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Ak Aol gat vixjetel

Using biomarker genes for the health levels of the Tidal flat and
Manila clam, Ruditapes Philippinarum in the West coast of Korea

Yoon Seok Choi and Maeng Jin Kim
East Sea Fisheries Research Institute, NIFS, Gangneung, 25435, Korea

ABSTRACT

For the health levels of the tidal flat and manila clam, (Ruditapes Philippinarum) in the west coast of Korea, the
habitat characteristics of tidal flat and the biomarker genes of manila clams were investigated. Surface sediments
and manila clams were collected from eight site of west coast of Korea, they were examined the geochemical
characteristics and manila clams were analyzed the Poly Aromatic Hydrocarbons (PAHs) and heavy metals and
the total RNA of these meat part with RT-gPCR method. Total RNA such as heat shock protein 70 (Hsp70), heat
shock protein 90 (Hsp90), glutathione S-transferases (GST) and thioredoxin (TRX) was extracted from the meat
part of the collected clams. Expression of the genes was analyzed by PCR method and the expression of
biomarker genes were changed in the eight sites analysis areas. These results indicate that biomarker genes can
be used to assess the condition of the environment. That is related to stress, immune and antioxidant related
genes. Results showed that the expression of biomarker genes were changed in the eight sites and were relevant
with the heavy metals and PAHs concentration of sediments, respectively. We suggested that biomarker genes
were impressed an important role for the health level assessment of tidal flats.
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N E AT Bk o ST Asted BAe €4g

o AsePH E43 A=, 1T HAE 2 wpe) F34

Aol oFBAL 2F 098U AYCR Waleka Yo I CEMITUNRSL (PAHs) o ES SHole] 29ES
o Al S AAASH B4 L AU WA wAst  m kT E8 A ES% (biomarker gene) EANY
71 Sk ANSHE hRS ALY st 3 4BY 2 Wikt 02 $729 B3 502 dstel HiF AR Al 4
WS Qb EoPRe) YT WS Sstel ABA B AEe)sol it slAToI AL AHASe) BHL

2 A AYeiA 24 RUERe] ZARPEQ EAPEESHA Hy
< Y51t (Choi et al., 2018; Choi and Kim, 2023). P20 MARAELAAL QBT Wzt wal NE
£ Hoolye A I3 ASHA (heat shock protein,
Hsp), AFFAEZA (oxidative stress) ¥ W (immune)
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of ¥dH FHA= 4= et (Choi et al, 2018).
BAAE A2 FollM Hsp (BF4 @) & o] &gt
QAL Eo] Pt AR 2 Aa AlFE, FEFE Y UE
H[AGoER (endocrine disrupting chemicals, EDCS)
S QR aQlo weh gHiEe] WA 9 AlEZE o
= Zo] B1xlo] 9ot (Rhee et al, 2009; Colinet et al,
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2010; Xu and Qin, 2012; You et al, 2013).

Jgn mE AEAS FaAFd =FEo 9= GST
(glutathione S-transferase) £+ 2FEthAbEAA phase IR
7] ASIAERA 2719] Hlo|| w2t Hio] QupA 2 ARSEH
otk (Liu et al, 2015). st QR E3HHE (xenobiotics),
54 9 H¥A (pathogen) 5ol o) AFH AHetAED
2 (oxidative stress) o] 4ol 2kg3lo] AAUje] wHgAo]
e AR Foflskes 7|&oll Tofdith (Smith et al, 2004;
Hayes et al., 2005; Han et al, 2013; Eroglu et al., 2015).
$HH TRX (thioredoxin) 2 AJEA9] &4 F52H83
58, 8 FA B F3A Bdof Hojshe gz A
/44t 4% (reactive oxygen species, ROS) o &/dx4
422 283 (Liyanage ef al., 2018), 3%z4, AARl
b ead W3 f 2dZd AAE o (Umasythan et al,
2012).

B A3E= YAAEFAAZ heat shock protein 70
(hsp70), heat shock protein 90 (hsp90), glutathione
S-transferase (GST) ¥ thioredoxin (TRX) & AF835t3aL,
house keeping %7} B-actin 5& o|-&3to] BH 3}t
S WA (R, philippinarum) ©) A W AEA £3
(stress level) & &5, B EHE 9 v 334
I} PAHs E23ZE ZARSto] WdolRtel E|HE1} AAlst
€ HA ol tigt A3 =5 H7kskgloh

N ol i rfr

Mz o Wl

L A& A AY

20223 3ol Msiig ol 87 A 23l 3ol
A vkl Bl E-E ARE AFsHed (St 1. Pado-ri,
St. 2. Sinsido, St. 3 Hajeon, St. 4. Baekmi-ri, St. 5.
Joongwang-ri, St. 6. Jugyo, St. 7. Wonchong, St. 8.
Hwangdo) Aolge] w=2AZt 52 ddsto] AR L
2 MAsid (Fig. 1).

2. |3 E R uix| e A
1) 2% ENE
@ BS EAE 2353 2FE
Hi21g A Az1e] 23 EAES AAst At
(COD), ZE74= (IL), A3/ gAtstE (AVS) < 3f
AN&E71E (Feats, 2020)
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Fig. 1. Amap of survey area in the west coast of Korea.

+ (Folk, 1968: McBride, 1971) ¥ & 257353t}

@ BZ ENEI uAj2le] £34 HRY 24
HlRlet AARe) B2 EH 2T vxE AR
Fojdal ol ABE §7 T 34 WS
o
=

(inductively coupled plasma mass; ICP-MS, Model:
Flan 9000, Perkin Elmer Co.) 2 A3ttt

® EZE[HE1 HIA22| PAHs =4

ke &84 Poly  Aromatic  Hydrocarbons
(PAHs) S 245t7] 93l HAE AlEs EF 1-10 cmellA A
FHatlom, viAlg Alge 2ziste] APAHA st 20°C o]
5te] Y= Hakslict. e} vpAlel] ehREof Sl
PAHs9| =5 &<lst7] 95l vl= EPAS] 94 wejdid 2
229 1629 PAHs (Acenaphthene, Acenaphthylene,
Anthracene, Benz[a]anthracene, Benzo[b]fluoranthene,
Benzo[K]fluoranthene, Benzo[ghi]perylene, Benzo(a)pyrene,
Chrysene, Dibenz[a hJanthracene, Fluoranthene, Fluorene,
Indeno[1,2,3-cd]pyrene, Naphthalene, Phenanthrene,
Pyrene) 2| PAHsE £45}9ich.

+23He EAE 9 uAlE AEE oF 20 g0 SAAEE &
Fstod oF 50 g0 FAFAUEFS 450°CollM 247 &
Eoto] S AAST S48 255 fI5te] 200 mLY
tEzamgez 16/ 5 FE6Iqi 281 5=
WHEEZFEZ  (surrogate standards; Naphthalene-d8,
Acenaphthene-d10, Phenanthrene-d10, Chrysene-d12,
Perylene-d12) & %7}t 3482 Fsto] ALttt

EHE Alget uix|gt A8t Z|AHAZotETHE YRE
&7 (GC internal standard; Terphenyl-d14) & %7}t
1 GC-MS (Gas Chromatography - Mass Spectrometer)
g olgsle] A BAslsict
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2) HiX|2} AlZo| HH|X| &
@ HRAIZ Az Z*2| & Total RNA &

2022\ 3gof] Asiet ZiHoR 87) A (St. 1. Pado-ri,
St. 2. Sinsido, St. 3 Hajeon, St. 4. Baekmi-ri, St. 5.
Joongwang-ri, St. 6. Jugyo, St. 7. Wonchong, St. 8.
Hwangdo) oA HRAZF A RS ZHste] F459FsI3H

HRx|2 A|g9] XA 2 EEt (total RNA) 55 517] 9
sto] AT (BA) B 107HAE Argsiich. $2E9=
RNAiso Plus (TaKaRa Co. Shiga, ]apan) £ S
AT 1071AE AHste] 1719] dd+= st
g F 57le] APFE ARSI

HRA[E A|§0] 2452 HAFLo] Tof TS o] &
3 Eafstoict. 24" =2 RNAiso plus €9 (1
mL/100 mg) ¥} &35}t tubeol| Y A-20A 52
3t9ich o] &9of Chloroform 0.2 mLE #7Ist & A2
A 2@ st dAREE T A5HES 23S
isopropyl alcohol 1.0 mLE o] 1027k A2o|A =5
k. o] &S tpA] AAEE st Hals YA =, A5
HS AASIIL 75 % oehe 2 AH g T DEPC-DWo] 50
FEsk9lth

F23% total RNAE 23%&A4 (NanoVue, GE
Healthcare, Boston, MA, USA) £ o] &3lo] A4 2 HF
31131, RNA quality+= 260/280 ratio 1.8 o]42 &I+
om, QHARES (Reverse Transcription: RT) Z7HA] %
A2 P51 (-80°C) o Eostqict.

FHX 24

o2 7
%3, 7% A

@ HHUAHIS-UAIZEBEAAHS (RT-GPCR)

iScript ¢cDNA synthesis kit (Bio-Rad, Hercules, CA,
USA) & Ar8sto] cDNAZAS Yt XAl HhS (Reverse
Transcription, RT) & &5tk cDNAS &/dst7] 9lst
o] total RNA 1 pg, iScript 5X Master mix 4 pL, iScript
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reverse transcriptase 1 uL % DEPC-DWE o] ZZF wt
S&Y 20 pLE AT = o] &AS 42°CollA] 1A]7F BRZA|
2t

dg3 AANZFEREAAMRRS (@PCR) 2 iQ SYBR
Green Superm1x kit (Bio-Rad, Hercules, CA, USA) &
o] 85to] 48¥5}3it}t. cDNA 1 uL, primer 27+ 1 ulL, iQ
SYBR Green Supermix (2X) 10 uL. @ DEPC-DWEZ ¥
HE W& 20 pL HA %F ¥, realtime PCR
machine (CFX96, Bio-Rad, Hercules, CA, USA) & A&
stof ZEsjeict.

PCR &2 g fAa zgholme] d7|ME g
annealing temperature Table 13 Zom {72
< 9% v 22 95°ColA 5% 13, 95°CollA 30,
%2} annealing temperature©l] A 30%, 72°CollA 30
353] QHiESIlon, npAge 2 72°Col|A 1087t 18] gt
k. Melting curve?] £4L 0.5°C 7t7o 2 50°C°1|H—.—E1
95°C7HA Z&5AZT7E o1F 30°CollA 527+ fAlsH &
29l g} wrdake] Ao A0 Bl (comparative Ct
method) & ©]-&sto] fA7te] WHFS BA6IgIch WA=

FA2Q1 B-actin (ACTB) =
ArEsle] WSS 23t (normalization) sHGITh AAZE
FaAAMSS B G 5719 PSS vt o= 33 gt
A5t (Choi et al, 2018).

olN
_O,L m N

10 B

+ FAAE+E house keeping

d ofn

® EAEH 24
tzoll ot Adeate] f-94d HAL Student's t-test

2 glusiyon, fo3 zto] (p < 0.01) 2 3t
Za} 9 px

1. uxte) A E §HAE o) 83 8 A= vl W7}

Table 1. RT-qPCRE ¢I8t Z2l0|H H7|ME
Gene Primer Sequence Tm (°C)
F 5" TGGCAGCAAAGAAACATCTG
Hsp90 53
R 5-GGGATGTGTTG TTGGCTCTT
F 5" TGAAAGACAATAAACGTGCTG
Hsp70 60
R 5-AATTTCAATGCTGGCTTGTGT
GST F 5'-CTGTGGTTGACTTCCCAATGT 60
R 5'-CTGCGTAGCAATGTCTTTCTTG
TRX F 5'-GGACGTTGATGATGTTTCGGAGGT 58
R 5“TTTCCAGTTCATCAGCATCAGC
) F 5'-ATCCAGGCTGTCCTGTCACT
B-actin 53
R 5'-GAGGAAGTGCGTAACCTTCAT
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MHXIE SHXE

(g

W 87 Aol BB A5ty ST upxe] 2
& /%, PAHs skol| tidt AAZ-GAAESZaL ANt
S (RT-qPCR) ®AMWYHE o|8st Hsp-70, Hsp-90,
Glutathione S-transferase (GST) % Thioredoxin (TRX)
$A7 wale) AueAE EAegt,

247l BAAE FAZAELS S EA e BIP =T}
mhe ksl Uehts 4€ AT ds oz Ued 9
oh. ZAX|Y Aol BHAEHA 21 §9 W FH 5 o
38l ARe AT Ane SolHel AXKHAe] W
o] FHBAE siMstd, YA E ZJZP ‘:'a‘?i 24
3 9B, BASHS fUss 29l §Y A=
mpotet 4= glozjet Aztet (Choi et a]., 2018).

TESF Hsp70, Hsp90, GST ¥ TRX FAARES ZAAY
oA (Fig. 2-7) E A& 253 E4, 54 % PAHsY
ol et AAAE RS ABAE Tk 4
( Zhan et al, 2021 and Choi et al, 2023).

¥

1) B3 EIXZ0 x[sietH sAEY o ExH
@ Astetd SH4EH
87l Y] HF EHAES ZAPIHIAN EHES] #F 2
cm olUE AFHIIem, A= (Mz), IeHHiLe7HF
(COD), A& dsstE (AVS), % IL) FAZT
AAE7IE (2020, HFsAHRE) o wpet EA5HI
HpAh2 Hafje] Z7ttoA A4 B R0l EHE W3t
o] FFS @ol W= AEolH, EHE9] Yol et A4t

A X}-o] 01%]:—2 Hl-.‘:.]:]—

Aoy Bzt HAAe BAEAQ S A wF
AIZte] Wskrt w9 Mg Qo2 (Choi ef al, 2014 and
Choi et al, 2019), HIA|2e] E2x+= EHEY] Jezd 2
#7158 S 5ol w2t FHEY e as, 3549 dF
% pH AHE 5ol 92 Wtk Qdolgel Aopd B3
HAg 2N G429 §78 YAe (Hon BUY

797 (IL) £ St. 17} St. 7904 & Jehgon,
st itag s (COD) #e] ®Wsh A2 0.81-11.10
mg/g-dry wt. (B 3.14 mg/g) 22 Z/\}E]‘}i (Choi et
al, 2019) 53] ZAPYA St. 72904 11.10 mg/ge & 7}t
F =e 5= B (Fig. 2).

28] Yt 47182 vixlel Aol JFS FE Y
4ol 9910 A5 4 9o, 09T A71BU ol
FAA o) MolF 4 98 Ao AZEG (Kim et al,
2005)

LAFoAN HEA= F7tet aeh4
22717 (COD) 9J Ew7b Z7Ke st 13t St 7oA
Hsp70, Hsp90, GST ¥ TRX {4z &dS HH 4717 &

LIS 0| AMolier HHO{Zat HiX|[2e| AL Eot

Concentration of IL, COD and RT-gPCR analysis of
12.00 12.00

Ruditapes philippinarum

st.l st.2 st.3 std st.5 stb st.7 st.B
s IL(3%) ey COD (mg/g.dry] =———e Hsp70
——tEp80  wesaes GaT ——TRX

Fig. 2. IL and COD concentration and RT-qPCR analysis of
surveying sites.

RE g2 #2E UE o2d S3x73 YA E
dzto] W&ol Hsp70 ¥ Hsp902] &
29 FolH 2%, ita, Al B Fa&l o3t ¥z
A} @3do] =t (Hongtao er al, 2017 and Rhee er
al., 2009).

Z/\Wd St. 1 2 st. 7014 iAoz 52 $x= U

o, o] 22 AN 7] Akl o3 L&
7t 9 HH 29 5% (Co, Cr) F=7F BiAo= =
of ABtAE 20| o5t fF WHo] EA UEhd o=z
Az¥st 2 9)},

vt 33 miatel]l JF2 niale HAEY ARedd
SHE (AVS) 2 AMAYoA HAFHSZ  0.001-0.019
mg/g (BT 0.004 mg/g) $FC8 A 2]zt 27|
okotth (Fig. 3). wakA Hsp70, Hsp902 A ZAFFHolA
Zpol 7t AA Yeptom, AVS (A4 EEtE) o =37t
of & TRX9| To| Juizloz W Uetsth AVS (]
TRFeE) o s=7F o9 EHAE U A g 9 AY
gof 9= deiz A=A uixe] g“é’e_} % (reactive
oxygen species, ROS) 9] &4x4d 42 #8888 4 Q&

=},
He

N

o i o g
o

TRX (thioredoxin) ¥d 4|7} u0}2]7'1]
ae)a 2EHA, A (antioxidant) 2
7l il A ek A A4 A e
2%l oJsff 2EHAE B Qlth= AS oJn|gtt} (Zhang
et al., 2012). o|gst A= Z+ T°r7“]7<]'°1| Eolxoz dHres5}
£ 270] ZAal Aoz Az, why olshety BA
Avte} WA E SARIe] AL B3] ARES A

o
4 9 AP fANE HET 5 cka Az,

o

Lud

o

ek o

ok ml

_94_



Concentration of AVS and RT-qPCR analysis of
Ruditapes philippinarum
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Fig. 3. AVS concentration and RT-qPCR analysis of surveying
sites.
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2 283 4 glonz A4
e YFit YZo AZHS W= Zo
Kim et al, 2005).
ol ZAMA Y] ElHE9] dr+ iR AHE
AFR AElo] Qlo] HHgAG] Hdet 2E 2
a2 Bt dEe ZARA YA (1.97-6.30) o] EE
et B3 5L (0.74-2.33) o2 Bgo] nj& &
B2 vttt (Kim et al, 2005) (Table 2).

EZ HYE 8 RAYGZOA UZ 9 YaEa 8"
St. 13} St. 7014 AYAAE F32F Hsp702H TRXS] HIAH =
7} =4 Ueldt} (Choi et al, 2014 and Choi et al., 2019).
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2) HiX|ZH o E|XEQ| 534 ARY

ZAA Y ool A H S viA Y} 55 EHEY] F
24 3832 Table 3 Y Table 4o Ueliict.

ZAAY 723 EHHEY & TRFS Al A A
o £2 A&} A =2 2t (Lim er al, 2007).
E3 ZARAY vREe] FEE& FRTF AL Ase
1.00-3.84 (B 2.36 mg/kg dw), CdS 0.05-0.49 (BZ
1.406 mg/kg dw.), Cue 0.70-3.54 (B 1.41 mg/kg
dw.), Cox 0.07-0.3¢ (¥ 0.21 mg/kg dw.), Cr&
0.18-1.06 (F 0.54 mg/kg dw.) 122 Pb 0.08-0.28
(H 0.08-0.28 mg/kg d.w.) S LERAQICH

Aol St. 8ollA ubA|Ze] A A& FHAF AL Ase}
%34 571 (Cd, Cu, Co, Cr, Pb) o thgt AouA7} we
7oz bttt (Stefinia er al, 2018). £3] As, Cd ¥ Cu
o] HE7} &2 St. 4014 Hsp70, GST % TRXS] Zo] &A|
Uebdth (Zhan et al, 2021). o] Aol HAAE A
FHFoNA GST= Fa4cl A BAHE AstAE- A9 &
Aol &5t 712k 7HA AL o], AtglkE o] 743 As, Cd %
Cucll o3t BAHE 54 24 ¥4 32 EZ= &allst
£t Bofstes Aoz AYzbEr

Fig. 4, 50 Ut EJA &S] Sa&30 {42 2 Bd
Cr, Co9 B&7} &2 St. 1 ZAMA| Yo Hsp70, Hsp90zt
GST 47 gdo] &4 Uetdtt (Eroglu er al, 2015
and Yon et al, 2013).

ok AFskEHI Y 249 Cul 527} =2 St 49 St. 8
oAl Hsp702t Hsp902] §42F Hédo] W2 212 Cugl &l
o g MIAEY AT} FolE7| fEo 2 AT (Kim et
al, 2018). 1B Arsiedu|EA] 2491 Cdat Ph Atst
2EYAE AR IYNA FHA HHo] 9F2 = &
e FF459] 282 8 4 JOBR (Kim ef al., 2018), &

Atgto]l o5k GSTY| @Al woAe Zoz siME

Table 2. The mean grain size (Mz) of surface sediments in the surveying sites

Textures (%)

Sediment type

Statistical parameters

St. Gravel Sand Silt Clay (Folk, 1968) Mean (¢) Sort (¢)  Skew Kurt
St. 1 0.13 78.80 20.00 1.07 (g) mS 3.60 1.63 1.42 4.36
St. 2 0.00 96.22 2.95 0.83 1.97 1.08 3.95 22.42
St. 3 0.00 98.74 1.07 0.19 1.99 0.74 2.80 23.72
St. 4 0.07 83.77 12.71 3.46 mS 3.25 1.59 2.20 10.09
St. 5 0.07 92.26 3.02 4.65 S 3.35 1.56 2.85 11.65
St. 6 9.46 83.71 6.39 0.44 gS 2.07 2.01 0.18 4.21
St. 7 2.99 13.94 76.84 6.23 (@ M 6.30 2.33 -2.09 7.23
St. 8 1.04 35.81 50.85 12.30 (@ M 5.03 2.23 0.49 3.49
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Table 3. The content of heavy metals of surface sediments at study area

Heavy metals of surface sediments (mg/kg d.w.)

St As cd Co Cr Cu Fe Mn Pb Zn T-Hg
St.1. Pado-ri 9.20 0.17 696 3950 71.47 22633.35 587.67 130.83 80.48  0.025
St.2. Sinsido 6.45 0.16  2.10 19.00 32.66  4772.31 233.02 39.54  39.32  0.005
St.3 Hajeon 11.07 0.6  1.11  11.12  24.70  4169.17 19351 42.93  30.47  0.002

St.4. Baekmi-ri 7.03 0.16 2.51 14.85 25.60 8176.73 643.83  63.32 42.63 0.012
St.5. Joongwang-ri  7.81 0.16 3.42 23.75 46.73 12903.26  248.19  58.75 102.63  0.006
St.6. Jugyo 7.20 0.16 4.42 24.42 36.71 11628.33  340.61  79.36 46.41 0.008
St.7. Wonchong 10.99 0.20 8.86 55.37 148.05 29378.52 45878 211.34 112.86 0.023
St.8. Hwangdo 7.16 0.16 2.13 12.58 35.99 5937.86 126.77  42.67 41.76 0.011

Table 4. The content of heavy metals of Manila clam at study area

Heavy metals of surface sediments (mg/kg d.w.)

St As cd Co Cr Cu Fe Mn Pb Zn T-Hg

St.1. Pado-ri 2.08 005 021 1.06 070 8398 518  0.11  46.61  0.048
St.2. Sinsido 1.00 005 019 094 079 10897 3.87  0.19 3541  0.660
St.3 Hajeon 195 005 022  0.58 1.66 8547 434  0.16 5489  0.062
St.4. Baekmi-ri 3.84 049 007 052 354 9546 863 028 167.06 0.050
St.5. Joongwang-ri 224 035 017 018  0.83 2994 093 008 1103 0.051
St.6. Jugyo 2.67  0.11 0.34  0.37 145 103.63 4.86  0.19  18.02  0.042
St.7. Wonchong 2.39 012 025 032  0.84 6401 469  0.10 1145  0.042
St.8. Hwangdo 267 009 020  0.36 144 7160 607  0.10 1530  0.082

4 9t} (Rhee et al, 2009 and LimOn-Pacheco et al, Hsp90, GST ¥ TRX /&S ARt A ] 772 H7}5
2009). 7] St BAAERHAZA Y] A2 £FS AAERT
JdejBz vpxe] §Hak o] oigh A= Hsp70,

Concentration of As, Cd, Cu and RT-qPCR analysis of Concentration of Co, Cr, Pb and RT-gPCR analysis of
450 Ruditapes philippinarum 6.00 450 Ruditapes philippinarum 160

st.l st.2 st.3 st st.5 sL6 st.7 stB st.2 st.3 st 5.5 st

e af - _Ej— EEH — -« Hzp70 N (F = Ph = HS0- 70 e HEp-30 s s anaa G5
—— Hsp-90 srasss G - TR
Fig. 4. Expression of mRNA and metal (As, Cd, Cu) concentration Fig. 5. Expression of mRNA and metal (Co, Cr, Pb) concentration
in manila clam (R. philippinarum) by RT-qPCR. in manila clam (. philippinarum) by RT-gPCR.
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8.00 8.00

Concentration of PAHs and RT-qPCR analysis of
7.00 7.00

sediments.

6.00

5.00

4,00

3.00

2.00

1.00

0.00
st.l st.2 st.3 st.4 st.5 stB st.7 st.8

205 PAHS  ceege «aHSP70 e HSp00  seeees GET enamem TRX

Fig. 6. Expression of mRNA and PAHs concentration in
sediments by RT-qPCR.

B.00 100

Concentration of PAHs and RT-qPCR analysis of
manila clams(Ruditapes philippinarum).

7.00

0.80

6.00

5.00

4.00

3.00

2.00

1.00

0.00

st.l st.2 st.3 st.4 st.5 stE st. st.8

HEREEES PAHS oy o HSp-70 s Hzp-00 sssses GET e emem TRX

Fig. 7. Expression of mRNA and PAHs concentration in manila
clams(R. philippinarum) by RT-qPCR.

3) HiX|2t U E|ME9| PAHs(163) =%

PAHs: 2|40l 42 Uehl §7122 uixjzo] 27
so] Injzo s SHA] Waleh SHS Uehd 4 9l 21
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