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Abstract. The human ATOH7 gene encodes a basic helix-loop-
helix (bHLH) transcription factor that is highly similar toDro-
sophilaAtonal within the conserved bHLH domain. The ATOH7
coding region is contained within a single exon. We mapped
ATOH7 to Chromosome (Chr) 10q21.3-22.1, a region syntenic to
the segment of mouse Chr 10 whereAtoh7 (formerly Math5) is
located. The evolutionary relationship between ATOH7 and other
atonal homologs was investigated using parsimony analysis. A
direct comparison of ATH5/7 and ATH1 protein subgroups to
Atonal also revealed a nonrandom distribution of amino acid
changes across the bHLH domain, which may be related to their
separate visual and proprioceptive sensory functions. Among
bHLH genes, ATOH7 is most closely related toAtoh7.This se-
quence conservation extends significantly beyond the coding re-
gion. We define blocks of strong homology in flanking human and
mouse genomic DNA, which are likely to includecis regulatory
elements. Because targeted deletion ofAtoh7 causes optic nerve
agenesis in mice, we propose ATOH7 as a candidate for human
optic nerve aplasia and related clinical syndromes.

Early development of the mammalian retina proceeds through a
series of cell fate decisions in which progenitor cells in the optic
cup progressively exit mitosis, migrate to specific laminar posi-
tions, and terminally differentiate into one of seven basic neural or
glial cell types. Defects in retinal cell determination or differen-
tiation lead to specific malformations in humans, including Leber’s
congenital amaurosis (Freund et al. 1998; Sohocki et al. 1998),
cone-rod dystrophy (Freund et al. 1997; Sohocki et al. 1998; Swain
et al. 1997), enhanced S-cone syndrome (Cepko 2000; Haider et al.
2000), and optic nerve aplasia or hypoplasia (Lee et al. 1996; Scott
et al. 1997; Weiter et al. 1977). Although the genetic basis for
retinal histogenesis is poorly understood, recent findings suggest
that key proteins controlling some of these developmental pro-
cesses are nuclear transcription factors (Brown et al. 2001; Freund
et al. 1997; Kobayashi et al. 1999; Swain et al. 1997; Wang et al.
2001).

Basic helix-loop-helix (bHLH) transcription factors regulate
multiple aspects of retinal neuron formation in vertebrates and
invertebrates (Jan and Jan 1993; Vetter and Brown 2001; Cepko
1999). Proneural bHLH proteins contain basic DNA-binding and
helix-loop-helix dimerization motifs and act to promote neuron
formation. They are generally expressed by groups of equivalent
neural progenitor cells, with each group ultimately giving rise to
one or more neurons. A key proneuralbHLH gene that controls

photoreceptor development inDrosophila is atonal, named for its
chordotonal stretch receptor mutant phenotype (Jarman et al.
1993). While several vertebrate atonal homologs (Atoh proteins)
have been identified, most act only during peripheral or central
nervous system development and are not expressed significantly
during eye formation. In contrast, the ATH5/7 subclass (named for
XenopusXath5 and mouse Atoh7) is highly expressed by retinal
progenitors during the early stages of eye development in ze-
brafish, chick, frog, and mouse (Brown et al. 1998; Kanekar et al.
1997; Liu et al. 2001; Masai et al. 2000).

Mutations in the flyatonal, zebrafishZath5,or mouseAtoh7
(Math5) genes cause agenesis of the initial neuron class in the
diverse eye types of these organisms, which consist of R8 photo-
receptors inDrosophila (Jarman et al. 1994, 1995) and retinal
ganglion cells (RGCs) in vertebrates (Brown et al. 2001; Jarman et
al. 1994, 1995; Kay et al. 2001; Wang et al. 2001). BecauseDro-
sophila photoreceptors are induced sequentially, by an iterative
process that depends on previously formed photoreceptors,atonal
mutant flies are nearly eyeless, whereas zebrafishZath5and mouse
Atoh7mutants have eyes but lack RGCs and optic nerves. These
phenotypes are consistent with gain-of-function experiments in
which ectopic expression of frogXath5 or chickenCath5 was
shown to bias retinal progenitors toward an RGC fate (Kanekar et
al. 1997; Liu et al. 2001).

We report the cloning, chromosome mapping, and phyloge-
netic analysis of human ATOH7. By comparing the flanking ge-
nomic DNA in humans and mice, we have identified multiple
discrete segments of sequence homology. On the basis of these
conserved features, we propose that ATOH7 is the human ortholog
of Atoh7. Given the central role ofAtoh7 (Math5) in RGC and
optic nerve formation, ATOH7 mutations may underlie clinically
important congenital malformations or degenerative diseases of
the optic nerve.

Materials and methods

DNA library screening.A Sau3A-partial human genomic DNA library
constructed inlFix (Stratagene) was screened using a radiolabeled full-
lengthAtoh7cDNA probe (Brown et al. 1998) at reduced stringency. Two
positive clones (#3 and #6) were purified for further analysis.

DNA cloning and sequence analysis.Restriction maps of phage
clones were prepared by usingBamHI, EcoRI, SalI, HindIII, andXhoI, and
Southern analysis. Human genomic DNA fragments hybridizing to the
Atoh7cDNA probe were subcloned in pGEM3Z and used as templates for
automated sequencing. A 5.7-kb segment from the assembled sequence of
phage clone #6 was deposited in GenBank (accession no. AF418922) and
is largely identical to the sequence of an independent BAC clone
(AC016395). We also identified a short 38 EST for ATOH7 (H05728) and
sequenced the corresponding 1.7-kb cDNA clone. The genomic sequence
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of mouseAtoh7 (accession no. AF418923) was obtained from a 6.5-kb
EcoRI clone (Brown et al. 1998, 2001). Some sequence comparisons were
also made to aDrosophila BAC clone containing theatonal gene
(AC008094).

Nucleotide and amino acid sequence analysis was performed by using
MacVector and AssemblyLIGN software programs (Oxford Molecular).
Amino acid sequences were initially aligned with Clustal W (Thompson et
al. 1994) and subsequently adjusted by eye. Two-way genomic DNA se-
quence comparisons were performed by using BLASTN 2.1.2 (Tatusova
and Madden 1999) via the National Center for Biotechnology Information
(NCBI) website (www.ncbi.nlm.nih.gov/blast/bl2seq/bl2.html). Scoring
parameters for the noncoding regions were match, 1; mismatch, 2; gap
open, 1; and gap extension, 2. Global human-mouse genomic sequence
alignments were generated and displayed using the VISTA (VISualization
Tool for Alignments) program (Dubchak et al. 2000; Mayor et al. 2000) via
the Lawrence Berkeley Laboratory website (www.gsd.lbl.gov/vista) with a
100-bp window size and 70% nucleotide identity threshold for conserved
regions. Human repetitive elements and CpG islands were identified by
using RepeatMasker at ftp.genome.washington.edu/RM/RepeatMasker.
html (AFA Smit and P Green, unpublished).

Fluorescence in situ hybridization (FISH).Phytohemagglutinin-
stimulated lymphocytes from whole human blood were cultured and har-
vested under standard conditions. Giemsa-trypsin banding (G-banding) and
FISH were performed on metaphase spreads as previously described (Da-
genais et al. 1999). Chromosomes were G-banded, photographed, and de-
stained. After air-drying, slides were denatured and hybridized overnight
with ATOH7 phage clone #6 DNA. This probe was labeled with biotin-
14-dATP using the BioNick Translation Kit (GibcoBRL) and pre-annealed
to human Cot-1 DNA (GibcoBRL). Signals were visualized by incubation
with two layers of FITC-conjugated avidin-DCS and fluorescein-
conjugated anti-avidin IgG (Vector Laboratories). Chromosomes were
counterstained with propidium iodide (Vector Laboratories), analyzed with
a Zeiss Axiophot epifluorescence microscope, and photographed with Ko-
dak technical Pan and Royal Gold ASA 1000 films.

Phylogenetic analysis.Amino acid sequences from 26 bHLH domains,
including human ATOH7, were aligned and subjected to parsimony analy-
sis using PAUP* version 4.0b8 (Swofford 1998). The bHLH domains
(taxa) each consist of 56 amino acids (characters), as designated by Ferre´-
D’Amaré et al. (1993). A full heuristic search for shortest trees was per-
formed by using 100 random sequences of taxa addition, branch swapping
via the TBR (tree-bisection and recombination) algorithm, and the PRO-
TOPARS stepmatrix for amino acid substitutions. This matrix gives the
minimum number of nucleotide substitutions needed to convert one amino
acid into another on the basis of the genetic code used by nuclear genes of
most eukaryotes (Felsenstein 1993). To assess support for the inferred
phylogeny, the heuristic search was repeated 100 times using bootstrap
data sets derived by sampling the matrix of aligned characters with re-
placement, and a majority rule consensus tree was generated from the
bootstrap replicates (Swofford 1998; Swofford et al. 1996). Mash1 and
Mash2 bHLH domains were used as outgroup taxa.

Accession numbers for the phylogenetic analysis are:Homo sapiens
ATOH7 (AF418922);Mus musculusAtoh7 cDNA (AF071223);Gallus
gallus Cath5 (AJ001178);Xenopus laevisXath5a (U93170) and Xath5b
(U93171); Danio rerio Zath5 (AB049457);Drosophila melanogaster
Atonal (L36646), Cato (AF134869) and Amos (AF166113);Caenorhab-
ditis elegansLin32 cDNA (U15418) and genomic (U50199);Homo sapi-
ens ATOH1 (U61148); Mus musculusAtoh1 (D43694);Gallus gallus
Cath1 (U61149);Danio rerio Zath1 (AF024536);Mus musculusAtoh2
(D44480) and Atoh3 (AF036257);Xenopus laevisXath3 (D85188);Mus
musculusNeuroD (U28068) and NeuroD2 (U58471);Mus musculusNgn1
(U67776), Ngn2 (AF303001) and Ngn3 (AF364300);Xenopus laevis
Xngnr1a (U67778);Rattus norvegicusMash1 (X53725) and Mash2
(X53724).

Results and Discussion

The mouse bHLH transcription factor Atoh7 (Math5) is expressed
in the developing optic cup, beginning at embryonic day E11.5, in
a temporal and spatial pattern that coincides with RGC formation
(Brown et al. 1998). Atoh7 is required for development of RGC
neurons, optic nerves and chiasmata (Brown et al. 2001; Wang et
al. 2001). Congenital defects of the optic nerve, including aplasia,

hypoplasia and coloboma (Hellstrom et al. 1999; Lee et al. 1996;
Onwochei et al. 2000; Scott et al. 1997; Weiter et al. 1977), are
among the most common causes of childhood blindness and severe
visual impairment (DeCarlo and Nowakowski 1999; Steinkuller et
al. 1999). RGCs are also the final target of pathogenesis in glau-
coma. The human ATOH7 ortholog is thus a candidate gene for
these disorders.

Isolation and molecular characterization of human ATOH7.Like
other members of the atonal family, the mouse Atoh7 gene has no
introns. We were therefore able to isolate the entire ATOH7 tran-
scription unit as a single contiguous segment by screening a human
genomic phage library with a mouse Atoh7 cDNA probe. Two
positive clones were purified and analyzed in detail (Figure 1A).
We subcloned and sequenced a 5.0 kbEcoRI fragment that hy-
bridized to the cDNA probe, and identified a 456 bp open reading
frame with strong homology to Atoh7. The adjoining 38 UTR
sequence also matched a human EST (H05728). The correspond-
ing 1.7 kb clone contains an essentially full-length cDNA and its
sequence matches the genomic phage clones and a bacterial arti-
ficial chromosome (BAC) identified as part of the human genome
project (AC016395).

ATOH7 maps to human chromosome 10q21-q22.Phage clone #6
was used as a FISH probe on normal human metaphase chromo-
some spreads (Fig. 1B,C). Fluorescent antibody and propidium
iodide labeling, in combination with Giemsa-trypsin banding,
showed that ATOH7 maps to the q21.3-q22.1 interval of Chr 10
(Fig. 1D). These cytogenetic data are consistent with the regional
assignment of BAC clone AC016395 on human Chr 10 (McPher-
son et al. 2001) and genetic mapping ofAtoh7on mouse Chr 10 in
an interspecific cross (Brown et al. 1998). At least 17 other mark-
ers have been identified in the HSA10-MMU10 syntenic group
(Burmeister et al. 1998), including two cadherins that are impli-
cated in neurosensory development. CDH23 (otocadherin) is
strongly expressed in the retina and inner ear, and is mutated in
humans with retinal degeneration and deafness (Usher syndrome,
USH1D) and isolated autosomal recessive deafness (DFNB12),
and in waltzer (v) mice (Bolz et al. 2001; Bork et al. 2001; Di
Palma et al. 2001). PCDH15 (protocadherin) is mutated in Ames
waltzer (av) mice and is a candidate for the USH1F locus (Ala-
gramam et al. 2001; Zobeley et al. 1998). The pattern of CDH23
and PCDH15 expression within the retina, including the RGCs,
has not been determined, but neither gene maps close to ATOH7.
Chr 10q21 also contains a secondatonal homolog, NEUROG3
(del Bosque-Plata et al. 2001), which encodes Neurogenin 3 and is
distantly related to ATOH7 (Fig. 2B). ATOH7 and NEUROG3
(AF234829) are clearly distinct bHLH genes, separated by
>1000 kb.

In spite of its established role in RGC development, our map-
ping data also exclude ATOH7 from 10q24-qter, where trisomy
has been associated with optic nerve aplasia (Pfeiffer et al. 1995).
Apart from USH1D, no human genetic ocular disease has been
mapped to the 10q21-q22 region.

Evolutionary comparisons within the Atonal family.To better un-
derstand the conservation between ATOH7 and other Atonal-
related proteins, we aligned the full-length amino acid sequences
of Atonal,C. elegansLin32 and six vertebrate homologs (Fig. 2A).
This comparison highlights the significant degree of amino acid
identity within the bHLH domain. For example, the basic DNA-
binding region, which largely determines target site specificity
(Chien et al. 1996; Dang et al. 1992; Fisher and Goding 1992), is
identical among human, mouse, chicken, frog, and fly proteins in
the ATH5/7 group (Fig. 2A). However, outside of the bHLH do-
main, there are no segments of extended sequence homology. In
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fact, Atonal has a significantly longer N-terminal coding region
than the other proteins, by >200 amino acids, and is predicted to
truncate immediately C-terminal to the bHLH domain. These ob-
servations are consistent with the modular evolution proposed for
bHLH proteins (Morgenstern and Atchley 1999) and suggest that
functional constraints on the external amino acids are relatively
limited.

To further delineate phylogenetic relationships among these
proteins, we used maximum parsimony analysis to compare 24
bHLH domains in the Atonal class and two outgroups. This data
matrix contains 56 characters, of which 34 are informative. Our
initial heuristic search gave 12 shortest trees with 216 steps and
consistency index (CI) 0.690. The strict consensus tree has three
major clades: NeuroD/Neurogenin, ATH5/7 and ATH1. Atonal
and Amos are grouped with ATH1 and Cato is grouped with
NeuroD/Neurogenin; Lin 32 is basal. The bootstrap majority-rule
consensus tree (Fig. 2B) generated from 100 replicate searches has
a similar overall topology, but does resolve Atonal, Amos, Cato
and Lin32 branches with respect to the ATH5/7, ATH1 and Neu-
roD/Neurogenin clades. As a further measure of support, we gen-
erated a congruent strict consensus tree using an exact branch-and-
bound algorithm and a pruned data set, in which the NeuroD and
Neurogenin clades were represented by single taxa (not shown).

Our analysis confirms the existence of four well-supported
clades within the Atonal bHLH family, corresponding to the ver-
tebrate ATH5/7, ATH1, NeuroD, and Neurogenin subfamilies
(Brown et al. 1998; Ledent and Vervoort 2001), and shows that
human ATOH7 is most closely related to mouse Atoh7 (Fig. 2B).
There is additional strong support for a combined NeuroD-
Neurogenin clade. The phylogenetic data do not resolve whether

the ATH5/7 and ATH1 clades are sister groups or are equivalently
divergent from Atonal. However, the hypothesis that ATH5/7 and
ATH1 arose by gene duplication after divergence from the Atonal
lineage is compatible with our analysis. This model is particularly
appealing in view of the probable genome-wide duplications that
occurred during early vertebrate evolution (Holland 1999a;
Nadeau and Sankoff 1997; Ohno 1999) and the segregation of
visual and proprioceptive functions demonstrated in mice between
paralogousAtoh7andAtoh1genes, respectively (Bermingham et
al. 1999, 2001; Brown et al. 2001; Hassan and Bellen 2000).

Although largely separated in vertebrates, these dual functions
are mediated by the singleatonal gene inDrosophila. Indeed,
closer inspection of the ten informative residues that alternately
resolve the ATH5/7 or ATH1 clade from Atonal shows that these
amino acid changes are not uniformly distributed across the bHLH
domain (Fig. 2C). This pattern is highly significant (P 4 0.005).
There is relatively greater similarity between the ATH5/7 subfam-
ily and Atonal in the N-terminal half of the bHLH domain, includ-
ing Helix 1, whereas there is greater similarity between the ATH1
subfamily and Atonal in the C-terminal half, including Helix 2.
The affected residues do not directly participate in bHLH dimer-
ization or intrahelical contacts (Atchley et al. 2000; Ferre´-
D’Amaré et al. 1993), but are predicted to be exposed and so may
affect important heterologous protein-protein interactions. Al-
though the primary functional divergence of ATH5/7 and ATH1
paralogs is most likely to have occurred through modular evolution
of cis regulatory elements (Li and Noll 1994; Sun et al. 1998), it
is also possible that Helices 1 and 2 have been differentially se-
lected to interact with distinct but conserved proteins required for
visual or proprioceptive development, similar to functional

Fig. 1. Map of ATOH7 and localization to human Chr 10q21.3-22.1A.
Restriction map derived from phage clones 3 and 6. The shaded box
denotes the coding region, and the arrow indicates the start of transcription.
Clone 6 was used for FISH analysis. The cDNA clone is represented by the
solid line in the expanded view, and is coextensive with the genomic

sequence. E,EcoRI; B, BamHI; H, HindIII; X, XhoI. B. Hybridization of
biotin-labeled ATOH7 probe to propidium iodide-stained human female
metaphase chromosomes. The signal was visualized indirectly with FITC.
C. Giemsa-trypsin banding of the same metaphase spread.D. Ideogram
showing the cytogenetic location of ATOH7 in 10q21.3-22.1.
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changes acquired during the evolution of Ubx proteins (Grenier
and Carroll 2000). In both respects, the proposed partitioning of
ancestral functions between ATH5/7 and ATH1 clades conforms
to the duplication-degeneration-complementation (DDC) model
for duplicate gene preservation (Force et al. 1999). In this context,
the Atoh7andAtoh1genes may be regarded as semi-orthologs of
atonal (Holland 1999b; Sharman 1999).

Noncoding sequences flanking ATOH7 and Atoh7 are highly con-
served.As a first step to understand thecis regulation of ATOH7
transcription, we determined the sequence of genomic DNA sur-
rounding the human (5.7 kb) and mouse (7.3 kb) coding regions.
The human sequence was subsequently extended when public
BAC sequence data became available. We identified CpG islands
and repetitive elements, using the RepeatMasker search algorithm,
and compared the human and mouse sequences using BLASTN2
(Tatusova and Madden 1999) and VISTA (Dubchak et al. 2000;
Mayor et al. 2000) alignment programs. These analyses were per-
formed on 6.5 kb of genomic DNA that extends 3 kb from the
coding region on each side (Fig. 3A).

The ATOH7 coding region is extremely GC-rich (78%) and
lies inside within a single large CpG island, where the ratio of CpG
to GpC dinucleotides exceeds 0.75. Both alignment programs re-
vealed seven segments of strong nucleotide identity ($74%) out-
side the coding region (Fig. 3A). An additional conserved nucleo-
tide segment (CNS) was found in the VISTA profile at the 70%
identity level, but was below our threshold for detection with
BLASTN2. The order and relative spacing of these segments has
also been conserved (Fig. 3A). In view of the evolutionary distance
between rodents and primates, these segments are likely to be
functionally important. Several examples of noncoding DNA con-
servation have been described for homologous regions of mouse
and human chromosomes (Hardison 2000). In some cases, func-
tional tests have confirmed a role for these sequences in control-
ling gene expression (Heintz 2000; Loots et al. 2000). We there-
fore predict that the seven conserved DNA segments surrounding
ATOH7 andAtoh7 likewise contain transcriptional regulatory el-
ements. However, similar comparisons between these two mam-
malian genes andatonal (Sun et al. 1998) failed to uncover sig-
nificant stretches of sequence conservation in flanking genomic
DNA (data not shown).

Fig. 2. Amino acid alignment and evolutionary tree show-
ing ATOH7 within the Atonal bHLH family.A. Optimal
alignment of full-length bHLH proteins. Amino acid iden-
tities to ATOH7, sequence gaps, and stop codons are indi-
cated by periods, dashes, and asterisks, respectively. The
slashes (/) near the N-termini of Atonal and Lin32 mark the
positions where 196 and 31 amino acids were omitted, re-
spectively. Lin32 was recently found to extend further up-

stream from the bHLH domain (Portman and Emmons 2000).B. Bootstrap majority rule consensus tree of the Atonal family. The tree was generated by
comparing 26 bHLH domains (56 characters) using maximum parsimony analysis, with Mash1 and Mash2 as outgroup taxa. Above each branchpoint, we
show the proportion of bootstrap replications (out of 100) that support the group descending from that node. A value over 70 indicates very strong support
(Hillis and Bull 1993). The Atonal-Amos group is weakly supported. This phylogram is completely congruent with the strict consensus tree generated by
a heuristic search.C. Distribution of 10 informative amino acid sites across the bHLH domain, where proteins in the ATH5/7 (top) and ATH1 (bottom)
groups differ from each other, but where at least one member of the ATH5/7 or ATH1 groups is identical to Atonal. Amino acid positions are numbered
at the top. The periods indicate identity with Atonal. Underlined residues are predicted to form intra- or intermolecular helical contacts (Atchleyet al. 2000;
Ferré-D’Amaré et al. 1993). These informative changes are nonrandomly distributed (Mann-Whitney rank test, Us 4 29, P 4 0.005).
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The most striking nucleotide conservation is directly 58 to the
start of ATOH7 translation (Fig. 3B). This 441-bp segment is 82%
identical between human and mouse genomic DNA and contains
sequence motifs characteristic of eukaryotic promoters. It encom-
passes the 58 ends of the human cDNA clone and five mouse

cDNA clones (Brown et al. 1998) and contains a conserved
TATAAA box. Several potential transcription initiator sites (weak
consensus Y2CAY5) are located within 18–43 bp of the TATAAA
box (Smale 1994), including one site that is identical to the optimal
TdT initiator (Smale and Baltimore 1989). The longest two mouse

Fig. 3. Extended DNA sequence similarity
between human ATOH7 and mouse Atoh7.A.
Distribution of human-mouse sequence homology
for a DNA segment extending 3000 bp from each
side of the ATOH7 open reading frame (ORF,
blue box). The sequence is numbered in relation to
the human transcription unit (blue arrow), starting
with the conserved TATAAA box. The profile
was created using VISTA and plots the percentage
nucleotide identity (y-axis) calculated for a
moving 100 bp window centered at each position
of the aligned sequence (x-axis). Eight conserved
nucleotide segments (CNS, shaded in red) were
found in noncoding DNA within which all 100 bp
windows are$70% identical. SINE, LINE, simple
(low complexity) and other (MER) repetitive
elements and CpG-rich regions in the human DNA
are indicated above the graph. The boxes below
the graph show highly conserved DNA segments
revealed by pairwise BLAST2N analysis and the
size and percentage identity of each alignment.
Because of introduced gaps, the alignments are
typically longer than the corresponding sequence
in each species. In human DNA, the conserved
segments extend from −1474 to −1193, −816 to
−701, −285 to +142, +465 to +923 (coding),
+1126 to +1189, +1438 to +1515, +1963 to
+2031, and +2189 to +2297.B. Conservation of
the promoter region. ATOH7 andAtoh7sequences
directly 58 to the coding region are aligned.
Vertical lines and dashes indicate nucleotide
identity and gaps, respectively. The box encloses a
441-bp segment, revealed by BLASTN2, with
82% identity. The 58 ends of the one human (.)
and five mouse (*) cDNA clones (Brown et al.
1998) are shown above and below the aligned
sequences, respectively. The TATAAA box,
translational start site (ATG), and all potential
transcription initiator (m7G cap) sites (CA) located
15–45 bp from the TATAAA box are indicated in
bold type. The four conserved E box binding sites
are shaded.
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cDNA clones start within a group of three potential initiator sites.
The size of the human (Fig. 1A) and mouse cDNA clones is similar
to the single 1.7-kbAtoh7transcript detected by Northern analysis
in E15.5 mouse eyes (data not shown). Together these observa-
tions strongly suggest that ATOH7 andAtoh7use this conserved
TATAAA box to initiate transcription.

The proximal 58 segment is more highly conserved than the
coding region itself (80%) and contains three E boxes (CANNTG),
which are core DNA recognition sites for the bHLH domain. The
relative spacing and sequence of the two E boxes closest to the
transcription unit suggest that a pair of bHLH protein hetero- or
homodimers may bind cooperatively to each of these sites to regu-
late ATOH7 andAtoh7 expression. In particular, the CACCTG
sequence has been associated with binding of Group A bHLH
proteins (Dang et al. 1992; Murre et al. 1989), including E47 and
Atonal (Jarman et al. 1993). Our mouse knockout data, however,
suggest thatAtoh7 does not significantly autoregulate itself in
retinal progenitor cells. In these experiments, alacZ cassette in-
serted 18 codons downstream from the start of translation was
expressed similarly in the retinas ofAtoh7−/− and +/− embryos
(Brown et al. 2001). Although we cannot rule out the possibility of
subtle autoregulation in some expression domains or differentiated
cell types,Atoh7 appears to differ in this respect fromAtoh1,
which partially regulates its hindbrain expression via a 38 enhancer
(Helms et al. 2000), andatonal,which autoregulates its expression
in intermediate clusters and R8 photoreceptors through a 58 en-
hancer (Sun et al. 1998).

We have characterized ATOH7, a human homolog ofatonal,
and the distribution of phylogenetically conserved flanking se-
quences. Together, these elements significantly regulate the gen-
esis of retinal ganglion cells, through which all visual and photo-
sensory information is transmitted to the human brain. Our find-
ings provide a foundation for mutation screening and investigation
of upstream factors that control its spatial and temporal expression.
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