
Mol Genet Genomic Med. 2020;8:e1484.     | 1 of 9
https://doi.org/10.1002/mgg3.1484

wileyonlinelibrary.com/journal/mgg3

1 |  INTRODUCTION

Major depressive disorder (MDD) is one of the common 
psychiatric conditions, with its peak in adolescence and 
young adulthood (Ronald C et al., 2007). It is also the 
leading cause of disability among young people around the 
world (Michael & Charles, 2012). The disease is not only 
a major risk factor for suicide (Hawton & van Heeringen, 

2009), but also causes serious social and educational prob-
lems, for example, by increasing the chances of dropping 
out (Fletcher, 2009; Lewinsohn, Rohde, & Seeley, 1998). 
Because of clinical heterogeneity and multifactorial eti-
ology, the pathogenesis of the disease and its underlying 
factors have been difficult to understand. At present, how-
ever, it can be confirmed that genetic factors play a role 
in the occurrence of MDD, with a heritability of about 
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Abstract
Background: Adolescence and young adulthood are considered the peak age for 
the emergence of many psychiatric disorders, in particular major depressive disorder 
(MDD). Previous research has shown substantial heritability for MDD. In addition, the 
brain-derived neurotrophic factor (BDNF) gene is known to be associated with MDD. 
However, there has been no study conducting targeted sequencing of the BDNF gene 
in young MDD patients so far.
Method: To examine whether the BDNF gene is associated with the occurrence of 
MDD in young patients, we used targeted sequencing to detect the BDNF gene vari-
ants in 259 young Chinese Han people (105 MDD patients and 154 healthy subjects).
Results: The BDNF variant rs4030470 was associated with MDD in young Chinese 
Han people (uncorrected p = 0.046), but this was no longer significant after applying 
FDR correction (p = 0.552, after FDR correction). We did not find any significant 
differences in genotype or haplotype frequencies between the case and control groups, 
and furthermore discovered no rare mutation variants any of the 259 subjects.
Conclusion: Our results do not support an association of the BDNF gene variants with 
MDD in young people in the Chinese Han population.
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30%–50% (Bierut et al., 1999). Some studies have defined 
MDD with an onset-age below 30 as early onset MDD, as 
it has a higher average heritability than MDD with an age 
of onset above 30 years (Cheng et al., 2014; Lyons et al., 
1998; Tozzi et al., 2008; Yang et al., 2011). Therefore, the 
early onset MDD may represent a stronger genetic MDD 
subtype.

Recently, the neurotrophic hypothesis of depression has 
attracted much attention, and the gene encoding for brain-de-
rived neurotrophic factor (BDNF) (OMIM: 113505) has be-
come one of the most interesting candidate genes for MDD 
heritability and pathogenesis. The BDNF gene is located on 
human chromosome 11p14, containing 11 exons and 9 pro-
moters (Maisonpierre et al., 1990). BDNF plays a crucial role 
in nerve development, promoting proliferation, differentia-
tion, maturation, and survival of nerve cells, and participates 
in the regulation of synaptic plasticity and cognitive function 
(Huang & Reichardt, 2001; Wu, Molteni, Ying, & Gomez-
Pinilla, 2003).

Previous studies have found that neurodevelopmental 
factors are likely to be involved in pathogenesis when de-
pression is developed at an early age (Rice et al., 2019). 
Although genome-wide association studies have identified 
a few common variants associated with MDD, the func-
tion of these common variants is generally unclear, the ef-
fects are weak (Cai et al., 2015; Hyde et al., 2016), and 
the proportion of common variants can only explain 21% 
of the genetic risk for depression (Cross-Disorder Group 
of the Psychiatric Genomics Consortium, et al., 2013), 
indicating a partial “loss” of heritability (Manolio et al., 
2009). However, with the development of next-generation 
sequencing techniques, many studies have found that rare 
mutations in genes can explain some of this “loss of heri-
tability” (Amin, Belonogova, et al., 2016; Amin, Jovanova, 
et al., 2016; Amin et al., 2017; Pirooznia et al., 2015). In 
addition, several studies have suggested that these rare 
gene variants may be associated with depression (Amin 
et al., 2017; Pirooznia et al., 2015; Yu, Arcos-Burgos, 
et al., 2018). As a result, both common and rare variants 
may increase the risk of developing the depression (Wong 
et al., 2016; Yu, Arcos-Burgos, et al., 2018).

Based on the important functions of the BDNF gene in 
neurodevelopment and cognitive function, we hypothesized 
that rare genetic variations of the BDNF gene might be related 
to MDD in young people. While several studies have looked 
into the relationship between the BDNF gene and MDD in 
young people, no study has so far investigated the associa-
tion of BDNF sequence variants in early onset depression. In 
this study, we explored the relationship between common and 
rare functional variation in the BDNF gene in young people 
with depression as an early onset subtype of depression using 
next-generation sequencing.

2 |  MATERIALS AND METHODS

2.1 | Ethical compliance

The study obtained approval by the ethical review board 
of The First Affiliated Hospital of Chongqing Medical 
University (No. 2017-157). All subjects provided written 
informed consent. If participants were aged below 18 years, 
their parents or legal guardians were required to sign the in-
formed consent form on their behalf.

2.2 | Participants

Our study comprised a total of 259 participants. We recruited 
105 patients from the Department of Psychiatry at the first 
affiliated hospital of Chongqing Medical University and 
the Mental Health Center at the University-town hospital of 
Chongqing Medical University in Chongqing. Participants 
included individuals with MDD based on criteria of the 
Diagnostic and Statistical Manual of Mental Disorders, IVth 
edition (DSM-IV-TR) (n = 105) and healthy control partici-
pants (n = 154).

All participants were of Chinese Han descent and were di-
agnosed with MDD according to the DSM-IV criteria but not 
suffering from other mental illnesses. Individuals with severe 
physical illnesses, mental retardation, or a history of alco-
hol, or psychoactive substance abuse were excluded from this 
study. The 154 control individuals were healthy volunteers 
that were recruited from the local school, without history of 
mental disease or physical or neurological illness.

In this study, we chose early onset depression as the ex-
treme phenotype. Extreme phenotype sampling is a strategy 
which selecting individuals from the extremes of the trait dis-
tribution (such as age of onset) (Li et al., 2019; Manolio et al., 
2009), and it can increase the ability and statistical power to 
explore rare variants. The demographic information of partic-
ipants was as follows: we included 105 MDD patients (further 
abbreviated as MDD), including 73 females and 32 males, 
which were all aged between 13 and 25 years and had a mean 
age of 18.18 ± 2.741 years. We included 154 controls (further 
abbreviated as CON), including 92 females and 62 males, all 
aged between 14 and 24. The mean age of the control group 
was 18.81 ± 1.759 years. The statistical results about gender 
and age between the MDD and the control group are as fol-
lows: χ2 = 2.585, p = 0.108 and t = −2.083, p = 0.039.

2.3 | DNA sampling

We collected 2–5 ml of peripheral venous blood from all sub-
jects in a DNA extraction EDTA anticoagulant tube. Genomic 
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DNA was extracted using the TIANamp blood genomic DNA 
kit (Tiangen Biotech (Beijing) Co., Ltd), and genomic DNA 
quality and quantity were detected using a Nanodrop 2000 
spectrophotometer (NanoDrop Technologies, Wilmington, 
DE, USA). For all samples, the concentration was ≥20 ng/μl. 
The genomic DNA was stored at −80℃ and sent to Genesky 
Biotechnologies Inc., Shanghai for FastTargetTM target re-
gion sequencing.

2.4 | Targeted sequencing of BDNF

The target region included all coding and regulatory regions 
of the BDNF gene (NG_011794.1): the regulatory region in-
cluded the 500  bp promoter region, the 15  bp exon-intron 
boundary region, the 5′ untranslated region (5′ UTR), and 
the 3′ untranslated region (3′ UTR). We used the primer 3 
software to design specific primers for gene target regions. 
The AB 2720 type PCR thermal cycler (Applied Biosystems, 
Waltham, MA, USA) was used for the amplification reac-
tion. All PCR products were sequenced using the 2 × 150 bp 
paired-end sequencing mode on an Illumina HiSeq platform 
(Illumina Inc, San Diego, CA, USA).

2.5 | Bioinformatics analysis

We used FastQC (http://www.bioin forma tics.babra ham.
ac.uk/proje cts/fastq c/) to evaluate the quality of the raw se-
quencing data. The BWA v0.7.15-r1140 software (http://
bio-bwa.sourc eforge.net/) was used to align the raw sequenc-
ing data to the human genome reference sequence (UCSC 
hg19), and the preliminary alignment results were obtained 
in BAM format. The preliminary comparison result of BWA 
software was corrected using the GATK standard software 
(https://softw are.broad insti tute.org/gatk/best-pract ices/), 
which mainly included local realignment and base quality re-
calibration. Using both the VarScan v2.3.9 software (http://
varsc an.sourc eforge.net/) and GATK HaplotypeCaller mod-
ule (https://softw are.broad insti tute.org/gatk/), we identified 
the mutation sites. The mutation sites were compared with 
a known population database, a functional database and a 
disease database with the ANNOVAR package (http://annov 
ar.openb ioinf ormat ics.org/en/lates t/) to obtain the most bio-
logically significant variation sites and carry out the func-
tional annotation.

2.6 | Statistical analyses

Age and gender matching were statistically analyzed using 
an adopted independent sample t-test and chi-square test, 

respectively, in SPSS 25.0. The single nucleotide polymor-
phisms (SNPs) were analyzed using the PLINK 1.07 soft-
ware (http://pngu.mgh.harva rd.edu/purce ll/plink/) and the 
Hardy–Weinberg genetic equilibrium test was performed 
using a chi-square test for genotype distribution between 
the two groups. The genotype and allele frequency be-
tween the two groups were tested using a chi-square test, 
and Odds ratios (OR) and 95% confidence intervals (CI) 
were calculated. The linkage disequilibrium (LD) of the 
SNPs the gene was analyzed with the Haploview software 
and D’ value was used as a measure. A higher D’ value in-
dicated a higher degree of LD, and we obtained haplotypes 
with strong correlations. The haplotype frequency com-
parison between the two groups was based on a chi-square 
test, and the correlation between haplotype and the disease 
was analyzed using OR and the 95% CI. The correlation 
analysis of single SNPs was assessed with a false discov-
ery rate (FDR) applied for the correction test. SNP-SNP 
interaction analyses were performed using the general-
ized multifactor dimensionality reduction (GMDR) soft-
ware (http://www.ssg.uab. edu/gmdr/) (Lou et al., 2007). 
Two-tailed p-values <0.05 were considered statistically 
significant.

3 |  RESULTS

3.1 | Sequencing data

The average sequencing depth was 572X, and the propor-
tion of samples with an average effective sequencing depth 
(>200X) was 97%. All variations were classified into com-
mon variants (MAF ≥1%) and rare variants (MAF <1%) 
based on the minor allele frequency of variations in the 
control group. In total, we found 10 SNPs and 1 short tan-
dem repeat (STR) in the target region of BDNF gene, all of 
which were common variations, as shown in Table S1. Our 
subsequent analysis focused on these SNPs. We did not 
detect any rare variations in either patient or control group. 
The genotype distribution of all variation sites was in ac-
cordance with the Hardy–Weinberg genetic equilibrium.

3.2 | Single marker association analysis

As shown in Table 1, the genotype distribution of the 10 
polymorphisms of the BDNF gene showed no differences 
between young MDD patients and controls. Of all markers, 
only the rs4030470 allele showed an association with young 
MDD patients, with an uncorrected p of 0.046. However, this 
association did not remain significant after FDR correction 
(p = 0.552 after FDR correction).

http://www.bioinformatics.babraham.ac.uk/projects/fastqc/
http://www.bioinformatics.babraham.ac.uk/projects/fastqc/
http://bio-bwa.sourceforge.net/
http://bio-bwa.sourceforge.net/
https://software.broadinstitute.org/gatk/best-practices/
http://varscan.sourceforge.net/
http://varscan.sourceforge.net/
https://software.broadinstitute.org/gatk/
http://annovar.openbioinformatics.org/en/latest/
http://annovar.openbioinformatics.org/en/latest/
http://pngu.mgh.harvard.edu/purcell/plink/
http://www.ssg.uab
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3.3 | Haplotype association analysis

Linkage disequilibrium (LD) analysis of the 10 functional 
polymorphism loci in the BDNF gene region identified three 
haplotype blocks with strong correlation (Figure 1). Block 1 
consisted of five SNPs (rs7124442, rs11030099, rs79642557, 
rs6265, and rs11030101), Block 2 consisted of two SNPs 
(rs200712840 and rs202011320), and Block 3 consisted of 
two SNPs (rs2883187 and rs71050932). We conducted an as-
sociation analysis of BDNF haplotypes with MDD in young 
patients. The results are demonstrated in Table 2. None of the 
BDNF gene haplotypes were associated with MDD in young 
people in our study.

3.4 | SNP-SNP interactions

To explore the epistatic gene interaction, we used a GMDR 
approach to evaluate the SNP-SNP interactions between the 
10 SNPs in the BDNF gene. There were no significant inter-
action effects between any of the seven SNP-SNP interac-
tions in the GMDR model of the young MDD patient group 
(Table S2).

4 |  DISCUSSION

In this study, we conducted targeted sequencing of all BDNF 
exons and their flanking regions in a total of 259 young 
Chinese Han people, consisting of 105 MDD patients and 
154 healthy controls. Our results showed that the rs4030470 
allele was associated with MDD in young patients before 
correction (p = 0.046), but this association did not remain 
statistically significant after FDR correction (p  =  0.552). 
Moreover, we found no statistical difference in genotype or 
haplotype frequencies between patients and controls, and no 
rare mutation variants were found in any of the participants. 
Furthermore, in the current study, we identified no interac-
tions between the 10 SNPs of the BDNF gene.

BDNF encodes a neurotrophic protein which is highly 
expressed in central nervous system, particularly in the 
hippocampus and cortical neurons (Beck, 1994). During 
development and in adulthood, BDNF plays a significant 
role in neural development (Huang & Reichardt, 2001; 
Schinder & Poo, 2001). Here, we conducted a study in 
adolescents, which are in an important period of neurode-
velopment (Keshavan, Giedd, Lau, Lewis, & Paus, 2014). 
Based on the literature, it appears that MDD in young peo-
ple is related to alterations in neurodevelopment (Hagan 
et al., 2015; Paus, Keshavan, & Giedd, 2008; Truong 
et al., 2013). In addition, studies have shown that BDNF 
is associated with the development of neurodevelopmental 
disorders, such as schizophrenia (Zhang et al., 2016) and T
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Attention-Deficit/Hyperactivity Disorder (ADHD) (Liu 
et al., 2014; Zhang et al., 2018).

The rs6265 (Val66Met) variant of the BDNF gene lies 
in the functional coding region and has received much at-
tention. Aldoghachi et al. (2019) and Ribeiro et al. (2007) 
found that the rs6265 polymorphism of BDNF gene is as-
sociated with MDD. Youssef et al. (2018) found lower lev-
els of BDNF in the anterior cingulate cortex and caudal 
brainstem in MDD patients compared with nondepressed 
subjects, and their results also showed that the rs6265 vari-
ant was associated with MDD. Moreover, Cruz-Fuentes 
et al. (2014) did not find a relationship between the rs6265 
polymorphism of BDNF gene and MDD in Mexican youth 
population, which is consistent with the findings of our 
study. Similarly, a meta-analysis by Gyekis et al. (2013) 
identified no association of the BDNF rs6265 polymor-
phism with MDD. The reason for the apparent inconsis-
tency of these research findings may be due to a difference 
in genetic backgrounds between populations. In addition, 
different study inclusion criteria may account for a part of 
the discrepancy, as the study by Cruz-Fuentes et al. (2014) 
and our study were about young people, while other stud-
ies were carried out in the adult population. Differences in 
age may furthermore be a factor explaining the discrepancy 
among results of these studies.

In addition to the rs6265 polymorphism, there have also 
been other polymorphisms whose association with MDD 
were studied. Domschke et al. (2009) and Musil et al.(2013) 
found that the rs7124442 variant of the BDNF gene was not 
associated with MDD. Similarly, our present study did not 
identify and association of the BDNF rs7124442 variant 
with MDD either. While there are no positive reports of the 
rs7124442 related to MDD, Zhang et al.(2010) found gene-
gene interaction effects between BDNF and GSK3B in mood 
disorders in a Chinese population, which include the associ-
ation of the BDNF rs7124442 variant and Glycogen synthase 
kinase 3 beta (GSK3B) rs6782799, BDNF rs6265, BDNF 
rs7124442, and GSK3B rs6782799.

For most common human diseases, common mutations 
typically only explain a small proportion of heritability of 
the disease, while rare mutations explain part of remaining 
(Manolio et al., 2009). For example, rare structural variants of 
affected genes have been shown to influence epilepsy, men-
tal retardation, autism, and schizophrenia (Stankiewicz & 
Lupski, 2010). Interestingly, Licinio, Dong and Wong (2009) 
found several rare variants of the BDNF gene in a case-con-
trol study (272 MDD patients and 264 healthy controls) in 
Mexican Americans. Regretfully, they did not further ana-
lyze the relationship between these rare variants and MDD. 
In our current study, we did not identify any rare variants. An 

F I G U R E  1  LD estimates across the BDNF gene (NCBI Reference Sequence: NG_011794.1) in the analyzed groups. We found three 
haplotype blocks in 10 SNPs in BDNF gene. A higher intensity of red indicates a higher degrees of LD
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explanation for this discrepancy may be the different genetic 
background. In addition, the pathogenesis of MDD is very 
complex and includes a high genetic heterogeneity (Kupfer, 
Frank, & Phillips, 2012).

Studies have reported that the risk for MDD was also af-
fected by other types of genetic variants, such as copy num-
ber variation (CNV) and STR (Yu, Baune, Wong, & Licinio, 
2017, 2018). Interestingly, we did find an STR variation 
(rs3838785) in our current study, but there was no difference 
in genotype frequency and allele frequency between controls 
and cases (see Table S3). However, Yu, Baune, et al. (2018) 
reported that STRs were more common in healthy controls 
than MDD cases in a Mexican-American population, but this 
result was not replicated in a study sampling Australians with 
European ancestry. Additionally, via whole genome-sequenc-
ing, Yu, Baune et al. (2017) found that deletion CNVs were 
more frequent in MDD patients than healthy controls in the 
Mexican-American sample. Zhang et al. (2019) conducted a 
meta-analysis which found that rare CNVs may increase the 
risk for MDD. However, our study was unfortunately not sen-
sitive enough to detect CNVs as the target sequences were 
evaluated based on an amplification strategy. In future stud-
ies, we will, therefore, further explore the structural muta-
tions related to MDD risk using whole-genome sequencing 
or microarrays.

To overcome the shortcomings of the small sample size 
of our study, we used a one-sided extreme phenotype sam-
pling method, as we aimed to focus on early onset MDD 
which is a strong genetic MDD subtype (Lyons et al., 1998; 
Wallace, Chapman, & Clayton, 2006; Yang et al., 2011). 
Using targeted sequencing on individuals with extreme or 
unusual phenotypes is, therefore, an effective strategy to re-
search rare and low frequency variants and structural variants 
(Manolio et al., 2009). Studies have previously suggested that 
early onset MDD is genetically similar to schizophrenia and 

bipolar disorder (Power et al., 2017). To some extent, early 
onset depression can be considered as a subtype of depres-
sion. Therefore, in our study, we conducted extreme pheno-
typic sampling by assessing early onset depression (Manolio 
et al., 2009). Moreover, in one of our previous studies, using 
extreme traits sampling, we found that rare variants of sero-
tonin transporter gene (SLC6A4) may contribute to the oc-
currence of MDD with suicide ideation in young people (Ran 
et al., 2020).

To the best of our knowledge, this is the first study to 
carry out targeted sequencing of the BDNF gene in young 
people. Targeted sequencing is a next-generation sequenc-
ing approach which has previously been used to find rare 
mutations. Unfortunately, we did not detect any rare mu-
tations in current study. However, although we did not 
identify any rare mutations in more than 200 people, this 
study can provide value for future sequencing studies of the 
BDNF gene.

Our study does have some limitations which should be 
considered when interpreting our findings. First, we cannot 
completely exclude that a lack of statistical power affected 
our results. Although we did use extreme phenotypic sam-
pling to improve our statistical power, our sample size is 
small. Therefore, replication studies with larger sample sizes 
will be necessary to confirm our results. Additionally, pre-
vious studies have investigated interactions of the BDNF 
gene with environmental exposure in pathogenesis of MDD 
in young people (Youssef et al., 2018). In our study, we did 
not conduct any analysis of environmental factors. Finally, 
we only investigated the association in BDNF gene with the 
psychopathology of depression. However, as is well known, 
there are several other neuropeptides which may be associ-
ated with MDD, such as glial-derived neurotrophic factor 
(GDNF) (Tsybko, Ilchibaeva, & Popova, 2017) and nerve 
growth factor (NGF) (Wiener et al., 2015).

Haplotype Case (%) Control (%) p-value OR (95% CI)

Block 1

CCGCA 15 (10.7) 27 (14.2) 0.339 0.715 (0.359–1.421)

TAATA 20 (14.0) 30 (15.0) 0.814 0.930 (0.506–1.706)

TCGCA 34 (22.3) 51 (22.5) 0.961 0.986 (0.580–1.677)

TCGCT 63 (35.0) 88 (33.8) 0.793 1.057 (0.696–1.603)

TCGTA 6 (4.5) 11 (6.5) 0.444 0.663 (0.231–1.899)

Block 2

— 15 (7.1) 33 (10.7) 0.148 0.611 (0.313–1.192)

Block 3

G- 16 (9.5) 27 (11.1) 0.593 0.836 (0.433–1.613)

GCATTT 96 (46.1) 141 (46.0) 0.986 1.003 (0.701–1.434)

Note: Block 1: rs7124442-rs11030099-rs79642557-rs6265-rs11030101; Block 2: rs200712840-rs202011320; 
Block 3: rs2883187-rs71050932; Case: young patients with major depressive disorder; Control: healthy young 
people.

T A B L E  2  Differences in BDNF gene 
haplotypes between young patients with 
major depressive disorder and controls
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To conclude, in our study of MDD in young Chinese Han 
people, we did not identify a significant association between 
the pathology of MDD and BDNF gene variants. These re-
sults indicate that the BDNF gene may not be involved in the 
pathogenesis of MDD in young Chinese people. However, 
further targeted sequencing studies with larger sample sizes 
will be necessary to determine whether genetic variation in 
BDNF influences the occurrence of MDD.

ACKNOWLEDGMENTS
This study was supported by the National Natural Science 
Foundation of China (81671360). We thank the study subject 
for their participation.

CONFLICT OF INTEREST
Authors have no conflict of interest to declare.

AUTHORS CONTRIBUTIONS
Chenyu Zhang and Liuyi Ran analyzed the data and wrote 
the paper. Ming Ai, Wo Wang, and Jianmei Chen collected 
clinical data. Tong Wu, Wei Liu, Jiajia Jin, and Suya Wang 
performed DNA extraction. Li Kuang designed the research 
study and reviewed the manuscript.

ORCID
Li Kuang   https://orcid.org/0000-0002-3265-2252 

REFERENCES
Aldoghachi, A. F., Tor, Y. S., Redzun, S. Z., Lokman, K. A. B., Razaq, 

N. A. A., Shahbudin, A. F., … Ling, K.-H. (2019). Screening of 
brain-derived neurotrophic factor (BDNF) single nucleotide poly-
morphisms and plasma BDNF levels among Malaysian major de-
pressive disorder patients. PLoS One, 14, e0211241. https://doi.
org/10.1371/journ al.pone.0211241

Amin, N., Belonogova, N., Story, O., Brouwer, R., Rooij, J., Van 
Vroonhoven, M. … Duijn, C. (2016). Nonsynonymous variation 
in NKPD1 increases depressive symptoms in the european popula-
tions. Biological Psychiatry, 81, 702–707. https://doi.org/10.1016/j.
biops ych.2016.08.008

Amin, N., de Vrij, F., Baghdadi, M., Brouwer, R., Rooij, J., Story, O., 
…Duijn, C. (2017). A rare missense variant in RCL1 segregates 
with depression in extended families. Molecular Psychiatry, 23, 
1020–1126. https://doi.org/10.1038/mp.2017.49

Amin, N., Jovanova, O., Adams, H. H. H., Dehghan, A., Kavousi, M., 
Vernooij, M. W., … van Duijn, C. M. (2016). Exome-sequencing 
in a large population-based study reveals a rare Asn396Ser variant 
in the LIPG gene associated with depressive symptoms. Molecular 
Psychiatry, 22, 537–543. https://doi.org/10.1038/mp.2016.101

Beck, K. D. (1994). Functions of brain-derived neurotrophic factor, in-
sulin-like growth factor-I and basic fibroblast growth factor in the 
development and maintenance of dopaminergic neurons. Progress 
in Neurobiology, 44, 497–516. https://doi.org/10.1016/0301-
0082(94)90009 -4

Bierut, L. J., Heath, A. C., Bucholz, K. K., Dinwiddie, S. H., Madden, P. 
A. F., Statham, D. J., … Martin, N. G. (1999). Major depressive dis-
order in a community-based twin sample: Are there different genetic 
and environmental contributions for men and women? Archives of 
General Psychiatry, 56, 557–563. https://doi.org/10.1001/archp 
syc.56.6.557

Cai, N., Bigdeli, T. B., Kretzschmar, W., Li, Y., Liang, J., Song, L., … 
… CONVERGE, C. (2015). Sparse whole-genome sequencing iden-
tifies two loci for major depressive disorder. Nature, 523, 588–591. 
https://doi.org/10.1038/natur e14659

Cheng, Y., Xu, J., Yu, H., Nie, B., Li, N. A., Luo, C., … Xu, X. (2014). 
Delineation of early and later adult onset depression by diffusion 
tensor imaging. PLoS One, 9, e112307. https://doi.org/10.1371/
journ al.pone.0112307

Cross-Disorder Group of the Psychiatric Genomics Consortium, Lee, 
S. H., Ripke, S., Neale, B. M., Faraone, S. V., Purcell, S. M., … 
International Inflammatory Bowel Disease Genetics Consortium. 
(2013). Genetic relationship between five psychiatric disorders es-
timated from genome-wide SNPs. Nature Genetics, 45, 984–994. 
https://doi.org/10.1038/ng.2711

Cruz-Fuentes, C. S., Benjet, C., Martínez-Levy, G. A., Pérez-Molina, 
A., Briones-Velasco, M., & Suárez-González, J. (2014). BDNF 
Met66 modulates the cumulative effect of psychosocial childhood 
adversities on major depression in adolescents. Brain and Behavior, 
4, 290–297. https://doi.org/10.1002/brb3.220

Domschke, K., Lawford, B., Laje, G., Berger, K., Young, R., Morris, P., 
… Baune, B. T. (2009). Brain-derived neurotrophic factor (BDNF) 
gene: no major impact on antidepressant treatment response. The 
International Journal of Neuropsychopharmacology, 13, 93–101. 
https://doi.org/10.1017/S1461 14570 9000030

Fletcher, J. (2009). Adolescent depression and educational attainment: 
Results using sibling fixed effects. Health Economics, 19, 855–871. 
https://doi.org/10.1002/hec.1526

Gyekis, J. P., Yu, W., Dong, S., Wang, H., Qian, J., Kota, P., & Yang, 
J. (2013). No association of genetic variants in BDNF with major 
depression: A meta- and gene-based analysis. American Journal of 
Medical Genetics. Part B, Neuropsychiatric Genetics, 162B, 61–70. 
https://doi.org/10.1002/ajmg.b.32122

Hagan, C. C., Graham, J. M. E., Wilkinson, P. O., Midgley, 
N., Suckling, J., Sahakian, B. J., & Goodyer, I. M. (2015). 
Neurodevelopment and ages of onset in depressive disorders. The 
Lancet Psychiatry, 2, 1112–1116. https://doi.org/10.1016/S2215 
-0366(15)00362 -4

Harhay, M. O., & King, C. H. (2012). Global burden of disease in 
young people aged 10–24 years. The Lancet, 379, 27–28. https://
doi.org/10.1016/S0140 -6736(12)60019 -1

Hawton, K., & van Heeringen, K. (2009). Suicide. The Lancet, 373, 
1372–1381. https://doi.org/10.1016/S0140 -6736(09)60372 -X

Huang, E. J., & Reichardt, L. F. (2001). Neurotrophins: Roles in neuro-
nal development and function. Annual Review of Neuroscience, 24, 
677–736. https://doi.org/10.1146/annur ev.neuro.24.1.677

Hyde, C. L., Nagle, M. W., Tian, C., Chen, X., Paciga, S. A., Wendland, J. 
R., … Winslow, A. R. (2016). Identification of 15 genetic loci associ-
ated with risk of major depression in individuals of European descent. 
Nature Genetics, 48, 1031–1036. https://doi.org/10.1038/ng.3623

Keshavan, M. S., Giedd, J., Lau, J. Y. F., Lewis, D. A., & Paus, T. 
(2014). Changes in the adolescent brain and the pathophysiology of 
psychotic disorders. The Lancet Psychiatry, 1, 549–558. https://doi.
org/10.1016/S2215 -0366(14)00081 -9

https://orcid.org/0000-0002-3265-2252
https://orcid.org/0000-0002-3265-2252
https://doi.org/10.1371/journal.pone.0211241
https://doi.org/10.1371/journal.pone.0211241
https://doi.org/10.1016/j.biopsych.2016.08.008
https://doi.org/10.1016/j.biopsych.2016.08.008
https://doi.org/10.1038/mp.2017.49
https://doi.org/10.1038/mp.2016.101
https://doi.org/10.1016/0301-0082(94)90009-4
https://doi.org/10.1016/0301-0082(94)90009-4
https://doi.org/10.1001/archpsyc.56.6.557
https://doi.org/10.1001/archpsyc.56.6.557
https://doi.org/10.1038/nature14659
https://doi.org/10.1371/journal.pone.0112307
https://doi.org/10.1371/journal.pone.0112307
https://doi.org/10.1038/ng.2711
https://doi.org/10.1002/brb3.220
https://doi.org/10.1017/S1461145709000030
https://doi.org/10.1002/hec.1526
https://doi.org/10.1002/ajmg.b.32122
https://doi.org/10.1016/S2215-0366(15)00362-4
https://doi.org/10.1016/S2215-0366(15)00362-4
https://doi.org/10.1016/S0140-6736(12)60019-1
https://doi.org/10.1016/S0140-6736(12)60019-1
https://doi.org/10.1016/S0140-6736(09)60372-X
https://doi.org/10.1146/annurev.neuro.24.1.677
https://doi.org/10.1038/ng.3623
https://doi.org/10.1016/S2215-0366(14)00081-9
https://doi.org/10.1016/S2215-0366(14)00081-9


2 of 9 |   ZHANG et Al.

Kupfer, D. J., Frank, E., & Phillips, M. L. (2012). Major depressive 
disorder: New clinical, neurobiological, and treatment perspec-
tives. The Lancet, 379, 1045–1055. https://doi.org/10.1016/S0140 
-6736(11)60602 -8

Lewinsohn, P. M., Rohde, P., & Seeley, J. R. (1998). Major depressive 
disorder in older adolescents: Prevalence, risk factors, and clinical 
implications. Clinical Psychology Review, 18, 765–794. https://doi.
org/10.1016/S0272 -7358(98)00010 -5

Li, Y., Levran, O., Kim, J., Zhang, T., Chen, X., & Suo, C. (2019). 
Extreme sampling design in genetic association mapping of quan-
titative trait loci using balanced and unbalanced case-control sam-
ples. Scientific Reports, 9, 15504. https://doi.org/10.1038/s4159 
8-019-51790 -w

Licinio, J., Dong, C., & Wong, M. (2009). Novel sequence variations 
in the brain-derived neurotrophic factor gene and association with 
major depression and antidepressant treatment response. Archives 
of General Psychiatry, 66, 488–497. https://doi.org/10.1001/archg 
enpsy chiat ry.2009.38

Liu, D.-Y., Shen, X.-M., Yuan, F.-F., Guo, O.-Y., Zhong, Y., Chen, J.-
G., … Wu, J. (2014). The physiology of BDNF and its relationship 
with ADHD. Molecular Neurobiology, 52, 1467–1476. https://doi.
org/10.1007/s1203 5-014-8956-6

Lou, X., Chen, G., Yan, L., Ma, J. Z., Zhu, J., Elston, R. C., & Li, M. D. 
(2007). A generalized combinatorial approach for detecting gene-
by-gene and gene-by-environment interactions with application to 
nicotine dependence. American Journal of Human Genetics, 80, 
1125–1137. https://doi.org/10.1086/518312

Lyons, M. J., Eisen, S. A., Goldberg, J., True, W., Lin, N., Meyer, J. M., 
… Tsuang, M. T. (1998). A registry-based twin study of depression 
in men. Archives of General Psychiatry, 55, 468–472. https://doi.
org/10.1001/archp syc.55.5.468

Maisonpierre, P. C., Belluscio, L., Squinto, S., Ip, N. Y., Furth, M. E., 
Lindsay, R. M., & Yancopoulos, G. D. (1990). Neurotrophin-3: A 
neurotrophic factor related to NGF and BDNF. Science, 247, 1446–
1451. https://doi.org/10.1126/scien ce.2321006

Manolio, T. A., Collins, F. S., Cox, N. J., Goldstein, D. B., Hindorff, 
L. A., Hunter, D. J., … Visscher, P. M. (2009). Finding the missing 
heritability of complex diseases. Nature, 461, 747–753. https://doi.
org/10.1038/natur e08494

Musil, R., Zill, P., Seemüller, F., Bondy, B., Obermeier, M., Spellmann, 
I., … Riedel, M. (2013). No influence of brain-derived neurotrophic 
factor (BDNF) polymorphisms on treatment response in a natural-
istic sample of patients with major depression. European Archives 
of Psychiatry and Clinical Neuroscience, 263, 405–412. https://doi.
org/10.1007/s0040 6-012-0364-1

Paus, T., Keshavan, M., & Giedd, J. N. (2008). Why do many psy-
chiatric disorders emerge during adolescence? Nature Reviews. 
Neuroscience, 9, 947–957. https://doi.org/10.1038/nrn2513

Pirooznia, M., Wang, T., Avramopoulos, D., Potash, J., Zandi, P., & 
Goes, F. (2015). High-throughput sequencing of the synaptome 
in major depressive disorder. Molecular Psychiatry, 21, 650–655. 
https://doi.org/10.1038/mp.2015.98

Power, R. A., Tansey, K. E., Buttenschøn, H. N., Cohen-Woods, S., 
Bigdeli, T., Hall, L. S., … Lewis, C. M. (2017). Genome-wide as-
sociation for major depression through age at onset stratification: 
Major depressive disorder working group of the psychiatric genom-
ics consortium. Biological Psychiatry, 81, 325–335. https://doi.
org/10.1016/j.biops ych.2016.05.010

Ran, L., Ai, M., Wang, W. O., Chen, J., Wu, T., Liu, W., … Kuang, 
L. I. (2020). Rare variants in SLC6A4 cause susceptibility to 

major depressive disorder with suicidal ideation in Han Chinese 
adolescents and young adults. Gene, 726, 144147. https://doi.
org/10.1016/j.gene.2019.144147

Ribeiro, L., Busnello, J. V., Cantor, R. M., Whelan, F., Whittaker, P., 
Deloukas, P., … Licinio, J. (2007). The brain-derived neurotrophic 
factor rs6265 (Val66Met) polymorphism and depression in Mexican-
Americans. NeuroReport, 18, 1291–1293. https://doi.org/10.1097/
WNR.0b013 e3282 73bcb0

Rice, F., Riglin, L., Thapar, A. K., Heron, J., Anney, R., O'Donovan, M. 
C., & Thapar, A. (2019). Characterizing developmental trajectories 
and the role of neuropsychiatric genetic risk variants in early-onset 
depression. JAMA Psychiatry, 76, 306–313. https://doi.org/10.1001/
jamap sychi atry.2018.3338

Ronald, C. K., Matthias, A., James, C. A., Ron, D. G., Koen, D., Isabelle, 
G. T., & Bedirhan, U. (2007). Lifetime prevalence and age-of-onset 
distributions of mental disorders in the World Health Organization's 
World Mental Health Survey Initiative. World Psychiatry, 6, 
168–176.

Schinder, A., & Poo, M. (2001). The neurotrophin hypothesis for syn-
aptic plasticity. Trends in Neurosciences, 23, 639–645. https://doi.
org/10.1016/S0166 -2236(00)01672 -6

Stankiewicz, P., & Lupski, J. R. (2010). Structural variation in the 
human genome and its role in disease. Annual Review of Medicine, 
61, 437–455. https://doi.org/10.1146/annur ev-med-10070 
8-204735

Tozzi, F., Prokopenko, I., Perry, J D, Kennedy, J L, McCarthy, A D, 
Holsboer, F., … Muglia, P. (2008). Family history of depression 
is associated with younger age of onset in patients with recurrent 
depression. Psychological Medicine, 38, 641–649. https://doi.
org/10.1017/S0033 29170 7002681

Truong, W., Minuzzi, L., Soares, C. N., Frey, B. N., Evans, A. C., 
MacQueen, G. M., & Hall, G. B. C. (2013). Changes in cortical 
thickness across the lifespan in major depressive disorder. Psychiatry 
Research: Neuroimaging, 214, 204–211. https://doi.org/10.1016/j.
pscyc hresns.2013.09.003

Tsybko, A. S., Ilchibaeva, T. V., & Popova, N. K. (2017). Role of glial 
cell line-derived neurotrophic factor in the pathogenesis and treat-
ment of mood disorders. Reviews in the Neurosciences, 28(3), 219–
233. https://doi.org/10.1515/revne uro-2016-0063

Wallace, C., Chapman, J. M., & Clayton, D. G. (2006). Improved power 
offered by a score test for linkage disequilibrium mapping of quan-
titative-trait loci by selective genotyping. The American Journal of 
Human Genetics, 78, 498–504. https://doi.org/10.1086/500562

Wiener, C. D., de Mello Ferreira, S., Pedrotti Moreira, F., Bittencourt, 
G., de Oliveira, J. F., Lopez Molina, M., … Oses, J. P. (2015). Serum 
levels of nerve growth factor (NGF) in patients with major depres-
sion disorder and suicide risk. Journal of Affective Disorders, 184, 
245–248. https://doi.org/10.1016/j.jad.2015.05.067

Wong, M., Arcos-Burgos, M., Liu, S., Velez, J., Yu, C., Baune, B., 
…Licinio, J. (2016). The PHF21B gene is associated with major de-
pression and modulates the stress response. Molecular Psychiatry, 
22, 1015–1025. https://doi.org/10.1038/mp.2016.174

Wu, A., Molteni, R., Ying, Z., & Gomez-Pinilla, F. (2003). A satu-
rated-fat diet aggravates the outcome of traumatic brain injury on 
hippocampal plasticity and cognitive function by reducing brain-de-
rived neurotrophic factor. Neuroscience, 119, 365–375. https://doi.
org/10.1016/S0306 -4522(03)00154 -4

Yang, F., Li, Y., Xie, D., Shao, C., Ren, J., Wu, W., … Shi, S. (2011). 
Age at onset of major depressive disorder in Han Chinese women: 
Relationship with clinical features and family history☆. Journal 

https://doi.org/10.1016/S0140-6736(11)60602-8
https://doi.org/10.1016/S0140-6736(11)60602-8
https://doi.org/10.1016/S0272-7358(98)00010-5
https://doi.org/10.1016/S0272-7358(98)00010-5
https://doi.org/10.1038/s41598-019-51790-w
https://doi.org/10.1038/s41598-019-51790-w
https://doi.org/10.1001/archgenpsychiatry.2009.38
https://doi.org/10.1001/archgenpsychiatry.2009.38
https://doi.org/10.1007/s12035-014-8956-6
https://doi.org/10.1007/s12035-014-8956-6
https://doi.org/10.1086/518312
https://doi.org/10.1001/archpsyc.55.5.468
https://doi.org/10.1001/archpsyc.55.5.468
https://doi.org/10.1126/science.2321006
https://doi.org/10.1038/nature08494
https://doi.org/10.1038/nature08494
https://doi.org/10.1007/s00406-012-0364-1
https://doi.org/10.1007/s00406-012-0364-1
https://doi.org/10.1038/nrn2513
https://doi.org/10.1038/mp.2015.98
https://doi.org/10.1016/j.biopsych.2016.05.010
https://doi.org/10.1016/j.biopsych.2016.05.010
https://doi.org/10.1016/j.gene.2019.144147
https://doi.org/10.1016/j.gene.2019.144147
https://doi.org/10.1097/WNR.0b013e328273bcb0
https://doi.org/10.1097/WNR.0b013e328273bcb0
https://doi.org/10.1001/jamapsychiatry.2018.3338
https://doi.org/10.1001/jamapsychiatry.2018.3338
https://doi.org/10.1016/S0166-2236(00)01672-6
https://doi.org/10.1016/S0166-2236(00)01672-6
https://doi.org/10.1146/annurev-med-100708-204735
https://doi.org/10.1146/annurev-med-100708-204735
https://doi.org/10.1017/S0033291707002681
https://doi.org/10.1017/S0033291707002681
https://doi.org/10.1016/j.pscychresns.2013.09.003
https://doi.org/10.1016/j.pscychresns.2013.09.003
https://doi.org/10.1515/revneuro-2016-0063
https://doi.org/10.1086/500562
https://doi.org/10.1016/j.jad.2015.05.067
https://doi.org/10.1038/mp.2016.174
https://doi.org/10.1016/S0306-4522(03)00154-4
https://doi.org/10.1016/S0306-4522(03)00154-4


   | 9 of 9ZHANG et Al.

of Affective Disorders, 135, 89–94. https://doi.org/10.1016/j.
jad.2011.06.056

Youssef, M. M., Underwood, M. D., Huang, Y.-Y., Hsiung, S.-
C., Liu, Y., Simpson, N. R., … Mann, J. J. (2018). Association 
of BDNF Val66Met polymorphism and brain BDNF levels 
with major depression and suicide. International Journal of 
Neuropsychopharmacology, 21, 528–538. https://doi.org/10.1093/
ijnp/pyy008

Yu, C., Arcos-Burgos, M., Baune, B., Arolt, V., Dannlowski, U., Wong, 
M., & Licinio, J. (2018). Low-frequency and rare variants may 
contribute to elucidate the genetics of major depressive disorder. 
Translational Psychiatry, 8(1), 70. https://doi.org/10.1038/s4139 
8-018-0117-7

Yu, C., Baune, B. T., Wong, M., & Licinio, J. (2017). Investigation of 
copy number variation in subjects with major depression based on 
whole-genome sequencing data. Journal of Affective Disorders, 
220, 38–42. https://doi.org/10.1016/j.jad.2017.05.044

Yu, C., Baune, B. T., Wong, M., & Licinio, J. (2018). Investigation of 
short tandem repeats in major depression using whole-genome se-
quencing data. Journal of Affective Disorders, 232, 305–309. https://
doi.org/10.1016/j.jad.2018.02.046

Zhang, J., Luo, W., Li, Q., Xu, R., Wang, Q., & Huang, Q. (2018). 
Peripheral brain-derived neurotrophic factor in attention-deficit/
hyperactivity disorder: A comprehensive systematic review and me-
ta-analysis. Journal of Affective Disorders, 227, 298–304. https://
doi.org/10.1016/j.jad.2017.11.012

Zhang, K., Yang, C., Xu, Y., Sun, N., Yang, H., Liu, J., … Shen, Y. 
(2010). Genetic association of the interaction between the BDNF 

and GSK3B genes and major depressive disorder in a Chinese pop-
ulation. Journal of Neural Transmission, 117, 393–401. https://doi.
org/10.1007/s0070 2-009-0360-4

Zhang, X., Abdellaoui, A., Rucker, J., de Jong, S., Potash, J. B., 
Weissman, M. M., … Levinson, D. F. (2019). Genome-wide bur-
den of rare short deletions is enriched in major depressive disorder 
in four cohorts. Biological Psychiatry, 85, 1065–1073. https://doi.
org/10.1016/j.biops ych.2019.02.022

Zhang, X. Y., Chen, D., Tan, Y., Tan, S., Luo, X., Zuo, L., & Soares, J. 
C. (2016). BDNF polymorphisms are associated with schizophrenia 
onset and positive symptoms. Schizophrenia Research, 170, 41–47. 
https://doi.org/10.1016/j.schres.2015.11.009

SUPPORTING INFORMATION
Additional supporting information may be found online in 
the Supporting Information section.
Table S1-S3

How to cite this article: Zhang C, Ran L, Ai M, et al. 
Targeted sequencing of the BDNF gene in young 
Chinese Han people with major depressive disorder. 
Mol Genet Genomic Med. 2020;8:e1484. https://doi.
org/10.1002/mgg3.1484

https://doi.org/10.1016/j.jad.2011.06.056
https://doi.org/10.1016/j.jad.2011.06.056
https://doi.org/10.1093/ijnp/pyy008
https://doi.org/10.1093/ijnp/pyy008
https://doi.org/10.1038/s41398-018-0117-7
https://doi.org/10.1038/s41398-018-0117-7
https://doi.org/10.1016/j.jad.2017.05.044
https://doi.org/10.1016/j.jad.2018.02.046
https://doi.org/10.1016/j.jad.2018.02.046
https://doi.org/10.1016/j.jad.2017.11.012
https://doi.org/10.1016/j.jad.2017.11.012
https://doi.org/10.1007/s00702-009-0360-4
https://doi.org/10.1007/s00702-009-0360-4
https://doi.org/10.1016/j.biopsych.2019.02.022
https://doi.org/10.1016/j.biopsych.2019.02.022
https://doi.org/10.1016/j.schres.2015.11.009
https://doi.org/10.1002/mgg3.1484
https://doi.org/10.1002/mgg3.1484

