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ABSTRACT

Rapid progress is being made in the development of next-generation sequencing (NGS) technologies, 
allowing repeated findings of new genes and a more in-depth analysis of genetic polymorphisms behind the 
pathogenesis of a disease. In a field such as psychiatry, characteristic of vague and highly variable somatic 
manifestations, these technologies have brought great advances towards diagnosing various psychiatric 
and mental disorders, identifying high-risk individuals and towards more effective corresponding treatment. 
Psychiatry has the difficult task of diagnosing and treating mental disorders without being able to invariably 
and definitively establish the properties of its illness. This calls for diagnostic technologies that go beyond the 
traditional ways of gene manipulation to more advanced methods mainly focusing on new gene 
polymorphism discoveries, one of them being NGS. This enables the identification of hundreds of common 
and rare genetic variations contributing to behavioral and psychological conditions. Clinical NGS has been 
useful to detect copy number and single nucleotide variants and to identify structural rearrangements that 
have been challenging for standard bioinformatics algorithms. The main objective of this article is to review 
the recent applications of NGS in the diagnosis of major psychiatric disorders, and hence gauge the extent 
of its impact in the field. A comprehensive PubMed search was conducted and papers published from 
2013-2018 were included, using the keywords,  “schizophrenia” or “bipolar disorder” or “depressive disorder” 
or “attention deficit disorder” or “autism spectrum disorder” and “next-generation sequencing”
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INTRODUCTION

The American Psychiatric Association as a disruption 
in cognition, emotion regulation, or behavior that 
reflects a dysfunction in psychological, biological, 
or developmental processes1 characterizes a 
psychiatric disorder. Currently, various forms of 
mental disorders2 affect 450 million people world-
wide. Cases discussed in our study include schizo-
phrenia, autism spectrum disorder (ASD), major 
depressive disorder (MDD), attention deficit hyper-
activity disorder (ADHD) and bipolar disorder (BP).

Psychiatry has the difficult task of diagnosing and 
treating mental disorders without being able to 

invariably and definitively establish the properties of 
its illness. However, this calls for diagnostic technolo-
gies that go beyond the traditional ways of gene 
manipulation to more advanced methods mainly 
focusing on new gene polymorphism discoveries, 
one of them being next-generation sequencing 
(NGS). Because of its high throughput, reduced 
expenses, and fast speed, NGS is useful in various 
applications3. Patients with developmental delays 
showed a diagnostic yield of 28%4. Another study 
distinguished mitochondrial DNA variants in ASD 
and 84 damaging DNA irregularities in BP5, 6. 

Clinical NGS has been useful to detect copy 
number and single nucleotide variants and to 
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identify structural rearrangements that have been 
challenging for standard bioinformatics algorithms 
to manage7,8. Psychiatric genetics thus enables the 
identification of hundreds of common and rare 
genetic variations contributing to behavioral and 
psychological conditions. The main objective of this 
article is to review the recent applications of NGS in 
the diagnosis of major psychiatric disorders, and 
hence gauge the extent of its current impact in the 
field, as well as the potential for change in diagnos-
tic approaches in the future.

For this narrative review study, PubMed search was 
performed, in the time range between 2013-2018. 
Keywords included “schizophrenia” or “bipolar 
disorder” or “depressive disorder” or “attention 
deficit disorder” or “autism spectrum disorder” and 
“next-generation sequencing”. The search results 
were manually reviewed from 366 articles to select 
the ones most relevant to our study. Articles that 
made use of NGS to detect genes and mutations, 
and presented novel findings regarding the patho-
genesis of the five major psychiatric diseases, were 
included. These study designs comprised of cohorts, 
cross-sectional, case controls and clinical trials. The 
related content of the 30 articles that met the inclu-
sion criteria was reviewed and organized in tables.

DISCUSSION

SCHIZOPHRENIA

Schizophrenia has an inherent heterogeneity that 
has complicated its diagnosis and pathophysiolo-
gy. A multifactorial disorder, identified by cognitive 
impairment, erratic speech, and behavior, 
delusions, and hallucinations; the greatest risk 
factor remains a positive family history9. In recent 
years, the use of RNA-Sequencing to profile the 
schizophrenia transcriptome has been extensive. 
Long non-coding RNAs (lncRNAs) contribute 
immensely through molecule functions such as 
decoys, scaffolds, and signals. The arrival of 
RNA-Sequencing has supplied the exact technolo-
gy needed to study lncRNAs, as they are generally 
expressed at low levels making their detection and 
quantification challenging10. 

In a recent study, RNA-Sequence libraries were 
constructed to identify the functional pathways, 
which were most involved in the pathogenesis of 
schizophrenia, and analysis on each subtype of the 
gene set was performed. lncRNAs were identified 
as a result of functional modules being connected 
to synaptic transmission and immune responses11. 

Primary familial brain calcifications are caused by 
mutations in the SLC20A2 gene. NGS was utilized to 
conduct a pedigree study in three generations of a 
family, of whom three members presented with 
schizophrenia proband. NGS identified a novel 
nonsense heterozygous substitution of the SLC20A2 

gene introduced a stop codon12. Hypofunction of 
N-methyl-d-aspartate receptors, through phosphor-
ylation by CDK5, CSNK2A1, and EphB2, has been 
associated with schizophrenia. NGS was used to 
re-sequence all splice sites and coding regions of 
these genes and Sanger sequencing was used to 
remove variants for human control subjects and 
validate nonsynonymous and nonsense variants13. 
NGS was also used to select miRNAs for studying 
their diagnostic function with regard to schizophre-
nia. In the ultimate MiR-22-3p, miR-92a-3p, and 
miR-137 can also be useful as biomarkers for schizo-
phrenia14. A repeated association has been estab-
lished between neurodevelopmental disorders and 
CX3CR1, a G protein-coupled receptor that is man-
ifested in microglia. NGS was used in a study to 
code exon targeted resequencing and the impact 
of different variants of CX3CR1 on these disorders 
was determined15.

MAJOR DEPRESSIVE DISORDER (MDD)

MDD affects how one feels, thinks and behaves 
negatively, and is a leading cause of morbidity 
throughout the world. Strongly linked to neurotrans-
mitter dysfunctions it can be a cause of various 
emotional and physical manifestations16, 17. In a 
recent study on Mexican-Americans, the sample 
showed significant differences between MDD 
cases and controls in 9 genes, when studying for 
single-nucleotide variant proportions (SNVP) across 
46 genes. In an Australian sample, major outcomes 
were established for the MUC6 and TBC1D2B genes 
between MDD cases and controls. These findings 
indicate that the SNVP in some genes may be 
correlated with MDD18. 

In another study investigating common copy 
number polymorphisms (CNPs) modifying genes of 
the 5- hydroxytryptamine (5-HT) system, all known 
5-HT related genes were examined using NGS for 
common structural variation19. A research study 
dating back to 2014, and applying high-throughput 
sequencing, suggested that a single-nucleotide 
polymorphism in the zinc finger protein gene 
showed a genome-wide association with MDD20. A 
significant network of limited variants that are 
over-represented in MDD has been identified, with 
the strongest association provided by the calcium 
channel ‘adaptor’ gene. This set consisted of 
twenty genes, 7 of which were expressed more 
frequently in cases compared with controls21.

When RNA-seq of the frontal cortex was performed 
to ascertain the discrepancies in miRNA expression 
between depressed people, people who commit-
ted suicides and controls, cortical gene expression 
was shown to be altered in MDD, especially regard-
ing glial cell functions, and suggested to influence 
suicidal tendencies in these patients22. A recent 
study implies that T cell phenotypes are skewed on 
several levels in patients with MDD, as blood drawn 

Experience of CAM Modality
Positive Negative

N % N %

Homeopathy 58 20.0 232 80.0

Acupunctur e 2 0.7 288 99.3

Aromatherapy 3 1.0 287 99.0

Faith healing 11 3.8 279 96.2

Hypnosis 4 1.4 286 98.6

Yoga 68 23.4 222 76.6

Energy medicine 10 3.4 280 96.6
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from these patients revealed a transformation in 
the CD4+ T compartment proceeding towards Treg 
cells23. 

ATTENTION DEFICIT HYPERACTIVITY DISORDER

A neurodevelopmental dysfunction marked by 
distraction, hyperactivity, and heightened impul-
sive behavior, childhood ADHD has been deter-
mined to be around 76%, suggesting a strong 
genetic association24. With the recent advance-
ments in microarray and NGS technology, the 
genetic architecture regarding ADHD progression is 
starting to get uncovered25. One of the risk candi-
date genes involved in ADHD is the GTP-binding 
Ras-like protein 2 gene and prior studies (GWAS) on 
ADHD patients confirm this association. An experi-
ment searching for rare variants in ADHD patients 
generated eight that were linked with the disease24. 
Rare copy number variations (CNVs) that affected 
ASTN2 or TRIM32 were the most significant findings in 
terms of shared risk factors between ASD and 
ADHD25. Rare CNVs at the ASTN2/TRIM32 locus were 
also found in most individuals with distinct neurode-
velopmental diagnoses through other 
genome-wide scans. Single nucleotide polymor-
phisms within ASTN2 have been identified by recent 
GWAS in risk for ADHD and other neurodevelop-
mental disorders25.

Even though common variant signals have been 
found in genome-wide association studies, these 
only explain some portion of the heritable nature of 
ADHD26. Furthermore, a large-scale NGS study of 
ADHD was performed on children and adolescent 
cases, controls, and associations were found 
between the genes coding for neurotrophic factors 
and ADHD26. Though most of the studies investigat-
ing ADHD have centered on the pathophysiology 
related to attention dysfunction, such as catechol-
amine and dopamine deregulation, copy number 
variation and GWAS have found many neurodevel-
opmental genes to be potential candidate genes 
contributing to ADHD27.

AUTISM SPECTRUM DISORDER

ASDs are a range of neurodevelopmental disorders 
distinguished by impaired social ability, repetitive 
behavior, and very limited interests and activities. 
ASD begins to manifest itself during the earlier years 
of childhood, continues throughout life, and is 
highly heritable. A thorough study was conducted 
which aimed to construct a gene panel using 
pre-discovered SNVs and CNVs through NGS in 
order to aid diagnosis and treatment. While 
confirming the presence of a large number of previ-
ously detected genetic variations in their 
sample, it also identified 22 rare SNVs having a 
potential role in ASD28.

Another research investigated the effects of stress 

on fetuses being carried by mothers possessing 
stress susceptible genes. It was concluded that the 
fetuses of stress-exposed mothers who possess the 
5-HTTLPR polymorphism gene, were more likely to 
develop autism29. Even though many studies have 
been conducted to understand the etiology of 
ASD, the underlying complex transcriptomic circuit-
ry of it is still unclear. A study was performed to 
conduct a transcriptomic analysis of the brains of 
ASD patients, which revealed the PPP1R3F regulator 
in the pathophysiology of ASD30. A recent study 
used NGS of the MBD5 gene of patients with ASD or 
schizophrenia in order to detect SNVs and CNVs in 
the gene, associated with these disorders31.

Despite widespread research on the role of genet-
ics in the development of ASD, most of them are 
focused on nuclear DNA. In a study of mitochondri-
al DNA (mtDNA) sequences obtained through NGS, 
an mtDNA variant in MT-ATP6 and a nuclear DNA 
variant in NDUFS4 were deduced32. Furthermore, 
the microorganisms residing in our diet and gut 
have been implicated as possible agents in ASD as 
well. The study uncovered a difference in the 
makeup of gut bacteria between ASD patients and 
controls and identified specific species that were 
closely related to the disease i.e., Bacteroides33.

BIPOLAR DISORDER

BP is a serious neuropsychiatric illness in which 
people undergo severe mood changes often 
accompanied by sleep disturbances, changes in 
energy level and inability to think clearly. It mostly 
appears in genetically inclined people in their late 
teens and early adulthood. A thorough study was 
conducted on BP patients using NGS approach, 
rare variants with a missense of A to T mutation were 
isolated in patients and several other mutations 
were detected i.e., the splicing site of MTOR34. A 
case-control meta-analysis study was leading using 
NGS on lymphoblastic cell’s DNA, which was 
extracted, from both cases and controls. A 
variant-level and gene-burden analysis provided 
confirmation for 19 of these genes that were found 
associated with BP disorder including the KDM5B 
gene, which is strongly implicated with an overlap 
of BP disorder and sporadic cases of ASD35.

However, a couple of studies show evidence 
associating the mutated FKBP5 gene with suicidal 
behavior in BP disorder patients. The principal anal-
ysis focused on variants near or on the FKBP5 gene 
loci, with 5 of them signified separately in suicidal 
patients36. Genetic markers in gene ankyrin 3 (ANK) 
and the alpha 1C subunit of calcium channels 
(CACNA1C) were associated genes for BP disorder, 
identified using NGS37. Non-Parametric and para-
metric linkage analysis of the pedigree was also 
conducted using GWAS, which found a fraction of 
rare damaging variants in ANK3, ODZ2, ODZ4 and 
ITIH3 genes involved in BP disorder.
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The extended linkage study of the pedigree on BP 
disorder reported positive findings with DNA mark-
ers around the HRAS1 and INS loci on chromosome 

11, as well as three more genes ADAM18, INSL6, 
IFT8138.

Table 1: Recent applications of NGS on the study of Schizophrenia, MDD, ADHD, ASD and BP.

Authors Year Phenotype Study Design Key Findings

Schizophrenia

May J, et 

al14

2018 synaptic structure and 

function

miRNA sequencing Micro RNA -22-3p, 

92a-3p and 137

Yos hikawa 

A , et al13

2018 Hypofunction of N-

methyl-d-aspartate 

receptors (NMDARs)

NGS (TruSeq 

Custom) Sanger 

Sequencing

CDK5

Ishizuka K15 2018 neurodevelopmental 

disorders including 

schizophrenia and 

autism

NGS (Ion Torrent: 

Proton / PGM 

sequencing)

CX3CR1

Major Depressive Disorder

Patas K,

et al 23

2018 T Cell Phenotype and T 

Cell Receptors

NGS (Immunoseq) CXCR3

CCR6

Yu C , et al18 2017 SNVP WGS (whole -

genome 

sequencing)

MUC6 TBC1D2B

Pantazatos 

SP , et al 22

2016 altered glial, endothelial 

and ATPase activity

Paired-end, strand-

specific sequencing 

for total RNA and

single-end 

sequencing for 

microRNA 

(Illumina HiSeq 

2500)

serpin peptidase 

inhibitor, MTRNRL8,

(IL8), clade H 

SERPINH1, CCL4

Attention Deficit Hyperactivity Disorder

Lena G,

et al 24

2016 Association of DIRAS2 

with promoter SNP 

rs1412005

NGS (Sequencing 

by Oligonucleotide 

Ligation and 

Detection)

rs1412005 in the 

DIRAS2 gene is in 

itself a causal variant

Park S, 

et al 39

2015 Association between the 

gene for serotonin 

transporter (SLC6A4) 

Quantitative DNA 

methylation analysis 

by NGS

SLC6A4 

methylation seems to 

influence certain 
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sequencing for 

microRNA 

(Illumina HiSeq 

2500)

Attention Deficit Hyperactivity Disorder

Lena G,

et al 24

2016 Association of DIRAS2 

with promoter SNP 

rs1412005

NGS (Sequencing 

by Oligonucleotide 

Ligation and 

Detection)

rs1412005 in the 

DIRAS2 gene is in 

itself a causal variant

Park S, 

et al 39

2015 Association between the 

gene for serotonin 

transporter (SLC6A4) 

methylation and ADHD

Quantitative DNA 

methylation analysis 

by NGS

SLC6A4 

methylation seems to 

influence certain 

characteristics of 

ADHD

Anath C,

et al 25

2014 Disruption of the 

ASTN2/TRIM32

Screened exonic 

CNVs from clinical 

microarray data

ASTN2 variants

Autism Spectrum Disorder

Calvin P ,

et al 29

2017 Maternal stress 

susceptible gene leading 

to autistic behavior 

development in 

offspring

WGS and miRNA 

sequencing (Ion 

Proton System)

Maternal 5-HTTLPR 

polymorphism in 

SLC6A4

Doostparast

Torshizi A, et 

al30

2018 Master regulators of 

transcriptional networks 

in ASD

Transcriptional 

network constructed 

using pre-processed 

RNA -Seq data 

PPP1R3F

Alvarez-

Mora MI,

et al28

2016 Top ASD candidate 

genes

CMV analysis using 

targeted NGS 

(Illumina MiSeq)

Rare SNVs 

identified with 

amino acid changes, 

origin and allele 

frequencies

Bipolar Disorder

Cruceanu,

et al 34

2013 Response to lithium 

monotherapy

Whole exome study 

(high-throughput 

DNA sequencing)

missense mutation of 

ZNF259

Marie E. 

Breen36

2016 Targeted sequencing of 

FKBP5 in suicide 

attempters with BD

SNP, gene-level and 

haplotype tests

Mutation in FKBP5

Sex specific 

variations

Benjamin 

Georgi, et 

2014 haplotype and locus 

heterogeneity was 

WGS (Microsatellite 

and SNP -array 

Association at the 

KCNH7 locus with 
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Mora MI,

et al28

genes targeted NGS 

(Illumina MiSeq)

identified with 

amino acid changes, 

origin and allele 

frequencies

Bipolar Disorder

Cruceanu,

et al 34

2013 Response to lithium 

monotherapy

Whole exome study 

(high-throughput 

DNA sequencing)

missense mutation of 

ZNF259

Marie E. 

Breen36

2016 Targeted sequencing of 

FKBP5 in suicide 

attempters with BD

SNP, gene-level and 

haplotype tests

Mutation in FKBP5

Sex specific 

variations

Benjamin 

Georgi, et 

al41

2014 haplotype and locus 

heterogeneity was 

observed

WGS (Microsatellite 

and SNP -array 

genotypes)

Association at the 

KCNH7 locus with 

BD

CONCLUSION

Implementation of NGS in clinical diagnosis is still 
new, but its use is likely to increase with 
advancements in technology and resources, 
increased patient education and reductions in 
costs. The studies included in this paper are 
indicative of the notable impact of NGS towards 
identifying new genetic polymorphisms and 
contributing to a greater understanding of the 
pathogenesis of clinical diseases. However, most of 
these are relatively small studies and interpreting 
the significance of CNVs and the contribution of 
SNPs, including accounting for de novo mutations, 
is still challenging. Further large-scale research is 
needed to identify gene variants affecting brain 
function, as well as the mechanisms through which 
they establish an effect, taking into account the 
overlap of different variants with many potential 
diagnoses. For the time being the Diagnostic and 
Statistical Manual of Mental Disorders (DSM-5) 
remains the most utilized tool for psychiatric 
diagnosing. 
 

ACKNOWLEDGEMENTS

The authors would like to acknowledge the 
guidance of their mentors and senior faculty for 
writing this article.

CONFLICT OF INTEREST

The authors declare that there is no conflict of 
interest regarding the publication of this article

AUTHORS’ CONTRIBUTION

MN interpreted the data relating to schizophrenia, 
wrote that corresponding part of the manuscript, 

AS interpreted the data relating to bipolar disorder, 
and wrote that corresponding part of the 
manuscript. EMG interpreted the data relating to 
MDD, wrote that corresponding part of the 
manuscript AH interpreted the data relating to ASD, 
and wrote that corresponding part of the 
manuscript, DN interpreted the data relating to 
ADHD and wrote that corresponding part of the 
manuscript.

REFERENCES

1. Steel Z, Marnane C, Iranpour C, Chey T, Jackson 
J, Patel V, et al. The global prevalence of common 
mental disorders: a systematic review and 
meta-analysis 1980–2013. Int J Epidemiol. 
2014;43(2):476-493.
2. World Health Report: Mental disorders affect one 
in four people 
https://www.who.int/whr/2001/media_centre/pres
s_release/en/.
3. Davey S. Next generation sequencing: 
considering the ethics. Int J Immunogenet. 
2014;41(6):457-462.
4. Harripaul R, Noor A, Ayub M, Vincent J. The use of 
next-generation sequencing for research and 
diagnostics for intellectual disability. Cold Spring 
Harb Perspect Med. 2017;7(3):a026864.
5. Lee H, Deignan J, Dorrani N, Strom S, Kantarci S, 
Quintero-Rivera F, et al. Clinical exome sequencing 
for genetic identification of rare mendelian 
disorders. JAMA. 2014;312(18):1880.
6. Clarke A. Managing the ethical challenges of 
next-generation sequencing in genomic medicine. 
Br Med Bull. 2014;111(1):17-30.
7. Grumbt B, Eck S, Hinrichsen T, Hirv K. Diagnostic 
applications of next generation sequencing in 
immunogenetics and molecular oncology. Transfus 
Med Hemother. 2013;40(3):196-206.

doi.org/10.36283/PJMD9-2/022

Influence of Next-Generation Sequencing on Advancements in the Diagnosis of Major Psychiatric Diseases - A Review 



PAKISTAN JOURNAL OF MEDICINE AND DENTISTRY 2020, VOL. 9 (02) 133

8. Koboldt D, Steinberg K, Larson D, Wilson R, Mardis 
E. The next-generation sequencing revolution and 
its impact on genomics. Cell. 2013;155(1):27-38.
9. Patel KR, Cherian J, Gohil K, Atkinson D. 
Schizophrenia: overview and treatment options. 
Pharm Therap. 2014;39(9):638.
10. Chen S, Sun X, Niu W, Kong L, He M, Li W, et al. 
Aberrant expression of long non-coding RNAs in 
schizophrenia patients. Med Sci Monit. 
2016;22:3340-51.
11. Tian T, Wei Z, Chang X, Liu Y, Gur RE, Sleiman P, 
et al. The Long Noncoding RNA Landscape in 
Amygdala Tissues from Schizophrenia Patients. eBio 
Med. 2018;34:171–181.
12. Mi TM, Mao W, Cai YN, Yang CX, Wang CD, Xu 
EH, Zhang H, Chan P. Primary familial brain 
calcifications linked with a novel SLC20A2 gene 
mutation in a Chinese family. J Neurogent. 
2017;31(3):149-52.
13. Yoshikawa A, Nishimura F, Inai A, Eriguchi Y, 
Nishioka M, Takaya A, et al. Novel rare variations in 
genes that regulate developmental change in 
N-methyl-d-aspartate receptor in patients with 
schizophrenia. Hum Genome Var. 2018;5:17056. 
14. Ma J, Shang S, Wang J,  Zhang T, Nie F, Song X, 
et al. Identification of miR-22-3p, miR-92a-3p, and 
miR-137 in peripheral blood as biomarker for 
schizophrenia. Psychiatry Res. 2018;265:70-76.
15. Ishizuka K, Fujita Y, Kawabata T, H Kimura, Y 
Iwayama, T Inada, et al. Rare genetic variants in 
CX3CR1 and their contribution to the increased risk 
of schizophrenia and autism spectrum disorders. 
Transl Psychiatry. 2017;7(8):e1184. 
16. Whiteford HA, Degenhardt L, Rehm J, Baxter AJ, 
Ferrari AJ, Erskine HE, et al. Global burden of disease 
attributable to mental and substance use disorders: 
Findings from the global burden of disease study 
2010. Lancet 2013; 382: 1575–1586 
17. Mehler-Wex C, Renner TJ. Genetic findings in 
schizophrenia. Z Kinder Jugend Psychiatry 
Psychother. 2008; 36: 17–26  
18. Yu C, Baune BT, Licinio J, Wong ML. 
Single-nucleotide variant proportion in genes: a 
new concept to explore major depression based 
on DNA sequencing data. J Hum Genet. 
2017;62(5):577-80.
19. Patas K, Willing A, Demiralay C, Engler JB, Lupu 
A, Ramien C, et al. T Cell Phenotype and T Cell 
Receptor Repertoire in Patients with Major 
Depressive Disorder. Front Immunol. 2018;9:291.
20. Pantazatos SP, Huang YY, Rosoklija GB, Dwork 
AJ, Arango V, Mann JJ. Whole-transcriptome brain 
expression and exon-usage profiling in major 
depression and suicide: evidence for altered glial, 
endothelial and ATPase activity. Mol Psychiatry. 
2017;22(5):760-73.
21. Pirooznia M, Wang T, Avramopoulos D, Potash 
JB, Zandi PP, Goes FS. High-throughput sequencing 
of the synaptome in major depressive disorder. Mol 
Psychiatry. 2016;21(5):650-5.
22. Tao R, Cousijn H, Jaffe AE, Burnet PW, Edwards F, 
Eastwood SL, et al. Expression of ZNF804A in human 

brain and alterations in schizophrenia, bipolar 
disorder, and major depressive disorder: a novel 
transcript fetally regulated by the psychosis risk 
variant rs1344706. JAMA Psychiatry. 
2014;71(10):1112-20.
23. Hammer C, Degenhardt F, Priebe L, Stutz AM, 
Heilmann S, Waszak SM, et al. A common 
microdeletion affecting a hippocampus- and 
amygdala-specific isoform of tryptophan 
hydroxylase 2 is not associated with affective 
disorders. Bipolar Disord. 2014;16(7):764-8.
24. Grünewald, L. Functional Impact of An 
ADHD-Associated DIRAS2 Promoter Polymorphism. 
Am Coll Neuropsychopharmacol. 2016;41(13): 
3025-3031.
25. Lionel, A.C. Disruption of the ASTN2/TRIM32 locus 
at 9q331 is a risk factor in males for autism spectrum 
disorders, ADHD and other neurodevelopmental 
phenotypes. Hum Mol Genet. 2014;23(10): 
2752-2768.
26. Hawi, Z. Rare DNA variants in the brain-derived 
neurotrophic factor gene increase risk for 
attention-deficit hyperactivity disorder: a 
next-generation sequencing study. Mol Psychiatry. 
2017;22(4):580-584.
27. Kim, H. Interaction effects of GIT1 and DRD4 
gene variants on continuous performance test 
variables in patients with ADHD. Brain Behav. 
2017;7(9):e00785. 
28. Alvarez-Mora M, CalvoEscalona R, Puig Navarro 
O, Madrigal I, Quintela I, Amigo J, et al. 
Comprehensive molecular testing in patients with 
high functioning autism spectrum disorder. Mutat. 
Res. 2016;784-785:46-52.
29. Sjaarda C, Hecht P, McNaughton A, Zhou A, 
Hudson M, Will M, et al. Interplay between maternal 
Slc6a4 mutation and prenatal stress: a possible 
mechanism for autistic behavior development. Sci 
Rep. 2017;7(1).
30. Doostparast TA, Duan J, Wang K. Transcriptional 
network analysis on brains reveals a potential 
regulatory role of PPP1R3F in autism spectrum 
disorders. BMC Res Notes. 2018;11(1):489.
31. Ishizuka K, Kimura H, Yoshimi A, Banno M, 
Kushima I, Uno Y, et al. PM338. Investigation of the 
association of rare single nucleotide variants in 
methyl-CpG-binding domain protein 5 (MBD5) with 
phenotypes of autism spectrum disorders and 
schizophrenia. Nagoya J Med Sci. 2016; 78(4): 
465–474.
32. Patowary A, Nesbitt R, Archer M, Bernier R, 
Brkanac Z. Next generation sequencing 
mitochondrial DNA analysis in autism spectrum 
disorder. Autism Res. 2017;10(8):1338-1343.
33. Prehn-Kristensen A, Zimmermann A, Tittmann L, 
Lieb W, Schreiber S, Baving L et al. Reduced 
microbiome alpha diversity in young patients with 
ADHD. PLoS One. 2018;13(7):e0200728.
34. Cruceanu, C. Family-based exome-sequencing 
approach identifies rare susceptibility variants for 
lithium-responsive bipolar disorder. 
Neuropsychopharmacol. 2013;56(10): 630-640

doi.org/10.36283/PJMD9-2/022

Maheen Nisar, Areeba Shaikh, Erum Mir Ghazi, Ailiya Haider, Duaa Nini



134 PAKISTAN JOURNAL OF MEDICINE AND DENTISTRY 2020, VOL. 9 (02)

35. Goes F, Pirooznia M, Parla J, Kramer M, Ghiban 
E, Mavruk S, et al. Exome Sequencing of Familial 
Bipolar Disorder. JAMA Psychiatry. 2016;73(6):590.
36. Breen ME, Gaynor SC, Monson ET, de Klerk K, 
Parsons MG, Braun TA, et al. Targeted Sequencing 
of FKBP5 in Suicide Attempters with Bipolar Disorder. 
PLoS One. 2016;11(12):e0169158. 
37. Fiorentino, A. Analysis of ANK3 and CACNA1C 
variants identified in bipolar disorder whole 
genome sequence data. Bipolar Disord. 
2014;16(6):583-91. 
38. Georgi B. Genomic View of Bipolar Disorder 
Revealed by Whole Genome Sequencing in a 
Genetic Isolate. PLoS One. 2016; 11(12): e0169158.

39. Park, S. Associations between serotonin 
transporter gene (SLC6A4) methylation and clinical 
characteristics and cortical thickness in children 
with ADHD. Cambridge Core. 
2015;45(14):3009-3017.
40. Di Resta C, Galbiati S, Carrera P, Ferrari M. 
Next-generation sequencing approach for the 
diagnosis of human diseases: open challenges and 
new opportunities. EJIFCC. 2018;29(1):4–14. 
41. Georgi B, Craig D, Kember RL, et al. Genomic 
view of bipolar disorder revealed by whole genome 
sequencing in a genetic isolate. PLoS Genet. 
2014;10(3):e1004229. 

doi.org/10.36283/PJMD9-2/022

Influence of Next-Generation Sequencing on Advancements in the Diagnosis of Major Psychiatric Diseases - A Review 


