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Sevenless: A Cell-Specific Homeotic 
Mutation of the Drosophila Eye 

Each ommatidium in the compound eye of the Drosophila mutant sevenless lacks 
photoreceptor number seven (R7) from the normal ommatidial complement of eight 
photoreceptors. A comparison of mutant and normal development reveals that this 
deficit is caused by the cell-specific transformation of the cell normally fated to  produce 
R7 into a lens-secreting accessory cell, a cone cell. 

D URING DEVELOPMENT, CELLS SE- ular cell types. Disturbances of this selection 
lect pathways of specialization that process can lead to the substitution of a 
lead to the differentiation of partic- 1 normal pattern element with one appropri- 

6 5 4 3 2 1 

A Wild type 
Basal 

Anterior 

Fig. 1. Schematic side view of ommatidial assembly in wild type (A) and sevenless (B) (not all precursor 
cells shown). ALL cells (except for dividing cells, not shown) extend from the apical surface to the 
basement membrane of the epithelium. The nuclei are located in the cell bodies. Photoreceptor R7, 
black; cone cells, dark gray; photoreceptors R1 to R6 and R8, light gray; all other cells, white; and mf, 
morphogenetic furrow. Arrows indicate plane of sections shown in Fig. 2. (A) Region 1 comprises a 
five-cell precluster. In region 2, R1, R6, and R7 rise to join the precursor. Region 3 contains a 
symmetrical cluster. In region 4, as R7 completes apical migration, two cone cell nuclei rise. In region 5 
two more cone cell nuclei rise. In region 6 four cone cell nuclei overlie the photoreceptors. (B) Regions 
1,2, 3, and 4 are as described in (A). In region 5 only a single cone cell nucleus rises. In region 6 the cell 
in the R7  position remains apical and joins the cone cell unit; only seven photoreceptors sink basally. 

ate to another location; the term homeosis 
was introduced to describe this condition 
(1). For example, in Drosqhila the homeotic 
mutation bithorm directs cells normally des- 
tined to differentiate metathoracic structures 
to produce their mesothoracic counterparts 
(2). We studied compound eye development 
in the Drosqhila mutant sevenless (3) ,  in 
which each ommatidium lacks photorecep- 
tor number seven (R7) from the normal 
ommatidial complement of eight photore- 
ceptors (4, 5 ) .  In the developing mutant 
ommatidium, a cell occupies the site normal- 
ly taken by the prospective R7 cell. Instead 
of becoming a photoreceptor, however, the 
cell differentiates into a lens-secreting cone " 
cell. Thus sevenless is a cell-specific homeotic 
mutation, precisely switching the develop- 
mental fate of one cell to that of another. 

The developing compound eye of Dro- 
sophila is well suited to an examination of 
pathway selection at the level of individual 
cells. Each of the approximately 750 omma- 
tidia that comprise the compound eye is a 
stereotyped cellular assembly in which every 
cell can be identified bv its uniclue position. 
This architectural sterkotypy aipliei also to 
the developing ommatidia, permitting the 
fate of a cell to be read from its characteristic 
position as it joins the assembly (6, 7 ) .  

The compound eye grows by the sequen- 
tial addition of new ommatidial precursors 
to its anterior margin (8); anterior omma- 
tidia are younger than posterior ones. Since 
each ommatidial precursor is slightly more 
developed than its anterior neighbor, a mat- 
urational gradient is laid out spatially along 
the anterior-posterior axis of the epithelium. 
Electron microscopic reconstruction of a 
series of precursors lying along the matura- 
tional axis thus reveals the smooth progres- 
sion of stages through which an individual 
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ommatidium passes during assembly (7). 
The retinal epithelium is a monolayer in 

which al l  cells extend from the apical surface 
to the basement membrane (Fig. 1). Omma- 
tidia assemble within this epithelium in a 
caremy orchestrated program of nuclear 
movements. Ahead of a distinct furrow 
across the epithelium, cells are unpattemed 
and their nuclei are distributed uniformly 
throughout the depth of the monolayer. In 
the center of the furrow, nuclei sink basally, 
leaving the apical reaches of the epithelium 
devoid of nuclei. Ommatidial assembly then 
commences as five nuclei move apically to 
form a stereotyped precluster of photorecep- 
tors R2, R3, R4, R5, and R8 (region 1 in 
Fig. 1A). Cells surrounding the preclusters 
then undergo a final division and generate a 
basal pool of nuclei below the predusters (6, 
7) -  

Ommatidial construction continues as nu- 
dei rise from the basal pool and are incorpo- 
rated into precise apical positions within the 
precursor. Shortly after the postfiuTow mi- 
toses, the photor&eptor octet is completed 
by the sequential upward movement of the 
nudei of R6, R1, and R7 (region 2 in Fig. 
lA), forming a bilaterally symmetrical dus- 
ter of eight neurons (region 3 in Figs. 1A 
and 2A). A bundle of eight axons emerges 
from each symmetrical cluster and enters the 
optic stalk (Fig. 2A). At this stage the 
nudeus of R7 is still rising; it has segregated 
from the basal pool of nuclei but is still 
below the nuclei of the other photoreceptors 
(region 3 in Fig. 1A). As the nucleus of R7 
completes its apical migration, two nuclei 
emerge from the basal pool and rise to flank 
the duster (regions 4 and 5 in Fig. 1A). 
These are the nuclei of two of the four cone 
cells that will secrete the ommatidial lens 
during pupal life. The photoreceptor duster 
now begins to sink into the epithelium and 
two more cone cell nuclei join the apical pair 
(regions 5 and 6 in Fig. 1A). This nudear 
choreography establishes the essential om- 
matidial architecture: a quartet of lens- 
secreting cone cells is posi6oned above the 
eight photoreceptors (6, 7). 

Before the apical migration of their nu- 
dei, photoreceptors R1, R6, and R7 can be 
identified by the contacts they make with 
the photoreceptors already incorporated 
into the precluster. These contacts are main- 
tained throughout the depth of the epitheli- 
um, and each of the cells is positioned in a 
unique niche in the developing ommatidi- 
um. Shortly after it is generated in the final 
round of cell divisions, the cell destined to 
form R7 can be identified as the occupant of 
the niche whose walls are formed by R6, 
R8, and Rl(7).  This niche and its occupant 
at the symmetrical cluster stage are shown in 
Fig. 2A. 

Reconstruction of the develo~mental ~ r o -  1B). But when the ~hotorece~tor cluster 
gram in s d  through electrLn micdco- 
py of serial thin sections revealed that the 
symmetrical duster was established in a nor- 
mal manner (regions 1 to 3 in Fig. 1B) and 
that the R7 niche was filled in characteristic 
fashion (Fig. 2B). However, the cell in the 
R7 position failed to produce an axon and a 
bundle of only seven axons projected into 
the optic stalk (Fig. 2B); this was the first 
morphologically detectable aberration in the 
mutant. The nudeus of the cell in the R7 
niche continued to behave normally, com- 
pleting its apical migration as the first pair of 
cone cell nuclei rose (regions 4 and 5 in Fig. 

be* to sink into the>pitheli&, the nucle- 
us of the cell in the R7 niche did not move 
back down. remaining instead in the most 
apical regions of thevepithelium with the 
two cone cell nuclei. A single nucleus now 
moved uo from the basal m l  on the side of 
the duskr opposite the k 7  niche to com- 
plete the apical four-cell unit (regions 5 and 
6 in Figs. 1B and 2D). This quartet subse- 
quentlf behaved as a typic> cone cell 
group. This behavior was seen consistently 
in over 100 developing sev& ommatidia 
sampled from five serially sectioned epithe- 
lia; similar transformations were obseryed 

Fig. 2. Electron micrographs of thin sections through wild-type (A and C) and s& (B and D) late 
third-instar eye disks. Fixation and processing of the tissue were performed as described by Tomlinson 
(7). (A) Section through the apical region of a wild-type bilaterally symmetrical duster. Photoreceptor 
cdls ace numbered. The nuclei of R1, R3, R4, and R6 ace evident; those of R2, R5, and R8 are found 
shghtly below this level; and that of R7 is more deeply placed. R7 contacts R1, R6, and R8 throughout 
the entire depth of the epithelium. A bundle of eight axom (inset) emerges basally from the duster and 
enters the optic stalk. (B) Section through the symmetrical duster found in smcnlm. The R7 niche is 
occupied (asterisk). Note that the cell contacts R1, R6, and R8; these contacts arc maintained 
throughout the depth of the epithelium. Details ace as described in (A) except that a bundle of only 
seven axons (inset) enters the optic stalk. (C) Section through apical quartet of cone cdls (c). Apical 
projections from the underlying photoreceptors are numbered. (D) Section through the same stage as 
in (C) in smcnlm. The nudeus from the R7 niche in (B) (asterisk) has risen and has been integrated into 
the cone cell clustering. Note the absence of the R7 apical projection and the photoreceptor contacts 
(Rl, R6, and R8) made by the transformed cell (asterisk). AU magnhcatiom x8000. 
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in three additional sevenless alleles (3). 
In an earlier study (5) ,  it was suggested 

that the presumptive R7 cell was absent 
from the developing sevenless ommatidium. 
This interpretation may have been based on 
the appearance of stages equivalent to that 
represented in Fig. 2D, when the transfor- 
mation has already taken place. 

Drosophzla eye cells are directed into their 
developmental pathways by environmental 
cues rather than by cell lineage (6, 9), and a 
cell occupying the R7 niche is normally 
fated to become R7. It is not known wheth- 
er a mutant cell attempts to become R7 but 
defaults into the cone cell pathway or 
whether the mutation specifically orders an 
uncommitted cell into the cone cell path- 
way. The cell in the R7 niche displays the 
characteristic dynamics of R7 until compar- 
atively late in the nuclear choreography, but 
as early as the symmetrical cluster stage the 
absence of an axon indicates it has deviated 
from the photoreceptor pathway. 

The cell occupying the ~7 niche in seven- 
less appears to be developmentally misdirect- 
ed by an intrinsic defect rather than by an 
abnormal cellular environment. Mosaic eyes 
composed of a mixture of normal and seven- 
less cells (marked with the pigment-deleting 
mutation white) do not contain white R7 
cells (4, 5); normal surrounding cells are 
unable to rescue a mutant cell in the R7 
position. Conversely, pigmented R7 cells 
can be found in otherwise white, and thus 
genetically sevenless, ommatidia, indicating 
that surrounding mutant cells cannot pull a 
normal R7 cell into mutant behavior (4, 5). 
The cell in the R7 niche thus appears to 
receive the correct developmental cues but is 
unable to respond appropriately. This cell- 
autonomous action of sevenless is distinct 
from the "transfating" observed in the leech 
and nematode, in which a changed cellular 
environment can cause a cell to switch its 
fate (10, 11). 

In the mutant, an "extra" nucleus does 
not emerge from the basal pool and dis- 
play recognizable cone cell behavior. Thus 
we cannot yet tell if a redundant cone cell 
is never elicited in the mutant retinal epithe- 
lium or if a presumptive cone cell is develop- 
mentally redirected or dies. Cell death nor- 
mally removes supernumerary cells from the 
developing retina, and in sevenless degenerat- 
ing cells are often observed near the site 
where the usurped cone cell normally 
rises. 

Mutations effecting cell-specific transfor- 
mations have also been described in Drosoph- 
zla and in the nematode Cmnorhabditis ele- 
8ans. In Drosuphzla, the mutation Hairless 
causes cells normally fated to produce bris- 
tles to become socket-secreting cells instead 
(12). Mutations in the nematode gene lin-12 

can cause cells that normallv follow diver- 
gent developmental pathways to adopt iden- 
tical fates, leading to the duplication of 
certain structures and the absence of others 
(13). 

When mutations act embryologically in 
Drosophila, large areas of tissue become de- 
velopmentally transformed. Operating at 
the end of the determinative events in the 
fly's retina, sevenless causes only a single cell 
to switch its fate. Such an aberration occur- 
ring in this well-characterized cellular milieu 
offers an excellent opportunity to examine 
the machinery of a developmental decision. 
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Dynamics of Lymphocyte-Endothelial 
Interactions in Vivo 

The dynamics of the attachment of lymphocytes to the endothelium of high endothelid 
venules in murine Peyer's patches were studied in vivo. Lymphocytes adhered readily 
to the endothelium lining these vessels, but most of the adhering ceUs detached within 
a few seconds. Many lymphocytes, however, experienced multiple collisions with the 
high endothelid venules, and this substantially increased the efficiency of lymphocyte 
collection by these vessels. 

L YMPHOID TISSUES SUCH AS PEYER'S 
patches and lymph nodes routinely 
extract large numbers of blood- 

borne lymphocytes. The postcapillary ven- 
ules of these lymphoid tissues have a special- 
ized high endothelium to which lympho- 
cytes adhere and then penetrate (1). For this 
to occur, a series of events must take place. 
First, the lymphocyte must arrive in the high 
endothelial venules (HEV) by way of the 
bloodstream and then collide with the endo- 
thelium. During this collision, the lympho- 
cyte must adhere to the endothelium with 
sufficient tenacity to prevent it from being 
dislodged by hemodynamic forces. Further- 
more, this attachment must occur at a site 
that permits penetration. Although the 
chance of a lymphocyte accomplishing all 
this would appear to be low, this is clearly 
not so. 

Many specialized aspects of the anatomic 
and molecular basis of this unusual lympho- 
cyte-endothelium interaction are under- 

stood (2-13). The dynamics of the process, 
however, have not been examined. We stud- 
ied the interaction of fluorescently labeled 
lymphocytes with the endothelium of post- 
capillary venules of Peyer's patches in vivo, 
and we examined the dynamics of the lym- 
phocyte attachment-detachment and collec- 
tion processes in the HEV. 

Peyer's patches bearing jejunal loops were 
exteriorized from female BALB/c mice anes- 
thetized with pentobarbital (60 mglkg). 
Postcapillary venules adjacent to follicles 
of the patches (Fig. 1) were visualized with 
an epifluorescence-equipped microscope. 
Single-cell suspensions of syngeneic mesen- 
teric lymph-node lymphocytes were labeled 
with tetrarnethylrhodamine isothiocyanate 

M. Bjerknes and H. Cheng, Depamnent of Anatomy, 
Medical Sciences Building, University of Toronto, On- 
tario, Canada, MsS ~ 4 8 .  
C. A. Ottaway, Depamnent of Medicine, St. Michael's 
Hospital, University of Toronto, Ontario, Canada, MsS 
IA8. 

SCIENCE, VOL. 231 




