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Abstract: The identification of genes that are expressed differentially in the diseased versus healthy
individual give relevant information regarding the pathology of the disease. The identification of
DEGs can be a significant step in the field of clinical and pharmaceutical research. They can act as a
potent biomarker, therapeutic target, or gene signature for the early diagnosis of the disease. Intel-
lectual disability is a neurodevelopmental disorder that affects at the fetal stage. Timely diagnosis
of the disease can help in preventing severe neurodevelopmental delay in the child. In the current
study, meta-analysis approach was applied for the identification of the DEGs in patients of intellec-
tual disability disorder. 6 intellectual disability datasets were retrieved from the GEO database of
NCBI and were subjected to quality check, trimming, and alignment. Post-alignment, Feature-
Counts was used to form a raw gene count file for differential analysis. The differentially expression
genes were analyzed using the EdgeR statistical package of R Studio. The genes which had an FDR
p-value less than 0.05 and log2foldchange greater than 0 were considered as the upregulated and
significantly expressed genes. The study found MTRNR2L1, PAPSS2, L1CAM, IGLV1-47, IGLV3-
19, and IGKV1-16 genes to be upregulated in the patient sample. These genes can thus play an im-
portant role in the progression of intellectual disability disorder that facilitates early diagnosis of
the disease.

Keywords: intellectual disability; differential gene expression analysis; EdgeR; neurodevelopmen-
tal delay; biomarker; meta-analysis

1. Introduction

The high-throughput sequencing technology is the standard method used for deter-
mining the expression levels of RNA [1]. The detailed profiling of gene expression is now
a part of every field of life sciences due to the reduced cost and rapid sequencing technol-
ogies [2]. The main objective of high-throughput sequencing technology is to identify the
genes that are differentially expressed (DEGs) under certain specific conditions. The num-
ber of sequenced fragments that map to the transcript determine the level of expression
of each RNA unit. The identification of DEGs is essential in understanding the mechanism
and progression of disease, for the early diagnosis of the disease, and for the identification
of biomarkers related to the disease as well [3].
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Intellectual disability disorder (IDD) is a neurodevelopmental disorder affecting the
functioning of your brain. Intellectual disability is characterised by greater difficulty in
learning new things, understanding concepts, solving problems, concentrating and re-
membering. The diagnosis of intellectual disability at an developmental stage itself can
prevent the occurrence of more severe neurodevelopmental disorder in the growing child.
Thus, it is essential to consider intellectual disability as a disorder instead of a representing
it as a symptom to other neurological disorders.

In this study, we have aimed to identify the significantly expressed genes in the sam-
ples of patients with intellectual disability disorder when compared with heavy individ-
uals using the meta-analysis transcriptomics approach.

2. Methods

An intensive literature survey was done for organizing a well-defined pipeline for
the study. The complete workflow used in the present study is illustrated in Figure 1.
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Figure 1. Pipeline adopted for the current study.

2.1. Data Retrieval:

In the current study we used the studies that were based on transcriptomic sequenc-
ing of patient and control samples were taken for analytical consideration. The GEO [4],
SRA [5] and BioProject [6] databases from National Centre for Biotechnology Information
(NCBI) were used as the major platform for data retrieval and collection.

2.2. Quality Control, Trimming and Alignment:

The quality assessment of each sample present in each study was done using
FASTQC [7]. FASTQC is an analysis tool that performs quality control checks on raw se-
quence data derived from high throughput sequencing pipelines. The low-quality reads
and duplicated sequences were trimmed off from the sample sequence using Trimmo-
matic tool [8]. Trimmomatic tool performs different trimming jobs for illumine paired-end
and single-ended data. FASTQC and Trimmomatic were accessed from the GALAXY plat-
form [9].
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Each study of each sample was aligned to the reference genome of Homo sapiens
(hg38) using HISAT?2 [10]. HISAT2 is a fast and sensitive alignment program that is more
than 50 times faster as compared to TopHat2 and requires moderate amount of storage. It
gives better alignment quality than the pre-existing alignment tools. After alignment, the
counts per million (CPM) of each transcript mapped onto the reference genome were es-
timated using FeatureCounts [11]. FeatureCounts is a program written in C language and
is a part of Subread package that count reads for genomic features in SAM/BAM files.
GALAXY platform was again used for the access of these software.

2.3. Differential Gene Expression Analysis:

The expression of genes in patient sample as compared to the control sample were
analyzed using the EdgeR (empirical analysis of DGE in R) [12] package of R Studio [13].
EdgeR is a software package that is part of Bioconductor project. The package is used for
examining differential expression of replicated count data. It uses Poisson model for bio-
logical variability and empirical Bayes method for moderating the degree of overdisper-
sion across transcripts which helps in increasing the reliability of results [14]. The signifi-
cantly expressed genes in intellectual disability patients were identified through the p
value and log fold change value. Genes defining adjusted p-value less than 0.05 were con-
sidered to be significantly expressed in relation to the study. Out of significantly expressed
genes, the genes which have positive log2FoldChange are upregulated and genes with
negative Log2FoldChange are considered to be down regulated.

3. Results and Discussion:
3.1. Data Retrieved

GEO and BioProject database of NCBI was browsed to select studies related to tran-
scriptomic sequencing of intellectual disability patient. In each of the 6 studies all samples

were taken for the analysis. Table 1 lists down the details of the studies selected for the
analysis.

Table 1. Details of study included for analysis.

Accession ID

GSE77742
GSE74263
GSE90682

GSE98476
GSE108887

PRJEB21964

GSE145710

Number of Number of Patient

Control Samples Samples Cell/Tissue Type Typeof ID  Reference
2 1 Skin fibroblast ADID [15]
2 2 Lymphocytes XID
3 7 SK-N-SH Cell line ARID [16]

Immortalized
1 Idi hic I 17
0 8 lymphoblastoid cell line (LC) diopathic ID 171
6 6 Blood ARID
3 1 Peripheral blood Idiopathic XID
mononuclear cell
3 6 Transformed Lymphocyte XID [18]

Cell Line

3.2. Pre-Processing and Alignment

Each sample of all the studies were independently run through FASTQC to check the
quality of the reads. The poor-quality reads and duplicated sequences were deleted. All
the sequences included in the study were aligned with the human genome (hg39, 2013
release). The aligned sequences were further used to count the expression of genes in each
sample using FeatureCounts tool from galaxy platform.

3.3. Differential Gene Expression Analysis:
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The meta-analysis of all the 60 samples was done using EdgeR package of R Studio
to identify DEGs. The aligned files were used to count the expression of each gene through
FeatureCounts tool available on galaxy platform. The counts file generated from Feature-
Counts was merged together for meta-analysis. TMM method was used for the normali-
zation of the complete raw data count file that calculates normalization factor represent-
ing sample specific biasness. DEG analysis was carried out using the normalized gene
count file. For identification of significantly expressed genes, the p-value was set to 0.05
and the positive log2foldchange value represented upregulated genes whereas a negative
log2foldchange value represented downregulated genes. The meta-analysis studies done
in the current study determined 6 upregulated genes and 5 downregulated genes which
were significantly expressed in intellectual disability patients. The Figures 2—4 represents
the results of EdgeR in the form of heatmap, BCV, and MA plot.
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Figure 2. Heatmap representing the results of EdgeR package.
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Figure 3. BCV Plot representing the results of EdgeR package.
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Figure 4. MA plot representing the results of EdgeR package. Red spots represent the significantly
expressed genes obtained in the study.
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4. Conclusions:

The present meta-analysis study identified 11 significant genes, out of which 6 are
upregulated genes and 5 are downregulated genes. The upregulated genes include
MTRNR2L1, L1CAM, PAPSS2, IGLV1-47, IGLV3-19, and IGKV1-16. The downregulated
genes identified in the study include IGLV3-9, IGLV3-1, LSM14B, ZNF75D, and NOTCHI.
These upregulated genes can play a significant role in the progression of intellectual dis-
ability. The increased levels of these genes in the fetal sample can be an indication of the
possibility of occurrence of intellectual disability disorder. Thus, these genes can also act
as a biomarker for the diagnosis of intellectual disability disorder.
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