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FEE Oy ITRE LS g A AR R Ak oA T B, AR 5 A Affymetrix i1 8 (Oncorhynchus
mykiss) 57K & # & 224 B % A £ (Single nucleotide polymorphism, SNP)%: B, & i & 14 4 44
FFBRTT R T A AN, A 45 1) 4 % (Oncorhynchus masou masou) . 4R £ (Oncorhynchus kisutch) . %
M 21 5 &t (Salvelinus fontinalis) . 1 3 41 15 4 (Salvelinus leucomaenis) 4 M4, M 57,501 /> SNP 471
i 1 96 N FEE £ A MEARIE, I Fluigidm 96.96 35 A% - &, 3 T A B £ )8 (Oncorhynchus)
A1 g 4 JE (Salvelinus) i Bl ALIRGR & SNP % o i 2 L4 R R s, § Affymetrix &8 &
M Al — M3k B 96.55%. 1 %S B Atk B 6 AN K Ry 48 BAR MR R HE  E AT,
BLA Cervus 3.0.7 HHFHATHEMNE &, EREVERENE LR RAWEEZRIE, EATEEFRER
U, % — 2 A4 H % & (Non-exclusion probability for first parent, NE-1P) 4 4.120x10™*; A F &
FARER L E 8, W 3E3EH A % (Non-exclusion probability for parent pair, NE-PP){k £ 6.219x1072,
FPZE R ESEEREARRA LS TN AT ARG EA M ERZER TR 4N SRR
ME GO, HMAQBRELERGHTE N2 K TTAESF, 845 7 R BB R IE 48 4 01 ot A i
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fit: (Salvelinus fontinalis) (7 it 24 “ LAREE") . FIBELLAT
fie: (7R & 44 A A5 f ) (Sal velinuss |eucomaeni s) %5 1) B2
BT — R B SR LR (P R VLA, 2010; £ IR AR,
2012).

FH T 5 A e g 7 Lt DO AR B A SR 2L, FRE]
i 0 % G 1) b A AR P, TR AR R — B S B IRE
[ i 558 22 Fp R 40 2 | X SEFRAE ) it A B AR vh T
KPR M5 111 J& (Oncorhynchus) F1 2T 5 i J& (Salvelinus) ,
(LA AT b Al i 0 7 2 e IR ) 5 X)L 5 U5 A5
B THAS AR, DIAE R st A5 53 47 2258 T4k
& DNA(Yu et al, 2010)fi1f% T2 47ic (Small et al,
2010; Naish et al, 2013)KFF &, i ¥ bric s /b,
JE PRI 21 73 5 BE LA, OF HLAT XEAS [R] A Py o 2 e AN
FfARIC, 8RR

ABIF5E L T U6 57K R R £ A5 M (Single
nucleotide polymorphism, SNP).ts /- (Palti et al, 2015),
BT I w5 B ) 5 43 FhRic , TR
/AL SNP G, TR T TR — 25 43 Fn e FIAS I 7y
2, JLIN ZA GRS YR AL T, AR T
1 FRRARB AL AR A | A HOR N U | $2
ARSI =R E

1 MRIERE
1.1 SEIEH

2t | SCUNLL il | O BELL A R [ A [ K
BHABTFE e BRI TR B 58 B i v K P fh 3a v
R SR D 1 4 AT S T S £ 5 B A v K
PERHAEFEBE D LS S o B SRR B K R AR
20 2, SYHUREEN: T TRt L, S6°CHLT 6h,
R IRTT o
1.2 DNA $2E

S L 2 DNA 2 BGR 7 & (AR
A1) FEHOE 2 DNA,  1%55 IS M EE i HE Uk A DNA
SEHE, NanoDrop 8000 i s i 48 41 Al WLy 4 66 BE
11 (Thermo Fisher) kil DNA 40 B Flik i

1.3 SEE SNPRAEHE

W2l SEPNLL e | B2 e | AR 4
FERDEA TSR AR ) DM T, A ISR A B, fgA
FERIEH DNA Fi . HA A FE AR 8 A
HT 57K i i SNP i A (Affymetrix) 7058, 23530
OK 1~8(jRfik), OM1~8(1L1 L fi) , SF1~8(JE P LT s k),
SL1~8(FHBELL i fif) . 4378 S i 2 02 Bk e (1 i)

HIRAFSE M, 4/ SNPolisher %4 (Affymetrix)i
U BB 48 ] PLINK 1.09(http://pngu.mgh.harvard.
edu/purcell/plink/)(Purcell et al, 2007)E17 4l 45 1 5
IE . Gt HE BN (Linkage disequilibrium, LD)
K, MABHEbRHER Y Call rate (CR)>80%, i £
R IERCH CR>97%.
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96 > SNP {3/ 5 1 Fluidigm 2 73534 MasEr
i EPL V15 )% 96.96 st i (Fluidigm) it & 43 %Y
R, R EEA I 06 BB, G iEATid i i SNP
SRR REAS 32 B, DA AR A 64 B, H
o, BTSRRI R R 61, B EREA
% 8 FB(ILH OK9~56), LUK FRIHIRK R ik A 16 2
(iIdh OK57~72), M, AR R B R PRM, HE
SIEACH 5 REMEf RN 3 it . iid Fluidigm SNP
genotyping analysis software 4.1 % {152 it 3 % 45 5 |
s Bk 85, X AR o R A T A TR
Kio f#H Cervus3.0.7 #Ef TG 2SI, HHX) 48
B A S (OK9~56) i 17 2% AL 4 7 (Kalinowski et al,
2007)., fii [ Structure 2.3.4 (http://pritch.bsd.uchicago.
edu/structure.html), Xt 32 268 FEAREA (OK1~8,
OM1~8., SF1~8 Fil SL1~8)ik4T #EIA it & 45+ 43 By
(Falush et al, 2003; Hubisz et al, 2009).

2 #R
21 HEEEE SNPEREERNRKRMEEEFEE
TR ESEEST

fdfi U8 57K SNP IS F, XFE N 4 MU R AE
1505 S B R R AR R A T4 UG, A0 455 PRI £ J8 B 1
il AR DL R LT T )9S PN 2T a5 RN BELT
fif, FERERGEEL 8 BAMA, 1% A B i i 2
PN 57,501 1>, 32 B MR 4 i CR>80% 5
FEbRfE, B AR B A ) 9 057 S 504 KT 80%.
I 5 R AR HE Dl CR>97%), BN SE 113 B A1 Te ke e
FIDL R o SR Z BN S G Rk 1 R, H
o, BEAR E] 4 B 5 E 0% Bhd N, AE 65.96%~
74.19%30 FBl N, (HZ2 250 5 B 22 AR K, ARtk
RNALA 9.01% 9 245 PR A5, 1T ISP LT s BEREA Y
Z A S ] 3R B 45.99%.
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PER Z A0, Horf, A BRI 1) Z 8 5
89 /™o A Tk A 5k PR A P 2 5 A A A e TR SR
T 32 JRHERE A (R o S 2 M R AT LD KR,
S RRAEE T 0.3 BIALE 44 ML 5 2 B E A7 A5
M3 31 BT Fluidigm 28 BIER4T , E— 4 B bR P 4T 1%
THRA 5, 6 4, RIS T H afE s B SNP S8 A
I Z BN AL 7941 HTALEEE A E 96 1,

DAL 8 SE P 2T o5 B R BT e 3 AR IL Y
448 A ZVENL S PR BN AL 17 A4, R ARUE
M. 2 LD K, 58 AN S E REMT 0.3, I
REAE BN BIER AL . 96 AN A TEA A5 A3 5 51)
KR ENAE R IE 1, mEARMRE AT,

U5 OS-79 M LIRTHINLE, A 4 BRI 225070,
%i'5 0S-80 KM LA HINL S, A 3RS LA .

x 1 BEARMHEZSMN SNP AR BFLL )
Tab.1 Number and percentage of polymorphic SNPs in representative Salmonid popul ations

BEAKY AR VISy G i VAN A I S TS G 2N VAN A ]

Ykh KA Number of NUmber of  Percentageof  Number of Percentage of
Species Location individuals genotyped genotyped ~ polymorphic  polymorphic SNPs

SNPs SNPs (%) SNPs (%)
111% % O. masou masou B pyT. Heilongjiang 8 40540 70.50 6699 16.52
FfiE O. kisutch yJi| Sichuan 8 42658 74.19 3844 9.01
SEPNLL Lk S fontinalis 2 VT Heilongjiang 8 37926 65.96 17442 45.99
LT 5 i S, leucomaenis B JEYT. Heilongjiang 8 39151 68.09 6650 16.99
411 Tota 32 21637 37.63 12163 56.21

TE: 3R s B=TEAR SR RREA TP AR CR>Q7%BTE bR A AL s H 5 20 RUNL A L) =23 UV i $0/57,501; £ 3514
SHEAEARTIN AR AT & CREQTYI bR, HATAE 2 Fh R LA LI AO7 ii 80 H 5 2800 H =22 2507 80 73 1Y

i %

Note: Number of genotyped SNPs = number of SNPs which passed the CR > 97% threshold among corresponding samples;
Percentage of genotyped SNPs = number of genotyped SNPs/57,501; Number of polymorphic SNPs = number of SNPs which
passed the CR > 97% threshold, and had 2 or more genotypes among corresponding samples; Percentage of polymorphic SNPs =

number of polymorphic SNPs/number of genotyped SNPs
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Fig.1 Venn diagram for distribution of shared polymorphic
SNPs among 4 representative salmonid populations in China
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24 ETFEEZESNPEFHNFEEREENETE
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FH Cervus 3.0.7 {45t 3k H 6 1~ & 1) 48 AR fEA A
HEAT SRR AE , W R AL A 0y A, 48 2 fik S A A
PIVE MR D 2R AR, 25 3R M1, LIt R oR AR %L
L FERCEARYE , FTF 96 A5 7 BRI 1Y 2B A
YT A IB 5 LS R ALY

WIER 2ty i & A7 58 — R A AR HEBR 3
(Non-exclusion probability for first parent, NE-1P)FIxY{
SR AEHERR % (Non-exclusion probability for parent pair,
NE-PP), THEAFZ00 i T FRORE A SEAUSE E (19 NE-1P
{6 4.120x107*, FFRUEAS SEALLE E (19 NE-PP [y
6.219x107%, [& 2 &R T iz i T 48 RARSE TR
SERUYE TE BB # e (L ogarithm of odds, LOD){H ,
H & 2 A] UL, BT AR A A 0 45 SR # 9 7E AT FE 4
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Tab.2 Genetic polymorphism of markers in the salmonid 96 SNP array
STKCEHN SRS RRATE WA SEROERE SRR o R
pre DEREMG S Number of Observed Expected Polymorphic Non-exclusion Srégxagillji?yon
SNPID 57K ARRAY _ger_10_typed heterozygosity heterozygosity  information ' probability for for parent
Probe ID individuals (Hobs) (Hexp) content (PIC)  first parent (NE-1P) pair (NE-PP)
0S-01 AX-89916678 93 0.624 0.454 0.350 0.898 0.734
0S-02 AX-89917717 89 0.067 0.165 0.150 0.987 0.867
0S-03 AX-89918173 96 0.667 0.502 0.375 0.875 0.719
0S-04 AX-89918910 95 0.389 0.499 0.373 0.877 0.720
0S-05 AX-89919056 93 0.613 0.488 0.367 0.882 0.723
0S-06 AX-89919812 94 0.574 0.429 0.336 0.909 0.743
0S-07 AX-89923356 92 0.174 0.160 0.146 0.987 0.870
0S-08 AX-89924099 94 0.415 0.498 0.373 0.877 0.720
0S-09 AX-89925937 92 0.402 0.323 0.270 0.948 0.783
0S10 AX-89926458 93 0.634 0.488 0.367 0.882 0.723
OS11 AX-89927367 94 0.213 0.208 0.185 0.979 0.840
0S12 AX-89927655 93 0.333 0.427 0.335 0.910 0.743
0S-13  AX-89928755 94 0.245 0.232 0.204 0.973 0.827
0S-14 AX-89929078 94 0.681 0.475 0.361 0.888 0.727
0S15 AX-89929344 96 0.375 0.355 0.291 0.938 0.770
0S16 AX-89929576 91 0.538 0.502 0.375 0.875 0.719
0S-17 AX-89929982 93 0.376 0.307 0.259 0.953 0.790
0S-18 AX-89930877 93 0.398 0.320 0.268 0.949 0.784
0S19 AX-89932421 93 0.161 0.333 0.277 0.945 0.779
0S20 AX-89932513 95 0.158 0.438 0.341 0.905 0.739
0S21 AX-89934355 87 0.195 0.417 0.329 0.914 0.747
0S-22 AX-89934998 96 0.26 0.272 0.234 0.963 0.806
0S-23 AX-89935444 92 0.554 0.502 0.375 0.875 0.719
0S-24 AX-89936054 94 0.213 0.208 0.185 0.979 0.840
0S-25 AX-89936602 90 0.289 0.308 0.259 0.953 0.789
0S-26 AX-89937397 93 0.398 0.380 0.306 0.929 0.760
0S-27 AX-89937627 93 0.581 0.472 0.359 0.890 0.728
0S-28 AX-89937660 93 0.376 0.320 0.268 0.949 0.784
0S-29 AX-89939260 90 0.211 0.241 0.211 0.971 0.822
0S-30 AX-89939691 96 0.417 0.460 0.353 0.895 0.732
0S-31  AX-89940240 94 0.543 0.407 0.323 0.918 0.750
0S-32 AX-89941041 93 0.355 0.390 0.313 0.925 0.756
0S-33  AX-89941252 93 0.366 0.447 0.346 0.901 0.737
0S-34 AX-89941864 94 0.436 0.473 0.360 0.890 0.728
0S-35 AX-89942293 94 0.457 0.501 0.374 0.876 0.719
0S-36 AX-89942762 96 0.500 0.377 0.305 0.930 0.761
0S-37 AX-89943547 94 0.670 0.503 0.375 0.875 0.719
0S-38 AX-89943578 94 0.266 0.262 0.227 0.966 0.811
0S-39 AX-89944357 93 0.516 0.414 0.327 0.915 0.748
0S40 AX-89944600 93 0.344 0.286 0.244 0.959 0.799
0S41  AX-89944806 91 0.495 0.497 0.372 0.878 0.721
0S42  AX-89945237 92 0.402 0.489 0.368 0.882 0.723
0S43  AX-89945326 92 0.413 0.330 0.274 0.946 0.780
0S-44  AX-89945455 91 0.231 0.205 0.183 0.979 0.842
0S45 AX-89945939 93 0.645 0.486 0.367 0.883 0.724
0S-46  AX-89946091 94 0.255 0.224 0.198 0.975 0.831
0S-47 AX-89948186 94 0.181 0.461 0.354 0.895 0.732
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pre HRERS Number of Observed Expected Polymorphic Non-exclusion probability
SNPID 57K ARRAY _ger)o_typed heterozygosity heterozygosity  information _ probability for for parent
Probe ID individuals (Hobs) (Hexp) content (PIC) first parent (NE-1P) .
pair (NE-PP)

0S-48  AX-89949006 96 0.552 0.496 0.372 0.878 0.721
0S49 AX-89950618 95 0.253 0.267 0.231 0.965 0.808
0S50 AX-89950801 93 0.645 0.493 0.370 0.880 0.722
0S51 AX-89951792 94 0.404 0.421 0.331 0.913 0.746
0S52 AX-89952308 93 0.333 0.307 0.259 0.953 0.790
0S-53 AX-89952765 95 0.168 0.409 0.324 0.917 0.750
0S54 AX-89954998 95 0.284 0.260 0.225 0.967 0.812
0S55 AX-89955274 94 0.255 0.224 0.198 0.975 0.831
0S56 AX-89955318 93 0.344 0.502 0.375 0.875 0.719
0S-57 AX-89957360 96 0.281 0.411 0.325 0.916 0.749
0S-58 AX-89958032 93 0.172 0.158 0.145 0.988 0.871
0S59 AX-89958585 96 0.365 0.450 0.348 0.900 0.735
0S-60 AX-89958649 90 0.522 0.470 0.358 0.891 0.729
0S-61 AX-89958745 93 0.366 0.352 0.289 0.939 0.771
0S-62 AX-89959154 96 0.552 0.500 0.374 0.876 0.720
0S-63 AX-89961084 94 0.39%4 0.318 0.266 0.950 0.785
0S-64 AX-89963184 95 0.653 0.503 0.375 0.875 0.719
0S-65 AX-89963523 95 0.084 0.400 0.319 0.921 0.753
0S-66 AX-89963568 95 0.642 0.459 0.352 0.896 0.733
0S-67 AX-89963593 95 0.337 0.346 0.285 0.941 0.773
0S-68 AX-89964518 94 0.234 0.360 0.294 0.936 0.768
0S69 AX-89969612 94 0.617 0.470 0.358 0.891 0.729
OS-70 AX-89973928 92 0.163 0.151 0.139 0.989 0.876
0S-71 AX-89974037 94 0.245 0.216 0.192 0.977 0.835
0S-72  AX-89974888 94 0.553 0.480 0.363 0.886 0.726
0S-73  AX-89975150 94 0.170 0.174 0.158 0.985 0.860
0S-74  AX-89976123 92 0.293 0.393 0.314 0.924 0.755
0OS-75 AX-89976174 91 0.549 0.481 0.364 0.886 0.726
0S-76 AX-89976394 93 0.258 0.226 0.200 0.975 0.830
OS-77  AX-89976445 96 0.271 0.279 0.239 0.961 0.803
0S-78 AX-89976740 95 0.663 0.459 0.352 0.896 0.733
0S-79 AX-89976936 94 0.309 0.397 0.317 0.922 0.754
0S80 AX-89916591 95 0.526 0.502 0.375 0.875 0.719
0S-81 AX-89927162 94 0.511 0.502 0.375 0.875 0.719
0S-82 AX-89927505 91 0.187 0.170 0.155 0.986 0.863
0S-83 AX-89932853 93 0.559 0.414 0.327 0.915 0.748
0S84 AX-89933870 94 0.053 0.232 0.204 0.973 0.827
0S-85 AX-89950286 93 0.505 0.497 0.372 0.878 0.721
0S-86 AX-89916505 92 0.598 0.496 0.371 0.879 0.721
0S-87 AX-89918155 93 0.441 0.443 0.344 0.903 0.738
0S-88 AX-89922603 95 0.389 0.328 0.273 0.947 0.781
0S89 AX-89923232 96 0.281 0.243 0.212 0.971 0.821
0S-90 AX-89936048 95 0.568 0.426 0.334 0.910 0.743
0S91 AX-89940938 96 0.177 0.162 0.148 0.987 0.868
0S92 AX-89944836 94 0.277 0.402 0.320 0.920 0.752
0S93 AX-89952599 93 0.527 0.469 0.358 0.891 0.729
0S94 AX-89957593 93 0.376 0.463 0.355 0.894 0.731
0S95 AX-89961734 96 0.427 0.450 0.348 0.900 0.735
0S-96 AX-89976669 96 0.583 0.466 0.356 0.893 0.730
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Fig.2 Parent assignments analysis for
48 O. kisutch offsprings

SRS R e T e 0 P BRI B SNPR F J0 BRH 0
A RRER R TN BEARAR R XCEA AL

R, INARAR IR B A SR A S B dl
The parent assignments analysis was based on genotyping
data determined by the salmonid 96 SNP array. Each dot
represents one offspring. Horizontal ordinate indicates data
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for parent pair assignment. Longitudinal ordinate indicates

data for single parent assignment
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Fig.3 Structure analysis for 4 representative salmonid populations in China
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The structure analysis was based on genotyping data determined by the salmonid 96 SNP array. Each color represents one

putative ancestral fraction. Each bar represents one individual
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R A, A E i SNP S R, FEEN
Rt S SRR R AR R 57,501 ANbRic EAT T 40
LioRUIL8

SR, FEES PRI, Aig o 7 A ) L)
2235 LGB B S AP T A AR e A [R) 1 o 2 s
(CR>97%) T, ith Jy 7E AN [R] T S8R A o 14 43 A7 5
BN 49,299~49,468 1~ (Palti et al, 2015), 1 7E HAth fk:
Bt % 5 W o e B A RS, BNy 37,926~42,658 1
25 T BRI T Z2 S PR LB TE 21.5%~92.8% [
N % 3 (Palti et al, 2015) , 1M 7 H: Al el 8 57 5 B 44 i )
22 S AEN S AL R 9.01%~45.99%. {H 1T SNP #5
IR E R, FERAHE SR, 75K g5 X
LG X ARAT Kt A, X LeP Rl L =210 SNP 1)
eIt N FE MR ZBHE R, MEEE SNP N
F Al ¥ Bl 2 B T ) (Carassius auratus) . & £
(Ctenopharyngodon idellus)%: 8 it & i35 5% /0 #r
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Abstract This study aimed to develop a universal genotyping tool for common salmonid species
cultured in China. Using an Affymetrix rainbow trout (Oncorhynchus mykiss) 57 K single nucleotide
polymorphism (SNP) array, four representative aguaculture salmonid populations were genotyped,
including Oncorhynchus masou masou, Oncorhynchus kisutch, Salvelinus fontinalis, and Salvelinus
leucomaenis. A total of 96 shared polymorphism markers was screened out of 57,501 SNPs, then a
low-density SNP array was constructed based on a Fluigidm 96.96 dynamic array, which is universal for
the genera Oncorhynchus and Salvelinus. Reliability of the genotyping results was high because the
identity of results with those of the Affymetrix 57 K array reached 96.55%. Parentage assignment for 48
Oncorhynchus kisutch offspring was performed with Cervus 3.0.7 software, based on genotyping data by
the 96 SNP array. The results matched perfectly with the true pedigrees among complicated families,
proving high accuracy in the pedigree assignment application of the 96 SNP array. The non-exclusion
probability for the first parent (NE-1P) was 4.120x10 during single parent assignment, whereas the
non-exclusion probability for the parent pair (NE-PP) was as low as 6.219x10™2. Genetic structure analysis
for four salmonid populations was also performed using genotyping data of the 96 SNP array. Clustering
results were in accordance with the taxonomic categories of the samples, whereas certain degrees of
genetic introgression were observed among the populations, indicating that the genetic composition and
rel ationships among popul ations were properly demonstrated in the analysis. All these results suggested that
the developed 96 SNP array has great potential in genetic analyses for salmonid populations, which might
provide helpful genome-wide information for plasm resource evaluation, selective breeding, high-quality
fry production, and reasonable foreign strain introduction in the Chinese salmonid aguaculture.

Key words Salmonid fishes; Single nucleotide polymorphism array; Pedigree assignment; Population
genetics
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