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SUMMARY

[. Title

Evaluation of the developmental toxicity in fish using the Next Generation
Sequencing (NGS)

II. Necessities and objectives of the Study

Immediately after the Hebei Spirit oil spill (HSOS), fish aquaculture facilities were
directly affected by the crude oil. Hatching success rate in marine species declined
to lower than 50% in local field for seeding immediately nearby since the spillage
that there was continuing controversy about the impacts of residual oil. The survey
of juvenile fish population following the HSOS revealed that some resident fish
including the greenling was shown low abundance rate of species for four years.
The decrease was due to specific timing in some species which was overlapped
with hatching or embryonic periods and crude oil persistence. These prompted the
laboratory studies on the effects of spilled crude oil on fish development.
Furthermore, there is no systematic comparative toxicity study wunder the

environmentally relevant exposure system in marine embryonic fish.

[TII. Contents and Scopes of the study

(O Comparative study of primary toxicity on marine embryonic fish exposed to
crude and weathered Iranian Heavy Crude Oil using Next Generation Sequencing
(NGS)

(O Comparative transcriptom study of the developmental toxicity from four different

geological distinct crude oils under the continuous flow system
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IV. Results

Several complex defects, including the edema, tail fin defecting, spinal
curvature and developmental delay were observed in embryos exposed both
of FIHCO and EIHCO gravel effluent. In the study, we utilized the
high—throughput RNA—seq to characterize the developmental defect from
embryos exposed to crude IHCO and weathered IHCO. Total 171.8 million
100 bp were generated on an HiSeq 2500 instrument. About 167,000 of
unigenes were generated in this work. In order to further evaluate the
quality of assembled gene, 167,046 unigenes were identified on hits to the
zebrafish data base with the more stringent criteria of blast score less 100.
Most—notably, genes involved the in biotransformation system was up
—regulated in embryos exposed to crude and weathered IHCO. However
genes involved the translation, wound healing, transmembrane receptor
protein tyrosine kinase signaling pathway, fibroblast growth factor receptor
signaling pathway response to wounding were significantly down—regulated
in embryos exposed to IHCO. In order to validate the differently expressed
gene identified by RNA—seq, we selected 16 genes for Q—PCR confirmation.
We also have compared the developmental toxicity exposed to four different
geological distinct crude oils under the continuous flow system. Embryos
exposed to Basrah light(Iraq), Sakhalin(Russia) and S—oil MFO380 were
significantly down—regulated the genes involved the immunity and heart tube
development. Frequency percentage of pericardium edema, tail fin defect
was the highest in embryo exposed to S—oil MFO380. But the frequency of
developmental malformation was lower in embryo exposed to Basrah light in
the study.

V. Keywords

Next Generation Sequencing (NGS), Fish, embryo, pollution, toxicity
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AL AT AFFAH F HA9 FAHE AFE olsFEFAA FYsiAT dA
(Paralichthys olivaceus)®| &2 @O, AFse violaz dH d4E FFsM oF
A ololFdw S Ao £ 14TE Foll A3 FATL Jhepeke AM

< AAstL 25 W e FASTS drAst

Graveled oil effluent =%: 7|1 %% A2 3 kgol IHCO° e} IHCO 338+ 6 g =
Incardonas(2008)8] WHOo = 7|5& IVAIAT FHE AL F=s|dAedrisd i
dell AXE flow-through system= °©]-83t 16417t %?l FTAIZl & o]/ o} ‘:_%’éﬂoﬂ
Abg3ETh AP FE thEF(CF), IHC Y9R(FF), IHC ¥F3-/H(WFHE YFAth2d 1).
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o] N EE AAksgth
t}. NGS Hlo|E A4k

NGS ©jo]El gk RNA A E A4+ PE100 (paired-end 100bp) gholB.2 2] #12 &  Illumina
HiSeq 2500 Plantform & ©]-83}% Sequencinge st 2w, Zt AET 60.7M~62.8M 7H9] &
E(read)7} At At Aabd /‘1% % low quality data & A7 skl F2 Fo oy FF2
15.7Gbp (giga base pair), SPe] F&-2 15.7Gbp & ©|& FAlo] FTEI AE AHE LA

Unigene assembly: "4t 8 Aol 2t Foll sld3dt= Unigene AE<s &7 A8 A Trinity &
o]-&3t Assembly ¢ TGICLZ ©]8&3+ Clustering = X33t th Assembly 2 F& 166,942
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78 €] Unigene A€ol dojxon, do]o] Fd2 171.7Mbp (mega basepair), 8+ 1,0290p 7}
Ao SP MEL 167,04970¢] Unigene ©] dojxlorm, Hdole ZFF2 171,8Mbp (meag
basepair), B+ 1,029bp ZHolE 7FAIL ATt Annotation: 7 E° Unigene © tHE Function
prediction(”7]s <5)& A BlastxE ©]&3% Annotation & FdH3AT. Annotation
blastx & ©]-&3}l Zebrafish Gene DB, SwissProt DB, NCBI NR DB <4& homology
search & F33H 01, cutoff & e-value 1-¢° & 7]FC 2 At FF =5F o 57% HE
Unigene ©] Annotation =Tt Expression & DEG analysis: 2t Unigene® W3 AR &=
RSEM & o]&3le] ZA=Ao™, DEG #£412 R-TCC package & °©]&3t9 F3=ATh GO
enrichment: 7} Unigene ] GO X+ Function annotation A& ©]&3lo A8ttt o]
% Enrichment #4]-2 Fisher-exect test & ©]-83t 4313 21, in-house program = °©]-&
3l 3L, cutoff & pvalue 0.001 & ©]-&3FAth Pathway enrichment : Pathway enrichment &

David € ©]-&3} 8= A

Z}. PAHs 5% 4]

7171842 o8 S 935 AaA 9 GC-MS (Hewlett Packard 5890 gas chromatograph/
5972 mass selective detector)E AF&-3lA 3L, T4 A E}i}—?iﬁlgg GC-FID (Agilent 7890A

gas chromatograph/ flame ionization detector)E AH&3te] A=ZF-AAH EAAT. 4
O3S Baleis 2 U4ETOE BXE 1289 Uzl 278 «l ﬂﬂi [a,h]FE A7}
A EA43H. ¥ PAHs= EPA (1987)04 A#dZE=EE Asta A 1652 7IEo=
ALretRar, i stgES B dToA E43 PAHs= ¥ ZTh Naphthalene (NO),
Cl1-Naphthalene (N1), C2-Naphthalene (N2), C3-Naphthalene (N3), C4-Naphthalene (N4),
Acenaphthylene (AY), Acenaphthene (AE), Fluorene (F0), Cl-Fluorene (F1), C2-Fluorene (F2),
C3-Fluorene (F3), Dibenzothiophene (DO0), C1-Dibenzothiophene (D1), C2-Dibenzothiophene
(D2), C3-Dibenzothiophene (D3), Phenanthrene (P0), Cl-Phenanthrene (C1), C2-Phenanthrene
(C2), C3-Phenanthrene (C3), C4-Phenanthrene (C4), Anthracene (ANT), Fluoranthene (FLO),
Pyrene (PYO0), Benz[a]anthracene (BAA), Chrysene (C0), C1-Chrysene (C1l), C2-Chrysene (C2),
C3-Chrysene (C3), Benzo[b]fluoranthene (BBF), Benzo[k]fluoranthene (BKF), Benzo[a]pyrene
(BAP), Perylene (PER), In.d.eno[1,2,3-cd]pyrene (IDY), Dibenzo[ah]anthracene (DBA),
Benzo[ghi]perylene (BPY).
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Transcriptom 42 De novo assembly® T3} T RNA Al59 integrityw= 7°]3t=
Ao A3 FFE& BT 28s/18s ratiow 1.0°18tAth 1”29 o] A5 sequence
quality= AFstA 3, A E4H FHA G5l HFFENA BRE YElRT 947 =
=9 gGA wjopel TRl =Ed GAMiore] S/ A4E TEE fAAe] Ades 19 3
I 2T ART ol A B A T Hlaste] i =& 9709 FAA
7b S7F, 448709 FRAAVE AN FhE ol =EE AR 5 108717F St 41970
7F ZAaEe 5 UEEe] AsE fiAE dad AHE BT

QC = TN1401R0095 (S0001) :: Samples
Has homologous No homologous.

. 95421 (57.2%) 71521 (42.8%)
Base Sequence Quality

e |

[l Bacteria (878)

[ Invertebrates (392)

I Mammals (646)
Phages (8)

[ Plants (2603)

[ Primates (742)
Rodents (1283)

[ synthetic (23)
Unassigned (0)

[l Viruses (31)

[ Vertebrates (88774)
Environmental samples (41)

a9 2. NGSEA 9] QA/QC ZAx

Cutoff : p-value < 0.05

] |

400+ Down [

Genes

a9 3. WEFCHS Haste] A%SHEFR) FAFWRol w%
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CYPAI 2} Ahrr 5©]013L, xenobiotic stimulus ®WH&-3} transcriptiond] ##E 3 7|59
b BT AARE Ao =4 pathway+ tryptophan tARHE {22 FFo] A

(L™ 5). ¥FFF) == gXujotol A FolsiAl wdo] FHa4¥ FHA= Aplipoprotein,
MAPTAS 2 E2 YES I, translation®¥ GoE 7H #AAES] 75l HadHe 235 A
oH1E 6).

FIFWEF)ell =28 dAjotol A A5 (S7F B 2Ha) &
a9 73 2ol yEwn. oA St #AA 552
HAT Z7Hs A E disa24dd CYPAS Ahrr &
DNA-dependent =& #43 7159 FAAT}E 25 AT AAE HATHH 8).
=79} Hlw sl oiled gravel effluent (OGE)®] PAHs &%+ FodHAl 3t =&43
A&EH 02 MEF 4E EelFe YHS o8t ern= HAZ < PAHs o =7} 484
Aas ot ARE B ik FIRE AT 49T BT =ESAZe] FHstHA
alkylated PAHs®| %%7} 16PAHs Xt =A %33, Iranian <

dibenzothiophene groups®] Hl&°] ZUTHE 1).

AFWE) el =% dAHjotoll A FostAl wao] HaH A= Aplipoproteins©] WEF
a1, fibroblast growth factor receptor signaling pathway, wound healing, response to
wounding & YA AWHAA 2" #HZ 75 FAAE FAEH AHE BRAHE 9).

©]%1al, regulation of transcription,

B A%E B Gxuols ARnEE Astel 1BFY S AwA g FAAT F3
Zaso] MAel GAFE Aow Uugon B3 Ag@ABARAA B A7 2§ B
3 W fAAsel fola] WEE AnE HTh AF B o} ZshE YHWEl w2
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ar
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AL935186.6
BX296557.7
CYYR1

EVALC (2 of 9)
HAUS2
ILI7RD (2 of 2)
ahrrb

atadlb

cfd

cthl

cyb5a

cypla

cyplbl
cyplcl

her7

hsp90aal.2

igfbp5b
mcat
mt-atp8
mt-nd1l
mt-nd2
nanog
nhp2llb
nkx2.7
nopl0
prmté
rpl28
rplp2!
si:ch211-66i15.5
slc25a15b

tnni2b.1
ugtla7
wu:fellb02
2gc:158463

1 4. Aol 4847

Uncharacterized protein

Uncharacterized protein

cysteine/tyrosine-rich 1

eva-1 homolog C (C. elegans)

HAUS augmin-like complex, subunit 2

interleukin 17 receptor D

aryl-hydrocarbon receptor repressor b

ATPase family, AAA domain containing 1b
complement factor D (adipsin)

cthl

cytochrome b5 type A (microsomal)

cytochrome P450, family 1, subfamily A

cytochrome P450, family 1, subfamily B, polypeptide 1
cytochrome P450, family 1, subfamily C, polypeptide 1
hairy and enhancer of split related-7

heat shock protein 90, alpha (cytosolic), class A member 1, tand
em duplicate 2

insulin-like growth factor binding protein 5b

malonyl CoA:ACP acyltransferase (mitochondrial)

ATP synthase 8, mitochondrial

NADH dehydrogenase 1, mitochondrial

NADH dehydrogenase 2, mitochondrial

nanog homeobox

NHP2 non-histone chromosome protein 2-like 1b (S. cerevisiae)
NK2 transcription factor related 7

NOP10 ribonucleoprotein homolog (yeast)

protein arginine methyltransferase 6

ribosomal protein L28

ribosomal protein, large P2, like

si:ch211-66i15.5

solute carrier family 25 (mitochondrial carrier; ornithine transpor

ter) member 15b

troponin, skeletal, fast 2b, tandem duplicate 1

UDP glucuronosyltransferase 1 family, polypeptide A7
wu:fellb02

zgc:158463
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BX296557.7
2gc:158463
AL935186.6
cypla
cypict
cypib1
hsp90aa1.2
IL17RD (2 0f 2
cyb5a
slc25a15b
atad1b
 rplp2l

pi28

cth1

EVA1C (20f9)
tnni2b.1
CYYR1

cfd
si:ch211-66i15
nanog

mt-nd1
mt-atp8

prmt6

mt-nd2
HAUS2

nhp2l1b
mcat

wu:fe11b02
ugtia7
igfop5b
ahrrb
I her7

'
2]
w

cF
FF
csp

O

FAA B2 BHARY



Up (Top 5) Cutoff : p-value < 0.05

Name ————Tlog2d) Pl |

cypla 4.4 0.000
ahrrb 6.0 0.000
cyplel 42 0.000
si:dkey-34d22.1 4.5 0.000
cyplbl 3.9 0.000

Go enrichment

T

GO:0006350 Transcription 0.018
GO:0009410 Response to xenobiotic stimulus  0.042

8 5. HEFCHeE Hlalste] AFERel =Fd J Aot A
ol T2k A 49 578 553 Gene Ontology

Down (Top 5)

Name | logalfo

Apocl(aplipoprotein C1- -2.97 0.000
like)
si:dkeyp-75b4.10 -2.53 0.000
MAPTA -10.1 0.000
s100v1 -2.77 0.000
atp5e -2.26 0.000
GO
| Neme | Dec | Pl
G0O:0006412 translation 1.22E-40
GO0:0006414 translational elongation  446£-05

a9 6. E=T(CHS vaste] G/ (FF)ol =¥ g ujold
A oAl Aad A 49 57] 552 Gene Ontology
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CABZ01041200.1 Uncharacterized protein

EMG1
EVALC (2 of 9)
KLF16
ahnak
ahrrb
apobb
atadlb
capnla
cnpyl
csk
cypla
cyplbl
cyplcl
dpm3
fabplb.2
foxqla
gmebl
gsttla
hapinla

hsp90aal.2

igfbpSh
Idhba
lum
mcat
mrps28
nanog
nkx2.7
ppl
sich211-66i15.5
sidkey-34d22.1
ugtla7

a7 7. Aol 48417 m=EE | AlEjoRe] A}

EMGI N1-specific pseudouridine methyltransferase
eva-1 homolog C (C. elegans)

Kruppel-like factor 16

AHNAK nucleoprotein

aryl-hydrocarbon receptor repressor b

apolipoprotein Bb

ATPase family, AAA domain containing 1b

calpain 1, (mu/l) large subunit a

canopyl

c-src tyrosine kinase

cytochrome P450, family 1, subfamily A

cytochrome PA450, family 1, subfamily B, polypeptide 1
cytochrome P450, family 1, subfamily C, polypeptide 1
dolichyl-phosphate mannosyltransferase polypeptide 3
fatty acid binding protein 1b, tandem duplicate 2
forkhead box Qla

glucocorticoid modulatory element binding protein 1
glutathione S-transferase theta la

hyaluronan and proteoglycan link protein la

heat shock protein 90, alpha (cytosolic), class A member
1, tandem duplicate 2

insulin-like growth factor binding protein 5b

lactate dehydrogenase Ba

lumican

malonyl CoA:ACP acyltransferase (mitochondrial)
mitochondrial ribosomal protein S28

nanog homeobox

NK2 transcription factor related 7

periplakin

si:ch211-66i15.5

sidkey-34d22.1

UDP glucuronosyltransferase 1 family, polypeptide A7

CcUucccc U UcCUUUoOo
Geunty,

o

Color Koy

495 0 05 1
Row Z-Score

WF

WSP

fabp1b.2
EVAIC (20f9
lum

ahnak

apobb

atad1b

cypla

igfbp5b
hsp90aal.2
cyp1bt
cyptct
ugtia7

csk

ahrrb

gmeb1

foxqla
si:dkey-34d22.
gsttla

Idhba

cnpy1

capnia
dpm3

mcat

KLF16
mrps28
nkx2.7

EMG1

ppl

hapinta
CABZ0104120|
si:ch211-66i15|
nanog

CCOUOUuUUuUgguoccc

_14_



Up (Top 5)

| Name | log2(fo

cypla 4.82 0.000
cyplcl 4.25 0.000
ugtla7 3.92 0.000
si:dkey-34d22.1 448 0.000
ahrrb 5.23 0.000

Go enrichment

[ Name | e | Pl

GO:0006355

GO0:0051252

regulation of transcription, DNA-dependent 0.0541

regulation of RNA metabolic process 0.0569

a9 8. R2FH(CHE vluste] F3(WEol w=Ed || )
ololl A Fo&A F7tE FHAA A9 57 E5F3 Gene

Ontology

Down (Top 5)

[Name | log2(f9 Pval |

BX296557.7 -4.47 0.000
AL935186.6 -4.29 0.000
zgc:158463 -4.22 0.000
Apocl(aplipoprotein C1-like) -4.45 0.000
si:dkeyp-75b4.10 -3.72 0.000

GO

| Name | Desc | Pval]
GO:0006412 translation 0.0034
G0:0042060 wound healing 0.0306
GO:0030168 platelet activation 0.0339

G0:0007169

G0:0008543
G0:0009611

transmembrane receptor protein tyrosine kinase signaling

pathway 0.0367
fibroblast growth factor receptor signaling pathway 0.0394
response to wounding 0.0474

a3 9. gE&2FH(CH9 Haslte] F3F(WE)oll =E% g u]o}k
ol Al FoetAl FaE FHA A9 570 553} Gene Ontology
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DEFFECTS

g

>

§ B CON
E HFIHCO
o

g BEHCO

Edema Fin defect Developmentdelay Mortality

Developmental defect

2% 10, & TFHCH9} vaste] 9
9 Aot Fele B

(FIHCO), &3+ (EIHCO) =

Ho

X 1. gxwjo}E ==A71 gravel effluento] 4] PAHs(ng/L) &%. Control; embryonic
fish exposed to un-oiled gravel effluent, FIHCO; embryonic fish exposed to fresh
IHCO gravel effluent, EIHCO; embryonic fish exposed to evaporated IHCO gravel

effluent.
Exposure hours Oh 48h
Control FIHCO WIHCO Control FIHCO WIHCO
Coated oil type Oiled gravel Oiled gravel Oiled gravel Oiled gravel ~ Oiled gravel Oiled gravel
effluent effluent effluent effluent effluent effluent
¥ 16 PAHs (ng/L) 114 716 651 80 182 250
T Alkyl PAHs (ng/L) 146 10582 9381 111 3892 5775
¥ PAHs (ng/L) 263 12054 10755 193 4339 6416
T Naph (ng/L) 88 147 63 63 41 23
X Flu (ng/L) 8 216 233 7 34 60
2 DBT (ng/L) 3 755 723 2 265 391
T Phen (ng/L) 9 304 304 5 92 146
Z Chr (ng/L) 1 4 4 nd 3 3
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© i & 4

S ‘IQF
2 A=A S AFS] 218te] Basrah hght(Iraq), Pyreness(Austraha), Sakhalin(Russia),
1 = 4h, 8h, 12h, 24h 48h A7+ ¥ FE71E B /A4 T W

P
Q
<
=
@)
xR
]
i
= 1
o
N
Jo
=
b
it
S

Graveled oil effluent =%: 7§%3 AZ 3 kgoll Basrah light(Iraq), Pyreness(Australia),
Sakhalin(Russia), S-oil MFO380 (FWAAf) ¥ 3 g & A3 ¥ Incardona 5(2008)]
Hog 7|ES FZEAAY. =HFH ]—Z:_]'o i) (e e e x4
flow-through system= ©]-83t 16417t &<F ARl & of 7 Hijo} _1_% Poll A&t

Q97 W2 o 10008 SAYe Al AN AN B EAFE LA 48
AT F SRR BHL gate] dAdsd FE5UF A

t}. Real-time PCR &4

Embryo+= tubeoll 500 02 isogen= 2il w3t § chloroform (SIGMA, USA) 100 & #
7vete] Aol 1087 WA T ¥EEo] Uil 4 T, 14000 rpmoll Al 2083 A& 3
2 A5 100 WE MEL B-tubeE &7 52 Isopropanol (SIGMA, USA)S 293 &%
st ThAl 4 C, 14000 rpmeoll A 2083 AR st A AASIAT. JAd= 75 %
DEPC ethanol< 500 pt37Fste] A& S 8llal A5dS AAst AA=S F=A 1083
A zA17 DEPC DWE & ¥ total RNAE FE33th

Y29 779 w=9 ok e wde AHFSH7] $8F] Quantitative real time PCR-S
TPt A h EEl T total RNAE Takara first strand ¢cDNA synthesis kit (TaKaRa, Japan)<
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¥ 2. Realtime PCR F4d# ME3 =7

o] 83t cDNAZE A3t cDNA template 2 ul9} ZH7+e] forward primer, reverse primer
7z 1 ul, SYBR premix Ex Taq I (TaKaRa, Japan) 125 @, D.W 85 u# total volume 25
RPN FA 246l g R WEsksith

primer name contains sequence PCR conditions
AHI1 Primerl GGAGGAGCTTGACCTTAGATTC 30" at 95°C,30"at 60 °C, 1' at 72 °C
primer2 GCTCTGTAGTCATAGAGCGACAC
AHR2 Primerl GAAAGTAGAGGCCAAGCAGTCT 30" at 95°C, 30" at 60 °C, I' at 72 °C
primer2 GAGAGAAGGTACGATCAGGACTC
AHRRbD Prfj11er1 CTATGGTAACGGGATGTACGAC 30"at 95 °C, 30" at 60 °C, 1' at 72 °C
primer2 GAGAGTCTCTGAGGACTAAACTGG
APOCIL PrAil"nerl ATACACAGAGGCTCAGGATGC 30"at 95 °C, 30" at 60 °C, 1' at 72 °C
primer2 GGCTGATTTCCTCTATCTTGGC
C1QTNF9 Pr}merl GAGGAGATAAGGGTGATAAGGG 30" at 95 °C, 30" at 60 °C, I' at 72 °C
primer2 GTGGTAGGTGAAATAGTAGGCCC
CYP1A Pr}mcrl GACTTCATCCCTATCCTCCAGT 30" at 95°C,30"at 60°C, 1'at 72 °C
primer2 CCTCTCCTGTATCTCTGGGTAAG
CYP1B1 Pr@crl GTGACTCTGCTCTTCTCCCTC 30" at 95°C,30"at 62°C, I'at 72 °C
primer2 GTACTGGAAAGAGGTGAAGTCG
CYPICI Primer1 CAAGTTTGGAGAGACAGTAGGG 30" at 95 °C, 30" at 60 °C, 1' at 72 °C
primer2 GCAGTCTGTCTTGGCCTACTAC
DEFBL1 Primerl GGTCTTGCCCCAGTCTAAGT 30" at 95°C,30"at 60 °C, 1' at 72 °C
primer2 CACGCAACACAAAAAGCC
FGF7 Primer1 GAACTACGACTACATGGAGGGAG 30" at 95°C,30"at 60 °C, 1' at 72 °C
primer2 GTCCACTTTGCAGAGGAGTAAG
JTB Pr-lmerl GTCTCGTTTCCCTGAGAGTGT 30" at 95°C,30"at 60 °C, 1' at 72 °C
primer2 ATCGACAGCTCTTGTACTCGTC
LOC Pr-lmer] GGCACCCAAACTGAAACAC 30" at 95°C,30"at 60 °C, 1' at 72 °C
primer2 TCAGCACTTTCTTGGAGACC
MAPTA Primer1 CTGGACTTCAGTCGTGTTCAGT 30" at 95°C,30"at 60 °C, 1' at 72 °C
primer2 GGGCCTTATCCTTAAAGTCCAG
ORG Pr}merl GTCTCTCCTACTAAACCCTGTGG 30" at 95°C, 30" at 60 °C, I' at 72 °C
primer2 CTGTATTGTTGTGCGAGCAG
OXRIA Pr}merl GAGGTAGTGTCACTGACGGAGTA 30" at 95 °C, 30" at 60 °C, 1' at 72 °C
primer2 CTTCTCTATCTGGTTGGCCTC
RBI1 Pr}mcrl AGGAGTGATCTCCTCTCTACTGG 30" at 95 °C, 30" at 60 °C, 1' at 72 °C
primer2 TAATACAGTCGTACTCCGAGGG
UGT1A7 Pr@crl CTCTAATGAGTCGAGTGAAGGG 30" at 95 °C, 30" at 60 °C, 1' at 72 °C
primer2 CATGAGTAGGACTCCACAACAG
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2. 243 4 3F

T 48A1ZF & gA] wiobe] el AdE  AAE JYge =W NEs 19
1137 Zo] Uetutth E¢HiZ fr(Iranian Heacy crude oil)9} ®lugt A3 S-oil
MFO380 (WA A )2 Australiatt Pyreness7} ARF-F WIE7F E3kal, w8 AL
Hu 719 TR == MFO380 (W78 A#)2t Russiatt Sakharindl =¥ Hjofol A
= e T Iraqat Basrah lighto] a2l AAR-F, 3=, YA, AR =
gHr] 79SS FE71E BARETE @A UEieo 2 2ds S8 o F Wil TASEA

&l BolHel whgo] ofd AR Af 24 D AR W So|AY AL Hol
3 glon webd v FEE A4 AWAEE FEpiy /1@ NP I
2742 B89 & ok

Edemadefect Fin defect
9720 9571 e
10000 +~ 10000
8387 B
8000 1 g o0 6375
g P < P -
Z 6000 2 6000 1
g
] [ [ E—— 4 S— & .
: , CR
H 4000 1
2 4000 g
2000 V 2000 77
0.00
| ——
000 + 0.00 T ' . . . .
CON Iranian  Basrah Light Pyreness  Sakharin  S-oil MFO CON ':""" B:,s:“h Pyreness  Sakharin s'°:;’gF°
Heavy 380 eavy ight
Dorsal curve Development delay
10000 |~ 10000 +
80.00 — 8000 +
g ) g P
g P > ;
T 6000 | S 6000
] 40.94 g
B S .
H 4000 +
2 4000 H ) )
2000
20.00 7.20 7.20 7.70 8.50 7.50
7.01 1.00. . . .
- e AP W
0.00 ! R e ! T ! CON Iranian  Basrah Light Pyreness  Sakharin  S-oil MFO
CcoN Iranian  Basrah Light Pyreness  Sakharin  S-oil MFO Heavy 380
Heavy 380

a7 11 HE(CON)¢t Hlasto] 4 A mEd gaujore] 7Y

A
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o] F Hjo} WA AF/H gt FHAS THES AHIFsl = F 484 T U4HA]
EAYSFS vHlw EA3 A3 2 129 YEFH AT} Biotransformation©l] &3
AR CYPIARAA= 8AIZE o3 BE ETFoA UAZ 3o 71 HYS

5 U AA49 Soil MFO3800] %8 wjolel s AATe] wat %A =716
1

AhR FRAe] BHE dF =& 443 ARAAFTE FosiA Srtetes A<
RAe7E 2710 sty 2 kETolA tHxzTe fARE FESR Ho &3
N A3E 2o

2 AT NGSEAS T3l 79T 5oz Asddd FAAE A¥sto] st
o BlEHTHZ® 13). Basrah light(Iraq), Sakhalin(Russia), S-oil MFO380(= 14 A
i) o =9 GAMols By #d fRAE2 T AaFHAUL 143

Al #E FAAR NKX2.7% microtuble#d f4A= RE A
=]

= of A
12 E 9 eS Australia 4

AFE BYN, 9 =F 48AZ o) F(Fgs A)
AFE AT Iraq, Russiatt =W BAFAA FARE 2345 Bt

300
520 |

S00

0 |

10 |

| ﬂ
m_ v B C ou v B

o 3 tap

a9 12, YAAE Afoll == gdxuole] CYP1ASF AhR & ¥ 3}



Basrah light (Iraq) Pyreness (Australia)

25
44
20
31 8
7
2
6
1 51
4
0 3
1 2
z )
= [
s 24
,13 - [
S 12
(=% ) =
3 @ o o o
aQ % o rale) E 2 3 @ 2
= Z (e} ) ) a Z o 2 Q )
= % G Z, =) Z 2 o [=) ) z ©°
g %% 259%% % 2 5% g "B 229 %3z %% c 2%
Sakhalin Vytyaz (Russia) S-0il (MF0-380)
44 Biotransformatiom 44 9
42 42 A
40j/ = Oxidation resistance 0 l
147 Apolipoprotein inhibitor 38
12 4 Cell migration 184
10 4 Immune (cancer marker) 16
Microtubule formation 41
81 12 4
s 4 Cardiac formation 10 4
4 Oogenesis/developmental, 8+
6
2 44
£, 2]
5 o
= & 0
T4 5 4-
& z 5 %
- S —
(= =) — - (=N Q,
@] % o % 9 ® 2 = % q 3 ® 2
= 5% 40 ac Qe ®TY zlz © 49 a 9 » BT zlzl ©
g 'R 2%29%3% 2% 2 %% a ®% 229 %23% 3% 5%

¥ 13, 98 2EHE dX ol wAFAH {2 A @HEWS}, aryl hydrocarbon
receptor 2 (AHR2), aryl-hydrocarbon receptor repressor b (AHRRB), cytochrome
P450, family 1, subfamily A (CYP1A), cytochrome P450, family 1, subfamily B,
polypeptide 1 (CYP1B1), cytochrome P450, family 1, subfamily C, polypeptide 1
(CYP1C1), UDP glucuronosyltransferase 1 family, polypeptide A7 (UGT1A7),
oxidation resistance la (OXR1A), apolipoprotein C-I-like (APOCL1), fibroblast
growth factor 7 (FGF7), centromere protein W-like (CPWL), Defensin, beta-like 1
(DEFBL1), jumping translocation breakpoint (JTB), Retinoblastoma (RB), Clg and
tumor necrosis factor related protein 9 (C1QTNF9), microtubule—associated
protein tau a (MATPA), NK2 transcription factor related 7 (NKX2.7),
oogenesis-related gene (ORG)
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