
subjects with two APOE-€4 alleles, 3.1 years 
in subjects with one APOE-€4 allele, and 0.6 
years in subjects who did not have APOE-€4 
alleles. As subjects with earlier onset and 
longer duration are more likely to be diag- 
nosed, we suspect that most diagnoses of AD 
and most prevalent cases are in subjects with 
one or two copies of APOE-€4. 

It is important to realize that 19 of 95 
affected subjects in our cohort of pedigrees 
and 64 of 176 autopsy-confirmed sporadic 
AD cases described by Saunders et al. (6) 
had no copies of APOE-€4. Twelve of 42 
late onset families had affected members 
who did not have APOE-€4. The fact that 
these tended to be the largest and, based on 
simulation studies (1 6), the potentially 
most informative families for linkage, sug- 
gests that other genetic sources of risk exist. 
These other genes will only be identified 
once the effects of APOE-€4 are included in 
subsequent analysis. Inclusion of APOE-€4 
as a covariate in ongoing genomic screens 
will be necessarv. 

There are two possible mechanisms for 
generating the allelic association that we 
observed. The first is through genetic link- 
age disequilibrium to the actual risk-causing 
mutation. Genetic linkage disequilibrium 
arises when two loci are so close together 
that recombination verv rarelv occurs. Thus 
specific alleles may be passed through many 
generations in cis orientation, leading to an 
increase in the linked cis allele, despite the 
fact that it has no biological role in increas- - 
ing risk. The previous report suggesting 
genetic linkage of late onset AD to loci 
residing near APOE (5), and the suggestive 
evidence for genetic linkage of the APOE 
locus to AD could support this explanation. 

However. biological association. where the - 
risk allele has an actual pathogenetic role, 
can mimic genetic linkage (1 7), and would 
result in similar positive genetic linkage 
results. In addition, the strong and compel- 
ling allelic dose effects are unusual. even in u 

diseases with well-characterized associa- 
tions (1 8, 19). Such dose effects are difficult . , 

to explain through genetic linkage. 
Although the mechanism by which 

APOE-€4 participates in pathogenesis is 
not known, the protein encoded by APOE- 
€4 ( a ~ o E  isoform 4) is immunoreactive in . A 
the plaques and neurofibrillary tangles that 
define the phenotype (20, 21), apoE iso- 
form 4 has higher avidity in vitro for 
P-amyloid than the apoE isoform 3 (22) 
and subjects with two APOE-€4 alleles 
exhibit greater P-amyloid staining at autop- 
sy than other AD patients (23). The data, 
in conjunction with the statistical associa- 
tion, support the direct involvement of 
APOE-€4 in the pathogenesis of AD. 

We should caution that accurate a ~ ~ l i -  
.A 

cation of these results to the general popu- 
lation, especially the 3% who are homozy- 
gous for APOE-€4, will require population- 
based epidemiologic studies. However, in 
this sample of 42 families, the APOE-€4 
allele in a double dose was nearly sufficient 
to cause AD by age 80, and suggests that 
APOE-€4 gene dose is a major risk factor for 
late onset AD. 
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f ECHNlCAL COMMENTS 

Composition Limits of Fe,O and the 
Earth's Lower Mantle 

T h e  report by C. McCammon (I) address- 
es a significant problem in planetary 
geochemistry and should motivate a new 
generation of experimental and theoretical 
studies on magnesiowustite. She concludes 
that pressure reduces the amount of Fe3+ in 
Fe,O wustite equilibrated with Fe (1). Al- 
though we would like to agree, her results 
do not demonstrate this, nor do they sup- 
port her broader inference that the Earth's 
lower mantle is out of equilibrium with 
metallic Fe (for example, that of the core). 

An essential difficulty in studying wus- 
tite, a phase of considerable interest in the 

materials and geological sciences, is that it 
is invariably nonstoichiometric (x * 1.0), 
with poorly characterized deficiencies (va- 
cancies) at both oxygen and Fe sites and 
variable amounts of Fez+ and Fe3+ in crys- 
talline and interstitial-defect sites (1). 
Therefore, at least three compositional 
variables are reauired to describe wustite. 
and it is impossible to associate uniquely 
the deviation from stoichiometry with the 
use of an Fe3+/Fe2+ ratio, as McCammon 
seems to assume. In addition, there is evi- 
dence that the stoichiometry varies as a 
function of composition across the 
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(Mg,Fe)O magnesiowustite series that is 
relevant to the Earth's lower mantle. 

The correlation between stoichiometry 
and lattice parameter assumed by McCam- 
mon and her co-workers (1, 3) depends on 
svnthesis conditions and is uncalibrated 
(indeed, unverified) for wustites synthesized 
at elevated Dressures (2). Wustite exhibits , , 

an irreversible change in lattice parameter 
after hydrostatic compression above 12 to 
15 GPa at room temperature (4); presum- 
ably this phenomenon reflects easy chang- 
es in defect structures and is unrelated to 
stoichiometry. McCammon's report illus- 
trates the significance of wiistite in con- 
straining the Earth's geochemical evolu- 
tion and thus highlights the need to cali- 
brate simple methods of determining wus- 
tite compositions at high pressures and 
temperatures. 

The new data (I) neither prove nor 
disprove the earlier contention (3) that x 
decreases below 0.98 at lower mantle pres- 
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sures (above 20 to 25 GPa). McCammon's 
call for in situ electrical conductivity mea- 
surements has been answered through 
shock-wave and diamond cell ex~eriments 
which show that wiistite undergoes a fun- 
damental bonding change at deep mantle 
conditions: it becomes metallic at approxi- 
mately 70 GPa, far beyond the range of 
McCammon's experiments, yet well below 
the pressures of the boundary between the 
core and the mantle (5). The change in 
chemical bonding has profound implica- 
tions for inner Earth dvnamics and invali- 
dates conclusions about metal oxide equil- 
ibration d e e ~  in the lower mantle that are 
based exclusively on experiments at pres- 
sures below 30 to 40 GPa (5, 6). 

Finally, geophysical measurements of 
deep mantle electrical conductivity do not 
require the presence of Fe3+, because either 
increased Fez+ or hydrogen contents influ- 
ence the conductivitv in the manner re- 
quired to match the observations (7). 
Therefore. the state of eauilibration be- 
tween the mantle and core remains essen- 
tially unconstrained. 
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Response: My experiments, which used a 
multianvil press, showed that the Fe con- 
tent of Fe,O increased with pressure. These 
data and several assumptions led me to the 
inference that the Earth's present lower 
mantle is not in equilibrium with Fe (1). 
Jeanloz and Hazen, however, challenge the 
experimental observation that pressure in- 
creases the Fe content of Fe,O and hold 
that the state of equilibration between the 

mantle and core remains unconstrained. 
My experimental results were obtained 

by synthesizing Fe,O samples at high pres- 
sure and temperature and then quenching 
them to ambient conditions. The Fe com- 
oosition was obtained from the linear cor- 
relation between cubic cell parameter and 
iron composition and from Fe3+ fraction as 
determined by Mossbauer spectroscopy. Re- 
sults from the latter analysis directly refute 
the statement by Jeanloz and Hazen that my 
experiments do not demonstrate a reduc- 
tion in the Fe3+ content of Fe-0 at high 

A - 
pressure. The Mossbauer spectra of all sam- 
ples were recorded both above and below 
the NCel transition, and in both types of 
spectra a decrease in ferric content with 
increasing pressure was evident. The Fe3+ 
fractions determined from quantitative fits 
to the Mossbauer data are consistent with 
the composition determined from the cell 
Darameter. 

Jeanloz and Hazen state that the corre- 
lation between Fe content and lattice Da- 
rameter depends on synthesis conditions, 
which leads to an error of up to 0.02 in Fe 
content (2). This statement is based on the 
experimental data of Care1 and Gavarri (3) 
and the literature compilation of Bauer and 
Pianelli (4). Care1 and Gavarri performed 
two experiments with quenched samples: 
They studied the variation in lattice param- 
eter (i) at constant composition for differ- 
ent equilibrating temperatures and (ii) at 
constant equilibrating temperature for dif- 
ferent compositions. The first experiment 
showed a difference in lattice parameter 

0.89 1 I I I I 
4.28 4.29 4.30 4.31 4.32 

Cell parameter (A) 
Fig. 1. Variation of lattice parameter with iron 
composition for FexO quenched from the fol- 
lowing temperatures: 900°C (solid triangles); 
1000°C (solid circle); and 1200°C (solid dia- 
mond). The lattice parameter was determined 
from x-ray diffraction cell refinement data, and 
the Fe compositions were calculated from ei- 
ther the COICO, gas ratios (900" and 1200°C 
data) or the composition of the Fe-FexO phase 
boundary (1000°C) (1 I). Errors in content de- 
termination are estimated to be -c0.003 and 
rt0.001, respectively. The straight line repre- 
sents the linear relation used to determine Fe 
compositions (1). Also plotted are the data of 
Carel and Gavarri (4) at 1000°C (open circles) 
and 1200°C (crosses). 

corresponding to an uncertainty in Fe con- 
tent of only. 0.001 for samples quenched 
between 890" and 1340°C (5). The second 
ex~eriment showed that a svstematic shift 
with equilibration temperature, if present, 
is smaller than the ex~erimental uncertain- 
ty (Fig. 1). The re;ults of my synthesis 
experiments (Fig. 1) are in agreement with 
the published lattice parameter/Fe content 
correlation (6). The scattered pattern of 
the data, noted by Bauer and Pianelli (4), is 
almost certainly a result of quenching ef- 
fects. Fe,O is unstable below 570°C, and 
disproportionation occurs according to the 
following process (7). 

There is sufficient kinetic energy to drive 
reaction 1 forward during quenching, and 
although the total composition remains 
constant during the reaction, the cell pa- 
rameter of Fe,O increases as a result of the 
higher Fe content. A recent x-ray diffrac- 
tion study has confirmed the presence of 
two distinct compositions of Fe,O during 
cooling from high temperature, where the 
relative proportion of the more Fe-rich 
composition increases with increasing cool- 
ing time (8). Data from Bauer and Pianelli's 
compilation fall into two categories: those 
that agree with the lattice parameter-Fe 
content linear correlation and those that 
have lattice parameters that are too large 
for a given Fe composition. My samples 
were quenched in ice water, which appears 
to have prevented significant transforma- 
tion during quenching (Fig. 1). Samples in 
the multianvil press were quenched from 
high temperature while pressure was held 
constant; because the stability field of Fe- 
rich Fe,O expands at high pressure (I) ,  
disproportionation effects were most likely 
minimized. 

Although a metallic transition has been 
observed in Fe,O at approximately 70 GPa 
(9), I know of no evidence that (Fe,Mg)O 
undergoes such a transition within the pres- 
sure range of the Earth's lower mantle, and 
electrical conductivity studies of (Fe,Mg)O 
with up to 27.5% FeO show no evidence of 
metallic behavior at 30 GPa and 2000 K 
(10). 

Although geophysical measurements of 
lower mantle conductivity are not conclu- 
sive of the presence of Fe3+ in lower mantle 
magnesiowiistite, the alternative possibili- 
ties seem at least as speculative. There is no 
conclusive evidence that the lower mantle 
is enriched in Fe relative to the upper 
mantle. and it is not clear that hvdrous 
silicate'assemblages would be stable in the 
lower mantle at conditions of metal equi- 
librium. Nevertheless, assumptions about 
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the properties of (Fe,Mg)O at lower man- 
tle pressures and temperatures remain the 
weakest part of my argument, and this 
emphasizes the need for detailed studies 
of magnesiowiisite at high pressure and 
temperature. 
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Simplifications of a Self-Replication Model 

J. A. Reggia et al. (I) describe a simple 
system (called UL6W8V) that directs per- 
sistent self-replication of an informational 
figure in two dimensions; the process is 
guided solely by local interactions of the 
components of the figure throughout its life 
history. Each cell in a gridded plane exists 
in one of eight states: empty or occupied by 
0, L, #, or one of four axially oriented 
arrows. At each transition. the new state of 
each cell is determined b; a rule based on 
the current states of the cell and its four 
immediate neighbors. The basic form of 
UL6W8V is six occupied cells in a loop of 
three comers and a branchpoint, with a 
two-cell arm. A specific stage is 

With successive transitions, the string OOL> 
flows both counterclockwise around the  loo^ 
and out the arm from the branchpoint. A 
daughter loop is constructed on the arm and 
the two loops separate, with new arms form- 
ing perpendicular to the original arm. Colony 
growth continues indefinitely, but loops are 
prevented from replicating into occupied 
space; in such collisions, the new arm does 
not form, and the information sequence L> 
circulating in the loop is erased (that is, 
converted to 0 0 ) .  

There is a family of simpler variants of 
the UL6W8V duplication cycle. (i) When 
the arrow arrives at the branchpoint, the 
choice of its orientation toward either direc- 
tion of string flow is arbitraw. The variants - 
use the anticlockwise orientation, which is 
simpler because it retains the orientation, 
with respect to loop neighbors, of a comer 
arrow. (ii) Generation time can be reduced 
from ten [as stated in (1)) to six transitions 
by incorporating the information sequence 
directly into the new arm; this regenerates 
the starting figure depicted above. (iii) The 
L state signaled left tums during daughter 
loop construction in earlier systems that 
lacked oriented states, but the arrow suffices 
for this function. Replacing L with 0 reduc- 
es to seven the number of states used, and 
the information seauence to a single charac- - 
ter. (iv) The generation time in the seven- 
state svstem can readilv be shortened, as 
above. (v) The # state serves a single role, 
as a pre-arm. An arrow, oriented toward the 
"probe" arrow that pops out from either side 
of a dividing loop pair, can also fill this 
pre-arm role, thus requiring only six states of 
three types of cell (empty, 0, or arrow). (vi) 
The generation time of this six-state system 
can be shortened from ten to six transitions; 
however, the information arrow cannot be 
incorporated directly at the new arm tip, and 

arm formation cannot be simply advanced 
bv a single transition to facilitate its incor- - 
poration at the new arm base. One solution 
is to advance urobe formation bv two tran- 
sitions, with relative single-transition de- 
lay of arm formation, timed with the use of a 
false pre-arm (an arrow pointing toward the 
loop) before the appearance of the correct 
ure-arm. These variants can be comuared in 
terms of the number of state-change rules 
required for a duplication cycle: 28, 24, 22, 
19, 21, and 20 for slow and fast eight-state 
models, slow and fast seven-state models, 
and slow and fast six-state models, respec- 
tively; UL6W8V requires 3 1 rules. 

Post-duplication loop interactions can also 
be simplified. If the pre-arm is prevented from 
forming at collision, the probe is maintained 
and can be used for timing the insertion of a 
"jam" arrow between the two dividing loops. 
The jam promotes erasure in the targeted loop 
and decav of both itself and the  robe. Its 
benefit is seen if one compresses the complete 
set of rules that describe colony growth by 
allowing the identity of certain cell neighbors 
to be ignored while contradictions are avoid- 
ed. Model UL6W8V originally required 33 
compressed rules for colony growth (1); use of 
the jam reduces this number to 23. The jam 
can be applied to the eight-state variants, 
but for the others, erasure is less elegant. 
However, erasure after collision is neither 
essential for colony growth nor necessarily 
desirable; if erasure is not demanded, the 
pre-arm and probe can simply decay upon 
collision. The fast seven-state system uses 
only 15 compressed rules for such colony 
growth. 

Mutabilitv can be conferred on these 
systems by incorporating the appropriate 
stochastic features. Small changes in the 
rule set can drastically alter such properties 
as generation time. 
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