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Studies on the Appearance of Non—Spot Gene in

Gynogenetic Diploid and Autotriploid of Rainbow Trout.

Katsuya HATTORI

Hourai Aquacultural Station, Aichi Prefectural Fisheries Experimental Station.
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Table 1 Assumption that genetic pattern of non-spot gene (genotype:.heterc) for

gynogenetic diploidy induction in

O.mykiss.

Genotype of female Genotype of egg

Genotype of gynogenetic diploid

Rate of ‘appearance

HH

HN——— (recon.type) HN

NN

HH (Non-spotted) (1-y)/2
HN (Non-spotted) y
NN (Spotted) (1-v)/2

Appearance frequency on marking expression

(Non-spotted . Spotted = 1+y  1-y)

(*) H . Non-spot gene, N. Spot gene, recom.type. recombination type,
y . Second division segregation {requency.
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Table 2 Body length, body weight, eyed egg rate, and hatching
rate in every female Chetero type) removed eggs.

Female B.L.(cm) B.W.(g) Eved egg rate(%) Hatching rate(%)
Cont Gyno Cont. Gyno.
A 35.5 860 87.9 59.0 99.2 93.7
B 37.0 940 86.4 56.4 97.1 88.7
C 37.5 1040 98.5 53.6 99.0 85.8
D 36.0 1020 96.1 71.0 97.7 96.4
E 37.0 940 93.3 70.0 99.4 92.4
F 39.0 1000 96.7 62.8 98.3 54.3
G 35.0 740 76.3 43.5 99.7 97.1
(*) Cont.: Control, Gyno.: Gynogenesis.
Table 3 Appearance of marks in control and gynogenesis, and u—value about
non—-spotted appearance rate between control and gynogenesis.
Female Control Gynogenesis u-value
Spotted Non-Spotted Spotted Non-Spotted
(A+B+C+D) (1171 1185 ) ( 1485 1448 ) 0.70
E 491 471 597 600 0.54
F 294 278 210 212 0.57
G 181 184 220 218 0.25
u(0.05)=1.96 (*) Mixing cultured from Jan. 1990 to Apr.1990

ZREKICEITIEG TR S B AICET S
HE
HR LR R OMBNRE T, R, 4E,

BLUOHRX & MBAEK TORERERE 7{LFIZ

DU THETable 4 WoR LTS,
T, MEFEARHONMEX, MEAEX TOEE
B & P EEO HIBEEK, 8 I UOKRnBEER
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Table 4 Genotype of non-spot gene, body length, body weight, eved egg
rate, and hatching rate in every female removed eggs.

Eyed egg rate(%)

Hatching rate(%)

Female Genotype B.L.(cm) B.W.(g)
Cont.

H HN 34.6 740 64.9
I HN 37.0 500 67.8
J HN 32.5 - 620 19.4
K HN 34.5 750 98.4
L HN 35.0 860 46.1
W NN 39.0 1000

N* . NN 37.5 900 (89.6
0 NN 43.0 ~ 21.1

H.S. Cont. H.S.
61.1 85.8 88.3
71.2 99.8 97.3
15.2 08.8 90.4
89.6 100 98.7
44.9 97.8 99.5
73.7)  (98.4 80.6)
12.8 76.8 57.4

(*)  Eggs were mixed after egg removal

(**)  Cont.:Control, H.S. Heat Shock treatment.

Table 5 Appearance of marks 1n control and heat shock treatment, and
triploidy appearance rate (triploid/tested) in every female.

Control

Heat shock

Spotted Non-spotted

H 178 215 302
] 333 307 507
J 45 34 60
K 400 438 536
L 191 171 285
(HND* " 677 -
0 36 24 21

Spotted Non-spotted

Triploid/tested
348 60/60
484 60/60
82 58/60
607 60/60
278 59/60
(964) 55/60
25 . 46/46

(*) Eggs were mixed from egg removal
MEAH, I, J, K. LEowTiz, #R8
FBIZ X - CTHREGTRER~T 2 (HN) TH5
TERFERLTED, ThALIDVEHRIRBIID
HECEEFENL, HH, NNThBEEZ i,
Lichin T, =P AMEDREFOBHEEFNIT
LD\ L2=FHEOBRBEETINL, HAN,
NNN EHEE I hic, Tk, MBAEX T, HHA
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EBNNN, EHBEBHANOELCTFETHEEL
TEH, MEET. LTI, —8_EE1NEBEL
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Table 6 Genetic pattern of non-spot gene for triploidy induction in O.mykiss.

Genotype of female Genotype of egg Genotype of sperm Genotype of triploid.

- H HHH (Non-spoited)

HH (Romo-type) — HH —
N HHN (Non—-spotted)
H HHH (Non-spotted)
HH —— .
N HHN (Non-spotted)
HN (Hetero-type) .
: H HNN (Non-spotted)
NN  ——
N NNN(Spotted)
H HNNNon-spotied)
NN (Homo-type) —_— NN —— ,
N NNN (Spotted)
(*) H :Non-spot gene N I Spot gene
i F3

KBEFTHhich, BEEEDE LIER
KEXRZEBMESHICO I b LB L EF 3,
¥, T X DOIREE, BEEDFELYFLE-TT
Eotc, BRNBESHALFIACRHORELE
T B,
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1) FHESR - PMUED - SR7THE (1980) KEMEE, 28 1 128—133.

2) wRolEE (1990) KEMERE & PEEERIF REF Y UV —X75), pp. 104117, BEHEAR,
HE.

3) B E-solRE (1989) KEFR., 14 143—48.

4)  RNIE (1988) Fl3EeEELBETHES. 159.
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Production of Spotless Allotriploids
from Female Non-Spotted Rainbow Trout
(Houraimasu), Oncorhynchus mykiss,
and Male Amago Salmon, O. rhodurus

Katsuya Hattori
Yukio Seko

ABSTRACT. A new phenotype, spotless allotriploids, was introduced
into the aquaculture industry. Spotless allotriploids were produced from
female non-spotted rainbow trout, Oncorhynchus mykiss, and male ama-
go salmon, landlocked type of O. rhodurus. These allotriploids combine
the favorable characteristics of the good flavor of amago salmon, faster
growth (compared to that of amago salmon), and absence of spots,
preferred by the market. The relationship between the non-spot character
(gene) and the external appearance of the allotriploids was traced by
analyzing the erythrocyte major axis, the allozymes, and the progeny test
in each maternal genotype. Results indicate that spotless allotriploids can
be produced by using female dominant homozygotic (i1/1) non-spotted
rainbow trout. When females are heterozygotic (f711) non-spotted rainbow
trout, the offspring produced are both spotted and spotless allotriploids in
approximately equal proportions. Article copies available for a fee from The
Haworth Document Delivery Service: 1-800-342-9678. E-mail address: getinfo(@

haworthpressinc.com]

INTRODUCTION

For aquaculture products, consumers desire a good flavor, and pro-
ducers want fast-growing fish. Furthermore, consumers want new

Katsuya Hattori, Mikawa-ichinomiya Station, Freshwater Resources Research
Center, Aichi Fisheries Research Institute, Toyotsu, Hoi, Aichi 441-12, Japan.
Yukio Seko, Aichi Fisheries Research Institute, Miya, Gamagouri, Aichi 443,
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Atsumi, Aichi 441-36, Japan.
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products, such as golden trout (albino rainbow trout, Oncorhynchus
mykiss). Amago salmon, a landlocked type of O. rhodurus, is well
known for its good flavor, and rainbow trout, O. mykiss, 1s one of the
easiest salmonids to culture as well as one of the easiest to grow.
Non-spotted rainbow trout-‘“houraimasu”~which have no spots and
no parr marks was discovered in Japan in 1965, and its phenotypic
characteristics were found to be Mendelian dominant (Ishii et al.
1980). Some researchers have attempted to produce diploid hybrids
between amago salmon and rainbow trout; however, nobody succeed-
ed ( Suzuki and Fukuda 1971; Deng et al. 1992).

In this study, spotless allotriploids were produced 1n order to pro-
vide a new aquacultured product and to determine the inheritance of
the non-spot gene in the allotriploids.

MATERIALS AND METHODS

Non-spotted rainbow trout eggs and amago salmon sperm were
obtained from the Hourai Fish-Culture Station, Aichi Fisheries Re-
search Institute, Aichi Prefecture, Japan. Ten minutes after fertiliza-
tion was induced in water at 12+0.5°C, the fertilized eggs were
heat-shocked at 26°C for 20 minutes to induce allotriploidy and then

held at 9.0 ~ 14.0°C throughout the remaining procedures.
Induction was carried out on seven female non-spotted rainbow

trout (mean weight, 810+ 78 g) and one female wild type rainbow
trout (weight, 800 g) to investigate the relationship between the non-
spot gene and external appearance. Sperm from seven male amago
salmon (mean weight, 336 £ 129 g) were used for each fertilization,
whereby one male was crossed with two females, and the other males
were separately crossed with each female. For the progeny test of the
female genotype, part of the eggs were fertilized by spotted rainbow
trout sperm, and the genotype was assessed by the ratio of spotted :
non-spotted progeny. Hatch rate and survival up to the eyed stage were
recorded for each replicate sample, and fish with the same genotypes
were pooled and cultured. Seven months after this induction, all indi-
viduals of each genotype were examined for external appearance, and
after 19 months, 60 individuals, both spotted and spotless, were |
sampled to measure the erythrocyte major axis to confirm triploidiza-
tion (Benfey et al. 1984) and to analyze allozymes to confirm hybrid-
ization. For controls, 59 non-spotted rainbow trout diploids and 60
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amago salmon diploids were also analyzed. The mean of the erythrocyte
major axis of examined individuals was calculated by measuring 30
erythrocytes from the blood smear samples. The sampled individuals
were then stored at —20°C until electrophoretic analysis to evaluate the
hybridization. Phosphoglucomutase (PGM, E.C.2.7.5.1.), an indicator of
maternal and paternal genes, was examined from heart tissue by the
starch gel electrophoretic method (Taniguchi et al. 1978), using citric
acid-aminopropylmorpholine, pH 7.0 for the buffer and an 11.5% gel.

RESULTS AND DISCUSSION

Spotless allotriploids were produced by crossing female non-
spotted rainbow trout and male amago salmon (Figure 1) and showed
better growth than amago salmon (Table 1). The erythrocyte major
axis of the allotriploid was greater than that of nén-spotted rainbow
trout diploids and of amago salmon diploids (Table 1).

FIGURE 1. A. Spotless type of the allotriploid (male) crossed with female
non-spotted rainbow trout and male amago salmon shows no spots or parr
marks. B. Spotted type of the allotriploid (male) crossed with female wild type
rainbow trout and amago salmon shows black spots and parr marks clearly.
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TABLE 1. Mean (+ SD) erythrocyte major axis, body length, and body weight in
spotless allotriploids produced by crossing female non-spotted rainbow trout
with male amago salmon, non-spotted rainbow trout diploids, and amago
salmon diploids used in the electrophoretic analysis.

Mean erythrocyte Body length (cm) Body weight (g)
major axis (1)

Spotless allotriploid 18.2-20.4 269+1.7 285.6+67.1
Non-spotted rainbow

trout diploid 14.0-16.2 285+1.1 353.2+48.9
Amago salmon diploid 14.5-16.7 23.0£1.3 169.1+35.9

In the phosphoglucomutase assay (Figure 2), non-spotted rainbow

trout diploids and amago salmon diploids expressed PGM-2(A) and
PGM-2(B), respectively. And all of the allotriploids, both spotted and
spotless, expressed both the maternal and paternal genes, PGM-2(A)
and PGM-2(B). This result indicated that the genomes of both non-
spotted rainbow trout and amago salmon were inducted.
. The external appearance of the allotriploids showed that those in-
duced from the dominant homozygotic (k) females were all spotless
(spotless type, 1,762 vs. spot type, 0). The allotriploids induced from
heterozygotic (hn) females showed the types of both non-spot and
wild (spot) in approximately equal proportion (spotless type, 877 vs.
spot type, 916), and the allotriploids induced from recessive homozy-
gotic (1) females were all spot (spotless type, 0 vs. spot type, 249).

The non-spot gene of non-spotted rainbow trout is dominant over
the spot gene of amago salmon. As the non-spot gene is Mendelian
dominant, both dominant homozygotic (hh) and heterozygotic (hn)
genotypes exist in phenotypic non-spotted rainbow trout. Therefore,
female non-spotted rainbow trout with the hh-genotype produce only
dominant homozygotic (hh) eggs, and fish with the An-genotype pro-
duce both dominant homozygotic (h#1) and recessive homozygotic
(nn) ones (Hattori 1991). Consequently, to produce the spotless allotri-
ploids effectively, dominant homozygotic (hh) female non-spotted
rainbow trout should be used. :

The spotless allotriploids have value in the market as a new product,
and the characteristic of better growth compared to that of amago
salmon is valued in the aquaculture industry. Chemical analysis of the
taste of the allotriploids will be presented in a future study.
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FIGURE 2. Electrophoretic patterns of phosphoglucomutase (PGM,
E.C.2.7.5.1.) in non-spotted rainbow trout diploids, amago salmon diploids,
- and allotriploids containing spotted and spotless. Non-spotted rainbow trout
diploids expressed PGM-2(A), amago salmon diploids expressed as
PGM-2(B), and all of the allotriploids expressed both the maternal gene
PGM-2(A) and the paternal gene PGM-2(B).

.f..
PGM-2 A % % ik
Crigin - ¥ & ¢ ¢
. o % % ® & % & o & B POM2
PCM3A & & % & # * & B » e o & = 84 rowa
" = ® # 5 PGM3
— Non-spotted rainbow frout Allotriploid Awmago salmon
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Table 1 Enzymes and tissue sources used in

electrophoretic analysis.

Enzyme

tissue

6-Phosphogluconate dehydrogenase (6-PGD)

Isocitrate dehydrogenase (1DH)
Aspartate aminotransferase (AAT)
Lactate dehydrogenase (LDH)
Malic enzyme (ME)

Muscle
Liver,Muscle
Muscle
Liver
Muscle
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Non-spotted type Spotted type
(Top :B.L.=19.6cm, B.W.=130.3q) (Top :B.L.=20.2cm, B.W.=127.3g)
(Bottom:B.L.=22.7cm, B.W.=160.2g) (Bottom:B.L.=22.5cm, B.W =156.0qg)

Fig.l. Non—spotted and gpotted types of allotriploids between female O. mykiss
and male S. pluvius.

Table 2 Genotype, eved egg rate, hatching rate, and larve number of allotriploid in every
females removed eggs.

Female 1 2 A B C D E F G H
Genotype sk dxx HH O HH HN HN HN HN HN AN
Eyed egg rate (%) Cont. 99.3 52.8 99.5 69.7 60.4 78.5 91.2 .0 54.0 93.0
Allo 71.9 59.8 94.4 90.6 31.2 56.7 71.9 47.0 49.4 73.0
Hatching rate (%) Cont 99.4 98.3 99.5 100 99.6 99.8 97.7 99.5 34.8 92.0
Allo 96.9 85.6 96.8 98.0 90.5 66.1 83.7 96.9 86.6 35.7

Larva number of allotriploid 500 262 986 537 191 285 421 219 309 158

(xxx) 1 No progeny test.

Table 3 Body length, body weight, average of erythrocyte major axis, and marking expression of sampli
used in electrophoretic analysis.

Body length® (cm) Body weight” (g) Erythroclyte major axis” " (u) Spotted / Nonspoti
Allotriploid 17.1+1.1 80.5+13.4 18.9~20.8 6/ 24
O.mikiss 17.741.4 99.3+20.3 13.5~14.9 15/15
S.pluvius 14.7+1.4 50.4+15.0 16.5~17.8 30/ 0

(" dAverage*Standard deviation. (" )Min.value ~ Max.value of samples.
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Table 4 Presumed genotypes of samples used
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in electrophoretic analysis.

Locus O.muykiss S.pluvius Allotriploid
6—PGD, BB=30 AA=30 ABB=30
IDH—1(IDH—1,2) BB=23, BC=T7 AA=30 ABB=30
IDH -3 AA=4,AB=11,BB=15 Fokokokok AA=5,AB=14,BB=11
AAT —1 AA=30 BB=30 AAB=30
LDH -2 AA=30 BB=30 AAB=30
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Table 5 Genetic pattern of non-spot gene for allotriploidy induction
between female O.mykiss and male S.pluvius.

Genotype of female Genotype of egg Genotype of sperm Genotype of allotriploid

HH (Bomo—-type) HH / HHI (Non-spotted)
HHI (Non-spotted)

HH ! )
HN (Hetero~type) ‘——E
ﬁ' NNJ (Spotted)

NN (Homo-type) NNT (Spotied)

(k) H > Non—spot gene in O.mykiss. N:Spot gene in O.mykiss. I . Spot gene in S.pluvius.
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Fatness and growth rate of the broodstock
of non-spotted rainbow trout, Oncorhynchus
mykiss at Aichi Fisheries Research Institute

Hatror! Katsuya*®', Mizuno Masayuki*®,
Ocuial Masaya*', and Uemura Munehiko

’

Absiraci: Non-spotted rainbow trout (denoted by non-spotted) has been cultured
at Aichi prefecture as a local specialty. We investigated fatness and growth rate
of the non-spotted in order to evaluate its economical traits. The fish measured
was of being reared at Aichi Fisheries Research Institute. The results showed
that fatness of the non-spotted was significantly higher than that of the wild

type of rainbow trout and the growth rate was the same as that of the wild

type.

F—T— K :KRkOSATR (BHo_UTR), BHEMN-UvR, RBE, BFHEE, BEE, RE®

= U= R, Oncorhynchus mykiss®1999F 12817 % ERBH T, FYIATALERNFIAMFVIRZITA
AAEAEERZIHIT2T L THY, 191F D155 EDOXBEEPTDRTELIE,s, REABTLTY
FrrkEr o EERIERICH D, v —F, TF, F BARYTTATADRFELE, BOEATWL2IITHS
FA 7 RWFIFELN 2 KEMAOTFEI R HENIDH ERRDOENTWE, TDh, FARETETREFNE
h, /vy z—, FYRETHEBSINTZKEEY KERBRB THEEINTVE XY 54 v ADOMGHE L B
4r.Salmo salar, =V AEOHAPEMLTWAE, » BRIIOWTHARLOTHRET 5,
BABEMICBT AV AR EYAEDOERIIZ )L . X
ATy - v AT TR EDN, BREEOILAN B L UT
B 2R ER>TBY, »HBRBFILTE-NVTELNE KU IATADREHE, RERrHRTLIHBELT
ik, MBS NERE LT ABROEENLRELR->T WHEBENEFGSEHATEER U (T, HHi-
Whe RYSATARM|ETHDI ML, EMNRzH VIR) BRI, AU IATABIUENRE =V

LDCHERE LTOBENSH ), FREKERSES TR DERIETIZ1992EH I Z N Th, EHEAERBRSS
KBPFAEENTVAET T, FNBROT RIEHR LURE BRI L 0B, ERICAV A BADT
BB TORIBLEREN 2 SNTVh, LOLEDS, F9 WHE, THEE, E8BL0RRRBRETable LR

SATAORBE, ENEHIIOVTIE, 197640 L7 KB ct‘) FONIFTITATRABLIUHHR -
RREABICHET A MES MW I NTUR, +5IBlRs S 2 O, IR EIE Ak SR L B C RS R
NBEZ L@ hdoize MAT, 19765 LIE, FMEK L7ze L1l BiZBWT, 5954 v AL XU

*U R ok i B A U0 A B PR SR BT
(Marine Resources Research Center, Aichi Fisheries Research Institute, Toyohama, Minamichita, Aichi 470-
3412, Japan)
IO R BRI R T TR TS AT (Yatomi  Station, Freshwater Resources Research Center. Aichi
198-0017. Japan)
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Table 1

Mean body weights, mean body lengths, age and number of the parents used in the experiment

Wild-type ¢

Wild-type &

Non-spotted $ Non-spotted &

~ Body weight (g) 1,975+ 241 1369+ 104 798+ 67 748+ 48
Body length (cm) 49.0+26 451=x16 354x07 35.410;7
Age (year-old) 3 or 4 3 or 4 2 2
Number 11 10 12 12
Wild-type: wild-type rainbow trout reared at Samegai Trout Farm.
Non-spotted: non-spotted rainbow trout reared at Aich Fisheries Research Institute.
Values are shown as mean * standard deviation.
B V< A EBIIOWTEREFNEE FALEHECORE T 19704F 240, IR AKRE BB 2 & £ 1B o P9k K
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Table 2 Mean fatnesses at different ages of each broodstock

Age Fatness®
(month-old) Wild-type Non-spotted
11 16.1x1.2 (60) 178+0.9 (60)
13 172+1.1 (60) 19.0=1.1 (60)
15 180+1.2 (58) 198+ 1.2 (55)
17 172%1.2 (56) 188%1.2 (53)
20 17.1=1.2 (53) 181+1.2 (47)

* Fatness was calculated by (body weightx1,000) / (body length)*
using the data from each fish identified with 1D tags.

( )} Sample number.

Wild-type and Non-spotted: See Table 1.

Values are shown as mean * standard deviation.

Fatness between wild-type and non-spotted was significantly

different at all the different ages (P<0.01) .

Table 3 Mean body weights, mean body lengths and mean growth rates of the two broodstocks from the age of 11 to
20 month-old at approximately two-month intervals

Age Wild-type Non-spotted

(month-old) Body length (cm) Body Weight (g) Growth rate® Body length (cm) Body Welght( ) Growth rate’
11 228 + 1.0 191 = 28 234 = 08 228 =
13 287 = 15 407 = 59 2.15 = 0.32 (60) 298 = 1.3 506 = 70 222 %= 0.24 (60)
15 329 = 31 651 * 160 3.48 =-1.00 (58) 349 = 18 849 = 133 3.72 = 053 (55)
17 363 = 35 835 = 210 448 = 1.32 (56) 38.1 = 2.2 1,044 = 171 460 = 0.72 (53)
20 404 = 34 1,147 = 275 6.13 = 1.82 (53) 41.0 = 25 1,264 = 235 553 = 1.00 (47)

* Growth rale was calculated by (body weight in selected month-old) / (body weight in 11 month-old) , using the data from each fish
identified with ID tags.

(') :Sample number.

Wild-type and Non-spotied: See Table 1.

Values are shown as mean * standard deviation.
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Sexual Maturation of Allotriploids Induced by Using Female Houraimasu

- HaTTOR! Katsuya™, IWaTA Yasuhiro*?, MizUNO Masayuki*', and MINESHIMA Fumiaki*!

Non-spotted allotriploids were induced by crossing female non-spotted rainbow trout named
“houraimasu” with male Japanese char or male amago salmon. The gonado-somatic index (GSI :
gonad weight X 100/body weight), and histological observation of gonads were examined to clear
up their sexual maturity. In males of allotriploids derived by crossing female houraimasu and
male Japanese char (abbreviated as triploid nijiiwa), the average value of their GSI ranged from
1.025 to 1.626, and most of the samples had the pink-colored testis, some had the whole white-
colored testis or the partially white-colored testis. A cross section of testis of 24 month-old fish
showed spermatozoa partially. In females of triploid nijiiwa, the average value of their GSI
ranged from 0.021 to 0.079. A cross section of ovary of 24 month-old fish showed undeveloped
germ cells. In males of allotriploids derived by crossing female houraimasu and male amago
salmon (abbreviated as triploid nijiama), the average value of their GSI ranged from 0.850 to
2.716, and their testis had many points similar to that of triploid nijiiwa. In females of triploid
nijiama, the average value of their GSI ranged from 0.019 to 0.035, and their ovary had many
points similar to that of triploid nijiiwa. It is obviously that males gonads of triploid nijiiwa and
triploid nijiama developed to maturity as autotriploids of rainbow trout and amago salmon, but
farther confirmation is needed to clarify their fertility.

All triploid nijiiwa and triploid nijiama should be produced as female to enhance the market-
able values, and further they should be produced as only the seeds for pond-culture industry to
conserve the wild genetic stock of Japanese char and amago salmon considering their crossing
possibility with the wild stock.
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Table 1. Sampling date, body length, body weight, and gonado-somatic index of male

triploid nijiiwa.

Age* Date Neo. of samples BL# SD {cm) 84+ SD (g) GSI+SDh
1 Nov. 6 '92 20 9.7+ 1.2 122+ 20 2.83% 1.13
Nov.20 '92 20 20.4+ 1.1 138 24 .2.30i 0.83
Dec.17 '92 21 22.3x 1.3 188+ 35 1.30+ 0.82
Dec.31 '92 44 22.5x 1.5 1B1* 33 1.41+ 0.73
Feb.12 '93 29 24.5% 0.9 232x 28 0.89% 0.41
......................... (Total)(134)(222¢21)(173-947)(1534_»102)
2 Nev. 6 '92 20 30,7 1.6 506= 71 1.60% 0.60
Nov.12 '982 14 31.5x 1.5 549+ 73 1.56= 0.54
Nov.13 '92 16 29.0+ 2.3 483% 97 1.29% 0.37
Dec. 3 '92 10 31.3% 1.8 551 104 1.03x 0.51
Dec.25 '92 40 31.7£ 2.3 535+ 83 0.67+ 0.25
Jan. 7 '93 40 32.4x 2.1 590x 92 0.47% 0.08
Feb.10 '93 40 32.2+ 2.6 535% 103 0.49x 0.17
(Tocal) ........... (]74) .................... (315t22) ............ (537—95)(oa7+055) ...........
3 Nov. 5 '92 10 43.5x+ 1.6 1670% 212 1.68+ 0.31
Nov.12 '92 10 43.4x 2.2 1568+ 252 1.44+ 0.37
Nov.27 '92 s 44.8+ 1.3 1738+ 252 1.24% 0.33
Dec. 2 '92 5 41.9x 1.3 14062 163 0.74x 0.10
Feb. 5 '93 20 45.3+ 1.5 1723+ 143 0.51+ 0.12
CroeayT 5oy (442i20) ........... (16511222>(103i055) ...........
(*)Age 1: 11~ 14 month-old. Age 2: 23~ 26 month-old. Age 3: 35~ 38 month-old.
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Fig. 1. 36 month-old male triploid nijiiwa (top) and
its pink-colored testis (bottom). ’

GST (%)

35

v ; i gt K til Ji

Fig. 2. 24 month-old male triploid nijiiwa (top) and
its white-colored testis (bottom).
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Fig. 3. Flucluation of average of GSI in males triploid nijiiwa (top) and the percentage of the white-colored testis (bottom).
(Age 1: 11~14 month-old. Age 2 : 23~26 month-old. Age 3 : 35~38 month-old.)
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Fig. 4. Section of testis of 24 month-old triploid nijiiwa showing spermatozoa in part.

Bar represents 50um.

Fig. 5. Section of ovary of 24 month-old triploid
nijiiwa showing a lot of oogonium and oocyte.
Bar represents 50um.

Table 2. Sampling date, body length, body weight, and gonado-somatic index of female

triploid nijiiwa.

Age* Date No. of samples BL1 SD (cm) BW:1 SD (qg) GSI+SD |

2 Sep. 4 '92 5 33 9 1.3 517+ 50 0.041% 0.012
Nov.18 '92 5 34.0x 1.7 650+ 97 0.055% 0.0171

3 Sep.18 '91 5 30.2% 1.5 430x 57 0.079+ 0.010
Nov.18 '891 5 31 .5% 0.8 464+ 44 0.057% 0.022
Feb. 4 '92 5 F5.58 157 696+ 65 0.040+ 0.028
May.i2 '92 5 30. 117,79 554+ 65 0.047% 0.028
Nov. 6 '92 1 46 .4 1560 0.021
Nov.27 '92 10 49.5%+ 3.8 2266+ 350 0.027x 0.009
Dec. 2 '92 4 49.6+ 1.9 2273% V76 0.033% 0.005
Dec. 3 '92 1 51.4 2680 0.024
Jan.11 '93 1 52.4 2880 0.022
Apr.26 '93 7 57.3:k.2..0 2486x 299 0.038%+ 0.010
Epr.30 '@©3 17 52.%% 9.4 2485i 316 0.026* 0.009

(*)hge 2: 21~ 23 month-old. Ege 3: 21~ 40 month-o0lg.-



Table 3. Sampling date, body length, body weight, and gonado-somatic index of male

triploid nijiama.

hge* Date No. of samples BLiSD (cm) Bvii SD (g) GSI+SD
1 Oct.21 '92 10 14.9+ 0.9 56x 11 6.96% 1.35
Oct.30 '92 28 17.3% 1.6 824 22 6.24+ 1.34
Dec.11 '92 26 19 9% 1:6 120% 27 2.04%+ 1.14
Dec.31 '92 42 9. 1k .7 103+ 29 1.20+ 0.66
1.3 0
( Total) (137) (18.9+ 2.2) ( 104+ 32) (2.72% 2:53)
2 Oer.20 "92 10 29.0% 1.6 384* 58 2.11+ 0.70
Oct.28 '92 33 28.6x 2.0 387+ 68 1.83% 0.64
Dec. 3 "92 25 28.9+ 1.8 404x 71 0.57+ 0.18
Dec.25 92 44 29.8%+ 1.9 423% 66 0.51+ 0.13
Jan. 7 '93 40 29.9%9+ 1.9 431% 87 0.48+ 0.60
Feb.10 '93 20 297 V7 397+ 57 0.43+ 0.10
___________________________ (Total)(ng) (2941—19)(A10+74)(035_o77)
3 Oct. 20 *92 10 37.8%£ 1.9 865+ 180 2.94+ 0.47
Qct. 29 '92 10 39.2% 2.5 995+ 126 2.51% 0.53
Dec. 2 '92 10 39.6% 2.5 959+ 142 1. 19 QL. 37
Feb. 9 '93 10 39.37+ 3.1 932+ 1871 0-51% 0.71
Feb.10 '93 10 41.4=%+ 2.4 1034+ 178 0.43+ 0.07
(Total)  (50) (39.5+ 2.8) (957+ 176)  (1.52+ 1.10)
11~ 14 month-old. Age 2: 23~ 26 month-old. Rge 3: 35~ 38 month-old.

(*) Age 1:

36 month-old male triploid nijiama (top) and
its pink-colored testis (bottom).
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WLT, 2~3FRTIE, EINIcs v Th GSI FHE
DEFILLTEDLNILI T, 2FERITDTHEERE
KOER %IV, TOER% Fig. 10 iR Lic, =24
7 3N Rk IR e BRI, IREMIlEAE Th <
WBZEDERE NS, Thl b dsE LIk
FBOLNEP ok, T, AL TVWAES LD
itz

=54 =
ARTD=4 73N BLIU=27 <3N EEXN
NIRRT~ TRAEZEEY OBELRBELEREDE

PELTWBHIEXREDLR, FolfiEBRoER ¢
b, RERTHE L SN ABENOERMIZOREEY E

54

[ Aty

Fig. 10. Section of ovary of 24 month-old triploid nijiz
showing a lot of oogonium and oocyte. Bar
represents 50 m.
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Table 4. Sampling date, body length, body weight, and gonado-somatic index of female

triploin nijiama.

Age* Date No. ‘of samples BL£SD (cm) BWi SD (g) GSI+SD

2 Sep.14 '92 5 29.3+ 0.5 337x 22 0.025x 0.007
Nov.18 '92 6 30.6+ 1.3 426+ 68 0.037+ 0.013

3 Sep.18 '91 7 27.2+ 2.2 305+ 85 0.035% 0.007
Nov.18 '91 6 29.7x 0.7 385x 3¢9 0.030+% 0.008
Feb. 4 '92 6 32.5+ 0.8 466+ 24 0.027+ 0.010
May.12 '92 5 35.1%£ 1.7 554+ 65 0.047+ 0.028
Dec. 3 '92 1 42.6 1390 0.022
Jan.13 '93 10 41.3+ 2.8 1209+ 249 0.019%x 0.008
Kpr.26 '93 1 42.6 1180 0.008

(*)RAge 2: 21~ 23 month-old. hge 3: 21~ 40 month-old.
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Induction of sex-reversed male Japanese char for all-female allotriploid production

HATTORI Katsuya*' - NAKAMURA Fusayuki*? and OCHIAI Masaya*?

Abstract

Histological sections of the gonads of 36-50 days after hatching Japanese char, Salvelinus leu-
comaenis, showed the presence of cysts characterizing morphological ovary differentiation.
Thus, similarly to other salmonids, the sex differentiation in Japanese char seems to occur at
the swim-up stage {around 36-50 days after hatching) . Sex-reversed male experiments were
conducted through the application of 17 e-methyltestosterone (MT) into the water from the
hatching to the swim-up stage and by oral administration during the subsequent 60 days. The
highest percentage (15%) of sex-reversed male was obtained by dosages of 0.5 ug MT/1 of
water/2 hours/2 days during the immersion treatment and 0.5 mg MT/kg diet for the oral ad-
ministration treatment. The ganado-somatic indexes of the allotriploids induced by using fe-
male houraimasu, Oncorhynchus mykiss, and sex-reversed male Japanese char presented low
values (inferior to 0.045) during the spawning season, thus indicating that those allotriploids
were female. Therefore, this study suggested that is possible to culture all-female allotriploid

using sex-reversed male Japanese char.
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Table 1. The dosage of 17 a-methyltestosterone (MT) , intervals and durations in the immersion treatment, and the
dose of MT and durations in the oral administration treatment for the sex-reversed Japanese char induction

Experiment Dosage of MT in the Interval of the Duration of the Dose of MT Duration of the oral
No. immersion treatment immersion treatment immersion treatment in the diet administration

(ug/ & water) {days, for 2 hours) (days after hatching) (mg/kg diet) (days after hatching)
1 100 7 0 —35 1 27—86
2 10 5 0—35 1 27—86
3 10 2 0 —38 1 27—86
4 1 2 0—32 0.5 31—-90
5 1 4 0—32 0.5 31—-90
6 0.5 2 0—32 0.5 31-90
7 0.5 4 0-—32 0.5 31-90
8 0.1 2 0—32 0.5 31—-90
9 0.1 4 0—30 0.5 31-90
10 1 7 2—30 0.5 3190
11 10 10 0 —30 0.5 31—-90
12 No. 4 +No, 5 0.1 . 31—-90
13 No. 6 +No. 7 0.1 31-90
14 No. 8§ +No. 9 0.1 31-90
15 No.10+No, 11 0.1 31—90
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: AT

8 days after hatching

R A T
: :

36 days after hatching

43 days after hatching

29 days after hatching

6

50 days after hatching

Figs.1-6 Cross sections through developing gonads in Japanese char.
Figs.1-3 show sexually indifferent gonads, Figs.4-5 show sexually indifferent forming
definite some cysts. Fig. 6 shows a primary ovary. Rearing water temperature was 11+
1.5°C. Bars represent 20 um in Fig.1, 30 xm in Fig.2 and 50 gm in Figs.3-6.
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Tahle 2. Effects of 17 a-methyltestosterone treatments for the masculinization in Japanese char

Experiment  Masculinization Sex distribution at month-old Sex distribution at 24 month-old Total
No. rale Male Female Sterile Male Hemaphrodism Female Sterile o
1 0% - — 10 0 0 10 33 53
2 2.0% = = 10 1 0 8 32 51
3 0% — = 10 0 0 8 47 65
4 10.2% 7 ik} 36 i 3 100 3 167
5 4.5% 2 61 36 6 0 71 2 178
6 15.1% 11 45 54 11 6 57 2 186
7 (0.7%) 1 113 37 b ¥ ¥ ¥ (151)
8 (1.9%) 3 118 37 = = = = 158
9 (0%) 0 116 22 — = = = 138
10 (0%) 0 106 24 * ¥ P ¥ (134)
11 (1.3%) 2 82 72 B B3 P P (156)
12 (3.0%) 4 113 16 b3 * b P (133)
13 (3.2%) 6 165 14 - - = == 185
14 (1.3%) 2 151 6 = = = = 159
15 (3.1%) 5 141 17 — —~ - — 163

(), Data at 12 month—old
3, Data at 24 month—old(16 males,”91 individuals mixed with No.10, No.11 and No.12)

Figs.7 and 8 Cross section of sex unknown gonad by 17 e-methyltestosterone treat-
ment (experiment No.2) in 12 month-old Japanese char.
Fig.7 show a vacuity in the gonad (bar represent 200 um) , and Fig.8
shows germ cells like Sertoli’s cell with no spermatogonium (bar repre-
sent 50 pm) .
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Fig.9 Cross section of normal testis with sparmatozoa
in 12 month-old Japanese char male (bar repre-
sent 100 xm) .

Table 3. Age (month-old) , number, mean body weight,
and mean gonado-somatic index (GSI, gonad
weight X 100/body weight) of allotriploids from
female houraimasu and sex-reversed male
Japanese char

Mean body
Age : Mean GSI
(month=-old) Nrnber w?:g%ht (%)
12 30 224+60* 0.017+0. 006
13 30 188 +34 0.017+0.005
14 30 189+ 36 0.021£0.009

*, meanzstandard deviation
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The flesh extractive components of non-spotted rainbow trout, Oncorhynchus mykiss, ved

spotted masu trout, O. masou ishikawae

reared under freshwater

and Japanese

char, Salvelinus leucomaenis

HATTORI Katsuya' and SHIRAI Takaaki’

Abstract

We analyzed the exiractive components of flesh
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Table 1. Sex, age, individual number (N), body length (BL), body weight (BW), gonad static index (GSI) and age
of non-spotted rainbow trout, red spotted masu trout (amago salmon) and Japanese char reared under freshwater

Sex Age N BL (cm) BW(g) GSI1(%)
. Female 29 month-old 5 384 + 24 924 + 185 109 <+ 69
Non-spotted rainbow trout
Male 29 month-old 5 368 + 19 760 x 105 03 £ 01
Female 18 month-old 5 251 £ 09 221 £ 26 06 « 02
Red spotted masu trout
Male 18 month-old 5 254 * 09 232 £ 39 02 + 00
Female 18 month-old 5 288 = 06 358 £ 12 06 £ 02
Japanese char
Male 18 month-old 5 292 £ 05 376 £ 26 01 £ 01

Table 2. Moisture, crude protein, crude ash and lipid of the flesh of non-spotted rainbow trout, red spotted masu trout
(amago salmon) and Japanese char reared under freshwater

(¢/100g)
Non-spotted rainbow trout Red spotted masu trout Japanese char
Sex Female Male Female Male Female Male
Age 29 month-old 29 month-old 18 month-old 18 month-old 18 month-old 18 month-old
Moisture 76.8+1.2 76.7+0.6 76.2+0.7 743 0.7 77.1x0.38 76.1+£0.7
Crude protein 21.1x1.3 190+1.1 209+1.0 213+13 20004 20.5+£0.7
Ash 1.3+0.1 1.4+0.1 1.4+0.0 1.4£0.1 1.4+0.1 1.3+0.1
Total lipid 2005 26+05 1.5+03 2.0%03 1.6£0.3 3306
Triglyceride(%) 59.9+19.1 724+64 758+22 79.7+23 79.3+4.4 80.2+2.0
Free fatty acid (%) 7.9+37 59+09 5.8+1.0 5.5+1.1 3.8+05 3.6+0.4
1,2-Diglyceride(%) 4.6£2.1 31408 24£02 24+02 1.8+0.2 1.7+0.0
Sterol(%) 3.6+£0.9 36+1.2 3.9+0.5 32+04 2407 24+£05
Monoglyceride+phospholipid(%) 24.0+12.7  14.9+3.9 122406  93+009 12.7+3.1 120+ 1.5
Sterol ester(%) tr. tr. tr. tr. tr. tr.
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Table 3. Free amino acids and related compounds of non-spotted rainbow trout, red spotted masu trout (amago

salmon) and Japanese char reared under freshwater

{mg/100g)
Non-spotted rainbow trout Red spotted masu trout Japanese char
Sex Female Male Female Male Female Male
Age 29 month-old 29 month-old 18 month-old 18 month-old 18 month-old 18 month-old
Taurine 206 36 £15 359 366 41+ 8 39410
Aspartic acid 1+1 10 1+ 0 2%1 tr. 1r.
Threonine 8x1 61 5+1 5+1 5+1 541
Serine T+2 7T+1 7+1 942 g§+2 8+ 4
Asparagine 0 0 0 0 0 0
Glutamic acid 12+4 10£2 7+1 16 £3 17+ 4 14+3
Glutamine 1+1 1+£0 ir. 1+1 1£0 1+0
Glycine 618 547 415 65+ 10 65+9 61+10
Alanine 2447 1843 232 29+3 19+ 4 19+1
Citrulline 20 2+0 0 0 6 0
a -Aminobutyric acid 1+0 tr. 1+0 1+0 1+£0 1r.
Valine 6+ 1 5=+1 5+£0 6+1 3+£0 3+£0
Methionine 20 2%0 2+£0 2+0 2£0 2+0
Cystathionine tr. tr. 0 0 0 : 0
Isoleucine 3+£0 2+0 2+0 31 20 2+0
Leucine 541 41 5+0 S+1 3+£0 3£0
Tyrosine 4+0 4%0 4+0 4+1 3+1 3+£0
f-Alanine 7£2 5+1 tr. 3+0 3+0 342
Phenylalanine 4=x1 4+0 4+0 30 2+£0 120
f- Aminobutyric acid 1+1 1+0 0 0 0 0
¥ - Aminobutyric acid tr. 0 0 0 0 0
Ethanolamine tr. tr. 0 0 0 0
Hydroxylysine 10 1+0 tr. tr. tr. tr.
Ornithine 1+£0 120 1+£0 1£0 tr. tr.
7 -Methylhistidine 8+3 61 tr. 10 1£0 1+1
Histidine 5329 56+ 14 49+ 6 27+7 5248 52+ 10
Lysine 11+4 145 5+0 9] 7+1 T+ 1
r -Methylhistidine 10 1+0 0 0 0 0
Tryptophan S£2 5+£1 2+0 10 tr. 1+£0
Anserine 401 £ 40 402 £ 46 425 +38 389+34 320+26 338+28
Carnosine - tr. -0 0 0 0
Arginine 2+ 1 3+£0 20 2+0 20 2+0
2+0 341 3+1 2+1

Proline 2+1 1+0




Table4. Levels of creatine, ATP related compounds, trimethylamine oxide and other extracted components of non-
spotted rainbow trout, red spotted masu trout (amago salmon)

and Japanese char reared under freshwater

(mg/100g)
Non-spotted rainbow trout Red spotted masu trout Japanese char

Sex Female Male Female Male Female Male

Age 29 month-old 29 month-old 18 month-old 18 month-old 18 month-old 18 month-old
Creatine 520+ 6 483 % 15 343+ 15 362+8 419+ 65 432 +£39
Creatinine 5+0 5+1 5+1 5+0 5+1 440
Trimethylamine oxide 29+3 25+5 5+£2 241 8+2 7+2
Trimethylamine tr. tr. tr. tr. tr. tr.
Na' 48+ 6 91+20 45+ 14 57+16 82 + 26 110 £ 23
. 463 + 40 434 + 24 624 + 66 549 + 33 498 + 34 489 £ 21
Cl- 22+5 21 &5 22+6 42+ 11 25+6 23+8
PO, 354+ 27 343 £30 344+ 35 346 + 39 354 £27 328 £ 56
Lactic acid 292+ 19 304 £ 55 328+ 76 278 £35 288 & 47 321 £23
Adenosine diphosphate 20+ 4 239 22+7 26+ 7 44 £ 12 3012
Inosine monophosphate 119+ 26 123+ 15 115+ 18 87+22 149+ 11 181 £19
Inosine 97+£9 8211 89+ 11 102+ 20 65+3 45+ 11
Hypoxanthine 6%1 5+1 T+2 8+2 440 341
Extractive nitrogen 341 +£29 342+ 24 386 + 69 345 £27 412+ 78 340 + 28
(Recovery %) 98+ 5 97+8 75+13 82+7 T7T+7 86+6
Dry matter 2660 £ 97 2560 + 120 3011+ 754 2846 + 154 2606 £ 171 2480 + 144
(Recovery %) 96+ 4 98 +3 88+17 86+ 2 93+6 993
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The Taste Evaluation of Female Polyploids induced from
Non-spotted  rainbow  trout, Oncorhynchus mykiss by Chemical

Analyses and by Sensory Taste Test of their Flesh
HATTORI Katsuya and SHIRAI Takaaki

Abstract

We evaluated the taste of female non-spotted rainbow trout,
Oncorhynchus  mykiss, autotriploids, female nijizama type allotriploids
(female non-spotted rainbow trout x male red spotted masu trout, O.
masou ishikawae) and  female nijiitwa  type allotriploids (femal.e
non-spotted rainbow trout x male Japanese char, Salvelinus
leucomaenis) by chemical analyses and by sensory taste test of
their flesh. The extractive components of samples showed almost
common feature, though with significantly different (£<0.05) between
autotriploid and two kinds of allotriploid in crude protein, alanine,
B -alanine, = -methylhistidine, anserine, creatine, creatinine, K*, CI,
PO43', ADP and inosine. Alanine and IMP, which are related‘ to
sweetness and  wmami  taste, of nijiama type  allotriploids and
nijiilwa  type  allotriploids showed  higher values than those of
non-spotted rainbow trout autotriploids. The taste test solution of
nijiama  type  allotriploids and nijiiwa type allotriploids showed
stronger  sweetness, wumami, good body and favorable impression

compared with those of non-spotted rainbow trout autotriploids.

Key word; polyploid; non-spotted rainbow trout; sensory taste

test; extractive components.
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(80:20:1) Z AW TR, 30%MERZEE L TI120C T204 MME%AE Uk
AR v b % Shimadzu spot-scanner CS-90001Z X VW BIE L 7z, 55 B O K 4 1%
FARAZERIFIZTSSOCIEMAL TR,

RO X ZAF/GIE, =F /= VI LVHHBRERE L O LE, £A
Z80% L F ) —NVHRTHREIS T A XL, ZN%8,000rpmTHELDEELZ, 20
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THRAERITINAT—NVEPCRHE L, X AERENET, HIFLE
BERBDICETINIEEREORTMEHEL, Thizx 3 XEZTRLT
Kb,

TXAGYEIL, MHEO—HE2110CTMAEB SHETCHELZ, =FX
HWMERINEIL, S LETA_NTORSOBMEREHRL, ZhtxX 28y
ETHRLTRDE, ZRNOOENED, MERTOEERTF RS LT F
ABBIEDNT, EEAETRTEIN LELPHEDEEL L,

Table 1. Age, number of individuals, body length (BW) and body weight (BW) of three kinds of

female autotriploid and allotriploids used for chemical analyses

Age Individual BL (cm) BW(g)
Non-spotted rainbow frout g 1 1 5 389 + 18 892 + 132
autotriploid
Nijiama type allotriploid”? 29 month-old 5 355 + 08 69 £ 71
Nijiiwa type allotriploid” 29 month-old 5 376 = 1.7 788 + 65

1) female non-spotted rainbow trout x male red spotted masu trout

2) female non-spotted rainbow trout x male Japanese char

BREE THICHWIN, HEELRERL TWDI22MERY 74 <R3N, £
M= T w3INB LU=V A UNDPEAZH#HRAL LTAWVWE, 2hb
X, BAMRRAKEEREGRMES (ERRBRENBRENTRFTERTEF L)
THESNLTVWLIRYSATAMBEEANSEONTEINE, BMBRKERRE
THEELZERY T4~ ARG, 7 I EERER L0 U T HEREH
LEONIEBFEZANT, BEELBEZLY EEALLELITo CTEEI LT,
BRICIE, =V~AARABIC T 4= FLI ANV ES%BHREMLTE 27, fHERAD
BiEsx, PHEHERLUVEYEE ¥ Table 2127 L7z,

HRAIE, WY BB L, ZHICE L THARD DL 2 KA K g4
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MUNTERAKERZIIBAL, BEERECHTLIETYA T X80CT TH
HFL, BEREWXCIE, F7 74 AN, =V T7vINBLUI=V 4 UINE 4
WOWTHBELEFAZ I VFRIZLTHWE,

BEHEOERBREIX B, %, 2 /7B U0HFREO4EIICEL T, 85,
HHRREOEENHBUNTELLIC L —=V T 2BATE R T—16 A (K
HAKERERBSHFERRE) ICLVIToT, FMIZ, =V7<3NE2RY 5
A AINEZFH LT, BLIO=LAUNERY T A< AINIZH L THEL T,
%h%“hi&k@‘él‘)t%@&Z%Iﬁﬁ&::}SV\TU\%’W:DlzT_‘\"/{‘/I\%ﬁﬂi“ﬂfu
E L7,

Table 2. Number of individuals, body length (BL) and body weight (BW) of all-
female non-spotted rainbow trout autotiploid, all-female nijiama type allotriploid*
and all-female nijiiwa type allotriploid* used for sensory taste test

Individual BL (cm) BW(g)
Non-spotted rainbow trout 3 432 % 26 1454 % 341
autotriploid
Nijiama type allotriploid 5 397 = 14 937 = 111
Nijiiwa type allotriploid 5 389 = 19 936 + 97
* See Table 1.
RS

IXARSDHE FAOZFAMRSOBERRIZOVTE, —FELsB LV
fE® 7 7 2 & Table 31T, WRET X VB & Z OBEYE % Table 412, ATPEE
W & MRSy & Table SICR LT, EHFEIZOWTHE, SV T4 < R3INE =
T w3NOME, FUTATAINE=ZU A UNOETt+-REEICLIVRE
(P<0.05) L7,

—BREODBIOBEZ 7220 T, "S54 < RA3NE =V T <3NDH
CEEIRBO DN ol, FRUTAAINE=U A TINOR T, &9
JIZB N T =T A U3NA19.9g/100g& R T A <= X3ND21.4g/100gk v & &
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P olr, FOMIZBWTETRD SN0z,

WEET SV BEFTOEEDEICRBVW T, 772V TRV 7 3NN
22mg/100g3 L =2« U3INA23mg/100gT, K7 T4 < X3ND16mg/100g L
DHERNE N, T Uy TiE=Y 7 <3N2R416mg/100gd 7 T 4 < A
3N®D323mg /100gk ¥ bEDR®MNR o7z, B-T 7= TiL, =V 7 ¥3N24mg
100ge &7 54 = A3IND6mg/100gk D b, n-AFLEAFIL TR, =
7 < 3NMR4mg/100gL KT T 4 = AIND8mg/100gL W b TN ZFNENREL -
Teo TOMICBNTEIRDONR 2T,

CATPEEEME E ERES BT, 2 L7 F LTS VT v INA
485mg/100g L 7R 7 T A < A3ND449mg/100g L ¥ LIEREN -T2, 7 LT F=
YT =Y T w3ND6mg/100g& AR Y T A4 = A3IND4mg/100gL ¥ b, K Cix =
T 3NN 480mg/100gl A U T A4 < A3ND385mg/100g L ¥ & F N FNER
B olm. ClTTR=Y7 w3NMR40mg/100g8 & U= A U3NA37me/100g &
BT A4 < AI3N®2mg/l100g X W &, POS Tk = ¥ 7 = 3N AR

Table 3. Moisture, crude protein, crude ash and lipid of the flesh of female non-spotted rainbow. autotriploid,
female nijiama type allotriploid* and female nijiiwa type allotriploid* used for chemical analyses

{a/100g)
Non-spotted rainbow
trout Nyjiama type allotriploid  Nijiiwa type allotriploid
autotriploid
Moisture 752+1.0 75.4+£0.7 76.3+0.6
Crude protein 21.4+0.9 20.7+£0.7 10.9 4 0.3%*
Ash 1.4+£0.1 1.3+0.1 1.3+£0.0
Total lipid 33+£07 25+04 26+£06
Triglyceride(%) 848+1.5 85.5+£2.7 685+£94
Free fatty acid (%) 3.1+14 3.1+03 10.0+5.0
1,2-Diglyceride(%) 1902 2.1+01 28+04
Sterol(%) 19+£0.1 1.8+02 44+15
Monoglyceride+phospholipid(%) 83+14 74%£22 143+29
Sterol ester(%) tr. tr. tr.

* See Table1 .
** Significantly different (P< 0.05) against the non-spotted rainbow trout autotriploid by t-test
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Table 4. Free amino acids and related compounds of the flesh of female non-spotted rainbow trout
autotiploid, female nijiama type allotriploid* and female nijiiwa type allotriploid* used for chemical

analyses
(mg/100g)
N°”'5p°;$gtrri:‘l’;§’§w TOUL Nijiama type allotriploid  Nijiiwa type allotriploid

Taurine 3019 238 33+10
Aspartic acid 1+0 1+0 1+0
Threonine 63 6+1 841
Serine 7x2 6+ 1 6+1
Asparagine 0 0 0
Glutamic acid 82 5%1 9=x1
Glutamine 1+0 1+£0 tr.
Glycine 36+15 2543 51410
Alanine 16+£3 22 £ 2%%* 23 + %%
Citrulline 2+0 0 0

a -Aminobutyric acid tr. tr. tr.
Valine 441 441 4+]
Methionine 241 1+0 2+0
Cystathionine tr. 0 0
Isoleucine 2+1 2+0 2+£0
Leucine 3+] 3+£1 4+£0
Tyrosine 340 4+1 341
f-Alanine 6+1 4 + Q** 8§+1
Phenylalanine 3+1 2+ 241
f- Aminobutyric acid 2%2 tr. tr.

¥ - Aminobutyric acid 0 0 tr.
Ethanolamine tr. tr. tr.
Hydroxylysine tr. 0 0
Ornithine 1+0 1+0 1+£0
7 -Methylhistidine 841 4 £ ¥ 942
Histidine 66+ 16 65 +23 76 23
Lysine 14 +4 10+4 14+4
7 -Methylhistidine 1+0 1+0 tr.
Tryptophan 5+£2 1+1 3+£2
Anserine 323 +27 416 £ 41%% 382 %37
Carnosine 0 tr. 0
Arginine 3+1 2+1 3+1
Proline 2+1 2+0 3+1
*See Table 1.

** Significantly different (P<0.05) against the non-spotted rainbow trout autotriploid by t-test
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368mg/100gk &L ' =4 U3INM340mg/100g & R U 5 4 ¥ XA3ND296mg/100g
X0 H, ADPTIE=7 7 <3NMN31mg/100gRB L =24 U3N232mg/100g &
U7 A< AIND2mg/100gL W bENZNERE N2z, A4/ VT, =
T = 3NN 53mg/100gé BT T A = ZA3ND100mg/100g L ¥ b E XKD - 7=,
BEEIIR DTN, 4/ VB TIEARY 74~ A3NNR110mg/100g, =7
<3N 154mg/100gH L =T 4 U3NZ127mg/100gE 2V, = 7 <3NB L O
=VAUINDOHEIFIFRYTAAINLY BEFEIN- T,

Table 5. Levels of creatine, ATP related compounds, trimethylamine oxide and other extracted components
of the flesh of female non-spotted rainbow trout autotiploid, female nijiama type allotriploid* and female

nijiiwa type allotriploid* used for chemical analyses

(mg/100g)

Non-spotted rainbow trout

Nijiama type allotriploid  Nijiiwa type allotriploid

autotriploird
Creatine 449 £20 485 £ 12%* 474 31
Creatinine 4+1 6 &= O** 4x1
Trimethylamine oxide 22+4 25+3 23 +1
Trimethylamine tr. tr. tr.
Na' 65+ 26 56 £17 94 + 27
K* 385+49 480 £ 32%# 448 £13
Cl- 22+4 40 £ 2%* 37 £ 6F*
PO, 296 4 20 368 + 24 340+ 11%*
Lactic acid 292 + 77 295429 311419
Adenosine diphosphate 15+7 31 £ 9%+ 32 £ 10%*
Inosine monophosphate 110+ 36 154 %20 127 +£26
Inosine 100+ 28 53 +10%* 92+ 10
Hypoxanthine 7+3 31 541
Extractive nitrogen 332422 352 +39 382412
(Recovery %) 90 +2 9411 863
Dry matter 2,300 £ 239 2,740 + 66 2,820+ 189
(Recovery %) 97+2 - 9243 05

*See Table 1.

** Significantly different (P<0.05) against the non-spotted rainbow trout autotriploid by t-test
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THRE BFHEREOKE2Table6ll R L7, =V T 23N%2EK Y J 4 <R3N
CHEBELEZEAS, BIUO=UAUNERY T4 AINEHELIEHEES L HIZ,
B, HIK, 27, FRECBNTHRYIATAINLY b=V T %3N, =¥
AUINBEMICH D ET2FMAELNE, =V T <3NBIUT=V 4 U3N
DERBRA L NEEUB LB E, BRIZOVWTHE, =YV 7 93NLD b=V
A UINOFMEREL, FREIZONW T =Y 7 w3INOFE MR =Y A UINLD
LE N,

Table 6. Results of sensory taste test

1. Nijiama type allotriploid* be compared to non-spotted rainbow trout autotriploid

Head of estimation Marks
Umami taste + 8 points
Sweetness + 10 points
Good body ' + 10 points
Favorable impression + 12 points
* See Table 1.
I. Nyiwa type allotriploid* be compared to non-spotted rainbow trout autotriploid
Head of estimation ~ Marks
Umami taste + 16 points
Sweetness + 10 points
Good body + 10 points
Favorable impression + 6 points
* See Table 1.
ER

RO ZAESTIE, FU T4 ~A3N, =V 7 <3NBLR= 1 U3N
DT I BEEDEOERESIE, TreUy, EXFTL, 2oy, F
S=y, FULrThY, KBATESCHBENEN=FL0 nerka, <
R ) RO, tshawytscha, ¥ F 7 0. kisutchB XU H 5T < X0
gorbuschaD PIEFER L IZIE—HLTBY, AT FA<R3NE, =27 <3N
BELUP=VAUNEIZEFORBIIERE TV, 72, —&BY, BEs T
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LU= U4 UINOEBITHRY TV, LhLESD, =V7w3INERY J
A< ANEDETIRTS=, Ty, B-TIF=V, n-AFLkRF
v, JVFFL, JvTF=r, K, CI7, PO, ADP, 4V VU THE
#Z (P<0.05) BB HHN, =V A TUINEKRY TA v AINEDOE TIFHEF 8
7, 7Z=, Cl", PO/, ADPTHEZE (P<0.05) BRDO BN, ZD )
LERICETLDE LT, #HELTEIONE T 72090, =V7 <
ANBLU=VA UINTHY T4 TAINEY bHL, &2, ERRH LD
AN HONWT =V TwINBI NV A UINRF Y T A~ ZA3NL
DHLEFTELoT-, ok, BERRKERXBRE CRHBELET I, 4AUJ, &K
VI ATABFRAOTXFARSGI T, 7~dDT5=20RBERYTATAD
FRICHNTEFEZL, A VTDOAL )V VBRRIVTATADENRLLD BE
FEWDEENTHNE, LHL, FUTFA AN, =VTwINBLUP=DA
UNORIZRBO NI F AR OEIL, BREZFFoHEAL LTERLE
TwadRATFTEFRVITATALEOMDOHRED T F A5 DEVERRL T
WHBEREZehoTlz, £, =V 7 <3N, =VAVUINBIUREFRY T4 <X
ANORICRBO bNTFZEE, IVFDA ) VU, VA0 - FaFoRE A v
B, PEBEOansBPRE0LI, TOLODOREHRERENTD LD R
b T Rhrolz, KB|ETIE, HEEIERIZERLTVWLIEM=VT <
3N, &= A UINB L VRMERY T4 AINEANT, BEREICL>T
INLDEWEBRIELE, TORE, =V 7<3INBIUR=VU A4 UNOWT R
bRARYT TARINEY bHEK, BR, a/7BLCHFEEZELTWD LT
DEmVWEHE AR ESNT, o, vRAEEBEREREFRCHEBEEZOFEM T, =V
T3IN, = VA UINOWTFNER=Z VALV BEERLNEINTVSD
TORTHL=UTV3INDHMREEL, RNT=V A UINDOFEMER>TWND
BEREBEORERTYL, RUTATAINKEHTEZ =V T w3INOFREL, &Y
TATAINIEHTL=2VAUNDODHREELIYVbERA LV FTholZ &o
O, vAERMEEREDPHBEOTMLERREORREIBRRALEEbh
o TNHLDZEND, TFAFH/IZLV =T 2INBLUO=V A UNDE
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