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Abstract
The population of Costa Rica has been considered valuable for locating susceptibility genes of
complex disorders because of historical events and a gradual admixture process. We present an
assessment of 426 unrelated individuals with a familial history of mental disorder and with
ancestors born in the Central Valley, genotyped at 730 microsatellites to evaluate genetic
diversity, ancestry and substructure at the general and regional population levels using quantitative
methods. Low population substructure was found. Estimated mean ancestry proportions were
54%, 32% and 13% for European, Amerindian and African components respectively, with some
regional variation. The Fst values obtained confirm the largest genetic similarity to Europeans.
Subdivision of the Amerindians into individual populations revealed strong similarity to Chibchan
groups. Analysis of the African ancestry showed high similarity to West and Central African
populations. Gene ancestries from other African areas were also detected, probably resulting from
ancestral admixture within Africa prior to colonial times. Our analyses show, in an
ethnohistorical-genetic context, that gene flow and admixture are important components of Costa
Rican population history. The results confirm the need to consider the particular regional genetic
structure, the effects of genetic drift and the ancestry when designing and interpreting
investigations of genetic traits in this population.
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Introduction
The assessment of the genetic structure and evolutionary history of human populations is
essential to properly design and interpret studies for the identification of genetic variants
related to simple and complex inherited traits. Furthermore, it is also particularly important
for the analysis of admixture mapping approaches, association and linkage studies, and the
estimation of ancestry related risk differences in complex genetic diseases (Hoggart et al.,
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2003). These kinds of studies have been favored by the increasing availability of large
numbers of informative markers, consequently promoting the development of new statistical
and bioinformatics tools that allow the evaluation of the structure of human populations at a
genome-wide level.

Undetected population stratification can generate spurious associations between phenotypic
and genetic traits, producing false-positive results in association tests (Hoggart et al., 2003).
Therefore, proper analysis of the structure and evolutionary history of a population are
fundamental prior to explaining the relevance of specific genetic results. Previous linkage
and association studies have often been based on a priori assumptions (not formally tested)
about genetic homogeneity, as has occurred in the past for the population of the Central
Valley of Costa Rica (León et al., 1992).

The history of the Costa Rican population, as well as other populations in Latin America
(Sans, 2000), involves a complex process of admixture, mainly between groups of
Amerindian, European and African ancestry, which constituted a multiethnic population by
the 18th century (Meléndez, 1982; Lohse, 2005). However, most population genetic studies
in the last 30 years in Costa Rica have focused primarily on Amerindian groups (Barrantes
et al., 1990; Wang et al., 2007) and a few on African groups (Madrigal, 2006). Detailed
investigations of the admixed population structure and ancestry are scant, and those
available include a small number of individuals and markers, or include only specific
geographic regions (Morera et al., 2003; Campos-Sánchez et al., 2006; Wang et al., 2008),
limiting the understanding of the genetic constitution of this population, and therefore, its
value for the detection of susceptibility genes.

Additionally, inference of the geographic origin of individuals is difficult to ascertain using
data from broad ethnohistorical and anthropological investigations. Consequently, a
thorough multidisciplinary approach, including genetic evidence, is necessary to determine
the sources from which individuals originated and to estimate the proportions in which
different parental populations contributed to the admixture process. Considering the above
statements, this investigation intended to describe the nuclear genetic variability and the
population substructure of the Costa Rican population descended from Central Valley
ancestors, and to determine the possible ancestry of the populations that gave rise to the
current admixed population. This is the first study to attempt a more precise reconstruction
of the demographic history of the population of Costa Rica through different quantitative
methods, together with support from ethnohistorical data, and the analysis of over 400
individuals genotyped at more than 700 highly polymorphic STR markers. The results
obtained will assist in the analysis of future genetic studies in this population.

Materials and Methods
Samples and markers

Subjects were originally recruited for a population based association study of schizophrenia
susceptibility genes in the Costa Rican Central Valley (National Institute of Health; Grant
number: R01-MH61884; International Center for Genetic Engineering and Biotechnology
Project; Grant number: CRP/COS98-01). All the probands were born in Costa Rica and
were of putative mestizo descent with ancestors born in the Central Valley (i.e. at least two
of the four grandparents were born in the Central Valley). Therefore, Costa Rican
individuals self-identified as non-admixed were not included in this investigation. Trios of
affected subject with the two parents or a sib were recruited in accordance with the
principles of the Helsinki Declaration and with approval of the Institutional Review Boards
of the University of Costa Rica and the University of Texas Health Science Center at San
Antonio. All individuals signed informed consent previous to their participation. For this
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analysis, a total of 426 unrelated individuals were genotyped for 730 polymorphic
microsatellites drawn from Marshfield Screening Sets 16 and 54. The average missing data
per locus was 5.4%.

Since the inclusion criterium for the present analysis was to be unrelated to other subjects in
the study, the parents of affected subjects were selected and if these were not available, one
affected or unaffected individual per family was randomly chosen. The status of being
affected or unaffected was not selected for or against. In this way, of the 426 individuals,
131 had a diagnosis of schizophrenia, schizoaffective disorder, bipolar disorder, psychosis
or major depression. The diagnostic process following DSMIV criteria is described
elsewhere (Walss-Bass et al., 2005).

Peripheral blood was collected to create lymphoblastic cell lines. Genomic DNA was
extracted from transformed lymphocytes by a standard procedure as described in Lahiri &
Nurnberger (1991). Samples were collected in different regions of Costa Rica, as shown in
Figure 1 and Table 1. Region delimitation was performed by geographic proximity based on
ethnohistorical information (Morera et al., 2003), instead of political divisions.

Genetic variability
Allelic frequencies of all loci were estimated for the overall population and for each region
separately using GDA, Genetic Data Analysis software (Lewis & Zaykin, 2001). The
expected heterozygosity was computed for each locus and for each Costa Rican region using
an unbiased estimator implemented in GDA. The mean heterozygosity across all loci was
taken as the population and regional estimates. Each locus was tested for significant
deviations from Hardy-Weinberg equilibrium using an exact test from GDA. Fst and
pairwise LD between loci were additionally estimated using the same software. Since
Hardy-Weinberg and pairwise LD tests showed that only 9 and 11 loci significantly deviated
from equilibrium respectively, these loci were still used in further analyses, and the
inclusion of these loci did not affect PCA, STRUCTURE nor ADMIXMAP results.

Population structure analysis
Population structure analysis was performed with Principal Components Analysis (PCA)
and the Bayesian clustering method implemented in the STRUCTURE software package
(Pritchard et al., 2000). PCA was performed with EIGENSTRAT, using each microsatellite
allele as a marker and then scoring the presence or absence of the allele for each individual
(Patterson et al., 2006).

To further identify possible clusters of individuals without prior assumptions of group
membership, an unsupervised STRUCTURE analysis was used, varying the number of
clusters k from 1 to 10. Ten replicates were run at each k. All runs assumed the F model of
correlated allele frequencies across clusters, and were based on the admixture model. Runs
were performed using 20000 steps burnin followed by an MCMC chain of 10000 iterations
from which estimates were obtained.

Admixture analysis
Genotypic data of 662 microsatellites from 158 European individuals published by
Rosenberg et al. (2005) and 2527 African individuals, comprising 121 populations, were
obtained from the published database by Tishkoff et al. (2009) Similarly, data for the same
microsatellites in 463 Native Americans, including the Chibchan populations Cabecar and
Guaymi from Costa Rica and Panama, was obtained from Wang et al. (2007). The selection
of the microsatellites was limited by the genotyped loci shared among these two datasets and
the loci available in the Costa Rican mestizo sample. People from other ethnic groups, such
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as Italian, Jewish, German and Chinese, known to have entered the country in more recent
years, were not included in this study.

The Europeans, Africans and Natives were taken as ancestral populations and were forced
into separate clusters for a STRUCTURE supervised analysis of the Costa Rican mestizo
sample, to estimate individual and regional ancestry proportions. The settings for each run
were the same as in the unsupervised analysis. Different values of k where assessed. First,
k=3 was used when considering Europeans, Native Americans and Africans as three
independent groups. Then, the Amerindian ancestry component was separated into five
linguistic stocks, and into 26 separate Amerindian populations (Wang et al., 2007); therefore
k=7 and k=28 were used respectively. Finally, k was set at 7 when the African population
was separated into five different regions (Tishkoff et al. 2009), while Europeans and
Amerindians were forced to separate into independent clusters. Ten replicates at each k were
performed and the mean estimate retained. The average membership coefficients across
replicates for each k were used for plotting with DISTRUCT (Rosenberg, 2004). Individual
ancestry proportions were also estimated using ADMIXMAP (Hoggart et al., 2004) for
comparison.

To evaluate if the diagnosed mental disorders were dependent upon individual admixture, a
logistic regression model was fitted. The presence or absence of the disorders was taken as
the binary outcome variable, with a total of 130 affected individuals and 296 unaffected
individuals. For this analysis the program ADMIXMAP (Hoggart et al., 2004) was used,
with the hierarchical model of individual admixture. Runs used a burn-in of 500 iterations,
followed by 3000 iterations, from which parameters were estimated. Prior allele frequencies
from the three main parental populations were included in the analysis. Additionally, we
used a χ2 test of heterogeneity to assess the differences between admixture proportions
estimated separately for the affected and unaffected groups with STRUCTURE supervised
analyses.

Results
The mean heterozygosities obtained from the analysis of the 730 autosomal microsatellite
markers are shown in Table 1. The mean heterozygosity for the entire sample (0.726) was
not surprising given the nature of the markers. Only subtle differences in the heterozygosity
values were observed between regions, and the estimates of observed and expected
heterozygosities were not significantly different.

The results of the PCA indicate no evidence of population substructure, since no clustering
of the samples was observed. Similar results, of no population substructure, were obtained if
the Costa Rican population is analyzed without the parental populations (Figure S1). The
two most informative components are shown (Figure 2). Instead, samples from all the
different regions are roughly randomly distributed in the PCA plot. On the other hand, the
samples of parental populations depicted in the plot are grouped together, forming three
defined clusters. The Costa Rican population sample is located mainly between the
European and Amerindian clusters, but also shows some expansion toward the African
cluster, supporting the admixed history of the population. The pairwise Fst values between
Costa Rican regions provide additional evidence of the lack of subpopulation clustering.
Very low Fst values were observed among the regions, with the highest values between
northern and southern populations (Table 2). In general, the Central region showed the
lowest values when compared to all the other regions. When compared to the parental
populations, the Costa Rican regions showed greatest genetic distances from the African
population. On the other hand, the Fst values between Costa Rican populations and the
Europeans are almost three times smaller than the other comparisons, indicating a lower
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genetic differentiation from Europeans, which is also supported by the ancestry proportion
analysis described below. All the pairwise comparisons between the Costa Rican regions
and the parental populations showed larger differences than when comparing only
subpopulations within Costa Rica.

Further evaluation of population substructure using the program STRUCTURE confirmed
the mentioned results; no cluster containing the entire ancestry of any individual was found
among the different runs performed, indicating the admixed composition of this population.

A more detailed estimation of this admixture was obtained by the supervised analysis with
the STRUCTURE program, and separately by using ADMIXMAP. Both estimates were
very similar and we obtained a positive correlation between ancestry proportions estimated
with both programs. The results of the STRUCTURE program are presented in Table 3. No
significant differences were observed between ancestry estimates in males and females
(Wilcoxon signed rank test p>0.05). The proportion of European ancestry is the largest
among the three main ancestry contributions considered in this study, but it is lower than the
estimate obtained by Morera et al. (2003) and Wang et al. (2008), using the same set of
markers, for a sample of individuals from the Central Valley of Costa Rica. Conversely, the
African ancestry is smaller than the two others, but it is higher than previously published
(Morera et al., 2003;Wang et al., 2008), and it is not only elevated in a limited number of
outlier individuals. Individual admixture proportions were also estimated, showing similar
values between each other and in different regions, which results in a low variance in
individual ancestry proportions.

When the ancestry proportions were estimated for each geographic region separately, some
differences between regions were observed (Table 3). Wilcoxon signed rank tests showed
significant differences (p<0.001) in the European, Amerindian and African ancestry
estimates. Similar to the general population of Costa Rica, all the regions have high mean
European ancestry, ranging from 0.453 to 0.556. It is noteworthy to point out the relatively
high levels of African ancestry estimated in this study, with the North Pacific region
showing the highest value. The inclusion of a large number of genetic markers and
individuals from different regions of Africa allowed a more detailed analysis of African
ancestry.

All the Costa Rican regions show similar mean Amerindian ancestry proportions, although
there are small variations between regions. The Central region has the lowest mean
Amerindian ancestry, while the South Pacific region shows the highest estimate. The
influence of the sample characteristics, specifically the inclusion of individuals with a
diagnosis of schizophrenia or a related mental disorder, over the ancestry estimates was not
significant according to ADMIXMAP logistic regression results was found (p=0.135), and
no significant differences were found in admixture proportions estimated for affected and
unaffected individuals separately (χ2=0.002, p>0.05).

The more detailed analysis of ancestry components showed that different regions within
Costa Rica have similar mean ancestry estimates with respect to the Amerindian and African
ancestries. The partitioning of the Amerindian ancestry into five linguistic groups showed,
as expected, that the corresponding genetic component in the admixed population of Costa
Rica is most similar to the Amerindian populations that currently occupy the same
geographic region (Supplemental Figure S2), specifically, to the Chibchan groups. This
result is part of a general tendency observed for some urban centers in Latin America, using
the same set of genetic markers (Wang et al., 2008). However, similarities to other non-
Chibchan populations currently distributed throughout Latin America were also observed
(Supplemental Figure S2).
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Regarding the partitioning of the African genetic ancestry, the results obtained are among
the first genome-wide analyses concerning the geographic origin of African immigrants in a
Latin American population. For the general admixed population, Table 4 shows that the
African component is most similar to Western and Central African regions, confirming
ethnohistorical sources (Olien, 1980;Lohse, 2005;Midlo, 2005). Differences in African
ancestry between Costa Rican regions were not significant. Smaller genetic ancestry from
other regions within Africa was also observed, and could provide evidence about the
probable origins of African immigrants. In comparison, the ancestry proportions of African
Americans from the United States (Tishkoff et al., 2009) also show large West and Central
African ancestry proportions.

Discussion
The present study aimed to assess the genetic structure and population ancestry of the Costa
Rican population using a large set of highly polymorphic microsatellite markers. The lack of
population substructure found was expected given that no true separation between regions,
either by geographic or cultural limits, currently exists. Instead, in the last decades it has
been common for individuals to move among the different regions, favoring the gene flow
between them. Nevertheless, Fst values show a general tendency, in accordance with results
from classical genetic markers (Morera et al., 2003), in which the northern and southern
geographic regions are the most genetically different. Additionally, Fst values between the
Costa Rican regions and parental populations, and the position of the admixed population in
the PCA, give a broad picture of the ancestrally admixed population of Costa Rica.

The mean proportions of Amerindian, European and African ancestries for the entire sample
of the Costa Rican population, and within the regions, are in general agreement with
previous historical and genetic data (Meléndez, 1982; Morera et al., 2003; Lohse, 2005;
Wang et al., 2008). In fact, based on historical records, this population has been considered a
multiracial society (Fonseca et al., 2003), that resulted from the gradual settlement and
admixture of Spanish and African individuals since the 16th century, as occurred in other
populations of Latin America (Lohse, 2005; Midlo, 2005). However, some differences can
be outlined. Morera et al. (2003) reported similar estimates of the accumulated Amerindian
and European proportions, 61% and 30% respectively, whereas the African ancestry
reported was 9%. Nevertheless, they used a different method and classical markers to
estimate the admixture.

On the other hand, it is important to notice the remarkable difference in the estimate of
African ancestry for the Costa Rican population, 14% in the present study, as compared to a
proportion of less than 5% obtained in a similar study using STRUCTURE but with a much
smaller sample comprising only individuals from the Central Valley of Costa Rica (Wang et
al., 2008). These discordant results might be attributed to differences in the nature of the
selected samples for analysis, such as the inclusion of patients with schizophrenia or other
mental disorders in the present study. However if any effect was present, it must have been
small and consequently undetected by the ADMIXMAP analysis of the relationship between
individual admixture and the mental disorders considered.

The genetic similarity to other Amerindian populations, which was observed to a lesser
extent, suggests that the different Amerindian groups used as parental populations are
genetically related. Genetic similarity with Amerindians from more distant regions might be
attributed to the migration processes that took place before and during the settlement of
these groups.
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Our study of the African ancestry of the population of Costa Rica is the first to show the
relative similarities of the admixed population of Costa Rica to groups of different African
geographic origin. Historical sources have shown the highly complex population
substructure in Africa, and the process of African migrations within Africa, and to Europe
and the Americas (Olien, 1980; Curtin et al., 1995; Midlo, 2005; Lohse, 2005; Klein &
Vinson, 2007; Tishkoff et al., 2009; Bryc et al., 2010). The first Africans arrived in Costa
Rica in the early 1500s and were most likely descendants of other Africans born in the
Iberian Peninsula (Curtin et al., 1995; Lohse, 2005); others had already lived in other
Spanish colonies, increasing the possibilities of having a mixed genetic ancestry (Olien,
1980; Cáceres, 2000; Lohse, 2005). Afterwards, Africans were brought to the Americas
directly from West and West Central Africa (Curtin et al., 1995).

As a result of this particular movement of Africans to Costa Rica different types of matings
took place and generated the unique patterns of genome admixture observed. The diverse
historical processes of African settlement in specific regions of America might be largely
responsible for the differences in genetic composition when comparing the Costa Rican
population to other populations of Latin America (Bedoya et al., 2006; Silva-Zolezzi et al.,
2009) and to African Americans from the United States (Tishkoff et al., 2009).

The largest genetic similarity to Central and West Africans which we found is in agreement
with previous data. For example, United States African Americans also have large levels of
ancestry from West African populations. The main difference between the African ancestry
estimates in Costa Ricans and United States African Americans is that the later show a lower
contribution from Eastern and Southern African populations. These differences can be
attributed to historical events, and the exact places of origin in Africa are difficult to
identify. With a few exceptions, there are hardly any references about slave trade from East
Africa (Klein & Vinson, 2007). For these reasons, a feasible explanation about the presence
of ancestry proportions from the Eastern and Southern regions of Africa in the population of
Costa Rica is the existence of gene flow between African groups prior to the slave trade
(Curtin et al., 1995). Further explanations for the presence of non Sub-Saharan African
genetic influence could be the presence of African ancestry genes in the Spanish settlers that
arrived in America (Curtin et al., 1995; Lohse, 2005); the admixture of African slaves with
the Creoles and the mestizo population; and the immigration of people from West Indies,
mostly from Jamaica, at the end of the 19th century (Midlo, 2005). The impact of Africans
in America should not be extrapolated from one place to another, due to differences in the
patterns of introduction of Africans, their gender proportions and mating patterns, the size of
Amerindian populations already present in a particular region, and the cultural and social
policies of specific European institutions (Midlo, 2005).

The described scenario, and the differences with other populations, can and should be taken
into consideration when analyzing the impact of the genetic structure on studies of complex
diseases, as in our sample, and for linkage and association investigations, since even subtle
population stratification in large samples can increase considerably the false-positive rate
(Pritchard & Donnelly, 2001). A balance between different demographic and historical
events, which could have similar consequences, must be incorporated to establish correct
hypothesis tests and to explain results generated from this kind of study. The present
investigation also suggests that efforts to select a less stratified sample, through selection of
subjects with ancestors born in the Central Valley (Escamilla et al., 1996), may indeed be
supported, even if the current subjects in such studies are born in different regions of Costa
Rica and likely have a different recent ancestral history.

Segura-Wang et al. Page 7

Ann Hum Genet. Author manuscript; available in PMC 2011 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Geographic location of individual places of birth assigned to specific geographic regions.
Regions were defined following ethnohistorical records (Morera et al., 2003).
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Figure 2.
Principal components analysis based on individual genotypes of the Costa Rican sample and
the three parental populations. The two most informative components are shown. The Costa
Rican population is divided into six regions corresponding to those shown in Figure 1.
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Table 1

Sample size and mean observed and expected heterozygosities for each region of Costa Rica included in this
investigation. Standard deviations are shown in parenthesis.

Region N Ho He

Atlantic 20 0.724 (0.129) 0.711 (0.084)

Central 322 0.727 (0.079) 0.732 (0.075)

Central-South 21 0.729 (0.122) 0.712 (0.083)

North 18 0.725 (0.125) 0.712 (0.086)

North Pacific 25 0.729 (0.119) 0.724 (0.078)

South Pacific 8 0.725 (0.172) 0.686 (0.099)

Total 414 0.726 (0.127) 0.713 (0.086)
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Table 3

Mean ancestry proportions and standard deviations, estimated using STRUCTURE program, for each region
of the Costa Rican population and for the whole population.

Region EUROPEAN AMERINDIAN AFRICAN

Atlantic 0.519 (0.070) 0.355 (0.076) 0.126 (0.037)

Central 0.552 (0.087) 0.318 (0.083) 0.131 (0.036)

Central-South 0.556 (0.069) 0.319 (0.071) 0.125 (0.028)

North 0.536 (0.099) 0.329 (0.076) 0.135 (0.046)

North Pacific 0.463 (0.156) 0.340 (0.093) 0.197 (0.078)

South Pacific 0.453 (0.144) 0.374 (0.085) 0.172 (0.101)

Total 0.541 (0.097) 0.322 (0.084) 0.137 (0.055)

Ann Hum Genet. Author manuscript; available in PMC 2011 November 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Segura-Wang et al. Page 15

Ta
bl

e 
4

ST
R

U
C

TU
R

E 
re

su
lts

 o
f r

el
at

iv
e 

m
ea

n 
an

ce
st

ry
 p

ro
po

rti
on

s a
nd

 st
an

da
rd

 d
ev

ia
tio

ns
 fo

r e
ac

h 
re

gi
on

 o
f t

he
 C

os
ta

 R
ic

an
 p

op
ul

at
io

n 
in

 re
la

tio
n 

to
 th

e
A

fr
ic

an
 (A

F)
 g

ro
up

s d
iv

id
ed

 in
to

 fi
ve

 g
eo

gr
ap

hi
c 

ar
ea

s. 
Th

e 
Eu

ro
pe

an
 a

nd
 A

m
er

in
di

an
 a

nc
es

try
 c

om
po

ne
nt

s a
re

 n
ot

 sh
ow

n.
 D

at
a 

fr
om

 A
fr

ic
an

po
pu

la
tio

ns
 w

er
e 

ob
ta

in
ed

 fr
om

 a
 p

ub
lis

he
d 

da
ta

ba
se

 (T
is

hk
of

f e
t a

l.,
 2

00
9)

.

R
eg

io
n

C
E

N
T

R
A

L
 A

F
E

A
ST

E
R

N
 A

F
SA

H
A

R
A

N
 A

F
SO

U
T

H
E

R
N

 A
F

W
E

ST
E

R
N

 A
F

A
tla

nt
ic

0.
20

4 
(0

.0
16

)
0.

18
0 

(0
.0

08
)

0.
10

3 
(0

.0
08

)
0.

13
1 

(0
.0

06
)

0.
24

7 
(0

.0
16

)

C
en

tra
l

0.
22

4 
(0

.0
16

)
0.

17
2 

(0
.0

10
)

0.
11

0 
(0

.0
12

)
0.

11
8 

(0
.0

06
)

0.
27

2 
(0

.0
16

)

C
en

tra
l-S

ou
th

0.
29

4 
(0

.0
13

)
0.

16
2 

(0
.0

07
)

0.
07

6 
(0

.0
06

)
0.

17
2 

(0
.0

05
)

0.
17

4 
(0

.0
12

)

N
or

th
0.

22
7 

(0
.0

25
)

0.
16

4 
(0

.0
09

)
0.

09
8 

(0
.0

07
)

0.
13

6 
(0

.0
05

)
0.

23
4 

(0
.0

19
)

N
or

th
 P

ac
ifi

c
0.

26
1 

(0
.0

20
)

0.
19

1 
(0

.0
24

)
0.

09
9 

(0
.0

12
)

0.
15

0 
(0

.0
04

)
0.

46
1 

(0
.0

47
)

So
ut

h 
Pa

ci
fic

0.
23

3 
(0

.0
19

)
0.

17
4 

(0
.0

16
)

0.
08

5 
(0

.0
08

)
0.

22
0 

(0
.0

12
)

0.
28

8 
(0

.0
62

)

To
ta

l
0.

22
3 

(0
.0

17
)

0.
17

5 
(0

.0
13

)
0.

10
8 

(0
.0

11
)

0.
12

1 
(0

.0
06

)
0.

29
9 

(0
.0

34
)

Ann Hum Genet. Author manuscript; available in PMC 2011 November 1.


