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Effects of Rearing Density Stress on Malformation and Stress and Immune
Related Gene Expression of Juvenile Olive Flounder Paralichthys olivaceus
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Stocking density is associated with Paralichthys olivaceus growth; thus, fish should be rapidly reared at high densities
for commercial reasons. Studies have reported that high stocking density retards growth; however, few have investi-
gated the malformations caused by stocking density stress. This study compared the growth and malformation rates
of P. olivaceus at different densities and stress- and immune-related gene expression between malformed and normal
fish. Forty days post-hatching, fish (total length, 1.49+0.02 cm) were reared at 800 (low density; LD), 1500 (medium
density; MD), and 4000 (high density; HD) fish/m?, and the growth rate was measured weekly. On day 30, RNA was
extracted from the kidneys, and the expression of stress-, immune-, and malformation-related genes was analyzed
using qRT-PCR. The malformation rate in the HD groups was approximately three times higher (62%) than that in
the LD and MD groups (approximately 20%), and growth was lower regarding length and weight. The stress-related
(HSP70 and GPX) and immune-related (PIR and IgM) genes showed higher mRNA expression in the HD group and
malformed fish than in the LD group and normal fish. However, TLR3 showed the opposite results. In summary, high
stocking density suppressed growth and increased malformation risk in P. olivaceus.
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A X|(Paralichthys olivaceus)= $-2| kol A Az o= &
Q3 okA] o]F o 2 AW oFAl AAlEfo] 4UHES __WHPO].:q
sl o7 AAEFS 50%E 7|58l STH(KOSIS, 2022). o]
% HA7E St FA] ArddolA] Fagh vk oFA] o)t
A= Fdith B2 Y GAE A A AR EE oL
A} 2ol glovt, Fel4Aatekelol 4 wbet WAl 94
& vlrelol mhw WAlo) QEa(d ARA/SE vk v
Aol A4 o) A= 0.5-14 =7k A& st il 53 thKim
et al., 2016). Meriono et al. (2007)2] Lo A= P X<} H| 5=

St california halibut Paralichthys californicuse S+2-0] 14
o B3] d=-g 30)4 LUAAE(specific growth rate, SGR)
o] o 32 Belso] Wi 127} A skt stgict. gt
YR} 2 # A4 01521 california halibut¥} turbot Scoph-
thalmus maximus> AH5H 27} obAg5 Ao AshE Q)
S H(Irwin et al., 1999; Kim et al., 2015), £3] turbot®] 7
ARS 7} ol of whet %O—ﬂ. Hhg-o] A== A& 3—%"]0}
thJia et al.,, 2016). o] Z = SAFFA] GFAA O A %] €]
A = A A %Oﬂ A-GAR G F= Wl T8
gk @Qlojrt. QFAlo] o] A& 7HAI= ol A9 R ol A A F3F
& W=ttt ofwf, Al o] 71Z %l A= A 7HA7E - E
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A, A S slebAl 713 A7 FE Al tHHan et all.,
2003). 718 & Tst= 7]Eolle A5 vy, A 719, Al =

o] H3 5 oFeFsith(Han et al., 2003; Kim et al., 2016). #]
a7 F 2ol et A= A, AL, ] AH 5 ohdRh &
OFOf| Al HAL7} o] F0 A F O LH(Kim, 2005; Min et al., 2009),
7)5o] that Q- A 78S Fol7] Sfa) 420) ek 41}
vt 7] 4 of tf gt H(Kang et al., 2011; Kim et al., 2016) &
uojult Agol.

AEHAL ool GAAS SIEst, oS tiHa] ¢l
142 9 W THAe) S48t BhEsAL 15k A4 48
2] Ao, wlo oA W A oALE e 4 Qleh St Th(ia
etal., 2016). ©|5 ZHelataix} thoFst A9S S5 ol AEH|
2 2.910] T GAR] WS A ek 14 YA
AE A 2] 721 heat shock protein 70 (HSP70)2 thofst A E
& aQlo 2 HE FAA A (Iwama et al., 1999; Ackerman
et al., 2000; Basu et al., 2003; Park and Min, 2018), A5 A
L Tl o] 528 Fi 702 U#lA 9lrkBecker and
Craig, 1994; Currie et al., 2000).

AL AU Z dAtEl o] 9= A= e glutathione
peroxidase (GPX):= @Hitsto] T H AEYAE ZH51a1A;
ARESHCH(Choe et al., 2017). Immunoglobulin M (IgM), poly-
meric Ig receptor (PIR), toll-like receptor 3 (TLR3)+= &3
o A, [gMe] A9 B molA] AAEH ul44e B
Alzzoll A et Atk v ol BA|22S] -84 AT 5
o, WA QA8 A 7S o] hee] e AT
tH(Grattendick and Pross, 2007). T3t A S A 2] A ] & A<
T o 583 s st Aoz defA lrh(Lee et al.,
2014). PIR2 AT A £ 2 HE] o]F Hu] A A - 0 2 [oME &
WSH e ke st 4ot pe) o] $49l dae
SFcH(Sheng et al., 2019; Leya et al., 2021). TLR3+= Hfo] A
of o)) wrehul 5 cloret v HEE ABel Aoz o
A o A3 484 o]thAvunje et al., 2013).

2 Ao A= H A9 FAF AYAFAL, Apo o] Aks W zof| w2
jui

B o
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771 RS e wste] AU Eel AR AR Al
o} 719 A2} ARAIKE AE A2 B vl kel ko]
A2 | msgct. o] 2 Fal A% Wb iR o] 719 whayel] A
HRAE stolaal o o] AL Wit A 715l W] 4
2[5 wfo] x|t JaES olr A B,

HE U Y

M3iof U M3l 571

Addole AddE AAA FdAEh ol Rrssdt
AlE| oAl AFA| AgAksE 53} 4045 g2 #Fei(1.5£0.05 cm,
0.04+0.003 g)5 A&l ol ARE3Hom, AR 2712300 L ¢
P42 HEPAA 035 md)of ZFzF 800ut2]/m? (low density,

2] Ayl Ql He} 381

LD), 1600u}2]/m? (medium density, MD), 4000u}2]/m? (high
density, HD)Z 4~856] 222 18.140.5°Co ] 30217} 35k
O 2 AP AABHAT ofnf Uk JA] &polof AH Aks
e HA A £ i g 7SS =MD, 16007} /m?)
st on, AFRsade AR ofAlSol tiske] 5% =
371(08:00-19:00)01 247k 7+4 o &2 A7 HA g5t &
Earaero] 79 Hjel 08:00, 17:00 AFE £ Ao 2510l
8.0-9.0 mg/L& -F-A| 3}t

(body shape area) 4! S =8&(covering rate)=> Eh (2011)9] +=
woll AAE B o2 Abskoint. Aol 749 A Al
FAo 733l SGRS =433t

718 E MRS Sl Ad TRA 2T 330 Y
Iz 34ute]) AT & & 100024 7249 = Adsto]
Seto® 2l 7kt A vy 22 AR 7% S 4lst
o] Al4=sF3ithFig. 1). Fig. 1def o] 25 mofo] HE-E 7)A|
= A4 e 2, Fig. le@t o] A5 Hefo] FE- A= 7182
e i

Covering rate (%)
= BSA X Total fish population/Tank bottom surface X 100

Body shape area (BSA)
=0.2473 X Total length?*¥(R?*=0.998)

Deformity rate (%)= Deformity fish/Total fish X 100

Zh e 24 AEYA 9 WY X7 §AR IES 26
of A9l FEA| ZF A A i A 301k A MS-222
(Sigma-Aldrich, St. Louis, MO, USA) 300 ppm T+ A] 7] &
A Eeloksinh B3 A N A9 713 HA i AE A Y
e 2 3E AR S H|s)r] flsiA HD A wtollA 3
&9 718 A ZF 10mte] =5 E Al skt MET
% A2 trizol reagent (Ambion, Carlsbad, CA, USA)S- ©]
4310 RNAE 531921, RT&GO master mix (MPbio,
Irvine, CA, USA)E A8-359] cDNAE A51o] 100 ng/ul
FLeE Ao ARE-SHIT
MAIZE SR B2 B A

AT 07 e Ao ALet Zefolnliz Table 10] %
2|5} A5t House-keeping gene ‘g #] 18S rRNA X
a}o]u](Gene bank, EF126037.1) G442 AMg 59 0 mE
HEAERE 18891 Higt cycle (Ctygke] Aol & Alibsl At 24
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Fig. 1. (a), (b) and (c) show the results of identification of deformed fish by reared for 30 days in different densities. And deformed fishes
are marked with red circles. Figures (d) and (e) show the criteria for distinguishing between normal and deformed fishes. LD, Low density;
MD, Medium density; HD, High density; NO, Normal; DE, Deform.

o] ARE-H cDNA+ 100 ng/uL2 A gFslo] AR5 o, AlA] DE)2} Duncan’s multiple range test (Duncan, 1955) R pro-
E- AR A oF BA-2 98°Cof| 4] 257t initial denaturation step gram 3.5.1 (R Development Core Team) £ E o] EA A
< 71421, 0] denaturation 98°C 103 — annealing 60°C 2] ZR2IHO T FAb BAS AX|sto], A7 A et AR
10 — extension 68°C 302:8] T4 408] AAlstel Hast A 54 Antg@gel $A4 £.014(P<0.05)S AE 3tk
At 74 9
S77z] &

= AN MR o R ZgE|glon A $A4 A= & 2 VIYE
One-way ANOVA-test (A8 W=, LD, MD, HD; 713, NO, A

Table 1. Oligonucleotide primers used for quantitative real-time PCR

Taget Sequence (5'-3")
HSP70 F.P = 5-TCCTCATGGGTGACACTTCG-3'
(Heat shock protein 70) R.P =5-TTGTCCTTGGTCATGGCTCT-3’
GPX F.P = 5-GAAGGTGGATGTGAATGGGAAG-3’
(Glutathione peroxidase) R.P = 5-TCTGCCTCGATATCAATGGTAAGG-3’
gV F.P = 5-AATGGAGCCAGGGGATAAAG-3’
(Immunoglobulin M) R.P = 5-TTTTGGAGACCTCCCCTCTT-3’
PIR F.P = 5-AGCCTCAGTATGCCAGCAAT-3’
(Polymeric Ig receptor) R.P = 5-GCACCTGTACCACCCAGAGT-3’
TLR3 FP =5-TCCGTCGTTTGATGAGCAG-3’
(Toll-like receptor 3) R.P = 5-AGACGAACCAGGAGAGACCA-3’

F.P =5-ATGGCCGTTCTTAGTTGGTG-3’
R.P = 5-CACACGTGATCCAGTCAGT -3’

18S

PCR, Polymerase chain reaction.
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LD, 10.761.37%; MD, 20.18+2.2%; HD, 53.82+6.71%, !
3 Z8A] LD, 209.56£11.42%; MD, 311.45+12.63%; HD,
767.31£23.70%2 LD} MD7He] z}o]= 2} o]} 32|
Rt MDeF HDJ zfoi= 2uf oo 2 A= let 53,
HD+= LDof| Et} 20424712 oF 58l =] 5241 =%, 30
Aol = of 3ull A 4= $ek(Table 2). A4 442 10243}
off mE AdFollA F-ogt 2ol 7k §ll o 204 3H-E HD
©F MD F A9+-e} LD7He] 2fo| 7} HAYsEI Tt 304 2t A]
HD<MD<LD 02 §-2J3t 2}o]& Hrh(Table 3). A%
A% A A7 At o] 30U ate| A HD+= LD Blsf 2F
1.58) A& A28 B9l on, SGR 94| LD, 14.76£0.11; MD,
14.19+0.04; HD, 13.05+£0.27=2 HDoA] 7} wo A2 5
o|(Table 4), A% FTEA] AEE&-2 LD, 98.33+0.11%; MD,
98.18+0.16%; HD, 95.13+0.16%% HDE A| 2|3t T+ A& Lo]|
A= g-ol5t fo] S Ko|A] 9FttHTable 4). 7| &S A3 &
A 370 AR 22 100mH 4 A 5= vk Gt o] Sete s
SElsHA = A 7182 AT 2 Ul 7|y &
AF 23 Fig. 102 e 9l o 7] 52| 24| = Table 4°]
#718kgch @A) 23} = 30LxHAA 1.44+0.03 cm)of| 4]
3} & 6042712 LDLF MDoJ|A] ¢F 20%9] 7|3 E-2 Hel vt
H, HDOJ A= 63%= LD MD Y.t} 7|3 &0 3l o4} =%
TH(Table 4, Fig. 1).

Uz AEHA Y PO TR A} LS
A

flo

e
ot
>
il
o
oo
9#
2
[
|m
o
[>
We,
=)
| 12
rJ
T ol
o
)
3
i ﬂ-IE
el

< Bt dEAQl AEHA A:#Q
3} ~Ed A P 971219l GPXE HD (HSP70, 1.84+0.51;
GPX, 3.23+1.17)7} LD (HSP70, 1£0.15; GPX, 1+0.1)9}
MD (HSP70, 0.64£0.16; GPX, 1.32+0.02)°]] |3} oF 21} %=
& W2 Holw o5k EUThFig. 2A). WY ¥ A
2l PIRZ} IgM2 LD (PIR, 120.05; IgM, 1+£0.31)¢} MD (PIR,
0.92+0.09; IgM, 1.02+0.08)c] ®]3] HD (PIR, 1.85+0.23;
IgM, 2.72+0.79)7} <F 28} =& ¥FelakS B9 o} TLR3O]
A= g gAxet ¥ 2 LD (1+0.05)0] 4] MD (0.57+0.05)2}
HD (0.45+0.08)2] oF 24}] 352 WHa kg Holm fola1| 3
= ghelstgich(Fig. 3A).
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Fig. 2. Expressions of Stress related and Antioxidative stress
genes in the kidney of olive flounder Paralichthys olivaceus.
Values (means of triplicate+SD) in the same column sharing the
same superscript letter are not significantly different (P<0.05). A,
Reared under different stocking densities for 30 days. B, Normal
or deformed olive flounder of HD group. LD, Low density; MD,
Medium density; HD, High density; NO, Normal; DE, Deformed;
GPX, Glutathione peroxidase; HSP70, Heat shock protein 70.

[
Ef2 B 4% 3 HSP702F GPX G- A} 43l of| 4] DE (
713 7A) (HSP70, 1.67+0.03; GPX, 2.06+0.09)0l| 4 NO (%

Table 2. Covering rate of olive flounder Paralichthys olivaceus reared under different stocking densities for 30 days

Covering rate (%) DO D10 D20 D30

LD 10.76+1.37¢ 35.60+2.73¢ 81.76x2.08° 209.56x11.42¢
MD 20.18+2.2° 65.21+3.40° 130.7145.97° 311.45+12.63°
HD 53.82+6.71° 152.67+3.25° 419.42+9.49° 767.31£23.70°

Covering rate (%)= BSAxTotal fish population/Tank bottom surfacex100. Body shape area (BSA)=0.2473xTotal length®>**" (R?>=0.998).
LD, Low density; MD, Medium density; HD, High density. Values (means of triplicate+SD) in the same column sharing the same super-
script letter are not significantly different (P<0.05).
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A+ 704 (HSP70, 1.0£0.06; GPX, 1.0+£0.26)]| H] 3l < 21} 1= (PIR, 1.85£0.23; IgM, 1.3+0.1)0l| B]a}| G- o0& =9kor}
S HFHEkS Holn §-0]4 0 7 =9ltk(Fig, 2B). Wl ¥ & TLR30] 4= o] ¢} B & DE (0.7+0.17)591 4 NO (1.0+0.12)
%12} % PIR, IgMe]| 4| DE (PIR, 2.16+0.12; IgM, +0.79)7F NO of H|gte] W& W wkS Holm §-9]12 0 = WQIth(Fig. 3B).

=t
Table 3. Mean length of olive flounder Paralichthys olivaceus WL
reared under different stocking densities for 30 days (P<0.05) : o o o A AlelO. o o
Ul z]o] A =iy #Axﬂ;tu tlo| Al :
Length(om) DO D10 D20 D30 A 19 H dof w4 HY H_T ol A== ]lth
SHAIRE 719 WA} A A Aot 58] EETh 2 Aol
LD 1.44£0.03 2.60£0.03 3.92+0.03 6.24+0.082 5 Lol & ,s R
MD 1.44+0.03 2.57+0.03 3.62+0.03 5.56+0.07° A= SRR SHeIA 9 Aolell 3R Y] T
HD 1.44;0.03 2.41;0.03 3.9710.03 5.35:-0'11C =2 S 7Hg3te] S A Hof <) AT e =] HE 7]
S 2 S oot YRS Qtobr ] 9Js) AES sk ov], AEd2ot W

LD, Low density; MD, Medium density; HD, High density.

Table 4. Deformity rate and growth performance of olive flounder Paralichthys olivaceus reared under different stocking densities for 30 days

Initial weight (g)  Final weight (g)  Mean growth (cm)  Specific growth rate (%/day) Deformity rate (%)  Survival (%)

LD 0.04+0.003 3.07£0.05° 4.83x0.112 14.76+0.11° 18.89+1.25° 98.33£0.112
MD 0.04+0.003 2.55+0.03° 4.23+0.07° 14.19+0.04° 20.00+0.82° 98.18+0.16°
HD 0.04+0.003 1.9620.13° 3.94+0.15° 13.05+0.27° 62.22+6.60° 95.13+0.16°

Deformity rate=Deformity fish/Total fishx100. Mean growth=Fish final total length-initial total length. Specific growth rate (%/day)=(Ln
final weight-Ln initial weight)x100/days. LD, Low density; MD, Medium density; HD, High density. Values (means of triplicate£SD) in the
same column sharing the same superscript letter are not significantly different (P<0.05).
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Fig. 3. Expressions of immune related genes in the kidney of olive flounder Paralichthys olivaceus. Values (means of triplicate+SD) in the
same column sharing the same superscript letter are not significantly different (P<0.05). A, Reared under different stocking densities for 30
days. B, Normal or deformed olive flounder of HD group. LD, Low density; MD, Medium density; HD, High density; NO, Normal; DE,
Deformed; PIR, Polymeric Ig receptor; IgM, Immunoglobulin M; TLR3, Toll-like receptor 3.



= 1500-20001}2]/m2o]c}, whebA ¢
A FA EE v Ee skl W AFY| VR0 2 MDE
16007}2]/m? 78k ict. & A9 Anp Wer de45 SGR

o] =2 70] FRIE] 9o m(LD, 14.76+0.11; MD, 14.97+0.04;
HD, 13.05+0.27), HD|| H|8jA] W=7} w245 AR A%
2 A A AL gelstgiet. 719 HAE vl A3 LD}
MD:= ©F 20%2 F Z157H9] Zfoli= oF 1% E715H31 2
HD®R= of 3uf o]4Fe] 2po] 7} Gli= 62%3] A& &S 4 °1
ot W=7 LDE MDA 7] 3= H] & HDoJ| H|sto] &
ARk Agstelet. b AaES Fe A HA] AR 0] 7h]
A U= AR 2| ofof sh {2 §-3} £ 30D X
1.44+0.03 cm) A|7] AS-A] 16001}2]/m? o]ake] W=7} 7|3
BRI Aol deFo] A2 A deh W g vhttE )

W A 9 7] AP AR 25 RNAS o &
3lo] ~Ed| A 2 571219] HSP70, GPXO| A 5714 vhalak
& u]a 23}, LD NORT} HD9} DESJA] & 4% 1%»}
et Shalsiglch, el 2§24 PIR 9 1gM #4074

O

74§~ LD2F NOX .t} HDS} DEC A 3 2 & Urehd2 241

skoict. olet vt 2 WY w %@_ZPOI TLR3 §-xol| A=
LDQI'NOOH/\‘] 1:1 =0 AH3kS H0lS glo]5} 4 01041:].

2B A Axg deZl HSP70 -44k= o] d4E &
&) california halibut¥} rainbow trout2 0] 838t A Lo A=
Al HDOJ|A| LDt} Hhrdeko] A Yelsith(Jia et al., 2016;
Yarahmadi et al., 2016). 2H4 ATtolA] 815 A vle} 7o)
HSP70 QA= Ww AE# A0 9Ast ATto] 9 Ao
& WeE ek 53], HSP70 342k 2H4 52 Gl Slof o
ol Ae] 9 AgE|eHA 2ol FkE m|FIThaL o, A2
HSP709] g4 0.2 thoret Ajsh skt Yol Aow
& A QIch(Ryan et al., 1992; Park and Min, 2018). 3} o}
&t AEY A gRloRRE P Al Fatt JTE &
5} (Iwama et al., 1999; Ackerman et al., 2000; Basu et al.,
2003; Park and Min, 2018), g X | 4] HSP70 -3- 4 #}-2] Ht&] o
o] v Eejehd AEH Ao thet ARt d o WAeh v
o] QJrtal sk tH(Lindquist, 1986; Mahat et al., 2016).

obd o7 ATEL Eaf B A A2 243 Aul mus
o 715 Aol K9] 52 HSPT0 § 421 Slahe 50 AL
wol %) 7]go] YAlolA ~EHA aolo R asgo
o, LDXt} HDoJl A Z12]at HAF A He} 718 Aol A 2
B0 AR317] 19 HSPT0 S ax}0] Hriero] &o A0
2 Kol X},

HD$} 7|38 7)Ao 4] GPX Q] §-AA} e Aulr

FLD2} 7
WA o] R o2 e AE skt GPXe

4}}

l> O*
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Ef A A2 duA glom], FA7F A= B ol A A
e B A E AA S, A S8 AR ERl =S &
11 B 3 HH} Qlti(Ghosh and Gaba, 2013; Shin et al., 2020). ©]
£ 50 =2 W A 73S Ao A 2B AR 285t
o, AE g Ao Agshz T oA WA 24 AtaE AlA S
7] Y3l GPX F7dA7F 3 == A o & gtk

W T FARLo A= IgMI PIRof| A= LD AAF 7HA]
ek HDSH 7|3 Aol A & 5AS ek o], TLR3 6
ARl A= Wi = LDeF 824 7iAlolA B 2 215 23
o IGME 0 2ok Aok o3 ) el
FAFA| 7)™ (Grattendick and Pross, 2007), PIR2 IgM ¥}
A WY SREUY Aste] Wl Hoof F344
Fc}(Sheng et al., 2019; Leya et al., 2021). o] & gF ¢4
HIE Sofl WY T {7k IgMIt PIRS] &2 1L
O} 4IA| 7P o & Qg AEYAREE HE 96 U =
WS RS H ol Ao 7 mietE )
AR = LD A4 HAolA] froH o o =2
Ak B otk TLR3= HEIA] =84 & 7M & <o
AR HZIHY 27]90] ZAjst] el wSolx FRd
o33+ 5} (Moon et al., 2015; Jia et al., 2016), BFo] 2] A 9]
dSRNAE- Q1#]5}¢ type I interferons AJAsH= 202 od
7] 1th(Uematsu and Akira, 2008). £3] TLR 3 Al S A2 &
J3HE Sl Futold A HYE fresh=t 2% TS &
TH(Samanta et al., 2013). Jia et al. (2016)2] A A] turbot 2]
skinof| Al W Eof w2 TLR3 F-7#}-] BHalof| A x}o] & Ho|
A ke, TLeuh i =l A AR 2] kidneyof| A= 2L
Q1 HD 150l 4 TLR3 f-8%}2] e go] Wa-& gels)
%tt. o]+=Hwang et al. (2012)2] A41of 4 TLR3 &= 22|71 9]
3 24=30] tfat W) wkg-o] o]} bl kol wekA
TLR3 -f-32t] e gho] gt 2 119 kidneyol 4] ] Axte}
Jia et al. (2016)2] ol A skinof| 4 0] A}o] 2ol 5 drg et
22 9)e 7 0 @ wrhe L),

Q1 F8 Aol ol A ol 7153 e 24 )
3174 20-90% WAlSHe o oA glov], gl 3
A3 oAl ZRom F2ste] oS HAlsh Ak 9)
CH(Han et al., 2003). FA|FF 2 A9 A3} 1 o] H]5}o] 4
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