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Abstract

It takes quite a long time for the grouper to spawn. In the case of red
spotted grouper (Epinephelus akaara), at least three to four years of rearing
1s usually required to reproduce them for the first time. Reproductive control
techniques can be applied to repress, delay or advance the onset of puberty.
Thus, they can be used to accelerate the process of selective breeding in this
species. The present study investigated whether alterations of rearing water
temperature (WT) can advance the onset of puberty in the red spotted
grouper. Juvenile red spotted grouper (110 DAH, 7.25+0.5 cm, 6.45+1.5 g)
were randomly divided into 4 groups and reared for approximately 10 months
(from Nov. 2014 to Aug. 2015) at four different WT: natural treatment (12.6—
19.5C), 207C, 24T and 28T treatment. When they were reared at 24 or 28C
WT, sexually mature individuals appeared within 12 months after hatching
during their breeding season (Jul. to Aug.). The mRNA levels of
reproduction—related genes such as Kisspeptin, GnRH, FSHpA and LHp
were higher at these rearing WT than at natural or 20C WT (P<0.05).
Mature yolk stage oocytes (=300 gm diameter) were found in the ovaries
of female red spotted grouper reared at 24 or 28 C WT, while only oogonia
were found at natural WT and peri—nucleolus stage oocytes were observed
at 20C WT, respectively. Moreover, males were found to produce sperm

only at 24 or 28C WT. The one—year—old mature females ovulated 6—10
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ml of eggs that corresponded to 10% of their body weight. In artificial
fertilization performed at 24°C WT, the fertilization and hatching rates were
determined to be 95% and 97%, respectively. This is the first report
demonstrating that rearing at 24 or 28°C WT can significantly advance the

onset of puberty in the red spotted grouper.
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o5l puberty £ ¥3 F 4 Bas] Agow WA FHL @ F At

A1 719 (Schulz and Miura, 2002; Carrillo et al., 2009), puberty %
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F2 Akl QloiA] vl F 3ttt (Goos, 1993). ©1F2] puberty & T2 A%}
A%, 5 WAy ENFY S AdBAS Bt (Okuzawa, 2002; Taranger et
al.,, 2010). o9 w92 4 AAel= B4 a3 95 44 Q=
oaf &4 e oA "o dixAd YA 8<l (Physiological
factors) 0.2 ¢, 2EHA WHY s 5 5 St Id9x
1317 @ ¢l (Environmental factors) &&= 33 & $¢t %4 So] Qlth
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carp oF ¥ o] o] A|NAOFE A& HoJdt= ofFE Uth(Glasser et
al., 2004; Brown et a., 2006).

olel 9EEA 2L 7+ N#BY FEAS AFeta HolA Tl WA
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tH(Gen et al., 2000; Ryu et al., 2013). 3FX| %t F = Ao ¢34 Kisspeptine
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= 31 lth(Castellano et al., 2005; Kuohung et al., 2006; Kang et al., 2012).
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hermaphrodite) ©] o (Kayano et al., 1994; Li et al., 2006, 2007; Huang et al.,
2009). wHukg = o vkl of e} o] ofAlotoll A Fo7t FrhekeE LRt
7kx1 9] o}Fo|th(Lee et al., 2008; Sao et al., 2012; Kim et al., 2015). &1}
A AT (FAO) & FAAAR S 7]+ (TUCN) A EFHEF oz 27

}32 21t} (Annalie et al., 2000; Baillie et al., 2004). @A} ®}g] 7} o Fol glo]
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A QReE x4 9 $ERE FY Ao w A A A ddo] o]FoX = o
T AY BE wg gl (Kang et al., 2012; Kim and Baek, 2014; Lee et al.,
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1. 4g9 g AS5#T

Aol AFdien sjfatetdael FHOBAEE Fuke] Ao (P 5

110949, 7.2520.5 cm, 6.45%+1.5 g)& A& Hulg] X oj= sfokystad

Tol A AR E<l Helg Aol 14L:10D9 # F7] 2413 21.0£1.0T A}
F 2 A T 2014d% 7L FH AYAS JfA|olth A 2 2EE

<& Frk O] puberty EE flgte] AETE 270 UEidYh Ad £

(Natural treatment, N) 3 20£0.5C, 24+0.5C, 28+0.5C AHg =2 FE3}o,
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Txv 68 9¥43(3 m*85 cm)

Z42ke] Aol 6007k A Fgteich A

EN
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Z o]gsla] fFAom AMgEdlL, 7t
A3 713k 20149 109FH 20154 78704 oF 87043t ddsiin. A3

T G e ARG VIR AEst &4 (Dissolved Oxygen, DO)

of

L 8+1 mg/lL, 9FL 30 pptE2 ppt, pHE 8.0+0.1 °oJt}. AlgE 1Y 23

HeFSAT.
2. Ao siF 3 =A%y #F

B-P-GZ 43} 249 2dd dAS Q7] 9ste] Hupel akst A7)
ol 7Ho| Z4Zte] FZoA 10~15viE]y F28=z AEsdtt. 0.01%2 2-

penoxyethanolo A vlF & AR AFS FAsEaL, Hst5AlE 2383 ¥ A
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H3sto] Hematoxylin®} 0.5% Eosin®® tjn] a8 2 333 v] 4 (Olympus

BX53, Japan) = °]-&3lo] A4kt

3. Total RNAFZ 2 cDNASHA

Total RNA+&= Z47+e] Ad oA A& e} A4 4S5 1.7 ml tubed]

RiboEx™ LS (GeneAll, Korea) 600 ¥ 21 homogenizer® &A1& 1t
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oty

A AT #4243 ¥ tubeo] RiboEx™LS 1.0 w0 2 0.2 109 chloroforms ¥
T, A2oA 5 WRgEA sk, 4TE A AR Y] (Vision VS—
15000CFN 1I, Korea) oA 15% %+ 12,000 x g2 total RNAE #]3}ich
A B 3 AEdS A tubeo] =7 500 9] iso—proanolS @il 2ol A

HESS A|AFE 3 4TCoA 108%F 12.000 x g2 RNAZS HAA AT A=

d

RNAE A 93t U] AN A 3 diethyl pyrocarbonate (DEPC) #] 2] 3t
HOZ 75%%} 95% Ethanol® 3|4 3e] 4=A|8t1, DEPC H,OZ £3l3Fo] Total
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synthesis Kit (Takara, Japan)& AF&3ste] A3t DNaseA 2] $tRNA+=
RNase—free H:O& AF&3lo] 8.0 wl WH&3l, Random 6mers 1.0 wl, dNTP
mixture 1.0 @ & &3+slo] 65Co|A 58 w3kt 18311 5X PrimeCript
Buffer 4.0 ¢f, RNase inhibitor 0.5 ¢ PrimeCript RTase 10 ¢, RNase free
dH20 4.5 wE F7bete] F 20 we] EFO stk 30TCelA 10, 42T

o4 60% W ¥, 95CelA 57 & By BHS Susyth

—

4, AR AA FAHAS A (Quantitative Real—time RT—PCR)

HA Alg]l #3145 (Kiss, GnRH, GtHs) @] primeri= National Center
for Biotechnology Information (NCBDd 5&% F3d2F @7] ME& Fasto
gene specific primers T ARSI AFE-3FITH(Table 1), W2 #&d {4} @
d S #F9s7] 98 Quantitative Real—time RT—PCRS o] &3lo] A&
Aot g% 42 BioRad CFX96™ Touch™Real Time PCR (BioRad,
Hercules, CA)S ©]&3}9] EvaGreen 2X qPCR MasterMix—RoxKit(abm,
Canada) & AFg3lolth. cDNA 2.0 wE F3O=E EvaGreen 2X gPCR
MasterMix 5.0 g, forward primers 0.3 @, reverse primers 0.3 b
andRNasefree H:O0 2.4 wE <3} total 10 pl volumeOl = Y11
denaturation (45s, 94C), annealing (45s, 58 C) Z18]3l extension (1m, 727TC)
oA 40 cycle ==3F3 ). Z} sample HE 2 HHE A A]59 9 B-actine

olg3sto] dh A7 5, A9
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1. 2 Ag74E AHL i BHLFHAS(GSD

T Ay MY % 36099 AAF&(12.251.0cm /28.5+111.5 g) A& ¢}
20C(15.2£2.3cm/54.3%15.0 ) A9 FHutg] A2 4= wl$ ol (Fig.
1AB) A& GSI F4o] E7ls3stSth(Fig. 2). 28y 24T A2+ (18*1

cm / 89.0124 g) ¢} 28C A& F(20.1£2.0 cm / 131.4+39 g) ¢ Eutg] A2

b
rlr

AL 20C AT A AR Bwdske] 01 (Fig. 1C, D), GSI gk

Zv7y 0.7+0.1, 1.7 £0.5°] ¢t} (Fig. 2).



Fig. 1. The exterior of red spotted grouper gonad in different rearing water
temperatures. A, the gonad of fish reared natural water temperature treatment (N);
B, the gonad of fish reared 20T treatment; C, the gonad of fish reared 24T

treatment; D, the gonad of fish reared 28 C treatment.
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Fig. 2. Gonadosomatic index of the female red spotted grouper under each other
rearing water temperatures. Means represent by different letters are significant

(p<0.05). N; Natural treatment.
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Fig. 3. Development of red spotted grouper gonad by histological analysis in different
rearing water temperatures (n=5; 5; 10; 10). A, the fish reared in Natural treatment;
B, an immature fish reared in 20T treatment; C, a few mature fish reared in 24T
treatment; D, a mature fish reared in 28C treatment. Oo, oogonia; PNS, peri—

nucleolus stage; ODS, oil droplet stage; Vo, vitellogenic oocytes.
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Fig. 4. Matured fish rate under each other rearing water temperatures by histological

analysis (n=10; 10; 15; 15). N; Natural treatment.
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AL Aol e B-P-GF9 4= ®AsH] 98 HelrAlE 2t
Moo AAelA WA dd FAAe mRNA  2d FFE ARG
Kisspeptinl, 2 mRNA #d2 717} £ A5 FoZ4d Zol= fldlt.
Kisspeptinl 2] Z-¢-= 28T AgolA v Aeyrno dudow 4 &
AX %3 (Fig. 5A). Kisspeptin22] -+ 24T oA A2 5+7F 20T o]ste] A
g el vlal] Aoz A ddsE s S BEATH(Fig. 5B). Gpr54 (kisslr)
mRNAS] W& 28T A F7F UM A| A5 t}; =01 Kisspeptinl mRNA
1 v v 523 43S Bt (Fig. 5C). GnRH (seabream type) mRNA 23 &
A Aol 20T AT o] Fol Al Aol & HolA| ggkont, 24T e}
28T AglgelA AAee Aol vl fFo8 ez $3%ka(Fig. 5D, P<0.05),
GtHs (FSHA, LHB)mRNAS Hd& 20T olat el ol nls] 24T o] A

277} =<9kt (Fig. 5E, F, P<0.05).
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Fig. 5. Expression of reproduction—related genes in brain (with pituitary) by real—
time PCR (n= 5; 5; 10; 10). A, Kisspepitnl mRNA; B, Kisspeptin2 mRNA; C, G
protein—coupled receptor 54 mRNA; D, GnRH (seabream type) mRNA; E, FSHA
mRNA; F, LHA mRNA each other rearing water temperatures. The results are
represented as means = SEM and different letters are significant (p<0.05). N,

Natural treatment.
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4. A 4= 7\ (Puberty) @ 194 &Hxkgl 8 3574

2015 8€of 28T AHulFolA Axsk 134 &xlg]l 7 (110.8 £ 404 g

/19.7 = 1.8 cm) @ &7 (131.0 £ 40.2 ¢/ 186 * 0.3 cm) <& A &

e

llﬂ_
heb oz Aol WS AFHTG o, wjeFS 6-13ml= oA oF 10% % th

(Fig. 6A). Q134 A FAEL 5% ¥ o, 382 97% %t} (Fig. 6B).
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Fig. 6. Fertilization and hatching rate by artificial fertilization using eggs and
sperms collected. A, collect eggs of one year female fish (131.0+£40.2 g,

18.6%+0.3 cm) and collect sperms of one year male fish (110.8%+40.4 g, 19.7

£ 1.8 cm). B, fertilization and hatching rate.
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o159 puberty:= F= AP 7 22l WA 2H59 B-P-GF9 &

3 Qgkgol Qlrkal wolwl, ol § oRe] B-P-G% BHS Fu S, Al

F

wo]

10
of

kS W=t} (Shearer et al., 2006; Taranger et al., 2010). Nile

ol

tilapia®} sea bassi= FF7] @l e AAAAY #A-H FAAE] 3ol Frt
3oy puberty”7} FE% %S (Martinez—Chavez., et al 2008; Carrillo et al.,
2009), pikeperchs AAd 7] 2713} 14T A2 A puberty’} X5
2 tt(Hermelink et al., 2013). Longtooth grouper®} dusky grouper®] puberty
= AsY A#do] 9l (Andrade et al., 2003; Ryu et al., 2013), oJ&] 2o
T=9] puberty® 4%, to] 53 A¥Ado] AtH(Taranger et al., 2010). °]$}
2ol o] 7o HAY FH|F2 58 ey YA Qe AsE Wi i

A #3H 5844 (Kiss, Gprb4, GnRH, GtH) 9] #Ha & A|Zo g A A7

br
N
oX,
IS

3to] pubertyZ} f-EH T}

o]F<o HAME T F-#A F Kisspeptin® Gprb54+= puberty £} & 3}o]
Z Q3 f-dxo]tt(Navarro et al., 2007; Martinez—Chavez., et al 2008). Nile
tilapiat= puberty AlZHA] Gprb54 Hdo] Frbetes Ad¥s Ko (Martinez—
Chavez., et al 2008), ¥-++7 (rat, mouse, sheep)°l %= puberty A|ZF A
Kisspeptine? #@3do] GnRHE #H|E FE3Ftt(Messager et al.,, 2005).
GtHs®] #H]E fF%8H= GnRHE Gprb49 #do] Frhstir Jads v
(Mohamed et al., 2007;Nocillado et al., 2007; Filby et al., 2008), GnRH mRNA
o] Eu]ge puberty”ZF AZstH A F718FA Y (Ojeda et al., 2006;Nocillado et
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al., 2007; Martinez—Chavez., et al 2008). GnRH type®l+= o1& E7F7} A=H
vlg] 37} o] F-9 bassHE F% Sea bream type? GnRH w3lo] A2 A Hbdto
43S W=t (Rodriguez et al., 2000; Holland and Zohar, 2001; Ryu et al.,
2013).

GtHs T3 pubertyel £23F Q<107 #&3tt} (Patino and Sullivan 2002;
Schulz and Miura et al., 2002; Carrillo et al., 2009). Chinook salmon ©]%ol|A]
pubertyAl FSHp ¢} LHpBS #deFo] F7bstal 2™ (Shearer and Swanson
2000), african catfish ¢ european sea bass o]Eo| X% puberty A]7]°] LH
B2 W& ko] F71sth(Schulz et al. 1997; Rodriguez et al. 2000).

ol ATFAME Frtele puberty %Al Kissl, 2 mRNA o] #&-& A2+
o ARl Aol & HolX| gkov, Ao r uge HYTE A5s FUteke
S Bty 1813 Gpr54, GnRH(sb), GtHs mRNA ¢ #d 2 Audo=
15 ATl AFE AHggtel nlEl ooz =4 ddsilth
et Ay AAF Agge 20T

Aol e A arh deskA] ekgtou, 24T o] Aol =

(Gabillard et al.,, 2003). EfFolAE HFE=E Gh, Igf 9 Aol #3
AT-s0] B ¥Qla (Darendeliler et al., 1990; Sharara et al.,, 1997; Shahat
et al, 2014), Atlantic halibut AFINE AZH A& AF9E
H A (Jakupsstovu and Haug, 1988). } 3279 Gh & 7oA Igfl, 2 9

S FE3tt} (Reinecke, 2010). Japanses eel ¥} tilapia o]FolA Igfl &
19



0%,

21425 A=ske] 11-Ketotestosterone 2 8|S skl FAHE A 2 o
#od 3ttt (Nader et al., 1999; Tokalov and Gutzeit, 2005). Z18]1l gilthead
seabream ¥} tilapia & Z7|W3F7|EA oA Igfs o] @& ™ (Schmid et al.,
1999; Perrot et al, 2000), goldfish ojFelAE W3] FAES
743t} (Srivastava  and  Kraak, 1994) o] AddAe= A
AR Igfs ¥ Gh & fFAA ddSFE> FASEA] ZekiA N, AAT 2

A sk 20C AT 24Cs 28T A TPelA we AFE BATH

wheb] obduly o<l Bukelel puberty = 529 AEA JFH} A
QS Wol FEHYOW, ALt VP WA Uk o A

HZ zebrafish®} rainbow trout % UvheFsh
FEA} gAk, A, FFol B ATV B

2013; Nisembaum et al., 2015; Gracheva and Bagriantsev, 2015), 3% +&

o

HA s A AAUEHI S A 7| Fe] @3 A4 e Zlow

A2,
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