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The genetic mechanisms of color expression in frogs
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Fig. 1. Frog dermal chromatophores and blue frogs. a) Dermal chromatophore unit b) Lateral section of frog
skin observed with transmitted light. Xanthophores and melanohores are seen as yellow and black, respectively.
¢) Cross section of frog skin observed with epi-illumination. Iridophores are seen shining bright green. d) Blue
variant of Hyla japonica. €) Blue variant of Rana nigromaculata. f) European brown frog, Rana alvalis. The large,

bright blue frog is a male, grasping a brown female.
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Fig. 2. Albinos of five frog species and a forest
green tree frog with yellow skin. a) Rana rugosa b)
Rana nigromaculata c) Hyla japonica d) Fejervaria
sp. €) Rhacophorus arboreus. At left is a young frog
soon after metamorphosis, and at right is a 3-year-
old adult. The dermal chromatophores observed
horizontally with transmitted light are shown at the
bottom right corner. Purple violeophores are seen
around the iridophores bearing red carotene at their
center. f) Rhacophrus arboreus,lacking the purple
pigments of the violeophores.
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Fig. 3. Three kinds of albinos bearing mutations at their tyrosinase loci. In the upper lane, a wild type, a
complete albino, Tj and Fc albinos are arranged from left to right. In the lower lane, development of a black egg
spawned by an Fc female is shown. About 25% of the black eggs develop into revertants showing wild-type-like
phenotypes through the embryonic stage. Arrow heads indicate the black egg and embryos.
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Fig. 4. Structural and expression analyses of the tyrosinase gene in the Tj and Fc albinos. The result of RT-PCR
is shown at the upper left. Arrowhead indicates the normal sized fragment of tyrosinase cDNA, and arrows indicate
the extra, long tyrosinasecDNA fragments of Tj and Fc albinos. The structures of tyrosinase cDNA based on the
sequences of the extra copies are shown at the right. The exons 2 and 3 of Tj albino and the exon 4 of the Fc albino
are duplicated. Genomic southern analysis using exon 4 as the probe is shown at the bottom left. Fc has one extra
band of exon 4, and the band of original exon 4 is reduced in intensity in the revertant Fc (Fc'). Dup indicates a
duplicated exon. M, DNA size marker.
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Fig. 5. Different kinds of frog color mutants. Fejervaria sp (a-e; a wild type frog is placed on the far right), Rana
nigromaculata (f and g), Rana japonica (i, a wild type frog is at the bottom), and Rana rugosa (h and j). b-e are
lateral sections of the skins, and g shows the horizontally observed skin. b and ¢ are of an albino, and d and e are of
a wild type frog. h indicates a tadpole of transgenic Rana rugosa with an introduced GFP gene.



e B i 2009(2) k- WA« [ERBH OO & L ZEs 157

P 1L H BT 0> 7K H C30-40E D $hA & L TH R
Ihiz (¥M5a). EEoORILetkE LT
VI EAEBLTWAZ EMD, 3SHEOMEM
fad_CcmENTHRI NI B KEE
BT 5 &, BEs I OEOAMBOGELR
BT, MLEAMIR 7T A B LT

(K 5b, 0). EHic, = OLERKOK X Il
e LT Mo tENMIEL, BEK
o TREOBENPHBL T % (X 5a).
OIS TN KRB G L7 £ C
BB, BEMGIIET A 7 =vH4ERL
T 5. —HoSMEE T, 3FEOGEEM
fad X ToOSEPHELATEL TR, &6
CEDRRIE T 22T 4 v 7 (BEW -
FeA @R THEE T ORISR S L <13t
WRBE DB A Z T CEbTH &) Th
5. 2L, HOBIRIEF I,

BHEE ClIME OB L L B otk
M OFAERFENR /L), TOR<H T
DX SIS & HOERBRIU N 7s % 4 R
L RO D, KSIEBRIAATCRALR
nic s 2w HTADOERKT, KEILVE
VEEMNBRIERTH D, KR ei
DEEAERMIHF, ARG D 7.
Wi EAMBAETE LD E L pmLTWD
(K 5g). ZabREEETIE—FEOLMEE
ETIC L 5.

—7j, REEETFO#EERIC L, Fif
= ADBH B, TFNT TN T ALOWTILRH]
WU, 2008F 1z > T CHRAI A=
Ry THFIADT Y INDOYE, DD
BIIL RFHCR U - T, Zauddek L
by ADFe k Tl T\wb., 7
€ DX ABNTHAERI O F 2 LR LI E R
b, ZREINETRCAEMCRE L. £
T, LR EE CRE R T ok 2
5, SEGEROINGR T > TY RO RGN
HH L. &b, RO EO A
FET Y 7 UG LT 1Sl O
Firy ) — Xk - TRigh, BanggtL

v ) —Xh B ot ALOWIEL, Tk
RN E - Hiciald, fFeh ko mz b
DRk LT ooy (K51, - 0@k
AV TR T D e, ~7 afd
O THIE, TRTHOL ) —XTH»
TBUPNEACIE L BT TH 5.

ERERBILBEF I~ OIEH b w58
TH5H. 20065F i n R OEETTTR22 -
1o FHZADRGEET L E 1L, L7
LT h, BERAEDTRTAATHDZ LD
hote (K5). XoT, ZOEMETHEIME
WCHIEE L T A TTREMESE . BUFE, TR O
FKE AT > T 50, FBEOTH D M
X o THEREA R T E T, RS 1L
DRI TERET 5. —J7, AR
BinTa 28, 3ECHAGHE S L TH
LWEEEDL A L TED., YFHT L
D7 e & BIRZERA (L AinoRE),
Ihicrz /7418 BLH) o 3->DEET
HIBEICATILTHE, STHOTETLY
FHTARERTED. 2T/ 4 FirBog
fam g~ v s B HITE D MK L 7o
TWbic®d, HOERYROL T ENTE S,
AT AFRE T B, SR O A3
a8 mTFRBOBEOWTCins s, o
X5 R ANER T A LTI 2 ) 7 —Tx
BRI /e s (K 5h). 7A€ O
IR DFEERIMEN SN S BEE L B AN,
O 3EERMTT I3 REH 2, PFIRCF
HIh w5,

Pl Xsic, F2, FIEhBPLR
GCHPAARKODL L THRINTED, O
SRt A R0, (BRI OEM
HEVCHILZ ENTEDL, LT, 3EAL
FTRCOMAMARIKR, KEHOEETH
%, FEAEFPEEFHINIIEA DI O R HE
R TH D, EERELFIH LD
74— AR, F XKoL 5 i REnA
Do T 5.



158 C -2 2009(2)  FRdE - WA - [CRE O R & A5

4. REBLBYEE
CREREOERE T, EHE L 0b
DICOWTEMEZ TS Z ENE\n. Tire
J DEFRT HYG, REOEL, L iy
WEDOEY I ENGENBEDTH A 5D, &
WORIWTH D, BB 2L —Thb.
R ERKIITFCHETRRAIN LD, Ch
RIET ORRERNDLT LS, FogEe
BOMRTAECZ EERFERL TR, %
RER[ROFATD LABTIFER, HDH0
BHEFEMCILDIELNE LAKRWDT
BoH. KB, REEETE~72ch -
Tod AL 2 AN E T e, LTS 2
L C—E2% DB AT LD, PR
ORI Z R EN—FCHET 5. L
o T, b b TERENESERIN
BHEVS T EE, BRERLFRTHLONR
KB EDERENBEL Lo b Tidiel, &
LA, (ETHEEO 7 O L HIBH 58S X Bk
XD = A DERRFENED bR, £ Ok
K, BB OB N E E 5 e R &

ThHERS., RERTREFELNLTHT
THAEDREO ST, B F v O T
G URETNE ) DT <= H T A NERE
AT CRBHC Bohs - 1l b %

7L, B & KEOEANRA
RN Dr —ANHDHIELHERETHE. &
HR—EHCIMBED L 57 L e DYk
NERINDL (BEAED, 2005). FKE, HE
N2 Tk, »TApERTESHKEEZ
ERWHP LTS, ZDOT7AE iZnWbd 5
TEERET NV /T, ke ie s LA LK
DI NaE LIS, i, HOMEI R
Ly, EERNETHLE Y (K6a). &
A, TD7 4 — T d, 5287
v RNl B o B » BRI R, %
L CHREOM 2 - 7B o0 - T 5
(K 6b). Bz, BuvicZ &g, Y430
BTy XA BRELTHBE LA, £D
WO 1R, FEEREBENRIBT S
AMERICEE L (K 6c). =T, 2f5H
DN FSE A AT, A A7 7 A0

6. BHER—EH TR > BERSIOBRBICERENLRONS 7 F~F . () #Eangid, (b)
ehf s 2% - 7o B, (o) PO T Y & RE L EAKIAL MK, () c OFEEI S 2 (5HEINR T4k
THEENLEREL L » HOshh = v, (e, ) HEMEKDHE, (2) REEO—F Ok, 3% 7RO & KH

TR

Fig. 6. Pond frogs (Rana nigromaculata) showing abnormal color or morphology found in Ichinomiya City, Aichi
Prefecture. Yellow tadpoles (a), adult female with a deformed dorsal center line on the back (b), adult lacking
fingers of hind limbs and anterior parts from the wrists (c), one-month-old frog retaining a tail, produced from a
female (d) using diploid gynogenesis, and the deformed forelimbs of two other siblings (e and f), and a one-year-old

frog with a tail (g). The retained tail is indicated by an arrow.
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