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Genus Identification of Tetraodontiformes using PCR-RFLP Method

Takayuki Katayama*, Toru Miura*, Tomoki Saegusa™
*Central Customs Laboratory, Ministry of Finance
6-3-5, Kashiwanoha, Kashiwa, Chiba 277-0882, Japan

The import of pufferfish is restricted by the Food Sanitation Law. At import clearance, confirmation of the species at least at the

family level is necessary, but it is sometimes difficult to identify the species by morphological appearance. Therefore, we tried to

identify Tetraodontiformes species at the genus level, which is more detailed than the family level, by the PCR-RFLP method
using the 16S rRNA region and cytochrome b region of mitochondrial DNA. Fragment patterns of 16S rRNA and of the

cytochrome b region by restriction enzyme showed the possibility of identifying 15 Tetraodontiformes species at the genus level.
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Table 1 List of species used for standard sample or DDBJ accession number

PCR—RF LP¥,IZEE 77 HDREHEI

Classification

Species

Accession No.

Abbrev.

Order Tetraodontiformes
Suborder Tetraodontoidei
Family Tetraodontidae
— =
— =
— -
—_ -
—_ -
— =
— =
— =
— -
— -
—_ -
— =
— =
— =
— =
— =
Family Ostraciidae
Family Diodontidae
Family Triodontidae
Family Aracanidae
Family Molidae
— =
— =
Family Monacanthidae
—_ =

— =
Family Balistidae
—_ -
—_ -
— =
— =
— =
— -
— -
—_ -
— =
— =
— =
Suborder Triacanthoidei
Family Triacanthodidae
—_ -

Family Triacanthidae
— =

Takifugu vermicularis
Takifugu xanthopterus
Takifugu poecilonotus
Takifugu rubripes

Takifugu stictonotus
Takifugu pardalis

Takifugu chrysops
Takifugu chinensis
Lagocephalus inermis
Lagocephalus gloveri
Lagocephalus wheeleri
Lagocephalus lunaris
Sphoeroides pachygaster
Arothron firmamentum
Canthigaster rivulata
Canthigaster coronata
Tetraodon nigroviridis
Ostracion immaculatus
Diodon holocanthus
Triodon macropterus
Kentrocapros aculeatus
Mola mola

Ranzania laevis

Masturus lanceolatus
Stephanolepis cirrhifer
Thamnaconus modestus
Cantherhines pardalis
Aluterus scriptus
Paramonacanthus choirocephalus
Pervagor janthinosoma
Acreichthys tomentosus
Brachaluteres ulvarum
Monacanthus chinensis
Rudarius ercodes
Amanses scopas
Paraluteres prionurus
Oxymonacanthus longirostris
Pseudalutarius nasicornis
Chaetodermis penicilligera
Meuschenia hjppocrepis
Nelusetta ayraudi
Pseudomonacanthus peroni
Acanthaluteres brownii
Scobinichthys granulatus
Eubalichthys mosaicus
Balistoides conspicillum
Melichthys vidus
Rhinecanthus aculeatus
Sufflamen fraenatum
Balistapus undulatus
Balistes vetula
Pseudobalistes flavimarginatus
Xanthichthys auromarginatus
Canthidermis maculata
Abalistes stellatus

Odonus niger

Xenobalistes tumidijpectoris

Triacanthodes anomalus
Macrorhamphosodes urador
Triacanthus biaculeatus
Trixiphichthys weberi

this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
AP006742
AP006744
AP006743
AP006046
AP009176
AP009177
AP009170
AP009175
AP006238
AP006047
AP006239
this study
this study
AP009184
AP009183
AP009223
AP009224
AP009213
AP009215
AP009219
AP009227
AP009214
AP009222
AP009221
AP009225
AP009216
AP009218
AP009220
AP009226
AP009212
AP009228
AP009217
AP009205
AP009207
AP009210
AP004456
AP009203
AP009204
AP009209
AP009211
AP009206
AP009202
AP009208
AP009182

AP009172
AP009171
AP009174
AP009173

Ta.vermicularis
Ta.xanthopterus
Ta.poecilonotus
Ta.rubripes
Ta.stictonotus
Ta.pardalis
Ta.chrysops
Ta.chinensis
La.inermis
La.gloveri
La.wheeleri
La.lunaris
Sp.pachygaster

St.cirrhifer
Th.modestus
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145, 72°C1 53 DY A 7 v % 35 BTV, AL 72°C T 10 43 mEk
L7, PCREMIZ, 2.0%7 57 a—A% )L (TaKaRaL03, 1 X TAE,
0.1mg/me ethidium bromide) % AV TESIKENZATV . EHEAEHT
B XV EREIT o T,
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16S FHITIX Fok 1. Xsp 1 (Mae 1), Alu 1 %, cytb Sl T
Fok1 . Xsp 1 (Mae 1), HaellZ M\ 7z, % PCR FEW) % Hil[REESE
WO 7 8 b a— VR L 7=, 2.5%7 Ha— A7 L
(NuSieve GTG : TaKaRa L03=2 : 1 , 1 XTBE , 0.1mg/m{ ethidium
bromide) % JHWNCTERIKENZITV Y, BHEAFHTLEREIC L 0 UE A &
I ORERZ1T > T2,
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Fig.2 Restriction fragment patterns observed in 15 Tetraodontiformes species
after digestion of the 16S rRNA partial regions PCR product with restriction
enzyme
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Fig.1 PCR products in 16S rRNA and cytochrome b partial regions of 15
Tetraodontiformes species
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Fig.3 Restriction fragment patterns observed in 15 Tetraodontiformes species
after digestion of the cytochrome b partial regions PCR product with
restriction enzyme
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Table2 PCR-RFLP fragment size in 16S rRNA partial regions of 61 Tetraodontiformes species (unit: bp)

PCR—RFLPIECED 77 HDEH

Species 165

PCR Fok 1 Xsp 1 Alu 1
Takifugu vermicularis 615 525 90 298 166 151 370 162 83
Takifugu xanthopterus 614 524 90 298 165 151 369 162 83
Takifugu poecilonotus 614 524 90 298 165 151 369 162 83
Takifugu rubripes 614 524 90 298 151 102 63 369 162 83
Takifugu stictonotus 614 524 90 298 165 151 369 162 83
Takifugu pardalis 614 524 90 298 165 151 369 162 83
Takifugu chrysops 614 524 90 298 165 151 369 162 83
Takifugu chinensis 614 524 90 298 151 102 63 369 162 83
Lagocephalus inermis 612 522 90 461 151 215 163 151 83
Lagocephalus gloveri 611 521 90 460 151 215 163 150 83
Lagocephalus wheeleri 611 521 90 460 151 215 163 150 83
Lagocephalus lunaris 612 522 90 435 151 26 215 163 151 83
Sphoeroides pachtygaster 614 524 90 437 177 248 221 145
Arothron firmamentum 616 526 90 465 151 368 248
Canthigaster rivulata 613 523 90 436 151 26 365 165 83
Canthigaster coronata 613 523 90 401 151 35 26 365 165 83
Tetraodon nigroviridis 615 525 90 438 151 26 367 248
Ostracion immaculatus 617 527 90 466 126 25 248 221 148
Diodon holocanthus 613 523 90 613 367 246
Triodon macropterus 617 299 228 90 466 151 221 165 148 83
Kentrocapros aculeatus 616 526 90 465 151 221 165 140 83 7
Mola mola 618 528 90 467 151 370 248
Ranzania laevis 617 373 154 90 212 179 151 75 369 248
Masturus lanceolatus 617 373 154 90 466 151 369 214 34
Stephanolepis cirrhifer 615 328 287 464 151 369 163 83
Thamnaconus modestus 616 390 226 403 151 62 246 222 148
Cantherhines pardalis 617 617 466 151 246 223 148
Aluterus scriptus 618 618 256 151 127 63 21 357 163 83 15
Paramonacanthus choirocephalus 615 549 66 381 151 62 21 222 163 147 83
Pervagor janthinosoma 616 550 66 376 151 89 304 163 83 66
Acreichthys tomentosus 615 615 381 151 83 222 163 147 83
Brachaluteres ulvarum 613 613 337 126 67 58 25 222 162 146 83
Monacanthus chinensis 616 550 66 382 151 62 21 222 163 148 83
Rudarius ercodes 616 550 66 288 177 151 370 246
Amanses scopas 617 551 66 403 151 63 246 223 84 64
Paraluteres prionurus 615 549 66 380 126 84 25 223 163 146 83
Oxymonacanthus longirostris 613 547 66 613 367 246
Pseudalutarius nasicornis 616 616 438 151 27 246 222 148
Chaetodermis penicilligera 613 321 226 66 311 151 79 72 246 222 81 49 15
Meuschenia hippocrepis 616 616 382 151 83 246 222 148
Nelusetta ayraud/ 616 390 226 382 151 83 246 222 148
Acanthaluteres brownii 616 390 226 375 151 83 7 246 222 148
Pseudomonacanthus peroni 613 613 280 212 121 330 246 37
Eubalichthys mosaicus 617 617 466 151 246 222 149
Scobinichthys granulatus 616 616 375 151 58 25 7 246 222 148
Balistoides conspicillum 612 546 66 461 151 366 246
Melichthys vidus 614 351 263 463 151 366 248
Rhinecanthus aculeatus 615 364 251 464 151 369 246
Sufflamen fraenatum 614 614 463 151 366 248
Balistapus undulatus 614 614 463 151 367 247
Balistes vetula 614 614 463 151 367 247
Pseudobalistes flavimarginatus 615 615 464 151 368 247
Xanthichthys auromarginatus 614 363 251 463 151 367 247
Canthidermis maculata 615 352 263 464 151 367 248
Abalistes stellatus 620 620 469 151 372 165 83
Odonus niger 614 362 252 463 151 367 247
Xenobalistes tumidipectoris 614 363 251 463 151 367 247
Triacanthodes anomalus 619 529 90 468 151 228 166 142 83
Macrorhamphosodes uradoi 623 533 90 472 126 25 252 228 143
Triacanthus biaculeatus 616 526 90 465 151 367 166 83
Trixiphichthys weberi 614 524 90 463 126 25 367 247
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Table 3 PCR-RFLP fragment size in cytochrome b partial regions of 61 Tetraodontiformes species (unit: bp)
Species ovth
PCR Fokl Xspl Haelll
Takifugu vermicularis 490 249 217 24 490 292 77 68 53
Takifugu xanthopterus 490 249 217 24 490 292 130 68
Takifugu poecilonotus 490 249 217 24 490 292 124 68 6
Takifugu rubripes 490 249 217 24 490 292 77 68 53
Takifugu stictonotus 490 249 217 24 490 195 97 71 68 53 6
Takifugu pardalis 490 249 217 24 490 292 130 68
Takifugu chrysops 490 249 217 24 490 292 130 68
Takifugu chinensis 490 249 217 24 490 292 77 68 53
Lagocephalus inermis 489 489 214 213 62 180 124 118 67
Lagocephalus gloveri 489 231 187 71 275 214 298 124 67
Lagocephalus wheeleri 489 418 VAl 317 172 180 124 118 67
Lagocephalus lunaris 490 418 72 215 213 62 255 124 68 43
Sphoeroides pachtygaster 489 329 89 71 317 172 365 124
Arothron firmamentum 489 240 206 43 275 214 206 124 116 43
Canthigaster rivulata 489 249 240 213 172 62 42 283 206
Canthigaster coronata 489 249 240 275 172 42 206 124 116 43
Tetraodon nigroviridis 491 249 242 213 174 62 42 491
Ostracion immaculatus 491 491 255 174 62 264 208 19
Diodon holocanthus 490 303 187 428 62 283 207
Triodon macropterus 490 303 187 490 360 124 6
Kentrocapros aculeatus 490 490 374 116 183 177 130
Mola mola 490 490 374 116 360 124 6
Ranzania laevis 490 490 312 116 62 323 130 37
Masturus lanceolatus 490 241 206 43 374 116 366 124
Stephanolepis cirrhifer 491 491 317 174 292 130 69
Thamnaconus modestus 491 249 242 359 70 62 227 208 56
Cantherhines pardalis 491 249 242 275 146 70 283 208
Aluterus scriptus 491 304 187 317 104 70 208 159 124
Paramonacanthus choirocephalus 491 218 187 86 213 99 70 62 47 491
Pervagor janthinosoma 491 180 177 134 317 174 422 69
Acreichthys tomentosus 491 218 187 73 13 491 264 139 69 19
Brachaluteres ulvarum 491 249 169 73 255 104 70 62 361 105 19 6
Monacanthus chinensis 491 242 111 89 49 275 174 42 422 69
Rudarius ercodes 491 491 491 139 116 105 69 37 19
Amanses scopas 491 242 187 62 275 104 70 42 178 167 116 30
Paraluteres prionurus 491 491 429 62 422 69
Oxymonacanthus longirostris 490 490 275 87 68 42 18 283 207
Pseudalutarius nasicornis 491 242 180 62 7 491 159 139 124 69
Chaetodermis penicilligera 491 304 187 213 174 62 42 264 139 69 19
Meuschenia hippocrepis 491 249 104 73 65 275 146 70 208 124 103 56
Nelusetta ayraudi 491 249 169 73 275 146 70 208 124 60 56 43
Acanthaluteres brownii 491 249 169 73 275 146 70 208 124 116 43
Pseudomonacanthus peroni 490 490 317 173 150 124 105 68 43
Eubalichthys mosaicus 491 249 169 73 275 146 70 208 191 92
Scobinichthys granulatus 491 249 169 73 213 146 70 62 208 124 103 56
Balistoides conspicillum 491 187 169 73 62 213 174 62 42 292 130 69
Melichthys vidus 491 314 177 255 174 62 422 69
Rhinecanthus aculeatus 491 285 187 19 255 174 62 292 130 69
Sufflamen fraenatum 491 304 187 216 213 62 292 130 69
Balistapus undulatus 491 242 187 62 213 174 62 42 292 111 69 19
Balistes vetula 492 180 178 108 26 430 62 422 70
Pseudobalistes flavimarginatus 491 187 182 122 216 213 62 292 83 69 47
Xanthichthys auromarginatus 491 242 187 62 255 174 62 292 130 69
Canthidermis maculata 491 187 177 108 19 429 62 422 69
Abalistes stellatus 491 285 180 19 7 213 117 62 57 42 292 130 69
Odonus niger 492 243 187 62 217 213 62 422 70
Xenobalistes tumidipectoris 491 242 187 62 255 174 62 292 130 69
Triacanthodes anomalus 490 249 241 490 294 177 19
Macrorhamphosodes uradori 490 187 169 72 69 303 125 62 183 177 111 19
Triacanthus biaculeatus 488 301 187 488 294 147 28 19
Trixiphichthys weberi 490 303 187 275 173 42 298 124 68
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Table4 PCR-RFLP fragment patterns in 16S rRNA and cytochrome b partial regions of 61 Tetraodontiformes species

16S | oytb | 16S_Alul
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=
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Triacanthus biaculeatus
Canthigaster rivulata

Canthigaster coronata
Trixiphichthys weberi
Arothron firmamentum
Tetraodon nigroviridis

o

1
2
1
2

B
Mola mola
L halus wheeleri

L lus lunaris
Sphoeroides pachtygaster
L halus gloveri
Triacanthodes anomalus
Macrorhamphosodes uradoi
Kentrocapros aculeatus
) —— -
Lagocephalus inermis
Amanses scopas
Pervagor janthinosoma
Paramonacanthus choirocephalus
Monacanthus chinensis
Paraluteres prionurus

Takifugu vermicularis

Takifugu chinensis

Takifugu rubripes
Takifugu poecilonotus AP H|0
Takifugu xanthopterus zlo |
Takifugu pardalis

Takifugu chrysops
Takifugu
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Oxymonacanthus longirostris
Masturus lanceolatus
Ranzania laevis
Stephanolepis cirrhifer
Melichthys vidus
o /e

1
1
1
1
1
1
1
1
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Xanthichthys auromarginatus
Xenobalistes tumidipectoris
Odonus niger
Canthidermis maculata
Thamnaconus modestus
A h brownii

1 Al0
1 A0 | AlO
E|2 B0

W (@] @ |©|w|> |0 |m|m W o>

Nelusetta ayraud/
Chaetodermis penicilligera
Triodon macropterus
Abalistes stellatus
Sufflamen fraenatum

Bali. -

Z|0 B|1

Alo | Alo oytb_Haelll
360 283 | 255 | 206 | 177 | 147 | 124 | 103
491 | 422 | 66 | 2% | pon | pea | 227 | 105 | ~167 | ~130 | ~11 P2
zlo | Hl6 + Alo
E|2 + + B
B|2 + + [B
E[1 B

Balistes vetula
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Pseudalutarius nasicornis
Cantherhines pardalis
Brachaluteres ulvarum
Scobinichthys granulatus
——
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Meuschenia hippocrepis
Aluterus scriptus
Pseudomonacanthus peroni
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16S_Fokl
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—620 | 551 | -390 | —328 | —209 | —263 | —228
+ Alo
+ + B|0O

154 ([ pattern|

16S Xspl -+ ++

435 | 401 | 375 | 311 [ 280 165 121 + | ++
618 | T | Caos | agn | 337 | g0s | 256 | 212 | Sy | 151 | py | 102 [pattern

+
+
+
N T |T|T T T T T
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4. 3 K

7 7' BIZOWT DNA ST & 5 )8 L~ TORCHRI O R &
1157z 2 F=2 KU 7 DNA @ 16S rRNA FEBO# 1555 K Ot
cytochrome b fEIK D557 2 PCR-RFLP 7412 & 0 Y &2 8
BRIz, FOFER, 7 7 B 1578 (T 7 7 (Takifugu vermicularis) |
v~ 7 7 (Takifugu xanthopterus) . = & > 7 7 ( Takifugu
poecilonotus) . ~7 7 7 (Takifugu rubripes). =~ 77 (Takifugu
stictonotus) . & 77 7 (Takifugu pardalis) . 7 71 A 7 7" (Takifugu
chrysops) . 717 A (Takifugu chinensis). 7177 (Lagocephalus

X

inermis) . 7 %37 7 (Lagocephalus gloveri) . ¥ v /37 7
(Lagocephalus wheeleri) ., K7 %37 7" (Lagocephalus lunaris)
g Y h7 7 (Sphoeroides pachygaster) . 717 /~% (Stephanolepis
cirrhifer) . U~ 7 ¥ (Thamnaconus modestus)) |Z-2V TIX,

B L~V TOHBNERIRE CTH o T,

(&)
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