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The nosology of major psychoses is challenged by the findings that schizophrenia (SZ) and bipolar disorder
(BP) share several neurobiological, neuropsychological and clinical phenotypic characteristics. Moreover,
several vulnerability loci or genes may be common to the two DSM disorders. We previously reported, in a
sample of 21 kindreds (sample 1), a genome-wide suggestive linkage in 13q13–q14 with a common locus
(CL) phenotype that crossed the diagnostic boundaries by combining SZ, BP and schizoaffective disorders.
Our objectives were to test phenotype specificity in a separate sample (sample 2) of 27 kindreds from
Eastern Quebec and to also analyze the combined sample of 48 kindreds (1274 family members). We
performed nonparametric and parametric analyses and tested as phenotypes: SZ alone, BP alone, and a CL
phenotype. We replicated in sample 2 our initial finding with CL with a maximum NPLpair score of 3.36 at
D13S1272 (44 Mb), only 2.1 Mb telomeric to our previous maximum result. In the combined sample, the
peak with CL was at marker D13S1297 (42.1 Mb) with a NPLpair score reaching 5.21, exceeding that
obtained in each sample and indicating consistency across the two samples. Our data suggest a
susceptibility locus in 13q13–q14 that is shared by schizophrenia and mood disorder. That locus would be
additional to another well documented and more distal 13q locus where the G72/G30 gene is mapped.
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Introduction
In the last decade, converging genetic linkage results for

schizophrenia (SZ) and bipolar disorder (BP) have accumu-

lated despite the complexities of the two disorders.

Although family studies suggest little co-aggregation of

SZ and BP,1 an observable trend is that many of the genetic

vulnerability loci may be shared by SZ and BP, which

challenges the traditional Kraepelinian dichotomy and

current nosology.2 – 8 This trend is congruent with the

observations that BP and SZ share early in life,9,10 and later

on,11,12 several phenotypic features encompassing the

neurobiological, neuropsychological and clinical domains.

Seemingly in contrast with the evidence of genetic

influences crossing the SZ and BP DSM boundaries, a

second emerging pattern of findings suggests distinct

subgroups within the SZ or within the BP diagnosis, such

as the negative symptoms and of SZ found associated with

a 6p locus,13,14 or the psychotic BP subtype with a 16p

locus or 13q21–q33.15 – 17 Research may have to reconcile
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these apparently contrasting bodies of data, one toward

commonality and the other toward specificity.

We have already reported genome-wide significant

linkage findings pertaining to both SZ and BP6 and the

commonality of some of these loci has been replicated in

other populations such as in 15q26.18 Chromosome 13q is

a good candidate for possible commonalities. First, as

shown in Figure 1, 11 linkage and two genome-wide

association studies (GWA) provided linkage and association

signals for SZ19,20 on this chromosome, and 12 linkage and

two GWA studies for BP.21,22 One meta-analysis3 confirmed

linkage for SZ although another did not.23 Concerning BP,

one meta-analysis confirmed linkage in 13q3 but two

others did not.24,25 Studying concurrently SZ and BP

kindreds12,26 permits to test directly for loci shared by the

two disorders and we formerly reported a genome-wide

suggestive linkage in 13q13–q14 for both SZ and BP.6

Second, the sites of maximum linkage from the different

studies span more than 70 Mb on 13q, raising the

possibility that 13q may contain more than one suscept-

ibility gene, such as one in 13q13–q14 and another in

13q21–q33. Third, a meta-analysis of 10 association

studies (seven in SZ, two in BP, one in both) of the

G72-DAOA/G30 complex, mapped telomeric on 13q33,

yielded a significant association of G72/G30 with SZ and a

suggestive evidence for BP.27 Fourth, the NIMH BP

Collaborative cohort provided a lod score of 2.99 with BP

having mood-incongruent symptoms in a long region from

Figure 1 Linkage and genome-wide association findings in chromosome 13q for schizophrenia (SZ) and bipolar disorder (BP). Linkage and
genome-wide association results from different studies are in dark black at the right. The markers analyzed in both samples and candidate genes are
indicated in light gray at the left. Lod: parametric lod score; NPL: nonparametric lod score; NARG1L: NMDA receptor regulated 1-like; TNFSF11: tumor
necrosis factor (ligand) superfamily, member 11; DGKH: diacylglycerol kinase, eta; LHFP: lipoma HMGIC fusion partner; G72/G30: D-amino acid
oxidase activator (DAOA).
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50 to 100 Mb on 13q21–q33, a zone also including the

G72/G30 gene complex.17

Therefore, further genetic studies of chromosome 13q

are warranted to elucidate the exact location of a single

susceptibility locus that could be shared by the two major

psychoses, or the presence of two loci that could be specific

to each. In the current study, we took advantage of

investigating both disorders within a single study using

homogeneous diagnostic, statistical and genotyping meth-

ods, which, to our knowledge, has rarely been attempted.

Following our results in 13q in a first kindred sample,6

we recruited a second sample of kindreds from the same

population to seek replication and also to use the increased

statistical power of the combined kindred samples to test

for the phenotypic specificity of linkage. The objectives

were (i) to replicate our 13q13–q14 suggestive linkage with

a primary attention to our common locus (CL) phenotype,

(ii) to look at the results in the combined sample, (iii) to

assess whether linkage would cross the boundaries between

SZ and BP.

Methods
Sample

Our first sample of 21 kindreds (sample 1) comprised 643

family members of whom 480 provided DNA sample and is

described in Maziade et al. 2005.6 We collected a second

sample (sample 2) from Eastern Quebec that consisted of

27 other multigenerational families of which 15 were

mainly affected by BP (o15% of the affected family

members had SZ), eight mainly affected by an SZ spectrum

disorder (o15% had BP) and four were mixed pedigrees,

that is, affected almost equally by SZ and BP. Sample 2

included 631 family members; 490 provided DNA samples

and 210 were affected with a BP or an SZ spectrum disorder.

The combined sample included 48 kindreds (15 SZ, 21 BP

and 12 mixed kindreds) comprising 1274 family members

of whom 970 provided DNA sample. The study was

explained to each family member and the signed consent

was reviewed by our University Ethics Committee.

Phenotype definition

A best-estimate lifetime DSM-IV diagnosis was made in

sample 2 with the same stringent procedure outlined in

previous reports.12,26,28.In brief, all available information

across lifetime from different sources (all medical records,

family informant interviews, personal structured inter-

view) was reviewed blindly by four research diagnosticians.

The board of diagnosticians also specified the presence or

absence of psychotic features in BP patients according to

DSM-IV. To test our hypothesis, we defined a narrow and

broad ‘common locus’ (CL) phenotype. The narrow CL

phenotype included BP narrow (see later), SZ narrow and

schizoaffective disorder (SAD). The broad CL definition

included the broad definitions of BP and SZ, in addition to

SAD. Our SZ narrow definition was restricted to SZ and the

broad definition included SZ narrow plus schizophreni-

form disorder and schizotypal personality. The BP narrow

phenotype was restricted to BP I and the broad definition

included BP I, BP II, and recurrent major depression.

Table 1 provides the number of affected subjects for each

phenotype definition.

As a secondary analysis, to test sub-phenotypes pre-

viously found associated with 13q (see Goes et al.17), we

defined a phenotype restricted to the BP subjects present-

ing psychotic symptoms without discriminating mood-

congruent or mood-incongruent symptoms, as we did not

have this distinction available.

Genotyping

From whole-blood cell or cultured immortalized lympho-

cytes, we extracted DNA using an affinity column (Blood

and cell culture DNA maxi kit; Qiagen). The location of

markers in megabases (Mb) was defined according to NCBI

human genome resource maps (Human Genome Build

36.3; http://www.ncbi.nlm.nih.gov/). We genotyped, in

sample 2, the same set of 13 microsatellite markers

originally genotyped in sample 1. These markers are

detailed in Figure 2. A semi-automated high-throughput

genotyping procedure using laser infrared automatic DNA

sequencers (Li-Cor, Lincoln, NE, USA) was used. PCR

primers were synthesized (Alpha DNA, Montreal, Canada)

after adding an M13 tail to the forward primer. Micro-

satellite genotypes were called automatically using the

software SAGA (LICOR). After automatic genotyping,

which was read blind to the phenotypes, manual editing

of the results was performed if needed. Mendelian

inheritance was checked using the computer software

PedCheck.29 Subjects who failed the Mendelian test were

reanalyzed completely, that is, from the PCR to the

genotyping. When Mendelian errors persisted, these

Table 1 Number of affected subjects for each phenotype
definition

Phenotypes

CL SZ BP

Narrow Broad Narrow Broad Narrow Broad

Sample 1 133 168 71 81 48 72
Sample 2 148 210 54 55 72 133
Combined 281 378 125 136 120 205

Abbreviations: SZ, schizophrenia; BP, bipolar; CL refers to the
‘common locus’ phenotype as defined in the Methods section. As
regards the secondary analysis with a BP-Psychotic narrow definition,
32 and 49 subjects were found affected in samples 1 and 2,
respectively. The BP-Psychotic broad definition included 40 and 59
subjects in samples 1 and 2, respectively. These subjects were added to
the SZ and SAD subjects to create a new CL (BP-psychotic) narrow and
broad definition including 117 and 125 affected subjects in samples 1
and 2, respectively.

Shared locus for major psychosis on 13q13–q14
M Maziade et al

1036

European Journal of Human Genetics

http://www.ncbi.nlm.nih.gov/


genotypes were discarded. Missing genotypes plus those

discarded reached less than 1% of the total sample for all

markers. Some 10% of blind replicates were also included

randomly among the DNAs for genotyping quality control:

the replication rate was 95%.

Statistical analysis

We performed nonparametric (or model-free) linkage

analyses, which do not require specifying a mode of

inheritance for the disease nor genetic parameters such as

the disease allele frequency and penetrances. Nonpara-

metric analysis consists of quantifying the extent of

identity by descent allele sharing among family members

and testing if it exceeds the expectation under the null

hypothesis of no linkage between the disorder and the

locus under analysis. NPLpairs and NPLall are two commonly

used nonparametric linkage (NPL) statistics. The NPLpairs

statistics is roughly the sum of conditional kinship

coefficients for all affected pairs, whereas the NPLall

statistics is a measure of whether a few founder alleles are

overly represented in all affected subjects. Both NPL

statistics are implemented in the Merlin30 (Multipoint

Engine for Rapid Likelihood Inference) and SimWalk231

packages, the latter being optimized to be able to estimate

Figure 2 NPLpair scores for the Common Locus (CL) phenotype on chromosome 13q from the nonparametric analyses using the Mega2 program
with the Merlin/SimWalk2-NPL option. The value reported on the y axis is the NPLpair score corresponding to �log10(P), where P is the P-value based
on 700 000 unconditional simulations (25). Markers identified in boxes are those at which linkage peaks were observed for each of the samples
(Sample 1, Sample 2 and the Combined Sample). All the markers analyzed are indicated along the x axis, which uses an Mb scale. Marker D13S325
could not be analyzed with the Simwalk2 program because of the small distance between D13S325 and D13S1297 (less than 0.1 cM;31). All 48
families of our total sample were found informative (ie, containing at least two affected subjects) for linkage under the CL phenotype definitions and
the number of affected subjects per family ranged from 2 to 17 and 2 to 26 for the narrow and broad definitions, respectively.
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multipoint scores in large pedigrees by employing a

Markov Chain Monte Carlo (MCMC) algorithm.

We used the Mega2 program32 (Manipulation Environ-

ment for Genetic Analyses) with the Merlin/SimWalk2-NPL

option. This permits to combine the exact NPL statistics

calculated by Merlin in the smaller pedigrees with the

statistics approximated by Simwalk2 on large pedigrees, to

produce an overall NPL statistics. We herein report NPL

scores defined as the �log10(P) of this NPL statistic, where

P is the P-value.

Even with its efficient MCMC estimation algorithm, the

analysis with SimWalk2 of a few of our extended pedigrees

(involving more than 20 affected subjects) turned out to

consume excessive time if analyzed with the entire set of

13 markers on chromosome 13. So we created two

‘windows’ of 8 and 7 markers, respectively, with two

overlapping markers.

Parametric (or model-based) linkage analyses were also

performed using both a dominant and a recessive mode of

inheritance with the age-dependent penetrance values

used in sample 1.6 The exact parameter values were

provided in Maziade et al. 2002.33 Both models took into

account the uncertainty of diagnosis by increasing the

phenocopy rate in liability classes corresponding to

‘probable’ or ‘possible’ diagnoses (see Ott34). For each

mode of inheritance, the analysis was first carried out with

affected and unaffected subjects and then repeated by

considering only the affected family members to allow for

the presence of a few disease gene carriers who had not yet

expressed the disorder (referred to as the ‘affected-only’

affection-status type). Hence, for each phenotype defini-

tion, four models were tested resulting from the combina-

tion of the two modes of inheritance and affection-status

types. Multipoint parametric lod scores were calculated

using the FASTLINK version35 of the LINKAGE programs.36

Given the large size of our pedigrees, four-point analyses

were performed (one disease gene plus three markers), each

marker being analyzed with its telomeric and centromeric

adjacent markers.

Statistical thresholds

We reported the results separately for sample 1 and sample 2,

and also in the combined sample merging samples 1 and 2,

in which we optimally expected an increase in linkage

evidence. This allowed us to evaluate the contribution of

each sample to the linkage evidence provided by the

combined sample. We referred to the conventional criterion

of a P-value of 0.01 for claiming a replication in sample 2.37

This corresponds to a NPL value of 2.0 [ie, –log10 (.01)] and

to a parametric lod score of approximately 1.18, which

represents a likelihood ratio of 15.0 leading to a one-sided w2

statistics of 5.42¼2 ln (15.0)¼ w2
1,0.99. Given that two and

four analyses were performed for the nonparametric (NPLpairs

and NPLall) and parametric analysis, respectively, the con-

ventional criterion (P-value of 0.01) was divided by the

number of analyses to adjust for multiple testing.

For nonparametric analyses, this raised the threshold for

replication to a NPL of 2.30 [ie, –log10 (.005)]. For the

parametric threshold, this raised the lod score to 1.71, that is,

a likelihood ratio of 51.4 leading to a one-sided w2 statistics of

7.88¼ w2
1,0.9975.

Results
The most significant results from the nonparametric

analysis (Merlin-SimWalk2 analysis) are presented in Table 2

and illustrated in Figure 2. We clearly reproduced our

initial finding, as indicated by the maximum NPLpair score

with CL narrow in sample 2, of 3.36 (Table 2, Figure 2a) at

D13S1272 (44.0 Mb), a marker only 2.1 Mb distal to marker

D13S1247, which had formerly provided a genome-wide

suggestive signal in sample 1.6 Marker D13S1247 yielded a

NPLpair score of 2.62 in sample 1 and again an evidence for

replication in sample 2 with an NPLpair score of 2.83. In the

combined sample, the peak was at marker D13S1297

(42.1 Mb) with an NPLpair score reaching 5.21. Moreover,

this score exceeded the NPL score obtained in the

individual samples (NPLpair¼2.80 in sample 1 at

D13S1491, 37.5 Mb; NPLpair¼3.36 in sample 2, as men-

tioned above) thus increasing the overall linkage signal and

indicating a level of consistency across the two samples.

Overall, four markers spanning 6.5 Mb showed NPLpair

scores over three in the combined sample (Table 2). When

we used a 1-point drop in NPL score to define the

Table 2 NPLpair scores above 1.5 in the combined sample
(48 families) and the corresponding scores in each
individual sample (Samples 1 and 2) for the CL narrow,
SZ broad and BP narrow phenotype definitions

NPLpair scores

Sample

Phenotype Marker Map (Mb) 1 2 Combined

CL narrow
D13S1493 32.91 1.33 0.93 1.69
D13S127 34.76 1.64 1.18 2.18
D13S1491 37.46 2.80 1.27 3.18
D13S1247 41.86 2.62 2.83 4.76
D13S1297 42.09 2.61 3.31 5.21
D13S1272 43.98 1.78 3.36 3.63

SZ broad
D13S1491 37.46 2.50 0.82 2.62
D13S1247 41.86 2.14 2.07 3.46
D13S1297 42.09 1.53 2.53 2.98
D13S1272 43.98 1.96 1.67 2.93
D13S119 57.45 1.36 0.83 1.61

BP narrow
D13S1491 37.46 1.35 1.05 1.74
D13S1247 41.86 0.89 1.48 1.74
D13S1297 42.09 2.14 1.23 2.53
D13S1272 43.98 1.41 2.23 2.19
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boundaries of the support region,34 we obtained a region of

about 3 Mb between 40.3 Mb and 43.3 Mb.

The broad CL phenotype (Figure 2b) provided weaker

results than narrow CL. The SZ and the BP narrow

phenotypes (Figures 3a and c) provided NPLpair scores

above 2.5 in the combined sample, suggesting that the

results with the CL phenotypes described above truly

reflect the contribution of both disorders. The results

obtained with the NPLall analysis also reached the repli-

cation criterion: the maximum NPLall score was 2.47 in

sample 2 and 3.09 in the combined sample.

As a follow-up analysis, we tested a secondary phenotype

that was closer to that used in the NIMH cohort, along

their hypothesis that BP with mood-incongruent psychosis

Figure 3 NPLpair scores for the SZ and BP phenotypes on chromosome 13q from the nonparametric analyses using the Mega2 program with the
Merlin/SimWalk2-NPL option. The value reported on the y axis is the NPLpair score corresponding to �log10(P), where P is the P-value based on
700 000 unconditional simulations (25). Markers identified in boxes are those at which linkage peaks were observed in the combined samples. Marker
D13S325 could not be analyzed with the Simwalk2 program because of the small distance between D13S325 and D13S1297 (less than 0.1 cM;31).
The same map scale in Mb is used in all the sub-figures and the location of the markers is indicated for the SZ figures (a and b). For the SZ narrow and
SZ broad phenotypes, the number of informative families was, respectively, 33 and 35 and the number of affected subjects per family ranged from 2 to
11 for both phenotypes. For the (c) BP narrow and the (d) BP broad phenotypes, the number of informative families was, respectively, 26 and 28 and
the number of affected subjects per pedigree ranged, respectively, from 2 to 14 and from 2 to 25.
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might be underlain by genes shared by SZ and BP. We thus

excluded BP without psychosis and analyzed a phenotype

combining the SZþ SADþBP with psychosis. This did not

provide a better linkage signal as the maximum NPLpair

obtained in the combined sample at the same locus

(D13S1297) was only 2.7, a lower value than that obtained

before excluding BP without psychosis (not shown in the

figures).

The parametric analysis yielded results that were

congruent with the nonparametric ones. In summary, a

four-point maximum lod score (Zmax) of 3.09 was obtained

in sample 2 with CL narrow (D13S1247-0.059-D13S325-

0.029-D13S1297-0.150-CL), thus exceeding our replication

criterion of 1.71. In the combined sample, the CL

phenotype yielded a four-point lod score of 3.12

(D13S1247-0.059-D13S325-0.029-D13S1297-0.200-CL).

Both results were obtained with the recessive model and

affected-only affection status. Although the initial finding

in sample 1 was also obtained under the affected-only

analysis, the maximum had been observed with a domi-

nant mode of inheritance. Hence, given that the two

samples differed in their transmission model, misspecifica-

tion probably explains the observed stronger nonpara-

metric results.

Discussion
We had formerly reported a genome-wide suggestive

linkage in 13q13–q14 with our CL phenotype, combining

SZþBPþ SAD, in an initial sample of 21 kindreds. 6 We

now report that our CL phenotype was amenable to

replication in a separate sample of 27 kindreds. The present

findings of an NPL of 5.21 clearly suggest that 13q13–q14,

near the D13S1247–D13S1297 locus, contains one or

several genes underlying both mood disorders and schizo-

phrenia. Such level of evidence has rarely been reported for

a complex disorder and the enhancement of the linkage

signal provided by pooling samples 1 and 2 is also

unprecedented, as discussed in Mérette et al.15 Our findings

also suggest that extended families remain a powerful tool

for identifying chromosomal regions harboring suscept-

ibility loci for complex disorders. Moreover, our study

design, which consisted of ascertaining a second sample of

extended kindreds within the same population and

assessed with similar procedures has proved to be a

successful and powerful strategy for replicating previous

findings.

Our data in 13q13–q14 are compatible with two

possibilities: (i) there might be at that locus one gene

shared by SZ and BP, that imputes susceptibility to either SZ

or BP according, for instance, to a pleiotropic mechanism,

or (ii) two genes that is, one for SZ and one for BP. The

present susceptibility locus on 13q13–q14 is unlikely to be

the G72/G30 gene complex mapped about 60 Mb distally

on 13q21.33.27 This is congruent with Detera-Wadleigh

et al.’s review27 of 25 linkage studies of SZ or BP indicating

two potential zones of maximal linkage in 13q for either

disorder: one on 13q13–q14 (E40 Mb) and another on

13q21–q33 (E95 Mb). Over 45 genes of interest lie within

2 Mb of our peak region at D13S1247 and D13S1297,

among them the TNFSF11 and NARGIL genes. But most

relevant is the report of a recent GWA study of BP22

yielding its strongest and genome-wide significant result

with an SNP in the gene DGKH mapped exactly within the

present support linkage region (Figure 1). DGKH encodes a

key protein in the lithium-sensitive phosphatidyl inositol

pathway. Besides, it is also noteworthy that the suggestive

linkage signal obtained in 13q21–q33 in sample 2

(Figure 2) may sustain the presence of another locus in

that region.

Our data raise the question as to the exact phenotype

linked to 13q13–q14. Given that our CL phenotype offered

the best fit with the genotype, this suggested that a single

CL gene in 13q13–q14 imputes susceptibility to SZ or BP

according to, for instance, a pleiotropic mechanism.

Nevertheless, it remains possible that two genes lie within

13q13–q14, one for SZ and one for BP. Also, Goes et al.

200717 had a linkage signal with D13S785 located more

telomeric at 92 Mb, with a 2-LOD support interval span-

ning 46 Mb, using BP with mood-incongruent psychotic

symptoms. When BP without psychosis was included, the

linkage signal disappeared, which led Goes et al.17 to the

interpretation of a ‘psychosis gene’. By contrast, when we

excluded BP without psychosis, our linkage signal

decreased although the NPL remained at 2.7, which does

not exactly support Goes et al.’s17 formulation. At least two

explanations may be offered for this difference in results:

(i) we did not distinguish mood-congruent and mood-

incongruent symptoms in our sample, whereas Goes et al.17

used mood-incongruent psychosis only; and (ii) Goes

et al.’s17 findings may pertain to a different susceptibility

locus located more telomeric around 13q33 where the G72

(DAOA)/G30 gene is mapped.

The nature of our findings supports the presence of a

gene in 13q13–q14 that underlies schizophrenia, mood

disorder with and without psychosis. Hence, three patterns

of evidence seem to emerge from our studies and from

others, which may help to guide the genetic dissection of

major psychiatric disorders. A first group of genes would

be specific to subsets of SZ13,14,38 or BP15,39 – 41 patients.

A second group of genes, among them the G72/G30

gene,27 may be related to psychosis either present in the

BP or the SZ categories. A third group of genes (eg, the

present 13q13–q14 locus or the 15q26 locus18) would

overlap mood disorders (with and without psychosis) and

schizophrenia. These three patterns could help integrate

the concepts of commonality with that of heterogeneity in

the two DSM disorders and then help deciphering distinct

homogeneous subforms within the current nosological

entities.
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Our data also call for further study of the exact

endophenotype, pertaining to both SZ and BP that would

underlie the present linkage on 13q13–q14 and increase

our genetic understanding of the disease.42,43 In that

respect, in five SZ kindreds of Celtic origin that were

affected with language impairment or dyslexia, Bartlett

et al.44 observed a parametric multipoint lod score of 3.92

with that cognitive impairment in a region of 13q that may

overlap the present findings. As neurocognitive impair-

ments have been shown to be shared by patients with SZ or

BP,45 and their unaffected relatives,46,47 cognitive inter-

mediate phenotypes might help to investigate further the

mechanisms involved in chromosome 13q.42 Also, the

concurrent investigation of SZ and BP within the same

study may bring advantages to modeling the disease,

having in mind the probable joint implications of several

susceptibility genes and of epigenetic effects involving

environmental factors the nature and timing of which may

contribute to explain commonalities as well as specificities

in mechanisms underlying psychiatric disorders.10,48
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