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The basic concept in molecular biology




MecTo HacneaocTBeHHOM U BPOXXAEHHOMU NaTONIOrUmn
B CTPYKType 3aboneBaeMoOCTH HacerieHus

0,01
YacToTa XpOMOCOMHOWM NaTtonornm
(5-7 Ha 1000)

0,006 YacTtoTa MOHOreHHOM NaTonornmu
(10 Ha 1000)*
BHM (1 Ha 3500)

0,008

0,004

0,002

0 _y

Kaxxabin 30OPOBbIU yenoBek sBnseTcA
HOCUTEJIEM 5-7 naTtonornyeckux mytauumu
YacToTa MOHOreHHbIX 3aboneBanuu — 1/100

YacTtoTta cuHgpoma [layHa — 1/700

*Community genetics services: report of a WHO consultation on community genetics in low- and middle-income countries. World Health Organization. 2011. ISBN 978 92 4 150114 9



Karyotype

« Karyotype - a set of attributes (number, size, shape
etc.) of a complete set of chromosomes of cells of
this particular species (species karyotype), of the
organism (individual karyotype) or cell line (clone).

» Sometimes karyotype Is called a visual representation
of the full chromosome set (karyogram).



Karyotype

The term "karyotype" was
iIntroduced Iin 1924 by the
Soviet cytologist Gregory A.
Levitsky

1878 - 1942

Kapuotun — crarbs U3 bosbiioi coBeTCkol sHIUKIONEANH (3-€ U3aaHue)



Basic methods

classical cytogenetic analysis (karyotyping);
fluorescence in situ hybridization (FISH);

chromogenic in situ hybridization (CISH);

Polymerase chain reaction (PCR);

Southern blotting;

analysis of the primary sequence of DNA (sequencing);

microchipping.



Karyotyping

ApnepHasn
o6onoYka

LleHnTtpuorm

XpomaruH
Momwoc

MUTOTHUYHECKOroO
BepeTeHa

NuTtepdaza

Ynymbekos [.3. [uctonorus, ambpuosnorus, untonorusi, 2007



The procedure for determination of the
karyotype
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boukoB H. 'l. KnuHn4yeckasa reHetuka, 2011



Non-detailed karyotype
(staining by Romanovsky-Giemsa)

http://131.229.88.77/microscopy/home.html



Normal karyotype
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Types of staining

http://www.authorstream.com/Presentation/chhabra61-439811-
chromosome-banding-techniques/

Q-staining - staining by Kaspersson with acrikhin-ipritis with the investigation under a fluorescence microscope. Most
often used for the study of Y-chromosome (rapid determination of genetic sex, identification of translocations between
the X- and Y-chromosomes, or between a Y-chromosome and autosomes, screening mosaicism involving Y-
chromosome)



Types of staining
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http://students.iitk.ac.in/projects/brain_karyotyping

G-staining - modified staining by Romanovsky - Giemsa. The sensitivity is higher than that of Q-staining, therefore it is

used as a standard method for cytogenetic analysis. It is used for the detection of small aberration and marker
chromosomes (segmented differently than normal homologous chromosomes)



Types of staining

R-staining - using acridine orange and similar dyes, to stain G-staining-insensitive regions of
chromosomes. It is used to identify the components of homologous G- or Q-negative regions
of sister chromatids or homologous chromosomes.

C-staining - used for the analysis of centromeric regions of chromosomes containing the
constitutive heterochromatin and variable distal part of the Y-chromosome.

T-staining - used for the analysis of telomeric regions of chromosomes.



Spectral karyotype (SKY - spectral karyotype)
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Aberrations

Chromosomal aberrations (chromosome mutations or chromosomal aberrations) - the type of mutations
that alter the structure of chromosomes.

» deletions (loss of chromosome region);

* inversions (changing the order of the genes on chromosome region reverse);
« duplications (repeat segment of a chromosome);

» translocations (transfer of the region to another chromosome);

» dicentric and ring chromosomes;

» isochromosome (carrying two identical shoulder).

* intrachromosomal (inversions, deletions, duplications, ring chromosomes);
» interchromosomal (duplications, translocations, dicentric chromosome).

« Balanced (without addition or loss of genetic material in the formation, carriers are usually
phenotypically normal)

« Unbalanced (change the dose ratio of genes and, their carriage is associated with significant
abnormalities)



Cytogenetics in Oncology

PuleEd.gm- | PubMed V| I I

US Nationsi Library of Medicine
National Institutes of Health Advanced

Abstract « Send to: +

Hum Genet. 1588 Nowv;30(3):235-46.

Detection of chromosome aberrations in metaphase and interphase tumor cells by in situ hybridization using
chromosome-specific library probes.

Cremer T, Lichter P, Borden J, Ward DC, Manuelidis L.

+ Author information

Abstract

Chromosome aberrations in two glioma cell lines were analyzed using biotinylated DNA library probes that specifically decorate chromosomes 1, 4, 7,
18 and 22 from pter to gter. Numerical changes, deletions and rearrangements of these chromosomes were readily visualized in metaphase spreads,
as well as in early prophase and interphase nuclei. Complete chromosomes, deleted chromosomes and segments of translocated chromosomes were
rapidly delineated in very complex karyotypes. Simultaneous hybndizations with additional subregiconal probes were used to further define aberrant
chromosomes. Digital image analysis was used to quantitate the total complement of specific chromosomal DNAs in individual metaphase and
interphase cells of each cell line. In spite of the fact that both glioma lines have been passaged in vitro for many years, an under-representation of
chromosocme 22 and an over-representation of chrcomosome 7 (specifically 7p) were observed. These observations agree with previous studies on
gliomas. In addition, sequences of chromoscme 4 were also found tc be under-represented, especially in TC 593. These analyses indicate the power
of these methods for pinpointing chromosome segments that are altered in specific types of tumors.




Fluorescence in situ Hybridization (FISH)

Hybridization in situ - method for the determination of
specific nucleic acid sequences directly in the cytological or
histological preparations.



Fluorescence in situ Hybridization (FISH)

MOLECULAR HY BRIDIZATION OF RADIOACTIVE DNA TO THE
DNA OF CYTOLOGICAL PREPARATIONS

By Mary Lovu PArRpUE AxD JosErH G. GALL
KLINE BIOLOGY TOWER, YALE UNIVERSITY
Communicated by Norman H. Giles, August 13, 1969

Abstract.—A method is presented for detecting the cellular location of specifie
DXNA fractions. The technique involves the hyvbridization of a radioactive test
DNA in solution to the stationary DNA of a evtological preparation. Sites of
DNA binding are then detected by autoradiography. Experiments with DNA
of the toad Xenopus are deseribed.

The technique of DNA-DNA hybridization has been applied to a variety of
genetic problems since its introduction by Schildkraut, Marmur, and Doty.?
Hybridization of purified DNA has been used to investigate homologies between
the DNA of phage and the DNA of the host bacterium,? to study genetic rela-
tionships among higher organisms,®* ¢ and to examine the relation of particular
DN A fractions to the rest of the genome.* Reannealing kineties have been used
as a3 measiure of senome eomnlexitv % 7 Recentlyv. substitufions and deletions in

For the first time in situ hybridization has been described by Gall J.
G., Pardue M. L. in 1969 using 3?P-labeled probe.



The procedure of the method

Nckombin yyactok OHK

MeueHHbIN NCcKoMbIN ydacTok HK

AHK-30HA 1 ob6pazel noaBepraroTcs
nocneaoBaTenbHON AeHaTypauun un rmbpuanzaumm

h CDnyopeCLl,eHTHaﬂ
\1 METKa

AHK-30HA4 MeueHHbIV dhriyopecLeHTHOM METKOM

http://www.ajnr.org/content/28/3/406/F2.expansion.html



Mukpockonmu4de ckasi KapTUHa HOPpMaJIbHOUI U
OITyXOJIEeBOU KIIeTKHU ypoTenus (UroVysion)

Hopma IIaTtomorusa

MywkuH A.C., 2012



FISH application

diagnosis of solid tumors;
Leukemia diagnosis
oreimplantation diagnosis;

orenatal diagnosis of chromosomal abnormalities.



Chromogenic in situ hybridization (CISH)
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Aaron M. et al. Out of the darkness and into the light: bright field in situ hybridisation for
delineation of ERBB2 (HER2) status in breast carcinoma, 2010
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Chromogenic in situ hybridization (CISH)

Aaron M. et al. Out of the darkness and into the light: bright field in situ hybridisation for
delineation of ERBB2 (HER2) status in breast carcinoma, 2010



FICTION (fluorescence immmunophenotyping and interfase cytogenetics
as a tool for investigation of neoplasms)

Alexei G. et al. (2014). Archives of Pathology & Laboratory Medicine



PCR diagnostics

Polymerase chain reaction - an artificial process of multiple
copying (amplification) of specific DNA sequences carried out in vitro.



PCR diagnostics

The principle of PCR was developed by
Kary Mullis in 1983.

Opening PCR has become one of the most
outstanding events in the field of molecular
biology in recent decades.

For the development of the method Kary
Mullis was awarded the Nobel Prize in
chemistry in 1993 .




Principle of the method

Denaturation 94°C

(Andy Vierstracte 1985480




Detection

http://www.mehanfamily.com/4/electrophoresis-gel



Real-time PCR
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Modifications of PCR

nested-PCR (nested-polymerase chain reaction);

RT-PCR (reverse transcription-polymerase chain
reaction);

_ong-PCR,;
PCR In situ (PRIMS — polymerase reaction in situ);

multiplex PCR (multi-polymerase chain reaction).



PGD
Preimplantation genodiagnhostic

IVF procedure allows you to get multiple embryos, usually 5-15. The question - which of
the embryos are better suited for implantation into the uterus. Morphological criteria help
to assess the viability of embryos, but not their quality from the genetic point of view. It
has been shown that embryos with an extra chromosome 21 (Down syndrome) or with
mutations in the genes of the hematopoietic system (hemophilia, thalassemia, sickle cell
anemia and others) according to morphological criteria are indistinguishable from
healthy embryos.

PGD allows us to estimate the genetic characteristics of embryos before transfer to the
uterus and select healthy embryos - with a normal number of chromosomes and without
parental mutations.

From which of these embryos
child with Down syndrome
will be obtained?




Sequencing

« DNA sequencing technology appeared due to the work of
scientists Walter Gilbert (Maxam A, Gilbert W, 1977) and
Frederick Sanger (Sanger F, Coulson A, 1975) in the 70-s of the
last century turned our understanding of human biology.

« Continuous improvement of these technologies has led to the
fact that the project for the sequencing of the human genome,
"the Human Genome" (Human Genome Project, HGP), has
been implemented for one year in 2001 after ten years of work
(Watson J, 1990; Venter J, et al , 2001).

It Is expected that the genome sequencing (sequencing, reading
the information from the DNA) will provide benefits to humanity
In the understanding of human health and will advance to the
Individual treatment.

"AreHTCTBO NO MHHOBaUMAM 1 pa3suTuio”, http://www.innoros.ru/publications/articles/13/sovremennye-metody-
polnogenomnogo-sekvenirovaniya-rasshifrovki-dnk-v-diagno



Sequencing

ONE GENOME FROM MANY

Sequencing the genomes of single cells Is similar to sequencing
thase froem mulbiple celis — DUt errors ane Mmore likaly,

» Standard genome sequencing

, = )

A sample contalining thousands to DNA Is extracted from all the nuche: DNA = broken into fragments The sequences are assembled to give a
and then sequencea cCoOmMmMon, 'cCoNsSensys’ saquencs

maRons of calls is 1isolated

b Single-cell sequencing

Hargly
arry DNA

DR i
; &o ‘:)NA amplification ¥ﬁ

A single ceil s difficult to isolate, but The DNA is extracted and ampified Amplitied DNA 5% sequenced Errors intreduced an carber steps make
durmg which errors can creep in saquences assembly difficult. the tinad
Sequence Can have gaps=.

It can be done machanically or with
an sutomated cell sorter.




Application of sequencing

Personal medicine
Cancer and Genetic Diagnosis

Other diseases and genetic diagnosis (Alzheimer's
disease, infertility, and others.)

Pharmacogenomics and whole genome sequencing



Sequencing in Clinical Oncology

OUEHKHA ﬂeKapCTBeHHOVI yCTOVIHMBOCTM B MOHUTOPWMHIE rneyvyeHn4
OHKOJ1ON’M4eCKnX NnaumneHTOB.

Molecular preventing of hereditary diseases (breast cancer, ovarian cancer,
nonpolyposis colon cancer etc.);

differential diagnosis of neoplasias (diagnosis of gastrointestinal tumors by C-kit
mutation, mutations in the EGFR gene in supratentorial brain tumors and
others.);

determination of mutations in oncogenes and tumor suppressor genes (p53,
APC, PTEN etc.);

determination of microsatellite instability in lung cancer and colon cancer to
choose the tactics of treatment and prognosis;

evaluation of drug resistance in the treatment monitoring of cancer patients.



Clinical case
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II:1 - cmepTb B 56 nert, KapanonaTtonorus,

I1:2 - cmepTb B 51 rog, onyxo/sb NeyeHu,

[11:3 - cmepTb B 28 NeT, CNOHTaHHbIA NHEeBMAaTOPaKC;
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Clinical case
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Clinical case

HeBponoruueckmnm cratyc
O6bem aKTUBHbIX OBUKEHUM

* B BepxXxHUX KOHEYHOCTAX: OTBeJeHWe B MNje4yeBbiX cyctaBax 459, crubaHue 300,
pa3rnbaHue 30°;

* B HMXXHMX KOHe4yHocTaX: crMbaHue B TazobeapeHHbIX CycTaBaX CUAA — PbIBKOBbIM
ABVXXEHMEM KpaTKOBPEMEHHO npunoaHumaeT 6enpo; NeXka - CamMoCTOATENbHO
HEBO3MOXHO, NaccuBHoe crmbaHme ao 150° (Hopma); camocTosTenbHoe pasrmbaHue
He BO3MOXHO; NpuBeaeHue B TazobeapeHHbIX cycTaBax Ao 30°.

* Tny6okue pedneKcbl He v
BbI3bIBAOTCA.

F:\Xabn6\Or

 CamocrosaTenbHas
xogbba oo 30-50 meTpos.




Clinical case

HeBponornuecknun cratyc
AMUnoTpodpum
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Bbipa)keHHble aTpodum napasepTebpasibHbIX MbiLWL, FPYAHOrO U NOACHUYHOIO OTAE/I0B NO3BOHOYHUKA.

YMmepeHHble aTpodum B NPOKCUMabHbIX OTAENAX BEPXHUX KOHEYHOCTelM (B 6onbluelt cteneHn bulenca
n/ieya, B TO BPEMA KaK Ae/IbTOBMAHAA MbllWLa A0CTaTo4yHOro o6bema, a TpULENC UMEET rMnepTpoduio

natepanbHOM roI0BKM).




Clinical case
Cubcbl

M. 29 neT, cmepTb OT CNOHTAHHOrO e A.31roa, cmepTb OT NporpeccupytoLLemn
NHEeBMOTOpaKca. AbIXaTe/IbHOM HeA0CTaTOYHOCTH.



Clinical case

C MOMOLLLbIO NGS Obina
obHapy)KeHa HOBas rOMO3UIoTHas
myTtauma chr8: 145047583C>A,
Glu20ter B reHe PLEC, nsodopma
1f. (BMonMHPpopMaLMOHHan
obpaboTka ) KoHoBanos,
nabopatopua Genetico, r. Mockea
(2014))

Pesynbtat NoATBepPXKAeH
pedepeHCHbIM MeToA0M
(cekBeHMpoBaHue no CaHrepy)
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Microarray

Biological microarrays - a set of DNA molecules (at least -
proteins), orderly arranged on special media, so-called
"platform".

Platform can serve as a plate of glass, plastic, silica, or
polymer membrane.

Size diagnostic microchip surface may vary from a few
sguare millimeters to 50 square centimeters.

Each microarray can range from 30-50 up to several tens
or even hundreds of thousands or microassay orderly
deposited samples.



Microarray
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http://sgugenetics.pbworks.com/w/page/38184737/Methods%25200f%2520Pathogen%2520identification%2520using%?2
520molecular%2520methods&sa




Application

Clinical diagnostics to determine:

- Viruses and microorganisms;

- hormones;

- allergens;

- drugs;

- any bloactive substances in any small concentrations;
- In oncology;

- In criminology;

- for research in the field of ecology and biosafety.



Conclusions



