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Possibility of Selective Breeding of Red Sea Bream Pagrus major Under
Non-fish Meal Diet
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Over the past 50 years, red sea bream Pagrus major has been selectively bred for more than 10 generations to improve
its growth rate. However, the effect of genetic factors on growth under low- or non-fish meal diet is still unclear. Here,
we analyzed 251 individuals randomly mating 21 females (dam) and 16 males (sire) to determine the difference in
growth between non-fish meal (i.e., treatment group) and fish meal-based diet (i.e., control group), if any. The kinship
coefficient between each group of individuals and their parents was estimated by the KING (Kinship-based Inference
for GWAS:s) software package. The presumed parents of 74 individuals in the treatment group and 57 individuals in
the control group could be effectively identified. Notably, one specific female was consistently related to high- rather
than low-growth individuals in both groups. In addition, more than one parent in each group was related to either
high- or low-growth individuals. Parents of both high-growth individuals in the treatment group and low-growth in-
dividuals in the control group were also identified. Although further study is required on various growth factors, this
study suggests the possibility of selective breeding under non-fish meal diet.
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A1 4 gl Tl Aol piE vt ofel slirol R

UuA 0 3 of AAo] 43t o T2 wg AHR O] ujEelo s

A ol AErTt &2 o= defA Jltk(Suzuki, 2019).
o2 F2 YR} Ee dldFe] ol@weolu A4l HAlel <
A A 7H, 7, S AA S 7] el F
T A7IA 22 e =t 2A7F e Jitk(Hua et al.,
2019). E3H o2 A7} = ofF2 T A=A A A4
o]7] W&ol o] 59| el A2 ot siFAYE Aol F
A e v 271 Atk (Worm et al., 2006). whehA] <=4k

U A 1 A o o] o] & 7|22 Sfo] Aol 3
B AR FFEANNAE ol 50] AR B 4
E% ol et Aol Bag Agolck. sateli

%0 flo k
o rlr 4z &

A ZA8Y o] gtk(National Research Council, 1993). 438
o](European bass Dicentrarchus labrax)®] 31014+ Al&2%2]
o EZ AlEA ol EdER Ao =M o vt
E3astolA ARSE WA AR o] HlE Tt
(Kaushik et al., 2004). S+, thA]%F tj-(Atlantic cod Gadus
morhua)°l| 3lo1A= U2FE} i FsS0 59 A4 o
Y S=0] e 50% oo 2 Fust A e AEES
T3] AR T RSOl A ARSE A @} Bl aLsko] A7k
B AlRAEE 0] Wolx]= Z3Fo] Uyt Hansen et al,
2007). ®rof(yellowtail Seriola quinqueradiata)©l] 3101 A+ 4]
= EFAE Y B9t AP ALRRRQIAIE FoliE
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Absol £ 7o B4 Fro]E AR 328t A
A AR S Ak ZAIE HE A 4= A
(Seong et al., 2022). 9-2|ufe} B UL0] =0 FAlo]Fe
(red sea bream Pagrus major)ol] 9]0 A= o} &2] tf
A el S 2R 7EE, B EY 5o AlE AT
o]-g-5to] Aol ALY Fade HER d7F R
CHAOKI et al., 2000). T3+ o] F-9] HA| a2 A 2]
2] il et 977} 22 e WaE
o|t}(Seong et al., 2020). o]} o] HJES tjA|E =
EHRY Y A o]8/4S =ol7] 1% A7t ohekst &f
TS e R AgEfo] el glom FTols AojE =2
ol AtRFE R YojA e AYET AlR A S-S A
717] S1_F AlSFof TRt Ao w3 SESHA XS E AL Qi
58] Aol AlmaadstolA 24 ol 24 AUEE= F
3f) A& 274 AR o (amago salmon Oncorhynchus masou
ishikawae)®] 7 o= Aak8% A3} v wto] AAET} AR
780 |2 A A tH(Yamamoto et al., 2015). 44t ofl 24
Adkgof o3| AYAFE F2] 7] 4:0](rainbow trout Oncorhyn-
chus mykiss)= 53] MlZALRE T} ol AbR g2 s)
ol A 2/ AlE] Akl g8l e, olE Als i Akt
9] WE A TS I Y th(Overturf et al., 2013). A1 A
o}(Atlantic salmon Salmo salar)ol] Q] o1 A= 124t o]A}o] A
A 7171 Are5-S AR A3k AbR 59 o] & 3hi-&0]
30%0]513] A o AR g8t A = a7 AlE-of A4t
of] /J-53FATHAas et al., 2019). R, HFo|(S. quinqueradiata)
of Slol A AP Ea AE 0] 4 W Ao k2 A
o] atol= ERIE oL, 7t Ale Abe o] o A2 o
o1=|%] 9F9FTH(AKita et al., 2021).

2 Q1740] 2 717] oo} SeAtel Ao Al AR 2
B2 H|E8lo] ZthEo](Pacific bluefin tuna Thunnus orien-
talis; Sawada et al., 2005), S-& %7 0](striped jack Pseu-
docaranx dentex; Harada, 1984; Harada et al., 1984), Ao}
(greater amberjack Seriola dumeril; Miyashita and Kumai,
2000) 5 THkEt o] FS tid o= A7 A ofl At Bt 9l

55| R A HHA7] o) ol AH A&A o m AUEF
(et A 9 wulS5-2 Al A, AFAAE Zhsol vlal A
A&7 287 whE AlS-Ql Tivke] 2hEre Aitel] 4458t
A tH(Murata, 1997; Kato, 2002, 2023). T3} 425 o 420]| 4]
= AESE 1A oA TAlH ol o] 271712 44| Ad o] 2] A3
Zof QoA o] Alch7te] Hat A H -%1E(realized heritability,
W& 2ARE A} o] & Algoll oA o fdE-2 03302 L
EpsttH(Murata et al., 1996). 53] SA|cof| 4] 7A[eHe]l Qloj A=
0.789] =& 40| Ul E 2l o & n|Fo] & uff, ZhEof 9l
o X 0] AR HE FA A GRS A oA WAL 5ol ZRlE
CHMurata et al., 1996). thit o] 5 AUAE2 W& Holg &
ARG AALR B2 of o] thEF - 40 vt AR S
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Z28tol A ASE-2 AABRE7] izl Ao 2= ol
AR O] st QlofA= a7 AlS- 9] AYAte] s A
of| thaliAl= H&sHA Ll vzt glet. ofof] A5 A-aof| A
= A P Aol B2 FolR AARTEe R e 31440l 7}
T ATE YAt 1Rt S AFE Ak A=
Ot ool of Al wA] 7He] 717K o] A4 B Ad <ol wh
et i eAE =S 4= QA 2 w7 9] 717hat s e
17 9 FER Al 7] Heel ) vl 5
T A ZAZ ol =S R S WA skl
= Al o]th(Murata, 1997; Kato, 2002).
2 Aol A= Fitto] FEtS e R Folf AlmEaE
stof Al o] 59 Al mAl= FAA Fake A A71A
4 (next-generation sequencing, NGS)o]| 7|8t -2 4|
A HPHE ARERE o B o] & FhaRFo] W Abiof 9lofA]
A Al A o] 87 Fs S HESH] fIR 71=A4
25 AlEshs S HiE pEh FAA 2= 1ol
=m0 B9 ojn|cte 2 K e Ap¢libetiof ofs) ¢ojxl
NAE o= 3742 stz et o Alm o] 352715t
oA 367 AR AR S Bl 24 ANAIE S A el wEE Hlo]
& $33}3 ) 013, MIG-seq (muitiplexed ISSR Genotyp-
ing by sequencing; Suyama and Matsuki, 2015)& 53l &
2 & ¥7] Ho|(single nucleotide variant, SNV)E =2
A A4 (kinship coefficient; Manichaikul et al., 2010)E A<
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i o 2 1 E Ao /AIE AFojRdte g et o] %, 7
7Ithsl geAbAA Seprta] Aol A FolE AbR-35(0]
o}, Fol - T4 s AR S E (ol 8k th 2 )2l F AR
2 Uro] Z4zke] sl 7] (2 X2 X2 m) 371 & & Hat A
% 16.7 g2 A3 olE 10071A14 5 60071H|E <=8-5F1 2020
| 649 3URE 2021 29 8U7HA] 3677 ARSAIE S A
o} Ayt 7hEe] oFAlEA ol A 9] BrAlat FdskA AAIEH L
o, ARS7|7F Boto] 4220 17.8-26.8°CE Ht 22.3°CTt.
AFRFE-2 1Y 23)(08:30, 15:00)2 F 6U & AAslo] ghE.



214 A5 - thFel Folol] - 7k Aole - ohale 2930l

S AREA F Foliet oz glold 37 A
g20) Zeha Ul 24 Feke EEEL 242 52%, 53%,
AW T AYT B 1% FAY 2002 A8Hc
ARG FR T, % 6719 s Threl 2 A 9w A
Hol 242} 3040744 F23t0] o5 HHole] AFL %
ahsick. 1 Az RolT 13444, th2 - 1174Rsk o) 5
of ofult 5 4NA7H ARl ate HEA 02 AR 177)
A L5 IS B0 2 A A SAH GG
Hafgirk. & s S| Aol Tk 717Iohet SakA T
of el ol et FRO| M-S Hsfely] 93} w25t
glom, 1718t At pas] FEAY fu9lUsle A7

£21(2019-2022)& AL 5 A A5
genomic DNAS| ==

oful ks 7k A= ZRe A eiv]e] Qe dielo]
Allprotect Tissue Reagent (Qiagen, Hilden, Germany)o]l &71
T 4Cof|l A Aol HENO] HEE =S 24X7F 5 A A
2 & gk §, -40°C YE Lol 52 RESHGIT) o] %, X1y
%71(DWMax M-BR-034P; Taitec, Saitama, Japan)E ©|-&-5
0] 35°CY| 2 A 2AZ s Eet 7, oF SmmAY L] 7|2
A=efnE d3skeinh. AFE A=gnjo] golld HEH
LS Folek2 2 77 wroly L, DNeasy blood and tissue Kit
(Qiagen)E o|-&5to] Al £Ate] LR EES 150 genomic
DNAZ =3It genomic DNA9| 5= S o] ARE-H §
L4 = A= Qubit 4 Fluorometer (Thermo Fisher Scientific,
Waltham, MA, USA)E AR-514.2H, Qubit® dsDNA BR
Assay Kit (Invitrogen, Carlsbad, CA, USA)°|| o8}l 5 =& =
Asieics.

2tol=2{2] HMEfat AlEY

E oo A& MIG-seq (multiplexed inter-simple sequence
repeat genotyping by sequencing)S ©]-8-3F A| A 2fo]H
2] A2+ 3 2 & F(Suyama and Matsuki, 2015) & 213} 2}
o] B ej2|E A&ttt oF 10 ng/uLe] w2 FH] % genom-
ic DNAZ5E| 853 9] forward®} reverse primers 212} o]
3to] 1t PCRS A5 tH(Suyama and Matsuki, 2015). 1¢
PCR %2 $J3} #3902 genome DNA 1 uL, 2 X multiplex
PCR buffer 10 uL, primer mixture (20 uM) 3.2 uL, multiplex
PCR enzyme mixture 0.1 pL, distilled water 5.7 pL2 3 20
uLog A3t 18 PCR cycling 272 94°CoflA] 185
ot pre-denaturation & 94°Col| A 3027} denaturation, 38°Ce||
Al 187} annealing 2 72°Col| 4] 187} extension®] Z=7H S &2
30 cycles 23591, 2|E2 072 72°CollA] 105 %<t final
incubationg 4~33}%t}. PCR §H-8-2 LifeECO Thermal Cy-
cler TC-96/G/H(b)C (Bioer Technology Co. Ltd., Hangzhou,
China)E AF&-3F31th. 1% PCR FZ4HE9] 3¢1-2 DNA-2500
Reagent Kit (Shimadzu, Kyoto, Japan)2] HF3-& 2115}

A5 A7) 95 ] 91 MCE-202 MultiNA (Shimadzu)E AR
SkQlTt. o] %, ZF JE9] 1% PCRS-FHARE 0] HHE-1o] index
primer®} A[/Jo B R A|GE F71519] tailed PCRO] &
3f 2" PCRE 433} tH(Suyama and Matsuki, 2015). <-4
Ao R 12579 forward?} 8572 reverse primer= -4
%l index primer®] & gha ZF Al S0 HHTo] A| A9 13] 9
T2 967l HE= AT = =5 Fith 2 PCR 5355 ¢
St Wk-3-o1-2- template (50 X 13 PCR product) 3 uL, 5 X Prime-
STAR GXL buffer 3 uL, dNTP mixture (2.5 mM each) 0.08
uL, 10 pmol forward primer 1 uL, 10 pmol reverse primer 1
uL, PrimeSTAR GXL DNA polymerase 0.3 uL, distilled wa-
ter 8.02 uL2 = 15 uLo 2 244314t} 2% PCR cycling 271
2 98°Col|A] 1027} denaturation & 54°Col| 4] 15%7F anneal-
ing & 68°Cof| 4] 3027k extension®] 7 2 & 12 cycleS 213Y
8}3ltt. 2" PCR 5-EARES 912 1 PCRY} 53 Wi o
2 A5}k 14 PCR & 2% PCROJA] 2} gho]Hag] 9] 7]
%4%59] £ A3k W Fe(smear pattern) =2 LEREEO.H, o]
£ PCR ZZA1Eo|= multiplex PCR 92| ©] thoFslt ZZ AL
ol 23+E Ao = wesgint. oo, 1719 1.5 mL nfo]=2
BRH| 24855 717} 5 ulH H7tske] &3t glolHeE|®
ARG 2 Aol A= 13] |9 96719 A& 45k
ong A7|o g5 2o r F 419 £t glolHeE A
25kt o222, QIAquick PCR Purification Kit (Qiagen)
£ AMgte] AzAte) ZRERE Fuste] dolHejels 4
AL 0%, 7k 3 eholrelel shtel Frof Baet
%, AMPure XP (Beckman coulter, Brea, CA, USA)E |83}
of, A xS ZREFZS Falste] gfolBeje| o] 27 AH 4
A|(Size selection)S AA|5FALE £ <150 A= 100 bp o4
O] FFAHETS 3T 4= =S AA YT o] %, DNA-2500
Reagent Kit (Shimadzu) ¥ MCE-202 MultiNA (Shimadzu)
£ olg3lo] 17| 5S Walol, 2714 4A| Fo] FB4kE
o] 100 bp ofste] AA} FEAHEO| gz A Sl ¥, 4
nMo| sz glo| B & AlAsteleth 2t gfol el A2t
A o w2 7] FF A7 ol = Fig. 1o el glet. A4
2 TlluminaA}-2] MiSeq platformo] @z} 4 nM 52 DNA%}
PhiX Control v3 (Illumina, San Diego, CA, USA)E 4]0l &
gholl-S- k=31, MiSeq Reagent v3 600-cycle kit (Illumina)E
Illumina MiSeq System (Illumina) AH]& ARE-510] G714 E
& wasieih

H7IME HlolE 24

A5 AA 4714 A(https://madai.nig.ac jp/index.php, un-
published data)-< reference genome 2.2 BWA-mem=- ©]-8-5}
of ZF A& A714 85 A5kl tha- o=, Picard Mark-
Duplicateo]] &Jsl| Z-5 #7445 duplicated &= A A5},
AddOrReplaceReadGroups2 ©]-8-3}9] bam fileS AA35}%
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Fig. 1. Examples of electrophoresis during the library preparation for MIG-seq. The molecular scale is indicated in the left side. The left im-
age shows the result of the 19 PCR product, the middle image shows the result of the 2" PCR product, and the right image shows the result
of the finally prepared library. The results of 5 samples (s+sample name) of the 1 and the 2" PCR product are shown. Blue lines indicate
polymer markers, red lines indicate small molecule markers. The electrophoretic images of each library were smear-like (approximately

50-1200 bp) in the 1st and 2nd PCR, and it was determined that each library contained various amplification products derived from multi-

plex PCR. The electrophoretic images of the final product are at approximately 100 bp or more, confirming the success of the size selection.

t}. o]&, samtools mpileupS ARE-519] raw variant®] A=
7} 3Z3+E vef file2 A3 TE SNVE veftoolsS ©]-85}0]
mean read depth 3, minor allele frequency 0.1, a number of
alleles 2, number of missing genotypes 02] =402 HE|T]5}
L, ZFA 0= 917712 SNVE F=3H3

ool AE
Veftools software®] KING (kinship-based Inference for

GWASs) software (Manichaikul et al., 2010)2 == A&}
Q relatedness2 packageS 0]-2-5}10] oju] W 7jH 52 A

55 A ol %, WelAlSo] Aake dhes 2u 949
SRR Wgsto], 487 ojullekn} A7) BAARS
SEERET Y
Z™ojolel 2

CRELCER

2y ZhAI Sl diet DA A AE
FE31L, o592 ofu|e} AfAIke] EAAS HHAIE AHED
ot 1 A, BAREE 019, FARES 0182 F4 = ek &
Aol A<= ol5 oful et ATk A7} Fat A ok
Ao Aalsl oju| S 24T 4> girka wrtsla .w of| A A 2]
SHlTh 2 ofn|7t s A7t AT B AAIE 48t of
vjeke] dAA 7 7 2 Ak o7t S Lt B A

ZVol| A Hi o] $1&u} ohE ukgduj o] A<= o] 2221 0.125
a|qke] ZA o QoA = FE3E ofu]E 4T 4= Girkal At
Shal B4 o A A 2]sF .

SEAXMe|

A Ao ofal] ofujof 24 0] 7Hs R AHAIE T

2 el o] A9l 30%e] sldksl AAE 1% 3
who 2 1L, 519] 30%0] Sl S A Ao A
Haisict. $AA S Z7te) el el RSl & 7
A48 B2 53, 7k ojul 2 o] 1437 o] agral 7]

A8 B Ul 710l 8 Aol o %, 2 A
of Ao1A] Al ke AL AR 2A8 7] 913
Jp2te] Astol Aetshis AAEo] B4 ojul2nel Salsis
A2 Bl 98] AEE Vo4 ee B oA A
& ANt B, ol 5] oful7} ztzhe] ek & o]
ot Tolal i YNS AL, BAH T Ao] B5al] o
ol 0] A2 4] AL §H7 aro] 2-galTL AL 7
1540] QUi gtk 7F AFTolA FAolule} A S
7he] Wo] GH=AE Aol ABAAE Falol st 5

AlEAS- js-STAR XR relese 1.1.8 (https://www.kisnet.or.jp/
nappa/software/star/info/howto.htm)o]] 2J3}] 43 =]l a1, EA|

g 9] G214 AEE 5% nvte 2 ATt
a o
34

2AA+E ol8et FFoole 2

—

& ol A= ol AR 17 5L =2 1670 A =5 E A
S ti=72] 1177119} -ofit-2] 13470A1 €t 2= o
Hea o7 EAATE AEsIiT of IgollA 7ol
of A7zl FstA] 2 oot AAES &4 dde =
TE Alefstglon 11 Ay, diztoll A= 11774 5 STHA|
REE AR 107HA] E =2 14704] 9] =75 ofu] 7} A7 =] it
ol A= 134704 & 747HA 278 A7 87A, =2 13
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WA7E Fgolnl 2 A E ek 2t AR E FAofu|7t
AR A S Ht AF-S Table 1] LFERH SIT}

T A MYE Yol S FFojolel WY

ol STAH 5 370l 491 U Bh91E 242 30%: 71

Qo

97 g

ol 51} At F4ofn Y W& AT T
T2 T470A 5 43782] &1 9 sk17E ZE2E 30%41
ok 227 A oF A7 ek 2270415 ZH2F =5
H F4oin Y W& 2AsHIE 2
9 9 SFRI7F ZE2F 30%<1 g ekt A48 A
o] Wt %S Table 20] WeR i} =3¢
A ko] WA S A 4 ofr] 9] WS Table 30 1
B Qlet

LA FHoju|zt A4 E A 1070A], A 1470 A =7
ool Al 3/t ek A3 Heke) =4ofnl= oA 10
7HAI(A, B, C, D, E, F, G, H, I, J), % 127]AI(a, b, ¢, d, ¢, f,
g h, i, j, k, DFte] 1= ¢ick(Table 3). 53] 4A A= 114
% 7NA A1 9] 29.4% 5 AA D vhE =2 vlE = AEo] 9l
ek ohet A A= A% el ol e w2 BHlES 2t
AJskaL Qlo] A3 ko] A HA 2] 35.2%%} dAetE]o] §)
UThH(Table 3). 217374 At #4474 Aeke] =7gofn] 9]
of oAM= 7ol Al A8 Sofl A A, AT A
ofl Al g7 Akt A Heke] warof fofgt Zpol7f
Efrom, & Bet Ex BAR SR A% ket 1Ad%

R ook
oX
N
N

Nk
N oo B
X 10 g
M ox i o

% roox
c
i)
2

Table 1. The body weight of progeny derived from putative parents
using the KING (Kinship-based Inference for GWASs) software
package (mean+SD)

Group Number of progeny Body weight (g)
Control 57 504.8467.9*
Treatment 74 436.1+68.6

SD, Standard deviation. *Statistical significance between control
and treatment group (t-test, P<0.05).

Table 2. The body weight of progeny from high- and low-growth
population in each group (mean+SD)

Number of Body weight

Group Population

progeny (9)
High-growth population 17 576.5+39.4*
Control )
Low-growth population 17 426.6+44.3
High-growth population 22 516.0+33.9*
Treatment .
Low-growth population 22 362.0145.7

SD, Standard deviation. High-growth population, top 30% of body
weight; Low-growth population, lower 30% of body weight. *Sta-
tistical significance between High- and Low-growth population
(t-test, P<0.05).

Zetell f-oJ3k gaFo] =l = $th(P<0.05)(Table 3). 2% BL}
E25E faigh AAES2 A% A hAI4=2] 2H 5.8%E
ARR|SEIL QL AE Aol thu]sto], 1/gd7; kel gloA= HA
WAG=2] 72} 23.6%, 17.6%S 2|5l )] ch(Table 3). g
H, ¢ DEREH fHg HAE2 A% Jd JAA JHAlS
9] 17.6%2 2HA|8taL QI Aof| thulsto], 1A% Zetol| 9)
o} A= AA| /NA4=2] 5.8%2 A3 oH, BA A 07 A4
2 Ackol f-oJgt FaFo] 2= th(P<0.05)(Table 3). 97
370AN(G, 5.8%; H, 5.8%; 1, 5.8%)7} 57 371 A(g, 17.6%; h,
5.8%; i, 5.8%)°l AolAl= #/9%F Fcto] ghafjA gt A3tE|of
A H(Table 3). BRI, oFA 170A1(J, 5.8%)2t =71 37HA|(,
5.8%; k, 5.8%; 1, 23.6%)+= 11787 ko]l ghafjAuk dAxtE]of
UK Table 3). L 2]9] =4 oju](H 2714, C, F; =7 674
A, a,b,c,d, e )0l QloiAs 14974 etz A7 1etol| 9l
o] A FAH SR Aol Rolst FFS HAA] P2 AR
A =] %I tH(Table 3).

A ou7F AR E A 87HA|, A 13704 F Fol et L
FollAl 134 Hetat A% Aeke] 4olnl= A3 874
(A,B,C,D,E, G, H, e} =7 1170A(a, b, ¢, d, 1, g, j, k, |, m,
n)vko] 3= QIth(Table 3). 7 A9t B= 147 Akt 7H
o] A=l om, oj=Fw /g% Hek ZHA MA 2] 27.2%
FAIBEIL Q1oL o] 2] 4 ofn|Ql A A ALt E= A4
Ichol] QloJ A& ZF2F 22.8%, 18.2%2] =2 v-&& ¢3ty]
o] Q1SitH(Table 3). &7 BEKH f-egt WA= A4% &
o A AR 4.6%S ZFAISHIL QIE Aol tiu]ste], 1
A Aol glotA= AA| 7HAI4=9] 18.2%E ZFAISHL 190
CH(Table 3). ¥4t ofuzh, A B SAA &2 A% etk
o} 21/ A etol| -] gk @ gFo] 2l =] $ITHP<0.05)(Table 3).
S, A7 HeF =7 g2 5 E fEiet /HAlE2 A9 Ad A
A AT ZH2F 18.2%, 22.8%= AHA5EAL AUH Zlof| thv]
sho], a3 kel lofAl= A WAI4=2] 22} 4.6%, 9.0%
= A sk e, A o2 A Aol o7t F3Fo] &
21|91 th(P<0.05)(Table 3).

oA 270AI(C, 22.8%; D, 4.6%)9t =7 571A|(c.4.6%; f,
4.6%; k, 4.6%; m4.6%; n, 31.8%)°] SlojAl= A4 Atk
of slafjAut AxtE|o] 9lelth(Table 3). ¥HA, ¢ 17HAI(G,
18.2%)2} =7 270 (a, 13.6%; 1, 45.4%)= 1137 Al tho]| 3t
SARE A o] ARAEK(Table 3). 71 £]2] 7 ofw](F5 171
A, L =2 3704, b, d, ol el a8 Atk A48 3
ohof| QlojA] SAIK 0 &2 Aol fofgh JaFE u|A|A] o= A
© 2 FA T TH(Table 3).

Aedztel zh MEECol JHMIS0 UM FFo{O|
LHo| H|

AFol otA df 2ot FojEtoll A S5 o= g U
=2 A A debd ol oA 87HAIA, B, C,

i

b

=
=
%

2 ¥0 o
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D, E, G, H, )& =2197)A(a, b, ¢, d, f, g, j, k, 1)7F 2l = et B frEi AHAERl $lolMs tiztollals a4 el g

(Table 3). °] &, A7 BFH #ellet AAS2, H2+-2F o A o] AL, A A 5.8%E AA[SEAL ARtk
T B AR AT S8R ko] frol gt gafol 2l (Table 3). @, o Zto] QoM o] =4l ke #4374 Fletol

=) 9IEH(P<0.05)(Table 3). 1% GREE ST ARGl Qo] Tallur Aghslo] Qlgla, A4 A 2R A0l 4.6%
At el s AAA Astel B ATHEol QAL A S AXISHL YQItHTable 3). 5 A 124 E fefe ANS
A4 O] 5.8%S ARSI YSATHTable 3). TLELE Foli & tjmTe} Fol R BT A Kco] B4 dwElo] 9]
Fol A A Aol ST ARl Yedom, TAY  AI(Table 3), 53] FolE ol 1A Wk A A
Aehe] 18.2%2 22|51 QK Table 3). HI| &, A kZE  45% o] AR 2428} 91K Table 3).

Table 3. Number of high- and low-growth individuals produced by female (dam) and male (sire) parents

Parent A B C D E F G H I J High (%) Low (%)
Control group
a (2)(2) (1)/(0) 17.6 11.8
b (2)/(3) 11.8 17.6
c Mm@y (1) 0)/(1) 11.8 11.8
d (1)/(0) oy @M 11.8 11.8
e 0)/(1) 0)(1) (1)/(0) 5.8 11.8
f )Yy (1o 5.8 5.8
g 0)/(2) 0)/(1) 0 17.6
h 0)/(1) 0 5.8
i 0)/(1) 5.8
j (1)/(0) 58
k (1)/(0) 5.8
| (3)/(0) (1)/(0) 23.6
High (%) 294 23.6* 11.8 5.8 17.6* 5.8 0 0 0 5.8 100
Low (%) 35.2 58 11.8 17.6* 5.8 5.8 5.8 5.8 5.8 0 100
Treatment group
a (3)/(0) 13.6 0
b (5)(2) 0)/(1) 22.8 13.6
c 0)/(1) 0 4.6
d 1)(1) 4.6 4.6
f 0)/(1) 0 4.6
g (N(2) (1/(3) 9.0 22.8*
j 1)(1) 0)/(1) 4.6 9.0
k 0)/(1) 0 4.6
| (4)/(0) (1)/(0)  (4)(0) (1)/(0) 454 0
m 0)/(1) 0 4.6
n (0)/(5) 0)/(2) 0 31.8
High (%) 27.2 18.2* 0 0 27.2 18.2 4.6 4.6 100
Low (%) 22.8 4.6 22.8 4.6 18.2 0 18.2* 9.0 100

Uppercase alphabets, dams; Lowercase alphabets, sires. High growth population, Top 30% of body weight; Low growth population, Lower
30% of body weight. (Numbers)/(Numbers): (Number of fish of high growth population produced from the parent)/(Number of fish of low
growth population produced from the parent). High (%)= (total number of fish of high growth population produced from the parent/total
number of fish of high growth population)x100. Low (%)= (total number of fish of low growth population produced from the parent/total
number of fish of low growth population)x100. *Statistical significance between High- and Low-growth population (X?-test, P<0.05).
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Table 3). ZHsoll SloiAl 4@ 4
23S 735} WAl ¢l O m(Murata et al., 1996), ©]
aFo] & A9| Foli At o] Fazlstel oA E
P Ao Z uFo] Euff, £ A
b 9 Aate] QlojA = st A=A A L IS A

2 X

o 2
=)
1o
=
i
o
offt
%
3]
ro,
)

AutA o 7 tdF o) AsFol AP EH, NS A5t
s ool i de AR s o)7L, of 3}

oA Aol et AA5Fo] Bt FRA R e
hofA o] F- 2] thefAd Alsheth
(Taniguchi, 2011). 538124 thefdo] =2 A= 5748 & &=
S Aol A vheFet F A vl S ZH A7 ol &8t
= AHE oJnletn], W& A= I RS Sfugith ol gt

SHoM 54 F e B4 AT #44 tfdol wom g
7g o] Wsto] theFet vhe(X1sh 55 E9h)o| e 7 E

3 olAItk, o8 Sol, sjofell We BESHE A4k AEY

chi, 2007).

ol A g0l AAlsh= o 299 Mtk £ )
UM = o Frefe] SRS Mo Fa R 5| ¢Far 14
Aol fAsES 7H ek S A (Ee 2 Hol)7t of
9 7kl 2 752 Sfulgtet. vl & o] 23t Fe 22 i A
£ Aat e o2 iE st 22 ddH o vy
S o YA|qE qhof o]e} T2 Mot T2 A S & A 2T
4 tHH o] 22 0 2= FojE AtR g st A= 4%
AE2] Aate] 7hsE Al o & Abm et SHA gAY A4
ARl A ANk flal AR 1Ivhe] FEe A7)k
A 240 Aok o A ¥ wulgES 53t An
AREo]7] wol] AFAAE ol vlsl §-314 thekdo] A stE
o] glom, o= theket A AT Blaiw &gd 7t
L4Jo] g8 oJu]tk(Taniguchi, 2007). 1 ol &= E-5}1L,
2 Aol A= A T ol sk itko] Fsrell §lofAl

A= HER A SR, ot b S
UHERA AAITES AAFsEAL QUE 72 GEERE 221 = Rl eH(Table
3). o= Atm o] s wet gl n|A|= el v =
e 4= e ofvl7E ko] o] Ak Ufel] QlojAf e o
= ZABIL E& SulRitt. o9 2 ofu|& ol AlR 9
saRAsoIA A AlSE AAtsh] iRt FEoju| 2 A9
o8- 7FssHAAI, /e widAtR ] skl /o]
M A A7 U= 59 2AE €24 = ]
mf ol A5l AoiM e Fot e A o= s
ool e A nirell o Al A ] 30%°]
g AAIBEAL Qo] BRI A rk(Table 3). ]2} o] fF-of
AR o8 7Hs g0l W2 JAIE Atk ofulE oAt
S 2RE HiAA7 = A ERE o] 9] /A AlE-o] kel &=
w0l 2 S Ao R AmET vt 27] AdaFo 3
A 57 e fAREE AdEsto] Al E A5 s =4, Sl

A 2 kg o] G5 Aske Laop(RA WS A%
3712 2% Kijima, 1994) 52 chofet 2418 o2 7k
A A 4 gl) whitel  Q17E Erh o AR
2 A SlalA S Rl 9 chopy B2 9 A7)

A9 717HE A e a7t & Ao ' AbR
AZA 08 B Lo A= NGSo| 7|5k &2 4] E-aubs
Eol ol AFR S| St QlojAl e A s Al
O WA 75/ HESH] f1't A4S BT E nh skt
Aol A =2y U] FAY-E o] A&ATA Yo
&t 2hm AehE Fol FRpo R e o] ZlE S
of|(unpublished data), 2 A-L2] Aol QlojA e 4124 7]
& 4= S Ao &2 AR HCE thyh 2 Aol A= AR 3
=9 A Aol A ARSE A AR S E 3 e A
7122 A5 57 ol a8 9 AR 77 HA
H|& 53 vl 248171918 S o) QlojA= dHAI7F 24
o}, wheba] FS Atoll A= 2 dAtoll A Rl g ek 3
A Ao F4oinE v e g yrdE 9 ol
A e 7 d oju - vl AR B, AUSES 5
SHAE AL AT S I B art Yle Ao ' AbR

Mo iz o dle
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