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Most Retzius (Rz) cells innervate the body wall of their own 
and adjacent segments, whereas Rr cells in segments 5 and 
6 [Rz (5,6)] innervate the reproductive tissue, which is found 
only in those segments. Results from the preceding paper 
(Loer and Kristan, 1969a) showed that Rz (5,6) and standard 
Rz cells do not normally compete for their respective pe- 
ripheral targets. These experiments did not, however, dis- 
tinguish between 2 other possible mechanisms of target se- 
lection: intrinsic differences in target preference or 
differences in the timing of target contact. In order to sep- 
arate these possibilities experimentally, we transplanted re- 
productive primordia to standard segments. We found that 
standard Rz cells were capable of densely innervating ec- 
topic reproductive tissue, provided the target was trans- 
planted at an appropriate time and location. Furthermore, 
after some processes of standard Rz cells contacted ectopic 
reproductive tissue, the rest of the cell’s processes slowed 
their growth in a way reminiscent of Rr (5,6) processes. 
These results strongly suggest that Rz (5,6) innervate re- 
productive tissue at least partly because their processes 
contact this target during a period that is optimal for them 
to associate with the target, or when the reproductive tissue 
is most attractive to Rz processes, or both. 

In the preceding paper (Loer and Kristan, 1989a), we showed 
that standard Retzius (Rz) cells and Rz (5,6) express strong 
preferences for their normal targets: standard Rz cells for body 
wall and Rz (5,6) for reproductive tissue. Standard Rz cells, at 
least those in ganglia 4 and7, do not innervate reproductive 
tissue, even in the absence of competition from Rz (5,6); like- 
wise, Rz (5,6) innervate only reproductive tissue even if the 
local body wall remains totally uninnervated by other Rz cells. 
Rz (5,6) will innervate body wall only if the reproductive tissue 
is removed early in development. Thus, competition between 
Rz cells cannot explain the differences in the targets these cells 
normally choose. Two other possible explanations of our results 
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are (1) Rz (4,7), and by extension, all standard Rz cells, have 
an intrinsically lower affinity for reproductive tissue than do Rz 
(5,6); or (2) Rz (4,7) have an affinity similar to that of Rz (5,6) 
but do not contact reproductive tissue at an appropriate time 
during development. In normal development, of course, most 
standard Rz cells are never given the choice between reproduc- 
tive tissue and body wall, because they are distant from segments 
5 and 6. 

In this paper, we will argue that the timing of contact and the 
availability of the target are probably more important in target 
selection by Rz cells than are intrinsic segmental differences in 
the neurons. We found that standard Rz cells were capable of 
densely innervating reproductive tissue, provided that the target 
was presented at an appropriate time and location. Furthermore, 
after some processes of standard Rz cells contacted ectopic re- 
productive tissue, the rest of the cell’s processes slowed their 
growth in a way reminiscent of Rz (5,6) processes. These results 
indicate that, although there may be some intrinsic differences 
between segmentally homologous Rz cells, standard Rz cells, 
like Rz (5,6) (Loer et al., 1987), are strongly influenced by the 
targets they contact during embryogenesis. Preliminary accounts 
of some of these results have been reported earlier (Loer et al., 
1985; Loer and Kristan, 1987). 

Materials and Methods 

Animals. Embryos of Hirudo medicinalis were obtained from a labo- 
ratory breeding colony, as previously described (Jellies et al., 1987; Loer, 
1988) and staged in days of development from the time of cocoon 
deposition at 22-23°C (Femandez and Stent, 1982). 

Transplantations. Embryos were anesthetized in cold 8% ethanol in 
leech saline and placed ventral side up in rectangular chambers cut into 
Sylgard-filled plastic petri plates. The embryos were restrained with 2 
thin, flat plastic strips pinned down on either side across the germinal 
plate, effectively strapping the embryo in place but allowing access to 
the operation sites. Two embryos were placed in adjacent chambers, 
one to serve as donor, the other as host. A typical transplant consisted 
of a rectangular piece of germinal plate (body wall) from the ventral 
midline region spanning roughly 2 segments (Fig. 1). To free the tissue 
from the donor embryo, 2 lateral cuts followed by 2 longitudinal cuts 
were made with fine scissors. Next, the host transplant site was prepared 
by making a shallow cut 2-3 segments in length on the ventral midline 
of the host. The tissue on either side of the cut pulled away slightly, 
leaving a gap along the midline of the germinal plate. Ganglia and major 
nerves were untouched during this procedure. The loosened tissue was 
removed from the donor and pressed into the host site. Tissue not placed 
into the site within 3-4 min after removal from the donor usually failed 
to integrate successfully into the host. Another plastic strip was strapped 
over the transplanted tissue for 15-20 min, after which the host embryo 
was returned to spring water. Approximately 90% of embryos survived 
the operations except in cocoons with generally ill health, when as many 
unoperated controls as experimental animals died. 

Reproductive tissue was transplanted from one embryo to a non- 



The Journal of Neuroscience, February 1989, 9(2) 529 

Donor 

Figure 1. Illustration of the transplan- 

transplanted) was removed from a do- 
nor and placed into a ventral midline 
slit in the bodv wall of the host. In this 
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tation technique. A block of germinal 
plate containing reproductive primor- 
dia (dotted outlines in the tissue beina 
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example, the honor tissue (from seg- 
ments 5 and 6) contained both male 
and female reproductive primordia and 
was inserted into segments 10 and 11 
of the host. Segments were numbered 
at this stage by counting from segment 
2, the most anterior segment containing 
nephridiopores (shown here as circles 
on either side of the ganglion). In this 
and all subsequent figures, anterior is 
up. The ganglia (also outlined by dots) 
are about 80-l 00 pm across at this stage. 

reproductive segment in another, and the reproductive tissue of the host 
was not perturbed in any way. For each transplantation experiment, we 
used embryos from a single cocoon from mid-day 9 to late day 10 of 
development. All transplantation was thus technically isochronic; that 
is, tissue was taken from hosts of the same age as the donor. However, 
because development proceeds from anterior to posterior, there was 
some difference in the state of maturation of donor and host segments. 
At the beginning of each experiment, 2 embryos from the cocoon were 
dissected, fixed, and subsequently stained with 5-HT anti-serum and 
an HRP-conjugated 2” antibody (Jellies et al., 1987) to assess the de- 
velopmental age of Rz cells at the time of the operation. 

Donor tissue came from segments 4 and 5, containing male repro- 
ductive tissue alone; from segments 5 and 6, containing both male and 
female reproductive tissue; from segments 6 and 7, containing female 
reproductive tissue alone; or from segments 8 and 9, which contained 
no reproductive tissue. Host transplant sites included some in segments 
2-3 (anterior to the reproductive segments), but most were in segments 
9-l 3 (posterior to and hence younger than the reproductive segments). 
Despite the anterior-posterior gradient of development, there were no 
obvious differences in the results of transplanting into different seg- 
ments. The embryos fell into 3 categories: experimental hosts, which 
received transplants ofreproductive tissue; control hosts, which received 
transplants of body wall; and unoperated controls. Following the ma- 
nipulations. all embryos were placed individually in sterile 35 x 10 mm 
plastic petri dishes in 5 ml of sterile spring water (Jellies et al., 1987) 
and allowed to develop further. They were dissected 12 hr to 7 days 

later and prepared for either 5-HT immunocytochemistry or for intra- 
cellular injection of individual cells with HRP. 

Measurement of distance from ganglion to ectopic reproductive tissue. 
We measured the distance from the center of the ectopic reproductive 
tissue to the center of the nearest ganglion using an ocular micrometer 
and normalized it to the average length of a midbody segment. The 
segment length was measured between the nephridiopores, which are 
obvious segmental landmarks (see Fig. 1). The normalized distance was 
defined as the distance between the reproductive tissue and the ganglion 
divided by the average intersegmental distance. Thus, the maximum 
normalized distance for an ectopic reproductive pore on the ventral 
midline would be 0.50, or halfway between 2 ganglia. Most ectopic 
reproductive tissue was centered on or very close to the ventral midline, 
so that the major component of its distance from a ganglion was lon- 
gitudinal. 

StainingofRz cellperipheralprocesses. Staining with 5-HT antiserum 
and filling Rz cells with HRP were performed as previously described 
(Jellies et al., 1987; Loer and K&an, 1989a). 

Measurment of Rz cell peripheral processes. The lateral growth of Rz 
cell processes in 3 peripheral nerves (A, PP, DP) was measured as 
described in the preceding paper (Loer and Kristan, 1989a) at 2 and 4 
d after transplantation. To compare the extent of serotonergic inner- 
vation in segments containing transplanted reproductive tissue with 
other segments, we defined 3 groups of experimental and control seg- 
ments: 

1. Reproductive tissue transplant segments (T): segments in experi- 
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Figwe 2. Segments 12-13 in a 16 d 
embryo that received a transplant con- 
taining reproductive tissue. The prep- 
aration was dissected and stained with 
gold chloride to enhance contrast (Hu- 
mason, 1979). The structure of the ec- 
topic reproductive tissue, although in- 
complete, is typical of normal 
reproductive tissue: One tapering lat- 
eral duct (epididymus and vas deferens, 
I’D) extends posteriorly from the body 
of the male reproductive tissue, where- 
as one of the female oviducts ends 
abruptly in a spherical ovary (0). The 
female reproductive tissue is somewhat 
obscured by ganglion 13 which lies dor- 
sal to it. 

0 -* 

mental embryos in which ectopic male reproductive tissue was nearest 
to the ganglion. In the single case in which the ectopic gonopore was 
halfway between 2 ganglia, both segments were included in this category. 

2. Body wall transplant (control) segments (TC): those segments in 
both experimental and operated control embryos that contained trans- 
planted body wall but no reproductive tissue. 

3. Unoperated segments (US): segments from experimental and op- 
erated control embryos that were 1 and 2 segments anterior or posterior 
to reproductive tissue transplant and body wall transplant segments; 
also, segments 9-l 3 from unoperated control embryos. 
The lengths of processes on both sides of each segment were measured, 
except in a few cases in which one hemisegment was damaged during 
dissection. 

Statistics. Most statistics were computed on an Apple Macintosh Plus 
computer using StatView 5 12+ (Brainpower, Inc.). Measurements of 
the distance from the ectopic pore to the ganglion were assigned to 1 
of 3 groups according to the density with which the ectopic reproductive 
tissue was innervated (heavy, moderate, and light) and compared with 
ANOVA. Planned pairwise comparisons were made with additional F 
tests (Sokal and Rohlf, 198 1). 

-Q 
-G13 

150pm 

In the experiment that examined how ectopic reproductive tissue 
affected process outgrowth into the body wall, we tested for indepen- 
dence of measurements from the same segment before further statistical 
analysis. Only 5 of 24 groups showed significant correlation (p < 0.05) 
between measurements from the right and left sides, so the measure- 
ments from the 2 sides of each segment were treated as independent for 
further analysis. 

Overall differences among the 3 groups of segments (T, TC, and US) 
for each set of measurements (2 and 4 d after transplantation for A, PP, 
and DP) were tested by ANOVA and pairwise comparisons made with 
Scheffe’s F test. Since the use of ANOVA could be inappropriate for 
comparisons in which the variances among the 3 groups were signifi- 
cantly different from one another or in which values were not distributed 
normally (Sokal and Rohlf, 1981), nonparametric analyses were also 
performed on these data. We used the Kruskal-Wallis test, sometimes 
called an analysis of variance by ranks (Kruskal and Wallis, 1952; from 
Zar, 1984), a test for which no assumptions of homoscedasticity or 
normality are necessary. Nonparametric pairwise comparisons were made 
using the method of Dunn (1964; from Zar, 1984). In spite of their 
lesser power, the results of nonparametric analyses were essentially the 
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Figure 3. 5-HT innervation of ectopic reproductive tissue and body wall in a 16 d embryo. A, Camera lucida drawing of segments 9-l 1 in a 
preparation stained with 5-HT antiserum and HRP-conjugated 2” antibody (anti-5-HT). For clarity, 5-HT-containing fibers and somata in the CNS 
are not drawn except for the outlines of the Rz cell bodies. Dashed lines indicate edges of ganglia and connectives of the CNS. The dotted outline 
indicates ectopic reproductive tissue, which lies ventral to the nerve cord. The vertical dotted line at right is the right vas deferens of the host 
embryo, which is joined by one duct from the ectopic reproductive tissue. The dark solid verticaI lines on either side indicate the edges of the 
germinal plate. The extent of the photographs in B and C is indicated by the boxes. B, Photograph of ectopic male reproductive tissue from the 
preparation drawn in A. The innervation is as dense as seen in normal male reproductive tissue at this age. C, Photograph of ectopic female 
reproductive tissue from the preparation drawn in A. The density of innervation is much less than seen in normal female reproductive tissue, 
although it is slightly more dense than the innervation of the body wall. This pore was among the more densely innervated of transplanted female 
reproductive tissue. 

same as the results of the ANOVA (i.e., although p values were not 
identical, all comparisons showed the same significant differences in the 
nonparametric as in the parametric tests. 

of the organized reproductive tissue structures: dense, roughly 
spherical bodies with protruding ducts (Fig. 2). Of 12 1 surviving 
embryos that were dissected 2-7 d after reproductive tissue 

Results 
transplantation, 97 had recognizable reproductive structures in- 
corporated into the host. Furthermore, large genital pores (gono- 

Successfully transplanted reproductive primordia could be eas- pores) were usually visible on the ventral external surface in the 
ily recognized in host embryos by the distinctive morphology transplant site. Ectopic male reproductive tissue was easily dis- 
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Table 1. Innervation of ectopic male reproductive tissue as a function 
of age at transplantation 

Innervation Age at transplantation 

density 9,,,-9, 9,-10, 1 oc- 1 on, 1 on-1 0, 

Heavy 9 2 0 0 

Moderate 4 I 4 3 
Light 4 4 1 4 

The embryos were dissected 3-6 d after transplantation and stained with 5-HT 
antiserum and HRP-conjugated 2” antibody. Subscripts refer to early (e), mid (m), 
or late (1) developmental days 9 and 10. 

tinguished from female by the distinctive appearance of the 
ducts leading into the central pore region: the male epididymus 
and vas deferens had an obvious lumen, and when a sufficiently 
long duct was present, it could be seen to taper gradually; the 
short female oviducts, on the other hand, ended in spherical 
ovaries. (Normal male and female reproductive structures at 
these stages are shown in Fig. 9 of the previous paper, Loer and 
Kristan, 1989a.) The full extent of transplanted body wall tissue 
was not so obvious, but it could often be distinguished by the 
modified pattern of body wall muscle and by the presence of 
ectopic nephridial tissue. 

Initial observations of host embryos labeled with 5-HT anti- 
serum showed that ectopic reproductive tissue was sometimes 
heavily innervated by serotonergic processes (Fig. 3). Many ro- 
bust processes branched profusely about the central pore region 
of the tissue, often following novel pathways from the segmental 
nerves and forming additional nerves reminiscent of the “sex 
nerves” normally found only in segments 5 and 6 (Zipser, 1979; 
Jellies and Kristan, 1988). Ectopic reproductive tissue, however, 
was not always heavily innervated. For comparison, we divided 
embryos into 3 categories, based on the innervation of ectopic 
reproductive tissue: heavy-dense innervation by numerous ro- 
bust, complex branches, very similar to that present in normal 
reproductive tissue; moderate-innervation not as substantial 
as that of normal reproductive tissue, but clearly more and/or 
heavier branches than normally present in an equivalent region 
of body wall; light/none-no serotonergic processes or no more 
than present normally in the body wall. 

Ectopic male reproductive tissue was consistently more heavi- 
ly innervated than female reproductive tissue. Ectopic female 
gonopores were heavily innervated in only 1 of 24 embryos 
assessed 3-6 d after transplantion; only 4 of 24 exhibited a 
moderate level of innervation. Ectopic male gonopores, on the 
other hand, were heavily innervated in 11 of 42 embryos and 
moderately innervated in 18 of 42. Because of the higher success 
rate with transplanted male reproductive tissue, ;ve used these 
transplants for all experiments to follow. The host transplant 
site (i.e., into segments 2-3 or 9-13) apparently had no effect 
on how successfully ectopic reproductive tissue was innervated 
by 5-HT-containing processes. 

Factors injluencing the innervation of ectopic reproductive 
tissue 

The age of the embryos at the time that male reproductive tissue 
was transplanted strongly affected how densely the tissue was 
innervated by serotonergic processes (Table 1). Reproductive 
tissue transplanted in mid- to late day 9 embryos was most 
likely to be heavily innervated. When transplants were per- 
formed 24 hr later, the ectopic reproductive tissue was never 

Table 2. Innervation density of ectopic male reproductive tissue as a 
function of normalized distance from the nearest ganglion (see 
Materials and Methods) 

innervation Mean normalized distance 
dewily II (?SEM) 

Heavy 11 1).2(1 + 0.03 
Moderate 16 0.24 + 0.03 
Light/none 12 0.33 f  0.03 

The embryos were dissected 3-6 d after transplantation and stained with 5-HT 
antiserum and an HRP-conjugated 2” antibody. 

heavily innervated, although it was sometimes moderately in- 
nervated. Tissue transplanted in embryos between these ages 
received intermediate levels of serotonergic innervation. The 
period between mid-day 9 and early day 10 corresponds to the 
time during which the peripheral processes of Rz (5,6) first leave 
the ganglion (mid-day 9) and first contact the reproductive tissue 
(early 10) (Jellies et al., 1987). 

Heavily innervated reproductive tissue often appeared to be 
nearer to the ganglion than uninnervated reproductive tissue. 
To confirm this observation quantitatively, we measured the 
distance between the ectopic reproductive tissue and the gan- 
glion. In order to compare embryos from different ages, we 
normalized the distance between the nearest ganglion and the 
ectopic gonopore to segment length (see Material and Methods). 
The mean normalized distances from ganglion to ectopic gono- 
pore differed significantly 0, < 0.05, l-factor ANOVA) among 
pores that were heavily, moderately, or lightly innervated (Table 
2). Pairwise comparisons showed that both moderately and 
heavily innervated gonopores were significantly closer to the 
ganglion than lightly innervated gonopores (p < 0.05, F test); 
there was no significant difference between those heavily and 
moderately innervated. 

Efect of reproductive tissue innervation on standard Rz cells 

In order to determine what effect contact with reproductive 
tissue had on standard Rz cells, individual cells were labeled by 
injecting them with HRP. Such stained Rz cells showed that 
the serotonergic innervation of ectopic reproductive tissue re- 
vealed by immunohistochemistry (described above) could come 
entirely from Rz cells in the nearest ganglion. These standard 
Rz cells sometimes sent many robust branches into the region 
of the ecoptic gonopore, often by way of novel nerve branches 
from the anterior and posterior segmental nerves (Fig. 4). In 
embryos that received transplants at mid- to late day 9, 5 of 9 
cells innervated reproductive tissue heavily; none of 8 cells in 
embryos that received transplants at early to mid-day 10 in- 
nervated ectopic reproductive tissue heavily. Of the cells that 
heavily innervated reproductive tissue in which such a deter- 
mination was possible, 3 of 4 had central axons that did not 
extend completely through the connective to the adjacent gan- 
glion (e.g., Fig. 4). In embryos that received transplants from 
early to mid-day 10, all of the connective axons of Rz cells 
extended to adjacent ganglia (5/5). These results suggest that 
contact with reproductive tissue at early stages may cause re- 
traction of interganglionic processes in standard Rz cells, but 
further experiments are needed to confirm this possibility. 

Every standard Rz cell that contacted reproductive tissue, 
even those innervating it heavily, retained a substantial arbor 
in the body wall (17117). In anti-5-HT-stained preparations, 
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Figure 4. Innervation of ectopic male reproductive tissue by a standard Rz cell. This is a camera lucida drawing of an HRP-filled Rx (11) from 
a 16 d embryo into which reproductive tissue had been transplanted approximately 6 d earlier (at late day 9). In this preparation, a cut was made 
along the ventral midline to allow access to the ganglion for HRP injection. Dashed lines outline the ganglia and connectives; dotted outlines indicate 
the ectopic male reproductive tissue. One lateral duct extended posteriorly on the right side and ended abruptly; the other duct extended anteriorly 
on the left and continued beyond the drawing. The thick solid line at the right is the lateral edge of the germinal plate. The reproductive tissue pore 
lies ventral to the nerve cord. The connective and Rz axon between Gl 1 and G12 is illustrated in the box (left) so as not to be confused with the 
innervation of the ectopic pore. 

peripheral innervation in segments with heavily innervated re- 
productive tissue appeared, however, to proceed more slowly 
than in other nearby segments (Fig. 3). To measure the extent 
of peripheral serotonergic innervation in segments containing 
ectopic reproductive tissue, we stained serotonergic processes 
in embryos at various times after transplanting male reproduc- 
tive tissue at mid- to late-day 9. 

At 12-24 hr after transplantion, the nearby Rz cells grew out 
along their normal pathways into the periphery, and the trans- 
planted tissue remained uninnervated. By 2 d after transplan- 
tion, the nearby Rz cell processes sent branches medially toward 

the site of ectopic tissue (Fig. 5). By 4 d after transplantion, the 
serotonergic innervation of ectopic male reproductive tissue was 
frequently quite heavy, including complex, heavy branches sim- 
ilar to the branches of Rz (5,6) to normal reproductive tissue 
(Fig. 6). At both 2 and 4 d after transplantation, extension of 
serotonergic processes in these segments was retarded compared 
with that in adjacent segments. Transplanted body wall that did 
not contain reproductive tissue was never heavily innervated, 
nor was the serotonergic innervation of the body wall retarded 
in such segments. 

We measured the length of the longest serotonergic process 
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Figure 5. Serotonergic innervation of ectopic male reproductive tissue and nearby body wall 2 d after transplantion. A, Camera lucida drawing 
of segments 10-12 in a preparation stained with anti-5-HT. 5-HT-containing fibers and somata in the CNS are not drawn except for those belonging 
to Rz cells. Dashed lines indicate the edges of the ganglia and connectives; the dotted outline is the approximate region of ectopic reproductive 
tissue, which lies ventral to the nerve cord. B, Nomarski photomontage of the site of cctopic reproductive tissue innervation indicated by the box 
in A. Many complex branches extend into the region of the transplanted reproductive tissue. 

in each of the 3 major peripheral nerves (A, PP, DP) at 2 and significantly (p < 0.00 1, 1 -factor ANOVA) in the length of their 
4 d after transplantion to quantify the retardation of Rz process lateral processes in all 3 nerves at both 2 and 4 d after trans- 
outgrowth. These measurements revealed that the 3 experi- plantation (Fig. 7). Processes in segments with ectopic repro- 
mental treatments (see Materials and Methods) indeed differed ductive tissue were always significantly shorter (p < 0.05, 
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Figure 6. Serotonergic innervation of ectopic reproductive tissue and nearby body wall 4 d after transplantion. A, Camera lucida drawing of 
segments 10-12 in a preparation stained with anti-5-HT. The dotted outline indicates the ectopic reproductive tissue, which lies ventral to the 
nerve cord. A single ectopic vas deferens on the left extends posteriorly; it runs medial and parallel to the host vas deferens (not drawn). Processes 
originating from the nerve roots, which appear to head medially into the ganglion, are actually ventral to the ganglion and heading toward the 
transplanted tissue. B, Nomarski photomontage of the site of ectopic reproductive tissue innervation indicated by the box in A. 

Scheffe’s F test) than either unoperated segments or segments of the body width. It was still apparent, however, that the density 
with transplanted body wall. of innervation in the body wall of the segments containing ec- 

This quantitative comparison could not be extended to 6 d topic reproductive tissue was lower than that of segments con- 
after transplantion because laterally growing processes in most taining transplanted body wall and that of nearby unoperated 
A and PP nerves had met medially growing processes from the segments (see Fig. 3). 
dorsal territory and the DP nerves had reached essentially 100% One further observation seemed especially to suggest that 
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2 days after Transplantation 

w Reproductive Tissue Transplant Segments, n = 14 (6) 
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n Reproductive Tissue Transplant Segments, n = 10 (5) 
q Body Wall Transplant (Control) Segments, n = 20 (7) 
0 Unoperated (Control) Segments, n = 70 (8) 

Figure 7. Extent of lateral growth of 
serotonergic processes in the A, PP, and 
DP nerves in segments containing re- 
productive tissue transplants, body wall 
(control) transplants, and unoperated 
(control) segments at 2 and 4 d after 
transplantation. Means (+SEM) are ex- 
pressed as percentages of the distance 
from the ganglion to the edge of the 
germinal plate (see Materials and Meth- 
ods). IZ is the number of hemisegments 
measured, the values in parentheses are 
the numbers of embryos from which 
these are taken. 
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PP 
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standard Rz cells might be “transformed” by target contact into 
reproductive Rz cells. Occasionally, the somata of Rz (5,6) in 
normal embryos stain much more darkly with the 5-HT anti- 
serum than do those of standard Rz cells. In one experimental 
embryo in which Rz (5,6) somata were stained darkly, somata 
of standard Rz cells in the segment containing heavily inner- 
vated ectopic reproductive tissue were also darkly stained, 
whereas in all other segments, somata of standard Rz cells were 
lightly stained. 

Discussion 

In the preceding paper (Loer and Kristan, 1989a), we showed 
that competition could not explain the different target choices 
made by Rz (5,6) and standard Rz cells. At least 2 other mech- 
anisms could be responsible for the respective target choices of 
homologous Rz cells: intrinsic differences in target preference 
or differences in the availability of targets and the timing of Rz 
cell interactions with potential targets. In this paper, we show 

that standard Rz cells act similarly to Rz (5,6) when given the 
opportunity to innervate reproductive tissue. Standard Rz cells 
show some, but not all, of the changes displayed by Rz (5,6) 
after they contact reproductive tissue. Furthermore, the timing 
of that contact appeared to be critical in determining some of 
the properties of these standard Rz cells. Remaining differences 
between standard Rz cells that were exposed to reproductive 
tissue and Rz (5,6) may be due to intrinsic differences or to our 
inability to provide the standard Rz cells with all the external 
cues necessary for the complete transformation that is charac- 
teristic of Rz (5,6). 

Effects of timing and availability on target selection by 
standard Rz cells 
The density of innervation of transplanted male reproductive 
tissue depended on the time that the transplant was performed 
and on the nearness of transplanted tissue to a ganglion. These 
2 factors may affect the same process. Ectopic reproductive 
tissue that is located close to the ganglion is probably contacted 



The Journal of Neuroscience, February 1989, 9(2) 537 

by Rz cell processes earlier than reproductive tissue that is far- 
ther away. Ectopic reproductive tissue located very near to a 
ganglion may be contacted by filopodia of Rz cell growth cones 
shortly after they exit the ganglion. This situation is similar to 
the interaction of Rz (5,6) with reproductive tissue occurring 
normally in segments 5 and 6. Reproductive tissue that is trans- 
planted far from the ganglion or 24 hr later may mimic the 
conditions encountered by the branches of Rz (4,7) when they 
grow into the periphery of segments 5 and 6. We have not tested, 
however, whether Rz (4,7) are the same as other standard Rz 
cells and are, thereby, able to innervate ectopic reproductive 

and Macagno, 1987). Neurons that arise postembryonically in 
ganglia 5 and 6 do not appear when male reproductive tissue, 
but not female reproductive tissue, is removed prior to their 
appearance (Baptista and Macagno, 1988a,b). Although these 
observations do not explain the differences found in the capacity 
of male reproductive tissue to acquire standard Rz cell pro- 
cesses, they do serve to illustrate considerable differences be- 
tween the 2 tissues and suggest qualities of male reproductive 
tissue lacking or reduced in the female reproductive tissue. 

Effects of reproductive tissue innervation on standard Rz cells 
tissue heavily; it is possible that they are especially “resistant” 

Our results do not indicate how the propensity of Rz cells to 
innervate reproductive tissue is lost with time; the site of change 

to this target so that they may instead innervate the body wall 

could be either the Rz cell processes, the reproductive tissue, or 
both. Rz processes may lose a special affinity for reproductive 

of segments 5 and 6. 

tissue over time, and therefore be committed to a developmental 
pathway appropriate for standard Rz cells. A variation on this 
possibility is that only the first Rz cell processes to exit the 

Because innervation of ectopic reproductive tissue is most 

ganglion have a high affinity for reproductive tissue. By mid- 

successful when the tissue lies close to growing Rz cell processes, 

to late day 10, Rz cell growth cones extend well beyond the edge 
of the ganglion and into the ventral body wall. Only later will 

it is possible that this interaction is contact-mediated, perhaps 

fine branches from the main peripheral axons grow to the mid- 
line where they may contact ectopic reproductive tissue. The 

by selective adhesion of filopodia. These results suggest that if 

tips of these branches do not appear to have the same mor- 
phology as the initial Rz growth cones; thus, the first Rz growth 

reproductive tissue instead releases some attractive diffusible 

cones sent into the periphery may have an affinity different from 
other growing Rz processes. A related possibility requires less 

factor, it must act over only a short distance. Other observations 

specific interactions: Rz cells may be unable to provide a heavy 
innervation of reproductive tissue once they have committed a 

of Rz cell processes growing to reproductive tissue are consistent 

certain amount of their arbor to the body wall; there may be a 
limit to the arbor they can support (cf. Shepard and Murphey, 

with this idea (Jellies and Kristan, 1988). 

1986). Alternatively, reproductive tissue may no longer attract 
Rz cell processes by mid- to late day 10. Such stage-specific 
effects of target tissues have been demonstrated in vitro (Pollack 
and Mulach, 198 1; Nurcombe and Bennett, 1983; Heaton and 
Paiva, 1986). 

Transplanted male vs female reproductive tissue 

It is unclear at present why transplanted male reproductive tis- 
sue was more successfully innervated by standard Rz cell pro- 
cesses than was female reproductive tissue. There are a number 
of apparent differences between the male and female reproduc- 
tive tissue. Male reproductive tissue is larger than female re- 
productive tissue, so it may provide a physically larger target. 
Male reproductive tissue is normally innervated both by Rz (5) 
and Rz (6) whereas female reproductive tissue is innervated 
only by Rz (6). Thus, more pathways leading to male repro- 
ductive tissue may be present and survive transplantation. 
Transplanted male reproductive tissue can be contacted by pro- 
cesses ofpenile motomeurons originating several segments away 
when this target is removed from its normal location (Baptista 

ductive tissue (see Jellies and Kristan, 1988). If this is the case, 

Contact with reproductive tissue can alter the morphology of 

then standard Rz cells are also capable of following the segment- 
specific cues associated with these pathways. 

standard Rz cells in ways similar to that of Rz (5,6). Standard 
Rz cells that heavily innervate ectopic reproductive tissue form 
thick processes with many branches. Such large, complex neu- 
rites are never seen normally arising from standard Rz cells. 
These processes enter ectopic reproductive tissue through new 
nerves reminiscent of the sex nerves in segments 5 and 6. It is 
possible that Rz cells pioneer these pathways to the ectopic 
reproductive tissue or that they follow other neurons that are 
also attracted to this tissue. It is also possible that pathways to 
the reproductive tissue were transplanted along with the repro- 

Contact with ectopic reproductive tissue causes retardation, 
if not cessation or retraction, of growth in other processes of 
standard Rz cells. Such contact may cause standard Rz cells to 
retract interganglionic axons. Similar effects of specific targets 
on the growth of different neurites belonging to a single identified 
neuron have been demonstrated in vitro (Schacher, 1985). The 
presence of ectopic reproductive tissue is clearly associated with 
a slowing of the serotonergic innervation of body wall. Intra- 
cellular staining of the standard Rz cells innervating this ectopic 
tissue indicated that their primary fields were retained even 
when they heavily innervated ectopic reproductive tissue, unlike 
Rz (5,6), which retract their meager primary fields once they 
innervate reproductive tissue. Hence, standard Rz cells seem 
limited in the degree to which they can become like reproductive 
Rz cells. The cells may, of course, be limited by our experimental 
technique rather than by intrinsic differences between them and 
Rz (5,6). 

Although it may be possible that transplantation of repro- 
ductive primordia earlier than mid- to late day 9 might have 
been more successful, this seems unlikely. At the earliest times 
that transplants were made, Rz cell processes did not yet extend 
beyond the ganglion. Thus, Rz cells could not have contacted 
reproductive tissue even if it were transplanted earlier. Previous 
experiments (Loer et al., 1987) strongly suggest that contact is 
necessary for the target to influence the development of the Rz 
cells. It seems more likely that contact with ectopic reproductive 
tissue is limited by the damage caused in transplantation. Thus, 
conditions for interaction between Rz cells and ectopic repro- 
ductive tissue are simply not optimal and limit the ability of 
standard Rz cells to follow a “reproductive” developmental 
pathway. 

Conclusions 
The results reported here and in the previous paper (Loer and 
Kristan, 1989a) show that segmentally appropriate target choice 
by Rz cells is not influenced by competition between Rz cells 
for specific targets, but that the availability of targets at an 
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appropriate time and location is important to that choice. Al- 
though target contact is critical in this choice, intrinsic prefer- 
ences for one target over another may also be important. Rz (5, 
6) innervate body wall slowly and only in the absence of their 
normal target. Standard Rz cells, although they show a strong 
propensity to innervate reproductive tissue, continue to inner- 
vate body wall in the presence of the alternate target. 

Following normal target choice, standard Rz cells and Rz (5, 
6) follow different developmental pathways, each acquiring a 
distinctive morphology and synaptic connectivity (Glover, 1984; 
Glover and Mason, 1986; Jellies et al., 1987; G. Wittenberg, S. 
Adamo, C. Loer, and W. Kristan, unpublished observations). 
In the absence of their normal target, Rz (5,6) go on to develop 
like standard Rz cells by innervating body wall, extending axons 
to adjacent segments, elaborating a denser central neuropil (Loer 
et al., 1987; Loer and Kristan, 1989a), and acquiring certain 
excitatory synaptic connections (Loer and Kristan, 1989b). Fol- 
lowing appropriately timed contact with ectopic reproductive 
tissue, standard Rz cells develop similarly to Rz (5,6). Although 
there are indications that intrinsic differences between homol- 
ogous Rz cells act in this process as well, these results demon- 
strate that the development of segmentally appropriate mor- 
phology and synaptic connectivity of Rz cells is dependent upon 
interactions with specific target tissues. 
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