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HE
REIUR > BRI RARBR G EABRBOEFTETR » R
e s R RESFR R 0 B A LB EEB (fetal alcohol
syndrome ) » {2 Hom MBI R F R - REGARERBH SARHH
WBEEAIEFTERORE > BRABRNERTETRE > #lo SR X
BRES 45~ BEAGMER S > BASR LB EZEEAL > BT E S

FEF B AT LBHEEFGEX Y - ERTRT > KIAVH

ERERHE B R TR R ETRY B AAR LR GES
FEREAE H B A R EAR B E 0 A B kT 0 A O T ARIE AR 2 A IR RS w A

FaME - TRERB TARBFEFTBRETY - LS%BERFRE T AHE
BEAP 42 4 i 04 4> & (lamination ) > fm i — 5 F| A RNA ZArfk X ey
LABR B 894~ AR B rx] ~ pax6b ~ six3b ~ alpha-crystallin ~ vho ~ neuroD ~
huC B\ EFAM 8RR - RBIER G D B &4 fo by 51t > & Rk
BEAS R B9 ERIG o EARR B R AT 0 RAVERBERE I HIF 5%
HlREE AR AT FRIR > &4 T ax ~rybp ~irvda ~optx2 ~rxl ~
brn3bl $ vsxl % > LMK 16%e B EE 48 B A B 7R 2lBAE e )
BN EAR R e B TrREBEABRGERREVEIRZ
— o MK F B RAF 2080 TR EH B T B REE O 7 2 R A
R HE > e R KR d 7 IE ] da i b 6 M8 F 2 A B X BB 69 30 I 4E

o &R A S mindy o biral o FIARRFHEFHEFTOHN -

2



Abstract

It was known that prenatal alcohol exposure may cause serious birth
defects and developmental disabilities. The molecular mechanism of this
fetal alcohol syndrome still remains unclear. Here we used zebrafish embryo
as a model to investigate the toxic effect of alcohol in retinal development.
The histochemical analysis revealed that the cell lamination was prohibited
by alcohol incubation. It appears that the retinal cell differentiation was
inhibited. As revealed by whole mount RNA in situ hybridization, it appears
that the transcription of a number of retinal-related regulatory genes,
including rx1, pax6b, six3b, alpha-crystallin, rho, neuroD and huC, were all
inhibited in zebrafish embryo by alcohol exposure. The transcriptional
profile of alcohol-exposed embryos was also compared with normal
embryos by microarray analysis at different stages. It appears that 16% of
retinal-related genes were all repressed by 1.5% alcohol incubation,
including several retina-related transcriptional factors, including crx, rybp,
irxda, optx2, rxl, brn3bland vsxI. Our results suggest that alcohol did not
interfere the early development of the eye, but has inhibited the final cell
differentiation of retina cells. This study helps us understand the molecular

mechanism of alcohol-mediated retinal malformation.
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FAUK > B R R B RRFREEEGERAE ~ LM BABBEF X%
feMEs ey 50 (Kesmodel et al., 2002a; Kesmodel et al., 2002b) « H & & 45 £ 3] AL &4 B4
RLEWEF BB PRAEEFT XM > RKkEE REBEPEEFTHL -
S BB R A2 BB LB P 5 1% B# (fetal alcohol syndrome ) (Mukherjee
et al., 2006) » H =2 — A LBBRFH IS & B A BN T EREIER o MIGH TR
7 B AN Z2oyibZ e s R (chemical teratogen) % — » {2 B A 71 s Bs 2B A
P FE 5 A 4 7T AR fm R BRAR B AT S 40 JE WA TR o Ko Y T AE AR S5 A 48 b R
© (apoptosis ) (Ikonomidou et al., 2000) ~ F 3£ 4,55 B (retinoic acid) 4~ 5% (Deltour et
al., 1996; Duester, 1991; Grummer and Zachman, 1995)~ #74] GABA # NMDA #¥ & 1%
U H H % B ey & . (Toso et al., 2006)~ & 4 A & A 3% 49 j 4t ¥ 18 (oxidative stress )
(Cohen-Kerem and Koren, 2003) ~ 4= jfL [ 3 &1 Fa(Bearer, 2001) % o & 7B M H 7N B5 7,
R TRRBEBRNGGE > TETLECERGEE > BbRIMIA L B H P LB
M ¥ B 1% B0 R B AR I MR — 2 09 4R 3 o B HIN RS H R RE AR F 60 4E
RKRAER AN R EHA G IE A TR 2R EAE RN EZGESH (BAXLE)

UARFERIZERE CEHFHBRERLE) > R HREIEIBHEDEG I E1L -

MNEERHLRORN mEAARETFIFCERR  BREAFELAR
WA SR - RRAEIFE B F M (3 REARME) > MRS E T 6B
REFHLHWIEEAL > THHBRFVAFEFTERNRE  RLETHAREA
R A MG ARG R AR 4 A T RE 94 X 84 (Chen and Ekker, 2004; Hill et
al., 2005) o RATEH A RBETRE R LB BERZOL CHAABNETERT K
Moo Blhe SR - RS - BFEE RS QAT FRYEBE
RO BMEBHRESG L SHEFTOBEAOMRE LLEBHREEE 1.5%

LB REBMER SN UBREGERE R IERF RABR@BT S



F B hsp70 &4 4% 32,(Carvan et al., 2004; Hallare et al., 2006; Reimers et al., 2004) - & #>
B 5B AR A% BF SN BA BR Y UK AL A | AR BR SR TS 0 M HAMRBI R R AR 0 Bk
BAVGFARF 7) F LB H LI T AP E - 2006 FHF R T - &G 414
BEBNBATERTEREE TR ER iR » @B E T AR,
B4 AT ER T IARMEFRROGRR > RARRATHHALLE RKE
SR E (2007 FEEBABRHAESM2EE  ALRATTHRER LR BHHRS

& B Bs A B B F £ B A R &9 2 & - http:/www.ntsec.gov.tw/activity/

race-2/2007/pdf/050003.pdf) » f£ 32 R &GF % P » KAV L5049 F B AL B AF AR BE

BRODE  ZAEARAMER HEHT X S EFHIERETFREAREAR

R
(=) A8 &

BN BB AT 5 AL B I LBAREE BT > HARE Sl e AR EE R

BN HEXBAENL > B HEL S FHRFLERER - 85K KIL 0P LA A A H
LE B X RIFE S ERHIRBE T BE RN T T NHBERT RS

B - N s AR AR TR ER > Breiie > FR 8o mEmEBE
Fayib - Ao R BEEARBORRARF T F T/F  RETHE LY
BrARRS > THAEEHBEBERTORELRL > AL CFERAEROARE

RETH ARG EH AT RS > B ERARGFR T > RATUREH
FOAEMEMEARRBREBEHRFETOPE > TAAARR SR HEFF T

B BB HI GG AR - UL T BB A IREE R KR e T AR AR



R ERIARE
(—) HAREZBEREH
A. TEAWD

38 5 & (Danio rerio) &R

B. — b2 Bm

k8 % B & (Nicotine hydrogen tartrate salt) ~ 100% #¥i#&# (absolute

alcohol ) ~ &, & #p#] & (PTU, 1-phenyl-2-thiourea) ~ % ¥ & ( Paraformaldehyde )
T @ £ & (Alcian Blue ) ~ #3é (glycerol ) ~ #} B B 4% #87% (PBS, Phosphate Buffered
Saline) ~ 37%E & ( Hydrochloric Acid) ~ — ¥ X (Xylene) ~ H#ih (Glycerol ) ~ 2
R4 7% (Gill-Hematoxyl ) ~ 47 4z ( Eosin )~ ¥ &% ( Methanol )~ ¥ & #% ( Formamide ) ~
A% (Heparin) ~ &% # tRNA ( Yeast tRNA ) ~ JE T 4% —& (Maleic acid ) ~ FEL#
# (blocking reagent) ~ £ 4t4n (NaCl) >~ &4t4t (MgCh) > =R F A AKX F IR

( Tris-HCI ) ~ Tween20 ( polyoxyethylene (20) sorbitan monolaurate ) ~ BCIP

( 5-bromo-4-chloro-3-indolyl phosphate, toluidinium sal ) ~ NBT ( nitro blue

tetrazolium ) °

C. BFAE

& G & (50ng/ml Proteinase K )

D. EERE %R &

1. 037%H &
37%E8 B 2.5ml
A Ak 247.5ml

2. ERMIBNE
100%48 ¢ @45  140ml
0.37%H5 &% 60ml

3. 01% MTAEE
B M A 50ml



10.

11.

12.

13.

14.

15.

FTREEHK Sg

0.5% B+ 0.075ml 100% 48 /B A% Am K # F£ 2] 500ml >
1 % B 0.75ml 100% %8 ¥ /B A% Ao K% FE 2] 500ml »
1.5% B 4% 7.5ml 100%%2 %} i@ 45 Ao K #H FE %) 500ml >
70% 35ml H A 15 ml 448K -
i B B8 4% 167 %  ( PBS, Phosphate Buffered Saline )

NaCl 8g

KCl 0.4¢

Na,HPO, 2.88¢g

KH,PO,4 pH7.4 0.48 ¢

A 1000 ml
4% T B 4 g B ¥ &8 Ao 100 ml PBS -

PBT : A PBS &% 0.1%Tween 20
75% ¥ B2+25%PBT 75ml ¥ &% 4w 25ml PBT »
50% ¥ &2+50%PBT 50ml ¥ &% 4w 50ml PBT -
25% ¥ Bz +75%PBT 25ml ¥ &% 4w 75ml PBT -
20xSSC
NaCl 87.64¢g
Na citrate 44.1¢g
SR AR K 500ml
HYB
50-70% Formamide
5% SSC
0.1% Tween20
HYB'
HYB
Heparin 50 g/ml
Yeast tRNA 500 g/ml
NE T M — Bk 7% (Maleic acid buffer )
100mM Maleic acid
150mM NaCl
0.1% Tween20
FEL7% % (blocking solution )
blocking reagent 1g
Maleic acid buffer 100ml

NTMT
0.1IM NacCl
0.1% Tween20



0.1M Tris-HCl1

16. 2 & %|(BCIP/NBT)
4 1 mI NTMT #v 3.5ul BCIP $A & 4.5ul NBT
(=) B
. BRBRFEFEHHETERG LR WERE &N ZEN 1.5%BEHK
¥ TEABR ARSI > B iEIT RNA TALSE X o ATREEH R BT A2~ &
Ry RBR2BROZE -
2. EAAHMEBERTFIHAREEARGDE  AAEAR SR 0 FEBEEIE
AR R BIEFREE T M AR EIET -
(=) gy ik

A, 35 BFRETHEIKE (Westerfield, 2000)
A-1 5 EZAR

R T-20MEA KRGS EAHTRA S FAENEALTAXBERERAKRIE
% 71 7k%x (30.5cmx61cmx33.5cm — WxLxH) » 7KAx % 30 2% KBIE %4 28°C, 2
B 14 8 eF > Bk 10 /B eg B ERE & c B EMRZREVHCEE) - SR AH K
BREMmA BERE S ERlakElk ek g -  UBEH IR - 525 & L
BE AR UG 0 B A &R I 0 BUE K E R G 4RI SR AR A P Ao
Rk o
A2 B BB IFUERRBR R

MERBEIHIFAT— R FUES RIS NG L SEN » £ 2 HEBRE R
AR/ NEF > BB BB AR B ATk i B RIBEH B R 420 s AL 0 HF &
PRE > AR B A BIPILE o M R LEKFRL 0 REN S A 30ml 1L.5%BEHEZ
BAmY » EA285°CAM PRt SARE B 15%BERER  LTHRE
BIE R > AETMER
B. RNA 2% X B X (RNA whole-mount in situ hybridization)
B-1 R&tHAF



HoRFEELEE DNA 10ug » RBEERBOER > KRR AwA12ul 10 x

B F &Mk ~ 1.2u1 100 x BSA  ~ 2pl iR 418 % A o AHO 2 4888 45120ul - E3#37°C
T oo A3~ B RKE B B L o BROSUIR EREATDNAE 5k » sE R W18 &
AERERTE

B 1pg( £ 8\ )linearized plasmid DNA 4k A #i4% ~ 2pul RNA polymerase( T7, SP6,T3 ;
20U/ul) ~ 2ul 10 x DIG RNA labeling mix ~ 4ul 5 x Transcription Buffer ~ 1pul RNase
inhibitor (20U) ~ 2ul DTT (100mM ) 344844 » UADEPC-H,0 % & % R &8¢ F%
A20ul » E37°C F » RJE2.5~3/\8F » #4Tin vitro transcription # 4 B BERNA o

AuA2ul DNase I (20U, RNase free) » #37°C > ¥EA 30542 > LALTRDNA Biig ©
HaA2ul EDTA (0.2M) ~2.5ul LiCl (4M) & 75ul isopropanol (10096 ) # iR 4 »
E—20C T »30%54% - 2214,000rpmik f #-0305-48 - £/ LERE » AwAlml 75
% EtOH (DEPC-H,O) - #|Avotex &7 & skpellet > H1414,000rpm &4 ik B & o
S5h4E 0 R FEHRET5% EtOH (DEPC-HO) » BRERTF » fpellet #L)1E4% %
#100ul formamide ¥ > F & B HSul > LA19 agarose(in TAE)E 7k 1F 48 € » 4% H £k
¥ B8 A% B (RNA) R £t (probe) o £ 7 —20CHRAFH A
B-2 Rl e AR M

#§ 17 4-20°C methanol ZE3E T 49 ARRS » AT AT 6948 K5 B8 @ 1A75% methanol/25
% PBT ZRAEASm421k > H2250% methanol/50% PBT Z&AERAS54481R > #

% 12259% methanol/75% PBT Z&RVERSm4E1R > &% X100% PBT ZikAERASH

AR AR AKAR B HE A AR B R AT R B3 7 B 1R BA R ) R EE e proteinase K iR 32 @ 35 AR
Ba 35 F BF R 212401 8% R & Uiproteinase K A2 5 35 ARG F B84 24/ B
% LA 10ug/ml proteinase K 45 A 12~15%4% ; 2 RRS 5 7 8580436/ 8F » & A 10pug/ml
& & Bgproteinase K 1F A 15~2044% ; & ARASHE 7 BT84 48/ 85 » & 2A25ug/ml
proteinase K £ FA 25548  Z RS H F 0530460/ 8%F » % 2A25ug/ml proteinase K 4F

30548 5 & ARAS 5 7 R 3 AT72/N 8 0 F A50pg/ml proteinase K 4 A 254048 5 % Ak



B& 35 F BF B A 84 1By > F LASOpg/ml proteinase K AF A 30548 5 35 ARG H BF B AR
968 » % LA 100ug/ml proteinase K 45 A 304-4% -

K54 U PBT /&% iZ M2k » B 495 paraformaldehyde (in PBS) iZ:B20%5-4% » 24
B %, &A% IR Ak digest - 215 A UPBT ik > 55483~5Kk - A#HYB" % 4£65C &
heater k#5545 - BUFERS B3N lbHYB » 473/ B A2 X RJE - 2 4% LL65°C
FARAT #9757 (02 x SSCERTOCTAR) » LT FIBE BRI BATER B © £
65°C F > A75% HYB /25% 2 x SSC &i&AERSn4E 5 HA509% HYB /50% 2 x
SSC ZRAVER 5S4 + BR25% HYB /75% 2 x SSC i ikAE A5 H48 + % U2 x
SSC kAR Smst » mgRATOC BET » 202 x SSC ERAFR 105482 -

imaleic acid buffer 7% 1ml Z &R ° sjuAlml 1 x blocking
reagent > Bx2ul Anti-DIG-AP Antibodyse N H F » B4C > 3R A& RN 14/NEF o 2L
14,000rpm % B B 10448 » B EF R ° 127438 & A 1/5002 Ab solution °

B-3 Rt R
LA 496 PFA/PBS(Para formaldehyde/PBS)E € A& fi4 » overnight - Para formaldehyde

H-BRR > HheNEaTnEELES KRBT > #ALBEHFN BN
452 4x B 69 mRNA o 24 PBT JBRFHRE € RRRs > 5 42wk » PBT A — buffer
solution > T20 & — /- @& MR - T AR & B A% - FATRIGKRRBTFF
B & 4T AL 7K ( Dehydration ) » A{® & #A 4% 4F © Au A 200ul 759 PBS + 259 methanol
Bk VER 5 adE 5 AmaA 200ul 5096 PBS 4+ 509 methanol (A& 0 ER S o 4E
Aa 200ul 259 PBS + 75% methanol &% » YEA 5 4% 5 AuA 500ul 1009
methanol 7&7% > 1/F A 10 7548 2 Rk -

RS TR S — R IR IEISIKER T 7] 5 B8 47487k (Rehydration) @ 2475
9% methanol/259% PBT ik AEAS55481k > B 50% methanol/50% PBT &k AE
RS5m4E1R - B2 20259% methanol/759¢ PBT A& AERS» 481k > &4 2410096
PBT ZiRAF R 5o 484R o 48K 69 FE R 1R B S AT 7R F) 45 4 B HA R AR LR IR 09
proteinase K R ¥ » 40 F ! ZF AR F B3R 2]24/ 5 > R % & Llproteinase K & 42 ;

2 RERS 3 F BB A 240N 8F 0 F A 10pug/ml proteinase K 45 A 12~154-4% ; 2 RERH R
10



BE8L 236/ 8% 0 F LA 10ug/ml proteinase K 45 A 15~204-4% ; 35 BEPL % 7 53 A48/)
BF > % 2A25pg/ml proteinase K 4F 254748 5 35 BRAG2E 7 05 8L 460/ 8 > % 2A25ug/ml
proteinase K £ FA 30442 ; ZRRBS 5 F 0584728 8%F > % 2A50ug/ml proteinase K 4F
F2554% 5 5 WER6 A F B3 A 84N BT » & LASOug/ml proteinase K 15 A 30442 5 35 ik
B& 35 B BB R 96/N 85 0 E A 100pug/ml proteinase K 4F B 3044% © #/u A200ul PBT ¢
ik Proteinase K 894 A © /v A200ul 495 PFA/PBS £ %8 FAERA 2004847 B R E
£ o PFA ] #pi#|proteinase K& 7& M > 8 % & 52 4% 18 B dhdigest ° sju APBT F k5042
4R o 2 4% #FTTALE K RJE (Prehybridization) > %A AHYB™ ;Z#Asfs » HYB™ K
4-60% formamide ~ 5 x SSC%0.195 Tween 20 » formamide =] ¥ Bh 47 Bprobe &) —%&
4 SSC A H4E > 7T #2485 F % Bhprobe 8944 o Aun200ul FEZEHYB » £65°C
TAER2.5/ 54T TER X RIE - HYB® P4 HYB - yeast tRNA Foheparin - yeast
tRNA Fuheparin 7] % 8 & #Fprobei A & i + -

4% RNA probe-HYB" (each 200ul HYB 'containing 20~100ng RNA probe ) ££ 68°C
Ao AR 10 548, RAZIRR B oK - LS BRA R TR Z M43 > 68°C Iz R iRRE
Ko ST AEE G B A% R > 2R probe B & ZABZEA 8915 o Bk 200ul RNA
probe-HYB™ juApifs ¥ > f£ 65C F/EA » @R

EERE R > RBTF 758 #THRSE R (Probe removal ) :

W 65C BETF hA 75% HYB/25% 2 x SSC #i& /5 A 10 4-4%; F 24 200ul 50
9% HYB /509 2 x SSC &&AF A 10 5-4%; &4 200ul 259 HYB'/75% 2 x SSC %
RAER 10 4% 5 #3204 200ul 2 x SSC 7k AE A 10 4048 5 Bi15 A& 70C BAETF o A
200u1 0.2 x SSC Z&RAE R 45 748 2 R w®iZ L £ T $L 500ul Maleic acid buffer 1
B 5 5482 Re i SSC o iR B B AR > M 7k 424 R $9 04 B -F % B) probe 4245 -
T 2k K& JE & — & A4 probe o

Fa A 200ul maleic acid buffer ( 100mM maleic acid, 150mM NaCl, 0.19§ Tween 20 )
72 B BERS 2 4% > flu A 500ul 1 x blocking reagent & &% 4F A 2 /]N8F 0 347 blocking &)

R JE o & probe v mRNA 4 4-%% - T 3% & blocking reagent & % k #1 probe 444

11



mRNA f € > {# antibody #v DIG #4944 8 B4 & — 4 o

#4 AT — & B Au A Z blocking reagent %% i » /w A 500ul antibody solution( 1 : 8000 ) »
EWNA4C TR BR -

B EB % =R » ¥ antibody solution % i > Au A 500ul maleic acid buffer 7% &k &
— M & 4 antibody > 1E A 30 442> 3t E48 R — R 4 R 2 4% hu A 500pl freshly made
NTMT buffer > ¥EF 5 448 > it £48 Rk —F B 4 = > NTMT buffer i& % 4 € 5 2 AT &2
BoATAREE  EMRGFERE T THEAEL paticle B EZRMZERNE  Jv
A 400p] NBT/BCIP buffer i#47 2 & R JE > EARFIF o iRpe 05 8A6Y R F) » REEZ
& oyifh] o 2 &% (BCIP/NBT buffer) &98 & 7] sA4& diBJE » 7] LAk /) particle #
4 o u N 500ul PBT 1A 10 442> 3t E48 4b—8p4F 3 RIAKILEZ & RJE - fuA 500ul
100 9% methanol 1M 20 548 > L EHL—F I RUARBLZEFE—MHYT R
18 ° /v 500ul PBT 45 A 10 448 » ==k o jux 400ul 4% PFA 1R 5 48 > 2 R >
DLEATBRREE o fun S00ul PBT Fk =R > 21547368 R 4e PBT &9k & T 1%
HH4C KT -

C mBERRERHILSH
C-1 RNA &1t
# 1.5%EA R IZ G IRRS L BB A IRAS M 2 1.5ml tube F > Aw A 500l Tri
reagent * LA /i DEPC-H,O 8977 B A5 10 ik B 2K F 69 4% 40 8% S AR A6 B A48 > 2 4% B fo
A 500ul &4 Trireagent » ## E 2K E 1 448 » su 250ul chloroform » E %1% » #% &
KR E 1 pbEth aEao 25 s 0 IR EE R4 B UL Agilent Total RNA Isolation Mini Kit
(Agilent) #ATRIE > RAEWANFEEMR Y 70% B K o
C-2 DNAZABRRELRNSGAER
1# A Agilent Low RNA Input Linear Amplification Kit ( Agilent) 47 cDNA &4
RULES M A2 & 0 #2448 2L Cyanine 3-CTP (Cy-3) 42 2 » KB 41 8] Cyanine 5-CTP
(Cy-5) 2% » it g Agelent B (mfEs)) #ptifhBhek Agilent G2519F & &

Zebrafish Oligo Microarray Kit 32 % & A H & h B/TAZBILAR SR #Xo4H > £E

12
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Amplified cRNA

RNA RNA
from from
Sample A Sample B
5 AAAA 3' mANA 5 AAAA 3 mRNA
MMLV-RT MMLV-RT
Oligo dT-Promoater Primer Oligo dT-Promoter Primer
1st strand 1st strand
, Calt . : s .,
5 AAAA |Anti-sense 3' 2nd strand 5 AAAA JAnti-sense 3' 2nd strand
[P )P o [ i2B” o
MMLV-RT MMLV-RT
T7 RNA Polymerase T7 RNA Polymerase
Cy5-CTP, NTPs Cy3-CTP, NTPs

T7 RNA Polymerase T7 RNA Polymerase
o5 [ o5 o | oo

3 @ c coww—[_§ 5 oena v @ C cow—[F & cana
5 AAAA Anti-sense 3 2nd strand 5 AAAA Anti-sensef 5. 2nd strand
Promoter c¢DNA Promoter cDNA

Purify cRNA Purify cRNA

| - (] [
3 C g-wuu—["3 5 cRna 3 C cowww—[F o crNa

(antisense) (antisense)

9

Oligo Microarrays

C3MERTHRE

FIR B sE R B P R B ey Cy-3 82 Cy-5 #1480 A 6hpf 85 A 4% 4] 48 pr ps Cy-3
BE o P R A A o A H b B R Bk o B AL AT AASIE (normalization ) 0 B 4k
T LAR B S4B I Bk AT AR A EL g

1 A o-crystalline # 12 /N BFAR4E 2 Bk P 0942 &) 40 208 141.8 A 73R 0y B {E -
VUL HI BT ] R R B AR A R RO R AR R B e s Hl A K R AR T Ry

13



RER

(=) BWEBER B AREEBREN T2hpl S5 SEBIRTE -

B — : 72 hpf BRAsSMRRIARE

5 GRS T2hpf BF &ML TR RIS WS B LOEE T >  BRE
BRiEFEAE T2hpf B R EAN GG R - TRERERA N 15%BEHERIEE > B
gEkey (B — B A& #rsandam ) BEBEABAYE N ol (B— & &4
) B R EYOBE K - ef(trunk) 2 R EE dhik - R3fdndy > SRIBEAR
FEBkE) > A2 CBRR FRIZ > BARBGHENL (BEEHIM) SHRaEmRz
TCERAETHA - o BEREFTARTRIFS (FEEHKIM) -

(=) @& R BE - BRI R R AR & a5t

= : 84 hpf B ER AL e AP 42 bm il 5 JB 45 4% - PCL > E k% B & (photoreceptor cell
layer ) ; OPL » h4¥ 48 # (outer plexiform layer) ; INL » P94% & (inner nuclear layer) -

IPL > W4¥4& 3% (inner plexiform layer) > GCL » #¥ 48 & 4a jf2 ( ganglionon cell layer ) °
14



BB GBI F KA ZH% 12 v8F (12 hours-post-fertilization, 12 hpf")

B4E - AT & E AT &) £ A& A B AR A (optic primodria) » & #7 A AR (optic
vesicle ) » K% B ARIE TR A ALK R B > 2318 %m fniB 45 LA R & N W[4 14 T AR BR AR

(optic cup ) © £ 24 hpf 85 #7 £ A& » BRAR P9 S0 37 18] 69 A K 4a B0 B 46 32 385 70 b By 49 42 4R,

4482 (neural retina) > S B¢ R SN R tm i 8 > MARR B AT LE - AR
WAk B % (choroids fissure) » M fE AL 4L P9 BE o5 X T s 3% 35 ik ;o & (hyaloid
blood vessels ) - 4248 9 5 7 @42 #4272 hpf R T Tk > dm i da 73 M oh o By RR
Fotmp s SMAPEE R NG RENEH e ER 0 PR EEIR S AR
Zmpe, (rod cells) #4gidktmpt (cone cells) » WA% @ 44 & 35 % %4a s (amacrine cells )
s isa e (bipolar cells) o #&AFIER 84 hpf BFEAARIS B R » 53 1.5% 015 i3 0 0 Bx

B ERWB &R R FGAERTLKE (B=B)  @ldks Tl -

(=) BEHRFEFTEARNBE
1. pax6b £ H

Bl = © L.5%BEAM & RIE I IREE A T 60 E R BT pax6b AR &R - HHHK

24 hpf B3 -

Pax6 % — /&% homeobox Fi%&9385%TF > ¥EH] T FES AR R & 52 a5
o frt 38 (Xenopus leavis) #REBE T > pax6 #9454 %& 3], (misexpression ) &35 &
E fu bk (ectopic ) BRBE &9 4 ax(Chow et al., 1999) - a3t & & ¥ B & paxba Fv pax6b W

#& pax6 A B > H 232 % G Paxba ¥ Pax6b % J§ » & B ;&L F (activator) » f Pax6b
15



FEIL T B A2 A B ey 4L /7t Pax6a 3&(Nornes et al., 1998) o fLiB#5 ik I ey AR s +
pax6b 3R b & B2 B3 H] M IEAK o M RMEBR BB EBRRIEGEIL T o AR
TR RSHAMRBEE BT PRAEHEFTFELETHA

2.rx] X R

B 1.5%EH e B RIER RS T EL@T vl AR KRR > B3 RAR
BEuwR (BEHES) > HREMHkGEE (E5EET) - 4558 24 hpf o

rxl ¥ pax6 F) /& %> homeobox gene % > B A 4L R 8 AT Be4m fn 09 38 & 3t B A 5
H AT B 4 B AR F AR AL 48 B v &L 2% 09 o sE(Mathers and Jamrich, 2000) o 72 BR 85 25 F 49
ER o rxl @ RIFAREEE ta g (retinal stem cell ) Fv A B& 48 i ( progenitor cell ) >
fe e R (retina) ¥ o % &3 ho rx] 8 R IR G Hp ] KA A IE R B A 48 4e i 89
44t (Zaghloul and Moody, 2007c) A B #p 4] —sb ¥ aR BE 45 F 4B B 69 A B 4o onx2 -
six3~pax6 #) & 3H,(Andreazzoli etal., 1999) -8t & & P =48 rx LR 55 & rxl ~rx2~
rx3 JEARLUEREES R Al R AR B A (optic primordia) 0 BE R ] #x2 €
% R BRBF 3% K (Chuang et al., 1999; Chuang and Raymond, 2001; Mathers et al.,
1997) » F] B4, & 1% s AR 48 B & 4m L 4 3% A (Casarosa et al., 2003) o ST 89 5F % ¥ 3¢
R0l fikde B AT G AR AR 9 e B 0 KRBT ARY & > 3E B2 B I U AR A% BRBE AT AR
4m i, -1t &4 2 B 89 % 3R,(Zaghloul and Moody, 2007a) - f£ &5 2 @ e BeRs P » rxl &

HeyEBRRD > BB ] > BrRmiREiEsEsEE o B R %mineys
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%i']i@*%%%}@ﬁfﬁy ) %}@E&Eﬁéﬁ%’;&g °

3.s5ix3b % B

B A : 1.5%8 4 32 24 5 AR BRBE SR A 09 six3b AR &) R EM o B F o587 © 24 hpf o

Six3 7% % homeobox gene Kty — B » 4| LAt R 6935 7 - £ R &Y RRAS F
six3 KRB LRMAAR (lens placode) #9234 » MASILEYBREE T » KR LA
S8 ey b i a4k (epithelium) (Oliver et al., 1995) o # % 8% & (medaka) #9peps & -
six3 RRA LMINER (ectoderm) » f2fe 88 (lens) P AL AT » six3 A9 KRR
€ &% F B (Loosli et al, 1998) o & & &% & AR 5 H F &9 35 4 44 1 & 3R

(misexpression ) % R, six3 A B &% T HE o)t s & 88 (Oliver etal, 1996) - f£
FoP  RAVEB LS%IEAR R € RIS LB F 69 six3b AR RR > {2k

2B E A2 B L pax6h AR rxl KB PR % 0h % E sy o
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4. neuroD % B

neuroD neuroD

36hpf

neuroD neuroD

U

BN 1.5%BE4 @£ A3F neuroD AR AR a0k (B) L AMFRARGEE (&
&) Ak (olfactory bulb » 4 &,4758 ) BRI &RH -

NeuroD % — bHLH DNA #:38& G Z %R B AL ABEBERTERT LR
FEREBE L R o /by AT Ee4a By (undetermined precursor cells) Fo 8 F + 44 & o K
%= i1, (amacrine cell ) 2 &% % 4= i1 (photoreceptors ) » 3f 32 41 33 2 4m i, &9 5-4L(Morrow,
1998; Yan and Wang, 1998) » f& 448 B tm L 8 A48 K408 48 & & 2 49 A &.(Ahmad
et al., 1998) o £ &HAIEI BB S P43, 1.5% B 45 € 2 8 5828 neuroD % B ) & B 0581

(BxB) » T HEEBRERABEBRARBRERNG LR (B D) @ B rBHe
T-15 R 48 B 4 L 69 AL TAF -
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Bt 15%BEEeHRAEEaLAR LR (B & Es ) B HEH  72hpf e

rho B R ot ¥ 4y % & @ (thodopsin) 2 AR > AWEFEMA LG
BAEKRE@E 2B &G > B G-protein-coupled receptors (GPCR) & & R
% (Vihtelic et al., 1999) » H zh i /£ W B BRBE L0435 L B T AT R A B8
ARoe EBEE SN 0 rho ¥4 SOhpf BF HA B 46 & A AR 48 BB B ) &Y 3F 4
(Raymond et al., 1995) « £ RFER T > &K rho A B4 23R 4B P A2 AR R K 4a
o e AR A B o AR B R 4a B 0 5 ABAR O © B B &S RAE B 1.5% B €34 rho
ARG ER  BErRAEB b s Tk -

6. N-cadherin % B

B\ ¢ 1.5% B4 ) R 488 N-cadherin B &9 & 3, -

N-cadherin (N-cad) % B % — 458 F B a it 2 & & (Ca”-dependent cell

19



adhesion protein ) » R bafe o LI ET ERWAL - AR RE TR REEY
AR, 48 B2 5 )& 4 4 (Erdmann et al., 2003; Masai et al., 2003) - £ F B P 253, 1.5% 842
B R B 3K N-cad 09 R L (B &R HAL ) THALRTHRAFHRRLMAHE
BEAT G tm o B KAL) —AER R & -

7. oA crystalline (cryaa)

B A 1.5% B4 3L & alpha crystalline-A chain X R &y %3 (B) A EZHEBEHRAM®E

4/ (D)

alpha crystalline-A chain % — /A& G482 2 &8/ KB F (molecular chaperon) -
T SMES%me (lens fibercell) P 4AF > X2 AT EME OB £4RBE &
K@ M EE 4 (Cataracts ) (Bloemendal et al., 2004; Franck et al., 2004; Goishi et al.,
2006; Horwitz, 2003) - £ K B B ¥ X & & B4 alpha crystalline-A chain (cryaa)if 2 552
AR TAR  DBMBERHSEETOVE - A BT cryaa AR RRAL

30 hpf B HA AT PP /2 LRSS B &S P A AR R > 2] T 36 hpf sy AL A F
20



WA IR E M R — e R R(B A ) Fhss BB 1.5%BEH 28 €& R crvaa
8y R IR o f& 36 hpf BFEA1) & cryaa 2B 89 K3 o f& 72 hpf 8587 cryaa mRNA f&
S E T R RR TS D e L e ey il K TR B EBERER
O ERs ¥ cryaa AR FRRGE AL 0 &R PRI KRR EN R E o
fatafl 0 2R SHAEN - BERERB TR BB T ERE@EE T 45/

3 B tm By b4 Ak 0 38R TR S RS de BB 0 B 1R LB AZ o

8. huc

B+ 1.5%BEHRSERERABEPEH R MR EmE (BEREKESR) F7
AR huC &% R -

HuC & —fE#Hlip s min £ ke RNA k& G > @ kA miny RIE B &)
% tm i, & (Kim et al., 1996; Marusich et al., 1994) - £, 48B4 F B2 ¥ » huc & & —
M & B AR AP 43 B 4 i, ¥ S8 3 R %m i, & (Ekstrom and Johansson, 2003) o & T A2 /B4
7276, 80 BR RS P 38 R AR AR 48 B AP 48 dm B 6 BRI 0 BAPTAI A huc ARBA R R oA
REP ey &R SRR 1.5%BH GRBEIK huc £EREBEERGERRENR -
HLE T BEE R ENH TR @B it L AR EE R Ein > LiF

B Rl (NZEER) BV EH @I F o bE £ AR HIER -
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(W) BHRHEREFHRMARNEOZE AREA »#
L1S%BERHERARNRYLE

U Y-
96%

B+—:15%BEEZAHEEEEBARNRYDE ABKHLNEAREERRNYY
Eodr o BAI2ipH EE 4K 4%% DNA $13%& 4G -

EERT  AMAARESEE A RS REEF M (6,12, 24, 96 hpf 85
B1) BAAHEAE N 21,495 EAR BN HE - HEREAHBHREZGELE LR A
PHlmmE AR RARBEIKRE 0.67 A TEH AR % - £RR B HIEH
MEAFZE13BEZAEZHARBR LA A 0.67-1.33 122 M H 5 A k2 HBADE
o) — AR — AR B ERRE > REFHENE - TRERERA 3%
(539) BRERA 11% (2355) ARG ER S A XBEH L EmAgIpH 8 LA K
# 86% (18601) ARAIRXBE(E+— A) - MAERMSHEWHGER > o
#r A B> DNA #9338 % G/ A B A Fay sl b 2 E g sl A R##a (539 18
AR) Fu54% (2248) (B+—B) - SLEARLBARR KR T (k—):
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k— 3 EH BRREET

1% 1.5%B A5 40 %] 49 DNA 993 % g &

AR &A% £ AR &A% 5%
SNAPCc -43 kd subunit | TC294178 zgc:86933 NM 001002084
Nrldl NM 205729 LOC407718 NM 214797
HDAC NM 001002171 figla NM 198919
FIG alpha TC296075 L3MBTL3 AF149720
herl12 NM 205619 crx NM 152940
egr2b NM 130997 maf NM 131844
hoxc9a NM 131528 rybp TC279689
dharma NM 130979 wu:fi15h09 AW116541
per4 NM 212439 zgc:85969 NM 212914
BC076175 BC076175 irx4a NM_ 205698
rx1 NM 131225 optx2 TC2740544

g2 pnle) DNA shaEZ a v - SRR TR ARA 58 > 5%
crx ~ rybp (ringl/yyl binding protein) ~ irx4a ~rxl $1 optx2 - $b% HDAC (histone
deacetylase) R L3 R 85 25 F 9 R B AT (&3 ax ~onx2 ~nrl %) th kA8
(Chen and Cepko, 2007) - £ b i #3526 JK B  » Crx £ Six3b # BRI RBE AR K& &
rhodopsin % & #9 % 3],(Manavathi et al., 2007; Peng and Chen, 2007; Shen and Raymond,
2004) ; Rybp (RING1/YY1 binding protein) & —#&/§ #* polycomb Rk ehE & H » £
KB FPAEE HREE o3 7 98 269 A &(Pirity et al., 2007) 5 Irxda R & F @4 H]
slit] 84 & 3R R AR LB 5 F 69 3h % (Jin et al., 2003); Rx1 B 7 38 4% 0k 85 A7 56 4= i 64 3¢
A LR S AT AR 48 R o B BE 6y 5% F 69 ol sE(Mathers and Jamrich, 2000) ; Optx2 B & %

7 BRBF 2 F 47 A 49 T 4E (Bernier et al., 2000; Zuber et al., 2003) °

MBEFIAATE RNA TG TRERBHR > BF ] LEARSETANA

RGO TIF » MALATE TG M T six3b ELBEHEMATE > mAeLR S
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B P IR kR R E] six3b #yBAEEIPEIR £
¥osix3b X AMEEXEMAE -

2.15%BHRHRGAMER B E

R
A AR AR
£H

5%

M AZ PRI

95%

BaoT A BAR T 3| L A9 BREE B B W a9 M )

PRI
FRRR AR
A

16%
RN

2 TiNJiRiE
FHRBHZEA
84%

B+ A 1SYmAl R AT ] 2 Rk AR A B b 237 S A B 4 5% ¢

B 1.5%BEAEE P ARFEAMZIEARR 16%% 2] #pH] o

FATE % A Bl 6 539 EAE §

AT S 29 EEREEAAMAR > 454

W BAEWFERG S% (A=) - A -7 @ KRME—FHERAEARSE B T H

BREFAB B 69 184 BAE - A+ H 16%e A E B HpH] > mARBEIAR T IBEMHE

FeG KRB AT &) (3%) - BIELSRBE-TIRF ARSI T BHRELENIN

Lz —

24



k= B R GERES AR B K B

AR &A% £ AR &A% £
gnat2 NM 131869 RGS-R TC283615
zgc:56548 NM 201014 opnlmwl NM 131253
opnlsw2 NM 131192 opnlmw?2 NM 182891
opnllw2 NM_001002443 opnlswl NM 131319
rds4 NM 131567 rds2 NM 131566
pdcl BC060908 crx NM 152940
zgc:73336 NM 200794 nsf NM 201490
pdebg NM 212799 gsnll NM 178131
vangl2 BC065983 y-crystallin M2 TC290579
optx2 TC270544 RPE65 TC292426
uncl19b TC292819 brn3b-1 TC271657
RGS9 TC278031 Phosphodiesterase | TC275774
6y subunit rod form
opn4 NM-178289 blue-sensitive opsin | TC269441
colll alpha-2 TC293803 vsx1 NM 131333
fgf8 NM 131281

LREELEFSENREAMAR T R T 30 A4 5 R fa8e 51t ey K B A
T o 6,3F vsxl >~ brn3bl ~optx2 ~crx Z I 0 REy AR EHE TGRS EM

R o 4 A BT FH @ Brn3bl 3 44 4& & 4a B 64 4-1b(Das et al., 2007) » Crx iz
B B A7, %% & @ rhodopsin 3 A &) % 3,(Manavathi et al., 2007; Peng and Chen, 2007,
Shen and Raymond, 2004) > Optx2 %-$2 7 BR 8% %5 F 47 24 &9 T 4% (Bernier et al., 2000;

Zuber et al., 2003) » Vsx1 7% 4] 4t 4k Bk 56 4 i 69 - 1b(Clark et al., 2007) -
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Discussion:

1. Pax6 and rx1 — PLFIRFEESAIIE4A R (Dev Biol 306)

2. BMP13 regulate pax6, reduction of pax6 caused small eye size, stop lamination

and cell differentiation (BMC Dev Biol 6)

3. competition between alcohol and retinal metabolism

ERMO TR T ERREEBAEBENERT X BR 2O Em LA B
HRRE L m ey & R > B T ARBEE T 00 - R A & S BR R
WL R Z BB RGO HE 0 BT UR R B REF B8 F ER - B
F & B e AL By TAR A 2 B3] - BAFTH BT BB HRFEFTODE TR R A Ll
Mot > AEtE AR £ o

EARARTERR A BEPZERGE T 7 @ RAATE LR T R R T 6
F B A B 4 T Pax6 $1 ix] AR &3 & RBRAZO T B IR T HRE LR
BT BRNGERRYABRIER ST T 3 AR H 4 21 IR B 49 5t B8 4a I8 AE 59 T AR,
MBHRFAEE (LR G E B —F oAb R R R AT T AN
FRASHABARAL B TRATREA @SR REBSF LS RGAERR -
KRG FAER 1x] 1 Pax6 AR ARFEFTHBR TSR ERRGAE - x] X
Z R %M (stemeells) #9384 > DUBEF R F B89 E R > Pax6 893

At B B 18 F 12 ATAE BR B 4m I8 &9 54t T4F L (Zaghloul and Moody, 2007b) - #2 rx1 &
Pax6 A B oy R FABLL » B A —EIEFIREEF 0 E R RRIET siv6b 45
BARNM B ARBEFTOBETY  BRYH pax6 1 rx] KR 6 F B R B R R
BRBBOBREZHR K -

BTRE—FHEREBNLBERDEGLR T B LB EEREG YT
Hehl > BRAVETTERBR AW - TRERBRABHZEGTER 3%HAR L
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o 1% KR EM L H ik 86% ey AR AKX ABBE - £ EBHFIPH &
ARV A 4% AR AKX RFEF A DNA R E G AR - aRkasfap ey AR+
HBAVERA 16% KR BBEHIH > BN EREAR F B BHFHGERL
Bl o BHT 1SNBERHEREFTOVELIELRE RO H TR @G T
A BB A EA G TN —BEEERK -

EAB—F@m o KBAGEABRSER 2478 RNA RHMEX S ERARE S —R
Mo £AEARGR WY > HMGEL 7TRARFEFTHMORARAIE FRIBHY
B mAkdpd] 0 5B & crx ~rybp ~irxda ~ optx2 ~rxl ~ brn3bl $1 vsxl > T #4789 RNA
EALER AT A BB Z 0N ER T ] RRZB R > ENELAR
WEMRI A E— SR - KB - BRE 0 RV AR S — B
FRISEAR six3b I RXBEHABNBE > mAELRGZR M PR EZRT FEFY
K HERAmAE -

A RBHEGER RS EREETREORRAFSER LT H — R

WA B G RB R BB A T A (retinol) KA A BAE48 TR F - FHRAR
% B2 (retinoic acid )89 & Ak 518 5| AL RRBG 8 7 3 % o 12 4a I N VB A% X 34t A B 8% (acetic
acid) #44 £ A RS EAR TGRS LR NE EE 6 8B R » 2R TER
#.8% (alcohol dehydrogenase) $2 Z @B & &4 (aldehyde dehydrogenase) @ Bl 4t fe if
HERBHEIRT > NG BEEEELE T ARIRFAILE L ERRTHNYE R
AR > M & 4% F o) B (Clagett-Dame and DeLuca, 2002; Marill et al., 2003) o & 3%
169K B ¥ 85 2B A5 & 3 5] S F 1K pax6b ~ rx] ~ neuroD % 3k B R T LA R HACAR
AR RR BRI A L E A B R B R T RS F R ARAT R

BRI
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s
&

ABROTEE T o RAVEIIEH E AR PR 4955 F A 455 A AR

{“w

R —MEE - &8 RNA R AR &R 4 0 Blf4n b HiE S
LA HIRBE T OAR AL FHRR TR BHOIHER » &%
AR EREE A R Gy ERFG o P AR T B e e b ey B2 A R
T o JBAE H pax6b LA B rxl F B 69 %8 KB six3b 0 B iBAE R B AR 89

F B AR @ % & pax6b $ rxl A8 B 69 3864% > ML six3b YR ABRARE Y o
T ARAETFZI BEEHN @R E & G N-cadherin 8939 H] 4.7 58
AEBRR @B S ooy e R ERRR - RFME—FHRFNBEHZ
RN AR R RO PR T R FIRR TS RA M R T8

FERGES T a9 o

28



P& kS

Ahmad, 1., Acharya, H. R., Rogers, J. A., Shibata, A., Smithgall, T. E. and Dooley, C.
M. (1998). The role of NeuroD as a differentiation factor in the mammalian retina. J Mo/
Neurosci 11, 165-78.

Andreazzoli, M., Gestri, G., Angeloni, D., Menna, E. and Barsacchi, G. (1999). Role
of Xrx1 in Xenopus eye and anterior brain development. Development 126, 2451-60.
Bearer, C. F. (2001). L1 cell adhesion molecule signal cascades: targets for ethanol
developmental neurotoxicity. Neurotoxicology 22, 625-33.

Bernier, G., Panitz, F., Zhou, X., Hollemann, T., Gruss, P. and Pieler, T. (2000).
Expanded retina territory by midbrain transformation upon overexpression of Six6
(Optx2) in Xenopus embryos. Mech Dev 93, 59-69.

Bloemendal, H., de Jong, W., Jaenicke, R., Lubsen, N. H., Slingsby, C. and Tardieu,
A. (2004). Ageing and vision: structure, stability and function of lens crystallins. Prog
Biophys Mol Biol 86, 407-85.

Carvan, M. J., 3rd, Loucks, E., Weber, D. N. and Williams, F. E. (2004). Ethanol
effects on the developing zebrafish: neurobehavior and skeletal morphogenesis.
Neurotoxicol Teratol 26, 757-68.

Casarosa, S., Amato, M. A., Andreazzoli, M., Gestri, G., Barsacchi, G. and Cremisi, F.
(2003). Xrx1 controls proliferation and multipotency of retinal progenitors. Mol Cell
Neurosci 22, 25-36.

Chen, B. and Cepko, C. L. (2007). Requirement of histone deacetylase activity for the
expression of critical photoreceptor genes. BMC Dev Biol 7, 78.

Chen, E. and EkKker, S. C. (2004). Zebrafish as a genomics research model. Curr Pharm
Biotechnol 5, 409-13.

Chow, R. L., Altmann, C. R., Lang, R. A. and Hemmati-Brivanlou, A. (1999). Pax6
induces ectopic eyes in a vertebrate. Development 126, 4213-22.

Chuang, J. C., Mathers, P. H. and Raymond, P. A. (1999). Expression of three Rx
homeobox genes in embryonic and adult zebrafish. Mech Dev 84, 195-8.

Chuang, J. C. and Raymond, P. A. (2001). Zebrafish genes rx1 and rx2 help define the
region of forebrain that gives rise to retina. Dev Biol 231, 13-30.

Clagett-Dame, M. and DeLuca, H. F. (2002). The role of vitamin A in mammalian
reproduction and embryonic development. Annu Rev Nutr 22, 347-81.

Clark, A. M., Yun, S., Veien, E. S., Wu, Y. Y., Chow, R. L., Dorsky, R. I. and Levine,
E. M. (2007). Negative regulation of Vsx1 by its paralog Chx10/Vsx2 is conserved in the
vertebrate retina. Brain Res.

Cohen-Kerem, R. and Koren, G. (2003). Antioxidants and fetal protection against

ethanol teratogenicity. I. Review of the experimental data and implications to humans.

29



Neurotoxicol Teratol 25, 1-9.

Das, A. V., James, J., Bhattacharya, S., Imbalzano, A. N., Antony, M. L., Hegde, G.,
Zhao, X., Mallya, K., Ahmad, F., Knudsen, E. et al. (2007). SWI/SNF Chromatin
Remodeling ATPase Brm Regulates the Differentiation of Early Retinal Stem
Cells/Progenitors by Influencing Brn3b Expression and Notch Signaling. J Biol Chem
282, 35187-201.

Deltour, L., Ang, H. L. and Duester, G. (1996). Ethanol inhibition of retinoic acid
synthesis as a potential mechanism for fetal alcohol syndrome. Faseb J 10, 1050-7.
Duester, G. (1991). A hypothetical mechanism for fetal alcohol syndrome involving
ethanol inhibition of retinoic acid synthesis at the alcohol dehydrogenase step. Alcohol
Clin Exp Res 15, 568-72.

Ekstrom, P. and Johansson, K. (2003). Differentiation of ganglion cells and amacrine
cells in the rat retina: correlation with expression of HuC/D and GAP-43 proteins. Brain
Res Dev Brain Res 145, 1-8.

Erdmann, B., Kirsch, F. P., Rathjen, F. G. and More, M. 1. (2003). N-cadherin is
essential for retinal lamination in the zebrafish. Dev Dyn 226, 570-7.

Franck, E., Madsen, O., van Rheede, T., Ricard, G., Huynen, M. A. and de Jong, W.
W. (2004). Evolutionary diversity of vertebrate small heat shock proteins. J Mol Evol 59,
792-805.

Goishi, K., Shimizu, A., Najarro, G., Watanabe, S., Rogers, R., Zon, L. I. and
Klagsbrun, M. (2006). AlphaA-crystallin expression prevents gamma-crystallin
insolubility and cataract formation in the zebrafish cloche mutant lens. Development 133,
2585-93.

Grummer, M. A. and Zachman, R. D. (1995). Prenatal ethanol consumption alters the
expression of cellular retinol binding protein and retinoic acid receptor mRNA in fetal rat
embryo and brain. Alcohol Clin Exp Res 19, 1376-81.

Hallare, A., Nagel, K., Kohler, H. R. and Triebskorn, R. (2006). Comparative
embryotoxicity and proteotoxicity of three carrier solvents to zebrafish (Danio rerio)
embryos. Ecotoxicology and Environmental Safety 63, 378-388.

Hill, A. J., Teraoka, H., Heideman, W. and Peterson, R. E. (2005). Zebrafish as a
Model Vertebrate for Investigating Chemical Toxicity. 7oxicol. Sci. 86, 6-19.

Horwitz, J. (2003). Alpha-crystallin. Exp Eye Res 76, 145-53.

Ikonomidou, C., Bittigau, P., Ishimaru, M. J., Wozniak, D. F., Koch, C., Genz, K.,
Price, M. T., Stefovska, V., Horster, F., Tenkova, T. et al. (2000). Ethanol-induced
apoptotic neurodegeneration and fetal alcohol syndrome. Science 287, 1056-60.

Jin, Z., Zhang, J., Klar, A., Chedotal, A., Rao, Y., Cepko, C. L. and Bao, Z. Z. (2003).
Irx4-mediated regulation of Slit]l expression contributes to the definition of early axonal
paths inside the retina. Development 130, 1037-48.

Kesmodel, U., Wisborg, K., Olsen, S. F., Henriksen, T. B. and Secher, N. J. (2002a).

30



Moderate alcohol intake during pregnancy and the risk of stillbirth and death in the first
year of life. Am J Epidemiol 155, 305-12.

Kesmodel, U., Wisborg, K., Olsen, S. F., Henriksen, T. B. and Secher, N. J. (2002b).
Moderate alcohol intake in pregnancy and the risk of spontaneous abortion. A/cohol
Alcohol 37, 87-92.

Kim, C. H., Ueshima, E., Muraoka, O., Tanaka, H., Yeo, S. Y., Huh, T. L. and Miki,
N. (1996). Zebrafish elav/HuC homologue as a very early neuronal marker. Neurosci Lett
216, 109-12.

Loosli, F., Koster, R. W., Carl, M., Krone, A. and Wittbrodt, J. (1998). Six3, a medaka
homologue of the Drosophila homeobox gene sine oculis is expressed in the anterior
embryonic shield and the developing eye. Mech Dev 74, 159-64.

Manavathi, B., Peng, S., Rayala, S. K., Talukder, A. H., Wang, M. H., Wang, R. A.,
Balasenthil, S., Agarwal, N., Frishman, L. J. and Kumar, R. (2007). Repression of
Six3 by a corepressor regulates rhodopsin expression. Proc Natl Acad Sci U S A 104,
13128-33.

Marill, J., Idres, N., Capron, C. C., Nguyen, E. and Chabot, G. G. (2003). Retinoic
acid metabolism and mechanism of action: a review. Curr Drug Metab 4, 1-10.
Marusich, M. F., Furneaux, H. M., Henion, P. D. and Weston, J. A. (1994). Hu
neuronal proteins are expressed in proliferating neurogenic cells. J Neurobiol 25, 143-55.
Masai, 1., Lele, Z., Yamaguchi, M., Komori, A., Nakata, A., Nishiwaki, Y., Wada, H.,
Tanaka, H., Nojima, Y., Hammerschmidt, M. et al. (2003). N-cadherin mediates retinal
lamination, maintenance of forebrain compartments and patterning of retinal neurites.
Development 130, 2479-94.

Mathers, P. H., Grinberg, A., Mahon, K. A. and Jamrich, M. (1997). The Rx
homeobox gene is essential for vertebrate eye development. Nature 387, 603-7.
Mathers, P. H. and Jamrich, M. (2000). Regulation of eye formation by the Rx and
pax6 homeobox genes. Cell Mol Life Sci 57, 186-94.

Morrow, M. J. (1998). Function and dysfunction of supranuclear and internuclear eye
movement pathways. Curr Opin Ophthalmol 9, 46-53.

Mukherjee, R. A. S., Hollins, S. and Turk, J. (2006). Fetal alcohol spectrum disorder:
an overview. J R Soc Med 99, 298-302.

Nornes, S., Clarkson, M., Mikkola, 1., Pedersen, M., Bardsley, A., Martinez, J. P.,
Krauss, S. and Johansen, T. (1998). Zebrafish contains two pax6 genes involved in eye
development. Mech Dev 77, 185-96.

Oliver, G., Loosli, F., Koster, R., Wittbrodt, J. and Gruss, P. (1996). Ectopic lens
induction in fish in response to the murine homeobox gene Six3. Mech Dev 60, 233-9.
Oliver, G., Mailhos, A., Wehr, R., Copeland, N. G., Jenkins, N. A. and Gruss, P.
(1995). Six3, a murine homologue of the sine oculis gene, demarcates the most anterior

border of the developing neural plate and is expressed during eye development.

31



Development 121, 4045-55.

Peng, G. H. and Chen, S. (2007). Crx activates opsin transcription by recruiting
HAT-containing co-activators and promoting histone acetylation. Hum Mol Genet 16,
3433-52.

Pirity, M. K., Wang, W. L., Wolf, L. V., Tamm, E. R., Schreiber-Agus, N. and Cvekl,
A. (2007). Rybp, a polycomb complex-associated protein, is required for mouse eye
development. BMC Dev Biol 7, 39.

Raymond, P. A., Barthel, L. K. and Curran, G. A. (1995). Developmental patterning of
rod and cone photoreceptors in embryonic zebrafish. J Comp Neurol 359, 537-50.
Reimers, M. J., Flockton, A. R. and Tanguay, R. L. (2004). Ethanol- and
acetaldehyde-mediated developmental toxicity in zebrafish. Neurotoxicol Teratol 26,
769-81.

Shen, Y. C. and Raymond, P. A. (2004). Zebrafish cone-rod (crx) homeobox gene
promotes retinogenesis. Dev Biol 269, 237-51.

Toso, L., Roberson, R., Woodard, J., Abebe, D. and Spong, C. Y. (2006). Prenatal
alcohol exposure alters GABA(A)alpha5 expression: a mechanism of alcohol-induced
learning dysfunction. Am J Obstet Gynecol 195, 522-7.

Vihtelic, T. S., Doro, C. J. and Hyde, D. R. (1999). Cloning and characterization of six
zebrafish photoreceptor opsin cDNAs and immunolocalization of their corresponding
proteins. Vis Neurosci 16, 571-85.

Westerfield, M. (2000). The zebrafish book. A guide for the laboratory use of zebrafish
(Danio rerio). Univ. of Oregon Press, Eugene.

Yan, R. T. and Wang, S. Z. (1998). neuroD induces photoreceptor cell overproduction in
vivo and de novo generation in vitro. J Neurobiol 36, 485-96.

Zaghloul, N. A. and Moody, S. A. (2007a). Alterations of rx1 and pax6 expression levels
at neural plate stages differentially affect the production of retinal cell types and
maintenance of retinal stem cell qualities. Dev Biol.

Zaghloul, N. A. and Moody, S. A. (2007b). Alterations of rx1 and pax6 expression levels
at neural plate stages differentially affect the production of retinal cell types and
maintenance of retinal stem cell qualities. Dev Biol 306, 222-40.

Zaghloul, N. A. and Moody, S. A. (2007c). Changes in Rx1 and Pax6 activity at eye
field stages differentially alter the production of amacrine neurotransmitter subtypes in
Xenopus. Mol Vis 13, 86-95.

Zuber, M. E., Gestri, G, Viczian, A. S., Barsacchi, G. and Harris, W. A. (2003).
Specification of the vertebrate eye by a network of eye field transcription factors.
Development 130, 5155-67.

32



4

—
I

& [5ih ST RN RS SIT AGRY E F PURYRRE SR TR 2R L R
PSSR SR T PR - A AR L SYoi v BT o ) € R Ry
(16%) - i P e o T [Epg = h gl [ IR IR
R IR - kL FEETE ISR SR -



	酒精對斑馬魚胚胎眼睛發育的影響
	作者簡介
	摘要
	Abstract
	前言
	研究方法與流程
	研究結果
	討論
	結論
	參考文獻及附錄
	評語


