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RE¥w, HmMREXMRAEBEHEP AR
RMHB ., ERZWTHRICYST, MTE
DNAtric LA m 2840 . g e | B
TR BAR LN | B+ 8 R U AT R &%
KREEMEEARCY, FH, RN HTZ
DA B A AT R AR KRR
R RO GO e A B 3R R A, BT
i A DNAFRIC & A FEALIESE, W iric 28
PERAR . Anic P A 09 35 A< HE B A e 5l Bt HERR
AR 25 I W7 R 10 2 A AR S R T AR IC o (H A fif
A SCHR I E B 55 42 T SR 09 FR g v Pk
HLA & R A HEBR AL R 19 T T A DNAFR iC 47 A
[ % 2 S, DT 2 /&1 4 F A e 4 B K R ik
B 5T B R 5 SRR o

41 58 7R J5 i (Takifugu rubripes)s& g /K VE 7
MG, FE4r2E 5 SRR T B .49 (Osteich-
thyes). filiJ& H (Tetraodontiformes). filiil H
(Tetraodontoidei) . fili £1F}(Tetraodntoidea). #fiF}
(Tetraodontidae) ., 4 77 fill J& (Takifugu), 1A
fF o AR PRI AR AR, 32 A A U B TR
B, w0l E . HA ., WIEESENTIERY, 216
RO A B, RGBS . B SEME S .
BESMAEER, BAEFENAETENME. H
A XF T L1 8 2R 5 il S BN T AR A SR AR AT
51) G 4 R R0 3 021 35t A2 1 A RT3 ) N
Urge L R B IR A2 N 5 208 ARy fili F R A
K TAEA BARBAL S 3 70 8 F R ik
B R AW S AR IR B S PR 5 124
ik, HR WK K RIEE 5 DNAST FARICH AR
15¢ A N FH R AT 41 6 R il 8 o MR s AL el R
il . AEE T, A SE I A T 2188 ARy il A
H B 1Y T DNABRC 0 3k P A = ok
AHEBRME R B D ERIE, A X Eehric %
BAEEFHEP ARG ELE LR, MW
Sy RS, WAL TR A E RN R &
BB REAERERNBE S W s
ANASURE 08 Ui 36 1 1 1 8 0 21 6 AR T il o 2% O R
A RbRid, R, g i T TR R & uF
PERAE A% 2 R 19T

1 MRS A

1.1 SKIEMR

S5 BT R ARk A R E KT R ST Be AL
ST P S 8 il 21 R 5 il A R R AA, X
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TR ohy 73 B AR A I, — o DA [ A i A 4
) E AR BEIR R By A A, TR N H AR T Y 2 R
U RE B BV AR, RBEIR R TN L
W& E R ANULHER I R AAMRVE i & A
Fie FR M 10,9 5 FML-EM 1 1) F1 8 . (bR 5 FF1-FF11)
R <15 71 L R 5 v W R e oA i =
KR, BARRZPME ST BSOS
BEAN, B3R ME £ (G5 M1-M3) 142 M . (4 5
F1-FA)F B (1 7= 5Pt b A SR sC Fo b A7 2448, 38
K B O YR SZ KGO0, 2K B9 FE DR 1 K
Ut b HEAT AL 5 R B AR SR . BT B AT R 5
IR SE e R L R AT, R AR AT A
T O YR, 5~7 diE &Y ERE LR K
H, 15~20 dJF A=W RNZ e A TRC A R)
B, A 5B WIS A& R N Tk it
T8s, SR KR A 2R S5 m o As . 7
100 H 4B, fA2 R E ZRBEVCRE 10 A A
#r R E R E1S0H I, BIEKIE
35 R AR v 5 AR T SR T R A 14400
RS IR AR B R

12 HIDEFRICHVIER

444 T T B BRIC T 21 8 ARy il 33k 4% 3 B
FIECY RAEBIRE 2N RIC . M GenBank £ bk
LR TR SCE S P S, R TR
W TR ARG AR ARSI YA . 4T
BEARIC 2 FR . 51T R e R LR 1
HE [F 20 DN A $2 BUR] F TIANGEN 1 3 ) 5 [F
4IDNASR PO £, 2B AU DNA T R 3
O I FRL VKRG T, DNA MK A FH A% R 2 1 0
SE (S 7 (A 0,280 0 BR HE S 1B A 1.8~2.0) 5 #4345
50 B o A DN AR & 250 ng/ul, A7 T 20 °C
VKFE TR

1.3 PCRI &5 =448

PCRIZ WK Z N25 uL, fL45: 10xBuffer
2.5uL, Mg*(25 mmol/L)l uL. dNTPs(#2 mmol/L)
1uL. EF#5I4(10 pmol /L)41 puL . ik DNA
1 pL(50 ng/uL). Taqg DNAER&Ei1 U, &&=
ddH,0. W T R 94 °CHiAS M3 min, 30M1E
R (94 °CEME30 s, 1B Ak30s, 72 °CIEMH305s),
J5 72 °CHEAH 10 min, AP 1T FE £ AB9700
RIPCRAX I 58 /. PCRY™ 34 7y 1| H 8% F A8 1 2
S s MO g 956 M P K A, 0.25% 174 5L T8 W A1 40%
P TERE K S W AE D DA v . VK S FH 1%
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Tab.1 Locus, primer sequences, linkage group, annealing temperature and allele size of 44 microsatellite loci
R B IRJGREECC T BE N B IRJGREECC T B
trid SIITHIE-3) ) - . brid A3 ) "
linkage annealing ~ K/)Mbp linkage annealing  K/Mbp
locus primer sequence (5'-3") A locus primer sequence (5'-3") .
group temperature _allele size group  temperature _allele size
F: TCGGCCGAAGACTTTAGAGA F: CTCCTCCCACTGTCTGCATT
F1176 1 57 140~190 F1367 12 60 135~161
R: CGTCAGTCGGTGTCATGTTC R: AGTCAGACGGCTTTGGACAC
F: CAAAGACGTTCACCCACAGA F: AAATGGTGGGCAGCTGATAC
F1407 1 55 189~231 F1061 12 61 207~229
R: ACCGTCTCTGCCTTTGACAG R: GGAGACCACGAAGGTTCTCA
F: GGGAGTCCTCACTGAGATGG F: CTTTGGATTGTGGGAGGAAA
F810 2 60 178~224 F809 13 56 215~253
R: TAATGGAGCCACAGGTCACA R: AGGTGGGAACGAATGTTTTG
F: GTCCTGACTCTCAGCCCAAC F: TTTGTCACCGGGAAGAGAT
F791 2 61 187~227 F98 13 56 206~254
R: ATTGGACGTCTCCACTCTGG R: TTTTAGTGCCAAGAATGTGTC
F: GGGGATTGGTTCCTGAAGTT F: TCAATGCCCTCTGAGATCAA
F1064 3 62 220~244 F503 14 55 212~242
R: TGGCCATTAAGAAGGTGACA R: TCATTCTTGACTGCACTGTGG
F: GAAGACCATGATTGGGCAGT F: CACATCCCACACAAGGAGTG
F1055 3 62 216~250 ||F573 14 55 125~179
R: ACCCAGGTGCTGTAGGAGTG R: AGGCTCAACCATCACAACCT
F: ATGACCACGGTGTTTTCACA F: TAGAGAGCGGATTCGACTGG
F1732 4 58 234~280 ||F935 15 61 153~199
R: TGGCCTCAATTCAGACATCA R: CCACTGTGGATCACCTTCCT
F: CAGCGCACCCATCTCTCTAT F: CCGTAAGTTTGCCCTGGATA
F1012 4 57 136~158 F637 15 60 142~192
R: AGACACGCTCGACTCATCCT R: GCTATGGGGAGGATGGAAAT
F: GGATGTGGAACAATCTGCTT F: GGTCGTGCACATAGAGCTGA
F1752 5 55 194~244 F1235 16 62 177~215
R: GCTGAAGTCATTCATGGGAAG R: CTATGCGGTGGTCTCCTAGC
F: TGTCCTCTGGACCTGTGTTG F: CATGAGCTGGGGGATTAAGA
F333 5 55 103~175  ||F1680 16 62 168~174
R: CTCCCACACATGAAGACACG R: CACCTGCAGCACTCACTGAT
F: GTGACGAGGGGCAACAG F: TGAGCACCAGAGCAATTGAG
F112 6 61 267~309 F1066 17 56 194~258
R: GTGACACCAGACTATACAAAGATG R: CCTCGTCTGTCGCACTTAAA
F: ATGAGAGGGAACTGCCACAT F: AATGGCAGTTCCATCCAAAC
F1487 6 60 194~216 F1326 17 56 315~373
R: TCAGCTGAGGACATTGAGACT R: GTTCACCTATGGCAGCACAA
F: GCGATGGATGCACAATGATA F: CCATGGGAAAGTGGAACC
F1062 7 62 129~181 F1356 18 58 212~250
R: TGGAGAACAAATCCCAGCTC R: GAAAGGAGCTGCCAGACTGA
F: GGGAGGGCAGCAGCTATAAT F: AGCCGTTCCAGCTGTTACTC
F1408 7 63 176~234  ||F1385 18 57 292~334
R: CATGACCAGCCCATCTATCA R: CTGTGACGCAGGATTCCTCT
F: CCAGGAATGTTCCTCTTCCA F: GAGTGCCGTGTCCAGTATCA
F1102 8 58 217~251 F1129 19 60 286~306
R: CGTCATTCCACAGACCACAC R: CATACATGGCTGCTGTGTCC
F: CCGGGTGGGAAATAAGAGTT F: ATGGGACACGGATTGATGAT
F1316 8 57 212~252 F667 19 60 153~197
R: CAGGTACAAAGAGCTGGCAGA R: GACAACAGGCTTTCAGCACA
F: GGAAACATGCTCTGGTTGGT F: CCCGTATGTGACAACCAATG
F1202 9 60 180~212 F665 20 61 222~270
R: CCCCTCCCTCTCTTCTTCTC R: GGAAAAGTGCGCAAAGTTTA
F: CTGAAAGGGAAAAGCAGCAA F: AGCTGCCGGTTGGAGACGAA
F1077 9 60 171~235 F1043 20 62 203~243
R: CACGTCAGAAGCTGCGATTA R: AACGCCCAAACAACCCATCAGT
F: TGGCGACAATCATCTCAAACT F: GCTGCTAACCAGGCTGCTAT
F171 10 55 205~231 F139 21 60 198~212
R: AAGGCCATCTACAATTCAGGTCAA R: CAAAAGGTTATGCGACATCAGA
F: GCTAAAACGGACAGGCAGAG F: TGAATGTGCAACACTGTGGTC
F1422 10 55 167~235 F1621 21 60 178~206
R: TTGAGCTCATCCTCCCACTC R: GGATTGGATCCACAAACCTG
F: CCAGCGTTTGTGAATCATGT F: CTCCAGGTTAACAGCGGAAC
F663 11 58 148~164 F840 22 63 244~260
R: TGGGGGAGTATCTGAACCAG R: CTCCTGTCAGTCCAGCACAC
F: CCAAGACGTGAGGAGCTTGT F: GGACTTCAGCTCTGGTCCTG
F1641 R 11 57 228~282 | [F1360 22 60 168~252

GAAAACAGAAGGGTCGTGGA

R: GGTGCGACTGCTTCCATCTA

FRER YL 210 min, ‘o OV W €410 min, %E K 7EHP
scanjet G4010F1 51 1% , Gel-Pro Analyzer 4.5%¢
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of exclusion, PE)""#] I CERVUS (Version 3.0)4% {4
KT, P E R R A HEBR T SR e A
Excl (1)F1Excl (2), Excl ()HIGEiH &40 RA T
RAEEEHA, Excl QMG &1 RA—4 0%
AfFEECH . BT ERICHE 2R MEE R
R B 384 2 BUR FH PopGene (Version 3.2) 44
THE, BESENGEIT et s A 4L
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RRRUDL, ey WIRIERINL o AL AL 3BT i # A
FADMU#K A (Version 6)F1 17 AI-REML (average

Information restricted maximum likelihood)3 5 i »

7EI

828K PF A A
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2.1 WIDEFRCHIFEAHBREER
A4 TR R A AL B D B LI 2
A R AL 4~19, 0.288~0.973 5

2

SEUE=F S

1B R A KO MR ) 8 S 8l SAS
THIT

J&

0.324~0.904(%2). A2 B ERICHHEZS

bric, HPICH0.659~0.891, (VA 1M T EFriC
AR E 25 R0, ﬁplc%jos% F1360HY Excl
(1)(0.662)F1Excl (2)(0.797) N &, HIK ZF8KH)

Excl (1)(0.58)F1Excl (2)(0.736), i’%l‘l‘lo/l\ffﬁl PR
FRic A oA HER R . LAh, A 14 RIE R
PR AHEBRE 2, HExcl (1)FExcl (2)3 F
43 911240.054~0.43F10.177~0.608; T4 1204 b
LRI P A EAHE R ME R, L Excl (1)fExcl
(2)35 1 43 511 40.467~0.575F10.641~0.732.,

22 RAERBEMAEKERNESRITMG
B &R A HEBRHE R 1 3% T2 DNA

R0
HATIRA BT RIRM R Z R YR, R

pric

®2 MM IERCENT2RBERANEEFZGIHER

Tab.2 Genetic statistical data of forty-four microsatellite loci observed in eleven full-sib families

Frid

Frid

Jocus N, H, H, PIC  Excl(1) Excl(2) locus N, H, H, PIC  Excl(1) Excl(2)
F1176 12 0.829 0.852 0.833 0.542 0.706 F1367 10 0.892 0.867 0.848 0.565 0.725
F1407 13 0.910 0.898 0.885 0.647 0.787 F1061 7 0.784 0.726 0.685 0.324 0.504
F810 11 0.802 0.792 0.764 0.428 0.607 F98 14 0.892 0.869 0.852 0.580 0.736
F791 8 0.748 0.690 0.659 0.298 0.485 F809 12 0.892 0.864 0.845 0.563 0.723
F1064 4 0.288 0.324 0.306 0.054 0.177 F503 10 0.919 0.844 0.823  0.523  0.690
F1055 6 0.775 0.724 0.674 0.307 0.481 F573 14 0.847 0.862 0.843  0.560 0.720
F1732 10 0.784 0.742 0.711  0.359 0.543 F935 13 0.820 0.859 0.841 0.556 0.717
F1012 9 0.892 0.855 0.834 0.537 0.702 F637 13 0.892 0.863 0.845 0.563 0.722
F1752 15 0.901 0.888 0.873  0.620 0.767 F1235 10 0.955 0.854 0.832 0.534 0.699
F333 19 0.892 0.896 0.883  0.647 0.785 F1680 6 0.703 0.729 0.678 0.306 0.480
F1487 9 0.811 0.793 0.761  0.419 0.598 F1326 18 0.874 0.860 0.842 0.565 0.723
F112 13 0.874 0.875 0.859 0.595 0.747 F1066 13 0.973 0.883 0.867 0.611 0.759
F1062 11 0.802 0.868 0.849  0.566 0.725 F1356 10 0.919 0.851 0.829 0.531 0.696
F1408 11 0.775 0.817 0.790 0.467 0.641 F1385 15 0.883 0.869 0.851 0.575 0.732
F1102 15 0.802 0.837 0.827 0.535 0.699 F1129 8 0.784 0.772 0.735 0384 0.563
F1316 10 0.838 0.846 0.825 0.527 0.693 F667 13 0.883 0.866 0.848 0.572  0.730
F1202 9 0.757 0.75 0.719 0.366 0.550 F1403 12 0.928 0.870 0.854 0.583 0.738
F1077 15 0.856 0.886 0.871 0.615 0.763 F665 13 0.847 0.879 0.862 0.598 0.749
F171 10 0.847 0.853 0.832 0.533 0.699 F139 8 0.874 0.805 0.773  0.430 0.608
F1422 12 0.874 0.848 0.829  0.535 0.700 F1621 8 0.820 0.774 0.740 0391 0.571
F663 7 0.784 0.749 0.715 0.358 0.541 F840 8 0.811 0.754 0.715 0358 0.536
Fl641 10 0.910 0.851 0.830 0.533  0.698 || F1360 16 0.928 0.904 0.891 0.662 0.797
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134 XUKHT, 45 HThRIC R 02068 AR T7 il 4 R MR % 4 i 25

PRt Es R TR G REF AN R, AT
U R AL TR AR AR K MR 018 S 8 BEIR
HFAARM2RIBEARFA AR &2, &5 FARA
R E132.89%; H UK X AM3FIBEAF47 4
AR, AR SR 12.20%; CAMIAI
REARF 1 B ACARM2FIBEACF3 7= A 1 AR R D
AL 5 FAA R B E0190.80%(F23), AR H TR 4
EFRHAMNI50H 21240 H %, AR SEKR
EHME L bRuEE . AR R RBOREL RS H
A 1) T R T T R (e d) . FEAHTE H O, AR
WA MEZE 5B R REGYW B & TR, mm
ASPEAR A 352 4% 3 WIAR$2 30, R Jo 4 19 35t 4% T Ak
THA B TR K

*3 RAEFHEPFEREARNKA SRS
Tab.3 Percentage of offspring related to each parent
contributing to reproduction in mixed selection and

breeding population

A RpA TAHA L Hor L%

male female  number of offspring percentage
M1 F1 3 0.80
M1 F2 33 8.75
M1 F3 40 10.61
M1 F4 40 10.61
M2 F1 6 1.59
M2 F2 35 9.28
M2 F3 3 0.80
M2 F4 124 32.89
M3 F1 11 2.92
M3 F2 6 1.59
M3 F3 30 7.96
M3 F4 46 12.20
ait 377 100

total

3 itie

FAET W LERMAEW AN HE W F IR,
Bt e S BOMaE F . HER . WTHREMRE S
S i A8 B AR R A H B AR T AR
KR ME ZNRBE 8 B E AR ™, 73R
1R P8 bR I ERR AL T, B R EF R
A ELAT U BT 1) 2R 1 235 40 FIORS B 1 B A R R AR
EHidsk. RIETETWERSM REKZ | i
A& B T A ) T R AT Rl A 0 st AR DT
fli o KPSyt 5/ BAT A B,
XoF AL BE AR L AR 0T DA™ A R B S AR AR, X
BB T BB, REZKEA
AR AL BEA B FE AR 4 R KA K R A
IF R HAn PR 0 15 ol R IR (E T F 5 & M
B, B2, EEEMEAREFTIEY, 51
K7 S A AR T SEAE M ST () 5% 58 B o0 N R AT
Wid, XTE I SR AR 2 B R 2 ) [R] i e 3 KT
N TR eAh, 3% TR R 57 55 500
DY) 044 57 B A0 A B 1 52 )t 0 AN 58 e A ]
ME LR IEAS [ 8 R AR B 19 B AR PR 22 o 4
M E T RE. HiL, b TERKEE
W SR S N TR IR IH AR, FRARAN AL
BE S X R R By 2, o F AR e Bl B &K
REFWEF LN B WA X R IE 2
DR AL . 35 F B BTG A AT A LA 3% 5 ok
WIHIRZNREZR, 5 F iR 5 R K X 50 [\
KE, BT FR %I R B s R A 5% 1
i o 8L AE A B (Paralichthys olivaceus)™™" . 3k
i (Megalobrama amblycephala)® . K171 2 fifi
(Microp terus salmoides)™ . 1[G F-fif (Sebastes schle-
gelin)™ . H R X R (Penaeus japonicus)*™ . =M
I (Hyriopsis cumingii)™® . B [QER B D1 (Pinctada
martensii)*? . WF K bpi D1 (Patinopecten yessoensis)™*”
= HERR T (Portunus trituberculatus)™55 24~ K

*4 RAEERAERMERPRESEESE

Tab.4 Phenotypic and genetic parameters of growth traits for mixed selection and breeding population

i PER PHEME PRl 2= A FRA ST IN] feME Ak 73
days of age traits mean standard deviation  coefficient of variation  maximum  minimum _heritability
150 fhJiiE/g  body weight 46.01 8.02 0.17 80.87 28.43 0.17

fAK/em  body length 11.24 0.61 0.05 13.04 10.46 0.15
240 fJFiit/g  body weight 134.70 26.32 0.20 248.51 55.01 0.21
A/em  body length 17.85 1.30 0.07 26.40 14.68 0.18
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FEEBRGE M R SNA, BEAE T R
MG it R S E AR, hIIESE T 2 Fhrid
B R R E Ik A Rk

RS LR SRS S R R R A, BTR A
ARic B b i LA DNAS Fhric, H 43BN iE
BERE L BENLEEE, B HEAT B R A HE R AR
RARC L PE, SR T R R
FIRHBZhRic e R, XALEEW T
SIS BRI AT B AT 2E AT B AR, I HLA 4
T RIGE R W T FEM O —ERm, AFETF
DITEHRGE , ASC 6 DT 55 21 68 75 )y fili 227 4 A
L4 B A RIS, e 10 B R AR
HEBRAE R 1 bRIC, X EEhRIC Y 510 AR T 40 68 7R
i O E R L, RS20 B LA 2 b
0o K bR I0 T R 4 R M R R BRI oR 4%
RAEAEESRLGC MRG0, %
b, BT R 104 8 SR AR HEBR M 2 bR it i 47 52
AT LIS, 6. 7. SFIO N FRic A% 2 45 R A
AT T, S5REW, 6 Ric 5 T7~101 11
TR T S 2yl G R AT S M =S
A HE B AE 2R A 10 R S 2% OC R S I A
bR T AR LA B HA M E RS LS, I T RE
P e i S b i 7E HoAh SE B BEAR I A RN, A
AL B (A) . W25 BE(H,) . G
(H,). 2545 B &5 (PIC) % Mg AL 48 bRt it
FRACHEAT TG40, 45 R R X e bric B A7
SRR e 28, T LUYE T R 2 el
25T I £ AR D o A X e bR ic @ ST IR &
VEH BRI RIGE5 A, E400 R IETT A
37TTRAR T % th HACBEAS, H 23R A AH
T DNAJT & ] 8 K45 4 0 br ic 10 36 R 4 700 4
B, BFCRA R T AR EHITIR G
TE R B A KR 8 S5, AR H
AR et AVAC 1352 4% ) J8 AR 28 v A58t A% 1w .
XF EZARUAIE 5% v AN (5] #0283l 49 5 Rl st A% A
HE, 8 (Cyprinus carpio)8 & # 1AK J5 AR (1
WAL F1H0.3359 KT B 620 H 4 A R4 K
(R)384% 7153591 00.50H10.53%; K ¥ A1 (Larimichthys
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Genetic analysis of redfin puffer (Takifugu rubripes) for
growth traits by using a marker-based pedigree

LIU Yongxin "', ZHOU Qin°, ZHANG Hongtao>, LIU Yi’

(1. Chinese Academy of Fishery Sciences, Beijing 100141, China;
2. Beidaihe Central Experiment Station, Chinese Academy of Fishery Sciences, Qinhuangdao 066100, China;
3. Pearl River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510380, China)

Abstract: To carry out genetic evaluation on growth traits in redfin puffer (7Takifugu rubripes) by using molecular
marker-assisted family selection and breeding, in this study, the mature 11 females and 11 males chosen from the
selection and breeding founder were used to produce 11 full-sib families of redfin puffer. 10 individuals from each
family separately raised were random selected to construct the family population. About 400 larger individuals
from the families raised together were random selected to construct the mixed breeding population. A set of 44
microsatellite DNA markers distributed evenly in 22 linkage groups were selected from the genetic linkage maps
of redfin puffer, furthermore, 2 markers were located in each linkage group. According to the Excl 1 and Excl 2
probabilities based on the results of genetic analysis in full-sib family population, high probability values of 10
markers ranged from 0.58 to 0.662 and 0.736 to 0.797, low probability values of 14 markers were from 0.054 to
0.43and 0.177 to 0.608, and intermediate probability values of the remainder 20 markers showed 0.467 to 0.575
and 0.641 to 0.732. The results of parentage determination of mixed breeding population by using these markers
with higher parental probabilities demonstrated that there were differences in the number of offspring from the
combination of different parents. Male M2 and female F4 generated 124 offspring, whose percentage of all the
individuals attained to 32.89%. Estimating the genetic parameters of growth traits with the marker-based pedigree
according to the results of parentage determination, the heritabilities of body weight and body length were from
0.17 to 0.21 and 0.15 to 0.18 at different days of age, respectively. The research results verified that the
microsatellite DNA markers selected with higher parental probabilities of exclusion can effectively construct the
pedigree in redfin puffer to perform the estimation of genetic parameters for growth traits, therefore, molecular
marker-assisted family selection is an efficient approach to genetically improve objective traits in this species.
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