2 pg/L week3 #1 pyMTO07
Lane 16A Control week3 #1 pvMT08 16B Control week3 #3 pvMTO08 16C 0.1 pg/L week3 #2 pyMTO08 | 16D 0.2 pug/L week3 #1 pvMTO08
Lane 17A Control week3 #1 pyMT11 17B Control week3 #3 pyMT11 17C 0.1 pg/L week3 #2 pyMT11 | 17D 0.2 pg/L week3 #1 pvMTI1
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Figure B6 PCR product of MT, pvMTO1, pyMT02, pyMT03, pyMT07, pyMTO8 and

166

pvMT11 using first strand cDNA-from mu‘éjéél;igill, B-actin used as positive control is

shown in lane 1B andi,_lD. Lane M is 100 bp DNA ladde.‘r_;. Negative control is shown

in Lane 1A and 1C. "f’&nalyzed on 2.0% agarose gel elé’cfrophoresis and stain with

ethidium bromide. = ~
Lane M 100 base pair ladder Lane Lane Lane
Lane 1A Negative Control 1B Positive Control B-actin ic Negative Control 1D Positive Control B-actin
Lane 2A 0.2 pg/L week3 #2 B-actin 2B 0.5 pg/L week3 #1 B-actin 2C 0.5 pg/L week3 #3 B-actin 2D 1.0 pg/L week3 #2 B-actin
Lane 3A 0.2 ug/L week3 #2 MT 3B 0.5 ug/L week3 #1 MT 3C 0.5 ug/L week3 #3 MT 3D 1.0 pg/L week3 #2 MT
Lane 4A 0.2 pg/L week3 #2 pyMTO01 | 4B 0.5 pg/L week3 #1lpvMTO01 | 4C 0:5.ug/L week3 #3 pyMTOL |."4D 1.0 pg/L week3 #2 pvMTO1
Lane 5A 0.2 ng/L week3 #2pvMT02 |#58 05wugEweek3u# 11 pyM T2 15C. 0% ng/liweeks #3 pvMTO2y | 5D 1.0 ug/L week3 #2 pvMT02
Lane 6A 0.2 ug/L week3 #2 pyMTO03 | 6B 0.5 pug/L week3 #1 pvMTO03 [/ 6C 0.5 pg/L week3 #3 pvMTO03. || 6D 1.0 ug/L week3 #2 pvMT03
Lane 7A 0.2 pg/L week3 #2 pyMTO07 |.'7B 0.5 pg/lLweek3 #1 ' pvMT07 || 7C 0.5 pgll week3.#3 pyMTO7 1| 7D. 1.0 pg/L week3 #2 pvMT07
Lane 8A 0.2 ng/L week3 #2 pyMTO08 | 8B 0.5 pug/L week3 #1 pvMTO08 | 8C 0.5 ng/L week3 #3 pyMTO8 | 8D 1.0 pg/L week3 #2 pvMTO8
Lane 9A 0.2 pg/L week3 #2 pyMT11 | 9B 0.5 pg/L week3 #1 pvMTI11 | 9C 0.5 pg/L week3 #3 pvMTI11 | 9D 1.0 pg/L week3 #2 pvMTI1
Lane 10A 0.2 pg/L week3 #3 B-actin 10B 0.5 pg/L week3 #2 B-actin 10C 1.0 pg/L week3 #1 B-actin 10D 1.0 pg/L week3 #3 B-actin
Lane 11A 0.2 ug/L week3 #3 MT 11B 0.5 pug/L week3 #2 MT 11C 1.0 pg/L week3 #1 MT 11D 1.0 pg/L week3 #3 MT
Lane 12A 0.2 pg/L week3 #3 pyMTO1 | 12B 0.5 pg/L week3 #2 pyMTO1 | 12C 1.0 pg/L week3 #1 pyMTO1 | 12D 1.0 pg/L week3 #3 pvMTO1
Lane 13A 0.2 ng/L week3 #3 pyMT02 | 13B 0.5 ug/L week3 #2 pyMT02 | 13C 1.0 pg/L week3 #1 pyMT02 | 13D 1.0 ug/L week3 #3 pvMT02
Lane 14A 0.2 ug/L week3 #3 pyMTO03 | 14B 0.5 ug/L week3 #2 pvMTO03 | 14C 1.0 pg/L week3 #1 pyMTO03 | 14D 1.0 pg/L week3 #3 pvMTO03
Lane 15A 0.2 pg/L week3 #3 pyMT07 | 15B 0.5 pg/L week3 #2 pyMT07 | 15C 1.0 pg/L week3 #1 pyMTO07 | 15D 1.0 pg/L week3 #3 pvMT07
Lane 16A 0.2 ng/L week3 #3 pyMTO08 | 16B 0.5 ug/L week3 #2 pvMTO08 | 16C 1.0 pg/L week3 #1 pyMTO08 | 16D 1.0 ug/L week3 #3 pvMTO08
Lane 17A 0.2 pg/L week3 #3 pyMT11 | 17B 0.5 pg/L week3 #2 pvMTI1 | 17C 1.0 pg/L week3 #1 pyMTI11 | 17D 1.0 pg/L week3 #3 pvMTI1
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Figure B7 PCR product of MT, p¥MTO1, pyMT02, pyMT03, pyMT07, pyMTO8 and

167

pvMT11 using first strand cDNA-from mu‘éjéél;igill, B-actin used as positive control is

shown in lane 1B andi,_lD. Lane M is 100 bp DNA ladde.‘r_;. Negative control is shown

in Lane 1A and 1C. "f’&nalyzed on 2.0% agarose gel elé’cfrophoresis and stain with

ethidium bromide. = ~
Lane M 100 base pair ladder Lane Lane Lane
Lane 1A Negative Control 1B Positive Control B-actin ic Negative Control 1D Positive Control B-actin
Lane 2A Control week4 #1 B-actin 2B Control week4 #3 B-actin 2C 0.1 ng/L week4 #2 B-actin 2D 0.2 ug/L week4 #1 B-actin
Lane 3A Control week4 #1 MT 3B Control week4 #3 MT 3C 0.1 pg/L week4 #2 MT 3D 0.2 ug/L week4 #1 MT
Lane 4A Control week4 #1 pyMTO1 4B Control week4 #3pvMTO1 4C 021 ng/L week4 #2 pyMTOL | ' 4D 0.2 pg/L week4 #1 pvMTO1
Lane 5A Control week4 #1 pyMT02 5B Control'week4'#3 pvMT02 5C 071, pg/lyiweekd #2 pvMTO02y, | 5D 0.2 pg/L week4 #1 pyMT02
Lane 6A Control week4 #1 pyMTO03 6B Control week4 #3 pvMTO03 6C 0.1 g/l week4 #2 pvMTO03.'| 6D 0.2 ug/L week4 #1 pvMTO03
Lane 7A Control week4 #1 pvMTO07 7B Control week4 #3 pvMT07 c 0.l pg/l weekd#2 pyMTO7 1| 7D, 0.2 pg/L week4 #1 pyMTO07
Lane 8A Control week4 #1 pvMT08 8B Control week4 #3 pyMT08 8C 0.1 pg/L week4 #2 pyMTO08 | 8D 0.2 ng/L week4 #1 pvMTO08
Lane 9A Control week4 #1 pyMT11 9B Control week4 #3 pyMT11 9C 0.1 pg/L week4 #2 pyMT11 | 9D 0.2 pg/L week4 #1 pvMTI1
Lane 10A Control week4 #2 B-actin 10B 0.1 pg/L week4 #1 B-actin 10C 0.1 pg/L week4 #3 B-actin 10D 0.2 pg/L week4 #2 B-actin
Lane 11A Control week4 #2 MT 11B 0.1 pug/L week4 #1 MT 11C 0.1 ug/L week4 #3 MT 11D 0.2 ug/L week4 #2 MT
Lane 12A Control week4 #2 pyMTO01 12B 0.1 pg/L week4 #1 pyMTO1 | 12C 0.1 pg/L week4 #3 pyMTO1 | 12D 0.2 pg/L week4 #2 pvMTO1
Lane 13A Control week4 #2 pyMTO02 13B 0.1 pug/L week4 #1 pyMT02 | 13C 0.1 pg/L week4 #3 pyMT02 | 13D 0.2 pug/L week4 #2 pvMT02
Lane 14A Control week4 #2 pyMTO03 14B 0.1 pug/L week4 #1 pvMTO03 | 14C 0.1 ug/L week4 #3 pyMTO03 | 14D 0.2 ug/L week4 #2 pvMT03
Lane 15A Control week4 #2 pyMTO07 15B 0.1 pg/L week4 #1 pyMT07 | 15C 0.1 pg/L week4 #3 pyMTO07 | 15D 0.2 pg/L week4 #2 pyMTO07
Lane 16A Control week4 #2 pvMTO08 16B 0.1 pug/L week4 #1 pvMTO08 | 16C 0.1 pg/L week4 #3 pyMTO8 | 16D 0.2 pug/L week4 #2 pvMTO8
Lane 17A Control week4 #2 pyMT11 17B 0.1 pg/L week4 #1 pvMTI1 | 17C 0.1 pg/L week4 #3 pyMT11 | 17D 0.2 pg/L week4 #2 pvMTI1
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Figure B8 PCR product of MT, pvMTO1, pvMT02, pyMT03, pyMTO07, pvMT08 and

pvMT11 using first strand cDNA-from muéﬁéLgill, B-actin used as positive control is

shown in lane 1B and’1D. Lane M is 100 bp DNA laddei. Negative control is shown

in Lane 1A and 1C. "'Analyzed on 2.0% agarose gel elécfrophoresis and stain with

ethidium bromide. = -
Lane M 100 base pair ladder Lane Lane Lane
Lane 1A Negative Control 1B Positive Control B-actin ic Negative Control 1D Positive Control B-actin
Lane 2A 0.2 pg/L week4 #3 B-actin 2B 0.5 pg/L week4 #2 B-actin 2C 1.0 png/L week4 #1 B-actin 2D 1.0 pg/L week4 #3 B-actin
Lane 3A 0.2 ug/L week4 #3 MT 3B 0.5 ug/L week4 #2 MT 3C 1.0 ug/L week4 #1 MT 3D 1.0 pg/L week4 #3 MT
Lane 4A 0.2 pg/L week4 #3 pyMTO1 | 4B 0.5 pg/L week4 #2pvMTO01 | 4C 1:0.ug/L week4 #1 pyMTOL | '4D 1.0 pg/L week4 #3 pvMTO1
Lane 5A 0.2 ng/L week4 #3pvMT02 |#58 0:5wugEweek4#2 pyMT0214 15C. 190 pg/liweckd #1 pvMTO2y | 5D 1.0 ug/L week4 #3 pvMT02
Lane 6A 0.2 ug/L week4 #3 pyMTO03 | 6B 0.5 pug/L week4 #2 pvMTO3 [/ 6C 1.0 ug/ll week4 #1 pyMTO3.'| 6D 1.0 ug/L week4 #3 pvMT03
Lane 7A 0.2 pg/L week4 #3 pyMTO07 |.'7B 0.5 pg/lLweek4 #2 pvMTO07 || 7C 1.0 pgll week4#1 pyMTO7 1| 7D, 1.0 pg/L week4 #3 pvMT07
Lane 8A 0.2 ng/L week4 #3 pyMTO8 | 8B 0.5 ug/L week4 #2 pvMTO08 | 8C 1.0 pg/L week4 #1 pyMTO8 | 8D 1.0 pg/L week4 #3 pvMTO8
Lane 9A 0.2 pg/L week4 #3 pyMT11 | 9B 0.5 pg/L week4 #2 pvMTI11 | 9C 1.0 pg/L week4 #1 pyMTI11 | 9D 1.0 pg/L week4 #3 pvMTI1
Lane 10A 0.5 pg/L week4 #1 B-actin 10B 0.5 pg/L week4 #3 B-actin 10C 1.0 pg/L week4 #2 B-actin 10D Control weekS5 #1 B-actin
Lane 11A 0.5 ug/L week4 #1 MT 11B 0.5 ug/L week4 #3 MT 11C 1.0 pg/L week4 #2 MT 11D Control week5 #1 MT
Lane 12A 0.5 pg/L week4 #1 pyMTO1 | 12B 0.5 pg/L week4 #3 pyMTO1 | 12C 1.0 pg/L week4 #2 pyMTO1 | 12D Control week5 #1 pyMTO01
Lane 13A 0.5 ng/L week4 #1 pyMT02 | 13B 0.5 ug/L week4 #3 pvMT02 | 13C 1.0 pg/L week4 #2 pyMT02 | 13D Control week5 #1 pvMT02
Lane 14A 0.5 ug/L week4 #1 pyMTO03 | 14B 0.5 ug/L week4 #3 pvMTO03 | 14C 1.0 pg/L week4 #2 pyMTO03 | 14D Control week5 #1 pvMTO03
Lane 15A 0.5 pg/L week4 #1 pyMTO07 | 15B 0.5 pg/L week4 #3 pyMT07 | 15C 1.0 pg/L week4 #2 pyMTO07 | 15D Control week5 #1 pyMTO07
Lane 16A 0.5 ng/L week4 #1 pyMTO8 | 16B 0.5 ug/L week4 #3 pvMTO08 | 16C 1.0 pg/L week4 #2 pyMTO08 | 16D Control week5 #1 pvMT08
Lane 17A 0.5 pg/L week4 #1 pyMT11 | 17B 0.5 pg/L week4 #3 pvMTI1 | 17C 1.0 pg/L week4 #2 pyMTI11 | 17D Control week5 #1 pyMT11
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Figure B9 PCR product of M/ pyMTOL, pyMT02, pvMT03, pyMT07, pvMTO08 and

pvMT11 using first strand cDNA-from mu's;s:eLgill, B-actin used as positive control is

shown in lane 1B and’1D. Lane M is 100 bp DNA laddeé. Negative control is shown

in Lane 1A and 1C*Analyzed on2.0% agarose gel electfophoresis and stain with

ethidium bromide. -
Lane M 100 base pair ladder Lane Lane Lane
Lane 1A Negative Control 1B Positive Control B-actin ic Negative Control 1D Positive Control B-actin
Lane 2A Control week5 #2 B-actin, 2B 0.1 pg/L weekS #1 B-actin 2C 0.1 pg/L weekS #3 B-actin 2D 0.2 pg/L weekS #2 B-actin
Lane 3A Control week5 #2 MT 3B 0.1 pug/L week5 #1 MT 3C 0.1 ug/L week5 #3 MT 3D 0.2 pg/L week5 #2 MT
Lane 4A Control week5 #2 pyMT01 4B 0.1 pg/L weekS #1lpvMTO01 | 4C 021 ng/L weekS #3 pyMTOL ' 4D 0.2 pg/L weekS #2 pvMTO1
Lane 5A Control weekS #2 pyMT02 5B 0 hugEweeks# 11 pyM T2 15C. 01 ng/liweeks #3 pvMTO2y | 5D 0.2 pug/L week5 #2 pvMT02
Lane 6A Control weeks #2 pyMTO03 6B 0.1 pug/L week5#1 pvMTO03 [/ 6C 0.1 g/l weeks #3 pvMTO03.'| 6D 0.2 ug/L week5 #2 pvMT03
Lane 7A Control weekS #2 pvMTO07 7B 0.1 pg/lLweekS #1 pvMTO07 || 7C 0.1 pg/l weekS#3 pyMTO7 1| 7D. 0.2 pg/L weekS #2 pyMTO07
Lane 8A Control week$ #2 pvMTO08 8B 0.1 pg/L week5 #1 pvMTO08 | 8C 0.1 pg/L week5 #3 pyMTO8 | 8D 0.2 pg/L week5 #2 pvMTO08
Lane 9A Control week5 #2 pyMT11 9B 0.1 pg/L weekS #1 pvMTI11 | 9C 0.1 pg/L week5 #3 pyMT11 | 9D 0.2 pg/L weekS #2 pvMTI1
Lane 10A Control week5 #3 B-actin 10B 0.1 pg/L weekS #2 B-actin 10C 0.2 pg/L weekS #1 B-actin 10D 0.2 pg/L weekS #3 B-actin
Lane 11A Control week5 #3 MT 11B 0.1 pug/L week5 #2 MT 11C 0.2 pg/L week5 #1 MT 11D 0.2 pg/L week5 #3 MT
Lane 12A Control week5 #3 pyMT01 12B 0.1 pg/L weekS #2 pyMTO1 | 12C 0.2 pg/L week5 #1 pyMTO1 | 12D 0.2 pg/L weekS #3 pvMTO1
Lane 13A Control week5 #3 pyMTO02 13B 0.1 pug/L week5 #2 pvMT02 | 13C 0.2 ng/L week5 #1 pyMT02 | 13D 0.2 pug/L week5 #3 pvMT02
Lane 14A Control week5 #3 pyMTO03 14B 0.1 pug/L week5 #2 pvMTO03 | 14C 0.2 pg/L week5 #1 pyMTO03 | 14D 0.2 pg/L week5 #3 pvMTO03
Lane 15A Control weekS #3 pyMT07 15B 0.1 pg/L weekS #2 pyMT07 | 15C 0.2 pg/L weekS #1 pyMT07 | 15D 0.2 pg/L weekS #3 pyMT07
Lane 16A Control week5 #3 pvMTO08 16B 0.1 pug/L week5 #2 pvMTO08 | 16C 0.2 pg/L week5 #1 pyMTO08 | 16D 0.2 pug/L week5 #3 pvMTO08
Lane 17A Control weekS5 #3 pvMT11 17B 0.1 pg/L weekS #2 pvMTI1 | 17C 0.2 pg/L week5 #1 pyMT11 | 17D 0.2 pg/L weekS #3 pvMTI1
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Figure B1OPCR product of MT, pvMTOL, pyMT02, pvMT03, pvMT07, pvMT08

and pvMTI11 using first strand ¢cDNA frk}‘ﬁi,inussel gill, B-actin used as positive

control is shown inJane 1B and 1D. Lane M is 100°bp D‘xli_\IA ladder. Negative control

is shown in Lane 1A4nd 1C. Analyzed on 2.0% agarose 8¢l electrophoresis and stain

with ethidium bromide: -
Lane M 100 base pair ladder Lane Lane Lane
Lane 1A Negative Control 1B Positive Control B-actin ic Negative Control 1D Positive Control B-actin
Lane 2A 0.5 pg/L weekS #1 B-actin 2B 0.5 pg/L weekS #3 B-actin 2C 1.0 pg/L weekS #2 B-actin 2D Control week6 #1 B-actin
Lane 3A 0.5 ug/L week5 #1 MT 3B 0.5 ug/L week5 #3 MT 3C 1.0 ug/L week5 #2 MT 3D Control week6 #1 MT
Lane 4A 0.5 pg/L week5 #1 pyMTO01 | 4B 0.5 pg/L weekS #3pvMTO01 | 4C 120 ug/L week5 #2 pyMTOL | /4D Control week6 #1 pyMTO1
Lane 5A 0.5 ng/L weeks #lipvyMT02 |#58 05wugEweeks#3 pyM T2 15C. 190 pg/liweeks #2 pvMTO2y | 5D Control week6 #1 pvMT02
Lane 6A 0.5 ug/L week5 #1 pyMTO03 | 6B 0.5 pug/L week5 #3 pvMTO03 [/ 6C 1.0 ug/l weeks #2 pyMTO3.'| 6D Control week6 #1 pvMTO03
Lane 7A 0.5 pg/L weekS #1 pyMTO07 |.'7B 0.5 pg/lLweek5 #3 pvMT07 || 7C 1.0 pgll weekS#2 pyMTO7 1| 7D, Control week6 #1 pyMTO07
Lane 8A 0.5 ng/L week5 #1 pyMTO8 | 8B 0.5 pug/L week5 #3 pvMTO08 | 8C 1.0 pg/L week5 #2 pyMTO08 | 8D Control week6 #1 pvMT08
Lane 9A 0.5 pg/L week5 #1 pyMT11 | 9B 0.5 pg/L weekS #3 pvMTI11 | 9C 1.0 pg/L weekS5 #2 pyMTI11 | 9D Control week6 #1 pyMT11
Lane 10A 0.5 pg/L weekS #2 B-actin 10B 1.0 pg/L weekS #1 B-actin 10C 1.0 pg/L weekS #3 B-actin 10D Control week6 #2 B-actin
Lane 11A 0.5 ug/L week5 #2 MT 11B 1.0 ug/L week5 #1 MT 11C 1.0 pg/L week5 #3 MT 11D Control week6 #2 MT
Lane 12A 0.5 pg/L week5 #2 pyMTO01 | 12B 1.0 pg/L weekS #1 pyMTO1 | 12C 1.0 pg/L week5 #3 pyMTO1 | 12D Control week6 #2 pyMTO1
Lane 13A 0.5 ng/L week5 #2 pyMT02 | 13B 1.0 ug/L week5 #1 pvMT02 | 13C 1.0 pg/L week5 #3 pyMT02 | 13D Control week6 #2 pvMT02
Lane 14A 0.5 ug/L week5 #2 pyMTO03 | 14B 1.0 ug/L week5 #1 pvMTO03 | 14C 1.0 pg/L week5 #3 pyMTO03 | 14D Control week6 #2 pvMTO03
Lane 15A 0.5 pg/L weekS #2 pyMT07 | 15B 1.0 pg/L weekS #1 pyMT07 | 15C 1.0 pg/L weekS #3 pyMT07 | 15D Control week6 #2 pyMT07
Lane 16A 0.5 ng/L week5 #2 pyMTO08 | 16B 1.0 ug/L week5 #1 pvMTO08 | 16C 1.0 pg/L week5 #3 pyMTO08 | 16D Control week6 #2 pvMT08
Lane 17A 0.5 pg/L week5 #2 pyMT11 | 17B 1.0 pg/L weekS #1 pvMTI1 | 17C 1.0 pg/L week5 #3 pyMTI11 | 17D Control week6 #2 pyMT11
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Figure B11 PCR product of MT, pvMTOL, pvMT02, pyMT03, pvMTO07, pvMT08

and pvMTI11 using first strand cDNA fr’q‘fﬁ',inussel gill, B-actin used as positive

control is shown inJane 1B and 1D. Lane M is 100°bp DNA ladder. Negative control

is shown in Lane 1A and 1C. Analyzed on 2.0% agarose g¢l electrophoresis and stain

with ethidium bromide: -
Lane M 100 base pair ladder Lane Lane Lane
Lane 1A Negative Control 1B Positive Control B-actin ic Negative Control 1D Positive Control B-actin
Lane 2A Control week6 #3 B-actin, 2B 0.1 pg/L week6 #2 B-actin 2C 0.2 pg/L weeko6 #1 B-actin 2D 0.2 pg/L week6 #3 B-actin
Lane 3A Control week6 #3 MT 3B 0.1 pug/L week6 #2 MT 3C 0.2 ug/L week6 #1 MT 3D 0.2 pg/L week6 #3 MT
Lane 4A Control week6 #3 pyMT01 4B 0.1 pg/L week6 #2pvMTO01 | 4C 0:2.ug/L week6 #1 pyMTO1 " 4D 0.2 pg/L week6 #3 pvMTO1
Lane 5A Control weeko6 #3 pyMT02 5B 0 hugEweek6,:#2 pyMT0214 15C. 02 ng/liweeko #1 pvMTO2y | 5D 0.2 pug/L week6 #3 pvMT02
Lane 6A Control weeko #3 pyMT03 6B 0.1 pug/L week6 #2 pvMTO03 [/ 6C 0.2 g/l weeké #1 pyMTO03."| 6D 0.2 ug/L week6 #3 pvMT03
Lane 7A Control week6 #3 pyMTO07 7B 0.1 pg/lLweek6 #2 pvMTO07 || 7C 0.2 pg/l week6#1 pyMTO7 1| 7D. 0.2 pg/L week6 #3 pyMTO07
Lane 8A Control week6 #3 pvMTO08 8B 0.1 pg/L week6 #2 pvMTO08 | 8C 0.2 ng/L week6 #1 pyMTO8 | 8D 0.2 pg/L weeké6 #3 pvMTO8
Lane 9A Control week6 #3 pyMT11 9B 0.1 pg/L week6 #2 pvMTI11 | 9C 0.2 pg/L week6 #1 pyMT11 | 9D 0.2 pg/L week6 #3 pvMTI1
Lane 10A 0.1 pg/L week6 #1 B-actin 10B 0.1 pg/L week6 #3 B-actin 10C 0.2 pg/L week6 #2 B-actin 10D 0.5 pg/L week6 #1 B-actin
Lane 11A 0.1 pg/L week6 #1 MT 11B 0.1 pug/L week6 #3 MT 11C 0.2 pg/L week6 #2 MT 11D 0.5 pg/L week6 #1 MT
Lane 12A 0.1 pg/L week6 #1 pyMTOl | 12B 0.1 pg/L week6 #3 pyMTO1 | 12C 0.2 pg/L week6 #2 pyMTOl | 12D 0.5 pg/L week6 #1 pvMTO1
Lane 13A 0.1 pg/L weeko6 #1 pyMT02 | 13B 0.1 pug/L week6 #3 pvMT02 | 13C 0.2 pg/L week6 #2 pyMT02 | 13D 0.5 pg/L weeké6 #1 pyMT02
Lane 14A 0.1 pg/L week6 #1 pvMT03 | 14B 0.1 pug/L week6 #3 pvMTO03 | 14C 0.2 pg/L week6 #2 pyMTO03 | 14D 0.5 pg/L weeké6 #1 pyMTO03
Lane 15A 0.1 pg/L week6 #1 pyMT07 | 15B 0.1 pg/L week6 #3 pyMT07 | 15C 0.2 pg/L week6 #2 pyMT07 | 15D 0.5 pg/L week6 #1 pyMTO07
Lane 16A 0.1 pg/L week6 #1 pyMTO8 | 16B 0.1 pug/L week6 #3 pvMTO08 | 16C 0.2 pg/L week6 #2 pyMT08 | 16D 0.5 pg/L weeké6 #1 pvMTO8
Lane 17A 0.1 pg/L weeké6 #1 pyMTI11 | 17B 0.1 pg/L week6 #3 pvMTI1 | 17C 0.2 pg/L week6 #2 pyMTI11 | 17D 0.5 pg/L week6 #1 pvMTI1
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Figure B12PCR product of MT, pvMTOL, pyMT02, pvMT03, pvMT07, pvMT08

and pvMTI11 using first strand ¢cDNA fr’q‘fﬁ',inussel gill, B-actin used as positive
control is shown inilane 1B and 1D. Lane M is 100 bp DINA ladder. Negative control

is shown in Lane 1A and 1C. Analyzed on 2.0% agarose g¢l electrophoresis and stain

with ethidium bromide: -
Lane M 100 base pair ladder Lane L.ane Lane
Lane 1A Negative Control 1B Pasitive Control B-actin 1C Negative Control 1D Positive Control B-actin
Lane 2A 0.5 pg/L week6 #2 B-actin 2B 1.0 pg/L week6 #1 B-actin 2C 1.0 pg/L week6 #3 B-actin 2D Control week7 #2 B-actin
Lane 3A 0.5 ug/L week6 #2 MT 3B 1.0 ug/L week6 #1 MT 3C 1.0 ug/L week6 #3 MT 3D Control week7 #2 MT
Lane 4A 0.5 ng/L week6 #2 pvMTO1 | 4B 1.0 pg/L week6#1 pvMTO1 | 4C 1.0 pg/L week6 #3 pvMTOL" | 4D Control week7 #2 pyMTO1
Lane 5A 0.5 ngweeko#2 pvMT02™ 5B 1.04e/L weekG#1ipvM T2y 5C 1.0ug/L weeko #3ypvIMT02 iy 5D Control week7 #2 pvMT02
Lane 6A 0.5 pug/liweeko #2 pvMTO03 | 6B 1.0 ug/L week6 #1 pvMTO03 | 6C 1.0 ug/L week6 #3 pvMT03 |=6D Control week7 #2 pvMT03
Lane 7A 0.5 pg/L week6 #2 pyMTO07' | 7B 1.0 pg/L week6 #1 pvMT07 || 7C 1.0/pg/L week6 #3 pvMT07 [|..7D Control week7 #2 pyMT07
Lane 8A 0.5 pg/L week6 #2 pvMTO08 | 8B 1.0 pg/L week6 #1 pyMTO08 | 8C 1.0 pg/L week6 #3 pvMTO08 | 8D Control week7 #2 pvMT08
Lane 9A 0.5 pg/L week6 #2 pvMTI11 | 9B 1.0 pg/L week6 #1 pyMTI11 | 9C 1.0 pg/L week6 #3 pvMTI11 | 9D Control week7 #2 pyMT11
Lane 10A 0.5 pg/L week6 #3 B-actin 10B 1.0 pg/L week6 #2 B-actin 10C Control week7 #1 B-actin 10D Control week7 #3 B-actin
Lane 11A 0.5 ug/L week6 #3 MT 11B 1.0 ug/L weeko6 #2 MT 11C Control week7 #1 MT 11D Control week7 #3 MT
Lane 12A 0.5 pg/L week6 #3 pvMTO1 | 12B 1.0 pg/L week6 #2 pyMTO1 | 12C Control week7 #1 pyMTO1 12D Control week7 #3 pyMTO1
Lane 13A 0.5 pg/L week6 #3 pyMT02 | 13B 1.0 pg/L week6 #2 pyMT02 | 13C Control week7 #1 pyMT02 13D Control week7 #3 pyMT02
Lane 14A 0.5 ug/L week6 #3 pvMTO03 | 14B 1.0 pg/L week6 #2 pyMTO03 | 14C Control week7 #1 pvMT03 14D Control week7 #3 pyMT03
Lane 15A 0.5 pg/L week6 #3 pyMT07 | 15B 1.0 pg/L week6 #2 pyMT07 | 15C Control week7 #1 pyMT07 15D Control week7 #3 pyMT07
Lane 16A 0.5 pg/L week6 #3 pvMTO08 | 16B 1.0 pg/L week6 #2 pyMTO08 | 16C Control week7 #1 pyMTO08 16D Control week7 #3 pvMT08
Lane 17A 0.5 pg/L week6 #3 pvMTI1 | 17B 1.0 pg/L week6 #2 pvMTI11 | 17C Control week7 #1 pyMT11 17D Control week7 #3 pyMT11
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Figure B13PCR product of MT, pvMTOL, pyMT02, pvMT03, pvMT07, pvMT08
and pvMTI11 using first strand ¢cDNA frk}‘ﬁi,inussel gill, B-actin used as positive
control is shown inJane 1B and 1D. Lane M is 100°bp D‘xli_\IA ladder. Negative control

is shown in Lane 1A4nd 1C. Analyzed on 2.0% agarose 8¢l electrophoresis and stain

with ethidium bromide: -
Lane M 100 base pair ladder Lane L.ane Lane
Lane 1A Negative Control 1B Pasitive Control B-actin 1C Negative Control 1D Positive Control B-actin
Lane 2A 0.1 pg/L week7 #1 B-actin 2B 0.1 pg/L week7 #3 B-actin 2C 0.2 pg/L week7 #2 B-actin 2D 1.0 pg/L week7 #1 B-actin
Lane 3A 0.1 pug/L week7 #1 MT 3B 0.1 ug/L week7 #3 MT 3C 0.2 ug/L week7 #2 MT 3D 1.0 pg/L week7 #1 MT
Lane 4A 0.1 pg/L week7 #1 pvMTO1 | 4B 0.1 pg/L week7#3 pvMTO01 | 4C 0.2 pg/L week7 #2 pvMTOL" | 4D 1.0 pg/L week7 #1 pvMTO1
Lane 5A 0.1 pgweeki#l pvMT02™ 5B 0. Lypte/L week 1 #3pvM T2 5C. 0.29ug/L week7 #2ypvIMT02 ily 5D 1.0 pg/L week7 #1 pvMT02
Lane 6A 0.1 pgMiweek 7 #1 pvMTO03 | 6B 0.1 pg/L week7 #3 pvMT03 || 6C 0.2 ug/L week7 #2 pvMT03 |=6D 1.0 ug/L week7 #1 pvMTO03
Lane 7A 0.1 pg/L week? #1 pvMTO07' | 7B 0.1 pg/L week7#3 pvMT07 || 7C 0.2/ng/L week7 #2 pvMT07 [|.7D 1.0 pg/L week7 #1 pyMTO07
Lane 8A 0.1 pug/L week7 #1 pvMTO08 | 8B 0.1 pg/L week7 #3 pyMTO08 | 8C 0.2 pug/L week7 #2 pvMTO08 | 8D 1.0 pg/L week7 #1 pvMTO8
Lane 9A 0.1 pg/L week7 #1 pvMTI11 | 9B 0.1 pg/L week7 #3 pvMTI11 | 9C 0.2 pg/L week7 #2 pvMTI11 | 9D 1.0 pg/L week7 #1 pvMT11
Lane 10A 0.1 pg/L week7 #2 B-actin 10B 0.2 pg/L week7 #1 B-actin 10C 0.2 pg/L week7 #3 B-actin 10D 1.0 pg/L week7 #2 B-actin
Lane 11A 0.1 pug/L week7 #2 MT 11B 0.2 ug/L week7 #1 MT 11C 0.2 pg/L week7 #3 MT 11D 1.0 pg/L week7 #2 MT
Lane 12A 0.1 pg/L week7 #2 pvMTO1 | 12B 0.2 pg/L week7 #1 pyMTOl | 12C 0.2 pg/L week7 #3 pvMTO1 | 12D 1.0 pg/L week7 #2 pvMTO1
Lane 13A 0.1 pug/L week7 #2 pvMT02 | 13B 0.2 ng/L week7 #1 pyMT02 | 13C 0.2 ug/L week7 #3 pvMT02 | 13D 1.0 pg/L week7 #2 pvMTO02
Lane 14A 0.1 pug/L week7 #2 pvMTO03 | 14B 0.2 pug/L week7 #1 pyMT03 | 14C 0.2 pg/L week7 #3 pyMTO03 | 14D 1.0 pg/L week7 #2 pvMTO03
Lane 15A 0.1 pg/L week7 #2 pyMT07 | 15B 0.2 pg/L week7 #1 pyMT07 | 15C 0.2 pg/L week7 #3 pyMT07 | 15D 1.0 pg/L week7 #2 pyMTO07
Lane 16A 0.1 pug/L week7 #2 pvMTO08 | 16B 0.2 pg/L week7 #1 pyMTO08 | 16C 0.2 ug/L week7 #3 pvMTO08 | 16D 1.0 pg/L week7 #2 pvMTO8
Lane 17A 0.1 pg/L week7 #2 pvMTI1 | 17B 0.2 pg/L week7 #1 pvMTI11 | 17C 0.2 pg/L week7 #3 pvMTI1 | 17D 1.0 pg/L week7 #2 pvMT11
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Figure B14 PCR product of MT, pvMTOL, pvMT02, pvMT03, pvMTO07, pvMT08

and pvMTI11 using firstestrand ¢DNA from mussel gill, B-actin used as positive

control is shown in lane 4B and A D; Lane M is 100 bp DNA ladder. Negative control

is shown in Lane 1A andAC_ /Analyzed on 2.0% agarose gel electrophoresis and stain

with ethidium bromide.
Lane M 100 base pair ladder Lane
Lane 1A Negative Control 1B Rositive Control B-actin
Lane 2A 1.0 pg/L week7 #3 B-actin 2B 0.1 ugfl week8 #2 Bractin
Lane 3A 1.0 ug/L week7 #3 MT 3B 0.1 pg/l. week8#2-MT
Lane 4A 1.0 pg/L week7 #3 pyMTO1 | 4B 0.1 pig/L week8.#2 pvMT 01
Lane 5A 1.0 pg/L week7 #3 pyMT02 | 5B 0.1 pg/L week8#2 pvMTO02
Lane 6A 1.0 pg/L week7 #3 pvMT03 | 6B 0.1 pg/L week8#2 pyMTO03
Lane 7A 1.0 ug/L week7 #3 pvMTO07 | 7B 0.1 pg/L-week85#2 pvMT07
Lane 8A 1.0 ug/L week7 #3 pyMTO8 | 8B 0.1 pg/L week8 #2 pvMTO08
Lane 9A 1.0 pg/L week7 #3 pvMTI11 | 9B 0.1 pg/L week8 #2 pvMTI1
Lane 10A 0.1 pg/L week8 #1 B-actin 10B 0:i-pg/i-week® #3 fB-actin
Lane 11A 0.1 pg/L week8 #1 MT B 0.1 pug/L week8 #3 MT
Lane 12A 0.1 pg/L week8 #1 pyMTO1 | 12B 0.1 pg/L week8 #3 pvMTO1
Lane 13A 0.1 pg/L week8 #1 pvMT02 | 13B 0.1 pg/L week8 #3 pyMT02
Lane 14A 0.1 pg/L week8 #1 pyMTO03 | 14B 0.1 pg/L week8 #3 pvMT03
Lane 15A 0.1 pg/L week8 #1 pyMT07 | 15B 0.1 pg/L week8 #3 pyMTO07
Lane 16A 0.1 pg/L week8 #1 pvMT08 | 16B 0.lug/L week8 #3 pvMTO8
Lane 17A 0.1 pg/L week8 #1 pvMEIT 4y 17B 0. boug/Loweek8 #3 pvM Tkl
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Figure B15 PCR products of HSP71 and C‘Y-Pd?using first strand cDNA from mussel

o i o

gill, B-actin used as positive eontrol is shd@n”ﬁh%ane IB and 1D. Lane M is 100 bp

DNA ladder. Nega,ti'ie control is shown in Tane 1A :_‘%Hl'd 1C. Analyzed on2.0%

w . : 24 !
agarose gel electrophoresis and stain with ethidium bromide.

Lane M 100 base pair ladder Lane Lane Lane

Lane 1A Negative Control 1B Positive Control B-actin 1c Negative Control 1D Positive Control B-actin
Lane 2A Control week! #1 B-actin 2B 0.4 pg/Liweek 178 B-actin 2C 0:5 pg/E weekl #2 B-actin 2D Control week2 #1 B-actin
Lane 3A Control week1 #1 HSP71 3B 0.1 pg/L week! #3 HSP71 3C 0.5 ug/L weekl #2 HSP71 3D Control week2 #1 HSP71
Lane 4A Control weekl #1 CYP450 18 0.1 pg/L week1 #3°CYP450 [“4C 0:5pug/L weekl #2 CYP450 | 4D Control week2 #1 CYP450
Lane 5A Control week1 #2 B-actin 5B 0.2 pg/L weekl #1 B-actin 5C 0.5 pg/L weekl #3 B-actin 5D Control week2 #2 B-actin
Lane 6A Control week! #2 HSP71 6B 0.2 ug/L weekl #1/HSP71 6C 0:5 pg/L weekl #3 HSP71 6D Control week2 #2 HSP71
Lane 7TA Control week1 #2 CYP450 7B 02 ng/laweekd, #1,CYP450.4( #4C 0:5 ngilweekd #3 €YP450, | 7D Control week2 #2 CYP450
Lane 8A Control weekl #3 fractin eB 0.2 pg/L'week1 #2 B-actin 8C 1.0 pg/ll weekl #1 B-actin 8D Control week2 #3 B-actin
Lane 9A Control weekl #3 HSP71 9B 0.2 pg/lweek] #2 HSP7L 9C 110 pg/L weekl #1 HSP71 9D Control week2 #3 HSP71
Lane 10A Control weekl #3 CYP450 10B 0.2 pg/L weekl #2 CYP450 | 10C 1.0 pg/L weekl #1 CYP450 | 10D Control week2 #3 CYP450
Lane 11A 0.1 pg/L weekl #1 B-actin 11B 0.2 pg/L weekl #3 B-actin 11C 1.0 pg/L week1 #2 B-actin 11D 0.1 pg/L week2 #1 B-actin
Lane 12A 0.1 ug/L weekl #1 HSP71 12B 0.2 ug/L weekl #3 HSP71 12C 1.0 ug/L weekl #2 HSP71 12D 0.1 pug/L week2 #1 HSP71
Lane 13A 0.1 ug/L weekl #1 CYP450 | 13B 0.2 ug/L weekl #3 CYP450 | 13C 1.0 pug/L weekl #2 CYP450 | 13D 0.1 pug/L week2 #1 CYP450
Lane 14A 0.1 pg/L weekl #2 B-actin 14B 0.5 pg/L weekl #1 B-actin 14C 1.0 pg/L weekl #3 B-actin 14D 0.1 pg/L week2 #2 B-actin
Lane 15A 0.1 ug/L weekl #2 HSP71 15B 0.5 ug/L weekl #1 HSP71 15C 1.0 ug/L weekl #3 HSP71 15D 0.1 pug/L week2 #2 HSP71
Lane 16A 0.1 pg/L weekl #2 CYP450 | 16B 0.5 pg/L weekl #1 CYP450 | 16C 1.0 pg/L weekl #3 CYP450 | 16D 0.1 pg/L week2 #2 CYP450
Lane 17A Blank 17B Blank 17C Blank 17D
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Figure B16 PCR products of HSPZI and Ci—i’ﬁ‘using first strand cDNA from mussel

gill, B-actin used as positive control is shd\’k;n’;ina-lane 1B and 1D. Lane M is 100 bp

DNA ladder. Negati‘gc control is shown in Lane 1A énd 1C. Analyzed on2.0%

agarose gel electropﬁt")fresis and stain with ethidium bromide.

Lane M 100 base pair ladder Lane Lane Lane

Lane 1A Negative Control 1B Positive Control B-actin 1C Negative Control 1D Positive Control B-actin
Lane 2A 0.1 pg/L week2 #2 B-agtin 2B 0.5g/Liweck2#2 B-actif 2C Contiolweek3#1, Bactin 2D 0.1 pg/L week3 #2 B-actin
Lane 3A 0.1 ug/L week2 #2 HSP71 3B 0.5 ug/L week2 #2 HSP71 3C Control week3 #1 HSP71 3D 0.1 pug/L week3 #2 HSP71
Lane 4A 0.1 pg/L week2 #2 CYP450 |14B 0.5 ng/L week2 #2.CYP450 |°.4C Control week3 #11CYP450 4D 0.1 pg/L week3 #2 CYP450
Lane 5A 0.2 ug/L week2 #1 B-actin 5B 0.5 ug/L week2 #3 B-actin 5C Control week3 #2 B-actin 5D 0.2 ug/L week3 #1 B-actin
Lane 6A 0.2 pg/L week2 #1 HSP71 6B 0.5 pg/L week2 #3dHSP71 6C Control week3 #2 HSP71 6D 0.2 pg/L week3 #1 HSP71
Lane 7A 0.2 pg/L week?2 #1 CYP450 | 7B 0.5 nug/L week2 #3 CYP450_[ 7C Control week3 #2 CYP450 D 0.2 pug/L week3 #1 CYP450
Lane 8A 0.2 ng/L week2 #2 B-actin B 10 pg/Thweck2 #1 p-actin 8C Control week3 #3 B-actin 8D 0.2 ug/L week3 #2 B-actin
Lane 9A 0.2 pg/L week2 #2 HSP71 9B 1.0 pg/Lyweek?2 #1 HSPZ1 9C Control week3 #3 HSP71 9D 0.2 pg/L week3 #2 HSP71
Lane 10A 0.2 ng/L week2 #2 CYP450 | 10B 1.0 ug/L week2 #1 CYP450 | 10C Control week3 #3 CYP450 10D 0.2 pug/L week3 #2 CYP450
Lane 11A 0.2 pg/L week2 #3 B-actin 11B 1.0 pg/L week?2 #2 B-actin 11C 0.1 pg/L week3 #1 B-actin 11D 0.2 pg/L week3 #3 B-actin
Lane 12A 0.2 pg/L week2 #3 HSP71 12B 1.0 pg/L week2 #2 HSP71 12C 0.1 pg/L week3 #1 HSP71 12D 0.2 pg/L week3 #3 HSP71
Lane 13A 0.2 ug/L week2 #3 CYP450 | 13B 1.0 ug/L week2 #2 CYP450 | 13C 0.1 ug/L week3 #1 CYP450 | 13D 0.2 ug/L week3 #3 CYP450
Lane 14A 0.5 pg/L week2 #1 B-actin 14B 1.0 pg/L week?2 #3 B-actin 14C 0.1 pg/L week3 #2 B-actin 14D 0.5 pg/L week3 #1 B-actin
Lane 15A 0.5 ng/L week2 #1 HSP71 15B 1.0 ug/L week2 #3 HSP71 15C 0.1 pg/L week3 #2 HSP71 15D 0.5 ug/L week3 #1 HSP71
Lane 16A 0.5 ug/L week2 #1 CYP450 | 16B 1.0 ug/L week2 #3 CYP450 | 16C 0.1 ug/L week3 #2 CYP450 | 16D 0.5 ug/L week3 #1 CYP450
Lane 17A Blank 17B Blank 17C Blank 17D Blank
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Figure B17 PCR products of HSPZI and Ci—i’ﬁ‘using first strand cDNA from mussel

gill, B-actin used as positive control is shd\’k;n’;ina-lane 1B and 1D. Lane M is 100 bp

DNA ladder. Negati‘gc control is shown in Lane 1A énd 1C. Analyzed on2.0%

agarose gel electropﬁt")fresis and stain with ethidium bromide.

Lane M 100 base pair ladder Lane Lane Lane

Lane 1A Negative Control 1B Positive Control B-actin 1C Negative Control 1D Positive Control B-actin
Lane 2A 0.5 pg/L week3 #2 B-agtin 2B Cotitrol weekd #1 Bractin 2C O0slhpup/Ii'week4 #2 Beactin 2D 0.5 pg/L week4 #2 B-actin
Lane 3A 0.5 ug/L week3 #2 HSP71 3B Control week4 #1"HSP71 3C 0.1ug/L week4 #2 HSP71 3D 0.5 ug/L week4 #2 HSP71
Lane 4A 0.5 pg/L week3 #2 CYP450 |14B Contiol week4 #1.CYP450 4C 0ilopg/L week4 #2 CYP450 | 4D 0.5 pg/L week4 #2 CYP450
Lane 5A 0.5 ug/L week3 #3 B-actin 5B Control week4 #2 B-actin 5C 0.2 pg/L week4 #1 B-actin 5D 0.5 ug/L week4 #3 B-actin
Lane 6A 0.5 pg/L week3 #3 HSP71 6B Control week4 #2 HSP71 6C 0.2 pg/L week4 #1 HSP71 6D 0.5 pg/L week4 #3 HSP71
Lane 7A 0.5 pg/L week3 #3.CYP450 | 7B Control week4 #2 CYP450 7C 0.2 ng/L week4 #1 CYP450 | 7D 0.5 pug/L week4 #3 CYP450
Lane 8A 1.0 ng/L week3 #1 Practin B Control ' weck4 #3 B-actin 8C 0.2 pg/ls week4 #2'B-actin: 8D 1.0 ug/L week4 #1 B-actin
Lane 9A 1.0 pg/L week3 #1 HSP71 9B Control week4 #3 ' HSP71 9C 0:2 pg/L week4 #2 HSP71 9D 1.0 pg/L week4 #1 HSP71
Lane 10A 1.0 ng/L week3 #1 CYP450 | 10B Control week4 #3 CYP450 10C 0.2 ng/L week4 #2 CYP450 | 10D 1.0 ug/L week4 #1 CYP450
Lane 11A 1.0 pg/L week3 #2 B-actin 11B 0.1 pg/L week4 #1 B-actin 11C 0.2 pg/L week4 #3 B-actin 11D 1.0 pg/L week4 #2 B-actin
Lane 12A 1.0 pg/L week3 #2 HSP71 12B 0.1 pg/L week4 #1 HSP71 12C 0.2 pg/L week4 #3 HSP71 12D 1.0 pg/L week4 #2 HSP71
Lane 13A 1.0 ug/L week3 #2 CYP450 | 13B 0.1 ug/L week4 #1 CYP450 | 13C 0.2 ug/L week4 #3 CYP450 | 13D 1.0 ug/L week4 #2 CYP450
Lane 14A 1.0 pg/L week3 #3 B-actin 14B 0.1 pg/L week4 #2 B-actin 14C 0.5 pg/L week4 #1 B-actin 14D 1.0 pg/L week4 #3 B-actin
Lane 15A 1.0 pg/L week3 #3 HSP71 15B 0.1 pug/L week4 #2 HSP71 15C 0.5 pug/L week4 #1 HSP71 15D 1.0 ug/L week4 #3 HSP71
Lane 16A 1.0 ug/L week3 #3 CYP450 | 16B 0.1 pug/L week4 #2 CYP450 | 16C 0.5 ug/L week4 #1 CYP450 | 16D 1.0 ug/L week4 #3 CYP450
Lane 17A Blank 17B Blank 17C Blank 17D Blank
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Figure B18 PCR products of HSP71 and Cﬁ’@‘using first strand cDNA from mussel

gill, B-actin used as positive control is shdgx;n',in_lane 1B and 1D. Lane M is 100 bp

DNA ladder. Negative control is_shown in_Lane 1A ;‘énd 1C. Analyzed on2.0%

agarose gel electroplioresis and stain with ethidium bromide.

Lane M 100 base pair ladder Lane Lane Lane

Lane 1A Negative Control 1B Positive Control B-actin 1C Negative Control 1D Positive Control B-actin
Lane 2A Control weekS5 #1 B-actift 2B 0.1 g/Liweek S #2 B-actif 2C 05 g/ Ir'weekS#2 Beactin 2D Control week6 #1 B-actin
Lane 3A Control weekS #1 HSP7i 3B 0.1 pg/L weeksS #2 HSP71 3C 0.5ug/L weeksS #2 HSP71 3D Control week6 #1 HSP71
Lane 4A Control weekS #1 CYP450 48 0.1 pg/L weekS#2.CYP450 |°4C 0i5.ug/L weekS #2 CYP450 | 4D Control week6 #1 CYP450
Lane 5A Control week5 #2 B-actin 5B 0.2 ug/L week5 #1 B-actin 5C 0.5 pg/L week5 #3 B-actin 5D Control week6 #2 B-actin
Lane 6A Control week5 #2 HSP71 6B 0.2 pg/L weekS #1WHSP71 6C 0.5 pg/L weekS5 #3 HSP71 6D Control week6 #2 HSP71
Lane 7A Control week5 #2 CY,P450 7B 0.2 ug/L week5 #1 CYP450_[ 7C 0.5 ng/L week5 #3 CYP450 | 7D Control week6 #2 CYP450
Lane 8A Control weekS #3 B-actin B 022 ug/Eweeks #2. B-actin 8C 1.0 pg/ll week5 #1'B-actin 8D Control week6 #3 B-actin
Lane 9A Control weekS #3 HSP71 9B 0.2 pg/lyweeks #2 HSPZ1 9C 120 pg/L weekS #1 HSP71 9D Control week6 #3 HSP71
Lane 10A Control weeks #3 CYP450 10B 0.2 pug/L week5 #2 CYP450 | 10C 1.0 pg/L week5 #1 CYP450 | 10D Control week6 #3 CYP450
Lane 11A 0.1 pg/L week5 #1 B-actin 11B 0.2 pg/L weekS #3 B-actin 11C 1.0 pg/L week5 #2 B-actin 11D 0.1 pg/L week6 #1 B-actin
Lane 12A 0.1 pg/L weekS #1 HSP71 12B 0.2 pg/L weekS #3 HSP71 12C 1.0 pg/L weekS #2 HSP71 12D 0.1 pg/L week6 #1 HSP71
Lane 13A 0.1 ug/L week5 #1 CYP450 | 13B 0.2 ug/L week5 #3 CYP450 | 13C 1.0 ug/L week5 #2 CYP450 | 13D 0.1 pug/L week6 #1 CYP450
Lane 14A 0.1 pg/L week5 #2 B-actin 14B 0.5 pg/L weekS #1 B-actin 14C 1.0 pg/L week5 #3 B-actin 14D 0.1 pg/L week6 #2 B-actin
Lane 15A 0.1 pg/L week5 #2 HSP71 15B 0.5 pug/L week5 #1 HSP71 15C 1.0 pg/L week5 #3 HSP71 15D 0.1 pug/L weeko6 #2 HSP71
Lane 16A 0.1 ug/L week5 #2 CYP450 | 16B 0.5 ug/L week5 #1 CYP450 | 16C 1.0 ug/L week5 #3 CYP450 | 16D 0.1 pug/L week6 #2 CYP450
Lane 17A Blank 17B Blank 17C Blank 17D
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Figure B19 PCR products of HSP?I and Cﬁ’#‘using first strand cDNA from mussel

gill, B-actin used as positive control is shd\'x);n’j;n-lane 1B and 1D. Lane M is 100 bp

DNA ladder. Negative control is_shown in_Lane 1A émd 1C. Analyzed on2.0%

agarose gel electropht‘ifesis and stain with ethidium bromide.

Lane M 100 base pair ladder Lane Lane Lane

Lane 1A Negative Control 1B Positive Control B-actin 1C Negative Control 1D Positive Control B-actin
Lane 2A 0.1 pg/L week6 #2 B-agtin 2B 0.5g/Liweck6#2 B-actif 2C Contiolweek7#1, Bactin 2D 0.1 pg/L week7 #2 B-actin
Lane 3A 0.1 ug/L week6 #2 HSP71 3B 0.5 ug/L weeko6 #2 HSP71 3C Control weekf #1 HSP71 3D 0.1 pug/L week7 #2 HSP71
Lane 4A 0.1 pg/L week6 #2 CYP450 |14B 0.5 png/L week6 #2.CYP450 |°4C Control week? #11CYP450 4D 0.1 pg/L week7 #2 CYP450
Lane 5A 0.2 ug/L week6 #1 B-actin 5B 0.5 ug/L week6 #3 B-actin 5C Control week7 #2 B-actin 5D 0.5 ug/L week7 #1 B-actin
Lane 6A 0.2 pg/L week6 #1 HSP71 6B 0.5 pg/L week6 #3dHSP71 6C Control week7 #2 HSP71 6D 0.5 pg/L week7 #1 HSP71
Lane 7A 0.2 pg/L week6 #1 CYP450 | 7B 0.5 nug/L weeko6 #3 CYP450_[ 7C Control week? #2 CYP450 D 0.5 pug/L week7 #1 CYP450
Lane 8A 0.2 ng/L weeko6 #2 B-actin B 10 pg/Ehweeko #1 p-actin 8C Control week? #3 B-actin 8D 0.5 nug/L week7 #2 B-actin
Lane 9A 0.2 pg/L week6 #2 HSP71 9B 1.0 pg/Lyweeko6 #1 HSPZ1 9C Control week7 #3 HSP71 9D 0.5 pg/L week7 #2 HSP71
Lane 10A 0.2 ng/L weeko6 #2 CYP450 | 10B 1.0 ug/L week6 #1 CYP450 | 10C Control week7 #3 CYP450 10D 0.5 pug/L week7 #2 CYP450
Lane 11A 0.2 pg/L week6 #3 B-actin 11B 1.0 pg/L week6 #2 B-actin 11C 0.1 pg/L week?7 #1 B-actin 11D 0.5 pg/L week7 #3 B-actin
Lane 12A 0.2 pg/L week6 #3 HSP71 12B 1.0 pg/L week6 #2 HSP71 12C 0.1 pg/L week? #1 HSP71 12D 0.5 pg/L week7 #3 HSP71
Lane 13A 0.2 ug/L weeko6 #3 CYP450 | 13B 1.0 ug/L week6 #2 CYP450 | 13C 0.1 ug/L week7 #1 CYP450 | 13D 0.5 ug/L week7 #3 CYP450
Lane 14A 0.5 pg/L week6 #1 B-actin 14B 1.0 pg/L week6 #3 B-actin 14C 0.1 pg/L week?7 #2 B-actin 14D 1.0 pg/L week7 #1 B-actin
Lane 15A 0.5 ng/L week6 #1 HSP71 15B 1.0 ug/L weeko6 #3 HSP71 15C 0.1 pg/L week7 #2 HSP71 15D 1.0 ug/L week7 #1 HSP71
Lane 16A 0.5 ug/L weeko6 #1 CYP450 | 16B 1.0 ug/L week6 #3 CYP450 | 16C 0.1 ug/L week7 #2 CYP450 | 16D 1.0 ug/L week7 #1 CYP450
Lane 17A Blank 17B Blank 17C Blank 17D
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Figure B20 PCR produets of HSP7] and CYP4 using first strand cDNA from mussel
gill, B-actin used as pesitives€ontrol is shown in lane 1B and 1D. Lane M is 100 bp
DNA ladder. Negative confrol is/shown in Lane 1A and 1C. Analyzed on2.0%

agarose gel electrophoresis andstain withethidium bromide.

Lane M 100 base pair ladder Lane

Lane 1A Negative Control 1B Pogitive Control f-actin

Lane 2A 1.0 pg/L week7 #3 B-actin 2B Tnitial #2 B-dctin®

Lane 3A 1.0 pg/L week7 #3 HSP71 3B Initial #2 HSP71 )

Lane 4A 1.0 ug/L week7 #3 CYP450 | 4B Initial #2 CYP450 A
Lane 5A 0.1 pg/L week8 #1 B-actin 5B Initial #3 B=aetin —
Lane 6A 0.1 pg/L week8 #1 HSP71 6B Initial #3 HSP71

Lane 7TA 0.1 pg/L week8 #1 CYP450 | 7B Initial #3 CYP450 =
Lane 8A 0.1 pg/L week8 #2 B-actin i
Lane 9A 0.1 pg/L week8 #2 HSP71 -

Lane 10A 0.1 pg/L week8 #2 CYP450

Lane 11A 0.1 pg/L week8 #2 B-actin

Lane 12A 0.1 pg/L week8 #2 HSP71

Lane 13A 0.1 pg/L week8 #2 CYP450

Lane 14A Initial #1 B-actin

Lane 15A Initial #1 HSP71

Lane 16A Initial #1 CYP450

Lane 17A Blank
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PCR product of MTs, HSP71 and CYP4 gene (Field study)
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Figure B21 PCR product of MT , pyMTO1, pvMT02, p¥MTO03, pvMT07, pvMTO8

and pvMTO07 using-__ﬁrst strand cDNA from mussel glI'I_s B-actin used as positive
control is shown in lané 1B and 1D. Lane M is 100 bp QNA ladder. Negative control
is shown in Lane 1A and/1C. Analyzed on 2.0 % agarose gel electrophoresis and stain

with ethidium bromide.

Lane M 100 base pair ladder Lane Lane Lane

Lane 1A Negative Control: 1B Positive«Control Bactin 1G Negative Control 1D Positive Control B-actin
Lane 2A St.A 5M 30D #1 B-actin 2B St.A SM 30D #3 B-actin 2C St.A'20M 30D, # 2 B-actin 2D St.A 40M 30D # 1 B-actin
Lane 3A St.A SM 30D # I MT 3B St.A 5SM 30D #3 MT 3C St.A20M 30D #2MT 3D St.A40M 30D #1MT
Lane 4A St.A SM 30D # 1 pvMTO1 4B St.A 5M 30D # 3 pvMTO1 4C St.A 20M 30D # 2 pvMTO1 4D St.A 40M 30D # 1 pyMTO1
Lane 5A St.A 5M 30D # 1 pvMTO02 5B St.A 5SM 30D # 3 pvMT02 5C St.A 20M 30D # 2 pyMT02 5D St.A 40M 30D # 1 pvMT02
Lane 6A St.A SM 30D # 1 pvMT03 6B St.A 5M 30D # 3 pvMTO03 6C St.A 20M 30D # 2 pvMT03 6D St.A 40M 30D # 1 pvMTO03
Lane 7A St.A 5M 30D # 1 pvMTO07 7B St.A 5M 30D # 3 pvMT07 7C St.A 20M 30D # 2 pvMTO07 7D St.A 40M 30D # 1 pvMTO07
Lane 8A St.A 5M 30D # 1 pvMTO08 8B St.A 5SM 30D # 3 pvMTO08 8C St.A 20M 30D # 2 pvMTO08 8D St.A 40M 30D # 1 pvMTO8
Lane 9A St.A 5SM 30D # 1 pvMT11 9B St.A 5M 30D # 3 pvMT11 9C St.A 20M 30D # 2 pvMT11 9D St.A 40M 30D # 1 pvMT11
Lane 10A St.A 5M 30D # 2 B-actin 10B St.A 20M 30D # 1 B-actin 10C St.A 20M 30D # 3 B-actin 10D St.A 40M 30D # 2 B-actin
Lane 11A St.A SM 30D #2 MT 11B St.A20M 30D # 1 MT 11C St.A 20M 30D # 3 MT 11D St.A 40M 30D #2 MT
Lane 12A St.A SM 30D # 2 pvMTO01 12B St.A 20M 30D # 1 pvMTO1 12C St.A 20M 30D # 3 pvMTO1 12D St.A 40M 30D # 2 pyMTO1
Lane 13A St.A 5M 30D # 2 pvMTO02 13B St.A 20M 30D # 1 pvMT02 13C St.A 20M 30D # 3 pyMT02 13D St.A 40M 30D # 2 pvMT02
Lane 14A St.A SM 30D # 2 pvMT03 14B St.A 20M 30D # 1 pvMTO03 14C St.A 20M 30D # 3 pvMT03 14D St.A 40M 30D # 2 pvMTO03
Lane 15A St.A 5M 30D # 2 pvMTO07 15B St.A 20M 30D # 1 pvMTO07 15C St.A 20M 30D # 3 pvMTO07 15D St.A 40M 30D # 2 pvMT07
Lane 16A St.A 5M 30D # 2 pvMTO08 16B St.A 20M 30D # 1 pvMTO08 16C St.A 20M 30D # 3 pvMTO8 16D St.A 40M 30D # 2 pvMTO8
Lane 17A St.A 5SM 30D #2 pvMT11 17B St.A20M 30D # 1 pvMTI1 17C St.A 20M 30D # 3 pvMT11 17D St.A 40M 30D # 2 pvMT11




M

23456 7 891011 121314151617

o
v ol

182

Figure B22 PCR product of M% " pvMTOL, pyMT02, pvMT03, pyMT07, pvMT08

and pvMTO7 using first strand ¢DNA fréh-)-’mussel gill , B-actin used as positive

control is shown inJane 1B and 1D. Lane M is 100°bp D‘xli_\IA ladder. Negative control

is shown in Lane 1A dnd 1C. Analyzed on 2.0 % agarose gel electrophoresis and stain

with ethidium bromide: -
Lane M 100 base pair ladder Lane Lane Lane
Lane 1A Negative Control 1B, Positive Control B-actin| 1C Negative Control 1D Positive Control B-actin
Lane 2A St.A 40M 30D # 3 B-actin 2B St.A 5M 60D # 2 B-actin 2C St.A20M 60D # 1 B-actin 2D St.A 20M 60D # 3 B-actin
Lane 3A St.A 40M 30D # 3 MT 3B St.A SM 60D #2 MT 3C St.A 20M 60D # 1 MT 3D St.A 20M 60D # 3 MT
Lane 4A St.A 40M 30D # 3 pvMTO1 4B St.A SM 60D # 2 pvMTO1 4C SEA 20M 60D # 1 pvMTO1 4D St.A 20M 60D # 3 pvMTO1
Lane 5A St.A 40M 30D 3ipvMT02 5B StASMU60D#2 pvMT02 5C St'A 20MH60D#11 pvMTO?2 5D St.A 20M 60D # 3 pvMT02
Lane 6A St.A 40M 30D.# 3 pyMTO03 6B St.A'5SM 60D # 2 pvMTO03 6C St.A 20M 60D# 1 pvMTO3 6D St.A 20M 60D # 3 pvMT03
Lane 7A St.A 40M 30D'# 3 pvMT07 7B St. AISML60D.# 2'pvMT07 7C St.A 20M 60D.# 1 pvMTO7 7D St.A 20M 60D # 3 pyMT07
Lane 8A St.A 40M 30D # 3 pvMT08 8B St.A SM 60D # 2 pvMT08 8C St.A 20M 60D # 1 pvMTO08 8D St.A 20M 60D # 3 pvMT08
Lane 9A St.A 40M 30D # 3 pvMT11 9B St.A SM 60D #2 pvMTI11 9C St.A 20M 60D # 1 pvMT11 9D St.A 20M 60D # 3 pvMT11
Lane 10A St.A 5M 60D # 1 B-actin 10B St.A 5M 60D # 3 B-actin 10C St.A 20M 60D # 2 B-actin 10D St.A 40M 60D # 1 B-actin
Lane 11A St.A 5SM 60D # 1 MT 11B St.A SM 60D # 3 MT 11C St.A 20M 60D # 2 MT 11D St.A 40M 60D # 1 MT
Lane 12A St.A SM 60D # 1 pyMTO1 12B St.A SM 60D # 3 pvMTO1 12C St.A 20M 60D # 2 pvMTO1 12D St.A 40M 60D # 1 pvMTO1
Lane 13A St.A SM 60D # 1 pyMT02 13B St.A SM 60D # 3 pvMT02 13C St.A 20M 60D # 2 pvMT02 13D St.A 40M 60D # 1 pvMT02
Lane 14A St.A SM 60D # 1 pvMTO03 14B St.A SM 60D # 3 pvMTO03 14C St.A 20M 60D # 2 pyMT03 14D St.A 40M 60D # 1 pvMT03
Lane 15A St.A 5M 60D # 1 pvMT07 15B St.A 5M 60D # 3 pvMTO07 15C St.A 20M 60D # 2 pyMT07 15D St.A 40M 60D # 1 pyMTO07
Lane 16A St.A SM 60D # 1 pyMT08 16B St.A SM 60D # 3 pvMT08 16C St.A 20M 60D # 2 pvMT08 16D St.A 40M 60D # 1 pvMTO08
Lane 17A St.A 5SM 60D # 1 pyMTI11 17B St.A SM 60D # 3 pvMTI11 17C St.A 20M 60D # 2 pvMT11 17D St.A 40M 60D # 1 pvMT11
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Figure B23 PCR product of M% . pvMTOL, pyMT02, pvMT03, pyMT07, pvMT08

and pvMTO7 using first strand ¢DNA fréh-)-’mussel gill , B-actin used as positive

control is shown inJane 1B and 1D. Lane M is 100°bp D‘xli_\IA ladder. Negative control

is shown in Lane 1A dnd 1C. Analyzed on 2.0 % agarose gel electrophoresis and stain

with ethidium bromide: -
Lane M 100 base pair ladder Lane Lane Lane
Lane 1A Negative Control 1B Positive Control Bractin 1C Negative Control 1D Positive Control B-actin
Lane 2A St.A 40M 60D # 2 B-actin 2B St.A 5M 90D # 1 B-actin 2C St.A 5M 90D # 3 B-actin 2D St.A 20M 90D # 2 B-actin
Lane 3A St.A 40M 60D # 2 MT 3B St.A 5SM 90D # 1 MT 3C St.A 5M 90D # 3 MT 3D St.A 20M 90D # 2 MT
Lane 4A St.A 40M 60D # 2 pyMTO1 4B St.A 5SM 90D # 1 pvMTO1 4C St.A 5SM 90D # 3 pvMTOL 4D St.A 20M 90D # 2 pvMTO1
Lane 5A St.A 40M#60D #2 pvMT02 5B St.ASM 90D# | pyMTO02 5@ St. A5V 90D # 3pvMT02, 5D St.A 20M 90D # 2 pyMT02
Lane 6A St.A 40M60D # 2 pyMTO03 6B St.A 5SM 90D # 1 pvMT03 6C St.A 5M! 90D # 3 pvMTO03 6D St.A 20M 90D # 2 pvMTO03
Lane 7A St.A 40M 60D #2 pyMTQ7 7B St.A 5SM 90D #.1 pyMT07 7C St.A SM 90D.# 3 pvMTO7. 7D St.A 20M 90D # 2 pvMT07
Lane 8A St.A 40M 60D # 2 pvMTO8 8B St.A 5M 90D # 1 pvMTO8 8C St.A 5M 90D # 3 pvMTO08 8D St.A 20M 90D # 2 pvMTO08
Lane 9A St.A 40M 60D # 2 pvMT11 9B St.A 5SM 90D # 1 pyMT11 9C St.A 5M 90D # 3 pvMT11 9D St.A 20M 90D # 2 pvMT11
Lane 10A St.A 40M 60D # 3 B-actin 10B St.A 5M 90D # 2 B-actin 10C St.A 20M 90D # 1 B-actin 10D St.A 20M 90D # 3 B-actin
Lane 11A St.A 40M 60D # 3 MT 11B St.A 5SM 90D #2 MT 11C St.A 20M 90D # 1 MT 11D St.A 20M 90D # 3 MT
Lane 12A St.A 40M 60D # 3 pvMTO1 12B St.A 5SM 90D # 2 pyMTO1 12C St.A 20M 90D # 1 pvMTOI 12D St.A 20M 90D # 3 pvMTO1
Lane 13A St.A 40M 60D # 3 pvMT02 13B St.A 5M 90D # 2 pvMT02 13C St.A 20M 90D # 1 pvMT02 13D St.A 20M 90D # 3 pyMT02
Lane 14A St.A 40M 60D # 3 pvMTO03 14B St.A 5SM 90D # 2 pyMTO03 14C St.A 20M 90D # 1 pvMTO03 14D St.A 20M 90D # 3 pvMTO03
Lane 15A St.A 40M 60D # 3 pvMTO07 15B St.A 5M 90D # 2 pvMTO07 15C St.A 20M 90D # 1 pyMT07 15D St.A 20M 90D # 3 pvMT07
Lane 16A St.A 40M 60D # 3 pvMTO08 16B St.A 5M 90D # 2 pvMTO08 16C St.A 20M 90D # 1 pvMTO08 16D St.A 20M 90D # 3 pvMTO08
Lane 17A St.A 40M 60D # 3 pvMT11 17B St.A 5SM 90D # 2 pvMT11 17C St.A 20M 90D # 1 pvMT11 17D St.A 20M 90D # 3 pvMT11
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Figure B24 PCR product of M% . pvMTOL, pyMT02, pvMT03, pyMT07, pvMT08

and pvMT11 using first strand ¢DNA fré)ﬁ)-'mussel gill , B-actin used as positive

control is shown inJane 1B and 1D. Lane M is 100°bp DNA ladder. Negative control

is shown in Lane 1A and 1C. Analyzed on 2.0 % agarose gcl electrophoresis and stain

with ethidium bromide: -
Lane M 100 base pair ladder Lane lLane Lane
Lane 1A Negative Control 1B Pasitive Control B-actin ic Negative Control 1D Positive Control B-actin
Lane 2A St.B SM 30D # 1 B-actin 2B St.B SM 30D # 3 B-actin 2C St.B20M 30D # 2 B-actin 2D St.B 40M 30D # 1 B-actin
Lane 3A St.B5M 30D # 1 MT 3B St.B 5M 30D #3 MT 3C St.B20M 30D #2 MT 3D St.B40M 30D # 1 MT
Lane 4A St.B 5SM 30D # 1 pvMTO1 4B St.B 5SM 30D # 3 pvMTO1 4C St:B.20M 30D # 2 pvMTO1 4D St.B 40M 30D # 1 pvMTO1
Lane 5A St.B 5M 30D#.1 pviMTO02 5B St.B"SM 30D #3pvMT02 5€ StB 20M30D% 2 pvMT02 5D St.B 40M 30D # 1 pvMTO02
Lane 6A St.B 5M 30D# 1 pvIVIT03 6B St.B SM 30D # 3 pvMTO03 6C St.B 20M' 30D # 2 pvMTO03 6D St.B 40M 30D # 1 pvMTO03
Lane 7A St.B SM 30D #1 pyMTO07 B St.B SM 30D #3 pvMTO7 7C St:tB20M 30D.#.2 pvMTO7 7D St.B 40M 30D # 1 pvMTO07
Lane 8A St.B 5M 30D #1 pvMT08 8B St.B 5M 30D # 3 pvMT08 8C St.B 20M 30D # 2 pvMTO08 8D St.B 40M 30D # 1 pvMTO08
Lane 9A St.B 5SM 30D # | pvMT11 9B St.B 5M 30D # 3 pvMT11 9C St.B 20M 30D # 2 pvMT11 9D St.B 40M 30D # 1 pvMT11
Lane 10A St.B SM 30D # 2 B-actin 10B St.B 20M 30D # 1 B-actin 10C St.B 20M 30D # 3 B-actin 10D St.B 40M 30D # 2 B-actin
Lane 11A St.B 5M 30D #2 MT 11B St.B20M 30D # 1 MT 11C St.B20M 30D # 3 MT 11D St.B 40M 30D #2 MT
Lane 12A St.B 5SM 30D # 2 pvMTO01 12B St.B 20M 30D # 1 pvMTO1 12C St.B 20M 30D # 3 pvMTO1 12D St.B 40M 30D # 2 pvMTO1
Lane 13A St.B 5M 30D # 2 pvMT02 13B St.B20M 30D # 1 pvMT02 13C St.B 20M 30D # 3 pvMT02 13D St.B 40M 30D # 2 pvMTO02
Lane 14A St.B 5M 30D # 2 pvMT03 14B St.B 20M 30D # 1 pvMTO03 14C St.B 20M 30D # 3 pvMTO03 14D St.B 40M 30D # 2 pvMTO03
Lane 15A St.B SM 30D # 2 pyMTO07 15B St.B 20M 30D # 1 pvMTO07 15C St.B 20M 30D # 3 pvMTO07 15D St.B 40M 30D # 2 pvMTO07
Lane 16A St.B 5M 30D # 2 pvMT08 16B St.B20M 30D # 1 pvMTO08 16C St.B 20M 30D # 3 pvMTO08 16D St.B 40M 30D # 2 pvMTO08
Lane 17A St.B 5SM 30D # 2 pvMT11 17B St.B20M 30D # 1 pvMTl11 17C St.B 20M 30D # 3 pvMT11 17D St.B 40M 30D # 2 pvMT11




Kb

==
SRV R0 ]
1 11

M

23456 7 891011 121314151617

n
o i o

il
Figure B25 PCR product of M - pyMTOL, p¥MT02, pyMTO3, pvMT07, pvMTO8
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and pvMT11 using first strand cDNA fré)‘-ﬂgimussel gill , B-actin used as positive
control is shown indahé 1B and 1D. Lane M is 100-bp DNA ladder. Negative control
- w |

is shown in Lane 1A’ éind 1C. Analyzed on 2.0 % agarosef‘gél electrophoresis and stain

with ethidium bromide: —
Lane M 100 base pair ladder Lane lLane Lane
Lane 1A Negative Control 1B, Positive Control f-actin ic Negative Control 1D Positive Control B-actin
Lane 2A St.B 40M 30D # 3 B-actin 2B St.B 5M 60D # 2 B-actin 2C St.B20M 60D # 1 B-actin 2D St.B 20M 60D # 3 B-actin
Lane 3A St.B 40M 30D # 3 MT 3B St.B 5M 60D # 2 MT 3C St.B 20M 60D # 1 MT 3D St.B 20M 60D # 3 MT
Lane 4A St.B 40M 30D # 3 pvMTO1 4B St.B 5M 60D # 2 piMTO1 4C SEB.20M 60D # 1 pvMTO1 4D St.B 20M 60D # 3 pvMTO1
Lane 5A St.B 40M 30D 3 pvMT02 5B SuB$Mir60D#2 pyMT02 5€ StB 20M 60D I pvMT02 5D St.B 20M 60D # 3 pvMT02
Lane 6A St.B 40M 30D.# 3 puMT03 6B St.B 5M 60D# 2 pyMT03 6C St.B 20M 60D # | pvMTO03 6D St.B 20M 60D # 3 pvMTO03
Lane 7A St.B 40M 30D # 3 pvMT07 7B St.B 5M 60D i 2. pvMT07 7C St:B 20M 60D.#.1 pvMTO7 7D St.B 20M 60D # 3 pvMTO07
Lane 8A St.B 40M 30D # 3 pvMTO08 8B St.B 5M 60D # 2 pvMT08 8C St.B 20M 60D # 1 pvMTO08 8D St.B 20M 60D # 3 pvMT08
Lane 9A St.B 40M 30D # 3 pvMT11 9B St.B 5M 60D # 2 pvMTI11 9C St.B 20M 60D # 1 pvMT11 9D St.B 20M 60D # 3 pvMT11
Lane 10A St.B 5M 60D # 1 B-actin 10B St.B 5M 60D # 3 B-actin 10C St.B 20M 60D # 2 B-actin 10D St.B 40M 60D # 1 B-actin
Lane 11A St.B 5M 60D # 1 MT 11B St.B 5M 60D # 3 MT 11C St.B 20M 60D # 2 MT 11D St.B 40M 60D # 1 MT
Lane 12A St.B 5M 60D # 1 pvMTO01 12B St.B 5M 60D # 3 pvMTO01 12C St.B 20M 60D # 2 pvMTO1 12D St.B 40M 60D # 1 pvMTO1
Lane 13A St.B 5M 60D # 1 pyMTO02 13B St.B 5M 60D # 3 pyMT02 13C St.B 20M 60D # 2 pvMT02 13D St.B 40M 60D # 1 pvMT02
Lane 14A St.B 5M 60D # 1 pvMT03 14B St.B 5M 60D # 3 pvMT03 14C St.B 20M 60D # 2 pvMTO03 14D St.B 40M 60D # 1 pvMTO03
Lane 15A St.B 5M 60D # 1 pvMT07 15B St.B 5M 60D # 3 pyMT07 15C St.B 20M 60D # 2 pyMT07 15D St.B 40M 60D # 1 pvMTO07
Lane 16A St.B 5M 60D # 1 pyMTO08 16B St.B 5M 60D # 3 pyMTO08 16C St.B 20M 60D # 2 pvMT08 16D St.B 40M 60D # 1 pvMT08
Lane 17A St.B 5M 60D # 1 pvMT11 17B St.B 5M 60D # 3 pvMTI11 17C St.B 20M 60D # 2 pvMTI11 17D St.B40M 60D # 1 pvMT11
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Figure B26 PCR product of M# . pvMTOL, pyMT02, pvMT03, pyMT07, pvMT08

and pvMT11 using first strand ¢DNA fréh-)-’mussel gill , B-actin used as positive

control is shown inJane 1B and 1D. Lane M is 100°bp D‘xli_\IA ladder. Negative control

is shown in Lane 1A dnd 1C. Analyzed on 2.0 % agarose gel electrophoresis and stain

with ethidium bromide: -
Lane M 100 base pair ladder Lane lLane Lane
Lane 1A Negative Control 1B, Positive Control f-actin ic Negative Control 1D Positive Control B-actin
Lane 2A St.B 40M 60D # 2 B-actin 2B St.B 5M 90D # 1" B-actin 2C St.B'5M 90D # 3 B-actin 2D St.B 20M 90D # 2 B-actin
Lane 3A St.B 40M 60D #2 MT 3B St.B 5M 90D # 1 MT 3C St.B 5SM 90D # 3 MT 3D St.B20M 90D #2 MT
Lane 4A St.B 40M 60D # 2 pvMTO1 4B St.B 5SM 90D # 1 pvMTO1 4C StB.SM 90D # 3 pyMTO1 4D St.B 20M 90D # 2 pvMTO1
Lane 5A St.B 40M 60D 2jpvMT02 58 StB$Mi90D#1, pyMT02 5€ StB, SV 90D #3 pvMT 02 5D St.B 20M 90D # 2 pvMTO02
Lane 6A St.B 40M 60D.# 2 pyMTO03 6B St.B 5M 90D# 1 pyMT03 6C St.B SM 190D #3 pvMT03 6D St.B 20M 90D # 2 pvMTO03
Lane 7A St.B 40M 60D # 2 pvMTO07 7B StiB SM 90D ' pyMTO7 7C St:-B SM 90D #.3'pvMTO7 7D St.B 20M 90D # 2 pvMTO07
Lane 8A St.B 40M 60D #2 pvMTO08 8B St.B 5M 90D # 1 pvMTO08 8C St.B 5SM 90D # 3 pvMT08 8D St.B 20M 90D # 2 pvMTO08
Lane 9A St.B 40M 60D # 2 pvMT11 9B St.B 5SM 90D # 1 pvMT11 9C St.B 5SM 90D # 3 pvMT11 9D St.B 20M 90D # 2 pvMT11
Lane 10A St.B 40M 60D # 3 B-actin 10B St.B SM 90D # 2 B-actin 10C St.B 20M 90D # 1 B-actin 10D St.B 20M 90D # 3 B-actin
Lane 11A St.B 40M 60D # 3 MT 11B St.B 5M 90D #2 MT 11C St.B20M 90D # 1 MT 11D St.B20M 90D # 3 MT
Lane 12A St.B 40M 60D # 3 pvMTO1 12B St.B 5SM 90D # 2 pvMTO1 12C St.B 20M 90D # 1 pvMTO1 12D St.B 20M 90D # 3 pvMTO1
Lane 13A St.B 40M 60D # 3 pvMTO02 13B St.B 5M 90D # 2 pvMT02 13C St.B 20M 90D # 1 pvMT02 13D St.B 20M 90D # 3 pvMTO02
Lane 14A St.B 40M 60D # 3 pvMTO03 14B St.B 5M 90D # 2 pvMTO03 14C St.B 20M 90D # 1 pvMTO03 14D St.B 20M 90D # 3 pvMTO03
Lane 15A St.B 40M 60D # 3 pvMTO07 15B St.B SM 90D # 2 pvMTO07 15C St.B 20M 90D # 1 pvMTO07 15D St.B 20M 90D # 3 pvMTO07
Lane 16A St.B 40M 60D # 3 pvMTO08 16B St.B 5M 90D # 2 pvMTO08 16C St.B 20M 90D # 1 pvMTO08 16D St.B 20M 90D # 3 pvMTO08
Lane 17A St.B 40M 60D # 3 pvMT11 17B St.B 5M 90D # 2 pvMT11 17C St.B20M 90D # 1 pvMT11 17D St.B 20M 90D # 3 pvMT11
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Figure B27 PCR product of M% " pvMTOL, pyMT02, pvMT03, pyMTO07, pvMT08

and pvMT11 using first strand ¢DNA from mussel gill , B-actin used as positive

control is shown infane 1B and 1D. Lane M is 100 bp DNA ladder. Negative control

is shown in Lane 1A and 1C. Analyzed on 2.0 % agarose gcl electrophoresis and stain

with ethidium bromide:

Lane M 100 base pair ladder Lane Lane Lane

Lane 1A Negative Control 1B Positiye Control B-actin 1C Negative Control 1D Positive Control B-actin
Lane 2A St.B 40M 90D # 1 B-actin 2B St.B 40M 90D # 3 B-actin 2C St.C5M 30D # 2 B-actin 2D St.C 20M 30D # 1 B-actin
Lane 3A St.B 40M 90D # 1 MT 3B St.B 40M 90D # 3 MT 3C St.C 5M 30D #2 MT 3D St.C 20M 30D # 1 MT
Lane 4A St.B 40M 90D # 1 pvMTO1 4B St.B 40M 90D # 3 pvMTO1 4C StiC 5M 30D # 2 pvMTO01 4D St.C 20M 30D # 1 pvMTO1
Lane 5A St.B 40M 90D# 1 pvIMT02 5B StB40M“90D#3 pvMT02 5C StC SM30D% 2 pyMT02 5P St.C 20M 30D # 1 pyMT02
Lane 6A St.B 40M 90D.# 1 pvMTO03 6B St:B 40M 90D # 3 pvMTO03 6C St.C 5M 30D # 2 pvMTO03 6D St.C 20M 30D # 1 pyMTO03
Lane 7A St.B 40M 90D # 1 pvMT07 7B St:B 40M.90D.# 3 pvMT07 7c St.C 5M 30D .#2 pvMTO7 7D St.C 20M 30D # 1 pvMT07
Lane 8A St.B 40M 90D # 1 pvMTO08 8B St.B 40M 90D # 3 pvMTO08 8C St.C 5M 30D # 2 pyMTO08 8D St.C 20M 30D # 1 pvMTO08
Lane 9A St.B 40M 90D # 1 pvMT11 9B St.B 40M 90D # 3 pvMT11 9C St.C 5M 30D # 2 pvMT11 9D St.C 20M 30D # 1 pvMTI11
Lane 10A St.B 40M 90D # 2 B-actin 10B St.C 5M 30D # 1 B-actin 10C St.C 5M 30D # 3 B-actin 10D St.C 20M 30D # 2 B-actin
Lane 11A St.B 40M 90D #2 MT 11B St.C 5M 30D # 1 MT 11C St.C 5M 30D #3 MT 11D St.C 20M 30D #2 MT
Lane 12A St.B 40M 90D # 2 pvMTO1 12B St.C 5M 30D # 1 pvMTO1 12C St.C 5M 30D # 3 pvMTO01 12D St.C 20M 30D # 2 pvMTO01
Lane 13A St.B 40M 90D # 2 pvMT02 13B St.C 5M 30D # 1 pyMTO02 13C St.C 5M 30D # 3 pyMTO02 13D St.C 20M 30D # 2 pvMT02
Lane 14A St.B 40M 90D # 2 pvMT03 14B St.C 5M 30D # 1 pyMTO03 14C St.C 5M 30D # 3 pyMTO03 14D St.C 20M 30D # 2 pvMTO03
Lane 15A St.B 40M 90D # 2 pvMT07 15B St.C 5M 30D # 1 pvMT07 15C St.C 5M 30D # 3 pyMTO07 15D St.C 20M 30D # 2 pyMTO07
Lane 16A St.B 40M 90D # 2 pvMTO08 16B St.C 5M 30D # 1 pyMTO08 16C St.C 5M 30D # 3 pvMTO08 16D St.C 20M 30D # 2 pvMTO08
Lane 17A St.B 40M 90D # 2 pvMT11 17B St.C 5M 30D # 1 pvMTI11 17C St.C 5M 30D # 3 pvMT11 17D St.C 20M 30D #2 pvMT11
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Figure B28 PCR product of M pyMTOL, pyMT02, pvMTO03, pvMTO07, pyMTO8
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and pvMT11 using first strand ¢DNA fré;f;‘;:mussel gill , B-actin used as positive
control is shown in.lai;e 1B and 1D. Lane M is 100 bp DNA ladder. Negative control

is shown in Lane 1A’ {nd 1C. Analyzed on 2.0 % agarose ¢l electrophoresis and stain

with ethidium bromide: —
Lane M 100 base pair ladder Lane Lane Lane
Lane 1A Negative Control 1B Positiye Control B-actin 1C Negative Control 1D Positive Control B-actin
Lane 2A St.C 20M 30D # 3 B-actin 2B St.C 40M 30D # 2 B-actin 2C St.C5M 60D # 1 B-actin 2D St.C 5M 60D # 3 B-actin
Lane 3A St.C 20M 30D # 3 MT 3B St.C 40M 30D #2 MT 3C St.C 5M 60D # 1 MT 3D St.C 5M 60D # 3 MT
Lane 4A St.C 20M 30D # 3 pvMTO1 4B St.C 40M 30D # 2 pvMTO1 4C StC 5M 60D # 1 pvMTO1 4D St.C 5M 60D # 3 pyMTO1
Lane 5A St.C 20M 30D 3 pvMT02 5B SuC40M30D#2 pvMT02 5C StiC 5M 60D# 1 pyMT02 5D St.C 5M 60D # 3 pyMT02
Lane 6A St.C 20M 30D.# 3 pyMTO03 6B! St.C 40M 30D # 2 pvMT03 6C St.C 5M' 60D # 1 pvMT03 6D St.C 5M 60D # 3 pyMT03
Lane 7A St.C 20M 30D # 3 pvMT07 7B StiC 40M.30D.# 2 pvMT07 7c St.C 5M 60D #.1 pvMTO7 7D St.C 5M 60D # 3 pvMT07
Lane 8A St.C 20M 30D # 3 pvMTO08 8B St.C 40M 30D # 2 pvMTO08 8C St.C 5M 60D # 1 pvMT08 8D St.C 5M 60D # 3 pvMT08
Lane 9A St.C 20M 30D # 3 pvMT11 9B St.C 40M 30D # 2 pvMT11 9C St.C 5M 60D # 1 pvMT11 9D St.C 5M 60D # 3 pyMTI11
Lane 10A St.C 40M 30D # 1 B-actin 10B St.C 40M 30D # 3 B-actin 10C St.C 5M 60D # 2 B-actin 10D St.C 20M 60D # 1 B-actin
Lane 11A St.C 40M 30D # 1 MT 11B St.C 40M 30D #3 MT 11C St.C 5M 60D # 2 MT 11D St.C 20M 60D # 1 MT
Lane 12A St.C 40M 30D # 1 pvMTO1 12B St.C 40M 30D # 3 pvMTO1 12C St.C 5M 60D # 2 pvMTO01 12D St.C 20M 60D # 1 pvMTO1
Lane 13A St.C 40M 30D # 1 pvMT02 13B St.C 40M 30D # 3 pyMT02 13C St.C 5M 60D # 2 pvMT02 13D St.C 20M 60D # 1 pvMT02
Lane 14A St.C 40M 30D # 1 pvMTO03 14B St.C 40M 30D # 3 pvMTO03 14C St.C 5M 60D # 2 pvMT03 14D St.C 20M 60D # 1 pvMT03
Lane 15A St.C 40M 30D # 1 pvMTO07 15B St.C 40M 30D # 3 pyMTO07 15C St.C 5M 60D # 2 pyMTO07 15D St.C 20M 60D # 1 pyMT07
Lane 16A St.C 40M 30D # 1 pvMTO08 16B St.C 40M 30D # 3 pvMTO08 16C St.C 5M 60D # 2 pvMT08 16D St.C 20M 60D # 1 pvMT08
Lane 17A St.C 40M 30D # 1 pvMT11 17B St.C 40M 30D # 3 pvMT11 17C St.C 5M 60D # 2 pvMT11 17D St.C 20M 60D # 1 pvMT11
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Figure B29 PCR product 6f M, pvMTOL, pyMT02, pyMTO3, pvMTO07, pyMT08
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and pvMT11 using first strand ¢DNA fréﬁ_}-’mussel gill , B-actin used as positive

control is shown in .la_i'ge 1B and 1D. Lane M is 100 bp D;_’NA ladder. Negative control

is shown in Lane 1A dnd 1C. Analyzed on 2.0 % agarose gel electrophoresis and stain

with ethidium bromide: -
Lane M 100 base pair ladder Lane Lane Lane
Lane 1A Negative Control 1B Positiye Control B-actin 1C Negative Control 1D Positive Control B-actin
Lane 2A St.C 20M 60D # 2 B-actin 2B St.C 40M 60D # 1 B-actin 2C St.C40M 60D # 3 B-actin 2D St.C 5M 90D # 2 B-actin
Lane 3A St.C 20M 60D # 2 MT 3B St.C 40M 60D # 1 MT 3C St.C 40M 60D # 3 MT 3D St.C 5M 90D # 2 MT
Lane 4A St.C 20M 60D # 2 pvMTO1 4B St.C 40M 60D # 1 pvMTO1 4C StC 40M 60D # 3 pvMTO1 4D St.C 5M 90D # 2 pvMTO01
Lane 5A St.C 20M 60D# 2 pvMT02 5B SuC40M=60D#y pvMT02 5C StiC 40MI60D, #8 pvM T2 5D St.C 5M 90D # 2 pvMT02
Lane 6A St.C 20M_60D.# 2 puNT03 6B! St.C 40M 60D # 1 pvMT03 6C St.C 40M 60D+ 3 pvMT03 6D St.C 5M 90D # 2 pvMTO03
Lane 7A St.C 20M 60D # 2 pvMT07 7B StiC 40ML60D.# 1'pvMT07 7c St.C 40M 60D.# 3 pvMTO7 7D St.C 5M 90D # 2 pvMT07
Lane 8A St.C 20M 60D #2 pvMTO08 8B St.C 40M 60D # 1 pyMTO08 8C St.C 40M 60D # 3 pvMT08 8D St.C 5M 90D # 2 pvMT08
Lane 9A St.C 20M 60D # 2 pvMT11 9B St.C 40M 60D # 1 pvMT11 9C St.C 40M 60D # 3 pvMT11 9D St.C 5M 90D # 2 pvMT11
Lane 10A St.C 20M 60D # 3 B-actin 10B St.C 40M 60D # 2 B-actin 10C St.C 5M 90D # 1 B-actin 10D St.C 5M 90D # 3 B-actin
Lane 11A St.C 20M 60D # 3 MT 11B St.C 40M 60D #2 MT 11C St.C 5M 90D # 1 MT 11D St.C 5M 90D # 3 MT
Lane 12A St.C 20M 60D # 3 pvMTO1 12B St.C 40M 60D # 2 pvMTO01 12C St.C 5M 90D # 1 pvMTO1 12D St.C 5M 90D # 3 pvMTO01
Lane 13A St.C 20M 60D # 3 pvMT02 13B St.C 40M 60D # 2 pyMT02 13C St.C 5M 90D # 1 pvMT02 13D St.C 5M 90D # 3 pvMT02
Lane 14A St.C 20M 60D # 3 pvMTO03 14B St.C 40M 60D # 2 pvMT03 14C St.C 5M 90D # 1 pvMT03 14D St.C 5M 90D # 3 pvMTO03
Lane 15A St.C 20M 60D # 3 pvMTO07 15B St.C 40M 60D # 2 pyMT07 15C St.C 5M 90D # 1 pyMTO07 15D St.C 5M 90D # 3 pyMTO07
Lane 16A St.C 20M 60D # 3 pvMTO08 16B St.C 40M 60D # 2 pvMTO08 16C St.C 5M 90D # 1 pvMTO08 16D St.C 5M 90D # 3 pvMT08
Lane 17A St.C 20M 60D # 3 pvMT11 17B St.C 40M 60D # 2 pvMT11 17C St.C 5M 90D # 1 pvMT11 17D St.C 5M 90D # 3 pvMT11
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Figure B30 PCR product of M% " pvMTOL, pyMT02, pvMT03, pyMTO07, pvMT08
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and pvMT11 using first strand ¢DNA fréh-)-’mussel gill , B-actin used as positive

control is shown inJane 1B and 1D. Lane M is 100°bp D‘xli_\IA ladder. Negative control

is shown in Lane 1A dnd 1C. Analyzed on 2.0 % agarose gel electrophoresis and stain

with ethidium bromide: -
Lane M 100 base pair ladder Lane Lane Lane
Lane 1A Negative Control 1B Positiye Control B-actin 1C Negative Control 1D Positive Control B-actin
Lane 2A St.C 20M 90D # 1 B-actin 2B St.C 20M 90D # 3 B-actin 2C St.C40M 90D # 2 B-actin 2D St.D 5M 30D # 1 B-actin
Lane 3A St.C20M 90D # 1 MT 3B St.C20M 90D # 3 MT 3C St.C 40M 90D #2 MT 3D St.D 5SM 30D # 1 MT
Lane 4A St.C 20M 90D # 1 pvMTO1 4B St.C 20M 90D # 3 pvMTO1 4C St€ 40M 90D # 2 pvMTOL 4D St.D SM 30D # 1 pvMTO1
Lane 5A St.C 20M 90D 1 ;pvMT02 58 StC20M90D#3 pvMT02 5C St.C 40M90D, #2 pvMT2 5D St.D SM 30D # 1 pyMT02
Lane 6A St.C 20M 90D.# 1 pvMTO03 6B St.C 20M 90D # 3 pvMT03 6C St.C 40M 90D+ 2 pvMTO3 6D St.D SM 30D # 1 pvMTO03
Lane 7A St.C 20M 90D # 1 pvMT07 7B StiC 20M.90D.# 3 pvMT07 7c St.C 40M 90D#2 pvMTO7 7D St.D 5M 30D # 1 pvMT07
Lane 8A St.C 20M 90D # 1 pvMTO08 8B St.C 20M 90D # 3 pvMTO08 8C St.C 40M 90D # 2 pvMTO08 8D St.D SM 30D # 1 pyMTO08
Lane 9A St.C 20M 90D # 1 pvMT11 9B St.C 20M 90D # 3 pvMTI11 9C St.C 40M 90D # 2 pvMT11 9D St.D SM 30D # 1 pvMTI11
Lane 10A St.C 20M 90D # 2 B-actin 10B St.C 40M 90D # 1 B-actin 10C St.C 40M 90D # 3 B-actin 10D St.D 5M 30D # 2 B-actin
Lane 11A St.C20M 90D #2 MT 11B St.C40M 90D # 1 MT 11C St.C 40M 90D # 3 MT 11D St.D 5SM 30D #2 MT
Lane 12A St.C 20M 90D # 2 pvMTO1 12B St.C 40M 90D # 1 pyMTO1 12C St.C 40M 90D # 3 pvMTO1 12D St.D SM 30D # 2 pvMTO1
Lane 13A St.C 20M 90D # 2 pvMT02 13B St.C 40M 90D # 1 pyMT02 13C St.C 40M 90D # 3 pvMTO02 13D St.D SM 30D # 2 pvMT02
Lane 14A St.C 20M 90D # 2 pvMTO03 14B St.C 40M 90D # 1 pyMTO03 14C St.C 40M 90D # 3 pvMTO03 14D St.D SM 30D # 2 pvMTO03
Lane 15A St.C 20M 90D # 2 pvMTO07 158 St.C 40M 90D # 1 pvMTO07 15C St.C 40M 90D # 3 pvMTO07 15D St.D 5M 30D # 2 pvMTO07
Lane 16A St.C 20M 90D # 2 pvMTO08 16B St.C 40M 90D # 1 pyMTO8 16C St.C 40M 90D # 3 pvMTO08 16D St.D SM 30D # 2 pvMTO08
Lane 17A St.C 20M 90D # 2 pvMT11 17B St.C 40M 90D # 1 pvMTI11 17C St.C 40M 90D # 3 pvMT11 17D St.D SM 30D #2 pvMTI11
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Figure B31PCR product of M pyMTOL, pyMT02, pvMTO03, pvMTO07, pyMTO8

and pvMT11 using first strand ¢DNA fré;f;‘;:mussel gill , B-actin used as positive
control is shown in.lai;e 1B and 1D. Lane M is 100 bp DNA ladder. Negative control

is shown in Lane 1A’ {nd 1C. Analyzed on 2.0 % agarose ¢l electrophoresis and stain

with ethidium bromide: —
Lane M 100 base pair ladder Lane Lane Lane
Lane 1A Negative Control 1B Pasitive:Control B-actin 1C Negative Control 1D Positive Control B-actin
Lane 2A St.D 5SM 30D # 3 B-actin 2B St.D SM 60D # 2 B-actin 2C St.D'SM 90D# 1 B-actin 2D St.D SM 90D # 3 B-actin
Lane 3A St.D 5M 30D # 3 MT 3B St.D 5M 60D # 2 MT 3C St.D 5SM 90D # 1 MT 3D St.D 5M 90D # 3 MT
Lane 4A St.D 5M 30D # 3 pvMTO1 4B St.D 5M 60D # 2 pvMTO1 4C StDSM 90D # 1 pvMTO1 4D St.D 5M 90D # 3 pvMTO1
Lane 5A St.D 5M 30D#.3 puMT02 5B St.DSM 60D #2pvMTO2 5Q StDSMI90D #hpyMTO2 5D St.D 5M 90D # 3 pvMTO02
Lane 6A St.D 5M 30D 3 pvMIL03 6B St.D 5SM 60D #2 pvMTO03 6C St.D 5M 90D # I=pyMT03 6D St.D 5M 90D # 3 pvMTO03
Lane 7A St.D 5SM 30D #3 pyMT07 7B St.D 5M 60D #2 pvIMTO07 ic St.D.SM 90D # LpvMT07 D St.D SM 90D # 3 pvMT07
Lane 8A St.D 5M 30D #3 pvMTO08 8B St.D 5M 60D # 2 pvMTO08 8C St.D 5SM 90D # 1 pvMTO08 8D St.D 5M 90D # 3 pvMTO08
Lane 9A St.D 5M 30D # 3 pvMT11 9B St.D 5M 60D # 2 pvMT11 9C St.D 5SM 90D # 1 pvMT11 9D St.D 5M 90D # 3 pvMT11
Lane 10A St.D 5SM 60D # 1 B-actin 10B St.D SM 60D # 3 B-actin 10C St.D 5M 90D # 2 B-actin 10D
Lane 11A St.D 5SM 60D # 1 MT 11B St.D 5M 60D # 3 MT 11C St.D 5SM 90D # 2 MT 11D
Lane 12A St.D 5SM 60D # 1 pvMTO1 12B St.D 5M 60D # 3 pvMTO1 12C St.D 5SM 90D # 2 pvMTO1 12D
Lane 13A St.D 5M 60D # 1 pvMT02 13B St.D SM 60D # 3 pvMT02 13C St.D 5SM 90D # 2 pyMT02 13D
Lane 14A St.D 5SM 60D # 1 pvMTO03 14B St.D 5M 60D # 3 pvMTO03 14C St.D 5SM 90D # 2 pyMTO03 14D
Lane 15A St.D 5SM 60D # 1 pvMTO07 15B St.D SM 60D # 3 pvMT07 15C St.D 5M 90D # 2 pvMT07 15D
Lane 16A St.D 5M 60D # 1 pvMTO8 16B St.D 5SM 60D # 3 pvMT08 16C St.D 5SM 90D # 2 pvMTO08 16D
Lane 17A St.D 5SM 60D # 1 pvMT11 17B St.D 5M 60D # 3 pvMT11 17C St.D 5M 90D # 2 pvMT11 17D
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Figure B32PCR products of fHSBﬂ an@i‘P%O using first strand ¢cDNA from

mussel gill, B-actin used as positive contré}"&éﬁhown in lane 1B and 1D. Lane M is

100 bp DNA laddet: 'E\Iegative control is shown in Lane gA and 1C. Analyzed on 2.0

% agarose gel electr‘(')ﬁhoresis and stain with ethidium bromide.

Lane M 100 base pair ladder Lane Lane Lane

Lane 1A Negative Control 1B Positive Control B-actin 1C Negative Control 1D Positive Control B-actin
Lane 2A St.A 5SM 30D # 1 B-actin 2B St. A20M 30D #31Bactin 2C StA SMT60D#2 pzdactin 2D St.A 40M 60D # 1 B-actin
Lane 3A St.A 5SM 30D # 1 HSP71 8B St.A 20M 30D # 3-HSP71 3C StA 5SM 60D # 2 HSP71 3D St.A 40M 60D # 1 HSP71
Lane 4A St.A 5M 30D # 1 CYP450 4B St.A 20M 30D #3.€YP450 4C StASM 60D # 2 CYP450 4D St.A 40M 60D # 1 CYP450
Lane 5A St.A 5SM 30D # 2 B-actin 5B St.A 40M 30D # 1 B-actin 5C St.A 5M 60D # 3 B-actin 5D St.A 40M 60D # 2 B-actin
Lane 6A St.A 5M 30D # 2 HSP71 6B St.A 40M 30D # 1 HSP71 6C St.A 5M 60D # 3 HSP71 6D St.A 40M 60D # 2 HSP71
Lane 7A St.A 5SM 30D.# 2 CYP450 7B St.A 40M_30D.# 1 CYP450 7C St.A 5M 60D # 3 CYP450 7D, St.A 40M 60D # 2 CYP450
Lane 8A St.A 5SM 30D.#3 B-actin 8B StA 40M*30D# 2 B-actin 8C St.A 20M 60D # 1 B-actin 8D St.A 40M 60D # 3 B-actin
Lane 9A St.A 5M 30D#3 HSP7I 98 St.A 40M#30D# 2/ HSP71 9C St:A 20M 60D # 1 HSP7] 9D St.A 40M 60D # 3 HSP71
Lane 10A St.A 5SM 30D #3 CYP450 10B St.A 40M 30D # 2 CYP450 10C St.A 20M 60D # 1 CYP450 10D St.A 40M 60D # 3 CYP450
Lane 11A St.A 20M 30D # 1 B-actin 11B St.A 40M 30D # 3 B-actin 11C St.A 20M 60D # 2 B-actin 11D St.A 5M 90D # 1 B-actin
Lane 12A St.A 20M 30D # 1 HSP71 12B St.A 40M 30D # 3 HSP71 12C St.A 20M 60D # 2 HSP71 12D St.A 5M 90D # 1 HSP71
Lane 13A St.A 20M 30D # 1 CYP450 13B St.A 40M 30D # 3 CYP450 13C St.A 20M 60D # 2 CYP450 13D St.A 5SM 90D # 1 CYP450
Lane 14A St.A 20M 30D # 2 B-actin 14B St.A 5M 60D # 1 B-actin 14C St.A 20M 60D # 3 B-actin 14D St.A 5M 90D # 2 B-actin
Lane 15A St.A 20M 30D # 2 HSP71 15B St.A 5SM 60D # 1 HSP71 15C St.A 20M 60D # 3 HSP71 15D St.A 5SM 90D # 2 HSP71
Lane 16A St.A 20M 30D # 2 CYP450 16B St.A 5SM 60D # 1 CYP450 16C St.A 20M 60D # 3 CYP450 16D St.A 5SM 90D # 2 CYP450
Lane 17A Blank 17B Blank 17C Blank 17D Blank
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Figure B33 PCR products of tHSP71 and£¥P450 using first strand cDNA from

mussel gill, B-actin used as positive contro',lf—i_is,;shown in lane 1B and 1D. Lane M is

100 bp DNA ladder; V'Negative control is shown in Lane lA and 1C. Analyzed on2.0

% agarose gel electrophoresis and stain with ethidium bromide.

Lane M 100 base pair ladder Lane Lane Lane

Lane 1A Negative Control 1B Positive Control B-actin 1C Negative Control 1D Positive Control B-actin
Lane 2A St.A 5M 90D # 3 B-actin 2B St.BSM 30D 24B-actin 2C StB 40M=30D#,] B-aetin 2D St.B 5M 60D # 3 B-actin
Lane 3A St.A SM 90D # 3 HSP71 3B St.B 5M 30D # 2 HSP71 3C St.B 40M 30D # 1 HSP71 3D St.B 5SM 60D # 3 HSP71
Lane 4A St.A 5M 90D # 3 CYP450 4B St.B 5M 30D # 2 CYP450 4C St.B.40M 30D #1 CYP450 | 4D St.B SM 60D # 3 CYP450
Lane 5A St.A 20M 90D # 1 B-actin 5B St.B 5M 30D # 3 B-actin 5C St.B 40M 30D # 2 B-actin 5D St.B 20M 60D # 1 B-actin
Lane 6A St.A 20M 90D # 1 HSP71 6B St.B 5M 30D # 3 HSP71 6C St.B 40M 30D # 2 HSP71 6D St.B 20M 60D # 1 HSP71
Lane 7A St.A 20M 90D # 1 CYP450 7B St.B SM 30D # 3 CYP450 7C St.B 40M_30D #2 CYP450°|" 7D St.B 20M 60D # 1 CYP450
Lane 8A St.A 20M 90D # 2'3-actint 8B St.B 20M=30D# 1 f-actin 8C St.B 40M 30D # 3 B-actin 8D St.B 20M 60D # 2 B-actin
Lane 9A St.A 20M 90D # 2 HSP71 9B St.B 20M30D# LHSR71 9C St:B 40M 30D #3 HSP71 9D St.B 20M 60D # 2 HSP71
Lane 10A St.A 20M 90D # 2 CYP450 10B St.B 20M 30D # 1 CYP450 10C St.B 40M 30D #3 CYP450 | 10D St.B 20M 60D # 2 CYP450
Lane 11A St.A 20M 90D # 3 B-actin 11B St.B 20M 30D # 2 B-actin 11C St.B 5SM 60D # 1 B-actin 11D St.B 20M 60D # 3 B-actin
Lane 12A St.A 20M 90D # 3 HSP71 12B St.B 20M 30D # 2 HSP71 12C St.B SM 60D # 1 HSP71 12D St.B 20M 60D # 3 HSP71
Lane 13A St.A 20M 90D # 3 CYP450 13B St.B 20M 30D # 2 CYP450 13C St.B SM 60D # 1 CYP450 13D St.B 20M 60D # 3 CYP450
Lane 14A St.B 5SM 30D # 1 B-actin 14B St.B 20M 30D # 3 B-actin 14C St.B 5SM 60D # 2 B-actin 14D St.B 40M 60D # 1 B-actin
Lane 15A St.B SM 30D # 1 HSP71 15B St.B 20M 30D # 3 HSP71 15C St.B SM 60D # 2 HSP71 15D St.B 40M 60D # 1 HSP71
Lane 16A St.B 5SM 30D # 1 CYP450 16B St.B 20M 30D # 3 CYP450 16C St.B SM 60D # 2 CYP450 16D St.B 40M 60D # 1 CYP450
Lane 17A Blank 17B Blank 17C Blank 17D
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Figure B34 PCR products of “HSP71 and£¥P450 using first strand ¢cDNA from

mussel gill, B-actin used as positive contré}*:_i-s;shown in lane 1B and 1D. Lane M is

100 bp DNA laddets Negative control is shown in Lane lA and 1C. Analyzed on 2.0

% agarose gel electrophoresis and stain with ethidium bromide.

Lane M 100 base pair ladder Lane Lane Lane

Lane 1A Negative Control 1B Positiye Control B-actin j Negative Control 1D Positive Control B-actin
Lane 2A St.B 40M 60D # 2 B-actin 2B StiB 20M 90D# 1jB-actif 2C $t.B4OM90D # 3yB-actin 2D St.C 20M 30D # 2 B-actin
Lane 3A St.B 40M 60D # 2 HSP71 3B St.B 20M 90D # 1 HSP71, 3C St.B40M 90D # 3 HSP71 3D St.C 20M 30D # 2 HSP71
Lane 4A St.B40M 60D #2 CYP450 | 4B St.B 20M 90D # 1/€YP450 4AC St.B40M 90D # 3ICYP450 | 4D St.C 20M 30D # 2 CYP450
Lane 5A St.B 40M 60D # 3 B-actin 5B St.B 20M 90D # 2 B-actin 5C St.C 5M 30D # 1 B-actin 5D St.C 20M 30D # 3 B-actin
Lane 6A St.B 40M 60D # 3 HSP71 6B St.B 20M 90D # 2 HSP71 6C St.C 5M 30D # 1 HSP71 6D St.C 20M 30D # 3 HSP71
Lane 7A St.B 40M 60D.# 3 CYP450.| 7B St.B.20M 90D #2 CYP450 7C St.C 5M. 30D #.1 CYP450 7D, St.C 20M 30D # 3 CYP450
Lane 8A St.B 5SM 90D.#]1 B-actin 8B St.B20M 90D #3 B-actin 8€ St.C5M. 30D #?2 B-actin 8D St.C 40M 30D # 1 B-actin
Lane 9A St.B 5M 90D# 1 HSP71 9B St.B 20M 90D #3 HSP71 9C St.@ 5M._ 30D # 2 HSP71 9D St.C 40M 30D # 1 HSP71
Lane 10A St.B 5M 90D #:1 CYP450 10B St.B 20M 90D # 3 CYP450 10C St.C 5M 30D #2 CYP450 10D St.C 40M 30D # 1 CYP450
Lane 11A St.B 5SM 90D # 2 B-actin 11B St.B 40M 90D # 1 B-actin 11C St.C 5SM 30D # 3 B-actin 11D St.C 40M 30D # 2 B-actin
Lane 12A St.B 5M 90D # 2 HSP71 12B St.B 40M 90D # 1 HSP71 12C St.C 5M 30D # 3 HSP71 12D St.C 40M 30D # 2 HSP71
Lane 13A St.B 5M 90D # 2 CYP450 13B St.B 40M 90D # 1 CYP450 13C St.C 5M 30D # 3 CYP450 13D St.C 40M 30D # 2 CYP450
Lane 14A St.B 5SM 90D # 3 B-actin 14B St.B 40M 90D # 2 B-actin 14C St.C 20M 30D # 1 B-actin 14D St.C 40M 30D # 3 B-actin
Lane 15A St.B 5M 90D # 3 HSP71 15B St.B 40M 90D # 2 HSP71 15C St.C 20M 30D # 1 HSP71 15D St.C 40M 30D # 3 HSP71
Lane 16A St.B 5SM 90D # 3 CYP450 16B St.B 40M 90D # 2 CYP450 16C St.C20M 30D # 1 CYP450 | 16D St.C 40M 30D # 3 CYP450
Lane 17A Blank 17B Blank 17C Blank 17D
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Figure B35PCR products of “HSP71 andE;YfP450 using first strand ¢cDNA from

mussel gill, B-actin used as positive contrd}‘i_i-s;shown in lane 1B and 1D. Lane M is

100 bp DNA laddets Negative control is shown in Lane lA and 1C. Analyzed on 2.0

% agarose gel electrophoresis and stain with ethidium bromide.

Lane M 100 base pair ladder Lane Lane Lane

Lane 1A Negative Control 1B Positive Control B-actin 1C Negative Control 1D Positive Control B-actin
Lane 2A St.C 5M 60D # 1 B-actift 2B StC20M 60D #3 B-dctin 2C SEC SM™90D#2 Bzactin 2D St.C 40M 90D # 1 B-actin
Lane 3A St.C SM 60D # 1 HSP71 3B St.C 20M 60D #3 HSP71 3C St.€ SM 90D# 2 HSP71 3D St.C 40M 90D # 1 HSP71
Lane 4A St.C 5M 60D # 1 CYP450. 4B St.C20M! 60D #3.CYP450 |"4C SEESM 90D # 2. CYP450 4D St.C 40M 90D # 1 CYP450
Lane 5A St.C 5M 60D # 2 B-actin 5B St.C 40M 60D # 1 B-actin 5C St.C 5M 90D # 3 B-actin 5D St.C 40M 90D # 2 B-actin
Lane 6A St.C 5SM 60D # 2 HSP71 6B St.C 40M 60D # lkHSP71 6C St.C 5M 90D # 3 HSP71 6D St.C 40M 90D # 2 HSP71
Lane 7A St.C 5M 60D # 2 CYP450 7B St.C 40M_ 60D # 1. CYP450_| 7C St.C 5M_90D # 3 CYP450. D St.C 40M 90D # 2 CYP450
Lane 8A St.C 5M "60D #3 B-actin 8B St.C 40M, 60D # 2 p-actin 8C St.C 20M 90D # 1"B-actin 8D St.C 40M 90D # 3 B-actin
Lane 9A St.C 5SM 60D # 3 HSP71 9B St.C 40M 60D #2 HSP71 9C St.C 20M 90D # 1 HSP71 9D St.C 40M 90D # 3 HSP71
Lane 10A St.C 5M 60D, # 3 CYP450 10B St.C 40M 60D #2 CYP450 | 10C St.C 20M 90D # 1 CYP450 | 10D St.C 40M 90D # 3 CYP450
Lane 11A St.C 20M 60D # 1 B-actin 11B St.C 40M 60D # 3 B-actin 11C St.C 20M 90D # 2 B-actin 11D St.D 5M 30D # I B-actin
Lane 12A St.C 20M 60D # 1 HSP71 12B St.C 40M 60D # 3 HSP71 12C St.C 20M 90D # 2 HSP71 12D St.D 5SM 30D # 1 HSP71
Lane 13A St.C 20M 60D # 1 CYP450 | 13B St.C 40M 60D # 3 CYP450 | 13C St.C 20M 90D #2 CYP450 | 13D St.D 5SM 30D # 1 CYP450
Lane 14A St.C 20M 60D # 2 B-actin 14B St.C 5M 90D # 1 B-actin 14C St.C 20M 90D # 3 B-actin 14D St.D 5M 30D # 2 B-actin
Lane 15A St.C 20M 60D # 2 HSP71 15B St.C 5M 90D # 1 HSP71 15C St.C 20M 90D # 3 HSP71 15D St.D 5SM 30D # 2 HSP71
Lane 16A St.C 20M 60D #2 CYP450 | 16B St.C 5M 90D # 1 CYP450 16C St.C 20M 90D # 3 CYP450 | 16D St.D 5SM 30D # 2 CYP450
Lane 17A Blank 17B Blank 17C Blank 17D
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Figure B36 PCR products_of HSP71 and CYP450 using first strand cDNA from
mussel gill, B-actin used as positive cof}trol is shown in lane 1B. Lane M is 100 bp
DNA ladder. Negative control'is showniin Lane |A. Analyzed on2.0 % agarose gel

electrophoresis and staift with gthidium bromide.

4
Lane M 100 base pair ladder Lane =)
Lane 1A Negative Control 1B Pgsitive Corittol’§-actin i
Lane 2A St.D 5M 30D # 3 B-actin 2B St.D 5M 90D # 2 B-actin
Lane 3A St.D 5SM 30D # 3 HSP71 3B St.D 5M 90D #2#SP71 - i) s
Lane 4A St.D 5SM 30D # 3 CYP450 4B St.DISM 90D#2°CYP450 —
Lane 5A St.D 5M 60D # 1 B-actin 5B St.D'5SM 90D# 8 Bactin Ao sk
Lane 6A St.D 5SM 60D # 1 HSP71 6B St.D 5M 90B#3-HSP71 —
Lane 7A St.D 5M 60D # 1 CYP450 7B St.D 5SM 90D #Z.CYP450, |o ) "
Lane 8A St.D SM 60D # 2 B-actin st e 2o JEdi =
Lane 9A St.D SM 60D # 2 HSP71

Lane 10A St.D 5M 60D # 2 CYP450

Lane 11A__| St.D 5M 60D #3 p-actin - -

Lane 12A St.D 5SM 60D # 3 HSP71 w Nl
Lane 13A St.D SM 60D # 3 CYP450 . .

Lane 14A St.D 5SM 90D # 1 B-actin

Lane 15A St.D 5M 90D # 1 HSP71 il -

Lane 16A St.D SM 90D # 1 CYP450

Lane 17A Blank
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Table B1 Intensity of band and ratio MT expression gene in gill of mussel P.viridis

Laboratory study (Week 1)

No. Sample Intensity AT Intensity MT Ratio MT/AT Remark
1 Initial # 1 4,614.1009 4,626.5590 1.0027
2 Initial # 2 4,362.2049 3,697.4049 0.8476
3 Initial # 3 4,470.4610 2,570.5151 0.5750
4 Control week 1 #1 3,729.9440 3,833.2634 1.0277
5 Control week 1 #2 4,132.5567 3,932.1277 0.9515
6 Control week 1 #3 2,939.6814 2,029.8500 0.6905
7 0.1pg/L week 1 #1 2,819.2144 2,566.0490 0.9102
8 0.1pg/L week 1 #2 4,505.5442 4,296.9375 0.9537
9 0.1ug/L week 1 #3 4,793.9111 4,527.3696 0.9444
10 0.2pg/L week 1 #1 4,521.8023 3,777.0614 0.8353
11 0.2ug/L week 1 #2 4,385.6091 3,822.4969 0.8716
12 0.2pg/L week 1 #3 3,741.5767 3,4@}.8978 0.9322
13 0.5pg/L week 1 #1 4,059.6151 3,764.0751 0.9272
14 0.5ug/L week 1 #2 2,774.2561 1,644.3016 0.5927
15 0.5pg/L week 1 #3 2,660.4727 1 24894043 0.9357
16 1.0pg/L week 1 #1 3,814.7958 3 359:42.9378 0.9366
17 1.0pg/L week 1 #2 4.240.0034. 5,006.1720 1.1807
18 1.0pg/L week 1 #3 4,163.8009 0.9712

45287 2744

e -~

Table B2 Intensity of band and ratio M
Laboratory study (Week/%/ _ e

'l\')_-expression gene in gill of mussel P.viridis

.-". — S
.-"" y 4 !1. i
No. Sample 4 Intensity AT _Intensity MT. Ratio MT/AT Remark
1 Control week 2 #1 | 40246938 4 113,934.9431 0.9777
2 | Control week 2 #2 13.493.8203 % ¢ +13,844.9493 1.1005
3 Control week 2 #3 & 4,000.2257 - 4,158.2347 1.0395
4 | 0.1pg/L week 2 #1 3,083.5758 ©21982.7428 0.9673
5 0.1ug/L week 2 #2 2,907.9053— 3,277.7909 1.1272
6 | 0.1ug/L week 2 #3 4,284.1060" 4,080:1826 0.9524
7 [ 0.2ug/L week 2 #1 4,877.0516— ~4,413.2439 0.9049
8 | 0.2pg/L week 2 #2 4,305.4288+" 43441777 1.0090
9 [ 02ug/Lweek2#3 3,920.9012" 4,084.7948 . 1.0418
10 [ 0.5pg/L week 2 #1 | . 3,740.3510 3,379.4071 2. 109035
11| 0.5ug/L week2#2 | = 4,069.0739 3,745.1757 = 10.9204
12 | 0.5ug/L week 2#3 = 4 4,068.2414 4,912.4015 ~ .+ 12075
13 | 1.0ug/L week2#1 = 3,062.4611 2,951.2937 = 09637
14 | 1.0ug/L week 2 #2 4,076.4051 3,842.8271 0.9427
15 | 1.0pg/L week2#3 3,814.7958 3,585.1451 0.9398

Table B3 Intensitylof band and ratio MT)expréssion gene<in gill of mussel P.viridis

Laboratory study; (Week 3)

No. Sample Intensity AT Intensity MT Ratio MT/AT Remark
1 Control week 3/#1 3,082.5593 2,940.4534 0.9539
2 Control week 3 #2 3,017.1826 2,836.7550 0.9402
3 Control week 3 #3 2,848.2378 2,734.8779 0.9602
4 0.1pg/L week 3 #1 2,574.0440 2,276.7419 0.8845
5 0.1pg/L week 3 #2 2,918.3688 2,676.4360 0.9171
6 0.1pg/L week 3 #3 3,034.4658 2,755.9018 0.9082
7 0.2pg/L week 3 #1 2,344.5554 2,081.0274 0.8876
8 0.2pg/L week 3 #2 3,086.3942 2,941.9510 0.9532
9 0.2pg/L week 3 #3 2,966.6725 3,252.3630 1.0963
10 0.5pg/L week 3 #1 2,880.3089 2,763.3684 0.9594
11 0.5ug/L week 3 #2 2,902.5039 2,746.9297 0.9464
12 0.5pg/L week 3 #3 3,144.0750 3,380.8238 1.0753
13 1.0pg/L week 3 #1 2,863.1308 2,773.2284 0.9686
14 1.0pg/L week 3 #2 3,037.7491 2,942.9713 0.9688
15 1.0pg/L week 3 #3 2,127.5958 1,969.7282 0.9258
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Table B4 Intensity of band and ratio MT expression gene in gill of mussel P.viridis

Laboratory study (Week 4)

No. Sample Intensity AT Intensity MT Ratio MT/AT Remark
1 Control week 4 #1 2,592.5354 2,242.0246 0.8648
2 Control week 4 #2 3,341.3874 2,180.2553 0.6525
3 Control week 4 #3 3,404.5315 3,422.2351 1.0052
4 0.1ug/L week 4 #1 3,081.7976 3,049.7469 0.9896
5 0.1pg/L week 4 #2 2,765.4202 2,595.0703 0.9384
6 0.1ug/L week 4 #3 2,837.3635 2,676.2013 0.9432
7 0.2pg/L week 4 #1 2,935.9934 2,849.0880 0.9704
8 0.2ug/L week 4 #2 2,370.9793 2,252.6674 0.9501
9 0.2ug/L week 4 #3 3,283.8642 3,829.3140 1.1661
10 0.5pg/L week 4 #1 3,532.2120 3,054.6569 0.8648
11 0.5ug/L week 4 #2 3,221.1666 2,101.8112 0.6525
12 0.5pg/L week 4 #3 2,937.3593 2495216336 1.0052
13 1.0pg/L week 4 #1 3,044.7096 2,87834685 0.9454
14 1.0pg/L week 4 #2 2,666.5538 2451540936 0.9432
15 1.0pg/L week 4 #3 3,054.0867 3 3,087.9871 1.0111

Table B5 Intensity of band and ratio MT expression gene in gill of mussel P.viridis

Laboratory study (WeeV
V4

\

No. Sample 4 Intensity AT | — Intensity MT Ratio MT/AT Remark
1 Control week 5 #1 WU et 2,388.2768 0.8828
2 Control week 5 #2 43248 4071, | 3,179.5409 0.9788
3 Control week 5 #3 F By I I ) 2,285.6486 0.9709
4 0.1pg/L week 5 #1 I 209502865 4 /3,006.0469 1.0189
5 0.1ug/L week 5 #2 43.110.6768', 1 2,836.6262 0.9119
6 0.1pg/L week 5 #3 32823504 3 ©3,229.2488 0.9929
7 0.211g/L week 5 #1 2,758.9107 .. . 21674.4880 0.9694
8 0.2pg/L week 5 #2 3,416 6640 -3,118.7309 0.9128
9 0.2pg/L week 5 #3 3,657.9959 = 4,007.1154 1.0955
10 | 0.5ug/L week 5 #1 3,546.0033— -3,513.3801 0.9908
11 [ 0.5ug/L week 5#2 3,164.2350 2,827.5604 0.8936
12 [ 0.5ug/L week 5#3 2,857.3082" 2,819.5917 . 0.9868
13 [ 1.0ug/L week 5#1 1 3,013.5030 2,881.5116 2, 10,9562
14 | 1.0ug/L week 5#2 | 2,716.6498 2,642.4852 = 09727
15 | 1.0pg/Lweek 5#3 =i 2,302.1478 2,261.3998 - 0.9823

Table B6 Intensity of‘band and ratio MT expression gene in gill of mussel P.viridis

Laboratory study (Week'6)

No. Samgle Intensity AT Intensity MT Ratio MT/AT Remark
1 Control week 6 #1 2,791.7754 2,191.8228 0.7851
2 Control week.6 #2 3,678.1178 3,369.1559 0.9160
3 Gontrol week 6/#3 3,357.4901 3229.5697 0.9619
4 0.1pg/L week 6.#1 3,144.3501 2,967.3232 0.94317
5 0.1ug/L week 6 #2 3,293.4432 3,505.5409 1.0644
6 0.1pg/L week 6 #3 3,059.6972 2,970.0481 0.9707
7 0.2pg/L week 6 #1 2,449.5583 2,323.6510 0.9486
8 0.2pg/L week 6 #2 2,438.6325 2,295.9725 0.9415
9 0.2pg/L week 6 #3 3,159.6243 2,940.3464 0.9306
10 0.5pug/L week 6 #1 2,709.5262 2,453.4759 0.9055
11 0.5pug/L week 6 #2 2,968.1829 2,935.8297 0.9891
12 0.5ug/L week 6 #3 2,891.1344 2,786.1862 0.9637
13 1.0pg/L week 6 #1 2,927.7575 2,824.9933 0.9649
14 1.0pg/L week 6 #2 2,956.9075 2,736.6179 0.9255
15 1.0pg/L week 6 #3 2,977.7102 2,941.0843 0.9877
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Table B7 Intensity of band and ratio MT expression gene in gill of mussel P.viridis

Laboratory study (Week 7)
No. Sample Intensity AT Intensity MT Ratio MT/AT Remark
1 Control week 7 #1 3,613.9686 3,564.8187 0.9864
2 Control week 7 #2 3,580.6571 3,516.9214 0.9822
3 Control week 7 #3 3,512.8680 3,333.0092 0.9488
4 0.1pg/L week 7 #1 2,760.9605 2,757.3713 0.9987
5 0.1pg/L week 7 #2 3,284.3780 3,310.9815 1.0081
6 0.1pg/L week 7 #3 2,493.4878 2,480.7710 0.9949
7 0.2pg/L week 7 #1 NA NA NA Lost of sample
8 0.2pg/L week 7 #2 NA NA NA Lost of sample
9 0.2ug/L week 7 #3 NA NA NA Lost of sample
10 0.5ug/L week 7 #1 3,395.9464 3,421.4160 1.0075
11 0.5pug/L week 7 #2 3,329.0584 3.223.8602 0.9684
12 0.5ug/L week 7 #3 3,030.7918 24853818397 0.9431
13 1.0pg/L week 7 #1 3.236.8091 B39 24585 1.0171
14 1.0pg/L week 7 #2 2,242.8432 2007 2307 0.9017
15 1.0pg/L week 7 #3 2,142.8291 J 2507 1.0034

Table B8 Intensity of band andTatio MT expression gene in gill of mussel P.viridis

Laboratory study (Weelyr‘" ‘1
No. Sample 4 Intensity AT < == Intensity MT Ratio MT/AT Remark
1 Control week 8 #1 NA S — NA NA Lost of sample
2 Control week 8 #2 FNA i SINA NA Lost of sample
3 Control week 8 #3 Fi "NA ‘o . "NA NA Lost of sample
4 0.1pg/L week 8 #1 & 209330098 4 102,948.6553 1.0053
5 0.1pg/L week 8 #2 3,396.6355 14 £23,899.0131 1.0007
6 0.1pg/L week 8 #3 g 3.1.7961 » ~43,374.5883 1.0068
7 0.2ug/L week 8 #1 NA 4l SIEINA NA Lost of sample
8 0.2ug/L week 8 #2 ' NAF~ = “NA, NA Lost of sample
9 0.2pg/L week 8 #3 Nlpe— " NA NA Lost of sample
10 0.5pg/L week 8 #1 NA=r— —T NA NA Lost of sample
11 | 0.5ug/L week 8 #2 NE JINA == NA Lost of sample
12 0.5ug/L week 8 #3 NA NA I NA Lost of sample
13 | 1.0ug/L week 8 #1 . NA NA ) NA Lost of sample
14 1.0pg/L week 8 #2 | ™5 NA NA T . NA Lost of sample
15 1.0pg/L week 8 #3 ~ © NA NA 7 NA Lost of sample

Table B9 Intensity of band and ratio pvMTO1 expressiofl gene in gill of mussel

P.viridis Laboratory study (Week 1)

No. Sample Intensity AT Intensity pvMTO01 Ratio pvMTO01/AT Remark
1 Initial # 1 4,614.1009 4,640.8627 1.0058
2 Initial# 2 4,362.2049 3,673:8490 0:8422
3 Initial #3 4,470.4610 1,669.2701 0.3734
4 Control week 1'#1 3,729.9440 2,602.0089 0.6976
5 Control week 1 #2 4,132.5567 3,542.4276 0.8572
6 Control week 1 #3 2,939.6814 2,730.0821 0.9287
7 0.1pg/L week 1 #1 2,819.2144 2,627.7898 0.9321
8 0.1pg/L week 1 #2 4,505.5442 3,562.5338 0.7907
9 0.1pg/L week 1 #3 4,793.9111 5,116.5413 1.0673
10 0.2pg/L week 1 #1 4,521.8023 4,386.1482 0.9700
11 0.2ug/L week 1 #2 4,385.6091 4,365.8739 0.9955
12 0.2pg/L week 1 #3 3,741.5767 3,453.4753 0.9230
13 0.5pg/L week 1 #1 4,059.6151 4,118.0736 1.0144
14 0.5pg/L week 1 #2 2,774.2561 2,664.3956 0.9604
15 0.5pg/L week 1 #3 2,660.4727 2,294.6577 0.8625
16 1.0pg/L week 1 #1 3,814.7958 3,542.0379 0.9285
17 1.0pg/L week 1 #2 4,240.0034 5,668.4605 1.3369
18 1.0pg/L week 1 #3 4,287.2744 3,783.5196 0.8825
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Table B10 Intensity of band and ratio pvMTO01 expression gene in gill of mussel
P.viridis Laboratory study (Week 2)

No. Sample Intensity AT Intensity pyMTO01 Ratio pvMTO0L/AT Remark
1 Control week 2 #1 4,024.6938 3,787.2369 0.9410
2 Control week 2 #2 3,493.8203 3,613.6584 1.0343
3 Control week 2 #3 4,000.2257 4,241.4394 1.0603
4 0.1ug/L week 2 #1 3,083.5758 3,045.9561 0.9878
5 0.1pg/L week 2 #2 2,907.9053 2,435.0799 0.8374
6 0.1ug/L week 2 #3 4,284.1060 3,059.2801 0.7141
7 0.2pg/L week 2 #1 4,877.0516 4,306.4365 0.8830
8 0.2ug/L week 2 #2 4,305.4288 4,275.7214 0.9931
9 0.2ug/L week 2 #3 3,920.9012 3,795.4323 0.9680
10 0.5pg/L week 2 #1 3,740.3510 3,411.2001 0.9120
11 0.5ug/L week 2 #2 4,069.0739 3,485.1618 0.8565
12 0.5pg/L week 2 #3 4,068.2414 4424315826 1.0431
13 1.0pg/L week 2 #1 3,062.4611 24239379 0.7915
14 1.0pg/L week 2 #2 4,076.4051 359043808 0.9578
15 1.0pg/L week 2 #3 3,814.7958 3 3.831.5809 1.0044

Table B11 Intensity of band and satio pyMTOI expression gene in gill of mussel
P.viridis Laboratory stidy (Week 3) ‘1

No. Sample 4 Intgnsity AT" | -Intensity pvMTO01 Ratio pyMTOL/AT Remark
1 Control week 3 #1 308205593 - 3,186.7499 1.0338
2 Control week 3 #2 §3.007.1826 L 2,672.0169 0.8856
3 | Control week 3 #3 B 2 @3 BT® o 2,565.6926 0.9008
4 0.1pg/L week 3 #1 I 257400440 & 442,203.3816 0.8560
5 | 0.1ug/L week 3 #2 D.918.3688 ¢ - 2,560.8680 0.8775
6 0.1ug/L week 3 #3 F A 3,034.4658; ; 2?451.5449 0.8079
7 0.2pg/L week 3 #1 2,344.5554" - g }f097.2048 0.8945
8 0.2ug/L week 3 #2 3,086.3942 -2,756.1500 0.8930
9 | 0.2ug/L week 3 #3 2,966,6125' 3,339.2865 1.1256
10 0.5pg/L week 3 #1 2,880.3089 -2,701.4417 0.9379
11 0.5ug/L week 3 #2 2,902.5039 24515.3099 0.8666
12 [ 0.5ug/L week 3#3 3,144.0750° 3,016.7400 . 0.9595
13 1.0ug/L week 3 #1 . 2,863.1308 2,579.1082 A1 0.9008
14 | 1.opg/Lweek3#2 | o 3.037.7491 2,049.2210 = | 08721
15 | 1.Opg/Lweek3#3 = /. 2,127.5958 1,705.6936 ~ 08017

Table B12 Intensity of-band and ratio pvMTO1 expression gene in gill of mussel
P.viridis Laboratory study (Week 4)

No. Sample Intensity AT Intensity pyMTO01 Ratio pvMTO0L/AT Remark
1 Control week 4 #1 2,592.5354 2,503.8707 0.9658
2 Control week.4 #2 3,341.3874 3,027.2970 0.9060
3 Gontrol week 4/#3 3,404.5315 3,197.5360 0.9392
4 0.1ug/L week 4 #1 3,081.7976 21516.9041 0.8167
5 0.1ug/L week 4 #2 2,765.4202 2,587.3271 0.9356
6 0.1pg/L week 4 #3 2,837.3635 2,073.8290 0.7309
7 0.2ug/L week 4 #1 2,935.9934 2,623.6037 0.8936
8 0.2pg/L week 4 #2 2,370.9793 2,251.7190 0.9497
9 0.2pg/L week 4 #3 3,283.8642 3,894.6629 1.1860
10 0.5ug/L week 4 #1 3,532.2120 3,411.4103 0.9658
11 0.5pug/L week 4 #2 3,221.1666 2,918.3769 0.9060
12 0.5ug/L week 4 #3 2,937.3593 2,758.7678 0.9392
13 1.0pg/L week 4 #1 3,044.7096 2,950.0192 0.9689
14 1.0pg/L week 4 #2 2,666.5538 2,439.3634 0.9148
15 1.0pg/L week 4 #3 3,054.0867 2,898.9391 0.9492
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Table B13 Intensity of band and ratio pvMTO01 expression gene in gill of mussel
P.viridis Laboratory study (Week 5)

No. Sample Intensity AT Intensity pyMTO01 Ratio pvMTO0L/AT Remark
1 Control week 5 #1 3,271.7227 2,630.1379 0.8039
2 Control week 5 #2 3,248.4071 3,001.5282 0.9240
3 Control week 5 #3 2,354.1545 2,303.3047 0.9784
4 0.1ug/L week 5 #1 2,950.2865 2,721.0492 0.9223
5 0.1pg/L week 5 #2 3,110.6768 2,586.8389 0.8316
6 0.1pg/L week 5 #3 3,252.3404 2,340.0589 0.7195
7 0.2pg/L week 5 #1 2,758.9107 2,386.7336 0.8651
8 0.2ug/L week 5 #2 3,416.6640 2,920.9061 0.8549
9 0.2ug/L week 5 #3 3,657.7959 3,902.8682 1.0670
10 0.5pg/L week 5 #1 3,546.0033 3,446.7152 0.9720
11 0.5ug/L week 5 #2 3,164.2350 2,771.8698 0.8760
12 0.5pg/L week 5 #3 2,857.3082 247643030 0.9685
13 1.0pg/L week 5 #1 3,013.5030 2,58047640 0.8564
14 1.0pg/L week 5 #2 2,716.6498 235932038 0.9564
15 1.0pg/L week 5 #3 2,302:1478 3 2,187.5008 0.9502

Table B14 Intensity of band and satio pyMTO1 expression gene in gill of mussel
P.viridis Laboratory stidy (Week 6) ‘1

No. Sample 4 Intgnsity AT" | -Intensity pvMTO01 Ratio pyMTOL/AT Remark
1 Control week 6 #1 BOW P et 2,594.3969 0.9293
2 Control week 6 #2 §3.678.1078 L 385330 09111
3 | Control week 6 #3 r ¥ 7 L SR 1.0001
4 0.1pg/L week 6 #1 31448501 & 42,886.8278 0.9181
5 | 0.1ug/L week 6 #2 B.298.44321 ¢ $13,472.9358 1.0545
6 0.1ug/L week 6 #3 F A 3,059.6972; ; 2?789.2200 09116
7 0.2pg/L week 6 #1 2,449.5583 - g }f=199.4584 0.8979
8 0.2ug/L week 6 #2 2,438.6325 -2,264.0265 0.9284
9 | 0.2ug/L week 6 #3 3,159.,6243" 29624637 0.9376
10 0.5pg/L week 6 #1 2,709.5262— -2,413.9169 0.8909
11 0.5ug/L week 6 #2 2,968.1.829 3,016.8611 1.0164
12| 0.5ug/L week 6#3 . 2,891.1344" 2,769.7067 . 0.9580
13 1.0ug/L week 6 #1 . 2,927.7575 2,720.4723 L0929
14 | 1.0ug/L week 6#2 | o 2.956.9075 2.521.3550 = | 0.8527
15 | 1.0ug/L week 6#3 + 0 2,977.7102 2,539.0935 ~ 08527

Table B15 Intensity of-band and ratio pvMTO1 expression gene in gill of mussel
P.viridis Laboratory study {Week 7)

No. Sample Intensity AT Intensity pyMTO01 Ratio pvMTO0L/AT Remark
1 Control week 7 #1 3,613.9686 3,387.7342 0.9374
2 Control week.7 #2 3,580.6571 3,142.3847 0.8776
3 Gontrol week 7/#3 3,512.8680 3,099.4035 0.8823
4 0.1ug/L week 7 #1 2,760.9605 21769.7956 1.0032
5 0.1ug/L week 7 #2 3,284.3780 3,304.0843 1.0060
6 0.1pg/L week 7 #3 2,493.4878 2,512.4383 1.0076
7 0.2pg/L week 7 #1 NA NA NA Lost of sample
8 0.2ug/L week 7 #2 NA NA NA Lost of sample
9 0.2pg/L week 7 #3 NA NA NA Lost of sample
10 0.5ug/L week 7 #1 3,395.9464 3,467.9405 1.0212
11 0.5ug/L week 7 #2 3,329.0584 2,877.9710 0.8645
12 0.5ug/L week 7 #3 3,030.7918 2,312.4941 0.7630
13 1.0pg/L week 7 #1 3,236.8091 3,150.0626 0.9732
14 1.0pg/L week 7 #2 2,242.8432 2,052.8743 0.9153
15 1.0pg/L week 7 #3 2,142.8291 2,161.0431 1.0085
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Table B16 Intensity of band and ratio pvMTO01 expression gene in gill of mussel

P.viridis Laboratory study (Week 8)

No. Sample Intensity AT Intensity pyMTO01 Ratio pvMTO0L/AT Remark

1 Control week 8 #1 NA NA NA Lost of sample
2 Control week 8 #2 NA NA NA Lost of sample
3 Control week 8 #3 NA NA NA Lost of sample
4 0.1pg/L week 8 #1 2,933.1098 2,970.6536 1.0128

5 0.1pg/L week 8 #2 3,396.6355 3,397.3148 1.0002

6 0.1pg/L week 8 #3 3,351.7961 3,402.7434 1.0152

7 0.2pg/L week 8 #1 NA NA NA Lost of sample
8 0.2pg/L week 8 #2 NA NA NA Lost of sample
9 0.2ug/L week 8 #3 NA NA NA Lost of sample
10 0.5pg/L week 8 #1 NA NA NA Lost of sample
11 0.5pg/L week 8 #2 NA NA NA Lost of sample
12 0.5pg/L week 8 #3 NA NA NA Lost of sample
13 1.0pg/L week 8 #1 NA NA® NA Lost of sample
14 1.0pg/L week 8 #2 NA N NA Lost of sample
15 1.0pg/L week 8 #3 NA 3 NA NA Lost of sample

Table B17 Intensity of band and satio pyMTO02 expression gene in gill of mussel

P.viridis Laboratory stidy (Week 1) ‘1
No. Sample 4 Intgnsity AT" | -Intensity pvMT02 Ratio pvMT02/AT Remark
1 Tnitial # 1 £6141009 | —3,226.1794 0.6992
2| Initial #2 £4,362.2049 | 2,883.8537 0.6611
3 Tnitial # 3 4 44704610 . 2,464.5651 0.5513
4 | Control week 1 #1 37299440 4 112,763.5155 0.7409
5 Control week 1 #2 4,132.5567 ¢ 13,161.8192 0.7651
6 Control week 1 #3 29396814 - 2,203.5852 0.7496
7 [ 0.1pg/L week 1 #1 2,819.2144" ©2259.3184 0.8014
8 0.1ug/L week 1 #2 4,505.5442 3,831.0642 0.8503
9 | 0.1ug/L week 1#3 4,793 9111 4,403.2073 0.9185
10 | 0.2ug/L week 1 #1 4,521.8023— -3,240.3235 0.7166
11 [ 0.2ug/L week 1#2 4,385.6091+* 4,812.3289 1.0973
12 | 0.2ug/L week 1 #3 3,741.5767 3,114.8626 . 0.8325
13 | 0.5ug/L week 1 #1 |1 4,059.6151 4,267.0615 S 1.0511
14 | 0.5ug/L week 1#2 | = 2,774.2561 2,341.1947 = | 0.8439
15 | 0.5ug/L week 1#3 = 4 2,660.4727 2,500.0462 ~e 0.9397
16 | 1.0pg/L week 1#1 = 3,814.7958 2,681.4200 - 0.7029
17 | 1.0ug/L week 1 #2 4,240.0034 4,360.8435 1.0285
18 | 1.0pg/Lweek 1#3 4,287.2744 3,545.5759 - 0.8270

Table B18 Intensity of bandianid ratio pyMTO02 expréssion-gene in gill of mussel

P.viridis Laboratory study (Week 2)

No. Sample Intensity AT Intensity pvMT02 Ratio pvMT02/AT Remark
1 Control week 2/#1 4,024.6988 31575.9404 0.8885
2 Control week 2 #2 3,493.8203 3,678.6434 1.0529
3 Control week 2 #3 4,000.2257 3,578.2019 0.8945
4 0.1pg/L week 2 #1 3,083.5758 2,400.5637 0.7785
5 0.1pg/L week 2 #2 2,907.9053 2,966.0634 1.0200
6 0.1pg/L week 2 #3 4,284.1060 3,119.6860 0.7282
7 0.2pg/L week 2 #1 4,877.0516 3,917.7355 0.8033
8 0.2pg/L week 2 #2 4,305.4288 3,925.2595 09117
9 0.2pug/L week 2 #3 3,920.9012 3,558.2178 0.9075
10 0.5pg/L week 2 #1 3,740.3510 2,642.9320 0.7066
11 0.5ug/L week 2 #2 4,069.0739 3,673.1530 0.9027
12 0.5pug/L week 2 #3 4,068.2414 3,881.1023 0.9540
13 1.0pg/L week 2 #1 3,062.4611 2,539.0865 0.8291
14 1.0pg/L week 2 #2 4,076.4051 3,421.7344 0.8394
15 1.0pg/L week 2 #3 3,814.7958 3,162.4658 0.8290
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Table B19 Intensity of band and ratio pvMT02 expression gene in gill of mussel
P.viridis Laboratory study (Week 3)

No. Sample Intensity AT Intensity pyMTO02 Ratio pvMT02/AT Remark
1 Control week 3 #1 3,082.5593 2,581.0269 0.8373
2 Control week 3 #2 3,017.1826 2,911.2794 0.9649
3 Control week 3 #3 2,848.2378 2,246.9748 0.7889
4 0.1ug/L week 3 #1 2,574.0440 2,041.2169 0.7930
5 0.1pg/L week 3 #2 2,918.3688 2,300.5501 0.7883
6 0.1ug/L week 3 #3 3,034.4658 2,345.3386 0.7729
7 0.2pg/L week 3 #1 2,344.5554 1,840.2415 0.7849
8 0.2ug/L week 3 #2 3,086.3942 2,867.5689 0.9291
9 0.2ug/L week 3 #3 2,966.6725 2,853.9389 0.9620
10 0.5pg/L week 3 #1 2,880.3089 2,234.5437 0.7758
11 0.5ug/L week 3 #2 2,902.5039 2.268.3068 0.7815
12 0.5pg/L week 3 #3 3,144.0750 241 B'105 0.8649
13 1.0pg/L week 3 #1 2.863.1308 2,226.0842 0.7775
14 1.0pg/L week 3 #2 3,037.7491 24505:6854 0.8248
15 1.0pg/L week 3 #3 2,127:5958 3 1.659.7375 0.7801

Table B20 Intensity of band and satio pyMTO02 expression gene in gill of mussel
P.viridis Laboratory stidy (Week 4) ‘1

No. Sample 4 Intgnsity AT" | -Intensity pvMT02 Ratio pvMT02/AT Remark
1 Control week 4 #1 FOOYO3PY -t 2,082.5837 0.8033
2 Control week 4 #2 §3.341.3874 L 3,188.3518 0.9542
3 | Control week 4 #3 £ 305815 s LA5A77.9290 1.0215
4 0.1pg/L week 4 #1 30817976 & 102,966.2302 0.9625
5 | 0.1ug/L week 4 #2 D.768.4202'1¢ 22745161 0.8214
6 0.1ug/L week 4 #3 F A 2,837.3635; ; 2?418.0012 0.8522
7 0.2pg/L week 4 #1 2,935.9934" - g }f=193.1871 0.7470
8 0.2ug/L week 4 #2 233709793 =25109.2232 0.8896
9 0.2pg/L week 4 #3 3,283,8642° 2;9.52.-&‘939 0.8990
10 0.5pg/L week 4 #1 3,532.2120= ~2,837.4259 0.8033
11 0.5ug/L week 4 #2 3,221.1666 3,073.6371 0.9542
12 | 0.5ug/L week 443 2,9373593" 3,000.5125 10215
13 1.0ug/L week 4 #1 . 3,044.7096 2,461.3433 L. 0.8084
14 | 1.0ug/L week4#2 | o 26665538 2,081.2453 = | 07805
15 | 1.0ug/L week4#3 » 0 3,054.0867 2,516.5674 . 0.8240

Table 21 Intensity of band and ratio pvMTO02 expression-gene in gill of mussel
P.viridis Laboratory study {Week 5)

No. Sample Intensity AT Intensity pyMTO02 Ratio pvMTO02/AT Remark
1 Control week 5 #1 3,271.7227 2,509.0842 0.7669
2 Control week.5 #2 3,248.4071 2,712.4200 0.8350
3 Gontrol week 5/#3 2,354.1545 2,494.9329 1.0598
4 0.1ug/L week 5 #1 2,960.2865 2/441.6571 0.8276
5 0.1pg/L week 5 #2 3,110.6768 2,681.4034 0.8620
6 0.1pg/L week 5 #3 3,252.3404 2,932.9606 0.9018
7 0.2ug/L week 5 #1 2,758.9107 2,155.2610 0.7812
8 0.2pg/L week 5 #2 3,416.6640 3,059.2810 0.8954
9 0.2pg/L week 5 #3 3,657.7959 3,952.2484 1.0805
10 0.5pug/L week 5 #1 3,546.0033 2,709.1466 0.7640
11 0.5pug/L week 5 #2 3,164.2350 2,523.4774 0.7975
12 0.5ug/L week 5 #3 2,857.3082 2,414.9969 0.8452
13 1.0pg/L week 5 #1 3,013.5030 2,402.0633 0.7971
14 1.0pg/L week 5 #2 2,716.6498 2,312.9556 0.8514
15 1.0pg/L week 5 #3 2,302.1478 1,893.2863 0.8224
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Table B22 Intensity of band and ratio pvMT02 expression gene in gill of mussel

P.viridis Laboratory study (Week 6)

No. Sample Intensity AT Intensity pyMTO02 Ratio pvMT02/AT Remark
1 Control week 6 #1 2,791.7754 2,364.9129 0.8471
2 Control week 6 #2 3,678.1178 3,031.5047 0.8242
3 Control week 6 #3 3,357.4901 3,101.9851 0.9239
4 0.1ug/L week 6 #1 3,144.3501 2,646.9139 0.8418
5 0.1pg/L week 6 #2 3,293.4432 3,176.5259 0.9645
6 0.1ug/L week 6 #3 3,059.6972 2,545.9740 0.8321
7 0.2pg/L week 6 #1 2,449.5583 2,118.1331 0.8647
8 0.2ug/L week 6 #2 2,438.6325 2,299.6305 0.9430
9 0.2ug/L week 6 #3 3,159.6243 2,682.2051 0.8489
10 0.5pg/L week 6 #1 2,709.5262 2,169.5176 0.8007
11 0.5ug/L week 6 #2 2,968.1829 2,634.2623 0.8875
12 0.5pg/L week 6 #3 2,891.1344 2494147292 1.0175
13 1.0pg/L week 6 #1 2,92MI598 26124308 0.8924
14 1.0pg/L week 6 #2 2,956.9075 2473 2093 0.9257
15 1.0pg/L week 6 #3 2,97777102 2.97171592 0.9978

—

Table B23 Intensity of band and satio pyMTO02 expression gene in gill of mussel

P.viridis Laboratory stidy (Week 7) ‘1
No. Sample 4 Intgnsity AT" | -Intensity pvMT02 Ratio pvMT02/AT Remark
1 Control week 7 #1 306139686 .t 2,929.8444 0.8107
2 Control week 7 #2 #3,580.687.1, L 3,028.5198 0.8458
3 Control week 7 #3 F B oF &l 0 2,802.9174 0.7979
4 0.1pg/L week 7 #1 I 277609605 & 442.780.011 1 1.0069
5 0.1ug/L week 7 #2 3.284.3780 . 13.336.9281 1.0160
6 0.1ug/L week 7 #3 F A 2,493.4878; 22,512.6871 1.0077
7 0.2pg/L week 7 #1 NA iy S IANA NA Lost of sample
8 0.2pg/L week 7 #2 B NA= —==NA NA Lost of sample
9 0.2pg/L week 7 #3 NAZ==4 2 NAS NA Lost of sample
10 0.5pg/L week 7 #1 3,395.9464— -3,412.9262 1.0050
11 0.5ug/L week 7 #2 3,329.0584 2,871.9787 0.8627
12 [ 0.5ug/L week 7#3 3,030.7918" 2,643.1535 . 0.8721
13 1.0pg/L week 7#1 .0 3,236.8091 3,297.3374 L. 1.0187
14 | 1.0pg/L week 7#2 | o 2.242.8432 1,970.3377 = | 08785
15 | 1.0pg/L week 7#3 =i 2,142.8291 2.160.6146 - 1.0083

Table B24 Intensity of-band and ratio pvMT02 expression gene in gill of mussel

P.viridis Laboratory study {Week 8)

No. Sample Intensity AT Intensity pyMTO02 Ratio pvMTO02/AT Remark

1 Control week 8 #1 NA NA NA Lost of sample
2 Control week.8 #2 NA NA NA Lost of sample
3 Centrol week 8/#3 NA NA NA Lost of sample
4 0.1ug/L week 8 #1 2,983.1098 21973.2934 1.0137

5 0.1ug/L week 8 #2 3,396.6355 3,414.6376 1.0053

6 0.1pg/L week 8 #3 3,351.7961 3,371.2365 1.0058

7 0.2pg/L week 8 #1 NA NA NA Lost of sample

8 0.2ug/L week 8 #2 NA NA NA Lost of sample
9 0.2pg/L week 8 #3 NA NA NA Lost of sample
10 0.5ug/L week 8 #1 NA NA NA Lost of sample
11 0.5pg/L week 8 #2 NA NA NA Lost of sample
12 0.5pg/L week 8 #3 NA NA NA Lost of sample
13 1.0pg/L week 8 #1 NA NA NA Lost of sample
14 1.0pg/L week 8 #2 NA NA NA Lost of sample
15 1.0pg/L week 8 #3 NA NA NA Lost of sample
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Table B25 Intensity of band and ratio pvMTO03 expression gene in gill of mussel

P.viridis Laboratory study (Week 1)

No. Sample Intensity AT Intensity pyMTO03 Ratio pvMTO03/AT Remark
1 Initial # 1 4,614.1009 4,553.6562 0.9869
2 Initial # 2 4,362.2049 3,790.7561 0.8690
3 Initial # 3 4,470.4610 2,655.9009 0.5941
4 Control week 1 #1 3,729.9440 3,463.9990 0.9287
5 Control week 1 #2 4,132.5567 3,938.3266 0.9530
6 Control week 1 #3 2,939.6814 2,760.0669 0.9389
7 0.1pg/L week 1 #1 2,819.2144 2,353.7621 0.8349
8 0.1pg/L week 1 #2 4,505.5442 2,648.8094 0.5879
9 0.1ug/L week 1 #3 4,793.9111 5,134.2787 1.0710
10 0.2pg/L week 1 #1 4,521.8023 3,928.9940 0.8689
11 0.2ug/L week 1 #2 4,385.6091 3,945.2940 0.8996
12 0.2pg/L week 1 #3 3,741.5767 3,§_5w.4507 0.9556
13 0.5pg/L week 1 #1 4,059.6151 37470248 0.9230
14 0.5ug/L week 1 #2 2,774.2561 245992006 0.9369
15 0.5pg/L week 1 #3 2,660.4727 3 2.201m0091 0.8273
16 1.0pg/L week 1 #1 3,814.7958 3 3,445.1421 0.9031
17 1.0pg/L week 1 #2 4.240.0034. 4,964.6200 1.1709
18 1.0pg/L week 1 #3 4,064.3361 0.9480

45287 2744

e -~

Table B26 Intensity of band andratio p
P.viridis Laboratory study/{(Weck 2)" -

5
- ¥

\}MTOS expression gene in gill of mussel

F — =
.-"" y 4 !1. i
No. Sample 4 Intensity AT | _intensity pvMT03 Ratio pvMTO3/AT Remark
1 Control week 2 #1 | 40246938 4 113,952.6518 0.9821
2 | Control week 2 #2 13.493.8203 % ¢ +13,444.9069 0.9860
3 Control week 2 #3 & 4,000.2257 - 4351.8456 1.0879
4 | 0.1pg/L week 2 #1 3,083.5758 ©2:817.4632 0.9137
5 0.1ug/L week 2 #2 2,907.9053— 2,941.9278 1.0117
6 | 0.1ug/L week 2 #3 4,284.1060" 3,626.0673 0.8464
7 [ 0.2ug/L week 2 #1 4,877.0516— 4,526.3915 0.9281
8 | 0.2pg/L week 2 #2 4,305.4288%" - 4,522.8530 1.0505
9 [ 02ug/Lweek2#3 3,920.9012" 4,097.3417 . 1.0450
10 | 0.5ug/L week 2#1 |4 3,740.3510 3,402.2233 2. 0.9096
11| 0.5ug/L week2#2 | = 4,069.0739 3,575.0884 = | 08786
12 | 0.5ug/L week 2#3 = 4 4,068.2414 4,609.7243 ~+ 11331
13 | 1.0ug/L week2#1 = 3,062.4611 2,673.8348 - 0.8731
14 | 1.0ug/L week 2 #2 4,076.4051 4,228.0474 1.0372
15 | 1.0pg/L week2#3 3,814.7958 3,970.0580 1.0407

Table B27 Intensity of bandianid ratio pyMT03 expréssion-gene in gill of mussel

P.viridis Laboratory study (Week 3)

No. Sample Intensity AT Intensity pvMT03 Ratio pvMTO3/AT Remark
1 Control week 3/#1 3,082.5593 21993.7816 0.9712
2 Control week 3 #2 3,017.1826 2,718.7832 0.9011
3 Control week 3 #3 2,848.2378 2,384.2598 0.8371
4 0.1pg/L week 3 #1 2,574.0440 2,247.9126 0.8733
5 0.1pg/L week 3 #2 2,918.3688 2,538.1053 0.8697
6 0.1pg/L week 3 #3 3,034.4658 2,568.0684 0.8463
7 0.2pg/L week 3 #1 2,344.5554 2,000.3746 0.8532
8 0.2pg/L week 3 #2 3,086.3942 3,307.0714 1.0715
9 0.2pug/L week 3 #3 2,966.6725 3,253.8464 1.0968
10 0.5pg/L week 3 #1 2,880.3089 2,528.3352 0.8778
11 0.5ug/L week 3 #2 2,902.5039 2,387.3095 0.8225
12 0.5pg/L week 3 #3 3,144.0750 3,268.2660 1.0395
13 1.0pg/L week 3 #1 2,863.1308 2,340.8957 0.8176
14 1.0pg/L week 3 #2 3,037.7491 2,680.2060 0.8823
15 1.0pg/L week 3 #3 2,127.5958 1,899.3048 0.8927
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Table B28 Intensity of band and ratio pvMTO03 expression gene in gill of mussel
P.viridis Laboratory study (Week 4)

No. Sample Intensity AT Intensity pyMTO03 Ratio pvMTO03/AT Remark
1 Control week 4 #1 2,592.5354 2,505.9447 0.9666
2 Control week 4 #2 3,341.3874 2,700.5093 0.8082
3 Control week 4 #3 3,404.5315 2,736.9029 0.8039
4 0.1ug/L week 4 #1 3,081.7976 2,686.0948 0.8716
5 0.1pg/L week 4 #2 2,765.4202 2,614.9813 0.9456
6 0.1ug/L week 4 #3 2,837.3635 2,255.1365 0.7948
7 0.2pg/L week 4 #1 2,935.9934 2,467.1153 0.8403
8 0.2ug/L week 4 #2 2,370.9793 2,084.8021 0.8793
9 0.2ug/L week 4 #3 3,283.8642 3,925.5313 1.1954
10 0.5pg/L week 4 #1 3,532.2120 3,414.2361 0.9666
11 0.5ug/L week 4 #2 3,221.1666 2.,603.3468 0.8082
12 0.5pg/L week 4 #3 2,937.3593 2436148431 0.8039
13 1.0pg/L week 4 #1 3,044.7096 2,426:8419 0.8956
14 1.0pg/L week 4 #2 2,666.5538 2425340878 0.8468
15 1.0pg/L week 4 #3 3,054.0867 3 2.881.2254 0.9434

Table B29 Intensity of band and satio pyMTO3 expression gene in gill of mussel
P.viridis Laboratory stidy (Week 5) ‘1

No. Sample 4 Intensity AT" | -Intensity pvMT03 Ratio pvMT03/AT Remark
1 Control week 5 #1 FTIWR = 2,729.5983 0.8343
2 Control week 5 #2 3,248 407, L 3.075.2670 0.9467
3 | Control week 5 #3 B 25 5 27719945 0.9651
4 0.1pg/L week 5 #1 29500865 & 442,505.3833 0.8492
5 | 0.1ug/L week 5 #2 3,110.6768 ¢ $12,348.2499 0.7549
6 0.1ug/L week 5 #3 F A 3,252.3404; ; 3?092.3253 0.9508
7 0.2pg/L week 5 #1 2,058.9107 g }f273.0665 0.8239
8 0.2ug/L week 5 #2 3,416.6640 -2,842.3228 0.8319
9 | 0.2ug/L week 5 #3 3,657,959 3.991.7526 1.0913
10 0.5pg/L week 5 #1 3,546.0033— -3,222.6078 0.9088
11 0.5ug/L week 5 #2 3,164.2350 24694.9789 0.8517
12 | 0.5ug/L week 5#3 2,857.3082° 2,748.4447 . 0.9619
13 1.0ug/L week 5#1 . 3,013.5030 2,309.2474 L. 0.7663
14 | 1Lopg/L week5#2 | o 2.716.649% 2.555.8241 = | 0.9408
15 | 1Opg/L week 5#3 = 2,302.1478 1,870.0346 ~J 08123

Table B30 Intensity of-band and ratio pvMTO03 expression gene in gill of mussel
P.viridis Laboratory study {Week 6)

No. Sample Intensity AT Intensity pyMTO03 Ratio pvMTO3/AT Remark
1 Control week 6 #1 2,791.7754 2,473.5130 0.8860
2 Control week.6 #2 3,678.1178 3,017.8956 0.8205
3 Gontrol week 6/#3 3,357.4901 3296.3837 0.9818
4 0.1ug/L week 6 #1 3,144.3501 2,744.3881 0.8728
5 0.1ug/L week 6 #2 3,293.4432 3,381.7074 1.0268
6 0.1pg/L week 6 #3 3,059.6972 2,635.0112 0.8612
7 0.2ug/L week 6 #1 2,449.5583 2,339.3282 0.9550
8 0.2pg/L week 6 #2 2,438.6325 2,041.8670 0.8373
9 0.2pg/L week 6 #3 3,159.6243 2,839.2384 0.8986
10 0.5ug/L week 6 #1 2,709.5262 2,322.8768 0.8573
11 0.5pug/L week 6 #2 2,968.1829 2,909.1161 0.9801
12 0.5ug/L week 6 #3 2,891.1344 2,699.7413 0.9338
13 1.0pg/L week 6 #1 2,927.7575 2,675.0921 0.9137
14 1.0pg/L week 6 #2 2,956.9075 2,559.4991 0.8656
15 1.0pg/L week 6 #3 2,977.7102 2,760.6351 0.9271
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Table B31 Intensity of band and ratio pvMTO03 expression gene in gill of mussel

P.viridis Laboratory study (Week 7)

No. Sample Intensity AT Intensity pyMTO03 Ratio pvMTO03/AT Remark
1 Control week 7 #1 3,613.9686 3,191.4957 0.8831
2 Control week 7 #2 3,580.6571 3,261.2625 0.9108
3 Control week 7 #3 3,512.8680 3,100.8086 0.8827
4 0.1pg/L week 7 #1 2,760.9605 2,770.9000 1.0036
5 0.1pg/L week 7 #2 3,284.3780 3,326.0896 1.0127
6 0.1pg/L week 7 #3 2,493.4878 2,502.4644 1.0036
7 0.2pg/L week 7 #1 NA NA NA Lost of sample
8 0.2pg/L week 7 #2 NA NA NA Lost of sample
9 0.2ug/L week 7 #3 NA NA NA Lost of sample
10 0.5ug/L week 7 #1 3,395.9464 3,447.5648 1.0152
11 0.5pug/L week 7 #2 3,329.0584 3,157.2790 0.9484
12 0.5ug/L week 7 #3 3,030.7918 2445419413 0.8100
13 1.0pg/L week 7 #1 3.236.8091 34384101 0.9696
14 1.0pg/L week 7 #2 2,242.8432 1,833.5243 0.8175
15 1.0pg/L week 7 #3 2,142.8291 J)  Zs0uS 1.0002

Table B32 Intensity of band and satio pyMTO3 expression gene in gill of mussel

P.viridis Laboratory study (Week &)

:

No. Sample 4 Intgnsity AT* Intensity pvMT03 Ratio pvMTO03/AT Remark

1 Control week 8 #1 d NA S — NA NA Lost of sample
2 Control week 8 #2 NA, i SINA NA Lost of sample
3 Control week 8 #3 NA ‘o W NA NA Lost of sample
4 0.1pg/L week 8 #1 2,933:1098 & 442,979.4529 1.0158

5 0.1pg/L week 8 #2 3,396.6355 & 1 13,417.3549 1.0061

6 0.1pg/L week 8 #3 3,351.7961 _ - 3,423.1894 1.0213

7 0.2ug/L week 8 #1 NA S ANA NA Lost of sample
8 0.2ug/L week 8 #2 I NA— —=NA NA Lost of sample
9 0.2pg/L week 8 #3 NA Y NN NA Lost of sample
10 0.5pg/L week 8 #1 NASE== ——NA NA Lost of sample
11 0.5ug/L week 8 #2 AL T aNA= NA Lost of sample
12 0.5pg/L week 8 #3 NA - AN NA Lost of sample
13 1.0pg/L week 8 #1 . NA NA A NA Lost of sample
14 1.0ug/L week 8 #2 | s NA NA - | NA Lost of sample
15 1.0ug/L week 8#3 = 4 NA NA s NA Lost of sample

Table B33 Intensity of-band and ratio pvMT07 expression gene in gill of mussel

P.viridis Laboratory study {Week 1)

No. Sample Intensity AT Intensity pyMTO07 Ratio pvMTO07/AT Remark
1 Initial # 1 4,614.1009 2,152.4781 0.4665
2 Initial # 2 4,362.2049 3,250.7151 0.7452
3 Initial # 3 4,470.4610 11380.9254 0.3089
4 Control week 1#1 3,729.9440 1,275.6408 0.3420
5 Control week 1 #2 4,132.5567 1,419.9465 0.3436
6 Control week 1 #3 2,939.6814 1,204.0935 0.4096
7 0.1pg/L week 1 #1 2,819.2144 818.1360 0.2902
8 0.1pg/L week 1 #2 4,505.5442 4,883.5594 1.0839
9 0.1pg/L week 1 #3 4,793.9111 2,441.0595 0.5092
10 0.2pg/L week 1 #1 4,521.8023 7,319.4413 1.6187
11 0.2pg/L week 1 #2 4,385.6091 4,672.4280 1.0654
12 0.2pug/L week 1 #3 3,741.5767 4,928.7790 1.3173
13 0.5png/L week 1 #1 4,059.6151 4,405.4943 1.0852
14 0.5ug/L week 1 #2 2,774.2561 4,055.9624 1.4620
15 0.5pg/L week 1 #3 2,660.4727 2,223.3571 0.8357
16 1.0pg/L week 1 #1 3,814.7958 933.8620 0.2448
17 1.0pg/L week 1 #2 4,240.0034 3,995.7792 0.9424
18 1.0pg/L week 1 #3 4,287.2744 3,333.7846 0.7776
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Table B34 Intensity of band and ratio pvMT07 expression gene in gill of mussel
P.viridis Laboratory study (Week 2)

No. Sample Intensity AT Intensity pyMTO07 Ratio pvMTO07/AT Remark
1 Control week 2 #1 4,024.6938 1,106.7908 0.2750
2 Control week 2 #2 3,493.8203 3,457.4846 0.9896
3 Control week 2 #3 4,000.2257 4,049.4285 1.0123
4 0.1ug/L week 2 #1 3,083.5758 1,104.5368 0.3582
5 0.1pg/L week 2 #2 2,907.9053 2,738.6652 0.9418
6 0.1ug/L week 2 #3 4,284.1060 4,394.6360 1.0258
7 0.2pg/L week 2 #1 4,877.0516 3,353.9484 0.6877
8 0.2ug/L week 2 #2 4,305.4288 3,594.1720 0.8348
9 0.2ug/L week 2 #3 3,920.9012 3,113.9797 0.7942
10 0.5pg/L week 2 #1 3,740.3510 5,769.1174 1.5424
11 0.5ug/L week 2 #2 4,069.0739 3,992.9823 0.9813
12 0.5pg/L week 2 #3 4,068.2414 3486181679 0.9491
13 1.0pg/L week 2 #1 3,062.4611 3,730:9963 1.2183
14 1.0pg/L week 2 #2 4,076.4051 3462444394 0.8892
15 1.0pg/L week 2 #3 3,814.7958 3 2.988.5111 0.7834

Table B35 Intensity of band and satio pyMTO7 expression gene in gill of mussel
P.viridis Laboratory stidy (Week 3) ‘1

No. Sample 4 Intgnsity AT" | -Intensity pvMT07 Ratio pvMT07/AT Remark
1 Control week 3 #1 308205593 -t 763.5500 0.2477
2 Control week 3 #2 #3,007.1826 L 1,603.9342 0.5316
3 | Control week 3 #3 rF ¥ T Ll R R 0.8266
4 0.1pg/L week 3 #1 I 257400440 & 1.3,748.3228 1.4562
5 | 0.1ug/L week 3 #2 D.918.3688 ¢ £12,949.5953 1.0107
6 0.1ug/L week 3 #3 F A 3,034.4658; ; 2?995.0177 0.9870
7 0.2pg/L week 3 #1 2,344.5554" - g }';153.2397 0.9184
8 0.2ug/L week 3 #2 3,086.3942 -2,851.2110 0.9238
9 | 0.2ug/L week 3 #3 2,966,6125' 2.4403848 0.8226
10 0.5pg/L week 3 #1 2,880.3089 ~4,255.0804 1.4773
11 0.5ug/L week 3 #2 2,902.5039 2,359.4454 0.8129
12 [ 0.5ug/L week 3#3 3,144.0750° 3,195.6378 o~ 10164
13 1.0ug/L week 3 #1 . 2,863.1308 6,771.0179 L 23649
14 | 1.opg/Lweek3#2 | o 3.037.7491 27291138 = | 0.8984
15 | 1.0ug/L week 3 #3 i 2,127.5958 2,107.5964 - 0.9906

Table B36 Intensity of-band and ratio pvMT07 expression gene in gill of mussel
P.viridis Laboratory study (Week 4)

No. Sample Intensity AT Intensity pyMTO07 Ratio pvMTO07/AT Remark
1 Control week 4 #1 2,592.5354 2,125.8791 0.8200
2 Control week.4 #2 3,341.3874 3,427.9293 1.0259
3 Gentrol week 4#3 3,404.5315 3,350.7399 0.9842
4 0.1ug/L week 4 #1 3,081.7976 41401.4234 1.4282
5 0.1pg/L week 4 #2 2,765.4202 3,025.9227 1.0942
6 0.1pg/L week 4 #3 2,837.3635 2,734.9347 0.9639
7 0.2ug/L week 4 #1 2,935.9934 1,731.3553 0.5897
8 0.2pg/L week 4 #2 2,370.9793 2,367.8970 0.9987
9 0.2pg/L week 4 #3 3,283.8642 3,593.5326 1.0943
10 0.5pug/L week 4 #1 3,532.2120 1,554.5265 0.4401
11 0.5pug/L week 4 #2 3,221.1666 3,292.0322 1.0220
12 0.5ug/L week 4 #3 2,937.3593 4,770.2715 1.6240
13 1.0pg/L week 4 #1 3,044.7096 1,171.6043 0.3848
14 1.0pg/L week 4 #2 2,666.5538 3,000.9397 1.1254
15 1.0pg/L week 4 #3 3,054.0867 3,255.6564 1.0660
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Table B37 Intensity of band and ratio pvMT07 expression gene in gill of mussel

P.viridis Laboratory study (Week 5)

No. Sample Intensity AT Intensity pyMTO07 Ratio pvMTO07/AT Remark
1 Control week 5 #1 3,271.7227 5,455.9248 1.6676
2 Control week 5 #2 3,248.4071 2,211.8404 0.6809
3 Control week 5 #3 2,354.1545 1,641.5519 0.6973
4 0.1ug/L week 5 #1 2,950.2865 2,263.4598 0.7672
5 0.1pg/L week 5 #2 3,110.6768 1,968.7474 0.6329
6 0.1pg/L week 5 #3 3,252.3404 2,569.0237 0.7899
7 0.2pg/L week 5 #1 2,758.9107 5,558.1014 2.0146
8 0.2ug/L week 5 #2 3,416.6640 3,483.2890 1.0195
9 0.2ug/L week 5 #3 3,657.7959 3,618.2917 0.9892
10 0.5pg/L week 5 #1 3,546.0033 2.,981.4796 0.8408
11 0.5ug/L week 5 #2 3,164.2350 5.,773.1467 1.8245
12 0.5pg/L week 5 #3 2,857.3082 4,54.5515 1.6080
13 1.0pg/L week 5 #1 3,013.5030 2,836:8090 0.9412
14 1.0pg/L week 5 #2 2,716.6498 32734813 1.2067
15 1.0pg/L week 5 #3 2,302:1478 3 2.384.1042 1.0356

Table B38 Intensity of band and satio pyMTO7 expression gene in gill of mussel

P.viridis Laboratory stu'&r; Cek 6)

'l

No. Sample 4 Intensity AT | -Intensity pyMT07 Ratio pvMTO07/AT Remark
1 Control week 6 #1 ATOWTTHA et 2,136.8249 0.7654
2 Control week 6 #2 436181178 | 2,578.3606 0.7010
3 Control week 6 #3 & 3857507 W, 2,314.3179 0.6893
4 0.1ug/L week 6 #1 I 301448501 4 112,641.8829 0.8402
5 0.1ug/L week 6 #2 48298443244 . 3,891.5325 1.1816
6 0.1ug/L week 6 #3 J 3,059.6972" - .2,133.8328 0.6974
7 0.2ug/L week 6 #1 2,449.5583 . . 2:242.0807 0.9153
8 0.2pg/L week 6 #2 2:438.6325— 2,592.5103 1.0631
9 0.2ug/L week 6 #3 3,159,6243": 4,066:1205 1.2869
10 [ 0.5ug/L week 6 #1 2,709.5262— -3,553.0017 13113
11 | 0.5ug/L week 6 #2 2,968.1829+ 3,539.5581 1.1925
12 | 0.5ug/L week 6 #3 2,891.1344" 3,186.3192 o~ 11021
13 | 1.0ug/L week 6#1 . 2,927.7575 3,330.9098 L. ) 1.1377
14 [ 1.0pg/L week 6#2 | = 2,956.9075 3,362.2995 = 1 11371
15 1.0ug/L week 6 #3 = 4 2,977.7102 3,105.4539 s 1.0429

Table B39 Intensity of-band and ratio pvMT07 expression gene in gill of mussel

P.viridis Laboratory study {Week 7)

No. Sample Intensity AT Intensity pyMTO07 Ratio pvMTO07/AT Remark
1 Control week 7 #1 3,613.9686 2,119.9540 0.5866,
2 Control week.7 #2 3,580.6571 2,649.6863 0.7400
3 CGentrol week 7/#3 3,512.8680 2:416.5019 0.6879
4 0.1ug/L week 7 #1 2,760.9605 1,611.57217 0.5837
5 0.1pg/L week 7 #2 3,284.3780 2,351.9431 0.7161
6 0.1pg/L week 7 #3 2,493.4878 1,929.7102 0.7739
7 0.2pg/L week 7 #1 NA NA NA Lost of sample
8 0.2ug/L week 7 #2 NA NA NA Lost of sample
9 0.2pg/L week 7 #3 NA NA NA Lost of sample
10 0.5ug/L week 7 #1 3,395.9464 6,344.9863 1.8684
11 0.5ug/L week 7 #2 3,329.0584 5,030.8731 1.5112
12 0.5ug/L week 7 #3 3,030.7918 4,357.6724 1.4378
13 1.0pg/L week 7 #1 3,236.8091 3,891.6156 1.2023
14 1.0pg/L week 7 #2 2,242.8432 3,261.5425 1.4542
15 1.0pg/L week 7 #3 2,142.8291 2,958.1756 1.3805
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Table B40 Intensity of band and ratio pvMT07 expression gene in gill of mussel

P.viridis Laboratory study (Week 8)

No. Sample Intensity AT Intensity pyMTO07 Ratio pvMTO07/AT Remark

1 Control week 8 #1 NA NA NA Lost of sample
2 Control week 8 #2 NA NA NA Lost of sample
3 Control week 8 #3 NA NA NA Lost of sample
4 0.1pg/L week 8 #1 2,933.1098 1,768.6652 0.6030

5 0.1pg/L week 8 #2 3,396.6355 3,624.2100 1.0670

6 0.1pg/L week 8 #3 3,351.7961 3,559.2723 1.0619

7 0.2pg/L week 8 #1 NA NA NA Lost of sample
8 0.2pg/L week 8 #2 NA NA NA Lost of sample
9 0.2ug/L week 8 #3 NA NA NA Lost of sample
10 0.5pg/L week 8 #1 NA NA NA Lost of sample
11 0.5pg/L week 8 #2 NA NA NA Lost of sample
12 0.5pg/L week 8 #3 NA NA NA Lost of sample
13 1.0pg/L week 8 #1 NA NA® NA Lost of sample
14 1.0pg/L week 8 #2 NA N NA Lost of sample
15 1.0pg/L week 8 #3 NA 3 NA NA Lost of sample

Table B41 Intensity of band and ratio pyMTO8 expression gene in gill of mussel
P.viridis Laboratory stud/y(,Wéek 1) |

\

No. Sample 4 Intgnsity AT" | -Intensity pvMT08 Ratio pvMTO08/AT Remark
1 Tnitial # 1 £6141009 .| . 3,883.6888 0.8417
2| Initial #2 £4,362.2049 | 2,337.7056 0.5359
3 Tnitial # 3 4 44704610 o 1,650.0472 0.3691
4 | Control week 1 #1 37299440 4 42,248.7832 0.6029
5 Control week 1 #2 4,132.5567 4 $12,158.4344 0.5223
6 Control week 1 #3 29396814 - 1,854.9390 0.6310
7 [ 0.1pg/L week 1 #1 2,819.2144" ~ 1,630.0698 0.5782
8 0.1ug/L week 1 #2 4,505.5442 12,790.7341 0.6194
9 | 0.1ug/L week 1#3 4,793 9111 2:996.1944 0.6250
10 | 0.2ug/L week 1 #1 4,521.8023— 2,275.8231 0.5033
11 [ 0.2ug/L week 1#2 4,385,609 3,087.9074 0.7041
12 | 0.2ug/L week 1 #3 3,741.5767 2,204.5370 05892
13 | 0.5ug/L week 1 #1 |1 4,059.6151 3,045.5233 J. ] 07502
14 | 0.5ug/L week 1#2 | = 2,774.2561 1,4%2.8399 = | 05345
15 | 0.5ug/L week 1#3 = 4 2,660.4727 1,763.8934 ~o 0.6630
16 | 1.0pg/L week 1#1 = 3,814.7958 2,249.9666 - 0.5898
17 | 1.0ug/L week 1 #2 4,240.0034 4,190.3954 0.9883
18 | 1.0pg/Lweek 1#3 4,287.2744 3,287.4820 - 0.7668

Table B42 Intensity of bandianid ratio pyMTO08 expréssion-gene in gill of mussel

P.viridis Laboratory study (Week 2)

No. Sample Intensity AT Intensity pvMT08 Ratio pvMT08/AT Remark
1 Control week 2/#1 4,024.6988 2,882.0832 0.7161
2 Control week 2 #2 3,493.8203 2,914.1955 0.8341
3 Control week 2 #3 4,000.2257 4,251.8399 1.0629
4 0.1pg/L week 2 #1 3,083.5758 2,406.1142 0.7803
5 0.1pg/L week 2 #2 2,907.9053 2,390.5890 0.8221
6 0.1pg/L week 2 #3 4,284.1060 2,855.7851 0.6666
7 0.2pg/L week 2 #1 4,877.0516 3,568.0509 0.7316
8 0.2pg/L week 2 #2 4,305.4288 3,793.9439 0.8812
9 0.2pug/L week 2 #3 3,920.9012 3,329.6293 0.8492
10 0.5pg/L week 2 #1 3,740.3510 2,435.3425 0.6511
11 0.5ug/L week 2 #2 4,069.0739 3,131.5593 0.7696
12 0.5pug/L week 2 #3 4,068.2414 3,514.5537 0.8639
13 1.0pg/L week 2 #1 3,062.4611 2,282.4522 0.7453
14 1.0pg/L week 2 #2 4,076.4051 3,321.4549 0.8148
15 1.0pg/L week 2 #3 3,814.7958 2,434.6027 0.6382
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Table B43 Intensity of band and ratio pvMTO08 expression gene in gill of mussel
P.viridis Laboratory study (Week 3)

No. Sample Intensity AT Intensity pyMTO08 Ratio pvMTO08/AT Remark
1 Control week 3 #1 3,082.5593 1,989.1755 0.6453
2 Control week 3 #2 3,017.1826 2,110.8209 0.6996
3 Control week 3 #3 2,848.2378 2,006.0139 0.7043
4 0.1ug/L week 3 #1 2,574.0440 1,878.5373 0.7298
5 0.1pg/L week 3 #2 2,918.3688 1,905.4030 0.6529
6 0.1ug/L week 3 #3 3,034.4658 2,219.7117 0.7315
7 0.2pg/L week 3 #1 2,344.5554 1,736.8466 0.7408
8 0.2ug/L week 3 #2 3,086.3942 2,387.6346 0.7736
9 0.2ug/L week 3 #3 2,966.6725 2,473.3148 0.8337
10 0.5pg/L week 3 #1 2,880.3089 2,005.8471 0.6964
11 0.5ug/L week 3 #2 2,902.5039 1,771.6884 0.6104
12 0.5pg/L week 3 #3 3,144.0750 2433242748 0.7418
13 1.0pg/L week 3 #1 2.863.1308 LT L8933 0.5977
14 1.0pg/L week 3 #2 3,037.7491 159092253 0.6285
15 1.0pg/L week 3 #3 2,127:5958 3 1.620.3770 0.7616

Table B44 Intensity of band and zatio pyMTO8 expression gene in gill of mussel
P.viridis Laboratory stidy (Week 4) ‘1

No. Sample 4 Intgnsity AT" | -Intensity pvMT08 Ratio pvMTO08/AT Remark
1 Control week 4 #1 FOOYO3PY - 2,358.7629 0.9079
2 Control week 4 #2 §3.341.3874 L 2,125.4565 0.6361
3 | Control week 4 #3 & 30515 L 2,653.4051 0.7735
4 0.1pg/L week 4 #1 30817976 & 442,028.7474 0.6583
5 | 0.1ug/L week 4 #2 D.768.4202'1¢ - 1,984.7420 0.7177
6 0.1ug/L week 4 #3 F A 2,837.3635; ; .f748.6671 0.6163
7 0.2pg/L week 4 #1 2,935.9934" - '.-}f030.5331 0.6916
8 0.2ug/L week 4 #2 233709793 -2,108.0377 0.8891
9 | 0.2ug/L week 4 #3 3,289.8642" 2,994,558 09119
10 0.5pg/L week 4 #1 3,532.2120= -3,206.8953 0.9079
11 | 0.5ug/L week 4 #2 3,221.1666" 2,048.9841 0.6361
12| 0.5ug/L week4#3 . 2,9373593" 7,272.0474 . 0.7735
13 1.0ug/L week 4 #1 . 3,044.7096 1,860.3176 L. 06110
14 | L.0pg/Lweek4#2 | o 2.666.5538 1,479.9374 = | 0.5550
15 | 1.0ug/L week4#3 » 0 3,054.0867 2,094.4927 . 0.6858

Table B45 Intensity of-band and ratio pvMTO8 expression gene in gill of mussel
P.viridis Laboratory study {Week 5)

No. Sample Intensity AT Intensity pyMTO08 Ratio pvMTO08/AT Remark
1 Control week 5 #1 3,271.7227 2,054.3147 0.6279
2 Control week.5 #2 3,248.4071 2,470,7385 0.7606
3 Gentrol week 5#3 2,354.1545 15688.3996 0.7172
4 0.1ug/L week 5 #1 2,960.2865 2)093.5233 0.7096
5 0.1pg/L week 5 #2 3,110.6768 2,236.8877 0.7191
6 0.1pg/L week 5 #3 3,252.3404 2,742.6987 0.8433
7 0.2ug/L week 5 #1 2,758.9107 1,736.4584 0.6294
8 0.2pg/L week 5 #2 3,416.6640 2,265.2483 0.6630
9 0.2pg/L week 5 #3 3,657.7959 3,223.9813 0.8814
10 0.5pug/L week 5 #1 3,546.0033 2,354.1916 0.6639
11 0.5pug/L week 5 #2 3,164.2350 1,784.3121 0.5639
12 0.5ug/L week 5 #3 2,857.3082 2,012.1164 0.7042
13 1.0pg/L week 5 #1 3,013.5030 1,904.5339 0.6320
14 1.0pg/L week 5 #2 2,716.6498 2,168.9732 0.7984
15 1.0pg/L week 5 #3 2,302.1478 1,626.6976 0.7066
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Table B46 Intensity of band and ratio pvMT07 expression gene in gill of mussel

P.viridis Laboratory study (Week 6)

No. Sample Intensity AT Intensity pyMTO07 Ratio pvMTO08/AT Remark
1 Control week 6 #1 2,791.7754 2,094.3899 0.7502
2 Control week 6 #2 3,678.1178 2,611.4636 0.7100
3 Control week 6 #3 3,357.4901 2,593.9968 0.7726
4 0.1ug/L week 6 #1 3,144.3501 2,097.2815 0.6670
5 0.1pg/L week 6 #2 3,293.4432 2,862.6608 0.8692
6 0.1ug/L week 6 #3 3,059.6972 2,138.4224 0.6989
7 0.2pg/L week 6 #1 2,449.5583 2,297.1958 0.9378
8 0.2ug/L week 6 #2 2,438.6325 1,633.8838 0.6700
9 0.2ug/L week 6 #3 3,159.6243 2,300.5225 0.7281
10 0.5pg/L week 6 #1 2,709.5262 1,834.0783 0.6769
11 0.5ug/L week 6 #2 2,968.1829 2.318.7445 0.7812
12 0.5pg/L week 6 #3 2,891.1344 242059355 0.7630
13 1.0pg/L week 6 #1 2,92MI598 24289628 0.9321
14 1.0pg/L week 6 #2 2,956.9075 241549942 0.7288
15 1.0pg/L week 6 #3 2,97777102 2.494.7256 0.8378

—

Table B47 Intensity of band and satio pyMTO8 expression gene in gill of mussel

P.viridis Laboratory stidy (Week 7) ‘1
No. Sample 4 Intgnsity AT" | -Intensity pvMT08 Ratio pvMTO08/AT Remark
1 Control week 7 #1 306139686 w 2,409.0715 0.6666
2 Control week 7 #2 #3,580.687.1, L 26192507 0.7315
3 Control week 7 #3 F B oF &l W, 2,370.8346 0.6749
4 0.1pg/L week 7 #1 I 277609605 & 442.823.0821 1.0225
5 0.1ug/L week 7 #2 3.284.3780 . 13,396.7038 1.0342
6 0.1ug/L week 7 #3 F A 2,493.4878; -.2,562.8068 1.0278
7 0.2pg/L week 7 #1 NA iy S IANA NA Lost of sample
8 0.2pg/L week 7 #2 B NA= —==NA NA Lost of sample
9 0.2pg/L week 7 #3 NAZ==4 2 NAS NA Lost of sample
10 0.5pg/L week 7 #1 3,395.9464— -3,517.8609 1.0359
11 0.5ug/L week 7 #2 3,329.0584 3,231.1841 0.9706
12 [ 0.5ug/L week 7#3 3,030.7918" 2,030.9336 . 0.6701
13 1.0pg/L week 7#1 .0 3,236.8091 2,886.2627 L. 08917
14 1.0ug/L week 7 #2 | os 2,242 .8432 1,658.1339 = 0.7393
15 | 1.0pg/L week 7#3 =i 2,142.8291 2,195.1141 ~ 10244

Table B48 Intensity of-band and ratio pvMTO8 expression gene in gill of mussel

P.viridis Laboratory study {Week 8)

No. Sample Intensity AT Intensity pyMTO08 Ratio pvMTO08/AT Remark

1 Control week 8 #1 NA NA NA Lost of sample
2 Control week.8 #2 NA NA NA Lost of sample
3 Centrol week 8/#3 NA NA NA Lost of sample
4 0.1ug/L week 8 #1 2,983.1098 31057.7669 1.0425

5 0.1ug/L week 8 #2 3,396.6355 3,426.8655 1.0089

6 0.1pg/L week 8 #3 3,351.7961 3,495.5882 1.0429

7 0.2pg/L week 8 #1 NA NA NA Lost of sample

8 0.2ug/L week 8 #2 NA NA NA Lost of sample
9 0.2pg/L week 8 #3 NA NA NA Lost of sample
10 0.5ug/L week 8 #1 NA NA NA Lost of sample
11 0.5pg/L week 8 #2 NA NA NA Lost of sample
12 0.5pg/L week 8 #3 NA NA NA Lost of sample
13 1.0pg/L week 8 #1 NA NA NA Lost of sample
14 1.0pg/L week 8 #2 NA NA NA Lost of sample
15 1.0pg/L week 8 #3 NA NA NA Lost of sample
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Table B49 Intensity of band and ratio pvMT11 expression gene in gill of mussel

P.viridis Laboratory study (Week 1)

No. Sample Intensity AT Intensity pyMT11 Ratio pvMT11/AT Remark
1 Initial # 1 4,614.1009 1,859.9441 0.4031
2 Initial # 2 4,362.2049 3,740.1545 0.8574
3 Initial # 3 4,470.4610 4,103.4361 0.9179
4 Control week 1 #1 3,729.9440 2,950.0127 0.7909
5 Control week 1 #2 4,132.5567 3,203.5580 0.7752
6 Control week 1 #3 2,939.6814 2,382.6118 0.8105
7 0.1pg/L week 1 #1 2,819.2144 2,449.3335 0.8688
8 0.1pg/L week 1 #2 4,505.5442 3,819.3498 0.8477
9 0.1ug/L week 1 #3 4,793.9111 5,490.4663 1.1453
10 0.2pg/L week 1 #1 4,521.8023 4,322.3908 0.9559
11 0.2ug/L week 1 #2 4,385.6091 4.742.1591 1.0813
12 0.2pg/L week 1 #3 3,741.5767 3,()3}.4457 0.8078
13 0.5pg/L week 1 #1 4,059.6151 A7 L0772 1.0153
14 0.5ug/L week 1 #2 2,774.2561 24138.6740 0.7709
15 0.5pg/L week 1 #3 2,660.4727 i 2SHeeS 0.8916
16 1.0pg/L week 1 #1 3,814.7958 3 3,428.3570 0.8987
17 1.0pg/L week 1 #2 4.240.0034. 5,428.9004 1.2804
18 1.0pg/L week 1 #3 357 36,5128 0.8713

45287 2744

e -~

Table B50 Intensity of band andratio p
P.viridis Laboratory study/{(Weck 2)" -

5
- ¥

\\zllMTll expression gene in gill of mussel

F — =
.-"" y 4 !1. i
No. Sample 4 Inténsity AT | intensity pyMT11 Ratio pMT11/AT Remark
1 Control week 2 #1 | 40246938 4 113,984.0444 0.9899
2 Control week 2 #2 13.493.8203 ¢ 1 13,493.4710 0.9999
3 Control week 2 #3 & 4,000.2257 - 4,641.4619 1.1603
4 0.1pg/L week 2 #1 3,083.5758 .- £.21402.4139 0.7791
5 0.1pg/L week 2 #2 2:907.9053— 3,114.6574 1.0711
6 0.1pg/L week 2 #3 4,284,1060": 3,695:4699 0.8626
7 0.211g/L week 2 #1 4,877.0516— 4,671.7277 0.9579
8 0.2pg/L week 2 #2 4,305.4288" 4372.1630 1.0155
9 0.2ug/L week 2 #3 3,920.9012" 4,196.1484 o~ 1.0702
10 [ 0.5ug/L week 2#1 1 3,740.3510 3,069.3320 A, 0.8206
11 | 0.5ug/L week2#2 | o 4,069.0739 3,809.0601 = | 09361
12 | 0.5ug/L week 2#3 = 4 4,068.2414 3,986.8766 ~~ 0.9800
13 | 1.0ug/Lweek 2#1 = 3,062.4611 2,719.4654 - 0.8880
14 | 1.0ug/L week 2 #2 4,076.4051 3,953.7053 0.9699
15 | 1.0pg/L week2#3 3,814.7958 3,922.7546 1.0283

Table B51 Intensity of bandianid ratio pyMT 11 expréssion-gene in gill of mussel

P.viridis Laboratory study (Week 3)

No. Sample Intensity AT Intensity pvMT11 Ratio pvMTL1/AT Remark
1 Control week 3/#1 3,082.5593 21399.7725 0.7785
2 Control week 3 #2 3,017.1826 2,792.7042 0.9256
3 Control week 3 #3 2,848.2378 2,385.9688 0.8377
4 0.1pg/L week 3 #1 2,574.0440 2,318.4414 0.9007
5 0.1pg/L week 3 #2 2,918.3688 2,261.1521 0.7748
6 0.1pg/L week 3 #3 3,034.4658 2,599.0199 0.8565
7 0.2pg/L week 3 #1 2,344.5554 2,068.6012 0.8823
8 0.2pg/L week 3 #2 3,086.3942 3,124.6655 1.0124
9 0.2pug/L week 3 #3 2,966.6725 2,899.9223 0.9775
10 0.5pg/L week 3 #1 2,880.3089 2,624.2494 09111
11 0.5ug/L week 3 #2 2,902.5039 2,148.7237 0.7403
12 0.5pg/L week 3 #3 3,144.0750 3,119.5512 0.9922
13 1.0pg/L week 3 #1 2,863.1308 2,210.0506 0.7719
14 1.0pg/L week 3 #2 3,037.7491 2,474.2466 0.8145
15 1.0pg/L week 3 #3 2,127.5958 1,971.0048 0.9264
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Table B52 Intensity of band and ratio pvMT11 expression gene in gill of mussel
P.viridis Laboratory study (Week 4)

No. Sample Intensity AT Intensity pyMT11 Ratio pvMT11/AT Remark
1 Control week 4 #1 2,592.5354 2,676.2743 1.0323
2 Control week 4 #2 3,341.3874 2,054.9532 0.6150
3 Control week 4 #3 3,404.5315 3,233.2836 0.9497
4 0.1ug/L week 4 #1 3,081.7976 2,607.8172 0.8462
5 0.1pg/L week 4 #2 2,765.4202 2,777.5880 1.0044
6 0.1ug/L week 4 #3 2,837.3635 2,195.5519 0.7738
7 0.2pg/L week 4 #1 2,935.9934 2,712.2707 0.9238
8 0.2ug/L week 4 #2 2,370.9793 2,252.1932 0.9499
9 0.2ug/L week 4 #3 3,283.8642 4,033.8988 1.2284
10 0.5pg/L week 4 #1 3,532.2120 3,646.3024 1.0323
11 0.5ug/L week 4 #2 3,221.1666 1,981.0174 0.6150
12 0.5pg/L week 4 #3 2,937.3593 2478916101 0.9497
13 1.0pg/L week 4 #1 3,044.7096 29734589 0.9765
14 1.0pg/L week 4 #2 2,666.5538 2412 20435 0.7958
15 1.0pg/L week 4 #3 3,054.0867 3 3.,085.8492 1.0104

Table 53 Intensity of band andrauo pyMT 11 expression gene in gill of mussel
P.viridis Laboratory stidy (Week 5) ‘1

No. Sample 4 Intgnsity AT" | -Intensity pvMT11 Ratio pvMT11/AT Remark
1 Control week 5 #1 FTIWR = 2,734.5059 0.8358
2 Control week 5 #2 3,248 407, L 3225288052 1.0012
3 | Control week 5 #3 B 2555 20579956 0.8739
4 0.1pg/L week 5 #1 29500865 & 142,899.5416 0.9828
5 | 0.1ug/L week 5 #2 B.110.6768 ¢ $12,393.3548 0.7694
6 0.1ug/L week 5 #3 F A 3,252.3404; ; 3?396.4191 1.0443
7 0.2pg/L week 5 #1 2,058.9107 g }f105.6006 0.7632
8 0.2ug/L week 5 #2 3,416.6640 2,934.9144 0.8590
9 | 0.2ug/L week 5 #3 3,657.1959° 3,807.7655 1.0410
10 0.5pg/L week 5 #1 3,546.0033— -3,596.0020 1.0141
11 | 0.5ug/L week 5 #2 3,164.23507" 2.442.1566 0.7718
12 [ 0.5ug/L week 5#3 2,857.3082" 2,749.8734 . 0.9624
13 1.0ug/L week 5#1 . 3,013.5030 2,305.6312 L. 0.7651
14 | 1Lopg/L week5#2 | o 2.716.649% 2,60/0.1717 = | 09851
15 | 1Opg/L week 5#3 = 2,302.1478 1,778.6394 ~ 07726

Table B54 Intensity of-band and ratio pvMT11 expression gene in gill of mussel
P.viridis Laboratory study {Week 6)

No. Sample Intensity AT Intensity pyMT11 Ratio pvMT11/AT Remark
1 Control week 6 #1 2,791.7754 2,711.0931 0.9711
2 Control week.6 #2 3,678.1178 3,111.3198 0.8459
3 Gontrol week 6/#3 3,357.4901 3,568.6762 1.0629
4 0.1ug/L week 6 #1 3,144.3501 2423.0362 0.7706
5 0.1ug/L week 6 #2 3,293.4432 3,587.8770 1.0894
6 0.1pg/L week 6 #3 3,059.6972 2,641.1306 0.8632
7 0.2ug/L week 6 #1 2,449.5583 2,498.5495 1.0200
8 0.2pg/L week 6 #2 2,438.6325 2,064.5463 0.8466
9 0.2pg/L week 6 #3 3,159.6243 3,033.2393 0.9600
10 0.5pug/L week 6 #1 2,709.5262 2,391.6987 0.8827
11 0.5pug/L week 6 #2 2,968.1829 3,028.1402 1.0202
12 0.5ug/L week 6 #3 2,891.1344 2,623.7044 0.9075
13 1.0pg/L week 6 #1 2,927.7575 2,891.7461 0.9877
14 1.0pg/L week 6 #2 2,956.9075 2,427.0297 0.8208
15 1.0pg/L week 6 #3 2,977.7102 3,162.0304 1.0619
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Table B55 Intensity of band and ratio pvMT11 expression gene in gill of mussel

P.viridis Laboratory study (Week 7)

No. Sample Intensity AT Intensity pyMT11 Ratio pvMT11/AT Remark
1 Control week 7 #1 3,613.9686 2,867.6841 0.7935
2 Control week 7 #2 3,580.6571 3,239.7785 0.9048
3 Control week 7 #3 3,512.8680 2,837.6948 0.8078
4 0.1pg/L week 7 #1 2,760.9605 2,770.3478 1.0034
5 0.1pg/L week 7 #2 3,284.3780 3,322.8053 1.0117
6 0.1pg/L week 7 #3 2,493.4878 2,504.9579 1.0046
7 0.2pg/L week 7 #1 NA NA NA Lost of sample
8 0.2pg/L week 7 #2 NA NA NA Lost of sample
9 0.2ug/L week 7 #3 NA NA NA Lost of sample
10 0.5ug/L week 7 #1 3,395.9464 3,458.4319 1.0184
11 0.5pug/L week 7 #2 3,329.0584 3,302.0930 0.9919
12 0.5ug/L week 7 #3 3,030.7918 2489818717 0.7915
13 1.0pg/L week 7 #1 3.236.8091 3,328.47345 1.0284
14 1.0pg/L week 7 #2 2,242.8432 149259294 0.8587
15 1.0pg/L week 7 #3 2,142.8291 A 24385434 0.9980

Table B56 Intensity of band and satio pyMTO8 expression gene in gill of mussel

P.viridis Laboratory study (Week &)

:

No. Sample 4 Intgnsity AT* Intensity pvMT11 Ratio pvMT11/AT Remark

1 Control week 8 #1 d NA S — NA NA Lost of sample
2 Control week 8 #2 NA, i SINA NA Lost of sample
3 Control week 8 #3 NA ‘o W NA NA Lost of sample
4 0.1pg/L week 8 #1 2,933.1098 & 1.3,014.9435 1.0279

5 0.1pg/L week 8 #2 3,396.6355 & 113,368.1037 0.9916

6 0.1pg/L week 8 #3 3,351.7961 _ - 3,451.3444 1.0297

7 0.2ug/L week 8 #1 NA S ANA NA Lost of sample
8 0.2ug/L week 8 #2 I NA— —=NA NA Lost of sample
9 0.2pg/L week 8 #3 NA Y NN NA Lost of sample
10 0.5pg/L week 8 #1 NASE== ——NA NA Lost of sample
11 0.5ug/L week 8 #2 AL T aNA= NA Lost of sample
12 0.5pg/L week 8 #3 NA - AN NA Lost of sample
13 1.0pg/L week 8 #1 . NA NA A NA Lost of sample
14 1.0ug/L week 8 #2 | s NA NA - | NA Lost of sample
15 1.0ug/L week 8#3 = 4 NA NA s NA Lost of sample

Table B57 Intensity of-band and ratio HSP71 expression-gene in gill of mussel

P.viridis Laboratory study {Week 1)

No. Sample Intensity AT Intensity HSP71 Ratio HSP71/AT Remark
1 Initial # 1 4,948.9080 7,761.3724 1.5683
2 Initial # 2 5,869.6804 7,099.3784 1.2095
3 Initial # 3 6,391.2779 8,378.3263 1.3109
4 Control week 1#1 5,588. 121 71276.1213 1.3150
5 Control week 1 #2 5,744.7702 8,958.3947 1.5594
6 Control week 1 #3 6,864.2663 9,275.6830 1.3513
7 0.1pg/L week 1 #1 6,550.0303 8,069.6374 1.2320
8 0.1pg/L week 1 #2 5,537.6524 7,020.0819 1.2677
9 0.1pg/L week 1 #3 7,114.1081 9,693.6837 1.3626
10 0.2pg/L week 1 #1 7,314.5163 9,584.2107 1.3103
11 0.2pg/L week 1 #2 5,783.6662 4,375.9219 0.7566
12 0.2pug/L week 1 #3 5,973.4150 6,316.2890 1.0574
13 0.5png/L week 1 #1 6,638.7972 7,134.7153 1.0747
14 0.5ug/L week 1 #2 5,759.3939 9,428.7037 1.6371
15 0.5pg/L week 1 #3 5,464.8281 7,824.5409 1.4318
16 1.0pg/L week 1 #1 5,014.7358 7,932.3091 1.5818
17 1.0pg/L week 1 #2 7,061.5204 9,004.1446 1.2751
18 1.0pg/L week 1 #3 7,906.8951 9,951.6182 1.2586
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Table B58 Intensity of band and ratio HSP71 expression gene in gill of mussel
P.viridis Laboratory study (Week 2)

No. Sample Intensity AT Intensity HSP71 Ratio HSP71/AT Remark
1 Control week 2 #1 4,906.8794 6,726.8410 1.3709
2 Control week 2 #2 7,745.7126 3,356.2173 0.4333
3 Control week 2 #3 6,625.0768 2,222.0508 0.3354
4 0.1ug/L week 2 #1 4,906.8794 5,637.5137 1.1489
5 0.1pg/L week 2 #2 5,090.2482 3,078.0731 0.6047
6 0.1ug/L week 2 #3 5,612.1038 604.4236 0.1077
7 0.2pg/L week 2 #1 5,844.6554 8,465.9833 1.4485
8 0.2ug/L week 2 #2 5,547.3226 5,477.4263 0.9874
9 0.2ug/L week 2 #3 4,646.2849 4,661.1530 1.0032
10 0.5pg/L week 2 #1 5,092.4202 6,750.0030 1.3255
11 0.5ug/L week 2 #2 5,680.4334 7.,378.3150 1.2989
12 0.5pg/L week 2 #3 5,435.3515 698610573 1.2853
13 1.0pg/L week 2 #1 5,794.3042 6,042.3004 1.0428
14 1.0pg/L week 2 #2 5,435.3515 35782.4611 0.6959
15 1.0pg/L week 2 #3 5,092.4202 3 5.310.3758 1.0428

Table B59 Intensity of band and satio HSP71 expression gene in gill of mussel
P.viridis Laboratory stidy (Week 3) ‘1

No. Sample 4 Intensity AT = —Intensity HSP71 Ratio HSP71/AT Remark
1 Control week 3 #1 WE5WBD et 4,786.7744 1.3475
2 Control week 3 #2 43,642 8747, | 4.908.7736 1.3475
3 Control week 3 #3 & 3473097 W 4,231.7828 1.2182
4 0.1ug/L week 3 #1 I 43390740 & 405,815.6609 1.3403
5 0.1ug/L week 3 #2 1,094.4997 . ¢ . 1,300.0467 1.1878
6 0.1pg/L week 3 #3 4040108 - 4,592.9194 1.1003
7 0.2ug/L week 3 #1 5,278.5274 6,377.5168 1.2082
8 0.2ug/L week 3 #2 5,780.5981 7,497.4358 1.2970
9 0.2ug/L week 3 #3 5,037.0082" 47332766 0.9397
10 [ 0.5pg/L week 3 #1 5,301.9396 7,341.5957 1.3847
11 0.5ug/L week 3 #2 6,864.2663 " 10,201.6725 1.4862
12 [ 0.5ug/L week 3#3 6,550.0303° 10,617.5992 16210
13 | 1.0ug/L week 3#1 1 5,537.6524 13,046.7090 A, 23560
14 [ 1.0pg/L week3#2 | = 7,114.1081 13,822.0006 = . 19429
15 1.0ug/L week 3#3 = i 73145163 17,429.7609 ~ 23829

Table B60 Intensity of-band and ratio HSP71 expression-gene in gill of mussel
P.viridis Laboratory study (Week 4)

No. Sample Intensity AT Intensity HSP71 Ratio HSP71 /AT Remark
1 Control week 4 #1 4,895.2647 7,483.8806 1.5288
2 Control week.4 #2 6,105.9066 8,545.8269 1.3996
3 Gontrol week 4/#3 5,812.1026 7,221.5375 1.24725
4 0.1ug/L week 4 #1 4,094.2165 41456.5541 1.0885
5 0.1ug/L week 4 #2 5,844.3786 6,116.1422 1.0465
6 0.1pg/L week 4 #3 3,992.4232 5,250.0366 1.3150
7 0.2ug/L week 4 #1 3,925.4352 5,448.5040 1.3880
8 0.2pg/L week 4 #2 5,030.4201 3,878.4539 0.7710
9 0.2pg/L week 4 #3 3,886.1920 1,866.5380 0.4803
10 0.5ug/L week 4 #1 4,419.5982 4,684.7741 1.0600
11 0.5pug/L week 4 #2 4,948.9080 4,776.1911 0.9651
12 0.5ug/L week 4 #3 5,869.6804 6,264.7099 1.0673
13 1.0pg/L week 4 #1 6,391.2779 9,727.5250 1.5220
14 1.0pg/L week 4 #2 5,533.1721 6,561.2355 1.1858
15 1.0pg/L week 4 #3 5,744.7702 8,449.9825 1.4709
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Table 61 Intensity of band and ratio HSP71 expression gene in gill of mussel

P.viridis Laboratory study (Week 5)

No. Sample Intensity AT Intensity HSP71 Ratio HSP71 /AT Remark
1 Control week 5 #1 2,153.4869 2,528.4089 1.1741
2 Control week 5 #2 2,213.1355 2,186.1352 0.9878
3 Control week 5 #3 2,354.1245 3,484.1042 1.4800
4 0.1ug/L week 5 #1 2,063.9602 2,745.6862 1.3303
5 0.1pg/L week 5 #2 1,536.8286 1,910.1242 1.2429
6 0.1pg/L week 5 #3 3,697.7778 3,698.1476 1.0001
7 0.2pg/L week 5 #1 4,255.7910 5,290.3738 1.2431
8 0.2ug/L week 5 #2 3,558.9752 4,808.5314 1.3511
9 0.2ug/L week 5 #3 3,140.5961 2,419.8293 0.7705
10 0.5pg/L week 5 #1 2,054.3975 2,357.8320 1.1477
11 0.5ug/L week 5 #2 253.7845 321.6210 1.2673
12 0.5pg/L week 5 #3 1,960.1109 2,6§}.5181 1.0650
13 1.0pg/L week 5 #1 1,617.9180 1,66 17636 1.0271
14 1.0pg/L week 5 #2 1,045.7399 144330820 1.3704
15 1.0pg/L week 5 #3 1,583.5310 3 1.857.7986 1.1732

Table B62 Intensity of band and satio HSP71 expression gene in gill of mussel

P.viridis Laboratory stu'&r; Cek 6)

'l

No. Sample 4 Intensity AT | —Intensity HSP71 Ratio HSP71 /AT Remark
1 Control week 6 #1 249181923 - 2,787.6442 1.1190
2 Control week 6 #2 43.032.9762, | 3,590.7405 1.1839
3 Control week 6 #3 & 18061536 2,121,069 1.3041
4 0.1pg/L week 6 #1 I 24100602 4 402,812.4159 1.1669
5 0.1ug/L week 6 #2 P63 13820% ,2,988.4384 1.1142
6 0.1pg/L week 6 #3 b 2.348.4%61 - .3381.1055 1.1870
7 0.211g/L week 6 #1 2,612.2243",. 120691.1135 1.0302
8 0.2pg/L week 6 #2 20665.1991— -3,691.0343 1.3849
9 0.2pg/L week 6 #3 2,567.2854 = 3,464:5516 1.3495
10 [ 0.5ug/L week 6 #1 2,568.4180— -2,808.3082 1.0934
11 [ 0.5ug/L week 6 #2 3,823.1324 4,987.6585 1.3046
12 [ 0.5pg/L week 6#3 2,563.3857" 3,049.9163 . 11898
13 [ 1.0ug/L week 6 #1 1 3,511.4126 4,913.5196 A, 13993
14 | 1.0ug/L week 6#2 | — 2,522.7908 2.864.8812 = 11356
15 | 1.0pg/L week 6#3 = i 2,125.5729 2,295.4062 < 1.0799

Table B63 Intensity of-band and ratio HSP71 expression-gene in gill of mussel

P.viridis Laboratory study {Week 7)

No. Sample Intensity AT Intensity HSP71 Ratio HSP71 /AT Remark
1 Control week 7 #1 5,425.6526 6,363.2053 1.1728
2 Control week.7 #2 6,259.5219 7,379.3504 1.1789
3 Gontrol week 7/#3 6,690.2881 7,490.4466 1.1196
4 0.1ug/L week 7 #1 6,278.3319 77724.2318 1.2303
5 0.1pg/L week 7 #2 6,924.6604 9,245.1141 1.3351
6 0.1pg/L week 7 #3 4,916.2485 5,253.9948 1.0687
7 0.2pg/L week 7 #1 NA NA NA Lost of sample
8 0.2ug/L week 7 #2 NA NA NA Lost of sample
9 0.2pg/L week 7 #3 NA NA NA Lost of sample
10 0.5pg/L week 7 #1 4,702.2705 5,241.6209 1.1147
11 0.5ug/L week 7 #2 3,900.7953 4,373.5717 1.1212
12 0.5ug/L week 7 #3 4,263.2821 4,395.4438 1.0310
13 1.0pg/L week 7 #1 4,276.7157 4,282.7031 1.0014
14 1.0pg/L week 7 #2 4,827.5104 5,392.3291 1.1170
15 1.0pg/L week 7 #3 4,949.5030 5,122.2406 1.0349
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Table B64 Intensity of band and ratio HSP71 expression gene in gill of mussel

P.viridis Laboratory study (Week 8)

No. Sample Intensity AT Intensity HSP71 Ratio HSP71 /AT Remark

1 Control week 8 #1 NA NA NA Lost of sample
2 Control week 8 #2 NA NA NA Lost of sample
3 Control week 8 #3 NA NA NA Lost of sample
4 0.1pg/L week 8 #1 3,125.2484 3,575.9093 1.1442

5 0.1pg/L week 8 #2 3,248.5385 3,600.6801 1.1084

6 0.1pg/L week 8 #3 3,637.7851 4,168.9017 1.1460

7 0.2pg/L week 8 #1 NA NA NA Lost of sample
8 0.2pg/L week 8 #2 NA NA NA Lost of sample
9 0.2ug/L week 8 #3 NA NA NA Lost of sample
10 0.5pg/L week 8 #1 NA NA NA Lost of sample
11 0.5pg/L week 8 #2 NA NA NA Lost of sample
12 0.5pg/L week 8 #3 NA NA NA Lost of sample
13 1.0pg/L week 8 #1 NA NA® NA Lost of sample
14 1.0pg/L week 8 #2 NA N NA Lost of sample
15 1.0pg/L week 8 #3 NA 3 NA NA Lost of sample

Table B65 Intensity of band and satio CYP4 expression gene in gill of mussel
P.viridis Laboratory stud/y(,Wéek 1) |

\

No. Sample 4 Intensity AT" - —intensity CYP4 Ratio CYP4/AT Remark
1 Tnitial # 1 494319080 .| 4,825.1853 0.9750
2 Initial # 2 45,869.6804 L 959.1058 0.1634
3 Tnitial # 3 F i I¥ 0 . 2,540.5330 0.3975
4 Control week 1 #1 A F P /13,781.9231 0.6835
5 Control week 1 #2 5,748.7702' ~ 1 940.9934 0.1638
6 Control week 1 #3 A 6,864.2663 ©.3,955.1902 0.5762
7 0.1png/L week 1 #1 6,550.0303 .- -~ 5.728.0015 0.8745
8 0.1ug/L week 1 #2 5,537.6524 4.271.7450 0.7714
9 0.1pg/L week 1 #3 7,114,1081° 5,701.9576 0.8015
10 | 0.2ug/L week 1 #1 7314.5163— 5,664.3614 0.7744
11| 02ug/L week 1 #2 5,783.6662 3,135.9038 0.5422
12 | 0.2ug/L week 1 #3 5,973.4150" 1,072.8253 . 0.1796
13 | 0.5ug/L week 1 #1 |1 6,638.7972 3,569.6812 L. 05377
14 [ 0.5pg/Lweek 1#2 | = 5,759.3939 2,652.776% = . 0.4606
15 | 0.5ug/L week 1#3 = 4 5,464.8281 1,194.6114 -+ 02186
16 | 1.0ug/L week 1 #1 = 5,014.7358 4,946.0339 - 0.9863
17 | 1.0ug/L week 1 #2 7,061.5204 3,715.0659 0.5261
18 | 1.0pg/Lweek 1#3 7,906.8951 4,426.2799 - 0.5598

Table B66 Intensity of bandjand ratio ©OYP4 expressiongenedn gill of mussel

P.viridis Laboratory study (Week 2)

No. Sample Intensity AT Intensity CYPR4 Ratio CYP4/AT Remark
1 Control week 2/#1 4,906.8794 2,681.1189 0.5464
2 Control week 2 #2 7,745.7126 3,706.3235 0.4785
3 Control week 2 #3 6,625.0768 2,233.9759 0.3372
4 0.1pg/L week 2 #1 4,906.8794 3,411.7532 0.6953
5 0.1pg/L week 2 #2 5,090.2482 4,132.7725 0.8119
6 0.1pg/L week 2 #3 5,612.1038 2,661.2596 0.4742
7 0.2pg/L week 2 #1 5,844.6554 4,954.5143 0.8477
8 0.2pg/L week 2 #2 5,547.3226 4,310.2697 0.7770
9 0.2pug/L week 2 #3 4,646.2849 1,804.6171 0.3884
10 0.5pg/L week 2 #1 5,092.4202 3,948.6627 0.7754
11 0.5ug/L week 2 #2 5,680.4334 3,821.2276 0.6727
12 0.5pug/L week 2 #3 5,435.3515 2,319.2645 0.4267
13 1.0pg/L week 2 #1 5,794.3042 2,152.0046 0.3714
14 1.0pg/L week 2 #2 5,435.3515 1,018.5849 0.1874
15 1.0pg/L week 2 #3 5,092.4202 1,891.3249 0.3714
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Table B67 Intensity of band and ratio CYP4 expression gene in gill of mussel
P.viridis Laboratory study (Week 3)

No. Sample Intensity AT Intensity CYP4 Ratio CYP4/AT Remark
1 Control week 3 #1 3,552.3372 4,255.7000 1.1980
2 Control week 3 #2 3,642.8747 1,801.0372 0.4944
3 Control week 3 #3 3,473.7997 1,954.7071 0.5627
4 0.1ug/L week 3 #1 4,339.0740 2,885.0503 0.6649
5 0.1pg/L week 3 #2 1,094.4997 303.6142 0.2774
6 0.1ug/L week 3 #3 4,174.2428 1,606.6661 0.3849
7 0.2pg/L week 3 #1 5,278.5274 1,559.8049 0.2955
8 0.2ug/L week 3 #2 5,780.5981 2,690.8684 0.4655
9 0.2ug/L week 3 #3 5,037.0082 664.8851 0.1320
10 0.5pg/L week 3 #1 5,301.9396 1,679.1243 0.3167
11 0.5ug/L week 3 #2 6,864.2663 5,744.0180 0.8368
12 0.5pg/L week 3 #3 6,550.0303 5413814988 0.7845
13 1.0pg/L week 3 #1 5,537.6524 8,088:2950 1.4606
14 1.0pg/L week 3 #2 7,114.1081 S§7S 88705 0.8095
15 1.0pg/L week 3 #3 7,314.5163 3 8272718 0.1131

Table B68 Intensity of band and satio CYP4 expression gene in gill of mussel
P.viridis Laboratory stidy (Week 4) ‘1

No. Sample 4 Intensity AT" - —intensity CYP4 Ratio CYP4 /AT Remark
1 Control week 4 #1 48932647 - 2,240.0731 0.4576
2 Control week 4 #2 46,105.9066 L 38914312 0.6537
3 | Control week 4 #3 & 58000065 LAl 648127 0.1316
4 0.1pg/L week 4 #1 I 40942165 & 442.337.3882 0.5709
5 | 0.1ug/L week 4 #2 5.Sall 378614 - 3,281.6186 05615
6 0.1ug/L week 4 #3 F A 3,992.4232; -, 931.0331 0.2332
7 0.2pg/L week 4 #1 3925.4352" g }f452.8036 0.3701
8 0.2ug/L week 4 #2 $,030.4201 ~959:8042 0.1908
9 0.2pg/L week 4 #3 3,886,1920° 1—?1.-1'1@523 0.2859
10 0.5pg/L week 4 #1 4,419.5982— =977.1732 0.2211
11 0.5ug/L week 4 #2 4,948.9080 " 1,403.5103 0.2836
12 | 0.5ug/L week 4 #3 5,869.6804 2.429.4607 04139
13 1.0ug/L week 4 #1 . 6,391.2779 1,289.1208 L. 02017
14 | 1.0ug/L week4#2 | o 5.533.1721 1,373.3333 = | 02482
15 | 1.0pg/Lweek 4#3 = 5,744.7702 1,980.7968 L 03448

Table B69 Intensity of-band and ratio CY P4 expression-gene in gill of mussel
P.viridis Laboratory study {Week 5)

No. Sample Intensity AT Intensity CYP4 Ratio CYP4 /AT Remark
1 Control week 5 #1 2,153.4869 1,019.0300 0.4732
2 Control week.5 #2 2,213.1355 465.6437 0.2104
3 Gentrol week 5#3 2,354.1245 322.7505 0.1371
4 0.1ug/L week 5 #1 2,063.9602 521.5627 0.2527
5 0.1pg/L week 5 #2 1,536.8286 590.9106 0.3845
6 0.1pg/L week 5 #3 3,697.7778 652.6578 0.1765
7 0.2ug/L week 5 #1 4,255.7910 863.5000 0.2029
8 0.2pg/L week 5 #2 3,558.9752 2,184.4990 0.6138
9 0.2pg/L week 5 #3 3,140.5961 1,569.3559 0.4997
10 0.5pug/L week 5 #1 2,054.3975 455.4599 0.2217
11 0.5pug/L week 5 #2 253.7845 82.1500 0.3237
12 0.5ug/L week 5 #3 1,960.1109 658.9893 0.3362
13 1.0pg/L week 5 #1 1,617.9180 242.5259 0.1499
14 1.0pg/L week 5 #2 1,045.7399 881.0359 0.8425
15 1.0pg/L week 5 #3 1,583.5310 598.4164 0.3779
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Table B70 Intensity of band and ratio CYP4 expression gene in gill of mussel

P.viridis Laboratory study (Week 6)

No. Sample Intensity AT Intensity CYP4 Ratio CYP4 /AT Remark
1 Control week 6 #1 2,491.1923 702.0180 0.2818
2 Control week 6 #2 3,032.9762 674.5339 0.2224
3 Control week 6 #3 1,626.4986 775.6772 0.4769
4 0.1ug/L week 6 #1 2,410.1602 654.1175 0.2714
5 0.1pg/L week 6 #2 2,682.1382 803.3004 0.2995
6 0.1ug/L week 6 #3 2,848.4461 1,078.1368 0.3785
7 0.2pg/L week 6 #1 2,612.2243 405.4172 0.1552
8 0.2ug/L week 6 #2 2,665.1991 486.6654 0.1826
9 0.2ug/L week 6 #3 2,567.2854 264.1737 0.1029
10 0.5pg/L week 6 #1 2,568.4180 721.2118 0.2808
11 0.5ug/L week 6 #2 3,823.1324 669.8128 0.1752
12 0.5pg/L week 6 #3 2,563.3857 595_.5506 0.2335
13 1.0pg/L week 6 #1 3,511.4126 2,929.9226 0.8344
14 1.0pg/L week 6 #2 2,522:7908 1,094.1344 0.4337
15 1.0pg/L week 6 #3 2, 1 D560, 3 1.038.9801 0.4888

Table B71 Intensity of band and satio CYP4 expression gene in gill of mussel

P.viridis Laboratory stuar}(/; Cek 7)

'l

No. Sample 4 Intensity AT -] —ntensity CYP4 Ratio CYP4 /AT Remark
1 Control week 7 #1 542506526 e - 4,019.8660 0.7409
2 Control week 7 #2 #6,239 5819, L 5,061.4494 0.8086
3 Control week 7 #3 F 7 Y el W 3,441.4842 0.5144
4 | 0.1ug/L week 7 #1 I §2738319 4 114,305.6800 0.6858
5 0.1pg/L week 7 #2 16.924.6604) . 15,806.3278 0.8385
6 0.1ug/L week 7 #3 ¥ 4,916.2485; -.2,798.8203 0.5693
7 0.2pg/L week 7 #1 NA iy . NA NA Lost of sample
8 0.2pg/L week 7 #2 B NA—— —==NA NA Lost of sample
9 0.2pg/L week 7 #3 N 2 NAS NA Lost of sample
10 0.5pg/L week 7 #1 4,702.2705= -3,300.0534 0.7018
11 0.5ug/L week 7 #2 3,900.7953 1 2,136.4656 0.5477
12 | 0.5ug/L week 7#3 ., 42632871 1,831.0796 . 0.4295
13 1.0pg/L week 7#1 .0 4,276.7157 2,439.4387 L. 05704
14 | 1.0ug/L week 7#2 | o 48275104 1.815.1439 = 1 03760
15 1.0ug/L week 7#3 =4 4,949.5030 1,903.0839 .o 0.3845

Table B72 Intensity of-band and ratio CY P4 expression-gene in gill of mussel

P.viridis Laboratory study {Week 8)

No. Sample Intensity AT Intensity CYP4 Ratio CYP4 /AT Remark

1 Control week 8 #1 NA NA NA Lost of sample
2 Control week.8 #2 NA NA NA Lost of sample
3 Centrol week 8/#3 NA NA NA Lost of sample
4 0.1ug/L week 8 #1 3,125.2484 21327.9976 0.7449

5 0.1ug/L week 8 #2 3,248.5385 1,514.1438 0.4661

6 0.1pg/L week 8 #3 3,637.7851 1,555.1531 0.4275

7 0.2pg/L week 8 #1 NA NA NA Lost of sample
8 0.2ug/L week 8 #2 NA NA NA Lost of sample
9 0.2pg/L week 8 #3 NA NA NA Lost of sample
10 0.5ug/L week 8 #1 NA NA NA Lost of sample
11 0.5pg/L week 8 #2 NA NA NA Lost of sample
12 0.5pg/L week 8 #3 NA NA NA Lost of sample
13 1.0pg/L week 8 #1 NA NA NA Lost of sample
14 1.0pg/L week 8 #2 NA NA NA Lost of sample
15 1.0pg/L week 8 #3 NA NA NA Lost of sample
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Table B73 Intensity of band and ratio MT expression gene in gill of mussel P.viridis

Field study (Station A)
No. Sample Intensity AT Intensity MT Ratio MT /AT Remark
1 St ASm.30D#1 8,645.3427 2,819.2462 0.3261
2 St ASm.30D#2 7,689.3353 6,277.5733 0.8164
3 St ASm.30D#3 7,713.9057 2,071.1837 0.2685
4 St ASm.60D#1 6,176.4749 4,242.6206 0.6869
5 St ASm.60D#2 7,136.0990 7,111.8363 0.9966
6 St ASm.60D#3 7,796.3429 5,256.2944 0.6742
7 St ASm.90D#1 5,140.0396 6,881.4850 1.3388
8 St ASm.90D#2 7,953.7543 10,531.5661 1.3241
9 St ASm.90D#3 9,351.6848 2,910.2443 0.3112
10 St.A20m.30D#1 6,883.0467 1,556.9452 0.2262
11 St. A20m. 30D #2 4,268.5360 965.5429 0.2262
12 St.A20m.30D#3 7,396.9588 6,402.8075 0.8656
13 St. A20m. 60D # 1 5,039.6338 . 4870533 0.6574
14 St. A20m. 60D #2 4,557.2385 4,2569164 0.9341
15 St. A20m. 60D #3 4,663.9016 1,618.3739 0.3470
16 St.A20m. 90D # 1 8.836.0504 1,837.5767 0.8870
17 St.A20m. 90D #2 8, 71409107 75012.2169 0.8049
18 St.A20m. 90D #3 8,086.6887 1,742.6814 0.2155
19 St.A40m.30D#1 #5256:2.690, \ 5,028.5944 0.6930
20 St. A40m. 30D #2 700416322 1,790.3840 0.2556
21 St.A40m.30D#3 9.850.4621 2,208.4736 0.2242
22 St.A40m. 60D # 1 145945673 153218919 0.2003
23 St. A40 m. 60 D # 2 7.557.3311 " 5,607.5397 0.7420
24 St.A40m. 60D #3 7,425,083 2 = 34534062 0.4651
25 | St A40m.90D#1 NA L & A NA Lost of sample
26 St. A40m. 90D #2 INA™ W, NA NA Lost of sample
27 St. A40m. 90D #3 NA dd NA NA Lost of sample

FAA 4
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Table B74 Intensity of band and ratio MT expression gene in gill of mussel P.viridis

Field study (Station B) e 222k
£ e
No. Sample ., Intensity AT “Intensity MT . Ratio MT /AT Remark
1 St.B5m.30D#1 .. 6,211.5898 3,579.1180 F. 0.5762
2 St B5m.30D#2 = 6,337.6929 1,836.0296 o 0.2897
3 St. B5m.30D#3 =« __..-"7 5,282.9348 1,423.2226 i 0.2694
4 St BS5m. 60D # 1 8,786.3905 4,961.6747 0.5647
5 St B5m. 60D #2 9,508.5596 2,379.0416 0.2502
6 St. B5m. 60D #3 8,415.0986 7,582.8454 0.9011
7 St B5m. 90D #1 9,116.4300 8,204.7870 0.9000
8 St. B5 m. 90.D+# 2 8,444.1335 2,687.7677 0.3183
9 St. B5 m. 90D # 3 6,798.2050 1,742.3799 0.2563
10 St. B20 m. 30 D #[1 6,877.8125 6,404.6190 0.9312
11 St. B20m. 30D #2 9,410.1542 6,840.2411 0.7269
12 St. B20m. 30D #3 6,243.3234 3,967.0077 0.6354
13 SteB 20 my 60D #l 9;630:3849 2,686,8774 0.2790
14 StuB 20/m. 60 D #2 6,465.5505 1,406.2572 0.2175
15 St. B 20 m. 60 D #3 9,702.4652 2,110.2862 0.2175
16 St B20m. 90D # 1 9,484.3576 3,709.3323 0.3911
17 St. B20m. 90 D #2 6,411.8919 1,300.3317 0.2028
18 St. B20m. 90D #3 7,122.5406 1,728.6406 0.2427
19 St. B40m.30D#1 8,069.4263 2,630.6330 0.3260
20 St.B40m. 30D #2 5,746.6361 1,165.4178 0.2028
21 St. B40m. 30D #3 5,560.2206 1,525.7245 0.2744
22 St. B40m. 60D # 1 9,726.9608 2,316.9621 0.2382
23 St. B40m. 60 D #2 8,981.9906 5,717.9352 0.6366
24 St. B40m. 60D # 3 8,207.4043 1,315.6469 0.1603
25 St. B40m. 90 D # 1 8,212.1626 8,123.4712 0.9892
26 St. B40m. 90D #2 7,068.9784 5,635.3896 0.7972
27 St. B40m. 90D # 3 6,300.3348 3,659.8645 0.5809
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Table B75 Intensity of band and ratio MT expression gene in gill of mussel P.viridis

Field study (Station C)

No. Sample Intensity AT Intensity MT Ratio MT /AT Remark
1 St.C5m.30D#1 6,397.6185 6,365.6304 0.9950
2 St.C5m.30D#2 4,638.7242 1,083.6060 0.2336
3 St.C5m.30D#3 5,194.6838 1,698.1421 0.3269
4 St.C5m.60D#1 4,240.8082 3,961.3389 0.9341
5 St.C5m. 60D #2 4,760.0214 3,790.8811 0.7964
6 St.C5m.60D#3 6,859.8407 5,077.6541 0.7402
7 St.C5m.90D#1 7,490.6541 1,852.4388 0.2473
8 St.C5m. 90D #2 6,196.3638 1,909.0997 0.3081
9 St.C5m.90D#3 7,054.8009 3,467.4346 0.4915
10 [ StC20m.30D#1 6,070.2033 1,607.3898 0.2648
11 | St.C20m.30D#2 6,156.3653 1,568.6419 0.2548
12 [ St.C20m.30D#3 7.313.1038 10.209.7654 0.3049
13 | St.C20m.60D#1 6,790.7105 5.304.2240 0.7811
14 | St.C20m. 60 D#2 6,495.0784 5,81915902 0.8960
15 | St.C20m.60D#3 84782315 2.098.3623 0.2475
16 | St.C20m.90D#1 7.826.1923 5,601.2058 0.7157
17 [ St.C20m.90D#2 8. 74377875 2,066.1570 0.2363
18 | St.C20m.90D#3 _a6.44485240 1,607.9088 0.2495
19 | St.C40m.30D#]1 " _ @Bl | 7,281.1137 0.9255

20 | St.C40m.30D#2 3,8334920 8,681.7560 0.9823

21 | St.C40m.30D#3 81488 —F 6,851.5138 0.8409

22 | St.C40m.60D#1 = [ 60718885 « |1 4 2.569.0160 0.4231

23 St.C40m. 60 D#2 B0 B8 =" 2839015 0.4177

24 | St.C40m.60D#3 4 | 4 82449591+ 210505213 0.2487

25 | St.C40m.90D#1 5,825.3692 | 454461371 0.9349

26 | St.C40m.90D#2 J6.956.16694 /W, 6,417.7596 0.9226

27 | St.C40m.90D#3 & [ . 4,130.1569 4 3,862.1097 0.9351

Table B76 Intensity of band and ratio MT expression gene in gill of mussel P.viridis
Field study (Station D) e 4

No. Sample . Intensity AT “Intensity MT — Ratio MT /AT Remark
1 St.D5m.30D#1 .. 5,886.6648 2,896.8278 L 04921
2 StD5m.30D#2 | 5,534.5675 2,279.1349 = . 04118
3 St.D5m.30D#3 «./ 6,681.7459 2,842.4147 L 0.4254
4 StD5m60D#1 = 6,595.9673 45762821 = 0.6938
5 St.D5m. 60D #2 5,854.2557 1,505.7146 0.2572
6 StD5m.60D#3 9,043.0346 33151765 0.3666
7 St.D5m.90D#1 4,098.3793 3,016.4072 0.7360
8 St.D 5 m. 90.D#2 5,600.8017, 5,110,1715 0.9124
9 St. D 5 m. 90D # 3 6,774.3701 7,008.0859 1.0345
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Table B77 Intensity of band and ratio pvMTO01 expression gene in gill of mussel
P.viridis Field study (Station A)

No. Sample Intensity AT Intensity pvMTO01 Ratio pvMTO01 /AT Remark
1 St ASm.30D#1 8,645.3427 2,019.5520 0.2336
2 St ASm.30D#2 7,689.3353 1,865.4327 0.2426
3 St ASm.30D#3 7,713.9057 2,677.4967 0.3471
4 St ASm.60D#1 6,176.4749 5,516.2098 0.8931
5 St ASm.60D#2 7,136.0990 8,005.2759 1.1218
6 St ASm.60D#3 7,796.3429 6,774.2423 0.8689
7 St ASm.90D#1 5,140.0396 6,458.9737 1.2566
8 St ASm.90D#2 7,953.7543 10,566.5626 1.3285
9 St ASm.90D#3 9,351.6848 2,853.1990 0.3051
10 St.A20m.30D#1 6,883.0467 3,123.5266 0.4538
11 St. A20m. 30D #2 4,268.5360 1,937.0617 0.4538
12 St.A20m.30D#3 7,396.9588 4.298.3727 0.5811
13 St. A20m. 60D # 1 5,039.6338 3.,408.7687 0.6754
14 St. A20m. 60D #2 4,557.2385 42751454 0.9381
15 St. A20m. 60D #3 4,663.9016 1,596.9199 0.3424
16 St. A20m. 90D # 1 8.836.0504 - 8,289.0989 0.9381
17 St.A20m. 90D #2 8, 71409107 /5.5 T 0.8122
18 St. A20m. 90D #3 8,086.6387 %2 [3E7 0.2136
19 St.A40m.30D#1 #5256:2.690, \ 5,474.8549 0.7545
20 St. A40m. 30D #2 700416322 1,728:7432 0.2468
21 St.A40m.30D#3 9.850.4621 A8 090 0.2206
22 St.A40m. 60D # 1 145945673 . % 1,365%038 0.1798
23 St. A40m. 60D #2 7.587.3311 B \A10g 481 0.8108
24 St.A40m. 60D #3 7 7,425,083 2 = 1,552%849 0.2091
25 | St A40m.90D#1 NA L & A NA Lost of sample
26 St. A40m. 90D #2 INA™ W, NA NA Lost of sample
27 St. A40m. 90D #3 NA dd NA NA Lost of sample

Table B78 Intensity of band and ratio pv

ey
o

4
"

MTO1 expression gene in gill of mussel

=3 F

P.viridis Field study (Station B):= 2220
£ e
No. Sample ., Intensity AT Intensity pyMTO01 | .Ratio pyMTOL /AT Remark
1 St.B5m.30D#1 .. 6,211.5898 3,868.5781 F. 0.6228
2 St B5m.30D#2 = 6,337.6929 3,770.2935 - 0.5949
3 St. B5m.30D#3 « /. 5,282.9348 1,208.7355 el 0.2288
4 St BS5m. 60D # 1 - 8,786.3905 8,462.1727 0.9631
5 St B5m. 60D #2 9,508.5596 4,569.8137 0.4806
6 St. B5m. 60D #3 8,415.0986 6,209.5013 0.7379
7 St B5m. 90D #1 9,116.4300 6,239.2847 0.6844
8 St. B5 m. 90.D+# 2 8,444.1335 5,788:4535 0.6855
9 St. B5 m. 90D # 3 6,798.2050 6,505.8822 0.9570
10 St. B20 m. 30 D #[1 6,877.8125 5,613.6706 0.8162
11 St. B20m. 30D #2 9,410.1542 2,528.5084 0.2687
12 St. B20m. 30D #3 6,243.3234 4,023.8219 0.6445
13 SteB 20 my 60D #l 9;630:3849 8,055,8170 0.8365
14 StuB 20/m. 60 D #2 6,465.5505 1,580.1806 0.2444
15 St. B 20 m. 60 D #3 9,702.4652 2,359.6395 0.2432
16 St B20m. 90D # 1 9,484.3576 2,139.6711 0.2256
17 St. B20m. 90 D #2 6,411.8919 1,765.8350 0.2754
18 St. B20m. 90 D # 3 7,122.5406 1,653.1417 0.2321
19 St. B40m.30D#1 8,069.4263 2,587.8650 0.3207
20 St. B40m. 30D #2 5,746.6361 1,582.6236 0.2754
21 St. B40m. 30D #3 5,560.2206 2,671.6860 0.4805
22 St. B40m. 60D # 1 9,726.9608 2,814.0098 0.2893
23 St. B40m. 60 D #2 8,981.9906 7,263.7358 0.8087
24 St. B40m. 60D # 3 8,207.4043 1,431.3713 0.1744
25 St. B40m. 90 D # 1 8,212.1626 5,787.1110 0.7047
26 St. B40m. 90D #2 7,068.9784 1,619.5029 0.2291
27 St. B40m. 90D # 3 6,300.3348 3,564.7294 0.5658
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Table B79 Intensity of band and ratio pvMTO01 expression gene in gill of mussel
P.viridis Field study (Station C)

No. Sample Intensity AT Intensity pvMTO01 Ratio pvMTO01 /AT Remark
1 St.C5m.30D#]1 6,397.6185 1,716.4810 0.2683
2 St.C5m.30D#2 4,638.7242 1,081.2866 0.2331
3 St.C5m.30D#3 5,194.6838 4,406.1308 0.8482
4 St.C5m.60D#1 4,240.8082 3,021.1518 0.7124
5 St.C5m. 60D #2 4,760.0214 3,385.3272 0.7112
6 St.C5m.60D#3 6,859.8407 5,146.2525 0.7502
7 St.C5m.90D#1 7,490.6541 1,862.9257 0.2487
8 St.C5m. 90D #2 6,196.3638 1,925.2102 0.3107
9 St.C5m.90D#3 7,054.8009 3,470.2565 0.4919
10 [ StC20m.30D#1 6,070.2033 1,626.2075 0.2679
11 St.C20m. 30D #2 6,156.3653 1,460.2898 0.2372
12 [ St.C20m.30D#3 7.313.1038 12.205.6321 0.3016
13 | St.C20m.60D#1 6,790.7105 3.552.8997 0.5232
14 | St.C20m. 60 D#2 6,495.0784 4,33612353 0.7446
15 [ St.C20m.60D#3 8.478.2315 2.138.2100 0.2522
16 | St.C20m.90D#1 7.826.1923 7,201.6621 0.9202
17 [ St.C20m.90D#2 8.743¢7875 2,034.6794 0.2327
18 | St.C20m.90D#3 _a6.44485240 1,657.5316 0.2572
19 [ St.C40m.30D#1 " _#cahrgl | 5,895.6960 0.7494

20 | St.C40m.30D#2 8,8384920 8,352.9753 0.9451

21 St.C40m.30 D #3 81488 —F 1,522.8302 0.1869

22 | St.C40m.60D#1 = [ 60718885 « |1 4 2.561.1226 0.4218

23 St.C40m. 60 D#2 5,70 B8 === 864 TS5 0.4224

24 | St.C40m.60D#3 4 | 4 82440591 |~ 28956297 0.3512

25 | St.C40m.90D#1 5.825.3692 | 04,624.1781 0.7938

26 | St.C40m.90D#2 J6.956.1669¢ /W, 2,240.5814 0.3221

27 | St.C40m.90D#3 & [ & 4 4 0.7938

o it

Table B80 Intensity of band gﬁd ratio pvMTO1 expression gene in gill of mussel

P.viridis Field study (Statioft D"~ &
St o
No. Sample . Intensity AT Intensity pyMTO01 | .Ratio pyMTOL /AT Remark
1 StD5m.30D#1 .. 5,886.6648 2,865.6284 ray 0.4868
2 StD5Sm.30D#2 = 5,534.5675 2,145.1984 jj 0.3876
3 St.D5m.30D#3 « 6,681.7459 2,476.9232 e 0.3707
4 St. DSm.60D#1 — 6,595.9673 5,248.4112 =1 0.7957
5 St.DSm.60D#2 5,854.2557 4,769.4621 0.8147
6 St DSm.60D#3 - 9,043.0346 4,141.7098 - 0.4580
7 St DSm.90D#1 4,098.3793 1,870.5003 0.4564
8 St. D 5 m. 90.D# 2 5;600.8017, 3,842,7101 0.6861
9 St. DS m. 90D #3 6,774.3701 1,968.6319 0.2906
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Table B81 Intensity of band and ratio pvMT02 expression gene in gill of mussel
P.viridis Field study (Station A)

No. Sample Intensity AT Intensity pvMT02 Ratio pvMT02 /AT Remark
1 St ASm.30D#1 8,645.3427 3,164.1954 0.3660
2 St ASm.30D#2 7,689.3353 2,156.0896 0.2804
3 St ASm.30D#3 7,713.9057 5,726.0322 0.7423
4 St ASm.60D#1 6,176.4749 4,855.9446 0.7862
5 St ASm.60D#2 7,136.0990 8,612.5579 1.2069
6 St ASm.60D#3 7,796.3429 4,252.9050 0.5455
7 St ASm.90D#1 5,140.0396 5,753.2463 1.1193
8 St ASm.90D#2 7,953.7543 10,102.8587 1.2702
9 St ASm.90D#3 9,351.6848 4,929.2730 0.5271
10 St.A20m.30D#1 6,883.0467 4,208.2947 0.6114
11 St. A20m. 30D #2 4,268.5360 2,596.9773 0.6084
12 St.A20m.30D#3 7,396.9588 3,288.6879 0.4446
13 St. A20m. 60D # 1 5,039.6338 3,042°9135 0.7169
14 St. A20m. 60D #2 4,557.2385 4,23079402 0.9284
15 St. A20m. 60D #3 4,663.9016 3.459.6822 0.7418
16 St. A20m. 90D # 1 8.836.0504 - 3,820.7082 0.4324
17 St.A20m. 90D #2 8, 71409107 4,410.8404 0.5063
18 St. A20m. 90D #3 8,086.6887 2,933.8506 0.3628
19 St.A40m.30D#1 #5256:2.690, \ 6,034.3133 0.8316
20 St. A40m. 30D #2 700416322 4,903.9430 0.7001
21 St.A40m.30D#3 9.850.4621 2,172.0269 0.2205
22 St.A40m. 60D # 1 145945673 . 2,1485032 0.2829
23 St. A40m. 60D #2 7.587.3311 ™ A0 0g 1862 0.5567
24 St.A40m. 60D #3 7 7,425,083 2 - 1,8064.4384 0.2511
25 | St A40m.90D#1 NA L & A NA Lost of sample
26 St. A40m. 90D #2 INA™ W, NA NA Lost of sample
27 St. A40m. 90D #3 NA dd NA NA Lost of sample

Table B82 Intensity of band and ratio pv

ey
o

4
"

MT02 expression gene in gill of mussel

=3 F

P.viridis Field study (Station B):= 2220
£ e
No. Sample ., Intensity AT Intensity pyMT02 | .Ratio pyMTO02 /AT Remark
1 St.B5m.30D#1 .. 6,211.5898 5,119.5923 F. 0.8242
2 St B5m.30D#2 = 6,337.6929 0,252.767% - 0.9866
3 St. B5m.30D#3 « /. 5,282.9348 1,767.6700 b 0.3346
4 St BS5m. 60D # 1 - 8,786.3905 5,918.5126 0.6736
5 St B5m. 60D #2 9,508.5596 4,662.0468 0.4903
6 St. B5m. 60D #3 8,415.0986 4,999.4101 0.5941
7 St B5m. 90D #1 9,116.4300 6,208.2888 0.6810
8 St. B5 m. 90.D+# 2 8,444.1335 4,093,7159 0.4848
9 St. B5 m. 90D # 3 6,798.2050 2,864.0838 0.4213
10 St. B20 m. 30 D #[1 6,877.8125 3,006.2918 0.4371
11 St. B20m. 30D #2 9,410.1542 2,787.2877 0.2962
12 St. B20m. 30D #3 6,243.3234 4,779.2640 0.7655
13 SteB 20 my 60D #l 9;630:3849 5:445,9827 0.5655
14 StuB 20/m. 60 D #2 6,465.5505 2,398.7192 0.3710
15 St. B 20 m. 60 D #3 9,702.4652 3,599.6146 0.3710
16 St B20m. 90D # 1 9,484.3576 6,513.8568 0.6868
17 St. B20m. 90 D #2 6,411.8919 2,255.0624 0.3517
18 St. B20m. 90 D # 3 7,122.5406 2,541.3225 0.3568
19 St. B40m.30D#1 8,069.4263 2,930.8156 0.3632
20 St.B40m. 30D #2 5,746.6361 2,021.0919 0.3517
21 St. B40m. 30D #3 5,560.2206 1,784.8308 0.3210
22 St. B40m. 60D # 1 9,726.9608 5,771.9785 0.5934
23 St. B40m. 60 D #2 8,981.9906 4,374.2294 0.4870
24 St. B40m. 60D # 3 8,207.4043 1,836.8171 0.2238
25 St. B40m. 90 D # 1 8,212.1626 8,307.4237 1.0116
26 St. B40m. 90D #2 7,068.9784 7,487.4619 1.0592
27 St. B40m. 90D # 3 6,300.3348 4,875.8291 0.7739
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Table B83 Intensity of band and ratio pvMT02 expression gene in gill of mussel
P.viridis Field study (Station C)

No. Sample Intensity AT Intensity pvMT02 Ratio pvMT02 /AT Remark
1 St.C5m.30D#]1 6,397.6185 5,122.5731 0.8007
2 St.C5m.30D#2 4,638.7242 2,349.5138 0.5065
3 St.C5m.30D#3 5,194.6838 4,684.0464 0.9017
4 St.C5m.60D#1 4,240.8082 4,441.3984 1.0473
5 St.C5m. 60D #2 4,760.0214 2,928.8412 0.6153
6 St.C5m.60D#3 6,859.8407 5,688.8659 0.8293
7 St.C5m.90D#1 7,490.6541 6,868.1808 0.9169
8 St.C5m. 90D #2 6,196.3638 2,050.3768 0.3309
9 St.C5m.90D#3 7,054.8009 3,892.1336 0.5517
10 [ StC20m.30D#1 6,070.2033 4,110.1347 0.6771
11 St.C20m. 30D #2 6,156.3653 3,319.5121 0.5392
12 [ St.C20m.30D#3 7,313.1038 12.773.8603 0.3793
13 | St.C20m.60D#1 6,790.7105 3.080.2663 0.4536
14 | St.C20m. 60 D#2 6,495.0784 50648621 0.7798
15 [ St.C20m.60D#3 8.478.2315 4.701.1794 0.5545
16 | St.C20m.90D#1 7.826.1923 3,812.1383 0.4871
17 [ St.C20m.90D#2 8.743¢7875 4,727.7659 0.5407
18 | St.C20m.90D#3 _a6.44485240 2,951.5921 0.4580
19 [ St.C40m.30D#1 g @B IR 3,662.1917 0.4655

20 | St.C40m.30D#2 8,8384920 7,026.3626 0.7950

21 St.C40m.30 D #3 81488 —F 2,709.9696 0.3326

22 | Sst.C40m.60D#1 = [ 60718885 « | 4 2.576.3023 0.4243

23 St.C40m. 60 D#2 0,70 B8 =" 2362. 7429 0.4221

24 | St.C40m.60D#3 4 | 4 82440591 |=F 62150502 0.7538

25 | St.C40m.90D#1 5.825.3692 L 14,159.8962 0.7141

26 | St.C40m.90D#2 J6.956.1669¢4 /¥, 2,363.7055 0.3398

27 | St.C40m.90D#3 & [ . 4,130.1569 4 2,896.4790 0.7013

Table B84 Intensity of band gﬁd ratio pv

s w i

"'-"f::" #

MT02 expression gene in gill of mussel

P.viridis Field study (Statioft D"~ &
St o
No. Sample . Intensity AT Intensity pyMT02 | .Ratio pyMTO02 /AT Remark
1 StD5m.30D#1 .. 5,886.6648 3,100.5064 rs 0.5267
2 StD5m.30D#2 | o 5,534.5675 2,674.8565 = 0.4833
3 St.D5m.30D#3 « 6,681.7459 6,495.9934 e 0.9722
4 St. DSm.60D#1 — 6,595.9673 4,222.0787 0.6401
5 St.DSm.60D#2 5,854.2557 2,994.4518 0.5115
6 St DSm.60D#3 - 9,043.0346 5,135.5393 0.5679
7 St DSm.90D#1 4,098.3793 3,241.8180 0.7910
8 St. D 5 m. 90.D# 2 5;600.8017, 3,106,2046 0.5546
9 St. DS m. 90D #3 6,774.3701 2,774.7820 0.4096
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Table B85 Intensity of band and ratio pvMTO03 expression gene in gill of mussel
P.viridis Field study (Station A)

No. Sample Intensity AT Intensity pvMTO03 Ratio pvMTO03 /AT Remark
1 St ASm.30D#1 8,645.3427 4,560.4183 0.5275
2 St ASm.30D#2 7,689.3353 3,384.0764 0.4401
3 St ASm.30D#3 7,713.9057 3,506.7415 0.4546
4 St ASm.60D#1 6,176.4749 5,673.7099 0.9186
5 St ASm.60D#2 7,136.0990 8,048.0925 1.1278
6 St ASm.60D#3 7,796.3429 4,219.3808 0.5412
7 St ASm.90D#1 5,140.0396 6,227.6720 1.2116
8 St ASm.90D#2 7,953.7543 10,402.7152 1.3079
9 St ASm.90D#3 9,351.6848 9,773.4458 1.0451
10 St.A20m.30D#1 6,883.0467 1,221.7408 0.1775
11 St. A20m. 30D #2 4,268.5360 764.0680 0.1790
12 St.A20m.30D#3 7,396.9588 3,661.4946 0.4950
13 St. A20m. 60D # 1 5,039.6338 3,928'3549 0.7785
14 St. A20m. 60D #2 4,557.2385 4,7322364 1.0384
15 St. A20m. 60D #3 4,663.9016 15713°9838 0.3675
16 St. A20m. 90D # 1 8.836.0504 - 6,139.2878 0.6948
17 St.A20m. 90D #2 8, 71409107 3,926.4582 0.4507
18 St. A20m. 90D #3 8,086.6387 2,174.5106 0.2689
19 St.A40m.30D#1 #5256:2.690, \ 6,384.0654 0.8798
20 St. A40m. 30D #2 700416322 5,466.4149 0.7804
21 St.A40m.30D#3 9.850.4621 DRIO0 3282 0.3857
22 St.A40m. 60D # 1 145945673 & a8 11,2968898 0.1971
23 St. A40m. 60D #2 7.587.3311 = 4,297.0985 0.5686
24 St.A40m. 60D #3 7 7,425,083 2 = 338108021 0.4458
25 | St A40m.90D#1 NA L & A NA Lost of sample
26 St. A40m. 90D #2 INA™ W, NA NA Lost of sample
27 St. A40m. 90D #3 NA dd NA NA Lost of sample

Table B86 Intensity of band and ratio pv

ey
o

4
"

MT03 expression gene in gill of mussel

=3 F

P.viridis Field study (Station B):= 2220
£ e
No. Sample ., Intensity AT Intensity pyMT03 | .Ratio pyMTO3 /AT Remark
1 St.B5m.30D#1 .. 6,211.5898 5,820.2596 F. 0.9370
2 St B5m.30D#2 = 6,337.6929 3,852.6835 - 0.6079
3 St. B5m.30D#3 « /. 5,282.9348 3,620.3952 el 0.6853
4 St BS5m. 60D # 1 - 8,786.3905 5,493.2513 0.6252
5 St B5m. 60D #2 9,508.5596 3,886.1483 0.4087
6 St. B5m. 60D #3 8,415.0986 2,596.0579 0.3085
7 St B5m. 90D #1 9,116.4300 6,099.8033 0.6691
8 St. B5 m. 90.D+# 2 8,444.1335 4,196,7344 0.4970
9 St. B5 m. 90D # 3 6,798.2050 3,697.5437 0.5439
10 St. B20 m. 30 D #[1 6,877.8125 1,863.8872 0.2710
11 St. B20m. 30D #2 9,410.1542 2,387.3561 0.2537
12 St. B20m. 30D #3 6,243.3234 5,684.5459 0.9105
13 SteB 20 my 60D #l 9;630:3849 6,049,8078 0.6282
14 StuB 20/m. 60 D #2 6,465.5505 1,783.8454 0.2759
15 St. B 20 m. 60 D #3 9,702.4652 2,678.8506 0.2761
16 St B20m. 90D # 1 9,484.3576 6,467.3835 0.6819
17 St. B20m. 90 D #2 6,411.8919 1,909.4614 0.2978
18 St. B20m. 90 D # 3 7,122.5406 2,615.3969 0.3672
19 St. B40m.30D#1 8,069.4263 4,739.1741 0.5873
20 St. B40m. 30D #2 5,746.6361 1,711.3482 0.2978
21 St. B40m. 30D #3 5,560.2206 2,017.2480 0.3628
22 St. B40m. 60D # 1 9,726.9608 6,706.7395 0.6895
23 St. B40m. 60 D #2 8,981.9906 8,478.9991 0.9440
24 St. B40m. 60D # 3 8,207.4043 3,422.4876 0.4170
25 St. B40m. 90 D # 1 8,212.1626 7,130.6208 0.8683
26 St. B40m. 90D #2 7,068.9784 3,827.8518 0.5415
27 St. B40m. 90D # 3 6,300.3348 3,965.4307 0.6294
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Table B87 Intensity of band and ratio pvMTO03 expression gene in gill of mussel
P.viridis Field study (Station C)

No. Sample Intensity AT Intensity pvMTO03 Ratio pvMTO03 /AT Remark
1 St.C5m.30D#]1 6,397.6185 4,354.2191 0.6806
2 St.C5m.30D#2 4,638.7242 1,856.8813 0.4003
3 St.C5m.30D#3 5,194.6838 3,140.1864 0.6045
4 St.C5m.60D#1 4,240.8082 43222317 1.0192
5 St.C5m. 60D #2 4,760.0214 3,253.4746 0.6835
6 St.C5m.60D#3 6,859.8407 6,576.5293 0.9587
7 St.C5m.90D#1 7,490.6541 2,157.3084 0.2880
8 St.C5m. 90D #2 6,196.3638 4394.4612 0.7092
9 St.C5m.90D#3 7,054.8009 3,910.4761 0.5543
10 [ StC20m.30D#1 6,070.2033 3,268.8045 0.5385
11 St.C20m. 30D #2 6,156.3653 3,768.9268 0.6122
12 [ St.C20m.30D#3 7.313.1038 5.786.8591 0.7913
13 | St.C20m.60D#1 6,790.7105 3.580.0626 0.5272
14 | St.C20m. 60 D#2 6,495.0784 2,23110594 0.3435
15 [ St.C20m.60D#3 8.478.2315 5,579.5241 0.6581
16 | St.C20m.90D#1 7.826.1923 3,335.5231 0.4262
17 [ St.C20m.90D#2 8.743¢7875 4,644.6999 0.5312
18 | St.C20m.90D#3 _a6.44485240 2,254.2946 0.3498
19 | St.C40m.30D#]1 " _#ScilIR 3,894.2748 0.4950

20 | St.C40m.30D#2 8,8384920 3,450.4302 0.3904

21 St.C40m.30 D #3 81488 —F 2,071.9942 0.2543

22 | St.C40m.60D#1 = [ 60718885 < | 4 2.542.9069 0.4188

23 St.C40m. 60 D#2 0.0 B8 =" 2830.8668 0.4174

24 | St.C40m.60D#3 4 | 4 82449591 |=F 61952623 0.7514

25 | St.C40m.90D#1 5.825.3692 L 129243354 0.5020

26 | St.C40m.90D#2 J6.956.16694 /W, 3,276.3546 0.4710

27 | St.C40m.90D#3 & [ . 4,130.1569 S 2,088.6203 0.5057

Table B88 Intensity of band gﬁd ratio pv

s w i

"'-"f::" #

MT03 expression gene in gill of mussel

P.viridis Field study (Statioft D"~ &
St o
No. Sample . Intensity AT Intensity pyMT03 | .Ratio pyMTO3 /AT Remark
1 StD5m.30D#1 .. 5,886.6648 3,055.7677 rs 0.5191
2 | StD5m.30D#2 | o 53345673 2,201.6310 =1 03978
3 St.D5m.30D#3 « 6,681.7459 2,835.7330 e 0.4244
4 St. DSm.60D#1 — 6,595.9673 3,292.0473 0.4991
5 St.DSm.60D#2 5,854.2557 2,063.0397 0.3524
6 St DSm.60D#3 - 9,043.0346 5,166.2856 0.5713
7 St DSm.90D#1 4,098.3793 2,208.6166 0.5389
8 St. D 5 m. 90.D# 2 5;600.8017, 3,203,0985 0.5719
9 St. DS m. 90D #3 6,774.3701 2,789.6856 0.4118
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Table B89 Intensity of band and ratio pvMT07 expression gene in gill of mussel
P.viridis Field study (Station A)

No. Sample Intensity AT Intensity pvMTO07 Ratio pvMTO07 /AT Remark
1 St ASm.30D#1 8,645.3427 2,016.0939 0.2332
2 St ASm.30D#2 7,689.3353 1,648.5935 0.2144
3 St ASm.30D#3 7,713.9057 5,186.0588 0.6723
4 St ASm.60D#1 6,176.4749 5,957.8277 0.9646
5 St ASm.60D#2 7,136.0990 8,903.7107 1.2477
6 St ASm.60D#3 7,796.3429 3,259.6510 0.4181
7 St ASm.90D#1 5,140.0396 5,361.5753 1.0431
8 St ASm.90D#2 7,953.7543 10,529.1799 1.3238
9 St ASm.90D#3 9,351.6848 12,109.4966 1.2949
10 St.A20m.30D#1 6,883.0467 3,380.2642 0.4911
11 St. A20m. 30D #2 4,268.5360 2,086.8873 0.4889
12 St.A20m.30D#3 7,396.9588 3,544.6226 0.4792
13 St. A20m. 60D # 1 5,039.6338 3.431°9906 0.6810
14 St. A20m. 60D #2 4,557.2385 4,05185733 1.0207
15 St. A20m. 60D #3 4,663.9016 1;832.9133 0.3930
16 St. A20m. 90D # 1 8.836.0504 - 7,415.2135 0.8392
17 St.A20m. 90D #2 8, 71409107 5,208.8514 0.5979
18 St. A20m. 90D #3 8,086.6887 2,369.3998 0.2930
19 St.A40m.30D#1 #5256:2.690, \ 6,079.3021 0.8378
20 St. A40m. 30D #2 700416322 3,477.7999 0.4965
21 St.A40m.30D#3 9.850.4621 ORAN . 8822 0.2753
22 St.A40m. 60D # 1 145945673 . 3% H.372)8938 0.7338
23 St. A40m. 60D #2 7.587.3311 B 0N 3244 0.7822
24 St.A40m. 60D #3 7 7,425,083 2 = 5,845.7680 0.7873
25 | St A40m.90D#1 NA L & A NA Lost of sample
26 St. A40m. 90D #2 INA™ W, NA NA Lost of sample
27 St. A40m. 90D #3 NA dd NA NA Lost of sample

Table BOO0 Intensity of band and ratio pv
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MT07 expression gene in gill of mussel

=3 F

P.viridis Field study (Station B):= 2220
£ e
No. Sample ., Intensity AT Intensity pyMT07 | .Ratio pyMTO7 /AT Remark
1 St.B5m.30D#1 .. 6,211.5898 3,636.8858 F. 0.5855
2 St B5m.30D#2 = 6,337.6929 5,899.1246 - 0.9308
3 St. B5m.30D#3 « /. 5,282.9348 1,696.3504 el 0.3211
4 St BS5m. 60D # 1 - 8,786.3905 4,929.1651 0.5610
5 St B5m. 60D #2 9,508.5596 10,995.6983 1.1564
6 St. B5m. 60D #3 8,415.0986 4,109.0927 0.4883
7 St B5m. 90D #1 9,116.4300 6,069.7191 0.6658
8 St. B5 m. 90.D+# 2 8,444.1335 4,700,0047 0.5566
9 St. B5 m. 90D # 3 6,798.2050 5,058.5444 0.7441
10 St. B20 m. 30 D #[1 6,877.8125 1,854.9460 0.2697
11 St. B20m. 30D #2 9,410.1542 2,377.9460 0.2527
12 St. B20m. 30D #3 6,243.3234 4,438.3786 0.7109,
13 SteB 20 my 60D #l 9;630:3849 6,853,9450 0. 7417
14 StuB 20/m. 60 D #2 6,465.5505 1,371.9898 0.2122
15 St. B 20 m. 60 D #3 9,702.4652 2,038.4879 0.2101
16 St B20m. 90D # 1 9,484.3576 5,909.7033 0.6231
17 St. B20m. 90 D #2 6,411.8919 1,381.7627 0.2155
18 St. B20m. 90 D # 3 7,122.5406 1,752.8572 0.2461
19 St. B40m.30D#1 8,069.4263 2,689.5398 0.3333
20 St. B40m. 30D #2 5,746.6361 1,238.4001 0.2155
21 St. B40m. 30D #3 5,560.2206 2,756.7574 0.4958
22 St. B40m. 60D # 1 9,726.9608 3,970.5454 0.4082
23 St. B40m. 60 D #2 8,981.9906 2,223.0427 0.2475
24 St. B40m. 60D # 3 8,207.4043 1,428.0883 0.1740
25 St. B40m. 90 D # 1 8,212.1626 7,662.7689 0.9331
26 St. B40m. 90D #2 7,068.9784 5,878.5624 0.8316
27 St. B40m. 90D # 3 6,300.3348 3,874.7059 0.6150
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Table B91 Intensity of band and ratio pvMT07 expression gene in gill of mussel
P.viridis Field study (Station C)

No. Sample Intensity AT Intensity pvMTO07 Ratio pvMTO07 /AT Remark
1 St.C5m.30D#]1 6,397.6185 5,074.5910 0.7932
2 St.C5m.30D#2 4,638.7242 992.2231 0.2139
3 St.C5m.30D#3 5,194.6838 4,274.7053 0.8229
4 St.C5m.60D#1 4,240.8082 3,837.0833 0.9048
5 St.C5m. 60D #2 4,760.0214 3,964.1458 0.8328
6 St.C5m.60D#3 6,859.8407 5,043.3549 0.7352
7 St.C5m.90D#1 7,490.6541 6,068.1789 0.8101
8 St.C5m. 90D #2 6,196.3638 4,418.6270 0.7131
9 St.C5m.90D#3 7,054.8009 3,573.9621 0.5066
10 | St.C20m.30D#1 6,070.2033 1,975.2442 0.3254
11 [ St.C20m.30D#2 6,156.3653 1,755.7954 0.2852
12 | St.C20m.30D#3 7,313.1038 5.100.1586 0.6974
13 | St.C20m.60D#1 6,790.7105 1,667.1194 0.2455
14 [ St.C20m. 60D#2 6,495.0784 2,3395787 0.3599
15 | St.C20m.60D#3 8.478.2315 4.195.0289 0.4948
16 | St.C20m. 90D #1 7.826.1923 4,858.5002 0.6208
17 | St.C20m. 90D #2 8. 74377875 2,100.2578 0.2402
18 [ St.C20m.90D#3 6. 4447504) 1,580.8418 0.2453
19 [St.C40m.30D#1 " _ @Bl | 6.239.4936 0.7931

20 | St.C40m.30D#2 3,8334920 2,092:8839 0.2368

21 | St.C40m.30D#3 817 $H = 1,418.5379 0.1741

22 [ St.C40m.60D#1 = [ 60718885 « |s 4 24512214 0.4037

23 St.C40m. 60 D#2 46.782.1438 == 2,734.5604 0.4032

24 | St.C40m.60D#3 4 | 4 82440591 |=F 85747575 1.0400

25 | St.C40m.90D#1 5,825.3692 L 014446916 0.2480

26 | St.C40m.90D#2 J6.956.1669¢ /W, 2,217.6260 0.3188

27 | St.C40m.90D#3 & [ . 4,130.1569 . 1,023.0399 0.2477

P 23 4
Table B92 Intensity of band and ratio pr expression gene in gill of mussel
P.viridis Field study (Statioft D"~ &

No. Sample . Intensity AT Intensity pyMT07 | .Ratio pyMTO7 /AT Remark
1 StD5m.30D#1 . 5,886.6648 2,758.4911 . 0.4686
2 StD5m.30D#2 | 5,534.5675 2,620.0643 o1 04734
3 StD5m.30D#3 = 6,681.7459 3,834.6540 L 05739
4 StD5m. 60D#1 = 6,595.9673 2,419.4008 | 0.3668
5 St.D5m. 60D #2 5,854.2557 1,307.2553 0.2233
6 StD5m.60D#3 9,043.0346 5679.0257 0.6280
7 StD5m. 90D #1 4,098.3793 1,997.1402 0.4873
8 St.D 5 m. 90.D#2 5,600.8017, 2,727.0304 0.4869
9 St.D5m. 90D #3 6,174.3701 1,693.5925 0.2500
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Table B93 Intensity of band and ratio pvMTO08 expression gene in gill of mussel
P.viridis Field study (Station A)

No. Sample Intensity AT Intensity pvMTO08 Ratio pvMT08 /AT Remark
1 St ASm.30D#1 8,645.3427 1,986.6997 0.2298
2 St ASm.30D#2 7,689.3353 1,603.9953 0.2086
3 St ASm.30D#3 7,713.9057 2,021.0433 0.2620
4 St ASm.60D#1 6,176.4749 4,791.7092 0.7758
5 St ASm.60D#2 7,136.0990 8,921.5510 1.2502
6 St ASm.60D#3 7,796.3429 2,472.2203 0.3171
7 St ASm.90D#1 5,140.0396 6,912.8392 1.3449
8 St ASm.90D#2 7,953.7543 10,598.3776 1.3325
9 St ASm.90D#3 9,351.6848 4,907.7642 0.5248
10 St.A20m.30D#1 6,883.0467 1,077.1968 0.1565
11 St. A20m. 30D #2 4,268.5360 670.5870 0.1571
12 St.A20m.30D#3 7,396.9588 1,874.3894 0.2534
13 St. A20m. 60D # 1 5,039.6338 3.,0741766 0.6100
14 St. A20m. 60D #2 4,557.2385 4,086.0200 0.8966
15 St. A20m. 60D #3 4,663.9016 1,542 8187 0.3308
16 St. A20m. 90D # 1 8,836.0504 2,195.7264 0.3164
17 St.A20m. 90D #2 8, 71409107 1,798.1384 0.2064
18 St. A20m. 90D #3 8,086.6887 1,435.3872 0.1775
19 St.A40m.30D#1 #5256:2.690, 5,223.0624 0.7198
20 St. A40m. 30D #2 700416322 1,099.7273 0.1570
21 St.A40m.30D#3 9.850.4621 2,095.1933 0.2127
22 St.A40m. 60D # 1 145945673 . 1,2166498 0.1602
23 St. A40m. 60D #2 7.587.3311 g ki%g 0783 0.1539
24 St.A40m. 60D #3 7 7,425,083 2 = 19228540 0.2589
25 | St A40m.90D#1 NA L & A NA Lost of sample
26 St. A40m. 90D #2 INA™ W, NA NA Lost of sample
27 St. A40m. 90D #3 NA dd NA NA Lost of sample

Table B94 Intensity of band and ratio pv

ey
o

4
"

MT08 expression gene in gill of mussel

=3 F

P.viridis Field study (Station B):= 2220
£ e
No. Sample ., Intensity AT Intensity pyMT08 | .Ratio pyMTO8 /AT Remark
1 St.B5m.30D#1 .. 6,211.5898 3,626.9473 F. 0.5839
2 St B5m.30D#2 = 6,337.6929 2,471.0665 - 0.3899
3 St. B5m.30D#3 =« __..-"7 5,282.9348 1,188.1320 bl 0.2249
4 St BS5m. 60D # 1 - 8,786.3905 4,758.7091 0.5416
5 St B5m. 60D #2 9,508.5596 2,259.2338 0.2376
6 St. B5m. 60D #3 8,415.0986 2,141.6426 0.2545
7 St B5m. 90D #1 9,116.4300 6,115.3012 0.6708
8 St. B5 m. 90.D+# 2 8,444.1335 2,660,7465 0.3151
9 St. B5 m. 90D # 3 6,798.2050 3,356.2738 0.4937
10 St. B20 m. 30 D #[1 6,877.8125 1,785.4801 0.2596
11 St. B20m. 30D #2 9,410.1542 2,312.0749 0.2457
12 St. B20m. 30D #3 6,243.3234 4,244.8356 0.6799,
13 SteB 20 my 60D #l 9;630:3849 24961958 0.2592
14 StuB 20/m. 60 D #2 6,465.5505 1,339.0155 0.2071
15 St. B 20 m. 60 D #3 9,702.4652 2,004.5293 0.2066
16 St B20m. 90D # 1 9,484.3576 2,051.4666 0.2163
17 St. B20m. 90 D #2 6,411.8919 1,543.9836 0.2408
18 St. B20m. 90D #3 7,122.5406 1,601.8594 0.2249
19 St. B40m.30D#1 8,069.4263 2,539.4485 0.3147
20 St.B40m. 30D #2 5,746.6361 1,383.7900 0.2408
21 St. B40m. 30D #3 5,560.2206 1,608.5718 0.2893
22 St. B40m. 60D # 1 9,726.9608 2,173.9757 0.2235
23 St. B40m. 60 D #2 8,981.9906 2,289.5094 0.2549
24 St. B40m. 60D # 3 8,207.4043 1,275.4306 0.1554
25 St. B40m. 90 D # 1 8,212.1626 6,209.2161 0.7561
26 St. B40m. 90D #2 7,068.9784 1,533.2614 0.2169
27 St. B40m. 90D # 3 6,300.3348 3,354.2983 0.5324
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Table B95 Intensity of band and ratio pvMTO08 expression gene in gill of mussel
P.viridis Field study (Station C)

No. Sample Intensity AT Intensity pvMTO08 Ratio pvMT08 /AT Remark
1 St.C5m.30D#1 6,397.6185 4,182.1232 0.6537
2 St.C5m.30D#2 4,638.7242 940.7333 0.2028
3 St C5m.30D#3 5,194.6338 1,822.8146 0.3509
4 St.C5m. 60D #1 4,240.8082 3,351.0866 0.7902
5 St C5m. 60D #2 4,760.0214 1,940.6607 0.4077
6 St.C5m. 60D #3 6,859.8407 4,601.5812 0.6708
7 St C5m.90D#1 7,490.6541 1,773.7869 0.2368
8 St.C5m. 90D #2 6,196.3638 1,886.1731 0.3044
9 St.C5m. 90D #3 7,054.8009 3,538.6881 0.5016
10 [ StC20m.30D#1 6,070.2033 1,683.8744 0.2774
11 | St.C20m.30D#2 6,156.3653 1,192.4879 0.1937
12 | StC20m.30D#3 7.313.1038 /2.180.7676 0.2982
13 | St.C20m.60D#1 6,790.7105 1,5213704 0.2314
14 | St.C20m.60D#2 6.495.0784 1,03219353 0.2976
15 | St.C20m. 60D #3 8.478.2315 34184229 0.4032
16 | St.C20m. 90D # 1 7.826.1923 = 2,254.7260 0.2881
17 | StC20m.90D#2 8,74347575 1,997.0811 0.2284
18 | St.C20m. 90D #3 _ 044475240 1,569.8861 0.2436
19 | St.C40m.30D#1 —a 77 R 2,006.9283 0.2551

20 | St.C40m.30D#2 3,8334920 1,990.3608 0.2252

21 [ St.C40m.30D#3 FAr Fll 1,152.1038 0.1414

22 [ St.C40m.60D#1 = [ 60718885 « |s 4 24172188 0.3981

23 [ St.C40m.60D#2 J6.782.1438 — = 2,695.9022 0.3975

24 | St.C40m.60D#3 4 | 4 82440591 |=F 371215415 0.3786

25 | St.C40m.90D#1 5,825.3692 \ 412713457 0.2186

26 | StC40m.90D#2 16,956.1669¢ |, 2,173.1065 0.3124

27 | St.C40m.90D#3 & [ . 4,130.1569 S 900.7872 0.2181

PRaor Y
Table B96 Intensity of band and ratio le\‘{]}Qf expression gene in gill of mussel
P.viridis Field study (Statioft D"~ &

No. Sample . Intensity AT Intensity pyMT08 | .Ratio pyMTO8 /AT Remark
1 StD5m.30D#1 .. 5,886.6648 2,611.3245 L. 0.4436
2 StD5m. 30D #2 ] o 5,534.5675 1,979.7148 = 03577
3 StD5m. 30D#3 ~ . 6,681.7459 2,378.0334 Lo 03559
4 StD5m.60D#1 | 6,595.9673 1,881.8295 | 0.2853
5 StD5m. 60D #2 5,854.2557 1218.2706 0.2081
6 StD5m.60D#3 9,043.0346 3,259.1097 0.3604
7 StD5m. 90D #1 4,098.3793 2,043.8618 0.4987
8 St. D 5 m. 90.D#2 5,600.8017 916.2912 0.1636
9 St. D5 m. 90D #3 6,7174.3701 1,593.3318 0.2352
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Table B97 Intensity of band and ratio pvMT11 expression gene in gill of mussel
P.viridis Field study (Station A)

No. Sample Intensity AT Intensity pvMT11 Ratio pvMT11 /AT Remark
1 St ASm.30D#1 8,645.3427 4,979.7174 0.5760
2 St ASm.30D#2 7,689.3353 3,853.1259 0.5011
3 St ASm.30D#3 7,713.9057 5,433.6752 0.7044
4 St ASm.60D#1 6,176.4749 5,426.0332 0.8785
5 St ASm.60D#2 7,136.0990 8,679.6372 1.2163
6 St ASm.60D#3 7,796.3429 6,097.5198 0.7821
7 St ASm.90D#1 5,140.0396 5,520.4025 1.0740
8 St ASm.90D#2 7,953.7543 9,489.6242 1.1931
9 St ASm.90D#3 9,351.6848 6,331.0906 0.6770
10 St.A20m.30D#1 6,883.0467 2,987.9306 0.4341
11 St. A20m. 30D #2 4,268.5360 1,855.1058 0.4346
12 St.A20m.30D#3 7,396.9588 1,918.0314 0.2593
13 St. A20m. 60D # 1 5,039.6338 52805 815 0.6404
14 St. A20m. 60D #2 4,557.2385 4,168°5060 0.9147
15 St. A20m. 60D #3 4,663.9016 11499.9108 0.3216
16 St. A20m. 90D # 1 8,836.0504 7,139.5288 0.8080
17 St.A20m. 90D #2 8, 71409107 3,446.4319 0.3956
18 St. A20m. 90D #3 8,086.6387 1,415.1705 0.1750
19 St.A40m.30D#1 #5256:2.690, 5,986.4219 0.8250
20 St. A40m. 30D #2 700416322 5,807.5405 0.8291
21 St.A40m.30D#3 9.850.4621 3,886.9923 0.3946
22 St.A40m. 60D # 1 145945673 . s N,319M.764 0.1737
23 St. A40m. 60D #2 7.587.3311 ™ 03¢ 3349 0.2762
24 St.A40m. 60D #3 7 7,425,083 2 = 1,837%34% 0.2071
25 | St A40m.90D#1 NA L & A NA Lost of sample
26 St. A40m. 90D #2 INA™ W, NA NA Lost of sample
27 St. A40m. 90D #3 NA dd NA NA Lost of sample

Table B98 Intensity of band and ratio pv

ey
o

4
"

MT11 expression gene in gill of mussel

=3 F

P.viridis Field study (Station B):= 2220
£ e
No. Sample ., Intensity AT Intensity pyMT1l | .Ratio pyMT11 /AT Remark
1 St.B5m.30D#1 .. 6,211.5898 6,148.2316 F. 0.9898
2 St B5m.30D#2 = 6,337.6929 6,513.2470 - 1.0277
3 St B5m.30D#3 = _.-"'7 5,282.9348 1,258.3951 bl 0.2382
4 St BS5m. 60D # 1 - 8,786.3905 6,691.7150 0.7616
5 St B5m. 60D #2 9,508.5596 7,219.8493 0.7593
6 St. B5m. 60D #3 8,415.0986 2,162.6803 0.2570
7 St B5m. 90D #1 9,116.4300 7,677.8573 0.8422
8 St. B5 m. 90.D+# 2 8,444.1335 2,691.9898 0.3188
9 St. B5 m. 90D # 3 6,798.2050 1,655.3629 0.2435
10 St. B20 m. 30 D #[1 6,877.8125 2,246,9813 0.3267
11 St. B20m. 30D #2 9,410.1542 3,198.5114 0.3399
12 St. B20m. 30D #3 6,243.3234 6,057.2723 0.9702
13 SteB 20 my 60D #l 9;630:3849 4,881,6421 0.5069
14 StuB 20/m. 60 D #2 6,465.5505 4,197.4354 0.6492
15 St. B 20 m. 60 D #3 9,702.4652 6,295.9297 0.6489
16 St B20m. 90D # 1 9,484.3576 2,330.3067 0.2457
17 St. B20m. 90 D #2 6,411.8919 1,669.6566 0.2604
18 St. B20m. 90D #3 7,122.5406 1,614.6799 0.2267
19 St. B40m.30D#1 8,069.4263 2,718.5897 0.3369
20 St.B40m. 30D #2 5,746.6361 1,496.4240 0.2604
21 St. B40m. 30D #3 5,560.2206 1,517.3842 0.2729
22 St. B40m. 60D # 1 9,726.9608 3,791.5693 0.3898
23 St. B40m. 60 D #2 8,981.9906 3,847.8848 0.4284
24 St. B40m. 60D # 3 8,207.4043 4,510.7894 0.5496
25 St. B40m. 90 D # 1 8,212.1626 8,578.4250 1.0446
26 St. B40m. 90D #2 7,068.9784 6,312.5977 0.8930
27 St. B40m. 90D # 3 6,300.3348 3,242.7823 0.5147




234

Table B99 Intensity of band and ratio pvMT11 expression gene in gill of mussel
P.viridis Field study (Station C)

No. Sample Intensity AT Intensity pvMT11 Ratio pvMT11 /AT Remark
1 St.C5m.30D#]1 6,397.6185 3,653.0402 0.5710
2 St.C5m.30D#2 4,638.7242 933.7752 0.2013
3 St.C5m.30D#3 5,194.6838 1,015.5607 0.1955
4 St.C5m.60D#1 4,240.8082 4,365.9121 1.0295
5 St.C5m. 60D #2 4,760.0214 2,843.1608 0.5973
6 St.C5m.60D#3 6,859.8407 4,568.6539 0.6660
7 St.C5m.90D#1 7,490.6541 2,462.1780 0.3287
8 St.C5m. 90D #2 6,196.3638 4,779.2554 0.7713
9 St.C5m.90D#3 7,054.8009 3,680.4896 0.5217
10 [ StC20m.30D#1 6,070.2033 1,680.2323 0.2768
11 | St.C20m.30D#2 6,156.3653 1,248.5109 0.2028
12 [ St.C20m.30D#3 7.313.1038 12.072.5336 0.2834
13 | St.C20m.60D#1 6,790.7105 4,139'8264 0.6086
14 | St.C20m. 60 D#2 6,495.0784 2,14410254 0.3301
15 | St.C20m.60D#3 84782315 2.089.0362 0.2464
16 | St.C20m.90D#1 7.826.1923 2,230.4648 0.2850
17 [ St.C20m.90D#2 8. 74377875 2,261.1435 0.2586
18 | St.C20m.90D#3 _a6.44485240 2,217.5608 0.3441
19 | St.C40m.30D#]1 " _ @Bl | 6,105.7508 0.7761

20 | St.C40m.30D#2 3,8334920 2,451.7145 0.2774

21 | St.C40m.30D#3 81488 —F 1,161.0664 0.1425

22 [ St.C40m.60D#1 = [ 60718885 « |s 4 24384704 0.4016

23 St.C40m. 60 D#2 46.782.1438 == " 2,727.1000 0.4021

24 | St.C40m.60D#3 4 | 4 82440591 |4 71302407 0.8648

25 | St.C40m.90D#1 5,825.3692 L 41,354.3983 0.2325

26 | St.C40m.90D#2 J6.956.1669¢4 | W, 2,494.4814 0.3586

27 | St.C40m.90D#3 & [ . 4,130.1569 4 961.0875 0.2327

Table B100 Intensity of band and rafio pyMT 11 expression gene in gill of mussel
[ ) et -" o ,.__.
P.viridis Field study (Statioft Dj" &

No. Sample . Intensity AT Intensity pyMT1l | .Ratio pyMT11 /AT Remark
1 St.D5m.30D#1 .. 5,886.6648 3,157.0183 L. 05363
2 StD5m.30D#2 | 5,534.5675 3,529.9472 = . 0.6378
3 St.D5m.30D#3 «./ 6,681.7459 2,393.4014 03582
4 StD5m60D#1 = 6,595.9673 4,788.6723 0.7260
5 St.D5m. 60D #2 5,854.2557 1,361.6999 0.2326
6 StD5m.60D#3 9,043.0346 53154957 0.5878
7 St.D5m.90D#1 4,098.3793 3,872.5586 0.9449
8 St.D 5 m. 90.D#2 5,600.8017, 2,197.7546 0.3924
9 St. D 5 m. 90D # 3 6,774.3701 1,821.6281 0.2689
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Table B101 Intensity of band and ratio HSP71 expression gene in gill of mussel
P.viridis Field study (Station A)

No. Sample Intensity AT Intensity HSP71 Ratio HSP71 /AT Remark
1 St. ASm.30D#1 6,219.9019 7,303.4089 1.1742
2 St. ASm.30D#2 7,301.4196 8,892.3989 1.2179
3 St. ASm.30D#3 5,203.9182 7,369.2686 1.4161
4 St. ASm. 60D #1 6,684.5605 10,252.1105 1.5337
5 St. ASm. 60D #2 6,299.7082 7,948.9718 1.2618
6 St. ASm.60D#3 5,222.4057 6,624.0993 1.2684
7 St. ASm.90D#1 5,299.2442 6,573.7125 1.2405
8 St. ASm. 90D #2 5,846.1392 7,252.1357 1.2405
9 St ASm.90D#3 6,074.7481 8,757.3569 1.4416
10 St. A20m. 30D #1 4,136.2214 5,535.0915 1.3382
11 St. A20m. 30D #2 4,257.1817 4,222.2728 0.9918
12 St. A20m. 30D #3 6,541.1773 8,582.0246 1.3120
13 St. A20m. 60D # 1 6,177.6296 9,128°1234 1.4768
14 St. A20m. 60 D #2 5,078.5851 5,32018258 1.0476
15 St. A20m. 60D #3 5,443.9536 72927203 1.3396
16 St. A20m. 90D #1 7.280.8103 10,341.6629 1.4204
17 St. A20m. 90 D #2 5,980:8988 6,876.2394 1.1497
18 St. A20m. 90D #3 7526183551 7,642.5763 1.0525
19 St. A40m. 30D #1 30178145 | 10,277.7381 1.3925
20 St. A40m. 30D #2 6,09647337 9,061.5753 1.4863
21 St. A40m. 30D #3 5,639 7238 5,621.6767 0.9968
22 St. A40m. 60D # 1 683167833 © 4 7,849.8668 1.2427
23 St. A40 m. 60 D # 2 5,995.6228 & 3%.0Di2 1.2334
24 St AdAOm. 60D #3 & 64402103 7.968.7650 1.2978
25 St. A40m. 90D #1 NA 4 # INA NA Lost of sample
26 St. A40m. 90D #2 INA™ W, NA NA Lost of sample
27 St. A40m. 90D #3 NA dd NA NA Lost of sample

Table B102 Intensity of band and ratio H

FAA 4
o "

= =g

SP71 expression gene in gill of mussel

P.viridis Field study (Station B):= 2220
- A ‘E:.._ -

No. Sample Intensity AT Intensity HSP7L [ .-Ratio HSP71 /AT Remark
1 St.B5m.30D#1 .. 5,396.1974 6,996.1700 F. 1.2965
2 St B5m.30D#2 = 3,817.0966 4,982.0744 - 1.3052
3 St. B5m.30D#3 « /. 5,123.0797 6,686.6436 b 1.3052
4 St BS5m. 60D # 1 - 6,868.0082 4,943.5923 0.7198
5 St B5m. 60D #2 5,818.1178 6,661.1630 1.1449
6 St. B5m. 60D #3 6,427.7295 8,849.0552 1.3767
7 St B5m. 90D #1 7,703.6697 10,779.7450 1.3993
8 St. B5 m. 90.D+# 2 6,27.1.8660 9,280.4801 1.4797
9 St. B5 m. 90D # 3 7,095.3268 8,459.0486 1.1922
10 St. B20 m. 30 D #[1 7,593.7272 9,476.,2122 1.2479
11 St. B20m. 30D #2 6,192.2819 7,784.3176 1.2571
12 St. B20m. 30D #3 3,760.2508 5,846.4379 1.5548
13 SteB 20 my 60D #l 459134242 6,362,8843 1.2950
14 StuB 20/m. 60 D #2 2.,476.4540 3,225.8290 1.3026
15 St. B 20 m. 60 D #3 5,571.4229 3,246.4681 0.5827
16 St B20m. 90D # 1 4,689.4389 5,427.0877 1.1573
17 St. B20m. 90 D #2 2,940.2739 4,497.7369 1.5297
18 St. B20m. 90D #3 4,969.7610 3,967.8572 0.7984
19 St. B40m.30D#1 5,065.1371 5,499.7259 1.0858
20 St.B40m. 30D #2 6,426.4750 9,946.8980 1.5478
21 St. B40m. 30D #3 4,184.6514 3,081.1588 0.7363
22 St. B40m. 60D # 1 3,999.8202 6,503.7077 1.6260
23 St. B40m. 60 D #2 4,713.6396 6,846.5615 1.4525
24 St. B40m. 60D # 3 5,130.6352 7,612.3235 1.4837
25 St. B40m. 90D # 1 4,979.9545 7,851.3963 1.5766
26 St. B40m. 90D #2 5,211.4594 9,367.5984 1.7975
27 St. B40m. 90D # 3 4,304.1422 6,115.7557 1.4209
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Table B103 Intensity of band and ratio HSP71 expression gene in gill of mussel

P.viridis Field study (Station C)

No. Sample Intensity AT Intensity HSP71 Ratio HSP71 /AT Remark
1 St.C5m.30D#1 3,465.6779 5,624.7952 1.6230
2 St.C5m.30D#2 8,349.7759 10,123.2684 1.2124
3 St.C5m.30D#3 8,043.1744 9,751.5446 1.2124
4 St.C5m.60D#1 6,662.6896 8,820.7348 13239
5 St.C5m. 60D #2 7,111.4199 7,968.3460 1.1205
6 St.C5m.60D#3 5,695.2721 7,946.6132 1.3953
7 St.C5m.90D#1 4,820.8724 6,135.0422 1.2726
8 St.C5m. 90D #2 4,820.8724 6,435.8646 13350
9 St.C5m.90D#3 3,832.6951 5,363.8568 1.3995
10 [ StC20m.30D#1 3,438.3661 4,122.9448 1.1991
11 St.C20m. 30 D#2 5,110.1621 5,884.3517 1.1515
12 [ St.C20m.30D#3 2,888.1521 /23108105 0.8001
13 | St.C20m.60D#1 6,198.7622 8.059.0710 1.4453
14 | St.C20m. 60 D#2 7,118.3303 %,3882404 1.1784
15 | St.C20m.60D#3 6.703.1268 8.967.4430 13378
16 | StLC20m.90D#]1 4,335.6905 5,859.6858 13515
17 [ St.C20m.90D#2 6,0683682 8,195.3312 13505
18 | St.C20m.90D#3 a5, 2800484 4,737.5641 1.5159
19 | St.C40m.30D#]1 g G630 8,526.3263 1.2766

20 | St.C40m.30D#2 52762048 6,196.9026 1.1745

21 St.C40m.30 D #3 #6.570.1450 = 6,750.1670 1.0274

22 | St.C40m.60D#1 = [ 32485385 « | 4 3.982.7082 1.2260

23 | St.C40m.60D#2 A 495 3606 == = 4,.821.6672 1.0945

24 | St.C40m.60D#3 & f 4,94915030==—[="  7.220.3349 1.4588

25 | St.C40m.90D#1 6,092.1961 1 169804383 1.1458

26 | St.C40m.90D#2 17.360.4159¢ /W, 7,611.4060 1.0341

27 | St.C40m.90D#3 o | & 4,260.4792 . 6,052.0107 1.4205

ik
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Table B104 Intensity of band and 1afio HS‘I:,-*?I expression gene in gill of mussel

P.viridis Field study (Statlon Djissss o f.ﬁ
e o "'-'s. =
No. Sample Intensity AT IhtenS|ty HSP71 ~Ratio HSP71 /AT Remark

1 St D5m.30D#1. .. 4,009.9779 6,096.3694 .. 15203
2 StD5m.30D#2 = 43510668 5,046.3673 T 11598
3 St. D5m. 30D #3 + ;" 4,847.1662 4,364.8732 e’ 0.9005
4 St D5Sm. 60D#1 = 3,971.5049 5,665.7488 - 1.4266
5 St D5m. 60D #2 4,500.8802 5,627.4505 1.2503
6 St.D5m. 60D#3 4,263.2821 5,441.2269 1.2763
7 St D5m. 90D # 1 4,276.7157 5,458.3723 1.2763
8 St. D 5 m. 90.D# 2 3,716.7096 4,068.6821 1.0947
9 St. D5m. 90D #3 4,827.5104 4,762.8217 0.9866
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Table B105 Intensity of band and ratio CYP4 expression gene in gill of mussel
P.viridis Field study (Station A)

No. Sample Intensity AT Intensity CYP4 Ratio CYP4 /AT Remark
1 St ASm.30D#1 6,219.9019 4,711.5757 0.7575
2 St ASm.30D#2 7,301.4196 6,139.7637 0.8409
3 St ASm.30D#3 5,203.9182 3,120.2694 0.5996
4 St ASm.60D#1 6,684.5605 6,326.2681 0.9464
5 St ASm.60D#2 6,299.7082 5,428.4586 0.8617
6 St ASm.60D#3 5,222.4057 2,633.6592 0.5043
7 St ASm.90D#1 5,299.2442 2,301.4618 0.4343
8 St ASm.90D#2 5,846.1392 2,538.9783 0.4343
9 St ASm.90D#3 6,074.7481 5,533.4880 0.9109
10 St.A20m.30D#1 4,136.2214 2,849.8565 0.6890
11 St. A20m. 30D #2 4,257.1817 2,126.4623 0.4995
12 St.A20m.30D#3 6,541.1773 4,567.7041 0.6983
13 St. A20m. 60D # 1 6,177.6296 41828730 0.6771
14 St. A20m. 60D #2 5,078.5851 4,480:8357 0.8823
15 St. A20m. 60D #3 5,443.9536 3,512.4389 0.6452
16 St.A20m. 90D # 1 7.280.8103 35,167.8579 0.7922
17 St.A20m. 90D #2 5,980:8988 Syl /. o 0.8490
18 St. A20m. 90D #3 7,264°3551 35929 W3 0.5411
19 St.A40m.30D#1 #,380.7814. \ NG NS 0.7036
20 St. A40m. 30D #2 6,09647337 4,926.1608 0.8080
21 St.A40m.30D#3 5,639 7238 2,503.4734 0.4439
22 St.A40m. 60D # 1 6816.7833 & 3% 8.483061 0.5515
23 St. A40m. 60D #2 5,995.6228 = 3,967.9032 0.6618
24 St.A40m. 60D #3 7 6,140:2103= = 44148112 0.7190
25 | St A40m.90D#1 NA L & A NA Lost of sample
26 St. A40m. 90D #2 INA™ W, NA NA Lost of sample
27 St. A40m. 90D #3 NA dd NA NA Lost of sample

Table B106 Intensity of band and ratio €

FAA 4

= =g

YP4 expression gene in gill of mussel

P.viridis Field study (Station B):= 2220
- A ‘E:.._ -

No. Sample ., Intensity AT Intensity CYP4 ~Ratio CYP4 /AT Remark
1 St.B5m.30D#1 .. 5,396.1974 4,536.5832 F. 0.8407
2 St B5m.30D#2 = 3,817.0966 3,395.3074 - 0.8895
3 St B5m.30D#3 = _.-"’7 5,123.0797 4,556.9794 bl 0.8895
4 St BS5m. 60D # 1 - 6,868.0082 5,340.5632 0.7776
5 St B5m. 60D #2 5,818.1178 3,583.3787 0.6159
6 St. B5m. 60D #3 6,427.7295 3,382.2713 0.5262
7 St B5m. 90D #1 7,703.6697 3,598.3841 0.4671
8 St. B5 m. 90.D+# 2 6,27.1.8660 6,184.0599 0.9860
9 St. B5 m. 90D # 3 7,095.3268 3,104.9150 0.4376
10 St. B20 m. 30 D #[1 7,593.7272 5,440.,1462 0.7164
11 St. B20m. 30D #2 6,192.2819 4,611.3923 0.7447
12 St. B20m. 30D #3 3,760.2508 3,846.3605 1.0229,
13 SteB 20 my 60D #l 459134242 3,330,8103 0.6779
14 StuB 20/m. 60 D #2 2.,476.4540 1,059.4270 0.4278
15 St. B 20 m. 60 D #3 5,571.4229 2,156.6978 0.3871
16 St B20m. 90D # 1 4,689.4389 2,282.8189 0.4868
17 St. B20m. 90 D #2 2,940.2739 1,481.3100 0.5038
18 St. B20m. 90D #3 4,969.7610 2,482.3956 0.4995
19 St. B40m.30D#1 5,065.1371 2,742.2653 0.5414
20 St.B40m. 30D #2 6,426.4750 5,727.2745 0.8912
21 St. B40m. 30D #3 4,184.6514 2,863.5570 0.6843
22 St. B40m. 60D # 1 3,999.8202 1,641.1262 0.4103
23 St. B40m. 60 D #2 4,713.6396 4,033.9328 0.8558
24 St. B40m. 60D # 3 5,130.6352 2,778.2390 0.5415
25 St. B40m. 90D # 1 4,979.9545 4,899.2793 0.9838
26 St. B40m. 90D #2 5,211.4594 3,904.4254 0.7492
27 St. B40m. 90D # 3 4,304.1422 3,010.3171 0.6994
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Table B107 Intensity of band and ratio CYP4 expression gene in gill of mussel

P.viridis Field study (Station C)

No. Sample Intensity AT Intensity CYP4 Ratio CYP4 /AT Remark
1 St.C5m.30D#1 3,465.6779 4,001.1251 1.1545
2 St.C5m.30D#2 8,349.7759 6,793.3777 0.8136
3 St.C5m.30D#3 8,043.1744 6,543.9267 0.8136
4 St.C5m.60D#1 6,662.6896 3,923.6579 0.5889
5 St.C5m. 60D #2 7,111.4199 6,597.9754 0.9278
6 St.C5m.60D#3 5,695.2721 5,585.3534 0.9807
7 St.C5m.90D#1 4,820.8724 3,258.4276 0.6759
8 St.C5m. 90D #2 4,820.8724 4367.7104 0.9060
9 St.C5m.90D#3 3,832.6951 1,610.1152 0.4201
10 [ StC20m.30D#1 3,438.3661 2,361.8137 0.6869
11 St.C20m. 30 D#2 5,110.1621 4,254.2100 0.8325
12 [ St.C20m.30D#3 2,888.1521 10.209.9422 0.7721
13 | St.C20m.60D#1 6,198.7622 5.790.2638 0.9341
14 | St.C20m. 60 D#2 7,118.3303 6,23710810 0.8762
15 [ St.C20m.60D#3 6.703.1268 6.030.8032 0.8997
16 | St.C20m.90D#1 4,335.6905 2,929.1925 0.6756
17 [ St.C20m.90D#2 6,0683682 3,229.5855 0.5322
18 | St.C20m.90D#3 a5, 2800484 3,508.4039 1.1226
19 | St.C40m.30D#]1 g G630 5,356.5045 0.8020

20 | St.C40m.30D#2 52762048 4,630.9250 0.8777

21 St.C40m.30 D #3 #6.570.1450 = 5,359.2673 0.8157

22 | StC40m.60D#1 & | 4 394805385 « [ 4 3,121.8455 0.9610

23 | St.C40m.60D#2 44053606 — 1= 2,923.3973 0.6636

24 | St.C40m.60D#3 & f 4,94915030==—[=% 44515830 0.8994

25 | St.C40m.90D#1 6,092.1961 | 44,103.7033 0.6736

26 | St.C40m.90D#2 17.360.4159¢ /%, 3,986.4012 0.5416

27 | St.C40m.90D#3 o | & 4,260.4792 4 3,473.9947 0.8154

ik
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Table B108 Intensity of band and 1afio CY'1_}4 expression gene in gill of mussel

P.viridis Field study (Statlon Djissss o f.ﬁ
A o "'-'s. =
No. Sample Intensity AT I'nt’en5|ty CYP4 ~Ratio CYP4 /AT Remark

1 St.tD5m.30D#1. .. 4,009.9779 4,335.9891 -~ 1.0813
2 St.tD5m.30D#2 | =- 4,351.0668 3,858.9612 '; 0.8869
3 St D5m.30D#3 + ;" 4,847.1662 4,437.0960 et 0.9154
4 St D5Sm.60D#1 - 3,971.5049 4,871.4479 =l 1.2266
5 St D5m. 60D #2 4,500.8802 3,573.2488 0.7939
6 St D5Sm.60D#3 - 4,263.2821 4,050.1180 - 0.9500
7 St D5Sm.90D#1 4,276.7157 4,062.8799 0.9500
8 St. D 5 m. 90.D# 2 35716.7096 33231101 0.8941
9 St.D5m. 90D #3 4,827.5104 4,003.4543 0.8293
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APPENDIX C
Blast X result for MT gene
. I Max Total Query E Max
Accession Description score score coverage value ident

AAF22487.1 metallothionein 2 [Perna viridis] 104 104 85% 4e-21 98%
RecName: Full=Metallothionein; Short=MT o o

QOUS68.2 >gb|AAF22486.1|AF092971 1 metallothionein 1 [Perna viridis] 104104 85% 4e-21 100%

AADO02054.1 metallothionein [Perna viridis] 994 994 85% le-19 90%

CAE11861.1 metallothionein [Mytilus edulis] 84.0 84.0 85% Se-15 66%
RecName: Full=Metallothionein 10-Ia; Short=MT-10-Ia o o

P80246.2 >emb|CAA06548.1| metallothionein 10 la [Mytilus edulis] 836 836 8% Te-15 65%
RecName: Full=Metallothionein 10-Ib; Short==MT- MjJI_b o o

062554.3 >emb|CAA06549.1| metallothionein 10 Ib [Mytilus eduhs]’ 836 836 8% Te-15 63%

ABM30214.1 metallothionein 10 [Mytilus sp. KL-2006] 824 824 85% 2e-14 65%
RecName: Full=Metallothionein 10-II; Short=MT- 10-IL o o

P80247.3 >emb|CAA06550.1| metallothionein 10 II [Mytilus edulis] 824 824 8% Ze-14 63%

AAB29061.1 MT-10-I1=10 kda class T metallothl_onem [Mytilus edulis=common sea 816 816 83% 3e-14 64%
mussels, cytosol, Pep__tide’72 aaj \

RecName: Full=Metallothionein10-I1I: Short=MT-10-II1

P80248.2 >emb|CAA06551.1| metallothiongin A0 11 {Mytilus edulis] 813 813 85% 4e-14 63%
>gb|AAT72936.1jimetalloghiongin IO-HJI [Mytilug galloprovincialis]

P80249.2 79.7 797 85% le-13 63%

CAF34421.1 metallothionein, isofor: T 6a [Bathymodio s azoricus] 79.3 793 85% le-13 61%
metallothionein, isoform M “10b [Bathymodlol}{g azoricus|

CAF34422.1 >emb|CAF34423.1|metal thlonem 1soform MT-10c [Bathymodlolus 793 793 85% le-13 60%
azoricus] ’ i

AAB29060.1 MT-10-1V=10 kda clas: Imetallothl_o}igm Mytlhgiéduhs commonsea g 45g g3 4e-13 62%
mussels, cytosol, Peptide, 7. aa] -

CAE11855.1 metallothionein [Mytilus eduhs]‘ = e :-‘F 4 76.6 76.6 85% 9e-13 62%
RecName: Full=Metallothionein 20k Shor=MT-20-IL ,

P80252.2 >emb|CAA06553.1| metallothionetir 2011 [Mytllus 1_5]._ 75.1 751 82% 3e-12 83%
>gb|ABM302155 11 metallothionein 20-I1 [Mytilus sp. SKi 2006] F

CAI94401.1 metallothlonelg_[gathymodlolus azoricus] 743 743 81% 4e-12 61%

CAE11860.1 metallothioneir_r_'[gathymodiolus thermophilus] :_ J73.6 73.6 81% Te-12 70%

CAE11856.1 metallothionein [Myistilus edulis] — 736 3.6 85% Te-12 60%

CAE11859.1 metallothionein [Bathymodiolus thermophilus] . 73,6 736 81% Te-12 70%

CADS56896.1 metallothionein 10 [Bathymodiolus sp. FD-2002] 73.6 73.6 81% 7e-12 70%
RecName; Full=Metallothionein 20-III isoform A;*Short=MT-20-IIIA
>sp|P69.154.2IMT23A MY TGA RecName: Full=Metallothionein 20-I1T

P69153.2 isoform A; Short=MT-20-LHA; Short=MT-I 73.6. 73.6 82% Te-12 80%
>ob|AAG28538.1]AF199020 1 metallothionein isoform [Mytilus
galloprovincialis]

P80258.1 RecName: Full=Metallothionein 20-I1I isoform B; Short=MT-20-IT1IB 716 716 _81% 3e-11 80%
ReeName: Full=Metallothionein 20-I/isoforms A and B; AltName:
Full=MT-20-iA"and'MT-20-1B>gb|AAB29062. I| MT-20-1=20 kda class o o

P80251.1 I metallothionein [Mytilus edulis=common sea mussels, cytosol, Peptide, 7120712 8% de-11 81%
71 aa]

CAE11862.1 metallothionein [Mytilus edulis] 689 689 82% 2e-10 78%

ABI30643.1 metallothionein-10B [Mytilus galloprovincialis] 659 659 79% 2e-09 49%
metallothionein [Bathymodiolus azoricus] >emb|CAF34425.1| o o

CAF34424.1 metallothionein [Bathymodiolus thermophilus] 639 639 77% 2e-09 82%

AAT72935.1 metallothionein 20-IV [Mytilus galloprovincialis] 643 0643 82% 4e-09 75%

ABHO03633.1 metallothionein 10a [Laternula elliptica] 62.8 628 85% 1e-08 58%

ABHO03634.1 metallothionein 10b [Laternula elliptica] 62.8 62.8 85% 1e-08 57%

CAE11857.1 metallothionein [Mytilus edulis] 62.8 628 79% le-08 47%

CAE11858.1 metallothionein [Mytilus edulis] 61.6 61.6 79% 3e-08 47%

AAS92877.1 metallothionein [Meretrix lusoria] 59.3 593 85% le-07 45%

AAK39563.1 metallothionein-like protein [Tegillarca granosa] 562 562 81% le-06 60%
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Accession Description Max Total = Query E _Max
score score coverage value ident
AAK15581.1 metallothionein [Crassostrea angulata] 562 562 83% le-06 59%
AAQ23908.1 metallothionein IB [Crassostrea virginica] 55.5 555 85% 2e-06 37%
CAB85588.1 Eréerzlsll(;ts}zriggegiir:g a[lg]rassostrea gigas] >emb|CAC48045.1| metallothionein 555 555 83% 26-06 58%
ABC69708.1 metallothionein [Crassostrea ariakensis] 54.7 547 83% 4e-06 58%
RecName: Full=Metallothionein; Short=MT >emb|CAA42522.1|
metallothionein [Crassostrea virginica] >gb|AAQ23904.1| metallothionein
P23038.3 IA [Crassostrea virginica] >gb|AAQ23905.1| metallothionein IA 543 543 85% 5e-06 37%
[Crassostrea virginica] >gb|AAQ23906.1| metallothionein IA [Crassostrea
virginica] >gb|AAQ23907.1| metallothionein IA [Crassostrea virginica]
ABPO01350.1 metallothionein [Unio tumidus] 53,5 535 8% 8e-06 61%
CAB64869.1 metallothionein [Crassostrea gigas] 535 535 83% 8e-06 56%
CAB96402.1 metallothionein [Venerupis (Ruditapes) decussatus] 53.1 531 78% le-05 48%
CAB96403.1 metallothionein [Venerupis (Ruditapes) philippinarum| 53.1 53.1 78% 1e-05 60%
ACBO05816.1 metallothionein [Cerastoderma glaucum] 524 524 81% 2e-05 41%
ABP57063.1 metallothionein [Venerupis philippinarum] 512 512 85% 4e-05 40%
AAM90257.1 metallothionein [Crassostrea virginica | - 49.7 49.7 85% le-04 35%
ABS20116.1 metallothionein [Vencrupisidecussatus] 493 493 81% le-04 40%
CACS82788.1 metallothionein [Crassostrea'gigas] 493 493 85% 1e-04 40%
ACH99846.1 metallothionein [Seapharca broughtonii] \ 489 489 82% 2e-04 36%
AAS75318.1 metallothionein [Tegillarca granosa| Jl 48.1 48.1 82% 3e-04 36%
AAZ76545.1 metallothionein [Seapharca inagquivalvis] Fr 474 474 82% 6e-04 37%
ABM55725.1 metallothionein [Corbi¢ula fluminea] = 47.0 47.0 85% Te-04 54%
CAC83770.1 metallothionein [Ostrea edulis] L/ v 47.0 470 85% 7e-04 53%
Q94550.1 Eee‘t’gf(i‘; Ofl‘;ﬂl %fiﬂﬁﬁﬁﬁ?miﬁﬁ}m >g%|fAB07548 J 462 462 85% 0.001 44%
ACT53273.1 metallothionein [Pisidiura corcanum] i x i 4 454 454 78% 0.002 40%
AAQ23913.1 metallothionein IIE [Crassosttea virginiea] 447 132 78% 0.004 55%
AAQ23911.1 metallothionein IIC [Crassostrea virginica|] 447 88.6 78% 0.004 55%
AAQ23916.1 metallothionein ITH [Crassostrea_:yirginica] 447 174 78% 0.004 53%
AAQ23914.1 metallothionein IIF [Crassostrea virginica] 439 131 36% 0.006 55%
AAQ23909.1 metallothionein ITA [Crassostiea Virginica| - 439 439 36% 0.006 55%
AAQ23915.1 metallothionein IIG [Crassostrea virginica] [ 439 175 36% 0.006 55%
AAQ23912.1 metallothionein [ID-{Ciassosiica-virginical =439 131  36% 0.006 55%
AAKS50565.1 metallothioneirr[(—?fassostrea rhizophorae] L1439 439 32% 0.006 58%
ABNG68955.1 metallothionein [Cefastoderma edule] 435 435 36% 0.008 51%
ACS44750.1 metallothionein [Hyriopsis cumingii] - 43.1 431 85% 0.011 41%
ACU46012.1 metallothionein [Mactza veneriformis] 42.0 420 85% 0.024 34%
CAB96419.1 metallothionein [Venerupisspullastra] 412, 412 31% 0.041 56%
metallothionein [Cerastoderma edule] >gb|ACT66292. | metallothionein
ABP57066.2 1 [Cerastoderma edule] >gblACT66293"1| metallothionein'l 404" 404 82% 0.070 43%
[Cerastoderma edule]
AAQ23910.1 metallothionein IIB [Crassostrea virginica] 39.7 397 36% 0.12  48%
AAK56498.1 putative metallothionein [Littorina littoreal] 39.3 393 " .82% 0.16 44%
CAK22381.1" metallothionem TV [Crassostrea gigas] 38.10 3811 85% 0.35 40%
Blast X result for pyMTO1 gene
Accession Description s'\c/loa:’é sTc(t))tfel cc%éi%e vaIIEue ilzi/leag(t
AAF22487.1 metallothionein 2 [Perna viridis] 69.7 69.7 97% le-10 95%
Qusssa R T ST iy O7 7 7% Tl om
AAD02054.1 metallothionein [Perna viridis] 64.7 647 97% 3e-09 86%
RecName: Full=Metallothionein 10-IIT; Short=MT-10-I1T
P80248.2 >emb|CAA06551.1| metallothionein 10 III [Mytilus edulis] 60.8 60.8 49% 5e-08 92%

>gb|AAT72936.1| metallothionein 10-111 [Mytilus galloprovincialis]
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Accession

AAB29061.1

AAB29060.1

CAE11861.1
CAE11856.1
CAE11855.1

P80246.2

062554.3

P80249.2

CAI94401.1
CAF34421.1

CAF34422.1

P80247.3

CAE11860.1
CAE11859.1
CAD56896.1

CAF34424.1

P80251.1

P80252.2

ABM30214.1
CAE11862.1

P69153.2

P80258.1
ABI30643.1
CAE11857.1
CAE11858.1
AAT72935.1
AAK39563.1
AAK5056571,
AAK15581.1
CABY6419.1
AAQ23914.1
AAQ23913.1
AAQ23909.1
AAQ23911.1
AAQ23915.1
AAQ23912.1
AAQ23916.1
AAMY90257.1
AAS92877.1

P23038.3

Description

MT-10-1=10 kda class I metallothionein [Mytilus edulis=common sea
mussels, cytosol, Peptide, 72 aa]

MT-10-IV=10 kda class I metallothionein [Mytilus edulis=common
sea mussels, cytosol, Peptide, 72 aa]

metallothionein [Mytilus edulis]

metallothionein [Mytilus edulis]

metallothionein [Mytilus edulis]

RecName: Full=Metallothionein 10-Ia; Short=MT-10-Ia
>emb|CAA06548.1| metallothionein 10 Ia [Mytilus edulis]
RecName: Full=Metallothionein 10-Ib; Short=MT-10-Ib
>emb|CAA06549.1| metallothionein 10 Ib [Mytilus edulis]
RecName: Full=Metallothionein 10-IV; Short=MT-10-IV
>emb|CAA07546.1| metallothionein 101V [Mytilus edulis]
metallothionein [Bathymodiolus azoricus] .
metallothionein, isoform MT-10a [Bathymodiolus azoricus]
metallothionein, isoform MT-10b [Bathymodiolus-azoricus]

>emb|CAF34423.1| metallothionein, isoform MT-10c [Bathymodiolus
azoricus]

RecName: Full=Metallothienein 1 0-11; Short=MT-10-I1
>emb|CAA06550. L metallodionein 10 IL [Mytilus edulis]

metallothionein [Bath odioltis thermopi)i:us]
metallothionein w&ff::odiolus thermophilus]
metallothionein 10 [Bathymodiolus sp. FD= 20(]2]
metallothionein [Bathymodiolus azorlcug] >emb|CAF34425 1

metallothionein athymodlolus thermophl s]

RecName: Full= Mewllothlonem 20- L isoforms A;and B; AltName:
Full=MT-20-IA aid MT=20-IB >gb/AAB29062.1| MT=20-1=20 kda
class I metallothionein [Mytllus eduhs-commpn sea mussels cytosol,
Peptide, 71 aa]

RecName: Full= Metallothloneln 20: H Shorf'ﬁ 20 1T
>emb|CAA06553.1| meylllothlonem 2011 [Mytllus*eduhs]
>gb|ABM30215.1| metallothignein 20-11 [Miytilus: spf K1-2006]
metallothionein 10 [Mytilus sp. KE-2006]

metallothionein [Mytilus edulis ™ - 2 -

RecName: Ful!I Metallothionein 20 11l isoform A; Short=MT-20- HLA
>sp|P691542iMT23A° MYTGA RecName: Full=Metatfothtonem 29— "
1II isoform A; Short=MT-20-IITA; Short=MT-I gy
>gb|AAG28538:1/AF199020 1 metallothionein isoform [Mytilus ~
galloprovincialis|

RecName: Full=Metallothionein 20-III isoform B; Short=MT-20-HIB
metallothionein-10B [Mytilus galloprovincialis]
metallothionein/Mytilus edulis]

metallothionein/ [Mytilus edulis]

metallothionein 20-IV [Mytilus galloprovincialis]
metallothionein-like protein [Tegillarca granosa]
metallothionein[Crassestrea thizophorae]
metallothioneini[Crassostrea angulata]
metallothionein [Venerupis pullastra]
metallothionein IIF [Crassostrea virginica]
metallothionein IIE [Crassostrea virginica]
metallothionein IIA [Crassostrea virginica]
metallothionein IIC [Crassostrea virginica]
metallothionein IIG [Crassostrea virginica]
metallothionein IID [Crassostrea virginica]
metallothionein IIH [Crassostrea virginica]
metallothionein [Crassostrea virginica]
metallothionein [Meretrix lusoria]

RecName: Full=Metallothionein; Short=MT >emb|CAA42522.1|
metallothionein [Crassostrea virginica] >gb|AAQ23904.1|
metallothionein IA [Crassostrea virginica] >gb/AAQ23905.1]

Max
score

59.7

59.7

59.3
59.3

59.3

58.2
58.2
582

57.4

57.4

56.6
55.8

' 55.8

55.8
54.7
5126
50.8
50.4
41.6
412
41.2
41.2
39.7
39.7
39.7
39.7
39.7
39.7
39.7
39.7
39.7

Total Query E

score coverage value
59.7  49% 1e-07
59.7 49% 1e-07
59.7 49% 1e-07
59.7  49% le-07
59.7  49% le-07
59.7  49% le-07
59.7  49% 1e-07
59.7 49% 1e-07
593 49% 1e-07
59.3  49% le-07
593 49% 1e-07
58.5 49% 2e-07
582 49% 3e-07
582 49% 3e-07
582 49% 3e-07
574 49% 6e-07
574  49% 6e-07
574  49% 6e-07
56.6 49% 9e-07
55.8 49% 2e-06
55.8 49% 2e-06
55.8 49% 2e-06
547 47% 4e-06
51.6 47% 3e-05
50.8 45% 5e-05
504 49% Te-05
41.60 49% 0.031
0.2 1045% 0.041
41.2 | 45% 0.041
412 45% 0.041
118  45% 0.12

118  45% 0.12

39.7 45% 0.12

793 45% 0.12

158  45% 0.12

118  45% 0.12

156  45% 0.12

39.7 45% 0.12

39.7 49% 0.12

39.7 45% 0.12

Max
ident

92%

92%

92%
92%
92%

92%

92%

92%

88%
88%

88%

88%

84%
84%
84%

88%

88%

88%

88%
84%

84%

84%
83%
79%
82%
76%
52%
56%
56%
56%
56%
56%
56%
56%
56%
56%
54%
52%
53%

56%
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Accession Description Max Total -~ Query E _Max
score score coverage value ident
metallothionein IA [Crassostrea virginica] >gb/AAQ23906.1|
metallothionein IA [Crassostrea virginica] >gb|AAQ23907.1|
metallothionein IA [Crassostrea virginica]
ABN68955.1 metallothionein [Cerastoderma edule] 39.3 393 45% 0.16 52%
CAB96402.1 metallothionein [Venerupis (Ruditapes) decussatus] 39.3 393 47% 0.16 53%
CABSSSSL e onein [Crassostres igms] 93 393 45% 016 2%
CAB96403.1 metallothionein [Venerupis (Ruditapes) philippinarum] 393 393 45% 0.16 52%
ABP01350.1 metallothionein [Unio tumidus] 389 389 49% 0.20 60%
AAQ23908.1 metallothionein IB [Crassostrea virginica] 389 389 45% 020 52%
ABC69708.1 metallothionein [Crassostrea ariakensis] 38.5 385 45% 0.26 52%
CAB64869.1 metallothionein [Crassostrea gigas] 37.7 377 45% 045 47%
ACB05816.1 metallothionein [Cerastoderma glaucum] 358 358 45% 1.7 54%
ABS20116.1 metallothionein [Venerupis decussatus] 358 358 45% 1.7 54%
ABH03633.1 metallothionein 10a [Laternula elliptica] 35.8 358 45% 1.7 56%
ABH03634.1 metallothionein 10b [Laternulaelliptica] 3 35.8 358 45% 1.7 56%
ACTS53273.1 metallothionein [Pisidium coreanum] 354 354 45% 22 50%
AAQ23910.1 metallothionein 1IB [Crassostreavirginica] 354 354 45% 22 47%
CAC82788.1 metallothionein [Cgassostrea gigas] 343 343 45% 5.0  54%
hypothetical protein BRAFLDRAF'[L688I S [Branchiostoma floridae]
XP_002592563.1 >gb|EEN48574. Lishypothetical protein BRAFLDRAFET 68885 339 678 65% 6.5  40%
[Branchiostoma floridae] J .
AAST75318.1 metallothionein [Tegillatea granosaj . 335 335 43% 85 45%
AAX07723.1 unknown [Magnaporthe grisea] T 33,5 335 39% 85 55%
%
Blast X result for pyMT02 gene - =
Sk 4 i
Accession ) i iy s'\c/lo?; ;(Z)tfel cgll;?’g]e vaIIEue i':j/ljnxt
AAF22487.1 metallothionein 2 [Perna viridis]- 763 763 97% le-12 88%
QIUS68.2 5;:5\%22}2216 i\l/fg:a(i;(;S;znel]nmi};(l)ll;th]\lﬁﬂrrleln 1-[Perna v1r:d1s] 763763 97% le-12 90%
AADO02054.1 metallothionein [B¢rna viridis] C712 712 97% 4e-11 71%
CAE11861.1 metallothionein‘_ﬂ\?}’ytilus edulis] . 1531 531 93% le-05 56%
AAB29061.1 ?ndl;l;-sle (l):z;(t)ol;gi ;l:;:i(li t:fnitza{alz(:]thionein [Mytilus edulis=common sea 28 528 93% 16-05 54%
prosiez SN Lo 01 sher MTLOLe
0623543 Lo 0ap. fmbralgicyet 10 Moo ol 5T 528 93%  1e0s 52%
ABPO01350.1 metallothionein [Unio tumidus] 51.6 51.6 97% 3e-05 62%
ABM30214.1 metallothionein 10 [Mytilus sp. KL-2006] 51.6 516, 93% 3e-05 54%
CAE11860:1, metallothioneiny Bathymodiolus thermophilus] 516 516 1193% 3e-05 53%
CAE11859'1 metallothionein [Bathymodiolus thermophilus] 51.6 (516 | 93% 3e-05 53%
CAD56896.1 metallothionein 10 [Bathymodiolus sp. FD-2002] 51.6 51.6 93% 3e-05 53%
PR3 A A06550.1| metalothionein 101 (Mytius eduis] SL6 SL6 93%  3e5 52%
P80258.1 RecName: Full=Metallothionein 20-III isoform B; Short=MT-20-I111B 51.2 512 97% 4e-05 68%
RecName: Full=Metallothionein 20-II; Short=MT-20-1I
P80252.2 >emb|CAA06553.1| metallothionein 20 II [Mytilus edulis] 512 512 97% 4e-05 72%
>gblABM30215.1| metallothionein 20-II [Mytilus sp. KL-2006]
CAE11856.1 metallothionein [Mytilus edulis] 504 504 93% 7e-05 51%
CAE11855.1 metallothionein [Mytilus edulis] 504 504 93% 7e-05 51%
AAK39563.1 metallothionein-like protein [Tegillarca granosa] 49.7 49.7 93% le-04 64%
Chrsue1 Tealbionen (Babmedol il pCARAEL o g0 o toos o
PRO251.1 RecName: Full=Metallothionein 20-I isoforms A and B; AltName: 493 493 97% le-04 70%

Full=MT-20-IA and MT-20-IB >gb|AAB29062.1| MT-20-1=20 kda class I
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Accession

CAI94401.1

ABHO03633.1
ABHO03634.1
CAF34421.1

CAF34422.1

AAB29060.1

P80249.2

P69153.2

P80248.2

AAKS56498.1
AAS92877.1
ACS44750.1
AAT72935.1
ADB29127.1
CAE11862.1
ABM66449.1

AAKS84863.1

P33187.1
ACC17831.1
ABP57063.1
ABMS55725.1
AAQ23908.1
ACBO05816.1

CABS85588.1

CAA06552.1
ABC69708.1
CAB64869.1

P23038.3

ABL73910.1
AAKI15581.1
ABS20116.1
CACS82788.1

Q94550.1
ACU46012.1
AAKS84864.1
P55947.1
P55946.1
ACH99846.1

Description

metallothionein [Mytilus edulis=common sea mussels, cytosol, Peptide,
71 aa]

Max
score

metallothionein [Bathymodiolus azoricus] 48.9
metallothionein 10a [Laternula elliptica] 48.9
metallothionein 10b [Laternula elliptica] 48.9
metallothionein, isoform MT-10a [Bathymodiolus azoricus] 48.9
metallothionein, isoform MT-10b [Bathymodiolus azoricus]
>emb|CAF34423.1| metallothionein, isoform MT-10c [Bathymodiolus 48.9
azoricus]
MT-10-IV=10 kda class I metallothionein [Mytilus edulis=common sea
. 48.9
mussels, cytosol, Peptide, 72 aa]
RecName: Full=Metallothionein 10-IV; Short=MT-10-IV 48.9
>emb|CAA07546.1| metallothionein 101V [Mytilus edulis] '
RecName: Full=Metallothionein 20-IIT isoform Aj Shori=MT-20-IIIA
>sp|P69154.2IMT23A_MYTGA RecName: Full=Metallothionein 20-111
isoform A; Short=MT-20-I1TA; Short=MT-I 48.9
>gblAAG28538.1]AF199020. 1 metallothionein isoform [Mytilus
galloprovincialis] -
RecName: Full=Metallothionein 10-ITl; Short=MT-10-IIT
>emb|CAA06551.1| metallothioncin 10 I [Mytilus edulis] 48.1
>gb|AAT72936.1| metallothionéin J0-I1I [Mytilus galloprovincialis]
4 1

putative metallothionein [Ifittozina littorea] 1 47.8
metallothionein [Megétrix lusoria] 46.6
metallothionein [Hyriopsis cumingii]* X 46.2
metallothionein 20-£Y’[Mytilus galloproyvincialisj 45.8
metallothionein [Physa acuta] =4 '5 ¥ 454
metallothionein [Mytilus edulis] : 45.1
metallothionein [Helix aspersa] = ;,. é 44.7
Cd-metallothionein isoform [Helix pomatm >gb[ACN66299 1| Cd-
specific metallothionein [Helix pomatiaf >0b\ACS?L928 1| cadmium- 443
metallothionein [Biomphalaria glabrata]
RecName: Full=Cadmium-metallothioncin; Short:CD—M"l' 44.3
metallothionein [Nesiohelix samarangae] 42.7
metallothionein [Venerupis ph111pp1narum] 427
metallothionein [Corbicula fluminea] £, 427
metallothioneiﬁ_ Ié:[(,rassos"trea virginica] 1427
metallothionein [Cerastoderma glaucum] 420
metallothionein [Crassostrea gigas] >emb|CAC48045.1| metallothionein 416
[Crassostrea gigasj=" Tt '
metallothionein 10 IV [Mytilus edulis] 41.6
metallothiongin [Crassostrea ariakensis] 412
metallothionein [Crassostrea gigas] 41.2
RecName:Full=Metallothionein; Short=MT >emb|CAA42522.1|
metallothionein [Crassostrea virginica] >gb|AAQ23904.1| metallothionein
IA [Crassostrea virginica] >gb|AAQ23905.1| metallothionein TA 41.2
[€rassostrea‘virginica] >gb|AAQ23906!1| metallothionein TA [Crassostrea
virginica] >gb]AAQ23907.1| metallothionein, IA [Crassostreayirginica]
cadmium-metallothionein [Helix aspersa] 40.8
metallothionein [Crassostrea angulata] 40.4
metallothionein [Venerupis decussatus) 40.0
metallothionein [Crassostrea gigas] 40.0
RecName: Full=Metallothionein; Short=MT >gb|AAB07548.1|

S . 40.0
metallothionein [Dreissena polymorpha]
metallothionein [Mactra veneriformis] 39.3
Cu-metallothionein isoform [Helix pomatia] >gb|ACS91927.1| copper- 393
metallothionein [Biomphalaria glabrata] '
RecName: Full=Copper-metallothionein; AltName: Full=Cu-MT 39.3
RecName: Full=Metallothionein; Short=MT >gb|AAB47141.1| 393
metallothionein [Arianta arbustorum, Peptide Partial, 66 aa] '
metallothionein [Scapharca broughtonii] 389

Total

48.9
48.9
48.9
48.9

48.9

48.9

48.9

48.9

48.1

47.8
46.6
46.2
45.8
454
45.1
44.7

443

443
42.7
42.7
42.7
42.7
42.0

78.9

41.6
41.2
412

412

40.8
40.4
40.0
40.0

40.0

Query
score coverage value

93%
97%
97%
93%

93%

93%

93%

97%

93%

95%
91%
93%
97%
97%
97%
97%

97%

97%
97%
89%
97%
97%
89%

93%

87%
97%
93%

97%

97%
93%
93%
93%

89%
33%
97%
97%
97%

93%

E

2e-04
2e-04
2e-04
2e-04

2e-04

2e-04

2e-04

2e-04

3e-04

4e-04
0.001
0.001
0.002
0.002
0.003
0.004

0.005

0.005
0.014
0.014
0.014
0.014
0.024

0.031

0.031
0.041
0.041

0.041

0.053
0.069
0.091
0.091

0.091

0.15

0.20

Max
ident

52%
54%
52%
52%

50%

52%

52%

68%

52%

46%
46%
43%
66%
38%
66%
34%

34%

34%
46%
41%
54%
50%
41%

58%

48%
54%
56%

49%

34%
56%
37%
37%

44%
64%
37%
37%
30%

31%
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Accession Description s'\c/loar); !—c(:)tfe: C(()%/léigée vaIIEue i'\(;leanxt
AAZ94899.1 metallothionein IVC [Crassostrea virginica] 385 385 40% 026 47%
AAS75318.1 metallothionein [Tegillarca granosa] 385 385 93% 0.26 34%
AAB47142.1 ?;:gg‘ggggﬁ Eﬁ;‘:ﬁiﬁ?}fjjﬁmm Peptide Partial, 66 aa] 385 385 97% 026 30%
CACR83770.1 metallothionein [Ostrea edulis] 38.5 385 93% 0.26 54%
AAZ94897.1 metallothionein IVA [Crassostrea virginica] 38.1 38.1 40% 034 47%
AAZ94898.1 metallothionein IVB [Crassostrea virginica] 38.1 38.1 40% 0.34 47%
CAK22381.1 metallothionein IV [Crassostrea gigas] 37.7 377 93% 045 36%
ABO16370.1 metallothionein [Argopecten irradians] 37.7 377 93% 045 33%
AAM90257.1 metallothionein [Crassostrea virginica] 37.7 377 97% 0.45 48%
ABI30643.1 metallothionein-10B [Mytilus galloprovincialis] 362 362 93% 1.3 35%
CAE11857.1 metallothionein [Mytilus edulis] 362 362 93% 1.3 35%
CAE11858.1 metallothionein [Mytilus edulis] 350 350 93% 29 35%
Blast X result for pyMTO07 gene

Accession 2711 | s'\éloar):e ;:%triel C(S/léigée vaEIEue i':j/leilxt
ABM30214.1 metallothionein 10 [Mytilus'sp, KL—2006]1 454 454 42% 0.002 76%
CAE11861.1 metallothioneinfMytilus edulis] L 44.7 447  42% 0.004 76%
ACS44750.1 metallothionein [Hyriopsis cumingiij L 435 435 42% 0.008 71%
ABP01350.1 metallothionein {Unio timidus]| — —t 435 435 42% 0.008 71%
IR ) i it 5. T ) B 435 4 0008 T1%
AAB29061.1 i\n/luTssle(l)Sl—C;(t)Olzgf ;1:;:1(11 ;n;galal;)]thlonem [Mytllus eduhs SCOMMONSea ,» o 45 g0, 0.014 71%
P80246.2 55&@%“2}3321514?ﬁﬂ?ﬁiﬁ?&ﬁ:ﬁf’aI?a?ﬁ“ﬁ@_ﬁﬁgfgi‘is] 27 27 2% 0014 7%
0025343 106849, 1| metalothioncis 10 ?E‘f&%i?ﬁ;iis] R O
ABHO03633.1 metallothionein 10a [Laternula.eliiptica] o - 424 424 42% 0.018 71%
ABHO03634.1 metallothionein 10b [Laternula elliptica] 424 424 42% 0.018 71%
ABP57063.1 metallothionéi;-rj PVenciupis-philippinaiiing , A20 420 42% 0.024 61%
ACU46012.1 metallothioneif [Mactra veneriformis] 416 416 38% 0.031 73%
ACB05816.1 metallothionein [Cerastoderma glaucum] L 416 416 42% 0.031 61%
ABMS55725.1 metallothionein {Corbicula fluminea] 416 416 42% 0.031 66%
CAC83770.1 metallothionein [Ostrea edulis] 41.6 41.6 42% 0.031 71%
AAD02054.1 metallothionein,[Perna-yiridis} 41.2.. 412  42% 0.041 72%
AAF22487.1 metallothionein 2 [Pernalviridis] 412 412 42% 0.041 72%
QIU568.2 E;tﬁ:ﬁ:nlg2F41;31Z}\ﬁ:;a(i})(;tg;(iliillgt?tg(l)lg;l\i/(l)zein 1 [Perna viridis] 412 412 4% 0.041 72%

RecName: Full=Metallothionein,20,I1; . Short=MT-20-11
P80252.2 > emb|CAAN6553. 1| metallothionein 2011 [Mytilus edulis] 40.4] 404 "42% 0.070 66%
>gb|ABM3021541| metallothionein 20-II'{Mytilus sp. KL2006]
RecName: Full=Metallothionein 10-III; Short=MT-10-I11
P80248.2 >emb|CAA06551.1| metallothionein 10 III [Mytilus edulis] 40.0 40.0 42% 0.091 66%
>gb|AAT72936.1| metallothionein 10-III [Mytilus galloprovincialis]
CAI94401.1 metallothionein [Bathymodiolus azoricus] 39.7 397 42% 0.12 66%
CAF34421.1 metallothionein, isoform MT-10a [Bathymodiolus azoricus] 39.7 397 42% 0.12 66%
AAB29060.1 ls\g;l";rll S;ISZ]? é)yl:(()i:oile;s:plt ir(r;te;léo;;l]wnem [Mytilus edulis=common 397 397 42% 012 66%
CAE11856.1 metallothionein [Mytilus edulis] 39.7 39.7 42% 0.12 66%
CAE11855.1 metallothionein [Mytilus edulis] 39.7 39.7 42% 0.12 66%
CAA06552.1 metallothionein 10 IV [Mytilus edulis] 39.7 397 42% 0.12 66%
e e IR IR
P80258.1 RecName: Full=Metallothionein 20-III isoform B; Short=MT-20-I1IB 39.3 393 42% 0.16 61%




245

. L Max Total Query E Max
Accession Description score score coverage value ident
CAE11860.1 metallothionein [Bathymodiolus thermophilus] 389 389 42% 020 68%
CAE11859.1 metallothionein [Bathymodiolus thermophilus] 389 389 42% 020 68%
CAD56896.1 metallothionein 10 [Bathymodiolus sp. FD-2002] 389 389 42% 0.20 68%
ABS20116.1 metallothionein [Venerupis decussatus] 38.5 38.5 42% 027 57%
metallothionein [Bathymodiolus azoricus] >emb|CAF34425.1| N o
CAF34424.1 metallothionein [Bathymodiolus thermophilus] 383385 42% 0.27. 61%
metallothionein, isoform MT-10b [Bathymodiolus azoricus]
CAF34422.1 >emb|CAF34423.1| metallothionein, isoform MT-10c 385 385 40% 027 70%
[Bathymodiolus azoricus]
AAK39563.1 metallothionein-like protein [Tegillarca granosa] 385 385 42% 027 61%
CAC82788.1 metallothionein [Crassostrea gigas] 385 385 42% 027 57%
AAT72935.1 metallothionein 20-1V [Mytilus galloprovingialis] 38.5 385 42% 0.27 61%
RecName: Full=Metallothionein 20-1II isoform Aj Short=MT-20-IITA
>sp|P69154.2IMT23A_MYTGA RecName: Full=Metallothionein 20-
P69153.2 III isoform A; Short=MT-20-IIIA; Short=MT-I = 385 385 42% 027 61%
>gb|AAG28538.1]AF 199020 1 metallothioneinsdsoferm [Mytilus
galloprovincialis] 3
RecName: Full=Metallothionein20-1 isoforms A and B; AltName:
P80251 1 Full=MT-20-IA andMT-20-1B"gb|AAB29062.1| MT-20-1=20'kda 385 385 42% 027 61%
class I metallothionein [Mytllus edulisscommon sea mussels, cytosol,
Peptide, 71 aa] o
ABC69708.1 metallothionein [Crz ostred apiakensis] \1 381 381 42% 035 57%
AAS75318.1 metallothionein eglllarca g'ranosa] 4 38.1 38.1 42% 0.35 65%
CAB85588.1 metallothionein [Cx sost.rea gigas] >emb|&AC‘48045 1| 381 762 42% 035 57%
metallothionein [Crassostrealgigas] .. -
AAK15581.1 metallothionein [Crassostrea angulata] '5 ¥ 38.1 38.1 42% 035 57%
CAB64869.1 metallothionein [c,zﬁssost'rea gigas] 'J 377 377 42% 0.45 57%
ol
metallothionein [Cerdstodcrma cdule] >gb|ACT66292. 1]
ABP57066.2 metallothionein 1 [Cérastoderma edule] >gb|AGT66293 1 374 374 42% 0.59 57%
metallothionein 1 [@erastoderma edule] -‘: _;"r
ADB29127.1  metallothionein [Physa geuta] -~ — 37.0 370 38% 0.77  70%
ACH99846.1 metallothionein [Scapharca Bt'ougﬁtonii] 37.0 37.0 42% 0.77 57%
XP_002345698.1 PREDICTED: hypothetical protem partial [Hoﬂ}e sapiens] 36.6 36.6 87% 1.0 3%
ABM66449.1  metallothionein [Helix aspersa] - Y- 362 362 38% 13 65%
Cd-metallothionein isoform [Helix pomatia] >gb|ACN66299.1| Cd—
AAK84863.1 specific metalloihionein {Helix-pomatial>gblACS91928:1{ cadmium- ‘36 2 362 38% 1.3 65%
metallothionein [Biomphalaria glabrata] o
P33187.1 RecName: Ful=Cadmium-metallothionein; Short=CD-MT T 362 362 38% 1.3 65%
CAE11862.1 metallothionein [Mytilus edulis] . 358 358 42% 1.7 61%
Q94550.1 RecNamg: Fu!I:Mete_illothlonem; Short=MT >gb|AAB07548.1| 358 358  42% 17 5%
metallothionein [Dreisséna polymorpha]
AAS92877.1 metatlothionein [Meretrix lusorial 354y 354 42% 22 54%
ABL73910.1 cadmium-metallothionein [Helix aspersa) 35.0. 350 38% 29  65%
AAZ76545.1 metallothionein [Scapharca inaequivalvis] 350 350 36% 29  66%
XP_001135604.1 PREDICTED: hypothetical protein [Pan troglodytes] 347 347 71% 38 37%
ACC1783 sl metallothionein [Nesiohelix|samarangag] 343 343 ".38% 5.0  60%
CAB96402.1 metallothionein [Venerupis'(Ruditapes) decussatus] 3430 343 36% 50 61%
CAB96403.1 metallothionein [Venerupis (Ruditapes) philippinarum] 343 343 36% 50 61%
AAQ23908.1 metallothionein IB [Crassostrea virginica] 339 339 42% 6.5 52%
Blast X result for pyMTO08 gene
. L Max Total Query E Max
Accession Description score score coverage value ident
ABM30214.1 metallothionein 10 [Mytilus sp. KL-2006] 45.1 451 45% 0.003 72%
CAEI11861.1 metallothionein [Mytilus edulis] 443 443  45% 0.005 72%
ACS44750.1 metallothionein [Hyriopsis cumingii] 43.1 431 45% 0.011 68%
ABP01350.1 metallothionein [Unio tumidus] 43.1 431 45% 0.011 68%
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Accession
P80247.3
AAB29061.1
P80246.2

062554.3

ABP57063.1
ACBO05816.1
ABM55725.1
ACU46012.1
AAD02054.1
AAF22487.1

QYU568.2
ABH03633.1
ABH03634.1
P80252.2

CAC83770.1

P80248.2

CAI94401.1
CAF34421.1
AAK39563.1

AAB29060.1

CAE11856.1
CAE11855.1
CAA06552.1

P80249.2

P80258.1

CAE11860.1
CAE11859.1
CAD56896.1
ABS20116.1

CAF34424.1

CACS82788.1
AAT72935.1

P69153.2

P80251.1

ABC69708.1
CAF34422.1

AAST75318.1

CAB85588.1

Description
RecName: Full=Metallothionein 10-II; Short=MT-10-IT
>emb|CAA06550.1| metallothionein 10 II [Mytilus edulis]

MT-10-1=10 kda class I metallothionein [Mytilus edulis=common sea
mussels, cytosol, Peptide, 72 aa]

RecName: Full=Metallothionein 10-Ia; Short=MT-10-Ia

Max Total

43.1

424

Query E

score score coverage value
43.1  45% 0.011
424 45% 0.018
424 45% 0.018
424  45% 0.018
41.6  45% 0.031
412 45% 0.041
412 45% 0.041
40.8  45% 0.054
40.8  45% 0.054
40.8  45% 0.054
40.8  45% 0.054
40.0 43% 0.091
40.0 43% 0.091
40.0 45% 0.091
39.7  45% 0.12
39.7  45% 0.12
393 45% 0.16
393 45% 0.16
39.3  45% 0.16
393 45% 0.16
39.3  45% 0.16
39.3  45% 0.16
393 45% 0.16
393 45% 0.16
38.9 45% 0.20
385 45% 0.27
385 45% 0.27
38.5 45% 0.27
38.1 45% 0.35
38.1  45% 0.35
38.1  45% 0.35
38 45% 0.35
38.1 45% 0.35
38.1 45% 0.35
377 45% 0.45
377 45% 0.45
377 45% 0.45
75.5 45% 0.45

>emb|CAA06548.1| metallothionein 10 Ia [Mytilus edulis] 424
RecName: Full=Metallothionein 10-Ib; Short=MT-10-Ib 94
>emb|CAA06549.1| metallothionein 10 Ib [Mytilus edulis] ’
metallothionein [Venerupis philippinarum] 41.6
metallothionein [Cerastoderma glaucum] 41.2
metallothionein [Corbicula fluminea] 41.2
metallothionein [Mactra veneriformis] 40.8
metallothionein [Perna viridis] 40.8
metallothionein 2 [Perna viridis] 40.8
RecName: Full=Metallothionein; Short=MT 408
>gb|AAF22486.1|AF092971 1 metallothionein L [Perna vmdls] ’
metallothionein 10a |Laternula elhptlca]—-’ 40.0
metallothionein 10b jlsaternula elliptica] 40.0
RecName: Full=Metallethionein 20-1I; Short=MT-20-IT
>emb|CAA06553#| metallothiongin 20 I Mytilus edulis] 40.0
>gb|ABM30215.1| metallothionein 20-1T [Mytilus sp. KL-2006]
metallothionein %‘f edulig) ’ 39.7
RecName: Full=Metallothionein 10-111: Short=MT-10-1Ii
>emb|CAA0655 L | metallothionein 10 ITT [Mytilus edulis] 39.7
>gb|AAT72936.1| m Lallothionein 10-1I1 [Mytilus galloprovincialis]
metallothionein [Baﬂlymodlolus azorlcus] - 39.3
metallothionein, iSoformt MT-10a [Bathymoeﬁolus azoricus] 39.3
metallothionein-like protein [Tegﬂ}arca grdnoéz-] o 393
MT-10-IV=10 kda elass Iimetallothioaein [Myt us edulisscommon 393
sea mussels, cytosol, Peptide, 72‘aa'] s ’
metallothionein [Mytilus edu_!,lsj'- 4 f 39.3
metallothionein [Mytilus edulis]—— - ) 393
metallothionein 10 TV [Myiilus-¢dutis] Y G = 39.3
RecName: Flil!l =Metallothionein 10-IV; Short=MT-10-IV f 3 93
>emb\CAAQ7546 1| metallothionein 10TV [Mytilus edulis}
RecName: EuLLEMetallothloneln 20-I1I isoform B; Short=MT-20- IIIB_.I38 9
metallothionein {Bathymodiolus thermophilus] © 385
metallothionein [Bathymodiolus thermophilus] .. 385
metallothionein 10 [Bathymodiolus sp. FD-2002] 385
metallothionein [Venerupis decussatus] 38.1
metallothionein’ [Bathymodiolus azoricus| >emb|CAF34425.1| 381
metallothionein [Bathymodiolus thermophilus] ’
metallothionein [Crassostrea gigas] 38.1
metallothionein 20-1V [Mytilus galloprovincialis] 38.1
RecNameFull=Metallothionein 20-III isoform A; Short=MT-20-I1TA
>sp/P69 154 2MT23A MY.TGA RecName: Full=Metallothionein 20-
11T isoform A; Short=MT-20-IIIA; Short=MT-I 38.1
>gb|AAG28538.1]AF199020 1 metallothionein isoform [Mytilus
galloprovincialis]
RecName: Full=Metallothionein 20-I isoforms A and B; AltName:
Full=MT-20-1A and MT-20-1B >gb|AAB29062.1| MT-20-1=20 kda

N . al 38.1
class I metallothionein [Mytilus edulis=common sea mussels, cytosol,
Peptide, 71 aa)
metallothionein [Crassostrea ariakensis] 37.7
metallothionein, isoform MT-10b [Bathymodiolus azoricus]
>emb|CAF34423.1| metallothionein, isoform MT-10c 37.7
[Bathymodiolus azoricus]
metallothionein [Tegillarca granosa] 37.7
metallothionein [Crassostrea gigas] >emb|CAC48045.1| 377

metallothionein [Crassostrea gigas]

Max
ident

68%

68%

68%

68%

59%
59%
63%
63%
69%
69%

69%

66%

66%

63%

63%

63%

63%
63%
59%

63%

63%
63%
63%

63%

59%
65%
65%
65%
54%

59%

54%
59%

59%

59%

54%

63%

62%
54%
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Accession Description Max  Total = Query E _Max
score score coverage value ident
AAK15581.1 metallothionein [Crassostrea angulata] 37.7 377 45% 0.45 54%
CAB64869.1 metallothionein [Crassostrea gigas] 374 374 45% 0.59 54%
metallothionein [Cerastoderma edule] >gb|ACT66292.1|
ABP57066.2 metallothionein 1 [Cerastoderma edule] >gb|ACT66293.1| 350 35.0 43% 29 52%
metallothionein 1 [Cerastoderma edule]
ADB29127.1 metallothionein [Physa acuta] 347 347 39% 3.8  65%
ACH99846.1 metallothionein [Scapharca broughtonii] 347 347 43% 3.8 52%
XP_001135604.1 PREDICTED: hypothetical protein [Pan troglodytes] 347 347 11% 3.8 37%
XP_002345698.1 PREDICTED: hypothetical protein, partial [Homo sapiens] 339 339 5% 6.6 44%
ABM66449.1 metallothionein [Helix aspersa] 339 339 39% 6.6 60%
Cd-metallothionein isoform [Helix pomatia] >gb|ACN66299.1| Cd-
AAKS84863.1 specific metallothionein [Helix pomatia] >gb|ACS91928.1| cadmium- 33.9 339 39% 6.6 60%
metallothionein [Biomphalaria glabrata]
CAE11862.1 metallothionein [Mytilus edulis] 339 339 45% 6.6  54%
P33187.1 RecName: Full=Cadmiumn-metallothionein; Short=€D-MT 339 339 39% 6.6  60%
Q94550.1 RecNamgz Fu!l=Meta}llothlone1n; Short=LJT >obiAABO7548.1| 335 335 43% 86 47%
metallothionein [Dreissena polymorpha]
Blast X result for pvMTli0cne
’ 1
Accession 4 Description = ¥ Max Total Query E _Max
r - score score coverage value ident
'
AAF22487.1 metallothionein 2 [Perna viridis] — 824 824 100% 2e-14 96%
RecName: Full=Metallothionein; Short=M % N o
QoU568.2 >gb|AAF22486.1|AF092971 /1 metallothionein 1 [Perna viridis] 824 824 100% 2e-14 98%
AADO02054.1 metallothionein [Pernaviridis| - = v 774 774 100% Se-13 87%
RecName: Full= Melallothlonem 10- HI Short—MT 10-11T
P80248.2 >emb|CAA06551. 1] ‘metallothionein. 10 111 [My us edulis] 68.6 68.6 54% 2e-10 89%
>gb|AAT72936.1| metallothlonem T0-111 [Mytl s galloprov1nc1ahs]
CAE11861.1 metallothionein [Mytilus edlihs] = "-"--‘,‘ 674 674 54% Se-10 89%
CAE11855.1 metallothionein [Mytilus eduhs] —= 674 674 54% Se-10 89%
RecName: Full=Metallothioneifi-10- Ia Short—MT"l-éHa‘ o o
P80246.2 >emb\CAA06§48.1| metallothionein 10 Ia [Mytilus edulis] y 674 674 34% >e-10 89%
RecName: 'Fug?“/fafa”nthinnpin 10-1b, Shoit—=MT-10-Ib : < o o
0625543 >emb|CAAQG549. 1| metallothionein 10 Ib [Mytilus edulis] X Jo74 674 4% - Se-l0 8%
RecName: Full=Metallothionein 10-IV; Short=MT-10-IV - o o
P80249.2 >emb|CAA07546.1| metallothionein 101V [Mytilus edulis] 674 674 54% Se-10 89%
CAF34421.1 metallothionein:-isofonn MT-10a [Bathymodiolus azoricus] " 67.0 67.0 54% 7e-10 86%
metallothionein, isofoffuMT-10b [Bathymodiolus'azoricus)
CAF34422.1 >emb|CAE34423. 1] metallothionein, isoformMT-10¢ [Bathymodiolus™ 67.0° 67.0 54% 7e-10 86%
azoricus]
RecName: Full=Metallothionein 10-II; Short=MT-10-11 o o
P80247.3 >emb|CAA06550.1| metallothionein 0 IT [Mytilus edulis] 662 662 54% 1e-09 86%
AAB2906T1 MT-10-1=10 kda class.l metallothionein [Mytilus edulisscommon sea 655 /5.5 (V2% 26-09 89%
mussels, eyiosol, Peptide, 72 aa]
AAB29060.1 MT-10-1V=10 kda ¢lass I.metallothlonem [Mytilus edulis=common 655 655 520 26-09 89%
sea mussels, cytosol, Peptide, 72 aa]
RecName: Full=Metallothionein 20-II; Short=MT-20-11
P80252.2 >emb|CAA06553.1| metallothionein 20 II [Mytilus edulis] 64.7 647 54% 3e-09 86%
>gb|ABM30215.1| metallothionein 20-1I [Mytilus sp. KL-2006]
ABM30214.1 metallothionein 10 [Mytilus sp. KL-2006] 643 643 54% 4e-09 86%
CAE11856.1 metallothionein [Mytilus edulis] 643 643 54% 4e-09 86%
CAE11862.1 metallothionein [Mytilus edulis] 632 632 54% le-08 82%
RecName: Full=Metallothionein 20-III isoform A; Short=MT-20-11IA
>sp|P69154.2IMT23A_MYTGA RecName: Full=Metallothionein 20-
P69153.2 III isoform A; Short=MT-20-1IIA; Short=MT-I 632 632 54% 1e-08 82%
>gb|AAG28538.1]AF199020_1 metallothionein isoform [Mytilus
galloprovincialis]
PR0251.1 RecName: Full=Metallothionein 20-I isoforms A and B; AltName: 628 628 52% 1e-08 85%

Full=MT-20-IA and MT-20-1B >gb|AAB29062.1| MT-20-1=20 kda
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Accession

ABI30643.1
CAI94401.1
P80258.1
CAE11860.1
CAE11859.1
CAD56896.1
CAE11857.1
CAE11858.1

CAF34424.1

AAT72935.1
AAK15581.1
ABH03633.1
ABHO03634.1
AAK39563.1
AAQ23914.1
AAQ23913.1
AAQ23909.1
AAQ23911.1
AAQ23915.1
AAQ23912.1
AAQ23916.1
AAK50565.1
AAMO90257.1
AAS92877.1

P23038.3

ABN68955.1
AAQ23908.1

CAB85588.1

ABP01350.1

ABC69708.1
CAB64869.1
CAB96402.1
CAB96403.1
CAB96419.1
AAQ23910.1
ACBO05816.1
ABS20116.1

CACR82788.1
ACTS3273.1
AAST75318.1

Q94550.1

ABP57063.1
ACH99846.1
ABM55725.1
AAZ76545.1
CAC83770.1
ACH73074.1

Description
class I metallothionein [Mytilus edulis=common sea mussels, cytosol,
Peptide, 71 aa]
metallothionein-10B [Mytilus galloprovincialis]
metallothionein [Bathymodiolus azoricus]
RecName: Full=Metallothionein 20-I1I isoform B; Short=MT-20-111B
metallothionein [Bathymodiolus thermophilus]
metallothionein [Bathymodiolus thermophilus]
metallothionein 10 [Bathymodiolus sp. FD-2002]
metallothionein [Mytilus edulis]
metallothionein [Mytilus edulis]

metallothionein [Bathymodiolus azoricus] >emb|CAF34425.1|
metallothionein [Bathymodiolus thermophilus]

metallothionein 20-IV [Mytilus galloprovincialis]
metallothionein [Crassostrea angulata]
metallothionein 10a [Laternula elliptica]
metallothionein 10b [Laternula elliptica] !
metallothionein-like proteins{ Tegillarca granosa|
metallothionein IIF [Cragsostrea virginica|
metallothionein B [Crassostrea yirginical
metallothionein I1A jCrassostrea virginical
metallothioneindIC [Crassostrea virginica]l
metallothionein IIGy[Crassostrea viréinica]'z K
metallothioneindID [Crassostrea virginical
metallothionein ITH jCrasgostrea virginical I'l. 4
metallothionein [@rassostrea rhizophorae]
metallothionein [Crassostrea virginical FEAd
metallothionein [Meretrix lusoria] i v i

RecName: Full=Metallothionein Short=MT >emb|CAA42522.1|
metallothionein [Crassostrea, Yirginica] >gb]AAQZ}9Jq4. 1
metallothionein IA [Crassosttea virginica] >gblAAQ23905.1|
metallothionein IA [Crassostrea virginica] >gbJAAQ23906.1|

metallothionein IA [Crassestrca virginica] >gb-|4‘.AQ23997. 1|
metallothionein 1A [Crassostrea virginica)

metallothionéii; [Cerastoderma edule] -

metallothionc_fx-l' IB [Crassostrea virginica]

metallothionein{Crassostrea gigas] >emb|CAC48045.1|
metallothionein [Crassostrea gigas]

metallothioneinTUnio tumidus]

metallothionein [Crassostrea ariakensis]
metallothionein [Crassostrea gigas]

metallothionein [Venerupis (Ruditapes)idecussatus]
metallothionein [Venerupis (Ruditapes) philippinarum]
metallothionein [ Venerupis pullastra]
netallothionein 1IB [Crassostrea virginical
metallothionein [Cerastoderma glaucum]
metallothionein [Venerupis decussatus]
metallothionein [Crassostrea gigas]

metallothionein [Pisidium coreanum]
metallothionein [Tegillarca granosa]

RecName: Full=Metallothionein; Short=MT >gb|AAB(07548.1|
metallothionein [Dreissena polymorpha]

metallothionein [Venerupis philippinarum]
metallothionein [Scapharca broughtonii]
metallothionein [Corbicula fluminea]
metallothionein [Scapharca inaequivalvis]
metallothionein [Ostrea edulis]

metallothionein 1 [Epinephelus coioides]

Max
score

62.4
62.0
61.2
60.8
60.8
60.8
59.3
58.5

57.4

54.7
454
44.7
44.7
443
43.9
43.9
43.9
43.9
43.9
43.9
43.9
43.9
43.9
43.9

43.9

4435
1435

43.5

43.1
42.7
4270
4210
42.0
41.2
39.7
385
385
385
38.1
37.7

37.0

36.6
36.2
36.2
358
35.0
347

Total

62.4
62.0
61.2
60.8
60.8
60.8
59.3
58.5

54.7
454
44.7
44.7
44.3
131
131
43.9
87.8
175
131
173
43.9
43.9
43.9

43.9

43.5
43.5

43.5

43.1
42.7
42.0
42.0
42.0
412
3017
385
385
385
38.1
37.7

36.6
36.2
36.2
35.8
35.0
34.7

Query
score coverage value

52%
49%
52%
49%
49%
49%
52%
50%

47%

54%
50%
50%
50%
49%
50%
50%
50%
50%
50%
50%
50%
45%
50%
54%

50%

50%
50%

50%

54%
50%
50%
47%
45%
43%
50%
45%
45%
50%
98%
49%

54%

50%
54%
50%
54%
49%
43%

E

2e-08
2e-08
4e-08
5e-08
5e-08
S5e-08
1e-07
2e-07

5e-07

4e-06
0.002
0.004
0.004
0.005
0.006
0.006
0.006
0.006
0.006
0.006
0.006
0.006
0.006
0.006

0.006

0.008
0.008

0.008

0.011
0.014
0.024
0.024
0.024
0.040
0.12
0.26
0.26
0.26
0.34
0.45

0.76

1.00
1.3
1.3
1.7
29
3.8

Max
ident

82%
88%
82%
84%
84%
84%
78%
81%

88%

72%
55%
62%
62%
53%
55%
55%
55%
55%
55%
55%
53%
58%
51%
52%

55%

51%
51%

51%

58%
51%
48%
54%
54%
56%
48%
56%
56%
53%
37%
46%

51%

50%
44%
50%
41%
46%
47%
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Max Total Query E Max

Accession Description .
score score coverage value ident

expressed hypothetical protein [Trichoplax adhaerens]

XP_002107650.1 >gb|[EDV28448.1]| expressed hypothetical protein [Trichoplax 347 347 4% 3.8  46%
adhaerens]

ABF50549.1 metallothionein 1 [Anguilla anguilla] 347 347 43% 38  47%

CAE45770.1 metallothionein [Trichoplax adhaerens] 347 347 49% 3.8 46%

0935711 RecName: Full=Metallothionein; Short=MT >gb|AAC36348.1| 347 347 43% 38 47%

metallothionein [Ictalurus punctatus]
RecName: Full=Metallothionein; Short=MT >gb|AAA74418.1|

0, 0,
P51902.1 metallothionein [Gadus morhua] 347347 43% 38 47%
hypothetical protein BRAFLDRAFT 68885 [Branchiostoma floridae]
XP_002592563.1 >gb|EEN48574.1| hypothetical protein BRAFLDRAFT_68885 339 678 62% 6.5 40%
[Branchiostoma floridae]
AAX07723.1 unknown [Magnaporthe grisea] 335 335 37% 84  55%

Blast X result for heat shock protein HSP#1.gene

=

Max Total Query E Max

Accession Description .
score score coverage value ident

heat shock protein Zi[Pcroa vindis] >gb|ABQ1 1278.1| heat shock

0 _ 0
ABJ98722.1 protein 71 [Peff@Viridi] 221 221 98% 2e-56 100%
CAHO04109.1 heat shock cogna}c-—71 [Mytilus galloprovilcialis] 217 217 98% 4e-55 98%
ABM92345.1 heat shock protein 70,{Laternula clliptica] & & 215 215 98% 2e-54 95%
ABJ97378.1 heat shock proteit}ﬂb [Pinctada fucata] ; 214 214 98% 2e-54 96%
ABE77386.1 HSP70 [Chlamys farreri] A F 214 214 98% 3e-54 95%
AAS17724.1 heat shock protein 70 [Mizuhopecten _yessoelhms]- 214 214 98% 3e-54 95%
AAO38780.1 heat shock protein 70 [Chlamys farreri] - 214 214 98% 3e-54 95%
AAR11487.1  heat shock protein 70/ [Mizuhopecten ycssoeﬁ'gﬁ‘;] g 214 214 98% 3e-54 95%
ACO036047.1 heat shock cognate protcm 70 [Hahotxs leCl’Sle]OI‘ 213 213 98% 4e-54 95%
ABJ97377.1 heat shock protein 70 [Pteria penguin] ==t 213 213 98% 4e-54 95%

- J
CAK95236.1 71kDa heat shock protein [ Ha'lmm tuber culata 213 213 98% 4e-54 95%
ABC54952.1 heat shock protein 70 [Hallotm discus hannal] .-’ : 213 213 98% 4e-54 95%
ACF31553.1 heat shock protein 70 [Plnctaffa fucata] A 213 213 98% 8e-54 95%
AAWS52766.1 HSP70 [Mytllds galloprovincialis] _‘. 213 213 98% 8e-54 96%
AAO041703.1 heat shock prGf,eln 70 [Crassostrea ariakensis] ‘f 211 211 98% 3e-53 93%
CAC83009.1 heat shock protgin 70 [Crassostrea gigas] L2011 211 98% 3e-53 93%
AAD31042.1 heat shock protein 70 [Crassostrea gigas] >dbj|BAD15287.1] 71kDa 21 211 98% 3653 93%
heat shock connate protein [Crassostrea gigas]

ABU63809.1 heat shock proteing70 form 2 [Paralvinella grasslei] 210 210  98% 5e-53 94%
CAC83683.1 HS€70 protein [Crassostredigigas] 209+ 209 98% 8e-53 93%
AAY40792.1 heat shock ecognate protein 70 [Oligocottus maeulosus] 209 209 98% 8e-53 93%

heat Shock cognate protein [Bombyx mori] >dbj|BAB92074.1| heat
shock cognate protein [Bombyx moui]

PREDICTED: heat.shockicognate 71 kDa protein-like [Rattus

NP_001036892.1 209 209  98% 8e-53 91%

XP_002724720:1 Arvedo 209 209 ©98% le-52 93%
XP 002716475.1 PREDICTED: heat shock 70kDa protein 8 [Oryctolagus cuniculus] 209 209 " 98% le-52 93%
ACJ03596.1 heat shock protein 70 [Ctenopharyngodon idella] 209 209 98% le-52 93%
ACJ03595.1 heat shock protein 70 [Hypophthalmichthys molitrix] 209 209  98% le-52 93%

heat shock cognate 70 [Megalobrama amblycephala] >gb|ACS74754.1| 209

0 _ 0,
ACC93993.2 heat shock cognate 70 [Megalobrama amblycephala] 209 98% le-52 93%
Chain A, Crystal Structure Of Hsc70BAG1 IN COMPLEX WITH
ATP >pdb|3FZHJA Chain A, Crystal Structures Of Hsc70BAG1 IN
COMPLEX WITH SMALL Molecule Inhibitors >pdb|3FZK|A Chain
3FZF A A, Crystal Structures Of Hsc70BAG1 IN COMPLEX WITH SMALL 209 209  98% 1e-52 93%

Molecule Inhibitors >pdb|3FZL|A Chain A, Crystal Structures Of
Hsc70BAG1 IN COMPLEX WITH SMALL Molecule Inhibitors
>pdb|3FZMJA Chain A, Crystal Structures Of Hsc70BAG1 IN
COMPLEX WITH SMALL Molecule Inhibitors

XP_002195736.1 PREDICTED: similar to heat shock protein 70B [Taeniopygia guttata] 209 209  98% le-52 93%
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Accession
3CQX_A

XP_002407132.1

ACA53150.1
BAGS53212.1
ACD84945.1

3C7N_B

20W9 A

BAF94143.1
NP_001166228.1

XP_001510947.1
EDL95233.1
Q5NVM9.2

EDL25524.1
P19120.2

XP_001380093.1
BAE87166.1
BAD96348.1
AAHO07276.2

BAD12572.1

AAQ97970.1
CAC83010.1
BAB69718.1
AAH66191.1
AAO43731.1

AAHA45841.1

ABB29585.1
AAI06170.1

XP_859437.1

NP_001103873.1

AAA37869.1

Description

Chain A, Chaperone Complex >pdb|3CQX|B Chain B, Chaperone
Complex

heat shock protein, putative [Ixodes scapularis] >gb/EEC03688.1| heat
shock protein, putative [Ixodes scapularis]

heat shock cognate 70 protein [Pteromalus puparum]

unnamed protein product [Homo sapiens]

heat shock cognate protein 70 [Macrocentrus cingulum]

Chain B, Structure Of The Hsp110:hsc70 Nucleotide Exchange
Complex

Chain A, Crystal Structure Of Bovine Hsc70 (1-394aa)in The Apo
State >pdb|2QW9|B Chain B, Crystal Structure Of Bovine Hsc70 (1-
394aa)in The Apo State >pdb|2QWL|A Chain A, Crystal Structure Of
Bovine Hsc70 (1-394aa)in The Adp State >pdb2QWL|B Chain B,
Crystal Structure Of Bovine Hsc70 (1-394aa)in The Adp State
>pdb|2QWMJA Chain A, Crystal Structure Of Bovine Hsc70 (1-
394aa)in The AdpVi State >pdb|2QWM|B Chain'B, €rystal Structure
Of Bovine Hsc70 (1-394aa)in The AdpVi State

heat shock protein 70B [Alligator mississippiensis]

heat shock cognate 70 [Nasonia vitripennis]

PREDICTED: similar to.weat shock protein [Ornithorhynchus
anatinus]

rCG57965, isoform CRA byRattus norveglcus]

RecName: Full=Heat shock gognate 71 kDa protein; AltName:
Full=Heat shock 70 kiDa protein § - i

mCG5074, 1sofor;,r1 CRA a [Mus musculus]

RecName: FulleHeatghock cognate 71 kDalprotein; AltName:
Full=Heat shock 70:kDa protein 8 >gblABQ 292’7 1[heat shock
70kDa protein 8 [Bos taurus} I Fi

PREDICTED: similagfo heat shoek protein [—Mgno@elphis domestica]
unnamed protein product [Macaca fascicularis] |

heat shock 70kDa protein 8 isoform 2 Variant"[ mo sapiens]
HSPAS protein [Homo ;apie_i:)s] - _‘*_ JJJ

heat shock protein [Numida m¢leagris] >dbjjBAF37041.1| heat shock
protein 70kDa [Coturnix japonica] >dbj(BAF383’92 ‘lheat shock
protein 70kDa [Coturhix japonica]’

heat shock _Zo@a protein 8 [Danio rerio]
heat shock E;Gf;'sin 70 [Ostrea edulis]

hypothetical I;rotein [Macaca fascicularis]

Heat shock protein 8 [Mus musculus]

heat shock cognate 70 kDa protein [Carassius gibelio]
Heat shock protein'8 [Panio rerio] >gb|AAI65717.1| Hspa8 protein
[Danio rério]

cytoplasmietheat shocks70 kDa protein [Platynereis dumerilii]

Hspa8 protein [Mus musculus]

PREDICTED: similar to heat shock protein 8 isoform 3;[€anis
familiaris]

heat shockgprotein § [Danie rerio] >gbJAAH63228.1| Heat shock
protein 8 [Danio rerio] >gb|/AAH66491.1| Heat shock protein 8 [Danio

rerio] >emb|CAKO03640.1| heat shock 70kDa protein 8 [Danio rerio]
>gb|AAI54756.1] Similar to Heat shock protein 8 [Danio rerio]

heat shock protein 70 cognate [Mus musculus] >gb|AAB18391.1| heat
shock 70 protein [Mus musculus]

Max Total Query E
score score coverage value
209 209 98% le-52
209 209 98% le-52
209 209 98% le-52
209 209 98% le-52
209 209 98% le-52
209 209 98% le-52
209 209 98% le-52
209 209 98% le-52
209 209 98% le-52
209 209 98% le-52
209 209 98% le-52
209 209 98% le-52
209 209 98% le-52
209 209 98% le-52
209 209 98% le-52
209 209 98% le-52
209 209 98% le-52
209 209 98% le-52
209 209 98% le-52
209 209 98% le-52
209 209 98% le-52
209 209 98% le-52
209 209  98% le-52
209 209 98% le-52
209. 209 98% le-52
2090 209  98% le-52
209 209  98% le-52
209 209 _98% le-52
209 209 98% le-52
209 209  98% le-52

Max
ident

93%

90%

91%
93%
91%

93%

93%

93%
91%

93%
93%
93%
93%

93%

93%
93%
93%
93%

93%

93%
93%
93%
93%
93%

93%

93%

93%

93%

93%

93%
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Accession

ABZ81919.1
AAC32835.1
ACM16804.2
AARS8241.2
ACD75826.1
ACD75825.1

NP_001071376.1

XP_002609390.1

XP_002609363.1

BAF64511.1
NP_001092460.1

CAE52533.1
XP_002606950.1
AARS8242.2
NP_067010.3

BAF82113.1
EAWS84511.1

AAG15889.1

EAWS84512.1

QI9HBI6.2

XP_001172581.1

XP_001172556.1

Q8SPKO.1

AAZ29444.1
AAZ09199.1
CAES52532.1

NP_999590.1

Description Max Total Query E

score score coverage value

cytochrome P450 family 4 [Perna viridis] 249 249  99% 6e-65

cytochrome p450 CYP4Y1 [Mytilus galloprovincialis] 167 167  95% 3e-40

CYP450 family 4 [Venerupis philippinarum] 142 142 99% le-32

CYP4BBI1 [Neanthes virens] 140 140 98% 4e-32

cytochrome P450 family 4 [Cyphoma gibbosum] 136 136  99% 9e-31

cytochrome P450 family 4 [Cyphoma gibbosum] 133 133 99% 8e-30

cytochrome P450, family 4, subfamily A, polypeptide 11 [Bos taurus]

>gb|AAI18406.1| Cytochrome P450, family 4, subfamily A, 133 133 99% 8e-30

polypeptide 11 [Bos taurus]

hypothetical protein BRAFLDRAFT 59660 [Branchiostoma floridae]

>gb|EEN65400.1| hypothetical protein BRAFLDﬁA:FT 59660 132 132 97% le-29

[Branchiostoma floridae]

hypothetical protein BRAFLDRAET 236272 [Branchiostoma

floridae] >gb|[EEN65373. 1] hypothetical protein 132 132 97% 2e-29

BRAFLDRAFT 236272 [Branehiostoma floridaej

cytochrome 4A35 [Balacnopteéraacutorostrata] 132 132 99% 2e-29

cytochrome P450, family 48ubfamily A, jpolypeptide 22 [Bos taurus] o

>gb|AAI42396:1| CYP4A22 protein [Bosﬁaurus] 31131 99% 329

fatty acid hydroxylase [Sus scrota] 131 131 9% 3e-29

hypothetical protein AFEDRAFT | 20091 S{Branchxostoma

floridae] >gb|EEN62960.1| hypothetical protein 130 130  97% 4e-29

BRAFLDRAFT#2009 183 [Branghiostema floridac]

CYP342A1 [Neanth v1rens] > % 130 130 97% 5e-29

cytochrome P450,family 4, subfamil ny F.po ﬂ)eptlde 11 [Homo

sapiens] >ref]NP_001122404.1| cytochrome P450 famlly 4, 130 130  99% 7e-29

subfamily F, polypeptide 11 [Homo saplens]

unnamed protein product [Homo sa_plem ‘: _II.I'_r 130 130 99% 7e-29

cytochrome P450, family 4, Jsubf_'armly b polypepﬁ‘glg:l,l 1, isoform 130 130 99% 76:29

CRA_a [Homo sapiens] Ll L

CYP4F11 [Homo sapiens] . —— =T 130 130 99% 7e-29

cytochrome P450, family 4; sttbfarmly g, polypdptlderl'l‘ isoform

CRA_ b [Hom(_;l sapiens] >gb/EAW84513.1| cytochrome P450, famlly 130 130 99% 7e-29

4, subfamily F_,polypeptlde 11, isoform CRA_b [Homo sapiens] o 4

RecName: Fu _}-‘=Cytochr0me P450 4F11; AltName: Full= CYPIVFll J

>gb|AAH16853.1| CYP4F11 protein [Homo sapiens| ‘

>gb|ABM82393. 1| cytochrome P450, family 4, subfamily F, 130 130 99% 7e-29

polypeptide 11+synthetic construct] >gb|ABM85576.1] cytochrome

P450, family 4, subfamily F, polypeptide 11 [synthetic construct]

PREDICTED: similar to cytochrome P450, family 4, subfamily F, o

polypeptide 11'isoform 6 [Pan troglodytes] juay 129 9% le-28

PREDICTED: similar to cytochrome P450, family 4, subfamily F,

polypeptide 11 isoform 5 [Pan troglodytes] >ref{XP_001172593.1| o :

PREDICTED: similar to cytochrome'P450, family 4, subfamily F, 129129 99% le-28

polypeptide, 11 isoform 7 [Ran troglodytes]

RecName: Full=Cytochrome B450 4A25; AltName:

Full=CYPIVA25; AltName: Full=Fatty-acid omega-hydroxylase 1290 429 %99% le-28

>emb|CAC85663.1| cytochrome P450 [Sus scrofa]

cytochrome P450 4F45 [Macaca fascicularis] 128 128  99% 2e-28

cytochrome P450 family 4 subfamily A [Bos taurus] 128 128  99% 2e-28

taurochenodeoxycholic acid 6 alpha-hydroxylase [Sus scrofa] 128 128  99% 2e-28

taurochenodeoxycholic 6 alpha-hydroxylase [Sus scrofa]

>sp|QIGIXS.1|CP4AL_PIG RecName: Full=Taurochenodeoxycholic

6 alpha-hydroxylase; AltName: Full=Cytochrome P450 4A21; 128 128 99% 2e-28

AltName: Full=CYPIVA21 >emb|CAC19358.1| cytochrome P450
[Sus scrofa]

Max
ident

100%
61%
55%
55%
52%
50%

50%

50%

51%

50%
50%

49%

51%

51%

47%

47%
47%

47%

47%

47%

48%

48%

49%

48%
49%
47%

47%
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