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3a4a4M U METOA0/10TUA TEHETUYECKOWN UHMKEHEPUN.

OCHOBbI FEeHETUYECKON WHMKEeHepUU PacTeHUM U KUBOTHbIX:
TpaHchopMaUMs KAETOK BbICWUMX OPraHM3MOB, BBeAEHUE
reHOB B 3apPOAblLLEBbIE U COMATUUYECKME KNETKU KMUBOTHBbIX.
[MonyyeHme TpaHCreHHbIX OPraHM3MOB.

Mpobnembl reHoTepanuu. 3Ha4yeHue reHeTUYeCcKoun
NHXEHepuUn anAa peleHna 3aga4y bMoTeXHON0rMn, CeNbCKoro
X03IMCTBa, MeAUNUMHbI U Pa3/IMYHbIX OTPacnen HapoaHOro
X03ANCTBA.

Micnonb3oBaHME METOA0B TEHETUYECKOM WHMKEeHepun AnA
n3ydyeHmna PyHAAMEHTaNbHbIX NPOBGiEeM FEeHETUKU U APpYrux
buonorndyecknx Hayk. CoumanbHble acnekTbl reHeTU4Yeckom
NHMKEHEPUN.



YTo Takoe TpaHCreHes
M YTO MOXXHO Ha3bIBaTh
“TpaHCI€HHBIM
OpraHu3MoM”?




*TpaHCcreHe3 — 3TO Npouecc BBeAeHUA
yy»kepoaHon HK (TpaHcreHa) B XXusom
OpPraHmn3m

*[loNy4YmMBLUMM TPAHCIEH OPraHN3M
npuobpeTaeT HOBOE CBOUCTBO, KOTOPOE
OH MOXeT nepeaaBaTb CBOeMy
NOTOMCTBY

*[€eHOM TPAHCreHHbIX *KMBOTHbIX ABNAETCH
npeaHamepeHHo moanPuULUNPOBAHHbBIM






Cenekuus vs TpaHcreHes
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DRAGON'S
ISLAND

A SCIENCE FICTION ADVENTURE

BY JACK WILLIAMSON




[lepBble 3KCMepMMEHTbI MO CO34aHUI0
TPaHCreHHbIX OpraHM3MoOB

« 1972 — Naynb bepr, «Biochemical Method
for Inserting New Genetic Information into
DNA of Simian Virus 40: Circular SV40 DNA
Molecules Containing Lambda Phage
Genes and the Galactose Operon of
Escherichia coli»

« 1973 — CteHnu KoaH, «Recircularization
and Autonomous Replication of a Sheared
R-Factor DNA Segment in Escherichia coli
Transformants»




[lepBble 3KCMepMMEHTbI MO CO34aHUI0
TPaHCreHHbIX OpraHM3MoOB

e 1974 — Pyoonbd EHnw, “Simian virus 40
DNA sequences in DNA of healthy adult
mice derived from preimplantation
blastocysts injected with viral DNA”.

« 1976 — Xepb bonep oTKpbIBAET KOMMNAHUIO
“Genentech”, koTopas B nocnegyrwouwne
LLEeCTb JIeT co3gaeT n KoMmMmepuuanmayet
E.Coli, npoayumnpytoLLlyto YernoBeyeckme
6enku, B T.4Y. UHCYJINH.

10mL vial
¥ Aventis



Palmiter D.R.:*“Dramatic growth of mice that
develop from eggs microinjected with
metallothionein-growth hormone fusion genes”

 MELLESECOND MUESAR

Nature; 1982
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eobxogmMmble Larn Ha nyTu K co3gaHuto
TpaHCreHHOro opraHnama

[Tony4ynTb N30NMPOBAHHYIO LIeNeBYHO
nocnegoBaTtenbHocTb AHK

Ha ocHoBe oaHHOW nocfegoBaTEeNIbHOCTU
co3aaTthb crneumnanbHbI TPAHCTEHHbIN BEKTOP

BHeapuTtb BEKTOP B MOANMULINPYEMBIN
opraHu3m

BbigaBuTb 1 0TODpPAaTh yCneLwHo
MOANMPULIMPOBAHHLIX 0COben



ObLwme TpedboBaHUA K TPAHCTEHHOMY
BEKTOPY

[1ns npaBUNbLHOW 3KCNPECCUU, BEKTOP OOSMKEH UMETb 5'-
PErynsaTopHbIN panoH, NPOMOTOP, KOAOH MHULMAUNK TPaHCNALUN,
KOOMPYOLWNK panoH, cton-kogoH, 3’-UTR n PolyA cant

BekTop gomkeH 6biTb onTUManbHbIX pa3MepoB

A transcription start site ATG stop codon
intron i
—‘ promoter H mt&i?‘:ﬁiﬂg! poly(A)l enhancer
_ primer set 1 primer set 2
enzyme site A

enzyme site A

B \

location of primer set 2 \

in genomic DNA H'.
— o

primer set 2




Bbibnpas onpeaneneHHbIn NpOMOTOpP, Mbl NOMyYaem
BO3MOXHOCTb 3a4aBaTb NPOCTPAHCTBEHHbIE U
BpeMEHHbIe napamMeTpbl 3KCMPEeCcuUn TpaHcreHa

PROMOTER GENE EXPRESSION IN
(beta)-actin promoter many tissues of the transgenic animal
simian virus 40 T antigen promoter many tissues of the transgenic animal
adipocyte P2 promoter fat cells
myosin light-chain promoter muscle
amylase promoter acinar pancreas
insulin promoter islets of Langerhans beta cells

casein promoter mammary glands during lactation



OcCHOBHble cnocobbl BHEAPEHUA TPAHCTEHHbIX
KOHCTPYKLUM B })KUBOTHbIE KNETKMU

MukponHbekuna OHK B npoHykneyc 3uroTol

Mcnonb3oBaHWe reHeTu4Yeckn MoamuLUmMpoBaHHbIX
9MOpPUOHAIbHbIX CTBOJTOBbIX KINETOK

MCKyCCTBeHHOe ornnoagoTrsBopeHne C NCrosfib3oBaHNEM
reHeTn4eCKHu MO,EI,I/I(*)I/ILI,I/IpOBaHHbIX cnepmMmaro3onaos
(ICSI)

[TnasmmnaoHasa, BupycHas TpaHcgekums
QnekTponopauyms



[Tony4yeHue TpaHCreHHbIX XXUBOTHLIX METOO40M
NPOHYKMeapHOU MUKPOUHBEKUUN pekoMbuHaHTHOM [HK

Gene
traction

Transgenic Mice
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[MJ1HOCHI

ECTb BO3MOXHOCTb perynmpoBaTthb
Konn4yectso BBognmon [HK

TOYHOCTb «OO0CTaBKU»

MoxkHo paboTaTb C pa3nnuyHbIMU
XXUBOTHbIMU

MWHYCBbI

[Tpouecc MUKPONUHBEKLIMN MOXKET
NpMBECTU K rndbenn ambpunoHa

OOHa HbEeKUNa — oaHa KneTka

TpaHcreH BcTpanBaeTcs
crnyyYamHbiM obpasom

TpebyeT BbICOKOU KBanuukaumnm

OTHOCUTENBHO HU3KNN YPOBEHDb
TpaHcdopmaunm




Vicnonb3oBaHne 3M6pVIOHaJ'IbeIX CTBOJ10BbIX KJ1ETOK
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Vicnonb3oBaHne 3M6pI/IOHaJ'IbeIX CTBOJ10BbIX KJ1ETOK
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[MJ1HOChI

* Bo3MOXHOCTb HanpaBfieHHOU
NHTEerpauumn TpaHcreHa B reHom

* MOXXHO BbISIBUT 1 0TODpaTh
KNEeTKN, NonyymBLLNE TPaHCreH

MWNHYCb

= Ha HacToAWwmnMn MOMEHT AaHHad
MeToaMKa OeMOHCTPUpyeT
CBOO 3(PPEKTUBHOCTb TOJSIbKO
B paboTax ¢ MbILLNHBbIMU
KneTkamm




Yyto, UTO TpaHCreHes
3TO 340POBO, HO... AnA
4yero BCe 370
aenaerca’?




OCHOBHbIEe HalpaB/J1eHNA NMCNnoJib30BaHUA
TPAHCIeéHHbIX KNBOTHDbIX

MoaenupoBaHue 3aboneBaHnUin U N3yveHumne
byHAaMEHTaNbHbIX BMONOrMYeckmnx npoLeccos

MpoayKuma 6enkoB 1 pocToBbIX GaKTOpPOB,
MCMONb3YEMbIX B HayKe U MmeauLmHe

PelleHne KceHOTpaHCNAaHTaLNMOHHbIX Npobnem
CenbCKOX03ANCTBEHHbIE U NULLEBbIE HYXKAbl

C uenbto 3cTeTUYeCKoro yaoBoabcTBUSA (pagosBaTb
rnas)



MopgenupoBaHue 3aboneBaHnin U N3yyeHme
(I)yH,ﬂ,aMeHTal'lebIX buonormyeckmx nNpoL.eccos
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“Some genetic engineers we turned out to bel”



MopgenupoBaHue 3aboneBaHnin U N3yyeHme
dbyHAAMEHTaIbHbIX OMONOrMYECKUX NPOL,ECCoB

Figure 1: Gene Targeting for Knockin Mouse

KNOCK-IN

NHTepecytoLlas
nocnepoBartenbHocTb [IHK ¢
NOMOLLIbHO TOMOSTOrMYHOW
pekoMbuHaumn BCTpanBaeTcs B
BblIOpaHHbIN XPOMOCOMHBIN JTOKYC,
npu 3TOM He HapylwaeTcs paboTa
OPYrux reHos.
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MopgenupoBaHue 3aboneBaHnin U N3yyeHme
dbyHAAMEHTaIbHbIX OMONOrMYECKUX NPOL,ECCoB

Figure 1:Gene Targeting for Knockout Mice

KNOCK-OUT
nocnepoBatenbHocTb JHK ¢
MOMOLLIbFO FOMOMOMMYHOM y a1 %l Mouse Genorme
pekoMOuHaLumn BCTpanBaeTcs B (Nea) (]
BblOpaHHbIM XPOMOCOMHBbIN JTOKYC, / \ Linearized

Targeting Veector
Npu 3TOM HapywaeTca paboTta
BbIOpaHHOrO reHa. i

Krockout Allele

[4] ES cells are now resistant

to Geneticin (G418)

l

‘ﬂw Generate Chimeras

Breed Mice with
Krnockout Allele



[ToMMMO oXXngaemoro pekomMonHaLMOHHOIo cobbITUS C 4OCTAaTOYHO
OOnbLLION BEPOATHOCTBLIO MPOUCXOANAT CNyvanHble BCTPOMKU

TpaHCreHHOM KOHCTPYKLUUN B FEHOM, B pe3yribTaTe Yero CTaHOBUTCS
OYEHb CITOXHO BbISABUTb «MUCKOMbIEY» TPAH(POPMUPOBAHHbLIE KIETKM

PeweHune: Replacement vectors

Knock-out KOHCTPYKT coaepxut: 1) NeoR reH
donaHKMpoBaHHbIN ABYMA CErMEHTaMU «reHa MULLEHN»
n reHom HSV-TK

EC KneTtku otébupatorca no sctpoimke NeoR 1 npotus urerpaumm
HSV-TK* (NeoR+/ HSVtk-) Ha cpeae ¢ raHuuKnoBMpOMmM



) ﬁ O HSV1tk JIunetinas
| | | | replacement plasmid
['oMosiornunas / \ CiyvariHas

PEKOMOHMHAIIHSA WHTETPALAS

Neo® ] l_ll_lﬂl___lzl_lzl

_ DO [ 1]

NeoR*/ HSVtk- NeoR*/ HSVtk*

FaHUMKNOBUpP YOUBAET KNeTKun, cogepKame
HSV-TK



[Tpobnemsbl nHTEpPnpuTaumm knock-out
9KCMEPUMEHTOB

1) locTaTo4HO 4YacTo HOKayTHble AMOPUOHBI NornMbatoT, Kak
B TAKOM Clly4ae MOXXHO y3HaTb O POnu reHa B opraHn3me
B3POCII0ro XXMBOTHOIO?

2) UTto genartb, ecnn Mbl He BUAMM HOBbIW peHOTUN?

3) BapnabenbHOCTb HOBOro peHoTuna

4) KombuHaTopHOE OENCTBUE rEHOB

HokayT no kakomy-nnbo reHy He gaeT Ham
ncuyepnbiBaroLwen nHpopmMaumm o ToM, Kak PyHKLUOHMPYET
AAaHHbIN reH B KAKOM-JIM0OO opraHe Ui TKaHMW.



YcnoBHbIn (conditional) knock-out

g Cre Mouse LoxP (Floxed) Mouse
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Original gene function is disrupted, Original gene function is untouched.

a reporter gene is transcribed
instead.



YcnoBHbIn (conditional) knock-out

loxP loxP
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Nonsence with stops
— (Floxed)

Cross this transgenic mouse
_ with one expressing Cre
in tissue of interest.
In cells where Cre is expressed
and located in nucleus, get....




HapyweHusa B reHe kit npuBogaTt
K HApYyLUeHUIO MUrMeHTaLuMn.

stem cell Notch1

Notch
ligand

stromal
cell

STEM CELL DIVIDES

transit
amplifying
cell

stem cell

stromal
cell

\
COMMIT TO STEM CELL
DIFFERENTIATION MAINTAINED
OR DIE

Figure 22-36. Molecular Biology of the Cell, 4th Edition.




HokayT kak moaenb usyyeHus
OXUpEeHUs

Fig. 2. Phenotype of VDR knockout mouse (KO) compared to wildtype littermate
(WT; NMRI background strain) at the age of 4.5 (top) and 8.5 (bottom) months.

Hokayt no reHy FGF5
(fibroblast growth factor 5).
INaHHbINW reH oTBe4yaeT 3a
HeraTUBHYH perynauuio
pocTa WwepcTH.



Green Fluorescent Protein




RPA194-GFP | Fib-RFP

L4-GFP | Fib-RFP

L4-GFP | Fib-RFP

L4-GFP | Fib-RFP

Nikon Small World Competition 2008 - Gloria Kwon



“Doogie”: ymHasa mbiwb (Tang et al, 1999)

CuHanTunyeckas
oBepa3Kcrnpeccus
peuentopoB NR2B
npuBena K
NOBbILLEHHOM
oby4yaemMocTU n
CMoOCOOHOCTU
3anoMMUHaTb paHee
npeabsBleHHble
O0OBLEKThI



[Tomepbl

* AIDS mouse; B reHom mblilwin BBeaeH reHom BANY

(Kpome AByXx reHoB). Ha TaKMX MbiLlLaX U3y4aeTcH
paHHee noseaeHUe BUPYCa

* Alzheimer’s mouse; MmblLIN 3TON TPAHCTEHHOWU
IMHUU HEeCYyT MyTauUto, OTBETCTBEHHYIO 33
paHHee npoABneHnA 3aboneBaHunS

* Oncomouse; pas3nyHble BapuaHTbl, TaKne Kak
OTCYTCTBME annend reHa p53, Hannuume

TPAHCFEHHOW KOHCTPYKLU NN BUPYCHbIN MPOMOTOP-
reH myc v Tak ganee.



[MpoayKuns 6enkoB 1 poCTOBbIX PaAKTOPOB,
MCNonb3yeMbliX B MeauLuHe

Bioengineering on the Farm

The Food and Drug Administration has approved the first drug produced in
the milk of genetically engineered animals.

Goat | =
DNA |
Human
gene
Goat | &
DNA | &
MODIFYING THE DNA IMPLANTING THE DNA TESTING THE OFFSPRING EXTRACTING THE PROTEIN
A human gene that The modified DNA is Kids bomn from the modified  Milk from the herd is filtered
produces the blood injected into the nucleus eggs are tested for the and purified. Annually, each
protein antithrombin is of a fertilized goat egg, presence of antithrombin in  goat can produce as much
inserted into a short which is then implanted their milk. Promising kids antithrombin as 90,000
strand of goat DNA, into a female. are bred normally to create human blood donations.
Sources: GTC Biotherapeutics a herd of modified goats.
7134 nH
5’ paioH a-s1-kasenHa hGM-CSF = 3’ panoH a-s1 kaseunHa
| 1944 nn 1442 2028 mH 1512 nn '

A\

-1314/-1306 -1217/-1212  -880/-872 -753/-745 -157/-142 -132/-125 -32/-29
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PellueHne conyTcTBYOLWMX Npodriem
KCeHOoTpaHcnnaHTauum

Ha noBepxXHOCTUN CBUHbLIX KINeToK

npucyTcTByeT anbda-1,3 — nacuare
ranakrosuntpaHcdepasa.

B 2002 roay BnepBble ObINU blOteChIlOl '
nosriy4yeHbl MOPOCATA, Y KOTOPbIX
ObINy1 HOKayTUPOBaH reH 2
oTBevarLmnmn 3a ee cuHTte3 (Lai et al,
2002).
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CernbCKOX03MCTBEHHbIE U MULLEBbLIE HYXXAbl

1. [aBaTb MHOrO
MOJ10Ka, MSIca,
LLIEePCTU, UKPLI, U T.A.

He bonetb
BbITb CUMbHBLIM
Mano Kywatb
bbIiCcTpo pactu

XopoLuo
pa3MHOXaTbCH
(onuMoHarbHO)

o U AWwN




COUNTERTHINK \FISHING FOR GM SALMON”

THAT’S THE NEW
GENETICALLY MOPIFIEP
GROWTH HORMONE
SALMON APPROVED BY
THE FPA. IF YOU CAN EVER
CATCH ONE, WE'LL EAT FOR

A MONTH.
"?




CenbCKOX03AANCTBEHHbIE U MULLIEBbLIE HYXKAbI
HOW THEY COMPARE

TRANSGENIC PIGS
more lean - less lal

Control Trunsgenic



JCTeTNYECKOoe yOOBONbLCTBUNE




DCTEeTUYECKOe yOOBOSbLCTBUNE




MopanbHo-3Tu4eckue rnpobnemsl, BCTatoLme
Ha NyTWU TPaHCreHHbIX NccnegoBaHUin

TpaHcreHes n 6MOTEXHONMOMMN AatoT HaM KOonoccanbHOEe KONMYECTBO HOBbIX
BO3MOXHOCTEN, TakuX, Kak nodeaa Haj ronoaom, npeaoTBpalleHne onacHbIX
3aboneBaHun n 1.0. OgHaKo, Ha YM NPUXOAAT HEKOTOPbIE BOMPOCHI, Takne Kak:

* He pa3mbiBaeM N Mbl TPAHNLY mexXady pa3/IM4HbIMN BUOAAMU HKUBOTHbIM,
CO34aBaA MCKYCCTBEHHDbIE KOM6MHaLI,MI/I NX FreHOTUNOB?

* HaHOCAT M TpaHCreHHble OpraHM3Mbl Bpea, 340P0BbI0 (CBoeMy MK
OKpYKatoLwmm)?

e KaKux nocneactBumM MOXKHO OXKUAaTb, €CAIN TPAHCTEHHbIE OPraHM3Mbl «BbIPBYTCA»
n3 nabopaTopHbIX ycN0BUN?

*  Jl1O0NXHbl N Mbl BBOAUTb Kakue-nnbo orpaHn4yeHnAa Nam mopaTtopmn Ha
NUCNnosib3oBaHMe TPAHCIeHHbIX TEXHOIOTUIN?

* [pununHaem nm mbl 601b M CTPaAAAHUA CO3A4AaHHbIM HAMK cyllecTBam (XMmepam u
T.0.)°

e Ecnu TpaHCreHHble BMewaTenbcTBa byayT NpoBOAUTLCA Ha YENIOBEKE, MOXKHO /1N B
TAKOM C/ly4yae cYMTaTb PE3YNbTUPYHOLWMIA OPraHN3M «HENOBEKOM» ?

* W mHOroe gpyroe..
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KoHpepeHu-3an Lul

ny61mnYHas 1ekyms

«MoneKynapHbIie meToabl aHasuU3a
CTPYKTYPHO - PYHKLIUOHASIbHOU
opraHusauum reHoe U reHoOMosB

(Ha npumepe BbLICWUX PACTEHUM >

XnecrkurHa E.K.
WL CO PAH




