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Transposon piggyBac mediated Pax6 Expression in Malaria Vector
Anopheles stephensi
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ABSTRACT : Pax6, a member of the highly conserved homeobox gene family, is known to be expressed in spatially and temporally
restricted pattern during embryogenesis. To examine the spatial expression pattern of Pax6 in malaria vector mosquito Anopheles
stephensi, in different molecular environment, the germ line transformation technique using piggyBac transposon combined with the use
of Pax6 specific 3xP3-EGFP marker was utilized. Four transgenic lines with a transformation rate of 6.7% were established. Transgenes
were stably expressed in subsequent several generations. The transgenic lines showed 3 different expression pattern with spatial
specificity, possibly due to enhancing and/or silencing position effects. In two transgenic lines, noble expression pattern of Pax6 was
observed in the region that has not been previously reported in any animal species. The results show that the tranposon piggyBac
mediated germ line transformation system can be used as an efficient tool for the generation of diverse spatially restricted reporter gene
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expression.

Key words : Pax6, ‘Anopheles stephensi, piggyBac, Germ line transformation, 3xP3-EGFP, Enhancing and/or silencing.

2 o Paxo= F3HOZ 2 BEF homeobox A 1F9 SHUE 8] BA 7] Fok A
o]

HH o2 AgEo] dHAHE

A datEol w719 Angpheles stephensio) A 2] Pax HHL AR o2 2R84 AN ZAR B 93

[¢)

o
2EE] b piggyBacsh Paxsol ZT3Hs XPIEGEPE AHE S ANAE FARS ES AL AATE 44 32
Qo] ST BARHLL 6 oH, £ FAAE olaf Ajo] AA PFHE YT 44D S 37}
T2 48 FuE BYoH o) ERLEE AY A

Z enhancing 22 silencing®] A E < AME ) o] A3}

€ T3 EVXLILE piggyBacE AME T FAAE A2 dBAQd B {34 2d oM e ¥l 3304
y u}

1d 235 FEsE v 2&F0

INTRODUCTION

Pax6 is a highly conserved transcription factor and its gene
acts as a master control gene for eye development throughout
the animal kingdom. Its expression is limited to the eye, central
nervous system, lens placode, nasal epithelium, and pancreas.

The vertebrate Pax6 genes code for a subfamily of Pax proteins
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which show extraordinarily high conservation not only at the
sequence but also in their expression pattern(Krauss et al., 1991;
Martin et al,, 1992; Walther & Gruss, 1991). Consistent with
this expression pattern, mutations in the Pax6 gene show a
complete failure or abnormalities of such organs in mouse(Hill
et al., 1991), Drosophila melanogaster(Quiring et al., 1994), and
human(Martha et al., 1995).

The expression pattern for Pax6 has been characterized by
northern blotting and in situ hybridization analysis(Ton et al.,
1992). By creating diverse molecular environment, transposable
elements provide effective methods for correlating genetic and

molecular information. Using several transposons such as her-
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mes, mariner, minos, and piggyBac, the technology to produce
transgenic insects has been an effective tools to find and analyze
genes, specially for enhancer detection or gene trapping(O'Bro-
chta et al., 2003). piggyBac transposable element was shown to
be one of the best candidates as a germ line transformation
vector. It is characterized by a high specificity for its target
sequence and precise manner of transposon integration, which
was well documented in several insect species(Fraser et al.,
1995; Handler & Harrell, 2001). Several protocols, including
plasmid microinjection(Stuart et al., 1988), have been developed
to improve transgenesis frequency and transgene expressioﬁ.

Berghammer et al.(1999) presented a specific and universal
fluorescent transformation marker that is based on the enhanced
green fluorescent protein(EGFP; Tsien, 1998), and an artificial
promoter(P3) that is responsive to the Pax6., The 3xP3 EGFP
Pax gene marker in combination with the transposable element,
has been successfully used in several insects, demonstrating its
potential to serve as a reliable arthropod marker(Horn et al.,
2000; Thomas et al., 2002). Artificially derived Pax6 homodimer
binding site P3(Wilson et al., 1995; Czemy & Busslinger, 1995)
tells Pax6 gene expression showing EGFP in cells of a wide
variety of arthropod organism.

Since little is known about the mechanism that controls
expression of the Pax6 genes, it is important to understand the
expression pattern of Pax6 in the certain genomic condition
provided by animal transgenesis using transposon derived vector.
Examining transcriptional regulation of Pax6 will reveal how it
functions in different tissues during embryogenesis. Here, I
report the expression of the Pax6 in the transformed malaria
vector, Anopheles stephensi lines using piggyBac transposable
element coupled with the strong Pax6 specific 3xP3-EGFP[pBac
(3xP3-EGFP)] selectable marker and the possible use of this

transgenesis system in the spatial expression pattern study.

MATERIALS AND METHODS

Malaria vector mosquito Anopheles stephensi were maintained
at 27°C with 12h cycles of light and dark and fed on 10%
sucrose. Female mosquitoes were fed blood on Swiss Webster
mice. Larvae were reared at 27°C and fed ground fish food.
pBac(3x3-EGFP) transformation vector containing the synthetic
promoter 3x3, in front of a TATA box regulating the expression
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of the enhanced green fluorescent protein gene(EGFP), was
flanked by the essefitial terminal sequences of the piggyBac
transposable element. The transformation vector(300pg/ml) was
co-injected with the piggyBac transposase-encoding helper
plasmid phsp-pBac(Handler & Harrell, 1999)(150pg/ml) into
preblastoderm A. stephensi embryos essentially as described pre-
viously(Grossman et al., 2001). Eggs were collected from blood-
fed females 72~120h after a blood meal over a period of app-
roximately 30 minutes. Eggs were permitted to age approxima-
tely 30 minutes until they were pale gray. Aged eggs were
collected, aligned and fixed to a cover slide using a strip of
double-sided ta;;e. The eggs were desiccated slightly and covered
with Series 27 Halocarbon oil. The oil was removed immedi-
ately after inj%ction and cover slip with the injected eggs immer-
sed in a beaker containing deionized water and incubated at
27°C until hatching, Hatched larvae were pooled and reared in
conventional mosquito larvae-rearing trays. Emerged adults were
sorted by sex and used to establish founder families. Each
founder family consisted of around 20 adults originating from
the injected embryos(G0) and mated with 60~100 wild type
mosquitoes of the opposite sex. Progeny of these families(G1)
were screened as young larvae for the presence of tissue expre-
ssing the green fluorescence protein. Transposable Element(TE)
display, a finger printing method, was performed essentially as
described to monitor transposable element movement(Guimond
et al,, 2003). Single mosquito genomic DNA preparations were
prepared using protocol of Ashburner(1989). Genomic DNA
from individual adult was isolated and digested with Mspl
Adapters consisting of a duplex of oligonucleotides Mspla(5'GA
CGATGAGTCCTGAG) and Msplb(5'CGCTCAGGACTCAT) were
ligated and PCR reactions were performed. The initial preselec-
tive PCR reaction was conducted with the primers Mspla and
the piggyBac-specific primers piggyL1(5' TATGAGTTAAATCT
TAAAACTCACG) for analysis of the left end and piggyR1
(SGTGAATTTATTATTATTAGTATGTAAGTG) for analysis of
the right end. Preselective reactions were performed in 2.5mM
MgCl; and followed by a round of selective PCR primers Mspla
and the Cy5-labelled primers piggyL2Cy5(5'CyS-CAGTGACAC
TTACCGCATTGACAAGC) for analysis of the left end and
piggyR2Cy5(5'Cy5-ATATACAGACCGATAAAAACACATGCG)
for analysis of the right end. Selective PCR reactions were per-
formed in 2.5mM MgCl,. Reaction products were fractionated on
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an 8% polyacrylamide DNA denaturing gel, blotted onto 3MM
paper, dried and scanned on a Storm 860 optical scaner
(Molecular Dynamics). Reaction band products of interest were
excised from the gel, re-amplified using the selective PCR
protocol, cleaned with Wizard PCR preps(Promega), and se-

quenced.

RESULTS

The expression of Pax6 was observed in tissues of A. ste-
phensi transgenic larvae carrying a fusion construct of [EGFP/
3xP3] piggyBac vectors with EGFP under the regulatory control
of the 3xP3 promotor. Transgenic mosquitoes were created by
co-injecting pBac(3xP3 EGFP) and phsp-pBac, a plasmid ex-
pressing piggyBac transposase, into preblastoderm embryos of
the wild-type strain. Of the 793 embryos injected, 117 hatched
resulting in 54 adults(GO, male 26 and female 28). GO adults
were used to yield a total of 3076 Gl larvae. Five families were
produced transgenic progeny for an estimated transformation
frequency of 6.7 %. In order to verify the piggyBac trans-
position, the insertion of four transgenic lines was analyzed by
sequencing flanking genomic regions. DNA sequences of the
piggyBac integration sites, from TE display analysis on EGFP
positive animals, showed that a characteristic cut-and paste
transposition reactions of piggyBac elements into TTAA target
sites that were duplicated during integration. Flanking genomic
DNA sequences(Table 1) were used in a BLAST search and
showed no link to any of the chromosome of Arnopheles gam-
biae. As expected the transgenic larvae became markedly bright
in their fluorescence due to the expression of the reporter con-
struct. The level of expression did not change during the larval
development. Expression of EGFP in transgenic larvae showed
3 different patterns. G1 offspring of the majority(201/205, line
1 and 2) exhibited previously described EGFP expression accor-
ding to the activity of the 3xP3 promoter. As expected with the
3xP3 promoter control, individuals of these lines(line 1 and 2)
had EGFP marker gene expression confined to the eye, brain,
ventral nerve cord, and anal papillae(Fig. 1). However, 2%
(4/205) of the transgenics featured possible 'enhancer trap' lines
which is spatially and/or temporally restricted transgene expre-
ssion due to regulation imposed by sequences near the insertion

site. One line with EGFP expression in the whole body(line 3,
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Table 1. Integaration site analysis by TE display of transgenic
lines showing the first 16 nucleotides flanking the in-
verted terminal repeats(arrow heads) of the piggyBac

vector,

piggy
Bac

Plasmid CGCAAATCTTTTITAA < TTAAATAATAGITTCT

Left Flank Right Flank

Line | AGCGCGAACTTATTAA < TTAAACACGAATTCCA
Line 2 TGTTACGCTTACTTAA < TTAAGAGACTTTTTGA
Line 3 —  TTAAGGATCTTGCTAC
Line 4 —  TTAAAGAAATCGGCGG

Plasmid refers pBac(EGFP-3XP3). Line 1-4 refer transgenic lines.

Fig. 1. Wild type of A. stephensi larva in third instar and same
stage of stable transgenic line 1 and 2 with restricted EGFP
expression pattern driven by 3xP3 promoter. Results of
these two lines correlate with the previous reports. A. Wild
type; B. Dorsal view showing EGFP expression in brain; C.
Ventral view in brain, nerve cord, and anal papillae.

Fig. 2. Fluorescence photomicrographs of specific transgenics, possi-

bly 'enhancer trapped lines', showing noble expression of
EGFP. A. Dorsal view of transgenic line 3 larva in third instar.
Whole body shows EGFP positive. B. Dorsal view of line 4
larva in third instar. Pyloric area exhibits EGFP expression.

Fig. 2a) and one line specifically expressing EGFP band in the
pylorus(line 4, Fig. 2b) were identified. The expression of the all

transgene is stable in subsequent generations.

DISCUSSION

In order to investigate the spatiotemporal Pax6 expression
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pattern in A. stephensi, | made use of the transgenic mosquito
lines with EGFP marker gene driven by the three tandem repeats
of the P3 site(3xP3 promoter) in the transposon constructs
(Berghammer et al., 1999; Hom et al., 2000; Horn & Wimmer,
2000). Results revealed a random pattern of Pax6 gene expre-
ssion depending on the position of transposon integration site
and the influence of transcriptional regulating element.

During embryogenesis, the evolutionary conserved transcrip-
tional regulator Pax6 is expressed, as tissue specific regulatory
gene, in the neural tube(Krauss et al., 1991; Martin et al., 1992;
Walther & Gruss, 1991) and additionally seen in the developing
eye, nasal primordia(Walther & Gruss, 1991) and pancreas
(Mansouri et al., 1999). Pax6 proteins recognize their target
genes via the DNA-binding function of the paired domain
(Kozmik et al., 1992). The paired domain is a highly conserved
motif without any obvious sequence homology with other known
protein domains. The artificially derived three Pax6 dimeric
binding sites 3xP3 promoter used in present study was designed
to bind Pax6 homodimers(Sheng et al., 1997). After multi-
merization, P3 mediates tissue specific gene expression where
Pax6 transcription factor behaves as a regulator.

In this study, all individuals of produced transgenic lines
strongly expressed EGFP in specific tissues and was con-
tinuously observed during larval, pupal, and adult stages. In two
lines, 3xP3 promoter drived EGFP expression in the eye, brain,
ventral nerve cord, and anal papillae. It is consistent with the
well documented expression of Pax6 in several insects(Horn et
al., 2000; Hediger et al., 2001). These results with 3xP3-EGFP
marker confirm the presence of Pax6 activity in those tissues.
However, in two other transgenic lines, noble expression of the
transgene was observed. Significant expression was detected in
tissues of pylorus, in line 3, which is not known to express
Pax6. Moreover, in transgenic line 4, expression was observed
in the whole body of the animal as well as in the previously
reported area.

It was reported that same fluorescence pattern were detected,
in eyes, nervous system, and anal plates, in transgenic fly lines
generated with constructs based on four transposons: P-element
(Rubin et al., 1982), mariner(Medhora et al., 1988), Hermes
(Warren et al.,, 1994), and piggyBac(Cary et al., 1989). This
seems to show that all depicted pattern do not result from en-

hancer traps or expression mediated by transposon backbones.
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However, in present lines, certain aspects of the previous fluore-
scence pattern in mosquitoes are suppressed or ex-suppressed,
which is most likely due to developmental stage or tissue
specific position effects. There are various regulatory elements
i.e. transcription factors and/or enhancers that regulate temporal
and spatial gene expression, and these can be mixed and
matched. In many cases, the genes for transcription factors are
activated by other transcription factors. Since all 4 transgenic
lines showed EGFP expression in specific tissues, it was
expected that the 3xP3 promoter would mediate fluorescence in
these tissues. Thus, it is possible that there are additional factors
required to allow the 3xP3 promoter to work. The fluorescence
in line 3 and 4 could be driven by different transcriptional
activators, as line 1 and 2 do not express there. It is also po-
ssible that 3xP3 might bind to other paired class type homeo-
domain transcription factors, which is responsible for the
fluorescence in the pylorus or whole body, as well as Pax6.
The tissue specific and temporal expression of Pax6 gene may
be controlled by a combination of different cis-regulating
elements upstream and downstream of the initiation site. There
have been accumulated reports of the role of cis regulatory
elements in specific gene expression. Enhancers are the major
determinant of differential transcription in space and time. A
gene can have several enhancer elements, each turning it on in
a different set of cells. If the gene becomes expressed, that
means that it has come within the domain of an active enhancer.
It is reported that some distinct cis elements are actually
involved in regulating the two promoters of Pax6 and in tissue
specific expression of Pax6 in the eye, the central nervous
system, and pancreas(Prosser & van Heyningen, 1998). Another
region upstream of the promoter was known to contain a
regulatory element that directs Pax6 expression in the developing
photoreceptor(Schmahl et al., 1993). Several experiments also
indicated that some signals produced by specific tissue can
repress the region specific expression of Pax6 in the developing
tissue(Goulding et al., 1993). The cell specific silencer in com-
bination with other positive and negative elements may contri-
bute to tissue-specific and temporal expression of the Pax gene.
It means that cis regulatory elements are responsible for selec-
tive activation of the Pax6 promoter in cells that can express
Pax6 mRNA. Enhancer trapping can occur randomly during

development and place a new gene next to a particular regula-
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tory element. According to Kammandel et al.(1999), there are
two major promoters for Pax6 gene and four enhancer regions,
in mouse, that activate the Pax6 gene in the pancreas, lens,
neural tube, and retina, respectively. In enhancer trapping, a
transposon encoded reporter gene expressed from a promoter is
regulated by genomic sequences flanking the insertion site
(Bellen et al., 1989; Bier et al., 1989). This suggests that addi-
tion of a transposon containing a functional coding region to an
endogenous locus that encodes a nonfunctional protein might
complement the mutant phenotype. In line 3 and 4 of present
experiment, the expression pattern of the reporter could mimic
that of a nearby gene, because the transposon has come under
the control of the same regulatory influences as the endogenous
gene. This might be the classical enhancer traps showing en-
hanced EGFP expression at a restricted area controlled by 3xP3
promoter. In other transgenic lines, the reporter gene expression
appeared to be specifically silenced in all but the enhanced
tissues. Thus, application of promoter allows detection of both
enhancing and silencing properties of regulatory elements. Si-
milar to the P-element of Drosophila(Tsubota et al, 1985),
piggyBac integration might be favored in the vicinity of
transcriptional regulatory elements. These regions are frequently
comprised of control elements that maintain independent realms
of gene activity(Vigdal et al., 2002). Some of these might also
cohabit with transcriptional enhancers or silencers(Boulikas,
1995).

Present results showed that the enhancement of transgenesis
frequencies combined with the random generation of novel
expression pattern using the piggyBac transposon system allows
the fast and simple generation of a wide range of diverse EGFP
expression pattern. Thus, a set of transgenic lines expressing EGFP
in diverse structures or organs can be established and used for
further molecular work without a major effort to the charac-
terization of promoter elements. It will offer the chances to
create various experimental conditions for understanding the
molecular mechanism that control spatiotemporal expression of

the Pax6 genes.

REFERENCES

Ashburner M (1989) Drosophila: A Laboratory Manual. Cold
Spring Harbor Laboratory Press, Cold Spring Harbor.

Pax6 Expression in A stephensi 23

Protocol 48.

Bellen HJ, O'Kane CJ, Wilson C, Grossniklaus U, Pearson RK,
Gehring WJ (1989) P-element-mediated enhancer detection:
a versatile method to study development in Drosophila.
Genes Dev 3:1288-1300.

Berghammer AJ, Klinger M, Wimmer EA (1999) A universal
marker for transgenic insects. Nature 402:370-371.

Bier E, Vaessin H, Shepherd K, Lee K, McCall K, Barbel S,
Ackerman R, Carretto TE, Uemura E, Grell E, Jan LY, Jan
YN (1989) Searching for pattern and mutation in the Dro-
sophila genome with a P-lacZ vector. Genes Dev 3:1273-
1287.

Boulikas T (1995) Chromatin domains and prediction of MAR
sequences. Int Rev Cyt 162A:279-388.

Cary LC, Goebel M, Corsaro BG, Wang HG, Rosen E, Fraser
MJ (1989) Transposon mutagenesis of baculoviruses: Analy-
sis of Trichoplusia ni transposon IFP2 insertions within the
FP-locus of nuclear polyhedrosis viruses. Virology 172:156-
169.

Czemy T, Busslinger M (1995) DNA-binding and transactivation
properties of Pax-6: three amino acids in the paired domain
are responsible for the different sequence recognition of
Pax-6 and BSAP(Pax-5). Mol Cell Biol 15:2858-2871.

Fraser MJ, Cary L, Boonvisudhi K, Wang HH (1995) Assay for
movement of lepidopteran transposon IFP2 in insect cells
using baculovirus genome as a target DNA. Virology 211:
397-407.

Goulding MD, Lumsden A, Gruss P (1993) Signals from the
notochord and floor plate regulate the region-specific expre-
ssion of two Pax genes in the developing spinal cord.
Development 117:1001-1016.

Grossman GL, Rafferty CS, Clayton JR, Stevens TK, Muka-
bayire O, Benedict MQ (2001) Germline transformation of
the malaria vector, Anopheles gambiae, with the piggyBac
transposable element. Insect Mol Biol 10:597-604.

Guimond N, Bideshi DK, Pinkerton AC, Atkinson PW,
OBrochta DA (2003) Pattern of Hermes Transposition in
Drosophila melanogaster. Molec Gen Genet 268:779-790.

Handler AM, Harrell RA (1999) Germline transformation of
Drosophila melanogaster with the piggyBac transposon
vector. Insect Mol Biol 8:449-457.

Handler AM, Harrell II RA (2001) Transformation of the



24 Hyeyoung Koo

Caribbean fruit fly, Anastrepha suspensa, with a PiggyBac
vector marked with polyubiquitin-regulated GFP. Insect
Biochem Mol Biol 31:199-205.

Hediger M, Niessen N, Wimmer EA, Diibendorfer A, Bopp D
(2001) Germline transformation of the housefly Musca
domestica with the lepidopteran derived transposon piggy-
Bac. Insect Mol Biol 10:113-119.

Hill RE, Favor J, Hogan BL, Ton C, Saunders GF, Hanson IM,
Prosser J, Jordan T, Hastic ND, van Heyningen V (1991)
Mouse Small eye results from mutations in a paired-like
homeobox-containing gene. Nature(London) 354:522-525.

Horn C, Wimmer EA (2000) A versatile vector set for animal
transgenesis. Dev Genes Evol 210:630-637.

Horn C, Jaunich B, Wimmer EA (2000) Highly sensitive,
fluorescent transformation marker for Drosophila trans-
genesis. Dev Genes Evol 210:623-629.

Kammandel B, Chowdhury K, Stoykova A, Aparicio S, Brenner
S, Gruss P (1999) Distinct cis-essential modules direct the
time-space pattern of the Pax6 gene activity. Dev Biol
205:79-97.

Kozmik Z, Wang S, Dorfler P, Adams B, Busslinger M ((1992)
The promoter of the CD19 gene is a target for the B-cell
specific transcription factor BSAP. Mol Cell Biol 12:2662-
2672.

Krauss S, Johansen T, Korzh V, Moens J, Erickson U, Fjose A
(1991) Zebrafish pax[zf-a]: a paired box-containing gene
expressed in the neural tube. EMBO J 10:3609-3619.

Mansouri A, St-Onge L, Gruss P (1999) Role of Pax genes in
endoderm-derived organs. TEM 10:164-167.

Martha A, Strong LC, Ferrell RE, Saunders GF (1995) Three
novel aniridia mutations in the human PAX6 gene. Hum
Mutat 6:44-49.

Martin P, Carriere C, Dozier C, Quatannens B, Mirabel MA,
Vandenbunder B, Stéhelin D, Saule S (1992) Characteri-
zation of a paired box- and homeobox-containing quail
gene(Pax-ONR) expressed in the neuroretina. Oncogene
7:1721-1728.

Medhora MM, MacPeek AH, Hartl DL (1988) Excision of the
Drosophila transposable element mariner: identification and
characterization of the Mos factor. EMBO J 7:2185-2189.

O'Brochta DA, Sethuraman N, Wilson R, Hice RH, Pinkerton
AC, Levesque CS, Bideshi DK, Jasinskiene N, Coates CJ,

PERE

James AA, Lehane MJ, Akinson PW (2003) Gene vector
and transposable element behavior in mosquitoes. J Exp Biol
206:3823-3834.

Prosser J, van Heyningen V (1998) PAX6 mutations reviewed.
Hum Mutat 11:93-108.

Quiring R, Walldorf U, Kloter U, Gehring WJ (1994) Homology
of the eyeless gene of Drosophila to the Small eye gene in
mice and awiridia in humans. Science 265:785-789.

Rubin GM, Kidwell MG, Bingham PM (1982) The molecular
basis of P-M hybrid dysgenesis: the nature of induced
mutations. Cell 29:987-994,

Schmahl W, Knocdlseder M, Favor J, Davidson D (1993)
Defects of neuronal migration and the pathogenesis of
cortical malformations are associated with Small eye(Sey) in
the mouse, a point mutation at the Pax-6-locus. Acta
Neuropathol(Berl) 86:126-135.

Sheng G, Thouvenot E, Schmucker D, Wilson DS, Desplan C
(1997) Direct regulation of rhodopsin 1 by Pax-6/eyeless in
Drosophila: evidence from a conserved function in photo-
receptors. Genes Dev 11:1122-1131.

Stuart GW, McMurray JV, Westerfield M (1988) Replication,
integration and stable germ-line transmission of foreign
sequences injected into early zebrafish embryos. Develop-
ment 103:403-412,

Thomas JL, Da Rocha M, Besse A, Mauchamp B, Chavancy G
(2002) 3xP3-EGFP marker facilitates screening for trans-
genic silkworm Bombyx mori L. from the embryonic stage
onwards. Insect Biochem Mol Biol 32:247-253.

Ton CC, Miwa H, Saunders GF (1992) Small eye(Sey): cloning
and characterization of the murine homolog of the human
aniridia gene. Genomics 13:251-256.

Tsien RY (1998) The green fluorescent protein. Ann Rev
Biochem 67:509-544.

Tsubota S, Ashburner M, Schedl P(1985) P-element-induced
control mutations at the r region of Drosophila melano-
gaster. Mol Cell Biol 5:2567-2574.

Vigdal TJ, Kaufman CD, Izsvak Z, Voytas DF, Ivics Z (2002)
Common physical properties of DNA affecting target site
selection of Sleeping Beauty and other Tcl/mariner trans-
posable elements. J Mol Biol 323:441-452.

Walther C, Gruss P (1991) Pax-6, a murine paired box gene, is
expressed in the developing CNS. Development 113:1435-



Dev. Reprod. Vol. 8, No. 1 (2004) Pax6 Expression in 4. stephensi 25

1449, Tam3(hAT) element family. Genet Res 64:87-97.

Warren WD, Atkinson PW, O'Brochta DA (1994) The Hermes Wilson DS, Guenther B, Desplan C, Kuriyan J (1995) High
transposable element from the house fly, Musca domestica, resolution crystal structure of a paired(Pax) class cooperative

is a short inverted repeat-type element of the hobo, Ac, and homeodomain dimer on DNA. Cell 82:709-719.



