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(T, obscurus)YJ =R Jg§ 1l 5 i 44 (Osteichthyes) . #iJE H
(Tetraodontiformes) . fifi#}(Tetraodontidae) . 4 77 fili )&
(Takifugu). 2188 7R J7 fili 385045 T3 B Wi . R

BESlR T, EERTEHEERT F A
%N PCR EEHAME

o & W E R AMIAET AHET MmF P EXRE’

(1. WA 2B WL Sl 3160225 2. M/KIRAEAEY B A S a8 Ih e M E A PEDKBA T b
BIKRITERT IR H ) 26607153, AR LAV RA S Y S RIIRE SR E IR HE 266237;

4. TTHPFRERBRMARAR T FE#E 2266005 5. BEMTRKP=HAME W mE M 363000)

mE i 202K 7 i ((Takifugu obscurus Q) x 1% 7R 77 (T, rubripes )8 22 & Fy R B & W % % 1
BMWR, THMERT, (ELX F ROBIBMLEEEREUR S, hTa#TE BRI L
FIAMET B, BYMFEFLXAERN > TFEETEHER F REEFERFATHEHAT . LA
Zex FyREEFEARN AL E, KFRMREZELE SHIPX3 % AW SNP L5, #it7% ot PCR
85 M RARAET, AL T KK PCR S8k, BSL Y WROUFR 7 #2148 7R J7 4 R & Fy R %k PCR
BRIk, HAZyE#ATTRIE. ERET: 2% FIR8 COI J77| 5 AR SURK 77 #li w7 7| A8
L K 100%, 72 NI SRR ROy — 2, B LIAL R FRATEEARN X 45 SH3PX3 # 7%t PCR
KRR R OKIEE A 48 C; Ok PCR ¥ J5, BEAUA 77 /X FAM ## / Ct fi, ACt KT 20,
JT#E R J7 4 FAM 15 S HEX ¥ 8 Ct {H 5 2~5, £ X F, X # FAM # @ 5§ HEX ## #y Ct
¥, —#HZENT2; ET ERFEX 17 BHSR T4, 21 Ha®Ryams3 R FiR
HEGEBEATIOGE, SR BEHEN 100%, KA REIHT L PCR L& FERANEALE B h#H . 5 H %
EMME, ZBAETMNFELH AL, TEIATRELN, DERE TRMUKE, HALHFTREEL
EHRY . R E IR SRR T BRI

KEBIR O WAUR M, AR 2R Fi R SH3PX3 EB; KOk PCR;
FESES S93  XEERIEEE A XEHRS  2095-9869(2026)01-0037-11
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o1 f& 7R J7 Bl (Takifugu rubripes) 5 W 8CAR 7 il 25 KK R 35~45 em, F K AT 34 80 em (LR, 1981);

B, RARTT g PR R A K R A Rl

5 SAR )y S B A T AR E B L RN R, T
AT A TR A v T Ui S A R,
TRRIKIIE S R AL 54~285 mm (F1 81 4F, 2002).
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EMATFME . 245 BRI OB EA AL PR E5 &
F) e, MR TERA B A 22383 A (Pt e 45,
2024; ARANAE, 2013), Al f2 1] fi 7 b PR R R )
B, FRBEMV A R 225 e 34 R B A T4 = s Ak, Hodp
DG BUZR 7 i R REAS RN 21 868 7Rt o XA T 28 B
FRARAS T HA SR R . ARG . LR S
U SEAE RMER I 225 Fy AROROB S, 2013; iR4FE
55, 2016). 44238 Fy AR PB4k R T s S0 7 il g e 5
M, LRLLSE AR 5 i UL PR T M BT 2 %K, HL AT DAFEIR
KA, AR A IR DR A A SR T T AR
TR SR I fili(Park et al, 2017), R, 2238 F AREYTE
A ML SR Ty fili | 2188 7R 5 i R REAIE , — B AEAE SR
shifa NS ISR TSR RL, (UK EETE A 4 2001
FIRB S HIAE R, ML A IR B (R, 2021),
Ll Fy ARIBA B FOEARRE RS, W2 80 fili oy
AFBTIR AN TC Y 2428, W™ FE 52 M) HL 73 5 Ml 1) fi e
K WeAN, F IR IX A R BT 2R il A1 2T G
LIS (S, 2016), nIREXT AR J7 il J& fA 2 st 1%
22 FE I IR 5T 20 B OO A B . PRI, TR — B4R
2Ty AR B H AR B 5 58 T vk BN S TG Y38 )

R COI FE W] SEBL K00 Bt S i 2
B, FEEYFEEE . RGE KRBT W) Z N
%, 2018; T4, 2018; XIELAE, 2023), HFEohifA%E
bk F AL, AR ZhE A PR TG ik S B 4 5 F 5
HABRA I X A0 (2545, 2009; Hhik4E, 2018), 52 4H
P, R KR B ACBEA Y i AB 15 B, 45 G 2R A
A LAA BR324 38 B S SE AR . Qu 45 (2018) 1 1 H
RYR3 BEEH R, FHEG LA COT HEH T T A
A7 B 5 HACREA AL R . 4T 5255 (2024) R
¥6 1 fam43a 5 R RZRIAR Cyr b 3R GEAS DL i
% SE WAEE] (Acipenser sinensis) N B TEZL A8, AR
BART AT & B0, W SUAR Dyt | 216 7R Jy il Je 2 52
Fi AR EE ] SH3PX3 FAE—A> SNP {755, HImE4C
ZRIJ7tlih TT Y, BRIl CC AY, 2238 F Ak TC
B 2 S AN T R B, IR LR, R G
IR, NamE AN YI6e. FIHZEERH
SH3PX3 P i) SNP v 5, 8 e 5 i 5 ik,
A DASE IR SRy il 2T 88 7R il K 28 Fy AREEA
B HERR S ) o SR, 127 8 TR R A AR A A ) 75 >R
105 350 Ny S =R = B ) S U s SU et ) N -1
F B , TR G BE S BT RE I HE T
MIEER . L, mRAEIF & —Fp bl . R Kl a R
W, SEEE =35 A DR A 5 5 o

VLA, SEmP9EeE R PCR H AR K H &5 R g
BE PR SR AR SR AR A, TERE RS . RARL
K Z A VER GRS T 72 B (B 1E 258, 2011),
TaqMan-MGB £ BEUE RS 1 X 3 BN B8 FE 7 25 5%, 0
FHF SNP 4354, BE48 2 7338 PCR kil ™ 38 7= 4
WG SR M S5 50 0E, A e TR R, s T 5258
FRAEH BT Y AR, B TR e, BT, %
FAR T2 N T 0 28 0995 1 4 I (TR ¥ 45, 2013;
A HMFAE, 201 1)K 408 (2R A8 4%, 2022), FE 4R
B S N G N S SO DA i B N 1= N
ARk CcolFEH FZIER SH3PX3 ) SNP i 14,
ALFEEI AT TagMan-MGB 2 EHEr, b 72966
PCR &%, #5717 H AKX S W SUR Jifi | 168 7R J fif
R H A8 By AR ZEE PCR Pl S8 s, LA il
fili oo J5 9% R PR A B SR B Y B T R SR K SR AR I TT SR 1
HAR I HE

1 MREH®
1.1 SEIgHE

IR A A 121 0y, A mE SRl 27 £ . 41
BEA DTG 31 4y . 2432 F1AR 63 1y, KESE R 1.
BRSO LA B 5E T 95%IP5KE &5, BURE S0 AR
Jyfili . 2B AR Tl e 4258 FARKER 4 10, R TR
St PCR ik EE ST s BIAHFE S T 7 B ik

x1 #RER

Tab.1 Sources of sample information

Sample Quantity Source
AN ¥y ) 27 ARSIz it
T. rubripes Ciigary)
AR ¥ ) 4 LT RERIET
T. rubripes B2 (F25H)
I SR Ty il 4 PANDING IbE & T )ivdfy
T. obscurus A BRA 7 (FE5H)
I SR 7 il 23 L R R(TAR)
T. obscurus 1 BR2A 7 (FR5H)
F38 Fi AR 63 bANNG bE = ST )iy
(T. obscurus Q % B2 (F25H)

T. rubripes &)

1.2 I HE

1.2.1 DNA #R AW G A P A 2L A
41 DNA & HU 5] & (A6 5 KAL) 4 ] fafi B AR o (1)
DNA, 4425805 1Y DNA i ] Nano300 f# & 436
FETF#ETT DNA YRBEFNZEEEIE , & T-20 CH{RfE,
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1.2.2 3l ¥ AR 4T o3t A R R A w7 A Y &
BEY SH3PX3 F:HZZME SNP 7 f5(T/C)sk it
PCR #3451 911 MGB 73 BUERER , 2884 | 556t
PRER 2 20 BIEHL FAM (5 (8) . HEX(Z% ()5 Y R AT

brid; Zekitk col FEH 5197515 7% Ward %5(2009)
BOWESE o 5 | e 3 (8 A Primer-BLAST T. EL7F NCBI
B e AT I UE . 51 AN E L RS A AR R IE A
BHEABR A FIA . IR LR 2.

x2 SlWEREF7

Tab.2 Primer and probe sequences

14454t Primer/Probe J¥51 Sequence (5'~3") T/ C
COI-F TCAACCAACCACAAAGACATTGGCAC 55
COI-R TAGACTTCTGGGTGGCCAAAGAATCA 55
SH3PX3-F GAGCCCGCAGCCTTTCT 59
SH3PX3-R ATGTACGTCTTGATGCCCTTGA 59
P2-TR FAM-TGCTCCATTGAAGATGCCAC-MGB 48
P2b-TO HEX-TGCTCCATCGAAGATGCCAC-MGB 48
1.2.3 &Eik COl ARF 3K 2 PCR PR R #EFRFIEE cOr LR A BERIEME R 100%. 63 #3445

425 uL, Hi, 2xRapid Tag Master Mix (R &% i ME
%) 12.5 uL, DNA #i#z 2 uL, EF##514(10 pmol/L)
% 1L, 7K 8.5 uL. PCR &% : 94 CHUZEYE 5 min; 94 °C
A 30 s; 55 ‘CiBk 30s; 72 CHEff 20, 354
PE; 72 ‘CIEMf 5 min, 4 C{RfE. PCR ¥4 1%
) Bt IR AR R J R KA T I 6 AL BN A AR KRS B
oA BR 2 JHEAT R 0, I 45 i ik NCBI H ()
BLAST T Hilbf1 /5750 HEXT
1.2.4 %% PCR ¥ ¥k & A kAL R 5
PCR S WAL5 S 1 — 80k, KA AL DNA W
FiBE 2 200 ng/uL . BAN N 3 447325 . 946 PCR
PR R R 25 L, 266 PCR Mix HIRE(F &
S2UL) 12.5 pL, DNA Btz 5 uL, 51#1(20 pmol/L)4%
0.5uL, #4EF(10 pmol/L)£% 0.5 pL, 7K 5.5 uL, PCR
ZAF: 37°C 2min; 95°C 2min; 95°C 15s, 48°C
30 s (EDOGEIES), 45 MEH,
1.25 EHH i F SeqMan 544X cOT%: H
¥ 506 e A AT RO N9, R MEGA 7.0 14 22458
B2k (neighbor-joining, NN FRAELBW, RHALKE
R332 () 15 BEFI T Bootstrap o, HAEUECH 1000,
9t PCR 455, S M4 ) FAM. HEX
WA Ct{E, 114 Ct=SD il ACt (FAM-HEX)]),

2 HBRE5HH

21 MY FAEh, d8FRAFEHEEZRT F KR COl
EEEFNER

FRAERES S Iy 1, A RUTFINHE N 603 bp,
i3 F 51 2 BLAST FEXF #3600, 27 13 S0 7R J fii
131 e 7R Jr it ol B34 5 NCBI # R 4 h

F Q) COI 3 5 SR T il COT N BRI S
100%. fEJHABEZEIE R P51 F1 6 25 NCBI
B E R R RR Ccor FeHFR, LISk 1 i fali
(Thamnaconus modestus) NN NIHE NI RGELEW .
ZRRY], AU HI AL F ORI 5 T3
1) 6 5275 7 I LIRS e B SRR IR 2, HARse
F A0 1 5 BEAS G SR 5 i 5 Ry — 32 (B 1) /T WL o
FEPMX AT X 252 Fy ACHY BEAS A7 301

22 3 PCR &ERAH

221 HAERBKEEIFE  DIIERZ] DNA AR,
VEEIR KR ES3 K 48 T L 50 C ., 56 CHEEfTH
PCR ¥4, Z5 K 2a iR, B KEEE N 48 CHIY™
Rzl S B, LRGN, PISCREL, RO
PCR IE¥H , BHARFFHIMIIY 1, HZNIRR TR,
3P IEE IR A I B 225 K 2b FIE 2¢ (9P
MIZRLR TR, 23 P CtERT 35, AN
0 R, AFSY IR 2256 PCR 4% : 37 C
2 min; 95°C 2 min; 95°C 15 s, 48°C 30s, ¥
45 K.

222 %K PCR FHixthE FIHAEAC IS B2
PCR P27 % 10 153 B 8UAR J5 (45 TO1~TO10) .10 {73
STHE R )7 i (95 TRI~TR11)FI 10 434258 F ARG 5
I~OVEE ST 38, rA RS I 1 . RE8UR
Jr R G AEE FAM 38 18 5 B SR PEYT 1, ACt
KF 20 (K 3a, B 1); LLEEA ke ShE FAM Al
HEX #illi@iE ¥ Wy 1, FAM MiEM Ct {H1E
20~30 Z[A], HEX Wil Ct {H7E 20~26 Z[A], ACt
9 2~5 (18 3b, Bl 2 1); 2258 F AVEEAR 7E FAM fil HEX
Ko 3 38 B 1 R P, FAM @ iE A1 HEX @il Ct
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KP112460.1 T.obscurus
MF123308.1 T.obscurus
ZJ77
ZJ6

ZJ5

734 T.obscurus () xT. rubripes (3)
ZJ3
891712
VA)
TOT
TO6
TOS
|| TO4
TO3
TO2
TO1—~

T.obscurus

86(| TR4

HQ536515.1 T.obscurus
TR1

TR2

TR3

T.rubripes

TRS

67 | TR6

TR7

KP641568.1 T.rubripes

KP641560.1 T.rubripes

JF952877.1 Thamnaconus modestus

0.020

Bl 1 BEEURJT, 2168 2R 7 il S H A58 FAREY ol R 331 NI RGER)

Fig.1

The NJ phylogenetic tree of COI gene sequences for 7. obscurus, T. rubripes, and their hybrid F; generation

TR 2 HINLLEE AR Tr ¥ 51, TO b IR SOR T8y 51, 21 S A 2438 F AR5
TR represents the self-determined sequences of 7. rubripes, TO represents the self-determined sequences of 7. obscurus,
and ZJ represents the self-determined sequences of the hybrid pufferfish.

a 4000 b 5000 ¢ 6000
3500 4500 5000
5 3000 5 4000
o & 3500 & 4000
% 2500 1 3000 e
<! 2000 &3 500 <3000
o H 3000
421500 R 20 522000
2 1000 X 2
#5 500 %1000 #*51000
i E 500 B,
0 0 :
_500 L L L L L L L L J _500 1 1 1 1 1 1 1 1 I _1 000 Il 1 1 Il 1 ! 1 1 I
0 5 10 15 20 25 30 35 40 45 05 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45

1BIFEL Cycle Threshold (Ct) Value

#EIRHL Cycle Threshold (Ct) Value

1EFF%X Cycle Threshold (Ct) Value

B2 RKIREEST 5N 48 Ca). 50 C(b)F 56 C ()P 1 il 2k
Fig.2 Amplification curves at annealing temperature of 48 C(a), 50 ‘C(b), and 56 ‘C(c)

HIFE 20~30 Z 8], ACt/NF 2 (& 3¢, B 1), &
b, FAM @y 8, ACt KT 20 (RS AT HE K
B S0 Jrfifi; FAM , HEX BB ¥4 H ACt -y 2~5
(AR AT N LT B8 7R Jr B ;. FAM ., HEX iliE34
P3G H ACt /T 2 BRE S AT HE 24258 FAR.

2.3 3t PCR AiEHIIEE
FIF 91 40y B8 AL 15 S5 AR T S A it 6L T v

HEATIRUE, Z5RUIE 4. Frarem¥ oy g, 45
4 TO11~TO27 W) 17 3 498t PCR ¥ 1S J5AUAH
FAM @B Ct{H,ACt KT 20, %558 J W BUAR J7 il
%50 TRI1I~TR31 B 21 3FEMH Y ACt Ry 2~5, S5
R LLEE AR 5 il R 11~53 (1) 53 3 RE i 498 56 PCR
PG ACt/NT 2, %58 WA B, &S HEM T 5t
5 LU X i S 25 SRAERf R 100%.
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#=3 RUREH 48°C. 50 C#A 56 CHIHY Ct &
Tab.3 Ct values at annealing temperature of 48 C, 50 ‘C, and 56 ‘C

IR BE 4 B Ct

Annealing temperature Sample No. FAM HEX FAM HEX FAM HEX
48 C TO1 20.98 - 21.24 - 20.52 -
TO2 20.59 - 20.58 - 20.46 -

TR1 25.42 22.86 25.36 22.66 25.34 22.58

TR2 26.38 22.87 26.85 23.06 26.37 23.07

1 20.65 20.48 20.90 20.52 20.43 20.15

1 21.01 20.68 21.29 20.88 20.98 20.65

50 C TOl 26.32 39.41 25.81 3791 26.01 38.79

TO2 26.68 40.56 26.32 37.90 26.45 39.67

TR1 31.15 28.70 30.79 28.70 31.42 28.74

TR2 31.32 28.61 30.48 28.08 31.01 28.50

1 28.36 28.39 28.18 28.23 28.13 28.20

1 27.12 27.44 27.03 27.06 27.10 27.13

56 C TOl 27.68 34.88 27.01 38.22 27.24 38.30

TO2 26.73 36.12 27.30 39.65 27.02 39.42

TR1 31.92 28.00 32.62 28.27 31.98 28.02

TR2 32.07 27.60 32.23 27.80 32.46 27.94

1 28.90 27.59 28.22 27.55 28.91 27.64

2 27.39 26.50 27.76 26.57 26.89 26.32

T AT Ctfi. M5 TO1, TO2 AMWFLUZTr i, TR1, TR2 MLLEEARTTEL, 1. 2 AZA F AR,
Note: “~” represents no Ct value. Samples TO1 and TO2 were T. obscurus, TR1 and TR2 were T. obscurus, and 1 and 2
were hybrid F; generation.

1400 ra

0 5 10 15 20 25 30 35 40 45

Y& %L Cycle Threshold (Ct) Value

[FAM-HEX|
ACt

TO11~TO27 TR11~TR31 11~53
#5445 Sample No.

Kl 4 91 frkEsL Y ACELH 0 fR

1400¢c

00—
05

10 15 20 25 30 35 40 45

0 L L L L L L L L )
0 5 10 15 20 25 30 35 40 45

Y& %L Cycle Threshold (Ct) Value Y& %L Cycle Threshold (Ct) Value
B3 WESUR i fili(a). 2188 7R 7 ifi(b) B FLZ= 28 F AR ()M 5 PCR 418 i 46

Fig.3 Fluorescence PCR amplification curves of 7. obscurus (a), T. rubripes (b), and their hybrid F; generation (c)

Fig.4 Distribution of ACt values in 91 samples

31 X FARREFRREETE

IR SR 7l 5 416 R 7 il AE R (0 5 B A
55 H ) B B S0 S TR SRR IE AP 22 5, (H HC
28 Fy AR H R IR B AR TR A Sh e 8, JEH
FELN PR B A B B, =B AN S AL, 1L
WAL TGS FRFEARME X 5y, B Ao Fhric F Bt
HIE 5 AR 5T 38 1L BRI COT Fe PR X s AR i
CLEEAR B a8 Fy ARIIT A RIEME . R Gk
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BT, SRR, itk COI WA R4 I WG BUR
7 tfi R 2T M 7R Ty i, Ll 2o R L R B R AL R
PE, oSS Fy AR HEEAR AR E (E 1),
R = (2014)BF 58 R W, IR 85 A BE M0 (Epinephelus
akaara) Mz 80 B M (Epinephelus moara)1E R 38—
RAGLERIAR COI. 16S rDNA. Cyt b FER FHZER )3
SRR P I B, R (2010)0F 58 £,
YRR DNA SIERSH R BR A R maidh g, i
1y 45 78 B3 2 A8 F AR B O IR, (ER B R R AR [ 1Y)
ZAC A0 A U T A R 4 o

AWFFERM, FET LR SNP 7 s g 28k
PCR J7 75 AT LUSEEL A A DR 55 0 . R BB AE (2024)
O 8 T AR A B AR B E (Quasipaa spinosa) B4
ANFEIFPEERIEY 128 rRNA R SNP 5, FHFIH
KASP FARFF L T — Bl %3 B4 B4 (14 45 551 SNP
P B 5 e . TR 2 S5 (2022) 1) FH i £k 3 DR 4L
AN H 2 (Dioscorea esculenta)Fh 5t #4 K #EFT SNP
SR BE, A HRM HARSEHL T XA [R] 3 K A 1)
WED X 20 o %R AT BURSR RR M, RS T R
ZFEME(SNP) T FARICHR , S5 B4R RSN, feig
HE 125 ] S 58 F S HL oA o A AT AT A0 3 o A R 1A
SH3PX3 Wik ] —A~ SNP i 5(T/C), NS %L
Y S SR B (TT ) | £08& 7R 5 fili(CC ) Jx HiR
32 FLAR(TC B ABFFERIIZ AL, 598 PCR
PGS LAREE, Ak 796 PCR 2%k, &7 T
QUR T 218 2R 7 il SO 238 Fy AR 9T PCR 4
FETTIL , AR TAE G0 A8 25 45 8 N2 b (A e R % 2
W, TR B R T ARSI A P A T T
ST RERRTY, NWESUR T L1 AR Ty il J H R
2 Fy B HERf 28 SRt T A T BOR SCHE

3.2 W PCRRELEFFEHEIME

SNP A3 5 A 6 T 5 2 3 A 66 B3 0 vk
TaqMan FR £ % 55 o A AF 5% 17 0 A1) 9T 6l A2 356 [
SH3PX3 1 SNP {5 s ] g SUAR T fili | 21868 7Ry fii J 2%
L F AR TS 0 LRI Y O AR A S e A R
Ry % X A R R A 11 [R) 25 3 e T oK, 1A

TR BB IR . TagMan-MGB FREHETERR AT 22 3R |

FERERE S | RIS ] S5 7 T 3 R AR, ARAS
PR T X 25 T (GRS Fn Mali & 1 CGEA),
M., AWFFER T TagMan-MGB 5%, #7745 %E
WS el LT AR Dyt e H 2 sg By AR Y9G PCR
Jrik . 5iiW TagMan $REFHIEL, ASWF9E R MGB
BRE Y 3 AT AE— N AESR A DNA 1/NA 2454 ) (Minor
Groove Binder, MGB), $& = T 46 I 1) 7R Stk ke Sk

SEfl T TaqMan 4TI P 240 R A BT (2 HESE,
2022; A7, 2020), TagMan-MGB #84H 4 R B i
g TR AR 55 W 25 5 S (3R 3B 55, 2020,
Endo et al, 2020; Z=i0 4845, 2021; 5K H 4%, 2021;
RAEE, 2015), TE 7B J H o AR 5 U
A UL B R E o AR IE B OB IZ AR B T 4258 Fh B E
AU R U, HARER BT LAY FAM 3838 A1 HEX 38 18
52BN G A, ARSI INZE R, B %
LUK SR 7 55 20 B, BRI (B4, A 4 T
FEFEHITZE 2 h DA S5 A mECh i, (GE T
PIASEOCHIA R CtHZE R, BT SEILME SUR T
fili 2T 4% A% 7l Ky Ho 7 FACIOUMER S ), Ty
S5 BGERY B B RE T S R — 8, WESE TR TR
ERYE . RREE . FRRE, TR T H O .

4 g

ABFFERI LR AR COI BeH XTI 80 2R Jy i . 41
g AR Tyl e 2 2E Fy ARHEAT TR SRR L XS . NT
HEACRS AR BT, EIR 48 51 T 2438 F AR B R B (R B 5
FEFXHRZ L SH3PX3 B SNP 7 5, i&3T9¢% PCR ¥~
WS RRE, ik 79k PCR S8k, #7 T Pk
YRGS Tl 2B AR DT i R 238 Fy AR B
PCR J5ik, ST 24238 Fi ARSI RA I P . iR
TR e 3 e S ) ARSI 235 R i 2 T 4 S8 T il ) S
AR, G A58 FAR HE IR SR A SR AR S BRI
TRELAIE B0 & Az, AT i o B 0 R 8 E S0 L 248
BRI AL SRR 4R T BRI R

2 £ X W

BRE, B, KIE, & BT RERANF AR E
HRM 7 FAric & KRR . AR %M, 2022, 36(7):
1350-1361 [FENG J Y, LANG T, ZHANG C, et al.
Development and application of HRM molecular markers in
sweet potato based on reduced-representation sequencing.
Journal of Nuclear Agricultural Sciences, 2022, 36(7):
1350-1361]

EIEEE, Tk, BE T, & TagMan MGB REFSEN 5% E &
PCR RigAs A & IR . b BN B 3L U 224, 2011,
27(11): 995-1000 [GAO Z Q, XING J, FENG Y F, et al.
Development of a TagMan MGB-probe based real-time
fluorescence quantitative PCR assay for rapid detection of
Brucella. Chinese Journal of Zoonoses, 2011, 27(11):
995-1000]

SR, BWAH, EIEHE, 5 2T TagMan MGB 8% ¥1% %)
ZER R B S 9 O PCROARTIN 77 7. L s B A R
2020, 50(1): 97-106 [GUO L X, DUAN L J, WANG Y C, et
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al. TagMan MGB-based real-time PCR method for the
detection of Didymella glomerata. Acta Phytopathologica
Sinica, 2020, 50(1): 97-106]

B, BRI, TS, A AH] & R A E D ) R
YRR B SR 56 PCR PR iyE. i E & P
=i, 2022, 34(3): 539-545 [LI J, QIAN Y K, WANG J C.
Dual real-time PCR method for rapid detection of sole fish
and Pangasius bocourti-derived components in fish products.
Chinese Journal of Food Hygiene, 2022, 34(3): 539-545]

Aok, FARE, whEIT, & COI K cyth JEDRI %yt 1 6 Fih 4
SEMNE RS, P EER TAZRE, 2018, 30(1): 6-11
[LI N, WANG J H, HAN C H, et al. Application of COI
and cytb gene in species identification of pufferfish. Chinese
Journal of Food Hygiene, 2018, 30(1): 6-11]

g, X, EHL . RED AR TAARA mtDNA
D-loop LR FAIMZATE. |7 ARG RS54, 2009,
29(6): 12—15 [LI P, LIU L, TAN W, et al. Polymorphism of
the mitochondrial DNA D-loop gene sequences of
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Appendix 1 The Ct value results of fluorescence PCR amplification
AR G5 SHiBIE] Ct
Sample No. Channel  ®Z%&E — repl B " rep2  HKE = rep3 Ct+SD ACt ([FAM-HEX])
TO1 FAM 20.98 21.24 20.52 20.91+0.36 20.91
HEX - - - -
TO2 FAM 20.59 20.58 20.46 20.54+0.07 20.54
HEX - - - -
TO3 FAM 21.40 20.63 21.06 21.03+0.39 21.03
HEX - - - -
TO4 FAM 20.01 20.18 20.05 20.08+0.09 20.08
HEX - - - -
TOS5 FAM 21.68 20.70 21.32 21.23+0.49 21.23
HEX - - - -
TO6 FAM 22.14 21.62 21.30 21.69+0.43 21.69
HEX - - - -
TO7 FAM 25.59 25.55 25.69 25.61+0.07 25.61
HEX - - - -
TOS8 FAM 23.46 23.32 23.40 23.39+0.07 23.39

HEX - -
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FEA Gt 5 BBIES Ct
Sample No. Channel & — repl EHE “rep2  HE = rep3 Ct=SD ACt ((FAM—-HEX]|)

TO9 FAM 20.33 20.31 21.06 20.57+0.43 20.57
HEX - - - -

TO10 FAM 22.64 23.11 22.54 22.76+0.29 22.76
HEX - - - -

TR1 FAM 25.42 25.36 25.34 25.37+0.04 2.71
HEX 22.86 22.66 22.58 22.70+0.14

TR2 FAM 26.38 26.85 26.37 26.53+0.26 3.53
HEX 22.87 23.06 23.07 23.00+0.11

TR3 FAM 25.39 25.34 25.14 25.2940.13 3.87
HEX 21.40 21.57 21.30 21.42+0.14

TR4 FAM 28.57 28.68 28.52 28.59+0.08 3.89
HEX 24.72 24.79 24.60 24.70+0.10

TRS FAM 27.26 27.49 27.56 27.44+0.15 2.55
HEX 25.04 24.67 24.92 24.88+0.19

TR6 FAM 24.05 24.37 24.35 24.26+0.17 2.89
HEX 21.60 21.16 21.36 21.374+0.22

TR7 FAM 25.67 25.35 25.02 25.35+0.33 3.26
HEX 22.10 22.04 22.13 22.09+0.05

TR8 FAM 27.13 27.34 27.03 27.17£0.16 2.44
HEX 24.36 24.86 24.05 24.42+0.41

TR9 FAM 25.43 25.49 25.53 25.484+0.05 2.36
HEX 23.01 23.20 23.14 23.12+0.10

TR10 FAM 29.23 28.65 28.79 28.89+0.31 2.45
HEX 26.89 26.32 26.12 26.44+0.41

1 FAM 20.65 20.90 20.43 20.66+0.24 0.28
HEX 20.48 20.52 20.15 20.38+0.19

2 FAM 21.01 21.29 20.98 21.09+0.16 0.26
HEX 20.68 20.88 20.65 20.74+0.12

3 FAM 23.75 23.96 23.57 23.76%0.20 0.05
HEX 23.40 24.04 23.98 23.81+0.35

4 FAM 21.64 21.70 21.60 21.65+0.05 0.01
HEX 21.65 21.84 21.42 21.64+0.21

5 FAM 21.11 21.43 21.33 21.2940.16 0.26
HEX 21.29 21.95 21.41 21.55+0.35

6 FAM 24.07 23.58 23.79 23.81%£0.25 0.49
HEX 23.26 23.23 23.46 23.32+0.12

7 FAM 22.52 22.52 22.55 22.53+0.02 0.55
HEX 1.96 22.00 21.99 21.98+0.02

8 FAM 24.68 24.18 24.57 24.484+0.26 1.75
HEX 23.22 22.33 22.64 22.73+£0.45

9 FAM 25.09 24.97 24.43 24.83+0.33 1.29
HEX 23.98 23.43 23.20 23.54+0.39

10 FAM 21.02 21.12 20.95 21.03+0.09 0.61
HEX 20.44 20.46 20.36 20.42+0.05
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Establishment of Fluorescence PCR Identification Techniques for
Takifugu obscurus, T. rubripes, and Their Hybrid F; Generation

ZHAO Xin'?, CHE Shuai’, WANG Huan’, SUN Zhenlong®,
YOU Yingzhe®, LIU Shufang**”, ZHUANG Zhimeng®

(1. Marine Fishery College, Zhejiang Ocean University, Zhoushan 316022, China; 2. State Key Laboratory of Mariculture
Biobreeding and Sustainable Goods, Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao
266071, China; 3. Laboratory for Marine Fisheries Science and Food Production Processes, Qingdao Marine Science and
Technology Center, Qingdao 266237, China; 4. Jiangsu Zhongyang Group Co., Ltd., Nantong 226600, China;

5. Zhangzhou Fisheries Technical Extension Station, Zhangzhou 363000, China)

Abstract Pufferfish, commonly known as "fugu," belong to the family Tetraodontidae within
the class Actinopterygii. With a wide variety of species, the genus Takifugu has the highest number of
members and the greatest economic value. Notable representatives include Takifugu obscurus and T.
rubripes. These two pufferfish species are characterized by their tender and delicious flesh as well as
their high nutritional value. They are widely used in aquaculture, pufferfish toxin pharmaceutical
development, and vertebrate genome research, thus holding significant economic, scientific, and
medicinal value. T. obscurus is primarily distributed along the coasts of the Yellow, Bohai, and East
China Seas in China. It can also enter the middle and lower reaches of rivers such as the Yangtze River
and other connected lakes. It is one of China's important freshwater economic aquaculture species. Due
to its high fat content and strong edibility, it is highly favored by domestic consumers, especially those
who enjoy cooking. However, issues associated with aquaculture, such as small body size, slow growth,
and sensitivity to low temperatures, have led to weaker market competitiveness. 7. rubripes is mainly
found in the Yellow Sea, East China Sea, and Taiwan waters of China. It is widely cultured in northern
China, Japan, and South Korea and is suitable only for marine aquaculture. Compared to 7. obscurus, T.
rubripes has a faster growth rate and larger body size. However, when facing nutritional deficiency, its
larvae may engage in cannibalism. After multiple generations of self-crossing, the germplasm of 7.
rubripes has degraded, with issues such as deformities and diseases severely impacting breeders.
Hybrid breeding combines superior traits of parents to produce new hybrid varieties with
improved characteristics. To obtain varieties with better traits and meet the rapidly developing needs of
the pufferfish industry, aquaculture farmers have utilized the principle of hybrid vigor to increase
production and efficiency. They have crossed 7. obscurus (Q) with T. rubripes (3) to produce hybrid F,
offspring with good market prospects. The hybrid F; generation inherits the fast growth rate and
large body size of the paternal parent (7. rubripes) and the freshwater culture capability of the maternal
parent (7. obscurus). Therefore, the hybrid pufferfish not only retains the freshwater culture capability but
also achieved improved growth rates and yields. However, the hybrid F, generation has morphological
features that blended with those of the parents. 7. obscurus, T. rubripes, and their hybrid F; generations
are similar in appearance and body size at the larval, juvenile, and adult stages, making it impossible to
distinguish them by naked eye observation. Additionally, certain tissues or processed meat products of
pufferfish cannot be differentiated based on appearance alone. In recent years, the hybrid offspring,

which share similar morphological features with their parents, have been easily mixed into the parental
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groups used for hybrid breeding. This has led to prominent issues in pufferfish aquaculture, such as
mixed germplasm, serious quality degradation, and uncontrolled hybridization. The escape of hybrid
individuals can also affect the gene pool of wild populations, which is not conducive for protecting
germplasm resources. Accurate species identification is not only essential for distinguishing pufferfish
species but also promotes the rational development of fishery resources, ecological surveys,
and biodiversity conservation. Therefore, there is an urgent need for a method to distinguish between T.
obscurus, T. rubripes, and their hybrid F; generation.

In our previous research, we identified a single nucleotide polymorphism (SNP) site in the
SH3PX3 nuclear gene, which combined with mitochondrial genes, can be used to identify 7. obscurus, T.
rubripes, and their hybrid F; generation. Direct sequencing of SNP sites can differentiate between the
three. However, when faced with a large number of samples, the sequencing cost is relatively high, and
the vast and complex data generated during sequencing impose higher demands on researchers' data
analysis capabilities. In recent years, the TagMan probe method based on fluorescence PCR has been
widely used for gene expression, mutation, and polymorphism research because of its high sensitivity,
speed, and specificity. Compared to ordinary TagMan probes, TagMan-MGB probes can accurately
distinguish single-base differences and are commonly used for SNP genotyping.

In the present study, we designed fluorescence PCR amplification primers and probes based on the
polymorphic SNP site of the SH3PX3 nuclear gene, optimized the fluorescence PCR parameters, and
established a fluorescence PCR identification method for 7. obscurus, T. rubripes, and their hybrid F,
generation. This method was validated, with the results showing that: (1) The COI sequence of the
hybrid F; generation was 100% identical to that of the maternal parent 7. obscurus, and they clustered
together in the NJ phylogenetic tree, making it impossible to distinguish between the hybrid F, and the
maternal parent; (2) The optimal annealing temperature for the SH3PX3 gene fluorescence PCR system
was 48°C; (3) After fluorescence PCR amplification, only the FAM channel of T obscurus has a Ct
value, and the ACt is greater than 20, T rubripes had a Ct value in the FAM channel that was 2 to 5
higher than that in the HEX channel, and the Ct values of the FAM and HEX channels in the hybrid F,
were close, with a difference of less than 2; (4) Based on the above method, 17 samples of 7. obscurus,
21 samples of T. rubripes, and 53 samples of hybrid F; were verified, with an identification accuracy
rate of 100%. The fluorescence PCR identification method established in this study not only provides
accurate results and easy interpretation, but also avoids cumbersome processes such as sequencing.
It can achieve high-throughput detection and significantly improve detection efficiency. This method
offers technical support for the identification and protection of pufferfish germplasm resources,
hybrid breeding, and genetic diversity research.

Key words Takifugu obscurus; Takifugu rubripes; Hybrid F;; SH3PX3 gene; Fluorescence PCR;
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