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Summary

Genetic analysis has been conducted to understand the inheritance of both
body color and spotting in the zebrafish (wild type), Danio rerio, and its
morphs (mutants) such as golden, leopard and golden leopard danio. Also,
the effect of such mutations was investigated with regard to the survival
rates of eggs and larvae of zebrafish for 15 days after fertilization,

Reciprocal monohybrid crosses between wild and golden type of zebrafish
indicated that body color was controlled by a single gene which had two
alleles designated with C and c. Transmission of these alleles from parents
to their progenies was followed by the principle of dominance and
segregation in Mendelian inheritance. Almost same results from the reciprocal
crosses implied that a locus for body color was located on an autosomal
chromosome,

To know the inheritance of spotting on the trunk, another reciprocal
monohybrid crosses were performed between wild and leopard (spotted) type
of zebrafish. The results showed that spotting was governed by a single
gene having two alleles designated with P and p.  Other results concerning
with the manner of gene transmission to the progenies and the location of
the gene turned out to be same as those obtained from reciprocal crosses for
the inheritance of body color.

Dihybrid crosses between golden and leopard danio were also carried out
to know whether those two genes were inherited to the progenies
independently or not. They showed that two genes were transmitted in an
independent manner, which was followed by the principle of independent
assortment in Mendelian inheritance. Thus, various genotypes were coined
with CCPP for the wild type of zebrafish or zebra danio, ccPP for golden
danio, CCpp for leopard danio and ccpp for golden leopard danio.

The six replicated experiments were performed to know the effect of



mutations on the survival rates of eggs and larvae of zebrafish for 15 days
after fertilization.

Average survival rates estimated from the crosses between wild type
zebrafish and golden danio had a tendency of reduction with the increase of
mutation effects in body color. They were 71.8+5.1% from the crosses
between golden danios (GXG), 76.9+2.2% between golden female and wild
type male (GXZ), 81.0+59% between wild type female and golden male (ZXx
G) and 83.846.7% between wild type zebrafish (ZXZ) in natural fertilization;
71.4%+29% from GXG, 73.725.1% from GXZ, 816+53% from ZXG and 8.5
126% from ZXZ in artificial fertilization. When survival rates were
compared with each other, there were no statistically significant differences
between natural and artificial fertilization.

Average survival rates estimated from the crosses between wild type
zebrafish and lcopard danio had quite different tendency from the result
mentioned above. They were 806+ 4.8% from the crosses between leopard
danios (LXL), 70.64.2% between leopard female and wild type male.(LXZ),
73.2+2.0% between wild type female and leopard male (ZXL) and 83.8+6.7%
between wild type zebrafish (ZXZ) in natural fertilization. These results
indicated that leopard danio, known as "an aquarium morph” which were first
reported several decades ago, has become genetically stable like the wild type
of zebrafish.



oFe *F A A == AF B4 e Yu HEHH AYH S
7] M BEY Wolo] AE YL AP YA T Yo}, oY =
dYP 9 Wol A4 Wol(qualitative variance)®t AP o] (quantitative variance)
2 TEHIL Ol TIFHoR FAASFY 7 SR P g gy g
o (Tave, 1986), A+ AFAHQ A8 (Mendelian genetics) 283 FR:=
A &+ A ¥ (quantitative genetics)& $3td AT7Ha gt} WY FAY Zo| A
AFe) MY o FAel v FAHoR 44 BIFY F Uy WEo @
e HAEo] T Xe TN aPe o A B £4 WAS Ansn
At

Aa7tx] Ade #hE HEY Wol= 72 BAES yaoz Argol
$th. Gordon (1953)2 guppy?) albinism# golden color So @& AN &
A ¥l Bt ¥ n8Q 0, Angus (1983)= sailfin mollies®] @a}ld spotting
of #% fHey EML gsdd c18)3 Frankel (1982, 1985, 1987, 1992)&
jewel tetra (Hyphessobrycon callistus)®) shoulder spotting®] # A3 Sumatran
tiger barb (Barbus tetrazona)®] trunk striping9) 73, eye-spot rasbora®)
trunk coloration® %, 183 three-spot gourami (Trichogastertricho-
pterus)®l trunk colorationo] ®3ted B malyh T Bridges and Limbach
(1972)= F-A7HEo1 9 albinisme] Ao ated w sy},

Mrakovic and Haley (1979)& zebrafisholl 1o 23 imufjo] < 3 I H A=
9 2doz Q¥ 2% (inbreeding depression)t =z TFZdA Yely=
A Rxsiel Ze {14 g9 & 27 AAGAY T APuRgn ¥
1331, Gordon (1953)2 wild guppy$} blond guppy <t muj Ao A B3R
At ldAe] ztel7k AE g ATk Buswuy, BEY AY A A
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4 27 HAGAS 4FIAGMY BELY 23HS ST ot

Danio% 8} o1%E& ulgksl, B2, dmulAlol, Byl obuts, v} E 2} 9}
HEUied 3359, zebra danio?o] XS} 73] 2o 5329 B¥stn
1t (Axelrod and Schultz, 1955; Bhimachar and Subra Rau, 1942). 3 o] 4
dell AH8-€ zebra danio (Danio rerio)= 4oz o|F2M, B 4 e F
A3, BYAL et 253~257CAM ARY A 74~75%0) Hz A Al g
7 Sl™HEaton and Farley, 1974a, 1974b). A< % AR 1AM Ho :T‘.%—T-;‘\:
1,500~18007H°1™, dtxeoz 13 A4 150~40074o) ch(Hisaoka and
Firlit, 1962). Z228]2 o]§& FAdo] T Wolya} APAWIN 47 Abat
Ald & Q7] w&o] @A) sHEaton and Farley, 1974a, 1974b; Fischer and
Schmatolla, 1972), & A i‘(Fralnkel, 1979; Horstgen-Schwark, 1993), =4 &
(Piron, 1978; Razani and Murachi, 1986), 3% &H(Rehnberg and Smith, 1988;
Steele et al, 1991) z8]it H2o] 9= WAAE (Hanneman et al, 1988;
Krauss et al, 1992), ¥2t8£3 (Kohei et al, 1991) § B& A7t Al
B2 o]F2AM Aggox 1 g},

zebra danio= EMultgo] HZe PN 2v4Yg sxn gon i =
Ae meaE Bol YA, GRS FAW L4 Y1 ew fes] Lax
A= FAHQ YA 2¥o] o8} leopard danio®] 9HH Hep= ofx
=T zebra daniost Zou, BFol 7Y tjie] He whHel Mas ois
Zle] g2 281 golden danio: zebra danio®] @Wa}y A7 ZEE AN
EdWol2 melanophore®] Aol & rJAL g, B Hef= zebra danio
9 e 2YE 33 Ytk golden leopard danio®) A 4L golden danio®t 2o
4, WE ¥HE leopard danio® ZTh ¥, leopard danio= EA) Danio

frankei2 HH 38 zebra danio (Danio rerio)sts ttg o HAu3to gto
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o AAA A AHE ul glon, HIodit EAAEREsy aje
LR E FAAM D reriod) AMMWol F& morphl EFAIZ|: gUthMeyer
et al, 1993; Housz, 1964; Tan and Phang, 1995).

Danio% ol &3tz o]FE9 AP wtEo B Qs Kavumpurath and
Pandian (1992), 18] Petrovicky (1966)7} zebra danioS} leopard danio®
WE Fd 2 BFAY AN & AZWSYD, Frankel (1979)S D,
nigrofasciatust leopard danio®te] AP S8 M4 Helo] BHA B o
vt 2l 18 3 Streisinger et al. (1986)% zebra danio®] gol-1, gol-2, alb-13}
spa-19] fAZF7E AN Abel L 7A9, o)5 u MY MM HY =
Holgol dAeln, N2 A#HA vy Bustdoh £8 H3o] Tan and
Phang (1995) zebra danio%} leopard danio?) wwiA¥ L Z& °o]E9 wrE &
Az A2 A A QE ©Y FANRAT Bnd v g

°l A7 EHE ul FF(strain)9) danio® FW TS B 2w )
M Ao s dade Az e FASE dPgsARY 8 L o)
i, olE Aty EQMols} olfe 27 MESY) nAE ARe Fua=

ol At



I. A% 92 3y

1. QWA % Xojag

Aol A7 zebrafish= AFUistm st 238 3 TARES YA
A 193 AE RE ALY On, zebrafishs A Az Wl @l zebra
danio (wild type), golden danio (golden type), leopard danio (spotted type), S
g ol Al £F daniotd WwaldgolM 2¥8# golden leopard danio
(golden spotted type)2 T8 % o1 (Figure D, o5& didoz Awaw
(reciprocal cross)& Wa#sted Fixidiel FoM ool HEld @Y vjge =
dlon, B8 duug AANsd A FAY wEe) ox e BFHAY
(Figure 2~4).

oIS strain 2He) TS Bx ey Yaio 2z ga 89 2 (90cm X 45
cn X 60cm)ol A Ab& AT F L 109N oS8 6YhA = AFTEZAHIE
AH83te] 24~28CT & #AAROHN, 1427 7~9¥e) = g2 Al&E Y
o AR HAHY AA7) AAE dRdo] o LA EA, adeict
34429 Eg a@so] FUh Yol ABe Ales 8ol 42](9:00, 12:00,
15:00, 18:00) ¥ &3ttt

2. e f¥3 #e|

AAuEE B TAYLE BF F Aojo) g Yo yAS B2 &7 9
g A3 T (15em X 8em X 6em, HE: 1.0cm X 1.50m)& sz Ax8Ug. aa
Aol AP dg 27 83 Aol 459 FRH 28 |9 H) &
2 TEHUL, o] B ASFY SxEE 26~28C2 SAIYTY

ARE GEE Fo) B F 242 ojue] HYom, Ag Fo Aol Q)
: 2 Ut ALEFZE £ F, L AoEL AL FA T3 A
BE AG Aas st W o8 zrjade gAY ggd
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Parental zebrafish used in this study.

A: zebra danio female; B: zebra danio male; C: leopard danio
female; D: leopard danio male; E: golden danic female; F:
golden danio male; G: golden leopard danio female; H: golden
leopard danio male.
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Figure 2. Diagram of mating program between different strains of zebrafish to know the inheritance of body color.

Z: zcbra danio; G: golden danio; FI(ZX2): F, brogeny crossed between zebra danio female and zebra danio male; Fi(ZNG):
Fi progeny crossed between zebra danio female and golden danio male; FI(GXG): Fi progeny crossed between golden danio
female and golden danio male; FiI(ZxXG): F, brogeny crossed between zebra danio female and golden danio male; Fi(ZG~
ZG): F. progeny crossed between FI(Z>G) female and Fy(ZNG) male; FI(ZGXGZ): F; progeny crossed between Fi(ZxG)
female and Fi((GXx2Z) male; FilZG) G: F, brogeny crossed between F((ZXG) female and golden danio male; GxF(Z(): F
progeny crossed between golden danio female and Fi(ZNG) male; FH(GZ) NG F2 progeny crossed between FilGNZ) female
and golden danio male ; GXF(GZ): F2 progeny crossed between golden danio female and Fi(G~7) male; FUGZNZG): Fo
progeny crossed between Fi(G\Z) female and FI(ZNG) male; FUGZNGZ): F2 progeny crossed between FiGNZ) female and
Fi(GXZ) male.
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Figure 3. Diagram of mating program between different strains of zebrafish to know the inheritance of spotting.
Z: zebra danio; L: leopard danio; F\((ZXxZ): F, progeny rossed between zebra danio female and zebra danio male : FUZXL):

Fi progeny crossed between zebra danio female and leopard danio male; Fi(L XL): F, progeny crossed between leopard danio
female and leopard danio male; F\(LxZ): F, progeny crossed between leopard dano female and zebra danio male; FI(ZL) X Z:
F2 progeny crossed between Fi(ZxL) female and zebra danio male; Fi(ZLXZL): F, progeny crossed between F(ZxL)
female and Fi((ZXL) male; Fi(ZLxLZ): F, progeny crossed between Fi(ZXL) female and Fi(LXZ) male; ZXFi(ZL): F;
progeny crossed between zebra danio female and Fi(ZXL) male; Z XF1(LZ): F2 progeny crossed between zebra danio female
and FiI(L XZ) male; LXF(LZ): F2 progeny crossed between leopard danio female and Fi(LX2Z) male; L xF1(ZL): F. progeny
crossed between leopard danio female and Fi(ZXxL) male; Fi(ZL)XL: Fz progeny crossed between FI(ZXL) female and
leopard danio male.



Fi(GL XL)

Figure 4. Diagram of mating program between different strains of zebrafish to know the inheritance of both body color and spotting.
L: leopard danio; G: golden danio; GL: golden leopard danio; Fi(LXG): Fi progeny crossed between leopard danio
female and golden danio male; FI(GNL): F, progeny crossed between golden danio female and leopard danio male; Fi(GL >
L): Fi progeny crossed between golden leopard danio female and leopard danio male; FI(GLXGL): F; progeny crossed
between golden leopard dano female and golden leopard danio male; FI(GLXG): F progeny crossed between golden leopard
danio female and golden danic male.
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4. BEAXNT

danio®] F R (strain)ol W& A&&9 2}o]= Duncan’s multiple range test
g ol8sd fFoxtE AAHAL, A5 AFTE A 9% AEg9 {9

A= totestE AHE ARG 2 WviA BN Y FAYHE -testE AL A
ARG 2 ae) AgL 2~63) w2 ANHAY.
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1. Yo fH

zebra danio9} golden danio® MME AAsE A= Ay AH Ao &
A3, zebra danio $¥ 94(CO), golden daniot 53 @A (cc)oleh 714
A3l(Table 1), o8l & 714 & Z9alr) 93t 2+ A (progeny test) & A A)
AT a2 FEAY 2 FAY 2L 283 ATuE $ad gy & g
AAYH 259 2 BHY) 4 28 9LL Figure 59 JERHTH

1) ¥2(P)MOQ zebra danio 2} golden danio®] Atutu|

(reciprocal crosses)

zebra danio ¢Hrzbel ezl T WMo} meR AW GEIIMA), 26670 A)NA AYAF

g =

T oo B2 231704, 2550%) =5 golden type2 2 vElth zebra

danio %3} golden danio +A#e) T e wlE7(z}zt 46170 A, 29671 )<}

golden danio ¢42 3 zebra danio 43 Zte] B = e el dH (2 418
X

WA, 19970 A A Aate &S % wild type2 2 Z ¥ 3 A tH(Table 2).

it

€ EF wild type©2 YEFRAL, golden danio Grote] wWujo M E

2) FMO 2ol WA
zebra danio®t golden danio®}e] Ao BAE F A o) He] Auraoulal g
A#= Table 3% 2o FI(ZG)xF(ZG) aujdyge = Nl AP TAA wild

type? golden type®) Hl&o] 22} 274:1, 318 1, 290 12 HErY 7] gix) ¢l
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Table 1. Phenotypes and putative genotypes of parental
pre-experiment

zebrafish and their Fi hybrids based on the result of

///////«// Species (3) Zebra danio Golden danio Leopard danio * Golden Leopard danio
1/// .
Species (9) '////// (Wild type) (Golden type) (Spotted type) (Golden spotted type)
Phenotype Wild type Wile type Wild type Wild type
Zebra danio Genotype of body color cc Ce cc Ce
(Wild type) S — _ g - B . o _
Genotype of spotting PP PP Pp Pp
Phenotype Wild type Golden type Wild type Golden type
) . - - — ——— e — 14 - - - S
Golden danio Genotype of body color | Ce cc Cc cc
(Golden type) S . R _
Genotype of spotting PP PP Pp Pp
Phenotype Wild type Wild type Spotted type Spotted type
Leopard danio Genotype of body color cC Ce CcC Cc
(Spotted type) - - bl
Genotype of spotting Pp Pp jed] pD
Phenotype Wild type Golden type Spotted type Golden spotted type
Golden leopard danio Genotype of body color Cc cc Cc cc
(Golden spotted type) __ . _ . ] ﬁ . N . ,LI oL .
Genotype of spotting Pp Pp _7 pp pp

14
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3 : 1
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cc

l

c
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Cc Cc cc cc
<> Rl
Wild type Golden type
1 : 1

Figure 5. Mendelian inheritance of body color observed from intraspecific crosses
between zebra and golden danio including test crosses.
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Table 2. Results of progeny test from matings between zebra (wild type)
and golden danio (golden type) showing putative parental genotypes and

phenotypic frequency of progeny

Putative parental

Phenotypic frequency

Cross Trial no. genotype of progeny
($x3) R T
Female Male Wild type Golden type

1 cc cc 0 231
GxXG

2 cc cc 0 255

1 cc CC 418 0
GXxZ

2 cc CC 199 0

1 CcC cc 461 0
ZxXG

2 CC cc 296 0

1 CcC CC 391 0
ZxZ

2 CC CC 266 0

G* parental golden danio; Z: parental zebra danio.
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3013 FAs dehBA GRATHP>0.05). FIGZIXFUGZ)S) A SolE 2t A
TAM 27001, 33001, 3000 1% e 3:19 JdhAgy foRE AUt
(P>0.06). FlZG) XFI(G2)2 A WA A¥7E 263112 7|t zpol7t 1)
AHP>005), Ml WA M= 268: 18 3:19 sxe Aol 7k AU
(P<O.05), 7 WA AYFAMNE 403: 12 YEFY 3:19 7o) #HA3) a
°17b AATHP<0.0D). 23y A Ao BENE Fsiue AFodle 2 v&o
30412 #9427k YATHP>0.05). Fi(GZ)XFi(ZG)S) Tl AR A Al W 4
T 314012 Hol7h Ao, Al AR BEAYTF A= 360 12 o] 7t
ARALP<0.05), R WA FEAYFINE 238 12 Ygy 3: |o]ab= 7l A
S HAY Aolg YW oHP<001), AXMFANNE 290 12 3 199 711
g Fzb7k AATHP>0.05).

3) FAOS ¥ (P)MO ZHe| A au U AFaW AY

zebra danio®} golden danio®) MM& A= FAHz PEo g3 8o 3
AR A3 & A8 zebra danio T+ golden danio o] 9 FiAlde] o )
X AP TS A ASHTHTable 4).

Fi(ZG)xG9 wild type? golden type Hl&o] 115 1o]QW T W) 48
Astiane 134:1, 140: 12 7|hx) 9} zto] YEH 0.5 (P<0.01), A g
AME 128 : 12 7|hxQ) | : 19= T8 EAHP<0.01). GXFi(ZG)& Al
HA EdYe FAAA 122018 MYsanE, 089:1, 099: 12 71 A Q)
11 ¥ &3 370 AAHP>0.05), AAFANME 1.04: 12 7|9l 1: ]
H&3 F27E AAHP>0.05). FIGZ)XGE ¥l We] w2y st 2z 1.0
8:1, 093:1 119:1, 085:124 1:1e]gk= 7hxs} Hox7F Ao
(P>0.05). GXFi(GZ)= F WA 4¥e #AS 1.32:12 #9139 2 HP<0.01),
Wi RBARTME 27 113013 102124 §oa= Ao
(P>006). 228]n AA FANME 114: 18 Jehuo] 7o Sox2 2
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Table 3. Results of progeny test from matings between F,

progenies and their reciprocal crosses showing

putative parental genotypes, phenotypic frequency of progeny and their observed and expected ratio

Putative parental

Cross Trial

Phenotypic frequency

Observed Expected

genotype of progeny P
(£ x3) no. - ™  ratio ratio
Female Male Wild type Golden type

o 1 Cc Ce 1115 407 274 1 025 - 0.10
2 Ce Ce 245 77 318 : 1 . 0.75 - 0.50
Fi(ZG) XF(ZG) 3 Co Ce 1022 W 20 3:1 075 - 050
L Total . 2832 837 285 : 1 B 025 - 0.10
1 Ce Ce 946 351 270 : 1 050 - 0.10
. 2 Ce Ce 1265 384 330 : 1 . 050 - 0.10
Fi(GZ) XF(GZ) 3 Ce s 26 = 300 ¢ 1 3:1 o
L _ . Totat ) 3062 1019 ~ 300:1 . ot

1 Cc Cc 999 420 238 17 < 001

2 Ce Ce 621 172 360 : 1° . < 0.05
R Cc Cc 4 o3 s1a:1 3D o5 o
o L otal B 2384 835 290 : 1 050 -0325
1 Ce Ce 347 142 263 : 1 050 - 025

2 Ce Ce 862 205 403 : 1" . < 001

Fi(ZG) X F1(GZ) 3 p o 081 104 268 ¢ 1 3:1 <o
Total 2254 751 304 : 1 0.75 - 0.50

Fi(ZG): F\ progeny from cross between zebra danio female and golden danio male;
between golden danio female and zebra danio male.

TP <00L P <005

Fi(GZ): F\ progeny from cross

18



Table 4. Results of progeny test from reciprocal backcrosses showing putative parental genotypes, phenotypic
frequency, observed ratios and its probability of fit against expected ratios

Cross - Putative ﬁcmﬁ:S_ v:m:owwvmo frequency Observed E ted ;
(2% 1) rial no. genotype o of progeny ratio ratio
_ Female Male Wild type  Golden type
1 Ce cc 760 569 134 : 1™ < 001
. 2 Cc cc 610 531 115 : 1° . < 0.05
RZG)xG 3 Co e a4 318 140 : 17 171 < 001
o Total T T g 1418 128 17 <001
1 cc Ce 415 419 099 : 1 095 - 0.9
2 cc Cc 528 590 089 : 1 . 0.10 - 0.05
N 693 569 12217 1ol < 001
‘ Total . 1636 1578 104 : 1 050 - 0.95
1 Cc cc 411 379 108 : 1 025 - 0.10
2 Cc cc 402 430 093 : 1 050 - 0.25
Fi(GZ) X G 3 Cc cc 566 477 119 : 1 1:1 0.05 - 0.01
4 Cc cc 268 283 095 :1 0.75 - 0.50
Total 1647 1569 105 : 1 025 - 0.10
1 cc Cc 555 493 113 :1 0.10 - 0.05
2 cc Cc 542 411 132 : 1" . < 0.01
GXFi(G2) 3 e Ce 583 571 w21 U o0 s
Total 1680 1475 114 : 1™ < 0.01

G: parental golden danio; Z: parental zebra danio; Fi(ZG): F, progeny from cross between zebra danio female and
golden danio male; Fi(GZ): F; progeny from cross between golden danio female and zebra danio male.
“IP<00L TP <005
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tH(P<0.01).

4) HW(embryo) YMTHAOAS MY u|S

zebra danio$} golden danio®) WuwlZ 44d FiAg 7+e) RIS ORI DY
detd o) 28 s TRy = danio®] #¥¥] &L Table 59 YEYY
% FiZG)XFi(ZG)e wild typei#} golden type9) W] &o] & 7Hel AP TN
2tz 320:1, 322:1, 24 3:19 dysHE Havew Zkel7h il eon
(P>0.05), FI(GZ)XFI(GZ)NHE 3.37: 1, 357124 3:19 7= atol =
A ATHP>0.05).

Fi(ZG)xG= wild type?} golden type®] ™) & o] 0.98 : 134 094: 124 1:1
4 71 A &} 2ko) 7} QA (P>0.05), FGDXGAME 2z} 108:1, 1.08: 124
Lololghe Z)di A9} 2bo)7h 9 thP>0.05).

zebra danios} leopard danio®) ¥WHES AAsE FHAE 4 A g &
M3, zebra danio: E8 ¥4 (PP), leopard danio: %% R4 (pp)ojatn 7t
B#AHTable 1). o] 749 e 2937 st FEAN, FiAdg 2 a8a
Halg drstgon, o] A9 Ugu = = Y 159 7 FHYe
A4 24 ¥2e Figure 69 YEr A

1) S$2(Po)MCI2 zebra danio®} leopard danio®| Abutzuy

zebra danio®} leopard danio®] # o] he) dutme) AY9 A= Table 69
HEH AT zebra danio 9t ol P F o) wup g (zzt 391704, 266
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Table 5. Results of progeny test from matings between F; progenies and reciprocal backcrosses showing

putative parental genotypes, phenotypic frequency of progeny and their observed and expected ratio

during the egg and early larval stage of zebrafish

Putative parental Phenotypic frequency

Cross Trial genotype of progeny Observed  Expected p
(¢ x8) no. — -~ C - ratio ratio
Female Male Wild type  Golden type
1 Cc " Cc 189 59 320:1 3:1 075 - 050
Fi1(ZG) X Fi(ZG)
2 Cc Ce 216 67 322:1 3:1 075 - 050
1 Cc Cc 192 57 337:1 3:1 0.75 - 050
Fi(GZ) X F\(GZ)
2 Cc Cc 75 21 357:1 3:1 0.75 - 050
1 Cc cc 172 175 098 :1 1:1 097 - 095
FI(ZG)xXG
2 Cc cc 237 251 094 :1 1:1 0.75 - 050
1 Cc cc 194 179 108:1 1:1 050 - 0.25
Fi(GZ)x G
2 Cc cc 212 196 1.08:1 1:1 050 - 025

Fi(GZ): F1 progeny from cross between golden danio female and zebra danio male.

G parental golden danio; Fi1(ZG): F, progeny from cross between zebra danio female and golden danio male;
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Table 6. Results of progeny test from matings between zebra (wild type) and leopard danio (spotted
type) showing putative parental genotypes and phenotypic frequency of progeny

Putative parental Phenotypic frequency
Cross Trial genotype of progeny Observed Expected p
($¥XxX%) no. B ) o - o ‘ Small ratio ratio
Female Male Wild type Spotted type
spotted type - ‘

1 PP pp 83 0 - - - -

2 PP pp 51 0 - - - -
ZXL 3 Pp pD 25 30 - 083 :1 1:1 0.75 - 050
4 PP/Pp pp 27 15 - 1.80 : 1 3:1 025 - 0.10

5 PP pp 210 0 - - - -
6 PP/Pp pp 71 36 - 198 @ 1 3:1 0.50 - 0.25

T T T T PP 78 0 5 - - T

2 pp PP 125 0 - - - -

LxZ 3 PP PP 80 0 - - - -
4 pp PP/Pp 36 17 N 210 : 1 3:1 050 - 0.25
- ) pp PP 72 0 - ~ T T

. 1 PP PP 391 0 - - - -
X2 52 e pp 266 0 -

1 pp pp 0 213 - - - -
LxL 2 pp pp 0 12t - - T

L: parental leopard danio; Z: parental zebra danio.



Po Zebra danio Leopard danio

(Wild type) X (Spotted type)
PP pp
Gamete P \ p
“a -
F: Pp X Pp
’,“ ‘\\ (Spom/ed type) :
| /|
’ /o
v 4 4 ¢ T
Gamete P P P p p
Vi 4p 4t
Fa Pp Pp pp pp
«r ar
Wild type Spotted type Wild type Spotted type
3 : 1 1 : 1

Figure 6. Mendelian inheritance of spotting observed from intraspecific crosses
between zebra and leopard danio including test crosses.



AADAM AdE AEEL ZF wild type® 2 YEFG R, leopard danio 249}
o) el M2 fF e whE-R(Zhz 21370 A), 1210 M) ZF wild typeo] &
#stadth 34, zebra danio %3 leopard danio 43 strain 7+e) T uRAl & of
MoAl Re RERAYE(ZhzE 83A0A, SIAA, 210H)e) ALEEL RS wild
typeS 2 WERZO U, v A Jle] etE NPT wild type? spotted typeo
A FEgon, 2% 3W APTE X M A 119 wed f9x7)
ARALP>006), Wl W3 AN WA APFE 3:19 vgx S937 QYo
(P>0.05). leopard danio %432} zebra danio $3#9 ZujdPor= A WA
REEFo A 5vte] 9] small spotted type WA & AF U wx wr7s
Alestaiz 25 wild typed) AHEo] 2daguh add U M wrR7o Ao
wild type# spotted type®] #& W] &o] 21:12 Yehd 7jthx)<l 3:19 u)g
B FoA7E AATHP>0.05).

2) FMO 2t HMAY

zebra danio®t leopard danio®he] H@olA AAE FiAo zhe] Apubmule
4% A3 Table 79 YeRAY. F(ZL)F FuZL)& 2wWa9e A$ wild
type?t spotted typed] W&ol Al 4] APrAM 22F 195:1, 306: 1, 254 :
12 Y8y, 3:19 7[dA9 f93b= JAATHP>0.05). Fi(ZL)IXF(LZ)8) 2%
A= 247 33901, 2961 1, 418 12 YEhGA sgAste] §9x8 el
%t eH(P>0.05).

3) ROt $2(P)MO 2te] A Y 2Faw

zebra danio®t leopard danic o9} Fi/lAE Ao 2 3ted, Aulwu g W
A} Aot A wulel A= Table 89 LEFA vpe} g} ZXFi(ZL)9 =

e
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Table 7. Results of progeny test from matings between F1 progenies showing putative parental genotypes,

phenotypic frequency of progeny, and their observed and expected ratio

Cross Tral

Putative parental

Phenotypic frequency

Observed Expected

genotype of progeny P
(¥ x72) no. T T —  ratio ratio
Female Male Wild type  Spotted type

- ) ‘ 1 Pp ‘_u‘u\‘ | 43 22 195 : 1 0.10 - 0.05
Fi(ZL) X Fi(ZL) 2 Pp Pp 101 33 3.06 1 3:1 0.95 - 090
3 Pp Pp 33 13 254 11 0.75 - 050

‘ ‘ J_ Pp Ju xqw 23 339 :1 0.75 - o.mol
F1(ZL) X F(LZ) 2 Pp Pp 80 27 296 ' 1 3:1 095 - 090
3 Pp Pp 46 11 418 : 1 050 - 025

Fi(ZL): F1 progeny from cross between zebra danio female and leopard danio male; Fi(LZ): Fy

cross between leopard danio female and zebra danio male.

progeny from
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Table 8 Results of progeny test from the reciprocal backcrosses showing putative parental genotypes,
phenotypic frequency, and observed and expected ratios

. Putative parental Phenotypic frequency
Cross Tral genotype of progeny Observed HWXUOORWQ p
($%xX8) no B Small tted ratio ratio
Female Male Wild type Spotted type smm =0

. _ . _ ype e . . L

1 PP Pp 217 - = - - -

AXRCED ey 187 - e

1 PP Pp 178 1 - 17800 : 1 - -
ZxF(LZ) 2 Pp Pp 79 29 4 270:1  3:1 075 - 050
3 Pp Pp 51 13 - 390:1  3:1 050 - 025

1 Pp PP 257 0 5 - - -

FIZL)XZ 2 Pp PP 357 0 1 - - -
3 P PP 243 0 kfFf - - -
1 pp Pp % 99 40 0.90 : 1 0.90 - 0.75
LXFLZ) 2 pp Pp 9% 74 3 127 : 1 1:1 025 -0.10
o 3 _pp_ Pp 3 44 = 075:1 050 - 0.25
1 PP Pp 120 115 , 1.04 : 1 . 0.90 - 0.75
SR TR S - T - om:1 M1 oo om0
] 1 Pp pp 46 42 - 101 : 1 . 0.90 - 0.75
W@rvxr 2 Pp pp 2 18 - 122 :1 bl _ 075 - 010

L: parental leopard danio; Z: parental zebra danio; Fi(ZL): F; progeny from cross between zebra danio female
and leopard danio male; Fi(LZ): F progeny from cross between leopard danio female and zebra danio male.



A HHEAY T 22 2179 187HA BF wild type® UEIGTE Zx
FILD)IA R 94 w82 1489 small spotted type® 171#¢] leoaprd
danioE A& 178/HA7 wild typeL 2 ZHa AR, $ o, A s vi2yy
TAME wEe ¥ wigel 7t 27:18 39:12 YeY, A 1: 13
E Aolzb YASWP<00D, 3:19 HEBE 4915 UEUR gt
(P>0.06). Fi(ZL)xZ9 mfd@aNE Al 7He) Ad7(2zh 2574, 3574,
2430A) 25 wild type2 2 & AT LXF(L2)AHE 3 ¥ A ATl
4070 A9} small spotted typeol 2@% AL AYsH Yoz F Heo] AT
A 2ZE 12701, 075012 1:1013be ZdA g f937} AATHP>005). Lx
FiZL) 23t FIZL)XLAXE 1: 19 7dixe f9315 wolx gate}.

3. MM utPof AP FIIX| REAe] MY YAt

zebra danio, golden danio, 2283 leopad danio®) WA YHF ¥
golden danio®} leopard danio®) ¥ #A-& 7}3 golden leopard danio®) Az}
HEE BAGE FHA FAA) SUHOE Lo WS =R UGy o
golden danio, leopard danio 2] golden leopard danio®}¢) wej YL 33y
9. 223 2859 FME B3 deld $ A= AxYH 2t mUYP) o4
¥ ¥&& Figure 79 YeLUT

golden danio®} leopard9}e} WHl(GXL)olME A e RERAYG Az
37170, 21070M), 91704 2% wild typetto) ZH3IAL, LXGY wrEAYH A
= 22 5370, 1170, 103704 2% wild type?re] YERGTHTable 9). #8,
GLXL iwfell A= d@7(11074M, 5H4H) 2% spotted type?ro] reEbgtow
GLXGLS F AYgF(72704), 72704) =% golden spotted typegto] e}t
GLXGE ¥ A¥ 784714, 75704) ZF golden typeRtel el tH(Table 10).



Po

Gamete

Fi

F,

Figure 7.

Golden danio Leopard danio Golden leopard danio

(Golden type) (Spotted type) (Golden spotted type)
ccPP CCpp ccpp
: : /W\
/N
|
v P
c, P c, p
. AM LV 2
“CcPp Cecpp - ccpp

(Wil}i\type) (Spotted type) (Golden spotted type)

‘ J
ccPp
(Golden type)

Mendelian inheritance of body color and spotting observed from

intraspecific crosses among golden, leopard and golden leopard
danio.
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Table 9. Results of progeny test from matings between golden (golden type) and
leopard danio (spotted type) showing putative parental genotypes and phenotypic
frequency of progeny

. Phenotypic frequency
Putative parental genotype y e

Cross Trial no. of progeny
(¢ xX3) — " -
Female Male Wild-type Spotted type
o 1 1\2%@6 ‘ \OMCU 371 0
GXL 2 ccPP CCpp 210 0
3 ccPP CCpp 91 0
- ‘ 1 ‘OOEU‘ nn_u_u\ 53 o o
LxG 2 CCpp ccPP 117 0
3 CCpp ccPP 103 0

G: parental golden danio; L: parental leopard danio.



Table 10. Results of progeny test from matings between golden leopard (golden spotted
type), leopard (spotted type) and golden danio (golden type) showing putative
parental genotypes and phenotypic frequency of progeny

. Phenotypic frequency
Putative parental genotype

Cross Tnal of progeny
(2 x8) no. T - Gold tted i -
Female Male iaC Golden type  Spotted type
e ; __ type .
1 cepp CCpp 0 0 110
GL XL
2 ccpp CCpp 0 0 75
1 cepp cCcpp 72 0 0
GLXGL
2 ccpp ccpp 72 0 0
1 ccpp ccPP 0 84 0
GLXG

2 ccpp ccPP 0 75 0

GL: parental golden leopard danio; L: parental leopard danio; G: parental golden danio.



zebra danio®} golden danio® ZAsAN AT+ o) o 3t auj A g
Aot Aol ¥ zebra danio% leopard danio®) wu) % 154 7k219) &
3 Ao AEEL Table 113 120 YA},

zebra danio®} golden danio9] ZAFA 9@ 15U7AY Yzt AEgo

T F oJEARE ZXZ ZXG, GXZ GxXGY £o= A golron 159
7H2 8] BEEL ZXZ (8381 6.7%), ZXG (81.0~ 5.9%), GXZ (769%22%) 1
B3 GXG (718+51%)9 &€& Yelhdch +4 1944 1597429 RFA=
&2 ZIXGY GXZE f9) a7} UAHP>005), olE3} ZxZz 83
GXG= Foa7h AATHP<0.05). AEFH FHoN 1507479 Azt Y2 g
e T olEX ¥Y ZxZ ZxG, GXZ GXGY Toz Hza Zolrnon 159
A S] AAEEL ZXZ (855126%), ZXG (8l6+5 3%), GXZ (73.7=5.1%),
GXG (71.4229%)9) £& Yehiiglch. $3 194 1597149 Hryzse
ZXZ% ZXGE freAdol AARP>005), GXZ} GXGE o] 3 Yelyx] 3
SKTHP>0.05). 28y, ZxZ, ZxXG% GXZ, GXG%E FYAH S YEeErRAL
(P<O.05). ¥8 AAFAT AFFA Shol g Zze) g wuaAyT 7He
1594742 o) YELL TALHQ 2o]F 2HY 5 UK Table 11).

e el 98 zebra danio%} leopard danio® 15713 ez &
€2 TAF 4UA FH ZxZ LxL, ZxL, 282 LxZe $o=2 Ha wg
o 15Y7HX 9] BELL ZXZ (838+6.7%), LXL (80.6+4.8%), ZxIL (732+
20%), LXZ (7106+42%)9 €& Jeilt $3 19X 15U7x 9] 37l
EEE ZXZ% LXLE #9940 Aok (P>0.06), o] &3 ZXL %+ LxZ9:=
frelidel ANATHP<0.05). 28R, ZXL#H LxZ Aoldl® o]2 ERAUc
(Table 12).
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Table 11. Daily survival rates (%) of progenies from the cross between zebra and golden danio based on natural
and artificial fertiliization
A Zo%o%_
. e Natural fertilization Artificial fertilization
/,,./,,,,_.mqoww W ﬁ
Days ZxZ7? ZXG" GXZ" | GXG YAVA ZXG" | GXZ° GXG
T S N S SO S - - S T R
1 1 og 1+ m 2 904+46 | 939+ H + 91.7+2.2 0.0+ 1.7 919+:18 % 913126
2 | 922133 887139 876132 84.016.2 x@m 2.7 8824149 ' 8517
3 9.6t 3.8 872136 81729 = 80564 7128 870154 840-34 .
) 4 89.4%+43 86.31t3.8 84.5734 786+ 64 xq o 29 864156 833730 h
5 880+ mw. 8247 | 837x36 | 782%64 87.9+29 863755 | 80+29 |
6 879+5 8484 mb\ 82740 | 7710167 815726 849:49 : 814126 L
7 %.Tm.o 842151 | 826739 | 76361 | 88722 . 849749 | x?ﬁwm 4*
8 | 87750 | 8327t54 820+43 | 756" 868121 | 849149 . 785125 *
9 862154 | ;@w,..wl,r;m 4 | 81339 | 76157 86.23.3 “ 84850 | qm o 27 ; qa.m\ m.q
10 8.7154 | 8. A.Hm.-.m. - 794=35 | 750T69 . 862726 ; 84075 R 17129 732124
11 85.4*5.2 824155 783128 742+62 8.9 2.8 . 840151 | 772+29 ,ﬁ 725726
12 8541572 820*56 | 782+31 | 738159 | 87128 | 828'58 [ 7. 9:40 725726
13 | 838+6.7 81616.1 773424 73.1 6.4 8.7+24 | 86+ mo#., 74348 i ﬁ,uww‘m@
14 | 83.8%6.7 81.0t5.9 769+22 | 728+60 | 85126 | 8l6 ;Tw A 741151 | 71.8+24
15 | 838£6.7 81.0*59 76922 | 718751 85526 | 816" | 737151 a 71429

Data (mean™ SD) of survival rates were calculated based on 6 replicates; the columns having same superscripts are

not significantly different each other (P>0.05).
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Table 12. Daily survival rates (%) of progenies from the cross between zebra

and leopard danio based on natural fertilization

3 Method
T Natural fertilization
AN /03mm )
Days - ZxZ? ZXL" Lx2Zz° LxL?
1 95.1122 943746 91.9+26 948+1.2
2 922+ 33 87.4*3.1 834*49 928%15
3 | 906*38 842+16 81.8%50 92.8+2.4
4 89.4+43 831%1.2 80.1£55 892122
5 88.0+53 821*13 785+42 884+2.1
6 87.9+5.1 80.7%16 769+ 4.4 87.8%2.1
7 87.7+50 798*12 75.1£36 86.1%26
8 | 8717+50 URESE: 75.1+36 85.2%30
) 9 86254 766*18 74.1+39 84.0%32
B 10 85.7+54 76.0*16 734*36 826*+37
11 85452 756*16 721%36 821%4.1
12 85452 738%1.9 71.8£36 81.8*4.4
13 83.816.7 735%20 71.0£4.1 815+ 46
14 83.846.7 734220 70.7+4.0 80.7+49
15 83.8%6.7 732120 706*42 80648

Data (mean*SD) of survival rates were calculated based on 6 replicates; the columns

having same superscripts are not significantly different each other (P>0.05).



A wrEol] e @Y Ealv)dl st Gordon (1953)& gray guppy
(wild type), golden guppy 28]l blond guppy? ¥l YoM gray guppy’t
YAl 5 FF guppy’t 7HAE T3 A4 A2 (gg, bl M GG E=
BB T¥¢AHE detdiy, FAd by auiddol 1 vjgo] 24z 3:12
HYEtY A3 B Zel(monohybrid) 3 44E Uehditn ¥ aEyd
Frankel (1982)& jewel tetra® ¥ 7} #|29 shoulder spotted typedt
spotless type#}e] WHld P& FalA shoulder spotted typeol ¥3-$-4(S/S),
spottless type®] THLA(s/9)02, FiAdig AFwuidgas 2z 3: 13
1:19 ¥l&2 e, spotless type] A AL AGAA Ao e & 79
Az s AR, 53 dAolgtn Bradth 18R eye-spot rasbora
(Rasbora dorsiocellata)®] 5 ©}%&2) blue type# silver type®) trunk coloration
of e AFANA o5 trunk colorationd] #dtE fAAE o)W silver
type (a/a)& YWEtN = ol @< RHallele)= blue type (A/A)d] #Ast:= g Yelz}
(A)ell sl dAdol, silver typed Aol T3 dA aad A $ol et
i B 33t SHFrankel, 1987).

zebra danio®} golden danio®] FEAh(Py) 7he] Autweuls = s)sk Tuja
A A RAZE wild typeeZ yEbgon] FiAdizhe] Arvtma) A@eMs
Ztzt 33 WHER Fi(GZ)XFiZG)S Fi(ZG)XFi(G2)Y awjAdT Z z+ AyT
M F M WEAYTFY ZHSeA wild type? golden typed] oAy &9
3013 Aol g YErHow, AAMS de v & E Aolst QAT £ Fy
Adiet FE(P)AHES] Futauls HApt AnuAPAME Fi(ZG)XG
1.34:1, 140 1 1, GXFI(ZG)Y 1.22:1, 2832 GXFIG2)9) 1.32:1& A Y3tz
= oA &R Foast QUG RAAE Hol: 4/he) AYTFE wild typed)



Z¥v a0l gou, 7] wembryo)d A #ad A v &L 7oA
A7 YL (Table 5), olejd ztol= F3 F %7 AAdANM golden
types} AbdEol wild type 7 E2dAM 73 Aoz HZET. Streisinger
£ (1989) zebra danio®) A4e] F¥E #AL gol-1 (golden type), gol-2
(golden type), alb-1 (albino type), spa-1 (spotted type)® FHAH= A#H R
geda 2ug d glom Ao fpHAY HAL ol4F AAHLA golden
danio9] ¥ 3 ¥ 7§ A (homozygote)®t clone’W M & # =3 % th(Streisinger et al.,
1981; Horstgen- Sehwark, 1993). 28] 11, Thorgaard 5(1995)& &A1 x| A8
o FAMFold dal &d A& Hol: albino FAN $ol9 FNPAL 4
A ddg e gAoe ALgEyo

olf9 RIEe #AHE fFHY AY Pl B3t Frankel (1979)L
Danio nigrofasciatus (leopard type, SS)¢} D. frankei (spotted type, ss)o} &3¢
W dPANM FiAldlE EF leopard danio (Ss)2 Z @39, FiAld 7+e] o)
% Al HAA leopard type (SS, Ss, Ss)# spotted type (ss)9] Bl &o] 2}
Zt 3:13% 1:12 Yepdda 208 ol WHEd #dd Az Aeo
29 Ag FHE FY 449 F A diY A2 YHE Boln Yt} )¢
2 2AAE B o o) T Fo F(species)Z2M Y HRAFE thA] A= sor
g "84 e Re=Z AR €Y. Petrovicky(1966)= leopard danio <33}
zebra danio 29 WwuiolA wild typeo] 987HA ¢t spotted typeol 17HA7F
Bhgotn Eaud vt o o] AYPelA = zebra danio$t leopard danio®] X2 A
t(Po) o] Frmufs P wwidgaly ITuldPdTFe 2] wild type
o2 vggtoy ZXL wWAdET F F A9 wEBA(180:1, 198:1) F Lx
Z AP F o3 Y wrE7(210: DA wild typed spotted typed) Bl &
o] 2:12 Ued. ol A H$ VoJE A" F vlal9) zebra danio ¢
A F W otEds FIHFAPPIAL, e ¥ vt olFHFAPPIRGR F
Ao, 29 Fe o2 ALLHE zebra FRF § vlee FEHEYA
(PP), 4 & & vlg = o FHFAPP)ATUR FAHUY. ez ZxLe) wuja
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H7 T 139 wE083: 117F 112 JYergon o] Ao o) = zebra
danio 2ol oJFHIAHPP)AG L FAHAHAY o]Y& 754 e Fizhel muja
o ARLYE TN JFHAY a2dn FAd 2He Autae] Agosn
B Fat&9) wild type# spotted typed] H]€o] 3:19) 7|t S Uelgo] uhg
& AAdE A AAAA ol EAFe] FHIAY

FH, LxZ wfdPTF kel APTFoM AMAF wEe] Qo] zebra
danio®} leopard danio®] samll spotted typed “EMAE 7HA7} 5vla) 28EY
. Kavumpurath and Pandian (1992)& Z& danio® Zejd@olN A4d w
FURAIZE S8 A2 dedn, olge 8 thd 99L& F daniod) W&
& ZA%e FAA7 F$4(codominance) S YEN 7] WFoletn ®mat
22y 289 B3E °lE  F daniod Fojo] iy Z¢(source)o] BEWa}
i, TP AY gRFee gk FAHA s)2o] gL Wk ol o]59 9
A BHEA B FAHA AR5t HolURA WolN, o] AP} Ao} 7
HA vae & F+ gy,

FiAiti s} Poslohote] utiaul s W Jdufadgo s 22 S zebra
danio® AHE® B¢ tFE wild type® YERG I, spotted typeS Alg3 7S

FE AZHE 119982 Jedoh 22y, ZxXF(LZ) aWddT F 5
Mol whEF(ZhzE 27001, 390 D9} wild type# spotted type ®]&o] 3:12
HERRon, ol2|d 9 HojZ A4 zebra danio AHE o) HL (PR
O FASAY. W, ZxF(LZ) 2 AP AN F 179708 F 148 28Ex

7

LXFuLZ) s d @A 4070 H A leopard daniolM 2.0]%= spote] @78
o A 2U% YRS Hol: small spotted type®& EINRATH Tan and
Phang (1995)& zebra danio®} leopard danio®] JuuiAd = ZxF(ZL)4A
1233704 Z 270 A 7F spotted type2 2 YERE oA ANE B3 dFgon
o= o] 4¥9 ZxFi(L2)) welAF A vebd 179708 ZF 170A7 small
spotted type® 2 F¥F AR} FAE Z#AES 299 a2y Tan and Phang
(1995)9] Baell A o] & spot) A7) Hefo] B8 AFL YY7) W&o 150
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H 3 spotted type#t o] A7) small spotted types] £ o o} &
#™. Tan and Phang (1995)2 ©]2}&t spotted typed &2 A vl 92} 9]
EdNold A& AAEAAY, AdY BE 27)Yolq BE SxolAY =
Uo7t obd S YFAaY s PR AAY RPN BN TS
(incomplete penetrance)dl 7]18 Rolat FAHsAQow, Kavumpurath and
Pandian (1992)& 2o} H¥F 23T 37 F2d) dsiy ey He =adw
olgtm FAHAck 221, Angus (1983)% sailfin mollies®) black 2t spotted
type€ melanin 42 $HE FAHdE= enzymeo) 2 X0 vRETST By
M, ALFRZ A % BE FEo) Wold) dEME B0 v o olze A
79 spotted type®] %# 3 small spotted type®] Z&o| W Ko F S A
A 8AF} BFHA 2AL TR JHME FHYOZ EYY clone A S
AHgeE 2ok Mgk dyo] o] FojAol B Aol

R A AHA B WA BUF FHo] 5 kA AMH 7
Ho A & o, o]59 VEL 2HsH= FHRE zebra danio’t F3 A (PP)o)
2, leopard danioZt % HA(ppolw, AAMA Aol EAFTE AL & S
AU

zebra danio, golden danio, 18] X leopard danio®t®] ZulAPL EHA A
A€ golden daniod AL 7}A 9, WHE FejE leopard danio?) AL =
AA7E Z2HEAAT ole)d EdMo] AME AFNA Rud vt Q= A=
& Eddoz, 2ol ¥ WAL “golden leopard danio (golden spotted
type)” &3 HRR, 259 RFAAAHL ceppR FALAUY. GXLFH LXG
W dPAX EE MAZ wild typel 2, GLXLAAME spotted typeS &, GLX
GLel M golden spotted typeo 2, GLXGoX %= golden typel 2 uelydch. o)
HI dages MY WES BHSHE F3280] zebra danio= CCPP, golden
danio= ccPP, leopard danio= CCpp 283 golden leopard danio:= ccppel i,
A e Yetle fHxE 242 59402 YEags AL J=ss
Holth
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Gordon (1953)2 wild gray guppy$ blond guppytel ul AN FMl )
7F 224 1612 JEty, 3:19 o]x19 ztelzt vt Hn Py, o) F 2}
o] blond guppy®] AE&) 8 Aojatn yl&dHAM, FAY AH o)A
BEE AP T34 AAEAY @etA, zebra danio®} golden danio®] At
AFAol % 15U ) FANELEE A A7 wujo] ALE¥ daniod] &
Fol wep AEEA Aot YSE ¢ F AUS 2 d& wujol vHA
GXGY AEEo] 2 AL 59 RFAHAAYe) dA FIHTAHc)EA &
e APt BH YTt Fof, 7] Al Eo| ¥47) YEow ArgdY}

A=Al % wild type zebrafishs} leopard danioste] TujolM Z3 9
BABEEL G dFE 2AG ofF o AL woln YAt} leopard

danio THLXL)oll& 80.6*+4.8%, leopard ¢tR 3 wild type &3 IHLxX2)d =

rlo

g

706+4.2%, wild type ¢H & leopard 3 ZHZxL)ol= 732+20%Q 1, wild
type zebrafish ZHZXZ)oll&= 8381 6.7% At ol2|dt AFfA B o F4Q A
A Ao 2 D. frankei2 F& A7t 2ol zebrafish® "aquarium morph”
2 W33 leopard daniot wild type zebrafish$} vl 72 S#HAH oz oA H
o d&& ¥ F Utk



V.8 9

Y wrge] fH G4e olshatrl Ysted wild type zebrafish (zebra
danio)%t ©]€9 morph (E9Wo])S) golden danio, leopard danio 281
golden leopard danio® 4.2 WAMYE etk 9, Telv Eawo)s
TAF 15952 zebrafishe) 3 2ol Yo = JFe FAMEYTH

zebrafish®] wild type® golde typezte] 44t G RujdP L Fair HAL
Cot cehs F M9 ddAAE 2t G A e o3ted ZAATGE Ro) gl=
HA FEANZYEH 2E029 o) gyl Age wWw fH A
o 29 ¥AE g2 Qo dumdyde FHH AN AYsE= SAx
e AFHA G EAFTE Aol dFHUt

hHEe] A& 47 Y3t zebrafishel wild type?} leopard (spotted) type
e} gut gmulE Ao e Ps} pElE F oo o gdxtE x|
= 2 At s zAEAon AuAPoa Ry oS 4 NG
He A Fd F 7 2o AFIArt

golden danio, leopard danio 12} 2 golden leopard danio®}e) YA muj=
ZHEd Qlold F fAA EYHoE FEaE NS U7 o Fagsgo
W, 4823 F fAxs A9 44 FA ol THY YA gan QY
o mebX, zebrafish & zebra danio® 9218 & CCPP, gold danio: ccPP,
leopard danio= CCpp 28] 3 golden leopard daniot ccpp2tar 1% 5 it}

zebrafishe] EA W7l +4 F 159%Fe) &7} =ojo) YZgo 7= o
F& 97 A% 63 HEUYEH A wild typeQ) zebra danio®t golden danio
Zte} el N FAHE HT BEEL Ao Qojx EdwWole gae wo} 7
adhs 4%E 284 F, golden danio ZHGXG)AlE 78.1+51%, golden o3

% wild type F3 IHGX2Z)oll= 769+22%, wild type 42 7 golden type ¢t



A ZHZxG)dl3= 81.0+159%, 128]1 wild type zebrafish ZHZXxZ)ol& 83.8%
6.7%Act. AFFAHA YA GXG, 71.4=29%, GXZ, 73.7%51%, ZXG, 816
+53%, ZXZ, 855=26% A, AQAFAH A AFTA Wl o3 AEE Aol
FAA FoatE A

2@ Ao 93t zebra danio$} leopard danio®}e] el FHE FFAE
&2 YoM AFdE A v A& 29t &, leopard danio IHLXL)o

80.6*4.8%, leopard &A A wild type R ZHLXZ)d = 706=4.2%, wild

rir

type 43 # leopard A ZHZxL)dlE= 732+2.0% A3, wild type zebrafish 7+
(ZxZ)l= 838%6.7%Att olgidt Anor B o 4d Ao Aoz g
Z9 D. frankei® <& AY7t 32 "aquarium morph”2 W& 2 leopard danio

1= wild type zebrafish®} ml27bAl2 FHA 02 AAHJSES & + AU
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