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Introduction

The identification of a rapidly increasing number of genes involved in vertebrate de-
velopment is accompanied by the need to study their functions. A powerful approach for
unraveling the molecular mechanisms underlying developmental processes is to ectopically
express a gene of interest in embryos and examine the consequences. The avian embryo
offers many advantages for developmental studies over other vertebrate embryos as it allows
easy access for in ovo surgical manipulations such as tissue transplantation as well as implan-
tation of cultured cells and chemically-treated beads for local release of specific humoral
factors. The establishment of the chick-quail chimera system provided a powerful tool for
tracing the fate of transplanted donor cells (Le Douarin 1973). If one could combine the
techniques of such surgical manipulation and localized gene transfer, the chicken embryo
would be an outstanding animal model for studying the molecular mechanisms of develop-
ment.

However, gene transfer techniques for chicken embryos are still quite limited in scope.
One of the few available methods is the replication-competent retrovirus vector-mediated
gene transfer, which although useful has some serious drawbacks; only coding sequences of
less than 2 kb can be packaged into the vector and basically more than one gene cannot be
introduced simultaneously (Morgan and Fekete 1996). It takes about 24 hours the proteins
encoded in the retroviral vectors to be expressed after manipulation. In addition, postmitotic
cells cannot be transfected with retroviral vectors. In this respect, the adenovirus system is
advantageous due to its higher efficiency of infection, but as is the case for replication-com-
petent retroviruses, it is difficult to restrict gene expression into a locally specified site (Leber
et al. 1996), as well as laborious to prepare the recombinant adenovirus.

The successful use of an in ovo electroporation technique has been recently reported
(Muramatsu et al. 1996; Muramatsu et al. 1997a) and appears to be an excellent method for
the introduction of genes into chicken embryos. This system has the advantage that two or
more genes can be simultaneously introduced into cells with no apparent restriction on size

of cDNA to be used. However, difficulties remained in controlling the precision and effi-



ciency with which DNA could be targeted to a site for expression. Here we describe a modi-
fied version of in ovo electroporation. By replacing one of the electrodes with a sharpened
tungsten needle, we were able to narrow the electric field, enabling the introduction of DNA
into cells within a small area with high reproducibility. It also allowed us to target various
tissues originally thought to be refractory for this type of gene transfer, such as mesenchyme.
This modified technique promises to be highly useful for the functional study of gene prod-

ucts controlling developmental processes.



Materials and methods

Plasmid Constructs

pCAGGS-GFP and pCAGGS-lacZ were made by excising the GFP and lacZ coding
sequences from pCMX-SAH/Y 145F (Ogawa and Umesono, 1998) and pCH110 (Amersham
Pharmacia Biotech, Inc.), respectively, and insertion into the blunted EcoRI site of an expres-
sion vector pPCAGGS (Niwa et al. 1991). RCASBP-Tbx5/GFP is described elsewhere (J.T. et
al., submitted). Plasmid DNA was puriﬁéd using a plasmid purification kit (QIAGEN, Ger-
many) and dissolved in T1/4E (Tris-HCI (pH.8.0) 10 mM, EDTA 0.25 mM). Before injec-
tion, DNA was diluted to the appropriate concentration with T1/4E and colored with 0.05%
methylgreen (Nakalai Tesque, Kyoto). Unless otherwise specified, pPCAGGS-lacZ was used
at a concentration of 0.25 pg/ul and pCAGGS-GFP at 1.0 pg/ul.

Electroporation

The electro-square porater BTX T-820 (BTX, San Diego, USA) was used to generate
electric pulses under control of a pulse monitor MVC540R (Meiwa Shoji, Osaka, Japan). A
platinum electrode (Muramatsu et al. 1996) was made from platinum wire (¢ = 0.3 ~ 0.5
mm). The tungsten “microelectrode” (¢ =40 um at the tip, Fig.1B) was sharpened in hot
fused sodium nitrite (Hamburger 1942) and held by a holder (Fig.1B) connected to the electro-
square porater.

Fertilized white Leghorn eggs were incubated horizontally at 38.5°C. Embryos were
staged according to Hamburger and Hamilton (1951). Before manipulation, 3~4 ml of albu-
men was removed and the top of the shell elliptically cut with scissors to open a window over
the embryo (Selleck 1996; Stern 1993). Hank’s saline was used to wet the embryo and elec-
trodes, so that the resistance between the electrodes decreases to around 0.5~1.0 kW. For the
conventional method, electrodes were placed on both sides of the embryo, the DNA solution
was injected over the target cells with a glass capillary and an electric-field was applied

(Muramatsu et al. 1996). For microelectroporation, only the platinum electrode connected to



the red lead (anode) was set prior to DNA injection. DNA was injected as above. A tungsten
microelectrode connected to the black lead (cathode) was inserted into the embryo close to
the target cells so that the microelectrode, injected DNA solution, target cells and the anode
are aligned on a straight line in this order. The conditions of the electric pulse (i.e. Voltage,
Pulse length) are described with each experiment. The window in the shell was sealed with

plastic tape and embryos were incubated until the desired stages.

Histological analysis

Embryos were fixed in 4%PFA/PBS for 1 hour for observation of GFP fluorescence or
B-gal fixative (0.2% glutaraldehyde, 0.4% paraformaldehyde, 2 mM EGTA, 2 mM MgCl,,
0.02% sodium deoxycholate, 0.02% NP-40) for 30 minutes. GFP epifluorescence was ob-
served under a MZ FL III fluorescence microscope (Leica K.K., Tokyo) for whole mounts or
embryos were sectioned (100 wm) with a microslicer (Dosaka E.M., Kyoto) and observed by
confocal microscopy (Yokogawa Electric Co., Tokyo). B-galactosidase (B-gal) activity was
visualized by X-gal staining (Hogan et al. 1986) with slight modification, in which ferricya-
nide and ferrocyanide concentrations were increased to 20 mM each. X-gal reactions were
carried out at 30°C for 4 hours. Following the X-gal staining, 15 um paraffin sections of the

embryos were prepared.

Time-course detection of transgene

PCAGGS-GFP was introduced by microelectroporation as described above. The em-
bryos were incubated at 38.5°C after electroporation. The plastic seal on the window was
removed and photographs were taken under the fluorescence microscope as mentioned above
(10 seconds exposure). Bright field photographs were taken to identify the position of the
embryo. The window was resealed and incubation continued. The procedure was completed

within 5 minutes so that the development of the embryo was not disturbed.



Results

Site-restricted expression of the transgene introduced into chicken embryos

First we tested whether we could successfully transfer reporter genes into the optic
vesicle of stage 10~11 embryos by the reported method. DNA solution containing lacZ ex-
pression plasmids (PCAGGS-lacZ) was microinjected into the cavity of the optic vesicle
(Fig. 1A). A few drops of Hank’s saline were added to cover the electrodes and an electric
field applied (2 mm gap platinum electrode, 15 V, 50 msec, 3 pulses). Electroporated em-
bryos were incubated for a further 24 hours until they reached stage16~17. Only 30% of the
electroporated embryos were alive after the incubation period (Table 1) and examination for
B-gal activities revealed a few cases where B-gal-positive cells could be observed in the optic
vesicle (Fig 2A). In most specimens, however, no B-gal-positive cells were observed (Table
1, Fig. 2E). Thus, the efficiency of gene incorporation or expression appeared quite sporadic
in our hands. Moreover, 3-gal-positive cells were widely scattered over a broad region cover-
ing the diencephalon, midbrain and epidermis as well as the optic cup (Fig 2A). We further
tested viability of embryos using this method, changing the strength of the electric field: no
embryos survived 24 hours under severe conditions, (25 V for 2 mm gap), whereas almost all
of them survived under milder conditions (10 V for 2 mm gap), but there was no increase in
efficiency of gene transfer.

In order to express transgenes in a more region-specific and efficient manner, we nar-
rowed the application of the electric field to the vicinity of the target tissue by replacing one
of the electrodes with a sharpened tungsten needle. After injection of the DNA solution into
the optic vesicle, the tungsten microelectrode was inserted through the anterior neuropore
into the vesicle so that the tip of the microelectrode was located beneath the optic vesicle
(Fig. 1A). This microelectrode was connected to the cathode and the platinum electrode to
the anode, which was placed approximately 1 mm lateral to the embryo. An electric pulse
was applied twice at 7 V for 25 msec. The window was sealed and embryos were allowed to

develop for a further 24 hours. Overall viability was approximately 90% after the incubation
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Fig.1 Schematic representation of the electroporation technique and its instruments. (A)
For conventional electroporation (Left), DNA solution is injected around the target tissue and
an electric pulse is charged using two platinum electrodes located on both sides of the embryo.
In the modified method (Right), an electric pulse is applied by using a thin tungsten electrode
(microelectrode) near the target tissue. The microelectrode is always connected to the negative
electrode of the electric pulse generator. (B) Microelectrode sharpened to 50um or less is encased
in plastic and connected to the cathode.




Tablel. Comparison between the microelectroporation and the previous method in the gene transfer efficiency.

Electrode Voltage Number of embryos Live embryos & Embryos b-gal-positive
in optic cup 2
(vaiablity %) (efficiency %)

Tungsten micro-electrode (¢ 40 um) 7 28 25(89.2) 25 (89.2)
(1 mm gap, 25 msec x 2)
Platinum electrode (¢ 0.5 mm) 10 7 7 (100) 1(14.3)
(2 mm gap, 50 msec x 3)
15 20 6 (30.0) 3 (15.0)
25 6 0(0) 0(0)

11

a: assessed 24 hours after the electroporation



Fig.2 Comparison of transgene incorporation into optic vesicle between the previously reported

method and microelectroporation . (A, C, E) Conventional electroporation: lacZ and GFP
expression plasmids were injected into the optic vesicle at stage 11 and a 15V, 50 msec pulse
was applied three times. (B, D, F) Microelectroporation: DNA solution was injected into the
optic vesicle and a 7 V, 25 msec pulse was applied twice. (A, B) Whole mount X-gal staining
to show transgene distribution after conventional electroporation or microelectroporation.
Embryos are viewed laterally. (C, D) GFP expression in neural retina and pigment epithelium.
Observation of GFP fluorescence in a 100 um frontal section by confocal microscopy . Top is
dorsal. Strong fluorescence was detected in both neural retina and pigment epithelium in (C).
Pycnotic GFP signal was detected in pigment epithelium layer in (D). nr, neural retina; pe, retinal
pigment epithelium. (E, F) Fluctuation of transgene expression patterns between individual

embryos.
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Fig.3 Specific expression of transgene in various types of tissues by microelectroporation.
(A) Lens-forming ectoderm. pCAGGS-lacZ solution was placed around the ectoderm and
the microelectrode placed over the area. Three pulses of 15 V, 50 msec were applied. (B)
Visualization of f—gal expression of an embryo processed as in (A) viewed laterally. f—gal
activities are observed in the lens vesicle (arrow) and surrounding ectoderm. (C) Otic
vesicle. lacZ expression plasmid and the tip of microelectrode were placed on the invagi-
nating otic vesicle at stage13 and three pulses of 10 V, 50 msec were applied. (D) Embryo
electroporated as in (C) B—gal signals were detected in otic vesicle (arrow) and acoustic
ganglion (arrowhead) as well as surrounding ectoderm. (E) Midbrain. Platinum electrode
was placed on the ventral side of stagel2 embryo. pCAGGS-GFP was injected into ven-
tricle connecting the forebrain-hindbrain. The microelectrode was inserted into the mid-
brain cavity from the dorsal midline. Two pulses of 6~7 V, 25 msec were applied. (F)
Ectopic GFP expression in ventral midbrain visualized after 24 hrs. (G) Somites. Platinum
electrode was inserted beneath stage13 embryo and pCAGGS-lacZ (2 pg/pl) was injected
around the newly formed somite under the surrounding ectoderm. Microelectrode was
placed dorsal of the injection site and three pulses of 10 V 50 msec were applied. (H) B—gal
expression in dermomyotome viewed from dorso-lateral side of the embryo. (I) 15 um
section of the B—gal expressing somite in (H). (J) Cranial mesenchyme. 5.0 pg/ul
pCAGGS-GFP solution was injected from dorsal or lateral side of the head ectoderm into
cranial mesenchyme and microelectrode inserted near the wound formed by DINA injec-
tion. Three pulses of 15 V, 50 msec were applied. (K) Bright-field and (L) dark-field views
of ectopic GFP expression in cranial mesenchymal cells. le, lens; ot, otic vesicle; VIIIg.,
acoustic ganglion; mb, midbrain; fb, forebrain; op, optic vesicle. (M) Retrovirus
electroporation of limb mesenchyme. 5 pg/pl RCASBP-Tbx5/GFP solution was injected
into lateral plate mesoderm that will give rise to mesenchyme in the hindlimb area and 3
pulses of 15V, 90 msec were applied. (N) GFP fluorescence in hindlimb of stage 23 em-
bryo.
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period. (Table 1) Examination for expression of the introduced lacZ gene in these
microelectroporated embryos revealed that almost all of these embryos had many B-gal posi-
tive cells which were spatially restricted to the optic vesicle and adjacent ventral forebrain
(Fig. 2B and 2F, Table 1A).

We further compared the distribution of transgene-expressing cells in the optic cup by
introducing green fluorescence protein (GFP) expression plasmid, pCAGGS-GFP. When
pCAGGS was electroporated by the previously reported method, about 5~10% of the cells in
the pigment epithelium expressed GFP judged by the fluorescence and no GFP expression
was detected in the neural retina (Fig. 2C). In contrast, when pCAGGS-GFP was introduced
by microelectroporation, almost all the cells located in the central retina and pigment epithe-

lium were uniformly GFP-positive (Fig. 2D).

Tissue specificity of the transgene expression

The technique presented here can be used to introduce DNA not only into the optic
vesicle but also into other tissues such as sensory placodes, surface ectoderm, neuroepithe-
lium of CNS, somites and limb mesenchyme.

Lens placode: The microelectrode was placed near the presumptive lens ectoderm (PLE)
at stage 10~11 and DNA solution was applied between PLE and the microelectrode. The
anode was placed on the opposite side of the embryo (Fig. 3A) and an electric pulse (10 V, 50
msec) was applied three times. After 24 hours of incubation, B-gal activity could be strongly
detected in the lens vesicle and also in the ectoderm located nasally and temporally to the lens
vesicle (Fig. 3B). This naso-temporally-extended expression seems likely due to the direc-
tion with which the microelectrode was inserted. In cases where the microelectrode was
inserted from the dorsal side, the ectodermal expression expanded dorso-ventrally (data not
shown).

Otic vesicle: A similar approach can be applied to the otic vesicle. DNA solution was
injected into the invaginating otic placode at stage13~14 and a microelectrode (cathode) was

placed on the otic pit (Fig. 3C). A low pulse was applied (7 V, 25 msec, 2 pulses) and the
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embryo was incubated for 24 hours. The otic vesicle and acoustic ganglion, derivatives of the
otic placode, expressed -gal strongly (Fig. 3D). In some cases, we observed a strong B-gal
signal in the surface ectoderm near the otic vesicle, apparently due to leakage of the injected
DNA solution.

Midbrain: DNA could also be successfully introduced into neuroectodermal cells cov-
ered by other tissues, such as those in the midbrain, without destroying surrounding tissues
by inserting the electrode near the target cells. The dorsal side of the midbrain was punctured
and a DNA solution was injected at stage 13, followed by application of an electric pulse
using an inserted microelectrode (Fig. 3E). The voltage and pulse length were decreased (2
pulses at 7'V, 25 msec) to prevent damage by the bubbles formed at the cathode. By this
method, even though the injected DNA solution spread from the forebrain to hindbrain re-
gion, only the midbrain was found to be positive for expression of the transgene (Fig. 3F).
Interestingly, strong GFP fluorescence was observed on the ventral side of the midbrain,
probably because the microelectrode was inserted from the dorsal side and the DNA moved
towards the ventrally placed anode.

Somite: To target somites, we injected DNA between the newly formed somite and the
overlying ectoderm of a stage 13 embryo. The anode was placed beneath the embryo and the
microelectrode was inserted under the ectoderm (Fig. 3G). An electric pulse of 10 V, 50 msec
was applied three times and the embryo incubated for a further 36 hours. 3-gal signals were
detected in the myotomal cells spanning a segmented somite along the anterior-posterior axis
(Fig. 3H, I) and dispersed signals were also detected in dermatomal cells (Fig. 3H). In some
embryos, a few sclerotomal cells also displayed B-gal activity (Fig. 3I).

Cranial mesenchyme: To target cranial mesenchyme, we injected DNA into the mesen-
chymal space surrounding the optic vesicle at stage12. To overcome the problem that only a
small volume of DNA can be injected into the mesenchyme compared to the volurme that can
be injected into the ventricles for targeting epithelial cells such as those in the optic vesicle,
we injected a more concentrated solution of pPCAGGS-GFP plasmid (5 pg/ul). The micro-

electrode was placed near the hole made by the glass capillary and a strong (20 V, 50 msec)

16



electric pulse was applied three times (Fig. 3J). The embryos were then incubated further for
24 hours. In histological sections many GFP-positive mesenchymal cells were found sur-
rounding the optic vesicle and nasal pit (Fig. 3K, L).

Limb mesenchyme: We also attempted to introduce replication-competent recombinant
retroviral DNA RCASBP-Tbx5/GFP which encodes GFP fused to a transcription factor Tbx5
. The DNA solution was injected into the lateral plate mesoderm at the level of the prospec-
tive hind limb at stage 9. The anode was placed anterio-laterally to this region, the microelec-
trode was inserted medially towards the target region and 1~3 pulses of 12~17V, 90 msec
were applied (Fig. 3M). The embryo was reincubated and harvested at stage 23. Intense GFP

fluorescence was observed uniformly throughout the limb mesoderm (Fig. 3N).

The expression level of a transgene is concentration-dependent.

We examined whether the level of transgene expression mediated by electroporation is
dependent on the concentration of injected DNA. The GFP and lacZ expression vectors were
mixed and electroporated into the head ectoderm at stage10~11. pPCAGGS-GFP was used at
concentrations of 0.05, 0.25, and 1.0 pg/pl whereas the concentration of pCAGGS-lacZ was
fixed at 0.25 pg/pl n order to assess the electroporation efficiency. The levels of GFP
epifluorescence were compared between areas with similar levels of B-gal expression.

At equal ratios of GFP: lacZ expression plasmids, the distribution of GFP-positive
cells was virtually identical to that of B-gal-positive ones (Fig. 4B, 4E). This clearly demon-
strates that more than one gene can be simultaneously introduced into the same area of an
embryo. When the concentration of GFP DNA was raised to 1.0 pg/pl. the strength of the
GFP fluorescence greatly increased and could be detected even in -gal-negative cells (Fig.
4C, 4F, arrowheads). By contrast, at a GFP DNA concentration of 0.05 pg/ul, the level of
fluorescence was much lower or not detectable in the cells that strongly expressed B-gal (Fig.
4D, arrow). Following longer exposure (20 seconds, Fig. 4G), these 3-gal-positive regions
were found to be also positive for GFP, albeit at levels under the detection limit in the shorter

exposure. From these results, we conclude that the expression level of the transgene is depen-
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p—gal

GFP

Concentration of injected DNA

lacZ 0.25 ug/ul 0.25 pg/pl 0.25 ug/ul
GFP 0.05 pg/ul 0.25 ug/pl 1.0 ug/ul

A

Long Exposure Short Exposure

Fig.4 Quantitative regulation of transgene products by changing the concentration of
DNA solution. 0.05 pg/ul (A, D and G), 0.25 ug/ul (B, E and H) or 1.0 ug/ul (C, F and I)
GFP expression plasmid was co-electroporated into the embryos with 0.25 ug/ul lacZ expression
plasmid. B—gal expression is shown in (A, B and C). GFP fluorescence as detected by a 10-
seconds (D, E, F) and 20-seconds exposure (G, H, I) prior to B—gal detection. Arrows indicate

regions that show a comparable level of B—gal.



dent on the concentration of the DNA solution injected.

Timing of the expression of transgenes

The advantage of direct in ovo visualization of GFP fluorescence allowed us to moni-
tor the time-course of transgene expression in a single embryo after electroporation. The
pCAGGS-GFP plasmid was introduced to the optic vesicle as described above. Fluorescence
was not yet detectable at 1.5 hours (Fig. 5A), however, by 2.5 hours, low levels can be ob-
served (Fig. 5B). By 8 hours, the electroporated embryos displayed significant levels of GFP
expression (Fig. 5C, 5D), and the intensity of GFP fluorescence continued to increase up to
24 hours (Fig. 5E). This increase in the fluorescence intensity seems integral due to accumu-
lation of the stable GFP protein within cells. Transgene-expressing cells were still observable
3 days after electroporation, although the expression level and the number of GFP-positive

cells were significantly lower than at 24 hours after electroporation.

19



1.5 hr 2.5 hr 4 hr

8 hr 24 hr

Fig.5 Time course of the detection of GFP fluorescence after electroporation. pPCAGGS-GFP
was introduced into the optic vesicle by microelectroporation and incubation resumed shortly
after. GFP expression of an embryo photographed in ovo at (A) 1.5 hours, (B) 2.5 hours, (C)
4 hours, (D) 8 hours and (E) 24 hours after electroporation. Exposure times were fixed at 10

seconds except for (E) which was decreased to 5 seconds.




Discussion

The electroporation technique in general has been used for introducing DNA into a
wide variety of cell types, including bacteria, yeast and animal cells. The method relies on the
transient generation of pores in the plasma membrane, which allows macromolecules to pen-
etrate into the cytoplasm (Neumann et al. 1982; Potter et al. 1984). However, application of
an electric field under such conditions (1 kV/cm~10 kV/cm at the peak) to organ cultures or
whole embryos causes damage due to destruction of cell-cell interactions. For example, we
noticed that electroporation disrupts the apical-basal polarity of neural retingl epithelium in
organ culture (T. M. unpublished observation).

It has been recently reported that use of low voltage rectangular electric pulses can
introduce DNA into cells of chicken embryos in ovo (Muramatsu et al. 1996; Muramatsu et
al. 1997a; Muramatsu et al. 1998) and this type of electroporation has been successfully used
by several groups (Muramatsu et al. 1997b; Ochiai et al. 1998; Ogino and Yasuda 1998b;
Sakamoto et al. 1998; Suzuki et al. 1998). This method, however, still retained difficulties in
the accuracy by which one could target the site of DNA incorporation since a wide electric
field is applied to the embryo through relatively large (0.5 mm¢ x 4~12 mm) platinum elec-
trodes. Moreover the viability of the electroporated embryos is low due to the toxicity of the
electric current on the embryo.

We thus attempted to reduce the area of the electric field by using a sharpened electrode
of about 40 um in diameter (microelectrode) and inserting this directly adjacent to the tar-
geted area. With this microelectrode-mediated in ovo electroporation, which we call
“microelectroporation”, we observed that DNA could be introduced and expressed exclu-
sively in the target cells. Since the distribution of injected DNA solution was similar between
our microelectroporation method and previous methods, the difference in the distribution of
transgene expression appears to result from the local restriction of the electric field around
the tip of the microelectrode.

The increased efficiency of DNA introduction, reproducibility of tissue targeting and

higher survival rate for embryos over the previously described methods can be attributed to
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the following: 1) Insertion of the electrode into the embryo allows direct application of the
electric fields to target cells, avoiding interference from other insulating tissues. 2) Likewise,
this allows more precise control over the region to be targeted. 3) The higher efficiency of the
method means that a lower concentration or a smaller volume of DNA can be used, facilitat-
ing the targeting of tissues such as mesenchyme. 4) Restriction of the range of the electric
field reduces overall toxicity and allows electroporation of embryos of earlier stages.

We observed that injection of a mixture of lacZ and GFP expression plasmids results in
coexpression of both genes, indicating that a single cell can incorporate more than one gene
simultaneously by microelectroporation, in contrast to the retroviral system which permits
introduction of only one gene. This gives us the potential to introduce two or more genes into
the embryo to analyze their combined functions and interaction.

In addition, the retroviral system usually requires 24 hours for transgene expression.
We were able to detect the transgene products less than 2.5 hours after eleciroporation. This
rapid expression is likely due to the physical introduction of DNA into the cells. Between 4 to
8 hours after microelectroporation with the GFP expression plasmid, electroporated embryos
displayed a significant level of GFP fluorescence. The short interval required to obtain a high
level of localized gene expression allows us greater flexibility in the choice of target embry-
onic tissues which are rapidly developing.

In our experiments, expression level of GFP reached its peak intensity at 24 hours after
the electroporation and gradually decreased thereafter. This is likely the result of degradation
and/or dilution of the plasmid DNA during cell proliferation, as the plasmid DNA is not
incorporated into the host chromosomal DNA. Similar observations were reported previ-
ously (Muramatsu et al. 1997b). If one wished to establish stable misexpression of the transgene
product in the developing embryo, it would be necessary to integrate the DNA into the ge-
nome of the target cells. This appears possible by electroporation of a retrovirus vector con-
taining the gene to be expressed. By this method, introduced DNA becomes incorporated into
the host genome by the integrase activity encoded in the vector (Varmus and Brown 1989;

Whitecomb and Hughes 1992). We electroporated a retrovirus vector DNA into chick em-
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bryos and were able to observe strong transgene expression which was maintained for more
than 3 days in the targeted tissue (J.T. et al., submitted). This “retroviral-electroporation”
possesses advantages over the conventional retroviral infection method: 1)The retrovirus
vector DNA is directly introduced into embryos, therefore no virus particle preparation is
required, nor does one need to worry about fluctuating titers. 2) Initiation of transcription of
retrovirus-electroporated genes appears to require a much shorter interval than the conven-
tional retrovirus-infection method (J.T. et al, submitted).

In this study, we introduced GFP or lacZ reporter plasmids which are driven by CAG,
a strong chimeric promoter that is constitutively active in various types of ceils. Promising
future applications include use of this electroporation method to test the activities of native
promoters fused to such GFP or lacZ reporter genes. This would be a very quick and easy
method to test multiple constructs for the presence of regulatory enhancer elements com-
pared to the time, labor and cost involved in making transgenic “blue” or “green fluorescent”
mouse lines. Use of the GFP reporter gene would allow one to follow the stage-dependent
activity of individual promoter in ovo.

The data we presented here showed the introduction of DNA plasmids. Since
electroporation introduces DNA into the cell cytoplasm by spontanecus or electrophoretic
inflow, other negatively charged macromolecules including RNA, oligonucleotides and anti-
bodies can also be introduced by electroporation (Okada et al. 1986). If one wished to obtain
even more rapid expression of a transgene than that presented here by DNA electroporation,
injection of in vitro synthesized mRNA (Melton 1984) should result in almost immediate
translation into protein after electroporation. Antisense oligonucleotides and antibodies offer
the potential to block the function of specific genes in ovo.

Some of the problems that remain to be solved include the relatively low efficiency of
electroporation for mesenchyme as compared to epithelial cells and the damage caused to
fragile embryonic tissues by bubbles of hydrogen gas that occasionally form on the micro-
electrode. The latter appears to be alleviated by the use of tungsten needies for both elec-

trodes (T.M. personal observations). These problems are likely to be overcome in the near
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future with further improvements over this technique. Overall, microelectroporation appears
to offer tremendous potential for efficient introduction of DNA into various kinds of cells in
a temporal and region-specific manner. With the combination of microelectroporation with
microsurgical manipulation, the avian embryo is a powerful tool for analyzing the molecular

mechanisms underlying the embryonic development.
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F¥ 5k

AEFFETIE, BMEADBREIZBIT 5L ERROGIH 2 1 = X L1200
T, WEOFKAEBE*EFIVIVATLELTHY, oo L L) L AS, £
DHBOFTHERE DBV EDH, ROREIIODWTED L) % 2 L HTHIE
ENTVBEDPIZOWT, FTHEICHHT 5,

HE DM BRI DR

S, 0% ) SHEER LI, SR SN B M LA 2Fo4 &
7ebdh, BT AIIL T —DoDZRINATEE . T2ol—D2DHf L *
NER) ACIROBEDRIC, BAEROBMHE T EA BT E0 L) gt XS
HFIEL, TN EDL ) ITLTETIN, BHELBAOBELZELDESL ) 2 ?
FNIEGOEILDOBETEDI I IZLTEBRINTELDLEAL ) 2?44
FLRHMZEANBZE > THELZBETH ) H 0, ZTOMBEDEL IIREEZS
nNTWiwn,

auTayNIDRAFT A v 7BRIEF Hox BIZF)DERIZE-T, B
HOBITHEAMRE OB B LICE o THEEREIL, ZOEHENENSFALT 1 v
U BT ORIE O T THEIILS U UE e BET 52 L0555 h > T&72, Hox i
BHOKL LT, FHEWICOFEELTVD I EFHL IR, i DIED .,
FEARB LR B UBE L BFERIICE V) FERICL > THE SN T A Z L HURME
ENTVE, RAFT A4 v VBIGFORAZME T L HERBEFEIEBIZTIZLS
HEFEDOLY bT =2 FHL2IILTE—FT, MRS, RIETESTF
DL RVTOFEED AN Z XL RFEHRIIERFEEFIZL > THLMIZENTE
EERFEAEFTIRIEEDP ORFEDMBZIY 70 Jkofiz L2 BAET 5
Z LT, »AHME G 2RO DL R B DT &0 & 5 12
LTWwa0%, Bl LEDL ) 2B e TbDPER<5ZLATEL,

Spemann & Mangold (3 E5FEA DB IR B OMAE Z FH I MET 5
. FICHLCRBAZEL, BELAEICZAE@SEREE T2 28R L
(Speman and Mangold, 1924), BHEF 2D b DT TH L, BHELIZE (KA M) D
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FBE P O ZRKIEDPTER S NE 2 &6, S IR OEELIZIZEE O -8 X
P THRETES 5| SR TIPS B LEZ, T DHEBE% Organizer( + —
A —. eBdk) LA 72 (Spemann 1938 )o * —FF A4 H— DR EWKIZ, 5
DT, HROEFIRMICBENICHRI>TWIDOTIE L, BE2»S>D
BEHT, TFE] ICLoTHEAINI B, LW EILHE, C0ES5%, Hoi
DRI DAE (HIF ) VT E A T, MR OE A MR I B BT AR S
[EFEE] & X5,

MHEEELETNIFLE LTDIR

=TT AT =X 2 mH) DR (body axis) DFELE —RFE L5, F—
HFAF -3 MEHZE2TEROTVELITTII R, BIZ—XKFEDE, %
R TR, ZREBITHREIZOTFEIME DL L, RE M7 ] & 4
Wlo =T FAHF—DWEITTLOT L 204E, 1904 4E12, Spemann (3Tl & \»
VST MO THRE L TVED, £ TidH TV (Rana fusca) DAEKIZB T 55
BTHolzo KEEIHEENBHDOH TVIED S IEE CFRMEIE 2 KT 5 ) %
Gk LTI BRWGE. KEBPER SN LW L2 BnZE L, KEERIEEIC
RIDFEEDVVETH S Z & % FEHH L 72 (Spemann, 1901)0 # D Lewis 1L %
KRIKBEETER L 2 CEBORENRE BT 5 & KB 0EEIELE D
LARGEEDFIT B E 2R L. BRE 5 OFENFEEINEE DK GEE~D 3L
t+aTthsz t%ﬁ%tt@meWQQ

Lewis DEERA R T 5, IR —TANICKEIEIED 5K EEDOIH % i1
ET B EV), HRREIC X 54558 (instrucive) ZFEEFNVIIOVBEZI TEL S
N T &72A%, 4 Grainger ED 7 )V — T 3G F - EHEH LTI LI2E D,
Lewis DEERIZB W THL L 72K BB SHERTH Y EE D 5 13K EEATH
BINTWiWI L2552 L7 (Grainger et al., 1988), £ 5 (2 iRFZ I3 K Stk D
FEICTH TRV EZRTE LI, KEEFIEVIERIC L - THEENS
DIRTI, FiRRAM RS - BIFCkREE 2 LI X B BRI R B8 SR L. AR EAED 5
fLICEZE 2% E 2> Twb Z & Z7R L7z (Henry and Grainger, 1987; Henry and
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Grainger, 1990)c IRFEAKEETIIZLETHLDIEHND L VEETH L D5, K
ST Je5L » THMRZED LB VSR Bk a v ¥ 7 v 2 2 5158 L,
FOHPOMBER L ENSD Y T F VI o TREESLEE % 8858 L 77 (K
WA TAVHBRFEES NS, BE»SDFEIZL > T, %I 0 5KEEMIE~D
SALDSE SN SEENTL B EEZ 5N TV 5 (#3 Grainger, 1992; [X]
6)o

Grainger IC & 2 EBRBEFENLEMTIBDH LI hhboT, BEDL IS
KEBFEDOGFAHZAXLIIDWTEG Lo TV RV, F2T, DL RE
BEEEFMERE D L2 PTFEYFHLFELHCT, FEOAT =X 4,
ThbbED L) RFEFFVERL, TOBRED L) LB+ FHE SN LA
DRI FNZT P EHLPIIL X9 bFEX /2 IROFABIEIZIBI 5 FHEDHF
W AR =X LWL, —RFEZIILDETLMPOFEHET L2 HE
EHETHILILE T, BEBRZAL TEY DO/ h 2L E T 55HE
DEIIZOVTHEMTEL L) G512 LHBSNL,

RDFEE

B DL RBEOHRNE { #MEITH-> TVW 2, ML HERE, HE
FEAROEBREBRRLLY, EEEROFELAVTAFRELTEETH L,
BB OO D72 b3 hN o DEGBIEIE L CELIZESHTH L7, 22
AR E B B FHA Y HHAEL TV B,

BEER DB EE (5 b ARREIEVE) IS, ¥rb b, —Z4ELTH
A 22 R KRB TIBITEND o BRERAZ 72T H T AMK%E 8o 72 61E 608 (
thFEE A S &b EOE, EP) ST AR E S NS, I 4
MG, LREMAOR L L MROBEEORB IS PN T VL, 14
BED§ CHME % MBS R BB - TV D ([7),

IR OMBIE. IRE V) RERE L BEES D010 FE LRI THEAT
Wiz TE% BB, BIZEKER L SO BRI EIIEETH Y,
St BIE T EOBERB D88 — ¥ HSERICHE SN T2,
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Competence E 7K B TR
Bias

Regional TE 7K S AR
Specification

e frha

Fiber Differentiation

M6 KEEMEDTNFRT v TETF IV, KEFEMEICH T 2HHIE. REBIC
£ 3FMIC & > TRESEEPKEEICH{ET 5 £ 1 Jinstructie induction s A
ZZXLTIREV, KSEDFEIEBRERICED, HEEEHIEED 5 DFEP
FEMIEEE, > DS AEBIC L > T = $KBIESEREEIES L (competence or
bias), BREAH 5> NFBICL - T, EBRICKBEICHMET 2MEEH/RE 5,
(Grainger et al., 1992)
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DB DRI O D% o T 2 DIIHREOIIIT, 2ok
TE DRI IE M & — 8 EE LIRB L IFEN 2 852 BT 5. 20839k
LD Y 18 & 72 B R (optic stalk) Z 4 L THAE & D% 25> T 5 (X 8A). R
i S SR % & ) 2 OARZE (2 REWEE L IR DIEERD FCIF
LLBWOTREIMEE L BT ) IS L7285 THRAL, BELHE DR &4t
BWMORBOAN_ED L0 %R LTINS #EE O % (M 8B), WD
J2 (3 A AEVEHERE (neural retina, NR) & IFFIEN 2 JRE L - 3EmifaE & 25, 20
Bh O mM BB sE A END, —HIMlO#E B IIEREEE
&%@mmm@mmwmwmuwmt@@ﬂ\ﬁﬁéii&uﬁw#%(@a%
=7 PURERTIEAT =Y 13~14(I02 2 B ) ICKEER T 2 — FOREST 2012
& %o T, IRIMORTTER (FHREEAENR ) &R (MR H LR ) 2SI
ROToNDE LD, MEMEED =2 —0 v L @EAE FEMIES %
bEDEMEEBMTELILEPRLAONTEY, RUHMLFEETIELZNED
DBZ 5 L RFEHR T TICNRPEBHEDSRT L EZ N5,

R 7517 3 G DG

HHED /X5 — YRS AREEFERAE OB b DFEY 7P itk o T
HHINTNELEEZLONT VS,

MR D 2L (RBRELZ L L 9 % W) (S | AR D AT R 3G 12 O &
DN DREZEBE LTHEHNS L LV, MRS Z OB T 20 5 EE
2o T, ML L 9 5 HIBAHEARETER O M A E 7200 Tid A <. FHE(
ThbEFERMMBEILR) ICHHFLET S I LR ENT VS (Adelmanm, 1929). #HH
DHBFED ~ — 71 — T % Rx/rax #815T (Casarosa et al., 1997; Mathers et al., 1997;
Furukawa et al., 1997). Pax6(Walther and Gruss, 1991), Tbx5 (ET) (Li et al., 1997,
Takeuchi et al., #&FaH ) & IR OFI A ICHI L, ZORIUIPRETIZ LI
LTBY, BOFELEV—EZRT, BREbk < AT EE (R & 5 i 20
FT) 2o SRR TS HHERIEBE SN TN D Z L %% X 5 & (Boterenbrood,
1970; Corner, 1966), HBIEEZEIIRMN,OMEEL L TEREINL LW L0 b,
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Vo 2 ATEWEBIC S LR R ORIMERE L L TER SN, HIZZOHhHhs &
SICHEIZ L o THREREAESII Yy PENLZOb LRV, BEDLIAZ
D& ) BFERRERET 0T, BEFNLRAEREIZNE 0D, Rx DFEBL
STEA A & IEH 1T E MR IR ( ERR IR B EE) L TR R T
ZBLTBY, Rx DiaFIFBUI RN L R S5 2 & 5 5 (Casarosa et
al., 1997; Sakagami, 1999), & LA I I v FSNFEBIZEHL TWED0b LA
2\,

TR B SRR R I C O L oA DFEFE L L TH LA, Zebrafish D
cyclops EERIE, PRMBEOREBMOMEENRI L. KREL B I NSIR
DHEEAREE L, EERPRIC—DDIEZHD L v ) B—ENJE (holoprosencephaly),
HBRSE (cyclopia), DRBFEZRT . AELERKIIE POBEFHE LT, (bFWE
LIZIBARERELLTLE L OHEND S, Zebrafish  cyclops ZEERILHIHD
JE ) & prechordal plate & IFIZN B HIREHKRDOEFZRELTE Y, FAKD
prechordal plate Z #5355 Z LIl X o TEZDRBVIBEET 5. 2£ U cyclops &
BAATIRZOMBHERD Y 7TV (EFRTTF V) ERLIEILEST
holoprosencephaly % 7R3 D Td 5 (Hatta et al., 1994)o cyclops ZEAEDELBIEZF
i Nodal-related2(Ndr2) & \»9 TGE-beta BID ¥ 7/ F V53rF% a— FLTHED
Nodal ¥ 7 FIViSFEIGREDTEK 2 FET 5 L E 2 b TV 5 (Rebagliati et al.,
1998; Sampath et al., 1998) Sonic Hedgehog(Shh) (& prechordal plate TEEAE S 15 1E
B Z7F IV ThHY cyclops ERETIIZDREBEIEL LN TS, Shh @ RNA D A
YVxrvavildoT, BREERLIIHIGFEIRI o ZROEEEFS . IRIF
e OB OHEIEDILN D L SEE TV % (Macdonald et al., 1995), § 7%
L Shh & 72 IZEPDIEHR Y 7 F VABIRDOHEBZ W 232 L o T, ERICH
oMb B EB L IRAE - BIEEIER 2 L OB E OEES o b L E 2
LB TWh,

FIEEPERBIE - RAIR (B 3 LB Brtt DHE & HEFF
B IRAR OB (=7 VU BOBETAT — 2 15) 1B HERR
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EREIERE2ERGE o TVWB I LD, HEMTREZFEREOL LT
B2 THh 5, MESCOIEEET TH L Rx, BT IZIRIL D Al (H B =
YEFIZBRBLTHERELTWAZEPFRESNTVEA, BlE, oHEEaE L
MR ATE D X 9 IZ L THLT 220, § b LR m Azl ( Ao &
o ThIV) PRI LTHLENSL D, L) RBIRIEOFERNIZEIT 2
BELMETSH 5,

IR DEMIIHFIE Y 5 BT S HEREE LR OG5 b2 5FE T 2 2 & 2%
HRTH Y, REOBE ~ B (22 TRESMEE & OB = O FMOHA
B0, BRIOICHEEE LEOSMLEBE 2, MEOFRE % 126 L
TWVb EW)EZAITREN TV S (Lopashov and Stroeva, 1961),

— K D RERRAT AR O b FE T L W AT R ERN
T& 7z, BIZ ISR Z /BT L, ARMBIERE ERICo1bd 2 8% 1
RENGENANZES L) I(T b bIREOEAN#EZ IS T2 L 512) LTRE
L7z 2 A, &AHRAERMT TIZAEREDOKEMEIMVEER 5 S 1M A5k
T 5 2 EAT1630 FEICREICHRE & LTV 5 (Dragomirov, 1937; Mikarai, 1939) ¥
2= P EHAWAERT, 27— I 10 DRBITEE SN2 EZDO T 2K A
Bz )R\ EZAH, DFPLMEEREEOMAE 2% L TiZ & A & DM
JEEREEICHIL LIz I BmEN SN TS Hyeretal., 1998), L2 L7355,
HALIZ TR EIEEE 2 B L 7245 R Foko i A5 F ce M Ve A8 I A8 1L 2 12 1R
U ASRAEEREIE T 2 580 S MR MEBIESFE SN L WIS T
&, REITKBEERE L2 IHEEMBIEDI R EN L ko258 hiE
PTIE e IKEBEDHIRED/8Y — VIBAZ LD & 5 1B T W B 51220 Tid,
LD EBRVENZLEL LTV,

FEHE DML IZBEH 2 BERID > 7 F 537

V< ORDBEDRIBII S 7 F VB FHEED HE D BEDERThH B & %
25N TVD, BEOMEEHES 5 ETF T 5HREE 4 SNTHD.
%12 FORCRMEMMBERT ) 7 7 3V — DB 5 5 T S HBIE o 51 %
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YD EVAEN TS, bFGF XM MBS LM T ClRM 2 & iRt
(FEIEMAREET ) O L Z FET 5 Z L S ST B (Pittack et al., 1997; Hyer et
al., 1998), HRMEDHIKKEE 22 bFGF % s8ak 3 2 EDUAZ RIN$ 5 Z & ©., M
REEI D ALIZINE]I T 5 Z EATE B, —77 aFGF 12 L TSIl <72 F 587k &
FOMEEREERTIE, FEARSBBIVEERZOBICL POy 1 VA IHARA
72 FGF-1(aFGF) DBIEF 2 R &85 2 L2 X o T, #EMEEO SEARET
b EDEEENT5 (Hyeret al., 1998),

A BBORTOFGF DFEBITEIZMcAvoy D7V — T2k T, v ME
Z F W CEEICEIE S T2 5 (de Tongh and McAvoy, 1992; de Tongh and McAvoy,
1993; Lovicu and McAvoy, 1993; Lovicu et al., 1997), aFGF IZiEFIHT ( 7k S ik b ABE
LTWiwy) I THHZHEI0OHBR (LU TEIO LK, =7 VD AF—
10~11 12404 ) OFEKRBHEINEETRIAL T 5, RIELTEA. LE L THgHE
HERE 243 Mb 3 A ELI~E12( =7 MU D E2 IZHYE) iI2B W T, [REEO/I . B0
W (T % b bR AL T 28 IS 7 F VBRSO N L, T 7KK T
I a— F, KEEBD proximal Bl (2 £ Y FEAk S AN TR BELTWL
%o IKEEDTAL UHEGBIEORELR T TG EI3 LM (=7 b D E3.S5 LIS
FH24 ) TIZHBRE T D aFGF DHEHIZFF T 1 . HXFAYISKFEIE & ciliary margin TD%
B E > Twb, NI L bFGF 12, El4 I[ZHEBEMEEME OS5z L bk o
THDTHHAPBHEIN TS, =T P DFGF DR/ N7 — I L T,
ES( A7 — ¥ 23) LAFZIZB L T bFGF D#EE T DZE B2 S LT 2 A% (Consigli,
1993), FIHIDZEB/ VY — L idbh o Tk, MEFZFNEFNHIL 25E %2 D -
TWwab0p», BEELLEEZHE) OPAHTH 05, %B/%5 — 513 bFGF
(I HEEARAREET D EIZ S L aFGF 3 MBEDO M D /8y — Vb > Tw b
DTIE VTl EN5,

aFGF/bFGF U/V @ FGEFASHBIE L # DRIERATHRIB L T 5 = L L S h
Tw 5, FGF-15 3 differential display i C27 0 — = 7 E N1 FHEDOFGF TH 5
A5, X7 AEIS DIFEIZRCEFE TR OB HER (374 b b F 2 Mk #aiE s )
THRBIPHEREN T W5 (McWhirter et al., 1997), 72, FGF-12%55 v b E16 D
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JEAREE IR TR L TV 5 Z L 2% SN T 5 (Hartung et 2l., 1997), 5 72
Vogel-Hopker & & O O FLREAFFIC & ) FGF-8 S IRIEDEM T (=7 P VIEA
TF—12), ZORBHROFLHT( ATV ISEYEHL TV EZ LRV
LT\ A (Vogel-Hopker et al., submitted), FGF-8 13, % DFIEEFE A 5 IR D 41 HH
DINF ==V TG T HRFDOERE L TETFLONT WS,

—7. FGEFZZEMHIEB b % b D L L TFEGFR-1 75 FGFR-4 % T 4 FEEAF
£ L (Johnson and Williams, 1993), £ ® ) b FGFR-1. 2, 3 (2B L TZA @O
AT ORBITHE SN T b, FGFR-1, 2 (MR L CHEHR S b 75,
FGFR-11Z="77 P E25(BZH L AT — T 15~16) DR T L BEHMAR N DD
(23 L, FGFR-2 (ZHRDJE B % B ) LM TRk T3 5 (Ohuchi et al., 1994;
Tachibana, 1999), FGFR-3 I3 BRI TIZFEE L T % W ASK AN Th v F5 B AR
& &N Ty 5 (Ohuchi et al., 1994; de Tongh et al., 1997; Wilke et al., 1997; Tachibana,
1999),

HARE D NR-PE D85 — VI ILBMAEIZHESL S NS DD, B HFEE 5L
BHEAZDHE TOMEIITDEGMEANGEZ LI LD TE L, 728 2 A TMFEMH
B BET S & invivo THME L 7R8I T2 LIk b & SEREABIE A FE T 2
(Coulombre and Coulombre, 1965; Lopashov and Stroeva, 1964), bFGF (3 f#i#Z {4 Ha i D
BAEZFETEL I LIHEEN T 5 (Park and Hollenberg, 1989; Park and
Hollenberg, 1991)c Z D ALERRIIEEESLHFTHEMNICLAZ D ) 505, aFGF/
bEGF % ¥y VRN 2 & & CHLEEHR % B8+ 5 2 £ 75T % 4 (Pittack et al.,
1991; Guillemot and Cepko, 1992)o 7 X T D silver ZERMFII B E A 25 H F W12
TR bR 2 KRB %R L. aFGF \SBHIZIEE L T in vitro THL
B %o silver RRETIIRREE LR oL L-Mlars 20 E 2 #HT 20
WL BELBEFPRBELTWLID TRV EEZSNTWE, FGF D3
& — VEEMLIZE VTV B D, FhE bR O MR~ S O FIl#H
RFDBRDOBEDHIFIE T VB EELLEDLDF AL,

Sgx-1 DIFIE & T DFFF 4 FHEH
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BRICBITDHEED AN XL EZFNTAHI2H72o T, KBFZETIIMEE &L K
RoMmBIZER L, MEEKEEOEENECIZ, 3RO T
DEICHFEEZZITTOEOPHLPIZL L) EkbTz, FOBIZ, FEL 7 F
VOFEBRRPHREARDLDTII R, FEOBETEHAT AEERFIZEL L,
ZOEBEFLEDL ) ICHIBEEINTHE00, FFNo0MHI%RBEICL T, ]
DEERLMDBIETFOREBIED L ) LE B2 RIZT LN TELDDZHARSD
LT, BOFEDOBREELZHL 2T 5,

AAFFEDBEIET, RDNA T A 7TV by u—= 2 7 ENTEIET Sgx-1/
SOHo-1 B & O Sgx-21%, KEAETTa—F, BBHOFEAAE> THBES 2 Ln
BERTINEITHONTV AR TREATIEERFIL — 210 L, ASERH
EOFBIZES Lo TVEDTRE W LFHESNL, 2T T, Sgx-1 ¥ > /%7
BORTOZREZARLZ LT, BRICBIFA2FEDH Ay — F4BET LI LIZ
L7
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M ERE

Sgx-1 Bl Do —=22

=77 b EADKGE, HEE S RNAZHBEL ., cDNAT A 75 #1/EHL
72 (Kakizuka et al., 1993)e A7 ) ==V 734 ) T2 7 LA F F e W7/ BN %
FHiEIZ X o THT o 72 (Sambrook et al., 1989); 7H—7 & L TNKE DA 24+ F 2 A
YO3IFERBOAN) v 7 AT AHA)TX I VAT R
(3*?P-GARACICARGTIAARATHTGG ¥ 7213 3*P-GTGAAGATTTGGTTCCAGAACCGC) %
Az, BoN/2cDNAZ B — D —D, HxddFR A4 F AL Y& & treds %
HN—LTBY, TOra—r%Sgx-1& Lz, BoN7z200H0 70— 0iyp
BiISgx- 1Dy o0 —rTHY ., 5B OFHUL Sgx-2 ZHAHT7ZHHD A A 4K v
7 ABILF D cDNA ThH 572,

=7 F Y HDBRIE

=7 b UEINIA ARG (ZRE) AOBALZABL SRR L bW
Fro EEMETREET, WWEEM 72 8.5SCOMIPET TR S 47, B, &
WEDHICIT SATER I mmBEOREZHIT. ¥y Y2 HT3~4ml OIIH
FREILzhE, EuUNYTF—TTREENVE, NHROLFIZIERHAEIITES
BA (T 72, Hamburger-Hamilton ® A 7 — ¥ 3 (Hamburger, 1951) IZft> TAT— T %
e L7z,

FENK b thIHEE R 2
FEKGEIVEERETHIE, AT -V 11~12 DJEIZH L T4 - 72, Hankis
%2187 (10 mM Hepes-Na (pH. 7.5), 0.14 M NaCl, 2.7 mM KCl, 1.0 g/L glucose, 0.5
mM CaCl,, 0.5 mM MgCL) % 2, 3iEL L, ¥T ) VRZ Y ¥ 72T V4 THW:
TRERT 20 AT =V 12 TRIHHERT THEBETEDLN TN 25, EREH
ShnEHIZEEMLUTHEBEER S/, T A=~ FIVT 1% Nile Blue( 77
I A4 F AL ) KEBE TEKBBIWVEERDIEAL, 5B~ 10 FEFHE L T Y
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L 72%%. T5% (1 ml %) O Hank’s S % C8%] D Nile Blue % BV i L 726
gets SNTHVETER ¥ 7 AT VETRHD L7zo SHEZEDK&EGD1LER S HKIE
BB T 2 AMEZEIC DGR RON B DT, Bk~ IRBOBRIE 2B ) MO ER
NIRELRE L2, BER, FEZEUHEEY, B2 tunr 57— 7 THEL TR
PRERICR L. BAEZETSE,

ZL 7 bFLV—2 7Y

IV baRLV—YaryOERNLHEIEE-HTHEN, Sgx-1 DILEKE
DIVEE CTOEHIER OB E Sgx-1 DFEHN 7 ¥ — pCAGGS-Sgx-1 & Sug/ul Dig
EETH 720 pCAGGS-GFP(0.5ug/ul) ¥ 7213 pCAGGS-LacZ(0.25ug/ul) % 3 A #if3
DFL—H—ELTHWE ==X 2HEEEA FLAG Jufh g a1z~
FEEITEH NI LD D, Sgx-1 BIEFE P L= —BEFOERELZ. Sgx-1 13EK
L72FLAG Y b — FIC T G EED /Sy -2 &, FPL—F—D/XF =
F—I27% 5 X)o7, 3B E L Tid pPCAGGS-Sgx-1 DX 0 IZFEEED
pCAGGS # & A L7:, DNABE z TEKGPIVEERLIZEAL, § YT AT~
HEMBOB S 2POEAL, BOT CHICEE. 10 V50 msec D73V A % 3 [OIE LA L
720

BRRI~D F I+ b A AT 4 7 Sgx-1(pCAGGS-FLVP-S1) M A 1Zi, R
W57 baRb—Ya YETHWZ(FESROZ L), DNAREIIE
BEOBELECEBEICRE L. AT =Y 10~11 D=7 b ) ORI, 5
HoAZ—FIEfEAL, DNA ZIRBAEBIZIEA L7z, M/NER T BT EEL
LiE AL, SCmAsiRR PR ICELE L 72 KEE T 5~7 V, 25 msec DNV A % 2 [M[EH 47 L
726

TFF7ZXIF
pEFX3
FA & 72 B X2 ¥ — pEFX3(Ogino and Yasuda, 1998b) (3 EF-10. @ 7 11 F —
Y — EEHOBMEMBBAORENRY ¥ —Thb, ZONT ¥ —DOFEMIIFHEE
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@® pEFX3-FLAG/pEFX3-FL2

pEFX3 O Hindlll ¥4 MIFLAG LY +—7% 32— F35F ) ITX 7 LA F
FEFALIZFLAG ¥ JRE S VSV RDREBNRI 5 —ThH 5 (5% S8,

@® pEFX3-FL-Sgxl

pEFX3-FLAG ® EcoRV/BamHI % 1 b Sgx-1 @IEFD ¥ > /37 & 2 — F4EIK
(CDS) % fEAL72b DT, FLAGLY b—7 % 7% Sgx-1 % ¥ /%27 O N- K58
HLUIBEY v 30 2 EET B (F8E2EHR),

@® pEFX3-GAL4

GALABLE Y X FIDFB X7 ¥ —Téh %, pEFX3 @ HindlI/Asp718 4 4
M2, pCMX-GALA4 %* 5 HindII-Asp718 THI ) i L7z, KIGE DEEHF GAL4 D
DNA #4438, (Sadowski and Ptashne, 1989) % I — K3 A EF| i A L7z, 2D
GAL4 DNA #4588 pSG424 I[CHkT 5 (F8 % S8 ),

@® pEFX3-GAlLA4-S1

pEFX3-GAL4 @ EcoRV/BamHI 4 M2 Sgx-18IEFD ¥ ¥ /37 8 2 — NHEE
(CDS) Z## A L7:H DT, GAL4 O DNA #5558 % Sgx-1 ¥ » /737 O N- KiglZ#
LGy YR 2 EET D ([F8EESH) .

@® pEFX3-FLVP

VP-16 AD@NE& Y » /X7 D3N T ¥ —, pEFX3-FL2 @ HindII ¥ 1 b IZ
pCMX-VP16(new) 7> 5 Hindlll T L7277 F 7 A2 M (VPI6 D78 7 3/ EEH
5 7% HEEIEHIL F A A4 % 23— F9 5% )(Sadowski et al., 1988) % & A L 72 (f15&%
M),

@ pEFX3-FLVPS1

pEFX3-VP16 @ EcoRV/BamHI ¥ 1 b |2 Sgx-1 EIEFD ¥ /587 & 0 — F4EHE
(CDS) 2 A L72b DT, FLAG-VP16AD-Sgx-1 DNEIERE L72BhE& s 80 %
ET 5 (fH5keSH)

@® pCAGGS-Sgx-1

pCAGGS ¥ Niwa 51 & o THESNIZCAGF AT TOE—¥ - % L D))
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BEBNY ¥ —Tdh b (Niwaet al., 1991)o pEFX3-Sgx-1 %= EcoRI/BarnHI THLHE L
sa—=_v 7% A b, FLAGSgx-1 284777 A b)) L. pCAGGS D
EcoRI/BgIIl # 4 MIEBA L (82 ZHE),

® pCAGGS-FLVP-S1

pEFX3-Sgx-1 % EcoR/BamHI TALE L 7 0 —= > 7% 4 b, FLAG-VPI16-
Sgx-1%2&GL 777 A2 &Y L, pCAGGS ® EcoRUBglll ¥ MZIEA L7z,
(H&e =)

@® TK-MHI100x4-LUC

& & )V HIE luciferase BIEZFIZtk THE—F —., GAL4A 7 V737 B DA EH
MH100(Kang et al., 1993) % 4 I ¥ —8 W72 L R — ¥ —#&{5F, Barry Forman {2 & -
TEEE N7,

MH100: agct-cga-CGGAGTACTGTCCTCCG-tcg-aagct

InsituN A TIVEZL =z TO0—-T

A=< T Y Minsiu A T) TA¥ = a »DFEI Henringe 5 D HiEIC
$€ o 72 (Henrique et al., 1995) F— V<7 ¥ binsitu @fro72D L, BE/%5 7 4
YCEML, 20um DYRFEER L7, YR insiuNA7) ¥4 E¥—2 a VidH
MoDHEIE7(FVE ) VTNH RNase z VW ERID in siw 5 TH
5o BEHIINFESROZ L, RxIZxT 5 70— 713, clone6B (Sakagami, 1999) %
BamHI (2 & o TYIHE T3RNA KR A5 —E¥Z2HWTIHE L/ D% Hviz,
Sgx-1 i3 SK(-)-Sgx-1(clone Hx4) % Hindlll T{HIk#%. T3IRNA K 2 7 — ¥ THE
L 720 L-maf id clone 4F1-7 % Asp718 THIHi#% T3RNA K A 5 —ETHEL72 D
? & clone 9F1-6 % Xbal THIWTH T7 RNA K1) X T — ¥ THILEZZIRE L T (#Kig
& 1pg/ml) F 272 (Ogino and Yasuda, 1998b)o Tbx5 &2 1 — > ¢Tbx5-3 % Xbal TH]
Wi#% T3 RNA &) 2 5 — ¥ TH:E L 72 (Ohuchi et al., 1998), Pax2 (% Clone E1B({f
FEMIHE X 535 ) % EcoRV THIKIE T3RNA K X 5 —ETEE L7z,

FEEPERIEHIIE DRI L L AR — 4 =T v A1
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=7 b ES DIEERZ N L, CMF H THRIKA O R EAEE 2 U ) L 72,
WHBTIT/INE LW oz, 025% + 1) 72 ICMF T 37°C 11 53 FILER L 72, )
FeE2 3 OB (DMEM, 10%FBS, 1% Chicken Serum) TRt % & &, &L T b
VT U ERWE, 10emd T4 v Y adlzh) 108 HOBEIZEE LS HRLT
%ﬁLto%%ﬁﬁﬂﬁﬁ%%L‘:y7w1ybuﬁwﬁﬁmaot&:6f
RDEHIIZLT24RTV— ML, CMF CHNLE o 7 01% F 1) T
~ ICMF T 54 L CHlfa 2 #A L7z, BERCTRICEZ LD, &OLLTHY
T RBEWE30% 3 TIVI Y MIRDBEIICHRLT24 7L — MM
L7 1Y V) OREROEIXO0Sml, ¥y 730 TNV M (T VY TVL
v MCH LRI O EREAT50%) (S LR T I v AT 20 v ariiroi,
DUBRANY T LAORE MR A 2 BRI ER 2R L7z, 2xBES(50
mM BES (pH 6.95), 280 mM NaCl, 1.5 mM Na,HPO,) % 100 pl §¥2> L v ¥ KL 7
F 2 =725 L7ze CaCL/TE /Ny 7 7 — (1.0 mM Tris-HCI (pH. 7.5), 0.1 mM
EDTA, 0.25 M CaCl,)100 pl |~ DNA % 3.2 pg (MaR: LK — % — 1.0 ug, pEFX-B-gal
06ug, T7 7% — Sgx-1EDREHENRY & — LZEDFEHRNT ¥ — 0.8 ug, pEFX-
GFP 08 ug) MA72b D%, DF 2 —TITHLIREL 2@ - Y mz, )
Bl V7 Wik DBEEIBEE L7z, 2071, BB Z 1 Rd720 50l DD (F5E
WO 1N0E)E T L. L KBz, 6 R Hank’s /Ny 7 7 — T2 EHRE L7,
BB T IIL THh 5 24 BEREI#A IS % Hank’'s /¥y 7 7 — TPV, Lysis /Y v
7 7 — (25 mM Tris-PO, (pH. 7.8), 15% glycerol, 2% CHAPS, 1% lecithin, BSA (fraction
V) 0.1%, 4 mM EGTA, 8 mM MgCl,, 1 mM DTT, 0.4 mM pAPMSF) % 100 ul /il 2 C#fl
sy o Bt L (MREHE ), NT A7 3 YHRIEIET
WIZZE N 2 72 b-galactosidase {EHE 2 MIE T 5 Z & TEHIL L 720 Gal B/ vy
7 7 — (1 mM MgCL, 10 mM KCl, 60 mM Na,HPO,, 40 mM NaH_PO,, 0.33%(v/v) B-
mercaptoethanol, 0.33 g/ ONPG)100 ul {Z5F L 20 wl DML E MR % Nz . 37°C T 30
SR L TAH 50 pl D 0.1 MNa,CO, Z iz TR % k& 72, 420 nm DI #l
& L CHIXT B-galactosidase i & L7z, VA—F—ERBRNV Y 72— 5 EiFEHE%E
BFEALFMHICHET S Z & TRD 72, ML3000(DYNEX Laboratory) Z {8 L T 50
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wl DHFLAEBRRIZ 100pl DV Y 7 =T —E T v £ A HE (20 mM Tricine-
Na(pH.7.8), 3.74 mM magnesium basic, 0.1 mM EDTA, 33.3 mM DTT, 270 uM coen-
zyme-A, 470 uM luficerin, 530 uM ATP) Z i L. EZDILE5E6% 16 B E#E L
720 LER— ¥ —BEFOEEE®IINVY 7 25— PEROMIEEZZ PS> A
T2ryarvHEIS ) —<ITAXLTHED,

vitEgta

PLRIERD & 9 %Gt TRV 72, PLFLAG HLE M2 (Kodak F 7:13 SIGMA X
DAF) X 10% 7y VI /PBST 2 ED T 10 v F ¥ L TH) Sug/ml DIEE 27
LU THW ., ¥l d-crystallin i3F / 7 O —FVHKZ EE ST BN T F—=
(Sawada et al., 1993) DEEEFEZ DT T b bz, Y AXATHMBOE%EET 5
/R QCPN(Selleck and Bronner-Fraser, 1995; Kontges and Lumsden, 1996) (/A 771
F—~DO¥ELEET AV, ZRPUKIE HRP Z5; anti-mouse IgG P0161 (DAKO) %
1/100 {547 R, F 7213 Texas-Red £ 7% anti-mouse IgG (Amarsham) % 1/40 575K L T
Hwvaiz,
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AR

Sgx-1 DG & B EIFINT & L TDOREAE

Sgx-1/SOHo-1(Deitcher et al.,1994) & Sgx-2 13, NKEF A+ Ky 7 20 3%H
DTIVT7 -~y 7 RAIREBTEF)ITX I VA FFT0—-7%2Lb0nT, =
T rIBEDOECDNATA TI )b U— Y oy FENTEEFTHY, FAF
FAAL D %#EOEBERFE 23— FLTWhA, Sgx-1DARAF AL iF=7}1)
Sgx-2, Y7 A, =7 k) Nkx5.1/ Nkx5.2(Bober et al., 1994; Brandt-Rinkwitz et al.,
1995; Herbrand et al., 1998), 7 = ® TgHbox5 (Wang et al., 1990), c. elegans & {5 &
C39E63 DR Y v X0 B &, WL DDDBHMD KA G F AL »Liik AL
—THo72(MA) BFIZHEAFT RFAL Y DADDTVT 7 -~NY v 722D H
DNA L DHEERICEDL B 3FB DAY v 7 AFEBIIEEII-HLTEY, Zh
LDKRRAF FAAL P BOENEY 2BE ST AL 2RmET 5, FaLiyTid
NK2, NK4, Nkx2.1, TTF-1 2 EDONK 7 T AR A4 KA L VL HZEF A, B
LD FTAZBRLTWEEEZEZONE, TNOLEDKRAF FAL 5 I3
JEDERAT FAL UHOEBICOWTT I/ BEN 2B L-L 25, #0%
CIEFRRAF FAL YO 3N IFEENS T IV BEELH (SCHN) % 3 o Tz
K 9B) CMEDKRAF KA AL & 2237 AL L7 DNA AT ke % 4
L, BT 773 —Cgx 77 IV )ZHRLTWAZ LERIET S, SCHEEBOD
BREICE L Tld 4 £ CTHREF R WAS, MOEEFHHKE T L oMEERIZEDL S &
FHEINTWES,

RAF FAAL L ESC FAAL VY PHHTIE Sgx-1 & Sgx-2 DR, Z 7213 Sgx-1 &
D Sgx 77 IV =D A Y N—DEICEVHERRR A orz, 72751,
Sgx-1 13 AH A4 F X A4 D L engrailed, gsc, NK2, msh 7 123558 L THET 5
%7 X/ BOHECY) (Smith and Jaynes, 1996) Z Fio TV7z (K 9C), Z DELHIIZ Sgx-2
WEFFE L VDS, Sgx 77 3 —THAHNKxS.1IZH TR o EUMENRE s
72o engrailed DY aE. Z DWEBUIEBH) ZEEIHICES T % eh-1 FA A VIZ&
INTVE, KREEFEHICRTFTHE 2z 5 /37 122D F AL U &EESE5
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A

cSgx-1 LAZMLHL
cSgx-2 RAGLAASLHL
cNkx5.1 RAGLAASLHL
mNkx-5.2

IACIHASISIRON
TgHbox 5 [SNENUZSId o e
C39E6.3 |Sdigusbaiaieid |

Consensus KKKTRTVFSR SQVFQLESTF DVKRYLSSSE RAGLAA.LHL TETQVKIWFQ NRRNKWKRQ.

‘ 3' end of homeodomain

TgHbox 5 EEHBIPANE,

Consensus AAELEAANLS HAA AQRIVRVP ILYHENSS

C

chicken Sgx-1 APPSAINEESSENZGCPRCQAREQ

Drosophila en VQKPG
mouse En-1 A \ L KKEQP
Human En-2 BATNEP L DI RKDAG

Xenopus gsc sEgmlNENs 7 2 R PRCKESVL

consensus FSIDNILS

9 SoxBIEFICHBEILEIIDLES, A)Sgx-1 13D Sgx 77 I ) —M A > IN—
EIFEAER—DHREATRAL L EHED, BISgx 773X ) —DEZ 2% D 3 (IR
LT28%5LWL 29 72 /EBEBDRTFEES WAEES 2D, C)Sgx-11d en DEEHNEI K X
4 NRTFEE N B ZEH > T, (Smith and Jaynes, 1996}



Z L CEHEEBEWMFIGEEZN S TE 52 EPHRE SN TV 5 (Smith and Jaynes, 1996),

Sgx-1 DAk T 7 21— F. IR TDIEGI#Hr

R—=N=y Y binsiuNA TV TAE—2aEIZEID, AT =T 11~13D
BT D Sgx-1 DFEBEFTzo AT — T 11121, [RTD Sgx-1 DIEH T4 { HER
TELho72(H10A), F—DEDE 7T 32— F(ZORMIZIZIHH1EERA%
HOTWS ) TREBWEEHAHRTELZ DL, Sge-l iZAT — Y 11 IR T
ZH L TWEWI EPHEIrDOLNE, AT — T 12( I 42 B ) DEDIRT
13 Sgx-1 DY T FNBDLTMPIHERT E72 (H10B)e = DFFHIIZIL Sgx-1 DIEBUT
WREE (DV ), B -FH#i (NT#) FECRY IR o7, SR EFERLT
FARD &, Sgx-1 2R L FREAKBAINLE IFRAKBET T a2 - F2IEET HH
) THEBL Tz (K 11A). BRI TORIUIR MR £ a4 5 ER Il
FERICA S NTzo KER LI TORBRBEBIIE ICHR L -ERIZS 5, A
F—U13IETLHE, KEEKTFa—-FEIREZIZUDER LA SBAT
o ORI Sgx-1 DRI TORBUIZ L BMA~DIRRE % L7z (3 10C)o
P EVER L CBIB L2 & A EBEEMAMICERDILLY . AL T BIRIED
SEIR L ) b S ATLVEEEIT Sgx-1 DFEIMR L7z (K 11B)e K. HEEDR
R CORBULZ OB OBEE . AT — T 15 THKS R L AR B T < 55
LTz BIZIEHOBBOBL THY 7T VA BE S (4 10D), YIN %
Ve L TS & Sgx-1 IZBMFAB 21 Cla e {, IRFBIC L EE L Tw
720 PIBOHLERTIE G LARIIZGH . BHEMNO [Fokk] TRvE )
WAFED (K 11C), MERFMNICERTHI EFMONS Rx DFEHL (A 15E) & HB
F5 . Segxl ORBEMBOMEDEE L GBF L B LA LR ER
5o R ZEBOBAHTHERAT H L) ATUTW LA, AT — P 15~18 IZIHR
FOHNBIZRBLTEALTBY ., BHRONBIZEE£ EEArR o227,
F7-, BB TS, BLAE. 3 7% b b EMRE (ciliary margin) 7838 T2 A
55\ (Sakagami, 1999) KeaffZ I L TH AT, KEGRRENIZHREAT LT
HF L-maf 3KEERTOAERLEOFBMTIEIELERL Tz ho 2D
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St.15

10 K=y binsitunNATUELE—2a > TR, RICHTS Sgx-1 DOF)
BIDRIE, A) AT — T 11: BA A =BT Sox-1 DRBARETE 1207 RTERE
BLTWAWL, B) 27— 12: BABEAOR (RE) (CSWTHH TRENBRI NS,
Sie Rl AR, RERBROLS Y EEFE-BLTWS, C) AT -V 13 RERTOX
BrLykday. 2AICKASES, D) 27— 13 A LAK&FER. RFETHEVERY
B5h3, BRTCORBRIBCEANNOG TR, $L-RBEREFEAARICH->TERESN
325, BHEOZHLPABITIERERL TULEL,

ot: Hia Op: IR % /- IXBBHF Le: K@ HFHE




11 BREASETT - FTO Sgx-1 DFEB. WIhbHAFAA, FEASIE H
., EAYSER, TAHEM A) AT —T 12 ZEEGESL ) TICRBEOKSEREELL
st KRR YV R BB, B) AT - 131 A % o b 72 HRAR
kBT Sa— IV VB RLbNSG, C) AT —Y 15 ARFR D D5 Tl <
RHEF 2, RERNBLABOTHICRON LD, EICHETHE, KRR D F&
B OIREE & OBAE. ThbbFEASE EEBERTLROERAFAONL, K A
+ 2 SER OB TR A TIET S, Op: IRE / AR, Le K&H7T73—F/ Kk
Hio




L (Ogino and Yasuda, 1998b), Sgx-1 i3/KEFEREEXTEE T LD TITH (. £k
DKRGEIED DI L. ZDORFEOIKERIMVEETHSERL Tz, Th
LOKMREEDED L, Sgx-1 13K & IRAFDRE, FaAT 2812, HAAT 5
ERDOFLETHRIAT AL V) ATEBEL VDL LWV 5,

Sgx-1 DTG I- L 5 BFTHIIRI. Ktk DFE

Sgx-1 (IKEEE, HWEOHEREDOBET, TNOLDBEICE b % - THB
L. BICHALTHELZBOBETHERWERDPRONIZ L0 56, Sex-1 SRR K
mAEDRAZH#ET 2 EERF TR EVwrLEEL LN,

Sgx-1 DK ERFHE, MEFEDOBIBTED L ) RGN 2R72LCnE0H
X502, MAPEEAHMOBEBETHEAT -V 11 OKEWMEEIZLL 7 b
Rl —2avEEHVTSgx-1 BIET2EAL, ZOBELZFA (3L, TE
RS EZE L ORI EHIC DNA 2iEA L, IO ¢ #IZnEmMIEZE
B 5 L ) ICEMEIEA LSV Z 2T, BIZTEAK, T2 30 BEHEHEP &
T ATV ITHRTERE L, ZOHETIE., BEKLEIELEZOFROER
HIEEEIEANEEFORBEPR 5N 5 (4 3B, K 13D).

Sgx-1 ZEA L7 TIE, KREMRFEIBIKEEIA 2 DR S Tvr7z (I
12A, D, X 13A)o insitu /A 7)) FA ¥ =2 a v CTL-maf DERER /2L 25,
D2 ODKEMIBIL & DI L-maf 258 < FEH L T 7z (K 14A, B), L-maf (37K
iR 7T a3~ FORRKE IRl E 2EERT T, L-maf DFHRIZE - THE
KEHNEELZ KGEICTEE LN TELI LN BESNTB Y, KEE
DbEREDITAIHTFLEEZONS, Sgx-1 12 & o THE I NG T ASE
WAL TV A Z L PO LN L, AT EKEERIIRE LRI T, — kK
PRAAE % TS B Nl DRI & RIS EE & 85 5 KSR IR L MR (2 53 2+ T
720 EEKRFEREFRENLHFHMIZIZEAEFALTHY (H13A,C), BEIZL-T
= oDKBEERIIEL RAGTIRO0 o7,

KR 2 DB SN TWBE 2T TR, IRIDOMEJTER A5 2 H T CHaA DS
AU, BELCENRZERL TWz (K 12A,D, M 13A, C), IEMGHBIE LS 5
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E12 Sgx-1 # EEHFECERANICER L BEORAF. KRAEDEE, A C)HA
|\EE DYF) £EA L7/ GFP M/S2—>, GFP & Sgx-1 &I FIE—HL RN
H-LhERTEMATEAINTWVS, AD)Sox-1 #EAL LK TRIBMOEEIER
wmAnD, ZOEATIE Sox-1 ZIREOEAISRICEAZIITHY .. ZOFERE DD
(CRFB G IBARORBAY RS> 3, KENLERF. KFRIE Sox-1 ZHWA L L ER
4. BE) BAICE > THIERIFBATZ2RDN ICLEHIRENRET S, CORET
BB EEL -REAREOLVERICENEBETFORRIR S50 3, CF) M.
ITLZ hORL—3>Z0bDORKEREICEHEL LV, Sox-1 DERTFIIK
DEHYIC, [AHBALTVWEWWARTZ—EHWVWTWVS,




13 BABEFOERHICEREIEATS, AB)ILY hORKL—2 3 > TEIET
EBUVAALHIEE . HEALL lacZ LR— 2 —BIEFICE - TRIFRIEL %
A)Sax-1 ZEA L 754, Sox-1 #EA U A MREOEDICIRMHAREAL TWd, IR
HE2DHDEARFBETHENBEZFOREIFEShE v, BEA L ZRAIEEEH
CEEE L. BEMEEcEREL 20552 81T, B MBK, ERLROMRE
$24 3, KEFICEABEFORRAIRShh, KEFEZOHOHFITL 7 bOK
L—S g  CBEFERUMB LN TEBRZ EETRT, CD)HED Sax-1 DER
% Sgx-1 (2384 L 7= FLAG epitope (-3 § A TRE L 7=. C) Sax-1 % 2 HFRD
SEOSEEICEA LA, ZhEFhOBEBIICERROBANEL 2, ZOBEKRTIK
EHRBEOUR BRI G o/, 2 HAAOBAEEBOB CRBANEZ THEW
EHTEL . BEFEL TWEL, /A—IF 100um D) REASHVEEDEVFEIRICEA
L7584, BIEFSHCEIEL =R ERT, Sox-1 8 A L /-fEEICIET SRR
BE L. #RMEEREICHEL TW3,




B C

A

14 EHELAKBEREIKBENDYT—H—BEFORERETRT. A C)L-maf DF
B, AB)EHLAKRERELSHBEELHEERL. E55 bM< L-maf DFER
2 L1, By/N& 2 RAKBEDSPTE S Nl L-maf DEVWEEIR S h, K
#F75 - FEOFMREERT, C) MBED L-maf DFER/XZ2—>, EF)J -
crystallin DFIR & Sox-1 # BT MO ERR, Bz FE2EAL #idz
GFP(#) T, & -crystallin DEBR%#FT/RT, E)Sox-1 EEA L 55, BAME
OBEBICKREPTREINTUVWS, Sogx-1 #EA L /-#3 T § -cystallin DFEERH
Renhfuw, F)WRREE,




SIEHIE L FRRICIRE L TB Y, kEE EEMRICobT 2 IRIE o -
B EATHBAT, MREREIC L oo R LT,
HEAGALDHEA T VWS Z & ZRT 120, MRMHEEOIREZET Rx D%
BEFAN Rx ORI T EMEERIREIR TH 5 IBMNE IZIRE L TR
¢ % (Sakagami, 1999), B L 7z IRAF Tld MBI TR % Rx BT D
FHHERBEL Tz, (K 15A,B,D) ZFTH IR (1 15AB TERLTRL
72) EBOREIE, AROB (KRHITRLA) ERBE, L sV, FRER 25
BB TEZ T, BRMZERONE T MREEEE LTotL22055 2
EDTRENT RAWEELAEHRZEBL GERIZEH L TWwAEZ L L H 5B (
15), BEXE L IO EBEFBN TR BI5E, FNENDIRM T Rx %54  FH
L. ZOMIZRx DERPFVEEPFETLI bbb o7 (H154), 2D L
i, Sgx-1 253 TIZo L bNHEIEHERE Z 2125 TR 2 fEo 72 & v ) FFEN
REIEIICE EE o, WEOMMEEBBHICHFEL TND I LETET S, HE
L TRZ Y —DAEEALZETE, RIBEMIZELIZEETHY, =L 7
FORL—2a v ZFOLONROBERBRICKIZTEEI LN Ehb25 (F
12C,F, [ 13B (¥4 )o Sgx-1 ZEALTHL I HLIC4HE (AT — T 23-24) BHE S
®T. B2 IEMSHEIEIC b 2 0D D72 (K 16A, B)o Sgx-1 12L& - TR
WASERE LR T, AkEFE MY 2 IREAIC. 22 IRFO
FACHET S L BbNMPH 1) RERS RIS 2E CEEL
T FRRRSEAIR DB Z T L T\ iz, BATHIMEIE O FHIZIIEERE L7200 & oK
BRITEER EN T WD o7z, EFRTIHIRFIEE L CERRZIERK L 7 5 57,
BT M CIIRAICIZIZE A 2D 2 <, MBIV EENTED L H I
o TWwh, RERFNOEAKE (BRE ) HIREROBEIZLE TH 5 (Conlmbre, 1956;
Wilkinson and Hodos, 1991), ZErHUREERLIZEIRIZx L THE SN TE Y, £D7:
DIREFLEELTHRELED272D0 b Lz,

BA L7 Sgx-1 D% — 2 &R DBEHE DN i BIF
IZLZ PO RV —2a vy TEANLRIRSgx-1 DRI % FEEFIZEA L 72 lacZ
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515 4L 7B B ESEROME Y —H —ORBE LD T, AC)A—ILT
L R TCENT Rx DRBE, A) AEORK & RABICHR & W 2RO Zh £ 1 T Rx
DREFREL TV, —DORFD Rx DRBRREHRTHEZ VDI B,
B)Rx NDHI 13 BrFAIIRMRIC S 1T 2B L. EEHREASEHL L) HEGD, C) WK,
EF) R (T3 U Rx( %) EBA L7 Sox-1 DRE (T 77> ) 2" ERETEN
~. E)EHELABRANDZLZhY Rx £ RBEL TV S, OBATRESL Y
| ARQEARDPTETSH B, F) HBIE, KENZAROBRK, K71 RATH%ERE T,
EROFEECEABETORBIREONE (F—4R&ET)

T P -




16 A)Sgx-1EA 4 AEDBROHEE, FEBEROERICZRIRERFER STV
3, AREELEICHET B3 TOEESBIEICHIEL TWVWB, B) WHRIE /N — 1
200um Z7R 7 o

A el S e 1) Bty s SRR




BIRF DB, F721300 8D Sgx-1 1258 L7 FLAGZY | — T Bk %
HWTIZE L, Sgx-112 & Th LA BF M 2 IR, KEKOEHT & g /-, 1
HIETIIDNA ZIEA L2253 % B L, B e L IKEBRD I THET- Al
ASNTH, Sgx-1 ZHA LR CIIEABETF ORI A Sk RSN,
RITEIRERDEE OREIMEIEITHIE L T rze NI Sgx-1 D5 BFT 72 7k &
AT B MR IE F AR (non cell-autonomous) 1BV T 2 = & TRE L Twb (
13C, D)o & 7245 IR SR HEAERIAD THE V> S-crystallin DRI L BIZTFE A T35 —
YR L2 A, Sgx-1 FEA L -HIHIZIE O-crystallin D> 7" F VI R 57y
o7z (14C)e D F ), Sgx-1 % FH & B 7 MIB1L — oK S MMM 12 55E L
Tnieipolze WM T GFP BIZF KGR THRRELCVE 2 L7 s, Kk
MBI FER DA E RV, T8 GEET 25T L BWEORHAIZE 22
CRDT, I Sgx-1 25RIE BEAITH < & RIS, Sgx-112 & - TREMEKD
oL CEAERIRRAL ) IR SN2 2 & 2 RET 2,

—A . BRMCIEEARETFORBUIHEE S, B O A BF R IR R 12 3t
LT OMBFEERNTH ). IO b Sgx-1 0 BFEFEBD ML 02 H &
720 Sgx-1 & BB EBUC ZABTC T THEA L7234, Sex-1 AL 7
MBBDILEELZT AL, ZAFDBEHEEHE L T $7-. 20 ZHRE N
72T EE D RA D LT d o 72 (R 13C) —HFFDRE AT 220 pmEENTH
D\ ZORIZ120um DR ETRE L 2V EEA R 5 N7z, Sex-1 12 % 2 IEFDS
#(3 100um %\ L Z NN F O B BB L CERICh D L E 2 5N b,
BET 59R 580, KEFIEZIBRORRNEBAOEIZIZFE S T
D072 (T FI3RE T )o Sgx-1 IZ L BMRMDMAIE, B LG EIC L2 ™
KRB bDTIEEWS L,

HEAP S IRAR I 7 E OSBRI LA BB S w2 & (M i24) % &, ke
ML . RO EERMOBHIIED VW EARE R, Sgx-1 D3R
WOBEMISEZEZRIZL TV RWARENL 720, BHELEHRTORE S L
R D~ — 71 —BIEF DFEBE 720 Toxs FIEFOSEIZIRE L T3 %
AU IR OR S BRI OFEE % H5E LT\ 2 ([ 17B) (Takeuchi et al., $25 )

56



Control

Tbx5

Pax2

17 A)Sax-1c&Z3BMOEHIBRAOEREENEERICLISIBNOTRE
W, A.B) RFROE R~ —H— Tbxs DFE/2— >, C,D) RFDERIE & BRAFD
< — 71— Pax2 MHHE, AC)Sox-1 £ 8 A LEHE L /=R B,D) MEBED R, Tbx5
OREFEBELFENSLEANHE THER L. BRAORKICIERIF RS hEL,
i L -BROEAO—FOERTREL T3, RIS Pax2 BIREEDEMAIRE T
RE L. FAOEFICEESNEL, Thx5, Pax2 & bICRBEMRBEN > TV E
W, 2hSDFETIE Sox-1 BEEBIOEBAEDICEAS TV,




Pax2 (SHRAS & BRAT DI (IRAETEEID ) Tl < BT L. IS D 4a o ehm &
&%(HrmkSgJKloTE@Ltw%Tu\Rﬁﬁzobéﬁﬁwééﬁ
M@—ﬁ@%ﬂ@%ﬁ%<%ﬁbfwtﬁ\ﬁ%tu%<%ﬁb1m&#ot(
B 17A)0 FEHGEEE. $EATD IBI L C O BBIEDURAR & 455 & 72 2o 7. Pax2
DEBUSFMIBA O OB L Z 222 50 2 IBAFIC R 5 . 248 DREAR -
BRERL T hdrolze BRESDUHIEN>TWE LT A 575, mA|
Lo TRECEZZIT T ahorz, T, BEBELITEIE: b 6 74 7o
72(H17C) TRODFERDS, Sgx-112 X AR BEEASIEHMOEIZ L 2 3
DT W EhRENT,

%ﬁWE%M@U&Mﬁﬁﬁﬁ@ﬁEM@ﬁﬁT@¢£¢753-F@
=25

Sgx-1 EREIMEEICRFLE D 2 L2 X o T, ZOEMIZKEE L BHRD
BHEGISEIT I ENTELN, Sgx-1 13KSKL BAROTE TRIELTHEY .
TNENTD Sgx-1 DFERN KK LIEED &5 5 1 AT B D7k v 9 SRS
%% o

KB LB Z DB ICBVTEVOME, BERKOERE CHE
BEET) CETHRBENDLEZONT VS, 2L 2 AT — 3 1012 FEKE
HIHEZE (PLE) % % L 72BE T, #4E% 4 HH £ T2 NR-PE D79 b 2
CENHESNTBY (Hyeretal., 1998), BRFLIC 3R 2 SLIEZEVE O MBIS i 0 %
ERLBORYE, § 7% b b MMM (NR)- #BIEE % LI (PE) O4EB L0213 T
ERBIINER AT B LEZ LN T VD, Lo LA S, MBI Rx,
Chx10) (Casarosa et al., 1997; Furukawa et al., 1997, Sakagami, 1999, Liu et al., 1994) -
HRE 3R £ B2 DTEEEEF (Mitf) DFBL/$ 5 — > (Mochii et al., 1998) 12 . BRI
ER2IZT TICNR-PEBIEA RIS 5 2 L 2R L, 0 EBRI 4 207
REGTIET S0 $72. 2OL) LB L 2EIEO LT T EKEEIIEED
Kﬁmi%%@&@#%%ﬁ&wotkiw\ﬂﬂ%ﬂﬁmiof\ﬂﬁéit
KDt % FHES 2 WEMFHAM IR D X ) B H 8Bl 27D 005 b
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Ltz 2 THRMLEERE L) BEITITD 2212k T, kadkeomss
Y BT FEOARBANR-PE D35 — Y DRKIZED E ) 1228+ 2 DT %
KAz,

TTAT =V 12(888) O =7 M) BEFEAREIEIE 2 S 1T B
Wz (R 18)e AT —V 18 FTRAESY, BEENL T HIBETEE Y — >0
WRERN EREOSE, Z OBBICIZRSESEEIIEE S & 58 Lk S
HHRERBL T2, BRGREALTHELIVBD 2 DB 55 £ 12 AT
BT B (K 19E),

TRKBEINEEERET 5 LT, 13EALDHEREM (hEkTS
A= F)DEME LT N TE, TIUTTH 2K LK R R IZk
%Wﬁ%ﬂ%%%ﬁ%u%ﬁ?%&ammmﬁ%%T%:&m;of%%fgt(
BII9F, G & H#)e ZOMETIRIRMIAEIGCIEL . AR DOZ T — Y 1213 OIE
FEOMRRL & & (R R o TV 7z ([ 19A), MBI 218 L v P 23
V-2 A Y RELTHRELL 25, KBS AL L 7K 13
BB TR ORBANENORADE RO NG 4o 72 (B 19C), A kiRt g 2
RS B IRRADMATBEG | EH (% bbaE EBRMIIC T 2588 ) 1o ~%
PHREL T2 500, EREL ) &, 5 2 IR MBI O 5L 778443
TEZWILEERL T A, ZORKRTIIEROBEICHEIIIEEE, HiEE
BIHCBEH L TW R ZLh s, FTEKRBNEEREBRZOMIZBE STV
W EHDD Lo BAAL %o 7ZIRILIZ AR O L MRED K Z 5 (SiEH T
MORE)ITHEELTB) ., BEOBERKSEIKE L Tnitssr,

FTRIKEWIVEIE & B2 L 72RO AR i8IS & 72 2 4839, RRFL D) 5 5
) BRGEIRARL IR L T2 0 L) BB 70, R - R 7
Rx BIETAIAST B insitu N4 7Y T4 ¥~ 3 > %475 770 PLE K EIET I R
IR OMHEH TIIEMBERTREIAL TV 00D, ¥ 7 FIIFIFEE HITIc
NFFICEI < EXCRBOBATREERANR S d o 72 (204, BE
LR D~ — 71 —Tad B Mitf DEFULIEFIERAS. IEAOM B ILE S h
Iy BRI ORI NENIZRE L Cw7z. BRBOB HERIEE%E 2 5E L
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18  FEKEBWIHIEE (PLE) RERBROEXE, KkEETS3— RFEES 3L
Al (A7 — 2 12) DIRBEEIORENEEB 25 L T8 BB (X5~ 14) 241
4B (RT—TV18) RELED. MEREICRIZTEELRANE,



19 BRFOBA & HEMBEOMMECRKEETSI- KPR ETHS, ACDF) AT—121C
I EKEBEHFEENROCIIERE., 27— 18(F 24 BR% ) E TRES €4, BF.GOMB (R
WHEADER), A C)IRME&EMTIRENRERHFEL TVEL, AEMEALRHAE£EBHK T 255
RIEIEL<BAP RSN T, HRMREOMEYEEAEETLTVWEW, LU, HEHICIEE
L. proximal-distal DZH 4% U T3, F)d-crystallin % IR T 3 KR AR IETLICI) RPN
TW3, A C,F) IRA—ZEX, D) KEFLEOEE I FH- 158, BREEZEHRBE LTRAT
3, FEREOBFIZMEAL. ABIEEE L THEMMIRICHREL TVW3, G) ERRDOKREFETILI
#(-28 ¢ d-crystallin PRELTW3, AB) A > RAEBORE, C,D,E)Hematoxylin-Eosin %
&%, EF)d-crystallin i, EHERE. S5, ov: REE. le: KEFLEMIE. pe: HIREBREL
. nr SBMEIE. Iv: KEERE, fb: Bk




Rx

Mitf

20 PLE RREROIBIOEISE T3 HREMIEE L TONMERADNDD5H D
(EARMEPRELEV ) HOO. £ L TORAM#EIRDATVEL,
A)PLE F&3=7% 24 BERE% ( R 57— 18) MIRRAICH 1 3 Rx MEIJ, Rx I& PLE bR
FRCHLEETHHNON., EEICHANEL BV, B) ABHOEREETO Rx DER,
IBARARE (MM ) IC—B T 3% Rx OREHFR 503 C)_PLE REKETO
Mitf ORI, REAISSEEEEELERICEIMELTVEY, D) EERICHETS
Mitt DRIE, A LU C X 19 D CF ERA—DEATHY . TRICKBEERRE
Lz EsMEBLTWVWS,




TVRLEDIFTRZVIEDPREND (K200). FEKBEINRES d L7154
HRAT 0 53 B A7 i 5 18 0D $E38053- L (NR/PE SEIE3ME ) 2D b DISHELE L T2 4 )

D ARIKEFEEE L T LML ER CHERREOHE S Ebhoob 2 =
LERLTVS, ZORRIIBENLHEMLE OBVY—RLTT, A8ETS a—
FAIRRDOBAER, 2% 0 MEEBEO M E B SN 5720 E T, 204
BORaA & HREEREN DO EOBITZFIE LT 5 2 &A%, SBETFHI L i
BEOM B, LRBEENS,

WD L L FAAD, BEAICERM & B ) B & R WSR2 0 A 40 L 67 L
TR DHHFNL 720, FEKGBIVEERE %, RRHOKZEZG5L %
WIREEROREIVEIEZ BHE L, 24 BERI S AE S B2 IO TR % <72 (D
21A)0 BIHEDBRIZIEEM (host) & L TiZ="7 M J L% H v, fit5-4 (donor) & LT
X7 XTERIZe TOBFES FEKRBENEELBE L7210 OM & FRICER
RGBT ZIAR S AR Z R L e YR AR LBE L2, BALE B
ETVRWIENHELITH o7 (M2A), FH—HROHIILE 7 X5 D% i
ZRZFERE T AHE (QCPN) £ IV THBE L2 EZA, BT E (Y 25 H
R DEREENRED et S 72 (K 224A),

AR DAL IKEFIKTFHTH 5 2 L 2R$ 72012, FEK IR
ElREBRAKRBET 72— FOMBLBHE L, IBFORA & MRS % [1E
SEOLNLHE) PHNT BE, MALDOH BREMM (AT — 14) % Hk
L. A7 =Y 12 OFEKGMEINERE & i L 72RO RO IC A L 72 (19
21B)o KEAHINE % BHE L 72772 PLEREEDOIRRIZ, QCPN IZ &L - THB SN
B BHE S N7 IK R D FELBIZRaA % £ U Tz (M 22B)o Bk L TH: U 72 IR
R IFPEMREIRT A ORE L-RELR L. OB MR~ L 51t LT
WHILERLIZe DEYKBEEBET ST LIZX o TR DN A & M1
EOFEZALD BB L 720 CNODERD SIEMOREA & HEE~D 5L I3 R % B
D& RENEEDOHFEIZL ZD TR, KEERTTa— FIZKGE L-BET
bbb b. FOHRBHEL L, KEKT T a— FHEIBEHOIEI &5,

YHFELTWVDL I EIRENT,
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A FEKBFNEE (REHNEE ) BIEER

Donor: quail trunk ectoderm, st.14 Recipient:chicken (eliminated PLE) st.12

BKR#&*A75 31— NBIEEER

Donor:quail lens placode, st.14 Recipient:chicken (eliminated PLE) st.12

21 REOMATFKEF TSI NIEKEFHNTHEZ 2 RTDDEE, A)
KEHERBBIROLVWRESNEE (RE ) ¢ BHETI2 0. MAFSELRYES
NEEDTFELZDODICEET 50 (KEKEEBEED ) BB, B) FEKSMESN
BREEER. VXSOKEGRTII-FEBETZZ LT, BHROBISHEEST
BMRND,



° /
-~
& \ A\
T

M 22 FEKGENFREERETIZEICE>TRIBLABRBOBAIKEEEE
W32 ETEETS, A FTEKRENREELR)ERW-Z. FERHEBOREIMTEE
PBHELABS, BEARYVECHEY - THIRFBHBALGV, #BELHEL
TWhHEW, B) KRHENFEL*BHEL 158, BHEL A K&FREPOICHBADIEL
TWBZ e DB, BBALEHIGBEL. #EMERERICHELTWVWS, KHIT
7~ L 7-##A2 13 QCPN i T#E S h /-5 HEKO M,

g S




Sgx-1 127Ktk 75 2 — FIEFIEF CIRIITHB 4 5

Sgx-1 T RAMEETHRBS LI LICL o T, ZOETOIEMIZIEA & 4
BADGALEF SR T IEDTE, FKRETT T~ FARIEOFEALE
THDHIEDPRENTe TNHLD—EDFER L | Sgx-1 DR THIEL . Sgx-1
DERFHIFERIZL > TIRHEOBADSFEENZ 5 E 22 L, BT 71—

FIZBIT % Sgx-1 DHEREIZ L o T, BBHORA L G ST w2 2 & Asig
CRBENZ, LD LGNS, EFE2EREOBE CRBEE T Sgx-1 AR
DHaACER L REZH) Do, e SIRBAMED Sgx-1 BEE 4 D 3 R
bhHo TEKBBIVEEREZICOEDL T, M TSex-1 B BBL Tvi7: & Fh
£, Sgx-1 DI TORBUIHE DAL E LR VT Ebhrb, 2 TEEAS
BHHIVEZE Z B L 72 ORRRI T Sgx-1 DREBHE LN Thinh b3 282 =
2 L7z,

T9 Sgx-1 DHEIZ BT BFBN, KEE TS a—FIcLoTED LS 125
HENTWBDDPHFNRI2, Sgx-1 1 EAT— Y RIZIBHTREIBET L E2b,
AT =V 12WREHIEEZ ) B &, 8T (AT — 2 13~14) 12 Sgx-1 D%
BReW~<7z, FREKGBBIEERER 8RB TIXIEER & [FL <L 7 Sgx-1
DEBRHUREFNIZRA S N7z (K123AB)e ZOBETIEERDKEGE ST a— K&
RS0 ICHA L T A 25, PLEBRERTIRIEFIZMBA L Tvie o 72, BR
HOEIS L MR S| BPEARII ATEAE L = & . ST S e
BRESNIZZLEDPREND, SOICRELHED, BHRIEEICHRA L, Mg
g HEIE B R LR ORERCPHMEICBZEND AT — U 18(4 24 8% ) THN
72825, Sgx-1 DKEETOFEBIL. FEA L TR WIRFEOM D g5
JER, & L CGEMEOBRANIEERSR SN/ (K23C,D). IBAEIH D3I I3 TF &
DR DOERUDOZTORBREFMBED Y V' FVGEL R LT, EELETE L
Wb DD, WA TORBIIBZ S CIEEROENFTORBITHL T2 L2 5
L, Sgx-1 DM TORBIIAT — U 18 FTREMK TS 3 — F (KGN ) DA
IR L 2o COBAKIE, Sgx-1 M BT 5—H T, PLE 312 L » CIR&F
AL TBHT, TLMBEOTLLEITL TRV, DI L2525 Sgx-1 DR
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T

@23 BRI TO Sox-1 DREBIARETZ2-FICEFLEV, AT7—-T 117121
FEKBEHNFEEREL. XT—Y 14(A, B), 27— 18(C, D) [ Sgx-1 DEHE
¥ insituNf TVEAE—a > THaNE, A C) FEKBENEEEZREL LS

& IBHFEIEES T Sox-1 DRBEIBEIL S, TORBBIEFRERARELD
FhIZBBL, C)Sox-1 KB TRERL TWAICLbrrHET. BARECEL TV
W, B, D) IERKE,

LR P R S ST




RTOERIZG THRBOMA LT SR Z VI L2 TEL T 5,

Sgx-1 IXEEGHFIAEH%E ¢ OBFEHTTH 5

Sgx-1 DELE T & L TDREEZ D 72012, Sgx-1 % PRI A &
DOMBEEMIICEA L, LR—5 —BEFORERL & RBET 2 23,
Sgx-1 DIFHEIET R Sgx-1 5 ¥ 732 B D DNA B HI D HTH 5 7.
394%@ﬂ@ﬁEE%GMA@mM%%Fﬂ4y@mummg@mmeDk
W) LRLE S, GALA DT 5 UASEF A T HE— 4 — 1oL 7 25—
CRIZTLEBIZHEAL, Sgx-1 DEEFHE - EIIEN % 8277 (Sadowski and
Ptashne, 1989; Kang et al., 1993)c GAL4-DBD 731} 2 5 & ¢ 724841213, UAS- 7
HE—F =25 DEEITE {ELA % (. GALADBD DA TIZZI DT 10— & —
0o DG E EALE 40072, GALA-DBD-Sgx-1 DL S ¥ /57 % 5 & 4 7
ER, LR= —ERRERDOERED V1S EE T CT 4572 (14 24), GALA
DBD-Sgx-1 DEHEZ T2 L, ZNIIL L TEHEEFEEI#HRTAL 2 £ 55 (
24), BREBRICLD2BFHEETE LV E VR B, FFEFICEA L7258 5 5550
SEH D lacZ BIEF DRBLE L —5E TH 5 (datanot shown) = & A5 . DINA & I
FADEAFHZE TIF72 L W) MR E 212 { v\ GAL4-DBD-Sgx-1 75 UAS- 700
E=F —hoDEETHHTELEEZLOND, GALA FD b O 138 B R st
<. Sgx-1 REEHMHETF L LTHE 5,

Sgx-1 DURIEIZ 7517 3 FEFIZ IR & A EDIGE I BETH 2

Sgx-1 DRERET HET 2 BT, WAEMED Sgx-1124F L T (=618 11218
%‘Sg4®%%%mﬂ¢%Fi%yb%ﬁ%47ﬂ@5g4§£%mﬁgﬂi-
al L7zo NVRRBHT 4 WA Y 2827 VPI6 DB I EIEMAL F A A >
wm&mm%ﬂ%?é:kf\M®ﬁ5@%tﬁ5ﬁﬁﬂﬁ%ﬁﬁfiécaﬁ
b (Sadowski et al., 1988), AREEIH|IEME % #5D Sgx-1 12 VP16-AD % 44 2
&I & o TEEEHILEIOD Sgx-1 (dnSgx-1) Z/E#HL L 72, dnSgx-1 %74 7 0T
L7 PRV =2 a YEEROTAT =Y 910 DIAFICEA L, 25— 178
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X 25 dnSgx-1 2 RHI L -RBEOHE, X7—V 9 10ICBAL, X716 T
WYL TR EERL -, BBS IR RERIEY» MEL Tuiw, R
KO T, BALTWEWL, FEKREEREIRECEARDTPICESE- TV
3p. 75— KFIRWEL TWEL,




BT THRASE, dnSgx-1 DIRICRIFTRE L H~720 HEBE LT VPI6-DBD O
AEFEB S,

dnSgx-1 & B A LZREDIR DL R & M2~ & PRI H <355 12/
S ELMBEBET 5 LEBIEECIE, MADEATY 2 E w3 80
BREERL Tz (K25), RESVEELIRBOBIZIZ, BlPSEE LE~04
L2 FHET 5 MFERMEIEAL TBY ., PHEFETYBEA T2, 20710
HRAE & RESMER I L Coldrorze T2, KBKEEEENTE LY, T
REFIHEEIZECREL T olz, RBOBEIIEARIZL T, 121
KDL D, MIREVFHROO DL, SHTH o724, RTS8t 8 LT
Wizo SOOI LDH, Sgx-1 DR TORBI & 9 DT TR & IR OTH -
VETHDENZ D,

12720 KEBDOEBUIIRIE A S DKGEEFES 7 F VKT 2 & [R5
BRALDKEAIZKBEET T 3= FOLEND B Z L h b, [RRCORB 2 E IR
DRBNLETH B DD, KEEEFET 2 L) BN EE LA w0
L. CORKEDSIHHRTE LV,
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g

Kidtk 77 2 — FIZIRFEDORGA & FEERBIE D SMHEIZBBET % 2

KEWRT 7 32— FEFEE 5 ERIOTF 2K ARIELE % /1B 2 B Cla =
?%:tmiof‘m%%773~Fﬁ%ﬁu&&?%%%%&ézkﬁ?§5o
TEEFNEREROER? . IRBORA L 5E4 27— 12 LDk Sk 7
T7aA- FOFHEIMEFELIHRTHL I LB HL o720 KEEKTS a— K
Y B TIRIIERAE T, BEOHEIEA TRV & 457 L7,
KEET T2 FEMY) Bz Lis, REIEELBEL TLIRBOBA L &
EBE LN eh b, BIOMEA L SEIE, SEECHFET 2 ABHE TS 2— F
K LIBBTHD Z L b b, RESEENTRNL & BH I8 L+ 2 = &
Lo THIRE R LR EZ FET 5 BT F e O 1 B A3 2
LB E. BEMICHEEDE % FE S 5 (Lopashov and Stroeva, 1961) & 13 3
1Z< vy,

NI DFRARTACHREET T 32— FITKIET B b DD, MG 72558
1203~ — 7 —BAEF RxMitf) DBAEE . FEKBEIEER I:1% b 2R
o THHELEBSMUABETVD Z L 2R L7z, KEET T 3 — FIEKMFEMIC
R AZ D Proximal-Distal 4 ( 7213 NR-PE S B ) S LB 2 & 2 L T
%o MADEEMED /NS — ¥ T EKBUINEE KL v 25 g, 4
B DR OIEHERTE VA, ERICKRETF - FABRENLE L) i1E2
DUEI. AT — Y 9~10 BifR I IZHR AL T 0 Rx DFEBLABRIGMN 555 0 T 5 4 1 48
TEAEIBUZ IR L T2 B & & HYEREE S 1L (Sakagami, 1999). IEFLDHIEID €5 — o #s
AT =PV IRIBRDBCEIIIBEICREL S NI LOTWAE 2 E 3R L TWva, A
BRLTWRWVA, 27—V 10 DR CEICREINEE 4 BE LT b Ry 2R
BIHREERIZIRE LA EBZ R HREPBB SN T2, B26 ¢, B0/ —
YTRIIKEFIC L o TR T LD TR VDS 2, MBIED /Y — > =
YT RDEILTODAT v THEZOND B L L A5~ 12 Ui
i BEZLCHIBECIRIBZ DS D25 DBBFFHBIZ L o T, BBIIEE o<
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F—YHELS, ZO—TT, BEPLDFEIZL > TRF— ¥ 13 LEIT kS
SHL (KRB DR ) BT T A, & IR S DFE L - T k2
HRDFEA L ARG DD S o BIED L 2 BKBMEDOHE%F] 242 - +IER
PoDFBY T FIVIBAPIE DD o Tnin,

Sgx-1 1Z7Kdith & BRI DIEIERGA I1ZFE > THBIT 3

FEOILLoTI U2V VT ENTR AT Ry 7 ZBRIET Sex-11d. R
T TE2S5 DKGMEHL. IRAF, B4 DKEK, #8872 S CORBARE 2 LT/
(Deitcher etal., 1994)c 4 EIF72IZA T — P 12~13 L9 | FFE TRV AL
BT77a—-F, BRTINASDOBA S THEBERMICEE LT W5 = & 455
HANTTE 070 Sgx-1 DFEBUIME, KEBDEIETH BRI OMFE & 24 B
) ALREIMEEDOEIL TREANSBBEN, FAENED L KSE M. IR
DEMUMERMZRE L, AT 2EBEOEERIEZ ESH Loty &
NI T, IREOMIET EFRTHENICERT 2 EFTHT & L T Pax-6 (Walther
and Gruss, 1991; Li et al., 1994; Grindley et al., 1995), Rx (Furukawa et al., 1997), Six3
(Bovolenta et al., 1998 #35; Oliver et al., 1995 #34), Otx! (Simeone et al., 1992; Simeone
etal, 1993) FHHE SN TV Bo TN S MR\ AMEAR BT 5 58 (MBI 2 )
WCBRICREBPREON D, N5 EAHHRAYIC Sgx-1 3 MRIREIIC 134 ¢ LT
5F. AT =V R ORI HBAT AERICERZHEL T2, KEETH FLE
WCAEERR A > TREDIRE B TDT Lid Sgx-1 DK L LD IE % &
Y% ) FEIIEFERECHD o RO LA RIET A, Sex-11ESNE T, [
W KEBETT7 - DALLT, BEFF5a—-F, 8753~ Fi EOEgRg
T7A=FTHHEBALTVEI 00 b, HEEDRES L bL TS 02— VK
WCHEBEICEHbDo TWA I LA TREENS,

Sgx-1 (2R DFE % FIT 3
Sgx-1Z~XA70LVY bRV =Y 3 ViEZL o TEFMICEE S 47 &

25, Sgx-1 BB LMD KB ERA BRI B S 70 BFIICT
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B S 72K BRI AR S R AE AR & 2 0 % B BH ok Rk B A0 & 72 2
RO EH 2 KEEROBEEE R L7z, bZIP BEEH T L-maf % 438k 846 % T
L WRESERE I EHIRR S E 72546, L-maf 138 A L7228 4 DS 0 EE %
d-crystallin [ PE DK MBI T 2 2 L S E ST w3 (Ogino and Yasuda,
1998b)o L-maf DARAE L T 2 2 L 12 & 5 T, Sgx-113M8 4 DMK D43V % HifH
TAHDTIH (., ML LTORGEOBR LM T 24— FF 4% —& Ly
CUDRBEEIND, Sgx-1 DKEUTHN RIS R R A IEMINE EENTH 2 =
&L Sgx-1 DS DREERTFCTHL I L &#E2 5L, Sex-1 13MIHIIL 7 F Mz
EFTORBGMEZ N L TOKBREOBEEZFEL TR0 2 9, AEKEORK
(CISERAL D & DK BEFEPVETH B EEZ N THED, Sex-1 SR TRE L
TWAHIZEDL, Sgx-1 IR TOKBEFEY 7 F L ORIBEHE L T2 05
b Lz,

AL TIRBESEDFES 7 FVRAEENR TV v, KA 2R
%I 25T L LTIETGE-b 77 I —IZB ¥ ¥ 7 F V5T BMP-4 HEE D %
RIELTWVEZEDPRBRENTV S (Furutaet al., 1998), ZH& 17 & % LB Gl
R T OFEHHHE 5N 5 BMP-4 & g5 F T 5 BMP-7 133E 17 Sgx-1 DIEHLIC
Lo THEINT LD oz (F—FIIRET), BMP-4 B T3k &M451L %5
BYLILRETEY, BROFEL VT ADIGHETEEZEL LMD, Sgx-1 D
BREBIET ORI L > T, KBEFES VF VERZETE L L s N5,

— T, Sgx-1 PHMITKEEFL L IHI L Tw5 & vy WaEMAE 2 5 h
Bo LLZ7 MORL—=aldD Sgx-1 ¥ EA LML, BFIcEsA
1ZIR G D HLER (K@ AHEREE) ISR SN, REIEER D, T8 L7k
el & REDEETR (T b bRBE EEMIL) ICHFEELTW 2, L2 FOsR
V=2 a VI L 2 BEFRBBEICHEBEKTEE 2\ WO T, Sex-1 13484
M2 S /KA AN DL DB 2 HH L T2 2 L ARBR S D, Sgx-1
FIEHE REREEDBETKEET T 3 — N, KEKERMIIZIRE L TRE L.
KW TIIREBR L 2V &0, Sgx-1 12 IE B R 0BT T B R He4m
FOGAL 2T 5, T3 LEMBONE 2 T 2882 B 5L 25 THE

74



DR\ 2TZL Sgx-1 DKBEDMEE M T 2 2 212 & - T KBRS

Ly REFEEZBEREEZLRERI, FIFY FAFF £ THO Lomaf 85
TERBEDO—ERICEA L1356, EA L MDA L85 L. 3581
Lo TRARBBREZAFIZTWT 2 2 EBBMEENT VDA, Spx-1 O RFHIFE
kﬁ&b\ﬁ@ﬁ@@*&@uKEQ&Z%%%Ltm@mmmmmMJ%&%

D% ) Ml 4 DR OKEENDFE L ZBNC, AT S DRSO TR % B+ 2
AAZXLDFIET 56 LV, Sgx-112 & Bk BAFE 2 L - TENG L EHK
A EREE L BT 2 ERIIFIC, Sgx-1 PN & RIS 2 M0 E & 0K &5 % 1
fLTwaLEZEEBNL,

Sgx-1 DRIEIFHEIZ 33 3 14

Sgx-1 ERENMEEIZLL 7 FORL - 3 Y HOTEAL -84, KE
T B 27205 Tl < IBHSEBTRICHA L7z, FRA L 72-BRA I P umissa
BICRERN Y - —BIEFEBETFERBELCBY . MEMEEI5ME L T
LI LNBDBo T, Sgx-1 BRI B EEMIMNEIED BB IR OFE I A 1T
W7o Sgx-1 DMEBIELIZ BT B R ENIKGFAETE & FREICIEMI GBI TH ) |
BEZO CHMREDGILE ERBEOFEL 7 FL A5 L T2 eE 1602, B
WERBED I ERBIER END D, BEITL o Tk, BFFEICRI L 75
BIIKEEPBRENTO LW EHE L, $7:%0h 06 IO RITIE
WT KEEIZTFERL Tz, Sga-1 10X BRBKOESEIZ X - T B2 IE
MORBAZFIH T 2D TId% . Sgx-1 DY 7 F MKk Gk & BT DR Z 2
PIZHRSLIZEES- L) 55 L,

YTIT74 922D VF /A VBETRBEST LI L LY, IR H1L
U RO BEAS AL S 2 EPHE SN T W5 (Hyattet al, 1992), L F / £
TRELZETT T4y Y aBTidpax(b)( =7 ) Pax2 £ IR ) DR AL A
TWV5 ZENHESNT WS (Hyatt et al,, 1996), Sgx-1 IXIEMRDHH 045 517 3
< bF /A YBRERUIBD & BES aldehyde dehydrase (AHD-TT) D HEIE %48 <
WIS S — ¥ (McCaffery et al., 1992) LB L TV 5, F7-. BFFMISTER S
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IeAERE LRI BIE M ATICE R E D%, LF /4 VB TEE L -V
774y v aRORBBEBT VS, IH S DRI S, Sex-1 2L F ) 1 v
DRAFIIREELGTR 5 LIZL o RO EEM* BRS¢, EHOEE 27|
SEILTVR L) WM ENTZ, L2505, Sex-1 12k o THBI N/
BEHHRAF T3 Pax2 2 Tbx 5 DFEFUIZAL L TH & TSR E L T oS iEini 13
EIEL T b ozl edrb, T %< &b Sx-1 BRI ISR I % 251k <
AZLT, BYELLBMZFELTVEOTREZWVI EAEENT, IR
BORBITEHEEZRIZL TRV I b ZOEL 2 THT 2, I EE L
L2 nb oY, TOERMILEEBEL TR TVL 2 ik, BAOKA L
EHSLIC R D EE#MASRD 5N T WA T L 5 RES 2,

Sgx-1 DEIGIHBIE TDREBIZIBIADRGA 1257 TH 3 5. IRIITO
Sgx-1 721 TIZIRMDRA 25| 2 ZF L T2 k0,

KEFNEEZRYBEL LI o TREHATRA L 2 ¢ 2 8 —F T, kéik
77 3= FTRHAYT 5 Sgx-1 e RMIMEE CETMMIZEET 22012k -T, I
WORANFETE D, ZOZ LD, HEDHLEMADTEL S 7+ itk
BTHoTUWEN, Sgx-1 D ZDRBEAFHBLTWL ERBENL, L Lah 6,
Sgx-1 I ZIRIATHLRBE L THB Y. BIFDORA L BH b o 7258E/38 — > #7574
eSO, KEBRT T a-FHoDFEY 7 F VA IRILTO Sgx-1 DIFL % il
L. BT Sgx-1 WA & SEDTFEY 7 F L % 5B < 4 5 TRl 14T T & 4
Vi,

FRENRBUIMEIEZ Sgx-1 PREBEWOLER (AT -V 120 CkFE LI L &
5y BREZR 24 BRZR (AT — 2 18) IKIEHEI O Sgx-1 DB BE 2N, =0
Z L AHRAL T D Sgx-1 DFEBAKEMET T 3~ F(F71% 2 THIIT 2 Sex-1) 12
KELLBVWILEEZRLT S, CORIZAT— P 18 F THAE ST L IEMITIRA
Lavie ZOZEIZIRIED Sgx-1 DEBDIEILZ D b DDA 5Tl e =
LERL TS0 ZO—FT, RETFIFY FATTF 4 7L LTH < Sex-1 %
FEHREE L CIRIEPRAES, KEEOSIEL v Easmanrs, Zoo kit
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A TRI T 2 Sgx-1 BHM TR OMAZFI RV b Do, RO
A LHEBED DA S DBE Mo T B L 2 RET 5, SnTTORKT
D Sgx-1 DREFEITEIL T, ML L2 2 0D0WHREMNE X 5h b, 1) BT Sex-1
BKBEDP LD Sgx-1 DY 7 F VLG L TREDORAZF] 2>+, 2) IEfT
D Sgx-11d, EHRPROEBI@ OTIER L, KEETT 2 — FOBK % FHik
TEHICEEELTBD., KBEROBKIZL > TRHEBEMIZEED 528 2225,
INHDWEEMES 1)dnSex-1 % IRALICEAS 2 L AREIC, EEIIEEM T
Sgx-1 E RTAHS L2 EBRTIRBOMRA LT &R ¢ 55 2) KEETD Sgx-1 D
FED, RRaZhETE I ETERDN, D YIZSgx-1 2EA L7583 2 fEp
BELETEROMBTCRET 2 HHANL L TRIETE 2,

Sgx-1 DFEGF AN

IRAFICB1T 5 Sgx-1 DREBUL, FEARBINEE L BET 2EHEH, S, AE
I L7 L ERBRIRTE L 2 BB IC X o THIf 2 200 T a 2 & a8
IRBEEND o KT T I— FEBRFLTH Sgx-1 1 ZIRBETHRET L 2 A5,
WHNEAKEE (7T 3= F) IR L VB, 525 CRBZD L O ARINIC
LBFELoTHBEENT VDDA ), TNF TIZEE L Vopel-H I ker i+
DILFEFFEIZ L o T, FGF-8 I Rx DEB A FET 5 2 L B HE LN TV 2 A5,
Sgx-1 DFEHE FFTHINFES L ENVHAL IR > T b, (Vogel-H IE ker et al.,
BeteH )o FGF-8 I3 AT — ¥ 12 Wit 2 HIRFEBICHRI L TH 0. BB S
NHAT =V ISHERICIZEROFRITH R L TVW5, FGF-8IZE L7-¥ —
AEBHWL TS, BERIPIFESNDIEHE Z ) TLWEEBSHEE L. HIZBEgD
HAA (temporal) TiZ FGF-8 Z/EF ST Sgx-1 3FHEENL NI b2, 25—
15 LAFE, Sgx-1 (S IRFRD Hp L M BIIZET T & 2 5 (Vogel-H B8 ker et al., #575
H1). FGF-8 LM Z b Sgx-1 DREBREZHBE T 55 FHHET 2133 T3 5,

RO & KA b D E T
ZZETORRE S LI, WHOBDINY — U BHRICE T 2 BT 7 L4
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ERAbNb,

® R (A7—v 12 0H)

AT =TV 13 ETIT, BEFREBEO L~V CELCIRM O 7 & rfra 2
WHELB, BZLIBEZDH DRHRIC L % IEDRETFH B BTk D & D) (
MEEEEEOFE) ICL o TRELDEL) EEX LT 2, FGR-8 IZIEHLO
IR R ORTE R MG CREL TH Y, Sgx-1 PRx DEF 4 HES 2 = &
B‘Hﬁ%ﬁ%ﬁﬁﬂ®4lvl—ﬁ*ﬁééﬂ%ﬁﬁ%WW%demwmh
B )o TDEICLTEL Sgx- 1 DEBLE ZDFHD S 7 FL75, BEERY 10
RTOH, KBURDBENDOL 7 FVTHEDD S L\ ([264), 72751, =
DEFEICAE U7 M Z N & TREBIEZNT. KT L5122
7T =Y 2 PRBICKBERIZ L o THEF SR B,

® BENHH(AF—Y 130K

TNITEREGEFRBEOL NV EF Y | BREM 42 %5 i OB B,
HNZVHY, ZHLEIRAIRIE O 2 7 — 2 13 LGOI C 138 F 5 B 0 [
. MREFE 2 R RAT) O ASEE 125 B, KEMET T 32— FlidEns
WHEOMRF L BN LMEORIUL > TURETH S 2 L AL L - THS
PR o720 IREETHERT S Sgx-1 BIRHOMBA L LD ZHHEEEIE L T 3
DD EEX BN, Sgx-1 ZDYDIBATH CEEETTH Y. Sex-1 1247
O DMSEERF. MBS Y 7 F MEESTFORBEFHE L T 2075 5
(X1 26B),

FRRTH > TOEOZ L DO FADHIFE L 172 %
CZETORRDPL, BHOBACKEAK TS 2 - FTo Sgx-1 WEELE
BEHE) Z WO o, IRKEIT Sgx-1 553 LT b IRFIZIE )43,
HRA B > Sgx-1 IZERFRDREA & GALIZ+H 53 Tid v, BRI Sgx-i 2556842 = &
IR DOBBRICERLE L DD, 2 bRBTORBEIE KA TS 27— FEF
B B2 LBELDPIE, TRETOF -y TUHRTZEANTEL N, F3IF
Y IATT AT Sgx-1 MRIBTHBAEE 72 LT, FEROKASEMET T - K8

78



A ¥)HA (BRAIER ) B HREA (R¥FER )

@mssm4@%ﬁ%ﬁt%%%&@ﬁx#—F@:&%%?»om #IHERIC L (
HEZXS5C FGF-8ICE& > T )RIBTOD Sox-1 DREHFHE 1. BRI T8 H 4
U2, REBDSDY TFINCE ST FEKGHIEED 5. KEEI/MET B8
ﬁﬁﬁféo5%4Eiofﬁﬁéﬁ697#wﬁ%®ﬁﬁ?@éhBﬁwJE
Lo THEENBZKERTSIA-Fh 5D TFIIZL 5T, BHRDKEA & BIED
MEPETT B0 BHETD Sgx-1 2T FUH, 2 NESOMA £#5T 5764 &
H5,



WT BEBREZIT) L THLMIIHEL 2 Lz,

LOEEMICIE, Sgx- 1 DTFHETZAZEL. 2RO ETREL T2
PHSD ETHLPIZTEL LHFESND, aFGF A IS L 2 a5itis 2 = & 4
RSN TV %05, aFGF IS REIMEE TIIARET T 72— K& G5 iam TR
BLTYBATSg-1 DREBEIERRY, Sgx-1 10k o THEHHE XT3 &1t
BRI o FLBEBEOLTY, Sgx-1 ZIRHOMA. MIEDMLE & o 7o
NG = Y ET 2 DI L, aFGF IR DEAIIT | S # 2 &4, Ak~
DIALIZT 2 FHE S 5 Z L ASH S N (Hyer et al., 1993: RUEBERRETF—4 ).
DIEWIE R Do BDWINIA —IN=F v T L 7-#EE & 58335 — > 7512 . FGF
DHEBAFAET % Sgx-1 DRI D—DTh B 10 BIHEHIIZ Sgx-1 75 FGF DiEME: % S
TOMRMIRIE SN Lo —HARBESMMUITE L Th, Sgx-1 IZFGE L12R% 1 .
KRB Z (BRI TIEH 22 MHI L7, F72BEFOR(S (2 &
b FGF-1,2,8) T MMM O bE2 FETE TH, BIEDOMRAIEE | 2 ¥
WA, Sgx-1TIHRIRDFEA L ) BRI L Zb 25| SRR TS LA TE 24 &, %
s ALICBE L T FGF DIAHC Sgx-1 IC T D Y 7 F MEESF AL+ 3 L 15
ELRWERPETE L,

BAEZZ 5N TV5 Sgx-1 ¥ 7 F VRN 25 FOWFEH & L TIE 1Notch
7202 D) I Y Ko 2)cadherin FEDFEERF AT 5N TV B, Noteh-1 A5 2
FE DRI ) ciliary margin THBETHZ ERELNTHY (Papalopulu and
Kintner, 1996), Z1Lid Sgx-1 DFEBIZL P T W3, F7-cNotch-1 &£ FD 1) H >
FT®H % Serrate-1 DERIIKBEFMTREL T2 2 EHEZNTHY (Myat
etal, 1996), Sgx-12%Notch Z L7z 7T VA A — FEEHI L Tvs 2 & FAEX
Nbo 72720, BED L 225 Notch BHEEDFIEAD /S5 — L RS- L T 2
L) #EIR R, —F, cadherin 72 EDMIIEE ST OMEE & B LTV 2 1T
RETES FH SN D, Sgx-1 % invivo TEBTRIICHRE 42 L, Sen-1 2% B+ 24
faA 238> F 2 MEAAR 54, I 1d cadherin % 0 homophilic 7 M3 835 47 F
DEHAZHML THHEZ L2BRT 5, EBIIKEKRTS 0— FEHOBEET
77 3= FIZBITEH A PN ¥ DEBD E-cadherin 7 & N-cadherin ~~##i4 2 =
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EDHONTED (Hattaet al., 1987), Sgx-113 2 DBEAZFIH LT V2058 L
B\ JZELL RN Y ZED S DYKEELHBIED LA B L T2 & 132
ZWKL I PANY V3B B BEHD—DIZFT EL VDR Lk

KEBEHTD Sgx-1 DFEBLA, BRI L THFEENZD0E 05 b . 4
&, REFFEEEZ L ETEETH D, Sgx-1 DIKERTOITIT B Pax-6
CEBLTBY ., IRIED S OFEICIHREMIZKGER TS 3 — FTRBEF 2 D
bLNLve, SHIZELTIE, MEREHICTEIRES 2 0 < Eir B
) ZETHLPIIREESS,

Fram T2 X912, IROBR LD S FEDH 2 — Fig, BEBBIC
BUIBFEDREA L EFDA AL EHLDPIIT S L CHEIZLEFT LY 25
LTHLo RN LEERTTH S Sgx-1 BEERED /N — 2 b 4 BB
ZEFBICHIET B DIBREEL TV 2 LI E o TEAL, W2
DFEL TFNVDRFH L EERIBHEN TR, Sgx-1 12 & 2 B EFRBHE
DART = FEWOLPIZTEI LT, LFRDOY TV FIMMEEFTFOFE L G0,
RICBIBFEDADZXLPFHES P2 o T LEIE SN S,
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ABIFREAT) Zh72o T, HBEHIR CTH 2 LHBMZIZ 213 BT %
DHILZFLTVLRZWZERY TR, SLOTHRE, TEME V75 S
L7z TlOMRZETE L8R TE LV, BWkE % LzE BT,
PEELRE IR FRELEDED S, EBDOI L LM VDNE EHE TV
EF L7zo ARERLAICKIER S DT EMFEOFEXABATLES VT L,
BUEFEARE Y 1 VAR ORANELERER T OME 218D L 505
ZADOTHE, THREEZCZEVE L RuhT. uBEIIEF 4 AS v 2 3 20
HFIZG o T2 BEEEHZ TV 0 LT, B & BIFEEs
20 F L7z HFEBREEIZZVAVAETHBEBTLE L. BEHTE
ERRDOEEHE TR LV DL, B DE+ 13 L AL Bieh s
2D FE L. RHAMOREREDE S A, FAFZ OFURI & A, L2 A1m13
L LTWBWHBEITTWAZEE Lz, BEAEI LI DAL TX 0T L
726
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