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Heredity

Heredity is the property of an

organism fto repeat a complex of
characteristics found In the ancestors
IN a number of generations
(constitution, physiology, metabolism
peculiarifies, eic.).
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Variability

Varigbility is diversity of characteristics among
representatives of a species as well as the property of
1g_jesc:endcm’rs to acquire difference from parent

orms.

1. Non-hereditary( modification) .

2. Hereditary:
a)Combinative (independent assorfment of
homologous chromosomes during meiosis,
crossing-over, random combination of gametes in
the process of fertilization.

©) Muiational ( appearance of genotype
quantitative or qualitative changes transmifted from
generation to generation)




Modification variability

Changes in an organism connected to phenotype
alteration caused by the environment and in most cases
being of adaptive character. Genotype is not changed.
Under the influence of certain environmental conditions
the course of enzymatic processes of an organism is
changed. There may be synthesis of specific enzymes
some of which (MAP-kinase) are responsible for regulation
of genes transcription.

Modification variability characteristics:

1.Reversibility 2. Group character.

3. Phenotype changes are not inherited. Norm of
phenotype reaction is inherited. 4. Phenotype is affected
but genotype is noft.



Modification variability

IN Most cases modification variability results in
positive adaptation of an organism to environmental
conditions. Yet sometimes influence of negative
factors of the environment (feratogen) may cause
phenotype changes similar to mutations or
phenocopies. Influence of critical factors of the
environment may cause morphosis (e.g. scars) which
s irreversible and non-adaptive.




Mutations

- Mutation is persistent genotype change taking
place under the influence of external or internal
environment (Hugo de Fries).

- Types of mutations:

Genome mutations change the quantity of
chromosomes in a cell

Chromosome mutations breach the integrity of
chromosomes within the limits of resolution
ability of the light microscope.

Gene mutations are changes in DNA sfructure
affecting nucleotide sequence of one gene.




Genome mutations

- Polyploidy is the increase of chromosome set fold to the
number of chromosomes in a haploid number.

- Aneuploidy is the change of the chromosome set by one ore
more chromosomes. Monosomies and frisomies.




Chromosome mutations.
Deletions

* Loss of a chromosome part.
 Terminal
* Interstitial

Deleted area

Before After
deletion deletion



Chromosome mutation.
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Chromosome mutations.
Inversions

[TapaueHTpuyeckan  [epuUeHTpHYeCkad
MHBEDCHA HHBEDCHA

* Chromosome mutation in
which after two breaks in one
| | chromosome a segment of
the chromosome found
between the break points
‘ does a 180 degrees flip and

takes inverted position.



Chromosome mutations

Translocation
flo TpanchOXaLMM Mocne TpaHChOKALMN
n L
Xpowocoua 20 | ,;mm;;' *Translocation is transfer of

genetic material from one
chromosome to another one.
Reciprocal translocations take
place when there are breaks in
two chromosomes at the same

| | | |
\. + mp“;o;m;; time and they interchange free
i XPONOCOUD 4 segments that were formed.
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Chromosome mutations
Isochromosome

TTpoumcxoxaeHme M3IOXPOMOCOAMBL
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It appears when centromere division is not longitudinal but
transversal. As a result there is a loss of one arm and
duplication of the other one. The most common form is

isochromosome X.



Chromosome mutation
Ring chromosome.

TTpoucxoxaeHue KosibLEBOU XPOMOCOMbBI
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It appears when there are breaks in the both arms of one
chromosome. In this case acentric fragments are lost and the
central part of the chromosome forms a ring.
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Basic types of gene mutations

Gene mutations are any changes in nucleotide
sequence within the limits of one gene.

Replacement of one pair of nitrogen bases

1. Replacement of the third nitrogen base in a triplet is
called silent mutation.

2. Mutations causing stop codon formation are called
nonsense mutations. Polypeptide chain becomes
shortened.

3.Mutations leading to replacement of one amino acid
by another one in a polypeptide chain is called
missense mutation.
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Types of gene mutations

Deletions or insertions. When three nucleotides
are affected in polypeptide composition: either
one amino acid disappears or a new one is
formed.

If the number of nucleotides affected is not
multiple of three then there is loss or alteration
of sense for all the other ones found after
insertion or deletion. This is called reading
frame mutation. Quite often they lead to
formation of stop codon.




Morphogenesis

Morphogenesis is realization of a genetic program in
three-dimensional space and time induced by
environmental factors.

Genes of embryonal development: transcription factors,
growth factors, genes of signaling molecules (differentiation
inducers or cytokines), genes of transduction signal
pathways, extracellular matrix proteins, enzymes.
Dysmorphogenesis is disorder in processes of embryonal
morphogenesis revealed in the form of congenital defects
and minor development abnormalities.

Congenital defect is a morphological defect of an organ, its
part or a large body region leading to its dysfunction.




Characteristics of dysmorphogenesis in
diagnostics of hereditary pathology

Minor development abnormalities or congenital
morphogenetic variants. They go beyond
normal conditions but in some cases do not
impair organ’s functions. They may occur in
healthy people, yet presence of several
characteristics (5-6 or more) requires careful
examination of the patient.



Symptoms of dysmorphogenesis

Skin: angiomas, telangiectasia, pigment spots,
depigmentation, dark-brown freckles (> 20),
hypertrichosis, hirsutism, lipomas, fibromas, keloid
scars, hyperextensible skin, perspiration disturbances,
hyperkeratosis.

Subcutaneous tissue: excessive deposition,

Muscles: hypertrophy, hypotrophy, aplasia.

Hair: dry, thin, woolly, alopecia, gray strand of hair
above the forehead, «widow’s peak», low hair growth
on the forehead or neck.




Symptoms of dysmorphogenesis
White hair strand Folded skin




Symptoms of dysmorphogenesis.

Scull: hydrocepally, microcephally, macrocephally,
brachycephally, dolichocephally, trigonocephally,
acrocephally, prominent forehead (occiput).

Ear auricle: anotia, macrotia, malformed, low-set ,
protruded, prootic fistula, prootic papillomas.

Face: flat, round, triangular, coarse features.

Eves and orbital region: antimongoloid and mongoloid
eye shapeW, epicanthus, telecanthus, hypertelorism,
ptosis, blepharophimosis, cross-eye, microphthalmia,
exophthalm, short eye fissure, iris coloboma,
heterochromia iridis, myopia, hypermetropia, “blue
sclera”, synophrys.




Symptoms of dysmorphogenesis

Dolichocephally

Brachycephally




Symptoms of dysmorphogenesis

Trigonocephally Acrocephally




Symptoms of dysmorphogenesis

Nose: short, beak shaped, saddle shaped nasal bridge,
wide and flat nasal bridge, flat nose alae, forward-open
nostrils.

: long, short, flat, deep.
Jaws: progeny, retrogeny, macrogeny, microgeny,
micrognathia, macrognatia.
Lips and oral cavity : macrostomia, microstomia; thin
lips, full lips, flat palate, high palate, cleft palate,
lingula bifurcation, macroglossia, microglossia, short
frenulum, multiple lip frenula.




Microgenia




Symptoms of dysmorphogenesis

Teeth: malposition, irregular shape, congenital excess
or absence of one or more teeth, enamel hypoplasia,
diastema.

Neck: short, long, trachellocullosis, alar folds, low
hairline.

Chest and body: funnel-shaped, keel-shaped, extra
nipples, nipple hypertelorism, scoliosis, lordosis,
anterior curvature, pilonidal dimple.

Urogenital system: cryptorchidism, hypospadia, schawl
scrotum, enlarged clitoris.




Symptoms of dysmorphogenesis

Extremeties: shortened, elongated, valgoid varus

deformations, polydactyly, oligodactyly, brachydactyly,
arachnodactyly, syndactyly, clinodactyly, wide thumb,
thumb hypoplasia, triphalangeal thumb, cone-shaped
fingers, transverse palm fold, one fold on the 5% finger,
sandal foot, hollow foot, tip foot, articular
hyperextension, hemi-hypertrophy, popliteal fold.
Nails: wide, short, incurved, aplasia, dystrophy, «watch
glass».
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Clinical-genealogical method
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*The method includes
compilation of family
tree model, clinical
examination of its
members and
performance of
genealogical analysis.

°The founder of the
method is German
historian O. Lorenz

(1898 — genealogy text
book)
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Autosomal-dominant inheritance
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1. Vertical transmission
of the disease.

2. Sick parents’ normal
children have normal
children.

3. Girls and boys are
equally affected.

4. Sick men and women
transmit the disease to
their sons and
daughters with equal
probability.



Autosomal-recessive inheritance
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Prc, IXY. Posocronng ¢ AYTOCOMHO-PCUCCCHIHMM THIOM HACICIOBIHHA -

OONCBAHMA (MYKOBHCLIN0Y)

1. The parents are usually clinically
healthy. 2.
The lower is the rate of occurrence of
the mutant gene in the population
the higher is the chance that the sick
child’s parents are genetic relatives.
3. The more children are there in the
family the higher is the risk of having
more than one sick child. 4,
Both genders are equally affected.

5. Within marriage between a sick
person and a healthy one the children
are healthy. 6. Within
marriage between a sick person and a
mutant gene carrier 50% of children
have the pathology.



X-linked recessive inheritance.
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1. Only boys are affected

2. Around 2/3 of cases are
inherited from the
mother-carrier, 1/3 of cases
result from a new mutation.

3. in case of inherited pathology
the sick boys may have maternal
sick brothers or uncles.

4. Sisters of the sick boys in case
of inherited pathology have 50%
chance of carrying the gene

5. Carrier-sisters have 50% sick
sons and 50% carrier-daughters.
6. Sick men transmit the gene to
all their daughters but never to
their sons.



X-cueruieHHbIU OOMUHaAHMHBLIU mun
HacJsie0oB8aHUSI:

1) >KeHW U HBI ODoMnerT Yyaue
MVIKYUH;

Z2) NpU3HaK Hacnegyertcs
No BepTUKanw;

J) oTel nepegaer NpU3Hak
BCeM Jovyepsm;

4) lOMO3UroTHasA MaTb
nepenaeTt NpuU3HakK BCemM
CBOVM OeTsM;

9) reTepo3nUroTHas MaTb
nepegaeTr NpU3HakK
NOoJIOBUHE CBOUX AleTen.




Syndromological method

Detection of a minimal diagnostic symptom complex of
required characteristics. One and the same symptom may
be observed at many forms of disorders: hearing
impairment(150 forms), chest deformation(30), spinal
curvature (50), renal abnormalities(30), skin and nails
disorders(300).

They distinguish “nuclear” symptomes:

1.0bligate — found in 100% cases.

2. Possible — wing-shaped neck folds (80%) at, Noonan
syndrome , ectopia lentis at Marfan syndrome(75%).

3. Specific — found for one particular syndrome. Complete
bone syndactyly (Apert syndrome),Schawl scrotum
(Aarskog syndrome), vertical incisions on earlap
(Beckwith-Wiedemann syndrome).



Cytogenetic diagnostics

Indications: 1.
Impairment of reproductive function of unclear etiology.
a) spontaneous abortions (two or more), still born or
nonsurviving children.

b) primary amenorrhea c)
male or female sterility when female gynecological diseases
are excluded. 2.

Multiple congenital defects in children.

3. Mental and physical retardation.

4. Suspected chromosomal disease

5. prenatal and preimplantation diagnostics.
6. Hemoblastosis and oncological diseases.



Human chromosomes
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Molecular cytogenetics

1. Fluorescent in situ hybridization (FISH).
Chromosome DNA after denaturation forms stable
hybrids with specific DNA (RNA) probes directly on

chromosome slides and interphase nuclei slides. The
probes are fluorochrome labeled. Preliminary cultivation is
not required. Main probe types: centromere-specific,
telomere and subtelomere , chromosome-specific. Main
stages of FISH-analysis: 1. Treatment of cytological
preparations with ribonuclease and pepsin.

2. Denaturation of chromosome DNA in 70% formamide. 3.
Hybridization with DNA-probe, washing of unbound probe.
4. Label detection.

Method sensitivity is 83-100%, specificity is 98-100%.
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FISH-diagnostics
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CneKkTpoCcKonmM4yecknm aHanms
XpPOMOCOM (SKY).

MeTog OocHOBaH Ha Mcnosfb3oBaHMM HabopoB 30HAO0B U
donyopecueHTHbIX KpacuTeneu, MMetoLLnxX CPOACTBO K
onpegeneHHbIM y4acTkam XpomMocoM. Kaxkaasa napa XpoMocom
NMeEET YHUKanbHY CneKkTpanbHYy XapakTepucTuky. icnonbays
NHTEPdEPOMETP MOXKHO OnpeaesinTb HesHa4YnuTeNbHbIe
Bapunauun B CrnekTpasibHoOM COCTaBe XPOMOCOM, Hepasnminmble
YyernoBevyecknm rnasom. [laHHble nogBepratoTca KOMMNbOTEPHOU
obpaboTke. Kaxxgasi napa XpoMocoMm npuodbpeTtaer
onpeneneHHbIN LBET. [1lpenmyuiecTBO
MeToaa- bonee TovHas naeHTUdUKaUmMa roMonormyHbIX
XPOMOCOM, KOTOPbl€ MMEKT OAUH N TOT e LBET U BO3MOXXHOCTb
BbISIBNATbL HEKOTOPbIE TpaHCnokKauuu, He onpegensemMole
OPYrMMU LUTOreHEeTUYEeCKMMU MeTodamm. icnonb3yeTcs B
OHKOreHeTUKe A4 BbISIBNEHUA  He3HayuTemnbHbIX N0 BeNnnvnHe
XPOMOCOMHbIX abbepaLnin B ONyxXoneBbIX KreTkax.



CpaBHUTENbHAs reHOMHas
rmopmngmnsauna(CGH).

MeToq no3BondeT NPOBECTU CKPUHMHI BCEro KapuoTuna Ha
npeamMeT YNCNOBbIX N HecbanaHcUpoBaHHbIX
XPOMOCOMHbIX NEPECTPOEK, HE NofyYyas npenapaTos
XPOMOCOM. iccneoyembin
obpaseL, nomeyaroT 3eneHon rnyopecLeHTHOM KpacKon,
KOHTPOnbHbIN 06pas3eL, - KpacHoW. [1Ba obpa3sua
CMELLMBAIOT B PaBHbIX KONMYECTBaAX 1 NPOBOAAT
rmépuamnsaunto ¢ MUKpoMaTpuLen cogepkaLlen CoOTHU
TbICAY OJIMTOHYKITEOTU-A0B, COOTBETCTBYHOLLMX
YHUKaNbHLIM NocneaoBaTenbHOCTAM reHoma.
OueHnBaeTca COOTHOLLEHUE KpaCHOW U 3ef1eHOM
donyopecueHumn B Kaxkgoun nosuunmn. Ecnn OHK pernonHa
npea-craBfieHa 0AUHAKOBO B 2-X 00pa3uax- COOTHOLLIEHNE
KpacHOW 1 3ernieHoun dpriyopecueHunn B curHane 1:1 . Ecnu
COOTHOLLIEHME 3€EMEHOro K KpacHomy 1,5 :1 (3 konuu
yyacTka), 0,5:1 (ogHa Konus).
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XPOMOCOMHbIN MUKPOMAaTPUYHbIN
aHanu3

[To3BONSET nccnegoBaTtb CTPYKTYPY BCero reHoma B O4HOM
nccrnegoBaHun. Vicnonb3yeTcs TEXHOMOIMMS BKIoYarLwas
NONMHOreHOMHY0 amMningukaunto U B garnbHENLLEM PECTPUKLNIO
NONy4YeHHbIX aMMNIIMKOHOB Ha doparmMeHThl pasMepom,
NpUMepPHO, 25 HYKNeoTUAO0B, Ha KOTOpPble, 3aTeM HAHOCUTCH
donyopecueHTHaa meTka. Kaxxgbl doparMeHT nMeeTt
cneundgunyeckyto CTPYKTYPY 1 CBA3bLIBAETCSH C
KOMMJ1IeMEHTaPHbIM OfIUFOHYKEOTUAOM PacnoOSiOXKEeHHbIM B
CTPOro onpeneneHHoMm ydactke MukpomaTpuubl. Onpeaensas
OTHOCUTESIbHYK NHTEHCUBHOCTbL CBEYEHUS y4acTKa
MUKPOMATPULLbl MOXXHO KOJIMYECTBEHHO onpeaenuTb YMUCho
Takux oparMeHToB. MukpomaTtpuua- TBepabit HOCUTENb
HeBOmbLLOro pa3mepa (CTEeKNo NN KPEMHN) C
NPUKPENSIEHHbIMU K HEMY B ONpeaefieHHOM nopsaa-Ke
OnuUroHykneotugamm (8-80 n.H.) unn gparmeHT AHK
(pa3mep>100n.H.).



XPOMOCOMHbIN MUKPOMAaTPUYHbIN
aHanu3

[MpukpenneHmne oaHOro N3 KOMMNOHEHTOB pPeaKLUMKn K NOANOXKe
NO3BONAET NPOBOANTL MHOXECTBO peaKkLnm OQHOBPEMEHHO ,
NPOCTPAHCTBEHHO pasaenue AeTeKUU0 OTAEeNbHbIX doparMeHTOB
OHK. Mukpomatpuua coaepxut ot 750 Tbica4d 40 2,7 MIH .
cneymduyecKkmnx OfiMroHyKNeoTnaoB N COOTBETCTBEHHO AaET
NHJOpPMaLNO O HanM4ne reHeTUYECKOro MmaTtepuarna B Takom Xe
KOnn4ecTBe TOYeK reHomMma. Takas BblCOKas NnOTHOCTb MapKepoB
NO3BONAET ONpeaenaTb Jaxe O4eHb ManeHbKkue
notepu/yBennyeHns reHeTU4eCKoro Mmatepmana Bo Bcex
permnoHax reHoma. HanbonbLias NNOTHOCTb MapKepoB
NPUCYTCTBYET Ha y4acTKkax reHoma, CBA3aHHOIO C reHHbIMWU
3aborieBaHUAMMN.

Bo3MOXHOCTN MeToda: aHeynnonauu, Tpunnonanm un
nonuniongaun, MUKpogeneunn/Mmukpoaynnmkauun,
HecOanaHCUpPOBaHHbLIE TPAHCIOKaLWK, NOTEPS Y4aCTKOB
reTepo3nroTHOCTKU, O gHOpPOoAUTENbCKasA ANCOMMUS.



MonekynapHo-reHeTu4eckas

amarHocTuKa

icnonb3yoT C Uenbio ANarHoCTUKN MyTaunm
(QnarHocTn4yeckoe TecTupoBaHue), BbidBneHune
reTepo3nUroTHbIX HOCUTENEN MyTaLuWn, NpoBeOeHne
npeHaTtanbHOU N npeanmMmniaHTalMoHHOMN
ONAarHOCTUKN.

Boiaoenenmne JHK 13 rnobbix TUNOB KNETOK,
cogepxXxawmx agpa. llnsuc knetok B dydepe ¢
netepreHTom, gobaBneHne copbeHTa, Ha KOTOPbIN
ocaxgaetca NHK.

[1pn HEKOTOPbLIX HAcNeaCTBEHHbIX 3aborieBaHUAX
[NHK MOXHO BblOENUTb U3 NATHA KPOBU Ha
domnesTpoBaribHOW bymare.




[lonnmepasHaga uenHaa peakymd

PaspabotaHa B 1983 r Kappu Mynnucom( Hobenesckas
npemud 1993 r). CyTb MeToaa- n3buparernibHoOe Kornmpo-
BaHWe in vitro HEBOSbLLOro doparMeHTa reHa, B KOTOPOM
MOXET ObITb NNoKannu3oBaHa MyTauus c
ncrnonb3oBaHMUeM B kKayecTtBe maTtpuubl OHK
obcrenoBaHHOrO. [TLIP npoBoaAaT B
OHOPAa30BbIX Npodbupkax 15-30 MK. Heobxoanmbl
npanmMmepbl (MCKYCCTBEHHO CUHTE3MPOBAaHHbIE
HebonbLUne oaHOHMUTEBLIE Monekynbl IHK  pasmepom
15-30 HYKNeoTHUAOoB, KOMMMNEMEHTAPHbIE KOHLaM
amnnudgpuumnpoBaHHoro pparmenTbl AHK. OHu cnyxar
«3aTpaskon» ana cuHtesa AHK. CnHTes npoBoaAT C
nomMoLLlbo TepmodunsHon JHK-nonnmepassi.



[lonnmepasHas LenHaa peakumd

MaTtpuyHyto JHK nepeBoadaT B 0OQHOHUTEBYIO POPMY NYyTEM
HarpeBaHUA pacTBopa > 95° B TEeYEHNE HECK. MUHYT.

3aTeM LUUKITNYecKoe YepeaoBaHue 3-X KpaTKOBPEMEHHbIX
npouenyp(no HeECKOSbKO AECATKOB CeK. KaXkaas):

1. rmbpunamnsaumnsa nnun omxur uccnegyemon [HK c
npanmMmepamun- obpasoBaHue Ha maTpudHon JHK
OBYHUTEBbIX y4aCTKOB B 0611aCTAX , KOMMSIEMEHTAPHbIX
npavmMepam(npu oxnaxageHnn p-pa oo 30-500).

2.Cuntes HK, HaunHasa ¢ npanmepa. 310 NponcxoauT npu
NoBbILLEHNN t pacTBOpa A0 55-70°(onTuMarnbHble YCIOBUS
ansa pabotel TepMmodunsHon OHK- nonnmepassl).

3. [leHaTypaumns cuHtesmnmposaHHou AHK (npu t>900).

[1pn KaXkgoM LMKNe CMeHbI t MPONCXoauT yaBoeHne yyacTka
[OHK, pacnonoxeHHoro mexay npanmepamm. Hepes 25-30
LIMKIOB KONMMYECTBO CUHTE3UPOBAHHbLIX (OparMeHToB
OOCTUraeT MUMNJIMOHa KONumn.



HekoTtopble Bnabl [MLIP

1.MynetunnekcHas NLP- ogHoBpemeHHas
aMnnmduka-una Heckonbknx oparmeHTos HK.
2. KonndecteeHHasda NLIP- BBeaeHue B npanmepsl
cneuwnanbHoro kpacmutensa. MoXXHO OLEHUTDb
KOnM4yecTBo Konun amnindouumpoBaHHOro
doparmeHTa JHK Ha aBTOMaTmnyeckom ckaHepe.
3. NP B peansHOM BpeMeHN — AeTeKUNA
HaKOMMEeH-HbIX NPOAYKTOB aMmnnndunkaymm
HenocpeaCcTBEHHO BO BpeMs ee npoBeaeHns.
Mcnonb3yrotca doniyopecuUeHT-HO MedYeHHble [JHK-
30HAbI, 0DecrevnBatloLLne YPOBEHb
donyopecueHUnmn NpAMo NponopLnoHanbHbIN
konundectsy [NLUP-npoagykTa.
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MeToabl naeHTUdunKaumnmn
MyTaLnm

[Tpamble meToabl. OOHapPYyXeHWe HapyLLEHU B
nepBNUYHOU HYKNeoTuaHoW nocnenosatensHocT AHK.
B0O3MOXXHbI TONMBKO Nocne naeHTuukauum
COOTBETCTBYIOLLErO reHa.

KocBeHHble MeTOoAb! . AHANM3 TECHO CLUEMNEHHbIX C
nccnenyemMbliM reHoM NoNIMMOPAHbBIX JTOKYCOB, C
NOMOLLBK KOTOPbIX MOXXHO MPOBOAUTL MAapPKNPOBKY
MYTaHTHOIO M HOPMarbHOro ansnenay poaunteneu
BoribHOro 1 crneauTb 3a Ux nepegadvyen B paay
nokoneHun. [ins ncnornb3oBaHUA 3TUX METOOOB
TpebyeTcsa abcontoTHast yBEPEHHOCTb B AMarHo3e,
Heobxoanmo onpeaeneHne LMToreHeETUYECKon
nokanusauumn reHa. icnonb3yeTtca TonbKo npu
MOHOJIOKYCHbIX 3ab60sieBaHUSAX.




MeToabl naeHTUdunkaumnn
MyTaunu

[OunarHocTtmka CTPYKTYPHbIX BHYTPUTEHHbIX MYTaLLUW
(oeneuunn u nHcepuun). INpu HUX N3MeHseTca AnuHa, a
3Ha4YUT N anekTpodhopeTnyeckasd NoABUXKHOCTb
amMmnnuduumpoBaHHoro gpparmeHta JHK.
[lnarHocTmka TOYKOBbIX MyTaLun . lcnonbayeTtca
MeTOod PECTPUKLIMOHHOIo aHanunsa. Pectpukums
amMnnmduuymn-posaHHoro pparmeHta HK ¢
NCMOJSIb30BaHMEM CreLl,. SHOOHYKIeasbl U
anektpodopes. Ecnu B peaynsrate MmyTaunum BO3HUKaAET
HOBbIV CaUT y3HaBaHUA U NPOU3OUAET ee pa3pe3aHune
Ha anekTpodoperpamme dyget 2 nonockl. CymmapHas
ONHa nX paBHa BENMMYMHE amMnnndmumnpoBaHHOro
doparmeHTa. ['lpn oTCyTCTBUK MYyTaLUKN- HA
anekTpodoperpamme dyaeT ogHa nosioca.




CeKkBeHnpoBaHUe

CekBeHupoBaHue [JHK — onpeaeneHune ee HykneoTtuaHom
nocnenosatenbHocT . MeTtogonorua cekBeHUpoBaHUA- U3
nocnegosatenibHocTu IHK nonyyntb cepuio Mmosnekyn,
pasnuya-rumxcs no annHe Ha ogHO OCHOBaHMe.
TexHonorna cekBeHMpoBaHUA HOBOIO NMOKOSIEHNUS
NO3BOMSAET NpoYUTaTh 3a O4UH NPOroH paboThl
CekBeHaTopa cpaasy Lenbin psg y4acTkoB reHomMma (OKono 50
MITH. nap HykneoTtnaos). OcyLecTBAAETCA C MOMOLLbIO
NOBTOPHbIX LMKIOB YANTMHEHUA LEenn, MHOYLNPOBaHHbIX
OHK-nonumepasoun. Hanbonee akTnBHO
NCMNOJIb3YETCA NOMTHO3K30MHOE CEKBEHUPO-BAHUE. DTO
CEKBEHMPOBaHME BCeEX BENMOK - KOANPYHOLLNX TEHOB B
reHome. Y yenoseka okoso 180 TbicAY 3K30HOB (0Kosio 30
MJITH. N.H.) unn 1% reHoma.




CekBeHupoBaHue no CaHrepy

MeTog TepmuHaTopa (Metoq obpbiBa Lenu). Micnonbayetca ans
n3yyeHuns oparmeHtoB AHK gnuHoun oo 1000 n.H. MaTpuuen
ABNAEeTCs ogHa 13 Leno4vek aHanusnpyemoro oparmeHTta OHK.
Ncnonb3ytotca JHK nonumepasa, onuMroHykneoTuaHble
npanvMepsbl (KoMNeMeHTapHble Havany ydyacrka
CEeKBEHNPOBaHUSA) U cMecCb 4 [e30KCMHYKNneoTnaoB (dNTPs)(A,T,G n
C). OanH 13 HUX MeYeH paanakTMBHbIM dpocopom. B kaxayro 13
4 npobupok oobaBnAKT Mo OAHOMY ANOE30KCUHYKNEOTUA
Tpudocdaty(ddATP, ddTTP, ddCTP unu ddGTP). Y HUX OTCYTCTBYET
3"'-OH rpynna .[locne BKMoYeHUA NX B LieMNb CUHTES ee
obpbiBaeTcaA(OHK- nonnmepasa MoXeT npucoeanHATb
HykneoTug Tonbko K 3-OH rpynne npegbigyLiero). Takum
obpasom, B kaxxaoun npodbupke obpasyercda Habop pparMeHTOB
[OHK pasHon aAnvHbl, KOTOpblE 3aKaHYMBAKOTCA OQHUM N TEM Xe
HYKNeOoTUAOM.



CekBeHupoBaHue no CaHrepy

[Tony4eHHble oparMeHTbl BU3yanunu3npyrTCAa C MOMOLLbIO
aneKkTpodgopesa B nonuakpunamMmmogHoMm rene n npoBoaaT
ero pagunoastorpaduto. CpaBHeHME ONWHbLI PparMeHTOB U3
4-X peakUu BOCCTaHaABMBAET NOCIie40BaTENbHOCTb
doparmeHTa HK.

B HacTosLee BpeMa UCMONb3YHT CEKBEHATOPLI C
donyopecueHT-HbIMU METKAMM C pasfinyHbIMU ONTMHaAMWK
BOJTH UCMYyCKaHWNSA. OTO MNO3BOSIAET MPOBOAUTL PeaKLuio B
OOHOW Npobupke. PeakUMOHHYIO CMECh pas3aensatoT
KanunnapHbiM anekTpodoope- 3oM. PparmeHThl [HK,
BbIXxo4ALme n3 KanunnsapHom KONMOHKU PErMCTpUpYoT
noetektopom donyopecueHumn. locnenosartenbHOCTH
Pa3HOLBETHbIX MMKOB COOTBETCTBYIOT 3 HYKNeoTuaam.
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[ToNTHOBK30OMHOE
CeKBeHI/IB)(I\)AeBgHI/Ie

TexHomnorma Ha nnart@ npmbl lllumina.

1. Moarotoka 6bubnuoteku . AAHK doparmeHTUpyeTcsa Ha
KOPOTKME Kyco4ku (300-600 nap oCHOBaAHWUM), K HUM
npuLLINBalOTCSA aganTepbl- HYKNeoTUaHbIe
nocrneagoBaTenbHOCTU, HEOOXOANUMbIE ANSl 3aAKOPUBAHUS
Ha MUKpo4une n Hayana npouecca CeEKBEHNPOBAHUA.

2. OborallieHne No KOAMPYIOLLWM MocreaoBaTenbHOCTAM
(o4mncTka OT UHTPOHOB, MPOMOTOPHOM 0BNMAaCTN_ N HETEHHbIX
y4yacTkoB ). Nposogutcs rmopunansaumnsa JHK c
BNOTUHUNNPO-BAHHBLIMW 30HAAaMU, cneundOUYHbIMU K
ak3oHaM. PparmeHTbl [IHK, cBA3aBLIMECS ¢ 30HOaMWN,
ocaXgarTcs Ha MarHUTHbIX YacTuuax, NOKPbITbIX
CUpPEHTaBMONHOM U 3aTEM UCMOSb3YHTCS AN
CEKBEHMPOBaAHUA, a HECBA3AHHbLIE Y4aCTKU yaansatTCcA.




[loNHO3K30MHOEe

I'Iocnenymmmeggnbl 0C I.Ll,eCT Q B CEKB @HaTope

3.B Hero nomellatoT CTEKNSAHHbIN MI/IKpO‘-II/II'I. Ha ero
NOBEPXHOCTU PUKCUPYIOTCA OFIMITOHYKNEOTMObI,
KOMMIEMEHTapHbIe aganTtepam, Haxo4saLWmMmMcs Ha KOHLax
dparmeHToB [IHK. CBs3biBaHME ONUIOHYKITEOTUAOB C
agantepamm HUUUNPYET npoeeaeHne «moctmukosonm» MNUP. B
pesyrneraTe obpasyetca orpoMHoe konnyectso HK-kroHoB..

4. CekBeHupoBaHue [IHK nocpencteom cuHTesa. OHO
Ha4yMHaeTcs ¢ gobaBneHnsa npanmMepa, KOMMNIEMEHTAPHOIO
aganTtepy Ha 0O4HOM U3 KOHLIOB doparMeHTa ; OTXXUI npanmepa
nossonset JHK-nonnmepase npoBoanTb NpUcoeguHeHne
HyKneoTnaoB. BcTpanBaHMe HyKNeoTuaa Bbl3blBAET UBMEHEHME
YPOBHSA (priyopecueHTHoro curHana. l'ocnegosaresnibHoe
CUYUTbIBAHME CUrHana oT Ka)aoro BCTPOEHHOIO B LieMNb
HyKneoTmnaa gaeT BO3MOXHOCTb OonpeaenTb COCTaB KOPOTKOro
dparmeHTa OHK. Npnbdop nepesognT curHan Ha A3blk OyKB
(HykKneoTnaos).



[ToNTHOBK30OMHOE
CeKBEHUpPOBaAHUE

5. AHanus pesynsTatoB (6MOMHAOPMALIMOHHbIN KOHBEEP).
[Tony4YeHHbIN OrPOMHBbIN HAabop HEDONBLLNX
nocrnenoBaTenbHOC-TEU ( YTEHNU) PUNLTPYETCH —
obpe3aloTcs KOHLEBbIE Y4aCTKM (HAacTo He HecyLlue
CMbICIIOBOM Harpy3kn). OTnnsTpoBaHHbIE YTEHUS
KapTUPYIOTCA HA reHOM 4YeroBeKa (T.e. onpeaensaeTcs
MECTO B reHoMe, KOTOPOMY COOTBETCTBYET MNocrenoBarTenb-
HOCTb), 3aTEM OHM CKIladbiBatoTCA B bonee ANUHHbIE
nocriego-BaTernbHOCTMN, COOTBETCTBYHOLLME 3K30HaM. 3aTeM
B 3K30HaX MOXXHO UCKaTb NonnmMopdunamebl, geneumnmu,
NHCEPLUMUN U T.A4. CyuiecTByeT MHOXECTBO Nnporpamm
015 NoAroTOBKU AaHHbIX CEKBEHMPOBAHUA U UX aHannaa.



MoaroToska
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bnonHmopmaTuka

COBOKYMNHOCTb KOMMNbIOTEPHbLIX, MATEMATUNYECKUX U
CTaTUCTUYECKMX METOAOB aHarnusa ang peLeHusd
buonorn4yecknx 3agau.

buonHdopmaTtuka nocrieaoBaTenbHOCTEN- aHaNU3
HYKNEeOTUOHbIX U DENKOBbIX
nocnegosarenbHocTen. CTPYKTYpHad
buonHdopmMaTmMKa — aHann3 NPOCTPaHCT-BEHHbIX
CTPYKTYp onpeaeneHHbIX aKcnepumMmeHTansHo .
KoMnbTEPHAA reHOMUKa — NpeackasaHne reHoB B
nocrieaoBaTeNbHOCTAX, CPAaBHUTENBbHbLIN aHanNn3
reHOMOB , UCClegoBaHMe perynsauum padoThbl
EHOB.




