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The concept of natural genome reconstruction.

Part 1. Basic provisions of the “natural genome reconstruction” concept.
Changing the genome of hematopoietic stem cells using several natural
cellular mechanisms that are inherent in the hematopoietic cell

and determine its biological status as “the source of the body’s
reparative potential”
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Abstract. We present a series of articles proving the existence of a previously unknown mechanism of interaction be-
tween hematopoietic stem cells and extracellular double-stranded DNA (and, in particular, double-stranded DNA of the
peripheral bloodstream), which explains the possibility of emergence and fixation of genetic information contained in
double-stranded DNA of extracellular origin in hematopoietic stem cells. The concept of the possibility of stochastic or
targeted changes in the genome of hematopoietic stem cells is formulated based on the discovery of new, previously
unknown biological properties of poorly differentiated hematopoietic precursors. The main provisions of the concept
are as follows. The hematopoietic stem cell takes up and internalizes fragments of extracellular double-stranded DNA
via a natural mechanism. Specific groups of glycocalyx factors, including glycoproteins/proteoglycans, glycosylphos-
phatidylinositol-anchored proteins and scavenger receptors, take part in the internalization event. The binding sites for
DNA fragments are heparin-binding domains and clusters of positively charged amino acid residues that are parts of
protein molecules of these factors. Extracellular fragments delivered to the internal compartments of hematopoietic
stem cells initiate terminal differentiation, colony formation, and proliferation of hematopoietic precursors. The mole-
cular manifestation of these processes is the emergence and repair of pangenomic single-strand breaks. The occur-
rence of pangenomic single-strand breaks and restoration of genome (genomic DNA) integrity are associated with
activation of a “recombinogenic situation” in the cell; during its active phase, stochastic homologous recombination
or other recombination events between extracellular fragments localized in the nucleus and chromosomal DNA are
possible. As a result, genetic material of initially extracellular localization either integrates into the recipient genome
with the replacement of homologous chromosomal segments, or is transitively present in the nucleus and can manifest
itself as a new genetic trait. It is assumed that as a result of stochastic acts of homologous exchange, chromosome loci
are corrected in hematopoietic stem cells that have acquired mutations during the existence of the organism, which
are the cause of clonal hematopoiesis associated with old age. In this regard, there is a fundamental possibility of
changing the hematopoietic status of hematopoietic stem cells in the direction of polyclonality and the original diver-
sity of clones. Such events can form the basis for the rejuvenation of the blood-forming cell system. The results of the
laboratory’s work indicate that other stem cells in the body capture extracellular DNA fragments too. This fact creates
a paradigm for the overall rejuvenation of the body.
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KoHIIemnuus NpupogHOli peKOHCTPYKIIMN reHOMa.

YacTpb 1. OCHOBHBIE ITOJIOKEeHNSI KOHUEIILVY [IPUPOLHON PEKOHCTPYKINN
reHoma. MiIsMeHeHVe reHoMa reMOoIIO3TUUYECKIX CTBOJIOBBIX KJIETOK
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AHHoTauuA. MpeanaraeTca BHYUMaHMIO LMKI CTaTel, JoKasblBatoLW Wi CyLLeCTBOBaHME paHee HEM3BECTHOro MexaHn3ma
B3aMMOLENCTBMA reMONo3TNYECKOW CTBOIOBO KNETKM U SKCTpaKneTouHon asyLenoyeyHon JHK (B yactHocTw, AByLe-
noyveuHoi JHK nepudepmnueckoro KpoBAHOTO pyca), KOTOPbIA 06BACHSET BO3MOXKHOCTb MOABMEHWS 1 3aKpenneHuns
B reMOMO3TMYECKNX CTBOMOBBIX KIleTKax reHeTnyeckon nHdopmaunm, cogepxallenca B aApyuenoyeyHon HK BHekne-
TOYHOro npoucxoxaeHua. CoopmMynmpoBaHa KOHLEMNLUMSA BO3MOXHOCTY CTOXaCTMYECKOrO UN LiefieHanpaBieHHOro
MN3MeHeHNA reHomMa reMomno3TUYECKUX CTBOSOBbIX KNETOK, OCHOBAHHAsA Ha OTKPbLITMM HOBbIX, paHee Hen3BeCTHbIX 61o-
NOTNYECKMX CBOWCTB HU3KOANDPEepEeHLMPOBaAHHbBIX reMOMNO3TUYECKNX MpeaLecTBeHHNKOB. OCHOBHbIE MOSIOXKEHWS
KOHLIENLMM 3aK/II0YaloTCA B CNieaytowwmx Tesncax. [emonoatnyeckasa cTBOSIOBaA KieTKa 3axBaTbiBaeT U MHTEpPHanu3yeTt
dparmeHTbl 3KCTpaKkneTouyHon ayuenoveyHon [JHK ectecTBeHHbIM NPMPOAHBIM MEXaHM3MOM. B akTe nHTepHanmsa-
L1 NPUHMMAIOT yyacTre crneunduryeckre rpynmbl GakTOPOB MNKOKANMKCA, K KOTOPbIM OTHOCATCA MMKONPOTENHbI/
NpPOTeOorNMKaHbl, FMnKo3nndochaTnanINHO3UTON-3asKOPEHHbIE BENKN U CKaBeHakep-peuenTopbl. CaiTamu CBA3bI-
BaHuA ¢parmeHToB [AHK sBNsIOTCA renaprH-CBA3bIBalOLLME JOMEHDI U KNTACTePbl MONOXKNTENBHO 3apPAXKeHHbIX aMUHO-
KNCNOTHBIX OCTaTKOB, BXOAALLMX B COCTaB 6e/IKOBbIX MOSIEKY YKa3aHHbIX $akTopoB. [locTaBfieHHble BO BHYTPEHHMe
KOMMapTMEHTbl reMOMO3TUYECKMX CTBOMOBbIX KNETOK JKCTPaK/eTouHble PpparMeHTbl MHULMUPYIOT TEPMIUHANbHYIO
anddepeHLMpPOBKY, KONOHMeobpa3oBaHve 1 nponudepauntio NpeawecTBEHHMKOB remonoa3a. MonekynapHbiM co-
ObITUEM, OTPaXKAKOLLMM 3TN MPOLIECCHI, ABNAETCA BOSHMKHOBEHME U penapauna NaHreHOMHbIX OfHOLLENOYEYHbIX pas-
pbIBOB. [poLuecc BO3HMKHOBEHWUSA MAHF€HOMHbIX OHOLIENOYEYHbIX Pa3pPbiBOB U BOCCTAHOBJIEHME LIEIOCTHOCTM FreHOMa
(reHomHom [IHK) conpsxeH ¢ akTuBaLWel B KNeTke «peKOMOMHOrEHHON CUTYyaL My, BO BPEMA aKTUBHOW pasbl KOTO-
POV BO3MOXHbI CTOXaCTUYECKasa FOMONOrMYHasA PeKoMOVHaLMA UK UHble PEKOMOMHALMOHHbIE COBLITUA MeXay SKC-
TpaKneTouYHbIMU GpparmeHTamu, NoKanmn3oBaHHbIMK B Agpe, n JHK xpomocom. [eHeTnyecKunin matepman MCXOAHO SKC-
TPaKNeTOYHOMN NOKaNV3aunn U MHTEFPUPYET B PELUMMEHTHBIA FreHOM C 3aMeLLeHeM roMOSIOrMYHbIX XPOMOCOMHbIX
CErMeHTOB, N TPAH3UTHO NPUCYTCTBYET B A4PE 1 MOXKET NPOABAATLCA Kak HOBbIN reHeTnYeCcKnin npusHak. MNpeanona-
raeTcs, YTo B pesysibTaTe CTOXAaCTUYECKMX aKTOB FOMOJIONMYHOIO OOMeHa MPOUCXOANT KOPPEKLMA JIOKYCOB XPOMOCOM
B reMOMNO3TNYECKMX CTBOMOBbIX KeTKax, MOSTyYMBLUMNX B XOAE CYLLEeCTBOBAHUA OPraHmn3ma MyTaLuu, KOTopble ABAAIOTCA
NPUYMNHOWN KNOHANbHOIO reMomno33a, aCCOLMMPOBAHHOMO CO CTAPOCTbiO. B 3TON CBA3M BO3HMKAeT NpuHLMNnanbHas
BO3MOXHOCTb M3MEHEHUA CTaTyca reMono3a reMorno3TNYeCcKMX CTBOSTOBbIX KNETOK B HanpaBfieHMN NONANKIOHAbHO-
CTV 1 NCXOLHOIO MHOroobpasus KNoHoB. Takre cobbITMA MOTYT COCTaBUTb OCHOBY OMOJIOXEHWA KpoBeobpasytoLlen
CUCTEeMbI KNTETOK. Pe3ynbTaTbl paboT CBUAETENbCTBYIOT, UTO APYrie CTBOSIOBbIE KJIETKM OpraHn3ma Tak»Ke 3axBaTblBaloT
dparmeHTbl 3KCTpakneTouHon [HK. 3ToT dbaKT co3gaeT napagnrmy obLLero OMONOXKEHUA OpraHM3Ma.

KntoueBble cnoBa: akcTpaknetouHas [JHK; nHTepHanusayms; ogHouenovYeyHble pa3pbliBbl; KOMMUTMPOBAHME.

Double-stranded DNA and its effects

on a eukaryotic cell and the organism in general
Double-stranded fragmented extracellular exogenous and
endogenous DNA is a participant, inducer and indicator of
various processes occurring in the body. First and foremost,
exogenous nucleic acids are pathogen-associated molecular
patterns that activate different components of the immune sys-
tem aimed at pathogen removal. Extracellular double-stranded

MOJEKYNAPHAA N KNETOYHAA BUONOINA / MOLECULAR AND CELL BIOLOGY

DNA (dsDNA) of endogenous origin can also elicit the body’s
immune response (Medzhitov, Janeway, 2000; Krieg, 2002;
Takeshita, Ishii, 2008; Iwasaki, Medzhitov, 2010; Barbalat et
al., 2011; Bode et al., 2011). Fragments of both exogenous
and endogenous dsDNA delivered to the cytoplasm of immune
cells activate an array of cytosolic DNA sensors and induce the
carly stages of adaptive immune response (Barber, 2011a, b;
Sharma, Fitzgerald, 2011). dsDNA induces autoimmune pro-
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cesses Guiducci et al., 2010; Pisetsky, Ullal, 2010; Almqvist
et al., 2011; Choubey, 2012; Kaczorowski et al., 2012) and
is one of the signals of the bystander effect responsible for
transmission of metabolic/catabolic reactions induced in cells
exposed to a certain impact (irradiation) to intact bystander
cells through the incubation medium (Ermakov et al., 2009).
The burst-like increase in plasma DNA concentration has been
shown to result in systemic inflammatory response and sepsis
(Saukkonen et al., 2007; Castellheim et al., 2009; Arnalich et
al., 2010; Kaczorowski et al., 2012). Nucleic acids, including
dsDNA, are components of exosomes and are believed to act
as a “tuning fork” for the functional state of the organism
used by certain cell populations to “fine-tune” physiological
and molecular processes in them (Cai et al., 2013; Rashed et
al., 2017).

At the cellular level, dsDNA fragments (namely, open
double-strand ends of these fragments) internalized by a
non-immune cell activate cell cycle arrest and induce repair
processes (MacDougall et al., 2007; Zou, 2007). Meanwhile,
these fragments become involved in repair under certain
conditions, interfering in its correct course; according to the
experimental laboratory data, they can be integrated into the
recipient genome (Likhacheva et al., 2007, 2008; Dolgova
etal., 2012).

Horizontal gene transfer has been studied well in pro-
karyotes and repeatedly demonstrated for lower metazoans
(Andersson, 2005; Soucy et al., 2015; Sibbald et al., 2020);
there are proven examples of gene transfer in mammals. Thus,
it is known that DNA of destroyed cancer cells is taken up
by other susceptible cells in the body, resulting in malignant
transformation of these cells. This process is called “geno-
metastasis” (Yakubov et al., 2007; Garcia-Olmo et al., 2012).
Evidence for horizontal gene transfer during the uptake of
apoptotic bodies and extracellular vesicles has been provided
in refs. (Bergsmedh et al., 2001; Holmgren et al., 2002;
Sakamoto et al., 2023). There is a study focusing on transfer
of extracellular material into an oocyte by spermatozoa that
have engulfed high-polymeric DNA from the environment
in mussels (Erokhin, Kuznetsov, 2009). Horizontal transfer
of a specific unique gene between an insect and a plant has
been demonstrated recently (Xia et al., 2021). In 2007, the
Nobel Prize was awarded for developing a technology based
on homologous recombination of internalized knockout DNA
fragments (https://lenta.ru/articles/2007/10/08/nobelmed/).

Several fundamental questions have been consecutively
solved as part of the problem of horizonal gene transfer in
eukaryotes and humans in particular. The questions related
to how the DNA of one organism appeared in another one
and the mechanism of DNA spread across the organism have
been solved using novel experimental approaches, modern
molecular biology techniques. It still remains unclear what is
the fixation point of new genetic information in the recipient
organism and how a trait associated with it manifests itself as
a new biological feature of a new organism.

There are several objective sources and pathways through
which foreign DNA appears in the organism: blood manipula-
tions, various transplantations, sexual intercourse, gestation,
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passage of DNA from food to the organism, viral or bacterial
infection, and shared microbiome of the organism.

After it had been proved that peripheral blood of any or-
ganism contains a certain quantity of extracellular DNA, the
question related to existence of foreign DNA and its spread
in the organism was also solved (Anker et al., 1999; Jahr et
al., 2001; Laktionov et al., 2004). It is clear that during blood
manipulations and transplantation, donor DNA (blood or
stroma) necessarily gets into the recipient organism. DNA of
damaged spermatozoa, like fetal DNA, gets into the blood and
vice versa (Schubbert et al., 1998; Bianchi, Dennis Lo, 2001).
Emergence of exogenous DNA through the gastrointestinal
tract has been convincingly demonstrated in refs. (Schubbert
et al., 1994, 1997; Hohlweg, Doerfler, 2001; Palka-Santini
et al., 2003). The gut microbiota is composed of several
kilograms of its main constituent species, Escherichia coli.
Destruction of intestinal cells is accompanied by release of a
massive amount of DNA that also gets into the bloodstream.
This very phenomenon has underlain methods for diagnos-
ing the state of the gut microflora by analyzing blood serum/
plasma that have been developed and launched into clinical
practice (https://lenta.ru/articles/2007/10/08/nobelmed/).
It means that along with endogenous DNA from cells
destroyed by apoptosis or necrosis or DNA of symbiotic
microflora, the organism will always contain exogenous
DNA, and there are material foundations for the circulation
of both foreign and endogenous genetic information in the
organism.

Currently, there is almost no discussion on the final ques-
tion and related ideas about the fixation point of new genetic
information and its manifestation as a novel biological trait
in scientific literature, since there are no ideas on how these
questions can be solved.

It is clear that for a trait to manifest itself, its carrier (namely,
dsDNA) needs to be internalized by the cell. There currently
exist many publications demonstrating the fact that extracel-
lular DNA fragments are internalized by different cell types;
however, it was not until our studies had been published
(Petrova et al., 2022; Ritter et al., 2022; Potter et al., 2024)
that the mechanism and the ordered structure of factors of
this internalization were described. The cited papers revealed
that fragments of extracellular dsSDNA are internalized by the
eukaryotic stem cell via the caveolae-dependent mechanism,
with involvement of the heparin-binding domain and clusters
of positively charged amino acids of glycoproteins/proteo-
glycans, glycosylphosphatidylinositol-anchored proteins,
and scavenger receptors of the glycocalyx. The total positive
charge of the stem cell of different genesis is the key factor
for internalization.

A viewpoint is currently being formed assuming that extra-
cellular nucleic acids, including dsDNA, refer to a new type
of regulatory system of the organism having complex mecha-
nisms of regulation of cellular process; horizontal gene transfer
being one of its manifestations (Ledoux, 1965; Ratajczak et al.,
2006; Cocucci et al., 2009; Simons, Raposo, 2009; Camussi et
al.,2010; Balaj etal.,2011; Tettaetal., 2011; Ludwig, Giebel,
2012; Ronquist, 2012; Raposo, Stoorvogel, 2013).
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History of the development

of the natural genome reconstruction concept

The concept of natural genome reconstruction — the abil-

ity to reconstruct pathologically altered chromatin topology

(both changes at the nucleotide level and related higher-order

changes in chromatin organization) — is the feasibility of in-

troducing molecular changes (“corrections” in the case when
it is the cause of a disease) in mutant chromosomal loci (or

“healthy-to-healthy” replacement without altering the primary

nucleotide sequence) in vivo, ex vivo, and in situ, which em-

ploys the principle of a supplementary reconstructive substrate
as “genetic material” (fragments of extracellular dsDNA).
The concept is based on five fundamental phenomena of
general biology; three of those have recently been discovered
and described for the stem cell at the Laboratory of Induced

Cellular Processes (Institute of Cytology and Genetics of

the Siberian Branch of the Russian Academy of Sciences,

Novosibirsk, Russia).

1. Presence of fragments of extracellular dsSDNA in peripheral
blood (Anker et al., 1999; Jahr et al., 2001; Laktionov et
al., 2004).

2. Ability of stem cells of different genesis to internalize frag-
ments of double-stranded DNA via a natural mechanism
(Fig. 1). The following factors are involved in the internal-
ization mechanism: cell surface charge, heparin-binding
domains and clusters of positively charged amino acids,
glycoproteins/proteoglycans, and scavenger receptors of
the glycocalyx. Internalization occurs via the caveolae/
clathrin-dependent pathway (Dolgova et al., 2014; Petrova
et al., 2022; Ritter et al., 2022).

3. Induction of terminal differentiation of stem cells by ds-
DNA fragments internalized by intracellular compartments
(Fig. 2). Using the mouse model, we have found that extra-
cellular dsDNA fragments represented by PCR fragments,
supercoiled plasmid DNA, and fragmented genomic dsDNA
are internalized by hematopoietic stem cells (HSCs) via a
natural mechanism. Intracellular compartments of c-Kit+/
Scal+/CD34+ HSCs and multipotent descendants can si-
multaneously contain up to 14,000 copies of ~500 bp long
PCR fragments (~0.2 % of the haploid genome). Internal-
ized dsDNA fragments induce terminal differentiation of
the progenitor, activate proliferation of descendant cells
and colony growth on microcrystalline cellulose. The
number of colonies increases by 15-40 % compared to
that for untreated samples (Potter et al., 2024). In colonies,
most cells (for the mouse model) are terminally differenti-
ated ones in which markers of primitive progenitor cells
(c-Kit+/Scal+ for mice) are lost. A smaller part of cells (up
to 15 %) retain markers of immature cells. This fact indi-
cated that upon colony formation, HSCs primarily activated
by exposure to Lin—/c-Kit+/Scal+ divide both asymmetri-
cally (yielding committed hematopoietic progenitor cells)
and symmetrically (increasing the pool of poorly differenti-
ated progenitor cells) (Potter et al., 2024). The number of
HSCs in the total pool of cells within colonies was several
orders of magnitude larger than that in the original sample
of bone marrow cells. This fact indicates that the mechanism
responsible for amplification (up to 15 % of primitive cells

MOJEKYNAPHAA N KNETOYHAA BUONOINA / MOLECULAR AND CELL BIOLOGY

2024
287

OCHOBHble NMOMOXKeHNA KOHLEeNuum
NPVPOAHON PEKOHCTPYKLMN FeHOMa

for the mouse model) of a new trait that initially appeared

in HSCs of bone marrow cells (0.01 % of primitive cells)

has been found.

4. It was found previously that pangenomic single-strand
breaks are formed in mammalian embryonic stem cells
after induction of their terminal differentiation by treat-
ment with retinoic acid; according to the published data,
these breaks are restored within 96 hrs (Vatolin et al., 1997)
(Fig. 3). The emergence of pangenomic single-strand breaks
causes conversion of nuclear chromatin to its relaxed form.
Further repair of single-strand breaks results in restoration
of genome integrity and formation of a new 3D chromatin
architecture taking into account new torsional strains that
are responsible for its new 3D architecture in the selected
differentiation direction. It is believed that this genomic
“opening and relaxation” is needed to ensure chromatin to-
pology reorganization from the “stem” state to the lineage-
committed one (Farzaneh et al., 1982; Johnstone, Williams,
1982). The emergence and repair of pangenomic single-
strand breaks is a purely recombination repair process
indicating that a “recombinogenic situation” has occurred in
the cell (Likhacheva et al., 2008). The molecular machinery
of recombination repair involved in chromatin break and
repair is unknown.

5. The ability of internalized dsDNA fragments to participate
in repair processes (induced either by fragments per se or
by other factors) occurring in the cell either as a substrate
or as the external template for homologous recombina-
tion (Dolgova et al., 2014; Potter et al., 2016, 2017, 2024;
Ruzanova et al., 2022).

The aforementioned announcement of experimental mate-
rials demonstrates that internalization of dsDNA by a HSC
induces terminal differentiation (commitment) and activates
proliferation progenitors associated with it. We believe that
similar to terminal differentiation and emergence of pange-
nomic single-strand breaks observed in embryonic stem
cells, which were demonstrated in ref. (Vatolin et al., 1997),
pangenomic single-strand breaks are also induced in HSCs
upon commitment, thus leading to the development of a “re-
combinogenic situation” (Likhacheva et al., 2008). At this
very instant, extracellular DNA fragments internalized by stem
cells become natural participants of recombinant processes,
which are associated with the emergence and repair of these
single-strand breaks.

A hypothesis has been put forward that during a “recom-
binogenic situation” developed in HSCs, different recombina-
tion repair events can occur between captured extracellular
DNA fragments residing inside the cell, which have induced
the emergence of single-strand breaks and the “recombino-
genic situation”, and chromosomal DNA. These recombina-
tion repair events result in alteration of certain chromosomal
loci within the repair zone mediated by natural molecular pro-
cesses because of either homologous exchange or integration
of accessory chromatin (e. g., into centromeric or telomeric
agglomerates). Transient repair intermediates may appear.
These events will lead to integration of extracellular fragments
into the recipient genome, or reconstructive replacement of
homologous genomic loci, or emergence of transient repair
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Fig. 1. Internalization of TAMRA-labeled DNA probe into stem cells from Krebs-2 carcinoma (A) and Epstein-Barr virus-
transformed B-cell lymphoma (B). Arrows show TAMRA+ cells. One can see two spheres in Figure 1B. C - formation of spheres
in the culture of Epstein-Barr virus-transformed lymphoma cells. A TAMRA+ cell merges with several adjacent cells within
20-30 min. During the observation, all the cells within the visual field are continuously moving chaotically. A strong associate
is formed when cells contact the TAMRA+ cell; a free-floating sphere based on it is formed within 8-14 hrs (Dolgova et al.,
2016, 2019). D - rosettes formed by bone marrow stromal niches, with TAMRA+ cells located in the center (Ritter et al., 2022).
E - morphologies of the analyzed colonies of the granulocyte-macrophage (CFU-GM), erythroid (BFU-E), and myeloid
(CFU-GEMM) hematopoietic lineage upon induction with hDNAY". F - stimulation of colony formation of the granulocyte-
macrophage (CFU-GM), erythroid (BFU-E), and myeloid (CFU-GEMM) hematopoietic lineages upon induction with hDNAY"
compared to control. The values are the ratio between the number of colonies upon induction with the preparation and the
number of control colonies assumed to be equal to “1” and denoted with the red line. The data are presented as the median,
the interquartile range, and the minimum and maximum values. * - statistically significant differences compared to the control
group (p < 0.05, Wilcoxon matched pairs test, n = 6) (Potter et al., 2024).
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Fig. 2. Analysis of internalization of double-stranded DNA probe in HSCs.
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A - assessment of colocalization of markers of primitive HSCs c-Kit and Sca1 and simultaneously the ability of these cells to internalize TAMRA+ double-stranded
DNA probe in intact murine bone marrow. B - comparative diagrams of the contents of cells labeled with the respective marker in cell population of an individual
colony. The reduced number of cells labelled with stemness markers may indicate that induction with DNA preparation caused stem cell differentiation.
C - analysis of internalization of double-stranded DNA repeat probe Alul in HSCs Sca1/c-Kit by real-time PCR. Calculations indicate that the content of the DNA
probe is ~14,000 copies per cell. D - electrophoretic mobility of the PCR fragment obtained using primers M13 and DNA template isolated from murine HSCs,
induced by hDNAY', and incubated in the presence of human Alu fragment. On the left: PCR products from templates “Alu in colonies” and murine DNA. On the
right: electrophoresis of real-time PCR products from the same templates. Arrows show the PCR products synthesized from concatemerized DNA template Alul

(Potter et al., 2024).
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Fig. 3. The histogram showing distribution of DNA migration path length
of OTF9-63 cells before and after cultivation during different time periods
in the presence of retinoic acid.

X - DNA migration path length in pm (scale division value, 3 um); Z - number
of cells: a - undifferentiated cells; b-d - differentiation during 24, 36, and
96 hrs, respectively; e — undifferentiated embryonic stem cells irradiated with
X-rays at a dose of 200 rad. Among cells exposed to radiation, migration path
length involves the nucleus size (Vatolin et al., 1997).

intermediates not integrated into the genome, with consequent
biological changes at the cellular, tissue, organ, functional
system, and organism levels.

It is supposed that nonhomologous integration of extracel-
lular fragments is hardly feasible because there are no mo-
lecular foundations for it (namely, nonfunctional double-strand
breaks). The feasibility of fixation of nonhomologous extracel-
lular DNA in the genome can be related to the imperfection
of'the mechanism of single-strand annealing and involvement
of microhomologies in this process.

The concept of natural genome reconstruction

Extracellular dsDNA fragments are taken up and internalized
into compartments of HSCs via a natural mechanism. The
aforementioned substrate (extracellular dsDNA fragments)
is “offered” to a stem cell as extracellular material or under
in vivo, ex vivo, or in situ conditions. dsDNA fragments
internalized into cellular compartments induce terminal
differentiation of hematopoietic stem cells; emergence of
pangenomic single-strand breaks that extracellular fragments
located inside cells interact with is one of its markers. The
pangenomic single-strand breaks ensure the relaxed form of
a certain level of nuclear chromatin compaction, thus pro-
viding conditions for subsequent chromatin reorganization.
Chromatin in this state undergoes mitosis. The first mitotic
division results in restoration of the 3D chromatin architecture
of the original cell with stem characteristics in one daughter
cell. In the second daughter cell, chromatin reorganization
(“reprogramming”) takes place, and a new 3D architecture
in the selected direction of cell differentiation is formed with
allowance for a new torsional strain responsible for the new
3D structure of chromatin. A “recombinogenic situation” is
induced in the HSC at the instant when pangenomic single-

Basic provisions of the concept
of natural genome reconstruction

strand breaks appear and are repaired, and conditions for inte-
grating fragments internalized by the cell into chromatin DNA
are established. Either replacement of homologous regions or
direct integration of extracellular fragments into homologous
or non-homologous genomic regions occurs, or transient
intermediates are formed. The choice of the pathway and the
integration mechanism are unknown; however, homologous
exchange between the extracellular template and genomic
DNA is primarily suspected. HSCs in which “illegitimate”
integration of extracellular nonhomologous DNA has taken
place are eliminated from the HSC population. The mechanis-
tic schematics of the aforementioned processes are provided
in the thematic experimental sections of this series of studies.

Conclusion

The proposed concept has been proved in a number of ex-
perimental studies united together into a series of studies
collectively called “The Concept of Natural Genome Recon-
struction”. Further articles within this series will focus on
questions characterizing early events of interaction between
HSCs and extracellular fragments of dsDNA, as well as the
implications of this interaction altering both the structural and
linear arrangement of extracellular dsDNA fragments, as well
as the functional state of target hematopoietic progenitor cells.
Genomic changes related to the emergence of extracellular
dsDNA fragments in the intracellular space of stem cells will
be analyzed. In vivo tests will assess the effect of changes in
the genome of HSCs caused by interaction with extracellular
dsDNA fragments on certain biological parameters of experi-
mental animals (changes in lifespan). Finally, the pleiotropic
effect of the impact of extracellular dsDNA on human HSCs
will be analyzed in a clinical case study, with special emphasis
placed on the shift in the hematopoietic status (oligoclonal/
normal).
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