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Genetic Diversity of the Cultured Populations of Six Rainbow
Trout Oncorhynchus mykiss by Microsatellite

ZHAO Ying-Ying'?, ZHU Xiao-Chen?*, SUN Xiao-Wen'
(1. Heilongjiang River Fisheries Research Institute of Chinese Academy of Fishery science ,

Harbin 150070, China ;2. Dalian Fisheries University , Dalian 116023, China)

Abstract:Rainbow trout are cultured widely throughout the world for supplementation in natural ecosystems and for
commercial aquaculture. In 1959 it was firstly introduced to China from Korea. After introduction from America and oth-
er countries such as Norway, Denmark, and so on, rainbow trout were now cultured in about 20 provinces in China. In
this study, microsatellite DNA was employed to assess the genetic variations between 6 cultured populations of rainbow
trout (American golden trout, American Donaldsons, Norway, Denmark, Finland, and Bohaizhan). The results showed
that in these 6 cultured populations the average number of allele (A) was 2.89 to 4.22; average number of effective
allele (N.) was 2.15 to 2.78; the value of average observed heterozygosity (H,) in six populations was 0.4802 to
0. 6786; the value of average excepted heterozygosity (He) was 0.5052 to 0.6211; and the value of average polymor-
phism information content (PIC) was 0. 4298 to 0.5762. Hardy-Weinberg equilibrium analysis revealed that all of these
6 populations showed a remarkable genetic disequilibrium at loci AY039634, AY039638, AY0396466. Only at locus
AF 375034 all of 6 populations showed equilibrium. The genetic distance of six cultured populations was calculated and
cluster analysis was also carried out.
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A% 22 FF P 0 BIF 5T 2 a5t A% BE R AR B 0 T 4R AR
A5 R AR 5 W B I 45 A 45 2 IR B AL 7R S F
58, WAEA SR 2] T INTE S5 40 M2 A B
HAB L RSB 5y oK . TR SRR ] BT 8
% (Simple Sequence Repeat) , & It 4F 3k % J& i 5k
5> FAnic, #) z N T 35 1% KIS A L QTL &
L GEF%E BHRBAE 5k o A S e~ . T
T AERCZ A B, HEA FE N ZEE,
PCR " 14 45 L 8 &2 1k 4 A5 i L AR v 17 A 43 4
0 B A BT Ry 2 R 5 R A8 A% A8 S A A B A Ol
Tikz =,

I %% ( Oncorhynchus mykiss ) J& & B | #E R,
Rk PR, JE S ENRIAR JE T, 1874 E 4 AN T8
FE YA © 7 tH 545 b #E 47 R 8 . 1959 4 M\ 3 fif 75
AFRERRITE . HATEANCAH 20 204 (D IF R
TSR [ A X U 68 53— K B B 5 T R AR
L 7E 1998 4F Young W P 4815 il 7 1 T Bl — A% {4
fR 8 15 7 B 1 3% , Sakamoto T %61%7 7E 2000 4F & 37
T TR A DG RS At i A RT3 5 T P X e ) A
5% H T 2 e WK YN =45 R E R DL A R
T WP RN 55 e o/ QY UR TS NUUE 74
T WA N TR AL AE 1 B, P Y T B
RZ51%0 A 3 E K A FE 5K, T 2 800 i 5 R
FEHZAE A AN DR BB E A A R SR A
BOH xS PR ZE R N R s R A L R
T THRE AR 0 358 1 45 40 2B ol AR s A% ZFEPE T
W, T 2 AE B RAR R B K 1 RO R R Y O A
LR ETIR AL Bl SRR R TR dn el
i A BB b R 45 7 B R A 1 3 R 2 AR MR AR L © R
NATIORTE Y ) A, A SR BB 43 F AR i 9 7
e W UL B 1 6 AN FRAE BEARIE AT 8% 2 REME 0 4 B
DL A BT s IR AT AT B B IR st AR i R AF 4R
BEHIS AR

1 MR

1.1 #mXES DNA RE

AR S2 5 i R A A L 40k A BRI VIR = B 5 T
VI T 0 3 B L 43 ) Sk il 5 i ) B AT 6 (28
Fe) 35 GE R AT i (27 B8 PR A2 dm il (30 ) (2 %
W% (29 &) | 55 [ 4 1% (30 &) LA K i vl i SR A B4R
(30 ).

SR T i (1) 0T 68 £0 B8 25 RF 0.1 g N 0.2 mL R

W (0.5% T —fe LUK R B, 200 pg/mL E H i K,
0.2 mol/L EDTA(pH 8.0))50C i & 3~4 h. %R )5 H
By ST I EE IR AW (25 1 24 ¢ DR 2 3, oK
LEEVLVE . 70% SBEVE 1R, AR T4 J5 M 100 uL
0. 1XTE %M., 4CIRIFRH.
1.2 MIDESIYHIERY &

YE# M\ Rexroad" 73 &5 1) 38 X 5| ¥ H BEHL 2
X, Ho43 o GenBank J%E H it £ 77 51 . Primer Premier
3.0 AfTEcit, AWFSE S LA B 6 DNA FE il
bR X TR 519 4T PCR ik (R HE W
YO, R BE PR 1 AR HLAR AT T ARG 14 X A
19, T AT BERRE &L 09 3 PR DNA 2381
3T 1), PCR IWAKZR Ny 25 uL, 4345 10 X buff-
er 15 pL.Mg?* (25 mmol/L) 1 uL.dNTPs(%% 2 mmol/
L1 L, EFUHESI4 (10 ymol/L) 45 1 uL . #E A DNA
1uL. Tag DNA ¥ & [} (Promega) 1 U, Jill ifi &
dd H,0. ¥ 34 1 ¥ 7F PE 9700 A PCR Y (PE &
A b 58 i, # LN R P 3517 94C 3 min; 94T 30
s. 521k 30 s.72C 30 s. 3k 35 PMEH;72°C L Af 10
min, 25 41 5Oy 1Y 5 PR IR BE WL 1. 2. 0% B g W Bk
Jid B Yk WL 2%, 31 Gel-Pro Analyzer 4.5 # {4 50#r 5k
i,
1.3 HEFHH

G 6 35 T BEARAE 14 N3 TR S S
A7 5 PR 20 B | s DRI 3 e HL G A1, 0 22 25 0 s R AT 40
BT VTS5 B AR 7 2 55 07 56 R B CAD P34 8505
PLIEIEC(NG) CE RIS 6 B (Ho) P 015 2
A B (H,) \Hardy-Weinberg i 14 i 2 35 50 (d) DL &
BOMIEMSNEZEFELEERPIC) AT .

A=/m D) xisNe=1/ D) f2;
Ho =24 T LI B/ WA 1A S8
He=1= > f25d=(H,— Ho)/He;

PIC=1— > f2— > > 2 f

K x TR T RN KL f, F/oR
B A RE AR, =i+ 1,

HR P T M 3 2 2% & ¥ (unbiased expected het-
erozygosity) . 73 il FH 76 B 45 37 3 A A5 B Cinfinite-al -
leles model, |AM) 55 i 28 45 £ 7Y (stepwise mutation
model, SMM) . 15 2% B 1A 9 A ZCRH BE /N2, 24
KR
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Table 1 SSR primers and PCR amplification in rainbow trout
GenBank ¥ (5" —=>3") A A TR B B BE (bp) HAZ T PR CC)
enBan
Primer sequence(5’—>3") No. of alleles Size range(bp) Repeat unit Annealing temperature('C )
F: TGCCATCTACATCACATTTGG
M24738 1 203 ta 58
R:TGACTTGGAGGGATCCTTTG
F:ACGAGTGCTGCTTCCAGAGT
M95183 1 200 cg 58
R: TTTGTCTTGTCTGGGTGCTG
F:TTTTCCGACAGCTTTTGTCC
X95907 1 218 tga 51
R: TTCCTTTTCGTCCCCCTTAT
F:GGCTTCAGGATGGAGACAGA
AF375010 7 196 ~276 ga 58
R:GGAGGAGAGGATGAGGGGTAGA
F: TCACCCTGACCAAGTGGTTT
AF375011 8 216~420 ag 57
R: TTTCACCTGACGCAACAGAGGA
F:TACGCCAACCTTTCCTCATC
AF375018 5 199~250 tact 54
R:GGCCTCTTCAGACAGGGAGTTATC
F:GCATGTGGGAGATGGAGAGT
AF375034 2 172~181 ga 58
R:ATGAAGCCGCTTGTTAGTGGGA
F:CTCACGGAGGVTGTTCTTTC
AF346692 8 158~315 tcta 58
R:GGTGGTCGCATCTTAACACAATCT
F:CTGAGACCACAGCACAATGC
AY039634 4 184~220 ga 58
R:GTTGCCACATGGAAATGGTTGA
F:CCCATTCTCTGTCCCTCCTT
AY039638 3 202~250 ct 58
R:GTTTGACCTCTGCGTTCTCCTC
F:CTTCTCTCCTTGCCCCTTCT
AY039646 2 213~223 ct 58
R:CATGGCAGACAACAGGGTAATC
F: TGAGTGAACTAAAATGGATGATGA
G73805 4 200~221 ac 58
R: TGGAGGGATTGCTTATGAGTGGA
F:AGGCCTTATCTATCTGAC
AF352739" 16 197~370 tatc 58
R:ACACATCAGCTACCGTG
F: ACGCAACCAGACAGGTAAGAA
AF352746 " 8 214~326 tatc 58

R:GCGCTGACAAGAAGAACAAC

* ;Rexroad 73 & .

SMM: N, ={[1/(1—H)]*—=1} /(8w

IAM: N, = H/[4u(1— H) ]

K N, FR A SR RE KN, H 278 0 1922
BB P L o SR B SKHUT 0 h FE 58t  5 K B R AR
HEAT 3T . AR 45 57 A5 110 5 PR AU A3 R X6 6 4 T il 5%
5 Fh B 24T Hardy-Weinberg “F- #5434 .

2 45 R

2.1 EEZHEMY
14 XD 2SI kI T ur 68 6 > B A 2

174 A AR B TR 8t 1% 2 R ML rh R
AF375011,AF375018 H fig 76 95 g B A v 7 388 o o
17T 8 LA A v 22 30y 7 55 R 2K s M24738 \M95183
X95907 3 3 AN g AE AT AR P I R B A I
ROXBIMMT WY 28, I NZENA
g AN S B 2~ 16 S5 FE A, SF- 349 45 47 B A
BN 316, P HE SN IR ECR 2,47, Ko i
il ) T SRR SR R B 2 2 A B S iR
LT d fER S 0 fe/h, 1 G AF352739 M
T8 6 > SR FE AR T R A B TR VKA,
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J e T 6 R B R AR 35 A Z REME B AL NG Ho 1074112~ BT SMM AT TAM Ak i ) 57 B 3 A4 24
He. PIC Fld (RIS R WK 2,848 9 N2 A RCMRE R/, Herb i i ol A 10 dc A, 96 [0 TR
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Fig.1 Electrophoresis patterns of microsatellite locus amplified

by primer AF352739 in six cultured populations
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Table 2 Genetic diversity of the cultured populations of rainbow trout

K DR P SR AR

Locus or Group A Ne Ao e pie a
AF375010 7 4.55 0.4368 0.8198 0.7630 —0.4402
AF375034 2 1.38 0.3103 0.2778 0.2392 0.1172
AF346692 8 4.18 0.7874 0.7607 0.7377 0.0350
AY039634 4 3.37 0.8276 0.7354 0.7125 0.1254
AY039638 3 2.94 0.9253 0.6604 0.6212 0.4012
AY039646 2 1.73 0.6034 0.4214 0.3326 0.4321
G73805 4 3.94 0.4425 0.7405 0.7117 —0.4024
AF352739 16 10.87 0.9885 0.9055 0.9041 0.0917
AF352746 8 3.70 0.7011 0.7299 0.7100 —0.0393
B8 Norway 3.44 2.64 0.6786 0.5052 0.4595 0.3431
2 [ [ Donaldsons 3.56 2.78 0.6132 0.4801 0.4298 0.2771
J}# Denmark 3.78 2.29 0.7481 0.5830 0.5383 0.2833
i3 3 Bohai 4.22 2.15 0.5704 0.6211 0.5762 —0.0817
7%= Finland 3.78 2.36 0.7356 0.5625 0.4678 0.3078
5% [ 4 6% Golden trout 2.89 2.63 0.6333 0.5067 0.4593 0.2499
F-#5 * Average * 3.61 2.47 0.6632 0.5431 0.4885 0.2211

* BB 6 D IEREE

* ; The average of each parameter for 6 groups.
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Table 3 The effective population size of rainbow trout
£ 2% FHH 1% P i o= % 4
Norway Donaldsons Denmark Bohai Finland Golden trout
SMM 84~8 435 52~5 241 105~10 521 186~ 18 567 143~14 268 67~6 721
1AM 39~3904 28~2 946 48~4 593 57~5 751 44~4 560 32~3 358

2.2 Hardy-weinberg & x* #IE

T AL DNA A B 2k $E P (R 32 56 19 TR
I AE— D BRARRE A v, 2% 55 07 6 R PR FEAA op 19 0 A1
W RN 1% S Fa 2 W, Hardy-weinberg “F- ffif P {H
{14 TG Al Ak 000 %55 % A AR 26 AT 19 2267 550K DU Cmulti-locus
test) & B, UT 65 6 4~ 7 FE B A A b T a5 1% O IR
A5 X5 2% AL SUHEAT 2 B AR K I (Cmulti-group test) &
W, £ 9 M2 ENM T, 6 DBFIAK RN A
AF375034 4bF PR A, #E FH A A SR AS 6] R B 19
i B Hardy-weinberg V- ; ifF — 25 X} 6 N HEAR H 4%

A7 11 B DR R A3 S 43 Sl BT A o B L R TR T
FE (heterozygote excess) 4 A (complete enu-
meration) "1 43 A1 2 W, I8 Bl AN F) 22 BE K AE A7 4
AF375010,AF375034,G73805 . AF352746 , 3¢ [ if [%
B AR LE 007 55, AF375010, AF375034, AF346692, 2% >~
FEURTE ] A5 AF375034, AF352746 , 55 [H 4 i B (A 78
i /5 AF375034, AF346692 ., AF352739, i iff v 1 K
FEA 15 AF375034 . AF346692 2% Bk V- 4 5 1 78 Hi A
A s8R AN S A7, H v A 7 05 AY039634 ., AY039638 .
AY0396466 5 BERER R IR A1l (£ 4,

x4 MEFEHEBRETLEIN
Table 4 Genotypic equilibrium analysis of the cultured populations of rainbow trout

(A5 6 BN P s v o 5 4 b EZ3LS
Loci Norway Donaldsons Denmark Bohai Finland Golden trout Multi-group
AF375010 0.9987 0.6611 0.0145 0.0007 0.0002 0.0000 0.0000
AF375034 0.4414 0.8752 0.3463 0.2845 0.5967 0.0188 0.3024
AF346692 0.0000 0.0295 0.0018 0.0177 0.0001 0.5964 0.0000
AY039634 0.0021 0.0020 0.0000 0.0000 * * 0.0000
AY039638 * 0.0000 * 0.0000 0.0000 0.0000 0.0000
AY039646 0.0000 0.0069 0.0000 0.0034 0.0028 0.0000 0.0000
G73805 0.0102 0.0000 0.1310 0.0000 0.0072 0.0000 0.0000
AF352739 0.0003 0.0000 0.0000 0.0000 0.0000 0.0542 0.0000
AF352746 0.6370 0.0003 0.1175 0.0005 0.0220 0.0006 0.0000
Z i 15, Multi-locus <<0.01 <<0.01 <<0.01 <<0.01 <<0.01 <<0.01 <<0.01

* A R VAR

* : There is only one allele at the locus.

2.3 BEBEEIUNES

HEHE Neit "™ 7155 T 6 AN B4R 14 388 1% BE B Al st 1%
—HUE LRI E 5, R MEGA3. 0 1Y UPG-
MA St 58 1% 15 85 5 288 73 B P 22 B A R O% 22 B 44 a5t

& PE B T, 5 35 [ 38 [T WS R IR 3B o — 25 £
G 19 5 g v AR SR Ry — 2 O Rl R A
By AL B B fe it (F] 2)
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Table 5 Nei’s genetic distance and genetic identity in six populations of Rainbow trout
6 1 2% [ H 1% FH4 R o 5 el <z f§
Norway Donaldsons Denmark Bohai Finland Golden trout
1@ Norway - 0.6666 0.7321 0.7196 0.8034 0.7358
2 [ [T Donaldsons 0.4537 - 0.7955 0.7703 0.6508 0.6331
F}#% Denmark 0.3223 0.2377 - 0.8282 0.8683 0.7686
1 35 Bohai 0.3173 0.2567 0.1892 - 0.7691 0.7118
7% 2 Finland 0.2510 0.3659 0.0893 0.2608 - 0.7974
5% [ 45 Golden trout 0.3384 0.3938 0.2085 0.3508 0.2347 -
TE 08 A1 2k DL D AR DU 38 B0, X M2 LR D i A R e
Notes: Numbers above the diagonal are genetic identity and numbers below are genetic distance.
| J12Z Denmark
I 4¥= Finland

EKE & American golden trout

2 Mi8 [ American donalsons

ik Bohai

8 Norway

0.10

0.05

0

B2 HI856 NMFREFMBFELXRE UPGMA EEE
Fig.2 The constructed phylogenic dendrogram of six cultured populations of rainbow trout

according to the micrcosatellite results by UPGMA cluster analysis
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) DNA H HBEY 35 Y 2 207 HE AR SE 56 v 3 43
B RTE— 2R AT DAY 38 3~4 D5 (B D ]
Ji DAL AT B AR T 8 R A A B DU A AR A T A T
[ 14 A7 8, M24738 \M95183 ,X95907 3 3 /M7
KT AR Al o 68 1Y) Ty g PR 2SR 5 A K Cinsu-
lin-like growth factor) F14f ¥L & (prolactin promot-
en) M EAM IR R BRI S, i T RK A
TR AL L AR S/ B LI 3 A A 2
A, 78 AF375011, AF375018 H A 7E 6 Jgl 1A
P3G A A 5 A T R B A A B A A6 AT R
AT RE R R R K FRIE R AL AR A R R A
JE &G AR LIAE R X 2 R RE A R R e bR il X 5
15t 12 FE 2 2R 288 43 A Bk 0 g 6 S 5 At A B 2

®

= i:1V/ES

1 BRI B9 TR DNA fE R 4 F diic 47
(R RIS AL 2 5T v, 2 BRIR S i 3 7 W 2 28 1
B I TR B W, 3k T S8 B N T T R TR A A
Xof i F R X G 0 X 43 BE T AHL G B R A s 2 AR
%5 BT 52 % G A B 1) 38t 4% 22 B 1 7K 7 A AR KK
ERN 21 )-8 %1 S A g
bro —MOA R IEHE AT, PIC 0.5 BHZ AL
BERMNEELE; 2 0.25<<PIC<0.5 W iZ i A5
T NP ELZE 2 PIC<<0.25 BFHZ A &S MK
JEZAU, Wk 2 WA TR ML B Y 6 A 3R G BE AR
9 AL E T AF375010 (AF346692,AY039634 .
AY039638 ,G73805, AF352739 | AF352746 #* ¥l N
BB 2 45 0 s AY039646 £ Bk B 2 25 v A
AF375034 RIU AR EE 2785 5 P2 | ) ifg ol o 6 B 14
(-3 Z2 3545 B 1 e B 24 AR O b 2
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