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Expression of the Heat Shock Protein 70 Gene and External Developmental Traits of Two Bivalvia
Species, Crassostrea gigas and Mytilus galloprovincialis, under Aquaculture Environments. Kim,
Won-Seok (0000-0003-3368-3891), Kiyun Park (0000-0003-2965-6970), Jong Kyu Kim (0000-0002-5383-8865) and
Ihn-Sil Kwak* (0000-0002-1010-3965) (Department of Fisheries and Ocean Science, Chonnam National Unversity,

Yeosu 59626, Korea)

Abstract  Environmental changes exert harmful effects on organisms inhabiting coastal regions. These
changes are also associated with reduced production in aquaculture farms. In this study, we investigated
internal and external responses of two Bivalvia species (Crassostrea gigas and Mytilus galloprovincialis) in
Gamak Bay under stressful environmental conditions in aquaculture farms. We investigated external responses
such as weight, size, and environment exposure time, and analyzed the expression of the HSP70 gene. C. gigas
HSP70 gene expression level was significantly high in the C3 aquaculture farm site, but the weight and size of C.
gigas were high in the C2 aquaculture farm site. The response of C. gigas HSP70 mRNA was associated with
the environmental exposure time in each aquaculture farm. Expression of M. galloprovincialis HSP70 gene
was found to be significantly higher in the M2 aquaculture farm site than in the M1 site, whereas the weight
of M. galloprovincialis was observed to be higher in the M1 site. The size and environmental exposure time of
M. galloprovincialis were similar between M1 and M2 sites. In addition, HSP70 sequences of C. gigas and M.
galloprovincialis showed high similarity with that of another marine species. According to our results, there
were differences in internal responses following environmental stress in aquaculture farms, with respect to
HSP70 gene expression. The results suggest that the HSP70 gene is a useful molecular indicator for monitoring

stress responses in Bivalvia species in the field.
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O|HmHF 2| <&

3|9 o|t} (Lee and Cho, 1990). 7}t BEA&2 A3t
AFE7} e Aoz Agsisel 3lo] Fov,
W H4d Aoz AHazel A&He 2@ 3
t}(Lee et al., 2005). 7Fatgto] gt 7] & At 7 o
54 (Yoon et al., 2007), & X HZH3}e}t st
E4 (Kim et al., 2012), 2R 2] 8] o7y F24
3 AFHSt(Yoon et al., 2011)0] et A+ 5 o]3}eH4,
e A7 Aok

ojmjjF= A AA FAAHAANA BRI =2 A
2 oIs T Yol A4, I o]F AT 71 AEAR
Y g EFo2 TEE T 9} (Schintu et al., 2008;
Husmann et al., 2012). £3], 23 @A+ ‘Mussel Watch
Programs’E 8 A AAZQ diF o ARP=E= &
Q15 th(Zhang et al., 2011; Wang et al., 2012; Wei et al.,
2014), ol RE oz @ ey AT vxe
(Ruditapes philippinarum)®] Fa% AW SAT D A3t
2B A I A, AFHNGER| (Mytilus galloprovincialis)
of ZA¢ v EAE 249 HEA, FaHl A7t
=25 ZFF(Crassostrea hangkongensis) ©}710] 8] 2
& 27 27} So] RaHEIth(Luo et al., 2014; Carlo et
al.,2015; Ji et al., 2015).

Q& Z A (Heat shock proteins, HSPs)2 A Z U] &
AR o PAEHE ddE g £, 34, &
59 A AL AR AEg A Higt Wolr]s
of Tosl= Ao=ZE & IHA At} (Limén-Pacheco and
Gonsebatt, 2009; Kalmar and Greensmith, 2009). HSPs &
AR o A= A, Z2nT, 217], €9¥0] § o
g B4 HiiEe] oFallo] gt BEY Al2F,
AR WS Yo7 93 BAAZ BEET Ao
(Labreuche et al., 2006; Verlecar et al., 2007; Park et al.,
2009; Park and Kwak, 2013; Lu et al., 2014; Mizrahi et al.,
2015; Ricketts et al., 2015). Heat Shock Protein 70 (HSP
70)& HSPs 5 @A o] 3o 7]ofst= Sa3t ARHE
oA (Chaperones)2 312 Hd 20| & Foho] S~
Ef A8 AVEE ARxFAAR &Y 55 9F
I AE RN B o 2EY A a%o s QIjE
HSP 70 A} ¥3to]] tfgt A7} o] F o Fth(Bierkens,
2000; Augustine et al., 2015; Basile et al., 2015).

Zhabak ookl AFS 1970d T ZuF oFAl7]|& 9
T3} oA Aol S7HSHRAI, 22 & s, THY
EAS} AR By 5 oz S Wtz Qs Ay
A7} A sto] AYAkero] ZFaxsial Qlek Zhakate] A4)st
€ olujui Rl =, @A, g2 Foll tiet 44 A F
FAT #Eo] gle AESH W 225 W3 AT

Wl e

&1t HSP70 S TXE & 23

= B3RS Y(Kim et al., 2009; Shin et al., 2012; Jeon et
al.,2013), A Tdof 3k A= A9 gle AAolth

B QR AL Aol A4sE oldRR 42
(Crassostrea gigas)™ A ZF3NG R (Mytilus galloprovin-
cialis)E WA 22 HSPs 3 HSP 70 3%+ d7]1A
g AERE FHs FFA A ojujujFo HSP 70 FA
28 A v stz stk o] & dl, 7hutyte]
A AR’ C. gigas®t M. galloprovincilais®] HSP 70 o
U] Ak} nucleotide sequenceS £A435te] AM=2 ohE2 F
7F ATREA AddS AR EST E3L C. gigas?t M.
galloprovincialis®] Zt733} Zral, FAA oA &9 7|7H
< ZAFSEAL HSP 70 f-44F S £4351H%ith HSP /-4
& A2 AAst= A= A
A AN HFB7 Y

1.4

i

4=

Ay MEZ o83t C. gigas®t M. galloprovincialis+<=
Aepde oA 2357 SFgFAA =383l ch (Fig. 1).
AR3 C. gigas}t M. galloprovincialis® AFo}3l= A =2
ARAR 9 3 30A|Y AlFE, 28 24 Ast
Z, ob7bu| A& FESho] HA Ao 1A Fo] -80°

oA HESHF T

p

]
B(\

@
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2.RNA == % cDNA

I

TRIzol® Regent(Life technologies, USA)E ©]-83}9] C.
gigas®t M. galloprovincialis Z}Z+ 3 7§A| o}7}a] o] A Total
RNAE %3921 total RNA Y Genomic DNAE Re-
combinant DNase I(Takara, Japan)S *]&|3}o] A3+
o} RNAA S 913 GeneQuant 1300(GE Healthcare, UK)
I} nuclease free waterS ©]-85}0] == X435} 21 RNA
£ 2L GeneQuantd AFE3le] RNA quality check
(260/280=1.91)2 X33t & 12% o7l=2= AL 53| &
o138} Tt C. gigas®} M. galloprovincialiso| A &3t of7}
1] 9] total RNA®} PrimerScript™ 1% strand cDNA Synthe-
sis Kit(Takara, Japan)S AM-3}¢] Nikapitiya ef al.(2014)
o] @} cDNAE st 4782 1.0 ug® RNA,
10.0 uL9] reaction mixture, 1.0 uLe] Oligo dT Primer (50
uM), 1.0 uL8] dNTP mixture(10 mM)3} nuclease free water
£ AHEske] 65°CollA] 5& wiF Fol 2 flollA 4.0uL
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9] 5x primerScript buffer, 0.5 uL.2] RNase inhibitor (20
units), 1.0 uL 2] PrimerScript RTase (200 units), 4.5 pL2]
RNase free waterS E¢slo] 42°Coll A 1A]7F, 95°Col A 5
£ ujoFslitt. 4 E cDNAE —20°ColA EBstA

3. Real-time RT-PCR2 E3t SXx}

o

=z
=

Real-time RT-PCR& A5t 7} FA1AFol|l A =3 d C.
gigas®t M. galloprovincialis ©}7}]) 2] HSP 70 43X} 2

127°40"

127°45'

34°45'

34°40

34°35'

Gamak Bay

Fig. 1. Sample locations in Gamak Bay (M1: 34°42'28.66"N, 127°
40'25.42"E, M2: 34°42'26.95"N, 127°42'40.94"E, C1:
34°39'01.43"N, 127°42'52.75"E, C2: 34°39'57.11"N,
127°42' 03.75"E, C3: 34°38'45.56"N, 127°38'57.78"E).
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de 717 3ukEstel 24ah9ck ol 23, NCBIOA C.
gigas?}t M. galloprovincialis®] HSP70 nucleotide sequence
& 10 primerd AZHs1910], §37 LR )
Hl2E 93] Actin internal controlZ %5} Tl (Table
1). Real-time PCR& $J3] Z+ £9 HSP 70 A%aF 9 o
W3E primerE ZF2}F 0.5 uL, Accuprep®2x Greenstar gPCR
Master Mix (Bioneer, Koera) 10.0 uL, cDNA 3 L& 42
Zof DEPC-treated watergE 335t AA| %S 20.0 uL
o2 AFsHh GAR} S22 Exicycler 96 (Bioneer,
Korea)S AME-3lo] 95°Cof|A 1087 13], 95°Col A 15%,
60°CollA 45 F7]= 403] WHESIHTE 2 primer?] &
d &S E=107"" — | (E=efficiency)S T3} AAFSH
o™ PCR A& 85% o) Uehlidth 534 23
L Exicycler™96 real time system software (version 3.54.8)
2 Abgste] golstgon), B Ct g 27 method
2 A4YA IddS vl syt

4. HSP 70 SEIRte| ASEISHS 24

C. gigas®} M. galloprovincialis HSP 70 -2 2}2] A58t
2 AT &2317] Y3l GeneBank CLUSTALX version
1.82 0|83t} ofm|iAh(659AA) &4 T E FE59
HSP 70 F-AAE HA gkt thEu €2 GeneDoc
(ver 2.6.001)& AH&-3to] YER 2w, AlF4E42 Mega
version 6 (Tamura et al., 2013) neighbor-joining &38| &
< 0] 8313, bootstrap= 1,0002-2 A A 3}o] B34t

5. A XIEE4

C. gigas®}t M. galloprovincialis ZV43} 231, 324 AF &
& Aol s BAHEA (ANOVA, a=0.05)S AAsHa,
BE dolHe Bt x84 groz ST 2 HlolE
So] 9017 o2 u|watr] Y3 SPSS 12.0KO (SPSS
Inc., Chicago, IL, USA)E ©]-83}% Tukey’s test2 43}
2 BAN ol (<0052 ARSI,

Table 1. Real-time RT-PCR primers for HSP70 and Actin gene of Crassostrea gigas and Mytilus galloprovincialis.

Species Gene Primer sequence (5'-3") Amplification size (bp) Accession number

Crassostrea gigas Actin F GAGCAAGAGAGGTATCCTCACCC 677 AF026063
Actin R TTACGGATATCGACATCAC
HSP70 F CCTGTGTTGGAGTATTCCAGCA 642 AF144646
HSP70 R CAAAGTCTTCACCACCCAAGTG

Mytilus galloprovincialis Actin F GGGAGTCATGGTTGGTATGG 200 AF157491
Actin R GCCTCAGTCAGAAGGAGGG
HSP70 F GCCACAAAAGATGGGGTTT 198 AB180908
HSP70 R TGAGCGAACTTCGAACAATG
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(A)

Crassostrea gigas
Crassostrea ariakensis
Tegillarca granosa
Azumapecten farreri
Pinctada fucata

Pteria penguin

Perna virgatus

Septifer virgatus
Mytilus coruscus
Mpytilus galloprovincials

&1t HSP70 S TXE & 25

(B) 100 Crassostrea gigas (Pacific oyster)

37

82 80

Crassostrea ariakensis (Suminoe oyster)

[ Tegillarca granosa (Blood cockle)

Azumapecten farreri (Chlamys)

90 Pinctada fucata (Akoya pearl oyster)

Pteria penguin (Penguin’s wing oyster)

31

100

100
80

100

Perna viridis (Asian green mussel)

04 — Septifer virgatus (Purplish bifurcate mussel)

—70|—: Mpytilus coruscus (Korean mussel)

Mpytilus galloprovincialis (Blue mussel)

87 Agrotis ipsilon (Black cutworm)

Xestia cnigrum (Hebrew character)

Sesamia inferens (Pink borer)

99 —: Linepithema humile (Argentine ant)

Polyrhachis vicina (Black ant)

76

Phenacoccus solenopsis (Mealybug)
Mus musculus (Mouse)

——
100|_‘: Canis lupus familiaris (Wolf)

Homo sapiens (Human)

Fig. 2. Phylogenetic analysis of the heat shock protein 70 (HSP70) gene in Crassostrea gigas and Mytilus galloprovincialis. A: Multiple
sequence alignment of the deduced C. gigas HSP70 with the sequences of other species. B: Phylogenetic tree of the HSP70 gene
constructed via neighbor-joining analysis (bootstrap value 1,000). Numbers at the nodes represent the percentage bootstrap values.
The GenBank accession numbers for HSP70 gene sequences are C. gigas (AAD31042); C. ariakensis (AAO41703); T. granosa
(AFH66950); A. farreri (AAO38780); P. fucata (BALS52328); P. penguin (ABJ97377); P. viridis (ABJ98722); S. virgatus (BAS29643);
M. coruscus (AGY56119); M. galloprovincialis (CAH04109); A. ipsilon (AEG78288); X. cnigrum (AGQ50302); S. inferens
(AIZ00749); L. humile (XP012235802); P. vicina (AGF33487); P. solenopsis (AIL52740); M. musculus (NP112442); C. lupus famil-

iaris (XP005619707); H. sapiens (NPO06588).
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1. C. gigas®} M. galloprovincialis2| HSP 70 AEZIg}

=
2

C. gigas®} M. galloprovincialis®] HSP 70 nucleotide
sequence A4S F3 F 7+ AERpolE FRlSH T (Fig.
2). C. gigas®} M. galloprovincialis HSP 702] oju]l=Al &
AL T F = (Crassostrea ariakensis), 22 (Tegillarca
granosa), AFZ7) (Pteria penguin) 5 T-¥e BE=F
T 96% o9 ¥ 4E4E Ut (Fig. 2A). AlF
Azt B4 AT, C. gigas HSP 702 WA, &3, AF
271 HSP 703 37 S2AEE o|F3ith I=u, M.

galloprovincialis HSP 702 C. gigas HSP 701}+= T2 &
HAER EAFo R

2. 2AIZE AFR7|ZH0]| W2 C. gigas MZZ, Z4Etn} ztn
FAAH C. gigas®] 7]';44—]' 2P, FAR ARSI &
Atk (Fig. 3). AEHL C2 FAA C. gigas7} 133.42
EA

g(+32 89¢g)e = 7Hg A UeheH, C13k C3 FA%

2 2142g(x1.7g) 2R ZUth(Fig. 3A). C2 FAFY] C.
gigas Z+1l (Carapace height) 10.23 cm(+1.37 cm), Z+%
(Carapace length) 5.87 cm(+0.97 cm)7} 7} =4 YUelydt
o™, C3= Z+ 6.87cm(£0.51 cm), 24 3.03 cm(£0.06
cm)Z C2 FAAol vlsf diizoz ¥ e Uehfigl
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Fig. 3. Weight, carapace length, and carapace breadth of Crassostrea gigas in each rearing farm. An asterisk indicates statistically signifi-
cant difference, *P <0.05 and **P <0.01 compared with the C1 value group.
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Fig. 4. Weight, carapace length, and carapace breadth of Mytilus galloprovincialis in each rearing farm. An asterisk indicates statistically
significant difference, *P <0.05 compared with the M2 value group.

ot C1 AL 7+31 533 ecm(+0.29 cm), ZHY 3.5cm(*
0.17cm)2 AA| FAF F 7P F2 @S Ul
(Fig. 3B). C. gigas FA& & WEZ F7|= C27F 4%
O7 Fo3t £=F0F (P<0.05) ClET & AL Z YE
om C13t C3& H|g AL & RIS C. gigas®] ¥
A7 ARS7I7RE C37F 13709 E Zjlew, C2¢9F Clo] Z-
Z+ 7704, 37092 21 Qlth(Table 2).

3. LAIEE AR 7|ZH00| [ M. galloprovincialis H|S2E,
>
FAA o WE M. galloprovincialis®] 243k Z¥al, QF4]

& AR717E S5kl (Fig. 4). AlS3-2 M1 A% M.
galloprovincialis7} 29.56 g(+3.81 g) 2.2 U} M2 4]

Table 2. Growth period of Crassostrea gigas and Mytilus gallopro-
vincialis in the Gamak Bay rearing farm.  (Unit: month)

Growth period
Site Cl1 C2 C3 Ml M2
Period 3 7 13 12 12

2144 g(£3.52¢)00 H|S| FAALE ROt R
(P<0.05) FH A o2 =A Uesth(Fig. 4A). M1 %A%
M. galloprovincialis7} Z+3 6.90 cm(+0.36 cm), 214+ 3.33
em(£0.29 cm)2 LFERE O, M2 SR A L 24 677
em(0.15cm), 2% 3.50cm(+0.2cm)E M1 4|13} 3
Hb z}bo] 7} QAT (Fig. 4B). M. galloprovincialis ¥2% 5
RAEZF Z7)1= o)zt AR Yoy AFHS Mlo| &7



OlofmiF 2| 2RMET HSP70 /XA L& 27
1.8 1 dgFo] SA A} (Fig. 5). M. galloprovincialis HSP 70 2
F 1.6 : AF2 M2 Aol A TR o] A Uetelth(Fig. 6).
% 1.4 4
£ 12
< =
Dzé 1.0 1 T L e =t
o 038
5 o0 ol FoFA S| Zrhsh WL Fu oGS &Moo
£ 04 LAY g o] WIE TP e Qi habeke
3 ., ol ZFF4] w3t ARt WAL, FHo TAS EHHF
o o ol 9718 2@ B2 i Aol st 3
Cl 2 a3 ok (Kim et al., 2009). +H 2 F o2 Q3] AyEo] W o

Site

Fig. 5. Expression of heat shock protein 70 (HSP70) gene in gills
of Crassostrea gigas. The data are expressed as the mean *
SD. An asterisk indicates statistically significant difference,
*P <0.05 compared with the C1 value (C1 =1) group.

%

0.8 1

0.6 1

0.4 1

Relative HSP 70 mRNA expression

0.2 1

0.0 - .
M1 M2
Site

Fig. 6. Expression of heat shock protein 70 (HSP70) gene in gills
of Mytilus galloprovincialis. The data are expressed as the
mean* SD. An asterisk indicates statistically significant
difference, *P <0.05 compared with the M1 value M1 =1)

group.

UEGS Felslgon, AL 7|7 M1, M2 25 12
NEE S U5} ch(Table 2).

4. C. gigas2}t M. galloprovincialis2| HSP 70 XX}
H

IS
=2

¥ o

AHol AL} el el 2EH AT} MYHE BYE A
C. gigas®}t M. galloprovincialis®] HSP 70 f-A &
ARAE R SASIAT C. gigas HSP 70 $& L C3
Fiao] BAHOR SoskA b B wAHS U
Wlom (P<0.05), C2 A1AT} C1 FAAL QA

filo rL

(]

Fol W3t AFEZE AR BAESQ] 2wt (Chironomus
plumosus) AW Fa& S| 2 A48 A& FH%49
9, TBT(Tributyltin)?} PFOS (Perfluorooctane sulfonate)
=4 wgo] g gt olojulRe) APH % WA 9
3} 5] & ATk (Park et al., 2012; Kim et al., 2014, 2015;
Lezcano et al., 2015). &3] 443 HIE= st 2=
2 gEe] o)y 7)o Qg Fo] 43} Mo Tl
sto] FAZY AT AAR o]oiX7|E Tk e
£ 97 Qo] ©E Ao Aed 9Rs Ao A
AAEE AGHAL 2§ ATE ohe

>
Bt
)
rr
M

gy
1>
ox
o,

okt

AL HSP R4 3 BAUS 2Ed 2
CAZe] g Aol ) mE B w
2EA AZGAAZA FL BES 0
91t} (Feder and Hofmann, 1999). 18
2=} e thFet S sl 2 fAR}
o o]F oA e o] (Park and Kwak,
2014; Nikapitiya et al., 2014, 2015), 0]:9—101]A‘1 ZALE A
=9 HSP 70 G484 TdS &g A% Wi =&
th(Kim et al., 2015). 2 AT A o] &3t C. gigaset M.
galloprovincialis= 252 W3}9} o]3}5H3] oq:[L(DeVOS
etal.,2015)7F Y5 dHA ot 2ol 7 284
e e W Al DI B oIl g0l
T+7F dagt Aot
2 a3t A d Ay
provincialis®] FAA A7) 7HS
I Zt1E vlwg I HSP 70 AR @ EAS sHgt)
PG AS7\700] T C. gigas®] AEFT 2, 21
= sols) 2 A 29 AFFT 44, 407t A 2
Gehtew, CITt C3E Hl4® £EO2 yeide 8
19 4 Tk (Fig. 3). FAF AHIILE 7 13709
= 7% 2les), 27t 6714, Clo] 37142 ey
. M. galloprovincialis A5 M1o] WFkA|T, Z+3

=g

ul

g 2

Rl o
Ry

t

o oo 2

[o o
o
e o

o 4=
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i3
el
re Me
4 o
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2433, AFF, 2%

X
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I Zra= M1, M27F §ARSE T S, oFAIA ARS-7|7E
= M1, M27F 25 12702 2t uhghbA C. gigase}t M.
galloprovincialis®] AE%F, 2431 Zt1= FAA A7)
ol vt A GeE B 4 AR0H, A2 T2 A
Al1gH oA o] 9 7A qQlo] o] =
& otk AFY, 2, 240 59 9RA FAL AR
A BlAE YR TS AA T + Y= 44
EXE0o| @ 4 9t} (Yevich and Yevich, 1994; Kim and
Powell, 2009). ZZoll= AFZ7 (Pinctada fucata), &
(Gomphina veneriformis) 52 oMol F & AR &=,
Hi, A 22 o 3 Qo2 RE iy
= AEY 7224 FE w3t ik A7 AP ek
(Park et al.,2012; Knowles et al., 2014; Li et al., 2015).
0‘1:1101]/‘11‘ QEA e IR wdsh] o
A 2B A G worsty] 9 HSP 709 -84
ZA5t¢th HSP 70 Hd-& AwE A C. gigas
FAgol 714 wkow Clat Com AL WA

orﬂ,—hlr
L»Jmlo_u,
il

Z oo T £

B o, M. galloprovincialiss= M27} M19] H|3] A
Hom wawoel Bt =, C3 FAFY C. gigassh
2 AR M. galloprovincialis«= %A% Ao W2
wH AEAT} P EYR ACE B 4 U G2

A7 d 2, 2529} Cu®t, malachite greendl] 2% T3
(Crassostrea hongkongensis) HSP 70 -AX}7} 2A &4
HAty B ER O™ (Zhang and Zhang, 2012), ¢=Y
oto]| leEH 7FA|E-of (Takifugu obscurus)® HSP 703} 90
FRAZE dEAFo] F7hE Aok g Rk (Cheng er al.,
2015; Xu et al., 2015).
et A 2 -S C. gigasd A5HF, 44 s
H w5k, C2 FAFe] 7Ht &2 #2 Uedsith 19
W, C. gigas HSP 70 {AA & Abs7|7bo] 13701
2 7P 2309 C3 AN M =4 UERRTH. o
L C. gigas—"J AZ5F, AT} ka3l -8 9H A A2
wst7] o2 WA AEHA HJEE HSP 70 &
A BAE Bl ST 5 AUSS EoFUth M.
galloprovincialis®] A&, 2441 ZF31E v|wshd 2 2}
o|7} YetA] ¢kt HSP 70 424 TdS M2 4]
oA FAALE AT £EL2(P<0.05) A YE
ek AR A 17
Sk Al e Wi AEdAd Aol 9EE HSP
70 507 24S FAN & & A
2 Ao A= 7habgte| AAlsk= C. gigaset M. gallo-
provincialis®] A0 T2 YRZH A2EHA L2 A
ShIA P AFSTIZO] T2 AEE, 29 2w
AFBEL, HSP708] AFSHE £4 U 74 4
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%t} C. gigas HSP 70 -4A} H@S AF&-7]7to] 2
U AFHo] iAoz WE C3 AR lA M}
O‘ﬂ M. galloprovincialis®] 73$-= A7)

L v|3kA ek S HSP 70 H& #jo|7}
EW HSP 70 37 -2 =2 WHH ~E
£ Tt = Y AE FAAREAY 7HeAS HAFY
ohal g Aojtt.

Hr x2

ri
N

£ 2 N

[> o

N oo T 2

g2 N o

Lot
rlr
>
>
A
ik
2
of
o
tlo
=
ﬁ
K

R
a

V\‘]L Zhegke] 2 A<l
galloprovincialis®] X A&7 o] W2
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