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Aversive Training: 

Long-Term Effects 

Abstract. Three years ago a tone end- 
ing in unavoidable electric shock was pe- 
riodically presented to pigeons while they 
pecked a key for food. When pecking was 
disrupted by tone, shock was disconnected 
and the training tone and tones of different 
frequencies were presented. At first all 
tones caused a reduction in the rate of 
pecking, but as testing proceeded the gradi- 
ent narrowed. In our study, testing was re- 
sumed after a 2?/2-year interruption. 
Despite the interruption the tones still sup- 
press behavior. 

The study reported here was con- 
cerned with the retention of a con- 
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disrupted by tone, shock was disconnected 
and the training tone and tones of different 
frequencies were presented. At first all 
tones caused a reduction in the rate of 
pecking, but as testing proceeded the gradi- 
ent narrowed. In our study, testing was re- 
sumed after a 2?/2-year interruption. 
Despite the interruption the tones still sup- 
press behavior. 

The study reported here was con- 
cerned with the retention of a con- 
ditioned emotional response. Such a 
response results from a training his- 
tory in which a neutral stimulus has 
typically preceded an unavoidable nox- 
ious event. It can be detected by de- 
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termining whether subsequent presenta- 
tions of the stimulus cause a reduction 
in the rate of ongoing hunger-motivated 
responses (1). 

In earlier work (2) we investigated 
the degree to which this reduction 
(conditioned suppression) was medi- 
ated by stimuli which were like, but 
not identical to, the stimulus that was 
used in the original training. This phe- 
nomenon, the stimulus generalization 
of conditioned suppression, commanded 
special attention because it represents 
one of the mechanisms by which aver- 
sive training can affect large segments 
of an organism's behavior (3). In order 
to examine it, a 48-second tone accom- 
panied for the last 8 seconds by un- 
avoidable electric shock was period- 
ically presented to pigeons (maintained 
at 80 percent of their normal body 
weight) while they pecked a key for 
food. When pecking was completely 
disrupted by the 40 seconds of pre- 
shock tone, the use of shock was dis- 
continued and tests for stimulus gen- 
eralization were begun. In these test 
sessions, the tone used in training 
(1000 cy/sec) and tones of different 
frequencies (300, 450, 670, 1500, 2250, 
and 3400 cy/sec) were presented 
sequentially and in random order, with- 
out shock, at intervals of approximately 
10 minutes. Each tone lasted 40 sec- 
onds, and all tones were equated for 
intensity (80 db sound pressure level 
relative to 2 X 10"- dyne/ cm2). The 
entire series of seven tones was pre- 
sented once per session, and sessions 
occurred every day. 

Initially, the gradient of generaliza- 
tion was broad: all tones caused some 
degree of conditioned suppression. As 
testing proceeded, however, the gradient 
systematically narrowed until only the 
tone used in training produced substan- 
tial reductions in the rate of pecking. 
These results were of particular inter- 
est for a least two reasons. (i) They 
appeared to reflect the development of 
a discrimination without either previous 
or concurrent differential reinforce- 
ment. (ii) The extinction of conditioned 
suppression appeared to proceed at a 
very slow pace (3). In our study we 
sought to examine these effects further. 
In particular, we wished to determine 
how the gradient changes with the pas- 
sage of time. 

We used two of the surviving birds 
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We used two of the surviving birds 
(Nos. 21 and 9) from the earlier ex- 
periments. In that work testing had 
been discontinued when the birds ex- 
hibited a fairly strong tendency to sup- 
press pecking in response to the tone 
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that had previously been paired with 
shock and a reduced tendency to sup- 
press pecking in response to the other 
test tones. At the termination of the 
tests the birds were returned to their 
home loft, where they were kept for 
approximately 21/? years. Then, with 
no further aversive training, testing was 
continued-that is, the seven tones 
were presented sequentially and in ran- 
dom order (without shock) while the 
birds pecked a key for food. The 
experimental situation in these tests was 
identical with that in the previous 
work with these birds. 

Figure 1 shows the results of these 
recent tests (solid lines) as well as the 
results of the tests that had been 
conducted more than 2 years earlier 
(dashed lines). Each gradient represents 
data averaged across four successive 
sessions. The top gradient for bird No. 
9 represents the first block of sessions 
for that bird. The top gradient for bird 
No. 21 represents the second block of 
sessions for that bird (4). The remaining 
gradients, for both birds, represent suc- 
cessive blocks of sessions, in descend- 
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Fig. 1. Generalization gradients for birds 
Nos. 21 and 9. The suppression ratio 
equals (pre-tone R's - tone R's) / (pre- 
tone R's). The solid lines show the results 
of the sequence of tests reported here, 
whereas the dashed lines show results ob- 
tained more than 2 years previously. Each 
gradient represents data averaged across 
four successive sessions. The top gradient 
for bird No. 9 represents the first block of 
sessions for that bird. The top gradient for 
bird No. 21 represents the second block of 
sessions for that bird. The remaining gradi- 
ents, for both birds, represent successive 
blocks of session, in descending order. 
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ing order. The ordinates show the 
mean suppression ratio during a given 
tone. This index compares the number 
of responses (tone R's) made in the 40- 
second tone period to the number of 
responses (pre-tone R's) made in the 
40-second period prior to presentation 
of the tone. 

Numerically, the relationship is ex- 
pressed as a ratio: 

(pre-tone R's - tone R's) / (pre-tone R's) 

As can be seen in Fig. 1, during the 
earlier tests, generalization of suppres- 
sion was broad at first, but as testing 
proceeded the gradients narrowed. In 
general, the interruption produced very 
little effect on the course of the gradi- 
ents. For bird No. 21 the 1000 cy/sec 
tone exhibited no loss whatsoever, and 
the decrements for the other tones 
are no larger than would be expected 
had testing proceeded without interrup- 
tion. The results of bird No. 9 are 
similar except that for this bird the 
tones on the wings of the gradient had 
ceased to cause suppression prior to the 
interruption. 

An unexpected feature of the results 
is the finding that during the terminal 
stages of testing a disproportionately 
large number of negative ratios was ob- 
tained for tones on the wings of the 
gradient. For example, during the final 
eight sessions for bird No. 9 and dur- 
ing the final four sessions for bird No. 
21 the several stimuli on the wings of 
the gradient yielded more than twice 
as many negative ratios as positive 
ratios. A t-test on the difference be- 
tween the number of responses in the 
tone periods and in the pre-tone periods 
for these stimuli yielded t = 2.156 with 
23 degrees of freedom for bird No. 21 
and t = 2.785 with 47 degrees of free- 
dom for bird No. 9. Since values of t 
as large as this would occur with 
p < .05 on the basis of random sam- 
pling, we concluded that the observed 
tendency for the ratios to dip below 
zero represents a reliable effect. Ap- 
parently a stage was reached during 
the final phases of the extinction pro- 
cedures in which many of the tones 
tended to facilitate pecking. Unfortu- 
nately we do not yet understand the 
mechanisms which underlie this curious 
phenomenon. 

The main-features of these results, 
however, are consistent with results of 
several other studies which show that 
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the proposition that the mere passage 
of time plays little, if any, role in the 
elimination of the negative effects of 
averse training (6). 
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Homology Test between the Nucleic 
Acid of an RNA Virus and the 
DNA in the Host Cell 

Abstract. Deoxyribonucleic acid in the 
host cell does not contain a sequence 
complementary to the nucleic acid of an 
RNA virus. Specific formation of hybrid 
between deoxyribonucleic acid and ribo- 
nucleic acid was used as a detecting de- 
vice. The test was internally controlled 
and sensitive enough to reveal comple- 
mentary stretches in the DNA correspond- 
ing to 10 percent of the viral ribonucleic 
acid. The implications of the results for 
replication and transcription of RNA are 
discussed. 

In the last several years there has 
been an accumulation of data consist- 
ent with the concept that polyribo- 
nucleotides are the informed inter- 
mediaries between DNA-genomes and 
the cellular entities which carry out 
their instructions (1, 2). However, the 
problems posed by the existence of 
viruses which use RNA for the trans- 
mission and storage of genetic infor- 
mation remain for detailed resolution. 

A definitive decision on the exist- 
ence or nonexistence of homology be- 
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A definitive decision on the exist- 
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tween viral RNA and the DNA from 
its host would aid in delineating the 
mechanisms of replication of RNA and 
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transcription from an RNA genome. 
For technical convenience the sys- 

tem chosen was Escherichia coli (Hfr 
strains, K-16 and K-10) and an RNA 
bacteriophage related to the one (f2) 
discovered by Loeb and Zinder (3). 
The virus used, MS42, (4) had bio- 
logical, chemical, and physical prop- 
erties similar to those reported for f2 
(5). 

A decision on whether or not there 
is homology between two nucleic acid 
molecules rests essentially on a com- 
parison of base sequences. In practice 
what can be readily detected is se- 
quence complementarity (6, 7). Experi- 
mentally, then, the question we seek 
to answer may be posed as follows: 
Does the DNA found in the host cell 
contain, either before or after infection, 
a sequence complementary to the nu- 
cleic acid of an RNA virus? 

One answer to questions of com- 
plementarity is provided by specific 
hybrid formation. A sensitive test for 
hybridization of RNA and DNA was 
developed by Hall and Spiegelman (8) 
to demonstrate that the RNA synthe- 
sized in E. coli after infection by the 
bacteriophage T2 is complementary to 
the DNA of the virus rather than to 
that of the host. Equilibrium density 
centrifugation in swinging bucket rotors 
combined with isotopic labeling was 
used to identify the hybrid structures. 
The same procedures were successfully 
used to exhibit complementary RNA 
synthesized in cells during "step-down 
transitions" (9) or short pulses (2), 
as well as RNA formed in vitro by 
the DNA-dependent RNA polymerase 
(10). 

The investigations just cited tested 
heterogeneous populations of RNA 
which represent between 10 and 100 
percent of the available sequences in 
DNA. Consequently, the detection of 
hybrids did not strain the available 
sensitivity. However, the numerical 
situation inherent in the present prob- 
lem is far less favorable. It demands 
finding one particular sequence in the 
DNA equivalent in length to the viral 
RNA. Since the molecular weight of 
the viral RNA is about 8 X 105, one 
must detect complexes including ap- 
proximately 0.005 percent of the total 
length of E. coli DNA. However, a 
similar numerical difficulty was over- 
come by Yankofsky and Spiegelman 
(11, 12) when they established the 
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to answer may be posed as follows: 
Does the DNA found in the host cell 
contain, either before or after infection, 
a sequence complementary to the nu- 
cleic acid of an RNA virus? 

One answer to questions of com- 
plementarity is provided by specific 
hybrid formation. A sensitive test for 
hybridization of RNA and DNA was 
developed by Hall and Spiegelman (8) 
to demonstrate that the RNA synthe- 
sized in E. coli after infection by the 
bacteriophage T2 is complementary to 
the DNA of the virus rather than to 
that of the host. Equilibrium density 
centrifugation in swinging bucket rotors 
combined with isotopic labeling was 
used to identify the hybrid structures. 
The same procedures were successfully 
used to exhibit complementary RNA 
synthesized in cells during "step-down 
transitions" (9) or short pulses (2), 
as well as RNA formed in vitro by 
the DNA-dependent RNA polymerase 
(10). 

The investigations just cited tested 
heterogeneous populations of RNA 
which represent between 10 and 100 
percent of the available sequences in 
DNA. Consequently, the detection of 
hybrids did not strain the available 
sensitivity. However, the numerical 
situation inherent in the present prob- 
lem is far less favorable. It demands 
finding one particular sequence in the 
DNA equivalent in length to the viral 
RNA. Since the molecular weight of 
the viral RNA is about 8 X 105, one 
must detect complexes including ap- 
proximately 0.005 percent of the total 
length of E. coli DNA. However, a 
similar numerical difficulty was over- 
come by Yankofsky and Spiegelman 
(11, 12) when they established the 
existence of sequences in DNA com- 
plementary to sequences in homologous 
ribosomal RNA. These experiments 
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