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Inferring Mode of Inheritance by Comparison

of Lod Scores

David A. Greenberg

Mount Sinai Medical Center, Department of Psychiatry, New York

One usually must assume a mode of inheri-
tance when using lod scores for linkage anal-
ysis. In this study, we asked the question, “If
one assumed mode of inheritance in a linkage
analysis gives a higher lod score than another,
does that indicate that the mode of inheri-
tance that led to the higher lod score is more
‘correct’ than the other?”

We simulated data under a variety of pene-
trances, assuming either dominant or reces-
sive inheritance. We then analyzed those sim-
ulated data under the correct mode of
inheritance, assuming a range of penetrance
values, and under the incorrect model, also
assuming a range of penetrance values. We
found that, if there was enough information
for a maximum lod score of at least 3.0, assum-
ing the correct penetrance value or mode of
inheritance in the analysis led to a higher lod
score than assuming the incorrect penetrance
or the incorrect mode of inheritance. These
results cannot yet be generalized outside of
the specific modes of inheritance and pene-
trance combinations that we have modeled.
Also, penetrance was modeled as “random.”
The effect of “reduced penetrance” caused by
other genetic factors has not yet been tested.

We also tested the effect of non-standard
ascertainment on drawing conclusions about
mode of inheritance from linkage data. Even
when families were ascertained only if the
family was multiplex (i.e., more than one af-
fected sib), assuming the correct mode of in-
heritance gave a higher lod score than assum-
ing the incorrect mode of inheritance.

This method has the promise of both sim-
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plifying and expanding the application of
linkage analysis. The explorations reported
here are, however, preliminary, and the
method should be used with caution.
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INTRODUCTION

Recently, we have attempted to examine what effect
the origin of reduced penetrance has on linkage analysis
[Greenberg and Hodge, 1989]. We asked the question:
Does it make any difference to the linkage analysis
whether the “reduced penetrance” is the result of ran-
dom environmental factors or strictly genetic factors?
We found that, for the most part, linkage analysis will
give approximately correct results, in terms of estimates
of 8, the recombination fraction and Z, the maximum lod
score, whatever the cause of the so-called reduced pene-
trance. We also showed that the results of even a correct
segregation analysis cannot always be unambiguously
applied in a linkage analysis. For example, imagine that
it is possible to show unambiguously that a trait is the
result of 2 loci, one dominantly and one recessively in-
herited. If analysis is limited to single-locus linkage
programs, which mode of inheritance should one assume
for the trait in a linkage analysis? Both dominant and
recessive? How can one interpret the results? In fact,
linkage analysis is often done with little or no knowl-
edge of mode of inheritance.

In this work, we extend the previous study and at-
tempt to explore the question of how the results of link-
age analysis are influenced by reduced penetrance and
by mode of inheritance. These questions are usually
intractable when approached by analytical methods.
When analytic solutions are difficult or impossible, sim-
ulation offers a reliable way to try and obtain insight
into the effect that the assumed penetrance and as-
sumed mode of inheritance have on linkage analysis. We
simulate data under a variety of penetrances and differ-
ent modes of inheritance and then analyze those simu-
lated data under different assumptions of penetrance
and mode of inheritance in an attempt to observe
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whether the results of linkage analysis yield clues into
the actual mode of inheritance and penetrance. We come
to the conclusion that comparison of lod scores can yield
information about the mode of inheritance, information
that appears to be robust with respect to ambiguities in
ascertainment.

METHODS
The study involved the following steps:

(1) Simulate data with a given mode of inheritance
(either a single-locus recessive or a single-locus domi-
nant) and with a specified penetrance.

(2) Analyze those data under the same (correct) mode
of inheritance, but use a range of assumed (analysis)
penetrances. For each assumed penetrance value, deter-
mine the maximum lod score at the grid of values 8 =.01,
6=.05,0=.1,0=.2 0=.3, and 0= 4.

(3) Analyze the data under the incorrect mode of in-
heritance (i.e., not the mode of inheritance used to gen-
erate them), also assuming a range of penetrances.

We modified our well-tested simulation program
[Greenberg, 1984] to generate linkage data from nu-
clear families. Each family consisted of both parents and
2 or more offspring. Sibship sizes were determined ac-
cording to a well-specified distribution (mean=2.8,
o =2.3) [Cavalli-Sforza and Bodmer, 1971]. Ascertain-
ment was always through the offspring and followed the
classical model of Weinberg [1912] with the ascertain-
ment probability 7= 0.05. Thus, many families had only
one affected child. The simulated data were such that all
families were fully informative at the marker locus, that
is, all mating types were AB x CD.

We confined the simulation and analysis to dominant
and recessive inheritance. The computational time in-
volved for the generalized single-locus model (one pene-
trance for each possible genotype) is much greater, as is
the complexity in interpreting the results. We are cur-
rently investigating the more generalized case.

Data were generated under the assumption of a sin-
gle-locus dominant or a single-locus recessive model
with some fixed penetrance. Each genetically affected
person was determined to be penetrant or not on the
basis of a random number generator. Data were an-
alyzed using the program LIPED [Ott, 1975], which was
used without modification. Using LIPED as a “black
box” allowed us to thoroughly check that the simulation
was generating data as we specified and reduced the
possibility of programming error.

For each model, we generated data on 600 families and
analyzed these families in groups of 20—each group was
considered a “data set.” We felt that a data set size of 20
where all matings were informative was a fair represen-
tation of the amount of information in many published
linkage data sets. The results for each of these data sets
were then used to calculate the means and standard
deviations for the maximum lod scores.

The figure of 30 data sets per simulation run repre-
sented a compromise between the computer time re-
quired to analyze the data, the disk space available, and
the technical limitations of the operating system. All
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computations were done on a Microvax II with a float-
ing-point unit under the ULTRIX operating system.

ANALYSES

Relationship Between Actual Penetrance and
Assumed Penetrance

All recessive data were generated under a gene fre-
quency of 0.04 and all dominant data were generated
under a gene frequency of 0.01. The mating types at the
marker locus were always AB x CD. For each set of pa-
rameters used to generate the data (i.e., mode of inheri-
tance, penetrance, recombination fraction), we exam-
ined the results to see whether there was a relationship
between the generating penetrance and that assumed
penetrance that yielded the highest maximum lod score.
For example, if we generated the data under the assump-
tion of 60% penetrance, would a penetrance of 60% used
in the analysis give us a higher maximum lod score than
an assumed penetrance of 0.5 or 0.7? We analyzed the
data 10 times, each time assuming a penetrance of
either0.1,0.2,0.3 . . . up toa penetrance of 1.0. The gene
frequency was maintained at its correct (i.e., generat-
ing) value.

Relationship Between the Assumed Penetrance
and the Mode of Inheritance

In some cases, we used the incorrect as well as the
correct mode of inheritance for the analysis at each
assumed penetrance. When a dominant model was
assumed for the analyses, a gene frequency of 0.01 was
assumed, and when the analysis model was recessive,
the gene frequency was 0.04. (The actual (generating)
gene frequencies were 0.04 for recessive and 0.01 for
dominant.)

As discussed above, the 30 data sets were analyzed
assuming different penetrance values. We plotted the
mean maximum lod score values over the 30 data sets
against the assumed penetrance value to produce a plot
that, to avoid having to refer to the cumbersome “high-
est maximum lod scores,” we refer to below as the LVP
(maximum-lod-score vs. penetrance) curve. When we
refer to the highest or maximum LVP value, we mean
the point where the highest maximum lod score value
occurred on a given LVP curve.

RESULTS
Our results can be summarized as follows:

(1) The mean maximum lod score (over the 30 data
sets), as a function of the assumed penetrance, occurred
at or near the value of the assumed penetrance that
matched the generating penetrance, although the LVP
curve was usually fairly flat near the maximum.

(2) When comparing the maximum lod score vs. as-
sumed penetrance curves for the incorrect and correct
modes of inheritance, we observed that the curve with
the highest maximum lod score was always produced by
the generating (correct) mode of inheritance if that max-
imum lod score was above about 3.0.
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Fig. 1. Plot of the mean maximum lod score vs. the assumed pene-
trance for data generated under different assumed penetrances for the
recessive model. The data generated under each generating penetrance
were analyzed under 10 different values of the assumed penetrance,
those being 0.1 through 1.0 in steps of 0.1. Graph on the left: The
results plotted on a lod score scale. The number at the end of each curve
is the value of the generating penetrance. Graph on the right: The
same data as the left, but normalized to be on a scale from 0 to 1 to show
exactly where the maxima in the plots occur. For the sake of readability,
only the even-numbered penetrances are shown.

Figures 1 and 2 show the curves for the mean maxi-
mum lod score vs. assumed penetrance for the recessive
and dominant models, respectively. These data were
generated at © =0.01. Each point on each curve repre-
sents the mean maximum lod score for 30 twenty-family
data sets. The label on each curve (ie., 0.1, 0.2,
0.3,...1.0) represents the generating penetrance for
that curve. The abscissa of each curve is the value of the
penetrance assumed for the analysis. The ordinate on
Figures 1 and 2, left graph, shows the mean maximum
lod score resulting from the analysis of the 30 data sets
at the given assumed penetrance. The left graph of Fig-
ures 1 (recessive) and 2 (dominant) show the LVP curves
all plotted on the same maximum lod score scale. Since
plotting all the curves on the same scale obscures the
exact location of the maxima for those data generated
with the lower penetrances, we normalized the data for
each curve by dividing all of the data points for that
curve by the highest value for that curve. Thus, the
results for these normalized curves are always between
zero and one. In Figures 1 and 2, the right graph curves
are all plotted on this normalized scale to illustrate
where the maxima occur. (Only the even-numbered pen-
etrances have been plotted so as to make the graphs
more legible.) Table I gives the means and standard
deviations at the maxima for the curves shown in Fig-
ures 1 and 2, left graph. Notice that, to a good approx-
imation, the maxima occur at the generating value of
the penetrance. The analysis under the dominant model
could not distinguish between the different penetrances
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Fig. 2. Same as Figure 1, but for the dominant model.

as consistently as the recessive if the generating pene-
trance was less than 0.3. Notice also that the graphs for
the dominant are occasionally fairly flat around the
maxima. (There was also some computational difficulty
in assuming a penetrance of 1.0 for the analysis when
the data were generated with low penetrances. The sim-
ulation would generate impossible families under the

TABLE 1. Value of the Lod Score at the Maxima of the
LVP Plots for Each Generating Penetrance*

Analysis
penetrance
where highest
mean
Generating maximum Mean
Model penetrance occurred LVP+SD
Recessive 0.1 0.1 0.52+0.5
0.2 0.2 1.11+09
0.3 0.3 1.72+1.0
04 0.4 2.156+1.4
0.5 0.5 2.74+1.3
0.6 0.6 336x14
0.7 0.7 4.93+2.0
0.8 0.8 6.33+2.0
0.9 0.9 7.36+2.6
1.0 1.0 9.07+2.4
Dominant 0.1 0.2 0.22+0.28
0.2 0.2 0.70+0.54
0.3 0.2 1.14+0.74
04 04 1.72+0.85
0.5 0.5 2.37+1.19
0.6 0.5 3.25+1.21
0.7 0.7 4.77+1.70
0.8 0.8 6.74+2.08
0.9 0.9 9.80+2.46
1.0 1.0 12.73+2.71

* Values reported in the last column represent the means and standard
deviations over 30 data sets of the maximum lod scores. These values
are the highest value of the LVP achieved after assuming a range of
analysis penetrances for each value of the generating penetrance.
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assumption of complete penetrance. Hence, the missing
points at an assumed penetrance of 1.0 in Fig. 2.)

Plotting the means conceals the fact that there was a
great deal of variation between data sets. Figure 3 shows
the plots for four individual data sets where the model
was recessive, the generating penetrance was 0.6, and ©
was 0.1. (These 4 data sets were not chosen as represen-
tative of most data sets, but rather to show how much
variation was observed.)

Having demonstrated that there is an apparent rela-
tionship between the actual penetrance and the as-
sumed penetrance that gives the highest LVP, we then
tested what effect the assumption of the mode of inheri-
tance has on the relative value of the lod score. Specifi-
cally, the question we asked is as follows: If we generate
data under a specified mode of inheritance and a spe-
cified penetrance, is there any assumed (analysis) pene-
trance that, when used with the incorrect mode of inher-
itance, will give a higher LVP than the correct mode of
inheritance?

We generated data under a recessive model with a
generating © =0.1 and a penetrance of 0.6 and analyzed
them assuming a range of penetrance values under both
dominant and recessive inheritance. Figure 4 shows the
mean LVP curve for 30 data sets analyzed under both
the recessive and dominant models. These results show
that, on the average, assuming the true mode of inheri-
tance led to higher lod scores than the incorrect mode of
inheritance at every value of the penetrance.
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Fig. 3. Four curves illustrating the variation seen in individual data
sets (20 families per data set). These examples were generated under a
recessive model with 60% penetrance and 6=0.1.
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Fig. 4. Plot of data generated under a recessive model with 60%
penetrance and © =0.1 and analyzed under the full range of assumed
penetrances under both dominant and recessive models. The means are
over 30 data sets of 20 families each.

Figure 5 shows the LVP curve for data generated
under a dominant model, and analyzed under both dom-
inant and recessive. The data were generated under a
dominant with 40% penetrance and O equal to either 0.1
or 0.01. Note how much the separation between the
curves for the correct and incorrect model increases
when the data are generated with O equal to 0.01 as
opposed to a © of 0.1—i.e., when there is more informa-
tion in the data set. We repeated this analysis, but with
a generating penetrance of 0.2 (not shown in the figure).
The patterns of results were the same, with the correct
assumed mode of inheritance and penetrance resulting
in slightly higher mean lod scores.

The mean LVP scores for the correct mode of inheri-
tance were higher than for the incorrect mode of inheri-
tance. However, for some individual data sets generated
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Fig. 5. Like Figure 4, except for the dominant model. Here, the
generating penetrance was 40%, and the generating © was either 0.1 or
0.01. Note how the difference between the dominant and recessive
curves increases when the generating © goes from 0.1 to 0.01. Note also
how the dominant and recessive curves cross at the assumed pene-
trance of 0.9 when the generating © is 0.1.
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under the recessive model, the maximum LVP under the
assumption of dominant inheritance was higher than
the highest LVP under the correct model. We observed
that, out of 30 data sets generated under recessive in-
heritance with a penetrance of 0.6 and a recombination
fraction of 0.1, 11 had a highest LVP under dominant
inheritance rather than the correct recessive inheri-
tance. Those 11 data sets had maximum LVP values of
less than 3.0.

In contrast to the results under recessive inheritance,
when we generated data under dominant inheritance
with ©=0.1 and analyzed it under the assumption of
recessive inheritance, only one data set gave a highest
LVP value for the incorrect model that was higher than
for the correct dominant model. In that data set also, the
highest LVP value was less than 3.0.

We turn our attention now to those individual data
sets generated under recessive inheritance but that on
analysis gave the highest maximum lod score value
assuming dominant inheritance. As noted, the highest
LVP value for those data sets was less than 3.0. There-
fore, we hypothesized that in data sets with a large
amount of evidence for linkage, the maximum LVP
value for the correct model would always be greater than
for the incorrect model.

We tested this idea by increasing the evidence for
linkage in the data sets by 2 methods.

First, we generated data using the recessive model
and a penetrance of 0.6 but with a recombination frac-
tion of 0.01. We produced the LVP plots under the as-
sumptions of both dominant and recessive inheritance.
In contrast to the 11 data sets that showed the LVP for
the incorrect dominant being higher than for the correct
recessive when O was 0.1, only 2 data sets showed such
results when © was 0.01. Again, for both of those data
sets, the highest maximum lod score was less than 3.0
(2.8 and 1.9), and the LVP for both models in those 2 data
sets were approximately equal. For most data sets, the
difference in the maxima between the dominant and
recessive models was approximately 2 lod score units.

Second, we changed the ascertainment method for the
data. For the runs thus far discussed, families were
ascertained according to the classical model of Weinberg
[1912], and the ascertainment probability was set at .05.
Ascertainment is usually irrelevant for linkage anal-
ysis if one is estimating only recombination fraction and
all other model parameters are known. However, we are
trying to determine whether a simple comparison of lod
scores for different models gives sufficient information
to make inferences about one mode of inheritance being
more likely than another. We wanted to test the effect of
biasing the ascertainment in favor of multiplex families.
To test this, we ascertained only those families that had
2 or more affected offspring. In addition to testing
whether ascertainment has an impact on the differences
in the lod score between models, this experiment also
has the effect of enriching the data set for linkage anal-
ysis, so that higher lod scores result.

Figure 6 shows the LVP plot for the means over the 30
data sets under the assumptions of dominant and reces-
sive inheritance. Data were generated under a recessive
mode with 60% penetrance and © =0.01. The separation
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between the curves for the recessive and dominant
models is about 6 lod score units. The results of these
runs showed that all data sets produced LVP curves
where the correct mode of inheritance (recessive) pro-
duced maxima that were higher than the incorrect
(dominant) mode of inheritance. In fact, in all 30 data
sets, all points (not only the maxima) on the LVP curve
for the recessive were higher than all points for the
dominant. The separation between the curves for the
individual data sets ranged from 5 lod score units to 10
lod score units.

DISCUSSION

The conclusion one can draw from these simulation
experiments is that, at least under the specific circum-
stances investigated here, one can apparently make in-
ferences about the mode of inheritance and penetrance
from a simple comparison of lod scores. Furthermore,
from our limited results, it appear that those inferences
about mode of inheritance may not be subject to ascer-
tainment bias, or not to the same extent as in segrega-
tion analysis. What is not clear is how general the val-
idity of these results is. While we observed that the
maximum LVP occurred near the correct penetrance, it
did not necessarily occur at the correct penetrance. Also,
while we did examine the most often assumed models,
that is, dominant and recessive with reduced pene-
trance, that does not, of course, exhaust the possible
models that can be assumed. It does, however, cover
those models most frequently assumed in linkage anal-
ysis. It is also noteworthy that Clerget-Darpoux et al.
{1986] found in a theoretical study that misspecifying
the penetrance in general leads to, “. . . a slight under-
estimate of the lod score.” The current study shows that
one can estimate the penetrance by maximizing the lod
score.

Another important caveat about the above results
concerns the origins of the “reduced penetrance” that we
assumed. The reduced penetrance used here was ran-
dom reduced penetrance: each person with the disease
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Fig. 6. Like Figure 4 except families were ascertained only if there
were two or more affected family members. Data were generated under
a recessive with 60% penetrance and © =0.01. Note that the scale on
the ordinate is very different from that on Figures 4 and 5.
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genotype had the same probability of being phe-
notypically affected. So-called reduced penetrance can
also be the result of genetic factors. In such a case, the
probability of a person with the disease genotype at the
linked locus being phenotypically affected is not random
but is influenced by another locus or loci. Preliminary
work (Greenberg, in preparation) indicates that when
data come from a trait that is the result of the epistatic
interaction of two loci, then it appears that so-called
“penetrance” (whatever meaning the term might have
in such a case) may not be reliably estimated.

It would be of enormous help in genetic analysis if,
once a linkage is found, we could easily and simply use
that linkage information to get information about the
mode of inheritance. The results of the correct work
strongly suggest that, at least in cases where the situa-
tion is not clouded by questions of heterogeneity, one can
draw inferences about the mode of inheritance from the
lod scores.

One of our most interesting results concerns the effect
of ascertainment on inferring mode of inheritance from
linkage results. We tested the case where only those
families were ascertained that had 2 or more affected
offspring and found that the correct mode of inheritance
(in this case, recessive) gave a much higher lod score
than the incorrect dominant. If one tried to carry out a
standard segregation analysis on such a data set with-
out taking into account the fact that only multiplex
families were ascertained, the results would be mean-
ingless. Even more problematic would be a situation in
which ascertainment was in some way quadratic [Ewens
and Shute, 1986], that is, where the probability of ascer-
tainment increased as the square of the number of af-
fected sibs. In that case, the bias would be even worse.
Since ascertainment can be an extremely complex and
subtle issue in many cases, unconscious-biases in sam-
pling can easily occur [Greenberg, 1986]. It would be
extremely useful if we could use linkage analysis to gain
information about the mode of inheritance without hav-
ing to worry about ascertainment.

It has become increasingly apparent that the question
of ascertainment bias correction is a major problem in
segregation analysis [Greenberg, 1986; Ewens and
Shute, 1986]. The problem is especially apparent where
common diseases and diseases with ambiguous pres-
entation are concerned or where a medical study seeks
out or ascertains patients in a way that is difficult or
impossible to express analytically in a likelihood equa-
tion [Greenberg, 1986].

Our results also point out the practical consideration
that an incorrect segregation analysis could have signif-
icant consequences for the linkage analysis. For exam-
ple, if families in which a disease is segregating are
ascertained in a way that is not corrected for properly in
the segregation analysis, the results of the segregation
analysis could indicate the incorrect mode of inheri-
tance. Our current as well as previous results [Green-
berg and Hodge, 1989] show that, under such circum-
stances, a linkage analysis under the incorrect mode of
inheritance may mask the existence of linkage, whereas
an analysis under the correct model could give a signifi-
cant maximum lod score. It is probably true that with
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enough data, linkage will be confirmed even under the
incorrect model. But a great deal more investment of
time and resources would be needed for that confirma-
tion. At the same time, one must bear in mind that our
results indicate that no conclusions should be drawn
about the mode of inheritance until the maximum lod
score is at least above 3.

It appears that one can also gain some idea of the
penetrance, provided that the evidence for linkage is
unambiguous. Again, it must be borne in mind that all
the simulations done in this work used random pene-
trance to generate the data. In Greenberg and Hodge
[1989], data were generated using both randomand non-
random (i.e., genetic) “reduced penetrance.” °

Of course, it is valid to estimate the penetrance by
maximizing the likelihood as a function of the pene-
trance [see, for example, Ott, 1985], and this has been
implemented in several computer programs (PAP
[Hasstedt et al., 1979], MENDEL [Lange et al., 1987)).
However, we maximized the lod score. The difference
between the lod score and the likelihood is that the log
likelihood at © = 0.5 is subtracted from the log likelihood
at the test © to produce the lod score.

We must urge caution in using this method with ac-
tual data. As mentioned above, there is at least one
specialized circumstance in which one apparently can-
not reliably estimate penetrance. There may be other
such circumstances, especially as there are a plethora of
ways of trying to collect data. Another caveat is that
these calculations were done using only nuclear fami-
lies. What the results will be when large pedigrees are
used is still unknown. Therefore, investigators must
exercise great caution in trying to draw conclusions
using this method when using real data. Only the kinds
of models and conditions that have been explored here
should be used, and even then, results should be inter-
preted cautiously.

It must be emphasized that we worked with lod scores,
not likelihoods. We worked with lod scores rather than
likelihoods because of our work on the effect of the ori-
gins of reduced penetrance on linkage analysis [Green-
berg and Hodge, 1989]. That work first caused us to
think that differences in lod scores between different
assumed modes of inheritance could indicate the more
favorable model.

As noted in the “Methods” section, when we did the
analyses, we kept the gene frequency fixed at the correct
value and varied the penetrance. Therefore, for all pene-
trances except the “correct” (or generating) penetrance,
the prevalence was incorrect in the analyses. We tested
the effect of this on the analyses by fixing the gene
frequency at each assumed penetrance used in the anal-
ysis such that the prevalence was at the correct value for
all analyses. We tested this for the recessive model at a
penetrance of 0.6. The highest LVP still occurred at the
correct penetrance.

Other investigators have suggested doing combined
linkage and segregation analysis [Risch, 1984; Hasstedt
et al., 1979]. These approaches are theoretically better
than the approach that we are exploring here, but they
require that we know how the families were ascertained.
The problem is that the difficulties and ambiguities in
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segregation analysis would not disappear. Wrong as-
sumptions in the segregation analysis could contami-
nate the linkage analysis. One must also consider the
increased number of parameters that must be intro-
duced in such an analysis. Ewens and Shute [1986] have
also described an assumption-free method of correcting
ascertainment bias. This method is most effective when
one has established a linkage. From our results, it would
appear that, if one can draw inferences directly from the
linkage analysis, there may be no need to be concerned
about the ascertainment at all, although this conjecture
requires more research.

In this work, we started with the idea of simply explor-
ing the relationship between the actual penetrance and
the assumed penetrance in a linkage analysis and were
led to test whether one could draw inferences about the
mode of inheritance directly from comparisons of the
maximum lod scores for different models. The method
that we are exploring appears crude, yet its simplicity is
compelling. Our armamentarium of methods in genetic
analysis is not extensive, and both the robustness and
limitations of those methods are relatively unexplored.
We believe that the apparent relationship between the
mode of inheritance and the results of linkage analysis
may give us more power to draw inferences about inheri-
tance. It is possible that by first comparing the relative
lod scores under different assumed modes of inheri-
tance, one could improve segregation analysis by “feed-
ing back” the linkage analysis results in such a way that
the ambiguities of the segregation analysis—arising
from possible heterogeneity, questionable ascertain-
ment, or unknown penetrance—could be examined.

It remains to be determined how useful comparing
LVPs may be for more complex modes of inheritance,
such as an intermediate one. This could be a genetic
model where the homozygote is fully penetrant but the
heterozygote has a penetrance of only 50%. However, our
results are consistent with the expectation that such a
model, if it were the correct one, would yield a higher
maximum LVP than either dominant or recessive, with
the position of the dominant and recessive curve relative
to each other depending on the actual value of the pene-

trance for the heterozygote. We are in the process of
examining more complex modes of inheritance. The
computational task of testing the intermediate model is
much more time-consuming than testing the simple
Mendelian models.
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