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Abstract

In this study, the rainbow trout (Oncorhynchus mykiss) was used as the experimental object. The
heat shock method was used to induce the triploid of rainbow trout. The ploidy of rainbow trout
was identified by using flow cytometry (CytoFLEX S) and comparison of the long axis of
erythrocyte. In the two orthogonal replicate experiments induced by heat shock induced rainbow
trout triploid, the effects of three factors, including start time, temperature and duration, on the
induction of rainbow trout triploid were studied. The results showed that the temperature had the
greatest impact on the eye rate, induction rate and overall score (maximum R value) at the start
time, temperature, and duration of the experiment. In the eye rate results, the highest eye rate
was obtained at 25°C; in the induction rate results, induction rate of the 25°C, 27°C group was sig-
nificantly higher than that of the 29°C group; in the comprehensive scoring results; the compre-
hensive scores of the group at 25°C and 27°C were significantly higher than those at 29°C. In the in-
itial time of 10~20 min, the initial time had no significant effect on the induction rate, but the in-
duction effect was optimal when the starting time was 20 min. In the two-factor experiment re-
sults of starting time and treatment intensity, there are two groups whose comprehensive score is
higher than 70.00%: the first group and the second group, respectively. The starting time of heat
shock is 25 min, and the action parameter is 25°C for 20 min and 27°C for 15 min respectively,
which is an ideal parameter for inducing triploid treatment intensity.
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2 3C LAAT 88 (Oncorhynchus mykiss) N SZXT R, KA #R 05 S UL =54, R =40 a4
(CytoFLEX S)VA K LW B AL g K2 ST UL S BE T K 58 FEHVR i3 UL = AN IERX ER L
o, FEHRTAEMRGRTE. BE. FENR=EAEEN TI#E=A4ESRENEN, S1E
7N, TESERT B AR . BE. DRFFENREN, BEERKNTRBE, #SRUKGEEIEHEHE
BHRBERARERK), ERBRLERY, 25CHERRHIRBRE,; £FESRERH, 25C. 27CHE
ET29CAMNBERR; EEAFFTERF25C. 27CHERT29CAHNLE VS ERRIBHTIRIH10~20
minl, FBIEH XA SFREE REMMN, (HRIGHA20 minfHESRE BN . ERGN S5 AEEE
NHEARLRLE R, FE IS E T70.00% ML, 2 HINE—H. 5 A, RIRT IR AR Z25 min,
YERS A 3R25° CREE20 min, 27 CH4E15 min, REBENBEENBESFZRELEEESH.
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1. 5|8

YT 88 Oncorhynchus mykiss) & 8EE H &G MER = PIFERE, BRI BN MG — 2% 58 1T S HE 1)
AL MIF 4, 9834 rainbow trout, J&A#H 144 (Osteichthyes). &% V.44 (Actinopterygii). % H
(Salmoniformes). fitFl(Salmonidae), KKIE & (Oncorhynchus) [1]. WL [ 7= T 5 [ Faf F57 37 0 s X A 1L
JIER T, E SO T EIREVE ) B K R, (R 3R B R A K e — . ML
KPR, J& T T A b ) R 28, sz ) RV P 00 & 5%, B G )] o] Rl A
w, BT m bt E A .

AR, [ AT TG L TR IE R B K= RERIE R, FEUTEFRE AR T M
B, AMENRE RFSUR SR 2] dTEEE I NEIEINE, ReERIEMRKAE, AKTA, S
filfi 2 I ELAH R S BB AR SZ A AR, A 5 S8 DG, A SRS T VR IT 6, A
T MERRE R 2 BT e 0 RIREE R FRPIRIL, 25 5 G P00 U Gl A Joid ot o BRI, P EEL 5
M)y T 575 B P 22 5% R 2 o

GRS TR R B R FEAREUR & 32 B AT DA 250 5 A B [ R, O T = 5 A (1 o P T
[ N 4RO KR E R FL, CARZRIE[2]-[8]. (5 H A Pk B A& KHUBLAE 7= = 5 ARUT 85 0N 158 77, 77
il 5 R R E VAN E B KA A e = A5 AR U 68 R O R 47 SR G LA R TS K . AT L, = A5 (AR U i o
B A e — A5 AT 8 B 1 RS A 7 o [T A B0 9 G DS 20

BT R 2 A EE S L A =ANEER T, Al AEEA. dfifashs. B, BOKMIE. C.6-
TR RS A . WK T KRR RIE S U AE L GRS AR . ARG
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). BN EIEMM0]), BE[10]. BESM[11]. KEM[12]. OEER Tl 13155 30 ZFhf 2k
SIS AR . BT IR EBON BRI T, ATRELTIRRBAES, £ RS SaRL %
N Z . BT IR = A R A 28 C IR BEAE 52 K5 /5 10 min, FFZE 10 min, Z5R153]
98%~100% ] =544, FAST A3 SR IE F] 42%~100% [3]. 2 BT A W 70 IR E AR 5 15155 5 HE s 0 f =544 14]
AR SR FH TR BAVOR Sy 40 i 528 DI 58 AR A (R TSR 5 3 A T 6 = 54k, FH SR 0 VIR 25155 S 6.
ARG KA

2. R 55%
2.1. LA, REHREH

WL Af — A% A SR B RS T L AR A M U i Il ) B AR BRI S 1R AL, PRI MO RSt TR
RE RUFHIE IR 3~4 B IO AT, BERELL Sy 2:1,

A R IEIR A BB BE) . ROV T BRI SR SR 2 BT RO
BETHEOR. BRZA . A ZA, WA 10 ml 27835 T4,

22. NI

ARSER R IRIEBNG,  [FINHERE 75 90 7 RIS HENBREA 0 5 S RS I E : 1% & E57K)
(1513, PR 1520 s RS OMB A5 )5, TGRS, fF V2RI AL, # & 3~5 min
Jas N VEBRBEAT 2 R GEO8, Dol R rh RS L BRI R RORL RS2 R AL O AR fh 7 2R ) i e 4%
M. RGO RS, PRI R ZAE T 4 fiZ 5.

2.3. ZEFIFS LI

ARSERR IR AT 5T, I S0 SR 0 2R AR AR HOREI,  ORIRAGAT I = 4k . Du3k 3R
I 2, ARG Ab B AR AR I 1] il B2 RN AR BRI 1] = A B AT 1 = slBe, 2090y
PR = PR 3R IE A S 06 1 B S (A R S AR BT i AR 1) B R — GRS G I 1] 5 Ak B i ) O 3R 4
KIS BETTVE AR 2)o ACTHEARI (80 : A% U A SIVR & B SR Ok N\ 6 R i B A 1R L /K A 40 I 1)
FRELIN (] . 52K U0 58 A Bk N8 T8 I B2 A AER K H 40 vh BB T /K B A 18] s RN g 1E IR /K i
R 7KL -

I TG BRI 8 SRR K, 70 BREK IR A 2 20°C RV R SR o R Hei (1 528
YR TUAE 1 BT K ) BRHR G, IRBAE A I K 2R b, SR OPAE 2000 KL /E 4, ¥5FHT 5 min
R RSN R G B T 20°C KIS h AL, & BRI TSN, H KA 328 U072 2R &
SIN5), I R O PRI B R 0 NI ORI e R, R REREAT SE U R A ), A
HSEERE, FHAIE 20°C /KB PR 5 min, PrAAEESEERIS, 20K R L TN B4R E ROUK A AR

Table 1. The table of orthogonal test on triploid salmon
= 1. T8 = EIE S E RN E RK TR

S
K
AL LA 7] (min) BE(C) FF 42 8] (min)
1 10 25 10
2 15 27 15
3 20 29 20
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Table 2. Two-factor experimental scheme for the initiation time and treatment intensity of rainbow trout triploid

2. W8S = NS SEIARE S EEEHNE RKE T RE

5 Ak FRE A1 1A (min) HREER/NC) FELLIF [ (min)
1 25 25 20
2 25 27 15
3 25 29 10
4 30 25 20
5 30 27 15
6 30 29 10
7 35 25 20
8 35 27 15
9 35 29 10
W EEAT LK AL -

24. BWIEE

- ZH UL G AE [ 1 B S AR N REAT AR AL, RKIREEN 10.5°C, %N 8 mg/L, WAL N
ATHESCAC B, ORAESZAS URAE AL I BOTT 3 BRI 260, IR Real, Bk A8 A Y R 0T 32 R O AT 2%
AR EALARIEAE 220 FEH, IRIGH BB AR S)E, SRR B RIZEOE, St & HrRIRE.

IR K IR B B 28] 1 ) ) b 9 B v AT B L, A RIRLA B4 600 JZ H I, A S B0 L
WS, Ap R RS R, AR OT IR B s, SETH AL B PO BRR AN TR SR, R
A KE] 3~5 cm I, it SAMTEFE.

25 EmRESLE

FEAF AR 3~5 cm I, RFZHBENLIC 50 FEREAT W R, 4R A 1) 2 i ik i, FH 37t =4 AR 21240 i
KN ECEGHAT VRS 5E

It A A e HAR T R

1) FRAN PR R 2% e N T S £ e T M BRR I i o L AN B T, AR AN BT 1 mL 0.01 M 1)
PBS ZZME(pH 7.2~7.4) ) TE T, BREFIEE S, MMERSEERGH, BULEE 10 pL if, REHE
5], TEHLT 3000 rpm B50 10's, PEkMAAM, B4 FiGW, FIA 1 mL (¥ PBS, R4,

2) FOYH M SR I 5 A — T BRI A W A B R, SRR N E] 3 mL A B oK S,
4°C I RARAE(ZR D [ 5E 3 h)o

3) Yeft: FUEER40 AR 2000 rpm F0 10 min, F EIEW, PBS PRIk 2 R, A TE 4
WEEE 1 x 10°4/mL, JIA 50 pg/mL () RNA fi§ 20 uL, 30 min J5HEHIA 1 g/L [ PI 4% 20~50 uL,
BT 4°CUKFEHYtn 30 min, 161 300 H gt g,

4) EAHURI,  DAIE 5 PR 6 AR AV E X B, R SOG4 S FEAR T DNA & i, BMEAR
B A iRE E > 10* 4y, R AT A0 5 f1 45 J f it ST Ab B . = 5 (AL 9 1 3 FE A ) DNA £
RS NN IEH AR 1.5 544

ZLAR MR /N U BAR T VU R

UL e T A I AR S R L A BT T, R N RS 1 mL 0.01 M 1) PBS Z2 AW (pH 7.2~7.4)
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firriE, REFEAS, HIRERRE, BLEAE 10 pL £fh, RN, 4CHRAFRLRE,
RN R, F PBS S by von A0 Aok FEREAT 38 A Mk, HIE R BE LI 40 R, &

g U A AR KA

2.6. BURDHT

PG B A . SRR R, HERIRE. FSR, SHARIES R0 %Y
RTINS, BT RIS B R IR R . SR ULGAVES (1] (FSRE5RIERENFN 100, F5FR
17 40%, KHERZF (5 60%)35KH Excel P17 82 .

3. &R

3.1. fELEESR

SRS R AR RGO E S R, AR A0 FAH XS DNA & 84908 310, =
FERT 6 21 20 (R AR T DNA & 8208 450 (18 1), & HEN 1.45, B THEIRME 1:1.5. {ELL40K/
WA, AR A 2L A AR P IAME Y 16 pm, HEWBEL R —E[16], = ARETEEKAR T
B9 20 pm (] 2), = A ARAT S 2T 40 K iy — R 1.25 4.

[A AND B AND H] FL3 Lin-ADC [A AND B AND H] FL3 Lin-ADC
o 1 - 2N
c N 2N 3N 4N 34 N 3N 4N
e [— —  —
i I [
0 ' ' ' 11023 0 - ' 11023
FL3 Lin FL3 Lin
[A AND B AND H] FL3 Lin [A AND B AND H] FL3 Lin
Region Number %Gated X-Mean HPX-CV Region Number %Gated X-Mean HP X-CV
ALL 22141 10000 314 6.12 ALL 24647 100.00 443 5.76
I 22046  99.57 314 6.12 3N 23138 93.88 439 5.76
2N 21966 99.21 314 6.12 I 2392 9.71 390 1.17
3N 4 0.02 447 0.38 4N 0 0.00 0 0.00
4N 0 0.00 0 0.00 2N 0 0.00 0 0.00
N 0 0.00 0 0.00 N 0 0.00 0 0.00
Figure 1. The DNA relative content of diploid and triploid rainbow trout
E 1. &5 =B DNA XS 8
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Figure 2. The red blood cells of diploid and triploid rainbow trout (40x10)
2. &R = fEAATEELT 4RA(40x10)

3.2. RRFEES =B ERTIWER

RIRRLER Mo, fm R IR B R R (R EIRR) IR, H U LU 1] 5 45 SR I (A
TR s R IR, 72 25 CI A B RIRF (R 4). EFFREGERrd, HHF SRR FENHER
(REHK)NELSE, HUOE R 8] 5 abit (/], 76 27 CAER MG SRR 5). LA Taas ot
o, S SRR A e R O , FLUR AR GG 8] 5 AL BRI ], YR N 25°C L 27 CHA R T 29°C,
ECARIT (]9 15420 min =T 10 min, REEERS )22 7 AN B IR, = AN DR 22 1 s {20 0l =2 S 46 B[R] 24 20 min,
Ab PR 2R 25°C, RIS 6] 24 20 min (4 6). 56 WA m A SR -BAL(FC 3), A B S MO IRIN 7] 20 min.
25°C4LFE 20 min.

33. MR EFS=EENEAREIRER

TERPEIEE R PR, AW Rm—4NE—4, SHOVELE 25 min, 25CALFE 20 min, K
RN 70.00%, 555N 88.89%, LA TN 77.56%. L& 1 & T 70.00% 3L B4, 705854,
B, BRIEER AR AR 25 min (35 7). 7 2240 HTah SR R bR B S 4 i 1R 5 A 3 Dy SO0 G
GE R BB, H LAY 25 min = H A IME S T 30 min. 35 min.

Table 3. Average eye rate, average induction rate, and overall score for orthogonal experiments

3. EXEHHTHLRE, EHESEUREGEETD

4151 HLAR N (5] piENES RFSETTA] FHIRIRE 2l GAvEY
1 10 25 10 71.05% 13.50% 48.03%
2 10 27 15 36.29% 87.90% 56.93%
3 10 29 20 18.51% 6.25% 13.60%
4 15 25 15 88.51% 21.02% 61.51%
5 15 27 20 52.26% 61.25% 55.86%
6 15 29 10 43.11% 35.49% 40.06%
7 20 25 20 84.48% 81.38% 83.24%
8 20 27 10 75.15% 39.22% 60.78%
9 20 29 15 12.40% 27.42% 18.41%
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Table 4. Average eye rate for orthogonal experiments

4. EXKWEIRESM

AR A YA 7] IR RN (1]
K1 125.84% 244.03% 189.31%
K2 183.88% 163.70% 137.19%
K3 172.03% 74.02% 155.25%
k1 41.95% 81.34% 63.10%
k2 61.29% 54.57% 45.73%
k3 57.34% 24.67% 51.75%

R 19.35% 56.67% 17.37%

Table 5. Average induction rate for orthogonal experiments

5. EXKWEESFRIN

HER R[] e FREEIT 1)
K1 107.64% 115.89% 88.20%
K2 117.75% 188.36% 136.33%
K3 148.02% 69.16% 148.88%
k1 35.88% 38.63% 29.40%
k2 39.25% 62.79% 45.44%
k3 49.34% 23.05% 49.63%
R 13.46% 39.74% 20.23%

Table 6. The overall score for orthogonal experiments

= 6. EXZWEETD O

LRETTESY A YA 7] A RN (1]
K1 118.56% 192.77% 148.86%
K2 157.43% 173.56% 136.85%
K3 162.42% 72.07% 152.70%
k1 39.52% 64.26% 49.62%
k2 52.48% 57.85% 45.62%
k3 54.14% 24.02% 50.90%

R 14.62% 40.23% 5.28%

4. i
4.1. AbIEEE X TR L IFE ST 68 = EEaI 520

TR AT Frh, K B R 503 IR ST IR B AR o i B 2 4k, VA /K ol 3 F i
HEATIEL R K T B 2 1B AR 17] TSR T4 K e 2K, TS 24 1 v iR Ok 7 B = 4k, SRR & S5
BARIE S, WH MRS BARSF AR ENH SR E M S P AERR RIS, AR RS2
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Table 7. Average eye rate, average induction rate, and overall score for the two-factor full experiments

F7. WERLSIWHERE, FSE. E41TFS

) ZH R FIR LAY
=1 25, 25,20 70.00% 88.89% 77.56%
=2 25,27,15 54.20% 97.22% 71.41%
=3 25,29, 10 56.10% 88.89% 69.22%
=4 30, 25,20 43.50% 0.00% 26.10%
=5 30,27, 15 42.50% 0.00% 25.50%
=6 30,29, 10 37.50% 83.33% 55.83%
=7 35,25,20 72.20% 52.78% 64.43%
=38 35,27,15 49.70% 88.89% 65.38%
=9 35,29, 10 42.50% 55.56% 47.72%
=10 —_— 71.90%

KON Z 2405, MHIGEERE K E NN ST TR SRR S0 52 K 09 HEAT SR 50 75 T I A2 R
T 26°CRATHES, FoA T RO BRI SRR 6] TKHEESE A UL A 31T AR 5T 15 5 = AR A R
M 26.5°CI 4L T 83.18% M =5 4%, M R ELS] 30°CHf, B4 T 90%LL B
FHIER, (HR IR F I 7 A P R AR 5], X SAHE R AL, B8, fEIEASE
675 36— £ R gt b R W, 29°C (W S BR 20 R R 31 0 RIS T [ — S 4R B[R] 1 25°C L 27°CaRsad, (=
FBERIFRMBE T 25°C. 27CRBAMIG . X451 5 RIS N IIWF 7045 AL, LA e as ik
B, DL26°CARERRC R i, DL 28°CAbER S SRR . SRR AT e o TR it vy, ek sl sh ok 5
FRRG R & 3Z BH T 5] &2 H[2].

TEARWE TR IR, R (A S SRR — AN E R EAHF AR E T, RS (A
K, TN AR 5 R RO, 5 S R B R IR R, SRR K IEAR S g b BoR, TERISECN 25°C
FFS2 20 min, 27 CHELE 15 min I LA, SEOVIAM AT SH . X5 AR5 AT 6
YU 2 20 min, 26°C FRFSEACERRS ]2 20 min W] IR1FHE 1 A IR AL 22 A0 = R AR S i) 45 AR AU 18], Sk
HEMF ARG R — M ES, XA AR E. taiEs RN ESR. GWaRRI, &
AP K2R 2 U Ja AR BVAEAFRE JT, AN R REAS = A 4 O 7 B B AN — B sl AR v 45 DR - A el = F
MALBERCR[19] [20], RASGBWIRERBHAESR.

4.2. IR E XA A IS S = SRR I

AR TV T UL — 5 R 3 S T B AR S FT 4 T8 A L S, ) 52 ORG U5 AR AR
B, DA SZRE O b =B e gk, MBS & LA = R R . OP 2RSS, S IR 3
RS AR X BT, A 2 BRI R ORI, 2 BT OE TR S AR
I ARTEANSIHA[21], Bl U052 R O 35— A A AR TR ] B (PR o OB ) 2 RE A LD 5 5 = A R ) —
ANEERZ . ISR OF 058 AR AR ST 5] 52 BT A PR B3 /KR AR 52 Mm v 7K I S IR 58 IR R T
SN, K S SR O B AR AR TBCR AR 171

Peter 25 7EMF 7t AR T 15 SR 8 = 54K, £E/KIR 11°C~12°C IR, R 28 CoKIRAE 2K 5
10 min FFAGRIL, ACFEFLEEE 10 min, =FAFESFEEIE 98%~100%, HAHXFiEFRME &, &
42%~100%2 [8][3]; EWIFEAEKIR 6.5C, 2245 20 min J5 1 26 CHURTEALEE 20 min, B2 =455
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HN 100% [2]; 5KHEMESEATE 26.5°CAM N, 255 15 min, ACFEFFS: 10 min 3 20O RAE[5]. HEARAR
2 NYONULA8 5 — AR A (R HERC 7] K L1782 K5 5 15~40 min, 7EGASA] Py AR 7 A8 m] LS 3 = £ 4K
[17]e ARRIEAZSERE RS R, HAR 10 min. 15 min. 20 min [ ESEE I 1R]HS 1 0L 828 1015 S 3%, (HiEih
] A 20 min IS P48 T 10 min PAK& 15 min, X 5K F I ALE 20 min 405 S92 4 8w 105 S %
PRZAR 248 FARMRA18]0 TEAUCR A R IEAS R P 45 R R, FERAAIT (A2 25 min AN [ b 31 77 2]
FES AR R I TR IR IR R . B P s s v LR, 7ERCARIN (8] 20~25 min B HEAT #UR 05 S
UL SZHE B, ] DL AR A e R IR R T %

5. B4

FE P T il = (5 T s ga b, 35 R RCR B N LR I 4H: 1) ATEREN 52855 20 min I, SRA 25°C
AbFE 20 min, FEAERIE SRR N RIRFEN 84.48%, TR N 81.38%, LEG1F N 83.24%. 2) {EULfH
YUSZAG 25 min I, SRH 25°CALEE 20 min, KHIRZEN 70.00%, 5FZ N 88.89%, LA 114N 77.56%
I BT 6 B 2 K5 20~25 min I, %A 25°CALFE 20 min FIALFRGR R, T LIS RECN BRI H0iF SRR, B
NEAERM = RE S S

e HE

5 4 Ak BORD TR 30 H (2016LZGC003) A i1l 45 48 B A wF & i R (7 ok 8t 4 R) i H
(2016CYIS04A01) %5 B,

SE 3k
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