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Article
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Abstract: Aim: Streptococcus pneumoniae and influenza HIN1 virus are common organisms associated with
human infections. These infections could play a significant role in immune regulation. The study was
performed to analyse the genome sequences of these organisms with human genome and study its functional
significance. Methods: The study was performed to analyse the overlapping of genome sequences in
Streptococcus pneumoniae and Influenza (HIN1) virus against human genome sequences by BLASTn
sequence analysis. The alignments are studied against the corresponding genes for their functional significance
with DAVID and NDEXx software. Results: Several hits or overlapping nucleotide segments were identified.
Between streptococcus and homo sapiens 287 overlaps were identified, and among influenza and homo sapiens
124 hits were identified. A wide range of functional significance of these genes were identified, and the results
are presented in this study. The results show insights into functional pathways and biological activities
associated with the respective vaccinations or infections by these microorganisms. Conclusion: The common
organisms like Streptococcus pneumoniae and Influenza HIN1 virus actively interact with the immune system
and result in a wide range of immune regulations.

Keywords: Streptococcus pneumoniae; influenza (H1N1) virus; computational biology; Blastn; DAVID; NDEx

Introduction

Streptococcus pneumoniae and influenza (H1N1) are common vaccinations given to the elderly
general population. Infections by these organisms are associated with mortality and morbidity
worldwide, and the regional incidence varies [1]. Vaccinations against these organisms are associated
with cardiovascular benefits and also a general reduction in mortality [2-4]. Improvement in trained
immunity has been postulated for non-specific protection of these vaccinations against Covid19 [5].
The exact mechanisms of this protection. The study was performed to analyze the genome sequence
overlap between these microorganisms and the human genome and to evaluate the possible
modifications and influences of these vaccinations on human gene expression.

Methods

Blastn analysis [6,7] was performed by comparing the Streptococcus pneumoniae strain Hul7
and Haemophilus influenza (HIN1) 2009 California genome sequences against the human genome
(Homo sapiens Hg38). The genome sequence of Influenza HIN1 2009 California (2009 California)
was downloaded from NCBI (https://www.ncbinlm.nih.gov/data-hub/taxonomy/641809/). The
Influenza HIN1 2009 California genome sequences were compared against Homo sapiens hg38
downloaded from NCBI (https://www.ncbi.nlm.nih.gov/assembly/GCF_000001405.26/) with blastn
tools (2.13.0+) on a Linux server, respectively. The genome sequence of Streptococcus Pneumonia
strain Hul?7 (2009 California) was downloaded from NCBI (https://www.ncbi.nlm.nih.gov/data-
hub/taxonomy/641809/). The Streptococcus pneumoniae strain Hul7 genome sequences were
compared against Homo sapiens hg38 downloaded from NCBI
(https://www.ncbi.nlm.nih.gov/assembly/GCF_00000 1405.26/) with blastn tools (2.13.0+) on a Linux
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server, respectively. The hits/alignments on the genome of Homo sapiens hg38 reported by the blast
analysis were retrieved with customized Python scripts. The regions of hits were annotated with gene
information, respectively.

The corresponding genes were studied for functional annotations to study background
processes, which could influence physiological changes. The blast analysis results were further
processed for functional analysis of the concerned genes through the database for annotation,
visualization, and integrated discovery (DAVID) [8] to understand the biological implications of the
outcomes.

Results

Based on the Blastn analysis, 124 hits or overlapping sequences were observed in the analysis of
HINT1 vs. Homosapiens. 287 hits were observed between the overlapping segments of Streptococcus
pneumoniae and Homo sapiens. The results are published in the data repository (supplement data 1
and 2). DAVID analysis showed various gene enrichment related to functions with statistical
significance. The results are published in the supplement data repository (supplement data 3). The
enrichment values and the level of significance of the genes are also shown in the results. A wide
range of enrichment and functional annotations are observed, which give insights into the
background processes after the vaccinations or infections with these organisms. The functional
annotation chart with biogrid interactions (Figure 1), genes and pathway map (Figure 2), protein
domain (Figure 3) and tissue characterisation (Figure 4) derived from DAVID analysis between
influenza HIN1 and Homo sapiens indicate the various functional associations with associated
genes. Similarly the results of DAVID analysis with Streptococcus pneumoniae and Homo sapiens
show the associated protein domain (Figure 5), pathways (Figure 6), genes associated with tissue
expression (Figure 7) and biogrid interactions (Supplement Figure S1).

Numerically streptococcus pneumoniae has more functional interactions than influenza HIN1
virus though the extent of biological outcomes is difficult to quantify. NDEx analysis of the
overlapping genes showed the pathways associated with the genes and gene ontology analysis
(Figures 8 and 9) showed the relevant associated genes (Supplement Figures S2 and S3). Heat shock
related pathways and signalling was predominantly involved with S. pneumoniae-homo sapiens
overlapping genes (Figure 9). Genes related to histone modifications, myc pathways, DNA damage
check point signalling, FGF/IGF, notch signalling were associated with influenza — Homo sapiens
overlap related genes (Supplement Figure S2). PRKN, SNCA, STUB1, GPR37, SEPT, TUBA, TUBB
genes related pathways concerning proteasomal degradation were associated with S. pneumonia-
Homo sapiens overlapping genes (Supplement Figure S3). Some of the other seen by pathway figures
similarity were KRAS, EGFR and by INDRO GO similarity ELAVL1 and MAPKAPK2 were some of
the pathways identified (Supplement Figure S4) when analysed between influenza HIN1 Vs
Homosapiens. Genes like HSF1, GCase and HSPA9 were some of the pathways identified when
analysed between Streptococcus pneumoniae Vs Homosapiens (Supplement Figure S5).
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vir like m6A methyltransferase associated(VIRMA)

formyl peptide receptor 1(FPR1).

cystatin S(CST4)

amylase alpha 1C(AMY1C)

sodium voltage-gated channel beta subunit 2(SCN2B),
protein phosphatase 3 regulatory_subunit B, beta(PPP3R2)
Fas ligand(FASLG)

capicua transcriptional repressor(CIC)

trafficking_protein particle complex subunit 2B(TRAPPC2B),

G protein-coupled receptor 17(GPR17)
solute carrier family 18 member A2(SLC18A2)

heterogeneous nuclear ribonucleoprotein L(HNRNPL)

hook microtubule tethering_protein 1(HOOK1)

Rac family small GTPase 1(RAC1)

SLIT-ROBO Rho GTPase activating_protein 2(SRGAP2)
dynein cytoplasmic 1 light intermediate chain 1(Dyncili1)
par-3 family_cell polarity_regulator(PARD3)

proteasome activator subunit 4(PSME4)

ubiquitin specific peptidase 7(USP7)

protein inhibitor of activated STAT 1(PIAS1)

DDB1 and CUL4 associated factor 15(DCAF15).

lymphocyte transmembrane adaptor 1(LAX1)

ankyrin repeat domain 28(Ankrd28)

gap junction protein alpha 1(GJA1)
RAB4A,_member RAS oncogene family(RAB4A)

protein kinase cAMP-activated catalytic subunit alpha(PRKACA)
RAB2B, member RAS oncogene family(RAB2B)

RAB11A, member RAS oncogene family(RAB11A)

late endosomal/lysosomal adaptor, MAPK and MTOR activator 1(LAMTOR1)
peroxisome proliferator activated receptor alpha(PPARA)
WD repeat domain,_phosphoinositide interacting 2(Wipi2)
chromosome 17 open reading frame 50(C170rf50)
pleckstrin homology and FYVE domain containing 2(PLEKHF2)
trafficking_protein particle complex subunit 3L(TRAPPC3L)
estrogen receptor binding site associated antigen 9(EBAG9)
DDB1 and CUL4 associated factor 6(DCAF6).

protein phosphatase 1 catalytic subunit alpha(PPP1CA).

TNF receptor associated factor 1(TRAF1)

lysosomal associated membrane protein 2(LAMP2)

G protein-coupled receptor 45(GPR45).

kinesin family member 14(KIF14)

RAB9A, member RAS oncogene family(RABIA)

LSM7 homolog, U6 small nuclear RNA and mRNA degradation associated(LSM7)
Cbl proto-oncogene B(CBLB).

chymotrypsin like elastase 2A(CELA2A)

thrombospondin 1(THBS1)

secreted phosphoprotein 1(SPP1)

lysine demethylase 6B(KDM6B)

ST14 transmembrane serine protease matriptase(ST14)
tripartite motif containing66(TRIM66)

CD2 molecule(CD2).

WW domain containing_oxidoreductase(WWOX)
ezrin(EZR)

chemerin chemokine-like receptor 1(CMKLR1).

syntaxin 7(STX7)

calcium voltage-gated channel subunit alphal A(CACNA1A)
FHF complex subunit HOOK interacting_protein 1B(FHIP1B)
cell division cycle associated 5(Cdca5).

cadherin 3(CDH3)

tripartite motif containing 21(TRIM21)

nucleoporin 214(NUP214)

SEC62 homolog, _preprotein translocation factor(SEC62)
trafficking_protein particle complex 8(Trappc8).

ERBB receptor feedback inhibitor 1(ERRFI1)
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Figure 1. Influenza HIN1 virus Vs. Homosapiens - Biogrid interactions.
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REACTOME_PATHWAY ECERI mediated Ca+2 mobilization RT & 3 24 1.1E-2 1.0E0
REACTOME_PATHWAY RHOF GTPase cycle RT = 3 24 1.8E-2 1.0E0
REACTOME_PATHWAY Ec epsilon receptor (FCERI) signaling RT = 4 3.3 2.8E-2 1.0E0
REACTOME_PATHWAY RHOD GTPase cycle RT = 3 24  29E-2 1.0E0
REACTOME_PATHWAY Signal Transduction RT 20 16.3  3.7E-2 1.0E0
REACTOME_PATHWAY RHOG GTPase cycle RT = 3 24  5.E2 1.0E0
REACTOME_PATHWAY RAC1 GTPase cycle RT = 4 33 6.3E-2 1.0E0
REACTOME_PATHWAY RHO GTPase cycle RT 6 49  6.9E-2 1.0E0
REACTOME_PATHWAY RAC2 GTPase cycle RT & 3 2.4 7.0E-2 1.0E0
REACTOME_PATHWAY MAPK6/MAPK4 signaling RT « 3 24 7.E2 1.0E0
REACTOME_PATHWAY Post-translational protein modification RT mm 12 9.8  9.0E-2 1.0E0
Figure 2. Influenza HIN1 virus Vs. Homosapiens — pathways.

Sublist Category Term RT Genes Count % P-Value Benjamini

(] INTERPRO Src homology-3 domain RT 6 4959E-3 8.7E-1

O INTERPRO Pleckstrin homology-like domain RT 8 6.57.7E-3 8.7E-1

O INTERPRO Armadillo-type fold RT 7 5.79.5E-3 8.7E-1

O INTERPRO ATPase, AAA-tvpe, core RT 3 2429E-2 1.0E0

O INTERPRO RNA recognition motif domain RT 5 4.13.1E-2 1.0E0

O INTERPRO AAA+ ATPase domain RT < 3334E-2 1.0E0

O INTERPRO Nucleotide-binding, alpha-beta plait RT ) 4149E-2 1.0E0

O INTERPRO Diacylglycerol kinase, accessory domain RT 2 1.649E-2 1.0E0

O INTERPRO Pleckstrin homology. domain RT 5) 4.15.0E-2 1.0E0

O INTERPROMAD homology 1, Dwarfin-type RT 2. 1.659E-2 1.0E0

O INTERPRO Diacylglycerol kinase, catalytic domain RT 2 1.67.3E-2 1.0E0

O INTERPRO ATP-NAD kinase-like domain RT 2 1.68.2E-2 1.0E0

O INTERPRO Inorganic polyphosphate/ATP-NAD kinase, domain 1 RT 2 1.68.2E-2 1.0E0

O INTERPRO P-loop containing nucleoside triphosphate hydrolase RT 9 7.39.0E-2 1.0E0

Figure 3. Influenza HIN1 virus Vs. Homosapiens - Protein domains.

Sublist Category Term RT Genes Count % P-Value Benjamini
O UP_TISSUE Cervix carcinoma RT 40 32.544E-3 39E-1
O UP_TISSUE Brain RT 56 45.584E-3 39E-1
a UP_TISSUE Cerebellum RT 12 9.8 2.1E-2 6.1E-1
a UP_TISSUE Leukemic T-cell RT 21 17.12.6E-2 6.1E-1
O UP_TISSUE Amygdala RT 10 8.1 33E-2 6.2E-1
O UP_TISSUE Platelet RT 7 5.7 6.0E-2 9.3E-1
a UP_TISSUE Spinal cord RT 3 24 7.8E-2 1.0E0

Figure 4. Influenza HIN1 virus Vs. Homosapiens — Tissue expressions.
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INTERPRO  P-loop containing_nucleoside triphosphate hydrolase 25 8.7 4.3E-5 1.8E-3

2.1 4.8E-5 1.9E-3
1.4 6.3E-5 2203
1.4 6.3E-5 2.2E-3
2.1 1.2E-4 SE[E=3)
2.1 2.0E-4 6.1E-3
1.7 2.4E-4 6.7E-3
1.4 3.1E-4 8.4E-3
1.4 3.9E-4 1.0E-2
1.4 7.2E-4 1.7E-2
EOREEIESS) 23122
1.0 1.1E-3 2.3E-2
1o |ilal=5 282
2.1 1.5E-3 3.1E-2
1.4 2.0E-3 4.0E-2
2.1 2.2E-3 4.2E-2
g GilEs DS ESD)
1.4 5.5E-3 9.4E-2
1EIST5ES! 9.4E-2
2.1 6.6E-3 1.1E-1
2/ CESS) 201
1.0 1.5E-2 2.3E-1
L il 2311l
1.0 2.1E-2 2.3E-1
0.7 |2il=7) 23 =il
0.7 2.1E-2 2.3E-1
072 I ES2] 231
0.7 2.1E-2 2.3E-1
(07 |2hil=) 28ET
0.7 2.1E-2 2.3E-1
07 |27 2.3 ==il
0.7 2.1E-2 2.3E-1
0.7 2.1E-2 2.3]==1
0.7 2.1E-2 2.3E-1
(U7 |21l 28ESl!
0.7 2.1E-2 2.3E-1
1.4 2.6E-2 2.8E-1
0.7 3.1E-2 2.9E-1
07 |5il=2 2IoEst
0.7 3.1E-2 2.9E-1
(07 |Shil=72 2L =il
0.7 3.1E-2 2.9E-1
0.7 3.1E-2 2L =1
0.7 3.1E-2 2.9E-1
EORNS - SECD! 3.0E-1
1.7 3.7E2 3.3E-1
il | SEE 3.4E-1
1.7 4.0E-2 3.4E-1
0.7 4.2E-2 3.4E-1
0.7 4.2E-2 3.4E-1
0784262 3.4E-1
0.7 4.2E-2 3.4E-1
07 5:2E=2! 3.9E-1
0.7 5.2E-2 3.9E-1
0.7 5.2E-2 SI9E-1
0,7° S5.2E-2 3,9E-1
0705 2E=2. S:9E1
0.7 5.2E-2 3.9E-1
0.7 6.2E-2 4.5E-1
0.7 6.2E-2 4.5E-1
07 2Ez2. SHET
2.4 7.5E-2 5:2E-1
(o Gl SHEL
1.0 8.6E-2 5.8E-1
350 8.7E2 5.9
0.7 9.2E-2 6.1E-1

INTERPRO  P-type ATPase, transmembrane domain

INTERPRO Domain of unknown function DUF3358

INTERPRO Carbamoyl-phosphate synthetase large subunit-like, ATP-binding_domain
INTERPRO  ABC transporter, conserved site

INTERPRO ABC transporter-like

INTERPRO  ABC transporter, transmembrane domain, type 1

INTERPRO Pre-ATP-grasp domain

INTERPRO  ATP-grasp fold

INTERPRO ATP-grasp fold, subdomain 1

INTERPRO  ATPase, alpha/beta subunit, N-terminal

INTERPRO  ATPase, alpha/beta subunit, nucleotide-binding domain, active site
INTERPRO ATPase, F1/V1/Al complex, alpha/beta subunit, nucleotide-binding domain
INTERPRO HAD.
INTERPRO Cyclophilin-like peptidyl-prolyl cis-trans isomerase domain
INTERPRO Galactose-binding domain-like

INTERPRO  Chromo domain-like

INTERPRO SNF2-related

INTERPRO  Chromo domain/shadow

INTERPRO Helicase, C-terminal

INTERPRO  Helicase, superfamily_1/2, ATP-binding domain

INTERPRO  Organic anion transporter polypeptide OATP

INTERPRO Kazal domain

INTERPRO  Cyclophilin-type peptidyl-prolyl cis-trans isomerase, conserved site
INTERPRO S-adenosylmethionine synthetase, central domain

INTERPRO S-adenosylmethionine synthetase superfamily.

INTERPRO S-adenosylmethionine synthetase, C-terminal

INTERPRO  S-adenosylmethionine synthetase, N-terminal

INTERPRO  S-adenosylmethionine synthetase, conserved site

INTERPRO Phosphoglycerate kinase, conserved site

INTERPRO  Isyl-like splicing

INTERPRO ATPase, F1 complex beta subunit/V1 complex, C-terminal
INTERPRO  Phosphoglycerate kinase

INTERPRO  S-adenosylmethionine synthetase

INTERPRO ATPase, F1/A1 complex, alpha subunit, N-terminal

e domain

INTERPRO  Phosphoglycerate kinase, N-terminal

INTERPRO Laminin G domain

INTERPRO  Carbamoyl-phosphate synthase large subunit, CPSase domain
INTERPRO  Carbamoyl-phosphate synthetase, large subunit oligomerisation domain
INTERPRO Calcium-transporting_P-type ATPase, subfamily IIA, SERCA-type
INTERPRO  Phosphoribosyl pyrophosphate synthetase, conserved site
INTERPRO Carbamoyl-phosphate synthase, small subunit N-terminal domain
INTERPRO Carbamoyl-phosphate synthase, small subunit

INTERPRO Carbamoy/|-phosphate synthase, large subunit

INTERPRO Chromo domain

INTERPRO Cadherin

INTERPRO Armadillo-type fold

INTERPRO  Cadherin-like

INTERPRO Biotin-binding_site

INTERPRO  Methylglyoxal synthase-like domain

INTERPRO  Beta-galactosidase 1-like

INTERPRO Glycoside hydrolase, family 35

INTERPRO  Ribose-phosphate diphosphokinase

INTERPRO  Biotin carboxylation domain

INTERPRO  Pyridine nucleotide-disulphide oxidoreductase, dimerisation
INTERPRO Pyridine nucleotide-disulphide oxidoreductase, class I, active site
INTERPRO Biotin carboxylase, C-termina

INTERPRO  Carbamoyl-phosphate synthase, large subunit, N-terminal
INTERPRO Rudiment single hybrid motif

INTERPRO  Glutamine amidotransferase

INTERPRO Sodium/potassium-transporting_P-type ATPase, subfamily IIC
INTERPRO Pleckstrin homology.domain

INTERPRO  FAD/NAD-linked reductase, dimerisation

INTERPRO Kelch-like protein, gigaxonin

INTERPRO  Protein kinase, catalytic domain
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Figure 5. Streptococcus pneumoniae Vs. Homo sapiens - protein domain.
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REACTOME_PATHWAY Ion transport by, P-type ATPases RI = 6.0E-4  3.9E-1
REACTOME_PATHWAY Ion channel transport RT = kS 6.0E-1
REACTOME_PATHWAY Cristae formation RI & 6.0E-3 1.0E0
REACTOME_PATHWAY Transport of small molecules RT == 6.4E-3 1.0E0
REACTOME_PATHWAY Mitochondrial protein import RT & 5 1.7 7.7E-3 1.0E0
REACTOME_PATHWAY Regulation of HSF1-mediated heat shock response RT = 5 S/ 88O bE-3 1.0E0
REACTOME_PATHWAY Attenuation phase RT & 3 1.0 1.2E-2 1.0E0
REACTOME_PATHWAY Class I MHC mediated antigen processing & presentation RT = 11 3.8 1.7E-2 1.0E0
REACTOME_PATHWAY Regulation of mMRNA stability by _proteins that bind AU-rich elements RT & 5 1.7 2.2E-2 1.0E0
REACTOME_PATHWAY Cellular response to heat stress RT = 3 LR 2:2E =2 1.0E0
REACTOME_PATHWAY Viral RNP Complexes in the Host Cell Nucleus RT & 2 0.7 2.4E-2 1.0E0
REACTOME_PATHWAY Mitochondrial biogenesis RT = 5 1.7 2.8E-2 1.0E0
REACTOME_PATHWAY Ion homeostasis RT & 4 1.4 3.0E-2 1.0E0
REACTOME_PATHWAY AUF1 (hnRNP DO0)_binds and destabilizes mRNA RT = 4 1.4 3.0E-2 1.0E0
REACTOME_PATHWAY Clathrin-mediated endocytosis RT = 6 2.1 3.2E-2 1.0E0
REACTOME_PATHWAY Antigen processing: Ubiquitination & Pr degradation Rl m 9 SIS ISE=D) 1.0E0
REACTOME_PATHWAY HSF1-dependent transactivation RT & 3 1.0 3.3E-2 1.0E0
REACTOME_PATHWAY ABC-family. proteins mediated transport RI = 5 1.7 3.6E-2  1.0EQ
REACTOME_PATHWAY 5-Phosphoribose 1-diphosphate biosynthesis RT & 2 0.7 3.6E-2 1.0E0
REACTOME_PATHWAY Cardiac conduction RT 5 1578 7:5E=2; 1.0E0
REACTOME_PATHWAY Adaptive Immune System RT = 15 5.2 7:9E:2 1.0E0
REACTOME_PATHWAY Defective HLCS causes multiple carboxylase deficiency. RT & 2 0578 1E=2 1.0E0
REACTOME_PATHWAY Defects in biotin (Btn)_metabolism RT & 0.7 9.2E-2 1.0E0

e rT— e i e St

KEGG_PATHWAY Biosynthesis of amino acids 7 2.6E-4 3.9E-2
KEGG_PATHWAY Carbon metabolism ﬂ ; 8 2.8 4.3E-4 3.9E-2
KEGG_PATHWAY ABC transporters RT & 5 1.7  2.0E-3 1.2E-1
KEGG_PATHWAY Bile secretion RT m 6 2.1 4.1E-3 1.9E-1
KEGG_PATHWAY Prion disease RT = 10 3.5 5.2E-3 1.9€-1
KEGG_PATHWAY Calcium signaling_pathway: RT 9 3.1 1.1E-2 3.2E-1
KEGG_PATHWAY Metabolic pathways RT == 28 9.8 2.1E-2 5.5E-1
KEGG_PATHWAY Legionellosis RT & 4 1.4 3.0E-2 6.8E-1
KEGG_PATHWAY Diabetic cardiomyopathy. RT = 72 2.4 3.4E-2 6.8E-1
KEGG_PATHWAY Longevity_regulating_pathway - multiple species RT 4 1.4 3.8E-2 6.8E-1
KEGG_PATHWAY Spliceosome RI = 7 2.4 4.5E-2 6.8E-1
KEGG_PATHWAY cAMP signaling_pathway. RT = 7 2.4 5.2E-2 6.8E-1
KEGG_PATHWAY Thyroid hormone signaling_pathway. RT & 5 1.7 5.6E-2 6.8E-1
KEGG_PATHWAY Protein processing_in endoplasmic reticulum RT 6 2.1 5.7E2 6.8E-1
KEGG_PATHWAY Arrhythmogenic right ventricular cardiomyopathy. RT & 4 14 6.4E-2 6.8E-1
KEGG_PATHWAY Antigen processing_and presentation RT 4 14 6.6E-2 6.8E-1
KEGG_PATHWAY Purine metabolism RT = 5 1.7 6.7E-2 6.8E-1
KEGG_PATHWAY RNA degradation RT 4 14 6.8E-2 6.8E-1
KEGG_PATHWAY Cardiac muscle contraction RT 4 1.4 8.5E-2 8.1E-1

T —— e i St S

WIKIPATHWAYS Parkin-ubiquitin proteasomal system pathway. RIT = 2.0E-4 4.9E-2
WIKIPATHWAYS Amino acid metabolism RT = 6 2.1 4.8E-3 5.7E-1
WIKIPATHWAYS Drug_induction of bile acid pathway. RT & 3 1.0 1.7E-2 9.5E-1
WIKIPATHWAYS Primary ovarian insufficiency. RT = 7 2.4 109E-2 9.5E-1
WIKIPATHWAYS Cholestasis RT & 3 1.0 2.2E-2 9.5E-1
WIKIPATHWAYS Disorders of bile acid synthesis and biliary transport RT u B 1.0 2.4E-2 9.5E-1
WIKIPATHWAYS Proximal tubule transport RT & 4 1.4 3.1E-2 1.0E0
WIKIPATHWAYS Leucine, isoleucine and valine metabolism RT = Bl 1.00 3.4E-2 1.0E0
WIKIPATHWAYS Nuclear receptors in lipid metabolism and toxicity. RT & 3 1.0 6.7E-2 1.0E0
WIKIPATHWAYS Nuclear receptors meta-pathway. RT = 8 2.8 8.5E-2 1.0E0
WIKIPATHWAYS Metabolic reprogramming_in pancreatic cancer RI & 3 1.0 9.1E-2 1.0E0

Figure 6. Streptococcus pneumoniae Vs. Homo sapiens — genes and pathways.
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HPA_NORMAL_TISSUE_CELLTYPE bronchus; ciliated cells (ciliary rootlets) 1.4E-2 6 0E 1
HPA_NORMAL_TISSUE_CELLTYPE liver;_hepatocytes R'_[ — 86 ol b= 6.0E-1
HPA_NORMAL_TISSUE_CELLTYPE soft tissue 1; chondrocytes RT 39 13.6 1.8E-2 6.0E-1
HPA_NORMAL_TISSUE_CELLTYPE liver; cholangiocytes RT o 63 220 il 6.0E-1
HPA_NORMAL_TISSUE_CELLTYPE hippocampus;_glial cells RT 65 22.7 2.1E-2 6.0E-1
HPA_NORMAL_TISSUE_CELLTYPE hippocampus;_neuronal cells RT 91 S 1 SEN2 22 6.0E-1
HPA_NORMAL_TISSUE_CELLTYPE nasopharynx; ciliated cells (ciliary rootlets) RT 11 3.8 2.6E-2 6.0E-1
HPA_NORMAL_TISSUE_CELLTYPE duodenum;_goblet cells RT 11 SICSIED 6.0E-1
HPA_NORMAL_TISSUE_CELLTYPE bronchus; ciliated cells (cell body) RT 23 8.0 3.1E-2 6.0E-1
HPA_NORMAL_TISSUE_CELLTYPE cerebral cortex;_neuropil RT /5] A52) Sz 6.0E-1
HPA_NORMAL_TISSUE_CELLTYPE endometrium 1; glandular cells RT 97 33.9 3.6E-2 6.0E-1
HPA_NORMAL_TISSUE_CELLTYPE rectum;_endothelial cells RT 8 2.8 4.1E-2 6.0E-1
HPA_NORMAL_TISSUE_CELLTYPE rectum;_peripheral nerve/gangli RT 8 2.8 4.6E-2 6.0E-1
HPA_NORMAL_TISSUE_CELLTYPE cerebellum;_cells in molecular layer RT 67 23.4 4.6E-2 6.0E-1
HPA_NORMAL_TISSUE_CELLTYPE thyroid gland;_glandular cells RT 100 35.0 4.7E-2 6.0E-1
HPA_NORMAL_TISSUE_CELLTYPE cerebral cortex; neuronal cells RT 95 B2 20 E=D) 6.0E-1
HPA_NORMAL_TISSUE_CELLTYPE skin 1; melanocytes RT 77 26.9 5.9E-2 6.9E-1
HPA_NORMAL_TISSUE_CELLTYPE nasopharynx;_ciliated cells (cell body) RT 21 7.3 6.4E-2  6.9E-1
HPA_NORMAL_TISSUE_CELLTYPE adipose tissue; adipocytes RT 59 20.6 7.3E-2 6.9E-1
HPA_NORMAL_TISSUE_CELLTYPE colon; _endothelial cells RT 81 28.3 7.4E-2 GI0EST
HPA_NORMAL_TISSUE_CELLTYPE testis; sertoli cells RT 37 129 7.7E-2 6.9E-1
HPA_NORMAL_TISSUE_CELLTYPE fallopian tube; glandular cells RT 82 28/ 8/ OF=P) 6.9E-1
HPA_NORMAL_TISSUE_CELLTYPE pancreas;_pancreatic endocrine cells RT 80 28.0 8.2E-2  6.9E-1
HPA_NORMAL_TISSUE_CELLTYPE ovary;_ovarian stroma cells RT 5 20.6 8.9E-2 6.9E-1
HPA_NORMAL_TISSUE_CELLTYPE soft tissue 1; fibroblasts RT 62 21.7 9.4E-2 6.9E-1
HPA_NORMAL_TISSUE_CELLTYPE duodenum;_endocrine cells RT alal 3.8 9.6E-2 6.9E-1
HPA_NORMAL_TISSUE_CELLTYPE cerebral cortex;_endothelial cells RT 67 23.4 9.8E-2 6.9E-1
Figure 7. Streptococcus pneumoniae Vs. Homo sapiens - tissue expressions.
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Figure 8. Gene ontology and pathway analysis through NDEx — Influenza virus Vs. Homo sapiens.
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Figure 9. Gene ontology and pathway analysis through NDEx — Streptococcus pneumoniae Vs. Homo
sapiens.

Discussion

In the comparison of the nucleotide sequences, there were many overlapping significant
alignments between the influenza (HIN1) and Streptococcus pneumonia and the human genome.
This could be an evolutionary or a survival process where the organisms function and induce
immunological processes by molecular mimicry. This can lead to the induction of cellular processes
- cytoplasmic, nuclear, and various levels as seen through functional analysis with DAVID. These
vaccinations are associated with various benefits, as reported by previous studies. These vaccinations
are protective against diseases like Covid-19 through changes in adaptive immunity and are also
reported to have cardioprotective effects though the exact mechanisms are not understood [9]. The
countries which had high influenza or lower respiratory tract infections burden illnesses and
countries which had higher influenza vaccinations, like South Korea, had significantly lower Covid
19 mortality during the pandemic [10]. Various pathways and genes are associated with the
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overlapping gene. Predominantly these are inflammation, death signalling and pathways related to
epigenetic modifications. Heat shock proteins are involved in normal and other cellular activities
during stress, inflammation, etc. They are targets for cancer therapy, inflammation, myocardial
ischemia, transplantation, and neurodegenerative diseases’ activity modulation [11].

The PRKN gene is actively involved in the Parkin protein, which actively breaks down
unnecessary proteins by tagging the damaged and excessive proteins with ubiquitin. Mutations in
PRKN genes are well-established causes of early-onset parkinsonism [12]. TUBB, TUBA are
microtubule related genes, SEPT genes are related to specific polymerisation during mitosis. The
CHIP protein coded by the STUB1 gene binds and inhibits ATPase activity of the chaperone proteins
HSC70 and HSP70 and prevent their forward reactions [13]. Alpha-synuclein is a protein encoded by
SNCA and defects in this are associated with parkinsonism disease.GPR37 encodes [14] G-protein
coupled receptor protein and it has been shown to interact with HSPA1A and Parkin(ligase). GPR37
are receptors for glial and neuroprotective factors [15].

As seen in Figure 8, extracellular structure organization ITGBF, LAMA2, LAMB2, ITG A3 and
ITG B5; positive regulation of cell motility through Aktl, PLCG1 pathways; regulatory region DNA
binding through NFKB1, mTOR, SMAD4, EGR1 pathways; and PRPF, SRSF 1/11, CSTF pathways
associated with RNA processing are some of the actively involved in cellular pathways related genes
associated with influenza-homo sapiens overlap associated genes. The AKT pathway has a significant
role in interacting with oncogenes and also metabolic pathways [16]. Higher PLCG1 is associated
with tumour growth and poor survival [17].

MAPKAPK? is involved in various cellular pathways involved in stress and inflammation,
nuclear export, and gene expression regulation. It plays an important role in tumour regulation
[18,19]. ELAVLI primarily couples mRNA stability with the 3" UTSs of interferon-stimulated genes
[20]. The EGFR signalling pathway is one of the most important pathways in mammalian cells, which
regulates a series of important events, including proliferation, migration, differentiation, and
apoptosis, as well as those that regulate intercellular communication during development. EGFR is a
major gene in the pathogenesis of lung cancer [21].

KRAS-related genes are involved in cellular growth, division, survival, and death. KRAS is also
a target of active research for its regulatory molecular identification [22]. HSF1 is a major transcription
factor for heat shock proteins. HSPA9 belongs to HSP 70 gene family. This plays a role in cellular
proliferation, stress response, and maintenance of mitochondria. HSPA9 is active in regulating
apoptosis also. HSP 27 was shown to be a substrate of this kinase in vivo [23]. GCase catalyzes the
cleavage of major glycolipid glucosylceramide (GL-1) into glucose and ceramide and the minor lipid
glucosphingosine into sphingosine and water [24].

Further studies involving the protein encoded by these overlapping nucleotide sequences would
provide more information about the changes or induction of the cellular functions. Similarly, other
closely associated microorganisms like commensals can also be studied to better understand the
cause-effect/associations of various disease pathology in humans, such as autoimmune disorders.
Incidence of non-communicable diseases like coronary artery disease, diabetes, etc., is also interesting
to study if there is any influence by the microbiological changes.

Conclusion

The study shows overlapping nucleotide sequences between the human genome and
Streptococcus pneumoniae and Influenza (HIN1) virus genome sequences. These overlapping
sequences are also associated with various functional annotations. Further evaluations can help to
understand the modifications of the encoded proteins and metabolism during these infections.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org.
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Figures
1. Influenza HIN1 virus Vs. Homo sapiens — functional annotation chart with biogrid interactions by
DAVID analysis.
2. Influenza HINI1 virus Vs. Homo sapiens — genes in pathway map.
3. Influenza HINI1 virus Vs. Homo sapiens — functional protein domains.
4. Influenza HIN1 virus Vs. Homo sapiens - tissue expressions.
5. Streptococcus pneumoniae Vs. Homo sapiens — functional protein domain.
6. Streptococcus pneumonia Vs. Homo sapiens — genes in pathway map.
7.  Streptococcus pneumoniae Vs. Homo sapiens - tissue expressions.
8.  Gene ontology and pathway analysis through NDEx — Influenza virus Vs. Homo sapiens.

9. Gene ontology and pathway analysis through NDEx — Streptococcus pneumoniae Vs. Homo sapiens.
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