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Differences observed in disease tolerance and reproduction trait of two rainbow
trout Oncorhynchus mykiss strains by chromosome manipulation

MAMIKO MOCHIZUKI,3* TETSUYA AKUTSU, ! SHIGERU KOGAMI,?
NOBUAKI OKAMOTO? AND MAMORU YOSHIMIZU3

1Fuji Trout Hatchery, Shizuoka Prefectural Fisheris Experimental Station, Fujinomiya, Shizuoka 418-0108,
2Tokyo University of Marine Science and Technology, Minato, Tokyo 108-8477, 3Graduate School of Fisheries
Science, Hokkaido University, Hakodate, Hokkaido 041-8611, Japan

Two rainbow trout strains (RT92H04 and RT92H10) were gained by chromosome manipulation from infec-
tious hematopoietic necrosis (IHN) tolerant selected rainbow trout at Fuji Trout Hatchery, Shizuoka Prefectural
Fisheries Experimental Station. Disease tolerance and reproduction trait of these strains were investigated.

Though THN tolerant, RT92H10 had low resistance to Vibrio anguillarum infection. On the other hand,
RT92H04 was V. anguillarum infection tolerant and had low resistance to ITHN. RT92H04 grew slowly but ma-
tured at the age of two. RT92H10 took three years to mature, although it grew relatively fast.

These results revealed that these strains may be useful as breeding stock or immunological experimental fish.

F—7—F :IHN, RiifzE, BEEVE, REGKSRE RE —VU<A ET700R

=< & Oncorhynchus mykiss 13 B35 10 12 4Lk &
DBAINTLUR, BAZHTEESITHON TS, il
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WRT 5 & LI, ZOMBHEL HUICy o—y=
yvx@ﬁzﬁﬁgcob\fﬁ}ﬁ/\, THN m‘)ﬁL&L;\‘ﬁﬂzﬂj@
ATREMEIC DWW TIRES L 72,

AMB L UFEE

JTH—C =Y XOMEH  #HEFRICIE THN fHHER
WESZ D7z D #H I K ERBR S ELEES THRAEBE S h
TEIZ VS AR (BELEESMAETE) AV,
FE—INEIRH IR BUMEME TR AE 7 0 — 1510 3 BEG b, MEMESE
A 2 HREEDIRL Tiled C & TR s h 5 (Fig. 1),
Tebb, BELEEGHRETHOF» L 1992 FICE
LR E, LE4ERE (6000 erg/mm?) IZ XV EE
FICNEAL L 727 Ve R FRER L, # 7 ReEKIER
10°C DK TEE L 7-RE—IPEIREIE (IR :
30°C IR L 7z b KIS ZHEIN A b IR E) %179
Z LT EReR FE—INERRILESE G ZEH L7
1995 FE Il 3mA L > o hEESAZ AV THED
FETHEAEL, 910 5 BICmBAE (27°C EKFICsE
KOi% 15 S HRE) 352 LI X0 E MK IE
BAEEHL, B Eoro—v& (G2) % 2 RJ#iBr,
BoN 2RO 7o —VIIFHEE L HAZESICK
», RT92H04 ¥ L OF RT92H10 & & fHiF7=, 7B —V/
BOMMIL, BBRAEREED 5 WIS EEREEZ A\
70—V EEORZERIC X DT -7z, APFFEICITE 2 it
G2 (MREFE) &, F3HM : G3 (BEERE)

HERAL, #HRAEDO7 o— U HORMERITHEIR D DNA 7
4 VH—=T VYV PEICEDT-7,

70— RTI2HO04, RT92H10 6 LU @E
BrEFEAICIEHMELERAE L THW, ¥/ A
DNA {7 = /—)VEEIC X O FFlE» S L, HIFREESE
Haell 25 5\ 3 Msp 1 TiE{b# 0.8% TBE 747 o — %
FIVT30V, 20 FEIREIL, A BV AVT L UANE
TIWVAY PSS VAT 7— L7k, SABRICEDAVTV
VEITBRY Y T HToT. YT UNATVEAE—Y
aViE, AV 7L v100ecm?2 7210 20mL D/NA T 1)
ZAY— 3V (5xSSC, 1% 7oy v 7,
0.1%N-5 oA )Ly iayvy, 0.02%SDS, 0.1 mg/
mL poly (A)) T68CLEFEDT VN, T XX —
¥ a VET\, 7B—"7% 4 pmol/mL OEEE Tz
IeFIceNA T UEAY =Y a3 VIR (AT 1L/ 100
cm? 7=V 2.5mL) T 45°C, 16~24 B fE117 - 7=,

TO—7@DIGAHYITXIZVAF R T4 UV TF
vy PIZREWY, YIFVFXF v/ T —IVEHL .
(GGAT) 40XV IXIZVFFFEAWL, ¥ 7FILD
BHZETRDOF v MCREWREILEIZ L D175 7
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1. ITHN AA&REAR FHEE0S~06gD=Y
< A2 %M (RT92H10, RT92H04) & fIREED L HERE
HEZKE 1.5 L OATKEICIRAEL, F#FKIC THNV
(GH7701 #k) % 3.4x 108 TCIDso/mL IZ 72 % & S N

THN resistance strain egg
l 44— UV-irradiated sperm of normal diploid (Albino rainbow trout)
6000 elymm2
Insemination
i < heat shock (30°C, 5 min.); 7 hours after insemination
Suppression of the first cell cleavage
Mitotic-G2N l

l 4— maintain to maturity Gl

Egg of matured mitotic-G2N

l 4— UV-irradiated sperm of normal diploid (Albino rainbow trout)
6000 erg/mm’

Insemination

| ———— heatshock 27°C, 15 min); 10 minutes after insemination

Retention of the second polar body

!

Clonal rainbow trout (Oncoyhnchus mykiss)

G2

Fig. 1 Schematic diagram of the production of homozygous and clonal fish. The procedure was divided into two steps G1 and G2

(gynogenesis of the first and the second generation).
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L, IEKHT60 5 HRERE LT - /oo WEEKIZIKE
13°CICHmE L 7oK 2 K 3K 3 |lER/FFIC 7 5 K S ICHE
KL, ABEZT-7, a8, HEIT1I A 3SEHERAS
Bk (ELEmd) »Megs5x, 41 BEEEE
BEL,

2. BTV RANARERR ARKESOL OMAF
KA A E 54~68 g D=V~ A 2 2t (RT92H10,
RTO2HO04) ¢ EH L L TEBE Y AFHEZEZKX 30
BINAL, Vibrio anguillarum (9803 #k) # 1 EBH7/-0
4.0x103CFU/mL/100g IC7x % & S ICEREMICER L
T, NARBZIT- 7z, BENRBXICIE PBS % R4RIC
B/, WB%KIE, KE14CITMEL 2BEKE 3E
BB OPKKICA D XD ICEAKL, #HEZ1HE2EH
PR (B8 »fass5 27, 16 HERZE
RBEL 7o, FETRIGEHIC TSA i % AW TR IEH»
COMET LTV, DHEEHE T VA ANME
COKERE AmE) #HAW/icHE 254 F7 5 A5
ERINC & D V. anguillarum TH 5 Z & TR L 72,

NKEMDORIE 500 L OikKE<T, mKofk
z52 THBLICFPHRFE80g D/ D—V/ U< R
(RT92H10, RT92H04) % AV 7=,

NK #EH#1d, Percoll (Pharmacia) 1 & % Ffm0%
BEIC L DB/ HE 1.090 g/mL Ofifgs =7 = 7 % —#l
LT, YAC-1 (Molony virus induced T—cell lym-
phoma) #ERJMIAE L L7z LDHEIC L VBEIEL 720 7%
B, I7 77— HEREEERERITNC 25°C T 12
Rl A vF 2 "—F L, ABREFC YAV 7 —ick
BEFEHGAR CHRRARE 0N LLETHE T Lok
Bl ¥-MifafEERRT, EMMiasid 1x10°
cells/mL &L, E: T (=7 z 7 %—#ifig : EHIMIE)
H#25:16KU50:1 &1L, 15°C 8RO LM TIT
27z, MBEEERCOHEHIIUTOFERNICLDERL
y sl

Cytotoxicity (%) =
(Test OD — Effector OD) — Spontaneous OD
Maximum OD — Spontaneous OD
x 100

Z T, Spontaneous OD {37 = 7 X —flifaDO b
DI 1.4 mM REEKFET UL, 100U/mLRX=Y
v, 100pug/mL AV T <Ay, 1%FBS ¥in~>
/=)y FAE RPMI-1640 £#1 (GIBCO) (LAF
RPMI-1 &4 %) % 100wl hnz 7= @, Effector OD i3
ER o3 DI RPMI-1 % 100 ul fn 2. 72 & 0,
Maximum OD (2 FI#$iC 2% Triton X-100 (Sigma) %
100 ul fnz, well FOERMEZ £ THEL /2L DT
b5

JA—C PR AOBEERE BEROHBOD:D,
FHRMEEHOgDO Z V< X2%H# (RTIZHI0,

RT92H04) % {EFIDHEZKE 80L DR S/ /N\—H
ki (OKiR 10°C, #i/k3K 3 @Ex/Kf) 1T 45 B9 DX
AL, 198 HEFE R T o7 HBEIESA R v YORE
FERICHE, 1 B 3EBEEAHL VLS ICHEROESR
B (EL8MHE) 2527, /4, RAILLTEAL
E, £fFEEOFE  BEEICHEL
SOICAEK2FEBORBRIZ LB T 570, Bl
DEERBRICAVWC2ZRFEO_ VS AICO2WT, R
HTHRLIFEHCRBEZMEL, BRDHELIT- 7
EEINHACTH % 10 A A BRIP AT RE 72 B f4 % FEER L C LA
e, BMBEDHEZT, BEDO2 AIC3LToOMEE
BIEL, AEELIIEBEEZRIEL -, 70, ZOHM
DRETCRICOVWTLREEDOBEICETT - /oo EMIRIER
(GSD) BELFORIT & - TR,

GSI=JNEEE /B AE x 100

] R

fEHE N7 —> 2w R ICo2WT Bohi-2
RO 7 B—ICONTED T B—VHIC DWW THEN
LA, HIREESE Haell s XU Msp L IZB W CTHRHE A
TIREGBICR LB/ FRE—VERLU B> 70—
VIEFRMATERA—DNV FNRE =V ThH o7, TR
HE TR AN — "R Lo £ 5 RT92HML &5
KU'RTIZHI0 (Z 78—V A TH S L PHERI NI,

70—>=< X0 IHN REERE  EiE 2 20
7 a—y =< A RTI2H04, RT92H10 % F\ 7= ITHN
ANERERBOBERY Fig. 2107 LT, RBETEOD
*HRX, RT92HO04, RT92H10 DFET-Ki: % nZh 100
%,96%, 70% &ix->7z, BRERCROWRE R5 &,
T AW ARBERIIWTNOX b EEED 1 BE» BE
CA%BED, 3HEMTITIEKRE L, L L RTI2HI10
3, MOROFETHTIFREL 29 B B LIEICIET

100 - OIS ot Oh bt ChOto 0l
90
g 80
2T
Tg 60 |
E 50 —&—RT92H04
§ 40 -8-RT92H10
:gs 30 —e— Control
© 20 F —o—Negative control
10 F
0 3 s s 9
0 10 20 30 40 50

Days after exposure

Fig. 2 Cumulative mortality of two rainbow trout strains
infected with ITHNV by water-borne exposure. Expos-
ing dose: 3.4 x 103 TCIDso/mL, 60 min.




VR A2 RO L b FICHEERE 847

Bl ic, £/, WEBRICKBIT A2 TOREEND
THN 7 4 )V A S iz,
RT92H10 OFET=2K (% RT92H04 & thig 4 % & HEIC
Eroz (2H5%E : p<0.05),
JO0—>=PYRAOET ) AARmMAEERE Ei2
Rk o—v =< ZARTI2ZH04, RT92H10 % FH \»
78TV ARAARERBKROBER % Fig. 3ITR L7,

70
-+ RT92H04

S 60  -m-RT92H10
gz" -e- Control
= 50 —0-Negative Control
5
£ 40
o
&
<30
g
=
© 20

10

0 5 10 15 20

Days after exposure

Fig. 3 Cumulative mortality of two rainbow trout strains
infected with Vibrio anguillarum by i.p. injection.

80

(=)}
(=}
T

Cytotoxicity (%)
B
o

353
o
T

RT92H04 RT92H10

Fig. 4 Natural killer activity of two rainbow trout strains.
W50:1;]25:1.
*student’s #test (p<0.05).

AERK T RO R RT2HI0, wfEX, RTI2H04
DIEICE < (Table 1), ZzhZh 60%, 43%, 13% TH
o) fCo if:, B%ﬁi#ﬁﬁ&@%t%bi 0 % TdH - f:o ®
ICRBIRCEROHER » R 5 &, RTI2HI0 &5 AKX 13/
RIESHDPDIRTHIAE - /2, RTI2HOL DI
0EHE»LBED, MORICHENTEFEWERSR
bh, ABRXKMEOECERICERELZE (P RE : p<0.05)
BRON/, REROMESHEATT>72& 25, £2TD
AL D V. anguillarum DS EES Nz,

NKEYE 2FR#HO7Oo—VEHICOWT, YAC-1(Z
3 ANKESEZRIE L /R % Fig. 4 1cR L 72,
RT92H04 O NK{EMEIZE : T=50:1T359+4.4%
(mean+S.E.M. ; standard error of the mean, n=38),
25:17T29.4+38% THoizo THNITH LT, RHD
H7x % 70— RTI2H10 @ NK 1EM#IE 50.9+4.0% &
r43.0+4.7% &7+, RT92H10 i RT92H04 & Lhig

300 r

-+ RT92H04

-=-RT92H10
250 -

N

[=3

(=]
T

Average fish weight (g)
O
(=)

100
50
0 1 1 L il 1 1 J
0 30 60 90 120 150 180 210
Days of feeding

Fig. 5 Average weight of two rainbow trout strains fed at
a fixed rate.

Table 1 Results of Vibrio anguillarum infectivity trials on rainbow trout (Oncorhynchus mykiss) strains

Challenge dose CFU/mL Fish strain Weight g Number of survivors Mortality % Agglutination
RT92H04 54.3 26 13.3* +
4.01x103 RT92H10 58.9 12 60.0* +
Control 68.2 19 43.3* +
— Negative control 54.0 30 0

*1p<0.05 (Parson’s x>-test)
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Table 2 Performance indices of two rainbow trout strains fed at a fixed feeding rate

Strain Initial average Final average FCRa Feed intake Daily growth rate® Cumulative
weight (g) weight (g) (kg) (% /day) mortality (%)
RT92H10 53.6 237.7 66.9 11.3 0.77 6.7
RT92H04 50.1 126.8 33.9 8.7 0.47 11.0

2 FCR (feed conversion ratio) =feed fed (g)/weight gain (g) X 100

b Daily growth rate=1log (final average weight (g)/initial average weight (g)) x 230/rearing period (days)

RT92H10
;\; 50
= 40
2 30 B Mature fish
% 20 ’_ﬁi_ OTmmature fish
2 10 —|
(=9
0 1 1 1
100 200 300 400 500 600
Weight (g)
RT92H04
50
x40
é’ 30 B Mature fish
“g’_‘ 20 O Immature fish
i& 10
0 1 1 1 1
100 200 300 400 500 600
Weight (g)

Fig. 6 Body weight distribution of two rainbow trout
strains during the spawning period at the age of two.

LTHEICE W NKESEZRL 2 (EHRE p<0.05),
70— =PI AOBEERE BERICOWT, &%
MOFHBEEOHR % A5 & (Fig. 5), RT92H04 ©
B3 RTO2H10 & i L THRA» HEL, 77THABL
Rl 7 DERDBEEIC 7R - 7oo BRI TR R
hE % B % & RT92H10 A 237.7 g, RT92H04 7 126.8
g T& » RTI2HI10 7 RT92H04 O 2 f5REEIC E THE
L7z (Table 2), F7-f%hEE LU HRERRE DRk
OER%ERL, THbd RTIZHI0 DFAEWREER L&
57=C &h 5, RTIZHI0 DEED B S 3k
RLTWwbEEZLN, WEHEFOETEIIT
RT92H04 Cit 11%, RT92H10 (3 6.7% Th - 7,
K\NT, £ 28 HOBBREIZ OWTERICKT
L AEGEOEESH & GSI ORIIZ oW T Fig. 6 1T
L7c, SIIEATaH 5 10 A FAICiE, RT92H04 (Z 2D
SERRINTTRE TR EME DT & A & THEN A TER T & /o
RT92H10 T BB KIZ R SN h - 7z, RTI2H10

OB FRANCHER S N/-DIF 11 AR THO, FEI
Iz >\ RT92HO04 0 J5 4 RT92H10 & tir L THET
BuwEms R onic, RAROHIAET, RTIZH04
H80% THADICK L, RTI2HI0E34% TH -
770 E-BEIPREFO FfAEIL, RTI92HO4 75 141.9~212.3
gTHY, ZVXADEBEEL L T2 /NEDro
72 L2L, BfkE 250 g DL DEEL Thied

D fCo
% 23

SEORBR T, F—INERHIEER L OHE BARH
PRI X O g Er 2HARBI T LITLD, =
V< A 2 Tt RT92HO4 #5 L0 RT92H10 % fEH L 7=,
/- FDrO—k% DNA 7 ¢ VH—TF UV b ChE
HLIETAIO—VRHETHES LEZ BN, it
AR OCICHEAEEBIC OWTHEN, TOFER,
NORENBELLAMBEEH O LBARINI, 7,
THN A BRI & SRR TIE, RTI2HI0 O REFET-H
78 RT92HO04 (96%) & L TIE< (70%), IHN I
ST AEPMERAT W LRI N, T, NKIEEIC
SWTHRMETHEELRES RSN, RTI2HI0 DF5A
BWEEERL T, BECGRERT —X)ICLhid,
HSk DR 5 FH =Y~ AR 2 Zid YAC-1ITH
HNKEHICENEL - EBREINTEY, §4E
DR TLRFOBERBEDN/z, Tz, FEEMKEFIC
X 5 TYEH L 7- isogenic line Tld NK {EMHE DK = 13 &
ERNCZT AN TR, D FAR - U< R & LT
70— RO NKiESEIC BT AEGEES NSV (BL,
FIAEE, KREET—X) LOFBRITFEINTVE, &H
12, NK M ELE Cld A )V ARGl O BERIC 3T
E45ZEBMEINTEY, ZYTAILBVWTH NK
WEEZBTAAMERD Y A )V ABFEINCEST 5 2 &0
TEEINTWABZ Ehn, NKiEEPETGETHD
THN B S0 OFEY 5 2 T AREERD 5
EEZbN 5B,

—HE T U KB L Tid, RTI2HI0 O ABRKYIC
KX BBRBILTERN60% ThAHDITx L, RTIZHO4 1%
13.3% & RT92H10 D I AE W FE R & 72 - 7o
RT92HO04 (¥ RT92H10 &tz L Tz L A5 —)b
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Bo iz, VI EREOBER & BEADBRICOWTIHC
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