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The Genetic Characteristics and Histological Defects in
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Abstract : The transparent mutant of Poecilia reticulate was hybrid with wild type for genetic study. The analysis
of offspring phenotype showed that the transparent characteristics was recessively inherent, controlled by an
allele in line with Mendelism. Stereomicroscopy was used to examine the types and patterns of chromatophores
for each phenotype, and it was found that the transparent mutant exhibited loss of iridophore. The paraffin
section examination and electronic microscopy on the skin and peritoneum of guppy showed that the transparent
mutant had an intact structure of skin and peritoneum, except for the absence of iridophore layer in contrast to
wild-type individual. Reflective iridophore was absent in transparent mutant to the penetration of light, resulting
in transparent appearance. The mutants were healthy and fertile, showing a stably genetic trait, and the main
internal organs, such as heart, liver, gut, gonads, kidney, gills, and spinal cord, were naked-eye visible in
living fish. Therefore, the P. reticulate transparent mutant is an excellent experimental resource for in wvivo
studies.
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Table 1 Phenotypic distribution in the progenies of crossed, self-bred and backcrossed guppies

SR Fobi FEAEHE (ind) FAREHLAY Phenotype of offspring
ZeZ A
Crossing Numbers Numbers WA (ind) BT (ind) SHIR (% )
of brood of progeny Wild type Transparent Ratio of transparent
B x WA
Trx WT ! 29 29 0 0.0
WPz F1 x B4k Fl
WT(F1) x WT(F1) 7 218 164 54 24.8
A F1 x B0
WT(F1) xTr 4 98 50 48 1.0
PP F1ox B4
WT(F1) x WT 3 85 85 0 0.0
ZEH F2 x B0 12
B F2 x &Y 5 117 0 117 100. 0

Tr(¥2) x Tr(F2)

Tr;Transparent; WT:Wild type.
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Fig.1 Guppy and the transparent mutants
A HEPEAT B B BEMEITEE; COBUIREMEITEE; DA MEMEIT A £ 0B CCEEPEIT 8% FOB B LRI E . AR =5 mm
A: Male guppy; B: Female guppy; C: Transparent male guppy; D: Transparent female guppy; C: Transparent and albinoid male

guppy; D: Transparent and albinoid female guppy. Bar =5 mm
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Fig.2 Mutants exhibit differences in chromatophores compared to wild-type guppy
A B A EURREE T B TR (LR AN 5 B o3 W MR L 6 1 R (LR AN 5 C 2 I A TRV E T o 2 SR (LR AN s Do IR
WP T S R R AN 5 L A SR BRI (0 R AN s P IR R IR (R A, BRI =100 um
A The chromatophores existed in skin of wild-type male guppy; B: The chromatophores existed in skin of wild-type female
guppy; C: The chromatophores existed in skin of transparent male guppy; D: The chromatophores existed in skin of
transparent female guppy; E: The chromatophores existed in peritoneum of wild-type guppy; F: The chromatophores existed
in peritoneum of transparent guppy. Bar =100 pwm
Mel:%é%éﬂiﬂﬂ; Xﬁn:ﬁ@%ﬁﬁﬂ@; Iﬁ:ﬂl%ﬁé?ﬁﬂﬂ@; BV:mlMo
Mel ;: Melanophores ; Xan ; Xanthophores; Iri:Iridophores; Bv:Blood vessel.



54 RPN A L L85 T SRS I I AR R B L A2

« 21 -

B N RO, IR SR W] AR
TEI% W AR AL RE WL S0 114 18] B2 2
)= iR K B O R AMZ (813:D)

R T MR (R A0 A T B 2 S o
HLARLE , R RIE S 27, 2 0 K AR B AL
Ko MO ORAMA PRI R, T4 240

A BR T R ZORLAA Y 23 A1 20 BT AR T
WOARGEHE) , A~ A% R S L T I T R/ NAR TR
12 i, W AR 7 HES T 4i b (30 E) .
BEAS 25 W N B W G T B ( reflecting
platelets) , FH 4% & A 55 2 1% ( guanine ) #4) A, 7F
P AL BT RS 2y 0 T L B T UL 3 Y

3 WMHHHERNSERARTERMABRNESR
Fig.3 The absence of iridophore in the transparent body
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A The skin of guppy consisted of epidermis, scales, and dermis. Iridophores were mainly located in the dermal layer in close

proximity to the muscles; B: In the presence of a grossly intact cutaneous structure but in the absence of iridophore layer in

transparent mutant; C, D: In contrast to the wild type (C), the chromatophoric layer of peritoneum was also absent in

transparent mutant( D) ; E: The transmission electronic microscopy showed that iridophores were located in the dermal layer in

proximity to the muscles. A large number of reflecting platelets were presented in the cytoplasm, the majority of which were

erased by the sample processing, manifested as empty chambers.

Ini MO E MM ; Se. B F; Ep: I ; De: B ; Mu UL Me: (B 2400 ; RP. SO ; N AAA ; Mit, Zohifk,
Iri; Iridophores; Sc: Scale; Ep: Epidermis; De: Dermis; Mu: Muscle; Mc: Mesothelial cell; RP: Reflecting platelets; N:

Nucleus; Mit; Mitochondria.



© 22 B2 245 Chinese Journal of Zoology 46 &

Z2 AN B AR S A T A 35 W 5 A
FRK B R AR AN,

3 9 ®

B SR MR 3R A 20 00 R 40 i 32 25 A
LR, o A 60 B T 8 3R AN i A 2K B % KR
B W R, e R 3 R R
2« 6 2K A M | R A R R 5 R A
Ji o Tz B AR A A UG BT R AR ER A i
B RN, R W AT AR A0, 2R %
02 0 S o S S — 2 P MR U
PRI, 5 60 ) 3 £ 2 H 8 R AR AN [
A0, R 20 B A S A AR fof R JERAS [R5 #  J A
AR ] 3 R ) 20 AR e 22 TN axX
A BB AR D B (Y B P B
W R 0 R AN o0 A 1Y AL E R
R MR EIE L T W R 6 OE)R,
T, FAAR IR B 5 5, 0 TR €8 3R A 1)
YR, B shady roy 5535 W R 28 5k
Je TR A R AN A Bl BT AT
R I ZS A B e 4 R X 3R B, i B g
B A AR DX ) 0T R €8 2% A L) R R X S
White 45 75 5 5 f0 op i B1F 55 2 U a3
W , TR €5, 2% 40 A Bk 2K S B0 T L 8l ) 37 B
RAZ,

W R £ 2R A L — Fh o R 0 0 28 68 R 40 i
HA GER b 5H OGP DI REARIE N .
VAR IR (0, 3R 400 i e oy 2 A0 L4 P
25 A S EER R 18, FH LA RS OGRS ARAR
B A L, X B U 68 ( Odontobutis
obscura ) W i 55 1 203 17 [ A T &5 M AIF 9 2 B,
Y T HLEERE T 2 [ e DK A 3R S b B ot
& BT R 5 2% 20 A 1 B 1 Al 45 AT 2R
T BB 2R I E 1 S ph I £ R
RIS, A WARE] TINS5 R, i
A0 2 A I 0T TP B T ok AR S A A
AT T H 23 A U DR 25 o RO ARG I
AT (R AN M AR B ZERE . BT ROB AR
HEZ 7 16] B4 22 5, V) A B A4 S A o Y T A
JIEANTE] OB B 25 RN — T ROEF

MRAE TR (5 28 20 i v it o A, 7 B A Y o g
AN ) ORI G ) 2 R [ B U]
T AT T T3 A A 1Y) B IR R
SapwARAWE ) A PYE S 2 W | S =]
UL 3 — 2 ST R €5, 2% 4 1Y) i
% 2 T 0 175 B 9 7 FR) S A A

TCIS TR WRNR I8 2 1 fa i 10, 375 B T el 45 2%
BT LI FUAAR ) — 28 S 55 R AR Ak
AN B B A A A, PTFE S A LR
XS S AT IESEMEE AN RISt T A
W A R IG AR 2 IR IR 1Y & B I R AR IR N
HEAT R G MG 0L 5 % 252 1 ik 1) R 1 5 O
MR sMEFR S TFE B AR R RN IR
RH AR E O, A — ST BE AR AR —
FI S BE , R S S WA
Sl AR R HOE A7 B 37 Wl it
E, HAeRE sl A s i e kAT &
GEWF A B S T S

PE L 35 B R A shady . roy AL N
BR824 2% 40 i )
KA AT ) B R A A R B T
FMRIIGR . INASLERT , MR Ry % Bk
AR H Beork e PR 42 1 352 A% R AR AT B il R
FEPR oy B e, AR iYL AT AH B % BF
R B shady AMAJE R T Lik 3R
AT SCSRAE | it R R I IR 4 L 3 I
R RERE B AT LA e el Y 375 1
AR AR AT HEA B AU R AE
FASG, AHESIY) 0 € R 4 iR R T ph 220, =
R R RS2 AN [FF S i 5 DR RS 20 T, A
IR PR Y 52 K852 Wi (5, 28 A i) 92 1, 2 BUk
AR AN I Ty R B R
Sox10!11:18] \Ednrbm] \BnCZ:B] LEHL R AR AN
g R AR MM IER AT 501k, W
A3 TR B R A A SR B, XS T AR
L A 75 B 8 8 43T LT e S it 1
Jila),

2 % X M

[ 1] Kelsh R N. Genetics and evolution of pigment patterns in



5

RPN A L L85 T SRS I I AR R B L A2

- 23 .

[8]

[9]

[10]

[11]

[12]

fish. Pigment Cell Research, 2004, 17(4) : 326 -336.
Braasch 1, Brunet F, Volff J N, et al. Pigmentation
pathway evolution after whole-genome duplication in fish.
Genome Biology and Evolution, 2009, 1(1): 479 —493.
Hawkes ] W. The structure of fish skin. II. The
chromatophore unit. Cell and Tissue Research, 1974, 149
(2): 159 -172.

Kelsh R N, Harris M L, Colanesi S, et al. Stripes and
belly-spots: a review of pigment cell morphogenesis in
vertebrates. Seminars in Cell & Developmental Biology,
2009, 20(1) : 90 - 104.

Kelsh R N, Inoue C, Momoi A, et al. The Tomita
collection of medaka pigmentation mutants as a resource for
understanding neural crest cell development. Mechanisms
of Development, 2004, 121(7/8) . 841 —859.

Rawls J F, Mellgren E M, Johnson S L. How the zebrafish
gets its stripes. Developmental Biology, 2001, 240(2) .
301 -314.

Wakamatsu Y, Pristyazhnyuk S, Kinoshita M, et al. The
see-through medaka: a fish model that is transparent
throughout life. Proceedings of the National Academy of
Sciences, 2001, 98 . 10046 —10050.

White R M, Sessa A, Burke C, et al. Transparent adult
zebrafish as a tool for in vivo transplantation analysis. Cell
Stem Cell, 2008, 2(2) . 183 - 189.

Tripathi N, Hoffmann M, Dreyer C. Natural variation of
male ornamental traits of the guppy, Poecilia reticulata.
Zebrafish, 2008, 5(4) : 265 -278.

Shaddock P. The See-thru guppy: a transparent fish

model.  Aquaculture,  Aquarium, Conservation &
Legislation, International Journal of the Bioflux Society,
2009, 2(2): 137 - 145.

Lopes S S, Yang X Y, Miiller J, et al. Leukocyte tyrosine
kinase functions in pigment cell development. Public
Library of Science Genetics, 2008, 4(3) : 1000 026. doi:
10. 1371/journal. pgen. 1000026.

Matsuno A, Iga T. Ultrastructural observations of motile
iridophores from the freshwater goby, Odontobutis obscura.
Pigment Cell Research, 1989, 2(5) : 431 —438.
Morrison R L. A transmission electron microscopic
(TEM) method for determining structural colors reflected

by lizard iridophores. Pigment Cell Research, 1995, 8

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

(1):28-36.

Gundersen R E, Rivera E R. An ultrastructural study of
the development of the dermal iridophores and structural
pigmentation in Poecilia reticulata ( Peters). Journal of
Morphology, 1982, 172(3) : 349 - 359.

Martyn U, Weigel D, Dreyer C. In wvitro culture of
embryos of the guppy, Poecilia reticulata. Developmental
Dynamics, 2006, 235(3) : 617 -622.
Le Guellec D, Morvan-Dubois G, Sire J Y. Skin
development in bony fish with particular emphasis on
collagen deposition in the dermis of the zebrafish ( Danio
rerio ). The International Journal of Developmental
Biology, 2004, 48(2/3) : 217 -231.

Kondo S, Shirota H. Theoretical analysis of mechanisms
that generate the pigmentation pattern of animals. Seminars
in Cell & Developmental Biology, 2009, 20(1) . 82 - 89.
Mills M G, Nuckels R J, Parichy D M. Deconstructing
evolution of adult phenotypes: genetic analyses of kit reveal
homology and evolutionary novelty during adult pigment
pattern development of Danio fishes. Development, 2007,
134(6) : 1081 —1090.

Parichy D M. Homology and the evolution of novelty
during Danio adult pigment pattern development. Journal
of Experimental Molecular  and

Developmental Evolution, 2007, 308(5) : 578 —590.
Quigley A K, Turner ] M, Nuckels R J, et al. Pigment

Zoology Part B:

pattern evolution by differential deployment of neural crest
and postembryonic melanophore lineages in Danio fishes.
Development, 2004, 131(24) . 6053 - 6069.
Kelsh R N, Brand M, Jiang Y J, et al. Zebrafish
pigmentation mutations and the processes of neural crest
development. Development, 1996, 123 369 —389.
Parichy D M, Mellgren E M, Rawls J F, et al. Mutational
analysis of endothelin receptor b1 (rose) during neural crest
and pigment pattern development in the zebrafish Danio
rerio. Developmental Biology, 2000, 227(2) : 294 - 306.
Lang M R, Patterson L. B, Gordon T N, et al. Basonuclin-
2 requirements for zebrafish adult pigment pattern
development and female fertility. Public Library of Science
2009, 5(11): el000744. doi: 10.1371/

journal. pgen. 1000744.

Genetics,



