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Genotype Analysis of Wild Populations of Medaka (Oryzias latipes) in Kobe College and Nishinomiya City
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Abstract

Medaka (Oryzias latipes) is a freshwater fish found naturally in Japan, Korea and China. In Japan, the wild
populations of medaka consist of three genetically different clades (A, B and C). Clade A can be subdivided into
three subclades and clade B into eleven, and distribution patterns of the mitotypes in each of subclades show
strong geographical associations. Recently, the release of nonnative medaka has caused increased concern about
potentially detrimental effects on the genetic structure of these wild populations. To quantify the genetic impact
of nonnative medaka on wild populations, we examined genetic variations within the mitochondrial cytochrome
4 gene in wild populations of medaka at three sites in Kobe College and at five sites in Nishinomiya City using
polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) analyses. At Kobe College,
almost all specimens had the Bla mitotype,a native mitotype belonging to subclade B-VII (the Setouchi
subgroup) and found at various locations within Hyogo Prefecture. This finding strongly suggests that the
medaka population at Kobe College originates from one of the major native groups found in Nishinomiya City.
At three out of the five sites examined in Nishinomiya City, two in the Kamino-cho area and a wastewater
treatment plant in Koshienhama, specimens had either the Bla or B9 mitotype, which also belongs to subclade
B-VII and is found at the same locations as the Bla mitotype, suggesting that medaka populations at these sites
originate from wild populations. By comparison, populations at two other sites in Nishinomiya City (Kamioichi
and Naruohama) showed a high frequency of the B27 mitotype, which belongs to subclade II (the Higashi-
nihon IT subgroup) and is an original mitotype of himedaka, an orange-red type commercial strain of O. /atipes
that is widely distributed throughout Japan. The presence of the B27 mitotype in these populations implies that
gene introgression from himedaka populations to wild medaka populations has occurred.
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1. IROEREEW

A 51 (Oryzias latipes) VI AR, BEL L OPEEICE M LT A/MIRKEATH 5,
Lo L7t BN TIRABRBEOEBMSCERGIH O, GF/kE L OBEL EICEnE
DEBEBIIELFL L, BETEIRELEL Yy FF—4 7y 7 2BV THREBETHEICHE SN
TwaY,

EINICERT 2 2 F 7 I3 T8 10 R 2 N, BENEEEETLZEPRESNT
Who LS (1958)? 1d. MR & o THRBRERIENDH D EFHEL TV 5,
Sakaizumi & (1983)¥ &, 7 OHA A5 » S ENOEE X 57 % [MLAAEME] & [HH
FEF ] OREL OO N —TIHE L, FICHHARER % [HEARR | [HREFRE ] (7
WEREREL ], TWBal ], (bR B ), [RBREL), THEIAEL, PEER] B LU [mEE] 09
DOOMBANGHEL Twbe F/o I 132 K1Y 7 DNA (mtDNA) OF b7 0 — A4 b $I5%
RO NHRICED L, BROWERX A IIILEERERN (F V- FA), BHERELER (7
L—FB), MEEAEEE (#1L—FC) D=2 Eh, LAREMIIFEICA-1I 25 A-
MD3>0% 77 L—F, BHREMIZB- 125 B-XIDILOF 77 L— FiZghrits & &h
TWaY, 20 mtDNA % fiv 7z A 77 BAEEF OB ET RN, EDARLEHRTTbNRT
\13%)5'8)0

HARMBHEFETE [EWEREORELT D S L-AHOBRA A FI4 ] #FEL. #Z
B AL % F T 00 A HELMEA & L COMIGENZRET 2 LERZHFL LY Ll
A0 LR LI, X F A IS T LIS E OBEIFEER R o R TER L TnA I L
E— RIS T VMO TRV, 20720, BRERSFHCHKETO—HRE L TIHbNRS X
FHOWFIZL Y. WSTMETO) BICER ZHIBERO A FH PR EN5 T & HTHER
ENTWE, /20 AFHERY FELTOARDE L, BREPBEALGMIBORA YT, HHW
BEEXATS (70XF7) OERERFETHLL AT NR LT RY N T LA i RS
LTBY, FO—MPIBRBHISHEBTAEZIEDBESNTVE, 2O LHIZ, BNOKA ZE
B T E OIS % B T - TERER LS, ABIEENC X o TSRO A B2z TRIEES
HHA, EEMEE D X TR, B TENFCHERE] & LTERShTwaY,

LEEPEET CIE19884E., WS L EAOMINCER L TWizA ¥ 2 TTREDSTHE L.
FEMAHE L TE72o 20064F, AT I EME L T oWEROBERIHEN, 25 To—i%
KENGIERSD Z &Lz DIEERD OWRE;RE, TR EATo TE7/z BE. [T75EM ],
[REFPEEAM ] BLO [hEHOCE =7l O3 sHTHEFELTCWEY (K1),

COXIICTHETB L UORFETIE, 1988EICTHHNB LU ZOEMTHES N AT T %,
TR T AHAEE L CRE. BRL TS0, INFEFCHERIIIODVWTERRTRO S
TN TRV, ZOZORFFETIE. BEFEN S rFNICER L TWD X ¥ O#EEFH
ML, THEEROEFMTHL0EHIHEREL 720 F2MEEHI, MEBEHAOKKICEBEL
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WA i) ' v b=l
B1 WERERRICET AT DORE. BRSH

TWBATHICALTHBETEHOSW LTV, TRICAEET 5 25 7 EROBETHEELOK
IOV THREL 2,

2. 7K

2.1 AT HOBEEGHE L UHER

20104F 8 A iz, AZOFEWTIOR., FEMKMTIOR, 2L TEL =7 TIORD A5
h L (M1). FEHNTIH20104E9 A L1011, AT (M20A) T2R (W1
Bitv x¥A), Exlo2 7 (M2OBBLUC) 26 8RE10E, BREE (2D D)
T5R. L THFEERLLEY Y — (M20E) TIORE. 5 5MANSEFBRDA S
AL WELL ATV OKE ANTBRFICNEL, TEBZTERPICESE SO
REICELIF o7, MNIZERT 284 A 5 H OB, TRk BEEMESER
L. A ¥ HORE, ERIEHOFLHEEZE- TV ATERKE, RASHROBHOD &
TFole AFHNIWETHNTOAELZRS LTBY ., BETHTHELFPHER SN T
AT LR 4 i (BRTWE, L2202 7B, BRIE) OAT, ZOLEBRIHDS E4RD
BRNCHHEENTWDE (KA, AE). F0O0, BHAIIBNTHRLEDI0RDHES
AT, FRORBLIEETE P ol —F. FFREERLL Y Y —1CEBTE A5
1. 19884E 2 L HTMEER THB LT\ 72 X 5 2 20084E LIETIC A2 v 7 —ICiu L7z b o & |
RENTHE LTV A 7 22008FE IR L 72D D EHHELER>TVD,
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B2 BWHEWREOMAN - K ARHRICE T DAY HOREEN SR & DORR
KBS ENATEE T B R & 0 3402 2 72

2.2 XATHEOND S DEETFIH
MRBIFHELIF 72 A T HZESIOKGHREE Lok, BONZUHL Ty / —VIZA
. DNA #lilis % T - 20T CTHRAF L7z. B ULA 5 @ DNA HiH id DNeasy Blood and Tissue
t (F77 ) BRI, DNAMHFIEZ Kit © 70 b 3— V2o 72,

2.3 PCR-RFLP %IC & 2 EEFEIT

PCR (polymerase chain reaction) HEIZL Y F F 70— A b BEF (pth) WA ZIHFES
PEIE L 72 cytb BIZFWTF O %A% RFLP (restriction fragment length polymorphism) %12 & ) 43
ML 720 47471 Takehana & (2003)Y DJjE#% — %% L CER L 720
2.3.1 cyt b BEFDEIF

2.2°CHI L7- DNA 28581 L LT, oyt b BIZT WA OBIEE PCRIFICE D To720 75
A< —1% Cytb Fa (5-AGG ACC TGT GGC TTG AAA AAC CAC-3) & Cytb Rva (5-TYC
GAC YYC CGR WTT ACA AGA CCG-3) % H v 72¥, PCR K I& ¥ 1&. dNTP 44l
(0.2mM). DNA &R ExTaq (¥ #7854 F) 1ul (5U), 10xXExTag /8y 7 7 — 5ul,
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T4 <w—%5ul (0.25uMeach). IV QK25ul. DNABWSul ZIRAELT0ul & L7z,
B, 1EH72D50u1 @ PCR UG E 2 R U7, AR L2 FSHIZ4T T 2 5B o2k
BWEAT > 7, 94T TL.55. 55T T24. 72C T2 DRIE%30% A 7 Wif- 7z, PCR #
IBREY X 2 &A% % 7 — )V L C MiniElute PCR Purification Kit (¥ 77 >) % W THEL 72,
FMEIZ Kit o 70 b a—Vilhto 7o,

2.3.2 RFLPIZEIC& % cytb E{EFDLESH

2.3 1THIES S, M3 L7: DNA WH & 5 B OHIREER (Hee I, Mbo 1. Msp 1. Rsa
I, Tag 1. WENL 5 TG54 F) TUW L7z BRFUSIZEETORESMECER L 72,
FNENOHIREEERIC L o TERF S 7z DNA BT IX, 0.01%DF Yy a70vA K (F9
FSATFAY) BEGIRTHAE—AT )N (Zy Ry V=) RAVZERKKENC LD 8L,
UV DT TEERE L7z Tag T HFRICE 2 0MF OBKIKENIIIZ, 3% NuSieve 3:17
HOU—=ZAFNW (FAINAF) AV, sHBEORIREBRICL20WF0oNYy — %
Takehana 5 (2003)Y 12X o THESNTWE Ny —> (FE]1) KBAESE, v/ 517 %
PeEL7z (R2).

3. BREBIUVEE

3.1 RBICEBRTIXAYHDEERFE

REFEHNO SHETHEL AT A DOBIB SN, YA THES IR LIz, HEBTIE
10EF 9B 727 L— FB-VI (EFNHER) BT 5Bla (M3A), 1RBFEHD/ (Y —
YPOVTFNIZLEY LR WABHE X1 (R3B) Thorze FEEKIBTIZIVEFI0ES B
la, EF b—=7THI0BFI0RABla THo7ze T OREED S 20064F 12 ARF PN B
ENZZATHIERA NS A T BLaEFHPEEINTBY ., BHE FNITEET L X577 OE
HERHTHLI PP E R o0 4 ¥ A T Blaldh 727 L— FB-VI (S HNEE)
CBTAZE, T BHRoOMEY CRERDERLKKEIERT AT I OHIZL Bla
BRHENTWAZ Ep s, RENTHELTEZ A HIE, AREEHHICAEBLTWAE
BEIEREFIO—DOTHAHEEZLNDL, ZOZLRAFENINEITHEN P OFEES NS
HORE, BROSEEEFRZLTCELZIL2EDTORTERIL, SBOTIE&REZ0%E %
Ho T LEERETHERIEEIDDTH L, 6B, HEWTROPo7:v1 P AT X1H
FIZOWVTIEBla DEAREEGOTRMELDHEE S NEY, HIRATEHALL TR, FIIS
(2006)% IXIWBEROEE X ¥ 7 OEETHE S L, 2EOFHEA My A4 TEMELT
Who FLT, INLHEYA NI A TIZDOWT eyt BEFORBEFNET 7 T A5 —
AT A ATV MBIRICR o N2 WILTBREFOEFATH TRl EHM L T 5, it T, KB
ZETRH SN XL EEIZOWTDH oyth BET OIS Z 54T L. Bla & OF#HEER% H
ST B LT, ZO LD REEISERIICADNLEONE I B, S% LB XX RENL
EThHb,
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K1 HALZERELIVCBEETAICERTEIAIHICREScF NI O—L b BIEFOME/INY—Y
illiidee= Hae 10 Mbo T Msp 1 Rsa 1 | Tag 1
WiEAL Sy —vo&m* | T IN| P | F|I]|E|G E a

563 | 563 | 563 | 531 | 531 | 542 | 473 | 574 1 592 | 895
284 | 284 | 486 | 362 | 348 | 389 | 416 | 356 | 356 | 237
202 | 202 | 139 | 348 | 182 | 259 | 259 | 293 | 293 61

Wi O 4 X (bp) *2

139|120 | 53 180 | 27| 69| 18 44
53| 53 13 13 4
19 11| 11

X1 WALty — > O&FR (P 7 7%y }) 1&, Takehana 5 (2003)% DFEEICHEo
770

2 ENTHRORREBRLEIZL > CTHLNLMAIL/N Y — I3l d S HFET
N, AW THE LI AT PO RBENT Y - DOHRR LTz

xR2 WRLXERBLVEETAICERTBZATNICERS YA N1 T EMRINY—Y

» HIBREE %
<A by AT
Haell | Mbo 1 | Msp 1 | Rsa 1 | Tag 1

B9 ] I E E —*8
Bla J F E E a
B27 p F E E —
X1 N F G E —
X2 ] F E NM*  —

%1 <4 MY A TOLFRZ, Takehana & (2003)Y OFEIIFEo 720 72770, X1 B
FOX2 AR THO TR SN~ A 54 75T,

%2 NM i Takehana 5 (2003)% #5R L 7=Wi /8% — > OwFhic b 5% L4
Dol

M3 —lETA MY A TREDZDD Tag V2 & B HIREELEARECTHS = & h iR
T

3.2 BHETRICERTZIAYT HIDEETFE

PEHHNO S B THELZA T I roRIB SN, M54 THE3ITR L. LZE-
1T 8RBF 2B 72 L— FB-VI (BEWNERH) (CEBT2Bla. 6 BRIET 72 1L—F
»BY9 (W3C), EZM-2TXI0BDH H6ENBla. 3EAMBI., L T1RIFEHD
5= VB LUHBO XL OWTFIIZ LY L 2WARBA X2 (M3D) Thole LKHET
Z2RBH1EDBla, ZLTEAFAD LIRS 727 L~ FB-T CRHATHEE) BT
B27 (M 3E) THholo BRBIETWEHSRBTNTHEB2ITHolz. FFEEHLYL Y ¥ —Tid
10BF9IEHMB1laT. 1EAFBITHo70

FETHAOKETHEESN AT IO b, LZITO 28 cAE BT 54808, 2BE<
48247 Bla £B9) HOBHENTHA, FNSEVWFNREY 72 L— FB-V (i
PR ICET2b0THE, #LC. 3ITHBLATA Fd 4 7 Bla & FEBIZ, <4
N4 7B b EERIES TORMEINS BV s, LZAO2HEICEBLTHE XY
HiE, WEEREHATH AL I EARIEENS, —FH., PR CRHESN-2EBDOHI B 1E
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xRI WARERELVBEETRICERIBAINOTTIL—RBELTIA NI

B-VI B-1I
T airRE | (EFAER) | CREATER)
Bla| B9 B27 X1l | X2

MBI R | % 10 9 1

Hh R K I 10 10

o A 10 10
mEHN | LKW 2 1 1

LZHr-1 8 2 6

bzl -2 10 6 3 1

e i 5 5

RS b 5 — 10 9 1

BT I L= FBIUNA MY A TOETE. X1 BLU X2 LA, Takehana & (2003)% @
%gab:ﬁéﬁ f:o

B) MN F G E

(A) M7 F EE
bp _ bp

1000
500

1000
500

100 100

X1

C) MJ 1 EE M M7 rexm E MpPrFEE
bp

1000
500

100 100

B9 X 2 o

3 WALERBLUBEETRAYAICEHI i DNA BRI/ —> DEKKEIR
WiRAL/ Sy — > O&F (77 7y }) &, Takehana 5 (2003)% DFEEHITHE- 720
7272 Ly NM % Takehana & (2003)Y OWiFL/S% — > DWFRICSFE L -
hOEFT. MESHFER—H—ERT,

(b AFH), FLTBRBIETIZSRETH, 7271 —FB-I GEHARTER) BETAY
A M ATBUTHolze Y727 L —FB-1 (HEHKRIDHEE) dHIH G2 HEFEESHE
FCHEAAR—EICEBLTWAERTH LY, Al (20097 1, BROL X HIZonT
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IS CHFTEE OB EB Y FAZ4T) L I12, RMEE L < mtDNA 12 & 5 BETFHIGHT
o TCwh, 9, MEMDFALEOREREEL LT, b AF D ORBIZEMERESRD L ik
RIBRMENLT O X 57T, BE 2 REIHRT 272010, 22 TRILEBBIIKRD X 57 %
PITEDLELIERHHI L, EETHRBELTVAL AT IZLBEBOEE THL I L 2HEL
TWbe WIS, BETFREAWOMEE LT, MENYAEOKREZEMITL LI, vXF7
DFIGOWHH T2 L— FB-T GREALHEEE) BT <A My A7 B2, $20% 5472
L— FB-VI (EANERH) BT/ M AT BlaThrIeWELTNDE, SHEL
SHEERFTHEL e AT HIEYA M ¥ A TBUTHY ., BEHOERE YL —KT 2, [
RTHELZMTOX T I OREFENIEELREFDOBla THLEI L 2ERLL L, XY
7 EAERER & ORI L BEENEE Y AE L TCh AW REEARIB S NG, T 72, BRI
THERENIZTA ML TBLIDAT AL, WTNDB L AT I TEARL, WhB LI TR
THolze BIBOWETRBRARE S OREICL L L, BRIETIEIRA VI OEBPHERSNIE

EENRDPoIFEEND o (A, BB L2 > T, ZOEFMIITRAFHDERLT
W o 7K BRI & D X A AR D R LA SRR, HH Vi, Ry brbk
LTECHBLTWAEAF S, b L IFMHIRER D 2 ¥ H 25 A S, TERER & AH L
722 LI LY EFNEENIEELER TH ARSI RESI NG, 4B, LT TR S
<4 b ATX2EEICOWTIE, FEMTER SN X1 LABSHHFHLZRESLETH
b

FFREEs bty — T LA T DL, FEAEDEREIERTEAYHEFLEBla
Tho7275 10BDHIBL1IRBDODAYA NI A TBIDAFT I Tholo 21THERLEBD .
Ftyy—HADRXTHIEETIIRFICHETAB L ZOEBTHES NI AT HHEKTH S
ZEhn, THETEERE, BRINTEXAEFAOFIZIE, Blab BIDA% L d 25
HOXA NI A THEETHIEDVHLPE o7, AUREEFTHLIC20b6T, K
SR OER L BFEIES L v 5 —NOEF 0T, RSN~ A Ny 4 SOEESRR
BEIZDOWTIE, FNENDEETICHR S N BRE THIRSE L > TWizoh, HE\vid, &
FTOFEFEBRBIIBNTYA My A T BIDEFMPEKRS N0, FERIZHAL N TR 4§
%, WHZCTHT SN TVE AT AIZDONWT L ZOBRGETHSN 21T\, TTNORERFIC
WC, HIRATOREZTHOFMEZHL LI L TBLLENFDH 5,

B, WETTHN THEA YD OEEPHEREINTVLEIIEIIT ChbTPTHD . BT L
TRAEBEBERLBOTH R hoTwb, KEIFICLY). ZOEELR XY HICHETFOEEL
HE L TWBARERARIB S Nz REOEBHIZAR L TV AIERENIZ. BEVEME 2T
TEFOHBOBEEIHESLTHBY), EHIC L > TRIBEMERE TROLNL LOWE LD
5212 BB IZETENREEED R <. ABRICER RN LA TN GEETHRELE
pb, 2ELTICETIEETELRVY, AOF2A LS OBETHENT. Mg
NOBIETTE B b, A Y H  EROFEEIEBVIAATLE ) WEELD 5.

TETHNTEA L TWwA A A2 RETH7-0123, BETOABELTIERTEL L), &
BEBAMRETHILDPEETH S LI, R THL I h o725 910, S #EE L
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7o A5 5 DEMOBLF 2 ABIERICHREL L 2w P ETH D, #nThaB, M
PIZEET B X IO & b L3 FSEVIREBICH - 72358120, BETHO
fifgkB L ORETHRE, FRLTVWDE A EHET 2L 0ERFEO—DTH L, 72751,
BB L CIHEE 2 REANETH LY, ABIRICL D, RENTORBEET L, FRHE
HICEB L TWAEREFO—2THD I LITHER I Nz, LALEBSERIITRT LI,
WHEEH O A N5 4 TOMBUE, BEEETROKBICERT 2 EFAOHME £ o> T
Bo Fiz. 1988EFEICTINB L ERBOMINI L Y M L. E LIRS - ERNTHAZR R %
BT CEZI RS, BRICERT AER L LN TEENSHRESE LR DN TV B RN %
ZHNb, FIZ, BHADPSREEL THABT L TELHEFENI LICL Y, HABRE~OHEE)H
MEF o TCVLHREMGEZLONL, R, BREINTELEMORS LBUTIE. b I
Peo 729 AR RO BB E MLV, Ao THROTLE ) T LIS WREED S
FETE RV, INLORBEESHERF L. L2l L T LEDRH 5,

4, X&H

MR EEB L OWEEHMICERT S A5 71220 T mtDNA % W72 & E TR o5 %
Tolze ZOFE, FH3 rFTICERL TR AT ISR ENYA FF A TDIFEAL
2, BEETEMCERIMESNTHEY 77 L= FB-VI (EENERH) I[JET5B1aT
HolzZ b, MALZEENTHRE, BRI TELASHIFARREERHICELLTWELE
BIERENDO—DTH 2 Z LR REE NI,

TEEHNOKBICEBT 2HEDR S HICA LTI, WELZS #FiOH b3 r A (L2
D2y LUCRFRES{LEY Y —) 2251k Blak. B9 BlatHALY 727 L—FIlE
L. BEETCTOERLHEREINTND) O2BOMMEHEI, O3 5y FFOBE X 571
BEEREF THLIRENEVEWVZ S, —F., 02 7B (LB IUREE) »5id.
Y77 L —FB-I CEAARLIEH) CBETL<A YA T BAOATINRMSI N, fEo
TZO2 5rFFTIE, FEREFE. A7 L dfbiss o 0B ALH & OKEIC £ 5 #iz
BOTRELASAE U B T REMEASRIB S 7z,

AR TR, WETNRER BEFEIEE V- TOREKEHREZIILDETLE OMEA
DF A THICTEE T L ze WO BILH L BT E5 . IARRMOPEIIH2) . HBK
FHEHOBERBEZICIPELHE LI L2OT, TIIZEL, Bz L BT,
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