
The technical difficulties of ideally re- 
combining various portions of the chick 
epithelium with the dental papilla result- 
ed in random associations, which con- 
tributed to the variable success in the 
grafts. 

The ability of chick epithelium to par- 
ticipate in odontogenesis and to secrete 
enamel matrix proteins suggests that 
during evolution avian toothlessness 
was not a consequence of a change in the 
genetic coding in the oral epithelium for 
specific protein synthesis that persists in 
Reptilia and Mammalia. Rather, an upset 
of a developmental sequence or an alter- 
ation in the behavior of cranial neural- 
crest cells must have blocked the initia- 
tion of tooth development and sub- 
sequent synthesis of enamel matrix pro- 
teins. Correction of abnormal heart de- 
velopment by normal endoderm in 
cardiac mutant salamanders (8) gives an- 
other example in which an appropriate 
tissue interaction permits organogenesis 
to proceed and restores gene function. 
These data support a suggestion made by 
Jacob (9) in his discussion of the mecha- 
nisms of evolution. The notion that the 
genetic information for the synthesis of a 
specific product can remain quiescent in 
the genome and that perturbations of 
tissue interaction can alter gene ex- 
pression should not surprise develop- 
mental biologists, who appreciate the 
interactions that result in embryogenesis, 
form, and evolution. These data provide 
evidence that phenotypic change in 
evolution need not involve loss of genet- 
ic information. 
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Tissue Specificity of Enzyme Expression Regulated by 
Diffusible Factors: Evidence in Drosophila Hybrids 

Abstract. Pairs of hybridizable species of Hawaiian picture-winged Drosophila dif- 
fer qualitatively in the distributions of specific enzymes in their tissues. An examina- 
tion of the patterns of enzyme expression in the hybrids showed that, in three in- 
stances, absence of an enzyme from a specific tissue was dominant to presence. 
Since other developmentalfeatures indicated that both parental genomes were func- 
tioning, these results suggest that, in these cases, the pattern differences in the pa- 
rental species were due to diffusible factors that affected expression of the relevant 
structural genes rather than to differences in the genes themselves or in cis-acting 
regulatory sites. 
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The appearance of defined proteins in 
specific tissues at specific stages is a cen- 
tral feature of eukaryotic development. 
Useful information on the mechanisms 
that generate these patterns of gene ex- 
pression can be obtained by identifying 
genetic variants that alter them. Such 
variants can be used to identify com- 
ponents of regulatory systems and to 
probe their function. "Regulatory" in- 
cludes any process contributing to the 
observed tissue and the stage-specific 
appearance of the functional gene prod- 
uct. Most of the known genetic elements 
that regulate the development of specific 
proteins in eukaryotes are closely linked 
to the structural gene they affect and are 
either cis-acting or show additive inher- 
itance consistent with that mode of ac- 
tion (1). A few unlinked or easily sepa- 
rable regulatory loci have been recog- 
nized. Some, surprisingly, also show 
additive inheritance (1, 2). It was recent- 
ly shown that cis-acting regulatory sites 
can be recognized by examining the pat- 
tern of expression of distinguishable 
structural alleles that code for a given en- 
zyme in hybrids produced between two 
species in which normal patterns of ex- 
pression of that enzyme are markedly 
different (3). Here I report three ex- 
amples in which absence of an enzyme 
from a specific tissue was dominant to 
presence, suggesting control by dif- 
fusible (trans-acting) favors. Additional 
examples of cis-acting control are also 
noted. 

I used three species of Hawaiian pic- 
ture-winged Drosophila (4) in this study. 
The stocks and hybrids of D. grimshawi 
and D. orthofascia were those reported 
in (3). A single stock of D. formella 
(M87G1) was used in crosses to the 
S30G10 stock of D. grimshawi. Matings 
were done with 8 to 12 females and 4 to 5 
males in a 2.8 by 8 cm vial. All cultures 
were maintained by standard methods 
(5). The tissue distributions of octanol 
dehydrogenase (ODH) and aldehyde oxi- 
dase (AO) were determined by elec- 
trophoresis with extracts of dissected tis- 
sues in agarose gels (3, 6). Quantitative 
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measurements were carried out with a 
Quick Scan integrating densitometer. 
Gels were washed (- 2 hours) several 
times in a mixture of water, ethanol, and 
acetic acid (5:5:1) and were air-dried at 
room temperature on a glass plate. Cali- 
bration with a dilution series of each en- 
zyme subjected to electrophoresis and 
stained in the standard way confirmed 
that staining intensity is linear with en- 
zyme concentration under these condi- 
tions and over the relevant range (linear 
r > .99 for both enzymes). 

There are some striking interspecific 
differences in the distributions of an AO 
(AO-l) and an ODH (ODH-2). In active- 
ly feeding third-instar larvae of grim- 
shawi, AO-1 is barely detectable in the 
carcass (muscle and hypodermis) but is 
present at moderately high levels in the 
fat body. In contrast, formella larvae 
have very high levels of this enzyme in 
the carcass and almost none in the fat 
body. A further difference is seen in sali- 
vary glands of late third-instar larvae, 
with strong AO-1 activity present in this 
tissue in formella and only a trace in 
grimshawi. 

Two forms of ODH are found at un- 
usually high levels in several tissues of 
orthofascia. I will be concerned with the 
ODH-2 band that is readily detected in 
the Malpighian tubules and fat body of 
both second- and third-instar larvae of 
this species. Drosophila grimshawi lar- 
vae have no ODH in the Malpighian tu- 
bules and only ODH-l in the fat body. 
These pattern differences are shown in 
Figs. 1 and 2 along with the hybrid pat- 
terns for comparison. Several stocks of 
grimshawi and orthofascia have been ex- 
amined (3), and the characteristic pattern 
features are consistently present. Only 
one stock offormella was available, but 
the AO-1 expression characteristics in 
this stock are also present in a stock of 
the related species, D. silvarentis. With 
the exception of ODH-2 in the fat body 
(where nonspecific staining obscures the 
results), all of these pattern differences 
were qualitatively confirmed with intact 
tissues fixed in glutaraldehyde and 
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Fig. 1. Aldehyde oxidase in tis- lo0 - a -b c I 
sues of D. grimshawi, D. for- 

' c [ p'lfl sues ofD. grimshawi, D.for- Salivary gland Fat body Carcass mella, and F1 hybrids. Densi- Carcass 
tometer scans of AO-1 activity | I l 
from the same tissue and stage l ' l 
of each parent and the F1 hy- '2 I 
brids are superimposed in each 0.5- 0 - - 
panel. The tissues are (a) late l 

third-instar salivary gland, (b) v I 
feeding third-instar fat body, ,o 
and (c) carcass. Tracings for \\ / 
grimshawi are in short dashes; o - __. __ -- 
forformella, long dashes; and (-)-- (+) (-) (+) (_) , (+ 
for the hybrids, solid lines. The 
three tracings in (a) are from one gel and the six in (b) and (c) are from another. They were chosen 
from among six replicates from different individuals on the basis of having areas under the peaks 
in as close agreement as possible with the means of the six replicates. The arrow in (c) marks the 
position of a grimshawi AO-1 marker run on the same gel. 

stained for enzyme activity (7). Thus the 
species-specific patterns are not due to 
differences in solubility of the enzyme or 
its stability in extracts. 

In each of the above cases, when an 
enzyme is missing or barely detectable in 
a tissue of one species and is present in 
the same tissue in another species, the 
same enzyme is readily detectable in oth- 
er tissues of both species. For example, 
AO-1 is strongly present in the adult 
head and ovary of both grimshawi and 
formella, and ODH-2 is seen in the larval 
and adult midgut and the adult head of 
both grimshawi and orthofascia. This in- 
dicates that the differences lie in pattern 
of expression rather than presence or ab- 
sence of a structural allele capable of 
producing an active enzyme. In this in- 
terpretation, it is important that the en- 
zyme seen in various tissues of a particu- 
lar species is coded by the same structur- 
al gene and that the structural genes of 
the species being compared are homolo- 
gous (3). The evidence strongly favors 
this interpretation in the case of AO-1 
(8). The evidence is less complete for 
ODH (9). I favor the conclusion that 
ODH-2 is coded by a separate structural 
gene, but it remains possible that both 
forms of ODH are products of the same 
gene with some secondary modification 
occurring in a tissue-specific pattern. 

Figure 1 shows the expression of AO-1 
in the tissues of interest in grimshawi x 

formella hybrids compared to the paren- 
tal patterns. In both the salivary glands 
and fat body, low activity of the enzyme 
is dominant to high activity. These two 
features are characteristic of opposite 
parental stocks, indicating that there is 
no general inactivation of one genome or 
the other. This is further confirmed by 
the fact that AO-1 is seen in the carcass, 
as in formella, whereas alcohol dehy- 
drogenase (not shown) is present in the 
carcass and midgut, as in grimshawi but 
notformella. The AO-1 in the carcass is 
an electrophoretic form found in thefor- 
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mella stock used in the cross and not in 
the grimshawi stock, demonstrating that 
presence of AO-1 in that tissue in for- 
mella is due to a cis-acting gene. Thus, of 
the three aspects of AO-1 expression in 
this pair of species, two are determined 
by trans-acting factors (each parental 
pattern dominating in one case) and one 
is under cis-acting control. 

Figure 2 shows comparisons between 
the pattern of ODH-2 expression in grim- 
shawi x orthofascia hybrids and in pa- 
rental stocks. In the fat body, absence is 
dominant to presence, and it is clear that 
both parental genomes are functioning 
(3). In Malpighian tubules, presence is 
dominant but the small amount suggests 
additive inheritance consistent with cis- 
active regulation. However, the prod- 
ucts of the ODH alleles in the parental 
stocks are not electrophoretically distin- 
guishable, so definite evidence on this 
point is lacking. 

Apparently, some aspects of the pro- 
gram of expression of the structural gene 
studied here are controlled by factors ca- 
pable of acting on both alleles in hetero- 
zygotes. Alternative explanations that 
account for the observed dominance of 
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Fig. 2. Octanol dehydrogenase in tissues of D. 
grimshawi, D. orthofascia, and F, hybrids. (a) 
Densitometer scans of ODH in the fat body; 
(b) the same in Malpighian tubules (both from 
second-instar larvae). Tracings for grimshawi 
are in short dashes; for orthofascia, in long 
dashes; and for the hybrids in solid lines. All 
tracings are from a single gel and were cho- 
sen, from among four replicates, on the same 
basis as in Fig. 1. ' 

low activity in terms of phenomena not 
really related to how activity is normally 
regulated in vivo must be considered. An 
inhibitor in the specific tissue that lacks 
an enzyme in one species could, if pro- 
duced in the hybrid, explain the domi- 
nance patterns. However, mixing experi- 
ments in vitro provided no evidence for 
such factors. Furthermore, the agree- 
ment between results obtained by elec- 
trophoresis of extracts and histochemi- 
cal staining in intact tissues strongly sug- 
gests that the pattern differences are 
present in vivo-not generated in the ex- 
tracts. Any mechanism that inactivates 
an enzyme in vivo in a particular pattern 
is, in the broad sense of the term, regula- 
tory. Distribution of ODH-2 could reflect 
tissue-specific differences in the process- 
ing of the product of a single ODH struc- 
tural gene. Again, if the two forms of 
ODH are functionally different, such 
processing should be considered regula- 
tory. 

Observations in F1 hybrids allow one 
to make the important distinction be- 
tween factors that influence the ex- 
pression of a gene to which they are 
linked in the cis position and factors that 
influence the expression of genes to 
which they are not so linked. In the latter 
case, no inference can be drawn as to the 
location of the genes whose products ex- 
ert that influence. Whether such genes 
are linked or unlinked to the structural 
genes they influence has little bearing on 
the plausible mechanisms of action. In 
either case, one must postulate a product 
capable of acting at a distance to silence 
gene expression at some level (10). 

Nevertheless, the results of back- 
crosses are of interest. Information con- 
cerning the number of genes involved in 
producing a pattern of expression may 
be important in analyzing the mecha- 
nisms, and their location may be of evo- 
lutionary, if not functional, significance. 
The poor viability and fertility of Drosoph- 
ila hybrids and the lack of established 
genetic markers in picture-winged spe- 
cies present problems in such an analy- 
sis. Preliminary results were obtained 
from a backcross of grimshawi x for- 
mella hybrid females toformella males. 
With respect to the most dramatic of the 
pattern differences, expression of AO-1 
in the salivary gland, individuals show- 
ing full expression of both parental 
phenotypes were obtained. Total activity 
of AO-1 in salivary glands showed a 
clearly bimodal distribution, but with 17 
individuals in the low range character- 
istic of grimshawi and only 5 in the high 
range characteristic offormella. Wheth- 
er this approximately 3: 1 segregation im- 
plies control by two loci, both of which 
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must be homozygous for the "formella" 
allele to allow high expression, or wheth- 
er other factors, such as meiotic prob- 
lems in the hybrid mothers or differential 
survival, are important cannot be de- 
cided at present. Unfortunately, none of 
the successful backcrosses thus far have 
been sufficiently marked with AO-1 elec- 
trophoretic variants to allow segregation 
of the regulatory pattern relative to 
structural alleles to be tested. (The elec- 
trophoretic difference noted in Fig. lc is 
not fixed.) 

Analysis of the mechanism of action of 
diffusible factors that influence tissue- 
specific enzyme expression will require 
biochemical methods. Of interest initial- 
ly will be experiments to determine 
whether the posttranslational steps po- 
tentially included in the broad sense of 
gene regulation are important in these 
cases or whether the patterns reflect dif- 
ferent rates of enzyme synthesis. The 
dramatic example of trans-acting regu- 
lation reported here should be amenable 
to biochemical analysis. Expression of 
AO-1 in salivary glands is a particularly 
attractive model for analysis of such reg- 
ulation, since the presence of excellent 
giant chromosomes would permit joint 
use of cytological and biochemical meth- 
ods. 

The expression of AO-1 in grim- 
shawi x formella hybrids provides evi- 
dence for a system involving both cis- 
and trans-acting factors in controlling 
various aspects of the program of a 
single enzyme. The results with ODH-2 
in grimshawi x orthofascia hybrids are 
suggestive of the same thing. Similar 
conclusions have been reached with sys- 
tems involving intraspecific variants in 
mice and D. melanogaster (1, 2). Results 
that are understandable in terms of trans- 
acting regulators have also been ob- 
tained in studies of enzyme expression in 
interspecific hybrids in another group of 
Drosophila and in teleosts (11). Studies 
of enzyme expression in species hybrids 
may be useful in seeking models of de- 
velopmental gene regulation and should 
yield important information about the 
evolution of new regulatory patterns. 

W. J. DICKINSON 
Department of Biology, University of 
Utah, Salt Lake City 84112 
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well as demyelinating encephalomyelitis. 
The syndrome is caused by a retrovirus 
that we have designated caprine arthri- 
tis-encephalitis virus (CAEV). 

We previously described the patholo- 
gy of leukoencephalomyelitis in a herd of 
goats and its transmission with 220-nm 
filtrates of tissue suspensions (6, 7). Clin- 
ical disease of the central nervous sys- 
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Fig. 1. Electron microscopy of 
CAEV-infected synovial mem- 
brane cells. Fetal caprine synovial 
membrane cells in plastic flasks at 
the eighth passage were infected 
with the 75-63 isolate of CAEV. 
At 8 days after infection the cells 
were removed by brief treatment 
with trypsin, fixed in glutaralde- 
hyde, and centrifuged into a dilute 
(0.2 percent) agar suspension. 
The block was postfixed in os- 
mium tetroxide, stained with 1 
percent uranyl acetate, and sec- 
tioned on a Porter-Blum ultra- 
microtome. Sections were exam- 
ined in a Phillips EM-200 electron 
microscope. The photograph 
shows particles in the cell cyto- 
plasm and budding into intra- 
cellular spaces (small arrow). 
Membrane projections are visible 
on some of the particles (large ar- 
row). Scale bar, 1 am. 
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Chronic Arthritis in Goats Caused by a Retrovirus 

Abstract. A virus was isolated from an adult goat with chronic arthritis and shown 
to belong to the retrovirus group by electron microscopy and biochemical methods. 
Inoculation of the virus into cesarean-derived specific-pathogen-free goats' kids pro- 
duced arthritic lesions similar to those in the spontaneous disease. Virus was reiso- 
lated from the experimentally induced lesions. 
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