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Abstract. Background:A neurodegenerative disorder in the elderly individuals.
It is a type of dementia that affects memory subsequently followed by executive
dysfunction, confusion, agitation, and behavioral disturbances. Three causative
genes have been associated with autosomal dominant familial AD (APP, PSEN1,
and PSEN2). Identification of these genes has led to a number of animal models
that have been useful to study the pathogenesis underlyingAD.The primary goal of
this study is to identify a set of biomarkers that maximise prediction performance
in the blood and could aid in the early detection of Alzheimer’s disease as well
as provide valuable information about the molecular mechanisms that underpin
Alzheimer’s disease.
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1 Introduction

A progressive and neurodegenerative disease that destroys important mental functions
as well as memory which is also called as senile dementia. This is the disorder of
cognitive functions that include orientation, language, visuospatial function, judgement
and predominantly memory.

It is estimated that Alzheimer’s disease accounts for 60% of dementias, and it is
expected to increase in triple fold by 2050. But till now, the treatments and methods to
treat this is not determined to cure this in an effective manner.

Till now, drugdiscovery basedon amyloid cascadehypothesis, neurofibrillary tangles
of hyperphosphorylated tau, brain vascular pathology, neurotransmitter ailment, cell
cycle dysregulation, oxidative stress and mitochondrial impairment have failed to cure
dementia there are some drugs that include acetylcholinesterase inhibitors andN-methyl-
D-aspartate receptor (NMDA) antagonists which perform temporary actions however,
they do not change the course of illness or the rate of decline. In view of the upcoming
epidemiological burden, drug repositioningmight provide an elegant solution to the need
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for curative treatment. Thus, identifying the proper molecular mechanisms this disease’s
progression is necessary for the disease modifying drug discovery. Numerous research
approaches are being done and is very challenging to study the brain tissue as the cells
has to be collected post mortem. Yet there is no definite early pre-mortem diagnosis
for AD, and for cognitive assessment we use brain imaging methods that reveal the
degradation. The degradation in cognition due to AD is irreversible, and it also conducts
the immutable neural degradation that has occurred; hence, it is very much necessary to
detect the AD earlier finding out the biomarkers for AD in the blood samples helps in
determining the treatment for this disease.

We used transcriptomics as a global biochemical approach to identify potential
biomarkers and molecular pathways in the brain, we used curated gold benchmark
databases for AD to analyse human genomic and transcriptomic data to determine the
involvement of genes that aid in pathogenic processes. The primary goal of this study
is to identify a set of biomarkers that maximise prediction performance in the blood
and could aid in the early detection of Alzheimer’s disease as well as provide valuable
information about the molecular mechanisms that underpin Alzheimer’s disease [1–6].

Genes Involved
Mutations in amyloid-beta precursor protein (APP), presenilin1, and presenilin2 are
associated with early-onset forms of familial AD, whereas sporadic AD occurs in people
over the age of 65 years [7–11]

Transcriptomics
Transcriptomics is the bioinformatic analysis of the regulation and the expression of
genes within certain tissues and developmental stage.

Generally, it is the study of all RNA molecules within a cell. RNA is copied from
pieces of DNA and contains information to make the desired proteins and perform
other important functions in the cell using high-throughput methods, such as microarray
analysis, RNA-Seq . Transcriptomics is used to study more about how genes are turned
on in different types of cells and how this may help cause certain diseases, such as
Alzheimer’s.

The key aims of transcriptomics are:

• to catalogue all species of transcript
• non-coding RNAs and small RNAs
• to determine the transcriptional structure of genes in terms of their start site
• 5′ and 3′ ends, splicing patterns and other post-transcriptional modifications and to
quantify the changing

2 Materials and Methods

Galaxy tutorial by James Peter Taylor, it is a web-based platform for accessible, repro-
ducible and transparent computational biochemical research. The analysis of transcrip-
tomics and also provide structure and organization of the genome. The sequences
SRR12786091, SRR12786088, SRR12786097 and SRR12786097were retrieved from
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SRA database. Firstly, we will identify the quality score of our raw sequence, so the tool
we used for QC is the FastQC tool, which provides a simple way to do some quality
control checks on raw sequence data coming from high throughput sequencing pipelines.
It a very popular tool used for providing an overview of basic quality control metrics
for raw next generation sequencing data. In the next run Trimmomatic on each pair of
forward and reverse reads, this is done to increase mapping efficiency. Next run Trim-
momatic It provides support for quality checking, filters the sequence, and provides
statistical analysis of differential gene expression. Next do Mapping, it is the process
of comparing each one of the reads with the reference genome to obtain one alignment,
or more, between each read and the genome. Lastly conclude by HISAT2, It is a fast
and sensitive alignment programme for mapping sequence reads of the human genome
against the reference genome.

Quality control: - Before any analysis or sequence alignment is done, the data quality
has to checked.
FastQC: -It provides few features like whether the data has many problems to be aware
before further analysis. To assess the quality of the reads FastQC was to be run.
MultiQC: - across many samples for analyses of bioinformatics a single report is created
with interactive plots using the tool MULTIQC.
Trimmomatic: - To increase mapping efficiency, rom low-quality bases, trimming is
performed. After this, to inspect the differences, re-run FastQC.
Mapping tool: - There are many software available from which mapping tool is process
where the reads are compared with reference genome and on or more alignment will be
recognized between each read & genome.
HISAT: - For mapping, next generation- sequence reads (HISAT-tool) is performed
which a sensitive alignment.
Denovo transcript reconstructionFollowing theHISAT, de novo transcript reconstruc-
tion determines transcript structures illustrated by aligned reads. This even identifies all
transcripts present in sample.
Stringtie tool: highly efficient assembler of RNA-seq alignment into potential transcript
data.

Transcriptome Assembly
Each 4 RNA seq libraries were analyzed/represented by transcriptome with Stringtie.
Transcriptome database is made to know which transcript structures corresponds to
annotated transcripts in absence of reference transcriptome.

1. Stringtie-merge tool: Stringtie-merge tool help to assemble transcript along with
their refseq file.

2. GFFCompare tool: GFFCompare tool are used for the merge the stringtie and
RefSeq annotation file together.

Feature Counts tool: Included in genomic feature, feature cunts work as to
quantify reads generated from RNA or DNA sequence. To designate the reads with
feature for high efficiency genomic feature, blocking, chromosome hashing is to be
implemented.



Identification of Expressed, Mutated Genes and Binding Sites 53

Fig. 1. FastQC: Mean Quality Scores

DESeq: - It is used to analyse the RNA-seq data for gene expression.
Working of DESeq: - DESeq2 provides a function collapse Replicates which

can assist in combining the counts from technical replicates into single columns of
the count matrix. The term technical replicate implies multiple sequencing runs of
the same library.

3 Result and Discussion

FastQC tool - the quality score of our raw sequence, so the tool we used for QC is the
FastQC tool, which provides a simple way to do some quality control checks on raw
sequence data coming from high throughput sequencing pipelines (Fig. 1).

Trimmomatic tool - To increase mapping efficiency, rom low-quality bases,
trimming is performed. After this, to inspect the differences, re-run FastQC.

Mapping - The mapping process of comparing each one of the reads with the refer-
ence genome.Wewill obtain one alignment, ormore, between each read and the genome.
Like for any other bioinformatic task there is a lot of mapping software available.

HISAT2 tool: For mapping, next generation- sequence reads (HISAT-tool) is
performed which a sensitive alignment.

Run HISAT2 on one forward/reverse read pair and modify the following settings
(Fig. 2).

Feature counts – Feature Counts is a program that counts how many reads map
to genomic features, such as genes, exon, promoter and genomic bins. Feature Counts
function checks if reads from the same pair are adjacent to each other (this could happen
when reads were for example sorted by their mapping locations), and it automatically
reorders those reads that belong to the same pair but are not adjacent to each other in the
input read file (Fig. 3).
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Fig. 2. HISAT2 tool for mapping

Fig. 3. Feature counts

DESeq2- It is a tool for differential gene expression analysis of RNA-seq data. It is a
new version of DESeq and can detect more differentially expressed genes (DEGs) than
DESeq2. However, it also seems to allow more false positives. The DESeq2 package is
designed for normalization, visualization, and differential analysis of high- dimensional
count data.
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Fig. 4. Principal component analysis

It makes use of empirical Bayes techniques to estimate priors for log fold change
and dispersion, and to calculate posterior estimates for these quantities.

PCA (principal component analysis) - Principal component analysis, or PCA, is a
statistical procedure that allows you to summarize the information content in large data
tables bymeans of a smaller set of “summary indices” that can bemore easily visualized
and analyzed. The underlying data can be measurements describing properties of pro-
duction samples, chemical compounds or reactions, process time points of a continuous
process, batches from a batch process, biological individuals or trials of a DOE-protocol
(Fig. 4).

Heat map - Heat map is a data visualization technique that shows magnitude of
a phenomenon as color in two dimensions. The variation in color may be by hue or
intensity, giving obvious visual cues to the reader about how the phenomenon is clustered
or varies over space. It helps to visualize density (Fig. 5).

Dispersion estimates - The dispersion is a parameter describing how much the
variance deviates from the mean. The Poission distribution is sometimes said to be a
special case of the NB distribution, when dispersion=1 and thereby mean = variance.
So, to answer your question: no, the dispersion is not the variance of your gene (Fig. 6).

Histogram - Histogram is a chart that plots the distribution of a numeric variable’s
values as a series of bars. Each bar typically covers a range of numeric values called a
bin or class; a bar’s height indicates the frequency of data points with a value within the
corresponding bin (Fig. 7).

MA plot - An MA plot visualizes the relationships between the log ratio and mean
values of two variables. An MA-plot is a plot of log-intensity ratios (M-values) versus
log-intensity averages (A-values). The “M” refers to minus in the log scale. The log
ratios of the two measurements are plotted on the vertical (y) axis (Fig. 8).

Volcano plots - volcano plots are commonly used to display the results of RNA-seq
or other omics experiments. A volcano plot is a type of scatterplot that shows statistical
significance (P value) versus magnitude of change (fold change). It enables quick visual
identification of genes with large fold changes that are also statistically significant. These
may be the most biologically significant genes. In a volcano plot, the most upregulated
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Fig. 5. Heat map

Fig. 6. Dispersion estimates

genes are towards the right, the most downregulated genes are towards the left, and the
most statistically significant genes are towards the top (Fig. 9).
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Fig. 7. Histogram

Fig. 8. MA plot

4 Drug Design [12-16]

Neuroprotective Herbs for the Management of Alzheimer’s Disease

1. Ashwagandha (Withania somnifera)-. ergostane-type steroidal lactones, withano-
lides A-Y, dehydrowithanolide-R, withasomniferin-A, withasomidienone, witha-
somniferols A-C, withaferin A, withanone

2. Brahmi (Bacopa monnieri)- saponins, bacopasides III, IV, V, bacosides A and B,
bacosaponins A, B, C, D, E, and F, alkaloids, sterols, betulic acid, polyphenols

3. Cat’s Claw (Uncaria tomentosa)- oxindole alkaloids, polyphenols (flavonoids,
proanthocyanidins, and tannins), glycosides, pentacyclic alkaloids, and sterols
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Fig. 9. Volcano plot

4. Ginkgo Biloba-flavonoid glycosides, terpene lactones, and ginkgolic acids
5. Gotu Kola (Centella asiatica)- (asiaticosides, asiatic acid, madecassoside, and

madasiatic acid
6. Lion’s Mane (Hericium erinaceus)- hericenones and erinacines
7. Saffron (Crocus sativus)- safranal, a carbox-aldehyde
8. Shankhpushpi (Convolvulus pluricaulis)- triterpenoids, flavonol glycosides,

anthocyanins, and steroids
9. Turmeric (Curcuma longa)- curcumin, demethoxycurcumin (DMC), bis-

demethoxycurcumin (BDMC), and cyclocurcumin
10. Moringa oleifera- alkaloids, saponins, tannins, steroids, phenolic acids, glucosi-

nolates, flavonoids, and terpenes (Tables 1, 2, 3, and 4)

Compound demethoxycurcumin (DMC) has a docking score of−4084 kcal/mol and
has the most 3 interactions with the protein NR_033928.1. Hence this compound can be
taken as ligand for the disease- ALZHEIMER’S DISEASE.



Identification of Expressed, Mutated Genes and Binding Sites 59

Table 1. Phytochemical compounds and their SMILE sequence

Plant

name

Phytocompound SMILES

Turmeri

c

Curcumin COC1=C(C=CC(=C1)C=CC(=O)CC(=O)C=CC2=CC(=C(C=

C2)O)OC)O

demethoxycurcumin 

(DMC)

COC1=C(C=CC(=C1)C=CC(=O)CC(=O)C=CC2=CC=C(C=

C2)O)O

bisdemethoxycurcumin C1=CC(=CC=C1C=CC(=O)CC(=O)C=CC2=CC=C(C=C2)O)

O

cyclocurcumin COC1=C(C=CC(=C1)C=CC2=CC(=O)CC(O2)C3=CC(=C(C

=C3)O)OC)O

Saffron safranal CC1=C(C(CC=C1)(C)C)C=O

carboxaldehyde C1=CC(=C2C=COC2=C1C=O)F

Cat’s 

Claw

(Uncaria 

tomentos

a)

proanthocyanidin COC1=C(C=C(C=C1O)C2C(CC3=C(O2)C(=C(C=C3O)O)C4

C(C(OC5=CC(=CC(=C45)O)O)C6=CC=C(C=C6)O)O)O)O

Flavonoid CC1(C(CC2=C(O1)C=C(C3=C2OC(CC3=O)C4=CC=C(C=C

4)O)O)O)C

Brahmi saponin CC1(C2CCC3(C(C2(CCC1OC4C(C(C(CO4)OC5C(C(C(CO5
(Bacopa 

monnieri)

)O)O)O)OC6C(C(C(C(O6)CO)O)O)O)OC7C(C(C(C(O7)CO)

O)O)OC8C(C(C(C(O8)CO)O)O)O)C)CCC91C3(CC(C2(C9C

C(CC2)(C)C=O)CO1)O)C)C)C

Bacopaside IV CC(=CC1CC(C2C3CCC4C5(CCC(C(C5CCC4(C36CC2(O1)

OC6)C)(C)C)OC7C(C(C(CO7)O)OC8C(C(C(C(O8)CO)O)O)

O)O)C)(C)O)C

Bacopside A CC(=CCCC(C)(C1C2CCC3C(C2(CC1=O)C)(CCC4C3(CCC(

C4(C)C)OC5C(C(C(C(O5)CO)OC6C(C(C(CO6)O)O)O)O)O)

CO)C)O)C

Bascopasaponin C CC(=CC1COC23CC4(CO2)C(C3C1(C)O)CCC5C4(CCC6C5

(CCC(C6(C)C)OC7C(C(C(CO7)O)OC8C(C(C(C(O8)CO)O)

O)O)OC9C(C(C(O9)CO)O)O)C)C)C

betulic acid CC(=C)C1CCC2(C1C3CCC4C5(CCC(C(C5CCC4(C3(CC2)

C)C)(C)C)O)C)C(=O)O

(continued)
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Table 1. (continued)

Lion’s 

Mane

(Hericiu

m

erinaceus

)

Hericenone A CC(=CC(=O)CC(=CCC1=C(C=C2C(=C1O)COC2=O)OC)C)

C

Erinacine G CC(C)C(=O)CCC1(CCC2(C(C1=O)CC=C3C4C2OC5C4(C(C

(C3O)(CO5)O)O)O)C)C

Hericenone G CCCCCCCCCCCCCCCCCC(=O)OCC1=CC(=C2CCC(OC2

=C1C=O)(C)CC(=O)C=C(C)C)OC

Hericenone f CCCCCCCCCCCCCCCC(=O)OCC1=CC(=C2CCC(OC2=C1

C=O)(C)CC(=O)C=C(C)C)OC

Erinacine E CC(C)C1=C2C3CC=C4C5C(C3(CCC2(CC1)C)C)OC6C5(C(

C(C4O)(CO6)O)O)O

Ashwaga

ndha

(Withani

a

somnifer

a)

withanolide A CC1=C(C(=O)OC(C1)C(C)(C2CCC3C2(CCC4C3C5C(O5)C

6(C4(C(=O)C=CC6)C)O)C)O)C

ergostane CC(C)C(C)CCC(C)C1CCC2C1(CCC3C2CCC4C3(CCCC4)C

)C

Withanone CC1=C(C(=O)OC(C1)C(C)C2(CCC3C2(CCC4C3C5C(O5)C

6(C4(C(=O)C=CC6)C)O)C)O)C

withaferin A CC1=C(C(=O)OC(C1)C(C)C2CCC3C2(CCC4C3CC5C6(C4(

C(=O)C=CC6O)C)O5)C)CO

Withanolide b CC1=C(C(=O)OC(C1)C(C)C2CCC3C2(CCC4C3C5C(O5)C6

(C4(C(=O)C=CC6)C)O)C)C

Gotu 

Kola

(Centella 

asiatica)

Asiaticoside CC1CCC2(CCC3(C(=CCC4C3(CCC5C4(CC(C(C5(C)CO)O)

O)C)C)C2C1C)C)C(=O)OC6C(C(C(C(O6)COC7C(C(C(C(O7

)CO)OC8C(C(C(C(O8)C)O)O)O)O)O)O)O)O

asiatic acid CC1CCC2(CCC3(C(=CCC4C3(CCC5C4(CC(C(C5(C)CO)O)

O)C)C)C2C1C)C)C(=O)O

madecassoside CC1CCC2(CCC3(C(=CCC4C3(CC(C5C4(CC(C(C5(C)CO)O

)O)C)O)C)C2C1C)C)C(=O)OC6C(C(C(C(O6)COC7C(C(C(C

(O7)CO)OC8C(C(C(C(O8)C)O)O)O)O)O)O)O)O
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Table 2. Molinspiration

Phytochemical
compounds

miLogP TPSA natoms nW noN nOHNH Nviolations Nrotb Volume

CurcuminJLLK 2.30 93.07 27 368.38 6 2 0 8 332.18

demethoxycurcumin
(DMC)

2.48 83.83 25 338.36 5 2 0 7 306.64

bisdemethoxycurcumin 2.67 74.60 23 308.33 4 2 0 6 281.09

Cyclocurcumin 3.03 85.23 27 368.38 6 2 0 5 328.17

Safranal 2.95 17.07 11 150.22 1 0 0 1 158.60

carboxaldehyde 2.12 30.21 12 164.13 2 0 0 1 133.52

proanthocyanidin 3.05 209.75 43 592.55 12 9 3 4 493.20

Flavonoid 2.79 96.22 26 356.37 6 3 0 1 311.66

Saponin -2.34 422.06 85 1223.36 27 15 3 14 1086.35

Bacopaside IV 3.21 197.00 54 766.97 13 7 3 6 715.53

Bacopside A 2.54 215.83 54 768.98 13 8 3 10 729.72

Bascopasaponin C 2.79 255.92 63 899.08 17 9 3 9 822.81

betulic acid 7.04 57.53 33 456.71 3 2 1 2 472.04

Hericenone A 3.58 72.84 24 330.38 5 1 0 6 308.64

Erinacine G 0.35 133.52 33 464.56 8 4 0 4 424.71

Hericenone G 9.56 78.92 43 598.87 6 0 2 24 619.87

Hericenone f 9.32 78.92 41 570.81 6 0 2 22 586.26

Erinacine E 2.27 99.38 31 432.56 6 4 0 1 403.32

withanolide A 4.15 96.36 34 470.61 6 2 0 2 441.81

Table 3. Interacting amino acids and docking scores

Plant name Phytocompound Interacting aminoacids No of interactions Docking score Docking

Turmeric Curcumin LEU-35

THR-2

ALA-89

THR-39

4 −3964 Kcal/mol Yes

Turmeric demethoxycurcumin (DMC) ALA-38

PHE-61

LYS-37

3 −4084 Kcal/mol Yes

Turmeric Bisdemethoxycurcumin

Turmeric Cyclocurcumin

Saffron Safranal PHE-61 1 −2058 Kcal/mol Yes

Saffron Carboxaldehyde THR-2

ASP-4

2 −2410 Kcal/mol Yes

Uncaria tomentosa Flavonoid ARG -3

HIS-22

LEU-22

3 −3812 kcal/mol Yes

Hericium erinaceus Hericenone A HIS -22 1 −4182 Kcal/mol Yes

Hericium erinaceus Erinacine G SER-34 1 −4528 Kcal/mol Yes

Hericium erinaceus Erinacine E THR -2 1 −4374 Kcal/mol Yes

Withania somnifera withanolide A LEU-35

SER-34

2 −4470 Kcal/mol Yes
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Table 4. Structures of phytochemical compounds.

HERICENONE A DEOXYMETHYLCURCUMINE 

EDILONAHTIWENONECIREH A 

BISDEOXYCURCUMIN CARBOXALDEHYDE 

ENONECIREHNIMUCRUC A 
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5 Conclusion

Thewhole genome sequence ofAlzheimer diseasewas retrieved and based on theFeature
count tool and DESeq2 tool the PCA expressed genes and heat map expressed genes
were detected. Further, the expressed genes were located using the volcano plot.

As per docking studies compound demethoxycurcumin (DMC has docking score of
-4084 Kcal/mol with 3 interaction with protein. Further, receptor ligand binding assay
studies can be performed to prove its efficacy in treating neuroblastoma.
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
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provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s Creative
Commons license, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter’s Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder.
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