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Objective: Family studies have suggested
that postpartum mood symptoms might
have a partly genetic etiology. The au-
thors used a genome-wide linkage analy-
sis to search for chromosomal regions
that harbor genetic variants conferring
susceptibility for such symptoms. The au-
thors then fine-mapped their best linkage
regions, assessing single nucleotide poly-
morphisms (SNPs) for genetic association
with postpartum symptoms.

Method: Subjects were ascertained from
two studies: the NIMH Genetics Initiative
Bipolar Disorder project and the Genetics
of Recurrent Early-Onset Depression. Sub-
jects included women with a history of
pregnancy, any mood disorder, and infor-
mation about postpartum symptoms. In
the linkage study, 1,210 women met cri-
teria (23% with postpartum symptoms),

and 417 microsatellite markers were
analyzed in multipoint allele sharing
analyses. For the association study, 759
women met criteria (25% with postpar-
tum symptoms), and 16,916 SNPs in the
regions of the best linkage peaks were
assessed for association with postpartum
symptoms.

Results: The maximum linkage peak for
postpartum symptoms occurred on chro-
mosome 1921.3-q32.1, with a chromo-
some-wide significant likelihood ratio Z
score (Z,z) of 2.93 (permutation p=0.02).
This was a significant increase over the
baseline Z, of 0.32 observed at this lo-
cus among all women with a mood dis-
order (permutation p=0.004). Suggestive
linkage was also found on 9p24.3-p22.3
(Z,x=2.91). In the fine-mapping study, the
strongest implicated gene was HMCNT
(nominal p=0.00017), containing four es-
trogen receptor binding sites, although
this was not region-wide significant.

Conclusions: This is the first study to
examine the genetic etiology of postpar-
tum mood symptoms using genome-wide
data. The results suggest that genetic
variations on chromosomes 1921.3-q32.1
and 9p24.3-p22.3 may increase suscepti-
bility to postpartum mood symptoms.

(Am J Psychiatry 2009; 166:1229-1237)

M ood symptoms and syndromes are common dur-
ingand after pregnancy and are potentially harmful to both
mother and infant. While genetic factors clearly influence
mood disorders in general, evidence for a genetic role spe-
cific to postpartum symptoms is less well-established, as
this area has been little explored. Postpartum depression
occurs in up to 10%-20% of mothers in the year follow-
ing delivery (1, 2). The risk for postpartum depression is
increased in women with a history of major depression (3,
4) and in women with a history of postpartum depression
following previous pregnancies (5, 6). Our group found
that approximately 20% of women with major depression
report depressive symptoms in the month following deliv-
ery (7). In women with bipolar disorder, postpartum mood
episodes including both depression and mania have been

reported at rates as high as 25%-50% (8); the specific risk
of postpartum psychosis, a syndrome resembling mania
with psychotic features, is 20%-30% (9-11), although it re-
mains unclear if prophylactic treatment lowers this rate.
We have shown that approximately 20% of women with bi-
polar disorder report significant mood symptoms within
a month of childbirth and that approximately 50% expe-
rience significant symptoms either during pregnancy or
postpartum (7).

A genetic basis for postpartum mood syndromes is
suggested by several studies. Family studies of postpar-
tum psychosis have supported a genetic susceptibility
to a postpartum trigger in bipolar disorder, as well as an
overlap in genetic factors predisposing to postpartum
psychosis and bipolar disorder (12, 13). Dean et al. (14)
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found a higher risk of postpartum mood illness in relatives
of probands with postpartum psychosis. Forty et al. (15)
showed that the trait of postpartum depression exhibited
familiality in pedigrees with recurrent major depression.
We have reported familial aggregation of postpartum de-
pressive symptoms in families with recurrent early onset
major depression and bipolar disorder (16, 17). There has
been one genome-wide linkage study related to postpar-
tum mood symptoms, narrowly focused on postpartum
psychosis (18). To date there has been no linkage study of
postpartum mood symptoms nor one focused on depres-
sive symptoms in this setting.

We therefore undertook a genome-wide linkage scan of
postpartum mood symptoms in pedigrees with major de-
pression or bipolar disorder. We made use of large genotyped
family sets available for both disorders through two collabor-
atives. We further had the benefit of data from genome-wide
association studies conducted by the collaborative groups,
with which we fine-mapped our linkage findings.

Method

Subjects

The data for this study was collected by two efforts, the NIMH
Genetics Initiative Bipolar Disorder project (NIMH-BP) and
the Genetics of Recurrent Early-Onset Major Depression study
(GenRED). Eligibility, ascertainment, and assessment procedures
for waves 3 and 4 of the NIMH-BP sample have been described
elsewhere (19, 20). Subjects from waves 1 and 2 were excluded
because complete information about peripartum symptoms
was unavailable. Families had a proband with bipolar I disorder
and at least one other sibling with bipolar I disorder or schizoaf-
fective disorder, bipolar type. After complete description of the
study, written informed consent was obtained. Family members
were assessed with the Diagnostic Interview for Genetic Studies
(DIGS) (21). This was combined with medical record and family
informant data to assign diagnoses based on DSM-III-R or DSM-
IV criteria. For the fine-mapping study, the sample included pro-
bands from the families plus unrelated bipolar I disorder cases
ascertained as part of NIMH-BP wave 5.

GenRED I was a family study for which methods have been
previously described (22, 23). Families were ascertained if the
proband and at least one sibling had early onset major depres-
sion. Early onset was defined as onset before age 31 in probands
and before age 41 in relatives. Written informed consent was ob-
tained after complete description of the study. The DIGS was em-
ployed and DSM-IV diagnoses were assigned. GenRED II (24) as-
certained unrelated major depression cases who had an affected
parent or sibling through assessment with the Family Interview
for Genetic Studies. For the fine-mapping study, major depres-
sion cases from the GenRED II sample were included along with
probands from the families.

We restricted our study to women who had a history of preg-
nancy and any best-estimate mood disorder diagnosis. Addition-
ally, we used responses from two sections of the DIGS interview
to determine whether women had postpartum mood symptoms.
One section queried: “Have you ever had any severe emotional
problems during a pregnancy or within a month of childbirth?”
Affirmative answers were classified as during pregnancy, both
during and after pregnancy, or after pregnancy. The second asked
whether the most severe depression occurred during or after a
pregnancy. Women were considered to have postpartum mood

1230

ajp.psychiatryonline.org

symptoms if they endorsed either of these two items for the time
period after pregnancy only.

For the linkage analysis, the majority of subjects reported being
Caucasian (92%), with a minority black (3%) or other/unknown
(5%). In the association analysis, 98.7% were self-reported as Cau-
casian. Ninety NIMH-BP subjects and 218 GenRED subjects were
included in both the linkage and association analyses.

Microsatellite Genotyping

The NIMH-BP families used in the linkage analyses were geno-
typed genome-wide in two waves (waves 3 and 4) at the Center
for Inherited Disease Research of Johns Hopkins (http://www.cidr.
jhmi.edu), as described previously (19, 20). We used PREST (http://
www.stat.uchicago.edu/~mcpeek/software/prest/) on the geno-
type data to verify reported familial relationships, UNKNOWN
(25) and/or PEDCHECK (26) to identify Mendelian inheritance
errors, and CRIMAP (http://compgen.rutgers.edu/multimap/
crimap/) to identify unlikely double recombinations. Data identi-
fied as potentially erroneous were deleted if unable to be resolved.
Similarly, the GenRED families were genotyped in two waves at
the Center for Inherited Disease Research, as described previously
(27). Error checking of the genotype data were performed using
RELCHECK and PEDCHECK (26, 28) to identify and remove Men-
delian inconsistencies and SIMPED (http://www.hgsc.bcm.tmc.
edu/genemapping) to exclude genotypes with an estimated prob-
ability of error exceeding 70%.

We combined the cleaned genotype data from the two NIMH-
BP waves and the two GenRED waves into a single dataset and
made a common genetic map with all available markers. The de-
Code genetic map was used as a framework (29), with interpola-
tion from Marshfield locations (http://research.marshfieldclinic.
org/genetics). Markers not available from either of these sources
were placed on the framework according to their relative physi-
cal position from the July 2003 assembly of the human genome
sequence (http://genome.ucsc.edu). We then interpolated their
genetic locations based on their physical position relative to the
nearest flanking markers with known genetic locations. For mark-
ers genotyped in multiple waves, we placed all instances of the
marker next to each other on the map with an intermarker dis-
tance of 0.01. There were 1,210 women from 495 families who met
our inclusion criteria and were informative for linkage. Genotypes
were available at 1,575 markers (417 unique markers), spaced at
~9 cM across the genome.

SNP Genotyping

The NIMH-BP SNP genotyping was performed genome-wide
on bipolar disorder cases and unrelated controls as part of the
Genetic Association Information Network (GAIN) Bipolar Ini-
tiative (30). In a separate effort, genome-wide SNP genotyping
was performed on major depression cases from the GenRED
sample (24). Genotyping in both samples was performed us-
ing the Affymetrix Genome-wide Human SNP Array 6.0. Each
study removed subjects with low call rates, plate effects, Men-
delian errors, or low heterozygosity. We performed additional
quality control on the SNP data from each sample separately,
removing SNPs with minor allele frequency <0.01, missing data
rate>0.05, Hardy-Weinberg Equilibrium p<0.000001, and plate
effects. We then performed another round of quality control on
the SNPs, removing SNPs with minor allele frequency or miss-
ing data rates differing between the two samples (p<0.001).
While genotyping and initial quality control was performed
genome-wide, the focus of our current study was restricted to
a49.75-Mb region on chromosome 1 and a 14.34-Mb region on
chromosome 9. Thus, we kept only those SNPs in our regions
of interest that were successfully genotyped and passed qual-
ity control in both samples. This resulted in a final dataset of
759 subjects meeting our inclusion criteria genotyped at 11,557

Am | Psychiatry 166:11, November 2009



Table 1. Informative Affected Relative Pairs for Linkage

MAHON, PAYNE, MACKINNON, ET AL.

All Possible Informative Affected Relative Pairs

Grandparent-
Phenotype Families Siblings Half-siblings  First Cousins Grandchild Other Total
Baseline’ 495 775 41 19 18 108 961
Postpartum mood symptoms” 51 54 1 2 0 6 63

?All women with a history of pregnancy and any best-estimate mood disorder diagnosis
®Women with a history of pregnancy, a best-estimate mood disorder diagnosis, and postpartum mood symptoms.

SNPs on chromosome 1q21.3-gq32.1 and 5,359 SNPs on chromo-
some 9p24.3-p22.3.

Linkage Analysis

For a baseline analysis, we included as affected all women with
a history of pregnancy and any mood disorder diagnosis. A sepa-
rate analysis was performed on the subgroup of women who had
postpartum mood symptoms in addition to the baseline criteria.
We analyzed the genome-wide microsatellite data using a multi-
point allele sharing model in Allegro 2.0 (31). The analysis consid-
ered all possible informative affected relative pairs, weighted by
a function that is approximately halfway between weighting by
each family versus by each pair, and generated 10 steps between
genotyped markers. Allele frequencies were calculated using
the entire sample from both NIMH-BP and GenRED (6,573 sub-
jects). We empirically tested for genome-wide significance of our
linkage peaks under the postpartum mood symptom model by
simulating 1,000 genome-wide datasets, shuffling the genotype,
and counting the number of times that a likelihood ratio Z score
(Z,) more significant than the observed Z, ; was found across the
genome. We then tested whether the linkage peak was unique
to the postpartum mood symptom model versus the baseline
model by simulating 1,000 genome-wide datasets, permuting the
phenotype label of postpartum mood symptoms among women
meeting baseline criteria, and counting the number of times that
a Z,, more significant than our observed Z, ; was found across the
genome. Genome-wide significance was defined as a simulated
result more extreme than the observed result occurring in fewer
than 5% of the simulated genome scans.

Association Analysis

We conducted a SNP association analysis in the 2-Z; regions
surrounding our linkage peaks on chromosome 1 and 9. We em-
ployed a case-only strategy among women who met our baseline
criteria, comparing women with postpartum mood symptoms to
those without postpartum mood symptoms. We used both meta-
analytic and mega-analytic approaches to analyze NIMH-BP and
GenRED samples together. First, we conducted meta-analyses
of the data, combining the test statistics for each SNP across
samples. In each sample separately, we performed a case-only
analysis using the LOGISTIC routine in PLINK (32) and an ad-
ditive genotype model counting the number of rare alleles. The
genomic inflation factor in NIMH-BP sample was 1.03 and in the
GenRED sample it was 1.12. Since the GenRED data contained
significant population substructure, we chose to adjust for sub-
structure in each sample using principal components. Using EI-
GENSTRAT (33), we identified 10 principal components for the
GenRED sample and two principal components for the GAIN
sample. We incorporated covariates for each principal compo-
nent for the specific sample into the logistic regression model.
After calculating the association for each sample separately, we
utilized two different meta-analytic approaches. First, we used a
weighted Z-score analysis (34). For each SNP, we converted the p
value for association into a Z score. We calculated a Z,,,, score as
the sum of the Z scores from each study, weighted by the effec-
tive sample size, and found the associated p value. The second
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approach was a random effects meta-analysis. We performed
this analysis using the META routine in STATA 9.0, calculating
pooled effect estimates and confidence intervals (35). We used
a Bonferroni correction to adjust for the multiple SNPs tested in
the regions. We tested for between-study heterogeneity in effects
using Cochran’s Q.

We then combined the data from NIMH-BP and GenRED
samples at the genotype level in a mega-analysis. We performed a
case-only analysis using the LOGISTIC routine in PLINK, testing
whether the association for each SNP differed between women
with and without postpartum mood symptoms and using an ad-
ditive genotype model counting the number of rare alleles. We did
not correct for population stratification in the combined dataset
to prevent against overconservative estimates of the effect size.
We empirically tested the region-wide significance of our asso-
ciation findings using the MPERM routine in PLINK with label-
swapping and 1,000 permutations. Any SNPs that passed our ini-
tial quality control yet still had relatively high missing data rate
(>3%) or differential missingness by phenotype or by genotype
(p<0.075) were carefully checked due to the potential for a false
positive result. We tested for evidence of interaction using the
epistasis procedure in PLINK, assessing the interaction of each
SNP in our top gene of interest with every other SNP in the second
strongest gene.

Results

Linkage

The final linkage dataset included genotypes from 1,210
informative women, 757 from GenRED and 453 from
NIMH-BP. Complete information about the timing of
mood symptoms in relation to childbirth was not avail-
able for 84 subjects. Of the remaining 1,126 subjects, 258
(22.9%) had postpartum mood symptoms. The mood dis-
order diagnoses present in this sample included recurrent
major depression (62.6%), bipolar I disorder (26.9%), sin-
gle-episode major depression (3.9%), bipolar II disorder
(3.4%), schizoaffective disorder-bipolar type (1.3%), and
other mood disorders (1.9%). There were no differences
between the NIMH-BP and GenRED samples in mean age
at onset of mood disorder (20.5 and 20.0 years, respec-
tively; t=0.91, p=0.3633), mean age at interview (44.3 and
45.0 years; t=-1.01, p=0.3129) or rate of postpartum mood
symptoms (21.4% and 23.6%; x*=0.70, p=0.4019).

Table 1 shows the numbers and types of informative af-
fected relative pairs for all women in the baseline group
and for the subset with postpartum mood symptoms.
There were 961 informative affected relative pairs for the
baseline linkage analysis and 63 for the analysis among
the subset with postpartum mood symptoms. Figure 1
illustrates the results for our top four chromosomal re-
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Figure 1. Chromosomes With Suggestive Evidence of Linkage to Postpartum Mood Symptoms?
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gions, based on the maximum Z;; score in the linkage
analysis for the subset with postpartum mood symptoms.
Complete genome-wide results are provided in Supple-
mentary Figure 1 that accompanies the online version of
this article. A maximum Z; of 2.93 was observed in the
postpartum mood symptom group for marker D1S1660
at 189.3 cM on chromosome 1. Permutation testing
showed this result was chromosome-wide significant
(p=0.02), although it did not reach genome-wide signifi-
cance (p=0.35). At this location, the Z,; in the baseline
group was only 0.32, so the increase from baseline was
2.61 in the postpartum mood symptom group (empiri-
cal p=0.004). The 2-Z;; support region around the link-
age peak included the chromosomal region 1q21.3-q32.1,
spanning 60 cM and containing seven markers genotyped
across all samples. The mean information content value
in the postpartum mood symptoms analysis was 0.715
genome-wide and 0.783 in the 2-Z,;region. Other linkage
peaks (maximum Z;;>2.0) in the postpartum mood symp-
toms analysis were seen on chromosomes 2q37.1-q37.3,
9p24.3-p22.3, and 13921.33-q33.1 (Figure 1). However,
of these regions, only a 29-cM region on 9p24.3-p22.3
showed a significant difference between the postpartum
mood symptom group and the baseline group (change in
Z,,=2.77, empirical p=0.001).
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Association

Encouraged by the linkage specific to postpartum mood
symptoms on chromosomes 1q21.3-q32.1 and 9p24.3-
p22.3, we sought to follow-up these findings in a densely
genotyped SNP association study. Of the 759 women who
met our baseline criteria and had genotype data available
for this analysis, 457 were from GenRED and 302 from
NIMH-BP. The distribution of mood disorder diagnoses
was as follows: recurrent major depression, 58.8%; bipo-
lar T disorder, 38.7%; single-episode major depression,
1.4%; and schizoaffective disorder-bipolar type, 1.1%.
The NIMH-BP subjects were slightly older at interview
than the GenRED subjects (45.2 versus 43.6 years, respec-
tively; t=1.98, p=0.0483). There was no difference in the
proportion of women with postpartum mood symptoms
between the NIMH-BP (25.2%) and GenRED (24.3%) sam-
ples (x?=0.08, p=0.7838). Overall, 187 women (24.6%) met
our criteria for postpartum mood symptoms.

Our top case-only meta-analysis and mega-analysis as-
sociation results are summarized in Table 2, which lists
all results with p<0.001 using any method. All results
from our two linkage regions are presented in Supple-
mentary Figure 2. Our best finding was on chromosome
1 for SNP rs16852397, with a mega-analytic odds ratio of
1.98 (p=3.58x107*). This SNP was also nominally associ-
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Table 2. Top Association Results for Postpartum Mood Symptoms in the Chromosome 1 and 9 Linkage Regions®

Mega-Analysis

Meta-Analysis

Minor Weighted Z  Random Random

CHR SNP BP location Allele OR® p p Effects OR®  Effects p Gene

1 rs17644596 169660450 C 1.84 3.89E-04 7.52E-04 1.80 7.33E-04 Intergenic

1 rs17596081 170012899 T 1.59 1.26E-03 8.90E-04 1.64 8.72E-04 Intergenic - METTL13
1 rs2232825 170030172 T 1.58 9.78E-04 8.75E-04 1.62 8.20E-04 METTL13

1 16852397 176297224 G 1.98 3.58E-04 1.55E-04 212 1.54E-04 Intergenic - KIAA1928
1 rs2891230 184355695 A 0.66 1.86E-03 7.78E-04 0.64 8.35E-04 HMCN1

1 12080760 184375919 A 0.62 5.31E-04 1.74E-04 0.60 2.14E-04 HMCN1

1 rs4650695 184376448 T 0.64 8.48E-04 3.27E-04 0.62 3.72E-04 HMCN1

1 rs2224575 184377700 G 0.64 6.99E-04 2.63E-04 0.62 2.93E-04 HMCN1

1 rs6664918 184379128 G 0.63 6.25E-04 2.73E-04 0.61 3.10E-04 HMCN1

9 rs7025259 12155758 G 2.06 1.22E-03 9.56E-04 213 1.05E-03 Intergenic

?SNPs with a nominal p<0.001 in the mega-analysis, weighted Z score meta-analysis, or random effects meta-analysis are shown.
®0dds ratios (ORs) are expressed with the minor allele versus the reference common allele.

ated with postpartum mood symptoms in the meta-an-
alytic methods controlling for population stratification.
rs16852397 is intergenic but is located in a spliced EST.
Our best association signal on chromosome 9 was for the
intergenic SNP rs7025259 (meta-analytic p=9.56x10").
Two genes that were implicated among our top findings
are HMCNI (Hemicentin 1) and METTLI13 (Methyltrans-
ferase like 13) on chromosome 1 (Figure 2). None of these
findings were significant after accounting for the multiple
SNPs tested across the regions. For our top results, there
was no evidence of between-sample heterogeneity (Q-
statistic p>0.05). We tested whether SNPs in our two top
genes of interest showed evidence of interaction in rela-
tion to postpartum mood symptoms. The strongest inter-
action between two SNPs across these genes was nominal-
ly significant (p=0.0027). This does not hold up to multiple
testing given that 924 comparisons were made between 66
SNPs in HMCNI and 14 SNPs in METTLI3.

Discussion

To our knowledge, this is the first study to examine
the genetic etiology of postpartum mood symptoms us-
ing a systematic, genome-wide approach. We observed
genome-wide suggestive linkage signals on 1q21.3-q32.1
and 9p24.3-p22.3 that may be specific to postpartum
mood symptoms. We followed up these 2-Z,, regions sur-
rounding the linkage peaks on chromosomes 1 and 9 us-
ing a SNP association study. Our best association signal on
chromosome 1 was for the intergenic SNP rs16852397 and
on chromosome 9 was for the intergenic SNP rs7025259.
We also found modest evidence of association for SNPs on
chromosome 1 in the genes HMCNI and METTL13 with
postpartum mood symptoms.

While ours is the first genome-wide linkage study of
postpartum mood symptoms, one previous study ex-
amined linkage in postpartum psychosis (18). Using the
Wellcome Trust UK-Irish Bipolar Sib-pair sample and
analyzing only families in which at least one woman had
an episode of postpartum psychosis, Jones et al. reported

Am | Psychiatry 166:11, November 2009

genome-wide significant linkage on chromosome 16p13
and suggestive linkage on 8q24. Neither of these regions
reached nominal significance in our study. It is worth em-
phasizing that in our study less than 30% of the subjects
were diagnosed with bipolar I disorder, and that our defi-
nition of postpartum mood symptoms was much broader
than that used by Jones et al. Our best linkage peak on
chromosome 1 was previously reported to show modest
evidence of linkage in Ashkenazi Jewish bipolar disor-
der families (36). This finding is consistent with our ob-
servation of a modest linkage signal in this region in our
baseline group, and an enhanced signal in the group with
postpartum mood symptoms. No evidence of linkage with
mood disorders has been previously reported in our re-
gion on chromosome 9p.

Motivated by the hypothesis that peripartum mood
syndromes may have a unique genetic etiology, several
studies have examined candidate genes for association
with peripartum psychosis. Polymorphisms in the sero-
tonin receptor gene HTR2C and the serotonin transporter
SLC6A4 have been found to be associated with peripar-
tum psychosis (37). However, no associations have been
reported with polymorphisms in the genes ESR1, HTR2A,
NR3CI, and TNFA (37-41). HMCNI and METTLI3 have
not been previously examined for association with peri-
partum mood syndromes.

HMCNI is 456 kb long and codes for an extracellular ma-
trix protein with several functions, including transmem-
brane receptor activity and calcium ion binding. The gene
contains four experimentally determined estrogen receptor
binding sites (42), which might be relevant for a postpar-
tum phenotype. HMCNI is particularly highly expressed in
the hippocampus (43), a brain region likely to be involved
in depression (44), and shown to be altered in rats by a post-
partum drop in estrogen levels (45). Twenty-seven SNPs in
HMCNI were at least nominally significant (p<0.05), sug-
gesting our results are not due to genotyping error. Our
genotyped SNPs in HMCNI passing quality control cap-
tured 83% of the common variation in the gene (MAF>0.01,

1233

ajp.psychiatryonline.org



GENETICS OF POSTPARTUM MOOD SYMPTOMS

FIGURE 2. Association Results for HMCN1 and METTL13°
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12>0.8). The gene METTLI3 is putatively involved with other purposes. While the clinical data were collected us-

methyltransferase activity and is 16 kb in length. Interest- ing arigorous and well validated instrument, the interview
ingly, DNA methyltransferases have been shown to play a did not contain all possible information about peripartum
role in estrogen receptor-induced gene transcription (45). mood symptoms. Second, we combined samples from

Six of the available SNPs passing quality control in MET- different sources for this study, potentially introducing
TL13 were at least nominally significant. The genotyped heterogeneity. We combined these samples to create one
SNPs captured 88% of the common variation in this gene. of the largest datasets available to examine the genetic

Our results should be viewed in light of several limita- etiology of postpartum mood symptoms. We felt this was
tions. First, these samples were originally ascertained for appropriate as the samples used similar ascertainment,
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assessment, and genotyping methods. Third, prospective
data might provide greater clarity for assessing the timing
of the onset of symptoms relative to parturition. Fourth,
we corrected the meta-analysis for population stratifica-
tion but not the mega-analysis, as it can lead to overcon-
servative estimates of effect sizes. This may have contrib-
uted to the slight differences observed between the results
from these two approaches. Finally, even though we com-
bined samples to create a larger dataset, we still had lim-
ited power to detect loci of modest effect.

In conclusion, we performed the first genome-wide
linkage analysis of postpartum mood symptoms using a
large sample with detailed clinical information. We fol-
lowed up our best linkage peaks in an association study
with densely genotyped SNPs. Our results suggest there
may be genetic variation contributing to susceptibility
to postpartum mood symptoms in the 1g21.3-q32.1 and
9p24.3-p22.3 regions. Specifically, the genes HMCNI and
METTLI3 may contain polymorphisms that confer sus-
ceptibility to postpartum mood symptoms. As both the
linkage and association results presented here are novel,
future studies replicating these findings are warranted.
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