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Table 2. Gene frequency distributions of the P g m  tr and pgrn ts alleles in the samples of 6 natural populations of Culicidae. The estimate 
of the cumulative gene frequency of the thermosensitive alleles in each population has been obtained, assuming Hardy-Weinberg's 
equilibrium for the Pgm tr and Pgm ts alleles, in 2 ways: in the electrophoretically monomorphic species, as the square root of the frequency 
of the individuals with the thermosensitive phenotype; in the electrophoretically polymorphic species, as 1 minus the sum of the 
frequencies of all P g m  tr alleles. The frequency of each of the Pgm tr alleles has been in turn estimated by the general formula: 
PAl = 1-- ~Anon_i/Ano n i, where A i is the i th electrophoretic Pgm tr allele and k/~non_i/Anon_i the frequency of individuals homozygous 
for any A non i allele. The frequencies of the rare alleles were calculated by direct count of heterozygotes 

Species Nttmber of Alleles ~ Total frequency 
individuals Pgm tr Pgm zs of Pgm ts alleles 
tested 0.90 1.00 1.10 1.15 0.90 1.00 1.10 1.15 

Ae.refiki 288 0.002 0 . 6 6 9  0.040 - 0.285 0.004 - 0.289 
Ae.caspius 152 0.065 0 . 6 8 6  0.044 - 0.014 0 . 1 7 6  0.016 - 0.206 
Ae.mariae 472 - 0.954 - - 0.046 - 0.046 
C. litorea 565 0.003 0 . 7 9 4  0.002 - - 0.201 - 0.201 
C.annulata 187 0.013 0.543 - 0.306 0.005 0.083 0.050 0.138 
C. longiareolata 246 0.379 0 . 5 2 3  0.035 0.038 0 . 0 1 6  0.009 - 0.063 

Numbers indicate relative electrophoretic mobility. 

Our data make it possible to draw some interesting con- 
clusions. 1. All the species of  Culicidae studied by com- 
bining the electrophoresis and heat  denaturat ion studies 
showed notably more heterogeneity than that detectable by 
electrophoresis alone 5. This is in keeping with similar 
observations being obtained in Drosophila and in other 
organisms by the use o f  refined electrophoretic techniques 

a n d  electrophoretic techniques combined with other 
methods 6,19-23. 2. More relevant from the point  of  view of  
evolutionary genetics, this new type of  variability of  the 
Pgm gene is seen in Culicidae to correlate with the environ- 
ment  as an adaptive hypothesis would predict, temperature 
being the chief factor controlling the frequencies of  Pgm tr 
and Pgm ~ alleles. 3. Finally, these observations represent 
another example of  evolutionary prote~n changes among 
congeneric species. These changes are comparable  to the 
pressure-adaptive differences observed by Siebenaller and 
Somero 24 in lactate dehydr.ogenases of  congeneric fishes 
living at different depths. Thus, whereas a number  of  
studies have shown that heat  stability and kinetic differ- 
ences exist among homologous enzymes from differently 
adapted species which are separated by large phylogenetic 
distances, these data show how some very closely-related 
species differ in an apparently adaptive way. 

Note. After  this paper  was submitted for publication 
E. Gosling reported results in line with our own for 2 
populations o f  a marine mussel (Guekensia demissa) 
(Nature 279, 713 (1979)). 
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Nucleolus organizer region location and 'ring' chromosomes in the bharal 

L.M. Henderson and A.N.  Brutre  

Veterinary Clinical Sciences Department, Massey University, Palmerston North (New Zealand), 7 May  1979 

Summary. Silver-staining has been used to identify the nucleolus organizer regions (NORs)  in the bharal. These show 
homology with sheep, goat, cattle and aoudad. The association of  the N O R s  on both telomeres of  chromosome 3 results in 
a 'r ing'  chromosome.  

Nucleolus organizer regions (NORs) can be identified by 
12 silver-staining t e c h n i q u e s ' .  These have been applied to 

sheep 3 and goat, cattle and aoudad 4 to demonstrate that 
each of  these species has 5 NOR-bea t ing  chromosome 

pairs, and that these are chromosomes wit h homologous 
G-banding patterns. This indicates that the number  and 
location of  N O R s  have been conserved during evolution. 
The members  of  the other 2 genera of  the Capridae, the 
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Chromosomes which have undergone more than 1 centric fusion 
event during evolution. The homologous chromosomes have been 
determined from published G-band karyotypes of goat, sheep 
and cattle 8 and bharal 5 

Homologous goat 
chromosome 
number 

Species in which fusion has occurred 

I 
3 
4 
8 

25 
26 

Cattle (I/z9); domestic sheep (lq); bharal (2q) 
Domestic sheep (lp); bharal (3q) 
Domestic sheep (3q); bharal (lq) 
Domestic sheep (Massey t2); snow sheep (4q) 9 
Bharal (3p); domestic sheep (Massey t3) 
Cattle (i/29); domestic sheep (Massey h) 

tahr, Hemitragus jemlahicus, and the bharal, Pseudois 
nayaur, had not been studied by silver-staining. The tahr 
(2n=48) as yet remains unstudied by silver-staining or 
G-banding. This paper describes the locations of  the NORs 
on the chromosomes of the bharal. This species has 
54 chromosomes, with 1 metacentric chromosome pair, 
2 submetaeentric pairs, 23 acrocentric pairs, a large 
acrocentric X and a small metacentric Y (figure 1). Each 
chromosome arm of  the bharal complement corresponds to 
a goat acrocentric chromosome as shown by G-band 
homology s. The combinations of chromosome arms in- 
volved in the biarmed chromosomes differ from those in 
sheep and have been reported by Bunch et al. to be 4 and 
13, 1 and 27, and 3 and 295. Thus the long arms of the 
bharal chromosomes correspond to 3 arms of  the metacen- 
tric chromosomes of domestic sheep, Ovis aries. 
Materials and methods. Fixed cells from a leucocyte culture 
from a male bharal kept at the Henry Doorly Zoo, Omaha, 
Nebraska were kindly provided by Dr T.D. Bunch, Inter- 
national Sheep and Goat  Institute, Utah State University. 
The details of this specimen have been described previous- 
iy s. This animal, the only surviving bharal in North Ameri- 
ca, has since died and other samples are not obtainable at 
present. Unfortunately, due to a delay in the mail, fixed 
cells were kept a t  room temperature for 4 months and 
arrived in poor condition. Flame-dried slides made from 
this preparation were stained by the Ag-I technique 2. 
Results. 34 cells were analyzed and NORs were observed on 
the long arms of the metacentric chromosome pair l, both 
ends of a submetaeentric chromosome pair 3 and at least 
1 large acrocentric pair 4 (figure 2). In 1 metaphase there 
appeared to be 3 large acrocentrics staining but this recta- 
phase was unfortunately fairly indistinct. In some meta- 
phases Ag-stained NORs on both arms of the submetacen- 
tric chromosome were seen to be in association, forming 
'ring chromosomes' (figure 3). 
Discussion. The NORs in domestic sheep are located on 
chromosomes lp, 2q, 3q, 4 and 253'4. The chromosome 
arms in the bharal which have homologous G-banding 
patterns to these chromosomes are lq  (sheep 3q), 3p 
(sheep 25), 3q (sheep lp), 4 (sheep 2q) and 5 (sheep 4). 
Thus in this study at least 4 of  the NORs in the bharal ( lq,  
3p, 3q and a large acrocentric) are .homologous in location 
to the NORs in sheep, goat, cattle and aoudad. 
A drawback of the Ag-staining technique in the identifica- 
tion of NORs is that it is believed to only stain regions 
which were active in rRNA transcription in the preceding 
interphase 6 so that not all NORs may be stained with silver. 
Therefore it is necessary to pool the data from several 
animals to be sure all NOR sites have been observed. This 
was not possible in the present case. 2 large acrocentric 
chromosomes were found to have NORs, but it is impos- 
sible to determine on the basis of  arm-length whether these 
belong to either one pair or two. Either a duplicate 

Fig. I. Karyotype of male bharal, Pseudois nayaur. 
Fig.2. Ag-stained bharal karyotype showing Ag-stained NORs on 
lq, both 3p and 3q arms, and a large acrocentric. 
Fig.3. Prometaphase spreads from a bharal showing 'ring' (3) 
chromosomes due to NOR association. 

G-banding and silver-staining study or a study of  other 
specimens which may have a different silver-staining pat- 
tern might elucidate this. Unfortunately neither of  these 
alternatives is possible at present. It is however likely, as 
shown by the results of this study, that the location and 
number of the NORs in the bharal show the same conser- 
vation during evolution that has previously been demon- 
strated in sheep, goat, aoudad and cattle 4. 
The 'ring' chromosome observed in the bharal as a result of  
association of  NORs on the same chromosome is a pre- 
viously unreported phenomenon in mammalian cells. A 
similar 'ring' has been observed in Drosophila l~ True ring 
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chromosomes result from deletion of  both telomeres of a 
chromosome and a rejoining of  the ends. 
Of further interest in this study is the demonstration that 
the short arm of the bharal chromosome 3 is homologous to 
the short arm of a centric fusion chromosome, the Massey 
t 3 chromosome 7, which occurs in domestic sheep. The 
G-banded karyotype of the bharal 5 indicated a possible 
homology of  these chromosomes. Identification of  the 
small aerocentric chromosomes by G-banding is difficult. 
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However the homology is now almost certain because of  
the presence of NORs on both these chromosomes. This 
shows that at least twice during evolution within the family 
this chromosome has undergone centric fusion events. 
Other chromosomes in the Capridae and cattle have also 
been involved in centric fusion events more than once 
during evolution (table) suggesting there may be a predis- 
position of some chromosomes to undergo or to tolerate 
centric fusions. 
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DNA methylation in chromatin fractions of chick embryo cells ~ 
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Summary. TranscriptionaUy active chromatin was prepared from cultured fibroblasts of chick embryos by fractionation 
after partial digestion with DNAase II. The degree of DNA methylation in the active chromatin fraction is twice that of 
inactive or unfractionated chromatin in unsynehronized cells and 4 to 5 times greater at the beginning of the S-phase in 
synchronized ceils. 

The nuclear DNA of differentiating, eukaryotic ceils con- 
tains 5-methyl cytosine (5-MeC) predominately in the 
sequence 5-MeCpG 2. Although DNA methylation is a 
general phenomenon which occurs at the DNA level after 
replication 3, its function is unknown. There has been some 
speculation and evidence to the effect that DNA methyla- 
tion may be directly involved in regulating gene transcrip- 
tion in developing organisms 4-s. We have fractionated the 
chromatin DNA of embryonic chick ceils into transcrip- 
tionally active and inactive components, and have found a 
small but significant enrichment of DNA methylation in 
the transcriptionally active fraction. 
Materials and methods. Cultured skin fibroblasts of  8-day 
(stage 33-34) embryos were used. Fibroblasts were cultured 
in roller bottles using McCoy's 5a medium (modified) with 
16% fetal calf serum. When radioactive methionine was 
administered, the methionine concentration of the medium 
was reduced to 1/10 of the normal level, and 20 mM 
sodium formate was added to reduce the incorporation of 
methyl label through the 1 carbon pool 9. 3H-methylmethio- 
nine (70-85 Ci/mmole),  ~H-thymidine (6.7 Ci/mmole) and 
3H-5-uridine (6 Ci/mmole) were obtained from New En- 
gland Nuclear. Nuclei were isolated by homogenization of 
cells in 0.25 M sucrose, 0.004 M MgC12, 0.01 M Tris-HC1, 
pH 7.4 in the presence of  0.2% Tri ton X-100. The homoge- 
nate was passed through cheesecloth and the strained 
homogenate was centrifuged at 1000• g for I0-20 rain to 
give a crude nuclear preparation. 
The nuclear pellet was washed at least twice with Tris-HC1 
(0.01 M, pH 8.0) buffer. The Tris-extracted nuclei were 
lysed, the chromatin was ultracentrifuged across 1.7 M 
sucrose and was dialyzed in 0.025 M Na acetate buffer 
(pH 6.6). The dialyzed chromatin was digested with 

DNAase II (Worthington, RNAase-free) for 2 or 5 min at 
24 ~ and was fractionated according to the technique of  
Gottesfeld et al)  ~ to yield a 2 mM Mg + +-soluble, trans- 
criptionally-active fraction ($2), and inactive fractions de- 
signated as P1 or P2. P1 is the chromatin which is not 
initially solubilized by DNAase II. P2 is DNAase-soluble, 
but Mg ++ precipitable. After proteinase K and RNAase A 
digestion, DNA was isolated from the fractions by phenol 
and ehloroform-isoamyl alcohol extractions. The re-ex- 
tracted and reprecipitated DNA was hydrolyzed twice for 
6 h in 0.3 M KOH to remove anff residual RNA fragments. 
The released radioactivity from ~H-methyl-methionine lab- 
eled DNA, after acid hydrolysis, was used as a measure of 
DNA methylation. Hydrolysis of labeled DNA by formic 
acid and separation of the bases by 2-dimensional, thin- 
layer chromatography 11 revealed that over 90% of the 
methylmethionine label was localized in the 5-methylcyto- 
sine residue of the DNA. Standard methods were used to 
measure the amounts of  nucleic acids ~, DNA reassoeia- 

t ion  ~3, and protein 14, as well as DNA melting temperaturO 5 
and buoyant density in neutral CsC115. 
Results and discussion. The $2 fraction comprises 1-8% of 
the chromatin DNA depending upon the length of DNAase 
digestion. For  methylation experiments, 5 +_ 1% of the chro- 
matin was obtained after 5 min digestion. Evidence from a 
number of laboratories has demonstrated that limited 
digestion of chromatin, either by DNAase I or DNAase II, 
preferentially solubilizes transcriptionally-active chroma- 

10 16 tin , . We also found significant differences between the 
$2 chromatin and other fractions. 17. The $2 fraction has 3 
times more acidic protein per ~tg of DNA than that of total 
chromatin, twice the total RNA, and more than 10 times 
the nascent, labeled RNA-specific activity as measured by 


