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Morphological Characteristics and Molecular Analysis of the Hybrid
Takifugu obscurus? x T. rubripesd
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Hybridization is a major production method used to combine beneficial traits from two different species to obtain a
potentially dominant trait. In China, Takifugu obscurus and T. rubripes were artificially crossed, and the resulting hy-
brids had an average body weight 38.06—8.93% higher than that of the parental species, which enabled the hybrids to
be grown in freshwater. This study aimed to provide the basic data necessary for the classification of T. obscurus? x T.
rubripesd hybrids in terms of economic value and market potential. Morphological comparing the morphology of
hybrids and parental species, we discovered that the hybrids had intermediate traits of the parental species. In mor-
phometrics, the hybrid index (HI) value of head length against standard length was close to the trait of T. rubripes,
and the HI values of preanal length and predorsal length were close to those of T. obscurus; however, the HI values of
nasal length, snout length, length of anal fin, length of pectoral fin, caudal peduncle depth and caudal peduncle length
were found to be unique characteristics of the hybrids. Regarding molecular analysis, a 99.8% nucleotide sequence
similarity was found between the hybrid and T. obscurus.
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Holie= Al 0 2 vl-p- a3 o Foll A 7P klgk | Qlth(Yang et al., 1994; Chang et al., 1999). webA] Eolut
gEFTolH, 1T Folvlse] AU AL VIR HoA%ls = AR £28 S53] S8l A Fojo) S 9 A &
A5 H(Tetrodontidae)= 41 AIAIH 2.2 F 196, 72| L2t F 57 8FE AL QLo 2021 FA Fof AR 6=
=30%0] &2fA 913 (Nelson et al., 2016; NIBR, 2022), A& 2 2 1097F Haf 245 0] v]8) o & A gl o AYAF o] g

0 o] $EL Boj 22 ZBlo] 43R A2 Takifigu
rubripes)y& 8|55} SE(T. obscrus), 7V E(T. xanthop-
terus), ZE(T. pardalis) X E(T. niphobles) 5 21%9°] 3}
Ch(Han et al., 2017). A 1097F Eol 7o =] AYAreFat 4=

HFSu = 1 oFo] @3] Yol Iei(KOSIS, 2021). 1.
RS of ol lof 71eFshAQl - ofu et AF A S
ofF e wjp- T3t AekS s, thE F FY Foj FE=
Agste] A A SRS F7] Sl o] &E= gAY

AeFe 77t FHat 3,839F(KOSIS, 2021) 6,303E(KOSIS,
2021)0.2 AA| Bt 10,000 0|4} 21| == o] & 2 st
o 71 3 A2 Aol A, BAY 5ol <l o1& =

Aba2lo|th(Park and Oh, 2021). T E 20 2 ula|zho] 4] 2] 1
ARSI AR Flold 37 A3 5 AR ST

[¢)
A2 Foke 5o TS E017] Hl8f Aol o]&E AL A
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CH(Feliner and Aguilar, 1998; James et al., 1999). 5goFA|o}
o] ehe|o| Ao} A Hof| A= WA A T e B8]
Al A=A 91 wAYAF AE 7] 0] (Ch'ng and Senoo,
2008; Addin and Senoo, 2011), =0l A= G723} =71
Az8e QgHow msle] 44 ool gt AZe B
= A78FAtHGao et al., 2021). 52 A5 WRE0] Hat
A% 712 FH} 38.06-38.93% S92 el g2
o] gsto] 7]& 4= 2171 912 (Gao etal., 2021), £ A7]7F
FQ FEFHT o] w=7] diimofl(Yoo et al., 2018) 15+
T AR 712 9F A A E S 7HA 71E A o172 HiA
01F0 2 7|oJg} o= Qlth(Park et al., 2017; Dou et al., 2019).

oo e FE ATEY] uigF A sede el A
“HGao et al., 2021), Eo] W30 EA4 E3Z(Tatsuno et al.,
2019), Takifugu obscurus () x Takifugu rubripes () 75
9] &gt n|EZE o} Alis(Dou et al., 2019) 5 wgEofl
Sk A7) K E AL QLo S ol aitgof
T QA 3 R0l 15 B 5] APfR|e] chpe 5
5 (Park et al., 2017), B2} A5 0] 15 W 4bA] 50
el 52 E4] ] 1lof| T3t 9151 (Park and Oh, 2021) 2]ojl+= 1]
|5 o]tk Hol 5 ol Fej7} Sofal rhekat i ol
g} £0] JLHo| o] 31 (Abe, 1949; Kim and Lee, 1990), -+
7} ekt A EA] ot FA7MA = FHE =Tho] HaL glom
(Back, 2017), &3] Eoj&of Bk 4% ¢Hd/4d i (Hanetal,
2017)5 S8l Folioll tieh &= ¢ 2 asie)

Fefsty SAS 7} o] AT Y 8 B, 2],
&, A=gu], Aol s EReHAo® A ¥l (Straiiss
and Bond, 1990; Douglas and Matthews, 1992; Huang et al.,
2016), 1 & B ASS 2 A} F& skl wqhEyt
o] o] Beg i £ 4] Halr] AHE|vl(Park etal,
2017), 2ol Fejshy AT ohjet §4H BAS 24
sto] o] 7o ERAAE A™st= A7F AA = AL QUek(Kim
etal., 2020).

webA] o] AT S O) o) R e S ulmle] FeA A

Z23H= EAof| cytochrome oxidase 1 (CO1)E4]S E3)
W50 $44 542 W 1A% B ool Baw sk

7 2A RS ATl LA ),

Bl

EREETE

HEE

- B E AR 7R Aol A 7 295.4-
308.2 mm (299.6 mm)$l 5EAY A3t WA 266.7-275.5
mm (270.8 mm)<! 394 wF 242} 107041 -6t ar, 3
52 7% apFA] QX173 FAA oA 7% 253.8-284.2 mm
(269.3 mm)<l 3AAY 107415 ST B2 S =
AFaE7) flate] A9l 55, 95 W &S ARzl 9k,

e o) 9 BA 709

Z9] 54 4 512 Masuda et al. (1984)2} Han (1995)&
AL, 2O 5, 7k, SA=E] W =] dxeE
A4kt AZE HL Abe et al. (1984)2} Han (1995)2] 7]
ol wet 1/10 mm #y oA 2| A2 0.01 mm7HA] 57538131
11, A&k (standard length, SL)of| o gt =% (head length, HL),
A 3l(body depth, BD), ¥ (snout length, SNL), 5-X] =& 1]
Zo](length of dorsal fin, DL), 51| =2{u] Zo](length of anal
fin, AL), 7F5- A =& 1] Zo](length of pectoral fin, PL), oA+
(caudal peduncle length, CPL), 5-A|*=21|7]8 7| &](predor-
sal length, PDL), S1Z]=2{0]7]%d 7 &](preanal length, PAL)
9] & L5l om, HLo|| t3t =4|S(eye diameter, ED), oF
SF714 (interorbital width, IW)2] Wi 285 AL=319ich A =3t
A S vleko 2 AR R0 7) oS vast] 9
3l Nikoljukin (1972)0] A|QFet &2 4~(hybrid index, HI)Z
a4k 91}, HE ofae} 2o Atahict.

Hybrid index (HI)=100 (H-M1)/(M2-M1)

Hybrid index (HI)=100 (H-M1)/(M2-M1)

H, &5 /WA 54 F2Y 2, M1 Al 1 FEF 54 34
o) 42|(T. rubripes); M2, 2 %125 % §20] 2:2|(T. ob-
scurus)

=AREA

wajol] AR AR Z7h] off SAmen] 27 of 25
mg A5 3 Exgene™ Clinic SV (Geneall, Seoul, Korea)2] >
ZEZo| w2} DNAS &3kt 7kefs] aokshd 1.5 mL
micro tube& pestle (Biomasher, Torideshi, Japan)o]] 5] =&
n] 221 911 200 pL CL (lysis buffer I) bufferE % 7}s}o
homogenizer® Z2]& B3} 2.1, 0]% 200 puL CL buffer
£ A7181o] 1527k vortex 3%t} proteinase K 20 uLE- T 3|
56°Coll A 3417 A 2]3F 2 200 pL BL (lysis buffer II) bufferS
A 7Velo] vortex 331, 70°Co| A 105-7F WH2-A] 7] TFE- of| ek
2200 uL @ 7}s}o] thA] vortex 311t Column type G (mini)
5 Ho| mixtureS o311 8,000 rppmofl A 187 Q14 2a)5h
T AR NS A ATFE 21, 600 uL BW (column wash buffer
B) bufferE column tubeol] 2o] 8,000 rpmol| A 157 A2
2] 3T} H A AlA & 700 L TW (column wash buffer T)
bufferE column tubeo]] ¥ o] 8,000 rpmof| A 13-7F 141
S, e olohk A 71517 $iste] 15,000 rpmel 4 1874
fite] & A2 1.5 mL micro tubeS 7] SAck. wRA |}
© & 200 puL AE (elution buffer) buffer£- column tubeof @11
15,000 rpmoflA] 127+ Q4] sFglon &% mtDNAE
Aol ARg-817] A7RA] 20°CoflA] kst
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Polymerase chain reaction (PCR)2 AccuPower® GoldHot-
Start Taq PCR PreMix (Bioneer, Daejeon, Korea)E ©]-8-3}%}
a7, 1 uLe] =2 u] DNA template, forward®} reverse prim-
ers ZI 1 uL (10 pmol), 2 pL sterile distilled water (dH20), Taq
PCR PreMix 15 pL& Z3}5t0] & ¥H3-5F 20 uL7| H =2 A
2kt Agof| ARE-H primer+= Table 12 YEFY 21t} PCR
<2 PCR Thermal Cycler Dice (Takara, Shiga, Japan)& ©]-&
30 95°Col A 5 1 cycle, 95°Coll A 30%, 58°CollA] 30x 35
cycles, 72°Col|A] 18, 72°Col|A] 58 1 cycle <202 A8ia}%

e

Zx] MEL 12% Agarose gel-Z o|-8-3lo] H7|95S Al
T Zxe vl RS Zahy 9] 1, Expin™ Gel SV (Ge-
neall, Seoul, Korea) & & 525 DNAE A A|oh= 1S 113
319 om, o] A|FAIE 9 T Macrogen, Seoul, Korea).

A7 41 EA-2 NCBI (https://blast.ncbi.nlm.nih.gov/Blast.
cgi)2] BLAST serviceS ©]-8-5to] £41%| 9] 3L, Nucleotide se-
quence Y& Jal view soft wareS Al&slo] X185t on,
A2 G- AL Sequence Identity And Similarity (SIAS) =
2O 53 gelskieh

A

rSL‘O

Zn W oY

¥

BAFA B Ko L 2O LA o] 715
Aejn] FZat SR ejulo] SaH 9l B @l
50| ofefell el melx|Lejn] A7kA] ek = A
Se selgl gl v e AN vl 3 9o, FA e ulE B
B vl 9L 28, 7R o), A eju] e e
Al SAL 01 QoThFig. 1), BAE AR 5
20 Mo oMo A Lejn] o] ¢ eu uigo] 3
o2 Seluel] QIgla, o] Q%L B0 HeA BEE
o] e x| =] A71 AH3) lgLom, vl e BALE w9
o AL, el o meleinf e e
oI, Al 0.2 WehseFis 2
L
3} 91X/ BHZo] QIgLOLt Y 92 Aue BlA),
HAFS WA 0T Selufo] QY. ol WAL F5ol
ofefoll A3 e A efn] A7H w2 w2 WA Seln
o] 353} e ek w]gl7] v olet AZPEIch. w3k WS
o 5 F} SA L], g A ], Tl e 458
B} 2e Ao uglot S ejn 3E e 3

b3

Table 1. Primers used for PCR

(A)

B)

Fig. 1. External view of Takifiugu obscurus (A, lateral; B, dorsal,
C, ventral). Scale bars indicate 20 mm.

")

Fig. 2. External view of Takifugu rubripes (A, lateral; B, dorsal; C,
ventral). Scale bars indicate 20 mm.

Gene (Accession no.) Primer DNA sequences
FISH_F1 Forward TCAACCAACCACAAGACATTGGCAC
FISH_R1 Reverse TAGACTTCTGGGTGGCCAAAGAATCA

PCR, Polymerase chain reaction.



Fig. 3. External view of Takifugu obscurus?* T. rubripes? (A, lat-
eral; B, dorsal; C, ventral). Scale bars indicate 20 mm.

wjo] o] QR 548 BE ey el
Q¥ F2lo] okzlo] 27t 3 A-S Yeblith= Auk(Chevassus,
1983; Kim et al., 2014)2} & |3} th(Fig. 3).

HRae B ojxeh 4ol ule HE3} ol Rel Ry YR
ARG T, HEE] B B ulg SN E glglon wA
F8 4 9IME Slo] BEEIE U2 BRI et 9

& 3¥0] 5E} )% 3)5Fo] 157 eln] gEoA A
wjolont AR ko] 5HT vjE wRe pelwo

e o) 9 BA 711

SRR ELBEE

ASATH BiE T RS2 A F I ol g ol A Al E| Qo) 5
B3} w2 A A7 AZE o] AL, AFE-2 SA]
Loju] 7|25 A7pA] AZ =] Qe FES FEEI wgt
T BF FARF O, BH50] 5% (dorsal segment)> At
FE} Wl vl F5isHA Lrebsth(Fig. 4).

Agjn] A= O] A =2u]7} 161871, 7HE A=
efu] 17-1870, SR =eju] 1570, aef A =efn|7F 1170 9L, 2
FEE SA=2] 17-1870, 75 A1 =211] 16-187H, A =¢
] 13-157), e A =efn] 1172 REF] A =gn] Az
+ Han (1995)9] o+ A} A=|5HSt. 3177@5‘—.4 A gjn]
Az SA=U7L 16712 SET FARHIL, 7HEA1=
2ul= 16702 A5 FARE FHE 1 glon], Six| =g
= 1415702 Brgo S A4S wglov aej x| =ejn|=
1R R rgah -2 A5 Ut th(Table 2).

o] AAtol| ARE A]FEO| AAL 253.8-308.2 mm Alo]
ol MAES Aoz =A%, 3HE0] 253.8-284.2 mm

Table 2. Comparison of fin rays of Takifiigu obscurus, T. rubripes
and hybrid (T. obscurusQ < T. rubripes3)

Hybrid
T. obscurus T. rubripes (T. obscurus® %
T. rubripesd)

Number of specimens 10 10 10
Dorsal fin 16-18 17-18 16
Anal fin 15 13-15 14-15
Pectoral fin 17-18 16-18 16
Caudal fin 1 1 11

Fig. 4. Comparison of characters of the spinous scale (prickles) and lateral line. A, Lateral; B, Dorsal; C, Ventral view; DB, Dorsal branch;
DS, Dorsal segment; PL, Preocular loop; VS, Ventral segment; SB, Subocular branch; A1-C1, Takifugu obscurus; A2—C2, T. rubripes;

A3-C3, Hybrid. Scale bars indicate 10 mm.
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(269.3 mm), A}FEE0] 2954-308.2 mm (299.6 mm), LZE
0] 266.7-275.5 mm (270.8 mm)= F2F-2 7} 312310470 g,
2} 850900 g, AHE 750-800 g 0= FHefA F AL o]
&-sto] A5kt

SLo|| tigF HL¥} CPLY] B]&-S o] zkz} 29.1-29.9%
(29.5%), 18.6-19.4% (19.0%)= 714 Wok a1, wbEo] 31.2—
31.4% (31.3%), 20.5-21.3% (20.9%) & 7} *=9kt}. PLO| H
&8 AFE 0] 64.5-653% (65.0 %)2 71 Wk, o
66.7-67.8% (67.5%)% 7V =0 H, L 2] Aol tigh B
E2 o] Wokal, A Eo] 2 vl&Z YElich ED9 B
&2 3F20] 14.4-14.9% (14.7%)= 714 =9k 1, AFFEq} w
AEo] 13.9-14.3% (14.1%), 14.0-14.1% (14.1%)= SAl5}
ATk IW H|-&-S 3HE0] 44.7-45.2% (45.0%) & 71 =9k,
WREO] 41.9-42.5% (42.1%) = 7} WokTH Table 3).

WO FHEA oA HIS| 27} 30-70 o off FRE9

]
I
I
]

=

s
2
<
on.
fol

Z7F g A2 oA %] 3(Ross and Cavender, 1981; Sori¢, 2004),
0o 5 Al FRFR1 Ag=5o] 7H7ke-H, 1000]] 7
S5 A2 R EQ o] Ao 7Ptk A ofnlshA| Tt
HIZ}0R ot 2FA W 1003 o} 2 g2 Vel g2 13-t
Exjo] vralEl 7 0 & 7h5ElcHWitkowski et al., 2015). SLo|
gk HLO| HI gt 20.72 A5=52] Ao 717k aL, PDL,
PAL®| HI 92 7t7} 81.8, 77.4 = 359 A} 7147 et
won, Ly 7kA| 9] Zo](nasal length), SNL, AL, PL, 7]
II(caudal peduncle depth), CPL-2 25 Xt} 2Fof w3k 11
90 B4 A= Uebyich. uhd SLoj tfat DL} BDS] HI
2ol 717507, 68.9% 2w o] 57 B AR e, EDe}
Wi 03} Ao} 545.9) L4745 LpehiekTable 3)
MR ol At A1), §04 thpd, B 7 AT
o F8kk o2 517 uel] Ao viEZEeolo] ozt
A A4L7} E @ slti(Jiang et al., 2016; Li et al., 2016). T

Table 3. Comparison of morphometric about standard length and head length of Takifugu obscurus, T. rubripes and hybrid

Species

Characters
T. obscurus

T. rubripes Hybrid HI*

Total length (mm) 253.8-284.2 (269.3)

Standard length (mm) 204.5-239.7 (220.6)

In percentage of standard length (%)

295.4-308.2 (299.6)
240.8-257.5 (247.9)

266.7-275.5 (270.8)
226.5-235.6 (230.3)

Head length 29.1-29.9 (29.5) 30.7-31.1 (30.9) 31.2-31.4 (31.3) 20.7
Body depth 29.8-31.7 (30.7) 34.5-35.5 (34.9) 31.7-32.3 (32.0) 68.9
Nasal length 8.0-10.0 (8.6) 9.7-10.3 (10.1) 9.7-10.0 (9.9) -19.7
Snout length 5.5-6.1 (5.9) 8.2-8.5(8.4) 8.0-8.3(8.2) -6.9
Dorsal fin length 12.3-12.5 (12.4) 15.4-17.3 (16.1) 13.9-14.5 (14.2) 50.7
Anal fin length 13.7-15.0 (14.5) 18.2-18.5 (18.3) 14.6-15.1 (14.9) -843.9
Pectoral fin length 12.5-13.1 (12.8) 17.4-17.4 (17.4) 14.2-14.6 (14.5) -175.9
Caudal peduncle depth 5.2-5.6 (5.4) 10.7-11.1 (10.9) 5.4-6.0 (5.7) -2170.8
Caudal peduncle length 18.6-19.4 (19.0) 20.3-21.2 (20.6) 20.5-21.3 (20.9) -17.1
Predosal Length 66.7-67.8 (67.5) 64.5-65.3 (65.0) 66.9-67.4 (67.0) 81.8
Preanal length 67.6-72.2 (69.1) 78.0-78.9 (78.4) 71.0-71.4 (71.2) 774
Head length (mm) 64.1-65.6 (64.9) 76.2-77.0 (76.7) 71.9-72.4 (72.2)

In percentage of head length (%)
Eye diameter 14.4-14.9 (14.7) 13.9-14.3 (14.1) 14.0-14.1 (14.1) -6.8
Interorbital width 44.7-45.2 (45.0) 41.8-44.1 (42.4) 41.9-42.5 (42.1) -10.0

*Hybrid index.

Table 4. Sequence identity and similarity percentage

Percent identity (%) Percent similarity (%)
Takifugu rubripes  T. obscurus Hybrid T. rubripes T. obscurus Hybrid

T. rubripes 100 100

T. obscurus 98.1 100 98.1 100

Hybrid 98.3 99.8 100 98.3 99.8 100
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Tukifugn rubripes 1 100
T. obscurus 1 -
Tiybrid 1 100

Consensus

CTGAGCCGOATAGTAGGCACAGCACTAAGTCTTCTTATTCGGGCCGAACTCAGTCAACCCGGCGCACTCTTGGGCGATGACCAGATCTACAATGTAATCG

T. rubripes 101 aE o 200
T. obscurus 101 T C 200
Hybrid 101 TooC 200

Consensus.

TTACAGCCCATGCATTCOTAATGATTTTCTTTATAGTAATACCAATCATGATTGGAGGCTTTGGGAACTGATTAGTTCCCCTTATAATCGGAGCCCCAGA

T. rubripes 201
T. obscurus 201
Hybrid 201

Consensus

_

300
300
300

CATGGCCTTCCCCCOAATAAACAACATAAGCTTCTOACTACTTCCCCCATCCTTCCTCCTTCTOCTCOCATCCTCTOGAGTAGAAGCCOGAGCOGGTACG

T. rubripes 301 T 6 -
T. obscurus 301 400
Hybrid 301 400

Consensus

GGCTGAACGGTTTACCCACCCCTAGCAGGAAATCTTGCCCACGCAGGAGCTTCTGTAGACCTCACCATCTTCTCTCTTCATCTTGCAGGGGTCTCCTCTA

401 C G| 500
401 T s00
401 T 500

T. rubripes
T. obscurus
Hybrid

Consensus

TTTTAGGGGCAATCAACTTCATCACAACTATCATTAACATGAAACCCCCAGCAATCTCACAATACCAAACACCTCTTTTCGTGTGAGCCGTTTTAATTAC

T. rubripes 501 T a5
T. obscurus 501 A =]
Hybrid 501 T =

Conscnsus
T. rubripes 801 T A
T. obscurus 801 c
Hybrid 801 c
(:“ naensus _

GOGAGGAGACCCCATCCTOTACCAGCACTTATTCTGATTCTTTGGC

TGCTOTACTTCTCCTOCTCTCCCTTCCAGTCCTTGCAGCAGOGATTACAATACTTCTCACTOGACCOGAAACCTAAATACAACCTTCTTTGACCCAGCAGGA

845
645
645

Fig. 5. Multiple alignment of CO1 sequences in Takifiigu obscurus, T. rubripes and Hybrid. CO1, Cytochrome oxidase 1.

EZ=2 o} DNA COl 992 645 bp7HA| SZE3sto] £4351 4
¥, w3FE0] A71A DS - FAREETI(Fig. 5), A5
I wRFE Abolof| A G714 D 7+ A5 98.3%, Bt
£ Alolof| A= 99.8% % LEFGTHTable 4). o= nEZE=
2]o} DNA COlo] mA2] 9A4S ufe}7}7] o= (April et al.,
2011)0]efar AZHEl v, B} Ahg=50] F Bl AR 2
©f Fefet4] 54 vlal(Park and Oh, 2021) Y-l Al 352
= xo uA AujA el AFo 2 sZHS w9t} FEErd E
dE ARkl 2 Abol o] B Aol o5l A 7] wiito
(Normala et al., 2017; Dou et al., 2019) ©] ¢1419] w453} o}
2 Aso] ekt Alzteo, g0l gert Qe 54
o2 WYEHA] ohethe A Aaet AASHATH Chevassus,
1983; Park et al., 2017; Yoo et al., 2018). 7]& F2]o]72]
A o502 710l 4= Gl AU A S A4 Wi S g
I} AJFE O] o s Ao wAkslo] wAFEQ] FE| 4l sk
A7} A4 0.2 o] 2of Hof & Ho|ct.

Al AL

701-

S

ﬂ

W B Al A OlAl Ak of

o ol

o

=

o
= g

o
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