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Repeatome and The
Coding Region

Biotechnology BS - Alzahra University

The recent special issue of Science, published on September 24th, 2021, focused on hu-
man genomics. They reviewed some of the past studies and inquired about future research

ambiguities.

In 2000, the first draft of the human genome was released. In the following years, the di-
versity in the genomic components, followed by advancements of sequencing technologies
and biological data analysis tools. These researches currently affect many aspects of our

forensic science (Rood and Regev, 2021).

Key outcomes of the Human Genome Project

daily life; many clinical diagnostics are available such as non-invasive prenatal diagnostics,
or personal genomics for assessing potential disease risk, even enabling genealogy and

The Human Genome Project has had a considerable effect on research and society more generally, but questions about what a human genome

reference is today and how it can benefit human health remain to be resolved.
1996 2002 2003 2005

2009 2016 2019

Bermuda First genome- First reference First commercial Launich of the Human Launch of the Launch of the
Principles wide association genome next-generation Heredity and Health Human Cell International Common
established study (GWAS) “completed” sequencing (NGS) in Africa initiative Atlas{HCA) Disease Alliance (ICDA)
| — | — l |
—— p QO Qe OO QO Q)
1995 2q_00 T 2005 T ) 2010 T 2015 T 2020 T
' T %I 4 | [ I
2000 2000 2003 2004 2007 2013 2018 2021

Firstdraft ~ Launch
ofgenome  of Genome  Agreement
established

(EGFR) mutations predict

released Browser response to EGFR inhibitors

Fort Lauderdale  Epidermal growth factor receptor  Launch of 23andMe and

genetics companies

First phenome- Demonstrationof utility  First full genome

other direct-to-consumer  wide association  of polygenic risk scores  sequence

study (PheWAS)  for common diseases completed

Figure 1- Fig 1- HGP timeline (Rood and Regev, 2021)

In 1972 and 1980, researchers noticed that
a massive volume of the genome consists of
repetitive sequences, notably 46 percent of
the human genome includes repetitive com-
ponents. However, in the beginning, no asso-
ciation was observed between the organism’s
complexity and the repetitive parts. For several
years, they assumed no biological functions for
these regions (Doolittle and Sapienza, 1980,
Gemayel et al., 2010, Ohno, 1972, Orgel and
Crick, 1980). Although today, shreds of evi-
dence suggest that repeats affect biological
function, methylation, gene expression, and

phenotypes. The role of repeats in the deve-
lopment of various traits is currently not fully
understood. Along with the development of se-
quencing methods, especially long-read me-
thods, more genomic data are generated, and
computational biology methods are developed
to analyze them. The sequences that exist next
to each other are called tandem repeats (Paco
et al., 2019). A significant proportion of repeti-
tive sequences are transcribed and translated,
so transcriptome data and proteome data will in-
clude repeats (Liang et al., 2015). Overall, they
exist in introns and exons.

tandem repeat region

A

- ~

protein sequence _—

repeat
unit

Figure 2- (Kajava, 2018)

Numerous human proteins contain areas that
differ in size or copy-number because of va-
riable numbers of tandem repeats (VNTRS) in
protein-coding exons (Mukamel et al., 2021). Al-
beit most VNTRs are in honcoding areas, those
overlapping protein-coding genes can have
significant and more interpretable impacts by
adjusting the size or potentially copy-number
of domains inside a protein. By the way, VNTRs
and different repeats face difficulties in using
existing pipelines for studying genomic asso-
ciations (Gymrek and Goren, 2021). Mukamel
et al. studied 118 protein-altering VNTRs in
415,280 UK Biobank members for the relation
of 786 phenotypes, recognized probably the
most grounded association of normal varia-
tions with human phenotypes, including height,
hair morphology, and biomarkers of health.
These associations seemed to clarify probably
the largest realized GWAS signals for human
phenotypes, including tallness, serum urea,
and hair phenotypes, since some associations
show strength equivalent to or exceeding that
of any single SNP in the genome.

VNTR

SNP, SNP,  SNP,
e B B
Common SNP/VNTR haplotypes

0 = SNP reference allele
1= Alternate allele

—0— (Ol 0}
—0— —0—
—1— T
—T—
—1— — T
— T T

Biallelic SNPs only partially tag the VNTR

Figure 3- Repeats are frequently multiallelic,
and their attribution might be just somewhat
captured by labeling with biallelic single-
nucleotide polymorphisms (SNPs) commonly
thought to be in genome-wide association
studies (GWASs) (Gymrek and Goren, 2021).
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The Mukamel et al. research revealed the impor-
tance of VNTRs in the coding region and reminds
us of the necessity of studies on repeat polymor-
phism. The outcomes are possibly the primary
edge of a far diverse set of VNTR-phenotype as-
sociations that future investigations will uncover.
They used the exome-sequencing data, and they
were unable to analyze VNTRs in noncoding se-
guences.

Advanced sequencing innovations applied to
large, diverse cohorts will yield further founding
about the mutational and evolutionary processes
of VNTRs and their impact on the «missing heri-
tability» of human phenotypes. They will also fa-
cilitate studies on complex traits (Mukamel et al.,
2021, Gymrek and Goren, 2021).

A quest for disease genes that
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Niloofar Torkzadeh

Department of Biochemistry, Islamic Azad University, Falavarjan, Iran

. INTRODUCTION: Microgravity in-

duces a large number of changes in specia-
lized cells and stem cells. The known effects of
microgravity (micro-g) on cells are changes in
differentiation and growth.

B METHODS: We reviewed about 7 ar-
ticles that were conducted from 2016 to 2021
in the world and Iran. We searched some
keywords such as microgravity, cancer stem
cells, stem cells, space flight, cell growth in
ScienceDirect, Elsevier, Pubmed, and SID.

RESULTS: Human blood-derived stem cells
(BDSCs) were investigated recently in space
on the ISS during the Italian VITA mission.
Osteoblastic differentiation was induced by ra-
pamycin. Rapamycin influenced the transcrip-
tional activation of BDSCs toward osteogenic
differentiation via elevated GATA4 and SOX17.
Bone MSCs exposed to microgravity revealed
alterations in regulation or functioning of the
actin cytoskeleton which may cause the inhi-
bited osteogenesis. The depolymerization of
action inhibited the osteogenic differentiation
of the bone MSCs through impeding nuclear
aggregation of the transcriptional coactivator
with the PDZ-binding motif. Bradamante et al.
investigated human bone marrow stem cells,
which were cultivated on the ISS for 14 days.
They used vitamin D3 as an osteogenic diffe-
rentiation inducer and compared the gene ex-
pression of in-flight and on-ground samples.
They found that microgravity has mainly an
effect on the composition of the extracellular
matrix by reducing collagens among others,
while apoptosis was absent. There are diffe-
rent chemical, biological and physical methods

that may induce stem cells differentiation. The
most significant aspect in tissue engineering is to
simulate in vitro studies in a more similar way to
in vivo conditions, which can be imitated through
3D cell culturing better. On the other hand; not
only it is a serious concern that using chemical
stimuli may be toxic but also biological growth
factors are usually expensive. It is reported that
some physical states like microgravity condition
that is an alternative biophysical factor that simu-
lates 3D cell culturing in lower gravity may ease
cellular differentiation and tissue engineering be-
sides using lower amounts of growth factors. This
method seems to be more cost-benefit, also has
more similarities with in vivo conditions in compa-
rison with 2D cell differentiation, and seems to be
a promising technique supporting clinical trials in
the future of regenerative medicine. It is likely that
if cells face gravity changes, they will reveal novel
mechanisms that in some cases may be benefi-
cial in biomedical research, in addition to space
studies. Microgravity is a natural situation in ou-
ter space that can be simulated with different
kinds of bioreactors, clinostats, RWVs, RPMs, or
magnetic levitation in laboratory research. These
devices support non-scaffold 3D cell growth.

. CONCLUSION: in this review, we focus

on platforms to study r and s-microgravity as well
as the impact of microgravity on cancer stem cells
in the field of gastrointestinal cancer, lung cancer,
and osteosarcoma. Different types of stem cells,
precursors, and tissues have been cultured and
engineered in such simulated situations without
needing scaffolds to evaluate changes in their mo-
lecular mechanisms under lower gravity. Based
on previous studies, it seems that although this

DNA sasaiioale soliliad
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technique is not useful in all conditions, but may have remarkable positive effects on some
models of stem cell differentiation and bioengineering besides its importance in space bio-
logy programs.

- Keywords: Microgravity, Stem cells, Differentiation, 3D Cell culturing.
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