data demonstrate the feasibility of map-
ping polymorphic restriction fragments
from HLA recombinant families.

With the exception of n, all of the
polymorphic restriction fragments segre-
gated with parental HLA haplotypes;
this result is consistent with linkage of
the segregating genomic fragments to the
HLA region. Although classical linkage
analysis (lod scores) for a particular frag-
ment cannot be applied to these data, the
likelihood (11) that by chance alone all
except band n of the polymorphic frag-
ments identified here would have shown
intrafamilial distributions consistent with
HLA haplotype segregation is (3/64)° x
(5/64)° x (3/16)!" x (5/16)* = 4.7 x
10~ '8, This result is consistent with the
finding of Erlich et al. (12) that all of the
class I genomic fragments are localized
on a discrete region, defined by a dele-

tion mutant, on the short arm of chromo--

some 6. In one family, however, Pvu Il
digestion revealed the presence, in one
child, of a new fragment apparently re-
sulting either from the loss of a Pvu II
site by a serologically undetected muta-
tion or from a recombination outside the
region detected by serologic and enzy-
matic markers. The presence of a novel
3.4-kb fragment as well as the absence of
a 3.3-kb and a 0.8-kb fragment has been
confirmed in the analysis of DNA from
an Epstein-Barr virus—-transformed cell
line derived from this individual. The
absence of these two fragments could be
attributed to segregation (with the A and
C haplotypes), in which case their ab-
sence in DNA from the child (haplotype
B/D) would be unrelated to the appear-
ance of the novel 3.4-kb fragment. Alter-
natively, the absence of these fragments
might have resulted from the event that
gave rise to the new fragment. Recent
data on the amino acid sequence of mu-
tant class I antigens (/3) and nucleotide
sequence analysis of mutant genomic
clones (/4) have led to the hypothesis
that an event analogous to gene conver-
sion in fungi may be involved in the
generation and maintenance of MHC
polymorphism (13, 14). It is possible that
the newly arisen Pvu II fragment ob-
served in this pedigree may have result-
ed from such an event.

The study of restriction endonuclease
fragment polymorphism in families has
yielded several important findings. First,
the generation of an apparently new frag-
ment, an event revealed by comparing
parental and progeny patterns, was ob-
served in family Stk. Second, recombi-
nant haplotypes detected serologically,
as in family Riv, have been useful in
mapping polymorphic restriction frag-
ments. The analysis of such crossover
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Fig. 2. Genomic blot analysis with class I
probe of Pvu II-digested DNA from family

with HLA crossover. DNA samples were*

prepared, digested with Pvu II, and analyzed
as described in the legend to Fig. 1. The HLA
haplotype of the father is designated E/F and
that of the mother G/H. DNA from the child
with the recombinant haplotype (GH) is in
lane 15. The slightly increased mobility of
fragment r in lane 15 relative to its mobility in
lanes 14 and 20 is probably due to the slightly
decreased amount of genomic DNA located in
lane 15.

families can also help to define the speci-
ficity of putative locus-specific probes.
Third, the segregation analysis of geno-
mic fragments described in this report
shows that the genes homologous to the
probe we used are part of the HLA
region. This methodology is a powerful
new tool for the study of MHC gene
organization and polymorphism. The
DNA polymorphisms defined in these

analyses are likely to subdivide some
serological specificities and to be corre-
lated with others. Their continued study
may help to elucidate the nature of sus-
ceptibilities to HLA-linked diseases.
HENRY A. ERLICH
DEBORAH STETLER
Rosy SHENG-DONG
Cetus Corporation,
Emeryville, California 94608
DoLLy NEss
CARL GRUMET
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Eye Movements of Preschool Children

Kowler and Martins (/) have reported
that the eye movements of two preschool
children are considerably less accurate
than adult eye movements under identi-
cal viewing conditions. Although we do
not dispute the validity of the eye move-
ment recordings obtained from these
children, we do disagree with the inter-
pretation that normal children are signifi-
cantly deficient in oculomotor control
and with the conclusion that these pre-
sumed deficiencies ‘‘limit a child’s abili-
ty to use eye movements to acquire
visual information’” (1, p. 997).

1) Young children are notoriously poor

at maintaining attention during a task,
even for brief periods. Despite the au-
thors’ opinion that the children were
attentive and cooperative, the children’s
expectations for accurate performance,
as well as their level of attention and
motivation, were likely to have been
lower than the adults’. Furthermore,
studies of visual abilities in preschoolers
have shown that training and feedback
are essential to optimize performance
(2). Thus, although the two children
showed larger mean saccade vector mag-
nitudes during fixation of a stationary
target than the adult did, this difference
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in average performance was largely the
result of greater variance in the saccade
magnitudes. Similarly, although both the
children and adult showed mean drift
velocities centered around 0 minutes of
arc per second, the variance of these
drift velocities was greater in the chil-
dren than in the adult. Both of these
instances of greater variance can be most
plausibly accounted for by limitations of
attention rather than capagcity.

2) Only two children were tested, and
their performance was compared with
that of a single adult subject. Given this
small sample size, it is critical to docu-
ment the absence of visual abnormalities
in each subject so that their performance
can be generalized to the larger popula-
tion. The authors did not report several
key visual characteristics of the children,
such as the presence of strabismus, nys-
tagmus [possibly present in the record of
Philip in their figure 1B (/)], or refrac-
tive errors. These visual anomalies can
significantly degrade fixational ability
).

3) The authors say that ‘“The chil-
dren’s high retinal image velocities may
impair vision. Their large saccades intro-
duce fixation errors which may also im-
pair vision’ (I, p. 998). These state-
ments are misleading for several rea-
sons. It appears from their figure 2 (/)
that approximately 90 percent of the time
both of the children showed saccadic
magnitudes and drift velocities no great-
er than 1 degree and 1 deg/sec, respec-
tively. Saccades of 1 degree do not sig-
nificantly impair either visual acuity or
more complex aspects of visual process-
ing (4). Although saccades in children
may be slightly larger while they are
fixating a small spot on an oscilloscope
screen, it is unlikely that oculomotor
control per se significantly impairs the
child’s visual processing of more com-
plex displays (5). In addition, the authors
themselves noted that retinal image ve-
locities less than 2 deg/sec do not impair
visual performance in adults (reference
13 in (). Thus, the implication drawn by
the authors that the fixational move-
ments made by preschool children are
likely to impair visual processing is un-
founded.

Kowler and Martins (/) failed to con-
sider a number of key issues in collecting
and interpreting eye movement data
from two preschoolers. The conclusions
that preschool children are in general
deficient in basic oculomotor abilities,
and that these presumed deficiencies sig-
nificantly impair their ability to process
information in visual displays is unjusti-
fied. Although young children may have
subtle performance deficits on several

7 OCTOBER 1983

oculomotor tasks, their optimal perform-
ance as shown by Kowler and Martins
resembles that of untrained adults.
RicHARD N. ASLIN
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University, Bloomington 47405
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PWI\J

Kowler and Martins (/) reported im-
maturities of oculomotor control in two
normal children 4 and 5 years old. They
suggested that such deficits might also be
present in young infants and, further,
that these deficits might cause the ob-
served discrepancy between measures of
infant and adult spatial contrast sensitiv-
ity (2). We disagree with the latter hy-
pothesis.

The children in the Kowler and Mar-
tins study exhibited two specific oculo-
motor immaturities relevant to our dis-
cussion. (i) When fixating a stationary
point, the children showed larger off-
target saccades than the adult did, and
(ii) their retinal image velocities during
saccade-free periods were more rapid
than the adult’s. Kowler and Martins
hypothesized that young infants may ex-
hibit similar or even more pronounced
oculomotor deficits but did not present
any supporting eye movement data from
infants. They made two specific argu-
ments of how such deficits could reduce
young children’s and infants’ spatial con-
trast sensitivity.

1) Children’s (and infants’) larger off-
target saccades may limit their acquisi-
tion of visual information because such
saccades would place the target off the
fovea. This argument is implausible,
however, because most studies of infant
pattern vision have used large stimulus
displays (2).

2) Kowler and Martins suggested that
“‘high retinal image speeds in infants
could account for the shape of their
contrast sensitivity function”’ (/, p. 998).
The adult contrast sensitivity function
(CSF) peaks below 1 cycle/deg with high
drift velocities under stabilized retinal
image conditions (3). The peak of the
young infant’s CSF is also at about 1/2

cycle/deg, under normal viewing condi-
tions (2). Kowler and Martins suggested
from this correspondence that the shape
of the young infant’s CSF might be due
to the supposed high-speed shear be-
tween the target image and the infant’s
retina caused by high retinal-image ve-
locities. We examined this hypothesis
quantitatively; to shift the peak of adult
CSF’s to the 1/2 cycle/deg peak of the
CSF of a I- to 3-month-old infant, aver-
age retinal image velocities of 960 min-
utes of arc per second would be required
(4). This value is unreasonably high giv-
en what is known of infant eye move-
ments (5).

The claim that the shape of young
infants’ CSF’s results from oculomotor
immaturities alone is unwarranted. The
change in shape with age (particularly,
the peak shift) is more plausibly attribut-
ed to postnatal changes in retinal anato-
my (6) and to progressive narrowing in
the spatial tuning of pattern mechanisms
).

JAMES L. DANNEMILLER
MARTIN S. BANKS
BENJAMIN R. STEPHENS
E. EUGENIE HARTMANN
Department of Psychology, University
of Texas at Austin, Austin 78712

References and Notes

1. E. Kowler and A. J. Martins, Science 215, 997
(1982).

2. D. Teller, R. Morse, R. Borton, D. Regal,
Vision Res. 14, 1433 (1974); J. Atkinson, O.
Braddick, K. Moar, ibid. 17, 1037 (1977); M.. S.
Banks and P. Salapatek, Invest. Ophthalmol.
Visual -Sci. 17, 361 (1978); P. Salapatek, A.
Bechtold, E. Bushnell, Child Dev. 47, 860

(1976).

. D. H. Kelly, J. Opt. Soc. Am. 69, 1340 (1979).

. From figure 11 of Kelly (3). We conservatively
used angular rather than linear image velocity
across the retina in our calculations. Equating
linear image velocities across the retina would
require a much greater angular image velocity
for infants because of the shorter axial length of
infant eyes [J. S. Larsen, Acta Ophthalmol. 49,
441 (1971)].

5. R. N. Aslin and P. Salapatek, Percept. Psy-
chophys. 17, 293 (1975); E. Tronick and C.
Clanton, Vision Res. 11, 1479 (1971).

6. I. Abramov, J. Gordon, A. Henrickson, L.
Hainline, V. Dobson, E. LaBossiere, Science
217, 265 (1982).

7. A.C.Rusoffand M. W. Dubin, J. Neurophysiol.
40, 1188 (1977); A. M. Derrington and A. F.

Fuchs, J. Physiol. (London) 316, 1 (1981).

8. Supported by NIH research grant HD-12572 and
NIMl-é gesearch development award MH-00318
to M.S.B.

12 April 1982; revised 20 December 1982

F)

Neither Aslin and Ciuffreda nor Dan-
nemiller ez al. offer convincing reasons
for altering our two main conclusions,
namely that (i) eye movements of chil-
dren differ from eye movements of adults
and (ii) these differences have implica-
tions for understanding visual develop-
ment (/).

Aslin and Ciuffreda suggest that our
subjects were inattentive and uncooper-
ative. This was not the case. Their atten-
tion and cooperation was demonstrated
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by their excellent, adultlike performance
in many tasks. For example, the accura-
cy and latency of the saccades they used
to track low-frequency (0.4 step per sec-
ond) periodic target steps (figure 1C in
1), the gain of their smooth pursuit (fig-
ure 1E in 1), and the frequency of their
saccades made during fixation of the
stationary target (/, p. 998) were the
same as those of the adults. These re-
sults show that the children were atten-
tive and followed the instruction to look
at the target both when it was stationary
and when it moved.

The observed differences in the
smooth eye movements of children and
adults [that is, the children’s higher
smooth eye speeds during fixation of the
stationary target (figure 2B in /) and their
longer lags when the target changed di-
rection during smooth pursuit (figure 1E
in 1)] could not have been produced by
failure to cooperate: among adults, nei-
ther smooth eye speed during fixation (2,
3) nor the direction of the eye during
smooth pursuit (4) are under voluntary
control. In addition, Aslin and Ciuffreda
assume that precise control of saccade
size and timing—observed in adults dur-
ing target step-tracking (2, 5) and during
fixation (6), but absent in the children
(figures 1D and 2A in I)—requires train-
ing or special effort on the part of adults.
On the contrary, performance of experi-
enced and inexperienced adult subjects
in these tasks is the same (2, 5, 6). Thus,
the children’s saccades could not resem-
ble those of ‘‘untrained adults’’ because
training of adults is not required to
achieve highly precise control of sac-
cades. Of course, a training procedure to
teach children better control of saccades
might be successful (7). Such an out-
come would follow from our suggestion
that children have difficulty with the
precise control of saccade size and tim-
ing because they have not yet learned
efficient oculomotor habit patterns (8).

Aslin and Ciuffreda are also concerned
with possible idiosyncratic characteris-
tics of our subjects. The subjects were
and continue to be free of any visual or
oculomotor abnormality, including the
need for corrective spectacles. Also, our
conclusions were based on a comparison
of the children’s performance with that
of the many adult subjects who have
been tested in studies that used eye
monitors as accurate as ours (reference 2
in I). The performance of the inexperi-
enced adult subject we reported was
representative of the performance re-
ported in prior studies (2-6).

Our conclusion that eye movements of
children differ from those of adults is
also supported by recent measurements
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(9) showing that the oculomotor per-
formance of 10-year-old children falls
between that of S-year olds (/) and adults
2-6).

Aslin and Ciuffreda also suggest that
the preschool children’s saccades were
too small to impair vision. The studies
they cited showed that average saccade
size does not predict visual acuity in
clinical populations (I/0)—a result that
was attributed to the patients’ decisions
to make their visual judgments while the
target was optimally placed within the
fovea (10, p. 1678). Thus, this study
showed only that visual acuity is not
impaired during intervals between large
saccades. It does not contradict our con-
clusion that large saccades are harmful
when they place the visual stimulus in
a retinal location sufficiently eccentric
[= 12 minutes of arc (I1)] to impair visu-
al acuity (/I), well within the range of
sizes of the children’s saccades. Thus,
harmful effects of large saccades would
not be expected for resolution of a large
pattern of bars (reference 13 in 1), but
would be expected for tasks requiring
precise control of saccades (12). The
high retinal image speeds of the children,
like their large saccades, may not affect
performance on some visual tasks but
may impair or even aid performance of
others (13).

The computations of Dannemiller et
al. incorporate a contribution of
eye movements to visual development.
Dannemiller ez al. suggest that if retinal
image speeds in infants are less than
about 16 deg/sec, and if the sensitivity of
the infants’ visual system to retinal im-
age motion is identical to that of adults,
retinal image motion cannot account for
all (but presumably can account for
some) of the shift in the peak of the
infant’s contrast sensitivity function. It
seems unlikely to us, however, that the
sensitivity of neural mechanisms to spa-
tial patterns changes with age while the
sensitivity of the same mechanisms to
image motion does not (/4). Also, the
studies Dannemiller er al. cited of eye
movements of infants are inadequate to
estimate even the upper limit of their
retinal image speed because the electro-
oculogram (EOG) measures position of
the eye relative to the head, not retinal
image position. Since the velocity of the
retinal image (R) is equal to the velocity
of the eye relative to the head (E) plus
the velocity of the head (H) when the
target is more than 10 m away, an over-
estimate of E will lead to an underesti-
mate of R whenever H is faster and
opposite in direction to E. Overestimates
of E are likely because of noise and
baseline drifts in the EOG recordings

and because of behavioral calibration
procedures that assume perfect perform-
ance. For example, Tronick and Clan-
ton’s (I5) calibration procedure may
have overestimated E because they as-
sumed that the gain of the infants’ ves-
tibulo-ocular response is 1, whereas re-
search with adult subjects has shown
that gain is not 1 (16). When the target is
less than 10 m away, R is no longer the
sum of H + E because the rotational
axes of the head and eye are noncoinci-
dent (/7). Nothing can be inferred about
infants’ retinal image speed from Aslin
and Salapatek (I8) because they neither
calibrated their EOG recordings nor
measured head movement.

Dannemiller ez al. may believe that we
ruled out a contribution of neural matu-
ration of the visual system to the devel-
opment of visual performance. This was
not the case. We concluded that eye
movements contribute to visual develop-
ment—a possibility previously neglected
by investigators of visual development
(reference 14 in 1) and now made plausi-
ble by our findings that eye movements
are not fully developed by age 5 years.

Quantitative determinations of the ef-
fects of eye movements on visual pro-
cessing in infants and children will re-
quire simultaneous measurement of both
visual performance and retinal image po-
sition and velocity. This is necessary to
find out how the eye movements of chil-
dren affect their visual processing and
whether effects of retinal image position
and velocity on vision change with age.
Such experiments may be technically
difficult in infants but not, as we demon-
strated, in children, who are equally
valuable to study in light of recent re-
ports that visual acuity is not fully devel-
oped until age 5 or later (19).
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Co-Release of ACTH and 3-Endorphin Immunoreactivity in

Human Subjects in Response to Central Cholinergic Stimulation

We have reported that physostigmine,
an acetylcholinesterase inhibitor with
both nicotinic and muscarinic cholinomi-
metic properties, increases plasma levels
of cortisol and B-endorphin immunoreac-
tivity in human subjects (I). In our
manuscript we commented that we were
surprised that there was no significant
correlation between increases in plasma
concentrations of cortisol and B-endor-
phin immunoreactivity, since co-release
of adrenocorticotropic hormone (ACTH)
and B-endorphin from the anterior pitu-
itary was observed in animal stress para-
digms (2). However, we have recently
measured plasma ACTH immunoreac-
tivity concentrations in our original plas-
ma samples using a newly developed
assay (3), and we have found significant
and highly correlated elevations in
B-endorphin and ACTH immunoreac-
tivity in plasma (Fig. 1). These results
with physostigmine are now consistent
with recent reports of apparent concomi-
tant release of ACTH and B-endorphin
in man in response to other stimuli
including hypoglycemia, Pitressin ad-
ministration and other conditions (4).
Changes in plasma concentrations of
ACTH and cortisol immunoreactivity
were only weakly and nonsignificantly
correlated.

In fact, more than 10 years ago
Krieger and associates reported that
while there was a close temporal correla-
tion between plasma ACTH and cortico-
steroid peaks, there was no apparent
proportionality between spontaneously
released plasma ACTH and corticoste-
roid levels either within or among indi-
viduals (5). This lack of proportionality
may be reflective of differing adrenal
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receptor sensitivities to ACTH, or differ-
ences in metabolic clearance rates of
plasma ACTH and cortisol. Krieger has
also suggested that the magnitude of
corticosteroid response to ACTH is in
part dependent on the recent history of
prior adrenal exposure to ACTH. In ad-
dition, Holaday and associates (6) have
reported a synchronized ultradian corti-
sol rhythm in monkeys which persists
during supramaximal infusions of ACTH
and suggested that bursts of cortisol se-
cretion are not entirely dependent upon
an immediately preceding release of
ACTH.

Our new data suggests that central
cholinergic stimulation may in part mod-
ulate the co-release of ACTH and -
endorphin immunoreactivity, and that in
this paradigm, and possibly in others,

-
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Fig. 1. Scatter diagram of maximal changes in
plasma B-endorphin and ACTH immunoreac-
tivity following physostigmine administration
in nine subjects. Preinfusion values of plasma
B-endorphin and ACTH immunoreactivity

o

Change in ACTH
immunoreactivity (pg/mf)
®
)

o

were compared with twenty minute postinfu- -

sion values. This postinfusion time point re-
flects peak increases in the individual hor-
mones. Linear regression analysis was per-
formed to determine the relationship and sig-
nificance of physostigmine induced changes
over time in plasma B-endorphin and ACTH
immunoreactivity within individual subjects.
(r = 0.85, P < 0.01)

plasma cortisol values may not be a
good reflection of concomitant ACTH
changes.
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