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11-KT : 11-Ketotestosterone

ABR : Auditory Brain-stem Response

ACTH : Adrenocorticotropic Hormone

amhr2 : Anti-Miillerian hormone receptor 2

amhy : Anti-Miillerian hormone receptor y

amhAY : Anti-Miillerian hormone receptorAY
cDNA : Complementary DNA

crhrl : Corticotropin-releasing hormone receptor 1
crhr2 : Corticotropin-releasing hormone receptor 2
cypl9ala : cytochrome P450, family 19, subfamily A, polypeptide 1a
dmrtl : Double sex and mab3 related transcription factor 1
dmy : DM-domain gene on the Y chromosome

DO : Dissolved oxygen

dph : Day after hatch

DW : Distilled water

ef 1 : Elongation factor 1-alpha

ERG : Electroretinogram

E2: =X hT VA=V

Fd : Fadrozole

FWHM : full width at half maximum

GnRH : Gonadotropin releasing hormone

gsdf : Gonadal soma derived factor



124  H&E : Hematoxylin Eosin

125  IrfY : Interferon regulatory factor 9

126 LED : Light emitting diode

127 LWS : Long wavelength-sensitive opsin

128  mchl : Melanin-concentrating hormone receptor 1
129  mch2 : Melanin-concentrating hormone receptor 2
130  MS222 : Tricaine methanesulfonate

131 MSP : Microspectrophotometry

132 MT : Methyltestosterone

133 ND 7 /L% — :neutral density 7 o /L% —
134  npy : Neuropeputide Y

135  orx : Orexin

136  pacap : Pituitary adenylate cyclase activating polypeptide
137  pax6 : Paired box protein Pax-6

138  PBS : Phosphate-buffered saline

139  PCR : Polymerase chain reaction

140  PFD : Photon flux density

141  pH : Potential hydrogen

142  pomc-c : Pro-opiomelanocortin ¢

143  ppara: peroxisome proliferator-activated receptor o
144  RHI1 : Rhodopsin 1

145  RH2 : Rhodopsin 2

146 RNA : Ribonucleic acid

147  RT-PCR : Reverse transcription PCR
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SWS2 : Short wavelength sensitive type 2 opsin
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UV : Ultraviolet
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VA-opsin : Vertebrate ancient opsin
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AR, U CRAE R RIZHIN LTV 5 1, AT ROILRITE > T, BRO B
FRDRD HIVD LR DD, BFEDEVEALL 1, BRI BRFIVEOM T
5. BT, BFEOD &L >Th HREOMICHE B L, REOME AAIICHET 5

& TRRO RWERIEEAN OIS & BT,

<MBEREIZBITHMHE>

FE T, IRERECHE ., AR CTERERY, BRI S DMAET D720, Zhb
Z NABNZHIECENXBREAOTHMEL SO bILD, HlZIE. N7 727 (Takifugu
rubripes) Tl A A DWERICTHBME R H 0V A AN HEND 2, —F, Fa 7F R

(Acipenseridae) TIZHINZTHAMEN H D 72D A ARG END 34, £, WL DO fFE
Tl HEIC K > TR HREDN R 5 Z LICER L7, MEER O TS MEOEN R H 5, &7
* (Paralichthys olivaceus) TiE, FAITHART A ZDREEEE NS FRNTZH A ZANFEN
5, 74 7 Y7 (Oreochromis niloticus) Ti%, A ATHATHADREHREMN L=
ANIFEND 6, Lo T, FHHEIZBW THEFEITEERBEMN CH L L F R 5, MEHHE
2179 ECH—OMOEEROHZEEFET D 2 L HkiUE, SESBMICB O THEO RN

HEPENAIRE L 70D, Ba—DOMEDOEIRD r % A PES B 72 D21, Pl &G X AP lish
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FEZN LIEMRETFEP AL TN D T, PERVE & AR R 2R RN 3 55

%2 & T, IR A TE L2 A REFRICE A AEMEEN T2 2 SIXEETH 508, R

FUREAMH AT B A RMET D2 LT, BRGOZEMHEOBENOEE LR

W8, ZD7-6 F1 RS F3 A W= A A &4 ARG AEEEZITO VEND D, BK

ML, XX/XY B4R % & D2 REOGA . ERRMERFEH OB 2 A A (XX)

BRIz, HEERLEL THHAFATARATEY MT) R 11-7 hFA 2Ty (11-

KT) %5325 2 L TRIEMAZATH D RBOREREZAT LM A ALEHTED 9, Z0%

FALIEFRA AR ESED Z L TR E S A REMICT S Z LN TE 5 (Fig.l. 1a),

T, &FAEMEERT 256, MR RSERREDOBEER /A A (XY) (7 e~v—1E

EATHL 77 Fuy—/b (Fd) &5 L, Baied 2 TINEZ AT DK 2 /EH L,

ZOERE BRI AR ER S ES 2 LT RIERIZ YY Rk EB T 584 AN HBET

Do ZOMAALIERRAAERZRT HZ & TN EA ZEME72 S (Fig. 1. 1b), L

U, HEARVE e MO LT AERERZ AT 5 OREEIM A RO D Z Lo, %

RIVE  OEFIR GRS F OB O T2 £, Ledi> T, SR CHERE 21T 5 72

DOIZIE, KRV 2 LW TENLETHD LEBEZLDND,
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(a)

Administration of sex hormone
(Methyltestosterone)

‘< <
oo |
(b)

Administration of sex hormone
(Fadrozole)

ol < <
J
el bt it < TR
U
Sy

All female or all male production method.

(a) The neo-male (XX/testis) was produced by administration of sex hormone. F1
generation shows all female groups. (b) The XY/ovary individual was produced by
administration of sex hormone which make super male (YY/testis) by cross breeding.

Next generation shows all male groups.



207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

<REERIZ K 551k, thEs >

—HRIZHEIRD TR, BUTF O KD 2 2 5, ARSI 3, Bk AR EEIZ Bk L,

BRI BIINE & AR FERR AN 13, R0 SRR B O RIS B B L TR O IRRE ERCTR -

TR L 2T RS 2 72012, Bl L 7o BRI & a6 s AR 23 A AR 3 %, 1R

Mk TH 210 b UM, KA 2 B2t B Tk & ek e e L, A7 v A

RFREAMIATH D T A7 « v b IR E L OB EEISICAAE LT > Fu 7oz A

L OREZZKT %, —77 Tl BRIIMIE 2N IR 2 IR0 AR 2T L, AT 1

A RPEEAMI T D2 FMMIa CAESNTT v e F a7 2 —Bllk> T A b

7R LN TR 5 101,

WL OO TIE, ~AX —EREBLEFRRIEIINTWD, AX BT, dnrtl OF

—/ a7 ThHah dmy PHEREBIGF THVEBER T2 a3 —FL TG 1213, N2 IT=T X

~V A (Odontesthes bonariensis) TlX, L1 =2— T —ERNVEL Z 23— RRTDamhy . ~7

7 7" (Takifugu rubripes) THHI =2 — T —FHRNVE L WK EKE 22— K5 amhr2, =

~ A (Oncorhynchus mykiss) TlIA % —7 = v VAHIK T 9 (Irf9) O C KimlZHHFEEE =

THHL B a— R L CWABG IR EELG - THILIZ ERRESN TG 1+

b, TN B DMEREBAR T 2 A9 2 I T b OSBRI R T v A R

RNVEHREGTHZETHIRBRDAFEIND, TANVT 4 78T Tlid, Tr~¥—EiHE

#ITH% (Fd) % 90 day post hatching (dph) DIEEAY A A2 60 HEEET5Z LT, 10%
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REOEIE TRARHI A XA TH Y 7278 DIERER 2R R 2 A+ 2 BANHE 5 17, & 512, A

OEHIRAFFSLEEIFFTZI TH V. B, READFTANVT 4 T ETIZFd % 6 AL

Lice 2Ah, BIEHIA A DIRRERI R Z A 2 A AERHBA Ao NI Z L AHE S

T3 18, ZoFld L 52, AL > THOESRER RN B EINIEEND 5,

—H ORI TIE, BBREEROZGIC & > THIEMAFE IS, £03, HENFRL 2L

DG SN TWND, TILETITKIE, pH, EGFHEFE (DO) ., BESOREZER N, Mokl

WL B2 D5WENHH 19, B TIL, hvIEa A U HOD Menidia menidia D732 7%

KR T DERE TOM DB A DO T 5 20, KIRAESb, PEERIZ IET 5

BIZOWTIEEL ODBRETHRENDY, Y7 T 7 4 v 2 (DanioDanio). A X W, 747

TIXEAIRBEE FCIRA AT D Z L B ST D 0, e, by IRy Ty

H @ Atherinopsidae Tl%, @K FTIEA AT 525, KR TIEA AT 5 Z LGS

NTND 24, pH OEENZ K S EA~DZBIZ SN TOWEFIT D7 < EiCy 7 U v b

FHIB T 2B TORRER DY | BRIEIZ 2D LA ADWRPEIM L, 7T UPEIZR S &

A ADHARDPIEINT S 2626, DO IZOWNTH, KERFRIRIRIZT H 2 & THRHERMNMED 2

LB, BT T 74w aRAE I TRE SN TN D 2128, HENESUICE 2 D8I, £

WU FFXFHTHESNTEY , =R U X (dnguillajaponica) °7 A U 717 FF (Anguilla

rostrata) [XEABEEENE W E A AN RD 29, BB THLE L OEEKRN A ATH D

ZLMOEEBERENPBEBL TS ZENTRIND, Z 5 ORBEER B EIHOM I
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ED &9 T CTRBE L KT T MO W TR 2D 23 % 0, BUE, 2 b OBREER
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19,30
o

ZIZTHORA VARG, REAFIIGT 2N WIS EERL, FriZ7vazanga

A RO E AR ZER L TV D, SMFBREND DA L AZRE LT, BB £, B

MEMNS 7 vaanrFaf RRMHPICHEHBENS 30, JvaardFaf RKO—FToHDH

IVF NN L DA A E B & ZTRIEICOWT, I/ F VLo & s fEEO

Ty RaF o THDH 1-KT O EREBR G722 & 25 Odontesthes Bonariensis THE LT

% 8, NALA T PERERI T 24 L, 22 ORI EE 2 795 14, Z DA

U A DML OEIR 2 VT D EA- (17°C, 24°C, 29°C) LIz anvF VL oORE

DHIML, EHI2, AT YIVREDOEINC ES TAHRADLRN EFA$ 5 32, ZOBREH

B LEERTIEX, aF Y ARINK, FAERERIX (29°C) 2 v 7 ZABRIX (24°C), A A

{ERRBRIX (17°C) THIF L7l bk 2 BEZOMEET 11-KT ORELRE LA, 2

LTIV & A 2 ERBR X CTO 11-KT L& 1372 . A AU CH BTG E

LTS 82, I 5T, MEEEICKDERTIZ1II-KT AlEELY 22— N2 hsdl1b2 D

FELR DN 11-KT OEN I /VTF Y I)VOREITEF LT L, BACEZT 5 81, —J5,

ANFYNVRT KR FrnbT A Ma GBS ORATHL T v —Baa—F

925 cypl9ala D7 aE—4—ETaLF ). FraarFasf N7l —EHERNT
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& 7272 36-38 Yamanomeetal. 36 (X, <~ WU (Verasper moseri) % &6 (466nm). #k

(555nm)., 7% (622nm). BN FT I4BEMEET LIZE Z A, FEEOE T TREOEEN R

LI, RN T CTHREOIHINR bN/-Z & 2 #HiE L T\ 5, Takahashietal 3%, AU~

YU ERMEA L L, B BKIET (14.9°C, 8.6°C. 6.6°C) THEY: (464nm). % (518

nm), 7* (635 nm), HAN T TEHEEZITo7L ZA, T I Thikd LOFENABRX T,
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EICEE5 L TWAAREMED & 0 | B2 meh 78 EORBRIX THERBL L TW=Z & 225 MCH

MR BIG LTV D aTREE 2 R L T D 3%,
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7= MR B 54 A AlREME A % X 3 (Carassius auratus) % W= EER THE L T 5,

L L. FFEDB RN E 2 5B OV TR E D 220,
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B X oz, BEHOMEIIFIKTH Y | D OMRERE T2 A LoD b biTsNH EA

DR Z TR T W ENTRIND, £ Z TR TIE, BRERDO —>TH D KRN

PEGIZ ED K 5 7o B % AT T DT U, 15 D725 i 2 FR G~ T & 2 Hiffr
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PEEAHR U 7B R 0 O BUBRF 2 BRI L, @ OfER & N TERIGEZITWIEFIZRET 50 E 9
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EREMW) L
fEEfITIE, AR A X 7 HAd-rRIIT - GR#E ID:IB178) & d-rR-Tokyo (GRift ID:MTS837)
R LTz, KU A XX 2~3 ecm O FEt: 3 A LR L@ Z2R L, 72, 2

D RO AT NBRP Medaka  (https://shigen.nig.ac.jp/medakal/) XV H55%5F7-, fH

WX, EHERON T AKFE (31.5x18.5%24.4 cm) & V. /KIR 26+£1°C FT. HfA LED &

(LDA6-G and LB1526G, #MiX&ttvr—2aT7 v 7 BA) WM T 12 BRI 12 K

RIEHI L Uiz, MLEZ 2 DR E C, BLAEE kathda—V 0 BAR) &difloT
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log unit D& D& W=, RSO ND 7 4 L% —%, 0.2-0.5 log unit D 2T v FREFEE L,
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(FWHM) (%, 8.7~11.4nm TH 5, FEOCTRE L, oIS RESE (CL5S00A, =2 =43/
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pmolm?2s!) IZZEH LT, Ty v & —iE, XY a3 THIfEL, FIEHIMIESOms & L=, &

BORERICIL, AR EBESAFMEEZ W, V7 AEBHOELNDL Y 7T, AC

77 (MEG-1200, HAYE LHEMEASH, BAR) THEE S, 7 Y% Wkid 1 kHz T

VY T ENT- AD £Higs (PowerLab 4/20, ADInstruments Ltd. Dunedin, New Zealand)
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PEZ R RAIRGREE (PFD) T5 b AV AR & 4 56HIPE (PFD) (2 X - TR B EIE
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475  Fig.2. 1

476  Schematic illustration of the ERG recording system.
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485 Fig2.2

486  Arrangement of recording stage. Tip of glass microelectrode was placed on cornea at the

487  edge of pupil (upper right).
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HEBGERY 5L & AT DR S 12OV T

A S F) OHNE LTI HEER) 2 BIEE S Aviz, BINEICIRRB O T i, R E R IS
OIEIPMERE L TEAL T DB Sz (Fig2. 3A). SEARMIIIE, SMRARICZ
S>THATWDERF R RO (Fig2. 3A), —J7, BEIEIIRREOMIE T, BAaFREHE
Fr RN & SR 23 AR BRI L2 0 S Bk 7 Bl S iz (Fig2. 3B), £7z, fLo%5
LTAEARDN S 1 D ORMERIE & 3 SO #ERMIdoORE FE, Bl s (Fig2. 4A-D),
I OBMIRDREIL, TERRIZ E - TRIE L7z, A X OFEMIIEL, 5 >OfE S5 Z
EDVME SN TND 1O, RIS T, %0 0 4 DITRIHSER, R HSEAR, BDORHEA,
BERHEATH D, LvL, AR TIEERHEEN LN oTz, o, 2 b OB
NEIOR S & FHAI L7z (Fig.2.4E), BAMIRLOEENEIRIX 349um  (n=30) THYV, =
DHB LA O BIHIRL D AT He A~ TR TR AN o 7o, SR, KA, RO S
DESF, £ 142um (n=17), 73um (=14), 82um (n=24) ThH-o7=, FiZ, H

BT OB TIIEDRHAR D 24 DA R ER R b N2 h o T,
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512

513  Fig.2. 3 Retinal structure and photoreceptors of Medaka.

514  (A) Light adapted retina. (B) Dark adapted retina

515  PE, pigment epithelium; PECL, photoreceptor cell layer; ONL, outer nuclear layer;
516  OPL, outer plexiform layer; INL, inner nuclear layer; IPL, inner plexiform layer; RGL,
517  retinal ganglion layer.

518  Scale bar: 20 um
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529

530  Fig.2. 4 Retinal structure and photoreceptors of Medaka.

531  (A) rod photoreceptor cell, (B) long cone cell, (C) short cone cell, (D) double cone cell,
532  and E, comparison of the lengths of outer segments of each type of photoreceptor cell.
533  White arrow indicates the outer segments of photoreceptors.

534  Scale bar:10 um
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RIFLEF I FRRR DR IE & A5 FRLEkD D D /) A ABREICHONT

ERG DJSZ 3081 A BT, mE) 22 f4 I e (interstimulus interval : ISI) OE 21T

o772, bR OIENE 2 & U Clal CRITEGRE ORI T 2 BIOIE Zitdk L, 1O 1 [EIE O

FLERZN D 5, 10, 15 BhER D B 7R 2 RIPKIAIRE R C 2 [8] B OFtEk 21T > 72, BEAT RO ERG it

FRCIE, 10 UL EORIERER 2 H1T 5 Z & T, 1 BRI ORI E 2 BIH ORERO b

DISBEIRMEIZ 2T b e o> 72 (Fig.2.5A), BIFT FC? ERG fLék CTlE, 5 IO filFK ]

BRI CH b IDIRIBIZZEIZR 6o, ZNHEDZ G, BT FTO ERG fiEklx

RFERE 22 10 ¥ & LBPET R T ERG RekiTRERE Z 5 ) & EDISE sk L7z, modk

DR, D-CH OB & 672 D BRIZRIBAN R S, IR T 4 V2 — T4 % Z

E TR ENS ORMLERINELZRO RS 2N TE, v SN xR ExEbZ &

N T&E7- (Fig2.5B), &% AT v A28 2 A7 ERG K E 2 ~3 (Fig2.5C) (SR

Amax = 520 nm), SR DEFREEITT D b L LU D WIRDOTEARITAREL L TV 7223,

b I D e RIS EIRME TSR IR E DA~ TS Tpodz, Fio, b RO b LRI

SR DO - TEEL o Tz,
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Fig.2.5

Properties of ERGs waveforms in different experimental protocols.
(A) Comparison of ERG waves in response to 2 repeated stimuli with different stimulus
intervals. Solid and dotted waves indicate response wave to the 1st and 2nd stimulus,

respectively. Clear reduction in the 2nd wave was found when stimulus interval was 5 s.
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(B) Elimination of heartbeat contamination in the ERG wave by the FFT filter. The
arrowheads showed heartbeat signals. (C) Typical ERG waveforms to flash light
stimulus (50ms) at wavelength 520nm. The magnitude of ERG b- wave decreased
following stimulus PFD reduction while the peak time difference increased. Arrowhead

indicates the time of stimulus onset. The numbers indicate the log PFDs of stimuli.
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ERG O OFHENED LLEGEFED —F % Fig2. 6 @ a /5 ¢ (R Liz, J8U PFD (K&
L7- ERG DHIEIX, & 235\ il % 5 2 72 R OJRE T3 L CR & 2 fElE A2 R L, b D
B RIS EARIE O B S B 2572 (Fig2. 6A), KIT, MMUVIEHIKZE 5 2 - H 2 b
TeTE D b W OIRME & 55V R 2 5- 2 T2 RIS D2 IIE O b i O4RIE 2 =L LA C
HHIZ LTz, ZLTEONZ 2 OOWENOE—T XA LD (1) 215572 DIFH EFERE
ST Uiz WPk E J5ik - A1) (Fig2.6B), fkic, tHAMBIEE R (1) 22250
WO Z2 —H SE LA 2 MV, KELRS c &R () OMEYIRBIREH
BRI DO, N HOFEHEE & SHRIRE PFD & OBRMEEZ 77y ML, 216 OB%
PEABIZ L7 (Fig2. 7). £ 6 ORI IIE & LT, KAT FC 520 nm Ol % 5
2RSS N7 — % BT FC 500 nm OYEHIM A 5 2 7RG e T — % 2R,
Fo, BATORBMMER CZORBRRMELZT X b UiER Lz, BT T, 3B XOBFT TR
FREE PFD O L HLIZ b DO —2 Z A4 LD (1) BREL o7 (Fig2.7A,C), —75,
FEAITEERE PFD OISR, BRI DR TR R b7z (Fig2.7B,D), ZHbHD 7 77
B HHRETREE PFD O LT — 7 X A LD (1) & FABIREL D BIRIED ARAL D
PR ST, TEA & Z &, A UOLRREGREE PFD C, MBIRE L B — 2 Z A L D7 (1)

DEMREDR R Lo A LI 2 L TH D, SNz T O ERG OFEIE Z H L THERS
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Fig.2. 6

Example of data processing to compare the similarity of ERG waves (A-C) and
relationships between peak time difference (1) and correlation coefficients (R(t)) vs.
photon flux densities recorded to 520 nm stimulus wavelengths under scotopic and
photopic conditions. Each group data shown as example (A-C, D and E, F and G) were
obtained from the same individuals. (A) ERG waves in response to different light PFDs.
Solid and dotted waves indicate mother wave (reference wave) and comparison wave. (B)
Waveforms after normalizing those magnitudes. (C) overlay of waves after adjusting peak
time differences by cross correlation analysis. The arrows indicate the time stimulus light

onset.
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Example of data processing to compare the similarity of ERG waves (A-C) and

relationships between peak time difference (1) and correlation coefficients (R(t)) vs.

photon flux densities recorded to 520 nm stimulus wavelengths under scotopic and

photopic conditions.

Relationships between peak time differences and stimulus PFDs under scotopic (A) and

photopic conditions (C). Relationships between correlation coefficients and stimulus

PFDs under scotopic (B) and photopic conditions (D).
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A F T D53 IERREE L AERBIEIZ DV T

ViLog 1 7— %1%, BAEIKRD Vmax TIEHAL L. DT — # | Naka-Rushton D 7L 48

Wi/ N REZH TR IS BME e HiE A 3), HEE SR i, &9

FCRUEIZIG U CTHBONMNE N2 5 2, & COHE TIFIER UM 27~ L7z (Fig2. 8ab),

LogK™! TiEZE SN A HUBE X, BEFT FC 520 nm, WIFT FC 500 nm ORI % 5 2 7212

B DN RARETIERUE Lo B2 AV o, BERTICHR 1T % AR 1T, 520 nm TRKEZ 7R

L 470nm " 0.78, 380nm T 0.73, 580nm T 0.69, 620nm T 0.52 Th -7 (Fig.2.8C), ¥

FrCiL, 500nm CThHAfEZ 7L 520nm T 0.98, 470nm T 0.92. 580 nm T 0.87. 620nm T

0.82 Toh -7 (Fig2. 8D), MOTUEEDIFE L LTHAFTI v I L URbY | FHEED

MOEBEAFTI I VLR TE LT, FAFT w7 LDk, Vimax (254 588 EED 5-

95%DFIPH TR 5415 logPFD D & EF LTz, TN HOAMNLEEIHINT 4 AT I v

7LDl BT 2.64-3.68 T W HFTTIZ 1.39-1.99 TH - 7-, AAFZETHFE L=z

TR BIEDRE 21T o72 & A, BEFT F T 520 nm T bRVWVE AR LIAFT T T

380nm T HIKVWMEA R L= (Fig.2.9A, B), HEAT FIZBIT 2 %R O BIMEIX. 520 nm

T 3.17 x107£8.00x10® pmol m? s (means=*s.e), 470nm T 1.10 x 10°+0.00 umol m?2s', 380

nm T 1.02x10°+3.15%107umol m2 s!, 580 nm T 3.15x10°+8.13x107 % L T,620 nm T 2.49x10-

5+8.34x10° Th - 7= (Fig2. 9A), WIFT FIZdsiT 2453 B OMRBEIX, 380 nm Tht HIKW

% ~r L., 380 nm T 2.58 x10*£1.49x10* umol m? s! (means*s.e.), 520 nm T 8.73 x10-
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Fig.2. 8

Relationships between stimulus photon flux density and ERG b-wave magnitudes in
each stimulus wavelength of light.

(A) Normalized ERG magnitudes scotopic data were fitted to Zetteler modified Naka-
Rushton equation. Dotted line of curve in 380nm indicates extrapolation curve based on
the estimated Vmax in scotopic condition.

(B) Normalized ERG magnitudes photopic data were fitted to Zetteler modified Naka-
Rushton equation. In photopic, 380 nm data was omitted Zetteler modified Naka-
Rushton equation. Because light of 380 nm was not enough light intensity for stimuli.
(C) Relative spectral sensitivity expressed as logK. K is the photon flux density induce

50% of maximum response magnitude in each wavelength in scotopic condition.
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(D) Relative spectral sensitivity expressed as logK. K is the photon flux density induce

50% of maximum response magnitude in each wavelength in photopic condition.
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737  Fig.2.9

738  Threshold photon flux densities in scotopic (A) and photopic (B) vision determined by
739  the method developed in this study. Open circles show mean PFDs and bars indicate
740  standard error.
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761 VAL AREKRBIZWEOTIENTELIETHD, fEFE LT, xHT2R o -5l s O
762 BRI LRSI, BEIROHTIC XL > TZOMEEZ g5 2 L8 TE 5, Yan D
763 IS TIL RRA IR S DR 5 F ORI A B A EARRRE r & BAIZ K D815 L TRikE
764  2[E{THo TN D, ZL T, r>03 BEX ORISR T DIRENEENTNDNE S gk
765  CHIEIT A7 OBETHD Z & EFER LT-, AR T AR OMZE T, fliEEED PFD
766  LFHAABIREOBEROBIEICIE SN TER I NICLL T OME, WS4 T CTH AR - >

767 0.7 TOHOE—I XA LDETHD clE, ¢ <150ms T, HFEMHETFTIEr>07 Tr <120
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785

ms ZEHEL U CRRE LT,

AELHLUAHER LY —7 2— R 2 AW T 28812, & TOREREIE 2 M L7,

B, ZDT T —h~wwTF U7 A Yy RICELDHEIT, EREZOHBRICEDHELD

Dia EUREREW, BICIEMTHD LMl L7z, LU G, &b EER T &I,

J A ZEMERESE SN team ESEZEOSWIREREEHETL2 2 THH, 20T~

TL— by F AV y FOROAMZRRIE, L8 E 2 Il 2 Z & 2 Z5R

(IR AND Z & T, BIERMO NS ELRRE MO Z L 2RI LIzl L THD, Z0

Tl BT T T 4 v aRAT DL ) L NES R T VEY CERE T HEICE T

HHREETH Y FEEREFRH OENITLE L TRl 2 0§t 2 72O I B EAR A R R EK TH

50

AT, MEZH FIZH T 520 nm CORBCR b B BURIE £ 775 L B4 T CHE 500

nm ORI TH S m WBURE 2 7R L7e, BUREE OFERIL, ARSI & 5 W E & fkx e

HZBROMBIZ L - TIRESIND ZENEEINTWVWD, —RIICHEMAIE TIZ, RHI

(rod opsin), SWSI1 (UV), SWS2 (blue), RH2 (green) & M/LWS (red) M3FHI LTV

% ¥, Matsumoto et al., 2 T, AXBIETOXA T DA T o O L EHRELTH

5o AREIEETIX, 2 2D SWS2 (SWS2a, SWS2b) & M/LWS (M/LWSa, M/LWSb) & 3 D

@ RH2 (RH2a, RH2b, RH2¢c) #¥5D 352, ZiHOMKWIINIEE (max) X, GF /37

HIZ1-2AVFF—b (B4 I Al BOMIAN—R) 2RI L 728 2 B0 eI GEHRIE
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SWS1 73 356nm, : SWS2a, SWS2b 75439, 405nm : RH2a, RH2b, RH2c 7% 452, 516, 492

nm : M/ LWSa, M/LWSb 7% 561, 562 nm T 72 2, ERG OFt#iC L > TH LA &S &

VWVEE 2 F ol E1X. RH1. RH2b, RH2c. M/LWSa, M/LWSb OWZI iR & S bh & - T

W, RS2, 55172 ERG DI EIZX LT, EOF T Z T ENEDORES

HLTWDMEONTHARTH S, H7a< &b, BT CRIRAME RHD) 2K <

FEELTHILEREZOND, M2 T, ZNHDOEFT T X R ENEOREZRE LT

WD NZDUWTH BN 5 72011 B Y EHEE (MSP @ microspectrophotometry)

SOBHEANC X 2 KB 72 AUBREE % i U 7= B {A 2 V7= ERG D RtEk7e & 2 R L~ THEER

5 Z & THMROSEREZ T SN TE 5,

Allison et al., © TiX, HJIRIRA/LE L (Thyroid hormone) % #4532 FEELALBREL AT 2 F

T. BT 7974932285 MEORH AT LZA LN Lz, ZOHYE DOAH

AT AL, WRFAEHBESDH Y 2, 11-V AL F L (B4 20 Al BEMR—2) &

347 Fa LT — (B4 I A2 BEaHR—R) OFFOFHOERIIZ L - THRE S

N5, AN, UVIEESER 2 ZBBICENE =2 2R LTz, AZ IR UV ICH L CURE &+

> Z L%, Matsumoto et al., 2 X° Hisatomi et al., ! WEEIZHE L, B 7T 7 0 v 2 THIAER

WZHREDR B D 2, A X TT, UV RIS L TREREWZ L2 ED LD &R H 2%

AHTH L5, AR TIE UV BRI L TRED & OBLHR IR & ORIfR A Fa4H L T
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1/\5 630

A AT OB R 2 S IIANIZERA PO T TH D AT F CoOMIEIX. 520nm T 3.17
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7 7 V2% HWZBIERENIRE SN TEBY . ZOfElX 400 nm 75 500 nm DO#iPH T

7.22x10* pmol m? s Th o7z 7, AL H DFATHIIE & AWFFED X & F OB A 2
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AZARCT T T 42Dl )R/ NS T VAIZEIT 5 ERG ORI FLE M OB %

IZ. Makhankov, Y. Vetal.,* & Matsubaraetal., > 235 L\ T 5, 7o, ZofomsE T

13, FEBEROHEIZET 2 6 DT, EROMHDIAL T IELIHRIFEE DY R A B FLERD

BFRAERIEMEMED ] B2 < 2 L AR BTN D 566870 Spfr FIEICBIfR 95 & 2 AT,
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i & PFD ORRZFEITS 2 H5E T B o705, KEBRNDL ZhbOHEL Y & bIZfHi{E1>

HOEIZBIEREN TE D 2 EAVRENTZ, AFEBRRER LD o A X7 7 OIS CRIESE O HiE
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AHEIND 1928, 26D IE, AANLAA~OWIRITH D, Z D4 A LD
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Wb, Wblor 7 A 2 @KBICERETHZE T, AN LAY—I—L LTHLBILTY
LA )VF VIR FI W END, ZOINVTFT IR T RaFrnbz A kel asng
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%5 &ET, cypl9ala D7 E—2 —FHEN AT AL L, P450 7~ 2 —B &l L4 21t

EFHET LA L TV D 3, ZhbOHERI O & 512, KRR K 2P

[ZOWTE, AT =X LREHE NS5 D5, L, BEERNO—>TH 5 BRI S

(IT R RIET Z LW TR, SER 720,

ABINE, MNUIETH 0 AR E, 7o, EASRBHESL L TR Y | HRIRERS T

FIESN TWAEDR AR SET LA L LTHLN TS 0 AfERERlT, XX/XY B

FA~T v DGR EZ & HIREER T dny (DM-domain gene on 'Y chromosome) 7% Y

etk iz B 1213 F£72 . AR A A S Hd-RIL ZHE L O, d-rR-olvas-GFP %&#tiL. 4

A e AATIREOEBMNEIN S, 23— RTH5T7 LIVR, ridY KO, X Ytk BiofrnE

T 5, DFV, AT, #aE2a—FRITDH2RVY LK EICHDDOT, XYREZRDHEA

DR L2 . ARATIEH, HEDEKREEZ 22— T2 r B X REEERECHDLOT, XX L7

DHEGBOREGERS, LELY ., 2R E ORI, RO EBEORMEITEEL 1D, Lz

Mo T, BRI ZREIZ L > TR 5 2 E R HRD,

FEARNT A Z 1%, PR EBIE TIC LTens o THESMED HEde, L L, MBI & KR

(R, FTITHECRIBICT 5 2 L TRISIIZA A TH D 20 HREUN A A & 72 % PR

WNFHFEIND Z ERHRESIN TG 8182

Tk N2 LB 0 | BIHOMIRIZIIEZ A L 2 2 RME 2 BEAELTHWDH I E

WEHNTWD, €D 5L, $ERMIIIEAR 2 5 20T, AORRGRIITHEAMIL O SMETIC
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FET DA T B R RO THDL L FFT— AN EKEEZ R L TWD, A X HT

DOMEFT T BT EETDHZERRESINTND 2 LrL., AX I OHREMEED

FEHTIZ DU T I ZAVE CHEA D> 1, 85 | 3T A K 2 O MBI 24T

G ATIZ 31T DB M OBIEZ B G2 LTc 2 & 2y L, ZORSRE D | IES T T

1L, 520 nm OFEAH THRRE L L O, BEMEWNZ ERAGNE o7, F72, BHFTFT

L. 380 nm [T HAKRWEME A2 7~ L7228, AIREIR CIE, 520 nm (28§ & OB & ARV R

EZ R Uiz, BEET R Tl B Ok 2 3 5 7o DI AR N w595 Z L A S Twn

Do LarL. BET FCidamias Be g B Lo ZITHEST 2, Znbo—

WA L, B1IETEONTMREZRAET D L. AKX I TIE 520 nm OFFEIEIERIZ &

BUREE & IRWBIEZ AT 5 Z L TRIN, ZRHDZ LB ANZETIE, ks T

V% LED Y TRkt B — 7 R 2 & DR A2 L. 3123744 Hd-rRIl1, d-rR-olvas-

GFP, b A X H D 2 Zfk L HiIRD A X H % AW TIERREERER 21T M BIZ & D L 5 788

% RAET et L7, &IZ, d-rR-olvas-GFP 524t % F W TSI O HE i 247\ Y, Hd-rR111

R MO THIRER O —2 L B b TWD AV F Y IEZIT o7,
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DA LT B2 SEBRICRE T U7e, FREHIE 1 B 2-3 /], Bea st (Asth¥a—U o
TR, AAR) 2527, £ TOERIT, BIRERFEITB T 28 ERICET 2 HANICE -

776

FERE

77T AZ7KH (31.5%18.5%24.4cm) % Wi TE, D LED JS T CTHIE %217 > 72 (LDA6-
G. LBI1526G, E—247 v 7 A&t WER, BA), K56 E TOREBEIAN Sem &
L. R E— 7 3BESEIER (CL-500A ; 2 =5 2 / VAR E&E, B, BHA) %
FWTCEHAI L7z, B LED IX 451 nm, ##%f LED 1L 518 nm ([Z B — 27 23 - 7= (Fig3-1A),
il B IR T O S A Z I 14 B, BET 10 BRI L, AKIEIE 261 CITHERF L7,
AL DR £ T, BLARIE L RO DL ST AT T (T4 vy al v
7 BGGS-90, kA =tEF# LT HEAF, BA) 2458 L7, Hd-RI1 R/#EL & A Z BT,

WHER X 02 BH L CTEREEZITV., 2EEERIT 90 HE CT{T -7, d-rR-olvas-GFP &##k
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IX. SEEIRN S A BRET L CHIE 217V 30-50 HEOEIAZ -V TR 21T - 72,

HEARBIDA T I DA T L BIEFREIZHONT

A&7 Tk, 8 DOEIREIR A LWS-A/LWS-B. RH2-A, RH2-B. RH2-C. SWSI. SWS2-A.

SWS2-B #Hf D Z L MNHIE SN TS 2, 7L VB FORAEZTLIZIEND DA XS

L3 BHEE) 2RV 21T 70, K47 ViBIn 77 A ~—I%, Matsumoto etal., 52

5 X W Chinenetal 3 513G L TWD HDZ - (Tablel), LWS-A 1 L LWS-B i&ix

FIIFERIME D B WEEF D 72 6D . Matsumoto et al., 2 & [EIERIC —FEO 7 T4 ~—%fEH L

LWS-A & LWS-B OB EIT D72 o T2, efl 1X, WEBEHERZ & L CHW=, 1.5ml F

= —71Z 1000 ul @ RNA fliHiik (TRIzol RNA Isolation Reagents, $—F 7 4 v ¥ v —H A

TUT AT 4 v VRS, T AU BERE) AN, A= —DfERICES THRETTA

A L7z, ReverTraAce v [ (ReverTra Ace gPCR RT Master Mix with gDNA Remover, Hf

itk BA) M\ T cDNA Z47% L7-, RT-PCR (2%, Bioline t:DE%3#E (BIOTAQ

DNA Polymerase. Bioline Reagents Ltd, - &1 &) Z{lif] L7z, PCR ${FZLL FDi@ v TfT

272, 95CT30F, D% 95°C T30 Fh, 55CT 30, 55C T30 Bz 40 ¥ 7 /LATU,

T2°CT 143, 80CT MM LTz, 2D, T H v —AF N E RN TERKB 2TV F Y

vhTavA RCQREL, T AL NI x—F—Taf{k L7,
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930  Table 1 PCR primer sets used for RT-PCR and genomic PCR.

RT-PCR
gene name 5-3' Reference
Forward ATGAAGACACAACAAGAGGCTCTGC
HWS-AB Reverse TTATGCAGGAGCCACAGAGGA
Forward ATGGAGAACGGCACAGAGGG
RHzA Reverse GCAGTCCAGAGACGTCCGGCGTGGTCT
Forward CTCCGCTTCAAGAGAGTCCAAGGGAGCATC
RAH2-8 Reverse GCAATCACTGAAAGTGTCCACAAAAGCGAC
RH2-C Forward GAAGCTCCAGAAGACCAAGCAAGCAGAC matsumoto et al.. 2006
Reverse GGATCTTTTAAATGAAAGTGTCAGACTTA
Forward ATGAGGTTCATCAGTGGTGGGGAGCTG
SWs2-A Reverse CACTGATGTTGAGTCCTCCTCTTCTC
Forward ATGAGGGGAAATCGTGTTGTGGAGTTT
SWs2-B Reverse TGACTGGTTGAGGACTCTTCATCTTCGT
Forward ATGAATGGCACAGAGGGACC
SWs1 Reverse TTATGCAGGGGACACAGAGCT
of1 Forward TGAGATGGGCAAGGGCTCCT Horie et al., 2016
Reverse GCTGGGTTGTAGCCGATCTT
Genomic PCR
dmy, dmrtd Forward CCGGGTGCCCAAGTGCTCCCGCTG matsuda et al.. 2002

Reverse

GATCGTCCCTCCACAGAGAAGAGA

931

932

933

934

935
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936

937

938

939

940

941

942

943

944

945

946

947

948

949

950

951

952

953

BACH) 22 MBI

A LT OBIGFRVEIL, dmy BInFOAE L REOBZIZLVIRE LT, RBENHD 25

mm? O EFEDY 7% 500 ul @ cell lysis regent (100 mM Tris-Cl, 5mM EDTA, 200 mM

NaCl, 0.2%SDS. 1 plProteinase K) (ZI&fE L. 55°CHA > & 2 _X—F — 1 12 WEEME L

720 10 Z3fEE Oy (13,000xg) L7-tk. Ei&EZ 500ul A Y 78— ERE L., k&Y%

70% 7 )V a— LG L=, 7/ . DNA % TE fREk Ciati L=, 7/ LA PCR 77 A ~—

L. Matsudaetal., 2IC XL > THESNTZLOZMEH L7 (Table.l), W=7 74 ~—%

v MEI. 12507 T4 ~—% v b T, dmy (1300 bp) & dmrt1 (1000 bp)?D 2 DDIEIE T %

BT 22 ENTED, dmy 1TFRAZOBFEL, dmrt] 13F A AR EBIFHET D, £

D=, 7 ) 5 PCR TIHEMLHARF A TIZ 2 DO RRBIL, BB AZTIE1 SO0

N RNRBIINS, 7/ A PCRIZIE BIOTAQ DNA 7R Y £ 7 —+ (BIOTAQ DNA Polymerase,

Bioline Ltd. United Kingdom) # £/ L 7=, PCR $&:AM:I1ZLL T D@ Y TIT - 72, 96°C T T2,

94°CC 2 4y, = D% 94°CT 1 4[], 55°CT 1 43, 72°CT 1 43f%& 35 %A 7 VfT-7=,

B1BIZ 72°CT 7 e L 7=, Hd-rRII1 %48 L O d-rR-olvas-GFP Z#t Cld. B4

NI, A ATEBOERGERT, 207D, Kar, AR d-rR-olvas-GFP O/

FRIDMEZ B9 5 72 DIV,

KRBT OMEHFIE
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967
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969
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971

KB OME 2 BFERROFMIRT - & 5 fiE & BREOTIRDOBISRIZ L W IRIE Lz, e L g

DIRIT, A XTI OFE _RMEBERL TS, A AT EWNEELZ RS0, KRR OF R

FH L RWEIEZRT, £, R ZOFEEIR G TV L3, KRHUA ZDOEEE

BIAVIAZ N2, AR L Bouin K[EEWK CHEE L7z 4°C), BEE SN ARRE ., 70%70)>

5 100%ETHOTH ) — LRI THAKL, FL Ltk THEMLEZ, £ TOTREIL. RS

B (Wave-SI, # A 7 v 7 Aath, AAR) ETITo7c, AJERZ T 7 4 AZHDIATL,

7 1 h—2 (HM 315 S; MICROM international GmbH, Ltd. Germany) {Z X Y 4~6pum i

THEHE L7, (R L -EOY 2~~~ b2 U x4 (H&E) TYE LT, U 2%

LT S SN T T o AB L, 99% DD 0% £ THOZHX ) — )L ThK L=, 2 451

A FERVY TRE SN & 10 Ay o TY A S U A K EAK TR L T2,

Yt UT-H R 1T, Bk EB T 7 ¢ %123 AFK] (Entellan new, ALV 7 &I 3=—_ K

E) & N—=HTATEALL,

PRERHAE (R DFE F DAERFEE & A THEABIC L 5 ZERBRIZ L D F1 R oM

T

PERRHRZS L D 4072 Hd-rRIN R 2 I TR - O EERERTA & AZHRRER 21T > 7o K113,

KRR % D3 T To MR A R & IEH A AN ST, SO, EkEH 0 (Burker-

Turk ; Sigma-Aldrich Co. LLC,USA) 2 Cat# L7z, B L7 thissifs (HdR-II1) &a@HE O
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977

978

979

980
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983

984
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986

987

988

989

B RAZ DA A% 26°CHOIARAN 12 BE & 72 2 S TR & I28E LA TIREICHW =,

TR S JEESE T &0 #5570, RZBEINIOKGIRIZ 2MNT T A AR, £ b

DRFEINEFEF 5. ANTEAEESE (pH7.3) ZRMLIZ6 Vo L EEE L — PR TIRA L

770 SHNIZZREIN% 26°CTHE L. TS 2 » AMERE L=, &5n7= Fl A0 E:

TR K ORI 2 LR O GIETRIE L,

A FER R DR E L B DHERE

AFEAI D FHRNCIE, d-rR-olvas-GFP SRt 2 L 72, [W Ul S ERUN L7 (A z B

ARBRIX L FRAFBRIXICEL L 0 dph & 3 dph TH U 7 U o Z 24TV CEEMES F TRIZE L

7o oV UKL, AT A4 R TR =— VT —FTHWEED hX—HF R

THkEe X HIC L, 3 BIOFHE Ok Lc (3 mOFHAD ke s T @RI S

W 2 BIOSESIfEZ VN T2),

FREIERN T TOAEREBOHEE

AEFFRRREC L o T, HEE ST PRERHRRE > D M B T I E T 5 dph, 10 dph,

15 dph DAEFEFZHE LT,

S EEADEEZ AW a LV F I NNT oA
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990

991

992

993

994

995

996

997

998

999

1000

1001

1002

1003

1004

1005

1006

1007

a)VF I NT v BAIZILELISA ¥ >~ (Cortisol ELISA Kit, Cayman Chemical, K[E) %

FEHL, MEOMMAELZEBICLTCEREZIToTZ, AX IO aVT Y Vi FiEX

Hattorietal., 2 D kAW LI, o7V 7 Lz 7 /L% PBS (PBS,pH7.4, ¥ —F

T4y —P AT 47 0 v RS, 7 AU BERE) 2500 L E— XD ASTF

2 =TI, 95 HHIARE DT A F—CHTE LT, D%, #7 ABIRR LY 70

Z Afu, 250 ul @ PBS Tz 2 RV IKL, Fa—TNIZEENEL 2L HIc L,

FO%, =—7 v 1ml ZINZ%, 30 FEREIRA 21TV, 4°C, 10,000g C 3 Syfim Do i L

7%, -80°CIC T 15 U B Al S, =—T V&L LIz, ZO=—T MCKDRE - &L -

MAIOHHMERT 3 ELLERV IR LU, i Ll —7 VITEB T A ZRE AT, RS

. ¥ MFED ELISABuffer 500 ul THR L7z, D%, 55107 500l OIERRDOW 50ul

% BELISA 7'V — NIt L7z, ZO% O, WIHEENEFEZX, Sy ho7 e ha—Lizih-

TRHEZIT- T,

FEaTALE

PEER A D HEER & F1 AR DOMELIZ OWTIE T o4 v U v — D IEREMERBUE 2 Vo, H

FTEHOLRIZIE T REEZH W, &2TOT —X Mt 7 b7 =7 Stat View 5.0 (SAS

Institute Inc. NC, USA)% F N CHENT L 7=,
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1008

1009

1010

1011

1012

1013

1014

1015

1016

1017

1018

1019

1020

1021

1022

e e

AT BIBTFORBUTONT

R TIE 8 FIHD A 7 L VRIS F AR TIHILL TWZDITk L, btk 3 ROk T
X, 6 FEEOA T L VBT OARANBEICRB L Tz (Fig3-1B), £/, 447
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Rearing conditions and opsin gene expression of newly hatched medaka. A White LED shows two

peaks at 451 and 581 nm. Green LED shows one peak at 518 nm. B RT-PCR analysis of 8 opsin genes

and ef-1a in the eyes of 3 dph and adult medaka.
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Fig.3.2

Determination of genotypic and phenotypic sex by body color, genomic DNA PCR, and
the secondary sexual characteristics of dorsal and anal fins. (A, B) Genotypes of white
and orange-red body color of 60-dph Hd-rRII1 medaka reared under white LED (A) and
green LED (B). A primer set designed for the conserved region of dmy, a sex
determination gene on the Y chromosome, and dmrtl, an orthologue of dmy located on
an autosome, were used for PCR analysis. Fin clips of adult males and females were used
as positive controls. DW; distilled water for negative control. MW; molecular weight
marker. (C) Genotypic female (white body color) showing female-specific fin types under
green LED irradiation. An uncut dorsal fin (arrow) and a round-shaped anal fin (dotted
line) are secondary sexual characteristics of females. (D) Genotypic male (orange-red
body color) showing male-specific fin types under green LED irradiation. A deeply cut

dorsal fin (arrow) and a parallelogram-shaped anal fin (dotted line) are secondary
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characteristics of males. (E) Genotypic female (white body color) showing secondary
characteristics of males, i.e. a deeply cut dorsal fin (arrow) and a parallelogram-shaped
anal fin (dotted line). (F—H) External observation of the gonads of green LED-irradiated
medaka (C-E). Dotted lines show ovary (F) and testes (G, H). (I-K) Histological
observation of gonads of green LED-treated medaka (C-E). Perinucleolar oocytes
(arrows in I) in ovaries and spermatogenic cells (arrows in J) were observed.
Spermatogenic cells (arrows) including spermatozoa (arrowheads) were observed in

female-to-male sex-reversed medaka testes (K). Scale bars=2mm (C-H), 40 um (I-K).
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Fig.3.3

Determination of genotypic and phenotypic sex by genomic DNA PCR and gonadal
histology. (A) A primer set was as same as previous experiment. Fin clips of adult males
and females were used as positive controls. DW; distilled water for negative control. MW,
molecular weight marker. B, C, D (White light) E, F, G (Green light). Genetic sex and
phenotypic sex matched gonadal histology results in both groups. However, some genetic

female has testis in each treatment’s receptivity (D, G). Arrow head showed gonad.
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Figure 3. Progeny test of sperm obtained from sex-reversed males. (A) A sex-reversed
male showing a female genotype (dmy "), female-specific white body color, and male-
specific secondary sexual characteristics in fins (a parallelogram dorsal fin and a deeply
cut anal fin, arrows). (B) Spermatozoa obtained from a sex-reversed male (lef) were
morphologically normal and indistinguishable from those of a normal male (right). (C)
Density of spermatozoa of normal males (n=3) and a sex-reversed male (n=2). P<0.05.
(D) Genomic DNA PCR of the sperm (Sp) and a fin (Fin) of a sex-reversed male using a
primer set for dmy/dmrtl genes. (E) Genomic DNA PCR for F1 offspring obtained from
sex-reversed males (n=2) (lanes 1-9) using a primer set for dmy/ dmrtl genes. Fin clips
of adult males and females were used for positive controls. DW, distilled water for

negative control; MW, molecular weight marker. (F) Histological observation of a gonad

of F1 offspring. Dotted line shows an ovary. Scale bars=2mm (A), 10mm (B), 0.5mm (F).
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Fig.3.5

A GFP fluorescent germ cells in transgenic medaka by fluorescence microscope. B is a
partial expanded view in B. C Germ cell number under white and green light condition.
There was no significant difference all groups. D The germ cell number was significant
different between genetic male and genetic female. Moreover, genetic female under green
light fish showed significantly lower than genetic female with white light. Arrow head
showed germ cell in A and B. XY/XX showed genetic sex.
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All groups showed high survival rate respectively (over 80 %).
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Whole body cortisol level under white and green light condition.

High-stress treatment was significantly higher than white and green light treatments in 5
dph. Green light groups showed significantly lower than white light groups in 10 dph.
There was no significant different both groups in 15 dph. XX showed genetic sex.
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Table 2 PCR primer sets used for RT-PCR and genomic PCR.

gene name 5-3' Reference

Forward AAACCTCCTTCCTTTGTGAATGTC )

amhAY.s Lietal., 2015
Reverse CTAGCGGCATCCACACTCCCTCAC
Forward CGGTCCCAGTGACCTATGAG

amhAY 233 Eshel et al., 2014
Reverse

AAGTACACGTGGTGTATTGTAATTGA
Forward CCTGACAGAGCGTGGCTACTC
actb Honda et al., 2020

Reverse TCTCTTTGATGTCACGCACGAT

77



1448

1449

1450
1451

1452

1453

1454

1455

1456

1457

1458

1459

1460

o
o
T

o
(o2}
T

©
B
T

Relative light intensity

0.2

380 430 480 530 580 630 680 730 780
Wave length (nm)

Fig4. 1

The light peak showed 603 nm (White), 462 nm (Blue), 518 nm (Green), 633 nm (Red).
White LED lamp was used natural LED light, which has continuous waveform.
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Phenotypic sex

Testis Ovary S

amhAY -233 »

Genetic sex amhAY-5 »

p-actin - p

Fig.3.2

Phenotypic sex and genotypic sex were matched both sexes.

A Gonadal histology of testis obtained from Nile tilapia. B Gonadal histology of ovary
obtained from Nile tilapia. C Genomic PCR performed three kind of primer sets. The
primer sets were cited Li et al., 2015. SM: spermatid SC: Spermatocyte BS: B-type

spermatogonia AS: Type A spermatogonia PO: perinucleolus ovary OV: ovarian cavity
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1522 — S el
1523  Fig.3. 4

1524  Gonadal histology of Nile tilapia irradiated from different light wavelength.
1525 A, B (White light), C, D (Blue light), E, F (Green light), G, H (Red light). A, C, E, G
1526  showed genetic male and B, D, F, H showed genetic female.

1527  Type A spermatogonia, B-type spermatogonia, spermatocyte, and spermatocyte including
1528  developing testis were observed in genetic male (A, C, E, G). Perinucleolar oocyte with
1529  ovarian cavity were observed in genetic female (B, D, F, H). There was no observed
1530  abnormal gonad. Scale bars= 50 pum (A-H). SM: spermatid SC: Spermatocyte BS: B-type
1531  spermatogonia AS: Type A spermatogonia PO: perinucleolus ovary OV: ovarian cavity
1532
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Fig.3.5

Gonadal histology of Nile tilapia irradiated from different light wavelength.

A, B, C (White 24 h light), D, E, F (Red 24 h light), E, F (Green 24 h light), G, H, I (Blue
24 h light). A, C, D, F, G, I, K showed genetic male and B, E, H, J showed genetic female.
Type A spermatogonia, B-type spermatogonia, spermatocyte, and spermatocyte including
developing testis were observed in genetic male (A, D, G, I). Perinucleolar stage oocyte
with ovarian cavity were observed in genetic female (B, E, H, J). Gonad of perinucleolar
stage oocyte were observed in genetic male (C, F, K). Scale bars= 40 pm (A-K). SC:
Spermatocyte BS: B-type spermatogonia AS: Type A spermatogonia PO: perinucleolus

ovary
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