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[ Abstract])

Objective To obtain zebrafish mutants with developmental defects in digestive organs from a forward

genetic screening. Methods ENU mutagenesis and a classical F2 genetic screening were performed. RNA whole mount in-

situ hybridization using lfabpas probe and BES-H,0O,-Ac staining was applied to examine the liver, intestine and gall blad-

der phenotype in zebrafish embryos. Results We harvested 23 mutant lines with developmental defects in digestive organs

(originated from 14 F2 families) after screening 128 mutagenized genomes. These mutants were classified into six groups

according to their phenotypes. Conclusions The liver, intestine and gall bladder share and differ in their developmental

molecular mechanisms in zebrafish.
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1 #MRl5RE

L1 ##
1.1.1 E%szhY

Bt ( Danio rerio) , i 2 AB Tiiebingen , HTF
RAMRBALE L SALAR,

112 S

ZRWEE A BERE A AL R —
A AR AR AR R T M (
WA TAY) TR A A PR 7)) ; PTU (1-phenyl-2-
thiourea ), ENU ( N-ethyl-N-nitrosourea ), Tris
(pH 9.5) . FHEHE K BSA NBT ( nitrotetrazolium blue
chloride ) , BCIP ( 5-bromo-4-chloro-3-indolyl phos-
phate) JIFZ (tRNA (Sigma) ; BES-H,0,-Ac i &L &
YNGR H AFDEAZS Ttk 454t |
1.1.3  SEEdstt

PEE 0 3R 50 R GE (A B AR R EOR TR A IR A
Fl) s ¢ AR M B 33 B ( Zeiss SteREO Discovery
V20); 4 H 8l % 6 1E B B BE ( Zeiss Axiolmage
72) s BWi#s (Gilson 10 pl.20 pnL. 100 pl.200 L.
1 mL) ; EERFEH (MemmentINES00 ) 5 #: iETR 51X
(VLI T H AR DR A A5 i 38 A R Y 7] KB-3-D) 5
ST 43246 (UVP HL-2000 hybrilinker hybridization
Oven/UV cross linker) ;pH i KAE % B K ( Mett-
ler Toledo) ; 18 J& 2 #2 K ( GFL 3005 %) ;24 fL4H ffg
FEFR 1L ( Costar)

1.2 Ak
L2.1 JRAfcsE KAk Bl

P Ey 0 58 I 7 A ) 520 B WS T 0. 03% Y
oK IFT 28 CHHIRAR R %, IR A & & BBk
JEOAMEE™ . FEEH 12 hpf(hours post-ferti-
lization ) #2H 0. 03% PTU AbBEIN Il (2 F I A, I 15
3.5 dpf(days post-fertilization) Fl 5dpf Ayl 5 FH F 3¢
L) e
1.2.2  2JaJEA %258 (whole-mount in situ hybrid-
ization, WISH)

Ufabp TREG 15 ARG IR A 22 58 52 30 A 4 2
ARGEFEATE . 3.5 dpf JIRJR A A1 ES K (1:1000
it ) 7 37°C 1M AL 26 min, [ S RNA % Hb
FhRid, NBT/BCIP W0, M6 0.5 ~1 h B
AU RS
1.2.3 BES-H,0,-Ac(DCFH-DA) % 48

BES-H,0,-Ac( DCFH-DA ) 7] F F 6 0 A B 13

TR AR B 40 I U5 4 3 P 48 53 F (reactive oxygen
species, ROS) Wl 0, ,H,0,, HO 4§ BE A IR Jig &
Hid P g AR n] =4 H,0,, i 8 BES-H,0,-Ac
(DCFH-DA) e, WedER) S dpf BE D fa iR A
24 FLANMIRE 7R &b, IR B BTN 0. 03% Mg SR K.,
BALZH A 1 pL BES-H,0,-Ac %658 (1mg/
L, 7T DMSO) , i B 254 1: 10 000, 5% .50
it Yo T AT O, SR 5K R SR SO 28 C IR AR
H1 ~2 h JEECE PRSP BB T LR i A
2OV A= R/
1.2.4 kit 78 M /A2

FH ENU AbBREF AR B AT MM BE 5 7 T, A7 05 1Y
MR FO, SEAE R 28 A4 F1 AR, F2 KGR
KB FO /9 FLAAACHE A, Bk AR — F2 K
T BE E fa B AL AZ B LAUIRE F3 18, R 1.2.2 &
1. 2.3 MR k- AT S g A F3 PR 174 A
A AR I L A (] A ffe o R 80 DUJ G T2 AQ BT
INE W R 22/ KA, B F2 228 %
AR5 B A B 2R SR A AR, 7 AR I S ARFR S F3, LA
FER T R F4 IR A8 F3 oG AR, I
LHE N F3 SEARAR 23 MM L 3 U RRAE 4 43y
JURCRTR 26517

2 #HR

2.1 ENUEEES F2 RikpyEL

FH ENU 4bBE 30 4529 6 H W5 1 ek e i £, 9 4%
FO £71% B FO 5 HF A AU M £ 2 52 7= AR 48, B FI
fR(EESE F1LARER— AR AL AR FO 55 ik
55 =R A E A 1) AR 3R &, AT ARIE FL
eI 2 58 TR A T ] — A B 4 i A A
[ 28 (kG T #07= A= FAR A %, B 4% 1O A= 2
100 %% F1, 331958 2%, SR S5 ¥ AR FO 7= AR 10 F1 A8
Ko =4 F2 %%,
2.2 P2RBESRTENER

Bk A TRl — F2 Ry M REHLACHC , 4600 7= A= Y
F3 AR ZR TR, I AR 8 o 1 7 5t A% e 1 ) S A
TR AEBEIE AR, FRATTIN 64 A~ F2 K Y 204 Xt
o THEEAF R T 65 XM AR, F X R AU
AR SE AR AR T RS HEBR T 12 X RS AR A,
A 4 X RFRBEAER g 58, 50 9 Xk &
REFET- M ICERE . 2,5k A 23 4 F2 FIGY) 32
X G A E EF A BUEATAGAR P2 AR T F3 0%, W3R
1, FR F2 FIGSE R0 F1AHE 238 7= A 00, BT
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VRS F2 FIR R AR R 8 A8 FE R 2, et vk
TR BRIy 128 NGB FERI2H .
2.3 F3REISHIE

F3 ARG 5 F2 AR, ¥k A [/ — F3
GRNE P BE £ fE > A 22 1] B ML SS BE LA 7= A P4 R
Jif KR4 T4 WRIG R LGRS 2 F3 J2 15 A28 A AR
i, FEEIE32 A F3 Figrh, Hoh g — AN 5% (1.39-
4) R A Tk Fe T 7, HAI A3 R
WAL IS 251 X BE D fh, N R e 155 T 40 XF
RAFM, “WREEZ T, 18 A F3 FRIFETE 0] 5
11, B2 MKPEFRA WILR F2 K%, PR B T Ok 34
SFRAMARIT N 23 4~ F3 RAZH R WK 2,
2.4 F3RTEMFEHHE

F3 Gk 45 2 I ARE 2 A8 i 2R (R [R] 38 7 Ay
TE B RN, DL 3 Ak 4 AR R BRI

SRR o Rl 77E S L e T R R N T SN
AR P ELA A R B e, A R 300y i 25 i 7 44
o JLF- TG, (U P AN I RE 45k IE 5
55 1L 20k IR S R Bl 2 AR A JFL gy IR 4 52
SR AEE I 5 ok e R S R SR BN TE AN
JHFRFE i /0N B 6 R0 565 TI0 260« IH 8 o S DBl o 2
AR HRE A 51 JC W 8 b, (R E 9 5 B
Pr/NAE B AR . B TV 28k i R JTE A 3 ]
BRFGIRASR” 2 S G AR U b I T A Ik ik
M e ey Bl T BB R, 26 V 2R
 JE R () e AR A LI T AR B4 i 2R
TR B GBI Y A E R0 30 5 R
TR/ INFARSE AR/ ING) RS, 36 VI ZEON“ BFIE i AR 2
L [FBREE AR | Ifabp 1 BES-H,0,-Ac Gt 25 BHL
SRR ARG AE AR B 0 i R B R

R P2 (LTSS
Tab.1 Resulis of the F2 generation screening
Bt Lt /%
Number Rate /%
F2 55 BAL Total F2 families 64 100. 0
SRS F2 ZE F2 families identified with mutants 37 57.8
W E A R HIAEIR) F2 K% F2 families confirmed and outcrossed 23 35.9
WA AR B F2 % F2 families without mutants or lost 27 42.2
ZZBERT B Total crossing pairs 204 100.0
i 16 28 A5 PR XF %L Pairs of putative mutants 65 31.9
LSRR 28 A8 R XT 4L Abandoned pairs of putative mutants 4 2.0
] TAEAR A 4535 2828 /A% 4L Putative mutants available for outcross 40 19.6
EALACE F3 ZKi% F3 families raised 32 15.7
F2 F3UGHESS
Tab.2 Results of the F3 generation screening
Bk et/ % WG F2 IR
Number Rate /% Number of original F2 families
F3 A Total F3 families 32" 100 23
FRIA ALK F3 F % Phenotype inheritable 18 56.3 14
FRURTT LB AL 9 F3 % Phenotype not inheritable 14 43.7 13
S AR A X %X Total crossing pairs 251 100 23
GEARRNTEL Pairs of putative mutants 34 13.5 14

AR AR A TCIE A HCAY) 1394, Note. * including the 1.39-4 family in which all fish are female.

R3F3AURARRREL K
Tab.3 Classification of the F3 mutant phenotypes

bz ke FAIH

FRAF R T ih R A A5/ % Phenotypical characteristics
Type of mutants Number of mutant Percentage /% W Bl T B G
aroups & Ji: 55 4 JIE B Gk 4

Intestine defects Liver defects Gall bladder defects
I 1 4.3 vV x x
1 6 26.2 x vV x
1| 7 30. 4 x x vV
v 4 17.4 vV x vV
N 1 4.3 x vV vV
Al 4 17. 4 vV vV vV
Total 23 100
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R T Type 1(L344) FEHI Type [(VI5F) FER Type LI(1254) FMIV Type V(VISD)

IV Type V(L864) FIVT Type VI(L634) |

HRERS) B(aagik) FIECREAEL) ,B.D F HI.LN.PAXHEMA, A CE.GJKMONREHK,
A B.E.F.G.HM NAMEM,C.D.K.L.O.PAHEMM,T.JABEMIM, 281 e i fE 5728 (4K (1344,
A&B) ; KA IL JFIER S MBI SAL R (VISF, C&D) 3 280 1L IHFE4E A BRBE 2 AR (A (V254 E&F) 5 JEAL V.
[ FUIREIL R BB 5 AR R (VISD, G&H) 5 280 V. JIFIEAIIBFEIL R Bl 58 A 1A (L86A, 1~ L) 3 2654 VI JIFIE Al
JIF 348 2 [ e 98 A8 1R (1634, M ~ P)
B1 o XREHGARTRER

Note. The gallbladder (asterisk) , intestine( white arrowhead ), liver( black arrowhead).B,D,F,H,I,L,N,P are sib-
lings. A,C,E,G,J,K,M, 0 are mutants. A, B, E, F, G, H, M, N are lateral views. C, D, K, L, O, P are dorsal

views. I, J are ventral views. Type L. The intestine specific mutant ( L344, A&B) ; Type Il. The liver specific mutant
(VISF,C&D) ;Type III. The gall bladder specific mutant ( V254 ,E&F) ;Type IV. The intestine and gall bladder mutant
(VI5D,G&H) ;Type V. The liver and gall bladder mutant ( L86A4,1 ~ L) ; Type VI. The liver, intestine and gall bladder
mutant (L63A ,M ~P).

Fig.1 Six groups of representative mutant lines

R4 RLERGRILE

Tab.4 Summary of the mutant lines

AR R RA i
Type of mutants Mutant lines
L %. 134A
I. Intestine
1. }ﬂ:HE V15C., VISF,V27A 121B, 138B 148A
II. Liver
1. A% V6A, V25A V51A 127A 138C . I46A, [95A
[I. gall bladder A A A A A A
V. 0% & 4
V. Gall bladder & intestine V6B, VISB, VISE.L86A
V. JFHE & 0%

IV. Liver & gall bladder VIsh

VI FFHE 5 & A%
VI. Liver intestine & gall bladder
JER
Total

VI5A, V21A | L38A | L63A

23
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3.1 BEEAFIENERSW

R I ) 38 7 10 BRE 5 0 % T B0 o 2 8 R () e
ST Z IR HREFH ENU 7578 [A] I 1% 224 1
LA B R B A R IR R B EIFAZ . AR ik
TAEE FEETENFE ARAE L, S 3 MEAL A B B &
B HPE , 75— R rh AR AT 2R AR 3 T R AR
FEARP R R I 0T RA5 AT A28 B e S M e B
(9B IA

ENU i % i 72 i i 8 AR OR — MR 0.2% 72
£ AR T IR R AR ROR | {H R AE 128
ANGEAR FE PR 2H 1 0 B v B A 3RAT T 78 &R 23
A A AR YR 2 A8 RN 16 B RICR AR e LB vy, X8k
RAKR R Z R A AR B 2B
FEPRURRTRNG (Al e A [ 98 A4 R R L 2 [B) 5 58
M, 23 DA R G IKFE AL 40% 1548
i R 2 B UL R B BT 1B X S
TEA B FERS H & B R i e s N 7 22 [ A7 7E
R RS T ENTES 75 B S B 27
FEUIRIVERR
3.2 TREEREREENSEMRIEEE

ENU fi i TAFE 8K, 2 (B AN T 282 BR il 14 [
o BRI AL A K, 0 T R FMX — B, FR AT
K F1ACHEME SRS T 2 LM AR E 5L 1 FL AR 22
AT F2 G RG  Hm T IR RCR (B S ET
FRASR) AT 50 R AL, IRA5 1Y S AR R T AP A8
AT BB AL T 5%

AT T 23 DR R HRIE
SRR S R R S R R
SERE— B RSE A7 HIREBE T 66 75 S S A5
L8 BT 10 T HURIAT 2 PR

2 % x #t
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