TECHNICAL COMMENTS

Viral Tracing of Innervation

A. Standish et al. (1) use the viral tracing
technique to identify the neurons in the
medulla oblongata involved in the control of
the heart in rats. Three different strains of a
herpes virus called pseudorabies virus (PRV)
were injected into the ventricular myocardi-
um and, after several days, transneuronal
labeling was identified in two different re-
gions of the medulla: the nucleus ambiguus
and dorsal vagal nucleus. Unexpectedly, ex-
tensive cell body labeling was found
throughout the dorsal vagal nucleus. Prior to

this report, it was generally concluded that

this central nervous system site provided the
parasympathetic outflow to the subdiaphrag-
matic organs and was not involved in the
autonomic control of the heart (2).

The statement (1) that the wild-type form
of PRV (Becker PRV, or PRV-Be) is a specific
transneuronal marker is unfounded. We know
of no study demonstrating that this virus can
be used as a specific retrograde transneuronal
marker. In contrast, two studies (3) suggest
that the attenuated virus called Bartha PRV
(PRV-Ba) can be used in some systems in this
manner, but even this virus is not a perfect

transneuronal marker because it can produce

false-positive results (4).

In the report by Standish et al. (1), two
crucial control experiments are missing.
First, because neurons in the full mediolat-
eral extent of the dorsal vagal nucleus
innervate the stomach and pancreas (5),
experiments are needed to demonstrate
whether or not the labeling of cardiac
dorsal vagal neurons is specific. When
PRV-Be is retrogradely transported in the
cardiac vagal nerve fibers, does it cause
infections in functionally unrelated fibers
that lie within the vagus nerve? If so, this
would produce false-positive labeling in the
dorsal vagal nucleus. A double-labeling ex-
periment in which the stomach or pancreas
or both were injected with one retrograde
marker and the heart with PRV-Be would
directly test this issue.

Second, the report could be read as
implying that PRV can be used in a
straightforward manner. This is misleading
because PRV-Be is transported in the an-
terograde and retrograde directions (6).
Thus, the data obtained by Standish et al.
could have been the result of anterograde
transneuronal labeling. Again, experiments
in which either the vagal afferent fibers or
nodose ganglion were destroyed would have
ruled out this potential concern.
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Response: Jansen and Loewy say that PRV-
Be has not been shown to be a specific
transneuronal tracer, but Card et al. (1)
demonstrated that after injection of PRV-
Be into the tongue, stomach, and esopha-
gus, the pattern of viral labeling recapitu-
lated precisely the known circuits specific
for those organs as defined by injection of
conventional tracers. A later, detailed elec-
tron microscopy analysis by Card et al. (2)
of serial sections of rat brain stem labeled by
injection of PRV-Be and PRV-Ba into the
stomach demonstrated that both viruses
gave highly specific infections and that
release of virus from infected neurons oc-
curred preferentially at sites of afferent con-
tact. No evidence of focal spread in the
dorsal motor nucleus of the vagus (DMV)
or nucleus tractus solitarius (NTS) was

—observed. There was no nonspecific diffu-

sion of virus from even the most severely
infected cells. They proposed that release of
virus was restricted by astrocytes and other
nonneuronal cells responding to the local
infection. Rinaman et al. (3) showed that
the PRV-Be and PRV-Ba strains were high-
ly specific transneuronal tracers. Card et al.
(4) demonstrated that the PRV-Be was a
specific transneuronal tracer of well charac-
terized, retino-recipient regions of the
brain. They showed that PRV-Ba was re-
stricted in its ability to label these regions
and that it showed remarkable restricted
neurotropism, which suggests PRV-Be is
more efficient at labeling known pathways,
whereas PRV-Ba might not label all neu-
rons -participating in the circuitry.

Jansen and Loewy also argue that PRV-
Ba is not a perfect transneuronal tracer
because it has produced false-positive re-
sults (5). We are not sure what a perfect
tracer would be, but we do know that
viruses are not simple transneuronal trac-
ers—they are complex infectious agents and
as such demand careful analysis of the kind
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suggested by Jansen and Loewy. Rotto-
Percley et al. (5) showed that PRV-Ba
labeled some neurons that were unexpected
by classical studies, but it is not at all
certain that these results are false positive.

Controls such as those suggested by Jan-
sen and Loewy were completed before we
submitted our report. The test for organ-
specific labeling was completed as described
in the first paragraph above. Additional
controls included the use of vagotomized
animals to eliminate vagal transport, spinal
cord transections to eliminate brainstem
label of sympathetic origin, topical applica-
tion of virus onto surgically exposed nerves,
injections into other organs innervated by
the vagus and other cranial nerves, and
comparison of viral data with those ob-
tained after injection of cholera toxin—
horseradish peroxidase conjugate. We made
the following observations: (i) no evidence
of infection in nearby, functionally unrelat-
ed vagal motoneurons, (ii) no evidence of
any axon-axon spread within the nerve,
(iii) no evidence of central neuronal label-
ing after topical application of PRV-Be
directly onto the vagus nerve, and (iv) no
evidence of labeled motoneurons on the
-vagotomized side of the brain, which indi-
cates that infections depend on intact vagus
nerves.

There is other evidence that supports
the conclusion that the PRV-Be labeling is
cardiac-specific. (i) The non-DMV labeling
by PRV-Be is similar to that seen for other
strains, for example, PRV91 and PRV-Ba.
(ii) PRV91 is isogenic with PRV-Be except
that a single gene encoding the gE glyco-
protein is deleted. After deleting this single
gene, the distribution of infected neurons is
similar to infection by PRV-Ba and dissim-
ilar from that seen for the parental Becker
strain. A single gene can effect specific
labeling of neurons. We argue that the
labeling of the DMV by PRV-Be is not a
case of nonspecific, random labeling, but
rather a case of specific host-virus interac-
tions. (iii) The DMV labeling in the PRV-
Be cases represents less than 2% of the
DMV population, but increases the propor-
tion of DMV cardiac vagal motor neurons
from approximately 10% -tq 5Q%.

The final concern expressed-by Jansen
and Lowey is that the PRV-Be strain is
transported in both the retrograde and an-
terograde direction, which can produce
misleading results. This is an important
consideration for both PRV-Be and PRV-
Ba viral strains, but the evidence shows
that retrograde transport is faster (I, 4, 5).
Thus, we performed detailed time series
experiments to collect data reflecting the
earliest (presumably retrograde transport)
labeling of neurons. We observed simulta-
neous labeling of both nucleus ambiguus
and DMV neurons and found few NTS
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labeled neurons in the presence of significant

numbers of labeled motoneurons. Finally,

we found no evidence in the literature for

primary cardiac afferent connections to
DMV or nucleus ambiguus neurons.
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Hybrid Zones and Sexual Selection

The potential of hybrid zones to provide
insight in the area of sexual selection has
received only limited attention (I). T. ].
Parsons et al. find (2) that secondary sexual
plumage traits in manakins show unidirec-
tional spread across a hybrid zone as a result
of intersexual selection. The observations
presented in their report, however, are not
sufficient to justify this conclusion.

Parsons et al. begin by stating that selec-
tion against hybrids is expected to produce
“concordant shifts in diagnostic charac-
ters.” This is an oversimplification: tension
zones are expected to show clines for differ-
ent characters centered in the same place
(coincident), but these are unlikely to be
the same width (concordant) (3). Cline
width is determined by the selection acting,
directly or indirectly, on the loci that in-
fluence a character; wider clines indicate
weaker selection per locus. Width is ex-
pected to differ among phenotypic charac-
ters, and variation in width is commonly
observed (4).

Parsons et al. show that the beard and
tail characters, and the molecular markers,
that separate Manacus candei (white-col-
lared manakin) from M. vitellinus (golden-
collared manakin) have clines less than 20
km wide centered somewhere between lo-
calities 7 and 8 [figure 2 of (2)]. These
clines are at least approximately, and may-
be precisely, coincident and concordant.
The simplest interpretation of the clines in
collar width and underparts color is that
they are much wider (about 60 km), but are

centered in approximately the same posi-

tion, close to locality 7. The center of the
underparts color cline may be shifted to-
ward candei, but this shift would be less
than one cline width. The shift could be
the result of dominance for the witellinus
trait or of a nonlinear color scale, with the
underlying allele-frequency clines being co-
incident. The same arguments apply to the
throat color cline on which Parsons et al.
place most emphasis: it is a broad cline
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coincident with the other clines, the only
difficulty being the apparent “step” at the
Rio- Changuinola. This step could be an
artifact of the color scale used or of the
relationship between the color scale and
the genetic determination of color, or it
could be a result of restricted gene exchange
across the river, as Parsons et al. suggest. In
any case, two-thirds of the change in throat
color occurs more or less smoothly between

localities 4 and 10, so that it appears incor-

rect to interpret this pattern as a cline
displaced “some 40 km to the west . . .” (2,
p. 1645) of the clines for other characters.
Broad clines are suggestive of weak selec-
tion if they are maintained by selection
against hybrids. However, Parsons et al.
suggest that the main selection pressure on
these male plumage traits is through female-
preferences. Two possibilities exist: either
candei females have preferences for candei
male plumage traits and vitellinus females for
vitellinus traits, or all females have preferenc-
es for vitellinus traits [the “preexisting prefer-
ence” hypothesis (5)]. There is no good
reason to assume preexisting preference for
golden throat color, because out of four
species in the genus, two have white throats,
one golden, one orange, and their phyloge-
netic relationships are unknown. If such a
preference existed in candei it would predict
a rapid spread of golden throats into candei
after contact with vitellinus. The advancing
wave would be narrow, which is not the
pattern observed. Alternatively, a sharp
cline is expected where two populations
meet that. differ in both male traits and
preferences, as rare migrants are at a disad-
vantage relative to local males. Finally,
throat color may be irrelevant to sexual
selection. In this case a broad cline is ex-
pected, the width being dependent only on
dispersal rate and time since contact (6).
Physical barriers to gene exchange may im-
pede the spread of. such neutral characters
producing stepped clines, and chance events
may cause the cline centers to move apart.
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The best interpretation of the data pre-
sented by Parsons et al. seems to be that
male plumage is irrelevant to male mating
success (7). Perhaps this is the interesting
message that this hybrid zone has for us
about sexual selection. The male display
behavior which is so highly conserved in
the genus may be the key trait for intersex-
ual selection, while the highly variable
plumage may diverge purely by chance.
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Response: Our report (1) documented the
differential introgression of male plumage
traits (2) across a hybrid zone. We have
proposed sexual selection as a plausible
mechanism to explain this phenomenon
and are pursuing observational and experi-
mental means of testing this hypothesis.
We have not ruled out other mechanisms,
nor have we said that sexual selection, if it
occurs, need be intersexual;, intrasexual
mechanisms are also plausible [note 17 in
(1)]. Nor did we state that selection against
hybrids in tension zones will always produce
clines of the same width. Butlin and Neems
favor a hypothesis of neutral diffusion to
explain the differential introgression of
male secondary sexual plumage ~ traits.
While the actual processes involved can
only be demonstrated by additional data,
we will attempt to explain why our original
hypothesis of sexual selection seems more
plausible.

Butlin and Neems are correct that we
place the greatest emphasis on throat color,
and it is certainly true that the color scale
values we employed are nonlinear. We
arbitrarily assigned to white throats a score
of 6, while scores from 5 to 1 represent
subtly different shades of bright yellow. On
this scale, the jump from 5 to 6 represents a





