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hamlet, a Binary Genetic Switch 
Between Single- and Multiple- 
Dendrite Neuron Morphology 

Adrian W. Moore, Lily Yeh Jan, Yuh Nung Jan* 

The dendritic morphology of neurons determines the number and type of inputs 
they receive. In the Drosophila peripheral nervous system (PNS), the external 
sensory (ES) neurons have a single nonbranched dendrite, whereas the lineally 
related multidendritic (MD) neurons have extensively branched dendritic ar- 
bors. We report that hamlet is a binary genetic switch between these con- 
trasting morphological types. In hamlet mutants, ES neurons are converted to 
an MD fate, whereas ectopic hamlet expression in MD precursors results in 
transformation of MD neurons into ES neurons. Moreover, hamlet expression 
induced in MD neurons undergoing dendrite outgrowth drastically reduces arbor 
branching. 

In Drosophila embryos, a single external sen- 
sory organ precursor (ESOP) cell gives rise to 
an ES neuron and an MD neuron through a 
stereotypical series of asymmetric cell divi- 
sions. The IIA daughter of the ESOP divides 
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once to produce a trichogen and a tormagen, 
the two external support cells of the ES neu- 
ron. The IIB daughter of the ESOP generates 
an MD neuron and the IIIB cell, which di- 
vides to form an ES neuron and a glia (1) 
(Fig. 1A). 

In a genetic screen designed to identify 
mutants in Drosophila embryonic dendrite 
development (2), we isolated a larval lethal 
mutant that appeared to affect determination 
of cells descended from the IIB precursor of 

the ESOP lineage. We named this mutation 
hamlet (ham) after the "To be or not to be" 
soliloquy in the Shakespeare play of the same 
name. 

In embryos homozygous for the ham1 mu- 
tation, supernumerary MD neurons were ev- 
ident in each PNS cluster of the embryo, as 
well as a concomitant decrease in the number 
of ES neurons. For example, in the wild-type 
dorsal PNS cluster there are 13 neurons: five 
ES neurons, which express the pan-neural 
marker ELAV (embryonic lethal abnormal 
visual system), and eight MD neurons, which 
express ELAV and the enhancer-trap E7-2- 
36, a pan-MD marker (3). In ham1 mutants, 
however, the number of MD neurons was 
increased up to 13 and the number of ES 
neurons decreased (Fig. 1, B to E). 

Do these extra MD neurons arise at the 
expense of their sibling ES neurons? To an- 
swer this question, we concentrated on the 
ventral pore sensory organs (vpl to vp4a) 
because their lineage is fully described and 
each organ develops clearly spaced from 
those surrounding it (1). We labeled these 
organs with an antibody to CUT, which is 
expressed in all cells of the lineage. In the 
five differentiated cells of the lineage, CUT is 
expressed at low levels in the ES and MD 
neurons and at a much higher level in the 
trichogen, tormagen, and glia (4). In addition, 
we labeled with antibodies to the MD marker 

Fig. 1. Transformation of ES neurons to MD neurons 
in the ham1 ESOP lineage. In this and other figures, ESOP C 
dorsal is up and anterior is to the left. (A) Diagram A 
of the ESOP lineage. Abbreviations: ES, external O 
sensory neuron; MD, multidendritic neuron; tr, tri-I I _ 
chogen; to, tormagen; g, glia. (B to E) A wild-type (B) IIA IIB 
and ham1 homozygous (D) embryonic abdominal 0 dorsal cluster, early stage 17. Cells were labeled 0 
with fluorescent antibodies to ELAV (red), which 
labels all sensory neurons, and to E7-2-36 (green), IIIB 
which labels all MD neurons. The wild-type cluster 
in (B) contains eight MD neurons and five ES neu- 
rons; the ham1 homozygous embryo in (D) contains 
12 MD neurons and one ES neuron. (C) and (E) are 0 0 0 0 0 representations of (B) and (D), respectively (ES neu- VO 

V 
^ 

rons, red circles; MD neurons, yellow diamonds). (F tr to MD ES g 
to I) vp4a organs at embryonic stage 13 (cells were 
labeled with fluorescent antibodies to CUT, red; G i Il L 
PROS, blue; E7-2-36, green). A wild-type organ (F 
and G) consists of five cells; two external cells 
(trichogen and tormagen) have high levels of CUT rl ^ - '_ 
expression, one glial cell expresses high levels of tr/ MD 
CUT and PROS, one ES neuron has weak CUT ex- 
pression, and one MD neuron expresses E7-2-36 and ! i i.[ 
weak CUT. In a ham' homozygous embryo (H and I) 

I , i2 
there are also five cells. The ESOP lineage produces i; I . i 
three external cells with high levels of CUT but no 
PROS staining and two MD neurons with E7-2-36 T 1 i 

i 

and weak CUT expression. (J to L) Dendritic ar- ' to 

borizations of an MD neuron (in this case ddaD) in j 
the third-instar larval dorsal cluster, visualized using 
mCD8-gfp via the MARCM system. A wild-type lliL. k l 

'ai li 
clone is shown in (J); in the inset, a magnified image 
of a dorsal ES neuron at this stage, the single short 
dendrite is marked with an arrowhead. In a homozygous ham1 clone (K), two MD neurons are produced from the ESOP lineage and both neurons have 
extensive arbors; (L) is an illustration tracing the dendrites of the neurons in (K), one in blue and the other in red. 
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E7-2-36 and PROSPERO (PROS) (5), which 
is expressed in the IIB cell and its descen- 
dants and remains expressed in the differen- 
tiated glia. In ham' mutants the vp ESOP 
lineage division pattern appeared normal and 
produced five cells; however, in the differen- 
tiated organ of these mutants, the ES neuron 
and glia were lost. A second MD neuron 
appeared in the position normally occupied 
by the ES neuron, and a third external cell 
(trichogen) in the position normally occupied 
by the glia (Fig. 1, F to I). Taken together, 
these observations indicate that the daughter 
cells of the IIIB cell are transformed to an 
MD neuron and a trichogen in ham1 mutants. 

To test whether the supernumerary MD 
neurons can extend the characteristic com- 
plex branched dendritic arbor, we generated 
ham /ham' MARCM (mosaic analysis with a 
repressible cell marker) clones in the ESOP 

lineage (6, 7). In this analysis, clones of 

positively marked neurons are derived from a 
single mitotic recombination event within the 
ESOP lineage. In wild-type clones of all PNS 
clusters, MD neurons either label alone, rep- 
resenting a clone derived from recombination 
within the IIB cell, or in association with an 
ES neuron, representing recombination at the 
level of the ESOP cell or its precursors (Fig. 
1J). In ham1 homozygous clones of all PNS 
clusters, either one or two MD neurons are 
labeled. In the latter case, one of these neu- 
rons must represent the transformed ES cell. 
Both of these neurons have the arbors char- 
acteristic of MD neurons specific to the loca- 
tion at which they arise (Fig. 1, K and L). 
Thus, in ham' the MD neuron transformed 
from an ES neuron has a full MD arbor 
morphology. Additionally, this analysis also 
shows that ham functions in a cell-autono- 
mous manner within the ESOP lineage. 

To determine the identity of the ham gene 
that allows the ES neuron and glia to adopt 
their normal cell fate, we used genetic 
complementation to map the ham1 mutation 
between the tup and msll genes on the second 
chromosome (Fig. 2A). Because the Gadfly 
database (8, 9) predicts 27 putative tran- 
scripts between tup and msll, we used a 

polymerase chain reaction to amplify digoxi- 
genin-labeled DNA probes representing each 
one of these transcripts from embryonic 
cDNA; we then used these probes for mRNA 
in situ hybridization of a stage 0 to stage 16 

embryo collection. Of these 27 putative tran- 
scripts, only CG10568 is expressed in the 
developing PNS of the embryo. We expected 
that ham expression might be largely PNS 
specific because ham1 mutants have no de- 
fects in muscle, gut, trachea, central nervous 
system, or cuticle formation, and because 
ham functions in a cell-autonomous manner 
within the PNS ESOP lineage. We therefore 
pursued CG10568 as the candidate likely to 
be disrupted in these mutants. 
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MDAFFKDRAQ AEHILQEWVR RREPVCELDI RDSGGVYAKT 

'fT,nlDttre,','D '1e,T.Q e'tIIt NTr.V)NT 1Dvlrlw'r,-Dm 

EDVSTWLKKI RSVQDDCIGE ANLQSYINAG YLWYETNRYV 

NAGSEMVVDG RPKSPVQLNE DFMNGGKVLA AAAAAAAVW 

AASSSGAKSG GGGSSAPSDD RSDRDNGSLY SGDEFSKDKK 

NSSLIREGDI DFTDDENGFD IRCEVCDKVY PDTnT.T.IDDHL 

IGAHHFKQDE FPCCALRF CHRPLLIKHE AISNNIRKY 

SCENCSKVFC DPSNLORHIR AYHVGARCHP CPECGKTFGT 

SSGLKQHQI HSSVKPFACE VCSKAYTQFS NLCRHKRMHA 

TCRMQIKCDK NQSFSTLTS LTKHKKCDS TGPGPYRNQH 

VNRHHQHPHQ HPLPHQPHLA ATATSTCPAP PRESSESSSS 

AAAAAVAAMS TPPNPFLMFR TAPSFFPGFP PYGFPPFLPQ 

NPLHPTNIPM FFSKNPMDLG CGGPEITSPV SAFDQKLPFG 

FLKGENSESO AYDKVTEKEL VFKAEEKLKK EPLVQAFEGE 

EDESRSSLDI KGKLEDTRND SKSEEQDDMK QEPERVSTPD 

QQQAEDDRKS IDIMSTPPPA DTPSGGDGPL DLSICRKRSA 

GSFFTAPAED NLMLHRFMPR LHEFEAERGQ PLKMRKSHSS 

AESSTSQKSH KGSSPTPTPT ASPGLTPSPS PPTSAGGELS 

STSEGGAVPT MAAAAFAADH SALASGPTLP QTHPTFHPLL 
F 

LEEIYRSGFP FLCQPGGRRG IEALLAGAAS AAAPKRPLPP 
WRRSTARGFL FYANRADGAA LRRCWREPPV QLPQSGRFRP 
VKFSAGSVVG LKTKDRYSCK FCGKVFPRSA NLTRHLRTHT 

GEQPYPCKYC DRAFSISSNL QRHVRNIHNK ERPFRCELCD 

RSFGQQTNLD RHVKKHESEG NNFRDSPSSS GIAEREEYFD 

DIRKFMNRVY TPNSLAGNEG DTEEYPNSDD QSVNLEKDSG 
NFNNNSSNIS NNNSSSGNNN NSSKAITISS 

F_ 111111 1i 
HAM 

I 111111 IIl 
MDS1/EVI1 

Jll III 200aa 

Eg143 

Cys; D, Asp; E, Glu; F, Phe; G, Gly; H, His; I, lie; K, 
S, Ser; T, Thr; V, Val; W, Trp; and Y, Tyr. 

Two lines of investigation revealed that 
CG10568 corresponds to the ham transcript. 
First, we used probes derived from CG10568 
to isolate from an embryonic library (LD) 
(10) a full-length cDNA corresponding to 
eight exons spanning about 25 kb of genomic 
DNA. The predicted protein is 990 amino 
acids with a mass of 109 kD. It contains an 
NH2-terminal PRD1-BF1-RIZ1 homology 
(PR) domain (11, 12) followed by a group of 
six zinc fingers (ZF) and a group of three 
additional ZFs at the COOH-terminus (Fig. 2, 
E and F). Sequencing of the genomic region 
encoding this transcript in ham1 mutants re- 
vealed a single base pair loss at G2866, which 
leads to an altered amino acid composition 
for 41 residues after the mutation site and a 
truncation that removes the three COOH- 

Fig. 2. Mapping and sequence analysis of ham. 
(A) A diagram illustrating where the ham1 mu- 
tation maps in relation to several deficiencies 
and genetic markers. The genomic DNA missing 
from each deficiency is indicated by a blue 
dotted line. (B and C) dsRNAi analysis with the 
putative transcript CG10568. In a wild-type ab- 
dominal dorsal cluster (B), one tracheal neuron 
and seven MD neurons express green fluores- 
cent protein (GFP). In embryos injected with 
dsRNA corresponding to 600 bp of CG10568 
(C), as many as 11 GFP-positive neurons were 
seen. For the dsRNA-injected group, n = 23, 
mean = 9.0, SD = 1.2; for the buffer-injected 
group, n = 23, mean = 7.6, SD = 0.9; P < 10-3. 

(D) Western blot probed with an antibody to 
HAM; molecular mass markers in kD are shown. 
In a wild-type embryo extract (lane 1), a single 
major band of the predicted size for HAM (109 
kD) was detected (black arrowhead); extracts 
from ham1 heterozygous embryos (lane 2) con- 
tained this band as well as a band of the size 
predicted for the truncated protein produced in 
ham1 (red arrowhead). A faint band correspond- 
ing to either a nonspecific interaction or a HAM 
degradation product is also present in both 
lanes. (E and F) The amino acid sequence of 
HAM (E) (the predicted alterations in amino 
acid sequence and truncation of this protein in 
the ham1 mutant are shown in italics below the 
sequence) and an illustration of the homology 
of HAM, MDS1/EVI1, and Egl43 (F). Color code 
for domains of interest: purple, PR domain; or- 
ange/blue/red, zinc fingers (ZF); black, the re- 
gion to which the antibody to HAM was gener- 
ated. Color coding of HAM, MDS1/EVI1, and 
Egl43 indicates conservation of specific domains 
of identity. The degrees of identity and similar- 
ity are as follows: orange + blue, HAM (ZF1-6) 
vs. MDS1/EVI1 (ZF2-7), 61% identical, 73% 
similar; blue, HAM (ZF3-6) vs. MDS1/EVI1 
(ZF4-7), 78% identical, 84% similar; red, HAM 
(ZF7-9) vs. MDS1/EVI1 (ZF8-10), 86% identi- 
cal, 96% similar; blue, HAM (ZF4-6) vs. Egl43 
(ZF1-3), 50% identical, 67% similar; blue, HAM 
(ZF4-5) vs. Egl43 (ZF1-2), 65% identical, 81% 
similar; red, HAM (ZF7-9) vs. Egl43 (ZF4-6, gap 
between ZF5 and ZF6 removed), 81% identical, 
89% similar; purple, HAM (PR) vs. MDS1/EVI1 
(PR), 23% identical, 41% similar. Single-letter 
abbreviations for amino acid residues: A, Ala; C, 

Lys; L, Leu; M, Met; N, Asn; P, Pro; Q, Gin; R, Arg; 

terminal ZFs. This mutation thus gives rise to 
a protein predicted to be 88 kD (represented 
in italics below the wild-type sequence in 

Fig. 2E). We raised polyclonal antibodies in 
guinea pigs against a unique 135-amino acid 
portion of the predicted HAM protein (Fig. 
2E). On a Western blot, the antibody detected 
a protein of about 110 kD in wild-type em- 
bryos. In ham1 heterozygotes the same band 
was visible in addition to a protein band at 
about 90 kD, most likely corresponding to the 
truncated protein produced by the ham1 allele 
(Fig. 2D). 

Second, double-stranded RNA interfer- 
ence (dsRNAi) could phenocopy the ham1 
mutation (13). dsRNA corresponding to the 
same sequence used in the CG10568 mRNA 
in situ was injected into the posterior pole of 
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Fig. 3. ham expression during embryogenesis. (A, B, and D) ham mRNA in 
situ and (C) staining with antibody to HAM shows a similar expression 
pattern in the developing embryo. In a stage 5 embryo (A), ham is 
expressed in a ventral patch in the cephalic region. In stage 12 embryos (B 
and C), ham RNA and protein exhibit the same expression pattern; they are 
expressed strongly in the lateral (white arrowhead) and weakly in the 
dorsal (black arrowhead) PNS clusters. In a stage 13 embryo (D), ham 
expression in the lateral cluster (white arrowhead) is reduced, showing the 
transient nature of this expression, while in the dorsal (black arrowhead) 
and ventral (yellow arrowhead) clusters, gene expression levels have 
become stronger. (E to H) Expression of HAM in the developing vp4a cell 
cluster (fluorescently labled with antibodies to CUT, red; PROS, blue; HAM, 
green). In (E) and (F), the IIIB cell expresses HAM and a low level of CUT 
while the MD neuron expresses PROS (transiently) and a low level of CUT. 
In (G) and (H), the daughters of the IIIB cell both express HAM. The ES 
neuron expresses HAM and a low level of CUT; the glia expresses HAM, 
PROS, and a high level of CUT. By this stage, the MD neuron no longer 
expresses PROS. (I and J) Dynamic HAM expression in the developing 
dorsal cluster of stage 14-15 embryos (Cells were labeled with fluorescent 
antibodies to HAM, green, and 22C10, red). 22C10 labels all sensory 
neurons and is switched on during the process of neuron differentiation. (I) 
At this stage, 22C10 expression is seen in the MD neurons (white bracket) 
but not the ES neurons. The ES neuron and glia (one of each contained 
within each green bracket) both express HAM. (J) As cell differentiation 
proceeds, HAM is lost from the glia, and the ES neuron (green arrowhead) 
continues to express HAM and also begins to express 22C10, which labels 
the extending dendrite (white arrowhead). 

embryos carrying the MD marker 109(2)80- 
gal4 driving UAS-gfp (2) or the MD marker 
E7-2-36 (3). In embryos containing 
109(2)80-gal4 driving UAS-gfp, CG10568 
dsRNAi led to a consistent and significant 
(P < 10-3) increase in the number of MD 
neurons in the dorsal cluster of these embryos 
(up to 11 neurons) (Fig. 2C) compared with 
uninjected embryos (8 neurons) (Fig. 2B) and 
the buffer-injected control embryos (7 or 8 
neurons). This increase was at the expense of 
ES neurons, as revealed by CG10568 
dsRNAi in embryos labeled with antibodies 
to the MD marker E7-2-36 and the pan-neural 
marker ELAV (fig. Si). 

These findings verify that CG10568 cor- 
responds to the ham gene. The ham' allele is 
either a genetic null or strong hypomorph, as 
embryos containing one copy of the ham' 
mutation and one copy of a deficiency 
(Df(2L)OD15) deleting the gene have the 
same highly penetrant phenotype as ham' 
homozygotes. Moreover, dsRNAi with ham 
RNA abolishes all HAM protein expression 
in the injected embryo and phenocopies the 
ham' allele (Fig. 2, B and C) (fig. S1 and 
table S1). 

ham is expressed in a ventral patch in the 
cephalic region of the embryo from stage 5 
(Fig. 3A) and continues to be expressed in the 
cephalic region through stage 15. It is expressed 
in the developing PNS from stage 11 through 
15 and shows transient expression in each PNS 
cluster (Fig. 3, B and D). The HAM protein has 
the same expression profile as the mRNA and 
has a nuclear localization (Fig. 3C). In the 
ESOP lineage, it is first expressed in the IIIB 
cell (Fig. 3, E and F) and is inherited by both 
the ES neuron and glia daughter cells after IIIB 
division (Fig. 3, G to I; Fig. 4A). Although 

Fig. 4. Ectopic expres- 0 pros-ga4 
sion of HAM in the A Ham B ham-/ C elv-ga 
MD neurons causes an 0 elav-ga4 
MD- to ES-like mor- ~109(2)80-ga/4 
phology transition. (A) IIB IIB IIB 
An illustration of HAM 0O 
expression (green) in a 
wild-type ESOP lin- IIIB IIIB IIIB 
eage. (B) In a ham' * 0 
homozygous embryo, . 0 
the IIB cell lineage * * 1 ) 1 @ @ 
gives rise to two MD b ? O 0 9 
neurons and one tri- MD ES g MD MD tr ES/MD ES g 
chogen cell. (C) When 
HAM is expressed in 
the IIB cell [via pros- 
gaI4 (blue)], the MD 
neurons are converted 
to ES neurons. Postmi- 
totic HAM expression 
in an MD neuron, via 
either elav-gaI4 (yel- 
low) or 109(2)80-gal4 
(orange), suppresses 
the dendritic branch- 
ing of the MD neuron. _ 
(D) An abdominal dor- 
sal cluster of a stage 
17 embryo with the 
neurons/dendrites vi- 
sualized by elav-gaI4 and UAS-mCD8-gfp. The ES neurons 
(white arrowhead) have single, dorsally projecting dendrites; 
the MD neurons (orange bracket) have highly branched den- 
drites. (E) In embryos where UAS-ham has been driven with 
pros-gal4, all neurons extend unbranched dendrites dorsally 
(white arrowhead). When elav-gal4 (F) or 109(2)80-gal4 (G) is 
used to drive UAS-ham, the branching morphology of the MD 
arbors is substantively reduced (white arrowhead/bracket) but 
not eliminated (orange arrowhead/bracket). (H and I) An ab- 
dominal dorsal cluster of a late stage 17 embryo with expres- 
sion of UAS-mCD8-gfp and UAS-ham driven by elav-gal4. The 
neurons and dendrites are stained with fluorescent antibodies to detect E7-2-36 and mCD8 expression. 
The dendrites have reduced branching and project dorsally (H) (orange bracket) as compared to the wild 
type (D). However, the MD neurons still express E7-2-36 at high levels (I) (orange bracket). At this late 
embryonic stage, as in a wild-type control, the ES neurons have begun to express this marker but at 
much lower levels (white arrowheads). 
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HAM quickly disappears in the differentiating 
glia, it continues to be expressed by the ES 
neuron during initial dendrite extension (Fig. 
3J), indicating that it may be active both pre- 
and postmitotically in these neurons. HAM lev- 
els become undetectable as further dendrite 
elaboration occurs. This expression patter is 
consistent with the notion that HAM is required 
for proper cell fate specification of the IIIB 
lineage (Fig. 4, A and B), and (notably, given 
the nature of our screen) is required for the 
dendritic morphogenesis of the ES neuron. 

To determine whether ectopic HAM ex- 
pression can alter cell fate, we cloned the 
full-length ham cDNA into the pUAST vec- 
tor and created UAS-ham transgenic flies 
(14). Ectopic HAM expression in the IIB 
precursor of the MD neuron using pros-gal4 
(Fig. 4C) resulted in loss of labeling for the 
E7-2-36 MD marker in all embryonic PNS 
neurons, indicating an MD-to-ES marker 
transformation. To test whether the dendrite 
morphology of these neurons also reflects an 
MD-to-ES transformation, we used elav-gal4 
(Fig. 4C) driving UAS-gfp to visualize den- 
drites. In the wild-type dorsal cluster of stage 
17 embryos, there are several neurons with 
multiply branched dendrites (i.e., MDs) and 
two dorsal ES neurons, each with a single 
dorsally projecting dendrite (Fig. 4D). In em- 
bryos where both pros-gal4 and elav-gal4 
drive UAS-ham and UAS-mCD8-gfp in par- 
allel, the multiple dendritic arbor of the MD 
neurons has clearly been transformed (Fig. 
4E); the dendrites of all neurons in the cluster 
are unbranched and project dorsally. 

Given that HAM is expressed in the post- 
mitotic ES neuron during dendrite extension, 
we investigated whether postmitotic expres- 
sion of HAM in an MD neuron can alter its 
dendrite morphology. We used elav-gal4 to 
drive UAS-ham and UAS-mCD8-gfp in par- 
allel in the embryo (Fig. 4C). Indeed, we 
found that postmitotic expression of HAM in 
the MD neurons drastically reduced dendritic 
branching, leading to arbors with a structure 
intermediate between that of MD and ES 
neurons (Fig. 4F). In addition, these neurons 
still expressed the MD marker E7-2-36 at 
high levels, indicating that these neurons 
have transformed dendrite morphology but 
not cell fate (Fig. 4, H and I). To investigate 
this effect further, we used the MD-specific 

driver 109(2)80-gal4 (Fig. 4C) to drive UAS- 
gfp and UAS-ham. In these embryos 
109(2)80-gal4 remains active, implying that 
the neurons in which it is expressed remain 
MD; however, the branching of dendrites in 
these MD neurons is clearly reduced (Fig. 
4G). These two lines of evidence illustrate 
that postmitotic expression of HAM in MD 
neurons does not switch the fate of these 
neurons to ES but does still act to suppress 
the formation of complex dendritic arbors. 

The PR domain and bipartite multiple ZF 
structure define a small family of proteins, of 
which HAM is the sole member described in 
Drosophila (15). The sequence of the PR do- 
main and ZFs as well as the overall domain 
structure are conserved between HAM and two 
other proteins, human MDS1/EVI1 (myelodys- 
plasia syndrome 1/ectopic viral integration 1) 
(16) and Caenorhabditis elegans Egl43 (egg 
laying defective 43) (17) (Fig. 2, E and F). Both 
are implicated in neural development. MDS1/ 
EVI1 was originally isolated because ectopic 
expression of EVI1 alone, leading to a protein 
still containing the ZFs but lacking the PR 
domain, can cause leukemia (16, 18). A partial 
disruption of the Mdsl/Evil locus in mouse, 
however, leads to mid-gestation lethality. 
Among multiple defects in these embryos are 
regions of hypocellularity in the neuroectoderm 
and a failure of peripheral nerve formation (19). 
Egl43 is required for hermaphrodite-specific 
neuron migration and phagemid sensory neuron 
development. The defect in phagemid neuron 
development is intriguing because these neu- 
rons fail to fill with dye through normally ex- 
posed sensilla, a phenotype that could be attrib- 
utable to a failure of correct dendrite formation 
(17, 20). Thus, it will be interesting to investi- 
gate whether MDS1/EVI1 or Egl43, like ham, 
have a role in dendrite specification. 

To our knowledge, ham represents the only 
binary genetic switch identified that acts to 
repress a multiple dendritic arbor and promote 
single-dendrite morphology. We expect that 
HAM is a transcription factor; it has a nuclear 
subcellular distribution, and MDS1/EVI1 can 
bind DNA and regulate transcription (21). 
HAM must exert its effect in a short develop- 
mental window, as its expression is initiated in 
the IIIB neural precursor and continues only 
during the initial stages of ES neuron differen- 
tiation. Given this short period of activity, it is 

likely that HAM induces a cascade of events. 
Its transcriptional targets are likely to include 
key players in the genetic determination of 
dendrite morphology that act to repress dendrit- 
ic branching and promote single- over multiple- 
dendrite morphology. 
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