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The ebjective-of this stady was to use a robust variance component method to analyse unipolar and bipsiar disorder in a
large Scottish extended family (n =168) in which linkage between markers and disease has been previeusly reported on the
short arm of chromesome 4. Data consisted of diagnosed clinical uni- or bipelar disorder on 143 individuals, with
microsatellite marker information on 109 of these individuals. The incidence of unipolar and hipolar disorder in the family -
was 17/143, and 11/143, respectively. Eleven linked markers on chromosome 4, spanning a region of approximately 26 ¢M,
were used in the analysis. The statisiical analysis was performed in two steps. First, pairwise identify-by-descent (IBD)
coefficients for all individuals in the pedigree were calculated at 1 cM intervals, using all marker data simultaneously, with
a Monte Carle Markov Chain algerithm. Second, the variance in the trait of interest was partitioned using residual
maximum likelikood (REML). Three components of variance were estimated: (i) a genetic compeonent associated with the
average relationship between individuals using the numerator relationship matrix, (if) a genetic compenent asseciated with
a chromoseme location using the estimated IBD coefficients, and (iii) a residual component. The test statistic (LOD score)
was calculated from the maximum likelihood of the full model, fitting all three variance components, and the maximum
likelihood value from the reduced model, fitting a polygenic and residual component. The fargest LOD scores (maximum
LOD = 5.9}, were found in a region spanning about 10 ¢M, when the trait was defined as the occurrence of either uni- or
bipolar disorder. The putative QTL explained about 25% of the total variation in the trait. € 1999 Lippincott Williams &
Wilkins.
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scans have been somewhat controversial, because of

INTRODUCTION ) . )
' the lack of confirmation of putative genome regions

Most psychiatric disorders fall into the category of
‘compiex traits’, i.e. traits which are influenced by
multiple genefic loci and by non-genetic environ-
mental factors, when we seek to understand the
incidence and variation of disorders between and
within populations. Understanding the underlying
genetics of complex traits is difficult because there is
no direct correspondence between genotype and
phenotype, and so individuals cannot be divided into
genotypic classes. However, with a large enough
number of individuals with phenotypic records and
pedigree information, the genetic contribution to
individual variation can be estimated. With the
addition of genefic marker information, linkage
analyses can be employed to search for genome
regions which are co-segregating with disorders in
families. However, published results from genome
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affecting disorders in other populations (Risch and
Botstein, 1996). It was suggested by these authors

‘that the lack of success of finding trait loci for

psychiatric disorders was due to the publication of
results with large false positive rates, because of the
methodology used to detect linkage, and the inher-
ently complex nature of psychiatric disorders.

For complex traits, results from linkage analysis
are not robust to violations of assumptions regarding
the putative genetic model (e.g. dominant, recessive,
or additive loci) and the specification of the
penetrance function (Almasy and Blangero, 1998).
Recently, there has been a renewed interest in
variance-based methods to detect quantitative trait
loci (QTLs) for somplex (quantitative) traits in
outbred populations (Amos er al., 1990; Xu and
Atchley, 1995; Comuzzie ef al., 1997; Duggilari et al.,
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1996; Grignola ef of, 1996; Almasy and Blangero,
1998). These methods do not specify any particular
genetic model (in terms of gene action or number of
foci influencing trait variation) for the trait under
consideration, but look for regicns of the genome
which explain a significant amount of the phenotypic
variation in the trait. The locations on a chromosome
{(or genome) which explain a significant amount of

. wvariation are then our best estimates for the locations

of QTI. Variance-based methods, like regression-
based sib-pair methods, are generally robust to
violations of assumptions (e.g. Almasy and Blangero,
1998). The objective of this study was to anaiyse data
on unipolar and bipolar disorder in a large Scottish
extended family {n = 168) in which linkage between
markers and disease has been previously reported on
the short arm of chromosome 4 (Blackwood et al.,
1996), using a variance component method. In the
previous analysis, which assumed that any genetic
component was due to a single locus with incomplete
penetrance, a two-point LOD score of 4.1 was
reported for marker D45394 (Blackwood et al., 1996).

METHODS

Data

Phenotypic data (absence or presence of uni- or
bipolar disorder) on a large family was used,
consisting of 143 records and 168 individuals in the
pedigree. The incidence of the disorder was 17/143
(unipolar), 11/143 (bipolar), and 28/143 (uni- or
bipolar).,

A linkage group of 11 markers, spanning 26 cM,
was used to calculate multipoint pairwise identity-by-
descent (IBD) coefficients. These markers were a
subset of those used by Blackwood ef /. (1996), and
were chosen because of strong suppert for their order
using the linkage package CRI-MAP (Lander and
Green, 1987). In addition to the marker genotype
validation carried out by Blackwood er al. (1996},
marker genotypes were checked for unlikely double
crossovers using CRI-MAP, and set to ‘unknown’ if
these occurred. The set of ordered markers and their
relative distances are shown in Table 1.

Modetl

A simple linear model was assumed for all traits
investigated. Traits were scored as 0 or 1 (absence or
presence, respectively), and defined as (i) absence/
presence of unipolar disorder, {ii) absence/presence
of bipoiar disorder, and (iii) absence/presence of uni-
or bipolar disorder. All subjects diagnosed with
bipolar disorder also met criteria for major depres-
sive disorder and this combined trait allows for the
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TABLE 1. Linkage map used to calculate iBD coefficients

Marker Distance (cM} Location (cM)

d4s431 0
1

d4s2366 1

. 1 .

d4s3007 2
2

dds394 4
8

d4s1582 12
1

d41599 13
1

d4s1805 14
3

dds1602 17
1

d4s403 18
4

d4s1567 22
4

d4s419 28

possibility that bipolar and unipolar iliness in this
family are presentations of the same disorder.

The aim of variance component analyses is to
partition the observed variation in the trait into
causes of variation. These causes can be of an
environmental or genetic mature. The variance
gstimation method used was restricted maximum
likelihood (REML: Patterson and Thompson, 1971;
Lynch and Walsh, 1998). This method is very similar
to maximum likelihood (ML), but takes account of
the loss in degrees of freedom due to fitted fixed
effects when estimating variance components. (In
essence, it divides a sum of squares by {N—1] if only a
mean is-fitted, and not by [N] as ML would do.) The
difference in variance estimates between ML and
REML is small if few fixed effects are fitted in the
maodel, relative to the total number of observations,
All analyses were done on the (/1 data, because there
is little evidence that fitting a generalized linear
model (rather than a simple linear model) improves
precision or power (e.g. Visscher ef al., 1996). For all
analyses, the maximum likelihood value was itera-
tively obrained using a dirvect search method.

Three different analyses were carried out for each
of the three traits. In each model, the oniy fixed effect
fitted was that of sex.

Polygenic modelf

This model allows us to determine the strength of
evidence for genetic variation for the trait within the
pedigree. Marker information is not required to fit



"DETECTING QTLS FOR UN§- AND BIPOLAR DISORDER

this model, Formally, we are assuming that the trait is
affected by a large number of independent loci of
small effect. However, this model is relatively robust
to the assumption concerning the number of loci and,
with sufficient data, should provide a good estimale
of the genetic contribution to variation even if only a
single locus is responsible. It is important to fit this
particular model, because the strength of evidence
for a QTL should be relative to it, 1.e. does a QTL
explain & significant amount of variance over and
above the amount of variance explained by fitting a
polygenic model?
In matrix notation, the first model is:

y=Xb+Zute (1

where y is the vector of observations, b is the vector
of fized effects, X is the incidence matrix linking
observations to the fixed effects, Z is the matrix
linking observations fo polygenic effects, v is the
vector of random polygenic effect and e is the vector
of random environmental effect. The assumed mean
and variance structure of the observation is:

E{yi=Xb
var(y) = V= ZAZ'c> + To>

with A the numerator relationship matrix (2.g. Lynch
and Walsh, 1998). In a non-inbred population, the
elements of matrix A are the expected proportion of
alleles that two individuals share IBD. Typical entries
in this matrix are 0.5 (parents and progeny, fullsibs),
0.25 (halfsibs), and 0.125 (first cousins). This model
fits the average genomic relationship between in-
dividuals, ignoring marker information. All relation-
ships between individuals in the pedigree are used in
the analysis, by fitting the numerator relationship
matrix, :

The results from this model are an estimate of the
heritability of the trait (h?%= o?/(02 + o)), and the
corresponding value of the maximum likelihood.
Note that this is an estimate of the heritability within
the pedigree or pedigrees analysed, not in the
population as a whole.

QTL mode!

in this model, we use marker information to
determine the strength of evidence that particular
genetic locations influence trait variation. The model
assumes that any genetic variation is solely due to the
location being examined (i.e. no Joci elsewhere
influence the trait). However, the model makes no
assumption about the relative contribution of this
genetic effect and environmental influences.

For genomic location i, the following model was
fitted:

y=Xb-+Zq+e {2)

where q is the vector of random QTL effects, with
variance and var(g) = Q. The matrix Qi was
estimated separately from the marker data. In this
model, the ‘realized’ relationship matrix at a parti-
cular location in the genome is fitted by using the
proportion of alleles which are identical-by-descent
(IBD) between any pair of individuals. For fully
informative markers and no missing nformation,
IBD coefficients are (4, 0.5, or 1. For exampie,
consider a smalt nuclear family, in which the father
has marker genotype 1/2 and the mother 3/4, with two
fullsibs also genotyped. If the sibs are 1/3 and 1/3,
then they share both alleles IBD, and their coefficient
in the matrix is 1. However, if one sib is 1/3 and the
other 2/4, their coefficient is 0. With missing data and
markers which are not fully informative, the elements
in the IBD matrix are estimates of the proportion of
alleles shared IBD between two individuals.

To estimate the IBD matrix using data from
multiple markers, both SIMWALK (Sobel and
Lange, 1996) and software based on Heath (1998)
and Heath and Thompson (1997) were used. These
programmes use Monte Carlo Markov Chain meth-
ods to estimate the IBD mairix conditional on all
marker information, and take by far the most
computing time for these analyses. Results from
using either package to calcujate IBD coefficients
were similar (results not shown), and only those
pertaining to the software by Heath (1998) are
presented. Marker allele frequencies are necessary
to distinguish between markers that are IBD and
identical-by-state (IBS), and that were determined by
considering only founders with marker genotypes.
For this estimation, founders were defined as
individuals having one or two parents with- missing
marker genotypes. This approach is likely to over-
estimate the popuiation frequencies of the marker
alleles found in affected individuals. Estimating
marker allele frequencies in this way could reduce
the statistical power slightly, by increasing the
probability that genome segments shared by affected
individuals are IBS, rather than IBD. IBD coeffi-
cients were also calcuiated assuming that all alieies at
any marker were at equal frequencies.

The results from this model are a ‘QTL heritability’
(h* = 0%/(a2 + 57)), i.e. the amount of variance within
the pedigree explained by a location on chromosome
4, and the corresponding maximum liketihood value.
Results from this analysis should be closest to those
from the published linkage analysis by Blackwood et
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al. {1996). Estimation of variance components was
performed at 1 cM intervals.

" Polygenic and GTL mode!

This model assumes that the genetic contribution to
the trait is due io the genomic region under
examination plus an unlinked polygenic effect. All
random components are fitted in the model, hence:

y=Xb-+Zu-+Zg+e (3)

For this analysis, both an average relationship matrix
and an IBD matrix were fitted. Estimates of the
polygenic heritability and QTL. heritability, and the
overall maximum likelihood value, are results from
this analysis.

Statistical tests

Since we obtain the maximum likelihood value for
each model, we can calculate a LOD score to test for
the presence of polygenic and QTIL, variation.
Corresponding to the three different models, we
used three different statistical tests: (1) test for
polygenic variation, by comparing the maximum
likelihood for the best estimate of the polygenic
heritability with the likelihood for h® = 0; (2) test for
QTL variation (h vs hi =0), and (3} test for QTL
variation over and above polygenic variation. Hence
we compared the likelihoods for a model with h? and
hZ (i.e. model 3) with a model fitting only h* (i.e.
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model 2). This is the most appropriate test for QTL
presence. For a single test at a particuiar genomic
location, the likelihood ratio test statistic (LRT) for
testing variance components is approximately dis-
tributed as a 50:50 mixture of a y* variable with 1
degree of freedom and a point mass at zero, under
the null hypothesis of a zero component (e.g. Almasy
and Blangero, 1998). The LOD score is calculated
from the LRT as LOD = LRT/4.6.

RESULTS

Figures 1-3 and Table 2 summarize the findings.
There is strong evidence for genetic variation for
unipolar disorder and uni- or bipolar disorder, with
{polygenic) heritabilities of 0.28 and 0.37, respec-
tively, These values are significantly different from
zero. There appears no evidence for polygenic
variance for bipolar disorder (h?® = 0.06).

There is very strong evidence for a QTL on
chromosome 4 affecting uni- or bipelar disorder.
The LOD aof 6.6 is larger than the values published
previously {Blackwood et al., 1996) for testing a QTL
variance v§ no genetic variance. Even when testing
the QTL variance relative to polygenic variance (test
3), the L.OD is still 3.7, pointing to significant QTL
variation, even after taking out polygenic variation.
The QTIL variance explaing ~30% of the total
variance, whether fitting a polygenic component or
not. ]

Unipolar

25

058 +

= OTL vs. no QTL
—S~QT L+polygenic vs. pofygenic

s}

(3.

6 0% 2 8 4 5 § 7 8B 9 40 111212 14 15 165 17 48 18 20 21 22 23 M 28 X

FIGURE 1, LOD scores for testing QTL variation for unipolar disorder on chromosome 4p.
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FIGURE 2. LOD scores for testing QTL variation for bipolar disorder on chromosome 4p.

There is less evidence for QTL variation for the
individual {unipolar, bipolar) traits. It appears that
the L.OD of 2.8 for QTL variance (test 2) for unipolar
disorder may be partially due to the polygenic
component, since there is no significant evidence
for QTL vartance when a polygenic variance 1s fitted
simultaneously. The situation for bipolar disorder is

the reverse: the LOD score when fitting 2 QTL is
hardiy affected by fitting a polygenic component.
The evidence for QTL activity for uni- or bipolar
disorder on chromosome 4 was stronger when it was
assumed that marker alleles were at equal frequen-
cies (Table 3, and Figures 4--6). There iz little
evidence for a QTL affecting unipolar disorder (test

Uni or Bipolar

[Rels]

——QTL vs. e QTL |
—=—Q7L+polygenic vs. potygenic |

cM

6 1 254 5 6 7 B 9§ 10 11 12 13 14 15 16 17 18 1% 20 21 22 23 24 26 26

FIGURE 3. LOD scores for testing Q7L variation for unipolar or bipolar disorder on chromosome 4p.
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TABLE 2. Parameter estimates from the variance compaonent
analyses

Trait  Analysis®  h®° h2° LoD Test
Unipolar | 0.28 16 ne =
disorder 4 0.19 24 h2 :ﬁ ‘
) ' q
1 0.12 018 0.6 h§ =0
Bipoiar | 0.06 0 he=g
disorder i 014 16 h? =
. . 2
W 0.00 0.4 15 ni=0
Uni- or ! 0.37 3.0 hZ=0
2!903? f 0.30 6.6 h2=0
[ -
soraer 000  0.29 37 hZ=0

2] Fitting polygenic component enly; i fitting QTL compe-
nent only; Hli; fitting both polygenic and QTL component
“Potygenic heritability.

“Heritability due to QL.

3, LOD = 1.3), but stronger evidence for a QTL
affecting bipolar disorder {LOD=2.3) and very
strong evidence for a QTL affecting either uni- or
bipolar disorder (LOD = 5.9).

DISCUSSION

Significant evidence for QTL activity was detected,
using a very different approach from the linkage

VISSCHER ET AL,

TABLE 3. Parameter estimates from the variance component
analyses, when equal frequencies for alleles for a marker are
used to estimate IBD coefficients

Trait Analysis®  hFP hze LoD Test
Unipotar { 0.28 16 h%=0
disorder i 017 2.8 h2=0
f 0.08 016 1.3 nZ=0
Bipolar | 0.06 0 h?=0
disorder i 012 24 hZ=0
n 0.00 c.11 2.3 hg =0
Uni-or 1 0.37 3.0 n?=0
2!90@ i 0.25 8.7 n2=0
507
ISOTARE ) 000 026 59 h2=0

21 Fitting polygenic component onty; it fitting QTL compo-
nent only; It fitting both polygenic and QTL component.
“Poiygenic heritability.

“Heritability dgue te QTL.

analysis used previousty (Blackwood ef al, 1996).
This is encouraging, since the method used is more
robust and makes fewer assumptions about the
genetic aetiology of the trait. The advantage of a
variance component methed is first that no genetic
model is assumed prior to the statistical analysis, and
second that the correct test for the presence of a QTL

Undpolar. Using equal marker allele fraquencies

05

—4—QTLvs. no QTL
== T, + potygenic va. polygenic

Q

oM

8 1 2 3 4 5 6 7 8 8 10 1% 12 13 14 15 46 17 18 19 20 21 22 23 24 25 26

!

SIGURE 4.1.0D scores for testing QTL variation for unipclar disorder, whenthe IBD coefficients are estimated,
assuming that all alleles for & marker have the same frequency on chromosome 4.
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Blpolfar. Using equal marker allele frequencies

Lob

-7 vs. 00 QTL
P=m— (T L+potypenic vs, polygenic

0 o=t

cit

0 1 2 3 4 6 & 7 8 © 10 1112 13 14 5 16 17 18 19 20 21 22 23 24 25 %

EIGURE 5. LOD scorss for testing QTL variation for bipolar disorder, when the IBD coefficients are estimated,
assuming that all alleles for a marker have the same frequency on chromosome 4p.

cen be performed, i.e. testing whether a chromosome
region explains variation in addition to the variation
which i associated with the average relationships
between individuals in the pedigree. Hence, the
variance compenent method can easily distinguish
between single gene effects and polygenic variation,

whereas this is not possible with a standard linkage
approach. Variance component methods have been
successfully used in detecting QTLs for obesity-
related traits in man (Duggirala er al,, 1996;°
Comuzzie et al., 1997), and milk production traits in
dairy cattle (Zhang ef al., 1998). Variance component

Uni or Bipolar, Using equal marker aliele frequencies

LOD

—=QTL Vs no QTL
—&~ Q7L + polygenic vs. palygenic

-

oM

6 1 2 3 & 5 6 7 8 8 10 4112 13 44 15 16 17 18 19 20 21 22 213 24 25 %

i

FIGURE 6. LOD scores for testing QTL variation for unipolar or bipolar disorder, whenthe IBD coefficients are
estimated, assuming that all alieles for a marker have the same frequency on chromosome 4p,
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models can easily include covariates and fixed effects,
such as age at onset and a cohort effect. Extension of
the methodology to muiltipie QTLs is relatively
straightforward (Almasy and Blangero, 1998).

Other random effects can also easily be incorpo-
rated into the linear model when using the variance
component method. For example, we fitted the
random effect of a common environment of fullsibs
in addition to fitting the polygenic effect. However,
the variance component for the common fullsib effect
was zero for all three traits. We also fitted a polygenic
effect after fitting the common environmental effect,
and that resulted in significant LOD scores for the
polygenic heritability (h*) for unipolar disorder
(LOD =3.9) and for uni- or bipolar disorder
{LOD =9.7). These results indicate that there is no

evidence to suggest that the variation between,

nuclear families within this large pedigree is due to
common environmental or within-family effects.

We have not produced any F-values to denote
significance of the statistical tests, because the data
{phenotypic and genotypic) used in our analyses are
very similar to that previously published (Blackwood
et al., 1996), so that we had prior information that the
region of chromosome 4 contained QTL activity. We
performed many multiple tests in our analyses: three
traits were tested for three models at 26 locations.
However the three traits are correlated, one of the
tests (that for polygenic variation) is independent of
location, and tests on different chromosome locations
are highly correlated, so that the total number of
‘independent’ tests from our analyses is likely to be
iess than 10 (say, two uncorrelated traits x two
statistical tests x two ndependent locations). In
practice, multiple tests need to be taken into account
when declaring significant QTLs, because otherwise
too many false positives would be reported (e.g.
Lander and Kruglyak, 1995). However, even for
complete genome scans the genome-wide threshold is
unlikely to be larger than a LOD of 4.0, so that our
reported results would be significant had they been
selected from a genome scan. When performing a
single test for the significance of a variance compo-
nent, a LOD of 3.0 is approximately significant at the
0.0001 ievel, and a LOD of 5.9 approximately at the
1077 level. If bipolar disorder is a more severe form
of unipolar disorder, the power to detect QTLs
should be larger if individuals are coded ‘affected” if
they suffer from either uni- or bipolar disorder. In
our analyses, there was much stronger evidence for
QTL activity for this combined trait than for unipoiar
or bipolar disorder separately. Blackwood et al.
(1996) reported the highest LOD score (4.1} for
linkage with Dbipolar disorder (using their narrow
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definition), although the broader definition used in
their analysis (unipolar or bipolar disorder) produced
a similar LOD score of 4.0 at the same marker. It is
not clear why Blackwood er al. (1996) detected a
chromosome location- affecting bipolar disorder,
when in the present analysis we find little evidence
of genetic variation for the narrow definition of
bipolar disorder. The difference may be that Black-
wood et al. (1996) coded unipolar disorder (and other
psychiatric diagnoses) as ‘unknown’ i their linkage
analysis of hipolar disorder, whereas we coded them
as ‘zero’ (i.e. absence of disorder) in our analysis. For
example, if two sibiings, one affected with bipolar
disorder and one affected with unipolar disorder,
share a common haplotype, the evidence for linkage
would be stronger if unipolar was coded as ‘unknown’
than if it was coded as ‘absence of bipolar’. In effect,
coding unipolar as absence of bipolar disorder would
be interpreted as evidence against linkage. Other
possibilities for the differences in the strength of
evidence for a region affecting bipolar disorder
between the two analyses are the assumption regard-
ing phenocopy rate and marker allele frequencies, To -
test the hypothesis that bipolar disorder is a more
severe form of unipolar disorder, we also looked at
an analysis in which no disorder was coded as ‘o,
unipolar was coded as ‘I’, and bipolar as ‘2. The
results from this study were very similar to the
analysis of the trait ‘presence of uni- or bipolar
disorder’; a LOD score of 5.2 for test 2 (QTL vs no
QTL) and 3.5 for test 3 (QTL plus polygenic vs
polygenic).

In the method, we use recombinations between the
markers, and a putative linked QTL or major gene is
accounted for in estimating the IBD matrix. None-
theless, any such recombination would result in part
of the variation caused by the major gene or QTL
being absorbed by the polygenic component. How-
ever, the data is from a single extended family and we
concentrated on a small region of the genome with a
relatively high marker density. Hence, we would not
expect much recombination to occur in this pedigree
between a marker on chromosome 4p and a QTL for
bipolar disorder in that region. By looking for & single
QTL (or major gene), the variation caused by
another {unlinked) gene with large effect would be
partitioned into any of the three variance compo-
nents (polygenic, QTL, residual), depending on the
IBD patiern of that gene versus the IBD pattern of
the chromosome 4 region versus the genome-wide
average IBD pattern. On average, we would expect
the variation of an unlinked QTL to be absorbed by
the polygenic variance.
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The region with the high LOD scores is relatively
large (>10cM), and on the basis of these analysis
more information is needed before fine mapping or
candidate gene approaches are undertaken. Maore
meioses are needed to fine-map the QTL on
chromosome 4. Additional markers would allow a
better estimation of IBD coefficients (by following
haplotypes through the pedigree), but are uniikely to
reduce the confidence interval around the QTL.

When analyses were - performed assuming that
alleles were at equal frequencies, the pairwise IBD
coefficients between all affected individuals were
estimated as 0.5 (results not shown), i.e. they share a
common haplotype (as in Blackwood et al., 1996).
For bipolar disorder, the LOD scores increase by
nearly one unit when fitting a QTL component
{Figure 5), to a maximum value of about 2.4. The
reason that the LOD score does not increase further
is due to incomplete penetrance or recombination,
because the IBD coefficients are calculated between
both affected and unaffected individuals for haplo-
type sharing. For the trait uni- or bipolar disorder,
the assumption of equal marker allele frequencies
means that the LOD scores are increased even
further (Figure.6). The LOD increases to a maximuin
value of nearly 9.0 for the test of genetic variation in
the linkage group or elsewhere on the genome {test
2), and to a value of nearly 6.0 for the evidence of the
presence of a QTL in the chromosome 4 region
(Table 3).

The power of the analysis could be increased
substantially if more families and more marker data
were available. More marker information should
provide more precise estimates of IBD coefficients
between members of the pedigree, and more families
should increase the power to distinguish between
polygenic variance and QTL variance. If there is a
strong polygenic component, it could easily mask the
detection of a QTL in linkage studies, and the
variance-based methods may therefore yield addi-
_ tional, previously undetected, QTL. Between-family
heterogeneity in genetic actiology of a trait isless of a
concern in variance component analyses than it is in
linkage analyses. For a particular genomic region, the
addition of families which do not have causative
polymorphism in the region to one or more that does
may dilute the evidence for a gene, but does not add
evidence against the presence of a gene in that
region, as it can in linkage analyses. In addition, two
OTL models can easily be accommodated in the
analysis, by including a third random effect in the
model. '

The calculation of maximum likelihood values for
several models allow the testing of several hypoth-

eses. Although we have shown results from only three
statistical tests, we could perform others. For
example the difference between the sum of the
LOD scores for tests 1 and 3 and the LOD for test 2
is a test for genetic variation ip addition to the
variation explained by the QTL. However, for the
present pedigree the values of this test are close to
zero (results not shown) and not significant at the
nominal 5% level, suggesting little remaiming genetic
variation after fitting the QTL. This is perhaps not
surprising, since the estimate of a poivgenic herit-
ability based upon a single extended family of size 168
is very imprecise, so that a likelihood ratio test is
unlikely to reveal a significant (small) variance
component. Information from multiple families
should improve the detection of a polygenic compo-
nent of variance. _

In conclusion, we have demonstrated that a robust
variance component method, which makes few
assumptions about the genetic model of uni- and
bipolar disorder, is appropriate 0 analyse data on
complex psychiatric traits in extended pedigrees. We
now plan to use this method fo investigate QTL
activity throughout the genome, using information
from multiple families.
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