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the primary structures of isozymes with 

SZM identical electrophoretic mobilities may 
differ, it may prove incorrect to assume 

I that two unrelated individuals possess 
identical point mutations because their 

2 corresponding variant lactic dehydro- 
genase isozymes migrate similarly. Like- 
wise, LDH variants may exist with 
normal electrophoretic mobility so that 
the total number of different LDH 
variants may far exceed that determined 

solely by electrophoretic screening. 
23 ~ Additional LDH variants have been 

observed by electrophoretic screening 
of erythrocytes from various popula- 
tions (8). The populations screened 
so far have been too small and the 
number of LDH variants discovered 
have been too few to determine whether 
differences in the frequency of variants 
exist among populations. A greater fre- 

4 quency of variants among Negroes may 
eventually be established. 

The nature of the LDH polymorph- 
ism, particularly whether it might 
confer a selective advantage, such as 
has been suggested in the case of the 
sickle-cell heterozygote, is not known. 

1 electro- However, if the mutation were neutral, 
nt LDH the current frequency of LDH variants 
resulting in the order of 1 percent in some popu- 

llele with lations might result solely from the ac- 
cumulation of mutations over many 
previous generations. Neutrality is be- 
coming increasingly accepted with the 

I LDH-4 growing number of inherited protein 
fewer B variations which, like the LDH poly- 
more of morphism, appear to be unassociated 
tion and with disease. Even if disadvantageous, 
t B sub- the LDH polymorphism could still be 
dation of explained as arising solely from muta- 
the nor- tion, were it only mildly disadvanta- 
so close geous, and selection against it conse- 
t recom- quently would be negligible. Alterna- 

normal tively, the observed frequency of vari- 
ixed and ants is also compatible with the notion 
thod de- of transition from an environment in 

to shed which the mutation had been adap- 
e variant tively advantageous to one in which 

it no longer was so. 
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Cellular Segregation and 

Heterocytic Dominance in Hydra 

Abstract. Hydra heterocytes-that is, 
hydra containing cells from both nor- 
mal and mutant animals, were used for 
studying some developmental proper- 
ties of mixed cell populations. Cells 
which initially had originated from a 
nonbudding mutant, and which subse- 
quently became part of a heterocyte of 
normal appearance, were able to pro- 
liferate, to segregate, to come off as 
buds, and to express their phenotype 
in those buds. Furthermore, the hetero- 
cytes underwent a transformation in 
which the mutant phenotype eventually 
became dominant in all instances. 

Somatic cells that spontaneously mu- 
tate may profoundly influence adjacent 
normal tissues. To investigate such in- 
fluences, I am studying progeny origi- 
nating from heterografts made between 
normal and mutant hydra of the same 
species. Hydra offer experimental ad- 
vantages for this type of study in that, 
unlike most other metazoa, hydra can 
be made to grow continuously and to 
reproduce solely by asexual means. 
Consequently, the mutant somatic cells 
do not die with the host, but are dis- 
tributed indefinitely among the progeny 
where interactions with normal cells 
may be allowed to express themselves. 

Developmental mutants of hydra, 
which rarely have been reported, were 
obtained in the following manner. We 
induced mass cultures (1) of Chloro- 
hydra viridissima (Florida strain, 1961) 
to form eggs and sperm by maintaining 
them in "M" culture solution (2) for 
a week without washing. Hatching from 
the resultant fertilized eggs were a num- 
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ber of mutant hydra having morpho- 
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was used in the experiments described 
in this report. This hydra was unusual 
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in that (i) it did not reproduce asexu- 
ally by budding; (ii) when bisected 
transversely, both cut portions devel- 
oped heads but did not regenerate bases; 
(iii) in comparison with normal hydra, 
its size (Fig. 1), dry weight, and protein 
content (Table I) were about ten times 
as great; (iv) it often took on multi- 

polar shapes (Fig. B); and (v) it 
could not be induced to differentiate 
gonads under conditions which induce 
gonads in the normal animal. 

A clone of this mutant was obtained 

by repeatedly bisecting the animal trans- 
versely; the sectioned parts developed 
mouths and tentacles, ate, and grew. 
During the month following this opera- 
tion, a single animal usually gave rise 
to approximately 10 heads along its 

body tube; from each head there de- 
veloped a new body tube, and thus was 
formed a multipolar (many-headed) 
parent animal (see some multipolar 
forms in Fig. 1B). Eventually the 
multipolar animal separated into single 
monopolar individuals (3). 

This mutant, like many C. viridissima 
hatched from eggs, was not infected 
with algae; hence all comparisons 
(Table 1, Fig. 1) are made against 
the non-mutant aposymbiotic (albino) 
animals. Infection of the aposymbiotic 
mutant hydra with algae did not 

change the characteristic developmental 
peculiarities of that mutant. Other prop- 
erties of this mutant and its cytology 
will be described elsewhere. 

Heterografts between the anterior 

portion of the mutant and the posterior 
part of a normal albino hydra com- 
menced to bud progeny, most of which 
were phenotypically clearly either mu- 
tant or normal. Regardless of appear- 
ance, however, each offspring had some 
developmental properties of the normal 
animal and, at the same time, also had 
some properties peculiar to the mutant. 
Such offspring are most probably com- 
posed of cells originating from both 
parts of the graft. Therefore, to facili- 

Table 1. Protein content and dry weight of 
normal and mutant C. viridissima. All ani- 
mals were without algae. Protein was mea- 
sured on pooled groups of ten animals by the 
method of Lowry et al. (8). For dry weight 
measurements, individual lyophilized animals 
were weighed on a quartz fishpole balance 
(9); three animals were used for each deter- 
mination. 

Type of 
hydra 

Normal 
Mutant 

Protein 
content 

(tg/hydra) 

6.32 
49.07 

Dry weight 
(ug/hydra)* 

10.78 - 2.9 
132.9 ? 16.7 

on. 

Fig. 1. (A) Normal aposymbiotic Chloro- 
hydra viridissima (Florida strain, 1961) 
(X 3.2). (B) Mutant C. viridissima (X 3). 

tate further discussion, these progeny 
henceforth will be called "heterocytes" 
according to the definition put forth 

by Filosa (4) for an organism contain- 

ing cells of the same species but 

having different inheritable character- 
istics. Final validity for this deduction, 
however, will rest upon further cyto- 
logical evidence. 

Heterocytes resembling normal hy- 
dra were placed singly in separate Petri 
dishes and each was allowed to repro- 
duce, by budding, a group of about 
100 hydranths (5). The number of 

hydranths in each colony increased at 
a logarithmic rate, and the doubling 
time (6) was measured (Table 2, col- 
umn 2). Among the groups derived 
from each heterocyte there were a num- 
ber of animals having the characteristic 
morphological and developmental prop- 
erties of the mutant (Table 2). 

This experiment shows, first, that it 
is possible to obtain through budding 
of a single heterocyte, progeny of two 
distinct phenotypes. Thus, mutant so- 
matic cells appear to proliferate in a 
host individual, to segregate, to come 
off as a bud, and to express their 

phenotype in those buds. Secondly, the 

groups which had the largest number 
of mutants had the slowest doubling 
times. On the other hand, those col- 
onies having doubling times close to 
those of normal symbiotic and apo- 
symbiotic C. viridissinma (approximately 
1.5 days) gave rise to few mutant 
heterocytes. Perhaps both the slower 
growth rate and the large proportion 
of mutants among the progeny reflect 
a greater number of mutant cells in 
the parent organism. 

A practical benefit ensued from this 
finding (Table 2). By growing large 
numbers of hydra derived from normal- 
appearing heterocytes, we were able to 
harvest "mutants" in vastly greater 
numbers than would be possible through 
increasing the clone by means of the 
tedious bisecting procedure. A culture 
of such "derived" mutants is shown in 
Fig. 2. It would appear as though the 
mutant cells, which normally are diffi- 
cult to obtain in large numbers be- 
cause of the inability of the mutant to 
bud, can be obtained in great numbers 
through the vehicle of the heterocyte. 
In essence, the "normal" hydra acts as 
a "tissue culture" for raising mutant 
cells. This procedure for "rearing" mu- 
tants has also been applied successfully 
in this laboratory with another kind of 
non-budding hydra mutant of the same 
species. 

An unusual change in phenotype was 
observed among these normal-appear- 
ing heterocytes. Every such animal, 
reared for periods varying from 2 
weeks to 5 months, invariably changed 
its morphological and reproductive 
characteristics and became gradually 
transformed into an animal of mutant 
phenotype. Never has a polyp of mu- 
tant phenotype been observed to trans- 
form into one of normal phenotype. 

Experiments illustrating the transfor- 
mation of a heterocyte of normal ap- 
pearance into one of mutant phenotype 

Table 2. Production of "normal" and "mu- 
tant" progeny by budding of five heterocytes 
of normal appearance. The clonal logarithmic 
growth rate k was obtained by using the equa- 
tion for logarithmic growth (6): k -= ln2/T. 
The term T refers to the time, expressed in 
days, in which the numbers of hydranths (5) 
doubled in number. 

Progeny Progeny 
T k Nor- Mu- as mutant 

mal tant (%) 

1.60 0.43 115 1 0.87 
1.65 .42 126 8 5.97 
1.80 .39 132 9 6.38 
1.90 .36 57 9 15.8 
1.95 .35 50 19 27.6 
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Fig. 2. Colony of "mutants" derived by 
budding of normal-appearing heterocytes 
(approximately same size). 
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Fig. 3. Budding rate of two heterocytes 
resembling normal hydra. 
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resembling normal hydra. 

were carried out as follows. As a daily 
procedure, two normal-appearing heter- 
ocytes were fed excess Artemia nauplii 
(1), their culture solution was changed 
twice, and the number of buds they 
produced was recorded. Both animals 
budded at a normal rate for at least 2 
weeks (Fig. 3). At that time one animal 
(dotted line) became slightly larger, and 
started to take on the appearance of a 
mutant. This transforming animal con- 
tinued to bud, but at a slower and irreg- 
ular rate. After a month, budding 
ceased and the once normal-appearing 
heterocyte was gradually transformed, 
like the mutant, into a multipolar ani- 
mal. This multipolar animal then slowly 
divided into six monopolar mutant-like 
animals (3), a few of which sporadical- 
ly gave off a number of small bud-like 
individuals. After 100 days virtually all 
"bud" production ceased, with the mu- 
tant phenotype finally dominating the 
resultant monopolar animals. 

The other heterocyte (solid line) 
continued to give off buds at a con- 
stant rate for about 40 days before it 
began undergoing a similar transforma- 
tion. The monopolar mutant-like indi- 
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viduals derived from this normal-ap- 
pearing heterocyte showed fewer latent 
bursts of budding activity than did the 
individuals derived from the other. 

These experiments are but two of 
more than 25 conducted, in which the 
normal-appearing heterocytes always 
became mutant. The rate at which this 
transformation took place probably de- 
pended upon the number and location 
of mutant cells in the original hetero- 
cytes (7). The mechanism underlying 
this transformation remains unknown 
at this time. 

The results of these experiments 
(Table 2, Fig. 4) demonstrate two 
properties of mixed populations of so- 
matic cells: cellular segregation and 
heterocytic dominance. These two phe- 
nomena, as they occur in hydra, may 
have broad biological significance. For 
example, with respect to development, 
we have a system whereby cells of one 
set of inheritable characteristics can 
exert their developmental propensities 
over those of another, and can be ex- 
pressed in the phenotype of the animal. 
With reference to evolution, the even- 
tual dominance of mutant somatic cells 

may play a major role in the evolution 
of metazoan species reproducing solely 
or primarily through asexual reproduc- 
tion. Lastly, the hydra heterocyte allows 
us to study a system in which mutant 
somatic cells can metastasize through- 
out an animal and eventually dominate 
the host tissue in a manner analogous 
to like processes of some tumors. 

HOWARD M. LENHOFF 

Laboratory for Quantitative Biology 
and Zoology Department, 
University of Miami, 
Coral Gables, Florida 
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Sonar System of the Blind: 

Size Discrimination 

Abstract. Measurements were made 
of the ability of four blind subjects 
to use echoes to discriminate between 
objects of different sizes placed in 
front of them. Threshold estimates in- 
dicate that objects with area ratios as 
low as 1.07/1 could be discriminated. 

Kellogg (1) demonstrated that two 
blind subjects using information from 
echoes could detect differences in the 
sizes of standard objects placed in 
front of them. He did not, however, 
obtain measurements as to how fine a 
discrimination of this nature could be 
made. We have tested the ability of 
a group of blind subjects under uni- 
form testing conditions to make size 
discriminations by using echoes. Mea- 
sures were obtained as to how much 
of a difference in size must exist be- 
tween two similarly shaped targets 
before one is judged as larger or 
smaller than the other. The echo-in- 
formation was obtained from vocaliza- 
tions produced by the subjects. The 
results obtained can be said to repre- 
sent one measure of echo-acuity of the 
blind. 

The subjects were four blind males, 
20 to 30 years old. Each had been 
blind for at least 5 years and none 
had any spatial vision. Their hearing 
had been tested and found essentially 
normal. The subjects had received pre- 
vious echo-detection training during 
earlier experiments and had developed 
their own echo-producing vocalization 
which they emitted when seeking or 
identifying targets suspended in front 
of them. The vocalizations ranged from 
sharp tongue clicks to elongated "S" 
sounds. 

Testing was done in a specially con- 
structed room. It was relatively isolated 
from noises outside the laboratory and 
the walls, ceiling, and floor were 
covered with sound absorbing maiterials. 
Though not anechoic, the room pro- 
vided a relatively constant auditory 
environment in which to perform the 
tests. The average sound level in the 
room was 43 decibels on the C scale 
of a sound level meter with reference 
pressure 0.0002 dyne/cm2. The appara- 
tus used to present the circular sheet- 
metal targets to the subject extended 
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down from a cupola above the room. 
These disc-shaped targets were raised 
and lowered on a metal rod by an 
experimenter in the room above. Sub- 
jects were seated in a tesiting chair 
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