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Abstract : Due to the high sensitivity to environmental pollutants, fish body coloration is becoming a biological in-
dicator for pollutant monitoring, and with promising and wide application foreground. In fish, the regulation of
body coloration is controlled by complex mechanisms involving abundant genes. In this review, the effects of pol-
lutants on the fish body coloration and the possible mechanisms involved were summarized, so as to promote its
application in pollution monitoring and ecological risk assessment. Meanwhile, the molecular basis of fish body col-
oration was reviewed from the synthesis and metabolism of pigments, the development and migration of chromato-
phores, to the regulation of body coloration changes. This review would enhance the understanding of possible tar-
gets and toxicological mechanisms of pollutants on fish body coloration, and provide important information for the
development of basic physiology theories of fish body coloration.
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BRI KB RGP EE A A, K
YA R E U A AR RIS, 5
BT EWNSMEE NG, IR, 15 Y% SR 4
MIFEML T e 5 [T, 2RI E 2 A Z M IhEE,
nphzke gl R TR IR RE TR T RR AR A XA
SR B E CEEY ) A EHEsh Y T,
BN N SEES SNBSS AR NN EPSE SISRUR )
FEY, HEr, alkh =0T 6 FIAFEMEE
ff G RER AN B ORAMM LR
WA AR AR AR, bk
(UNERZSOREE L Y/E | s R =N S A = <]
EL RN FH A 5% 1975 e s A= e m B,
15 Y TP A0 2SR €8 1 A DG BIF 9T 0 — S (E A 2 4
P38 5 1w o

Hii, Ca kML FTs Wit T mIE ik
@R Do WA T (HEBER A B RIS A)
FGF 2 5 28 W 14 RE 08 5| kS 0 25 B (5 9 B 1Y 2L
ARl R 2 Nk B A TR = A S (di-
chlorodiphenyltrichloroethane, DDT), % 5/ FF 3 X
Tl I B 71) BT R R R A RO 55 AR AE AN [ R B I
MR WFSE K EL, DDT FB 47 BE A% Ik
/DFLAE . (Poecilia reticulata) 1A 3% 16 €0, 35 15, 1 17 AR,
BATR A 20 11 5 B2 5 Y R T A 8 G 0 o2 P ] 5 L 3% £
(Girardinichthys multiradiatus) % F1 & 3 2 {4 5%
5RO/ ¢ 7> O s I 2 £ 7 N R 116 3 e o R
VERT, BN (2 0kE i 08 /b 3 B S Vi, PR
2R M (0 R AR AR b B b R 20 i A
Ve L B2 RS/ i /b Al U2 8 1 LT R AR 5 AN HE
WL 2P A1 e e P U2 T ) 2 5 S i o e
i Cyprinus carpio))EZEYTE"" , MEFRELAEGE XS 4
I R R ™ B () A S, 3R B RN L s R
AN R 2 R IR SR Vi , LR I 8 €0 32 44 L REORG 240
JRLER) 3 RN AU T A R S D A
(Heteropneustes tfossilis) 54 tH BB I8 19 (0 R UL & [
e IEPEROR R sy g 2 R A — AL
25 BB i (Danio rerio) J IR KGR B H B 4B
@R W% (Salmo gairdneri) K #7252 T 8515577 26 4C
WRIE , B AR T, (638 20 ik kAR SR AR I i PV 5 7 TR 2
T ISR AR ™ Kaur Al Dua® ¥R K o 52
i (Channa punctatus)#%#& T IR /K 1, K& BRESE F 0 45t
Pl I T FIES B 45 04 25 L , €022 20 A o B 5 0
MG, AR ORI W Js b F i, 7R S 3} 0. Betta
splendens) (2 20 i i WF 5% b, & B HH 30K I A iR

B B T 2 AR AR TP R ) A R AG fE
S 0 2R A0 SR AR 5 A% HUPK RN B R £ S BOA [R] #2 JEE
i R A

JAE KRBT C LIRSS Y RERE T a2k
(R e A L5 o L A B T A > BF
FERW] A5 Y Oy A 5 12 B T 46 ) v
DA 3 A% 52 PR )P 3% 196 A, T T 52 W) (5 38 400 M
SRR SRR AN, A B(E SR
D5 AR A )R AT LA 3R ALY 52 2% 43 T BIL R AR
YERT, PRI, FERRSE I, X A s MR i te
AR B R IS I AR B s T R
20 M B A AR AT REAFAE TS e VR T AT %8
TR ETE A 73 TR B A% IR, X 24
LR 7> T AT R GL R4, AUH B TR
TR T LR (o m] REHE A R0 2 BE 22 BILRD , i L
PEHER EAHSELE AR S 10T e SR PR i o
N

1 BERERPIZBINER. R REIES (The
synthesis, metabolism and transport of main pig-
ments in fish skin)

HRPNAE ZFER  AATERE AR A,
R A E IR E A IR, BT, 5T
B2 ORI E 2 RO R RN £
O Z A0 M AT R 20 ™, PR R A AR TR A R A
JL 5 S BT (/5 (B R A IS 2R 2 R R Y R
it A7 260 2R 20 M R 0 0 28 A4 M 5 R At B AS 5
F I8 L7 RS SR RS /INROE BUATT S O, 2 3
AEDEEE,

1.1 BEER

AR R A AR Y, B AR
M A R IR 25 S BB R U FE AR, £ 2 5] i
FAEIRET % & Rl (tyrosinase, Tyr)Je B0 28 (428
1A HRRAZR) G A OG5 PR U |, 1 2 R 7E Tyr 1
BT, 4 2 2 (dihydroxyphenylalanine, Dopa) , % [
RIS el 55 0, G B AR, 2l B R E
Tyr . % 2 {42 55 #J il (dopachrome tautomerase, Dct)
Ji% 22, iR i A OC & 1 1 (tyrosinase related protein 1,
Tyrp1 )35 Fi 22 I g 22 e i 5% A KB 26 1 (Siily, L 7
Pmell )25, 748,3 MR K2 H H(Oca2 |
Aim1 Fl Sle24a5 ) 38 (4 K [ 5 Bt 2 50 B 20
WA 1(a) iR,

1.2 KiAE MR
HHAbBFR AN, KW E M RAGREDHESIY
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TR I, N IR A BRI IRP . BHEshY  BU(Srbi, Cd36) . 454 5 UL R (Starl . Min64 . Stard,
FEES BYERIEEHY MR, i 2R RARE Star5 . Apod  Plin . Gsta2) L4 ¢ [ fi# (Bco2 . Bemol )™ |
M, HE,ELEMEZITENS LAY NENE 0E 10)FR,

R1 FEONEEREFEHNHIT
Table 1 The effects of pollutants on body coloration in fish

59 ENaR Al B 27 3CHik
Pollutants Body coloration Fish References
B COLTRE R B B0 7 55 . .
- - . DN MRt i B f0
FKIRMEHE 17p-HE—FH(E2) WS /I st O 8 0 2 5 7 5 ,
Male guppies, male [6-71]
Natural estrogen 178-estradiol (E2) Reduced the coloration and area of the orange spots;

. . . . Cyprinella lutrensis
the coloration became lighter of pelvic fin and tail fin

NTLA B R 17a- SRFEME —BE(EE2) B AR TR R T RUVE /N s BHALLE MetEfLAE L BELh £ -
Synthetic estrogen 17a-ethinylestradiol (EE2) Smaller areas of orange spots; weak red Male guppies, zebrafish
=THY B B SE B 3 RBE AR WEMEFLAE R 0]
Tributyltin Increasing brightness of the orange spot, bigger areas of the spot Female guppies
PR RIRLL R R BB RN T MR X
A — LR
YA RAARE EY 1 22N Gt ,
SRR . e BE L £
The red pixel value of caudal fin and the carotenoid [10-11]
Triphenyltin Male guppies,
content of skin decreased, induced oxidative stress;
zebrafish
damaged the retinal structure
RSN FAAES B i O L5 5 | IRV /N Tk fLAE 6]
p-octyl phenol Reduced the coloration and area of the orange spots Male guppies
X A Wi IR ¢ 4% B3 2,58 BE i3 AN i 12]
Bisphenol A Reduced coloration intensity Male Cyprinella lutrensis
% HLA I (DDT) i 6L BE SRR T LA .
Pesticide dichlorodiphenyltrichloroethane (DDT)  Reduced the coloration and area of the orange spots Male guppies
, JICAE e BT L 1
oA HLUFR) P REXT B o6 TR S P ¢ S 5 €2, B2 .
. . L . Adult male Girardinichthys [14]
Pesticide methyl parathion Reduced coloration intensity of fin and body o
multiradiatus
I 5] o A BE s AUV LA R 0151
Herbicide atrazine Smaller spot area Male guppies
- RN S DR a BRI R e
AR ) T HEpERL A f
Changes of chromatophores, carotenoid ) [16]
Monocrotophos . o Male guppies
content and tyrosinase activity
SRR B HmEaRIUE fif £ 0171
Cyhalothrin-based pesticide Increasing pigmentation Common carp
fismRh BRANMECE BRI BEE 18]
Nitrate Changes of chromatophore number and pigment content Zebrafish
TR EE BRIE EJ1RE g [19]
Zinc sulphate Abnormal pigmentation Heteropneustes fossilis
kK ot Bk AR £ BETh 20]
Arsenic trioxide Skin bleaching Zebrafish
L B A T o)
Strong acid Fade or turn white Salmo gairdneri
FFEIRIE BUEAT AR ANNERE o 21|

Medetomidine The coloration became lighter, the aggregation of chromatophores  Salmo gairdneri
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1.3 B

BERE AN 5 8 A 8 A G, A W ) = 4 1
A IR A T A Ay i R ) 0 PR R 4 R
BFEA R, BIE S AL 3 iR SIER
(guanosine triphosphate, GTP) ¥ {1k /K f i 1(GTP cy-
clohydrolase 1, Gehl) ., 6-TA i fi DU & W HE 75 15 16 (6 -
pyruvoyltetrahydropterin synthase, Pts) 58 85 14 34 J5
fif(sepiapterin reductase, Spr)Lk GTP MJEY, k&
JSC DY S A P B 5 DO S A ) R ) A 0 R R -
4-Z 5L WPk e Wi 7K B (pterin-4-alpha-carbinolamine
dehydratase, Pcbd) F1 — & 1 W 34 Ji7 [if (dihydropteri-
dine reductase, Dhpr); 2= W04 S 175 4= W1 00 & B, 32 2L
W N Spr il ¥ I 4 4 Ak, T/ 2 I W% it % i (xanthine
oxidase, Xod/xanthine dehydrogenase, Xdh)®", 4[& 1
(7R, 734h,Gehl B2 5 R A4 2 4 AR (5,28 4
Jf1534k s Pebd 2 45 W 19 e SR B A S 1K 20 IR 1 I 3

R R0 28 20 M AR

1.4 R (GTP 57KE5FIE )

GTP B 1 VR A ENE & hl Hh () 2R o1, i 02
IR 240 A S S5 /N Bl 1 3 A B 4, 1T Xod/
Xdh A2 RIS 3 A AT B0 O B FRGE ™, 141 1(d)
JIT7 o W 0 L 3 ek R e A% 5 R 1L ¥ (purrine nu-
cleoside phosphorylase 4a, Pnpda)4® & 122 W5 1% H 4 1k
& GTP, Slc231 25 GTP Wiz, %4, s

(a) JE£5, 243 i Melanin synthesis . .é \
= TYR X &
o L =—b O
5 E a LD
£ m: { i1\

2 3 @ & 2 S
Biomzime £ mz 9% = B
€5 2 2 %o 25 5 £

a ﬂ% 3 ®e . ma

DCT\@_, §'3§ SILV
Pt Ew £iE
k OCA2  AIMI SLC24A5 TYRPL § 2 £ /
| | | G
ﬁ)%ﬁﬁ? I %filf Carotenoid metabolism \
G313
Degradation
-BCO2
‘BCMO1

>

£ I (Gart | Paics , Ppat , Pfas , Atic F1 Adsl %)~
D) R W AR 35 K G S PR (Ada2 | Prtfdel 1 Slc2a9)"
YIal fEs2 i GTP /K-,

2 BEEZMMAAE SEH(The development
and migration of fish chromatophores)

FRALIREE | Bz, € 22 Al ML 245 T 5 A0 8 b 8 R
BT R 2875 AHOC I P 22U A MY (5 22 A A
T AL A MR R % (NS B A 2R LA K
FET) AR ZR A S 2 IRZGR AR A
AT BT DI IR, X BIF 5% f 2 B8 1 201
BLHL, Rl 2 A RS BRI R, BA E %3
SCHOTRT a2 Ul 240 ) €6 3% A ) Al — R 51 4
JL P A B S 5 oS R i 4

HET, 2SR QLT 5 b i pE o £ 2 LU
BED 0 R b 58 X %, BE H 0 ph 25 U 20 AR S
Erbb3b 458 , A7 — 3 Wi 5 AH 40 ML A1 A= 0 7E Tu-
ba813afE I N iFRE B K T HE, 7= A i fa A Y 1
RYL(E 2), ZAHA M EA SR 3 A R A
IVERE , HICH 7300 2R A AR R U5 T s AL 40 5 4R
PEH R F 1 221K a (colony stimulating factor 1 re-
ceptor a, Csflra)J& e B (7 2 4 M (1) fiv iz 5 /N HR W2
AHEE 5 1 a (microphthalmia-associated transcrip-
tion factor a, Mitfa)dht & B (0 K 4 i A9 iz , T 40 fifd

GCH B FGCHFR | |

© z e gs &f ¥ g3
*:‘s"c‘E%PTS%%; X5 &% &= duwiE
o GCHIE 25 " = 8 SPRE S sPR T spr ¥ EEEh
E——E i —gsi—iE——El —FE—2EE
TaE  EES O & 2 # 5, 4 5%
ISl o ) z 8 =T m =

o = e 2

& & e

TXNLS
DHPR\ & FACBD

A %&%i&%ll% FRUENS Sepiapterin o
= 2 Drosopterin  gp RE
4o = H A HL ;H;
H 2 H,biopterin ~ ——>y° o Cacy
& g ,pterin
=3 2,4-ZHRSLiEnE
2 H WIS Biopteri US4 Pterin 2,4-dioxopteridine
X0D | XOD/XDH | XOD/XDH |
T-HRIELE WS SEEHRIS 2,4,7- =3 RLEE
7-oxobiopterin Isoxanthopterin 2,4,7-trioxopteridine
ﬂ) SRR 2 5 i \
Synthesis and metabolism of reflective small plates
GMP +——— XMP IM11 “‘M}i
B H#HH WHH Jits
uanosine Xanthosine Inosine Adenosine
15 50 —_— S YCHIENS I
Guanine Xanthine RO Hypoxanthine Adenine
XDHl

\ JRIRER Urate =75 % ¥ Nitrogenous waste /

B1 aXtightiEliEayRassKREhge

Fig. 1 The synthesis and metabolism of pigments or colored substances in fish
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K F5Z 1K a (stem cell factor receptor a, Kita)fi #f i,
o B R AR AR 20 A AT 5 A S A i R
P (leukocyte receptor tyrosine kinase, Ltk)fie # 0T %
YR AL AT BE Ak, 0360 2 40 i B ok
U5 T 1B A% i P 220 20 L, 4n U i sl 3 L 4 0 PR (R
RANM RSB i B B, BB 58k n R
B ARLAR LA A €8 5 40 f0 8 60 32 0 i i 19 D AR
5 Csflr, [AIiF Pax7 fEE R ANMEM LT , B &
REOE, ARG, e R A, IKEE Csflra &

AR RE 2), CRAEATE SR R
R\ B R % 2 TR, O i IR — 2 B I )E HE
F=S1 I8 b Pedhl0. Igsfl1 F Erbb % GE AL #E (4,
R YU AT AR AR RS R AR T AR €
223 R4 Rl K (Bel . Gu Fl Ednrb 25 i 34 5
FE AT BEAR X L6 B 7 1M A2 5 ¥ Bl o TR 2
BARUBHFHE ARG LR, 4kl KRS @
EAMAEE STEBMEHILHEGE ), A TiE—
IR

izl

Neural crest cells

% E‘ erbb3b
< E
=m
WERGAEL AN
Postembryonic
Bl g progenitors
3
o 8 fe 0 Barly larval HERA
Iridophores ¥ melanophores AnEIopHores
I i
§§ U K
£S5 “a H A
Xanthophores in
A cryptic phase
pax7,
csflra
Lg il o fa YN TR
Iridophores Melanophores Xanthophores

B2 HDfaeEMAaiTEB 55 ({7 Patterson 1 Parichy™)

Fig.2 The migration and differentiation of chromatophores in zebrafish (Imitating Patterson and Parichy™")

3 &FEMAFEIAEYLE ( The regulatory mechanisms
of body coloration in fish)
3.1 thaifE-BRKIRRERS

£ 23] 38 o A PR AR AR S R AR 4k 2 F
Jr AR A TR A A AR L T R IATE
0 3R 20 PN 1 SR AR B A, — i El D) A PR A PR R
PR CEAEGIR RS T |  , 8 i 52 B p 28 R Gl
P43 R G L [P R IESE A ORI T
FHE R 2 IR 8 2 R 4 & (melanin-concentra-
ting hormone, Mch) ] if5 3 (A R RLET | Mch &

POERGEAZ A 1 HANH] o1 22 4H A I R (-mel-
anocyte stimulating hormone, a-Msh) 43 HE P, B
ZHH] a-Msh R, IR ERIAN 2, EE
A A Ak e 0038 68 2R 20 M 1 A B D 2
SEIL[E] P 1Y, RO A =, W A O R
G GRS A K T N R A sR B T
At AR b AL T DL 3k ek 20 S €5 3R 40 A AN 4k
YU AR A e KT R B RS
J Xt Mch BFURAEREAR ; o-Msh I8 550 FBLF o5
FFHAL , a-Msh AMUS 5 RAEZRMY L, T HS
HRaRMEHEE,
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el

R R R RGO AR ek R
IR R ARG, S 5IERE R E AP (A
3), MEEJHE 1 2K (melanocortin 1 receptor, Mclr)
PIRHH B 51 a-Msh 1A TR 45 B0 0 BRUE 5
(agouti signaling protein, Asip)Je& A {0 18 5 1) 32 2
T, a-Msh 7ERER i & B, 5 R TR R 6 R 2
6 0 25 A0 i LA B TR 20 i A € R AN | Melr
S5E TGS (2R A0 A B (3R 195 1 5 T Assip
M FZS 5 AR, R
WS ) Melr ANCRT LA 53 AR i H (cAMP)id
PEA TR AR, 10 5 AT D0 2A 2R A iU DG

H(Tyr, TypHIERIR AT Z R AR, BHEAERH
Pl R ORI A F AL, TERTR AN, H T
SE T cAMP X R IR HEERT®
3.2 A SRR UL

BRTEM @ B SR AN 5808 N R AEDT
ARG PR E AR, R0, K P RA
RETEEMESH YR A 0, H B B 3RS (e
N —F A R BER, IF5E R, A N &R
RS S EER T, RAEZ /M8 NEA
FFREMR @, Bt 72 B HESh MIHLIR N | f 76 Tl
e RS N FORI PP A M RGNS R (E

®2 BRAMKENIBHEXEER
Table 2 The genes related to the development and migration of chromatophores

ke HE 27 3k
Function Genes References
Sox10 Mitf, Pax3 , Edn3, Erbb3, Dnall | Itgbl . Egfi, Myc, Mcoln3 , Adaml7, Hdacl ,
BEOZNMEE

The development of melanophores

Zic2 Kit, Frem2 ,Gnaq, Trpml | Kitl  Kitlg . Enl , Sox9 ., Crebl | Ednrbl , Adamts20 , Apc,
Ecel Eda, Fgfi2, Fzd4, Gpc3, Gprlé6l . Ikbkg . Itgbl , Lefl , Mbtpsl , Scarb2 , SnaiZ

[30, 45, 49-51]

Tiap2a  Wntl \Wnt3a Adcy5 , Casp3 ,Atp6vlel \Foxd3 Fms, Tuba813a

HMERMPRT
Sox10,Csflr,Pax3 Edn3 Ednrbl Pax7 . Smtl,Ghr Atp6vlh . Fms [30, 49]
The development of xanthophores
IR T .
o Sox10 . Edn3  Sox9 Atp6vih, Trim33  Vpsl8 . Vps39 Foxd3 Ltk [30, 44, 49]
The development of iridophores
ORI o [44-45, 47-48,
o Pcdhl0a . Pcdhl0b Mitf Kit, Igsfll \Erbb2 Erbb3b  Bace2 ,Csflr, Ednrbl , Tuba813a
The migration of chromatophores 52-55]
ORI "y R BESH TR A
Melanophores : ‘| Xanthophores 1 'l \\ S Iridophores
1
Iy 1! \\
I 1 TP3H
P P T Gt
" ‘| : 'I -1 pathway
o P el
1 \ 1 ! l : 1 :
LA L P! - v
vV = -
p @l Rexam A GRH SedR ey R SRUEE R
C ﬁﬂiiﬂ_?fi%‘_ Pig;nent Melanin ells Pigment Pteridine  Cells Pigment Pteridine
clls dispersion dispersion synthesis dispersion dispersion synthesis  dispersion dispersion synthesis

Doy &

W=

5SS

B3 &XEBERFERIZRFIEEAEEIE
e T AR S B I B AR E

Fig. 3 The regulation mechanism of melanocortin system on body coloration in fish

Note: T stands for inducing or stimulating; T stands for inhibition; the dotted line represents uncertainty.
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] 1) 0 FOASUAET '« S8 | AT R AT 2 T 2
R SR — 20 R DR ER ARG g
o B R BUEARE T s 5 — 20 a5
SR AR S = Y DU N U E T o LT | D R
HE MRORWER,
3.3 el AILE RS

TER M BOGAR 3 v, AR R A IR a2 4 R 5
EEAER, BOCAE SR, PR RSO o
BRI S8 11 (G-protein transducin) AR 5 i
(phosphodiesterase) 1) 1 & , B J5 11 bifi % L 57 17 {2
R 5 (cGMP) i/ %' 48 L 199 0%, DA T X
SRR H BN, AR 1) R 422 A2 S0 35 YT -
Msh B4R A BRI S | S e HE Sl K
JR AT DA B AR 5, VR A R 68 A48 b 52 0y g — 3
b2 N = s (19 8 2 LY N Gl G R B s S R
R T B ARG m7 ™, e RM, 2k
AR AT LU, XN J iR OBz a8 7 A
AR IR T B —E e, B, BEFIA
FYEE R AT R AR SUE NS S, TR
R R AAE T 1R FERET

PRBE R 2 T 0 A €0 ZE A0 AL T 75 1 P9 4
fF 7Y B IRAS R FNIAIE J AR 2 = BUIR I AL
PRSI G , an ek AR TR — -+ RS HE IR .
Ik HIRIR A AE R A LB 2 2 T 2 M
FEE R S8 21 5T 1 A 7T 3 e B R 8 5 i) AR
W JIEE 3] b X Bl 22 R B8 A 5 AR i, T X R 5 2 1
SRR A Msh BT TE 17 S5 Ah BB B 1 fa
FICHEE T 5o AR 50 N R £ 2R AR 48 B
BT VR e kv 68038 00 0 A A P 3
e ) A A S R £ 2 5l N R A S A
BT, BTLL R G S M ARG Z AR R 2
FR AR LA Z — (B 4),

AR TR 28 EF R AR T,
(7] st SR PF 0 5 e %o IS A 0 T L AL ) o
VIAK, CEAMREN, AILG RS & R 2
TSRS AR A 45 RESE I LA B 28 11 P4 43 00 2R
gt AL 25 44 X Se s fp g n] g s Tk
R RIEET . OSSR R — TR 5 e

4 SEYT I A ERHLE B 5 ( Research on
the mechanisms of pollutants interfering with fish

body coloration)

MR FRTEIBESE , 15 58 T M2 IR @ B BIL

ERAE T RN W ARG R G
AR 5 S AL L R R R 4 R 5 D RE LA S+
WKMo IS LT,

BIRRZ

Nutritional insufficiencies

L FR I J
Environmental stimuli
_________ SV S— X b R 50

Central nervous system

/ il Pituitary

a-Msh/K 5w
Unappropriated a-Msh production

WAL
Malformed eye

LSRN
Pigment abnormalities
B4 MARRRFSEXEBREVHE
Fig. 4 Schematic of the malpigmentation
based on visual defects
RGN AT 0 RT RE 32 2E T EOK
T2 A a0 178-E ¥ (17B-estradiol, E2),17a-
B FEME (17 a-ethinylestradiol, EE2 )+ & 1)1 i L
FEAO 5 BEE 055 TEREIE , B SS B €, SRS iR
LTRAAT RSP S A0 4w B TR TG e g
5175 5 SE IR -S40, 36 5 A €0, e 9 £ 28 Y i
5™ DDT [a] 22 95 % 39E Y1 WE Ik ( Xenopus tropica-
Lis)F1 7 25 i (Hyperolius argus) N 43 28 40 7= A= 1
SN B KRB R A R R ST
ORI ZE R GTR 73 WA 6 B0, 52 W) (0 2% 40 i 1) 45 g R

Fokr 21 (83
E[ ]O

TP BERS T PU A HE S (0 2 1 i A
FIURIT, 7375 T A 7S 32 2248 e R R M)
MR, TSRPIRENS B A TR (R B A, BE AT
PAfRHERR C R A0 5 ™™, o ml DL R R A
JRT R BE S 8 i T e P B L A B A R 4
R A A 1 R R ) 05 1, DTS BB (5 3R B0 5
PR R S AL A D R i A7 B
H AR IDE T IR RE A ] FL R K 5 ™ R a
IR EER R B A A, T EGE I 2
@R AL BOR T, 4] 5.,6- — 2 FE 031 1 5 A,
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