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W ISR ERATFRMIE x IS )R IESH

®EE, aRAl,

Ra¥,

RRHE, RER

(1. pEKPHEDT SR RIETAKT=BIFET, B /AR 1500705
2. KA EMPHE SRS, LT K&  116023)

WEAREE(Q) ML LH(S)HAAHEARK, KRBT 90.00% 8 Z K #,80. 52% #y & iR
#,90.68% Hy FAEF30.68% WEHKER, BHA I3 MIELSTHRENRIELAL R
RFRHAATT 2 FRENHGTR, FRRE (1) 3 MEECKF,3 MR Ak
FREY N6 MIRY B AL L HER N E R AW, B4 MIREXERRA
THUEFZRAEW;(2) NERCHCEF, WM L BEERZINE, Jo 850\l & 85
RFROGBERFEEERBEECAE, BERBREGEE, REERL LR XM, (3) RXER
Sl il Sy AU R KSR K 0.461 7 £10.596 5, L& LAl H 0.772 9 Fu
0.5168, XARKF, HHEANREZRARAEW, TR EKXA—J ,UPGMA REH

HEHIER TR — Ko

REEW I Lo B R T B AR AR R

B S %S S 917

WL %% ( Oncorhynchus mykiss ) F 1] Zx %
( Oncorhynchus masou masou ) [F) J& T#ETE B . &
B EEWARL KRIS AR, IE R TR T
3%,

TEEEEE 5 T , H T ESMTRE B & st
T LR ZRRY . Wik Az, 6
R BUHE, PN, R B3R, 2 TP MERR B
AMREUN, RS B G ST R M K 40% L |,
Mgk 10% LA B 7R N TR AT S K5
JAIET-RE R,

ISP E R BRI, RA N
ENRE R, R KR, B 5 R AR IETHM
o

ABFFORE LA S 1) 2 8 kA, TF R AR AL
BE, TR AP E EA RS R ET R T
R, JEF A PR ICBOR , X 68 11
LR H AR FRE R4 DNA 317 TR, 2
T EMZRIESRERR, N2 HEaRXEMH LT
YERyBE— 2B T R 4R AR

15 %% B #A :2008-07-10 {& 5] 5 #A :2008-08-26

NEKFRIRAD A

1 ME5k

1.1 #ZFEX

T 2007 4EE R VLK PR Frighi g8 K &
S BEAT AR T , 3 T P . SR 1L 2 R
AR B U5 BRERAR . I3k AT S ©
B, /R 1915 ~2 165 g, £ 6 BB, K] 815 ~2
170 g; L2 gl £6 32 B2, KR 210 ~430 g, i 6
BB, IR 125 ~485 g,
1.2 T, L@z

KRR RO L&A, BP0 R4k
B R, BB RASFEE RGBT, 5 K6t
RE W aElEaER, FAeRALE N RPE, BE
AEFEFLET T R R ER RS AN, ATEMERAT
LB, RRET A kRS, A EREER
BEFTIWL BB SH RS, BRI HE
SRR Sy Eefil, BE S AP ALK #R AR 1 ~ 2 min, 58
BERENR, Bk 1 ~2 K, R ZRB WM
AR IR Bz, 7E /K H i B 30 min, 7 5P FE 7R K B2

BRI B : E A S IR (2006BAD03B08-3) ; BAKBFEARIBIE T (2007HSYZX-YY-19)
BIER 2R, Tel; 0451 —84602266 ; E-mail : mouzhenbo @ 163. com
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FRIHEUE B ARG A h B TR AL
1.3 ¥&ARFREEH DNA FJRE
KRB BE & 1R B DNA W58k Bt g
£BURE, ZETH AL % (10 mmol/L Tris-HC1 pH 8.0,
100 mmol/L EDTA pH 8.0, 0.5% SDS, 100 pg/
mL 2 g K) 51 55 THAL3 h, RBUESEBY/ b5
LT R S BRUINE, 1710 TE B/, B T 4
CrksaREEN,
1.4 RIDESMEY @l
AW IR A 8 X 41 8% 8 ( Brachymystax
lenok) \10 XHITSEGE DET |, A4S W5 B I&K 1,

PCR #1812 25 pL, Eidk DNA 50 ng, 10

x PCR buffer 2. 5 pL, 5|47 0. 2 mmol/L dNTPs
#% 2 mmol/L,Taq By 1 U, T % B F/K+#h
J.25 uL, PCR R RIBERF : BUAEHE 94 T3 min;
PCR 1E3FFE 5 A28 94 TC,30 853 B KRBT 30
s; {1 72 C,30 s; 31 25 fE3F, B )5 72 CTEMP
5 min, ¥ YR A 8% BB BER AT
Tk, B Y E A, Bk BB F B & 4 Gel-pro
analyzer 4. 5 FE474047 , 73 F B4R A pBR322/
Msp 1,

®1 SHEPTRAR 18 XD ESRICATHFE

Tab.1 The characteristics of 18 microsatellite markers in this experiment

fis ElL 2l BREE GenBank %335
loci primer sequence (5'-3') annealing temperature GenBank No.
Ly TOCOAGATACATCGTGAA 50 avioust
Lenok02 gggizzﬁg%gﬁ%gﬁ% 56 AY484449
Lenoko3 e T 56 AY484447
Lenios  ACCTCCAGGCCAGGACATA 56 Avisssse
Lenok05 é}{g:g&gﬁi&ﬁgﬁr 60.5 AY484447
Lenok06 B e ACA 53 AY484456
Ly TCCAGTCCAACAGGCAACAA 0.5 o
Lenok0d e e TAT 57 AY484455
omis  OOCTOACCAGAGARAGACTAGTTC 0. -
OMML1116 g:éggggxﬁg?:g:é‘c A 59.8 AF346671
omuiios  CCACACTGTCTGGGTAAGAGA . -
OMMSZ G TGACAGACAGCAACATATAG 5.5 Coans108
omsoos  ACCTIGTATTAAAGAGGCTTGAAA oy comsno
omsoos  TGACCAGCACCTCCTTATACETCC oy comsi
omsons  AAGCCATCATICGIGATAACAAGG oy comsuz
OMMSOS (A TTATCCAATCAGGAGAGCTCTAT 8.2 comsus
OMsizs  AMAGCCCICATIGIGATAACACTG 2.5 coms1zr
OMM5126 CACACTATTTGGGACGCACA 50.8 CO805128

CCCAACAGTTGAGTCTCCATAGTIT
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1.5 BESHITHH

3 AGETH s R 5 | W7 1L L S A B o
B8 % , #1 F§ POPGENE version 3. 4 44t it
B EEN S ERE(A) MRS E(H,) .
BBEAAE (H,) BB ARLRE (D, Bk
fZEEBS (D,) \Hardy-Weinberg “FHFE 24, £5&
HEERPIC)HHEARY

PIC=1- 3P} _211 3 2PP;
K, PP, RIS  FIsE j NS EE
B n E—FEE FEMEE. NARYE
MEGA 4.0 kil UPGMA E#E1TRE . [FaY

RIEPIEARF N F IR, B A Structure 2. 2 K

P A E R A B R 7R 22587 R B iR K
AT 1L 2 S T B 2 s TR T e B R
%¥fE i Excel 2003 FHATSIT T,

2 4R

2.1 ZRHREZREWUEMREER

TEMFIMIRL AT AT, WA TES
XX HRAH B SEHE 58 KR AR AL A TS 2R
2, ARHAKZER LR BB RS 3R
HAHHBARH B 2R (P >0.05) , HHEBERH
BT X RA (P <0.01), F ¥ RE RN
30.68% ,

R2 ATEFIL @R RRYIE
Tab.2 The fertilization rate, eyed-egg rate, hatching rate and survival rate in

0. mykiss, O. masou masou and their hybrids at fry stage %
B H itm 0. m[i-.:flf ﬁr‘z;a,sou Oyf]:mylﬁs é’j‘iiﬁ
ZHE R fertilization rate 95.71 +£0. 34 91.78 £1.42 90.00 £8.11
RHERE eyed-egg rate 85.04 £3.52 72.27 £4.04 80.52 £5.08
§ 1L hatching rate 90.92 +£2.90 97.31 £1.09 90.68 £3.43
JIE 3R survival rate 80.92 +1.88 90.11 £8.71 30.68 £7.64

E:RIRE(% ) = ZERIN/ZHEIN x100; L3R (% ) = BEREGN/ K ARG x 100; BTG R (% ) = BEEH/ P H AT <100
Notes; Eyed-egg rate (% ) = eyed eggs number / fertilized eggs number x 100 ; hatching rate (% ) = sac fry number / eyed eggs number
%100 ;survival rate (% ) = floating-up fry number / sac fry number x 100

2.2 S|MpERMERYIEER

8 X4 1 TR 5 | My 3o S8 A 1) L g B B
2H DNA 17 PCR ¥ 3¢, LIk E5 R B~ , R A
3 X3 4 Lenok02 , Lenok04 . Lenok(8 7EHT #& b4
4 ¥ 57 7™ ¥, Lenok04 | Lenok08 ¢ Il| & v 4™
¥ re Y, 51 9 Lenok02 ., Lenok04 7E
T b =Y N S g A b g 45 R A —
3, Lenok08 | ¥4 3% by W /N5 4l 8 £ A ] 5 10
STULSET | W RRTE 1L 2 S b g R R R, Ho
4 AR 2 B rh RIS 1Y 5 0 8 e AG B B 7R D
IR, T 6 X SR /hERBE(F3),

L 2 B3 M 4 5 7 R 10 MR D2 A
A3 M7 A OMMS5002 ., OMMS5005., OMMI1011
7 6 NEANMEP RN AT, HA 7 W50
BAEZE, BTANERMET, B AFME
HEH 2 ~4, FHFMERE 3. 3; B A
OMM5004 ,OMM5006 F B B2 &4, HE S
A EBI RS E L, Hardy-Weinberg “Ff &
B PEHFRY 7 D ZRMEA AL TR, &

ARMBESAFHERSE (P <0.05) (£ 3 fiIR
4) . 3 XTRETEUL B A Ry I Y sk 5| W,
Lenok02 RILAZRE, MHEWI NAX(FKI M
#£4),

2.3 ZXTFREEXER

H 38 % L R BRI (R BEBS S A P SR A
BESABR, ZBEEAF AR P RREREE
OMM5006 /T 0. 05(0. 007 8) J& TR E 4 4L5b,
HRM SR TREILRE0.25) , £&EH
FER 4L REURIIS{E 4 0. 312 8, i & AR [A] {5 HE
B 0.585 0, X K WRIAMEFTAREARTE
a4k, B TABESE Br R 1 B 2 AR ic X Bt 5E 1
L BRI S RE S F LR B ARSI E .

WLy 2o o 68 Fr 2 38 ¥ RAE T A2 R S5 2
HESG FUREEBENRE 4, LA Lenok02,
OMMI1108 .OMM1116..OMM5006 175 75 0T i 35
A ENEEERETFRPBRERER, A
Lenok04 . Lenok08 ,OMM5004 S 7 7E 1| 2 8 S5 7K
SN EFAZTTFTRBERALR RS
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Lenok02 , OMMI1077., OMMI1105 #p, 2438 U TE
HENMA SRR E MR, B—RER
AR, —k B EAK, fii & Lenok02, OMMI1077,,
OMMI1105 H 7 & Ay 8 b8 B ek F 4 3%, B
TiFRA I 2B B R 0, 78 H B A7 s WL 2%
BERN L, FMNEFELS G URAERR
fr s B R AR GL B3, 13. 3% MR
TR PR SR 1 XGR I — 0, HEMESEAL
FER PRIV

UL B8 1) 8 I LA T IR 3 AR A 1
RAREEER K 5, L #5232 T s e
AR B 1eG , HLUR g L) 2 SR B, T B A X8 U
ARG REERERK, RHE3 HARK
RIFEE R, R A UPGMA S BN Z B RK
AT (1), piy B AT 1 A0 238 5 U
BN — 3, WL T BeAh 2o BT I, 24385
FIACA 2 B B 2R G R R B

®£3 U@ AENRZFR BIMRIECAREMERTRSEIT
Tab.3 Allele frequencies of thirteen microsatellite loci in 0. masou masou,
O. mykiss and their hybridization

AL/ EAEEH T BE ilgeq - BT ||/ %A T BE ilgeq - T
loci/allele 0. myki 0. hybrid F; loci/allele 0. mykiss 0. masou masou  hybrid F;
Lenok02 OMMS5004
248 0.100 0 0.200 0 217 0.100 0 0.333 3 0.183 3
243 0.300 0 209 0.100 0 0.333 3
234 0.100 0 0.733 3 202 0.800 0 0.666 7 0.483 3
230 0.100 0
225 0.400 0 0.066 7
Lenok04 OMMS5005
194 0.333 3 0.016 7 212 0.250 0 0.083 3
170 0.166 7 209 0.750 0 0.416 7
155 0.416 7 0.250 0 191 1.000 0 0.500 0
153 0.083 3 0.233 3
146 1.000 0 0.500 0
Lenok08 OMMS5006
224 0.166 7 232 0.300 0
278 0.333 3 0.216 7 226 0.600 0 0.050 0
250 0.250 0 0.116 7 220 0.333 3 0.866 7
243 0.250 0 0.150 0 214 0.100 0 0.666 7 0.083 3
234 1.000 0 0.516 7
OMM1108 OMMS5008
182 0.3750 0.400 0 362 0.250 0 0.100 0
180 0.1250 0.033 3 316 0.250 0 0.333 3
170 0.250 0 — 291 0.166 7 0.033 3
162 0.1250 0.066 7 270 0.200 0 0.333 3 0.316 7
160 0.1250 0.500 0 243 0.600 0 0.200 0
229 0.200 0 0.016 7
OMM1116 OMM5125
235 0.100 0 0.266 7 267 0.333 3 0.133 3
215 0.200 0 0.066 7 263 0.083 3 0.033 3
207 0.100 0 — 257 1.000 0.583 3 0.833 3
196 0.200 0 0.100 0 OMM5126
194 0.100 0 0.066 7 299 0.166 7 0.133 3
187 0.100 0 0.233 3 291 0.100 0 0.250 0 0.033 3
181 0.200 0 0.266 7 289 0.900 0 0.083 3 0.783 3
287 0.500 0 0.050 0
OMMS5002 OMM1011
168 0.600 0 0.300 0 188 1.000 0 0.500 0
164 0.400 0 0.200 0 178 1.000 0 0.500 0
140 1.000 0 0.500 0
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Tab.4 Genetic diversity of the cross-species microsatellites

L SEEHR W2 & B HaRERE EHREEEE Hard-Weinberg F-#f
loci A H, H, PIC HW (P value)
Lenok02 5 0.600 0 0.720 0 0.675 6 0.440 5
Lenok04 4 0.833 3 0.680 6 0.621 8 0.865 7
Lenok08 4 0.833 3 0.736 1 0.687 4 0.234 0
OMMS5004 2 0.333 3 0.444 4 0.345 7 0.388 3
OMMS5006 2 0.666 7 0.444 4 0.345 7 0.300 6
OMMS5008 4 1.000 0 0.736 1 0.687 4 0.1051
OMM5125 3 0.666 7 0.541 7 0.459 9 0.497 2
OMM5126 4 0.666 7 0.652 8 0.599 4 0.681 9

®5 k@ ATERHTFREEHVENEEESR

Tab.5 Genetic similarity and genetic distance of O. masou masou, O. mykiss and their hybrids

TR T EH ilgeq -

hybrid F; 0. mykiss 0. masou masou
32T hybrid Fy - 0.4617 0.59 5
HLBE 0. mykiss 0.772 9 - 0.557 1
%88 0. masou masou 0.516 7 0.5850

A EORERLER, £ T R EES

Notes :above diagonal is genetic identity and below diagonal is genetic distance

4t

0. masou masou
AL

— Hybrids

LN ]

0. mykiss

—
0.05

E1 e, Lx@EmRERRH
UPGMA B ¥ 247 H
Fig.1 UPGMA molecular trees based on
genetic distance of O. mykiss, 0. masou
masou and their hybrids

3 itig

3.1 LS EGE S R E F T IT

MR AR ARENARBRERRWEERY
BOEFTUESERE ZBRMBRER.EAE
B PEtR B A A T AN B R B £ Sl s il S 3
=&, R8N BA S W3 83
x| A Xatal s F ) e R BT R B A AR
1B, FB7E 1975 4F Refstie 251 ghE4T T 4 Ff ek i
ERZ EIMHEZRACRE, 4R RABHE 2 < btk

LI BES RVEEEE @ x JURAL S8 S (IR R
BEQ xRS , ARILIRLT B @ x KTGHE#ES
ZIRITERE b B B B A 2R 4 Blanc™' Fil A
40 FEMEPE UT B8 55 40 F M 1 ) 48 B HE AT o E) 2%
32, FAG T I BURAIRSE SR A 5 R AE A8 A R i
FIZRAETP , BRI AE B LT BB, (B RS
KRB A RA AT TR A" ; Dorson
T3 T U 05 4 A ek 38 TR N 4 s £
BRARERES . TN KEEAE W) S R g )
FAFP AT LA 3 pH 4. 9 ~5. 4 BIBR 3R , T 4
BN NBETE 5. 4 DL AR BRI ETE T x ik
WHFACIE B T e 6 £ 2o ] S 32 9 3 1, (/]
FHER 2 TR EAR BN HE S .
ARG G 2 38 BT R B 2R A 03 31| 2 1956
4 JAEREES | FE B4 ST B0 1996 4 M H AR5 BERY 1L
2 HERR, ENRSRRERA EHEE
Wo ATIFHITFRIEN T HYPI & ZR3SH AT 171,
FHAFR] T 30% LA S 2R, XX T A5 A
FE > B F W B 3E & F 8 ( Oreochromis aurea
x Siniperca chuatsi) ' | F 8 F 40 S 435 Fh
ERT S%HEMRERN S, ERARILITR
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G P - s Py B Ui D S S RN g
HRHBWHB(P < 0.01) (FR6),BHEAKXME
AR S MR T RS a R RA R E—
A BEA , AT AR A P R AHE

&6 FLTFR 150 d EKIBFR
Tab.6 The growth characters of hybrid after 150 d

ok X K(em) & H(g)
species fork length body weight

LIS 3
0. mykiss
iilg-y

0. masou masou

A
hybrids

5.71 0. 66 2.15+0. 65

5.68 +0.58 1.90 £0.56

6.04 +0.19 2.77+0.96

3.2 S|¥pERAH

MOEN SAEMBRARTERHBLZ
RRMREZ—", EESF A A LS
Yye B , R B T4 R T TR SC PR B ]
M. BEl, A XIS T E 2 Fhricitik
J5 TR WA CHRIE . TRl SN H TR 240
FKARE o TS 1L L SRR TR R A
B, Mgt RE THNAgaE ., APRRAR
18 XM LET| ¥y, 4% iy 3 Xy 7eim sl b 2
S L 2 by 3945 B AH R 4, 10 X 65|
Yyeb 8 XF7ELL 2 68 rh 43 A S 7, BB S
AR BAE R R, X 5| Y — 2
FARRIA IR b 59 2250, AT R KPR HE
TR S BRI A PR AR TR B

T EN STEAR YR B/ 5T
YE AR YRR AR IC. Lenok08 5| M7 4H
B PP B T /MR 162 ~ 182 bp, ABER
Y3 BOR/N A 234 ~278 bp T #E
IR/ 224 bp, JEPIE KT 200 bp, S5418EE
HZZ /42 bp, HT%T| 4 Lenok08 W BE K 4%
& S0 SR 1 A SRR S AR T . 10 M AT
AL SR 6 XY MY RANF ER,BE
BAZERDN, XRS5 I S RE MR 2R
K, B R BBAE R A BT 53 o A b 8 R 2838 JR AR
FestEinic, 2T 2 A 8 Y a7 AR DR
HEEN KRB M BT EE,
3.3 iksFndrsl 2T E

EHRTBRETREER I M, —RREE
BRGNS, BRHP—REEERATH, RS
BHefm 5k 46t (0. niloticus x 0. aureus) 2k

& WL DR WERSBEVWERET AR
B, AR Ak 232 s SRR KRG IR 9 45
o B R R R  (BRA A/ AR YR
BAMRS, kBB . K X0 a R
BRI 32 3% 1% L il ) BT 55 A 3 A SR B 1R 3E, 0
Blanc 2" FIFI T 40 EMEtkin a8 5 40 RIEHERY
WEHEAT T bR 2 320 B 5T, S R R A3 TR
RALRBEHRE, RIEDTIRCE—FLE
P TARIC, BRI R IERE B, IEF 2%
T RMIRIRG M R SR 2R, BT
Y R—4¥k B TR, — Bk A THA,H
T RETE 28 [ R 243X W) B 5 AR 4 . ARBTSE HP
13 S DR FARCH &R, X TR 2H
PR B E R B ACBA, B =% 5] Y17E 1L il
BAY W RTF I, AR AR F MR — &
Kk BRXA—FK HEBAR, B8 RERBEEN
i, AR EIEE X EHZRSH,

BRI GIATFE B E RS, 0 IR AG
WLER ,BRETAIER, KR ERTER L
HilJG REERFE T, AL AR AR, A B9 B REIRAL HH
BEHEEHAER . ABF5TH L L A
B ZST R I BRI KPR AN, 3B R
ZRERERR ARSI RAZFABE,B
RARWMAER R 30.68% . S FH i
RRAARPITF L AT ISR R AR
MR R TR, 13. 3% Fe 38R S5 7 35 PR AR 2R
BERWIABEF B —J7, T BRARFANREET
RPFERRRAR , 207 IR W] RE 2 B R A A
PERIRNA , T ELKG B0 45 & I B9 HE A0 A R R )
E5o
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Microsatellite analysis of Oncorhynchus mykiss , Oncorhynchus masou masou
and their hybrid offspring( Oncorhynchus mykiss ¢ x
Oncorhynchus masou masou & )

ZHANG Yu-yong', BAI Qing-li', JIA Zhi-ying', MOU Zhen-bo', ZHAO Hai-yan’
(1. Heilongjiang River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Harbin 150070,
2. Life Science and Technique Institute, Dalian Fishery University, Dalian 116023)

Abstract ; Inter-specific hybrids of Oncorhynchus mykiss ( @ ) and Oncorhynchus masou masou ( 8 ) were
produced in this study. The results showed that the fertilization rate was 90. 00% , eyed-egg rate was
80.52% , the hatching rate was 90.68% and the survival rate was 30. 68% at fry stage. The genetic analysis
on the relationship between the F, progenies and their parents were carried out using microsatellite markers.
The results are as follows; (1) Three pairs of primers only gave good images in Oncorhynchus mykiss. Ten
pairs of primers gave clear bands in Oncorhynchus mykiss and Oncorhynchus masou masou, six showed
specific bands and four showed no specific bands between the parents. (2) Genetic differentiation between
the parents was significant at these microsatellite loci. Hybridization between Oncorhynchus mykiss and
Oncorhynchus masou masou was feasible. The inherited character between parents and hybrid follows the
Mendelian inheritance rule and they are indeed hybrids in genetic material. (3) The hybrid F, has a relative
genetic similarity of 0. 461 7 and 0. 596 5 from Oncorhynchus mykiss and Oncorhynchus masou masou,
separately. The hybrid F, has a genetic distance of 0. 772 9 and 0. 516 7 from Oncorhynchus mykiss and
Oncorhynchus masou masou , separately. The former is farther than the later, which elucidates that the hybrid
F, has an unequal heredity difference to its parents and a genetic inclination to its paternity. This is also
supported by UPGMA. The results of the research will be useful for the further study on the hybridization
between Oncorhynchus mykiss and Oncorhynchus masou masou.

Key words; Oncorhynchus mykiss; Oncorhynchus masou masou; hybridization; microsatellite marker;
hereditary relationship



