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a b s t r a c t
The Allen Brain Atlas shows that the semaphorin 5A (SEMA5A) gene, which encodes an important protein for
neurogenesis and neuronal apoptosis, is predominantly expressed in the human hippocampus. Structural and
functional neuroimaging studies have further shown that the hippocampus plays an important role in the performance on Raven's Progressive Matrices (RPM), a measure of reasoning ability and general ﬂuid intelligence. Thus
far, however, no study has examined the relationships between the SEMA5A gene polymorphism, hippocampal
volume, and RPM performance. The current study collected both structural MRI, genetic, and behavioral data
in 329 healthy Chinese adults, and examined associations between SEMA5A variants, hippocampal volume, and
performance on RAPM (the advanced form of RPM). After controlling for intracranial volume (ICV), sex, and
age, SEMA5A genetic polymorphism at the SNP rs42352 had the strongest association with hippocampal volume
(p = 0.00000552 and 0.000103 for right and left hippocampal volumes, respectively), with TT homozygotes
having higher hippocampal volume than the other genotypes. Furthermore, there was a high correlation
between right hippocampal volume and RAPM performance (r = 0.42, p = 0.0000509) for SEMA5A rs42352
TT homozygotes. This study provides the ﬁrst evidence for the involvement of the SEMA5A gene in hippocampal
structure and their interaction on RAPM performance. Future studies of the hippocampus–RPM associations
should consider genetic factors as potential moderators.
© 2013 Elsevier Inc. All rights reserved.

Introduction
Although the hippocampus has traditionally been linked to learning
and memory (Squire, 1992), its roles in other mental functions have
been documented by recent studies. For example, hippocampal
malfunctions have been implicated in several mental disorders
(Carlesimo et al., 2012; Groen et al., 2010; Thompson et al., 2011).
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Of particular relevance to the current study, the hippocampus has
recently been found to play an essential role in reasoning ability
(Goel et al., 2004; Wendelken and Bunge, 2010; Zeithamova et al.,
2012).
One of the widely used measures of nonverbal reasoning ability is
Raven's Progressive Matrices (RPM), which depends on visual-spatial
processing and is sometimes used to assess general ﬂuid intelligence
(Raven et al., 1998). The mental processes measured by RPM include
encoding, storing, recalling, and combining detailed information from
original items in novel ways to infer unobserved relationships between
items. These processes are subserved by the hippocampus and frontal
lobe (Zeithamova et al., 2012), the former for relational encoding and
the latter for relational integration (Wendelken and Bunge, 2010).
For example, an earlier PET (positron emission tomography) study
(Esposito et al., 1999) showed that the right hippocampal region
was activated when performing RPM.
Subsequent studies attempted to link hippocampal volume to
RPM performance and produced somewhat mixed ﬁndings. An earlier
study (MacLullich et al., 2002) reported a positive correlation between
RPM performance and hippocampal volume in healthy elderly men,
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but this association was not signﬁcant after controlling for intracranial
volume (ICV). A recent study found that RPM performance was positively correlated with hippocampal volume after controlling for ICV
in healthy elders but not in young adults (Reuben et al., 2011). Most
recently, a study of healthy young adult musicians (Oechslin et al.,
2013) found a positive correlation between RPM performance and
hippocampal volume. One possible cause for such discrepant results
is that the association between hippocampal volume and RPM performance might be modulated by age, sex, ICV, and genetic factors
(especially genes related to the hippocampus). Genetic factors are
important to consider because twin studies showed moderate to
high (40%–74%) heritability of hippocampal volume (Kremen et al.,
2010; Peper et al., 2007; Stein et al., 2012).
The Allen Brain Atlas shows that the semaphorin 5A (SEMA5A) gene,
which encodes an important protein for neurogenesis and neuronal
apoptosis, is predominantly expressed in the human hippocampus.
SEMA5A belongs to the semaphorin gene family and encodes membrane proteins containing a semaphorin domain and several
thrombospondin type-1 repeats. The semaphorin protein contributes to axonal guidance and neurogenesis, which has been demonstrated in the hippocampus (Zhao et al., 2008). Chivatakarn (2008)
reported a signiﬁcant role of SEMA5A in cortical development and
axon in vivo based on studies of SEMA5A conditional mutant mice.
Speciﬁcally, robust expression of SEMA5A was seen in the hippocampus postnatally and continued throughout adulthood, while mice
lacking SEMA5A had abnormal corticogenesis owing to impaired
radial migration (Chivatakarn, 2008). The SEMA5A gene has been
found to have higher expression in the human hippocampus than in
the other human brain structures (see Supplemental Materials Fig. S1,
based on data from the Allen Institute Brain Atlas, http://human.brainmap.org/). Among the whole brain structures in human adults, the
highest Z score of SEMA5A expression (normalized within each subject
across brain structures) appeared in the right hippocampus. Similarly,
for the human prenatal brain and the rhesus macaque brain, the highest
Z score of SEMA5A gene expression appeared in the hippocampal
granular layer of caudal dentate gyrus (BrainSpan, http://www.
brainspan.org/; NIH Blueprint Non-Human Primate Atlas, http://
www.blueprintnhpatlas.org/). Therefore, it is plausible that human
hippocampal volume would be associated with the SEMA5A gene.
Thus far, however, no study has examined relationships between
the SEMA5A gene polymorphisms, hippocampal volume, and RPM
performance. Although there is no direct evidence, their potential relationships have been suggested by several previous studies of clinical samples. For example, several studies reported and replicated
signiﬁcant associations between SEMA5A genetic variants and
Parkinson's disease (Clarimon et al., 2006; Ding et al., 2008; Lin et al.,
2009; Maraganore et al., 2005); and Parkinson's disease patients were
shown to have hippocampal atrophy (Tam et al., 2005) and poor performance on RPM but relatively preserved performance on many other
problem-solving tasks (Cronin-Golomb and Braun, 1997). Based on a
meta-analysis, the SEMA5A gene was associated with alcohol dependence (Wang et al., 2011) and alcoholics were reported to have smaller
hippocampal volume (Agartz et al., 1999) and poorer RPM performance
than normal controls although both groups had similar verbal intelligence (Jones, 1971). Moreover, the expression of the SEMA5A gene is reduced in the hippocampus in schizophrenia patients (Altar et al., 2005),
who have been found to have reduced hippocampal volume (Harrison,
2004) and to perform poorly on RPM (Caspi et al., 2003). The SEMA5A
gene is also one of the genes that are lost in the Cri-du-chat gene deletion syndrome, associated with severe mental retardation and small
head size (Simmons et al., 1998). The bifunctional protein encoded by
SEMA5A acts both as attracting and repulsing axon guidance cues. Researchers have demonstrated signiﬁcant associations between the
SEMA5A gene and autism, and found that the expression of SEMA5A
was reduced in the brains of patients with autism (Cheng et al., 2013;
Melin et al., 2006; Weiss et al., 2009). Interestingly, patients with autism

have been found to show an abnormal enlargement of the hippocampus
(Groen et al., 2010), and to do particularly well on RPM (Bolte et al.,
2009; Dawson et al., 2007).
In sum, evidence from separate studies has suggested potential
relationships among the SEMA5A gene, hippocampal volume, and
RPM, but no single study has included all three variables. Furthermore, previous studies suggested that it is important to consider
the gene–brain interaction on behavior (Alia-Klein et al., 2009; Green
et al., 2008). Therefore, in this study, we ﬁrst performed an association
study of hippocampal volume and single nucleotide polymorphisms
(SNP) within the SEMA5A gene in a sample of healthy Han Chinese college students. Based on the association results, we then selected the
SEMA5A genetic polymorphism most signiﬁcantly associated with hippocampal volume and examined potential effects of this genetic variant
and hippocampal volume as well as their interaction on Raven's
Advanced Progressive Matrices (RAPM, i.e., the advanced form of
RPM) performance.
Materials and methods
Participants
Participants were 329 healthy Han Chinese undergraduate students
from Beijing Normal University in China (mean age = 20.42 years,
SD = .88, range 18–22 years old; 59% female, 98.5% right handed),
who had valid brain imaging, genotype, and behavioral data. All participants reported having normal or corrected-to-normal vision and
no history of psychiatric diseases, head injuries, or stroke/seizure. Individuals in this sample were all unrelated to one another. This study
was approved by the Institutional Review Board (IRB) of Beijing Normal
University, China. Written consent form was obtained from each participant after a full explanation of the study procedure. Handedness did
not inﬂuence any result in the current study, therefore we included all
subjects in the analysis.
MRI data collection and analysis
Three-dimensional MRI scans were performed with a 3.0 T
Siemens Magnetom Trio scanner equipped with a standard head
coil at Beijing Normal University Brain Imaging Center. Structural
MRI data were acquired with the T1-weighted MPRAGE pulse sequence
(TE = 3.75 ms, TR = 2,530 ms, ﬂip angle = 7°; FOV = 256 mm ×
256 mm, voxel size = 1 × 1 × 1.33 mm3, number of partitions =
128). MRI data were analyzed automatically with atlas-based
FreeSurfer segmentation software (http://surfer.nmr.mgh.harvard.
edu, version 5.0.0) to extract volumetric measures of regions of interest (Fischl et al., 2002). Volumes of bilateral hippocampi were
generated according to the standard FreeSurfer segmentation and
parcellation procedures, relying upon variations in voxel signal intensities, probabilistic atlas location, and local spatial relationships
between the structures (Fischl et al., 2002). Intracranial volume
(ICV), including brain tissues and other biological materials such as
meninges and cerebrospinal ﬂuid, was taken from the standard output
of FreeSurfer analysis as well. Quality control of scan images and segmentation was assured by visual inspection of the whole cortex of
each subject. Any inaccuracies in Talairach-transformation, skull stripping, and segmentation were manually corrected, and re-inspected.
Genotyping and quality control
A 4 ml venous blood sample was collected from each subject. Genomic DNA was extracted according to standard methods within two
weeks after the blood sample was collected. All samples were genotyped using the standard Affymetrix genotyping protocol (Affymetrix,
Inc). As described in Supplemental Materials Table S1, 169 SNPs within
the SEMA5A gene on chromosome 5 were selected, and the allele
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frequencies in our sample were very similar to those of the Chinese
in the HapMap dataset. These SNPs covered most of the linkage disequilibrium (LD) blocks in this gene, as deﬁned for the samples of
Chinese included in the HapMap Project (http://www.hapmap.org
[phase 3], also see Supplemental Materials Fig. S2–S5 for the LD
plots of the SEMA5A gene in different populations). The SEMA5A
gene contains 23 exons and 22 introns. All SNPs met the following
criteria: minor allele frequency (MAF) N 0.1, Hardy–Weinberg equilibrium (HWE) p N 0.0001, and genotype call rate N 0.95.
Behavioral assessment
Raven's Advanced Progressive Matrices is a multiple-choice test of
abstract reasoning, which involves visual-spatial processing (Raven
et al., 1998). Participants were given 30 min to complete as many
items as possible. In each test item, participants were asked to select
from eight alternatives the missing segment that would complete a
larger pattern. The whole test had 48 items, including 12 easy items
and 36 difﬁcult items. Each item was presented in black ink against a
white background. Items were arranged in the order of difﬁculty from
the easiest to the most difﬁcult. This test is appropriate for adults and
adolescents of above-average intelligence (Raven et al., 1998). It has
been used widely in China with good reliability and validity (the splithalf reliability was .86) (Zhai, 1999). Cronbach's alpha in this study
was .75. The total score on this test was used as the measure of visualspatial reasoning ability in the current study.
Statistical analysis
Quantitative trait genetic association analysis was carried out by
using Plink v1.07 (Purcell et al., 2007), including allelic association
tests between individual SNPs and hippocampal volume, and associations between haplotype and hippocampal volume. Linear regression models were used to detect the associations between each SNP
and hippocampal volume in each hemisphere. Additive genetic
models (i.e., additive effects of allele dosage) were used, with sex
and age included as covariates. In order to test genotype group differences in hippocampal volumes, MANCOVA and the Fisher's least
signiﬁcant difference (LSD) post hoc tests were performed with sex
and age as covariates in SPSS 16.0. To help disentangle head size effects from those speciﬁc to hippocampal volume, associations were
assessed with and without adding ICV as one of the covariates.
Next, we selected the SNP with strongest association with hippocampal volume for further analysis.
In order to test the effects of hippocampal volume and the genotype
of this SNP as well as their interaction on RAPM performance, linear
regression models were performed in SPSS 16.0. The score of RAPM
performance was the dependent variable, and three independent
variables were the composite Z scores of hippocampal volumes
(left and right hippocampal volumes separately), the genotype of
this SNP (i.e., using this genotype as a continuous [dosage] variable
[centered]), and their interaction (the product of standardized (Z)
scores of hippocampal volume and the genotype of this SNP). Z scores
were used to center the predictors so as to control for multicollinearity (Aiken et al., 1991). Age, sex, and ICV were also included
as covariates of no-interest. Potential interactions were further
examined by obtaining partial correlations between RAPM performance and hippocampal volume for each genotype of this SNP (i.e.,
major allele homozygotes, heterozygotes, and minor allele homozygotes), again with age, sex, and ICV as covariates.
Results
The means and standard deviations of right and left hippocampal
volumes, intracranial volume (ICV), and performance on RAPM, as
well as correlations among these variables are shown in Table 1
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(also see Supplemental Materials Fig. S6 for detailed distributions
of these variables). Females had signiﬁcantly smaller bilateral hippocampal volumes than did males (t = − 5.88 and − 5.05, p b .001, for
right and left hippocampal volumes, respectively). Age had small but
statistically signiﬁcant positive correlations with bilateral hippocampal volumes (r = .15 and .11, p b .05, for right and left hippocampal volumes, respectively). Therefore, sex and age were used as
covariates in all subsequent analyses.
As presented in Fig. 1 and Supplemental Materials Table S2, genetic
association analysis using Plink showed that an SNP (rs42352) within
the SEMA5A gene had the strongest association with hippocampal
volumes (β = 113.90, t = 4.72, p = 3.59 × 10 − 6 for right hippocampal volume, β = 101.80, t = 4.09, p = 5.53 × 10− 5 for left hippocampal volume), with sex and age as covariates. T allele was
associated with larger right and left hippocampal volumes. In order
to test genotype group differences in hippocampal volumes,
MANCOVA and the Fisher's least signiﬁcant difference (LSD) post
hoc tests were also performed with sex and age as covariates. Results
showed that SEMA5A rs42352 TT homozygotes had larger bilateral
hippocampal volumes than AA homozygotes (p = 3.97 × 10− 6 and
6.09 × 10− 5 for right and left hippocampal volumes, respectively)
and TA heterozygotes (p = 7.33 × 10− 4 and 1.03 × 10− 3 for right
and left hippocampal volumes, respectively), but there were no signiﬁcant differences between AA homozygotes and TA heterozygotes
in bilateral hippocampal volumes (p = 0.57 and 0.20 for right and
left hippocampal volumes, respectively). Haplotype analysis of directly
genotyped variants near rs42352 in the current sample conﬁrmed that
the association was present across SNPs in the haplotype (see Supplemental Note 1 and Fig. S7 for details). After correcting for multiple testing by max(T) permutation approach in Plink (10000 permutation) for
individual SNPs within the SEMA5A gene, SNP rs42352 remained signiﬁcantly associated with hippocampal volumes (corrected empirical p-values [max(T)/familywise] = 0.0003 and 0.005 for right and
left hippocampal volumes, respectively). As shown in Table S3, the
associations between rs42352 and bilateral hippocampal volumes
remained highly signiﬁcant after adding ICV as one of the covariates
(β = 103.40 and 91.64, t = 4.62 and 3.93, p = 5.52 × 10− 6 and
1.03 × 10− 4 for right and left hippocampal volumes, respectively;
p = 0.0007 and 0.01, respectively, after correction for multiple comparisons). We selected the SNP rs42352 for subsequent analysis, because it had the strongest association with bilateral hippocampal
volumes. However, complete results for the other SNPs within the
SEMA5A gene are shown in the Supplemental Materials Table S2
and Table S3.
To explore the joint effect of SEMA5A rs42352 genotype and hippocampal structure on the RAPM performance, linear regression
analyses were conducted. RAPM performance was the dependent
variable, with the SEMA5A rs42352 genotype, lateral hippocampal
volume, and their interaction as predictors, and sex, age, and ICV
as control variables. Results showed a signiﬁcant interaction between the SEMA5A rs42352 genotype and right hippocampal volume (t = 2.42, p = 0.016). The interaction between rs42352
genotype and left hippocampal volume was not signiﬁcant (t =
1.44, p = 0.152).
We further examined the associations between right hippocampal
volume and RAPM performance for the three SEMA5A rs42352 genotypes separately (90 TT homozygotes, 155 TA heterozygotes, and 84
AA homozygotes). Sex, age and ICV were again used as covariates.
Only for the TT homozygotes, a signiﬁcant positive correlation was
found between right hippocampal volume and RAPM performance
(r = .42, p = 5.09 × 10−5) (see Table 2 and Fig. 2), whereas the correlation between left hippocampal volume and RAPM performance was
only marginal (r = .20, p = 0.057). There was no signiﬁcant correlation between bilateral hippocampal volumes and RAPM performance
for the other two genotype groups (p N 0.05, actual p values and other
details can be seen in Table 2).
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Table 1
Descriptive statistics and correlations among phenotypic variables.

Right hippocampal volume
Left hippocampal volume
ICV
RAPM performance

Mean

SD

Right hippocampal volume

Left hippocampal volume

ICV

4131.00
4002.37
1464213.33
37.01

346.43
348.38
230917.82
4.35

0.81***
0.48***
0.19***

0.44***
0.14**

0.04

Note: ** p b .01, *** p b .001, the unit of brain structural volume was mm3. RAPM: Raven's Advanced Progressive Matrices; ICV: Intracranial volume.

Additional analyses were conducted to examine potential confounding variables such as intelligence and working memory (because of
the hippocampus's role in memory), mental health-related factors
(e.g., depression, anxiety, alcohol and smoking), and other genes
related to hippocampal volume in the current dataset (COMT and
NTSR1). Results reported above were not changed when these variables were considered. Detailed results can be seen in the Supplemental Materials (Supplemental Note 2).
Discussion
In the present study, we investigated whether the SEMA5A gene
was associated with hippocampal volume and whether this gene
and hippocampal volume were associated with visual-spatial reasoning as measured by RAPM in normal Chinese adults. We identiﬁed an SNP rs42352 within the SEMA5A gene that was signiﬁcantly
associated with hippocampal volume and found a signiﬁcant interaction between SEMA5A genotype (rs42352) and right hippocampal volume on RAPM performance. Further analysis revealed that SEMA5A

(rs42352) TT homozygotes had higher hippocampal volume, and their
right hippocampal volume was signiﬁcantly and positively correlated
with RAPM performance. These effects were independent of subjects'
sex, age, ICV, and mental health-related covariates (see Supplementary
Online materials, Note 2), as well as other genes (i.e., COMT and NTSR1)
and cognitive functions (i.e., intelligence and working memory) related
to hippocampal volumes (Li et al., 2012; Wang et al., 2013). These results demonstrated the critical role of the SEMA5A gene in the hippocampal structure and its moderating effect on the relation between
the hippocampus (especially the right hippocampus) and RAPM
performance.
It is worth noting that although the effect of the SEMA5A gene on
hippocampal volumes was signiﬁcant for both hemispheres, the
gene–brain interaction effect on RAPM was signiﬁcant only for the
right hemisphere. This tendency of laterality (it was not statistically
signiﬁcant when laterality index was used in a separate analysis, see
Supplemental Note 2) is intriguingly consistent with the relevant literature that showed a similar tendency, which was also not tested with a
strict laterality test. First, the Allen Institute Brain Atlas showed that the

Fig. 1. Associations between 169 SNPs within the SEMA5A gene and bilateral hippocampal volumes with sex and age as covariates (a and b at the top) and diagrams of allele-speciﬁc hippocampal volumes (means and standard errors) in rs42352 TT homozygotes, AT heterozygotes, and AA homozygotes within the SEMA5A gene (c and d at the bottom). For a and b, all SNPs
are plotted with their p values against their genomic position, with the most signiﬁcant SNP in the region indicated as a diamond and other SNPs shaded according to their pair-wised
correlation (r2) with the signal SNP. The light blue line represents the estimated recombination rates. Gene annotations are shown as dark green lines. The regional plots were generated
using SNAP program (Johnson et al., 2008).
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Table 2
Hippocampal volumes and their correlations with RAPM performance for three genotypes of SNP rs42352 within the SEMA5A gene.
SEMA5A
gene
rs42352
genotype

N

Right hippocampal
volume
(RHPV)
Mean

TT
TA
AA

90
155
84

4272.8
4103.8
4029.3

Left hippocampal volume
(LHPV)

Correlations between hippocampal volumes
and RAPM performance
controlling for sex, age, and ICV

SD

Mean

SD

RHPV-RAPM

LHPV-RAPM

343.9
333.1
332.4

4135.1
3971.0
3918.1

343.7
341.1
328.9

r = .42 (p = 5.09 × 10−5)
r = .12 (p = 0.138)
r = .09 (p = 0.418)

r = .20 (p = 0.057)
r = .08 (p = 0.310)
r = .04 (p = 0.702)

SEMA5A gene had the highest expression in the right hippocampus of
human adults. Second, a PET activation study showed that the right hippocampus region was activated by RPM especially for young healthy
subjects (Esposito et al., 1999). Future research should use a larger sample size and/or more sensitive tools or measures to study the laterality
of neural basis of visual-spatial reasoning.
Our ﬁnding of a positive correlation between hippocampal volume and RAPM performance was consistent with previous studies
(Oechslin et al., 2013; Reuben et al., 2011). Given that the SEMA5A
rs42352 TT homozygotes had larger hippocampal volume than TA
heterozygotes and AA homozygotes, we hence found that the correlation between hippocampal volume and RAPM performance was
higher for the subjects with larger hippocampal volume (i.e., the
SEMA5A rs42352 TT homozygotes), which would account for the signiﬁcant interaction between genotype and hippocampal volume on
RAPM performance in the current study.
Considering our results and those of previous studies, we speculate that the links between the SEMA5A gene, hippocampal volume,
and RAPM performance may represent a form of adaptive specialization (Roth and Pravosudov, 2009). Researchers suggested
that natural selection has resulted in an increase in the volume
of the hippocampus of animals that rely on spatial abilities
to solve ecologically important problems (Sherry et al., 1992). For
example, birds from harsher climates were found to have larger hippocampal volume than those from milder climates, perhaps because
in harsh climates there is an increased need to remember where food
is hidden in order to allow animals to survive through the winter
(Pravosudov and Clayton, 2002). A similar process might have occurred in human evolution. In other words, natural selection may
have produced a specialized endophenotype (i.e., larger hippocampal volume) for a speciﬁc cognitive task (i.e., visual-spatial reasoning
task) by selecting a particular gene variant. This speculation of
course needs to be further investigated in the future studies.
Our results also have potential clinical implications. As described in
the introduction, studies have shown that some mental disorders such

as autism, Parkinson's disease, and alcohol dependence are associated
with abnormal hippocampal volume and abnormal performance on
RPM. Therefore, any genes that are associated with hippocampal volume and RPM performance may serve as candidate genes for these
mental disorders. As presented in Fig. S8, previous clinical studies
have indeed reported that several SNPs of the SEMA5A gene were associated with different kinds of mental diseases and substance abuse,
such as rs7702187 with Parkinson's disease (Maraganore et al., 2005),
rs930076 with alcohol dependence (Wang et al., 2011), rs10513025
with autism (Weiss et al., 2009). Thus far, however, no study has linked
SEMA5A rs42352 genotype to autism, Parkinson's disease, or alcohol dependence. Future study should explore potential associations between
SEMA5A rs42352 genotype and hippocampal volume and their interaction effect on RPM performance in clinical samples.
Several limitations of this study and directions for future research
need to be noted. First, the biochemical and physiological functions
of the identiﬁed polymorphism (rs42352 within the SEMA5A gene)
were not directly explored in the present study. SNP rs42352 is located on the tenth intron of the SEMA5A gene. This SNP is very close to
the 11th exon (about 1 kb away) of the SEMA5A gene. It serves as a
marker for a number of polymorphisms in the haplotype block. Any
of these SNPs in the haplotype block may have functional consequences on the amount of SEMA5A protein synthesized. Also, it is
possible that intron variants can also regulate mRNA expression
and slicing (Zhang et al., 2007). Although previous studies suggested
that several SEMA5A genetic variants were associated with many mental
diseases, there was no strong LD between these SEMA5A SNPs related to
different kinds of phenotypes (supplemental Fig. S8). Therefore, additional molecular functional studies are needed to investigate the detailed
biochemical mechanisms of this association.
Second, it should be noted that the current study was based on a
healthy Han Chinese sample. Previous studies have shown racial
speciﬁcity (e.g., Taiwanese versus Finnish population) in the association between the SEMA5A gene and phenotype. The SNPs within the
SEMA5A gene have different minor allele frequencies (MAF) and

Fig. 2. Scatter plots and regression lines showing the relationship between hippocampal volume and RAPM performance (raw scores) in rs42352 TT homozygotes (ﬁlled circles, solid regression line), AT heterozygotes (cross, short-dashed regression line), AA homozygotes (open circles, long-dashed regression line) within the SEMA5A gene.
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constructed different LD blocks in different ethnic populations based
on the HapMap Data (www.hapmap.org, see Table S1 and Figs. S1 to 4).
Previous genome-wide association meta-analytic studies of European
ancestry samples did not ﬁnd the association between the SEMA5A
rs42352 genotype and hippocampal volume (p N .05, based on the
data from http://enigma.loni.ucla.edu/enigma-vis/, (Novak et al.,
2012)). One possible explanation of these inconsistent results is
the population-speciﬁc genetic effect on hippocampal volume
(Lohmueller et al., 2003). Researchers suggested that SEMA5A genetic markers had differential effects across populations (Clarimon
et al., 2006). For example, Clarimon et al. (2006) found the effect of
SEMA5A genetic markers in the Taiwanese population, but they did
not ﬁnd such association in the Finnish population. It might explain
why previous studies using European ancestry samples did not ﬁnd
the association between SEMA5A genetic variants and hippocampal
volume; while the current study identiﬁed this association using a
Han Chinese sample. In order to obtain conﬁrmatory evidence, this
association should be explored in future studies using different ethnic samples.
Finally, because this was a college sample, we used only self-report
data to screen for neurological and psychiatric disorders. While this is
a reasonable approach given the stringent requirements of college admission in China, future research should employ an objective systematic
tool to assess such disorders.
Conclusions
In conclusion, this study provided the ﬁrst evidence of an association
between the SEMA5A gene and hippocampal volume, and reported a
signiﬁcant interaction between SEMA5A genotype (rs42352) and right
hippocampal volume on RAPM performance in healthy Chinese individuals. These ﬁndings were independent of several potential confounding
factors (i.e., sex, age, and ICV), overlapping cognitive functions (i.e., intelligence and working memory), and other relevant genes (NTSR1
and COMT). SEMA5A (rs42352) TT homozygotes had higher hippocampal volume, and their right hippocampal volume was signiﬁcantly positively correlated with RAPM performance. Our ﬁndings suggested
future studies of the hippocampus–RPM association should consider genetic modulation.
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