. HOKKAIDO UNIVERSITY

Title AIRBERDY / L%ZRFD RT3 VDERBRFHAERICS T 2 HHRGAEEAZEEICEAT 2R
Author (s) =/H, HiE
Degree Grantor biEEKE
Degree Name B OKERZ)

Dissertation Number FAE138845

Issue Date 2020-03-25
DOI https://doi.org/10.14943/doctoral. k13884
Doc URL https://hdl. handle. net/2115/94645
Type doctoral thesis
File Information Masamichi Kuroda. pdf

kaid,
P U"/Le

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




B 38FEDOT 7 L2 FY a v oRMBTEBERIC
B 2R R OAEEEICE T R
(Studies on atypical chromosome behavior in the course of
gametogenesis of the dojo loach Misgurnus
anguillicaudatus, comprising non-homologous

genomes from different origin)

i E KRBT ERFP
HBHEICAEMPIEEIK
Graduate School of Fisheries Sciences

Division of Marine Life Science

2l HEE

Masamichi Kuroda

2020 4



T 1
#—# DNAKERY% 71 —7% L7 FISH IC X 3 B Rk oz - - - - 9
o Rt T T T T T 12
L L T R 24
B 26
%% DNAREES|EZ 7w —7& L7 FISH I2 X 2 A REFHME O - - - - 29
o Rt T T T T T 31
= 38
B S T 42
HEF FISHIC K 27w —v P ay OMEREOMY] « « « o v e e e e 45
o Rt T T T T T 47
b A T R 49
B T T 51
HUE 70— FYaviis BB RO QOB - - -0 e e 53
2 Dy T 56
= 60
%%@\ ................................... 63
HHE FISH Z WAL N Y 2 v OB RO etk B - - - - - - - 66
FIBLE J53 e ¢« o v v v v v v e e e e e e e e e e e e e e e e e e e 69
= 70
D T 73
e S T 77
%fft ..................................... 89
R « o ¢ e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 92
g[}iﬁjcm .................................. 93
#



AR, PSR e NP REA TR, £ L COKERRA R OREFHMEiO & £ 2T

T, KEVIOTESEIML T2 DIcx L, % < DKEEIRAZBUCHIRS 2 W 32 A

FicFIHEI T2 OKET, 2017), £/, HEE» O OFEELH 5 ICHEbL T, fl

T X 2 ZOEMAG 0N IR e 7 S D L PE R HIE T % 7o 00 AR AE B S PR IS SN

EHEIC B 5 OKERANITE 2 v 2 —,2013), > T, KEEFROFHHIFIH % nlEIc 3

% 7= iE, RREWZZ T IHEKFE T HA b DOFTEEZ OV ETCILERD B,

Z D7D 3B Om b & Bz X 2 5 RO EHSEE CH S, L1k

26, BWHHY T, EFERE L T 2 R ORI, £ i oA T

TKEER L DT K0 . REEIIEL L VIRTLICH 5 OKEREDITE € v %2 —, 2013; th

5o, 2017),

INE TIC, KEAYCRBFENRAEEZHIE LT, @EERPIHIER & 0 &ES

D3RO BHE 2RO M DFAFEAHED T 72, FrCAROER &L X2 ViR 3 Z

L CHWPEDEE 217 2 &AL, i< 204 (it T2 OKERA

Wiget v % —,2013), LA L. EKEHICIIRAN 2R E T ALETH 2 720, K

mEHZEST 2 2 LR, FEAR-ZAPHERTE RV E Vo B H Y, FEIC M

DRHFEICE o 7= O HIZ A ETIE D %2, T E TICH - aBiimiE 2 FH 2 7



Ta—FLHAONTEY, ZO—DICREAEERELD 5, FOERREL X, MilanZ
DI IER | BT~ D EEAMRIAS 72 &I X 2 X OB AL 2 A dbe 5 2
T, Rk oR L fAGDERHRET 2 HMMTH 5 GiIF, 1997), Bz, SEHOKT
& SRS X O AIE L L I e & 2 % 2 & TREBIESR D 7/ LD Rk RO M
MREMFELFECTE 5, 2OGE. BTKENELT 27208 (In) &7 Y BB
Pea R 28, BRI 2 BRI 2 © & CEMLATRE & 72 B GEFE, 1997), L 2
U BB AR R IR Y o MEVE TS 2E A5 ik, BB 24 B\ TR AR D 22 X
BHEL D LT, ~T uEADBIRTIHEE R OO R A EHARICEI RO R, &
NICK LT, ZAEHROFE-IIE %13 2 &, s T E TR OME (R
R) Z#FHE#T 5 LA TE2 (Komenand Thorgaard, 2007), f5hNEAME 42> & 15 7=
JNIBLEICHEH 2 b, 2o T REZHESK T 2 2 LT, e
BIEMICE—D 27 v — v ENZIENTE 25, it> T, HWOBERIPAE ZFoE» 5 2
n— v EMAEHRT 2 e B TE L, MM CIRE OBEESREIC R 2 LIARE I D,
L L. 55— INEIRELI- A o WS A4 — 5k (REINREUAR) XA L KL, R
B 1z —#EF D fafdic R & 1T 72 (Komen and Thorgaard, 2007),

BRI —72 7 v — v FR ORI X O AR I 2 7210 Tlde <,
RARICHIFET b, bbb, HRRICIIFRARMB TR L1T) 2 & CEMD 7 v —

YRR T 2 AEMDFET 5, ZD ORI A HF Y avRloRKEDO N ay



(Misgurnus anguillicaudatus) T®» %, HAEMNICAERT 2 FYa v 0%  idimitkAbH
THIET 2 51 (2n=50) TH 2 25, AiEE OHEAEE AR IR I TR EIC X 0 %
JE$ % 20—V A5k (2n=50) 2377E$ % (Morishimaetal. 2002), ZH 6D 27 1 —
vtk Tk, EloRME e BEMICHE R AN EIERICICER T 5
(Morishima et al. 2002; Itono et al. 2006), < @ —fZFEER i R I 42 B3 2 i A
Foa v et d 2851 & 2K 225, £ K D& R TI% 3R L 72 % % oifEtERiT
AT G T ORGSR MERET 2 2 L Trr— v RHidHiH S hTw 3
(Itono et al. 2007), X 5T, F¥a vidkfE~7 o8 (XX: #E, XY: #) otEdEkz
Fio7-% (Suzuki et al. 1985), JIDATHAETZ 70—y F ¥ a v iAWY IC2MEE
MEZKT 5, L LAadb, ST VEEGICE > CABNICHEIRIEL 72 7 v — v %
BHEDOIEH S AEETH V. TN O ITEENICH —2 5l 2 E4E 3% (Yoshikawa
etal. 2007), bbb, 7o — v ZfEERIIMEHE & b ICIERITTD 7 v — VERE T 2 TR
35, JIEHE 3 X OREREHIIE %2 F W 72 58— HIR o e R BIZ O #H IR, @H 0 fF
WA ZITS FYa v Tl 25 Ko itk rsBg s nzocidL <, 7a—-v Py
2 v CIIMERE L i 50 RO i iR R & 7z (Itono et al. 2006; Yoshikawa et
al.2009), fl>C. 7@ —v F¥a v CRBBOH LG 2 Nc ikt v F o5
BELTEY, 20k, HEl - AR CEEOBBO LTI LE2 LN, T4

B WS AL N RS (Premeiotic endomitosis) (Dawley, 1989) 12 X 2 —f%4:



M OIREPHEE TN T B, b L, KEEEMTY 7 0 — Y IEDRME K 2 HH

T3 LATENE, FEHIR T HWEE OEE A FTRERHT L WHERINIC 72 5 & HfF &

nd,

INFTCFYav i L INTE2D GFE 1989), 7 v ¥ 4 4 (Khan and

Arai, 2000) % I b =2 v F U 7 DNA I BIF 2 FHEE O BAEN (Morishima et al.

2008a). BT TH B RAGI & IRBP2 DA f#EHr (Yamadaetal. 2015) 12 X 35 H]

BILFIITIED 5, HARICIZEGICKRE S B 3 %4 (A %K. B R oBfptE

M2BFEET 2 ERHL IR o72, T HIC B RITHAEEICHMHT S B-1 &, B

W, Wi, 2 L CHEBICEEEICOM T 5 B-2 il L 72 (Morishima et al. 2008a),

INE CIC, BEBIET RAGI 3 X X IRBP2 OHIENTICE T Z7u—Vv 23 A & BoD

TRk T AR W T o T2 2 8 (Yamadaetal. 2015), B X O DNA

~ —7/1—ManDra & ManBgl % i\ 72 f##7 (Fujimoto et al. 2017) OF5HE2 5, 7 v —

YRV avidBEick )b Ao MEREE L ), iEEARFEET3ERELR S

J Lo L (7 LR AB) SR INT WS, L L, BisiicEx

% & (A, B) O AZZZHEIC X0 A U 7 RfeAERE A () B (5f) <I1d =51

(2n) JREFEHR T DML U201 L T (Arias-Rodriguez et al. 2009), Jiff 132580k

(In), =5t (2n), BXUOWUEE (4n) DT 5 I AR ETER L 7228, %

FERE) H FFORE T 138 T4 7n > - 72 (Arias-Rodriguez et al. 2010), > T, T



OMFEIZT A BXUB ZFEICHET 27 %o, fEHol T2 3 i

sa—y FYav 3B ) FEDOT 7 LR TH B ICHBEDL S THEIIATTH - 77,

ryua— v fEERPERT 5 A0 (AB) 3. L oEAEICEW T T ZED

AT Z & PRI XD SRR ERETS 5, LA L. BREMICHE XY AT

TERBHY, ZoEAHICIE I e — VRO ZEEPHIET % (Morishima et al. 2002;

Itonoetal. 2007), O£ 0. —f&ED 7 v — vl (AB) B4R A Rk (A)

EIAAFES . A Z¥Hkor ) 22 vy e BEAFERREOY 7461 €y b

LK S N7z =5k (AAB) 23S 5, [FAkRIC, D 2 v — i (AB) 23Ef4ER!

B Rk DREF (B) ZHUVAAZZGEIZARFKHERKRDOT /) 412y b & BRGHEK

DT L2k ORI NI ZMEE (ABB) M HBLT %, 7 v — v HSR =R

BAERICOWTIE, THRD DNA ~—7 —fEfr» o, T3 207 /) 205 biEk

RO 1T 2 v P 2B BGERE TR L, B8 (In) JIZEHT 2L, F

b bR AR A (Meiotic hybridogenesis) 234U 2% Z & 3HHL 2217 o 7=

(Morishima et al. 2008b), ZHICXI LT, 27 v — v iR = R0 i3k (In), =

fitE (Bn). B L UNEME (6n) OKT 5 2 WIFEFERMIEZTZR L 225, 2 b Dk

T DOZFEIC L D INEIT 2 IZ R S 72> 72 (Oshima et al. 2005),

0o —ED NP a v RO E O IE, BRI cChREEEEZ 6N D

AIEALEAT OKERAEDITE 2 v 2 —, 2013) ZFFET 2 -0 OHEEHIR L 72 5, fil{kD



AIEAC L. EhES D WEEIC X 2 A RE R~ DB THEL 21T 2 2 & B0 B4R

77’Z N

=F
#

BICIT O 7201 K F—HRDEMR T D A % EFET 3 & R + OB IC B & i

TH5, I DICAHRTIE, ZRIIEME R E KAICHH I N2 23 F -2 FKE

A E NS 0, MR cE 2 Gidf 1997), REN AL & LCBfE

DL A, TR U A B o 72 8 AR BRI I X A R o =5 R e | B

FEZSHEIC X 2 HER L2 D 5, L2 L. ZAERCHERE DS AL IC 72 2 JR IS 2 W TR

D% L FHCEHE T ZBGEIR IC B 1 5 Rt ih 2B 2> O NEHRE O ] 2 3l A 75

172y (Schwenk etal. 2008), F ¥ = v o LM fEY 7 v — v k=[50l i3 A

T2 6 TE D (Oshima et al. 2005; Arias-Rodriguez et al. 2010), ANALHEHE % B

f#d 2 LCRIFOET VWM & 755,

FYa v 3RRGEETERORHEUTICE LD 5, £ RikHicsd

2K ORZMACIRBHEE I N D 7 v — v 5K (AB) (d MR & D 5o 1 2

KT %, LU, FROT 7 LR E Fio AR (AB) <, #ic i3 51Nz e

RS 2 R BT 2 —77. HEXZAERE 23 L A EF 3 B A ko £ 72

IR TR ATER I NS, 7o — Vv ikR=EK (AAB, ABB) <Tli. WIS 244

ST XV BRI % EEAE 5 25, MEITRBTHIMERE & Rk O A2 R 3, @ D

PPAERE Y a v (& 2n=50) 13PEMEORCHEF 2 R L TR I X Y i3

%05, L ORIRAEE R 21T O iRz, EhddkoRns 7/ 22 ffdfiol



EAHHEORE L LTH T oN D, o T, FfkaRE T EBIC I35 51 5 52

B 7 7 LEEABERLTWE 2 e MCRREING, £ 2T, b LARL S RICHNEK

TR EEA T 5 Z b TcE L BE LT LS EEFIERICS 2 258 %

WEOYZC BT 2 R DB LT E 2 LI I NG, LELBDH, FY

a v ORER R 7o — v o34 T 2n=50 (FEEEEE S M) B 5 % 10

AR, X ERAER (SM) B2 5 4 A, Il iaE R (T) B 18 X 36 &) 225

I nTs Y, BEDIEENIGEHD O {4 DROABZODRIMA L BDELLIT

KT 2052 RET L EIEAAEETH 72 (Itono et al. 2006),

AWFFETIE, B a v BAER TR sk O Rt ik & o TliE R ISR 2 5k

ZHESL L ASEMIIE D RE 77/ LRSI T GERE O R AR B I 5 2 5 &

fRilS 2 2 Lz H L L7z,

AMFRITTRlOATE L VRIS, F—2Tld, &IERY| DNA ~— 7% —ManDra

(DAR%., 58— CHiF L 72 ManDra-A & XHl9 % 72 ManDra-B &£ K3 3%) 2 70—

7" & L T Fluorescence in situhybridization (FISH) %17\, B Z#E DGR % 7 1Hllig

BRSNS T 2 Fik L L=, B3 Tld. ARKED7 /7 4 DNA 2 & il [RIFESHE

Dral %\ CH#EL 72 x1EEY] (ManDra-A) % 7’v—7& LT FISH %17\, A %

W DGR % 7 FHBE R ARG 2 B2 S L 72, SH=F Tk, BB LUH

TETHBE LRGN e — 72 WA FISHICK Y, 70—V FYavR R0



MR CH 5 2 & 2o IR ARSI L 72, SHNETIE, 7 e —Y F¥ a7 0

FEETCHCHR T GEIR I 3 1 % I8 KR DR tuff 25 8) 2 FISH T4 % & & T, fiH

FOr7u—vHERHERT 2 AN AL 2RO L, FAETE, AHEMHEN sy

HEWC 351 2 BT RO R OIREED), FrICHFEREARDO NGO RE ICER L T, 32k

N Filem CEE TR E 3 JHN %2 o Tl EEAICREE L 720 AT, <

NoDOFIRERi > TRHEGYT /) LMK B T BGARE O RO AZEB) I 5 2 5B

DWW U 7z,



F—E

DNA RS % Fa—7& L7 FISH i X 3 B Rk 0L

famIc BTk 7z X S c, HREWICAER T 28ER F Y a vICiBRIC K E <

5 2%k (A £, B £#) OFAEMPBEEST 5 (Khan and Arai, 2000;
Morishima et al. 2008a; Yamada et al. 2015), % L C. Atiffs O MEEE N AZENT i< 138}
BLO MM & BRI F 72 5O 2 B U MR A CHGiEd 2 7 v — v 5 k2
f77£3 % (Morishima et al. 2002; Itono et al. 2006), &€ ¥V #%51c X - T A& IE
R L 72 7 b — v SR S BRI F— e AR T2 EE T 5 (Yoshikawa et al.
2007), 7o —v F¥a v REHOHEZER L L, WAKOT 7 Leffefioc
LRRBEND, Lo L. RIEHEMREA () XB () <l &t 2n) % EHT 2
AR U — 0T, MEMEREZ T 23T X D 572 (Arias-Rodriguez et al.
2009), F 7z, RACFEMERE O HEI AR T % /F > 7 (Arias-Rodriguez et al. 2010), 7 =
— v TSR, ISR A AL 2 2 c X Y A5 A B L (Morishima et al.
2002), 7w — v HEREAER O MECIXEUr 2T (Meiotic hybridogenesis) 1€ X
D B IN 2T S 5 25 (Morishima et al. 2008b), HE X RIERE T D & % b $ 2 ICFE

4% (Oshima et al. 2005),



LSRR B A RS TR 2175 FYa i, WInb HRO R 25 ) L%t
o TH Y FIRGRMETIEKIC T /7 LRERBBER L Tws 2 & 2Rk S 5, i€
52T, 78 —VREU Y a vEMICBW T ZRZROREEKEZ NS 2 2 L 28T ENIL,
REOKROEH O R T /) LEBREFERICE 2 28 2Btz 5, L Lk
o, R s v — v OKEIZ A CH— O (2n=50, TEBIEEE R M) B 5
Xt 10 AR, KA EBEREAE R (SM) B2 5 4 &, SREBREAE % (T) 818 %f 36 &)
THY., IO RFEOHEERET S Z LT TE R (Itono et al. 2006),

B&#M N a7 2Bl E L CHIREESR Dral Z 727"/ 2 DNA oW (L % 1T
272 A, %774+ DNA (¥ 130bp) #1551 7= (Fujimoto etal. 2017), % Z T,
ZDHT 74 DNA KL Cro—= v 2 LRV 217> itk v, KB
fii5 DNA = — 7 —ManDra-B 23585 & 117 (Fujimoto et al. 2017), % D&% ManDra-
B fHIK % Fr A ICHE S %2 77 4 ~—+% v b (ManDra-F, ManDra-R) (Table 1) %
WT PCREITZ1TS & F¥a v CIRHICRENZIBIEEY 2R o 5 2 L 23
L7, 22T, $62U® 3 b2 FY 7 DNA HEifEK (Morishima et al. 2008a) &
¥ RAG 11E15¥ (Yamada et al. 2015; Fujimoto et al. 2017) % F\>7= DNA fi##7 <45l
L7z A &Ht. B R, 8L U7 v —vDIEARICOWT PCR EYOBEXKEN 2175 &\
ARHBIE T X —RDOKENMGEZ R L 72D LT BB XU B — v TIEAXTIROIKE)
&% L7 (Fujimoto et al. 2017), Z OfFHRIZ, B RS/ LI A R L 0 b &

10



J£i ManDra-B S FES 5 2 L i< "% L CTH Y, ManDra-B 2 7w —7¢ L
TFISH %175 C & T B RO FEMAHN AREIC R 2 L E X b,

Z T TH—# Tk, ManDra-Bf#EAFAINZT 7 A I FE& 7w —7& LT FISH
ZIT\Ww. B Rl F Y a v oR ik o F-HREIR ARG 5 2 775 DN & i A 7z
T 720F T, A B#E B R#i25H T % ManDra-B fEIIC 1) 3 HEEECH] D E W IT D W

THIEZIT o7

11



EEE Tk

fadf

2013 2o 2014 FFOHIRIC NTIRKEIC X O EH L 2 IRIEEIM & . Bk S HE L
7= BN % R EAREARERUC V72 (Table 2), §7ab b, JLiEMEE N RZERTED A
FMEF Y a v & 2 itk (B 2 @) dbiEie 58 N-EAETED B A% 5 ik (B
Wit - 3 Ml fA, ARACIINE - 2 i fR), ALiREZEE PE RIRTED B RHE N a vl K%
HTEED ARHE N2 = 72 O U 72 Rt AR 3 fE (ks (ARALIINE « 3 fEfk) %23
EREAEROMBHfEL 72 (Table2), £ 72 KRZEMED A Sit. CRETED B Rt %

nZh%x% 2 i{k3 > ManDra-B fEis O HEBCHIfENTICHE L 72,

PR B 2 T 2720, aF ey (B33 2ffkE 1gbz v ilficid
20-25 IU, MECiZZoPnEads L, Mz e —2—1c kb 25°CIcfR o 72Kl
PICERE L. < iE 10-12 R I PRI 2 iERR . B2 B L CRIN L 72, D [FIER
I ZFEL T, ~~ b2 Yy FMRINE (FrEth) CEREL 2. 8350
Kurokura’s solution (NaCl 750 mg, CaCl, 20 mg, NaHCO; 20 mg, KCI 20 mg/DW 100
mL) (Kurokura et al. 1984) 200 u L CAMR L TEERICH 7,

12



ATIERIC X 3 FHRofEH
MR 515 5 N7 IR &2 IERG 12 IRAE E DAKEK L IREGT 5 2 & TATHEE 21T
> 720 NERIZNAEE DIKEKB Ao Tz v —LIHL, 20CDA[ v F a2 X=X —]N

THHE L 72,

DNA oO#fiHh

flilfkr 8L 72 13N ZYIBR L, T 5% T100% =&/ =2 A->7 1.5mL 5
2 — 7 WICERE L 72, TNES-Urea buffer (10 mM Tris-HCI pH 7.5, 125 mM NaCl, 10
mM EDTA, 0.5% SDS, 4 M Urea) (Asahida et al. 1996) 400 u L & Proteinase-K (20
mg/mL) 10 uL A 57 15mL F 2 — 7 Ik 72 REINE T L. 37°CC— Ml E Al
L7, kBRIt TN T3 2 & s, Phenol/Chloroform/Isoamyl alcohol
RBA&EWR (v Rvy—v) %800 uL iz < 20 EoiEIRMZ{T -7, 2Dk, 15
o0 EE (13000X g,20°C) T\, EEAZH LW 1.5mL F2— 71 L 72,
COWEED S R DL 225, 3 MEFEEF P U v 4 (pH 5.2) 40 L & 100% =
£ 7 =800 uL ZMZ CHAICHRERRA L 7z, —20°CT 30 srfilm#itg, 30 o
Him OB (13000% g, 4°C) %47v>, DNA =L v 2B E 872, 70% =X/ —1L
800 uL #MMATY vALEEZBIC 710% =& —A%REL, @ZE#%D DNA % TE

13



buffer 102 p L IC¥#AfE L 72, % O . DNA AWK 2 u L % Fv>T Nano Drop 2000 (Thermo

SCIENTIFIC) TigE#HE%. TE buffer < 100 ng/ u L ICFHAFEL 72,

I} 2 v FY 7 DNA FHETERD RFLP 7347 ic X 2 R 5l

% 100 ng/ u L ICHH%EE L 7= DNA 3 2 p L, Ultra Pure Distilled Water (Life
technologies) 11.3 L, dNTP Mixture (TaKaRa) 1.6 u L, 10X PCR Buffer (TaKaRa)
2.0 L, rTaq DNA Polymerase (TaKaRa) 0.1 gL ic 3 b =~ F ) 7 DNA FH#itHEK %
WiEs %794 ~—+%v b} (OF, 1565R) (Table 1) (10 uM) ZZNnZFN 1.5 uL $
02mL F 2 —7TREALZ, ZLTI3C-3 %, (93°C-14r, 58°C-14r, 72°C-143) %
1 ¥4 2702 LT30 %4210 PCR G (Morishima et al. 2008a) %Z{To7z, Z®
#%. PCREY 5.0 uL, #IRE% 1.0 uL (10 U), 10xM buffer (TaKaRa) 1.0 u L,
Ultra Pure Distilled Water 3.0 uL % 0.2 mL 5 = — 7 CiE& L € 37°CT 4 FefiILL kA
V¥ 2= E{Tol, TONMTIIHIREERIC Hinf1 (TaKaRa) ZHw7=4 v 70
& Haelll (TaKaRa) ZF W7z % v TV ERA{FRIL 72, MEZ O v 7 4.0 L %
Loading Buffer (TaKaRa) 1.0 uL &AL T15% 7THE—RTADY 2 VIZT 77
A#. 100V T 40 srfESAEKEI 2T > 72, 70 f~—7—& LT 100 bp DNA Ladder

H3RTU (Gene Direx) ZH 7z, vkEltk, Bibt=F v v ot b7 v 24032 —

14



Z— (306 nm) ZMH\WT DNA W o %217\, BFE#R (Morishima et al. 2008a) & g

AL CRIFEDHB 21T > 72,

¥ RAGI BfsT8E D RFLP 73471 & 3 RacHIB

IR % 100 ng/ u L ICFH#E L 72 DNAVAW#K 2 u L., Ultra Pure Distilled Water 11.3 p L,
dNTP Mixture 1.6 pL, 10 XPCR Buffer 2.0 u L, rTaq DNA Polymerase 0.1 L 2%
RAGI BT ZEIEST 2 774 ~—+% > F (RAGI-M.aF, RAG1-M.aR) (Table 1)
(10 uM) %ZhZN 15 uL £ 02 mL F2— 7 TRE L 7. % LT 93C-3 4>
(93°C-1 47, 60°C-143, 72°C-143) # 1% 4 7 & L T35 %4 71, 72°C-7 43D PCR
)t (Fujimoto et al. 2017) %1157, PCREY 5.0 u L. #lREESE Prull (TaKaRa)
1.0 x L (10 U), 10X M buffer 1.0 L. Ultra Pure Distilled Water 3.0 u L % 0.2 mL 5
2—7TCRALTITCCT 4 KM EA v F 2 _— 21T o7, HIRERLIEER, ¥
7'V 4.0 uL % Loading buffer 1.0 uL &AL T15% THE—AT VMDY = IiTT
77 A #.100V T 40 EESKE 21T > 72, 77 F~—H—& L T 100 bp DNA Ladder
H3RTU Z M7z, ikBIf, BALTF Vv affal F 7 v 24 L 14 —&— (306 nm)
%M\ 72 DNA Wi o 217, BE# (Fujimoto et al. 2017) & & L CRAFEDHH

Z{To7- Tabb, SO0V F23 443 bp DA DHEIT A 7213 B2 K. 147

15



bp & 296 bp D&rix BL %, % LT 147 bp. 296 bp 35 X 18 443 bp @ 3 D DWiH 23

RU7GEII e —v LHEL 72,

AR A DR
OB 7k

AR D 5 Hiis X OCHTH ICHERAOKE 1g 572 0 #9100 p L o FIfiE % HA
ICHESER, B =2 —IC XY 25°CITfR o 7 KIEPICHfE L )% 2 HE L 72, 2 mIH D1
RIS L7z 24 RefgR I A E 1 g e o 2 MOKAM Y v 7 i (NaCl7.5 g, KCl
0.2 g, CaCl, 0.264 g¢/DW 1 L) THFHRL7zareF Viai (0.01%) 50 pL ZiE4eec
BN & PN ICTE RS L. 2.5 RERIKRE N ICFRE L 720 0 2. ALFIfHE 2 &
NEER 2 U] 0 B & Bl L 720 2 L CBlMZ -~ 9 3 Tl < Flbr L. M R iEIR
%1372, 2Dk, 0.075 MKCl T 60 73R ORIRIME Z 1T, AN TR (A X7 —n
Mg =3:1) CTHEEL C-30°CTREFEL 72, COBEREATA V772 EIC#ET L,
ZERREIRRIC X 0 PR AL L 72, $72, Pk oREEE P <720 65°CICEE
LA vFdFar—2—HNT2d M0 —F =y 7B Z{T 5 72,
@ HRiEHT

ANL#EHE#. 20°CT 18-20 KfE2 % L 72 IRIEH 0 IR &2 K Y v 7 uvilhic %
L. vvey b2 TIIBZREL 2. MEAZBOKERY) v il cifl7za e

16



F VIR (0.0025%) i 30 SR E . 0.075 MKCI T 20 43 ORI % {7, %
DEHN I THTHEE L T—30CTHRF LTze A X —A 20 uL, EElE 10 u L ZiRE
L7z 15mL F2—7WICMEZB LT, ©<y 74 v 78I X 0 oS % (eS8
L7co COMBIRE AT A F 277 A LICHT L, BXECEEEC X0 RERERZFR L
oo TRREAEORBEE /20, 65°CICERE L7724 v F 2= & =T 24 B o

— F=v 7 UM 21T - 7,

Fluorescence in situ hybridization (FISH)

FISH | Rampin et al. (2012) ©J7iE% —#Z L <7572, $74&bH. ManDra-B
FIBA v — P INAETTIAIVE=Yy 7 PV AL —vavF v+ (Roche) %H
T Biotin-16-dUTP (Roche) T X 25k & WiH{t #1T > 72, ManDra-B #2514 ~ ¥
—bFEINAETTRINEE (200ng/ul)1 uL, DDW6.5 ulL, =v 27 PV AL —
Yavxy bicFEEO JATP (0.4mM) 2 pL,dGTP (0.4mM) 2 uL,dCTP (0.4 mM)
2 u L. Nick Translation Buffer 2 u L., Enzyme Mixture 3.5 pL., % L T Biotin-16-
dUTP (1 mM) 1 puL % 15 mL F2—7WTEAL (HiF20 uL), 15°CT 2 Ko
AvFax—t%E{To7, 37T DNA & EcolitRNA ORETR {F 7K+ DNA ¥
# (10 mg/mL) 1 mL I E.colitRNA 10 mg % & L C/ES} 1 p L, 100% =& /7 —)b
60 uL, AMPFFET v E=V L3 uL %A VF 2= FMEDKIGHEN 20 pLicHmML
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T, —20°CT 30 43I L 72, % Dk, 30 o[ o dhzEO it (13000x g, —4°C) %
T, FBAZBEL TS e — 7 DNA 2L L 72, WO 7a—T %4 7Y &4
t—vav Sy 77— {50% T ¥ 27 (FiET* A1+ 7~ 1g/DDW1mL) :
20 % SSC (NaCl 175.3 g, CsHsNazO7 + 2H,088.2g/DDW 1L) : liif A v AL L7 I F -
DDW=100: 18.3:275: 106.7} 40 u L ICHfR L <., flifl$ 2 £ T—30°C TR L 720
P ffEA%E 65°CD 70% FA LT I F/2XSSC(RALT I F i DDW:20xSSC=
7:2:1) 50 mL Ao 2RO H T 3 S OEEUE % i L 7212, —30°ClcmAlL
ez x =) —X (70%,90%, 100%) HTZZ i 10 53 D R 2 17 v JE
W2 X472, 7u—7 DNAERK 40 puL % 83°CT 7 /oAWK, KT 10 43
B L 72, BEZHRO R T4 F EIcEE#HO 70— 7 DNA R 40 uL 2 F LT85
7 AN LTEOERICIET 15, BHARERNT 37°C, 20 REIUL o4 v F 2 x—1 %
fTole A v Fax—1% 42°CD50% w1 LT 2 F/2XSSC(FL LT I F:DDW:
20xSSC=5:4:1)50mL 23 A o 724+ ajffi < 20 7rfi], 42°Co 1xSSC H¢ 7 43 % 3
[, =i@mD 2XSSC 1T 20 WD %kH Z{To720 Nv 7777V FOFRNEMZ 572
W, 7avF* v iR (BSA0.05g, 20XSSC 1 mL, Tween20 10 L) 70 uL Z 27 4 F
FIHETLTC3TCT30 A4 vFax=1 LTz, X774 NLEHNL, RO TO Y
VW AR R\ 72 % . Streptavidin Alexa Fluor 488 conjugate & 11%
BSA/4xSSC 96 uL, Streptavidin Alexa Fluor 488 conjugate (2 mg/mL) (Life
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technologies) 4 puL} 100 uL # 27 4 F LI F L T37°CT 90 rffif v Fax—+
ZfTo 72, 42°CD 4xSSC/0.1% Tween20 {4 X SSC (DDW : 20xSSC=4:1) 50 mL I
Tween20 % 50 uL #f#} 50 mL 23 A - 7z §xtaffih © 5 sy o %% 51 4 [8l, 42°Co
4xSSC T 10 srflodeHz 1 HiTo 2%, ©A4F vHl7T Y v D EE {1%
BSA/4xSSC 100 uL, ©4F v#7 ¥ v D iAfER (Vector) 0.4 uL} 100 pL %
A7 4 FEICHTLT37°CT 45 /04 v ¥ a = b E{TV Y 7 F AL DOHIRE(T > 72,
42°CD 4xSSC/0.1% Tween20 2% 50 mL A - 7z @i < 5 oo ¥ %5 4 [0l
42°CD 4xSSC T 10 Frffl oyt % 1 H{T - 72, F U Streptavidin Alexa Fluor 488
conjugate i 100 pL # A7 4 F RICi T LT37°CT 60 4 v Fax—FzfTo
720 Z D&, 42°CD 4xSSC/0.1% Tween20 T 5 s DUEiF %5t 4 7], 42°CD 4 X SSC
T10 M oBEE 1 T o7, BlRO T X 7 —Lv ) —X (70%, 90%, 100%) P T*%
nZxNn 5 SO BKILEE % T JJFZ I DAPL LSRG IR ORAER {DAPI K
(10 pg/mL) 40 p L i SlowFade Diamond Antifade Mountant (Life technologies) % —
TR 40 uL 2 T L CAN=7 7 A THEW, v = a2 % o2 7 CRKHREEE L 72,
TR L iR imEle 7 7a 7Y 2k A5 DFC 365FX (Leica) % &K
L 72 DM5500B (Leica) % f\», AF6000Modular > 2 7 L1 THT - 72, #xiEtk lx Photo

Shop Elements11 (Adobe) %\ CHIRDMREZ 1T - 7=,
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Two-color FISH

Two-color FISH Tl% Biotin #£# L 72 ManDra-B 7'm — 7 ichlz2 <, & FHK
5.85+28S rDNA #El#%# 4 v ¥ — 1+ L7277 X2 I F (Fujiwara et al. 1998) #=» 7 }
VAL —vavdy FICXY Digoxigenin £k L C7 v —7ICHW, ThbbH,
5.85+28S rDNA filk % 4 v % — b L7277 % 3 P& (200ng/uL) 1 uL, DDW 6.5
uLl, =v 7t vAL—vavFy FiftET 2 dATP (04 mM) 2 u L, dGTP (0.4
mM) 2u L, dCTP (0.4 mM) 2 p L. Nick Translation Buffer 2 L., Enzyme Mixture
3.5 uL, % L T Digoxigenin-11dUTP (1 mM) 1 uL % 1.5mL 5= —7HNTEAEL (&
20 pL), 15°CT2IKflD A v F 2 _X— b+ %fTo 7z, 7. Biotin {5k 7' v — 7% fF
JR L 72 & FIERIC, = & 7 — APkt OFEE X 7z Digoxigenin ik 7' n — 734 7
VAL E—a vy 77 —40 uL WML 7. 2L 7 Biotin B0 — 7 40
L ¥ X O Digoxigenin £k 7' v — 7740 uL ZiEEHR. REUHEZEL 722 7 4 FICiHE
T L 20 KA LD 4 v F 2 _X— } 21T 572, Two-color FISH Tt Streptavidin Alexa
Fluor 488 conjugate & Anti-Digoxigenin-Rhodamine, Fab fragments ®E&EE 1%
BSA/4xSSC 95 uL, Streptavidin Alexa Fluor 488 conjugate (2 mg/mL) 4 u L, Anti-
Digoxigenin-Rhodamine, Fab fragments (1 ug/mL) (Roche) 1 L} 100 uL %% 7 4
FEICHTFLT37°CTI0 4 v F 2 x— 1+ %fTo 7, UEOFIEIL FISH & LT
»5, F¥a v Tl 585+285 rDNA 71— 71T X » THRA M Bk mEBiA b i
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IET A UME () BB 2 s (Lietal. 2010, 2011, 2012, 2015, 2016), #
DD fERTIE 2D FF ., ZfEkciz 3filo v P st i, —HoHE

Qe k20l 95 2 L3 A[RETH B,

%M ic BT 5 ManDra-B $EIE, o 5 E B 5| @b

% #i[E < ManDra-B fHI D HEEECANICE D3 H B 0> R MREET 5 7201, TOPO TA
Cloning Kit For sequencing (Life technologies) % F\>C ManDra-B fEffio 7 v — = v
T HhIToT, Thbb, BE%L 100 ng/ u L IFHEE L 72 DNA /AR 2 p L. Ultra Pure
Distilled Water 11.3 pu L, dNTP Mixture 1.6 p L, 10XPCR Buffer 2.0 u L. Ex Taq
DNA Polymerase (TaKaRa) 0.1 uL & ManDra-B fEik % ¥lEd % 77 4 ~—+k v b
(ManDra-F, ManDra- R) (Table 1) (10 uM) #Z %3 1.5 uL$202mL Fa2—7
TG L7z, ZLTI5C-3 47, (95°C-30 . 50°C-30 ¥, 72°C-30 %) % 1 4 7 v
& LT20 %4 270, 72°C-5 4D PCR JxJi& (Fujimoto et al. 2017) %#f7- 7z, PCR
YO ESIKEI%IC, ManDra-B fEl % 1 B &A 2N F (8 130 bp) 2R S 7=
o7 %YYL, NucleoSpin Gel and PCR Clean-up (TaKaRa) #f\», 7' v b
I VITHENT 5 PCR EYI O 1T - 72, #IH %D PCREY 3 ul, 7 v —=v
7" % »v FH @ Salt Solution 1 L, Water 1 L, TOPO Vector1 uL % 0.2 mL 5 = —
7 CiRA L= T 30 HEFHE L 7, SEEROIGIKRD 9 B, 2 uL % One shot TOP10
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Chemically Competent cells (Life technologies) gD = v v 7 v b2 TW
> Y ERA Lz, KFITHE LT 30 srHiERIC 42°CT 30 Blile — F v a v 7 %47
EWOKFIT 2 pEFHE L 72, 20, avET Y FerFy FicAET S S.0.C
Medium % 250 pL iz, 37°C<T 1 Kel o R (225 rpm) %f7- 7z, LB Agar 7
— b {LB Broth with agar (Sigma-Aldrich) 1 % 7'L v + % DW 50 mL IC{&fi#tk. T
ey Yy (100 mg/mL) 25 pL Zifh L CER} icy v A% 20-50 p L &7
LT 37CT—Mif vFax—1F Lk, 20=—DBRIHERI N T L —F 55l
Dan=—% 0.1-10uL D~A4 7oy PHF v 7E2HTHEFEIR L, TE buffer
10 uL 28A272 0.2 mL Fa2—7NTHEL 7, 8EW 1 pL. Ultra Pure Distilled
Water 15.1 gL, dNTP Mixture (TaKaRa) 1.6 p L. 10X ExTaq Buffer (TaKaRa) 2.0
u L. ExTaq Polymerase (TaKaRa) 0.1 uL, M13 77 4 ~—+% v + (M13 Forward (-
20), M13 Reverse) (Table 1) (10 uM) #ZNn %2 1.0 uL 3202mL F =2 — 7 CTEA
L. 95°C-5 43, (96°C-20 #b, 55°C-30 ¥, 72°C-143) Z# 1 #4710 L T35 %47
L, 72°C-10 53D PCR K% 17> 72, PCREY) 3 uL % Loading Buffer 1 uL &EA
LT, 1.5% 7Hu =27 A%k HWT 100 V T 40 pEERKEN 270 720 3 F~—7
— & LT 100 bp DNA Ladder H3RTU (Gene Direx) %\ 7z, ik#itk, b7 v 24 v
1A -2 —%ZMHTDNAWR OV A X 2R L T4 v ¥ —+F =y 7%{T>7, PCR
FEY)Z AMPure XP (Beckman Coulter) % F\»CHi#l%%, Big Dye Terminator v 3.1
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Cycle Sequencing Kit (Life technologies) ® 7w + 2 L icfEvy, M13 Forward (-20) 7
74~ —%MWT 96°C-1 4y, (96°C-10 #b, 55°C-5 . 60°C-44r) 2 1 ¥4 7reL
T30H A4 7Dy —2 v ARIE%ETT > 72, Agencourt Clean SEQ (Beckman Coulter)
o ORELts, EIERS % ABI PRISM 3130x1 (Applied Biosystems) i< & 9 #E L,

ZARME ORCHI L 2 1T - 72
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S

ManDra-B 7' v — 7% F\ 7= FISH

FISH D#E 5%, A Z# 2 flfk GF 58 lid) <&Mo RERIc s 7F 254
IN7h o7 (Table 3, Fig. 1) (Kuroda et al. 2018), #:thfk#ki 2n=50 TH v, A
R EERAE R (M) B 50 10 AR, R EEIRAE R (SM) Y 2 56f 4 AR, 3B )5
&% (T) B 18 & 36 A X Wi & T w7 (Fig. 1) (Kuroda et al. 2018),

—7J7. B &#t 5 Mtk Gt 73 fif) clk&MIgic s TRk €y b u X 7
iC > A & 7z (Table 3, Fig. 2) (Kuroda et al. 2018), ¥ 7=, #etufA %213 2n=50
TH O, BAEIZ M B 55 10 A, SM B 2 5 4 AR, T A 18 &} 36 Aic X W & T
7= (Fig. 2) (Kuroda et al. 2018), BHIc>WCld, “RHFERICEVIZR SN0 57,

TARHERE 2 MR (G50 M) i<\ T b PEAEUT 2n=50 <, ZALIZ M A 5 X
10 4, SM %I 25t 4 A, T % 18 #f 36 AR X W i X L C\»7= (Fig. 3) (Kuroda et al.
2018), ZRMOBA L kR TIEWIT R L L7 h 5 72, BT BV Ctafk 50 KD 5
LYo 25K MBI 5K, SMAEI 24K, TH 18 AK) T ¥ b v X FHlKIC Y 7 F A

FH & 17z (Table 3, Fig. 3) (Kuroda et al. 2018),

ManDra-B # X Uf 5.85+28S rDNA 7' v — 7 % F\» 7z two-color FISH
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SR HMERE 1 R (GF 6 M) 123513 5 two-color FISH D#5H, 1 XD A M RIg
kD FaMidEl I 5.85+28S rtDNA v 7' F A3k E vz, C ofERIE, BTt (Li
et al. 2010, 2011, 2012, 2015, 2016) & [HZETH o7z, T b 2 RII/IMEIE IR
(Nucleolus Organizer Region, NOR), 37 b b rDNA LT HE % b DMHFIR MK TH
7= (Table 4, Fig. 4a) (Kuroda et al. 2018), i b 2 KDOMHFERAKD 55, —/7T
I+t b o X THEIC ManDra-B & ZF AR Enzoici L, b9~ Tiiy s

Fovid E e 2> o 72 (Fig. 4b) (Kuroda et al. 2018),

Z%MEEic 31T 5 ManDra-B $EI5, 0 85 E B 5 i@ T

# %M 2 iR I 5T, ManDra-B [id4l] (137 bp) ® 9 % ManDra-B 77 4 ~—I(c
L o T S 7z (119 bp) ZXR & LT, BE#RD ManDra-B [it4l] (Fujimoto et
al. 2017) &KL 72, A RHMEAK-1 CiRRAT 11 HEoER L 1 EEoxkE (an
=—5) BE.bN7 (Table5, Fig.5), A R#ifilffk-2 TldmK 12 RO EK L 1HED
R (am=—1) BHoN7 (Table 5 Fig. 6), B Z#ifffk-1 cl3mA<T 3K E
Mo (2w=—1), ¥ 2foEL 11EEORE (2r=—4) RSN (Tables,
Fig. 7). B RftfffR-2 Cldick 4 R oEK, 1 HEoRE, 2L C1iEEKoHA (=

o=—1) AR 517 (Table 5, Fig. 8),
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=1

ManDra-B 7’17 — 7% H\»C FISH %17 o 724550, A R ORERICIT Y 7 F L H30R
HaEnAado720Ic LT, BRETRETOREHED v b o X FHEICHE Y 7 F
ABRD LN, I, RMEMMEICE T 3 two-color FISH Tli, 7 5.85+28S
DNA 70 =71 X o C—xfOMFE A M B EEE2BE L, Ao b—Fick
WT DA ManDra-B v 7 F A 235588 biviz, fE> T, ManDra-B 7m—7%Hw5 C
LT B RFICHR T 2tk R BN TRETH V. A THIIGEEANIC B R ICHR S
2 Yt iR % B3 2 T kDML S Tz

INnFET, Tu¥ 4 L5 (Khan and Arai, 2000), I 2 ¥ F U 7 DNA iR
(Morishima et al. 2008a) ¥ X U#%# 5T RAGIL, IRBP2 OHIENT (Yamada et al.
2015) DFER» S, ZRHEOMICITFHL VDB GERLS 5 LI N TE /2,
AFFRICHENTH, B ZMOREARTOARE Y+ r A THEEHEFFIC ManDra-B + 7'
AR I N L h o, ZRFEHTIEDRS L b2y b X TR O TEV 4
CTH Y., rFIERENIC EREDORITIIR 2SR T 2/ L 7 o 72,

v br AT LF 1 NGO EEGT 5T, 2 o Bic kB EGE (4 b
a7) BRI TS, SEMICIIL b o X THERICEET 2 8Fk e | HREE
TH DA AT 5 2 & T, WHIICER S 7z @ik DNA 23 2 [ o I1#1 10~ 5%
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AT D, &Y b a A TREBICIHEEE ORYIBHEY] (2 v T L) KRKELEYT I

4 b DNA 237EfE L. —ifiit v b o X THEBOEKICK X &% 5 2 % (Sumner,

2006), Bz X, & MiCBIF2Y 774 F DNA O—DiCt v b r X THBICFEET 5

TATZ7HT 74 FHH2 (Masumotoetal. 2004), 7L 7 7H 574 + % N LHMAE

SO G IR O RE R AL L ZA BEEE AT 22V e AT AKX

72 (Sumner, 2006), %7 7 4 F DNA ICI3fthfEIK & LR TEERDLB LS AL B LD

R, WERICRKERMO I 4 X, REB R EICKE 2B b

(Yoshimura et al. 2006), ZD7=®, b F TIIELROEKEDOE Y v X THEEBICHFET S

+5 54 F DNAFH| % 7 e —7¢ LT FISH #1795 2 & C. % oYtatkoigirin]

HETH % (Nietzeletal. 2001), F7-. 2-3 O NEH #fo~f 2703774 bt

Fetuffk LB A ZiIICBUE L. RIFENC b %72 5 BB 2 52, £ D70, LNER

PR TEE R CRACHYTHA T3 (Sumner, 2006),

KRETR Y ba X THEBICHEET 5 2 L 23HBH L 727 ManDra-B §EIE @ BeI T 1D

WT, A & B ORI CIREREYNIGEWIIR O N2, ZOHEIIREL Ado

72o ManDra-B fHI{#¥E<+ % 77 4 ~—+% » } (ManDra-F, ManDra-R) # fi\> 72

PCR MG DBEXIKERICOWT, A RifiCld 7 X —IROMIREY » ER T DI

X LT, BREETIEA A TIROIBIEEY P EIE S L7z (Fujimoto etal. 2017), Z DR

I B R#T 7 LITiE A RHE L Y b S IC ManDra-B S FET 5 2 & 208 <R



BLTWw3, $hbb, ABXUB RO FY avizwvwdind ManDra-B THEL X 1L

i e H S 50, X OREMFIZARETRECERY, O LD FISH &7 F 0

DIFEREBRL TV BAEEWDRH 5, TORICONWTIFESHEIF AL TV X4 -

a VIERPERY TAEA L PCRIEZHWT, ZR2EICE T 2 KIERDEWZHL 2

KT 28D D 5,
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FE

DNA KRN %2 7a—72 L7 FISH i X 2 A R&FEAEDOHEL

Y

F—HETIEB RN a v ok %Zik5 3 % ManDra-B 7'u — 7 %% L 7=,

NIC XY BRIGICHRKS 2 ROAKRDOEEF 2 BI T2 2 L8 nEEIC ko7, LA L, &

BT ) DD BI R O Je R T 5 2 5558 &2 IEMEICHfR 3 2 B C. B Rt

DHE LT A RFEOREOAREZENT 2 70— 70K AARTH L, ZNET, 7

0= FYa v RO RMEEIRSHEE XN T & 7228 (Yamada et al. 2015; Fujimoto

etal. 2017), Z OIRGER%Z ) FHIILEEFICEE T 2 2010 . A Riffa#nl 7 o — 7134

HTH 5,

KETIE, T ARKEDT 7 4 DNA 2[R Dral ic X Y iR{fbL <774

DNA o i # 3 A 7=, Kic, o 7=3%F 74 F DNA % ManDra-A & &£ <

BCHIfEMT %2 17>, ManDra-A I Z FERIVICHIES 2 77 4 ~— 2G5 2 LT &

AR IBF B PCR G DO MEREY) O R #H 5 21 L7z, % LT, ManDra-A fEI5

BEAINZTTIRIF%2 7 —7¢ LTFISH 21T\, A 24D et k3RA1 23 0] BE 5>

B EIEL 720 T2 A BT /7 BT Elld ManDra-A 79 4 ~—ic k- T

HEE X 72 PCR FEY) D —ERIC 3\~ C EILICH T 2> & ManDra-A fEIE 23 5 B8 6E

LCHFET SRR L7, 22T, Z® PCR EY) % ManDra-A 5 repeats & %40
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IJ. ManDra-A 5 repeats 3 A I N7 T A I F%& 7w —7¢ LT FISH i z17-

72o 2O7u =710k ) A RO REMRGES D [REL B2 %% & & Hic, FISH »

7 F N DEL R % ManDra-A v — 7 L R L 72,
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PHR & Pk

A

ReERIEARICIE. 2017 E2 5 2019 FEOHIAC AT IC X 0 1EH L 2 IR %2
F\vs7- (Table 6), BRI, LHEREENRZETED A RHE Y a v M2 v
THEH L 72 11 flfR, dbimEE B EN-CARETED B Rt N2 a vz v CF L 72
6 ik, CERETFED B RN a vlfe KZENFED A RN Y a vl AW TEHL
72 BAREHERE 3 R, 2 LCRINEED B RN Y = VL KZEHTED A R K =

7 2 TR U 72 RARTAIMERE 3 el iF 2 e R AR oM EHZffE L 72 (Table 6),

BRIP - $RAS

HmEEICHEER W,

ANIEREIC X 32 FROEH

HmEF L hEE T,

DNA O#iH
BB LU kR W,
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I b= v F Y 7 DNA FiHE & ¥ RAGI #5738 D RFLP 4347ic & % RHcH 7
F—m LA U E Wz, 7272 L PCR T ICH 3 2 )SH X, DNA ¥R (100 ng/
uL)0.4 pL, UltraPure Distilled Water4.2 puL., I b= F U 7 DNA FfifElEs X
U¥ RAGI BT %#¥iE+T 277 4~—% v b (10 uM) (Table 1) 22 h %4 0.2
u L. 2% Quick Taq HS Dye Mix (TOYOBO) 5.0 uL % 0.2mL F = — 7N CRAL T

ERLL 7=,

HIRBERZH 7297 74 + DNA o Bijf

A R D7 7 L DNA %5t 29 FEE O HIREE SR (Table 7) ZH WML, Fbh7k
DNA Wil 2597 7 4 F DNA 08217 o7z, $7abb, KlRERICHIES 5 10
Xbuffer 10 p L. HIRREESE (10-150/ul) 5 pL, 77 ZDNA( pug/ul) 3 uL,
Ultra Pure Distilled Water 2 puL % 0.2 mL 5 = — 7P CRA& L TRIGHE (AEF20 u
L) Z{ER L 7=, RIGHIZ 3T CICRE Lz —~ A% 4 7 7 —NT—BefhE L 72, HIR
% SRR o KGR 13 SAFELOOK Load-Green (6 X ) (Wako) 3.0 uL $EAL T1.5%
THAR=RTNDY 2 NMZT 77 4%, 100 V T 60 frESKEI 21T 72, 0 F~—
#— & LT 100 bp DNA Ladder H3RTU (Gene Direx) % 27z, wk##, LED + 5 v
AANI A=K — (FABHz—23,Wako) %H\T DNA W Za#LL, 754 b

32



DNA & A7 7 V%Y1 ) i L T NucleoSpin Gel and PCR Clean-up ZH{\»T 7w |} 2

MTHEW DNA Wil o it 217 - 72,

+55 4 F DNA @ 27 u—=v 7% X CHEERHEN

HEEL 7297 7 4 + DNA OfREES %5 20 F 5 72®, Zero Blunt TOPO PCR
Cloning Kit for Sequencing, without competent cells (Life technologies) #F\C /7 1
— =V TR Totm. AF v MIFEERMD DNAKH 23R & LT 325, HIREEEIR
Z N IR 7o FEEACH % B B U S FE R IC 72 2 L IXIR D w72 o TFE RS
TRAVEA I FERMCLE L 4 2 058835 5, K TH T 74 b DNA B 55 h
7= HIIREE# Dral OYIMIH I FEH CTH > 72720 BN O RIULERIZ T D 7 > > 72,
TAME L7297 74 F DNABIKE 2.0 puL, EEgzuo—=v2%y McffET 5 Salt
Solution 1.0 u L, Sterile Water 2.0 x L, TOPO vector 1.0 uL % 0.2 mL F 2 — 7'
TEA®R. EWT 10 2HfHE L 72, FEERDO I 2.0 L % One Shot TOP10
Chemically Competent E. coli (Life technologies) ¥ v MiZflE+2av sy e
2 TR 2 ITIRA Lz, KB EifR, 30 JrflikE L € 42°C< 30 Bioe —t
va v 7 Ek{Tv. ZDOBRBUOKHFCHE L 72, IBAWIC One Shot TOP10 Chemically
Competent E. coli ¥ v BT % S.0.C Medium 250 pL 2%MML, 37°CICEE L
72— =" EHWT 1 KEoIREEHE%1T>7%, LB Agar 7L — } {LB Broth
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with agar 1 X 7'L v } % DW 50 mL ICiEfi#R, #75~4 >~ (50 mg/mL) 50 uL %
AL CE)) o ERa g o KIGE % & A7 S.0.C Medium % 20-50 pL fEREL .
STCICHEINT A VF 2aRX—X—NT—MFHEL 7z, 2 v = —DPRBHER I N7
L— b2 bHfioan=—% 0.1-10 uL OD~427vv <y PHF Y 72HWTOEE
L. iEAW {Ultra Pure Distilled Water 4.6 u L, 2X Quick Taq HS Dye Mix 5.0 uL,
M13 75 4 <=—+ >  (M13 Forward (-20), M13 Reverse) (10 uM) (Table 1) %%
Nz 0.2 pl} hicEE. PCREG {95°C-3 4. (95°C-30 #. 60°C-30 #b, 72°C-
30M) 2194 270E T304 20, 72°C-3%9} %{T-7, BXRIKENC X Y HIKD
DA v — b BHER T N7 KB 1. IBAW {Ultra Pure Distilled Water 4.4 p L,

dNTPs (2 mM) 4.0 uL. 2XPCR Buffer for KOD FX Neo (TOYOBO) 10 p L., M13
774 ~<—+xvy F(Tablel) (10 uM) ZZh %1 0.6 pL, KOD FXNeo (TOYOBO)
0.4 pL} FiciE#E L, PCRRIG {94°C-2 4y, (98°C-10 #», 58°C-5 ¥, 68°C-5%) %
1 ¥4 270E T30 %4 70, 68C-75} %17 > 7z, ExoSAP-IT Express PCR Cleanup
Reagents (Thermo Fisher Scientific) ® 7w k 21 icfiévs PCR EY Z K5HlE, 7 7 X
<~y DRy — 7 T AT — 2R ERFIH L. 22 500797 74 F DNA
DIFEE & B ® ManDra-B fHIf O3 EALY (Fujmoto et al. 2017) o bk & HE AL

YIfEsT Y 7 b TH % Bio Edit Z H\W\TI{T- 7=,

34



%774 + DNA 233 5 77 4 v — OFdt

YGRS 280 & A ic 72 5 72 %7 7 4 F DNA % ManDra-A & LC, ManDra-A %
g+ %774 ~—%v I (ManDra-A F, ManDra-A R) (Table 1) ® &t % Primer-
BLAST (NCBI) (https://www.ncbi.nlm.nih.gov/tools/primer-blast/index.cgi) % F \»

TiTo 77,

ManDra-A 75 4 = —%H\7z PCR f@#r

PCR f#fricfit 3~ 2 o id, DNA &K (100ng/ L) 0.4 p L. Ultra Pure Distilled
Water 4.2 pL, ManDra-A 7’7 4 ~—+% v + (ManDra-A F, ManDra-A R) (Table 1)
(10 uM) #Z2n%3 0.2 pL, 2XQuick Tag HS Dye Mix 5.0 puL % 0.2 mL F = —
THNTIRA L TE®R L 7z, PCR T {95°C-3 43, (95°C-30 . 50°C-30 #, 72°C-30
B) %13 A4 708 1L T20%4 70, 72°C-5 57} %17\, HEIEEY OBLIKENIC X D

FARTOMHIE S 2 — v & L 72,

A R BT 5 HIBEY O HlE s X OCEERSIFENT

A Z#fDr 7 4 DNA (100 ng/ u L) 1 p L, Ultra Pure Distilled Water 1.2 u L, 2X
PCR Buffer for KOD FXNeo 5 uL. dNTPs(2mM) 2.0 L, KODFXNeo0.2 u
L., ManDra-A 77 4~—+ v } (Table 1) (10 uM) Z#1%Z# 0.3 puL % 0.2 mL 5
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a2 — 7 TRty L7z, PCRAEHT {95°C-3 73, (95°C-30 #, 50°C-30 #, 72°C-30 ¥) # 1
FA ML LT 20 4270, 72°C-5 53} ICXOBIEINZZEDD S B, 4 Xhb
ManDra-A fHINAY 5 HALGERG L CHEET 3 eHESIN-HEHBOT7 A2 0 H L.

NucleoSpin Gel and PCR Clean-up % H\>C PCR EEV) O % 1T > 7z, % D&, Zero
Blunt TOPO PCR Cloning Kit for Sequencing, without competent cells Z T 27 v —
=V I kiToT, Thbb, S L7z PCR EYHEK 2.0 uL, Eidozmr—=v7
¥ v M FJE D Salt Solution 1.0 u L. Sterile Water 2.0 u L., TOPO vector 1.0 uL %
0.2mL F 2 — 7N CRARK. T 10 MEE L 72, URIEY7 74 + DNA 235

Clizrsma—=v 7y =0TV RABNOFIEEFEL TH 5,

R IEAR OER

HmEEICHEER W,

FISH - Two-color FISH
H—E LW U J7iE%HWTFISH & two-color FISH #1757z, 7272l 70— 7D
812 1%, Biotin-Nick Translation Mix & DIG-Nick Translation Mix % 37z, 2 F 0
ManDra-A, ManDra-A b5 repeats, % 7z(% ManDra-B fflE2M A I 7277 X I ViR
# (200ng/uL)1 pL, DDW15 puL % 1.5mL F 2 — 7N CEAH. Biotin Bkd
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% 513 Biotin-Nick Translation Mix 4 p L, Digoxigenin i3 % 5413 DIG-Nick
Translation Mix 4 uL %77 2 I Figi# & DDW 2 iEBE%ZD 1.5 mL 5 = — 7 NI
Z T, 15°CT 2l 4 v F 2 _— F #fT o 72, A&ETlL. Biotin ¥ L 72 ManDra-
A 7'v—7%HMH 7 FISH, Biotin £k L 7z ManDra-A 5 repeats 7’0 — 7 % H\» 7z
FISH, Biotin ££5#% L 7= ManDra-A 5 repeats 7’1 — 7 & Digoxigenin f&£5#% L 72 ManDra-
A 7'a—7%H 7z two-color FISH, % L T Biotin #2£# L 72 ManDra-A 5 repeats 7
o — 7 & Digoxigenin f£i#% L 7z ManDra-B 7'v — 7 % H{\»7z two-color FISH %17 -
72o DAPLIC X % xfbbgeta &Rl 112 13 ProLong Gold Antifade Mountant with DAPI

(Life technologies) 40 uL %7z,
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S

HIRBR 27297 7 4 + DNA o i L 3RS

A Z#D7 7 2 DNA % HIREER Dral THIL L 72B8. A X THROBXIKEIR L & b
I, #7130 bp OALE ICHE 2% 7 7 4 + DNA v R85 7= (Table 7, Fig. 9),
Dral D § X TOHREELET D XX TIROESKIED»BE S n7eh3. Dral 2 H
W7eRED X 9 AT 7 4 b DNA NV FIdfEZ CT&E o7z (Table 7), 7 L4
HicXvBonz4774 FDNADZ o —= v 2% {7, fBbnit5 an=—ni
HEAIRN 21T > 720 £ ORER, 25 an=— 32 TH—of5] (136bp) ZH L T\
7= (Fig. 10), < ®fcH% ManDra-A & £ {13 < ManDra-B fit4l] (Fujimoto et al. 2017)

e L AR, 16 B cER, 2 R oA, 1 HECHEAREL Tz (Fig. 11),

ManDra-A #3885 % 7' 7 4 ~—Di%El & PCR f##r

ManDra-A FEI D% % & & 12, ManDra-A fEINIC 77 4 ~<—+ v } (ManDra-A
F, ManDra-A R) (Table 1, Fig. 10) %%t L PCR @i 217 -7z, % OfER. A Rk
X7 0=V RFETIEARX T IROBIEED R T 7z DItk LT B R TIE 7 £ —

Ny ForpBHE 7 (Fig 12),
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A FHEIC BT 2 IMIBEY © Kl s X CIERECSI AT

A Z#ICHB VT ManDra-A 77 4 ~—%t v b CHIEX N7 PCR EYD S 5,
ManDra-A fH38%% 5 $AEKE L CHEAES 2 S HEHI L 7249 650 bp DNV F 2 ST L %
YIDHIL, 2o—=vickoTEbni 1 a2 u=—2HIEITIcH L7z, Z Of55,
T 5 22T L 72 ManDra-A fEIS QAR 2 g & 3% & ManDra-A LHH{BIL 72
Kol 23 5 BAf7 R L CHAET 2 HEICH 5 C L 23 L 72 (Fig. 13), Thabb&KIE
Hifif % Unit-1—5 &35 &, Unit-1 (121 bp) 13 ManDra-AF 75 4 = —2EA L 72 7-
D HI 7 ManDra-A fEIC, &Y 2 HE e REH 3 I TE LU TWwiz (Table §,
Fig. 13), Unit-2 2> 5 Unit-4 % Ti35¢47 ManDra-A #838 (136 bp) Z&ATHDY .
Unit-2 TIliE#HE2 7 1, Unit-3 Tl3iEH2S 6 K, Unit-4 ClRE# 4 R T4
T\ 7= (Table 8, Fig. 13), Unit-5 (113 bp) i ManDra-A R 75 4 =~ —»#EA L7 7=

DS 7% ManDra-A fHI{CTH b . &S 1 I ¢4 U T\ 7= (Table 8, Fig. 13),

ManDra-A 7 1 — 7 % F\» 7= FISH

FISH o 55, A %28 6 Atk Gl 44 #iig) ic BT, P@AEEUIT 2n=50 TH b %%
RSB AR (M) A5 3 10 AL KA SEEARE % (SM) AL 2 0 4 A, Sl sh)a (4
w4k (T) BL18xf 36 Ar» b I Tz (Fig. 14), X Sic, Sl s Tk
50 KD 95 b 2AKDMELE 24 KD T RIGLEfRD £~ b v A THABIC & 77 F L D3R &
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7z (Table9, Fig.14) L2 L., &fke LCidiahd v 7 FAsmERTHL, v 27 F
N D IIALE TH - 72 (Fig. 15),

—7J7. B R#E 6 ik GF57 #ifd) <3 PEAEIE 2n=50 TH b KIIE M 85 %t
10 A, SMAE 23%F 4 KR, TH 18 & 36 K LK S LT wiz2s, v 7 F it s h

7o 7= (Table 9, Fig. 16),

ManDra-A 5 repeats 7'u — 7 % i\~ 7z FISH 3 X Uf two-color FISH

FISH OfE5R, A 2465 A GF 19 #il) 1< TEASUT 2n=50 THKEIZ M A
5%F 10 AR, SM AL 2 5 4 A&, TR 18 Xt 36 KO E Tz, &b, &ififdic
BOTROAKS0ARD 5B 2 KD MALL 24 Ko TR AD £ v + v X 7HEICY 2
FADEH & 7z (Table 10, Fig. 17), fiE> T, ¥ 7' F 4t ManDra-A 7'v — 7 % H
Wiz I N v I E — B L7z, —J7. B R 5k (G54 #MilE) TH G
EAREUE 2n=50 C, AU M A5 5 10 AR, SM A2 5f 4 A, T AL 18 X 36 ATH -
e, P & i h o 72 (Table 10, Fig. 18),

KT ManDra-A # X 8 ManDra-A 5 repeats 7' 1 — 7' 258 & 1L 3 Yetafk FofiriE &
CUFNRE R KT 720, RHMEME 1 EkicswCER 2 o0 e—-T%Z

% 1 Digoxigenin & Biotin TEER#kZ. two-color FISH #1757z, Z Df5HR, &b b7
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7—7bE RO EoL Y bu X THEBICY 7T A & iz 28, ManDra-A 5
repeats ¥ 7' X b AR I & 1u7= (Fig. 19),

TAREIMERE 5 ik (GF 31 M) 123 \v>C ManDra-A 5 repeats 7’12 — 7' ¢ ManDra-
B 7'm — 7% H\>T two-color FISH % 1T o 72§ %, R AL 2n=50 THKMIZ M 5
X104, SMB2xf 4 AR, TR 18 % 36 KTH o7 (Fig.20), Thabb, ZRHOK
AL HARTEWTE O N D o 72, BT B W THRAK 50 AD 5 b8 D 25 & (M
M5, SMEI2A, TH18A) T v b ok FHEEIC ManDra-B o 7' L a3 &
7 (Fig. 20), Z# LT, Y 25 KD >5b 1 A MHLE 12 K0 T Bgikot v b

O A 73K IC ManDra-A 5 repeats ¥ 7 F A3 X #u7z (Table 11, Fig. 20),
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ManDra-A 7’0 —7 % H\C FISH %217 o 724558, A R TIE 2 Ko M B & 24 Ko
THRREEDO Y Fr XA THEBICY 7 FApBBE izl LT, BRETIZY 7T
LB E N7 o 720 §E- T, ManDra-A 13 A ZHOREAEEZHINT 2 To—7¢
LCHIHRECH 2 L Ex b, LA L, SHllldcliiang v 7 F IS o
ERH Y, BIENICY ZFADRMIE R ZOREL T2 ZFAOBRBIZNETSH - 72,

HEFEBCHIANTIC & » ManDra-A f8I%28 5 HALERE L CHET 5 2 & 2VHBA L 72 58l
% ManDra-A 5 repeats 712 —7'¢ LT FISH 217> 72, % OfEH, ManDra-A 7’1 —
TEHRTHREEN S & 7 FARICHE I D 57225, X VRS 7 F A 2 RER IR
TEILHTER, o T, ARMOREMKEZFN T2 71 —7L LT, ManDra-A X
) 3 ManDra-A 5 repeats DAY TH -7z, LI ED X 9 ic, KETIZ A RHHEKD
Qett k% o3 FHIRE (R A R8N 3~ B k3. & iz,

ManDra-A 5 repeats 72 —7ICEWTKEL TV /' F AR E L HRK L LT,
Zu—7BEOEINC X2 REKRE T u— THRIOMEN AL TV XA XBEZEZLND,
7u—78e 7P NBEOHBICOWTUTOWMEDH 5, 2 —n v 3Oo—FiiE I
B9 % Squalius JEDOMEFEEMELE LT, 7/ & DNA % 7’1 — 7w Ttk 2k
BP0 IT 57T dH % Genomic in situ hybridization (GISH) %47 - 72ff 5, 7'v —
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TREEMCT L TR Y A &, RE L 2 R S RETH 5 72
(Rampin et al. 2012), A#F%2ClE, ManDra-A 7’1 — 7' ¢ T 5 {58 D ManDra-A
T SFAES 5 ManDra-A 5 repeats 7’0 — 7 &2 7= 2 & C, Rtk 7o — 7Hic
B BEANA 7Y XA XOEEDPEIML REL 72y 7 FARBICER 72 &2 b5,
¥ 7z, ManDra-A 5 repeats QEERHIGENT 26, SREBRMTEREIELTNE T L
L7, 2o bid, Bk LICHFES 2 ManDra-A I A34: CTRl— o fdl <l
BB EERLTWS, SRERA TR 205% 43 % ManDra-A 5 repeats 7’11 —
TEHAGS Z LT, BEARERMPE L ManDra-A fHIHE D4 7Y X4 XHEREIC
Y, RELEYIZFADBRHEINZLEZ LN,

P77 74 FDNADEHKICONWT, 7y FOvYREZETALLE LEZAELO, &V T
74 b ORERANE—2>DORINCHNKT 5 d D72 F Tl HEoBEBRLRKIC X 4
REMIEZAR VRS Z e CHECZMNORERINS G2 L HLTEY T 74 b
DNA 3 KERH O ER-CHIFIC X > TELNTE R LHE IR TS (Sumner,
2006), fit-><C. FYavofHNICEWTd, “RF0OLy b X THEECIEFT 74
P DNA OZEBZNEFNETLTEY, 2O EBERMICH T S ManDra-B,
ManDra-A, ¥ X Uf ManDra-A 5 repeats & 7 F L DEWEERAB L - EZ LN D,

ManDra-B il % 7'm — 7 & L T FISH %175 &. B #ftic BT 2 2Rk £ v+
AT s R e e (B—8), £k LT, ManDra-A & X O
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ManDra-A 5 repeats ##3#% 7’v— 7L LT FISH %179 &, A R#IC BT 5 —H4tE
Koxy br ATHEBICOARY FFABBBEINE (KFE), 2ol e+ T 74
DNA OZRBEREARTHGAL TEL 20Tl FRERT L ITEL T 5 AR

W% R T 5, ManDra-A 35 X Of ManDra-A 5 repeats ¥ 7 F A 23R H & v 7z B fkhs

NN

1O MBEZBEWCET TRTCH 72 b, BEORL ZYMIRT LIS L T
BEPECCOIREDFEZOND, v P a AT FET 200E (Rakohi
2R KXo TRAZERFEE 2D, v b u XA 7 BNREAROFLICIIEWIE EE
B LPL T L BRA XA ZETAL LSOO 2IC->TEY, £V b0
AT ONESFESCICB D 2 EEtEDS RE X T % (Ichikawa et al. 2017), ARFE T
LNEMRP O, FYavTh AL LFRBROBRMEL T 2 RESE Z b1,
%# 13 ManDra-A ¥ X Uf ManDra-A 5 repeats & 27 F A S & Win s o 724 tafk Lo

+7 74 F DNABSIZHAOICL, FYavickiFbsvy b u X THBOMEL VT

5 4 + DNA BCH| oS E#EIC O W CHREET 2 LR H 5,
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FISHICk 37 v—v F¥avoifEEiRooMH

F¥a IR EERRIC X 0 B3 2 RH (A, B) olapric, JLiEOMEEENK
ZEl] 7p &I Ic s W/ e - VvAEIC K > CET 2 7u—v NV a uRg R T
% (Morishima et al. 2002, 2008a), 7 v — F a v BN 2 IERTIIE, 132 AY
DA TH I ZIY AT 2 & 7Zn S MEEFRA T 2 25, BRI 2 AL 2 &2
HY, zoEAHICFs e — R GRS 2 (Morishima et al. 2002, 2008b;
Ttono etal. 2007), 7 B —¥ F ¥ a 7 OlEJFICO VT, #BIET RAGI 3 X X IRBP2 D
FcHlfgtT (Yamadaetal. 2015) <2 JE4EFASE & 11728 DNA < — 77 —ManDra £ ManBgl
Z 72t (Fujimoto et al. 2017) 1T X > T, R OKZHEIFCTH 5 Z & 258 IR
XN TE7=,

RHERESHEEI N 70—V FYa v TRLNE 70— Vv ATECHEREAR & »
o T2 BIRIE, ZRMEIFSHIA L T 2o BHE T ORI w5, flx X, 8hH
BB WT, TAY e Ax v a it BB % Aspidoscelis [&D + 71771 13D B> & 4
M N2EM2EH Y, ZoEMOMIZ —fEtEoIERTTINZEH L., HoBS 7 < BA%
A X Y BLET 5 (Lutesetal. 2010), 7z, faficlt, Cobitsfgpa—nm vy X< F
V3 VLB CMERIR & HEE S D SRR L JEERTT O =5 % 2 U EE
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FAEIC X 0 BT %3 (Jankoetal. 2007a,b), T b DFEEIL. MBI I I B ATHEHF IR
TR AR R CBERH 2 ETRBL TV, bbb, Zr—V
FYavicsnwTh, HRDORL 2T ) LaffeRio 2 LA 7 v — v EoIRETET
R ER 52 TwbeE2bNR%, L L, ChETCRHoROKEHNT 2
—AHe K RMEIRTH B Z & TR RIS T Twind oz, ThE
T FAINEEIR A0 R BT IC X o CRMERIEDH S 22172 o T 3 D it Jedli o
Aspidoscelis J&D + 7147 (Lutes et al. 2010) %, Ffk&EE2 RT3 5ETH 5
Genomic 7n situ hybridization (GISH) 12 & o TRMEEIRZ FCa ko R 37
LB CORBEZPEL T B Z & D HBHL T 2 WESE Ambystomalg DY v > a v v
4 (Bietal. 2006, 2007) 7z & —#BICR >N TWw 5,

AETEH, F-PLUOFE _ECHELERFoROKREHNT 2 T n -7
ManDra-B, ManDra-A5 repeats Z fl\V>-CFISH 279 2 ¢ T, Z2u—v FY a3 A
BLU B RfHROEEERELIER O, T42bb RHKEOMERTH L Z L &

FHAGE AT %,

46



PHR & Pk

HEEA

2013 225 2019 FOHAMICHIFEE CHE L T - dLipEfEE N RZE#ED 7 0
— Ve 6 AR L 220 SRR IC X 0 BIEICA B L 2 v ¥ a T2 %
Mg <ffiL 22 v —v VY a v ORISR 18 ik, % L CRZEMED 7 n—y F

¥ a v O 3 iR S L 7 Bl 2 RO AR R ot L 72 (Table 12).

BRI IC X 2 * v Fa BT OBEBEHAREL

¥ V¥ a2 b o157 % Kurokura’s solution (Kurokura et al. 1984) 200 u L CTHR
B. BB L 72 > v — L RICi R, SR AT IC X 0 AR ISR (50
mJ/cm?) Z{To7z, MEZIEEY ¥ — LA OKEREZEIL T 15 ml Fa—7icHL, f#
32 ETALCTREFE Lz BUKIEY v —Lid, ¥ ¥ — L ICHRED FDFRE D/KEK %

EE. PEIA 2 EERARICBEE L, KEKTTEICHT 5 2 & CfFRL 72,

DNA O

HmEF L hEE T,
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su—yv ¥ avofil
B—mLE UL, I bav FY 7 DNA FFifEE & &% RAGI E{n15Eig o RFLP fi#

Frickvyzue—v Foa vzl 7,

AP EEA DR

HomEECHEEH W,

FISH - Two-color FISH

F-EEFUTEEHW, RKETIX, Biotin ££#% L 7z ManDra-B 7'vn — 7% f]\»
7= FISH, Biotin 3% L 72 ManDra-B 7’1 — 7" & Digoxigenin 5% L 7z 5.8S+28S rDNA
7'v — 7%\ 7 two-color FISH, % L T Biotin #3#% L 72 ManDra-A 5 repeats 7' 1 —

7" & Digoxigenin 15 L 72 ManDra-B 7’2 — 7 % F\» 7z two-color FISH %17 - 7=,
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S

ManDra-B 7 v — 7' % Fi\» 7z FISH

7m—v 7Ek GF 88 M) iIcks T, 2REKRDIHTH 2 25 KOGEKD ¢
v b X THERICHR Y 7 F A & 7z (Table 13, Fig. 21) (Kuroda et al. 2018),
7 m— v OREEEIL 2n=50 T, BEIIREBEAE R (M) 8500 10 A, R EE)
JREE R (SM) U 2500 4 R il Eh A& R (T) B 18 4 36 K ik T LTz,

AR#E. BRHED P a v & EEEE LUK Eo@E TR o kh o,

ManDra-B ¥ X Uf tDNA 7'u — 7% Fi\»7z two-color FISH

gua—v 2@ (BF 15 flifl@) i< vT, ManDra-B iZl 2 T 5.85+28S rDNA 7' &
— 7%\ 7z two-color FISH D%, JEfTW%E (Lietal. 2010, 2011, 2012, 2015, 2016)
EEIERIC 1 oAk M RIS E ARG Biim sl iC 5.85+28S rDNA ~ 7' F A & vz
(Table 14, Fig. 22) (Kuroda et al. 2018), fit 5T, Z# b 2 KL rDNA BEETPEZFFD
HEREATH 572205, 2D HH 1 Kizx v b u X THEEICHE Y ManDra-B & 7L
ERLIEDOIXTL, D 5 —HTiEy 7 F it & e 2> - 72 (Fig. 22b) (Kuroda et al.

2018),
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ManDra-A 5 repeats ¥ X O ManDra-B 7 v — 7" % i\~ 7z two-color FISH

7 u—v 12tk GF 117 fifeg) BT, ManDra-A 5 repeats & ManDra-B 7’1
— 7 %\ T two-color FISH #1757z, % D#fHR. 250 KORtfED 5 b 25 KRG
kD v b r XTI ManDra-B & 7 F A2 it &, &Y 25 KD 5 5 12 Ko
T Bigetafho+ v + 1 X 7HEE T ManDra-A 5 repeats ¥ 7 F 25 & 1v72 (Table

15, Fig. 23).
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7 a— v f5HRICEB VT, 50 ROPMED 5 b D 25 KT ManDra-B v 7' v
BRI, THICDNA v 7 F st g 15 2 RofHFEIREFED 5 5 1 KT
D& ManDra-B & 7 FADGHETH o7, o T, 70—V HBHKRDELRSZ DD T
J LR PO TH Y, Z0—H B RMEKTH 3 2 & 230 THliEE
AICEERH & L7z,

K12 ManDra-A 5 repeats ¥ ManDra-B 7' @ — 7% Fi\»C two-color FISH %7 5 7=
fE%, ManDra-B ¥ 7' F A E N o7 25 Ko 5 b, 12 Ko T BREKDO ¢
v b v XA 7HEE T ManDra-A 5 repeats ¥ 7P A0 & iz, ik, Za—v
DETEH9 /DT LA A RMEKTHZ ENHIALZ, D EOKTIL, &E
¥ RAGI 3 XU IRBP2 OFCHIfENT (Yamada et al. 2015) %, ¥ DNA ~—7% —
ManDra % ManBgl % > 72 f##7 (Fujimoto et al. 2017) TR X 1172 2 H DML
I 7% oy B R AR SR L 72,

ru—vET 5 AFRFHKEAE S B Rk 25 KiconwT, 209 H 12 K0
T Bttt fA ¢ ManDra-A 5 repeats & 7 F A BSBH S Lz, 2hicki L <, BHEFED A %
M2 72 FISH DR, 12 R T BIBLER7Z 1T TR < 10 2 Ro M BGERIC D
ManDra-A 5 repeats ¥ 7 F AR Iz GBoE), choofifskEzsz e, 7
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o=y ERERLTwE ARRHKRDT 7 2t BFED ARBKEMELTNET /) 4T

i, TNENTHEHOERPEL CWBAREEREZOLNDS, ZNETIKIba vy )Y

7 DNA FEHI DG ILBCIIfEITIC B T, 7 v — v Mo A Riicgd 2 BpAER B

avdiFEAL s AT uxr 47 () ZHoTWwaZ L2¥HBHL Tw3b (Morishima et al.

2008a), F7z. ALEREIC Lo TEH L - RiHME IR 7 v — v R T 7 LK

(AB) ZHiotEZEz2on2i1cb b o, METIT 5N oMt 25802 B ool %

PEHI L 72D fF7E L Th 0 EMEINIMEERE T 2 2 & ST R 2D A A =f& K

D3 U7z (Arias-Rodriguez et al. 2009), 7 v — Y ICREP 7 I b2 F Y7 DNA »

Tu R A THEIET 5 L R CIE 2 v — 3T O MR A 2 BT E ko

722&, 2L T2 u—vo MBGEARTIE ManDra-A 5 repeats ¥ 7 V3 S v

WEWIAKRIFETEONERIE. 2u—rv i A ZREEROES A 7 7 LEEH

K> T B[R Z TR L CTwd, L2L, Z7e—rvBLU A REFEMZEZNE

NHFEO A 7/ LFICEC T, COREOREBEFEDECDPEL T2 D h el

RBHTH 5, > T, ManDra-A 5 repeats ¥ 7 F L EH & e o 7= QB E T

29754 FDNAZMEE LCHi-A 7o —7%2BKL. 7u—rvE A ZHFERD

AT 7 LETED XS REENHEREC T2 D02 HLICT 20E LD 5,
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BIUE

7w —V FYa vt 5B Re O gt R B #

Al OB PR ZERT I, RERL O RHIIE & (R R I [Rl— D JER eIl 2 FEH L. M
MWRAETEIT 5 70— v 5B FEET S (Morishima et al. 2002, 2008a; Itono et al.
2006), FEETCEMB TR I A =Xs b LTk, O WS RHATENSH
(Premeiotic endomitosis) & @ fEACHHAEGHE (Apomixis) 282 1F & 412 (Dawley,
1989), O TP AEFIAT 2HNICT 7 MEMAELT 2 Z & T BB IR I

mPEAGEE R & e T EfE OB O MR EAR PR E N5, X D%, WE ORI H%Z

&
i

T CIBETCAUE T- 2T & N % o ABERE 13 MR 2 T RL L Yk 84 CBSiH 4 2 TE U
D Aspidoscelis J& b 717 T E N TWw3 (Lutes et al. 2010), & D b 7 I3 HERERLIR
THRDORR 2T ) LuHERon, 7/ L5k, BIEO R UL affcE& L Tw
22 e SMHEHEICHRN A 7 — 7% H vz FISH fFick o TS 2 ic k- 72
(Lutes et al. 2010), —7. @ TRATRRE I X ) HEGEER O
DT SN B 720 BB HOME L Z T FHRMIES R X - CIEETEE T2
KEXnd, ORI =5KD X v 7 (Carassius auratus langsdorfi ) ¥ XY 47

F (C. a. gibelio) THE X Tk Y (Cherfas, 1966; Yamashita et al. 1993), ¥ v 7'
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T I R Y 5 2 el i 35 1 5 =M bR DTS5 — I K 2 FHE L

TWw3eEEz2 5N TWw3 (Yamashita et al. 1993),

INFET, 7ue—v FYavicsll3IEEIiEBTOBBEMEAETL 2 205 b, &

HHTH D EMALT 5 72D I IIZIE % W TR B 2B 23 Th 7z (Ttono et al.

2006), = DFER, GYEAGHIC X ) BHET 2 N2 2 v QYA T I 25 Ao flife ik

DBBIEINDICH LT, 78 —v FYa vy Tld b0 KPBEI N, B HHI

N ZC X B IEETCIND A H358 { /-8 X 3172 (Itono et al. 2006), 72, FILE YV

NS

FBHIT X o TARBICHEICHIRIE L 72 7 v — v b 5O T2 1E Y SR OWE A

RCiE & FIERIC 50 A0 i ib B BIE Sz -0, T b [F U CIRETK T

DR ThbNT W5 EE 2 b7z (Yoshikawa et al. 2009),

rsu—v FYaviz % (A B) ko7 /7 2 %o 2 &30 FHllE RS

FICRE e n7e (BB=%), L2 L. BER O & B i [ — 2 EE Tl 1 o

Rz HRT 213, BB RATO 77 LEINTR,. B0 527 2 HRIREAERE (AT 4

—B 7/ L) TR ITCAR CREBAETH Bk @Al (A7 L—A7 /) L, B7

JL—B 7 L) THEMTHONZLERD 3, ikl a3 {Thb 354,

FHZ AT THILA IR CRERTH 5 -0 BN A ZIEAEC T ICiETo 7 v

— VR I NS, 2 D0—)C, HRARGHEE TG TTON25A TR, FERZIC

XVEBEN RNV = a v BRELE7-0BET0 /e — vz ifFFT 2 2 R TR
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v, LAL, 2NETr2ue—vEEKL W IHROEAR ZREEEHT2 Y —1
D37 K. NEDPREERE TN TWw s Z LTI T d 5 7=,

Z ZCARECIEH BB B CHF L 2 RO R a7 r — 7 % FHw T FISH
JENT 24T\, 71— F Y a3 7 OB EGERIC 5\ O A AR R cfTb

T3 2 & 20 MIERANICHREES 5,
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PHR & Pk

HtER A

MEX, 2017 £RICHIESE CRIE L T 72 b EidE B N RZERTEED 7 1 — v Zff% K 3
% v 2 s DU 2 S L 2908 & Rk AR o kL& L7z, Bl 2013
D5 2017 FOHAMNICHIFEE CHE L T2 KZEMTED 7 v — v if 2 EHRFEH L 72
Pc, SEAMRIS CATEIL L 2 F v F a T2 S ETHEH L 2 7R, A F LT R
FRTw ABRIC X R L 72 7 v — VB 6 R V. 2 S OfliR 2 b L 72
W2 ROAEROME L Lz, & bic, 2014 F Il BE P LB E O B A4

N a w12 SR L 72k D v 72 (Table 16),

BORIRSIC X 2 * v ¥ a lFFOREL

HETERCGEERZ,

PR gL

Wett—~ HH 25—+ AR 0.5 ppm @ 17 a -Methyltestosterone (MT) % & o EH %

52 7-o MT % & 801 Yoshikawa et al. (2007) D HEICHENERL /=, T74bb, T
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£ =i MT %L CRICHFICETE L2tk BICX 2T ra—1r%175 C

& CE8IL 7=,

FE T D BT A DERL

7 n— Vv DFE BRI T 5 iRkt A 2 BIE T 5 70, TS (TItono et

al. 2006) @ 7' v b I NITHE o THROMBERZER L 72, $7hbb, ML Z0EZ /N

Fric#Witk, e b2 vy (17a-208-Ye Fufxs-4-7L 7% v-3-7F

¥) &M T in vitro TR EE (20°C, BEPT) %217 o 72, BRI~ EE8) 2 BHas L <

2o IS 2 £ COIMKIE 2 L v TICREIE L 72, BIERDIMKIEEZ X 7 4 F

77 A BICHRE L ZB5EBEIC XD EERZ Y PR 2 & CREMIERE Lz, £,

IR DHEEZ G 720 65°CICKEL 724 v Fa—X—HNT 24 Hflo—F =V

T % T 57z, »~— F=v 71, Proteinase-K (1 pg/mL) 100 uL%Z X754 ¥ 5

ZFICHT L, 287 7 4 VLA THE- 72121 37°CT 30 70[if#E L 72, Proteinase-K L

BDATAF 7T 213 0.5% Tween20 (in PBS) 50 mL 25 A - 7= e jffip <., 37°CT 20

S DY & —ElfT . F D% PBS 50 mL 23 A o 72§ CRE 37°CC 20 4R ot

B alTo7, VEERDA T A Fid FISH T icfik L 7z,

ISRl D A 2RI 720, BEEZHET2RHIcTF oy y (b3l

W) AMHAAAKRE 1S 10 IUEHL, e —2—I12 XY 25°CIT{R o 72K IC
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L7z, 2 OREERHE, F-E LR UFECREREREERL 2, 36
ROFEEZR 720, 65°CICEELZA Vv F ar— X —HT 24 Ko — F=v 74l

BE T 7,

BT BREoSEMERAE

FHE X OBl Tofst% 7e—4% 4 b A+ ) — (CyFlowSL %, PARTEC #:) #H
WCTHIE L7, T72bb, BEOKE, iR, ¥ 721382 YHiles 7 DNA % v b
(High Resolution DNA Kit Type T, PARTEC #) A it (fHi#f#) 100 u L odic A
20 SfEGE L. ATy 2 2k ) ileziRG. ditx e, 2ok, #khc B i
(DAPI Z & T 3etaig) 400 uL ZMATEAT v 2 ZICX VL, 50 um D7 4
N&—2X v a2 (Cell Trics 50 pm, PARTEC #) i@ L., #MifEOWH k&L, Bl
ZHICA00 LMz, 7u—H% A b A—2—Dtricfi L7z, 2O fEkTh s C

EBBCHBIL T3 7 o — VifofiExk —f5ko DNA & (2C) oHiEL L7z,

FISH - Two-color FISH

B LU TiEZHWE, A& TlX, Biotin i L 72~ ManDra-B 712 — 7% v

7= FISH, Biotin #5%# L 72 ManDra-B 7'v — 7 & Digoxigenin 1355 L 72 5.85+28S rDNA
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7'a — 7 % H\7z two-color FISH, % L T Biotin f&£5% L 7z ManDra-A 5 repeats 7' & —

7"t Digoxigenin % L 72 ManDra-B 7'v — 7 % F|\» 7z two-color FISH %17 > 7z,
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S

BT, BROSEM
PRt 7 v — v 5 R S BRI L 728G IR & % L DNA & (2C) %R L.
YETH 2D AC OMITDOTFAE LR & 7z (Fig. 24a,b), fEHEPTIZ, fH5MHEET %

& 2C, 4C, % L T 8C Dffifa o fFE b A HER s 7= (Fig. 24¢),

ML s v — VigEONEMAEIC 3 % two-color FISH

ManDra-B ¥ X 18 5.85+28S rDNA 7' 1 — 7' % ff\» 7= two-color FISH D#5H, B &%
HE1 A BE21 MifE) <l 20/21 IR O E s 2R 23 25 R i Gk TR S
TEY, 3L AED MR AAT ManDra-B & 7' F A 2SR X =28, —i
FHRIIC 2 Dy 7 FAREEL T IHD Y 7F e LT &7z (Table 17, Fig.
25) (Kuroda et al. 2018), Hiiic 1o ManDra-B & 7' F L 23k X 735401 2
DY TFNELTAhY Y T 5L, 25 RO MiREEIBE I N2 T 50 f#o
ManDra-B & 7" F A 2H & 7z (Table 17), 5.85+28SrDNA & 7" F i3, &Alfigc
1 KD ffige tafk o Wi ak i B & 7= (Table 17, Fig. 25) (Kuroda et al. 2018),

PEoRIE 7 v — VfE 4 R (GF 31 MR8 <k, 29/31 AT 0 B 55 50 AR D A
etk TR LTz, & BT two-color FISH OFER, b8t 723 25 Ao
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“ffifttafA < ManDra-B ¥ 7 F A&, D% BWHEHICY 2 F A EH LT
W27z (Table 17, Fig. 26) (Kuroda et al. 2018), H#fic 1D ManDra-B & 7 F A 28
B IN=GEE 2 Hor rFrelTcay vy b5 e, BERLA2MiET 50 o
ManDra-B & 7' F A3 & u7z (Table 17), %72 5.85+28S rDNA o 7 Fvid 2 K
O iAo ici ., 2D 55 1 KTk ManDra-B & 2728 2 Offith &
Nzn, b )T Ehind -7 (Table 17, Fig. 26) (Kuroda et al. 2018),

7 v — v 2 R I1Cx L€ ManDra-A 5 repeats 3 X (f ManDra-B 7 v — 7 % i\ 72
two-color FISH %17 > 72458, / 4 X288 < | Wt AR v 7 F A2 & 7= 5084513 b
THTH o7 HE R Y 7 F A SN DR TIE 50 Ko i etk 5 5 25 K
D _flig ek T ManDra-B & 7 F AT, Z2D% K ABlidmilic e 7Pz f L
Tw/z (Fig.27), 2 LT, 5 Y 25 KD 5 5 12 KT ManDra-A 5 repeats ¥ 7 F L 23&

HE ., % < BMRERIc > 2 F B LTwi (Fig. 27),

7 a— v D SIRIREIC 351) 3 FISH ¥ X U two-color FISH

7 v — it 3 fEARDIIE SR L 7290 % v C ManDra-B 7'm—71C X %
FISH %1757, % OfES. 50 Ao itk @iz h, 2o 5 b 25 AT ManDra-
B v 7 FAntitiE iz (Fig. 28) (Kuroda et al. 2018), L2>L. (3 & A ¥ DWEZ
RCIFRELT2> 7 F AR TE D> 7z, £ 72, ManDra-B & X 18 5.85+28S rDNA
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7u—7%F\7z two-color FISH iCBWTCHLELEY 7 FromtiizREETcH - /-
23, tDNA ¥ 7 F A I iz 2 Ko _ffigktafko 55, —J7 Tl ManDra-B & 2
FAB2 OB INDIN LT, b~ TR his o7 (Fig. 29) (Kuroda

et al. 2018),
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=1

INE Ty =Y FYa v Tl BB 2R O MRS IC X 5 55—k i
. GPRHIAG & ASREAIIE O A B k23 50 RTH B T & DAMERE X v, BB HETZN
HERICE > CHBTEMBF 2RI NS HE I TE /L (Itono et al. 2006;
Yoshikawa et al. 2009), Z ORET 7 v — Y HEMETF2TER T 21X, 7/ LEMED
Xt Atk 0 Br B MR EARR T 1E 7 < LRI ISR — Dl g G (A T fT b 2 44
EHH %, REICEH T, ManDra-B & 5.85+28SrDNA 7' 1 — 7 % F\» 72 i e ik
IZXf 9% two-color FISH 12 X V| D —ififtafk T D & ManDra-B & 7" F L3
ANz, THIK IDNA v 7 F Al SN 2 Ko _ffiftafko 55, —HFTDH
ManDra-B & 7" F ARH T 7z 2 & 6 NGB IiRR BRI CfTbhTn s 2 L A3
B S 22 1C 72 o 72, T OFEH1E ManDra-A 5 repeats 3 & O ManDra-B 7’0 — 7 % fj\ 7=
two-color FISH I 5\ T, W& A —RIFEOLOEKF TiTbh Tl L b b FF
N3, #ioT, 77—y FYavyTliy /) aMEmgichithifadkiondd s b,
FHZPECTHOILARCEFTH 2 720F L X v FOfal 7n Y ERICE—
7o m— v EOIERTTREF 2R E 5 & & 230 FHIBLER A IICEER & v/ (Fig.
30) (Kuroda et al. 2018), #figkB RO AIC X Y 7 v — VERETF2STERK S 5 C
L & F-HIRGE G AW L 72 D 13, Aspidoscelis J&D + 7% #E (Lutes etal. 2010)
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BT LZHloRrT, BEAETEIVOTORETH S, /-, KFEOERDL C |X

NBINCEERL L 72 7 0 — VD 51372 b D TH 5 43, kA% 72 FISH <% [[—

DIFRBFFONT S, (o T, ML b icF—DEREIC X Y 70— v EDRE K

BPIONT VB EEZLND, LA LEDE., BE I IR G TN & 23T b 2

e RIFBHL 72D 1% 5.85+28S rDNA 7 F A I iz M Bl eEko »c

BB, FRIBEROARICKRN:Z 70 - 7OENPEEN D,

Mg 7 v — V2 72t ic B n»T. A Bl X WL B BRI cR B o f%

DB I N, ZNOBUENETH -7 2 2o, R EMIIVII ORI CEL 5

Z e X7 (Yoshikawa et al. 2009), > C. 7 v — v T b [FERED G HATHEH

NaR T — Y CREOMEEMBEL 2 LHEM I N ZDFEHICIEE > Tk, $72, 70—

v %R (AB) &l L CGEEHNICIZFE—TH 2 2MEB D A 0B 32 7 v — v PufE

" (Ef5k. AABB) Tld. —fEFM:oECiN (AB) 23K & 1172 (Morishima et al.

2012) 5t > T IR TCEMB TR D 7= D7 ) MMEMIE 7 v — v 3R TIZE U % 23,

7 LEPAMTELRWICHE —7 7 v — YR TIRAE LT 8T OO 2R T

OB ER I N2 i/ b (Morishimaetal. 2012), Z O#5R X, HE 2L DK

JEHEAE, DN o BB © . AEMiiE 2 KT 2 Lk v b (Rafke v b)) OXfH

DR %ET = v 7T 5EOFEELZTRL TE Y. 7/ LDOREMEIC X o T A28 W
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RGO A ROMREINIC X > THEZAEEICT 5 2 & TREARIC X 2 B Rl T

Rz s % L E 2 b b,
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BhE

FISH Z AW 7= A F ¥ a v O E 02 o e taik 28 ##2EH

HARICEE T2 Py avod JITEHEEMIC XY EhEs 2 —7 <. ALREOHEE N
RZEHTIC I MEVEF A CH-IET 5 27 0 — v {5 RS TFIET 5 (Morishima et al. 2002,
2008a; Itono etal. 2006), F ¥ =2 v OPEPUERRL, H~T o B (XX 2 #f. XY #f) &
fEEENTHY (Suzuki et al. 1985), U A THEMEFEST 2 70— FYa v 3R
icefeZEz o b, 7v—v2ENT 2IEETINE. FrIcAR LAMERZ 1T
IHECHRT 2T LM T 52 &L CREZRIBT 22, BT ERDVAT T, TR
REE L EEIICE—D 7 v — v fF5Kic 72 3 (Morishima et al. 2002; Itono et al. 2006,
2007), ZNETICZ7m—Y FYavB "% (A, B) OMERFL T2 2 L2398 <
TRIE X NTW 724 (Yamada et al. 2015; Fujimoto etal. 2017), AHFFEIC 35\ T b R ik
Al 7w — 7% Hvs 7= FISH f#TIic X 0 . Z offamidis < sz GE=%), o <.
su—y FYavors /) LERIEAB TH Y, EAT ZIERITTINO T 7 LHEKD AB &
ExoNb, iz, BFEMCIERTIIPKEFRERV AL Z EAH Y, ZOHAEICIEY
o — v iR A HIRT 5 (Itono et al. 2007; Morishima et al. 2008b), Il 2 12, K%
HfcRAIN7Zr7m—v FYavid A RN Y av LRAFINICAER T 5720, BT
DEHYVAENZE AT ) L% 2%y, BY /2% 1y bboru—vlk=1fEk
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(AAB) T 2, 70— v HREMSR OB IR T, MEZIERGERET 3 & v
DY LD S BIEEHICHEEDE G 1y b R PR L RIREIC M o 51 2 TR
T2 (B ZMEREFE) (Morishima et al. 2008b), % #Licxf LT, M35k, = 6%
. B X ONEEORETH 2 CITE T2 TER T 2 25, FT O IC X IiEl 2
X R & N2> 72 (Oshima et al. 2005), X 5iC, EF DK T & R THEELKE »
b, MIESKIBE 213 W EOBRRINEE S B2 X 17z (Oshima et al. 2005),
ru—y F¥YavRUY 7 LR L E 2 O 5 RHRIME D Mkt Rz 3
AR T DFF L E Fi 0o MEC I3 51O % BE 3 2 (R34 UL 5 PRI I3 e 2k
T 5L EERPHEILL 72 (Arias-Rodriguez et al. 2009), —77 ., B35, —
e, B X OPUEHEORE T 5 % W I3 RIS 2 TR L 7228, ZAERET) % FE O K 113
»THI L 7 a— v BREAGER L RIBRICTERE 72 S5 Bl S 7z (Arias-Rodriguez
et al. 2010),
7a—v FYavidifEe b IcIEREITTRM T %2 1F 0 iEME % F> (Morishima et al.
2002; Itono et al. 2006, 2007; Yoshikawa et al. 2007, 2009), L2>L—/4 T, Zu—vH
K =R L ORI RIMERE o ME 134T % 2 A% (Morishima et al. 2008b; Arias-Rodriguez et
al. 2009), HEFIER MR ENT AL L E 2 55 (Oshima et al. 2005; Arias-
Rodriguez et al. 2010), TIN5 IIRMEELIE CHKDORL 27 7 L 2R & w5 il
MO3B Y 77 LI v — v A5 AB. 7 v — VHIREA5 0 AAB. R
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M :ABTH5, LirL, ¥ 7v—v (HRkorp Mt ciEttzE L. 7o — vk
S5 & R IR C IR IC 2 2 D2 AT H B,

TNE TRRALREYZNRE LT, MEZER L2 WOMEIESE L B0, T
MR AR 2 1Y 7 R s © HERE O AT BERE 2 58 L 72 X B IC IR & FIFE I v
(Schwenk et al. 2008), AR DB ZLIC BT 2 JetafbBigi < ld, i kiz >
TR —flifeaECEHMEaE P GHECHEEL THY ., ZOoBRITHILHE
(Bhattacharyya et al. 2013; Torgasheva and Borodin, 2016), &%H (Islam et al. 2013),
4% (Miller, 1977), faJf (Shimizu et al. 1997) THE I N TWDE, T D DFER
(E BT 218 0 et iR & ff ¢ RO MR © IR B RR O IFHEE R ICER 3 2 a3
CThh, 2o e LT, BELRBFERITON TV 2 AREEZ IR L TWw 25,
> T, MR O ANITFENE 2 Bfif 3 2 72 011, ko Rie 2 Pt 2 38000 L 72 Lot
REH) BT 5 2 LB EETH 25, 20 X5 BRI AEICE L TIHM B R Y %=\,

ARETIE 7 v — VBSR4 & RAEEME DD & T4 U 2 AL O JH K % 55 F-#lig
BRI 5 R i ok 0 F e 2 ReafRf TR &R EH T h T3 D% B &
HHkoFetathk% @A+ % ManDra-B v — 7 & —fH RGO E %35 3

5.85+28S rDNA 71 — 7 % 7= FISH f##Tic X v #MazF L 7=,
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PHR & Pk

Bt
2014 FICHFgE = CHE L T 72 b EREE N R ZERTE D 7 v — v Bk = E K0 1
AR, JL#EE SE NEERETED B Rkl & KZEMTED A 2% AWEH L 72 %

MEEMERELE 1 8 (A2 o L 7232 SR oML & L 72 (Table 18),

BE TR D RS O 1ERL

FHUE L [F Ui E v,

FISH - Two-color FISH
F—EmEE L AEEH W, KE T, Biotin ik L 7z~ ManDra-B 7o —7¢

Digoxigenin f2%:# L 7z 5.85+28S rDNA 7' v — 7' % F\» 7= two-color FISH %17 - 7=,

HeaHENT

HRHITIZ A F 2 — 7T v P D cBOEZH\TiTw, AEKEER 5% & L7z, HatiibT

DFER 1LY (mean) TE#HE(FZE (SD) TR L 7z,
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S

Two-color FISH # 272 7 v — YR =G0 7 /7 LR F

ManDra-B % X 8 5.8S + 285 tDNA 7 17 — 7 % i\» 7= two-color FISH 04558, 7 b
— VR =5 RO 1 AR TBIZ L 72 5 #ildD 5 b, 4 Ml oHilg 245205 75 A D
P ORI NTEY, 209 b 25 KD+ v b v X FiElE{IC ManDra-B & 7' v
DM E 7= (Table 19, Fig. 31a) (Kuroda et al. 2019), %7, 5.8S + 28S rDNA 3 2
FAnBH I T 3 ROMFEREAD 5 B 1 K TDOH ManDra-B & 7 F L p3RH &
N7z (Fig.31b) (Kurodaetal. 2019), fit>T, D27 v —vik=fFklzrn—v Fy
a USEEH L 7 51RO (AB) & PEMERT (A) oZzRlEE LTHD. 7/ Lk

i1 AAB TH 5 Z & AL 72,

7 v —vHR=fEEkic kT 5 FISH 2 w2 BEoHoBE

7 m— v iR =LA 1 ERORE 2GR G 34 i) <ld Tl eI b |
A Tl A B T . SMREA ORI N, 72 1DNA & 7 F sk
iz 1l 3 KotHEREAkICEHE T2 ManDra-B & 7 F Ao F LKL §2 &
RERL S N2 Al aikiciz 2 oD 2 — Y BAF{EL 72, 1 ©HIZ. ManDra-B & 7' F v
DR ENT A RFHEKROREEOARM CNEDEL T b LIl L 72 g ik (LR
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II-AA & %30) (Fig. 32a, b) (Kuroda et al. 2019) T» %, 2L T 2 2H#, 1 fio
ManDra-B ¥ 7' F At & v A Rifidsk & B Rl ko ki oit&raE L Tn
% &Rl L 7z g ik (AR II-AB L Rid) <TH 5 (Fig. 32¢, d) (Kuroda et al. 2019),
WNELRLIC L V4 L7 ManDra-B & 79 V263 % B S ko —fligttafk (LK 1-
B &%50) & ManDra-B o 7 A & fu7e v A Rftdsk o —fifig ek (AR I-A
LR 2R OKE NS RGE DB I 7z (Fig. 32¢, f) (Kuroda et al. 2019), &
7. 32D DNA v 7 F L%k Fib, 2D 9 H 1 DTDH ManDra-B ¥ 7 F 23 X
7= Zflgetafs (LA IT-AAB & %3d) b I L 72 (Fig. 32g, h) (Kuroda et al. 2019),

—fifi. —Afi. Z U CEMREAEROBUIEDZURTRE K Bir o T/t 2R EHE
FE L T B et #id 2 C 75 R TH o 72 (Table 20), A RAEHRDOGMAED O REH X
iz —ffigetafk (1-AA) 23R b SHEICHIEE S N7z 5, 2 08U 10— 24 K K5
W oTniz, £/, HROEL 2 RO REMARD LREK X 1Lz Zflidtik (11-AB)
DD 1-9 KL BH%UGETIE VDR 57z (Table 20), #MIlECEIZ X - “flijt
oL, 11-AA T 174 = FHEfRZE 3.0, 11-AB T4 3.8 = fEfF%E 1.9 Th
. I-AA BEEICS o7 (t=19.1, P=1.96 X 10 < 0.05) (Table 20), £7-. —
iRk D% I-B 23145 21.2 + FEHERZE 1.8, T-A 23 11.3 + ¥R 54 TH
b, I'-BRHEICE o7 (1=9.6, P=4.2 X 1011 < 0.05) (Table 20), =flitafkit,
B L7z 34 filao 5 b 1 Mifd o 22 < /- (Table 20),
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TR 3817 % FISH Z VW= 0RHoBE

AR O HE 1 R IC 31 2 18800 26 G 43 #ifl@) <1%. 25 fld® ManDra-B
7B ., S TR R B 8o Tl ik & itk B s his (Fig. 33,
Table 21) (Kuroda et al. 2019), % 7= two-color FISH ic X » rDNA 23l E h7- 1 4 2
ROMFPEEMARICE VT, ManDra-B & 7 F Ao F A2 HEL 32 & | A Rifiko %
ik L B Rt HIR O Rt R oA A3 E U C iligt etk (II-AB) %A L <\ 2l
DETE L 72 (Fig. 33a, b) (Kurodaetal. 2019), #&#ifd c#igE X 7z —ffigttafk (II-AB)
DEUT ) 21.8 £ [EHERA 1.6 TH o7z (Table21), £72. — DML TIZ rDNA &~
TINEHT DB 200 AREELEH Y, £D 5 H—J7TDH ManDra-B » 7 F 3
B & Nz - T oo flifttafkiz z hZh A Rk (I-A) & B RitH%k (-
B) TH % LAHEAL 7 (Fig. 33c, d) (Kuroda et al. 2019), #fffifid CEIZE X 4172 —fiff
etk (I-A, I-B) U3V 3.2 £ fFHERE 1.6 TH o7z (Table 21), —fliftafkd
BT MRt R OB 2 5 LD L, 138 A& DHIE (36/43) 13, 21—23 Ao —ffi

efk b 4—8 KO —fliftafkd LM X Tz (Table 21),
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=1

ManDra-B & 7' F Lo F#EA L T2 L 7 — VR ZEROMCIXEKROMR L
A RO YRR RIS G2ThI, Mg EA 2R L Tviz, A RFHKD
—ffigetafk (F¥ 11.3 £ 18R 5.4) 13, B Bk o—flig ik (FY21.2 £ 1=
MR 1.8) XV bEEI N BAME KL . S IBEEN MRS E < F U AHbk
DYRFE L CEEMICHE LR EE A BN, 72, BRIz itk e —
itk DR IF B TR E K B> TH V., NAICH T 2 HHEREHIZ 22 > 7,

AHER D 5 WA EF U RO FRGERECEENICITDON S T L 2VRB S LT,
—J7 BEEEC Rt A RfEe B REHROREERBcoONEI AL TEY ., B
5 HROYEABTONERATRETH 5 L E 2 bz, Z5EEEORBO H&RIT. 1T-
AA :10—24, TI-AB: 1—9, 1-A: 1—23, I-B: 16—24 D%k tuffi k2 H L T
Tzo ABREAR TR R OETICHE S HEL Clifuc B N5, —F, —flig Gk
IR~ D ALY 7 v X L iciThi s LHEHI I NS, Z DRGSR, TEE BT 13k 4
RSB E B ORBIER T Ich s e E 2 bN 5, LITE TR, SO R E % v
7z7u =94 b ALY —fETORERE, =651 Gn) &AM (n) OMIIAER O FEES
gzl E T % (Oshimaetal. 2005), L 72> L. HEHERIZ: In KT 1380 T (L %<
DT E 72 (X FRAME X, TRRER 20 B H 2 7n LiE )M 1d 72 2> o 72 (Oshima et al.
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2005), fito>T., 7 u—yvHR=(E KoM <l DNA 828 6C offifiistEilic X - <E

FRE N5 A5, it fh e MR BRI Z 5 W& DRI X - T,

—

H

AT T 52 e RBNICERING L EA LN, WEORNERICETLRVE

TR fTONZH L ULTA X HMRED (523 8HE ST\ 3 (Shimizu et al.

1997), A & 77 MR C IR B 251880 2O AL 37 2 2 Mo 3R 23l 4 5 23, MlileE

SIHEDPIEFICETE TR E L GEREZ Rz 2 wiufgtE (4C) ok Fhkiiig s

X7z (Shimizuetal. 1997), > T, 7 v —vHE=FHELoficBTH FEEDOHR

BELTVEHEERH S, 2E V., HEEZITI T LIFARETH 225, X DROBEDIH

ZIEHEICHET T 5 2 3T E T, B TiFFE (Oshimaetal. 2005) TG Iz X 5 &

R 2RO T L3RRI s e E2 o605,

7 n— ViR =f5AROHEL, TR ON MM R OREE I RESRL S, =fF

R DMED O fiH L 72 I 2 o TR RG 2 BI5 3 5 & 25 Ao gtk p3 4

BTE, REMICERINZEEE (In) INEZHBICX > TIEFHICREL 72

(Morishima et al. 2008b), Z DT, INEBGERE T3 vy P D7 /7 LD 5 bLiELH

CHFEEOE N 1 &y FE2PERRL. o 72 2 & v b CHlE ORBEOD R HETT 2 (I

Sy 53R A ) (Morishima et al. 2008b), 7 v — v HE=FGADMECT H{EL Tl H 5 08

In Dfiid23 R’ & 372 (Oshimaetal. 2005), L22L., KifE W7 v — v HE=1F

RDHETIZ, 25 KD G AR D B CHREK X N7 P RQUIITER T E oo 7o 2 T
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Tk r 7 sHEBR I fTON R VW, Tk, TS L LCHARMRCHEL AT —
VI bRIITONELEZLND,

N a v oREMMBEOMEST T 2851 £ 72 (38 TR, TEREM A B 2 5 b
EEEIXIZ L A SV (Arias-Rodriguez et al. 2010), ANFZE TR REIHERE O it 1 35 1
LB HRBEBIEE L8 25 2 Coffifd c MR & (17— 24 R /#ifd) .
AR D R 3 R CITbN Tz, L L, MHEMEDE: D S A ABIER I
ThnFEL L EZ bR i tffd 2Cofificligsh (2—16 A/, —
ffige etk & —fifig R O BUI BT TR > T iz,

TN E C, Wi (Bhattacharyya et al. 2013; Torgasheva and Borodin, 2016), k54
(Islam et al. 2013), Hi44 (Miller, 1977), 4 (Shimizu et al. 1997) O R AT IC
BT 2B AR O P OABIRIC X o T i akC SR A SSHECTAEL B C
EDHBAL T B, RITRICBWTH, REHEMRE N2 a v O CHEARIBIR I
720 Bt T MBIPNIC IZ— iRl & TG R NRAE L. — iR EiRid 0%k T v &
LATTHRA~GTEL X L 5 7o L B NIC BB T2 S L AlRetEA R, Ko a v
D R AR MR IC 351 2R B X O O RS EERTIC X 0 (ufEE (4C) oMfifiEssiH
& N7 (Arias-Rodriguez et al. 2010), Z® 4C iz 7 v — v HR=fEE Y a v o

TR oS5 (6C) Miige, A X HMMEDME (Shimizu et al. 1997) TEHIZ I
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7Pt (4C) MilED X 5 o, Gtk 0 B Im i R M E 1 D& ISR 3 3 AR 4 ic

Lo TUH—RBBOIREETT 52 e BENCERI LM MIETHI L EZ LN,

s —v Y a v TIRBBOIRANCT /7 LMEMHE L NEB iR ek ciTbh

52t Tru—vEOIRREITRME 2T 2 2 LA L 72 (GEUE), L, 7w

— v HR =R RBEME OB IC b [F U2 H 5 72 5 (3, 50 fil® ManDra-B &

FIAPBRBINDIETTH S, Ll AU CIRBIHEL -2 ToMigT 25 o>

FFIABRBINSZZ b, 7 u—V Y avD k) REEOHAIENTHIZEL T

wWhwnweFEzbhd,

AWFFEIC & o T 7 v — v ik =R & R OB C 13, kD B e 2 Retu iR

B LIWNAEARRPELTE Y, SNOBRIGREN 27 Rl T £ 72 I TR IE DT K

WCRELSFEL CnEEEZLNT, TOMEIZ, 2 E ARG I NTE 2HER

WD AT =X L% THIIEEAN ARG o g 3 EoRERFHHIT L 25,
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R

AR TR, F¥Ya vl GERMICKE KL 72 “&H# (A, B) ICHKT 55
ik %z @A+ 5 7 v —7%BF L. FISH I X 2 BMEEBIE» b7 n—v K a v s
FICHT 2 R M ORMEICEIR T 5 2 L 2o FHIEERFAICAEA L 72, R, 7=
— Y F ¥ a v AT BRI — 7 SRR T O TR & IR 3 2 FER Y ik
ZE), $habb, BRGNS X S ik AR O N & & I L 72,
ZOIERTTHME TR A H =X L% BT 2 2 LT, MR cHWPE D EE
DSATREZARFT L WERERMNIC A 2 WIS h 2, AT, DL Y 2 v ©h 5 Rl
Lo n— v R EEROME T, Bk R 2 IR R A R a AR T AR et ESEE T
AL 2R L%, o T, WMEREE NANICEER T 5 Z & THi 7z A LA
723 L HEZ b, RETIE. RIFFERHR LSBT 2 LB L. AKEEB B~ &5

327 REFEITOVWTERL %,

7 a — v HERET OB
R CIEIEBTTRIS T 2 TR S 2 (O BHEBI & FIBRIC, 7 0 — ¥ ¥ 3 v 235
BEFTH D L2 S THIEEFNICH S 2I1c L GEZ), —iRIc, EIEIICER

IR AR ME D o 4 U 7R I3 B ©H 0 IEE RRME 21T 5, PlZiE, ¥
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(Oncorhynchus keta) & ~=%% (O. nerka) DIEWZHEMERIZMERE S DITME%2 S |

MEFEAR R O FHR% 132 2 L D[RETH % (Chevassus, 1983), F7-. HFHETIED 5
DAL 2HEDFET %, HlzIE, =¥ XX H (Oryzias latipes) Mgk ~4 F v
A X7 (O. curvinotus) HEDZHMEIC X o THEH L 72 M ME IR AEFIE©H 2 25, (RS h
LR OFEEIIRE ., MEOMERET b E L T ) ZHEELFi/2 72\ (Shimizu et al.
1997), #siicEFAEMEOSE. 7 LA — HlE M O A FI& IR R 3

%

\FE

L &N L RIZEGERIC 72 5 (Chevassus, 1983; Ogielska, 2009)., {5l 21X ffE <l

FYavilfe ¥ v FalfoRMIC LV ELFRDIZE A EBERIOB/N: & DAY
ZEL BT LRLFEELE (KEDH,199), £/, 2 7~ R (Oncorhynchus
masou) W& =~ % (O. mykiss) MEDIIHEIT X o TIEH L 7= HERRIE 13 582 B % 5
LBULET® % 25, FISH & X O GISH T oA R, M TH 2 =Y~ ichkd 54
EARDFF R HIR & 9 RIDE U Tz (Fujiwara et al. 1997), BTV X7
(Coturnix japonica) W& =7 v U (Gallus gallus domesticus) HEDZHERD & 15 7= HETRNE
DL IFMMSFEAEBIEDELTEY ., 3L AEDEBILETHD 572 (Ishishita et al.
2016), —J7. BIBIICEZ S 3, kT X 7\ FEHE 2 R0 T o M 13 IRE TN
IS 2HmERH Y Z OMREBRITMAIC T v 2R KGE (balance hypothesis) &
Whbitd (Moritz et al. 1989; Lamatsch and Stock, 2009), iz 11X, 3 —wv v AR T
% Cobitis|JED < N a vicid, FIC=2>Dur#fE (Cobitis elongatoides, C. tanaitica,
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C. taenia) DR TIFE LChEA 727 ) LEROMEFEDTELET 5 (Janko et al. 2007a,
b; Cholevaetal. 2012), T o 32 & k70, IEETTAUAT % EH S 2 K2
FINTw3 (Janko et al. 2007a, b; Choleva et al. 2012), J@H¥ECIx, Aspidoscelis &
O BREMZHEICHEIR T 2 b 7 7 M 5o IREICIN & EEH L HE DB G 7 < B AR
ZITH 2L T3S (Lutes et al. 2010), 2o —E LY TH 5N % IEREITE
BT E. BEARY 7 ARERICRER T 2 BE 2 REBFEK L . 200 X 5 AU % [k 3
2201k LREEZOND, EYICE o THH DB T 2RXIMRITEZ 2 720 1TiF,
IEH 72 RE N % R OB TS A TH 5, Lo L, EEMENIC RO 7 2 9F
MRS 7 LRET 2856, MY a VoI I hz X 5 ic, Rtk detiFEE
WCERS 20 AARBE U, 2 OfR., N 2Rl m AT OERs PRI 3
CGEAF), MEipias v — v FYa v it ARs X OWIA B BURSFHIAE ¢ KB o % 238
HKIN, ZTNOBFHETH o722 &2 6 PR INLIRE 2401 O YIRS R A ©
LB LR E NS (Yoshikawa etal. 2009), ThbE2EZ 2 & WS HD
FRARHTIC ASEAAE IS AEAE 3 2 Gt R O MH R % MREIE L T 2050t & A3 AT RE 2> 75 2> % T
POBLFry 7 RAYVEPEET S EHESNL, COF 2y 7R 4 v Mk ) gk
DRI THERERLBEL 2 A[ReME2H 5 LI I N GA, FUBEICEW T /e —Vv FY
a v CRONE L S IC, RREEZEN L GEEZF U 3 2 ik aficb =00
MHFREAED X 5 IenEGd 5 2 LT, BEFEREEZRET b0 E2LNS, L

79



2> L7253 5 | BeAl T BGERR I v THFEIR A &0 X 5 IS G OMT & 7o 2 Fethafk
R LN EZIT D ZDFEL WHEHEIZ 2 A TH S (Sumner, 2006), —77.

M H M Th T 2 Hild o M C I3 EfkiE 7 v £ o ik b s e
FET S EPHEEINT WS (Sumner, 2006; Mizuguchi et al. 2015), $7xb b,
TANICHE N TR Y F a2 T RO ED —DFric, 71 AT B3 DR ~EE 2
£ 91T LTkl & Rabl fidiE <& % (Fig. 34), Rabl Bt (3. &MNICE 1T 2 FE D
T IC R EAETFET 2 XD IR L, v PR AT 22D 3 Z & CHlla ) ZkE
CHPER L ¥4 b a7 ESIRNICHES S 2 EE oL E 2 b Tw 3 (Mizuguchi
etal. 2015), 7P EER 2 ET AL LTl ISR cHTE 3 2 Mg o [ < X
Rabl BLEVBIR I N, BEOGHREZTI L CHFET L, T7rAT LY PR
THBE B L. T r AT BHEEHEOMRAMITIC, £ b e X T Z ONWRICEST S
7 — ¥ (Bouquet formation) ZJ¥A L 7= (Mizuguchi et al. 2015) (Fig. 34), 7 —
TG IR EARE L 2RI 25 2 L THREBGAICE T 205 A 2RI iThE B 1%
Hlid s E2bNTWw3, Rabl ILEDKENCOWTIEE ZAARED L D3, Rabl
BEICLYTuAT 2y P ATRZNEZN—2FICEE S LT, 7T HEDE
BT HENT o TR R DM A1 2 fERR L L IEH 2200 & A3 ATBE D MREE L T\ 2 A HEE S &
5. fEo T, 7 m—v F¥a v TR AT O AL IC B> C, Rabl BLiEkic Gt
R OIEMFEEIC X 2 AR 2O RREED S 2 &M S h, 2k BlEs 2 72 o 5 A
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U700 b Lk, ABFFECHIFE L 72 ~2#iH 7 0 — 7 % v 7= FISH fi##ric X
Dby X THBICHEES 2 KA R M TR 2 Z &A@ R
I GE—. BE), fto T, & v b o X 7O & T YR o MH[E N 2 Il L
TWERIFHTDOLE ZAEL TRV, —DDHWIEAEL 72> T 2 A[EEN: X 5 5,
LaLZadrb, 7u—v FYavp Rabl ilEZH 3 %213 AHTH Y, Rabl il %P
KL WAEY S EEST 3, M2 i1E, o ar oMok ciiey tax 775
0 AT BMEHICEE L T 7z (Dongand Jiang, 1998), £72, =7 2D U v SERDEHA
BT, v b u X7 30— OMICIRIE L7225, 70 2 7I3EHE L T 72 (Vourch
etal. 1993), it> T, 7u—v FYavicBWTH Rabl it 2R L T\ 3 D 2 HEE
TOLREND B,

¥, IEETCECE T IXBE WA AN & 1B 2EBIC X > TR 256D %0,
SHEECIR D F v 7' F T B A B S, (Rl & RIfkD 3 %ic X v Ik
TRCE AR & L3 (GERMEASE, Apomixis) (Dawley, 1989; Yamashita et al. 1993),
Ioic, BALT /) sz Riofiifkc, IREITREFUAPTER I N 560 H 5,
Bl Z (F s, dbiREIC AR % Hexagrammos J&D T A F A MRk D7/
Lz BB PO CHERR L. 5o 72 BEBHIR D 7 7 L 03ME . B AT %
& CEBERE T 2 FEH T 2 fEfEFA:, Hybridogenesis) (Suzuki et al. 2017), Wj4:
FicksWwCTd, V54T (Pelophylax ridibundus) & 257 %+ 7 %<=Hx L (P,
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lessonae) DIHERIFTH 23— v X+ ) H~H T (P esculentus) H[FIKD R
TEEBMEOBUE T %I T % (Chmielewska et al. 2018; Dedukh et al. 2019), JT4F D
Koo, T DA TNV TIRREFIEEGER Ch 707 7 L% /Mk e L CEEMIE 5
HEBR L T2 2 L 23S 20 & 72 o 72 (Chmielewska et al. 2018; Dedukh et al. 2019), F
oo FYavoro— vk = AT, ITERGERE CERICHFEOK VT 41
v P EPRE, Ko L2 2y P BB R E R TCEBIEOIIEE TS (R
By ZUMERE 762, Meiotic hybridogenesis) (Morishima et al. 2008b), [AkEic., Fvaw
Wik A7 ¥ a v (Misgurnus mizolepis) itz $le L., 5 MR BIHE L CERE L 72
MM =MD FYa vHRDO T 7 L0 B & FEOPEER 7 % i L 7= k2321
L 7z (Fujimoto et al. 2008), TN b IZHKRDERR 2T /7 L&D & v S 2
HYBERT 7 LRERDRR BB TR O5] E@ichoTnb Z LIIHL A TH B,
— T BB R ) MK % B O MR IC 351 B R e O 1 OB (3 IR 0 ST
SrE. IEECARAENE, MEMEFE A, R SR A e LRk A TH D | B EHE L L CIRGE
INZDOPEIAHTH S, LLads, FYavicbBuwlrzre—ry _fEFk (AB) ¢t
B L CGEIGINICIER—TdH 2 BB R 5 7 v — v ISR (. f5k, AABB) T
. B AFENSRITEL 5 2L ZfE5E0RETIN (AB) BRI i
(Morishima et al. 2012), 7% bbb, JEETHMEFOTERIT 7 v — v fFATIIAEL 2
. HEERTIHEE OB AR L s C OB ERI N LICR D
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(Morishima et al. 2012), ¥ 52, FYavoZzuo— k=% 4K (AAB, ABB) M.
HEEOIK T 2 4 1 &y P &2FEERL T, [F U HRKROMFEFEEERE & %2175
(Morishima etal. 2008b), T b A HHF 2 % & [A U HIZR D Gt © &4 23 Fl HE

725 X O ICIE TSR BN S LT B RJRE 3B 5,

MM LY a VIR AT

AU & 72 2 RARTEMEIE & 7 0 — VHIREAHEA VY 3 VOB R BT —fffi
tkr % B S, ARSI EHECAE LTV CERE), —/7. R if
ICIXIBETCIN Z EH L - fE{A 2538 ¥ LT\ 3 (Arias-Rodriguez et al. 2009), ¥ 7=,
ra— vk =fE5HEoMTIE 3 o0F ) 409 LiEICHFEMEOK Y 1T & v b 25
EAGERRECHERR L. 8ol E 4% (Morishima et al. 2008b), Mk < D4t D
BEwicownTld, F—A7 v okl (Haldane, 1922) ic X W @I N T E 72, F—1TF
v OFEAICIE, MEOE —MRIcE T, D S b0z, B Tb it
FOWEHBLTh v, $723 M2 LI FHEERL, ~7 nBlodaiks
FrothicliE Icd bbb (Haldane, 1922), = 7idlfi~7 o (XX . XY: k)
DYERERAZFFO 720 (Suzuki et al. 1985), AT OFEERITF—LT v LAl & &
T 5, 72, WHEHICEWTH, fi~T o BoWRERXZFoOF v v LR 4
— (Phodopus campbell) Wt ¥ v v 77V T v N LA X — (P. sungorus) T DAL 2>
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O 15 7= MERME 1 X AEE 2 35p 0 — 07 CL AL DRETIEE < D FEREMIE A5 — g H i ¢
DHEEFEIE, EREI N, BEHIEEMIED 7 b —2 234 LTz (Ishishita et al.
2015), X HICEBE TR, M~7 ol ZW: #. ZZ: i) orEER oy X5
(Coturnix japonica) W& =7 vV (Gallus gallus domesticus) Hft D ZHEMEAR 13 235X
Y:<dH % (Ishishitaetal. 2016), —77, M TIRRAERKELNFR D ABE S NAMICTK 2
25, EERAMMA D FET 2 (Ishishitaetal. 2016), T b DFER D F—1F v D kH|
EEET S, Tl BE~NTRRIOETAERBEFEICHODbNE DS ) H, ik *
XYRMALRAR =L % VR )T VLA R— DM S L 7R3 % v

THE R LB L /R, BHREEEONER27Z T o, HREadEHE X-Y) o

/

NEREDIERICS Bl X 7= (Ishishitaetal. 2015), fE-> T, ~7F oD PGk

ZFREOMETIE, WREAEIC 2 THEREAR OG22 b FIRHC A U 2 afRErE 2 % <

75 % OFGFR. FAGREFIEREEZEC TAEREEFECHoDbNL EEZDLNS,

INETIT, AMEOHERLC =5k 7a & 2P L L722if9Eh & B8 KAl o -

%7 VI B o CHIRAE 2 2R AR 2 BT 2 (%7 v F v 7 KAV F)

DFEMHIHAL T 5 (Lietal.2009), ¥ 7 v F = v 7 FA4 v T X o TR X X

B DR T MR, RIED H 2 AR T2 RN C 720 7 F b —2 R

XV HEBRE NS (Lietal. 2009), Z D 7=, XEAEBE L -MEEHIRTT R F—v &

DBHREZ B LRI I N2 BT EIZMP T2 L EZ b Db, AFFRICE T, Ait
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N avTh2RMlMEL 70— v SR ciINARE EHEE TR X
Nzt BHE), IO 3EWEENY a2 v e kX THhROM T T 72 13 e %
Je 3 % (Oshima et al. 2005; Arias-Rodriguez et al. 2010), fif - C, Hff N = vific
BWTHLARNFT Vv F v 7R vV FICX o TREREDPERI N4 offiflacT R
F =2 Z2BET, ZOfER, PEOKFE I TR D AP EH I CARITICR S
tEZbNB,

RETFTVF 2w IRAVF DT HEREICOWTIIARALE SRS W, LaL, =7 &I
B THE AR RINICR IS 2 Hormad 138151 % /7 v 27 7 v + LizMicid, 5
AREPEEINZDICHBEDLL T, TREF—V ZAPBEL AP -7z (Kogoetal. 2012),
Z OfER, 3 v b a— ik & RO AR & L7228, 2 s 138k 4 7 il
FROBRE R T 57, ZD7®, vV XTI Hormad 1 8I5TIC X > THRAH
EFEITbR TS ZEREHINTEY | COERFRF =y 7R v McEEL T
W3 EBBLR®B I NS (Kogo etal 2012), #-T, FYavicbniher Rl
AR 10 B D YL (R K B 3 DBIE T I X - TER I T w3 AlHEN S H 2 25, H

TOLIHEFAHTH Y D FHEEOBRMAIEINS,
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SROFEL BE
INFETHRRTELLIIC, AFETE FY avrzET A8 LT, 7u— D
FEERTIA T DK 2 IR T 2 Rk A R B 2 S5 2 c L, o T, 2B —V F
Y a v TRLNZYEEEE E N ANICHREIL, FERT 2 2 AT, mHEcH
R D REE S FIRE 28T L WERRRANT I 22 2 LHARE S B, Lo Lt o, Pt fi 5

ZHET 2RI TH Y . FAMLICIEEED v, —J7 T, —HlofME Tl

gﬁ

R L 72 IEBE T T2 FIFH S 2 2 & CRERIFICEKII L T3, 2, FET
i3 7 F (Carassius auratusred. Var.) W& 24 (Cyprinus Carpio L) MEDZHEIC X Y 55
L 72 HERE T IE, MR R (F2) e\ C SRS 7 2 2 5 2 R A B L
N B DORRLIC X o THEEMEER MK R El &k (L, 2010), Z DR
BRI, MR A B X OHEME R A 5 R, 2 L CES R ofFHIcH T T
% (Liu,2010), %7z, HEKED ¥~V *7F (Carassius auratus gibelio) 1%, SZH
CBE LW T oD 2 WIRIRIC X - THEIERR 22§ 2 Rtk 2 & 0 | EZ IS
INTw3, Thbb, FXVATFHPERLZIMBRMESRORT L 2L 254,
MEMEFRAEDE U CFHRIZ 2 v — it B (Guiand Zhou, 2010), —75C. [AfEHk D K
T L ZAGE L GO XA T O N CHEED FRBEL 5, 2N b DFEHAZFH L
TEERGZEDERIVEAZFI> 7 v — Vv RFEDOFRFEICHKYIL T3 (Gui and Zhou,
2010), fto T, IO FFo AFHRHE & BEE O Y b B E Bl % EF <G 3 5
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T, MBEICH T ZKEEREMICE W TOHMEORELFFCE 5, L LR

5, HRICERTRME T 2R T 2 ME oM A G DR o T Y| IREITTIREE

J % 35 e R 2 A S 2 o R 2 AR L e 0 i AR IS JRE TSR T K

HEET L IINETHILEROND, ZDDICH, -V Y avEET I

P& L 72 JEE e TR O T2 05 R D BRI MR D TR Z Wy,

—o IRy v L X O IEWRMEAED X 5 iR L T b i

W% R ITHINDFEEE T S (Chevassus, 1983), 72, F¥a v OPUSEA & 5K D Ff

RMEICHR T 2 5RO ML PR L S5 IN % EH 3% (Matsubara et al. 1995),

AMRCTEAEF Y a vt TEHEETNARERNELTnwE I L ZHLIC L

(BHE), f{to T, ABIICHAERREZHECENIE, TRETALMMHINTE 4E

IZSHE T X 2 MERAL 2 =5 AL 1T 2 8T 72 B ANIEALEAN I 72 5 FTREVE DS B 5 . X AiC

BT, HAEROAER L2 ON T 2 &E 2o 03 s F 7 M A~EHAERTH S, ¥ F

7 A =GO ER LT ESR D O S L, P ESR RS 5 2 v N2 H D —

2IC SCP1 b 3, =& v XA X Hh (Oryzias latipes) W& ~ 4 F v 2 X H (O

curvinotus) T DML (32 HEHE % 72 70 W FREIIE 2 TR L CTRIET S 3 28,

BE ZUR Tl A A RICRER T 2 il A28 I 7z (Shimizu etal. 1997), %

72, SCP1 $itfk % F\ o 7z e iR R R IR DAE R, A 2 A HEfdlE <12 SCP1 ORI

DBRELEANTAREER Y F 7 P AHENTERINTE Y NGz 5 2 LT
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P BT OREALREL Tw B eI N CAIFD,2006), > T, KEEHELEE
CHEWTH, U F 7 P A~vEICE T2 2 v 2 BRI NAICHES 2 2 &2
TENT, AR L R ZHRT 2 ¥z it e LCiffc & 2,
—HWOFYavicEwTRON2 70— HEERE TR & MR AT B3 2 19813,
IKBEBTRIC B\ TR 72 A FE & T8N0 3 2 Bl D BHF 7210 T 7 <L IR0 2B 2
CHYRT 2720 I IEFICHETH 5, AFRICE TS N RIE, Rk AR T

TERBENE % fREA 3 2 B, BEAKE L o7,
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E:3

AW Clt, ¥ a v (Misgurnus anguillicaudatus) OE{GHIICE 7 3 ~ %4 (A, B)
DYt R % 3 FHIRE IR AR 3 5 ik 2 M U ARGl 0 R 7 7 ) LHERUA
BCAR T T RO RE O A ZE B IC 5 2 2B 2 RIS 2 Z L 2 HIN L L7z, AT &
5 ERCIITHOAZL VIR XS,

F—ETIX. B R OGRS TRIGE RSN T 2 FiEEA LT 5720, K
##hic5] DNA = —7# —ManDra-B % 7’1 — 7 & L C Fluorescence in situ hybridization
(FISH) %1757z, % DR, A FFOREEKTIL Y 7 F 03 S s d o 7z DIkt
L C.BRMTIEES0 RO REED L v + 1 X THREICHHR 2 v 7' F L3 & vz,
> T, ManDra-B 70 —7%f\»3% 2 & T B ZficHR T 2 (k% il E s
NSRS 5 Z L A[REL TR o T2,

FFE T A RO R AR T B R AT S 2 kR L L 72, $b
b ARHDT 7 2 DNA 2 b #ll[REESE Dral % v CHilfE L 72 48K (ManDra-A)
& . ManDra-A 3823 5 i8¢ L CHIET 5025 (ManDra-A b5 repeats) % 70— 7
L LTCFISH #1727, ZOfEHR, b 507 v —7d ARMKTIR 2RO MALE 24 K
O T BRRo Xy b X THEBIICY 7P A Enzoicit L <, B 2FETldy
IFAPB I N o7z, #E- T, ManDra-A ¥ X Uf ManDra-A 5 repeats 7’1 — 7
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V52 LT A RICHRT 2 R EAK % o HIGERARICHEN T 5 2 L 23 TRE
o7z,

BEECTIE, 7r—v VY avoRFELMBIAT 2720, Rk 7' m —7 (ManDra-
B, ManDra-A 5 repeats) % H\»C FISH %1757z, % DR, 50 KOGEED 5 b
¥ D 25 KT ManDra-B & 7 F AT L, Y D 25 KD 55 12 Ko T BBk
Dt v b vu XA THEIFIC ManDra-A 5 repeats ¥ 7 F A I Nz, fE-T, 7m—V
FYa vERics s RO 2 RIFE 32 2 & 230 T HINEEIR AR I & 2
7o 7z,

FBWETIE, 7u—Y FYavprEld 2B 70 7 v — v 2R3 2 385K
Oy SR DYt AR B & fRIA S 5 72 ® . FISH 12 X 2 B ABIE 21T o720 % DGR,
BHAEIEZIT D BRHFEF Y a v EHRTAEDE L 725 50 KD flifetafkrs 7 m— v

FYa v oINS X ORI cBlZE I L, 5T, WEDITA R U REkTH
DR AR CIThbN b e BHL o/, o T, Z7u—v F¥a v Tl
SIRATIC 2R AR R L IR O [F Uik AR &3 2 2 & CRIEICE— 7
7 a— RS T 2T 5 2 & 235 THIEIR E IR & hurz,

FBRFETIE, AL TDH % 7 1 — v HER A & R D HE 23 TRFBET) & K7 72 75
BT 2R3 2 XA 1= X L% AT 2720 HEDKEICER L TS 2R o et
BB Z B L 72, Z OFER, Hko B 2 IR e et ik clio &R e EsEE ©
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Table 1 List of PCR primer sets used in this study

DNA Amplified region Primer name Primer sequences 5’ to 3’
OF CTGACATTCCGACCAATCAC
Mitochondrial DNA Control region
1565R CTCTCGTATAACCGCGGT
Recombination activating RAGI1-M.aF GTTTGAATGGCAGCCAGCTCTG
Nuclear DNA
gene 1 (RAGI) RAGI1-M.aR CCACAAACATGAGACACAGAGGTC
ManDra-F TGTTTCATCCTTAGAATGCC
Nuclear DNA ManDra-B region
ManDra-R CCAGCTCAGAAAAGCAGTTTAG
ManDra-A F TCATCATAAGAATGCTCCTGTAAGC
Nuclear DNA ManDra-A region
ManDra-A R GCATTTTAGTATGAGAATTCAACTT
M13 Forward (-20) GTAAAACGACGGCCAG
Plasmid DNA Inserted DNA fragment
M13 Reverse CAGGAAACAGCTATGAC




Table 2 Samples used for chromosome preparations in chapter 1

Sample Fixation No. of samples  Cells Locality or Crosses

Group A April, 2014 2 Kidney Abashiri, Hokkaido

Group B April, 2014 Kidney Nanae, Hokkaido

Group B October, 2013 2 Embryo Nanae (F) x Nanae (M)

Inter-group hybrid June, 2013 3 Embryo Iwamizawa, Hokkaido (F) x Abashiri (M)

F: Female and M: Male.



Table 3 Number of chromosomes and ManDra-B FISH signals detected in somatic cells of dojo

loach
Group Number of signals Number of chromosomes Total
ManDra-B 36 44 45 46 47 48 49 50
Group A 0 1 1 3 4 5 44 58
Total 1 1 3 4 5 44 58
Group B 50 70 70
49 2 2
48 1 1
Total 1 2 70 73
Inter-group hybrid 25 1 2 3 35 41
24 1 3 1 5
23 1 1 2
22 1 1
21 1 1
Total 2 3 6 4 35 50




Table 4 Number of chromosomes, ManDra-B, and 5.8S + 28S rDNA FISH signals detected in
somatic cells of inter-group hybrid between groups A and B dojo loach

Number of signals Number of chromosomes
Group Total
ManDra-B — rDNA 39 e 45 46 47 48 49 50
Inter-group hybrid 25—2 1 2 3
23—2 1 1
22—2 1 1
18—2 1 1

Total 1 1 1 1 2 6




Table 5 Sequence differences of ManDra-B region in dojo loaches from group A and B

Genetic group Individual Colony  Replacement  Deletion Insertion

A 1 1 2 0 0
2 2 0 0
3 5 1 0
4 2 1 0
5 11 1 0
6 5 0 0
A 2 1 12 1 0
2 3 1 0
3 2 0 0
4 3 0 0
5 3 0 0
6 3 0 0
7 2 0 0
B 1 1 3 0 0
2 0 2 0
3 1 0 0
4 2 1 0
5 1 0 0
6 1 1 0
B 2 1 4 1 1
2 2 0 0
3 2 1 0
4 3 0 0
5 2 0 0
6 3 0 0
7 2 0 0




Table 6 Samples used for chromosome preparations in chapter 2

Sample Fixation No. of samples  Cells Locality or Crosses

Group A July, 2017 6 Embryo Abashiri, Hokkaido (F) x Abashiri (M)
Group A September, 2019 5 Embryo Abashiri (F) x Abashiri (M)

Group B May, 2017 4 Embryo Nanae, Hokkaido (F) x Nanae (M)
Group B May, 2019 2 Embryo Nanae (F) x Nanae (M)

Inter-group hybrid May, 2017 3 Embryo Nanae (F) x Abashiri (M)

Inter-group hybrid November, 2018 3 Embryo Ishikawa (F) x Abashiri (M)

F: Female and M: Male.



Table 7 Restriction enzymes used for satellite DNA isolation and the presence of satellite DNA

band
Restriction enzyme Satellite band Restriction enzyme Satellite band
Accl - Kpn'1 -
Afal - Msel -
Alul - Msp 1 -
Apal - Not 1 -
BamH [ - Pst 1 -
Bbs1 - Prull -
Bgl1 - Rsal -
Bglll - Scal -
Cfol - Sma | -
Dral + Sph 1 -
EcoR 1 - Stu | -
EcoT22 1 - Sty 1 -
Haelll - Xbal -
Hindlll - Xhol -

Hinf1 -




Table 8 Characteristics of each unit sequences in ManDra-A 5 repeats compared to ManDra-A

Repeats number

1 2 3 4 5

Replacement 2 7 6 4
Deletion 3 0 0 0 0




Table 9 Number of chromosomes and ManDra-A FISH signals detected in somatic cells of dojo

loach
Group Number of signals Number of chromosomes Total
ManDra-A 44 45 46 47 48 49 50

Group A 26 4 31 35
25 1 3 4
24 1 2 3
23 1 1
22
21
20 1 1

Total 7 37 44
Group B 0 3 1 3 2 4 44 57

Total 3 1 3 2 4 44 57




Table 10 Number of chromosomes and ManDra-A 5 repeats FISH signals detected in somatic

cells of dojo loach

Number of signals

Number of chromosomes

Group Total
ManDra-A 5 repeats 44 45 46 47 48 49 50
Group A 26 15 15
25 2 2
24 1 1 2
Total 1 1 17 19
Group B 0 3 1 3 2 3 42 54
Total 3 1 3 2 3 42 54




Table 11 Number of chromosomes, ManDra-A 5 repeats, and ManDra-B FISH signals detected
in somatic cells of inter-group hybrid between groups A and B dojo loach

Number of signals Number of chromosomes
Group Total
ManDra-A 5 repeats — ManDra-B 47 48 49 50
Inter-group hybrid 13—25 1 4 20 25
13—24 3 3
13—23 1 1 2
12—25 1 1

Total 1 2 7 21 31




Table 12 Samples used for chromosome preparations in chapter 3

Sample Fixation No. of samples Cells Locality or Crosses
Clone July, 2018 2 Kidney Abashiri, Hokkaido
Clone December, 2018 1 Kidney Abashiri, Hokkaido
Clone March, 2013 2 Embryo Clone (F) x Goldfish (M) *
Clone November, 2013 7 Embryo Clone (F) x Goldfish (M) *
Clone July, 2017 2 Embryo Clone (F) x Goldfish (M) *
Clone July, 2018 1 Embryo Clone (F) x Goldfish (M) *
Clone August, 2018 3 Embryo Clone (F) x Goldfish (M) *
Clone September, 2019 3 Embryo Clone (F) x Goldfish (M) *

F: Female and M: Male.

* UV irradiated sperm



Table 13 Number of chromosomes and ManDra-B FISH signals detected in somatic cells of
clonal dojo loach

Number of signals Number of chromosomes

Group Total
ManDra-B 46 e 49 50
Clone 25 86 86
24 1 1
21 1

Total 1 1 86 88




Table 14 Number of chromosomes, ManDra-B, and 5.8S + 28S rDNA FISH signals detected in

somatic cells of clonal dojo loach

Number of signals

Number of chromosomes

Group Total
ManDra-B — rDNA 46 47 48 49 50
Clone 25—2 11 11
24—2 1 1 2
21—2 1 2

15




Table 15 Number of chromosomes, ManDra-A 5 repeats, and ManDra-B FISH signals detected
in somatic cells of clonal dojo loach

Number of signals Number of chromosomes

Group Total
ManDra-A 5 repeats — ManDra-B 47 48 49 50

Clone 12—25 1 1 87 89
12—24 1 4 5 2 12
12—23 4 1 5
12—22 1 1
11—25 1 3 1 5
11—24 5 5

Total 2 15 9 91 117




Table 16 Samples used for chromosome preparations in chapter 4

Sample Fixation No. of samples Cells Locality or Crosses

Group B April, 2014 1 Testis Nanae, Hokkaido

Clone July, 2017 3 Ovary Abashiri, Hokkaido
Sex-reversed clone male January, 2014 1 Testis Clone (F) x Goldfish (M) *
Sex-reversed clone male April, 2018 3 Testis Clone (F) x Goldfish (M) *
Sex-reversed clone male July, 2018 2 Testis Clone (F) x Goldfish (M) *

F: Female and M: Male.

* UV irradiated sperm



Table 17 Number of bivalent chromosomes and ManDra-B and 5.8S + 28S rDNA FISH signals

detected in meiotic cells of dojo loach

Number of signals

Number of bivalent chromosomes

Group Total
ManDra-B — rDNA 22 25 46 49 50

Group B 50—2 20 20
44—2 1 1

Total 1 20 21

clone male 50-4 1 1 28 30
50-2 1 1

Total 1 1 29 31




Table 18 Samples used for chromosome preparations in chapter 5

Sample Fixation No. of samples  Cells Locality or Crosses
Clone-origin triploid ~ April, 2014 1 Kidney Abashiri, Hokkaido
Testis
Inter-group hybrid November, 2014 1 Testis Nanae, Hokkaido (F) X Abashiri (M)

F: Female and M: Male.



Table 19 Number of chromosomes, ManDra-B, and 5.8S + 28S rDNA FISH signals detected in
somatic cells in the clone-origin triploid male dojo loach

Number of signals Number of chromosomes
Group Total
ManDra-B — rDNA 68 75
Clone-origin triploid 25-3 1 4 5

Total 1 4 5




Table 20 Number of univalent, bivalent, and trivalent chromosomes in meiotic metaphases of

clone-origin triploid male. I: Univalent chromosome, II: Bivalent chromosome, III: Trivalent

chromosome
Univalent (1) Bivalent (1) Trivalent (I1)  Chromo.  No. of
A B AA AB AAB no. cell
1 24 24 1 0 75 1
2 21 22 4 0 75 1
5 24 22 1 0 75 1
4 19 20 6 0 75 2
5 20 20 5 0 75 1
9 24 20 1 0 75 1
6 21 20 4 0 75 1
8 21 19 4 0 75 1
9 22 19 3 0 75 2
10 23 19 2 0 75 1
9 20 18 5 0 75 3
11 22 18 3 0 75 3
10 19 17 6 0 75 1
11 20 17 5 0 75 1
13 22 17 3 0 75 2
12 22 17 2 1 75 1
14 21 16 4 0 75 1
16 23 16 2 0 75 3
17 22 15 3 0 75 1
17 20 14 5 0 75 1
18 21 14 4 0 75 1
20 23 14 2 0 75 1
17 16 12 9 0 75 1
20 19 12 6 0 75 1
23 18 10 7 0 75 1
Mean 11.3 21.2 174 3.8 Total 34
SD 54 18 3.0 1.9 cells

SD : Standard deviation



Table 21 Number of univalent and bivalent chromosomes in meiotic metaphases of inter-group

hybrid male between groups A and B. I: Univalent chromosome, II: Bivalent chromosome

Univalent (1) Bivalent (1) Chromo.  No. of

A B AB no. cell

8 8 17 50 1

7 7 18 50 2

6 6 19 50 1

5 5 20 50 1

4 4 21 50 10

3 3 22 50 11

2 2 23 50 15

1 1 24 50 2
Mean 3.2 3.2 21.8 Total 43
SD 1.6 1.6 1.6 cells

SD : Standard deviation



Fig. 1 FISH with ManDra-B probe in somatic cells from group A dojo loach. Representative

metaphase (left) and karyotype (right) of somatic cells from wild-type diploid dojo loach of
group A after FISH with ManDra-B probe. No signal was detected. ManDra-B probe was
labeled with biotin-16-dUTP and detected by streptavidin Alexa Fluor 488 conjugate (green).
All chromosomes were counterstained with DAPI (blue). Scale bar denotes 10 um. M,
metacentric chromosome; SM, submetacentric chromosome; T, telocentric chromosome. The

figure was cited from Kuroda et al. (2018).



Fig. 2 FISH with ManDra-B probe in somatic cells from group B dojo loach. Representative
metaphase (left) and karyotype (right) of somatic cells from wild-type diploid dojo loach of
group B after FISH with ManDra-B probe. ManDra-B probe was labeled with biotin-16-dUTP
and detected by streptavidin Alexa Fluor 488 conjugate (green). All chromosomes were
counterstained with DAPI (blue). Scale bar denotes 10 um. M, metacentric chromosome; SM,
submetacentric chromosome; T, telocentric chromosome. The figure was cited from Kuroda et

al. (2018).



Fig. 3 FISH with ManDra-B probe in somatic cells from inter-group hybrid dojo loach.
Representative metaphase (left) and karyotype (right) in somatic cells from inter-group hybrid
between wild-type dojo loach of groups A and B after FISH with ManDra-B probe. ManDra-B
probe was labeled with biotin-16-dUTP and detected by streptavidin Alexa Fluor 488 conjugate
(green). All chromosomes were counterstained with DAPI (blue). Scale bar denotes 10 pm. M,
metacentric chromosome; SM, submetacentric chromosome; T, telocentric chromosome. The

figure was cited from Kuroda et al. (2018).



Fig. 4 Two-color FISH with ManDra-B probe and 5.8S + 28S rDNA probe in somatic cells of
inter-group hybrid between wild-type dojo loach groups A and B. Representative metaphase (a)
and partial karyotype of a pair of the largest homologous metacentric chromosomes (b) in
somatic cell of inter-group hybrid between wild-type dojo loach groups A and B after two-color
FISH with ManDra-B probe and 5.8S + 28S rDNA probe. Arrow indicates one of the largest
homologous metacentric chromosomes with ManDra-B signal. Arrowhead indicates the other
of the largest homologous metacentric chromosomes without ManDra-B signal. ManDra-B
probe was labeled with biotin-16-dUTP and detected by streptavidin Alexa Fluor 488 conjugate
(green). A pair of the largest homologous metacentric chromosomes with nucleolar organizing
regions (NORs) were determined using 5.8S + 28S rDNA probe labeled with digoxigenin-11-
dUTP and detected by anti-digoxigenin-rhodamine, Fab fragments (Red). All chromosomes
were counterstained with DAPI (Blue). Scale bars denote 10 um. The figure was cited from

Kuroda et al. (2018).
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Fig. 8 Comparison of ManDra-B sequences in wild-type dojo loach group B (individual-2). Red
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Fig. 9 Isolation of repetitive DNA sequences with restriction enzyme Afa | and Dra | in the

genomic DNA of group A dojo loach. Arrow indicates a satellite band with approximately 130bp.
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Fig. 10 ManDra-A sequences with 136bp length. Arrows indicate the primer sequences to

amplify ManDra-A sequences by PCR reaction.
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Fig. 11 Comparison of sequences between ManDra-B and ManDra-A. Upper sequence indicates

ManDra-B, and lower sequence indicates ManDra-A. Red characters mean different base

compared to ManDra-B reference sequence. Hyphen (—) indicates base deletion.



Fig. 12 Representative electrophoretic bands pattern after PCR using ManDra-A primers. Group
B1 and B2 (lane 3, 4) show ladder-like pattern. Group A (lane 2) and clonal diploid (lane 5)

show smear-like pattern. The molecular markers (lane 1) show a 100-bp ladder.
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Fig. 13 Sequences of ManDra-A and each repeat unit in ManDra-A 5 repeats region. Upper
sequence indicates ManDra-A, and lower sequence indicates each repeat unit of ManDra-A 5

repeats. Unit-1 and Unit-2 contained partial ManDra-A sequences. Red characters mean different

base compared to ManDra-A reference sequence. Hyphens (—) indicate base deletion.
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Fig. 14 FISH with ManDra-A probe in somatic cells from group A dojo loach. Representative

metaphase (left) and karyotype (right) of somatic cells from wild-type diploid dojo loach of
group A after FISH with ManDra-A probe. ManDra-A probe was labeled with biotin-16-dUTP
and detected by streptavidin Alexa Fluor 488 conjugate (green). All chromosomes were
counterstained with DAPI (blue). Scale bar denotes 10 um. M, metacentric chromosome; SM,

submetacentric chromosome; T, telocentric chromosome.



Fig. 15 Weak ManDra-A signals in somatic cells from group A dojo loach. Representative
metaphase of somatic cells from wild-type diploid dojo loach of group A after FISH with ManDra-
A probe. ManDra-A probe was labeled with biotin-16-dUTP and detected by streptavidin Alexa
Fluor 488 conjugate (green). All chromosomes were counterstained with DAPI (blue). Scale bar

denotes 10 pm.



Fig. 16 FISH with ManDra-A probe in somatic cells from group B dojo loach. Representative
metaphase of somatic cells from wild-type diploid dojo loach of group B after FISH with
ManDra-A probe. No signal was detected. ManDra-A probe was labeled with biotin-16-dUTP
and detected by streptavidin Alexa Fluor 488 conjugate (green). All chromosomes were

counterstained with DAPI (blue). Scale bar denotes 10 pm.



Fig. 17 FISH with ManDra-A 5 repeats probe in somatic cells from group A dojo loach.
Representative metaphase of somatic cells from wild-type diploid dojo loach of group A after
FISH with ManDra-A 5 repeats probe. ManDra-A 5 repeats probe was labeled with biotin-16-
dUTP and detected by streptavidin Alexa Fluor 488 conjugate (green). All chromosomes were

counterstained with DAPI (blue). Scale bar denotes 10 um.



Fig. 18 FISH with ManDra-A 5 repeats probe in somatic cells from group B dojo loach.
Representative metaphase of somatic cells from wild-type diploid dojo loach of group B after
FISH with ManDra-A 5 repeats probe. No signal was detected. ManDra-A 5 repeats probe was
labeled with biotin-16-dUTP and detected by streptavidin Alexa Fluor 488 conjugate (green).

All chromosomes were counterstained with DAPI (blue). Scale bar denotes 10 pm.



Fig. 19 Two-color FISH with ManDra-A probe and ManDra-A 5 repeats probe in somatic cells

of inter-group hybrid between wild-type dojo loach groups A and B. Representative metaphase
in somatic cell from inter-group hybrid between wild-type dojo loach groups A and B after two-
color FISH with ManDra-A signals (a) and ManDra-A 5 repeats signals (b). ManDra-A 5
repeats probe was labeled with biotin-16-dUTP and detected by streptavidin Alexa Fluor 488
conjugate (green). ManDra-A probe was labeled with digoxigenin-11-dUTP and detected by
anti-digoxigenin-rhodamine, Fab fragments (Red). All chromosomes were counterstained with

DAPI (Blue). Scale bars denote 10 um.



Fig. 20 Two-color FISH with ManDra-A 5 repeats probe and ManDra-B probe in somatic cells

of inter-group hybrid between wild-type dojo loach groups A and B. Representative metaphase
(left) and karyotype (right) of somatic cell from inter-group hybrid between wild-type dojo
loach groups A and B after two-color FISH with ManDra-A 5 repeats probe and ManDra-B
probe. ManDra-A 5 repeats probe was labeled with biotin-16-dUTP and detected by streptavidin
Alexa Fluor 488 conjugate (green). ManDra-B probe was labeled with digoxigenin-11-dUTP
and detected by anti-digoxigenin-rhodamine, Fab fragments (Red). All chromosomes were
counterstained with DAPI (Blue). Scale bar denotes 10 um. M, metacentric chromosome; SM,

submetacentric chromosome; T, telocentric chromosome.



Fig. 21 FISH with ManDra-B probe in somatic cells from clonal diploid dojo loach.

Representative metaphase (left) and karyotype (right) of somatic cells after FISH with ManDra-
B probe. ManDra-B probe was labeled with biotin-16-dUTP and detected by streptavidin Alexa
Fluor 488 conjugate (green). All chromosomes were counterstained with DAPI (blue). Scale bar
denotes 10 um. M, metacentric chromosome; SM, submetacentric chromosome; T, telocentric

chromosome. The figure was cited from Kuroda et al. (2018).



Fig. 22 Two-color FISH with ManDra-B probe and 5.8S + 28S rDNA probe in somatic cells of
clonal diploid dojo loach. Representative metaphase (a) and partial karyotype of a pair of the
largest homologous metacentric chromosomes (b) in somatic cell of clonal diploid dojo loach
after two-color FISH with ManDra-B probe and 5.8S + 28S rDNA probe. Arrow indicates one
of a pair of the largest homologous metacentric chromosomes with ManDra-B signal.
Arrowhead indicates the other of a pair of the largest homologous metacentric chromosomes
without ManDra-B signal. ManDra-B probe was labeled with biotin-16-dUTP and detected by
streptavidin Alexa Fluor 488 conjugate (green). A pair of the largest homologous metacentric
chromosomes with nucleolar organizing regions (NORS) were determined using 5.8S + 28S
rDNA probe labeled with digoxigenin-11-dUTP and detected by anti-digoxigenin-rhodamine,
Fab fragments (Red). All chromosomes were counterstained with DAPI (Blue). Scale bars

denote 10 um. The figure was cited from Kuroda et al. (2018).



Fig. 23 Two-color FISH with ManDra-A 5 repeats probe and ManDra-B probe in somatic cells

of clonal diploid dojo loach. Representative metaphase (left) and karyotype (right) of somatic
cell from clonal diploid dojo loach after two-color FISH with ManDra-A 5 repeats probe and
ManDra-B probe. ManDra-A 5 repeats probe was labeled with biotin-16-dUTP and detected by
streptavidin Alexa Fluor 488 conjugate (green). ManDra-B probe was labeled with digoxigenin-
11-dUTP and detected by anti-digoxigenin-rhodamine, Fab fragments (Red). All chromosomes
were counterstained with DAPI (Blue). Scale bar denotes 10 um. M, metacentric chromosome;

SM, submetacentric chromosome; T, telocentric chromosome.
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Fig. 24 Ploidy determination by flow cytometry. Fin clips of sex-reversed clonal diploid dojo
loach male was used for standard sample of diploid (2C) DNA content (a). Sperm (b) and
testis (c) from sex-reversed clonal diploid male showed diploid (2C) spermatozoa. Y axis of

histogram is cell count. X-axis is channel number.

(b)

G4

1080+

810+

270

200 400

1000



Fig. 25 Two-color FISH with ManDra-B and 5.85+28S rDNA probes in spermatocytes of male

dojo loach from group B. Representative meiotic metaphase (left) and karyotype (right) in
spermatocytes from a wild-type male of group B dojo loach after two-color FISH with ManDra-
B and 5.85+28S rDNA probes. ManDra-B signals were detected on both sides of most bivalents.
Asterisks mean bivalents with ManDra-B signals around the center. Arrows indicate the largest
bivalents with ManDra-B signals. The largest bivalents were formed by two metacentric
chromosomes bearing nucleolar organizing regions (NORs) detected by rDNA probe. ManDra-
B probe was labeled with biotin-16-dUTP and detected by streptavidin Alexa Fluor 488
conjugate (green). The rDNA sequences of the largest bivalents were visualized by 5.85+28S
rDNA probe labeled with digoxigenin-11-dUTP and detected by anti-digoxigenin-rhodamine,
Fab fragments (red). All bivalents were counterstained by DAPI (blue). Scale bar denotes 10

um. The figure was cited from Kuroda et al. (2018).



Fig. 26 Two-color FISH with ManDra-B and 5.85+28S rDNA probes in spermatocytes of sex-

reversed clonal diploid males dojo loach. Representative meiotic metaphase (left) and karyotype
(right) in spermatocytes from sex-reversed clonal diploid male dojo loach after two-color FISH
with ManDra-B and 5.85+28S rDNA probes. ManDra-B signals were detected on both sides of
most bivalents. Asterisks mean bivalents with ManDra-B signals around the center. Arrows
indicate the largest bivalents with ManDra-B signals. Arrowhead indicates the largest bivalents
without ManDra-B signals. The largest bivalents were formed by two metacentric chromosomes
bearing nucleolar organizing regions (NORs) detected by rDNA probe. ManDra-B probe was
labeled with biotin-16-dUTP and detected by streptavidin Alexa Fluor 488 conjugate (green).
The rDNA sequences of the largest bivalents were visualized by 5.85+28S rDNA probe labeled
with digoxigenin-11-dUTP and detected by anti-digoxigenin-rhodamine, Fab fragments (red).
All bivalents were counterstained by DAPI (blue). Scale bar denotes 10 um. The figure was

cited from Kuroda et al. (2018).



Fig. 27 Two-color FISH with ManDra-A 5 repeats and ManDra-B probes in spermatocytes of

sex-reversed clonal diploid male dojo loach. Representative meiotic metaphase (left) and
karyotype (right) in spermatocytes from sex-reversed clonal diploid males dojo loach after two-
color FISH with ManDra-A 5 repeats and ManDra-B probes. Asterisks mean bivalents with
ManDra-B signals around the center. ManDra-A 5 repeats probe was labeled with biotin-16-
dUTP and detected by streptavidin Alexa Fluor 488 conjugate (green). ManDra-B probe was
labeled with digoxigenin-11-dUTP and detected by anti-digoxigenin-rhodamine, Fab fragments

(red). All bivalents were counterstained by DAPI (blue). Scale bar denotes 10 um.
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Fig. 28 FISH with ManDra-B probe in germinal vesicle (GV) from oocyte of clonal diploid loach.
Representative meiotic metaphase (left) and karyotype (right) in GV from oocyte of clonal diploid
females dojo loach after FISH with ManDra-B probe. Since the metaphase was large, three images
were taken and merged into single image. Arrows indicate ambiguous bivalents, whether ManDra-
B signal positive or negative due to the presence of fluorescence noise. ManDra-B (+): ManDra-B
signal positive. ManDra-B (—): ManDra-B signal negative. ManDra-B probe was labeled with
biotin-16-dUTP and detected by streptavidin Alexa Fluor 488 conjugate (Green). All bivalents were
counterstained by DAPI (Blue). Scale bar denotes 20 um. The figure was cited from Kuroda et al.

(2018).



Fig. 29 Two-color FISH with ManDra-B and 5.8S+28S rDNA probes in GV from oocyte of clonal
diploid female dojo loach. Representative meiotic metaphase (a), magnified area of solid line-
square (b), and magnified area of broken line-square (c). Arrows indicate ManDra-B signals.
Arrowheads indicate 5.8S+28S rDNA signals. The largest bivalents were formed by two
metacentric chromosomes bearing nucleolar organizing regions (NORs) detected by the rDNA
probe. ManDra-B probe was labeled with biotin-16-dUTP and detected by streptavidin Alexa Fluor
488 conjugate (Green). The rDNA sequences of the largest bivalents were visualized by 5.8S+28S
rDNA probe labeled with digoxigenin-11-dUTP and detected by anti-digoxigenin-rhodamine, Fab
fragments (Red). All bivalents were counterstained by DAPI (Blue). Scale bars denote 10 um. The

figure was cited from Kuroda et al. (2018).
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Fig. 30 Cytogenetic mechanisms for production of unreduced eggs by premeiotic endomitosis.
Upper schema shows chromosome behaviors in normal meiosis. Lower schema shows
premeiotic endomitosis involving pairing between sister chromosomes. M I: First meiosis, M 1I:
Second meiosis, 15'PB: First polar body, and 2"*PB: Second polar body. The figure was cited

from Kuroda et al. (2018).



Fig. 31 Two-color FISH using ManDra-B and 5.8S + 28S rDNA probes in the somatic cells of
the clone-origin triploid male dojo laoch. Representative somatic metaphase (a) and the partial
karyotype of the largest homologous chromosomes (b) in the clone-origin triploid dojo loach
after two-color FISH with ManDra-B and 5.8S + 28S rDNA probes. The arrow indicates the
largest homologous metacentric chromosome with ManDra-B and rDNA signals. Dotted arrows
indicate the largest homologous metacentric chromosomes with rDNA signal but not ManDra-
B signal. The ManDra-B probe was labeled with biotin-16-dUTP and detected using
streptavidin Alexa Fluor 488 conjugate (Green). The 5.8S + 28S rDNA probe was labeled with
digoxigenin-11-dUTP and detected using anti-digoxigenin-rhodamine, Fab fragments (Red).
All chromosomes were counterstained with DAPI (Blue). Scale bars denote 10 pum. The figure

was cited from Kuroda et al. (2019).
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Fig. 32 Two-color FISH with ManDra-B and 5.8S + 28S rDNA probes in spermatocytes of clone-origin triploid male
dojo loach. Representative meiotic metaphases (a, c, e, g), partial karyotypes and schematic diagrams (b, d, f, h).
Bivalent chromosome that originated from group A and a univalent chromosome that originated from group B (b),
bivalent chromosome originating from groups A and B and a univalent chromosome that originated from group A (d),
three univalent chromosomes that originated from groups A and B (f), and one trivalent chromosome that originated
from groups A and B (h) in spermatocytes of a clone-origin triploid after two-color FISH with ManDra-B and 5.8S +
28S rDNA probes. Arrows indicate the bivalent chromosome with two rDNA signals. Dotted arrows indicate the
univalent chromosomes. The arrowhead indicates the trivalent chromosome with three rDNA signals. The ManDra-B
probe was labeled with biotin-16-dUTP and detected using streptavidin Alexa Fluor 488 conjugate (Green). The 5.8S
+ 28S rDNA probe was labeled with digoxigenin-11-dUTP and detected using anti-digoxigenin-rhodamine, Fab
fragments (Red). All chromosomes were counterstained with DAPI (Blue). I: Univalent chromosome, Il: Bivalent

chromosome, and I11: Trivalent chromosome. Scale bars denote 10 um. The figure was cited from Kuroda et al. (2019).
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Fig. 33 Two-color FISH with ManDra-B and 5.8S + 28S rDNA probes in spermatocytes of the inter-group hybrid
dojo loach. Representative meiotic metaphases (a, ¢) and partial karyotypes and schematic diagrams (b, d) of the
bivalent chromosome (b) and two univalent chromosomes (d) in spermatocytes of the inter-group hybrid (between
groups A and B) after two-color FISH with ManDra-B and 5.8S + 28S rDNA probes. The arrow indicates the bivalent
chromosome with a ManDra-B signal and two rDNA signals. The dotted arrows indicate the two univalent
chromosomes with rDNA signals. One of two univalent chromosomes with rDNA signals had a ManDra-B signal.
ManDra-B probe was labeled with biotin-16-dUTP and detected using streptavidin Alexa Fluor 488 conjugate
(Green). The rDNA sequences of the bivalents were visualized by labeling the 5.8S + 28S rDNA probe with
digoxigenin-11-dUTP and detection using anti-digoxigenin-rhodamine, Fab fragments (Red). All chromosomes were
counterstained with DAPI (Blue). I: Univalent chromosome. 11: Bivalent chromosome. Scale bars denote 10 pm. The

figure was cited from Kuroda et al. (2019).
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Fig. 34 Diagram of Rabl distribution and Bouquet formation. Diagram of Rabl distribution of
chromosomes during interphase (left) and Bouquet formation of chromosomes in meiosis
(right). Green circles indicate centromere, red circles indicate telomere, and orange squares

indicate spindle pole body.



