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Likelihood Calculation Conditional on Observed
Pedigree Structure

To the Editor:
The article by Vieland and Hodge (1995) has addressed
the ascertainment problem from a theoretical point of
view and has commendably explained the difference be-
tween the true and the observed likelihoods for a set of
data. After pointing out the difference in the two like-
lihood expressions, they give an example, using a uni-
verse of sibships of size 3, to illustrate this difference.
Their figure 1 shows a tree diagram for calculating
LTRUE(v), and their figure 2 shows a tree diagram for
calculating LOBS(v). We should like to clarify that the
presence of figure 2 might mislead the reader, because
it is irrelevant under the stated conditions.

The true likelihood is conditional on being ascertained
and the true pedigree structure, whereas the observed
likelihood is conditional on being ascertained and the
observed pedigree structure. When the observed likeli-
hood LOBS(v) is computed, the sampling rule for the rel-
atives of the proband(s) is not taken into account and,
hence, is irrelevant. We therefore find the tree diagram
shown in Vieland and Hodge’s figure 2, meant to aid
the reader in the computation of LOBS(v), confusing.
However, Vieland and Hodge correctly indicate, below
the diagram, that the step from their level (ii) to their
level (iii) in the tree diagram is not governed by the
sampling rule and that the location of the probands
within the sibships is irrelevant. Since the investigator
constructs the likelihood conditional on the observed
pedigree structure (i.e., on or , where s is thes � 2 s � 3
observed sibship size in the example) with no allowance
given for the sampling rule, the second column of Vie-
land and Hodge’s table 1, which gives the probabilities
for LOBS(v), is more simply obtained as follows, without
referring to their figure 2.

First, there are three possibilities for a given subject:
(1) not affected ( ); (2) affected pro-probability � 1 � v

band ( ); and (3) affected nonprobandprobability � vp

( ).probability � v(1 � p)
When two sibs are observed, the first two entries of

the second column of Vieland and Hodge’s table 1 are,
where ,2D � 1 � (1 � vp)2

P(1 affected d ascertained)

� P(1 proband and 1 unaffected)/P(ascertained)

� 2vp(1 � v)/D ,2

and

P(2 affected d ascertained)

� P(2 probands, or 1 proband and

1 affected nonproband)/P(ascertained)
2� [(vp) � 2vpv(1 � p)]/D2

2 2� v [1 � (1 � p) ]/D .2

Similarly, when three sibs are observed, the last three
entries of the second column of Vieland and Hodge’s
table 1 are, where ,3D � 1 � (1 � vp)3

P(1 affected d ascertained)

� P(1 proband and 2 unaffected)/P(ascertained)
2� 3vp(1 � v) /D ,3

P(2 affected d ascertained)

� P(1 proband, 1 affected nonproband and 1

unaffected, or 2 probands and 1 unaffected)/

P(ascertained)
2� {6vp[v(1 � p)](1 � v) � 3(vp) (1 � v)}/D3

2 2� 3v (1 � v)[1 � (1 � p) ]/D3 ,

and

P(3 affected d ascertained)

� P(1 proband and 2 affected nonprobands,

2 probands and 1 affected nonproband,

or 3 probands)/P(ascertained)
2 2 3{ }� 3vp[v(1 � p)] � 3(vp) v(1 � p) � (vp) /D3

3 2� v [1 � (1 � p) ]/D3 .

We stress that the purpose of this letter is merely to
make the example presented by Vieland and Hodge
(1995) easier to understand and that it in no way de-
tracts from the main point of their paper—namely, that
the observed likelihood is correct for ascertained data
only in very special situations. As genetic epidemiology
moves—whether by segregation or linkage analysis or a
combination of both—away from the mere detection of
trait genes, toward the precise estimation of their effects
(e.g., in terms of relative risks or attributable risks), it
will be necessary, in order to obtain good parameter
estimates, to design studies for which the observed like-
lihood (which is what we can calculate) is as close as
possible to the intractable true likelihood. By under-
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standing how these two likelihoods may differ when we
ascertain large pedigrees, we can be guided toward sam-
pling and analytical techniques that minimize their dif-
ference (Elston 1995). Furthermore, current attempts to
locate, by model-based linkage analysis, genes under-
lying complex traits can be made more powerful by the
use of a realistic model for the genetic mechanism un-
derlying the trait phenotype. Clerget-Darpoux et al.
(1986) showed how the LOD-score profile may be af-
fected by misspecification of various genetic parameters,
leading to biased estimates of the recombination frac-
tion. In order to estimate the most appropriate trait mod-
els for linkage analysis, it is necessary both to allow for
familial correlations due to causes other than the locus
to be linked (Demenais and Lathrop 1993) and to take
proper account of ascertainment considerations. Linkage
analysis of multigenerational data allowing for residual
correlations is implemented in the program package
S.A.G.E. (1997), but only careful planning at the time
when data are collected (Elston 1995; Zhao et al. 1997)
will ensure that relevant likelihoods can be formulated.
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