shows that adaptation to a grating at this
frequency will make the spatial frequen-
cy channels less responsive to the high-
frequency components of the rectangle
and should make the rectangle appear
wider; in fact, in our experimenit this ad-
aptation did produce perceived widening
(as opposed to no change as predicted by
the size-specific model). The center ar-
row shows a possible equilibrium grating
bar size. Although adaptation should re-
duce sensitivity at this frequency, there
should be no subsequent size changes;
none were observed. The arrow at the
left shows that adaptation to a grating at
. this frequency (bars eight times wider
than the rectangle) should make the spa-
tial frequency channels less responsive
to the low-frequency components of the
rectangle, and should make the rectangle
appear narrower; this adaptation pro-
duced the predicted narrowing.

Thus, in our investigation of how prior
viewing of a grating affects the perceived
size of a rectangle, we found support for
the hypothesis that the visual system
codes size on the basis of the spatial fre-
quency comporients rather than the
width of the stimulus per se (/3).
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Genetic Resistance to Aflatoxin in Japanese Quail

Abstract. Progress was rapid in attempts to develop lines of quail resistant to
acute aflatoxicosis induced by oral dosing with aflatoxin. After five generations of
selection, 8- and 11-fold differences were present in mortality between two selected
lines and their respective control lines. These quail lines should be of value in
investigating the physiological basis of resistance to aflatoxin.

Aflatoxin, a carcinogenic metabolite,
is produced by the filamentous fungi As-
pergillus flavus and Aspergillus para-
siticus (I). Because this mycotoxin con-
taminates a number of feedstuffs that en-
ter into the food chains of humans, its
long-term influences on human health
are of concern. The economic impact of
aflatoxin is evident from reduced growth
and productivity resulting from ingestion
of this mycotoxin by domestic animals.

Genetic variation for resistance of ani-
mals exposed to aflatoxin is suggested by
differences noted between the New
Hampshire and other breeds of chickens
). Through artificial selection, it may
be possible to not only demonstrate ge-
netic variation to aflatoxin, but also to
develop populations of domestic animals
resistant to the adverse effects of aflatox-

in. Such animals would be useful for the
investigation of the physiological dif-
ferences between resistant and non-
resistant populations and serve as a mod-
el to study the mechanism of aflatoxin
toxicity within the organism. The objec-
tives of our study were to investigate the
genetic factors of selection for resistance
to aflatoxin with the Japanese quail as a
model and to develop resistant lines for
determining systems influenced by the
selection process.

Aflatoxin was produced on polished
rice (3), with incremental increases in
temperature during the incubation period
). After the rice was autoclaved to kill
the mold, it was ground to a fine powder,
and the aflatoxin was extracted from the
substrate (5) and quantified by high-pres-
sure liquid chromatography. The fer-

Table 1. Mortality of Japanese qU‘aii from acute aflatoxicosis by line (control and selected) and

generation.
Aflatoxin at 2.5 mg/kg Aflatoxin at 3.0 mg/kg
Gen- Control Selected Control Selected
era-
tion Mor- Mor- l'{a]: Mor- Mor- Ra-
N* tality N* tality tio N* tality N* tality tiof
(%) (%) (%) (%)
S, 65 40.0 139 14.4 2.8 74 71.6 121 39.7 1.8
S, 91 72.5 179 36.9 2.0 87 88.5 157 42.0 2.1
Ss 119 79.0 152 22.4 3.5 100 97.0 163 35.6 2.7
S, 69 78.3 129 11.6 6.8 69 78.3 185 12.4 6.3
S 75 75.0 175 6.3 11.9 70 82.9 180 10.0 8.3

*Total number of birds challenged.

0036-8075/79/1214-1329$00.50/0 Copyright © 1979 AAAS

‘tControl mortality:selected mortality.
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Fig. 1. Mortality deviation of selected lines
from control lines.

mented rice contained 2.95 mg of total
aflatoxin per gram (90.1 percent B,, 8.6
percent G,, 1.1 percent B,, and 0.2 per-
cent G,). Weighed amounts of the fer-
mented rice were mixed with deionized
H,O to yield a concentration of either
250 or 300 pg/ml. In all experiments, a
measured amount (1 ml per 100 g of body
weight) of the resulting slurry was ad-
ministered to each bird by intubation
through the crop. All birds were 29 days
old at the time of aflatoxin dosing. The
quail used were from a nonselected ran-
dom-bred control population. The base
generation (S,) consisting of 250 quail
were given 3.0 mg of aflatoxin per kilo-
gram of body weight. Mortality was re-
corded for 5 days after treatment. Nor-
mally mortality at this age (4 weeks) is
extremely low, theréfore, all mortality
during this 5-day period was considered
due to acute aflatoxicosis. Surviving
quail in the S, generation were used as
breeders (30 pairs) to produce progeny
for the S, generation. Quail from the ran-
dom-bred population were reared inter-
mingled with S, generation quail and
served as nonselected controls. Quail
from hatch 1 in the S; generation were
given 2.5 mg of aflatoxin per kilogram of
body weight. Two lines were therefore
established, one selected on the basis of
a challenge of 2.5 mg of aflatoxin per
kilogram of body weight (AR2.5) and a
second selected with a challenge of 3.0
mg/kg (AR3). The selected lines (AR2.5
and AR3) in the S, generation were pro-
duced by 36 pairs per line. Where more
survivors were available than needed for
breeders in these lines, family selection
was used to identify survivors from the
more resistant families. Reproduction of
lines occurred approximately 6 to 8
weeks after the aflatoxin challenge in all
generations.
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Mortality from challenge with aflatox-
in at 3.0 mg/kg in the S, generation was 76
percent. Mortality in the S, generation of
control birds dosed with 3.0 mg/kg was
similar (71.6 percent), but the mortality
in selected AR3 birds was 39.7 percent
(Table 1). Mortality of selected and con-
trol quail dosed with 2.5 mg/kg in the S,
generation was approximately one-half
the mortality of quail dosed with 3.0 mg/
kg (Table 1). Mortalities for both control
lines in the S,, Ss, S4, and S; generations
were higher than mortality in the S, gen-
eration, perhaps as a result of different
ambient temperatures during and after
induction of aflatoxicosis (6). Correction
for environmental variations between
generations was accomplished by plot-
ting the selected lines as deviations from
the control (Fig. 1). The greatest devia-
tion occurred in the S; generation, in-
dicating an immediate selection re-
sponse. Larger deviations of selected
lines from the controls in the S,, S;, S,
and S; generations show continued ge-
netic improvement in reducing mortality.
The ratios of control line mortality to se-
lected line mortality (Table 1) show that,
after a sinigle generation of selection, the
difference between mortality of the se-
lected and the control lines was twofold
and after the fifth generation of selection,
the difference was 8- to 11-fold.

After the fourth generation of selec-
tion (S,), reciprocal crosses were made
between the selected lines and the base
control line. Two replications (hatches)
were produced in order to evaluate the
resistance of progeny to acute aflatoxi-
cosis. The administration of the aflatoxin
stress was identical to the procedure
used in the development of the AR2.5
and AR3 lines. The mortality levels of
the controls (C X C) was three to four
times higher than the mortality levels of
the cross progeny (for example,
AR2.5 x C and C x AR2.5). The similar
responses of the reciprocal crosses is
supporting evidence for genetic change
and negates the possibility of extra-
nuclear factors passed through the eggs
being the basis for the resistance ob-
served in the AR2.5 and AR3 lines. Al-
though the crosses had higher mortalities
than the pure lines (AR2.5 and AR3),
they more closely approximated these
lines than the control.

The rapid initial response to selection
shows that relatively few loci may be in-
volved in resistance to aflatoxin in quail.
Because cellular resistance to Rous sar-
coma viruses is controlled by a limited
number of autosomal loci (7), the resis-
tance of quail to aflatoxin may involve a

Table 2. Mortality of pure line and reciprocal
crosses to acute aflatoxicosis. C designates
the nonselected control line. AR2.5 and
AR3.0 designate the lines selected after dos-
ing with 2.5 and 3.0 mg of aflatoxin per kilo-
gram of body weight, respectively.

Mortality
Afla- Line (%)
toxin (male X Mean
(mg/kg)  female) Exp. Exp.
1 1
2.5 AR2.5 x 0.0 4.0 2.0
AR2.5
AR2.5 x C 8.0 19.6 13.8
C x AR2.5 14.0 320 23.0
CxC 47.4 756 61.5
3.0 AR3 x AR3 2.0 8.0 5.0
AR3 x C 18.0 28.0 23.0
C x AR3 14.0 18.4 16.2
68.6 854 77.0

CxC

similar mechanism that interferes with
the transport of aflatoxin into the liver or
its subsequent metabolism. Resistant
and nonresistant lines in other species
may be useful as a system to determine
the role of genetic résistance in the pro-
duction of the carcinogenic metabolite
aflatoxicol (8).

These data show that rapid progress is
possible in developing lines of quail re-
sistant to acute aflatoxicosis induced by
oral dosing with 2.5 and 3.0 mg of afla-
toxin per kilogram of body weight.
Lines resistant to aflatoxin should be
useful in investigating the mode of
action of aflatoxin. These lines could
provide a model for testing differences
in the metabolic systems between re-
sistant and nonresistant lines. This in-
formation may offer new insights into
techniques to eliminate the adverse
effects of aflatoxin on animal production
and its possible relation to human health.
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