EDKFERL2: 2018 £ 5 B, 25(3): 485-493

Journal of Fishery Sciences of China & 17‘1: 1@ i

DOI: 10.3724/SP.J.1118.2018.17340

RATEAREFRERENFEE SNP SR K EEDH

REEY, Fral akA® B Hart, Eat Pati YnivY
Gao Guangtu®, 7t °

- PEDK PRI B, AR K A S R 2 A R SR =, M A ORI T R S, JE AT 100144;
- P EKEREERT B B IE VLA RS, BREIL G /RIE 150070

g R SRR R, U HEZ: 625014,

National Center for Cool and Cold Water Aquaculture, ARS-USDA, Kearneysville, WV 25430, USA;

CETTRSE HEE SRR, AR A LR BT R PR E EDE G, fRd BT 361102

s W N R

BE: AW B AEXT E NI (Oncor hynchus mykiss) {2 P 37 78 1A T 8 4 5L DX 20 /K 7 1 38 A5 224G o A1 57K B
TR Z 1, (single nucleotide polymorphism, SNP).tsf-, Al 12k A AN [F) ki) 6 /> U 68 SR A HEARE A SL 1T 48 12,
ARG R VT | SR VT A PO PO A Jb st A s 4 0, JEIRAS A R SNP {745 50201 4, 1E
AT A 2 S L BA B 97.7%, FIATZN i BUAR BE T 95 RN IR SR BRI T T, AR RO TR AR LA R
TS M . A5 BRI /N SE RS R (o 0.240~0.267, 5 [ 4h 3 3 F5 A BE AR ST, SRR T A | a1 r i 0 It
U WS TEIA  8AE KR R R, 2L L 83.6%~84.9%, 5[ A I R SR A BEAAR T, TR VT A | g )i 4
BRI 5 40, 2207 IR XA, 7E 60.2%~76.9% JWHEI N o 1 6 A F FE B (A A 2 A 56 [ e 0 Y A
WTF R RS R B MM . AN 40 Hr FIBEAE L 454 STRUCTURE 4347, 255 s 8 MREIK AT 43l 3N IR RE, H
3 LR R AL e R A B A — AR, TR VT RN I 5T ok — NS, DY) 1] 6 2 38 ]
Wl —A2HE, o EFRAERA TR WA SRR, R IRESEE R — RIFREY, SEE SNP
O E TR [ T S R B A A T P A I M N TS, RBAE AP BRI TAL L AR AL RANEE L IR RS b

TAERMIE R A A S H R

K MCEY, SNP IS BB BHALEH
FE S S: S917 XERARERD: A

I % (Oncorhynchus  mykiss) /2 tH 5 4 1Y 357 5
2, A 19 M fE R E AN THRMEMI LK, 25
3B A0 R B0 BR pE A LA Y Bir A7 KB, H il
NI ERE 5 40l 4H 41 (Food and Agriculture
Organization of the United Nations, FA Q)T 4 &
PRSI E K ik 80 A v dr it 3558 fh
T 1959 4F, ARG NEE | SR HA . AL
FPHE SRR ER Z XG5, I RA T ET,
HATTE 20 2448 T DXCERAA TR0, 2 [ N 7™ i
(¥ Kt TR0 R, B R 2 P E

¥ HEA: 2017-09-19; 1&3T HHA: 2018-01-02.

N E %S 1005-8737—(2018)03-0485-09

] A U B8 i i, ik = ORGSR, A
PRI AL ZAETEZ IR T/ B DI BERAS, FTREAF
TERfBIR AL  XURE, A 8 58 il b B R AE — L8/
AU TR I AL O A7, R R TG BR | IR
B R TT SR AR AE IR, N, 18 U] T E RS
] L B SR A AR S AL 4, T A T A S R 4L 1R
BEHRA R HIRE . BRI,

FLAT, 2R A2 E R 5E A 0 T
fitg 3 [N 20 GE RO A, JRAE SRR R AR Y
bR S R A PR, Hoch ik B E R AR

EEWMB: WEAHL 5 H (2015BAD25B01); 1 [E K F= Rl 248 58 e A BHIF L 45 9% % 751 (2015C007).
EHEN: NEE1983), @, M+, AIFITTR, NFHAKF=EYH RIS
BIEEE: B8, BIUIYE R, E-mail: zhaozx@cafs.ac.cn. &M, ##%. E-mail: xupeng77@xmu.edu.cn



486 K 7 R

4 2548

ilF7E B (Institutnational de la Recherche Agronom-
ique, INRA)Guiguen 41 fA T 2014 4F & 3 T T 655
— AN A IR A A R A ™, 55 [ Al (United
States Department of Agriculture, USDA)[E %% 7K
#al 5% .0 (National Center for Cool and Cold
Water Aquaculture, NCCCWA) Palti [41BAF 2015
AP R TONT B8 A — 5K R W R R R 2 A M
(single nucleotide polymorphism, SNP).tk A, 7 &
T 4 B PR 2H L N Y 57501 > SNP R, I
o LS FH TRl B AT A [N 2 S 4
I PR 2 e 7 e

AR T P ERFE LA 6 AR
PEFRPEBERREAR, 1T NCCCWA fy 57K T i
AT R SNP /BRI, X4 B 1R 24
PE K BRI AR 25 R AT 43 A, DA A [ P T i A
O A R = 1 S I R 7

1 #MHEFE

1.1 KA

IR TTFRGH I SRR 2 A, 43 3lid BRI
0T 6 (LHL J) F1 SR g 9T 4 8 (2gHL ), R A v K =
Bh22 W5 Be 2 e YUK 7= W58 P i g v /K P £ X 00
vl PO SR AL B RER 2 A, 43oilic PO ) 1| i
(3SC) 1P )1 435 (49SC), =K A P4 )1[44 FRITHE T3
JBE = SO A AT BR N A SR FE M b 5 SR A 0 A A
2 S, o At st 65 (5B J) Fndb i 4 il (6gBJ),
K B A TP X R L SR A A BR A W] 5
Moo FESFERCREE 30 8, BYEUREEN: T TR A I8
45 1, 56°CHET 6 h, HIRIAL
12 RS2

fE A S R 40 DNA FREBGR ] & (R
A AL) BB B FE 2 DNA,  1%35 s BRI i Tk
Kl DNA 52444, Nano Drop 8000 i## i3 & 241 r]
G466 1 (Thermo Fisher) 61l DNA i i1
W RE, SORLAAR il DI P AS I AR A AL, B
FEAREIC DNA Fist s . HA AR 8 4>
FEA T 57K BT SNP.ES F (Affymetrix) 4351, 43
RS2 06 vh A1 0 A W R (vt ) A BR A /) 58 A, il
JHi SNPolisher(Affymetrix) i3z B /> B %0 85 . fdi
PLINK 1.09 http://pngu.mgh.harvard.edu/purcell/

plink/FEA T4 T 48 St B A gE i+, A £ b e
¥ K cal rate (CR)>90%, fii i & {Z 45 % N
CR>97% (I T R4 L B i gi, CR> 99.9%),
B /N LR T (minor allele frequency, MAF)
AR TR B0 22 25 0 5 e
13 REXEHW

ffi F§ CLC Genomics Workbench 9.5.4 =¥ {5
B 6, R KR % (Maximum Likelihood,
ML) # 5 2 55 % & W, bootstrap 4 I $ % K
1000, % [ i1 84 R K ok B NCCCWA, 045
B2 B 1 ¥4 /K 95 (Bacterial Cold Water Disease,
BCWD) /i I BE R R A 13 B, T b 35 [ i %
1(NCCCWAL), DI RAEKIEERAEA 14 B, id
h 3 E ML % 2(NCCCWA?2),
14 BEEESH

il PLINK 1.09 #4753 14553 # (Principal
Component Analysis, PCA), f#F OriginPro 8 1f
Kl . i /i STRUCTURE 2.3.4 http://pritch.bsd.
uchicago.edu/structure.html 3£ 17 #E 4K 18t 14 25 44 43
B K AR i 2~8, i Excel 1EK .

2 #RE5HH

21 HAHEEEMEITM

i 2 425 EREAGR B o BB, 7E45HEIA
P BEHLIE IR 2 50 B i AME, Geit 207 255k
HIf M 28 s, 2558 mE 1 R, Hfh
R RECK 49468 4. AT L, SEiFikiRn
AR S RERE A N BT 0, (P8 i 32
T2 7 N=6 i, #fi& NCCCWAL Z &M

w
(=
(=3
(=3
S
T
—
(=
(=]

N
(=2
(=3
S
(=)

T
>
>
>
0
(=)

20000 » ZEITH1 NCCCWAL -
a A FEFEHT#%2 NCCCWA2

'
(=]

LR
number of polymorphic SNPs

= 3

S S

(=2 (=3

S S

>

) N

S IS

ENLE %

percentage of polymorphic SNPs

012345678 91011121314
A% B number of individuals
K1 ARFEAR AT MRHAZ S0 A g
Fig. 1 Statistic of polymorphic SNPsin each population
at different sample humbers




55 340 XS A (] A R A M IR B AR R 19 R R SNPGRGBt A% 3 B 487
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Tab.1 Number and percentage of polymorphic SNPsin representative rainbow trout populations
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Fig. 2 Phylogenetic tree of 75 rainbow trout individuals from 8 cultured populations
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Fig. 3 Principal component analysis for 75 rainbow trout
individuals from 8 cultured populations

25 BEEHWS

Bl A4 RER T K AN ) B Ao 45 6l 5 4 e
() STRUCTURE it & 25 F 1, B ARt &
ANFEBALIE Y . K=3 MIBET, BEas i
28 S5 PR Ml T 0 A PR A AE W R A
5 PCA EIH R4 AT

M K=3 ff, FRATHR A AH IR A 7E Y i R
i N R B (T G =W S R N Ay S RN EF LN R
WO 44 A2 4y, BB ar % 35 E NCCCWA
WCEE A 4y . M AT L, MR R ar e 55 H
NCCCWA1, NCCCWA2 BEIR A A LAY BEIA LS
¥, BEUR PN A RS LA R]— A R B 43 o 3
B, IH5 55 A —Ff el 9 R AL TR B2 & AR > R A
Wis, o35 E NCCCWA 2 BER 1 H#75 Hb B4 A%
AR ]2 L) 25 S A/, SRRV 48 b
T B A 35 A% 2L U LA T A R — 1, A
Gy AR A A AR IR B 43 1 A B TS TAE Y

JIAT 68 DU A bR A AR P, AR ] st
LT Fe 2= IR, MR HIR B4y 5 B R
Hofth AN A& B B A [H, W 3SC-FO7, 4gSC-A1l,
6gHLJ-A12 %,

TEB AR ARSCE R, B K=2 Af, "
U6 5 JEE NCCCWA T & —BF, 4645k
M7 —BE, DU 46 Jb &R AR 6 R
AMEREA 51 S T S AR B ) st 15 1 5

MR B AR IR RS Z ), B K>3 ),
Bl 4x8% . 5E[E NCCCWA HT i 3 Ffi2H 43 &1l
Gy R FOARAR  AE [ 2 43 S o
oy R/ NEER AL 43, (HOREAT B A A

3 e

T ARAE SR, FRAH A 2L R AR (A
TR A5 A 97 32 B MOk 22 1 56, IR B HE AR
FE UM I EMEEYLY 3 2514 DNA (randomly
amplified polymorphic DNA, RAPD)#Ric 44k &2,
ol ks 25 22 20312006 AEFIH 14 X R ARIC KT
6 AU S REIRIEAT Tl Z R b, T A
1412007 4F A 20 i TR FRIC X 3 /i A
PRHEAT T AL g5 M 20T, XI5 461912010 441 1
20 %} RAPD fric Xt 3 i il fEAR HEAT T 8L 2 4E
YRR LSS MY, i 02013 4EHJH 30 X
T BRBRICKT 4 AU EEREARTES T T s AL ZRE 5y
Bro 5 RAPD FIff LR SEH — . 5 R0 Fhrid
ML, 5= Fhrid SNP - 2AMdric, B4
AFRCAUH 2 AR EE, XA B SNP ARid
FrAL & MR B B, 7RG a2 B AR R T
SNP Fric i sz M (A =25 debric Rk B A
SRIZERL G A s ARG . SR A BRI, fE
e 8 R I F B T TR, SNP A3 B A
BTV G R BB BT, AMUTREN T
AR E S AN R S, AT DL A T 5
5T R KL DA (1) 22 25 P VEAR R B 15 25 R 15 8.
PR 11 15 38 . SNP 43T 1E 78 34 77 1k F B2 AR 4y ol
BT E AR TR

RS 26 E NCCCWA T & BTl 57K
SNIP 55 R Xof ] P AR 1 o 6 5 B A R 0 A 4 TR A
W, KERT, BRI B K 2R A 5 i SR iR 4



490

K 7

% 25 4%

151 719212325272931333537394 434547495153 5557596163656769717375

uPl P2
K=3

j I

1357 9111315171921232527293133353739414345474951535557596163656769717375

=P] P2 uP3
||||‘ || 1 || al I||I “|| i Inl.l |

13579 111315171921232527293133353739414345474951535557596163656769717375

uP1 P2 =P3 P4

K=5

i 071

1357911 1315171921232527293133353739414345474951535557596163656769717375
=Pl P2 =P3 P4 =P5

Bl 4 SkE 8AFFERHAR 75 B UT WA 5L 45 #y Hr

FRR O AR —F R E ALY, B ADIRIER — R Ak, 1-8: IHLY, MRIEITIrg; 9-16: 2gHLJ, M eV 4x6i; 17-24: 3SC,
DYl 6 ; 25-32: 4gSC, PUJI| 4:f; 33-40: 5BJ, b 5Thrfif; 41-48: 6gBJ, 1k 5T 4:H4; 49-61: TNCCCWAL, 3 [E NCCCWA Hiji

YEIEIREIK; 62-75: SBNCCCWA2, [ A: Kb HREA.
Fig. 4 STRUCTURE analysis for 75 rainbow trout individuals from 8 cultured populations

Each colour represents one putative ancestral fraction. Each bar represents oneindividual. 1-8: 1HLJ, rainbow trout from

Heilongjiang Province; 9-16: 2gHLJ, golden trout from Heilongjiang Province; 17-24: 3SC, rainbow trout from Sichuan Province;
25-32: 4gSC, golden trout from Sichuan Province; 33—40: 5BJ, rainbow trout from Beijing city; 41-48: 6gBJ, golden trout from
Beijing; 49-61: 7TNCCCWA1, bacterial cold water disease mapping source population from NCCCWA, USA; 62-75: SBNCCCWA?2,

growth select broodstock from NCCCWA, USA.
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Abstract: The present study aimed to perform a genome-wide genetic evaluation of representative aguaculture
populations of rainbow trout (Oncorhynchus mykiss) in China. A 57K single nucleotide polymorphism (SNP) array
that was designed by the National Center for Cool and Cold Water Aquaculture (NCCCWA) was used to genotype
48 individuals from six aquaculture populations, which included the Heilongjiang rainbow trout (1HLJ), Heilong-
jiang golden trout (2gHLJ), Sichuan rainbow trout (3SC), Sichuan golden trout (4gSC), Beijing rainbow trout
(5BJ), and Beijing golden trout (6gBJ). A total of 50,201 SNPs were successfully genotyped using a >97% call rate
threshold, and the overall rate of polymorphism was 97.7%, which indicated that the SNP array was suitable for
analyzing the Chinese rainbow trout populations, even though it was designed using USA and Norwegian popula-
tions. The average minor allele frequency of each population was between 0.240 and 0.267, which is similar to that
reported for other major aquaculture populations. Genetic diversity was high in the 1HLJ, 3SC, and 5BJ popula-
tions, with rates of polymorphism ranging from 83.6% to 84.9%, which is similar to reported for other major
aguaculture populations. However, genetic diversity was relatively low in the 2gHL J, 4gSC, and 6gBJ populations,
with rates of polymorphism ranging from 60.2% to 76.9%. Phylogenetic, principal components, and STRUCTURE
analyses, which were performed using genotype data from the six Chinese populations and two USA populations,
indicated that the eight populations could be clustered into three groups. The three golden trout groups and the
1HLJ and 5BJ populations formed respective clusters, whereas the 3SC population was placed in a third cluster
with the two USA populations. Outliers were identified for the 3SC, 49SC, and 6gBJ populations, which suggested
that the populations possessed inhomogeneous genetic backgrounds. Together, these results demonstrate the
promising potential of high-density SNP arrays for the genetic analysis of Chinese rainbow trout populations and
that such analyses could provide genomic data for plasm resource evaluation, localized strain breeding,
high-quality fry production, and reasonable foreign strain introduction.
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