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Abstract A genetic analysis of wild-caught tetsugyo from Yutori-numa Pond, Miyagi
Prefecture, a long-finned fish of uncertain origin designated as a National Natural
Monument in Japan, demonstrated that some specimens were hybrids of goldfish (Carassius
auratus) and crucian carp (genus Carassius). Phylogenetic analysis of sequences from
part of the D-loop region of mitochondrial and nuclear DNA of 87 Yutori-numa tetsugyo
indicated that 66 belonged to the goldfish group and 21 to the Japanese crucian carp
group, subsequent PCR-RFLP analysis of c-myc gene revealing three different restriction
fragment digest profiles, 21 and 60 specimens possessing goldfish or Japanese crucian carp
genes, respectively, and the remaining 6, both genes, indicating their hybrid origin.
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BiAT7YFaid, HEWERATBGE TR -
INTe, BEENMELE T FOMNRTH D,
1933 4, Z D04 EMITEO KR SMITHEEE
Nz b, 2014). Z0%, KEFBR E D
5, fARGATY FalcZERM L HER O 2
MFIET ST ENHLMNEED, ERBELOR
Bl o & HEMAHET S Z EARETN TS
OKE, 2000). ZNHE—DDA Y FIVEME L
THRZEZ TEHER LTS (B, 1989 ;
KRE, 1997). TOT LD, KX TREEDE
RICED DT, MEGRICERT % 7 S AR F
HICABETYFa bEsc e e Lz

5<E, F>F3 (Carassius auratus) & 7T T 7w
BLEEZeTY Xl EeZz a2 N ET
LMD, —RMNICE, TYFakFrFakT

FTOMBETHHLEEALN TV (H, 1935).
LLED—FHT, TAVTFA LGN SREGAET
Y F g D WL F > T S (Carassius buergeri
subsp.2) THH, FUFaDBEMLETMEALTVS
AR EVETZHEEHEN ORE, 1995,
1997), B{EDE A, fFHEUAT Y FaDiEJHicD
WTHI—MIZR AR SN TR,
ShaYRUT7 DNA (mtDNA) f#ifild, FRK&%
EDEFEDFFEICLSHWSNTHED (Jansen et al.,
2002 ; Savolainen et al., 2002 ; Joshi et al., 2004), f&
HICBWTH, BRREFROHTICHHEINA TV
(Murakami et al., 2001). FKLIFNFETIcF 2+
D mtDNA @ D-loop FEILD — 57 Z it L, F
FadmET7FOF A () (Carassius auratus
auratus) ZREJFHELTNEHTE, BXUFUFa0
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mtDNA IZIEZRMNFZE AL RN EZIHS ML
(REB, 2008). &LABGATYFaDkEcF
YEIRBEELTVNE, F2F 3D mtDNA Ofid
IR SN, Wi, REGETYFabHARED
THEAEICHRTADOTHNE, BEEROHAME
D7 FEFEOES E M FE D OB RSN
BLEZIBENS.

UL, mtDNA f#FT &, Z DA MR
THBHTERMPTEHTLIETEARV. HELET
HBT AT 572H12iE, mtDNA 4% DNA O
fR btz it 9 25 B H S (Young et al., 2001 ;
Bensch et al., 2002). % DNA DOEETTH B c-myc
WA O HEhE - k2RI T S EE T TH S
(Oster et al., 2002). c-myc DX EMBAROHER:
ICHE BB G FREETER DL, MOHEE
BRORFHNTEL TWATENREINTED (K
K, 1984), 8 (1994) X, Z A7 1 c-myc D2
A bay OS2 ViR RETT, F
FalHAREDO T FIRABOMANTRETH B L
ZZRUTz.

ZTT, AMATRARGATY FaDRJEZHS
MCT 72018, FROBIEERE 755 mtDNA O
D-loop FEIE O HE FE RS G RIS I D <o) 1 R AR AT
&, BR, KRBT OBIGKHE 722 857D
c-myc & Wit 2175 7z

MEE AR E

HE0E 1992 FFICE IR /KK PE R BRI I K
OFERIERIEN, KE (1997) BNT7AVYA LIHT
IO BB T Y 3 24 ik (BEGA Y © YTI-
YT24), ZN&EEEE U TR KRR
R EESGERET— IVREBEM R Z—T
1994 FENSHUIIC IS « 58 « #EFFENTE
fHEGAT Y FaD 58 ik (FREGAT), B&X
T 1992 ~ 1993 471 & I IR A 7K T I B R B M F
BOATRM LIz BA 7Y Faz Bl LT 1994
FICANTEHE LSO 5 ik (FREGH F © F1-F5)
e fRATIC W .

fRMTIC OB DS S, fAEGA T KRR
BUA 7Y Fa 5 ik GEARFERF S * MTUF30628-
MTUF30632), faHGZA T OERBIMEGHET Y F3 5
il 1A (A % 5% 3 5 © MTUF30633-MTUF30637)
BRUMBBFO4ME K (FEAEREFS:
MTUF30638-MTUF30641) &, BEEEKZIEE
B A B IR B BRI N TV 5.

DNA #hH & mtDNA fEIBDIEIE > TV DfE

FRRHRALO T/ =)V - Jaak)VLE, iz
i¥ Puregene Core Kit A (QIAGEN #1:) T DNA 7 fili
HL7z, Znz88E LT, Komiyamaetal. (2009)
WKEDFEFIENTT T4~ — (H16521 © 5-AAC
TCT CAC CCC CTG GCT CCC AA-3' BX U L950 :
5'-AGG TCT CAT CTT AGC ATC TTA GCA TCT TCA
GTG-3") 7 F T mtDNA @ D-loop fEIE D #J 900
bp 7 PCRIC KX DIHE L 7z. PCR & 94°C T2 47
DEEMEDT, 94°C T 30 R, 36°C T 30 [,
72°C T30 B7% 30 Y A7)V, mi&EZR 72°C T
3 RifT o7z,

MtDNA D> — 7V R 1§50 72 PCR )
% ExoSAP-IT (GE ~“)VAr 74t) WLEEZ% L, PCR
W27 54 < —"T BigDye Terminator v3.1 Cycle
Sequencing Kit (Applied Biosystems 1) IZ X DY A1
DIV —=r v ATl V=TV AFED
Ethanol / EDTA {£ TH;%11L, ABI PRISM 310 Genetic
Analyzer (Applied Biosystems 1) TfE#T L7z, 1%
BN HEEHIC DUV T BLAST I K B AH[ANTE MR
17571, MEGAS.2 (Tamura et al., 2011) %= fi
WCRIWFTINTIA VAV M BRUERERET
JVOEIRZITV, IRICIEIC KD T R 72 VE K
L7z, RMBHEROBOEEERT T IVICE
Tamura 3-parameter 77z, &5, T—FAMSv
TR 500 [\ OFHUT — 2ty MERICK DR
7z, RBHERRICFHE VT, GenBank/EMBL/DDBIJ
WKHEEREINTWSFrFasiilE (ad v+,
IATFREY, FSURIUHTT, FUFay, FIav
7 >~ A ¥ ) (Komiyama et al,, 2009), F >~ 7 F
(Komiyama et al,, 2009), F > 7 F (Carassius sp.)
(Murakami et al., 1998), 7 > 3 17 7 J (Carassius
cuvieri) (Murakami et al., 1998), -1 (Cyprinus carpio)
(Zhou et al., 2003 ; Mabuchi et al., 2005, 2006 ; Thai et al.,
2005, 2006) DECLYIZNATz.

c-myc BIEF D PCR-RFLP &34 %A 7" 1 c-myc
BETOH 2 AV MOV HEBZEEIET ST~ —
+v b %, GenBank/EMBL/DDBJ IC & #REN T\ 5%
FF g c-mye (AB040746) OFECHE 7% KIS 2
IFRYVEEITFYVNERICHETL, #600 bp
EHIE L. I1stPCRIE, 75 A < —Fl: 5-CCT
GAG TCC ATC AAA TCG AGT G-3', R1: 5'-AGT
GAG GTT GCT CCA TCA GAG-3' 72 I V> 95°C T 4
7330 R DEZEE D%, 95°C T 147/, 55°C T
157/, 72°C T 1 7R7% 40 A 7IVIF0, &
E% 72°C T710Mito7. 7 Aa—R7)VER K
FOFR, HWiEK A D RSN Zho7/z%, PCR
FEY) 1 uL %5 > 7L — k& LT nested PCR %175
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fz. nested PCR X, 7 A < — F2: 5-GGT ACC
TTG AAT CTG ACG CG-3' & U R2: 5-CTC GTT
CTT TTT CTG CCG CC-3' TITV>, 95°C T 2 77 [i#A
ZEED%, 95°C T 15 #R, 55°C T30 BIH, 72°C
T40 B2 45 VA7 IVITY, mi&MEZ 72°C T

SRfTo 7.

fEGB T Y Fah bR ERRY BT T —4
N—=ZHFEINTVEF U FaDEREY N5
RFLP Z Al MH T2 DTEZEHMEZREL,
I PR % 2% Spel 238 H L7z, 155N 7z PCR EYI &
Spel TWHILL, 15% 7 Ha—247 )V (FHa—2A
ME, #HAY) TESWKEZIT-o7. EXUKE
&, i-Mupid (77RN2Z%E) ZHW, 1 X TAE %
BEWRELTI00V ERIE 135V DEBETIT-
jz. VkEhg, TV EIFITLTOARA RTHRE
L, Densitograph (ATTO 1) IC &> T RFLP £ %!
R L.

-, AEE Y ©55 18 Y 7 IV O[EFEEICD
WCHEA LT —2 2 A%{TW, RELP il HT O
REHERLY | & DRSO 2 R LTz,

BREEER

AWM THWZARGE T O 58 f{kicid, N
EVWERA! (TOFL1-TOFL28) & fEMNEWEER

(TOFS1-TOFS30) D i /7 MIELEL Tz (Fig.
1A). uh%d){\nit,ﬁi}:b’cﬂﬂb\tﬁiHWnT‘/$a
DOHNEBIEHEER Table 1 IR LTz, W hORIE R
MEBIZ 13T, FUT7FDOEERSK (fEH
2013) ELFAMLIL Tz (Fig. 1B).

mtDNA D-loop FEIK D ELF1]1C DT BLAST I K
SHFEMEMR 21T TR, fEGE Y, fAHGA T,
FHGA F O 87 KD AEGAT Y Fald 52 D
TarALTICndon, F0565NTukxAT
HT101 Z7~ U7z 20 ffiRIE 7 — 2 X — R BEE 8% 0D
FrFaofds] (AB379915, AB379916) & 100%
DOHFEMEZRUTz. RICIEICE D57 T RFMBTIE,

Table 1. Numbers and morphological types of tetsugyo
analyzed in this study

Number of

Sample individuals sampled Fin type
Long  Short
Yutori-numa Y 24 5 19
Yutori-numa F 5 5 0
Yutori-numa T 58 28 30

Abbreviations: Yutori-numa Y: wild Yutori-numa tetsugyo;
Yutori-numa F: generations descended from the parents
collected in 1992 and reproduced by natural mass mating;
Yutori-numa T: filial generations artificially crossed with
parents (long fin type) collected from Yutori-numa Pond.

T T T TS LU T TR T T T T TR
3 s« B8 6 7 ® 8

Short fin t))pe

Fig. 1. (A) Two morphological types of tetsugyo living in Yutori-numa Pond, Japan. (B) Dorsal

fin of tetsugyo, supported by 13 soft rays.
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43

100

HT110:Tetsugyo AB889957
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HT111:Tetsugyo AB889958
HT114: Tetsugyo AB889965
HT115:Tetsugyo AB889966
HT116:Tetsugyo AB889968
HT117:Tetsugyo AB889969
HT118:Tetsugyo AB889970
HT119:Tetsugyo AB889972
HT120:Tetsugyo AB889973
HT121:Tetsugyo AB889974
HT122:Tetsugyo AB889975
HT123:Tetsugyo AB889977
HT125:Tetsugyo AB889979
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HT135:Tetsugyo AB889989
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HT136:Tetsugyo AB889990
HT137:Tetsugyo AB889992
HT138:Tetsugyo AB889993
HT139:Tetsugyo AB889994
I HT128:Tetsugyo AB889982
HT133:Tetsugyo AB889987
F HT113:Tetsugyo AB889964
I HT124:Tetsugyo AB889978

G43:0Oranda-shishigashira (Japan) AB379919

Goldfish

Carassius auratus

Gengorobuna AB045144
% Gengorobuna AB007838

F4:Kinbuna AB377291
Ginbuna AB006953
Ginbuna AB012094
Ginbuna AB008851
r HT209:Tetsugyo AB889963
I HT206:Tetsugyo AB889959
HT201:Tetsugyo AB889946
HT202:Tetsugyo AB889950
HT203:Tetsugyo AB889951
HT204:Tetsugyo AB889953
HT205: Tetsugyo AB889956
HT207:Tetsugyo AB889960
HT208: Tetsugyo AB889961
HT210:Tetsugyo AB889967
HT211:Tetsugyo AB889971
HT212:Tetsugyo AB889976
HT213:Tetsugyo AB889991

Koi (Lake Biwa) AB158809
Koi (Lake Biwa) AP009047
Koi (Lake Biwa) AB158808
96

Koi (Thai) AB377301
Koi (Thai) AB377300

32 Koi (Thai) AB377302

G40:Choutengan (Japan) AB379918
I G56:Ranchu (China) AB379921
G47:Ranchu (Japan) AB379920
G21:Ranchu (Japan) AB379917 a
F14:Kinbuna (Hibuna:Orange body) AB377290 :| Carassius buergeri

]4—— Carassius cuvieri

Koi (China) AY345331
Koi (China) AY345334

subsp.2

Ginbuna
Carassius sp.

Tetsugyo
(crucian carp type)

Common carp
Cyprinus carpio

Tetsugyo (goldfish type)

Japanese
crucian carp

Fig.2. Maximum likelihood tree of tetsugyo and Japanese crucian carp based on the D-loop region
of mtDNA sequences. Scale bar represents number of nucleotide replacements per site. Nucleotide
sites including a gap in one or more sequences in the alignment were deleted. Reliability of the
tree-topology was evaluated by a bootstrap analysis with 500 replicates. The tree was rooted with
common carp as the outgroup. Scientific names follow Hosoya (2013). Sequence data for goldfish,
Japanese crucian carp and common carp were obtained from GenBank/EMBL/DDBJ.
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HT101 ZNZ 7z 39 DT a1 7 %R Uiz 66 8K
BF U FatmEICIZL—RICEEN, 13ONTaX
A TR U 21 iRkIE T > day 7 F =2 RHA
FET TR —RicEENL (Fig. 2).
% DNA DHEIL T TH2EAT 1 c-myc DF2 A
Y ha v E PCRICKDEIE LIRS, L E0G8
Y, fEGA T, BEGEF O 87 Hik2ToYy S
JVIZBWTH 600 bp DWT A 1FEN, ZH LIS D
BEEMFIE RSN o, —# oy 7T vicD
WA RS AT 2170, 3R (1994) ICfiE> TH
FfLizecs, MEEATYFabh b cmpeF U Fa
AL c-myc 7 FHID 2 DO c-mye BIFDNTOX
A THBEENT (Fig. 3A). 87 A DAEGE T
V3D PCR W7 Spel TUHLIzETA, 21 1A
E B c-mye F 2 F a T D) 200 bp & #4400 bp
D2ARDOW M, 60 AN SIE c-mye 7FRIDHK)
600bp D 1 KDOWrFr WH TN, 6 @AM S I
c-myc ¥ F Y comye T FRONTOEESAKT
H2TEEIRTHI 600 bp, 400 bp, 200 bp D 3 KD
WiFr s E iz (Fig. 3B).

¥ DNA D5 R E mtDNA OfEREN T B L
T5h, ¥%DNAYE mDNADHICF U FaTHsM
&M 15 1K, 1% DNA & mtDNA DA LI T FTH
ZMEEN14EETH >, — 7, KDNAL
mtDNA DFERN T JE T Sk, % DNA i@t ¢
ANTOEGERTH- 1 6 lthkz Zo5 L 58 KT
Hofz (Table 2). TN&KD, AMEEHEGETY
FallF FaROBETFHDFELTVWSILZ
R ERIERC, fEGETYFaikyrrduavr e
BRSHARPET FEfafie F o FaD M TH S
Clzmlic. BUIfFEd 580087 Fa 0B AN
X, ZTNOSOMBEITMEEAD T HRTHDE
EZbNB. COTLF, FrFakTFERETS
CRHGATY Falc Bl ARz R DEAN TS T
& (R FHE, 1935), BRUMEBGFICIEAEBGETY
FaMRAINZLENCF > FanlEnizL s
LR (RhE, 1931) EFJELARW.

735, 1% DNA & mtDNA D7 TH 5k

Table 2. Mitochodrial and nuclear DNA types of tetsugyo

W, 87 KD BT h 14 ik ThHotzTe b,
FEUBEAREN TN A, (ZIFETOMEMAIC
FUFADBMLETHEALTNDTEHHERIN
5.

iz, BBROT7AVY AL OKE, 1995,
1997) TWEFrFaoEFEHmHENEhr>7
DITHL, BKAETETFFID c-mye BIFD
BmENnz, BEICEBE W T DNA hoF 2 Fa0
BT ESNE»>BHE LT, mtDNA &
BHEOLOBZFOEEZIHRNIND DITHRIE
NRFTVDICHL, #% DNA I fEDOGREKE T
AN ECE T, RALEIBETNZ
DEFHDERFESRNTER, DVEIL TR

A _Spel_
goldfish GGTGTGAGGTGGAGTACTAGTCACCTGACTGTTT
crucian carp ........ A........ C ottt A.
tetsugyo 1
tetsugyo 2

B

(bp)

1000

500

300

100

Fig. 3. RCR-RFLP analysis of second intron of type
1 c-myc gene. (A) Multiple alignment of c-myc gene
sequences of goldfish and tetsugyo. Goldfish type and
crucian carp type sequences (Zhang, 1994) are indicated
as tetsugyo 1 and tetsugyo 2, respectively. At any given
site, nucleotides identical to the corresponding goldfish
nucleotide are indicated by dots (.). Asterisks (*) represent
identity among all four sequences. The restriction site of
Spel is shown by a bold horizontal line above the goldfish
sequence. (B) Electrophoretic patterns of PCR-RFLP
products of c-myc gene of tetsugyo.

MtDNA clade Goldfish Crucian carp

Type of nuclear DNA GF CC GC GF CcC GC
Fin type L S L S L S L S L S L S
Number of individuals 7 8 22 24 3 2 1 5 4 10 1 0

Abbreviations: L: long fin type; S: short fin type; GF: goldfish type; CC: Japanese crucian carp type; GC: heterogeneous type

including a mixture of goldfish and Japanese crucian carp types.
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FrdgRicLTwizcehEZLNS. £iz, KRS
WBWT cmye FFafll comye 7FRIONT T
BoAImIcDRTERLE, MBGETYFa
MAVTIVERTH B L EEHTECLICERD
728, MOEE T ONTIC KD REGET Y Fah
AVTIWVEMATHZ2hZHEL, KEFEERICKD
c-myc BIL 72883 20BN S ZOFEL LT
LV

AR T, AEBTYFaoRMEFRE TS
fedkrFabTrFron5b, JHICODNWTIE, Frd
Oy 7 FERAHARET A TH S LI R
fEFT BB Mo Tz D0, HEOREICIEE
Sixhole. HARETFEAFEHOPEHIIDOWTI,
HETLHEMORMN DS EENTEHBYD (Takada et
al., 2010 ; Yamamoto et al., 2010), fEE TV I3
DML E Ie o712 T F ORFEDTzDICIEHAET
FREAEONFICETZT ) L)V ORI
FEMTEEIC KB 5 DM IR 2 N\ — R I U T3¢
BRI ETHHEEZS.

AEFZE AT D, B TIVIERIC T 0
Fe RO TERAERZE R B R 2 WHFE RN JE i 5 2R R
T4—IVREE W R 2—DREHEEFE KT
il 5 T3 A2 8 OD g ORI 53 ) B RS HAL R L B
%. Xlo, AMRO—EIEHRXSHEHOEI)IC
FoTIrbNEDTHY, TIIKELTHEFLHL
L%,

5 B X B
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