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LTEER T8l (Taki fugu rubripes) 3@ TiJE H ( Telraodontiformes) . fli B} ( Tetradontidae) . % J5 fifi J§
(Takifugu) , EBRIRYE T EREICHIA EE IS, 20 X O s 2 5 | H A A [ i g o (XY, 1
FURREE G A BT E R P e AR m AT E R EI T C LI —E SR, =i 2 0 H
A HiE, BEFMENTERRATFERNGFEZ — E5E T a2 @845 B FE 0, R %
Z R E T L AR B R T M R G A R B TR A T DA AT R T R R A 34 X
LR Y XF 16 2R 5t A R A AT 35 A% DR AR, DT R E B AR

FANMEET TR FLUBREE N EHLEE WG RZ W E 5 R, 8% 5 SR, A 7]
REAEHE— 20 (19 BF 1 v b B S A B 52, 3 AL 5 AR T Bl Rl T 9 ISR Ah 54 2 R R B AL, IR B B IR S
RFREGEIG L 4R AR B T PR RE B R AR 0 3 T R MR A O A A B AR BE I X
HEAT RIEIAE IR R IE B R R SRS A5 B 5 A DR 47 5 7K OF- 19388 1% B 25, b Ao 0 2% 08, AR F
FELA B RARCAE N SN K R T By, R IF LU WF5R

1 MBS Ik

1.1 #FmiEh

SIS BT FH A 218 7R 5 Bl RE S 3T 2015 ARER A R R IE LA BRA AL 25 4FE 4 H rdiny 12 42 [F Mg
HKF PRk 2% 0 R A% et JCAMG EEE b TG 5 S IR A B B 3 MM 12 XL AR R AT
WiRFR. 5N 1B 12 K 17 KES 127 KR PHEPLER 5 NER. 08 3" ZR .77 KR 107 K&K,
P FFR 27 FRARE W HEAE 80~120 g MK IEFHIAE 13~16 cm, 55 5K F 1658 %l BE A4 1 BURE 30 2 L 3Lt
150 & iU B E T —80 CH&H.

1.2 55 F

Z M Ma 2500 AR, Segawa ™ R AT M Kai 2 519 Fe 91 2t 35 X, iy i 2R TAEW)
FHEARA TG, MCERESIYFS R B BTN ILEL 1, JEH 4] DNA 20X & . ANTP, taq B§ ., B
RNA 550 H A TAEY) T A CR) A A PR A A

1.3 EFZ DNA B2 E

SEI6 BT 2168 25 7 il B IR 4] DNA 2 RAR WP W Al 43 20 DNA $EBGR ) S 3B, 3R I 5 R
il UL, 2 J5 B N8 M 5 i A6 A9 2517 52 25 v, 1 F NANO DPOP1000 4356 % B i1 & DNA 46 &
FHe B e J5 A A S E RN K DNA T Be % 40 ng/pL, BT —20 C# M.

1.4 PCR &7 R ik

PCR ¥ #4 B IK R 15 pl.: Taq B 0.2 p1.(5 U/pl) ,dNTP 1.3 pl.(2.5 mmol./pL) ,buffer 1.5 pL., I FiiF
114 0.6 (10 pmol) AR 1 pL(50 ng/pl)  #h5E H, O 9.8 pl, PCR #3 S i #2524 : 95 °C A2
5 min; 94 CAEHE 30 s, 3Bk 30 s(& 51 AYIR KR E L% 1 .72 ‘CHE M 30 5,30 MEH ;72 ‘CLEM 10 min,
X PCR 4" #47= W) k47 8 0 SDS-PAGE Hi vk o Tl IR 4R G 8 K6 I 7y 2517 L i 16 15 31 B 109 45417
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Table 1 Information and specific annealing temperatures of 35 pairs of microsatellite marker primers used in this study
(A=} SIYF 5 (5-3) A B BE /bp B KRB/ C
F:ACCCACTCCGTCCTTCCT
Tobl10 310~380 61
R: TCAACCGCCCTTCCAACT
F.GCCATATTGACCACTCACC
Tobl1l 191~296 57
R:ACCACAGAATGTCCTGCTT
F:AGTAGAACGCTCGGTCAG
Tobl13 309~344 59
R:GTTTGTAATCATCAAAAGG
F:ACTCTTTCTCCAGCTCTTC
Tob25 242~276 55
R: TGCTTCCTTTGATTTGTAT
F.:ACACCGCTCAATGCAAACTC
fms32 148 61
R:AATGTGGCGGCTACTTTCAG
F:GGCTTTACCGAGGTGTTGAG
fms75 123 62
R: TGGAATCTGTGCCCTCATCT
F:CGTCATGATCCAACACAAGA
fms89 319 62
R:CGCACACATACACGAGTTCA
F. TCTACGGCGGACATCTCTTC
fms106 355 63
R:CTCCGCGCTCTAAAAGTCAG
F:CCACAACAATGCAGGCAACTTTCA
f122 275~290 59
R: TCTCCGGGACTTTTTCAA
F. TGCCAGCCCAAAGCGAACAGA
1132 385~395 61
R:GCTAGCAGGCAGGCAGTAAGG
F.CTCCCACGCAAGCAGTCA
{169 280~300 60
R:CTCAGTATCAGGGGTCAAAGAAAT
F:CCACCACCTTCAGGGTTCTA
f172 202~215 55
R:CGCTTGGATTGTCCTCAAAC
F.:.CATGAGGTCAGAGACAGAAAACA
{184 105~130 59
R: TGGCTCTGCTGTACGTGAAC
F.GGGGGTTGCTGCCTTGTGG
240 450~455 61
R: TTTGCGTTTCGGGTTTTTCCTGTT
F. TCAGCAGGCATAAAGAAAAAT
1268 500~510 58
R:ACGTCGTTGGAAAGAAGTGC
F.CAAAAATGCAGCGTAGG
{356 277~294 60
R:CAGCGTGAATGATGAGGA
F.: TCCATCACAATCGCACCCACTT
{360 352~371 60
R:AATCCCCGAAAACACCTTGAACAT
F. TTACACTGGCCAAACAACTCTG
362 398~405 60
R:GGCCTATAGGACCTCTGGACT
F:ATAGCCGGTGTCCGTCATAC
383 145~155 58

:CCTTTGATTGTCCAAACACG
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Bk

(A S (5-3) JBORJE /bp 1B KGR/ C

F:AGACACTGATGGTGCCTGTG
{1160 165~175 60
R:CGTAGCAACGAGACGAACAA

F:GAACCCTGGGAGCCCTATTA
1169 122~132 59
R: TTGCTACACGTTTCACACGA

F:GGCCACAGTGCTGAAAAG
{1365 400~460 59
R:CAGAAAACCCAGCTGCTGAC

F:CACCTGCCCGAAAGTTTAAG
{1497 170~182 58
R: TGAAAGCCCAAGAGAGGAAA

F:CCTGAAGCACACACTGCAAG
{1637 200~208 60
R:CCTGATGACACCTGCTCTGA

F:AACACCTCCACCTGCTTGCT
TOGO1 280~290 54
R:ATTGCCCAGTTGACTTTCC

F:CACAAGGTGAGGACAAAGAC
TOGO2 155~165 54
R: TTGGCAACAGTTAGGTAGGT

F: TCGGTGATGATCGGTGAC
TOGO3 280~290 57
R: TAAGCTCTGAGCCAAAAGG

F:AAAAGAATGCTTATCCTG
TOPO1 200~225 52
R: TTACTTGTGACCTGCGT

F: TCTTCTTGCTATTTTGCT
TOPO02 260~300 54
R:ATGAGTCTGGTCCTGCT

F: TCCGCTATCACATCTATCT
TOPO3 155~175 53
R:CATGATGCTCCTGGAAAAT

F:CTGGCATAACTGATTAGGCTGT
fmsl5 165~175 60
R:ATAGCTGACAGCACGGGAAC

F:GTGCCCACAAAGATGGAAAT
fms43 120 60
R: TCCTTGGCAGAGTCAGTCCT

F:CAAATGTGTGAGGGCAGTTC
fms54 370 55
R:CATTTCCAAGCGTGTCTCCT

1.5 HHESHT

R A8 A AR 11 S5t 07 5 0 e i A1 80, e RO R 380 /N 4 UG % 465 7 38 R 4 e R/INHEA T HE T » 45407 1
S AL ) B8 TR SR A T 8140 011 3R/ TOGOL A7 s o F it B KSR FE ] 1. ] Popgene32 4k ¥ 4%
o o T4 Bl TR A S B PR CAD A RSSO IR RAC N ) LB 2 B B (H ) 3R 6 &
(H,) . IF1H8 5 A% & Hardy-Weinberg 38 % B 1550 (d) - 46 36 HE R AB (P st A& AR UPE 2 80 () sk
fGHEES (D) . M4 Botstein F ™ MR I HEZEBFEE SR (PIC) . RH MEGAA4. 1 i 4: AR 8 38 14 #H #5 1F
TR AT
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2.1 BESHEMESH

BE ML EL 30 A4 X 35 AN DR FR IS HEAT 245 M 0 ik (R L5 3] 8 AN Z A LF 1Y s TR AR, 4
Wk £362,11497,{1637 ,fms15.fms89,1169,{1372 il TOGO1, #f 8 ik TR bric B4 Popgene3?2 ¥ {4
P BIENAENR 2. SRR .8 MR TLEN S 25 B &L 0.455 5~0.754 6, FHZEE R
TR 0.597 3. HAKAFENZEME, 150 MAEAREIN) Z 8 AN TR 7 i K e 45 3] 32 4S5 HE P,
AV R B I PVBOFE 3~6 A, S0 3k P B0 S5 = A% (SO FE 0.266 7~0.690 0, B Al T8 A2 JAE A 7 2 5%
A AGETSE ] WL 24 & BEAE 0.453 3~0.953 3, PN 24 & B 0.709 25 HIEE 22 & B #F 0.490 8~0.790 1,
SEHIER IR BE R 0.655 6. X 8 AN TL R 7 A AT Il I AP A% T A CHWED R, 25 5 R, 11497 A7 fU4F
G W R AR AR A AR 7 A TR TR A AR AR 0 i R R AR A% T i (P <Z0.00D) . 8 AN LB A SLTE S
ALLEE AR J7 Bl R & P st L A8 B (F DO KT 0,

K2 SAWIEMAELERSHBEPHBEESEEIEY

Table 2  Genetic diversity parameters of 8 microsatellite loci among cultured Taki fugu rubripes populations

(A N A S H, H. PIC Fy HWE
TOGO1 150 4 0.266 7 0.773 3 0.750 3 0.701 0 0.175 7 FoX KX
{1497 150 3 0.560 0 0.473 3 0.580 8 0.507 7 0.106 6 NS
{169 150 3 0.456 7 0.453 3 0.599 8 0.511 9 0.205 9 * oK oKX
{fms89 150 6 0.276 7 0.946 7 0.790 1 0.754 6 0.109 4 KoK oKX
fms15 150 5 0.690 0 0.486 7 0.490 8 0.455 5 0.096 7 KoK KX
{362 150 4 0.383 3 0.826 7 0.691 2 0.631 2 0.183 1 * oK KX
{1637 150 3 0.516 7 0.760 0 0.618 3 0.547 0 0.023 1 KoK oKX
{1372 150 4 0.350 0 0.953 3 0.723 1 0.669 2 0.099 7 KoK KX

15 NS RR AT W IR AA M A 5« % o« o I 25 D 2 16 il 3L 1 4% P 17

PG TSR L I B, 4 MEGA4.1 AR08, 153 5 ANL08E 7R Jr il R &R 2 (8] 1Y 182 4% 15 B2 FAR oL 45
(R 3 I E UPGMAE 1), MEEERATHNL 3T AR 127 R Z AN AL 1 & /N AU e s B A
E—BRXEE T RZRZRBEGHE—E.BEFHS 10 ZZMII"ZEZREEE—E.

R3I ABRAHS N RRMEEEENEMNER

Table 3 Genetic similarity index and distance in 5 Taki fugu rubripes families

x & 3% 7# 107 11% 12%
37 x o % % 0.837 1 0.790 2 0.797 3 0.963 7
7% 0.177 8 EEE: 0.626 9 0.607 9 0.808 8
10% 0.235 5 0.467 0 * % % ¥ 0.752 5 0.740 4
117 0.226 6 0.497 7 0.284 4 x % % % 0.803 7
12% 0.037 0 0.212 2 0.300 5 0.218 5 * % % ¥

TEe o oxox x DLEBAR MR R « » = LUN Bodls gt (e b g
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Fig.1 UPGMA dendrogram among 5 Takifugu rubripes families
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TOGO1 F1 1497 S sSATAE R X 43 5 MK R B FE R EARIC .

T 1, —

- ﬁ,‘g‘r‘[ﬂ_ﬁﬁa - o pem— e
5 -
‘ M

- —

_‘-—“

1 2 3 4 M6 789 10111213 1415 1617 1819 20 21 2223 24 2526 27 28 29 30
M: marker; 1~30: MEEL

2 37 KRTE fmsl5 i SR TR DNA ¥4 &%

Fig.2 Demonstration of microsatellite loci amplified by fms15 primer pairs in 3% family
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Fig.3 Demonstration of microsatellite loci amplified by TOGO1 primer pairs in 77 family
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Fig.4 Demonstration of microsatellite loci amplified by fms15 primer pairs in 117 family
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Fig.5 Demonstration of microsatellite loci amplified by 1497 primer pairs in 127 family

2.3 HHEREFEAEFER

PR ARG R T3 BAE T AR IC AR A o PR s AL E T AUAY S AL AR B — 2ok A REAS, — 2Ok A
ACA AL AT AR B 1A G S R R HE I B R R AR N, BARAMNEMERNG BN TR 4. &
TOGO1 75,77 KA 4 FhEE A (] 3), 405 014/014,013/014,011/013 F1 011/014, & K A ip 47 7E
014/014 , F 1 i 00 HEAC BR AR 10 35 PR Y v 4% 40 & A7 25 7 6 014, UK R 36 R FR 7778 013/014 AT 011/014,
A5 1 H R A EE I A (011/014) X (013/014) iz TR 09 5 3 AT HEWT 1 5 AN R AE HAW AT 4 1Y SR A 5L
R, B B ILER 4,

4 SREANBIIEHHHEER
Table 4 Observed and conferred genotypes of each family

K PR UL ) 9 A4~ HO
% A i A
1 2 3 4
3% TOGO1 013/014(9) 012/014(14) 011/012(7) (011/014) X (012/013)
11497 972/973(7) 971/972(9) 972/972(10) 973/973(2) (971/972) X (972/973)
169 692/692(10) 691/691(13) 691/692(7) (691/692) X (691/692)
fms89 892/894(7) 891/894(5) 892/893(6) 891/893(12) (891/892) X (893/894)
fmsl5 151/153(6) 151/154(6) 151/151(15) 153/155(3) (151/153) X (151/154)
362 621/623(9) 621/624(14) 623/624(7) (621/623) X (621/624)
11637 371/373(8) 371/372(7) 372/373(10) 371/371(5) (371/372) X (371/373)

{1372 722/723(12) 722/724(4) 721/722(8) 721/724(6) (721/723) X (722/724)
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FE R A OUL I 3] 1 %0
x A o s M S A
1 2 3 4
77 TOGO1 014/014(7) 013/014(9) 011/013(8) 011/014(6) (011/014) X (013/014)
1497 972/972(18) 972/973(6) 973/973(5) 971/972(1) (972/973) X (972/973)
{169 691/693(11) 693/693(9) 692/693(7) 691/692(3) (691/693) X (692/693)
fms89 893/896(10) 891/892(6) 891/893(6) 892/896(8) (891/896) X (892/893)
fms15 151/154(18) 151/151(11) 151/153(1) (151/153) X (151/154)
{362 621/624(17) 624/624(13) (621/624) X (624/624)
{1637 371/372(15) 371/373(6) 371/371(4) 372/373(5) (371/372) X (371/373)
{1372 721/722C17) 722/723(12) 721/724(1) (721/723) X (722/722)
10% TOGO1 011/013(6) 013/014(6) 013/013(10) 011/014(8) (011/013) X (013/014)
{1497 971/972(17) 971/971(7) 972/972(6) (971/972) X (971/972)
f169 691/692(22) 692/692(8) (691/692) X (692/692)
fms89 893/894(15) 894/894(3) 895/895(5) 894/895(7) (893/895) X (894/895)
fmsl5 151/151(21) 151/153(9) (151/151) X (151/153)
{362 621/622(17) 622/622(7) 621/621(6) (621/622) X (621/622)
f1637 371/373(14) 371/372(6) 372/373(5) 371/371(5) (371/372) X (371/373)
1372 721/723(18) 721/724(12) (723/724) X (721/721)
117 TOGO1 011/012(15) 011/011(7) 012/012(8) (011/012) X (011/012)
1497 971/972(9) 971/971(11) 972/972(10) (011/012) X (011/012)
{169 691/692(3) 692/692(6) 691/691(21) (691/692) X (691/692)
fms89 892/893(16) 892/894(14) (892/892) X (893/894)
fms15 151/151(12) 152/153(14) 153/154(3) 151/154(1) (151/151) X (151/154)
{362 621/624(14) 621/622(16) (621/621) X (622/624)
{1637 371/373(10) 371/372(7) 372/373(2) 371/371(11) (371/372) X (371/373)
{1372 721/724(20) 722/723(3) 721/722(7) (721/723) X (722/724)
12% TOGO1 012/014(15) 011/012(15) (012/012) X (011/014)
{1497 971/973(10) 971/972(6) 972/972(8) 972/973(6) (971/972) X (972/973)
{169 691/691(4) 692/692(10) 691/692(16) (691/692) X (691/692)
fms89 892/893(9) 891/893(9) 892/894(6) 891/894(6) (891/892) X (893/894)
fmsl5 151/154(13) 151/151C17) (151/151) X (151/154)
{362 621/624(16) 623/624(14) (621/623) X (624/624)
f1637 371/371(10) 371/373(6) 372/373(8) 371/372(6) (371/372) X (371/373)
{1372 721/722(10) 721/723(6) 722/723(8) 722/722(6) (721/722) X(722/723)

TE 25 A R TR R

W K 28 28 3% 2 18] 19 O AR 0 5 AR 006 77 M R0 92 308 0 K 28 8 7 418 v A M) 5 AT 5 — AR AR P B AR
e AP AN ) R DR L ST IE A ) R L SRR T PR AR RGBS R . RGN B AR L B L
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FARCEA B R R Z LT 5HA 3 T 2R iC 0L S A 228 R TR o B L s
G55 R 1 B Z R OK ™ Zh i R % o0 b i TR,

HErc A o DR IC H F\ AR R RIS AU WA #1505 710 56 B AR % o) 4 B 1
4 A [ BE X R (Penaeus orientalis) 58 22 W A0 A BE DRI RS, 3 2o 366 DR R0 48 31 ACBE AR 3801 1 4 K R X &
SRR 0 0 A S A 3 R AR R AR L DR AR HE T 6 A =R T (Portunus trituberculatus) % 5 4 5%
KL AL B0 T S A K FR s B R SR PRI R AL W 4 A D [REREE DL (Pinctada martensi) K &
AL AL, DL S5 BRI R & T WS AR 8 O A0 25 AR 36 DR AR RT 7 4R 3 DR AR, ok T o 7 S K2
(Scophthalmus maximus)F Z8 PR A FEASE H AL, LIS RIS AR A SRR R4 2R3t
TR REAS KL R, HEWT H 4 DN LCE B8 (Seylla Paramamosain) 58 2 I it FoAh 35 AR JL RIS, DL %8 51 4%
MNRFR . LLEEIRI7 B0 K FR 5800 W ARG A 5T N 8 AT T A Aw e, #EWT i 5 A1 88 2R il K R 2k 1
SEARFEE A, AU 3 AT EARIE fms15, TOGO1 M {1497 ] % 51H 5 M E AR,

TR AR5 A% 20 R 25 O FF W B 19 38t 1% 2 RE R L AR 2 RE TR E W Bl B T R A s AR E R 0
(B, H R B A A 6 4 T8 R i 1R AR TE T B 4 88 ARy e R AR ME AT R T L T B DRI 21 M
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Parentage Determination of the
Takifugu rubripes Families by Microsatellite Markers
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Abstract: Takifugu rubripes is one of the ecnomic sea fish in northern coast of China. In recent years,
there are few studies on genetic diversity and genealogical information of Taki fugu rubripes.In this study
the genetic diversity and genealogical information of Takifugu rubripes were investigated, providing the
basis of theory for genetic improvement. Five families were randomly sampled from twelve families which
have been established in 2015. Eight pairs of microsatellite primers were used to identify the genealogy and
analyze the genetic diversity among five cultured populations of Takifugu rubripes. Thirty-two alleles
were detected at eight microsatellite loci . The number of alleles (A) at each locus ranged from three to six
with an average of four. The value of average observed heterozygosities was 0.453 3~ 0.953 3. The
expected heterozygosities(H,) was 0.490 8~0.790 1 and the mean polymorphic information content(PIC)
ranged from 0.455 5 to 0.754 6. Eight family unique alleles were found out: three in 7% family, two in 37
family, two in 11¥ family, one in 12% family. Family unique allele was not found in family 10¥. Based on
the genotypes of offspring, all parental genotypes of the five families were successfully deduced. 37 family
and 117 family were identified from the other families at locus fms15. 77 family was separated from the
other families at locus TOGO1. 127 family was distinguished from the other families at locus 1497, The
three microsatellite markers(fms15, TOGO1, f1497)could be used to identify five families. Results show
that there exists high genetic diversity among the five families. The five families could be identified using at
least three microsatellite markers selected from Eight microsatellite markers. Microsatellite marker is an
useful tool for genealogical identification of Takifugu rubripes. And it is a reliable basis for molecular
marker-assisted breeding in the future.

Key words: Takifugu rubripes; microsatellite; genetic diversity; genealogical identification
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