
2). The suggestion (8,9) that destruction 
of target cells by lymphocytes depends 
upon the number of lymphocyte-target 
cell interactions is further supported by 
other experiments which demonstrated 
that the extent of target cell destruction 
also depended on the concentration of 
lymphocytes (3, 8-12) and that rock- 
ing facilitated lysis (6). 

In the second series of experiments, 
examination of the fate of lymphocytes 
after lytic interaction with tumor cells 
showed that the lymphocytes involved 
were not inactivated during the process 
but were capable of destroying addition- 
al tumor cells. For these experiments, 
1 X 105 lymphocytes were mixed with 
8 x 105 51Cr-EL4 cells, and the number 
of tumor cells destroyed was determined 
as a function of time. It was known 
from previous experiments (Fig. 1) 
that 8 X 105 represented a considerable 
excess of tumor cells. The number of 
tumor cells destroyed in 5 hours was 
twice the number of lymphocytes pres- 
ent, and there was no decay in the 
rate of destruction (Fig. 2). If the re- 
acting lymphocytes were "consumed" 
or inactivated, there would have been 
a significant decrease in the rate of de- 
struction, and the total number of tumor 
cells lysed would have been no greater 
than 1 X 105 (13). Although previous 
experiments led to the suggestion that 
the lymphocyte is not inactivated as a 
result of its cytolytic activity (8, 12, 
14), this conclusion has recently been 
questioned by Henney (13). Under the 
conditions of our experiments, the lym- 
phoid cell kills and continues to kill 
(15). 
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Gene Differences between Caucasian, Negro, 
and Japanese Populations 

Abstract. The numbers of gene (codon) differences per locus between two 
randomly chosen genomes within and between Caucasian, Negro, and Japanese 
populations have been estimated from gene frequency data for protein loci. The 
estimated number of gene differences between individuals from different popula- 

Gene Differences between Caucasian, Negro, 
and Japanese Populations 

Abstract. The numbers of gene (codon) differences per locus between two 
randomly chosen genomes within and between Caucasian, Negro, and Japanese 
populations have been estimated from gene frequency data for protein loci. The 
estimated number of gene differences between individuals from different popula- 
tions is only slightly greater than the 
same population. 

Nei (1, 2) developed a statistical 
method by which the number of gene 
(codon) differences per locus between 
two different populations can be esti- 
mated from gene frequency data. He 
also indicated that the number of codon 
differences per locus is an ideal measure 
of gene differences between populations. 
We have used this method to investigate 
the gene differences between the three 
major ethnic groups of man, Cauca- 
soids, Negroids, and Mongoloids (Japa- 
nese). The results obtained indicate 
that the gene differences between in- 
dividuals from different ethnic groups 
are only slightly greater than those 
between individuals from the same 
group. 

The method used is based on the 
identity of genes within and between 
populations. Thus if xi and yi are fre- 
quencies of the ith allele at a locus in 
populations X and Y, respectively, the 
probability of identity of two randomly 
chosen genes is ix = >x,2 in population 
X and J- = Sy,2 in population Y. The 
probability of identity of two genes, 
chosen at random, one from each of 
the two populations, is Jxy = -xy. We 
designate by Jx, Jy, and Jxy the arith- 
metic means of ix, JY, and Jxy over 
all loci, including monomorphic ones, 
respectively. Then, a minimum estimate 
of the number of net codon differences 
per locus (D) between X and Y can be 
obtained by 

D = Dxy- (Dx + Dy)/2 (1) 
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where Dx =1-Jx and Dy = 1 - Jy 
are minimum estimates of the number 
of codon differences per locus between 
two randomly chosen genomes (intra- 
populational codon differences) in popu- 
lations X and Y, respectively, while 
Dxy 1 - -JXY is a minimum estimate 
of the number of codon differences per 
locus between two genomes, one from 
each of the two populations (3). Note 
that Dx, Dy, and Dxy are equal to the 
expected proportions of different genes 
between two randomly chosen genomes 
from the respective populations. On the 
other hand, a maximum estimate of the 
number of net codon differences per 
locus is obtained by using Dxy = -loge 
JxY, Dx = -logeJx, and Dy = -log,JY 
in Eq. 1, where Jxy, Jx, and Jy are the 
geometric means of ]XY, ix, and ij, re- 
spectively (4). The real number of codon 
differences is expected to be somewhere 

Table 1. Minimum and maximum estimates of 
the number of codon differences* per locus 
within and between Caucasian and Negro 
populations. The subscripts C and N refer to 
the Caucasian and Negro populations, respec- 
tively; D stands for the number of net codon 
differences between the two populations. These 
estimates are based on gene frequency data 
for 44 protein loci. 
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D0 DN DCN D 

Minimumt 0.107 0.092 0.110 0.011 
Maximum .139 .112 .142 .017 

* Codon differences that are detectable by elec- 
trophoresis. f Minimum estimate of codon 
differences per locus is equal to the expected 
proportion of different genes between two ran- 
domly chosen genomes. 
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between minimum and maximum esti- 
mates, but ordinarily there is not much 
difference between the two estimates 
when populations in the same species 
are compared (2). In practice, of 
course, both minimum and maximum 
estimates refer to those codon differ- 
ences that are detectable by avail- 
able techniques (for example, electro- 
phoresis). 

For the present purpose, gene fre- 
quency data for many loci, which are 
ideally a random sample of the genome, 
are required. Surveying literature, we 
collected data for 44 protein loci for 
Caucasian and Negro populations (5). 
For the Japanese population, gene fre- 
quencies were available only for 28 loci 
for which the Caucasian and Negro 
data existed (6). The gene frequencies 
for these protein loci were all studied 
by electrophoresis. The majority of the 
data for Caucasians and Negroes were 
from the American Caucasians (25 
loci) and the American Negroes (26 
loci). The average proportion of poly- 
morphic loci for the three populations 
was 44 percent (7). The Japanese popu- 
lation had a slightly higher proportion 
of polymorphic loci (50 percent) than 
the other two populations, but this was 
apparently due to the property of the 
loci used for this population. When only 
those loci for which the Japanese data 
existed were used, the proportion for 
Caucasian and Negro populations in- 
creased and the racial differences 
virtually disappeared. The allele fixed 
for a monomorphic locus was always 
the same for all three populations; there 
was no complete gene substitution at 
any locus. 

There are some reasons to believe 
that the loci used here do not deviate 
greatly from a random sample of the 
genome. The weighted mean of aver- 
age heterozygosities (1 - Jx, where Jx 
is the arithmetic mean) of the three 
populations is about 10 percent. While 
this value is slightly higher than the 
estimate (7 percent) obtained by Harris 
(8) for 20 arbitrarily chosen protein 
loci in man, it agrees closely with the 
mean of average heterozygosities for six 
different species so far studied (9). 

The estimate of the number of in- 
trapopulational codon differences per 
locus is about 0.09 to 0.14 in Cauca- 
sian and Negro populations when all 
44 loci are used (Table 1). The pro- 
portion of different genes between two 
randomly chosen genomes from the 
same population (Da or DN; minimum 
estimate) is about 10 percent. The value 
for Caucasians is slightly larger than 
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Table 2. Minimum and maximum estimates of 
the number of codon differences* per locus 
within and between Caucasian, Negro, and 
Japanese populations when 28 common loci 
are used. The figures on the diagonal are in- 
trapopulational codon differences (Dx), and 
those above the diagonal are interpopulational 
net codon differences (D). 

Population Caucasian Negro Japanese 

Caucasian 
Minimum t 0.146 0.016 0.005 
Maximum .193 .025 .008 

Negro 
Minimum t .120 .015 
Maximum .148 .026 

Japanese 
Minimum t .120 
Maximum .150 

* Codon differences that are detectable by elec- 
trophoresis. t Minimum estimate of codon 
differences per locus is equal to the expected 
proportion of different genes between two ran- 
domly chosen genomes. 

that for Negroes. On the other hand, 
DCN is slightly larger than De or DN. 
The number of net codon differences 
(D) between the two populations is 
about 0.01 to 0.02. Thus, the inter- 
populational net codon differences rela- 
tive to the intrapopulational codon 
differences [R = 2D/ (De + DN)] are 
estimated to be about 11 to 14 percent. 
This indicates that the gene differences 
between the two populations are rather 
small compared with those within the 
same population. Electrophoresis is 
known to detect only a portion of all 
the existing codon differences, but this 
would not affect our estimate of R ap- 
preciably, since D, Dc, and DN will be 
affected equally by the proportion of de- 
tectability. 

As mentioned earlier, the majority of 
our Negro data came from the Ameri- 
can Negroes. It is known that about 20 
percent of American Negro genes are 
of Caucasian origin (10). Correction 
for the effect of interracial mixture, 
however, does not increase our esti- 
mates of D drastically (11). Further- 
more, it is possible to estimate the value 
of D between Caucasians and African 
Negroes from Harris's (8) data for 20 
protein loci. The minimum and maxi- 
mum estimates obtained from these 
data are 0.01 and 0.02, respectively. 
Thus, the genes appear to be quite 
similar even between Caucasians and 
African Negroes. 

The Japanese population can be 
compared with the other two popula- 
tions by using 28 common loci (Table 
2). The estimate of the number of intra- 
populational codon differences (Dx) for 
Japanese is close to that for Negroes, 
but slightly smaller than that for Cau- 
casians. The number of net codon dif- 

ferences (D) between Negroes and 
Japanese is almost the same as that 
between Negroes and Caucasians. The 
value between Caucasians and Japanese 
is about one-third of that between the 
other two pairs of populations. How- 
ever, the absolute value of the differ- 
ence is so small that not much signifi- 
cance can be given to it. In fact, our 
preliminary studies of blood group gene 
frequencies suggest that the genetic 
distance between Caucasians and Japa- 
nese is no closer than that between 
Caucasians and Negroes. Therefore, we 
tentatively conclude that the net codon 
differences between Caucasian, Negro, 
and Japanese populations are roughly 
the same and about 0.01 to 0.03 per 
locus. In any event, it is obvious that 
the interpopulational net codon differ- 
ences are small compared with the in- 
trapopulational codon differences, in all 
pairs of populations. 

From the results mentioned above, it 
may be concluded that the genes in 
the three major ethnic groups of man 
are remarkably similar, although the 
phenotypic differences in such charac- 
ters as pigmentation and facial struc- 
tures are conspicuous. It seems likely 
that the genes controlling these mor- 
phological characters were subjected to 
stronger natural selection than "average 
genes" in the process of racial differenti- 
ation. The results of our preliminary 
studies of blood group gene frequencies 
also support this conclusion (11). Using 
a different method, Cavalli-Sforza (12) 
obtained a similar conclusion. 

Nei (2) has studied the number of 
net codon differences between local 
populations of the house mouse and 
Drosophila pseudoobscura by using the 
above method. His results indicate that 
this number is 0.002 to about 0.03 per 
locus in most cases. On the other hand, 
the value between two semispecies of 
the house mouse has been estimated to 
be about 0.1 to 0.2 per locus. Further- 
more, the number of net codon differ- 
ences between different species of 
Drosophila appears to be about 0.2 to 
2.5 per locus (13). All of these esti- 
mates refer to electrophoretically de- 
tectable codon differences. Thus, the 
gene differences between human ethnic 
groups are of the same order of magni- 
tude as those between local populations 
of the house mouse and D. pseudoob- 
scura. 

MASATOSHI NEI 
ARUN K. ROYCHOUDHURY 

Division of Biological and 
Medical Sciences, Brown University, 
Providence, Rhode Island 02912 
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phatase, glucose-6-phosphate dehydrogenase, 
6-phosphogluconate dehydrogenase, phospho- 
glucomutase (PGM1, PGM2, PGM3), adenyl- 
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An involvement of adenosine 3',5'- 
monophosphate (cyclic AMP) in brain 
function is inferred from biochemical 
studies on brain slices (1) or homog- 
enates (2); these studies show that 
central neurotransmitters, particularly 
norepinephrine (1, 3), can regulate the 
activity of adenylate cyclase (3). How- 
ever, biochemical analysis of brain has 
not yet demonstrated intercellular or in- 
tracellular differences in cyclic AMP 
content among various types of neurons 
and glia. We report that localization of 
cyclic AMP within specific central neu- 
rons can be detected by a technique of 
fluorescence immunocytochemistry (4). 
Furthermore, the pattern of histochemi- 
cal reactivity varies with experimental 
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rons can be detected by a technique of 
fluorescence immunocytochemistry (4). 
Furthermore, the pattern of histochemi- 
cal reactivity varies with experimental 
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ate kinase, peptidase (A, B, C, and D)* [see 
(6)], NADH diaphorase, adenosine deaminase, 
glutamic-pyruvic transaminase, mitochondrial 
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conditions that are known to produce 
marked alterations in the cyclic AMP 
content of brain extracts. 

The indirect immunofluorescence 
technique has been described (4). In 
this technique, rabbit antiserums were 
prepared against the 2-O-succinyl deriv- 
ative of cyclic AMP, which was con- 
jugated to either human serum albumin 
or to keyhole limpet hemocyanin (5), 
and the immunoglobulin (Ig) G frac- 
tions of these antiserums were used. In 
the final step, a fluorescein isothiocya- 
nate-conjugated goat immunoglobulin 
G (IgG) that was prepared against rab- 
bit IgG (6) was used to stain the com- 
plex of cyclic AMP and rabbit Ig. Por- 
tions of the rabbit Ig used for the im- 
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munocytochemical staining were also 
used for a specific and sensitive assay 
for cyclic AMP in tissue extracts (5). 
Cryostat sections (10 to 14 /m thick) of 
unfixed rat cerebellum and brainstem, 
frozen in liquid nitrogen, were stained 
by the immunofluorescence method and 
examined by dark-field fluorescence mi- 
croscopy. We selected rat cerebellum for 
this analysis because of its uniquely 
high endogenous concentrations of 
cyclic AMP (7). 

Concentrations of cyclic AMP in the 
cerebellum climb rapidly after the 
animal is decapitated, plateau after 90 
to 100 seconds, and remain elevated for 
at least 5 minutes; concentrations of 
adenosine triphosphate (ATP) fall dur- 
ing this period (8, 9). When cerebel- 
lums were frozen in liquid nitrogen 90 
to 150 seconds after decapitation and 
cryostat sections were prepared for im- 
munofluorescence staining of cyclic 
AMP, discrete cell staining of high in- 
tensity was observed only in specific 
cerebellar cortical neurons (Fig. 1, A 
and C). Approximately 80 to 90 percent 
of Purkinje (P) cells show positive 
staining under these conditions: Most 
reactive P cells are stained exclusively 
in the cytoplasm, but a few P cells are 
stained mainly in the nucleus or in 
both nucleus and cytoplasm. Positive 
staining is also observed in the granule 
cell layer (Fig. 1A); the source of re- 
activity in the granule cell layer is the 
granule cell, because the fluorescence is 
undiminished when mossy fibers de- 
generate after total unilateral cerebellar 
pedunculectomy. 

Moderate fluorescence that is seen 
occasionally in the molecular layer is 
presumably from P cell dendrites; 
strongly reactive primary and secondary 
dendritic branches could occasionally 
be traced back to the perikaryon. Virtu- 
ally no immunoreactivity could be seen 
within the cerebellar white matter (Fig. 
1, A and C). The perikaryon and proxi- 
mal dendritic branches of some large 
multipolar neurons of the pontine retic- 
ular formation and deep cerebellar 
nuclei also exhibited strong cytoplasmic 
reactivity (Fig. IB). 

Several immunological reactions es- 
tablish the specificity of the indirect im- 
munocytochemical staining and confirm 
that the staining observed in these neu- 
rons is attributable to their cyclic AMP 
content. No staining of cerebellar sec- 
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content. No staining of cerebellar sec- 
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tion of nonimmunized rabbits was used 
as the primary immunoreagent or when 
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Adenosine 3',5'-Monophosphate Is Localized in 
Cerebellar Neurons: Immunofluorescence Evidence 

Abstract. Adenosine 3',5'-monophosphate is localized in specific cerebellar 
neurons, as shown by fluorescence immunocytochemistry with a specific rab- 
bit immunoglobulin. Positive staining is exhibited by Purkinje neurons and granule 
cells. The increase in concentration of cyclic adenosine monophosphate in the 
cerebellum, which is known to follow decapitation, is represented by greatly in- 
creased fluorescence of Purkinje neurons only. These immunofluorescence data 
provide the first evidence for localization of cyclic adenosine monophosphate in 
specific neurons and may permit further exploration into the role of this cyclic 
nucleotide in neuronal function. 
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