
564 Experientia 37 (1981), Birkhauser Verlag, Basel (Schweiz) 

addition, we failed to alter the genotype, White is believed 
to alter the permeability of the eye to eye pigment precur- 
sors 7. 
Females heterozygous for the X linked allele w were mated 
with males containing a Bar Stone (B s) allele translocation 
on their Y chromosome. The B s eye phenotype is shown in 
figure 1, The F 1 progeny of this cross consist of phenotypi? 
cally normal females and 2 types of males: white bar eye 
and red bar eye. The F~ larvae were collected within + 1 h 
of hatching and placed on yeast seeded cream of wheat 
medium 8 in 100x 25 mm petri dishes. Between 50 and 55 h 
after hatching larvae were transferred to identical medium 
(control) or medium containing 3% lactamide w/w. After 
the adults had emerged, the petri dishes were frozen. For 
scanning electron microscopy (SEM) specimens were fixed 
in 2% glutaraldehyde, rinsed and freeze dried prior to gold 
coating. Photographs were taken with a Cambridge SEM at 
an accelerating voltage of 18 kV. 
As seen in figure 2 (red B s) and figure 3 (white BS), 
lactamide treatment increased eye facet number in genti- 
cally B s eyes to about 1/3 that of controls (fig.4). The 
qualitative effects of lactamide were not altered by the 
presence of a w allele in the genotype. In addition to its 
effects on eyes, lactamide also affected the wings and/or 
legs of a majority of both males and females. In some flies, 
the 3rd leg was swollen and shortened showing segmenta- 
tion abnormalities (fig.5) compared to controls (fig.6). 
Abnormalities were most pronounced in 3rd legs, with the 
proximal segments (femur and tibia) appearing more ab- 
normal than distal segments (tarsi). Pupae unable to eclose 
often showed extensive abnormalities in all 3 pairs of legs. 
Wing abnormalities consisted of a notch in the distal region 
of the wing (fig.7) as compared to controls (fig.8). Of 71 
adults treated with lactamide as larvae, 65% showed wing 
and/or leg defects whereas 56 untreated individuals were 
normal. 

Our results show that lactamide is not organ-specific but 
may have morphological effects on both cephalic and 
thoracic structures. It is tempting to speculate on mecha- 
nisms of lactamide action which could account for its effect 
on increasing eye facet number in B eyes as well as 
producin~ short swollen legs and notched wings. It has been 
suggested that the B phenotype results from cell death due 
to excessive lysosome production. It has also been shown 
that acetamide (an amide with morphological effects simi- 
lar to lactamide) reduces the number of lysosomes in Bar 
flies 9. If lactamide interferes with lysosome synthesis in 
other organs it may impede cell degradation processes 
which are necessary for normal morphogenesis. For exam- 
ple, ultrastructural evidence suggests that basal regions of 
the prepupal leg epithelium are broken down prior to 
completion of leg elongation l~ Thus lactamide's effects on 
various organs may all be a consequence of its effects on 
lysosomes. 
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Summary. Silver NOR staining has been applied to cattle (Bos taurus L.), goat (Capra hircus L.) and sheep (Ovis aries L.) 
chromosomes. The sites of silver NORs showed variation within the family Bovidae probably due to a reciprocal transloca- 
tion event. 

Due to Robertsonian translocation, which for the species of 
the family Bovidae proves to be the primary source of 
interspecific karyotype evolution ~, there exists a striking 
constancy in the number of chromosome arms and conser- 
vation of banding pattern 2-4. All but 2 of the autosomes in 
cattle were reported to show a considerable degree of 
homology of banding pattern with goat and sheep equi- 
valents 2,4. Recently in Bovidae silver staining techniques 
were applied for the differential staining of NORs in cattle, 
sheep and goats 5. In that study it was suggested that the 
NORs of these species occur on chromosomes which have 
homologous banding patterns and the conclusion was 
drawn that there had been a conservation of the number 
and location of NORs during the evolution of these mem- 
bers of the family Bovidae. In the present paper variation 

in the sites of silver NORs within the family Bovidae is 
demonstrated. 
Materials and methods. Chromosomes of 10 Fleckvieh 
cattle (5 male, 5 female), 10 Saanen goats (2 male, 8 
female) and 10 IDsterreichische Stein sheep (4 male, 6 
female) were prepared from phytohaemagglutinin stimu- 
lated lymphocytes following standard short term cultures. 
Slides were stained using a combined Ag-Giemsa techni- 
que ~ for demonstrating both NORs and G-bands. Chromo- 
some identification followed the Reading-system 7. 
Results. In all 3 species cattle, goat and sheep silver stained 
NORs appeared as conspicuous black bodies. They were 
situated on the telomeric regions of several chromosomes. 
Often much smaller silver bodies were detected at the 
centromeric areas of some chromosomes. In the goat 
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(Capra hircus L., 2n= 60) 5 acroncentric chromosome pairs 
can be recognized presenting silver stained NORs in termi- 
nal positions. These are the chromosome pairs 2,3,4,5 and 
28. In the complement of the domestic sheep (Ovis aries L., 
2n = 54) NORs were apparent on chromosome arms lp, 2q, 
3q and on chromosomes 4 and 25. In cattle (Bos taurus L., 
2n=  60) silver positive NORs are present in the chromo- 
some pairs 2,3,4,11 and 28. The results indicate that there is 
no complete conservation of NOR regions during evolution 
of Bovidae. In cattle chromosome 11 is a silver NOR 
positive chromosome, while in goats chromosome 5 bears 
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silver NORs. In the sheep the chromosome arm 3q which 
resembles goat and cattle chromosome 5 in G-band pattern 
bears NORs. 
Discussion. The identity of Ag-As stained sites of those 
areas of the chromosomes coding for ribosomal RNA has 
been demonstrated by in situ hybridization with rRNA in 
various mammals 8,~2. This can also be extended to the 
species cattle, goat and sheep. G-banding studies revealed 
that each of the 23 different acrocentric autosomes of the 
domestic sheep was represented by an identical chromo- 
some in the goat and that the arms of the sheep metacentric 
autosomes were identical matches with the remaining 6 
goat acrocentrics 2'4. A similar interspecies homology was 
evident for all but 2 autosomes in the OX 2'4. According to 
the Reading nomenclature system 7, the acrocentric ox and 
goat equivalent arms of the metacentric chromosomes in 
the sheep are as follows: 1,3 and 1; 2,8 and 2; 3,11 and 5. 
The 2 .pairs of autosoines which do not match in the 2 

2:.4 species, were karyotyped as chromosomes 9 and 14 in the 
Reading system 7. However, it should be emphasized that 
G-banding pattern similarities do not in any way imply 
genetic homology. In the present study silver NORs oc- 
curred terminally on chromosomes 2,3,4,11 and 28 in 
cattle, 2,3,5,11 and 28 in the goat and lp, 2q, 3p, 4 and 25 
in the sheep. The variation of positions of silver NORs of 
chromosome I 1 (cattle), 5 (goat) and 3q (sheep) indicates 
that the NOR sites were not completely conserved during 
evolution of the Bovidae. Our results suggest that the 
rDNA regions of chromosomes 5 and 11 in ox and goat 
might have been involved in a reciprocal translocation 
event which seems to have occurred before the 3 charac- 
teristic centric fusion events happened in domestic sheep 
evolution. On the other hand the possibility that the 
differences in distribution of the silver NORs among the 3 
Bovidae subspecies could represent a variation in rRNA 
gene expression cannot be excluded definitively. Our find- 
ings of involvement of chromosome 11 as a NOR site in 
Fleckvieh cattle is in accordance with results in Holstein 
cattle 9 but is different from results on Friesian and Charo- 
lais cattle 5. At present it is not clear whether the dichotomy 
in silver NORs of chromosomes 5 and 11 arose early or late 
in Bovidae evolution and if race differences still exist 
between cattle breeds. Similar differences in the localiza- 
tion of NORs have been observed between mice belonging 
to different subspecies l~ and between 5 species of pri- 
mates 12. 
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Ag-Giemsa stained metaphascs of a cattle (Bos taurus, 2n= 60), b 
goat (Capra hireus, 2n=60) and c sheep (Ovis aries, 2n=54). 
Arrows indicate the sites of the NORs. Asterisks indicate associa- 
tions between NOR-bearing chromosomes. 
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