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Gene expression pattern
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Abstract

Drosophila dachshund (dac) interacts with sine oculis (so), eyes absent (eya) and eyeless (ey) to control compound eye development. We

have cloned three zebrafish dac homologues, dachA, dachB and dachC, which are expressed widely, in distinct but overlapping patterns.

Expression of all three is found in sensory organs, the central nervous system and pectoral fin buds. dachA is also expressed strongly in the

somites and dachC in the neural crest and pronephros. These expression domains overlap extensively with those of zebrafish pax, eya and six

family members, the homologues of Drosophila ey, eya and so, respectively. This is consistent with the proposal that Dach, Eya, Six and Pax

family members may form networks, similar to that found in the fly eye, in the development of many vertebrate organs. q 2002 Elsevier

Science Ireland Ltd. All rights reserved.
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1. Results and discussion

Drosophila Dachshund (Dac) is fundamental to

compound eye development and functions as part of an

interacting network with Eyeless (Ey), Sine oculis (So)

and Eyes absent (Eya; Treisman, 1999). Vertebrate homo-

logues of dac have been isolated from mouse (Dach1 and

Dach2), human (DACH1) and chick (Dach2) and these are

thought to act in networks similar to that found in the fly

(Hammond et al., 1998; Caubit et al., 1999; Kozmik et al.,

1999; Davis et al., 1999; Heanue et al., 1999; Davis et al.,

2001). The vertebrate networks also include members of the

Pax, Eya and Six gene families, the vertebrate counterparts

of ey, eya and so, respectively.

In vertebrates, a Pax/Eya/Six/Dach network seems to be

important in the development of a variety of organs, with a

different selection of the Dach, Pax, Eya and Six family

genes active in each tissue. Dach2, for instance, interacts

with Pax3, Eya2 and Six1 in the developing chick somite

(Heanue et al., 1999) and evidence is consistent with a

similar network, including Dach1, Pax6, Eya1, 2, 3 and

Six3, in the vertebrate eye (Hill et al., 1991; Xu et al.,

1997; Loosli et al., 1999; Chow et al., 1999). Expression

of members of all four gene families overlaps in many

other areas including the pronephros, central nervous

system (CNS), and otic vesicle, raising the possibility

that a Dach/Eya/Pax/Six ‘cassette’ is important in all

these tissues.

Here we report the isolation and characterization of three

zebrafish dachshund genes, dachA, dachB and dachC.

These genes are expressed extensively in the CNS, the

pronephros and in the sensory organs of the lateral line,

eye and ear, where many members of the zebrafish pax,

six and eya families are also detected (Kobayashi et al.,

2000; Nornes et al., 1998; Pfeffer et al., 1998; Riley et al.,

1999; Sahly et al., 1999; Seo et al., 1998).

1.1. Isolation of dachA, dachB and dachC

We isolated dachA, B, and C by screening a zebrafish

15–19 h cDNA library with the dach-box N region (see

below) of murine Dach1. These clones are 2883, 2357 and

2055 bp long, respectively and contain full length open

reading frames of 602, 564 and 576 amino acids (Fig.
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1a). DachC has the most similar amino acid sequence to

murine Dach1, while DachA and DachB are more similar

to chick and murine Dach2. Of the two, DachA is the most

similar to Dach2 (Fig. 1b). Two regions highly conserved

between mammalian and Drosophila Dachshund, Dach-

box C and Dach-box N (also known as DD1 and DD2;

Davis et al., 1999), are found in all three zebrafish proteins

(Fig. 1b).

1.2. Expression analysis

We analyzed expression of dachA, B and C by whole-

mount in situ hybridization between the 10 somite (s) stage

and 72 h post-fertilization (hpf). All three genes are

expressed widely, in distinct but overlapping patterns.

dachA and dachC show significant expression similarity to

mammalian Dach1 and Dach2, but dachB is less similar,

being predominantly expressed in the lateral line system,

which has no mammalian counterpart (Hammond et al.,

1998; Caubit et al., 1999; Kozmik et al., 1999; Davis et

al., 1999, 2001).

1.2.1. Sense organs

1.2.1.1. Eye. Only dachA is expressed in the developing

eye. It is detected throughout the optic vesicle by 12s, and

then is restricted to the lens from 20s to 34 hpf (Fig. 2A).

Lens expression disappears by 48 hpf when strong retinal

expression is seen in the ganglion cell layer (Fig. 2B).

Retinal expression remains weakly detectable at 72 hpf.

1.2.1.2. Ear. dachA, dachB and dachC are all expressed in

the ear.

dachA is seen at 14s in two medial domains, one at each

end of the otic vesicle (Fig. 2C). These are likely to be the

areas where sensory hair cells of the maculae are developing

(Haddon et al., 1998; Riley et al., 1997). From 20s (Fig.

2D,E) to 34 hpf (Fig. 2F), expression is seen in a dorso-

medial band which encompasses the two original domains.

In addition, at 34 hpf, expression is seen in the anterior

macula and in an adjacent ventral epithelial region (Fig.

2F). At 48 hpf, weak expression is seen in both maculae.

From 48 to 72 hpf, dorsal expression includes a duct-like

K.L. Hammond et al. / Mechanisms of Development 112 (2002) 183–189184
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structure, believed to be the presumptive endolymphatic

duct (Fig. 2G,H). Expression is also detected in the semi-

circular canal projections (Fig. 2G,H).

dachB is expressed in the maculae at 34 hpf and in all

sensory patches from 48 to 72 hpf (Fig. 2I,J).

dachC is expressed in a ventral epithelial region from 34

to 42 hpf (Fig. 2K,L).

1.2.1.3. Lateral line system. Only dachB is strongly

expressed in the lateral line system, although dachA is

K.L. Hammond et al. / Mechanisms of Development 112 (2002) 183–189 185

Fig. 2. Expression of dachA, dachB and dachC in the developing eye and ear. Anterior is to the left. (A–D) and (L) are dorsal views; all others are lateral views.

Scale bar, 50 mm. (A) dachA, eye, 24 hpf, dorsal: expression is within the lens. (B) dachA, eye, 48 hpf, dorsal: expression is within the ganglion cell layer of the

retina. (C) dachA, otic vesicle, 14s, dorsal: expression is located in two discrete medial regions, one at the anterior and one at the posterior end of the vesicle.

One of the two otic vesicles is outlined for clarity. (D) dachA, otic vesicle, 20s, dorsal; (E) dachA, otic vesicle, 20s, lateral: a band of epithelial expression

located dorsally and medially develops by 20s. Expression is similar at 24 hpf (not shown). Note the expression in odd numbered rhombomeres. (F) dachA, otic

vesicle, 34 hpf, lateral: dorsal–medial epithelial expression remains. Ventral expression is now observed in the anterior macula and an adjacent region just

posterior to this. (G) dachA, otic vesicle, 48 hpf, lateral: expression is in a dorsal epithelial duct-like structure which is likely to be an early endolymphatic duct,

and in the projections at the anterior and posterior of the vesicle. These will form the semicircular canals. Weak expression remains in the anterior macula and

the posterior macula (not shown). (H) dachA, otic vesicle, 72 hpf, lateral: expression is seen in the semicircular canal projections excluding the majority of the

ventral projection. It remains in the dorsal duct as at 48 hpf. (I) dachB, otic vesicle, 48 hpf, lateral (focal plane at the level of the anterior macula): strong

expression is seen in the hair cells of the anterior macula. The hair cells of the posterior macula (not shown) also express dachB. (J) dachB, otic vesicle, 48 hpf,

lateral (lateral focal plane) strong expression is seen within the cristae. (K) dachC, otic vesicle, 42 hpf, lateral. (L) dachC, otic vesicle, 42 hpf, dorsal, lateral to

top: expression is seen in a ventro-lateral region of epithelium. This expression begins by 34 hpf and disappears by 48 hpf (not shown). L, lens; am, anterior

macula; gc, ganglion cell layer; ot.v, otic vesicle; r5, rhombomere 5; c, crista; sc, semicircular canal projection; d, dorsal duct-like structure.

Fig. 1. (a) Amino acid alignment of the predicted DachA, DachB and DachC open reading frames (ORFs) with murine Dach1 and human DACH1 protein

sequences (accession numbers AAF102547 and AAF102546, respectively). Dach-box N (numbered 220–302) and Dach-box C (numbered 627–698), two

regions of high homology between all known dac homologues, are boxed in grey (shown in detail in (b)). All three zebrafish clones are predicted to contain full

length ORFs beginning at the boxed methionine; dachA and dachB have 156 and 119 bp of sequence, respectively, upstream of the proposed initiating

methionine, each containing two in-frame stop codons (amino acid sequence between the more 3 0 stop codon and the initiating methionine is shown). DachC is

presumed to be full length as the proposed ORF is similar in length to the DachA and DachB ORFs and an alanine residue following the initiating methionine of

DachC is conserved with DachA, DachB and mammalian Dach1 and DACH1. There are, however, no upstream in-frame stop codons in the 36 bp of sequence

upstream of the proposed DachC initiating methionine (A translation of all upstream DachC sequence is shown). The DachA, DachB and DachC ORFs are 602,

564 and 576 residues, respectively. These are shorter than human and murine Dachshund proteins, which contain 754 and 702 amino acids, respectively. The

DachA and Dach1 clones contain an insertion of 52 amino acids (numbered 387–439), which is partially present in DachB but absent from DachC and human

DACH1. This probably corresponds to an alternatively spliced exon (RT-PCR analysis of mouse complete cDNA confirms that both splice forms are present in

this organism and that the insertion is a rare alternative splice form; Hammond et al., 1998). A further potential alternative splice region is present in Dach1,

DACH1 and DachC but absent from DachA and DachB (numbered 546–564). Several repetitive regions present in the mammalian genes are absent from all

three zebrafish genes. (b) Consensus amino acid alignment of two highly conserved regions found in all known Dachshund homologues. Dach-box N (also

known as DD1: Davis et al., 1999) spans 83 amino acids near the N-terminus of Dachshund. Identity of DachA, DachB and DachC is 94, 93 and 98%,

respectively with murine Dach1 and 96, 94 and 89% with murine Dach2 within this region (excluding the insertion apparently only found in Dach2). Dach-box

C (also known as DD2: Davis et al., 1999) spans 72 amino acids near the C-terminus of Dachshund. Identity of DachA, DachB and DachC, respectively is 72,

68, and 87% with murine Dach1 and 79, 76 and 71% with mouse Dach2 in this region. Based on these amino acid sequence comparisons, it appears that DachC

is most similar in sequence to murine Dach1 and that DachA and DachB are more similar to murine Dach2. Black, conserved residues; grey, similar residues;

white, non-conserved residues; zebA, DachA (zebrafish); zebB, DachB (zebrafish); zebC, DachC (zebrafish); mouse1, Dach1 (mouse; Hammond et al., 1998;

Caubit et al., 1999; Davis et al., 1999; Kozmik et al., 1999); human1, DACH1 (human; Hammond et al., 1998; Caubit et al., 1999; Davis et al., 1999; Kozmik et

al., 1999); chick2, Dach2 (chick; Heanue et al., 1999); mouse2, Dach2 (mouse; Davis et al., 2001); Dros, dac (Drosophila; splice variant 4 accession number

U19269; Mardon et al., 1994); C.elegans, Caenorhabditis elegans Dachshund homologue (cosmid B401).



expressed weakly in the migrating midbody lateral line

primordium and neuromasts (not shown).

dachB is expressed in the pre-otic lateral line placode

from 15s (Fig. 4B,E—shown at 20s) and continues to be

expressed in the sensory ridges (Fig. 4D) and, until 72

hpf, in the neuromasts derived from these (Fig. 4G,H).

The midbody lateral line primordium expresses dachB

strongly as it migrates the length of the body from 20s

until 48 hpf (Fig. 4C,F—shown at 24 hpf). The neuromasts

it deposits also express dachB until 72 hpf (data not shown).

1.2.2. CNS

All three fish genes are expressed in the CNS.

1.2.2.1. dachA. dachA is first detected in early

somitogenesis in the forebrain and spinal cord (Fig. 3A–

shown at 14s). Hindbrain expression, in rhombomeres 3,

5, and 7, is seen at 16s and is maintained until 34 hpf

(Fig. 3B,C). By 48 hpf, hindbrain expression remains but

is not obviously restricted to specific rhombomeres (Fig.

3G). Forebrain expression is seen in a dorsal region and in

the hypothalamus by 20s (Fig. 3B–D—shown at 24 hpf); the

nucleus of the medial longitudinal fasciculus expresses

dachA at 24 hpf (Fig. 3B,C). By 48 hpf, complex

midbrain expression appears and forebrain and anterior

spinal cord expression remain (Fig. 3G–I). Forebrain,

midbrain and hindbrain expression is still present at 72

hpf (Fig. 3J).

1.2.2.2. dachB. At 10s, ventro-medial expression is seen in

the spinal cord and lateral, punctate expression, representing

individual neurons, is seen in the rostral embryo (Fig. 4A).

At 20s, punctate expression throughout the caudal neural

tube is seen but ventro-medial expression has disappeared

(Fig. 4B,E). At 24 hpf, the hindbrain and the nucleus of the

post-optic commissure express dachB (Fig. 4C,F) and at 48

hpf, expression is detected in the hindbrain and neurons of

the midbrain tegmentum (Fig. 4G–I).

1.2.2.3. dachC. Forebrain expression begins to appear at 20s

and is strong in the diencephalon by 24 hpf (Fig. 5B,C).

Expression is now also seen in the cerebellum,

rhombomere 4 of the hindbrain and spinal neurons (Fig.

5B,C). By 34 hpf, the trigeminal ganglion expresses

K.L. Hammond et al. / Mechanisms of Development 112 (2002) 183–189186

Fig. 3. Expression of dachA in 14s to 72 hpf embryos. Anterior is to the left, except (D) which is an optical cross-section (dorsal to top) and (D 0) which is a

transverse section (dorsal to top), both at the level of the arrowheads in (C). Scale bar, 100 mm, except E/F where it is 50 mm. (A) 14s, dorsal view: expression is

seen within the forebrain (fb), eye, spinal cord, lateral mesoderm (black arrowhead) and the first 4–5 somites (black arrow). (B) 24 hpf, dorsal view; (C), 24 hpf,

lateral view; (D), 24 hpf frontal view; (D 0), 24 hpf transverse section at the level of arrowheads in (C): expression is seen in the dorsal forebrain (black arrow

head), hypothalamus (white arrow head), neural crest (black arrow), lens (L), otic vesicle (ot.v.), rhombomeres 3, 5 and 7 of the hindbrain, lateral mesoderm,

nucleus of the medial longitudinal fasciculus (white arrow) and in the anterior spinal cord. Expression at 20s (not shown) is similar to 24 hpf. (E) Pectoral fin

bud, 24 hpf, dorsal view (distal to top); (F), pectoral fin bud, 48 hpf, lateral view (distal to top): expression is seen throughout most of the bud at 24 hpf, tending

towards the posterior; by 48 hpf, a small region of expression is seen at the posterior and a larger region at the anterior. This resembles the pattern of murine

Dach1 in the limb bud at E10.5–11.5 (Hammond et al., 1998). (G) 48 hpf, dorsal view (dorsal focal plane); (H), 48 hpf, dorsal view (more ventral focal plane):

expression is seen in the ganglion cell layer of the eye (white arrow head), the hindbrain (hb), the anterior spinal cord (black arrowhead), the midbrain including

the tectum (white arrow) and in the forebrain (black arrow). (I) 60 hpf, lateral view: expression is similar to that at 48 and 72 hpf. It is detected in the hindbrain

(hb), anterior spinal cord (black arrowhead), forebrain (black arrow), midbrain (mb) and in the otic vesicle (ot.v). Weak expression remains visible in the

ganglion cell layer of the eye (slightly out of focal plane). (J) 72 hpf, dorsal view: expression remains in the hindbrain, forebrain (black arrow), otic vesicle

(ot.v) and more weakly in the midbrain.
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Fig. 4. Expression of dachB in 10s to 48 hpf zebrafish embryos. Anterior is to the left. Scale bar, 100 mm, except in (J) where it is 50 mm. (A) 10s, lateral view:

expression is seen in a ventro-medial domain of spinal cord (wide arrow) and in individual, lateral neurons in the rostral part of the embryo. (B) 19s, lateral

view; (E), 19s, dorsal view: expression is seen in individual neurons throughout the neural tube and in the pre-otic lateral line placode (thin arrow) which is seen

just beginning to split to form dorsal and ventral sensory ridges. Ventro-medial expression has now disappeared (wide arrow). (C) 24 hpf, lateral view; (F), 24

hpf, dorsal view: expression remains in discrete, lateral regions of the hindbrain and anterior spinal cord (wide arrow) and is seen in the migrating midbody

lateral line primordium (arrowhead) and the nucleus of the post-optic commissure (thin arrow). (D) 34 hpf, lateral view: the three sensory ridges (arrows)

derived from the pre-otic lateral line placode all express dachB. Expression is also seen in one branchial arch (arrowhead). (G) 48 hpf, lateral view; (H), 48 hpf,

dorsal view; (I), 48 hpf dorsal view: expression is seen in the nascent neuromasts deposited around the periphery of the eye by the sensory ridges (thin arrows

(G,H)), the hindbrain (hb) and in individual neurons of the midbrain tegmentum (I). (J) 48 hpf, pectoral fin bud, dorsal view (distal to bottom): expression is

seen weakly in the developing muscle masses.

Fig. 5. Expression of dachC in 20s to 72 hpf zebrafish embryos. Anterior is to the left. Scale bar, 100 mm, except (E) where it is 50 mm. (A) 20s, lateral view

(dorsal to top): expression is strong in the neural crest, seen migrating ventrally (black arrow). At 10–15s expression is similar although migration has yet to

occur (not shown). This is very similar to murine Dach1 expression, which is seen in premigratory and migratory neural crest. (B) 24 hpf, dorsal view; (C), 24

hpf, lateral view (dorsal to top): expression is seen in the cerebellum (black arrow), pronephric duct (black arrowhead), spinal neurons (white arrow), neural

crest, diencephalon (*) and deep within rhombomere 4 of the hindbrain (white arrowhead). Just posterior to rhombomere 4 (below focal plane), branchial arch

expression is seen. (D) 34 hpf, lateral view: shows trigeminal ganglion expression (black arrow) between the eye and the ear. (E) Pectoral fin bud, 48 hpf, dorsal

view (distal to top): The developing muscles express dachC strongly at 48 hpf. (F) 48 hpf, lateral view; (G), 48 hpf dorsal view: expression is seen in the

habenula and dorsal thalamus (white arrow), rhombomeres of the hindbrain, and in the midbrain tectum and tegmentum. (H) 72 hpf, lateral view; (I), 72 hpf,

dorsal view: expression is mainly restricted to two longitudinal hindbrain regions either side of the midline.



dachC (Fig. 5D). At 48 hpf, dachC is seen in the habenula,

dorsal thalamus, midbrain tectum and tegmentum,

cerebellum and rhombomeres of the hindbrain (Fig. 5F,G).

At 72 hpf, expression is mainly restricted to two

longitudinal hindbrain stripes (Fig. 5H,I).

1.2.3. Other domains of expression

1.2.3.1. Pectoral fin buds. All three dach genes are

expressed in the pectoral fin buds. dachA is seen throughout

the bud at 24 hpf but is restricted to a large anterior and

smaller posterior domain by 48 hpf (Fig. 3E,F). dachB and

dachC are both found in the distal bud at 30 hpf. dachC is

strongly expressed in the developing fin muscle at 48 hpf

(Fig. 5E), while dachB is weakly expressed in a similar

region (Fig. 4J). A small ventral region between the pectoral

fin buds expresses all three genes strongly at 24 hpf (data not

shown).

1.2.3.2. Somites. dachA is expressed transiently in the most

anterior 4–5 somites from 12s to 16s (Fig. 3A).

1.2.3.3. Branchial arches. dachB is expressed in a single

branchial arch at 34 hpf (Fig. 4D) and dachC is expressed

in two at 24 hpf (Fig. 5B).

1.2.3.4. Pronephros. dachC is strongly expressed in the

pronephros at 24 hpf (Fig. 5B,C).

1.2.3.5. Neural crest. dachC is expressed strongly in the

premigratory and migratory neural crest from 10s until at

least 24 hpf (Fig. 5A–C). dachA can also be seen here at 24

hpf (Fig. 3B,C)

2. Materials and methods

dachA was isolated by screening a zebrafish 15–19 h

(28.5 8C) polyA1 cDNA library in Uni-Zap XR lambda

vector (a gift from Bruce Appel, University of Oregon)

with a template produced by PCR amplification of the

Dach-box N conserved region of murine Dach1, using

primers GCT TTC GAC CTG TTC CTG AAG and CTT

TGA GTC CTC TTA GGA GGC. Hybridization was

carried out as in Nehls et al. (1994), after which positive

clones were excised from the Uni-Zap phage vector (Stra-

tagene) to produce pBluescript SK 1 /2 phagemid.

dachB and dachC were isolated by re-screening the

library with probe amplified from the Dach-box N region

of dachA using primers AAC TGG CAT TGG TGC AGT

CG and GTG AAA GTG GCC TCG TTC AC.

Sequencing was carried out using an ABI 337A auto-

mated fluorescent sequencer and an ABI Prism dRhodamine

terminator cycle sequencing ready reaction kit (Perkin–

Elmer Applied Biosystems). Sequences were analyzed

using Applied Biosystems 377A software and programs

available through http://workbench.sdsc.edu.

2.1. In situ hybridization

Whole-mount in situ hybridization was carried out as in

Oxtoby and Jowett (1993). Probes were labelled using a

DIG labelling kit (Roche). Embryos used were either WIK

or gol2/2 and some embryos were treated with 0.0035% 1-

phenyl-2-thiourea (Sigma), to prevent pigment formation

(Westerfield, 1994).

For microscopy, embryos were cleared and mounted in

glycerol or were dehydrated through an ethanol series,

cleared in 2:1 benzyl alcohol/benzyl benzoate, and mounted

in DePeX (BDH).

3. Note

Sequence data for dachA, dachB and dachC have been

deposited with GenBank, accession numbers AF427108,

AF427109 and AF207110.

Acknowledgements

The authors would like to thank Bruce Appel for the

zebrafish library, K. Whitlock, C. Houart and A. Furley

for useful discussion, C. Mowbray for comments on the

manuscript, H.E. Loynes for technical support and F.

Wilson, L. Gleadall and J. Mattocks for aquarium upkeep.

This work was supported by the MRC and a Wellcome Trust

project grant (057101) to T.T.W.

References

Caubit, X., Thangarajah, R., Theil, T., Wirth, J., Nothwang, H.-G., Ruther,

U., Krauss, S., 1999. Mouse Dac, a novel nuclear factor with homology

to Drosophila dachshund shows a dynamic expression in the neural

crest, the eye, the neocortex and the limb bud. Dev. Dyn. 214, 66–80.

Chow, R.L., Altman, C.R., Lang, R.A., Hemmati-Brivanlou, A., 1999.

Pax6 induces ectopic eyes in a vertebrate. Development 126, 4213–

4222.

Davis, R.J., Shen, W., Heanue, T.A., Mardon, G., 1999. Mouse Dach, a

homologue of Drosophila dachshund, is expressed in the developing

retina, brain and limbs. Dev. Genes Evol. 209, 526–536.

Davis, R.J., Shen, W., Sander, Y.I., Heanue, T.A., Mardon, G., 2001. Char-

acterization of mouse Dach2, a homologue of Drosophila dachshund.

Mech. Dev. 102, 169–179.

Haddon, C., Jiang, Y-J., Smithers, L., Lewis, J., 1998. Delta-Notch signal-

ling and the patterning of sensory cell differentiation in the zebrafish

ear: evidence from the mind bomb mutant. Development 125, 4637–

4644.

Hammond, K.L., Hanson, I.M., Brown, A.G., Lettice, L.A., Hill, R.E.,

1998. Mammalian and Drosophila dachshund genes are related to the

Ski proto-oncogene and are expressed in eye and limb. Mech. Dev. 74,

121–131.

Heanue, T.E., Reshef, R., Davis, R.J., Mardon, G., Oliver, G., Tomarev, S.,

Lassar, A.B., Tabin, C.J., 1999. Synergistic regulation of vertebrate

muscle development by Dach2, Eya2 and Six1, homologs of genes

required for Drosophila eye formation. Genes Dev. 13, 3231–3243.

Hill, R.E., Favor, J., Hogen, B.L.M., Ton, C.C., Saunders, G.F., Hanson,

I.M., Prosser, J., Jordan, T., Hastie, N.D., Van Heyningen, V., 1991.

K.L. Hammond et al. / Mechanisms of Development 112 (2002) 183–189188



Mouse Small eye results from mutations in a paired like homeobox

containing gene. Nature 354, 522–525.

Kobayashi, M., Osanai, H., Kawakami, K., Yamamoto, M., 2000. Expres-

sion of three zebrafish Six4 genes in the cranial sensory placodes and the

developing somites. Mech. Dev. 98, 151–155.

Kozmik, Z., Pfeffer, P., Kralova, J., Paces, J., Paces, V., Kalousova, A.,

Cvekl, A., 1999. Molecular cloning and expression of the human and

mouse homologues of the Drosophila dachshund gene. Dev. Genes

Evol. 209, 537–545.

Loosli, F., Winkler, S., Wittbrodt, J., 1999. Six3 overexpression initiates the

formation of ectopic retina. Genes Dev. 13, 649–654.

Mardon, G., Solomon, N.M., Rubin, G.M., 1994. dachshund encodes a

nuclear protein required for normal eye and leg development in Droso-

phila. Development 120, 3473–3486.

Nehls, M., Pfeiffer, D., Boehm, T., 1994. Exon amplification from complete

libraries of genomic DNA using a novel phage vector with automatic

plasmid excision facility: application to the mouse neurofibromatosis-1

locus. Oncogene 9, 2169–2175.

Nornes, S., Clarkson, M., Mikkola, I., Pederson, M., Bardsley, A., Marti-

nez, J.P., Krauss, S., Johansen, T., 1998. Zebrafish contain two Pax6

genes involved in eye development. Mech. Dev. 77, 185–196.

Oxtoby, E., Jowett, T., 1993. Cloning of the zebrafish Krox20 gene (Krx20)

and its expression during hindbrain development. Nucleic Acids Res.

21, 1087–1095.

Pfeffer, P.L., Gerster, T., Lun, K., Brand, M., Busslinger, M., 1998. Char-

acterization of three novel members of the zebrafish Pax2/5/8 family:

dependency of Pax5 and Pax8 expression on the Pax2.1 (noi) function.

Development 125, 3063–3074.

Riley, B.B., Zhu, C., Janetopoulos, C., Aufderheide, K.L., 1997. A critical

period of ear development controlled by distinct populations of ciliated

cells in the zebrafish. Dev. Biol. 191, 191–201.

Riley, B.B., Chiang, M.-Y., Farmer, L., Heck, R., 1999. The deltaA gene of

zebrafish mediates lateral inhibition of hair cells in the inner ear and is

regulated by pax2.1. Development 126, 5669–5678.

Sahly, I., Anderman, P., Petit, C., 1999. The zebrafish eya1 gene and its

expression pattern during embryogenesis. Dev. Genes Evol. 209, 399–

410.

Seo, H.-C., Drivenes, Ø., Ellingsen, S., Fjose, A., 1998. Expression of two

zebrafish homologues of the murine Six3 gene demarcates the initial eye

primordia. Mech. Dev. 73, 45–57.

Treisman, J.E., 1999. A conserved blueprint for the eye? Bioessays 21,

834–850.

Westerfield, M., 1994. The Zebrafish Book, University of Oregon Press,

Eugene, OR.

Xu, P.-X., Woo, I., Her, H., Beier, D.R., Maas, R.L., 1997. Mouse Eya

homologues of the Drosophila eyes absent gene require Pax6 for

expression in lens and nasal placode. Development 124, 219–231.

K.L. Hammond et al. / Mechanisms of Development 112 (2002) 183–189 189


