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The study for the function of the AR gene and a candidate of its transcription
factors in amphibians
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In this study we have shown for the first time by the following results that
the sex of the Japanese pond frog Glandirana rugosa in amphibians is determined by androgen and its
receptor. (1) When the AR gene was introduced into G. rugosa female (ZW) embryos by the method of

the I1-Scel meganuclease, the embryos grew to become adult frogs and developed the ovotestes. (2)
When female tadpoles were reared in water containing androgen at a concentration of more than 0.2
ng/ml, all of them grew to be adult frogs and formed the testes. (3) The sex of the AR
gene-introduced females were changed to males and they formed testes. (4) When the AR
gene-knokdowned female (ZW) embryos by the CRISPR/Cas9 system were reared in water containing
androgen at a concentration of 2 ng/ml inducing the female to male sex reversal, the sex of the
adult females was not reversed to males. The adult females formed the ovaries.
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1. WHZERIs 40 D&

—WCHEMEE OMEIX, EREEROHAGE (T v XX/XY B L fi~T v Z2Z/ZW #)
Ik o CEEBEMICHRE 2, FH5, MBS (SRY, 1990) X 44 (DMY, 2002;
GsdfY, 2012) CTHRAEINTVS, —J, CHE (HAL7 =k L) TR X > Tl
I Ko TR E S, L2 A0, BIBENEOCIHREEFNICES I 28T AT 4
FHENLVEVICE > THERED S, ZORERFIIBHEHVOME LS L L, £/, AT 0
A FHRNVEY EZDZEERPERED FZICZ DE2AEEZ R L TWw3,

BEIICEDR £ 2B O Z N F o IZE~T e Bt~ Tafch 2, LirL, H
KDY FH I (W) ZBEHIEIC X > TXY B ZWE)TH 2, 2FH) ZDH T)VIZE
FEIZ 2 DDOMWPERRZ b DI R WEIY T, BHEESYOMERED L (A, i, HERE
RS XY B2 6 ZW BRI IZ Z DficE D 2 L K AT 2 12BN MR TH 2,
SETOMRICK > TEHLIE, 7Tv Fur vy ZEREET (AR) i (XY,Z,W) Jufafk ki
» Y (Uno et al., 2008), W #fafkd AR (W-AR) &5 11358 EFBLL 22\ (Yokoyama et
al., 2009), ft-> T, ZW Ry Fr ik, i (ZZ) L (ZW) BRIcBIT % AREBTDOF
B 2:1 1225, B, 7y Ry vicko Ty F 2L & s L CERZ2BRT 2
E xR/ L7 (Katoetal, 2004), 2o DfEELSTHLIFZ. 7 Fasy v e AREBEFDY F
HINVDOWRERTTH 5 &5 2, RHFEZBEBL 72,
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RV, B IZME~T 7 (ZW) B F 52V OZKEINC Z ki d 2 7~ Fa sy v ZEEK
(Z-AR) BET2EA (/v 74 y) LTHRAESE, M (ZW) EEIIR52 2 Mlmim L CIkS
WEBRT 2 2L %2R LTz, ZOREEMRIZEEFRO 7> Far v ENMRW D £ &2
7o INODFERIZYVFAINLNDOWERT v Ful vt Z2DZ8KIC k> T 2AHEMEZR R L
T3, AR Y F 5V OWERICHE R 7Y Fa /7l VBEOUE, KO AR BT/ v
777 MEERO IR Z N N AT L. 7y Frsr v e AR BBV F4
INVOWRERTTH S Z Ex2HiET 5 Z &, KN AR #Eis T OG22 ROl %
ZERHNET S,
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ARZEIX. ()Y F ATV OWIRERTB 7 Far vt ARBIEFTHE I EZ2RL.(2) AR
BIS T OERGHEREAN 2 RE T 5, (1)L Q)DOMFTEZ M MICERT, ()i, # (ZW) it
IZ I-Secmeganuclease 12 & - T Z-AR Bz FZE A (gain-of-function) § 3% &, M:HN5A
L COIK 2K $ % (Fujii et al. 2014), 2 2 C., Z-AR @iz 1+%2 /v 2777 F
(lost-of-function) L CZNMERERFTHZ Z L% RT, ZD-dIZ, CRISPR/Cas9 ¥
AT LTARBEET /v 777 FIREERL CRESE, RO ZFTHNS, -, Mk
T Y Far vEKTHE T 5 MR L T2 228, Y F AL OERE 5| Z
Z9 7y rulyyofiREZ RO, BIEREL THWIEM Lo 7y Fay v 22 72KT
AREIET/ v 777 MRZHE L CTHIEBRIEE 20089 %2 #X3, KIZ, (2) Z-AR #Eix
FOFRBEEIMEE DR & b3 DT, AR BE OGN - 28R T 5, (2)IF.
VFHIND Z-AR £ W-AR EIEFOFBIIICIZE L 72 - 72 LB bit s 23, W-AR EIE T2
EFRBIL K o 2 HHIE, W-AR BB FOIGHRSFIRICEREC D LEZ, ZOMH
WA, ZOfEH, W-AR BB FOWMGREFEISRICIZIZ  OBERBH 5 2 L gd ok
(Yokoyama et al., 2009), % 7-. MIC Z-AR T2 EAT 2 & IEFICHE L Chiisiaz 5]
¢ (Fujii et al. 2014), D Z k3. ARBIETDOFEZ M 2 MG 71304
WKHBEINTWVWAIERLTWS, 22T, AR BEFOBEEHEGRNT2HET 2720, BEN
20 AT CREL LY FAHINLD, X-, Y-, Z-. W-AR {57 OGFEiHEEZ FHx, BinT
fRHTY 7 b %2 T W-AR GBEIE T OIRG FENIC 8 2 M T AR Z o, 20 IciEad
BER BRI T2 IR 5 T LT L7,
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PERDIFE THER()~(B) 27, (1) AR EBETFIIE XY, Z, W) $efafkicd D (Uno et al.
2008), W Hftifkd AR #Efn T (W-AR) 1358 EFBL 72\, (2) W-AR B 5 1 DGR i pEI
I213% S DEEDDH % (Yokoyama et al., 2009), (3) Z-AR &5 IZHERVAE IR ©f  F&
B, 208 NIIHEZZ) © (ZW)=2:1 Th 3 (Yokoyama et al., 2009), 4) kDK
AR IIMOZN XD 7y Fu s v 2% &8T5 (Sakurai et al., 2008) , 215 DfEHH
SHZIE. Ty Fas v e ARBIETHZW By F 72 )L OWIRER T & # 2 ZFEIIC Z-AR
BIETZEALLZAR F 5V A5 =y 7TV F AN EEEL 7, ZDfE%. (5) Z-ARTg
MEZINRGR 2 TR T 5 2 &, /2, TglghE%2 T 2 F 27 0 VINUKTHEHE T 2 & Mh5ai L



TR AZR T 5 Z £ Z28 L7 (Fujii et al., 2014), 2o Df5HEIZ, 7 rur vt z20%
FiR (AR) 28 ZW Bl F 57 2 )V oW PER 1 Ch 2 mRgEEEZ R L T b, Lo L2z FEGE
T3, AR BET/ v 777 b FHINZIERL ., ZDH )L DGR Z JHER2AN SO
DA 2 U RO G A2 TR0 ER’H 5, . Y F ATV AR BB FOFRKE%E
I HEREEAN T2 R T 205D 5, U LEORUZEEE 2 TifEZED, DU oME
#1372, AREIET/ v 7 70 MRZEERLL CHEME O A5HIR %2 S~ 72, IEREShAE % 0.2 ng/ml
() LEo7y FurvE&KTHBET 2 EHEEZRL., Z0UE8EMTO7 v Fe7r Vi
ECHET 2 LM TSI AT % (Oike et al., 2017), & 2523, AREET/
v 779 MERE 0.2 ng/ml PLEDO 7 > Fa sy v EKTEE T 5 & Hinfae 3, IR E2ER L
7z (Oike etal., 2017), ZN6DFERPSTAIZ. 7V FaXF v EZDOZFENY FH LD
PERERTTH B L L 72, RIS, AR BB T DIRGRGINRN T2 HET 5 720, 2 20 fHAr
TYFHINZEREL TXYZW ORI H 5 AR EIE T DG FEiTE O RS 2 fEHT L
72o W-AR & Z-AR BT DI % ik 3 2 & W-AR JEBin T DI EFHfitHRIC % AR
BHH, BRIZE > THEAWDET T2 EBONIBERT 272, ZOFEE, G T
& L T CREB, CDXA, SRY, GATA1, GATA2, MZF1, TATA, HFH2, P300, E201, CEBPA, CAP 7% £ %
B,
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