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MaHUNIVASIUY C pAaHHUMY SMOPMOHaMU MbIIIN
IJISI CO30aHMsI TeHeTUYeCK MOANQPUIIIPOBAHHBIX

JKNIBOTHDBIX

A.H. Kopabaes! @, I1.A. Ceposal, B.B. Ckpsa6un?

T DepepanbHbIit cCnefoBaTeNbCKiN LeHTP UHCTUTYT LMTONOTUM 1 reHeTHKN CUBMPCKOro OTAeneHns POCChitckol akaaemnu Hayk, HoBocubupck, Poccus
2 Bectdanbckuin yHuBepcuteT uMeHn Bunbrenbma, MeANLIMHCKNIA GaKynbTeT, CEKTOP TPaHCTeHHbIX XKUBOTHbIX, MioHCTep, lepmaHmna

3a nocnegHee BpemMs TEXHONOMUN peaakTUPOBaHKA reHoMa CTanu
60nee 3¢pPeKTUBHBIMU 1 JOCTYNHBIMU. OTKPbITME HYKeas Afis Ha-
npa.fieHHoro pepaktTnupoBaHua reHomos (CRISPR/Cas9, TALEN, ZFNs)
3HAYMTENbHO YCKOPWIO 1 YNPOCTUIIO NOJTyYeHNe MblLlel C afpecHbl-
MM HanpaBneHHbIMW U3MEHEHMAMM B reHoMe. B HacToswee Bpems
Hanbonee nonynapHon cuctemoit asnaetca CRISPR/Cas9 6narogaps
CBOel NpocToTe 1 BbICOKOW 3dpekTnuBHocTU. TexHonoruo CRISPR/Cas9
3bPeKTUBHO NCMONB3YIOT AN1A «HOKAYTUPOBaHNA» FeHOB, NMOyYeHNs
MaCLUTaOHbIX AeNeLnin UM HanpaBeHHbIX MHCEPLUIA B LIENEBbIX
yyacTKax reHoMa Ha SMOPVOHaNbHbIX CTBOMOBbIX KneTKax (3CK).
TaKkune reHeTnyeckn moanduumpoaHHble ICK nocne NHbekummn nx B
NnonocTb 651aCTOLMCT CNOCOOHBI FreHEePUPOBaTb PA3BUTUE U POXKIAEHUE
XVIMEPHbIX XMBOTHbIX, Y KOTOPbIX YaCTb FAMET MMeET UAEHTUYHBbIN
reHoTvn 3CK. Takum 06pazom, cpefm NoTOMCTBa XMMEPHbIX XMBOT-
HbIX POXKAAIOTCA MbILIN C MOANPULIMPOBAHHBIMU reHoMamu. HegaBHoO
TexHonorua CRISPR/Cas9 6bina ycnewHo npriMeHeHa Ha 31rotax, Yto
CYLLECTBEHHO COKPATUSIO BPEMS MONTyYEHUS XKMBOTHbIX C HeobXxoau-
MbIMV FEHETUYECKUMY MoAMMKaLMamnU. HecMOTpA Ha To UTo coBpe-
MEHHbIe TeXHONOTUY pPefakTPOBaHNA reHoOMa yNpoLLatoT NonyyeHne
reHHO-MOAUPULINPOBAHHBIX XNBOTHbIX, JaHHAA TEXHOMOI A OCTaeTCA
CNOXHOW B BOCMPOU3BEAEHNM U UMEET MHOXECTBO TOHKOCTEN 13-3a
METOLOB 1 TEXHUK paboTbl C paHHUMYK SMOproHamu. BcnencTeure
3TOro ANA uccnepoBatens, paboTatoLero B 061acTv NonyyeHnsa reHHo-
MOANPULNPOBAHHBIX XMBOTHbIX, BaXKHO VCMOMb30BaHNe COBPEMEH-
HbIX TEXHOJIOT I 11 COBEpPLUEHHOE BlafieHre SMOPMOoNornyeckumm
TeXHUKamu. B HacToALel cTaTbe onrcaHbl MPOTOKOSbl MUKPOUHbEK-
L B MPOHYKNEYC NN LMTOMNMNa3My 3UroT, NOAroTOBKa pacTBOPOB AN
MUKPOVHBEKLMY, a TaKxKe MeToabl uHbekuymn ICK B nonoctb bnacto-
umncTbl. MoMUMo 3TOro, NpriBeeHbl MPOTOKOSbI AN paboTbl C MblLUa-
MU, @ UMEHHO: CynepoBynALMA 1 MOArOTOBKa FOPMOHOB, NOJlyyYeHne
3MOPUOHOB HA PaHHUX CTAAMAX (3UrOTbl 1 611ACTOLMCTbI), MOATOTOBKA
Ba3eKTOMVPOBaHHbIX CAMLIOB 1 CYppOraTHbIX MaTepen, TpaHCnaHTa-
L5 SMOPUOHOB B ANLEBOS UK MaTKy. OTaenbHO NpUBOAMTCSA cOopKa
1 HeobXOAVMblE COCTABMAIOLLME HAPKO3HOrO annapata Anis nsodnypa-
HOBOrO HapKO3a 1 NpoBefeHue obLlein aHacTe3nn.

KnioueBble cnoBa: TpaHCreHes; MHbeKLUA B 3UroTy; SMOprIOHanbHble
ctBonoBble KneTkn (3CK); nHbekumsa ICK B Gnactouncty;
TpaHCnnaHTaymsa sSMOPMOHOB.
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Manipulations with early
mouse embryos for generation
of genetically modified animals

A.N. Korablev! ®, LA. Seroval, B.V. Skryabin2

TInstitute of Cytology and Genetics SB RAS, Novosibirsk, Russia
2 University of Muenster, Faculty of Medicine, Transgenic animal
and genetic engineering Models (TRAM), Muenster, Germany

Recently, genome-editing technologies have become
more efficient and accessible. The discovery of nucle-
ases for directional genome editing (CRISPR/Cas9,
TALEN, ZFNs) significantly accelerated and simplified
the production of mice with targeted gene editing in
the genome. Until last time, the CRISPR/Cas9 system
noticeably simplified the preparation of knockout

or transgenic mice. CRISPR/Cas9 technology was
successfully applied for gene knockout and knock-in,
generation of large deletions or directed insertions

in targeted genome regions in embryonic stem cells
(ESCs).When injected into blastocysts, such modified
ESCs are able to generate chimeras producing gametes
with an identical genotype with ESC. Thus, it can iden-
tify animals with modified genomes. More recently,
CRISPR/Cas9 technology was successfully applied to
mouse zygotes and the birth of genetic modified mice
was observed, i.e., the time required for generating
genome-modified animals decreased significantly. The
CRISPR/Cas9 system allows making gene knockout,
large deletions or directed insertions into the target
region of the genome by cytoplasm or pronuclear
microinjection into zygotes. In addition, this is faster
and simpler than similar work with mouse ESCs. Mean-
while, methods of manipulation with early embryos
and their transplantation to surrogate mothers may
be somewhat tricky. Therefore, it is important to use
modern technologies for directional genome editing
and perfect mastery in the embryological technics. In
this article, we describe the protocols of microinjec-
tion into the pronucleus or cytoplasm of zygotes and
injection of embryonic stem cells into the blastocyst
cavity. We also describe embryological methods, such
as superovulation, preparation of early stage embryos,
surgical operation, production of foster mice. In addi-
tion, we describe the assembly and necessary com-
ponents for the isoflurane anesthetic apparatus and
isoflurane anesthesia.

Key words: transgenesis; zygote injection; embryonic
stem cells (ESKs); injection of ESKs into blastocyst;
embryotransfer.



MOCJIC/IHEE BPeMsl C MOSIBIICHUEM HyKJIea3 Ui pellak-
tupoBanusa reHoMoB (CRISPR/Cas9, TALEN, ZFNs)
3HAYHUTEITFHO YIIPOCTHIIOCH TIOTyYCHUE MBIIIICH C HAIIpaB-

JICHHBIMH M3MEHEeHHsIMHU B reHoMme (Sung et al., 2013; Yang et

al., 2014). OgHaxo MaT0 M3MEHIJIICH CTIOCOOBI MAHUTTYIIS TN

¢ SMOpHOHAMHU U PabOTHI C JKUBOTHBIMH, TIOITOMY TaKHE Me-

TOJIbI MOTYT OBITh OJIHUMH U3 JIUMUTUPYIOIINX B TOJYYCHUU

HOKAyTHBIX U TPAHCTCHHBIX MBIIICH.

Krnaccudecknm myTeM MOTYUYCHHS MBIIICH C IICTCBBIMA
MOJM(PUKAIUIMHI TeHOMA SIBIIICTCS] HHBEKIUS 3MOPHUOHATb-
HBIX CTBOJIOBBIX KiIeTKOK (DCK) B momocTh 01acTONHCTHI
U poxaeHue xumep. [IepBbIM ImaroM K pa3BUTHIO TaHHON
TexHonoruu 0nu10 BhieneHue DCK u3 BHyTpeHHEH KIeTou-
HOW Macchl OMacTOmMCTHI (cTaguu 3.5 THS 1MOCiie KOUTyca)
(Evans, Kaufman, 1981; Martin, 1981). 3arem B 1984 1. ObL1a
MOKa3aHa BO3MOXKHOCTB IOJTyYCHHUS] XUMEPHBIX MBIIICH ITyTeM
nabeknnn DCK B momocTh GacTomucT. XUMepHBIE KUBOT-
HBIC, B CBOIO OYepe/b, CIIOCOOHBI MPOMYIIHUPOBATh TaMETHI
rerotuna, uaeatnanoro DCK, u TeM caMbIM nepeiaBaTh ero
nmotomkaM (Bradley et al., 1984). Bckope Oplia ocytecTBieHa
TOMOJIOTHYHAs peKOMOMHANus Mexy 3k3orerHoit JJHK u
suporenHoit JIHK xpoMocombl B KJIeTKaX MIIEKOTTHTAIOIINX
(Lin et al., 1985). Bce 3T0 M03BOIMIIO TOXYYHUTH TIEPBYIO HO-
kayTHyo MbInb 3 JCK ¢ mHCceprueil pekoMOMHAHTHOM
JIHK (Hecy1ueil cenleKTUBHBIN I'eH) B 11€JI€BOW T'eH IyTeM HX
WHBEKIUH B TTOJIOCTH OJACTOIMCTHI IS IOy ICHIS XUMEPHBIX
MbIieit. [ToToMCTBO, TOTyYeHHOE OT XUMEPHBIX MBIIICH, M-
JIO HOKayTHYI0 MyTaruio B 1eineBoM reue (Capecchi, 1989).

[TocTeneHHO MaHHAsT TEXHOJOTHUS COBEPIICHCTBOBAIACH
W, 4YTO Ba)KHO, HE TIOTEPsUIa aKTyaJIbHOCTH M CerofHs. Tak,
Hanpumep, NpuMeHeHue nbe3oapenu npu uabenun ICK B
6IacTONMCTY 3HAYUTENBHO YIPOCTHIIO TEXHUKY WHBEKIINN
OCK B monocts 6macromumctsl (Kawase et al., 2001). [Tozxe
ObLI pa3paboTaH TPYI0EeMKHii, HO 9 GEeKTUBHBINA METO/| TETpa-
TJIOWUTHOW KOMITJIEMEHTANH (MHBEKITUU TATIONTHBIX DCK
B TETPAIUIONIHBIC OJIACTOIHUCTHI), KOTOPHIHA TO3BOJISCT ITOITY-
4aTh POKICHNAE TCHETHYCCKH MO (DUIIPOBAHHBIX KHBOTHBIX,
Pa3BHUBIIHXCS U3 HKCIICPUMEHTATBHBIX OJIACTOINCT, MMEIOIINX
rerotun auuionaabeix DCK kirerok (Wang, Jaenisch, 2004).

B crarbe (Dupont et al., 2017) ony0nuKoBaH HHTEPECHBIIH
croco® MOBBIMIEHUST YPOBHA XuMepm3Ma ¢ ydactueM JCK
nocpeacTBoM 0opadoTku Mopya (akropom FGF (fibroblast-
growth factor), koTopsblit cmemaet auddepeHnpoBKy Oac-
TOMEPOB B CTOPOHY (prbpobmacTa, 1, KaK CISACTBHE, KICTOK
BHYTPCHHEH KJIETOYHOI MacChl CTAHOBUTCS MEHbIIE. MHBE-
upoBaHHbIe B Takue omacroructel DCK ¢ 6onbiieit addek-
TUBHOCTBIO 3aCETISIOT BHYTPEHHIOIO KIETOYHYIO MAaccy, TeM
CaMBIM TIOBBIIIAFOTCS YPOBEHb XUMEpU3Ma 1 3PPEKTUBHOCTh
nepenaun renorurna ICK moroMkam.

Hpyro#i croco6 MoTydeHHus MBIIEH ¢ MOTUPUKAIISIMA
TeHOMa — MIPOoHYyKJIcapHas HHbeKIusA. Camast mepBasi TpaHC-
TeHHAsI MBIIIIb TIOJTyYeHA Iy TeM MUKPOUHBEKIIMU YK30TCHHON
JHK (Gordon et al., 1980). Cpenu pomuBmmxcst 78 MbIen
OBLTO MONTYYCHO NIBE TPAHCTCHHBIC MBI, OIHUM H3 TJ1aB-
HBIX HEJOCTATKOB JJAHHOM TEXHOJOTHHU SIBJISICTCS CITydyaiiHast
BCTpO¥iKa TpaHCTeHa B TeHoM (Smithies etal., 1985). B 1989 1.
BEITTOJTHEHA PaboTa, IEeThI0 KOTOPOi OBLIO MOTYYCHUE MBITIIH
C HaIpaBJIEHHOI MOIU(UKAIel B TeHOME ITyTeM HHBEKLIUH
JHK B mponyxkieyc (Brinster et al., 1989). B pe3ynsrare 0110
unbennpoBato 10602 3urotel, poaunock Meieit 1841, cpenu

[eHOMUMKa 1 reHHasA uHXeHepuns

Hux 506 HeCIU cIy4yailHy10 BCTPOIKY TpaHCT€Ha U JIUIIb OJTHA
nMena Hy)KHYTO IeJieByro Moangukamio B Jokyce MHC II,
YTO TIOKa3bIBACT HECOCTOATEIBHOCTh JAHHOTO MeToaa Oe3
MPUMEHEHHUS] COBPEMEHHBIX TEXHOJIOTHI 111 PEIaKTUPOBAHUS
TEHOMOB.

Jonroe BpeMsi eAMHCTBEHHBIM 3((eKTHBHBIM criocoOoM
MOJy4eHHs] MBILICH C 11eJeBBIMH MOAN(DUKALUSIMH Ie€HOMA
6 mHBEKIMA DCK B ONTOCTH 6IaCTONMCT M MOTyYCHHE
XUMEpHBIX MBIIICH. [laHHAS CHTyaluss W3MEHWIACH ITOCIE
OTKPBITUSI HYKJI€a3 JIJIsl HAlpaBJICHHOTO PelaKTUPOBAHHS
reHoMoB. Tak, B 2010 1. moka3zaHa BO3MOXKHOCTb ITOTyUCHHUS
HOKAyTHBIX MBIIIEH ¢ BRICOKOH 3¢ pexTuBHOCTHIO (20—75 %)
nyteM uHbekuun MarpugHoit PHK (MPHK) nyxieass! Ha
OCHOBE IMHKOBBIX MajblieB (ZFNs) B 3urotsr M (Carbery
etal.,2010). B 2013 r. mory4eHbI HOKayTHBIE MBIIIH C IPHUMe-
HenueM texnonorud TALEN nipu nomomu nabexkuun MPHK
TALEN B nutorurasmy 3urot (Sung et al., 2013).

HaubonpmuM ycriexoM B FeHHON WH)KEHEPUH CETOJHS
sisiercst oTkpbiTHe cucteMbl CRISPR/Cas9, npu nomorun
koTopo#t B 2013 1. OCyIIecTBICHO peJaKTHPOBAaHUE TeHOMA
MJICKOTIMTAIOIINX € BBICOKOH 3phexTrBHOCTHIO (Cong et al.,
2013; Mali et al., 2013). B 2014 . naHHasi TeXHOJIOTHs ObLIA
TIpUMEHEHA /IS IOy YeHN ST HOKAy THBIX MBITIEH TIPH TIOMOIIN
MHUKponHbeKIHH B 3uroty (Yang et al., 2014). C ucnons3osa-
HHEM MEXaHM3MOB T'OMOJIOTHYHON PEKOMOHMHAIIMY [TOKa3aHa
BBICOKas ()(PEKTUBHOCTD IIEIEBHIX BCTABOK B TCHOM MBIIIH
Ha oxHokierouHoi craguu (Chu et al., 2016; Raveux et al.,
2017). B uccnenosanuu (Boroviak et al., 2016), mocesiieH-
HOM XPOMOCOMHOM MHXXEHEPHH, TIPH TTOMOIIN TEXHOIOTUH
CRISPR/Cas9 myreM MHKpPOMHBEKIIMH B 3UTOTY OCYIIECT-
BJICHBI KpyITHOMAacITaOHbIE JIeJIeHUH y Mbleit. B cepun skce-
MIEPUMEHTOB YAJIOCH TTOJTyYUTh JICJICIIIH B TeHE THPO3UHA3HI
pasmepoMm 9.5; 65; 155; 5451 1.150 1. 11. 0. [loka3ana BeicoKast
YacTOTa MOJYYEHHs KMBOTHBIX C JIeJIeUel, HalIpUMep MpH
cos3manun aejgenuu 1.150 T.1. 0. ona gocturaina 30 %.

D¢ hexkTHBHOCTS NPUMEHEHNS JTAHHOW TEXHOJIOTHH Ha-
NPSIMYIO Yepe3 3UrOThl HE UCKIIIOYACT MOJYYECHUE MBbIIIEH
yepe3 TeXHONIOTHI0 XxuMep. [lokazaHa BO3MOXKHOCTD ITOITY-
yerns DCK MbIH ¢ OONBIIAMHU JACICHUSIMHU TIPU TTOMOIIA
CRISPR/Cas9. [us storo Obut paspaboran (Kraft et al.,
2015) 10-HeaenpHBIH TIPOTOKON IS IOy YSHHS dKUBOTHOTO C
nernereit, koropsii HazBaH CRISVar (CRISPR/Cas-induced
structural variants). IHTepecHbIM B 3TOM pabOTe SIBISIETCS TO,
YTO aBTOPHI TTOKA3aJIH BO3MOKHOCTH TIOIYYEHHUS HE TOIBKO
Oompmux genenni (1o 1.6 Mb), HO U AyTUTHKAIUI/ MHBEPCUH
LIEJIEBOTO y4acTKa.

MpoToKon TpaHcreHesa

Matepumanbi

* CO,-unxy6arop Shel Lab, Model NO: 2123-2 unu anano-
TUYHBIH.

e uBeprupoBannsiii Mukpockorn (Olympus IX71) ¢ unrep-
(bepeHIoHHOM onTrKoi HoMapcKoro Mitd aHaIOTUYHBIH.

o I'mmpaBnndeckne MaHUIYAATOpH! Narishige vm aHaormd-
HBIC.

* MukpouHbeKIMOHHBIN mnpuil Narishige (MacisiHbIi) W
AQHAJIOTMYHBIH.

e Kommpeccop Transjector 5246, Eppendorf nim ananoruy-
HBIH.
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¢ Crepeomukpockor Olympus SZX10 viu aHaTOTUIHBIH.

* Crepeomukpockorn Olympus SZ wimm aHaJIOTHIHBIH.

e Hapxo3Hblii anmapar Ha OCHOBE HCTIAPHUTENS H30(ITypaHa
TEC3.

e ITymmep (P-1000, Sutter Instrument Co.) ¥l aHATOTHIHBIHA.

¢ Crexssannble kanwursips! (Harvard Apparatus, GC100-15).

* [Ibe3zonpeins PiezoDrill Burleigh wmu ananornvnas.

e Ilenrpudyra Centrifuge 5810 R, Eppendorf nnn anano-
THYHAS.

e Omnpenenurens 3cTpyca y Mbliiieit — Mouse Estrus Detector
(MEDpro 100, ELML, JlatBus).

e Jlepxarens (xonnep) Eppendorf VacuTip (Catalog Number
930001015).

e Urna nns wapexnun kietok TransferTip (ES) (Catalog
Number 930001040).

e Cpepna juis KynsruBupoBanus M2 (Sigma, M7167).

e Cpena s KyasTuBupoBanus M16 (Sigma, M7292).

* MunepanbHoe Macio (Sigma, M8410).

e T'manyponunaza (H4272, Sigma-Aldrich).

e PMSG (®ommuron (Folligon), Mutepser Uatepuenmn b.B.,
Hwunepnanner), BeTepuHapHbIi npenapar.

e hCG (Xopyson (Chorulon), Uarepser Unrepuemnn b.B.,
Hunepnannabr), BeTeprHAPHBIHA ITpernapar.

e ['ubpunusle MM nepBoro nokosienuss C57BL/6 x CBA
(B6CBAF1) wim C57BL/6 xDBA/2 (B6D2F1), camkn,
BO3pAcT /1Ba MECsIIa.

e Mbpimu auauu C57BL/6, caMIibl.

e Mbpimu auauu CD-1, caMIibl U caMKH.

C6opKa HapKO3HOro annapara

Ha ocHoBe ncnaputens nsodpnypaHa TEC3

Ucnapurens TEC3 nmeet kamepy, B KOTOPOI MTPOMCXOINT HC-
napenue n3oQurypana, 1 B 3aBUCHMOCTH OT TIOTOKA BO3/yXa,
KOTOPBII TPOXOIUT Yepe3 ammapar, MOKHO peryaupoBaTh
KOHIIEHTPAIINIO aHECTETHKA B BHIXOSIIEM BO3IyXeE.

Jnst cOOpKHM HapKO3HOTO amrapara, IOMHMO CaMoro Hc-
MapyuTess, He0OXOIMMbI BO3AYILHBII KOMIIPECCOP, POTaMeTp
(c BO3MOKHOCTBIO PETYIHPOBATh BO3ILYNIHBIH MOTOK OT 0 110
1000 mut/MHH), CHITMKOHOBBIE TPYOKH, ITPO3padHast MIIACTHKO-
Basi MHAYKIMOHHAsI KaMepa M MackKa Juisi Hapko3a. B kadecTtse
KOMITPECCOpPa MOXKHO HCITOJIB30BATh aKBAPHUYMHBIH KOM-
Ipeccop ¢ PaBHOMEPHOW Mojadell Bo3ayXxa M MPOM3BO/HU-
TenbHOCTHIO 400 J1/MUH MK OoJiee (HarpuMep, KOMIIPECCcop
Tetra APS 400). BmecTo xoMITpeccopa MOXHO UCTIONB30BaTh
0aJuIOH CO CKaThIM BO3AYXOM. JIsl MHAYKIIMOHHON KaMepbl
XOPOLLO MOAXOAUT IUIACTUKOBBIN MUILIEBOU KOHTEUHED, a IS
MAacCKH — OTHOPa30BbIi mmpui 06bemMom 20-25 mir.

IMocaenoBarenbHOCTH MOAKIIOYEeHHsI. K BBIXOMHOMY
OTBEPCTHUIO BO3/IYITHOTO KOMITPECCOpa MPUCOCANHUTE BXOI-
HOM pa3peM poTaMeTpa Yepe3 CHIIMKOHOBBIM ILIJIAHT, Aajiee
K BBIXOJTHOMY OTBEpPCTHIO POTaMETpa MOIKIIOUUTH BXOJHOE
OTBEPCTHE UCTIAPUTEIS Uepe3 CHIIMKOHOBBIHN 1ITaHT. K BeIXOA-
HOMY OTBEPCTHIO UCTIAPUTEIS IPUCOEAUHUTH CHIIMKOHOBBIHT
IIJIaHT, Yepe3 KOTOPBIH OyJeT MoCTynarh CMECh BO3IyXa C
n30(IypaHoM K )KUBOTHOMY.

Jlnist M3rOTOBJIEHUSI MHAYKIIMOHHON KaMephbl B MHUIIEBOM
KOHTEWHEpe MPOCBEPIUTH OTBEPCTHE IS TTOAKIIOYCHUS
manra. Jis 3rotoBJeHUs] HAPKO3HOW MAacKM W3 MINpULa
YAAIUTh TOPIIEHb U UCIIOIb30BaTh TOIBKO HIMIIHH/P KOPITYy-
ca. llInpum nMeer ynoOHBII HAKOHEYHUK, TIOIXXOASIINN IS
760
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MPUCOEANHEHUS NIJIAaHTa; Ul yA00CTBa OIepalnuy IIpul]
MO>KHO IIPHKPEITUTH Ha TOHKYIO IUTACTUKOBYIO INIACTHHKY IS
WN3MEHEHHS TTOJIOKEHHS MBIIIN BO BPEMS OIICPaLIUH.

BAJKHO! Jlna cobmoodenus npasun 6esonachocmu nepco-
HANa HAPKO3HBILL annapam yCcmandaeiueams 6 NOMewjeHuu ¢
Xopouiel aKmueHOU 8eHMUNAYUEU UTU 8 BLLMANCHOM WKADY .

Hapkos

Omnepartust IPOBOANTCSI C HCIIOJIB30BAHHEM HHTAJISIIIMOHHOTO
n30(ITypaHOBOTO HApK03a. MBIIIIb [IOMENIASTCS B MHIYKIHOH-
HyI0 Kamepy (IapaMeTphl HapKo3a: MMOTOK Bo3ayxa ot 200 no
1000 mu/muH, KOHIIEHTpaMs u3o¢uypana 5 00., %). [Tocne
TOTO KaK MBIIIb 3aCHYJIA, TIEPETIOAKIIOYUTh IIAHT K HAPKO3-
HOW MacKe U BRICTaBUTH HOBBIE MTapaMeTphl HapKo3a (200 mi
MIOTOK BO3yXa M KOHIeHTpanus usodmypana 1.5-2.5 06., %.
Bo Bpewmst onepauuy BaXHO CIEIUTh 3a JABIXaHUEM MBbIIIH
U PeryaupoBaTh KOHILEHTpanuio mu3zodaypana. Kak Toiabko
MBIIIIb 3aCHET, IIPOBEPHUTH ITPH TIOMOIIH MTUHIIETa HAINYUE/OT-
cyTCcTBHE 00JIEBBIX peIeKCOB Ha 3aAHUX KOHEUHOCTX. [Tpu
UX OTCYTCTBHH HadaTh oneparuio. [IpenmymiecTsa JaHHOTO
HapKo3a — XOPOIIHMH BXO/ U BBIXOJ] ’)KUBOTHOTO M3 COCTOSIHUS
HapKO3a, JICTKOE YIIPABJICHUE €ro IIyOuHOU, 0€30MacHOCTh
Ipernapara 1 HI3K0e BIMSIHUE Ha BUTANIbHbIE (DYHKIUN.

MNoaroroBKa Ba3eKTOMUPOBaHHbIX CAaMLIOB

3a 1Be HeeNn A0 Havdasia SKCIIepUMEHTa He0OX0IUMO TTOT0-
TOBUTH 20 Ba3eKTOMHPOBAHHBIX caM1IoB JIHUK CD-1 (MoxkHO
HCTIONB30BaTh CaMIIOB APYTUX JIMHHUIA).

Bazektomusi. HapkoruszupoBars Mbib. [lonoxenue
MbIM: Ha cruHe. O6paborars onepanuonnoe noie 70 %
PacTBOPOM 3TUJIOBOIO CIIUPTA. BBINONIHUTE ONIEPEYHbIH pa3-
pe3 KOKHM B HWKHEH 4aCTH YKMBOTA, BBIIIE MPEMyIIHAIbHBIX
xkenes. Canderkoi, CMOYEHHOM CIIPTOM, YaJIUTh BOJIOCHI U3
OIIEPaIOHHOTO 107151, OCTaBILIHECs TIOCIIE pa3pesa.
BAJKHO! He nogpedums npenyyuanshsie sHcenezvl 60 8pemsl
onepayuu.

/Jlajiee BBIIIOJIHUTE IONIEPEYHBIN Pa3pe3 MbIILIEYHON CTEHKHU.
[TepemecTUTh CEMEHHUKH B OPIONIHYIO MOJOCTb Ha/aBIIU-
BaHHEM Ha MOILIOHKY. B omepannoHHOM pa3pese HOIKHBI
MOSIBUTHCSI JKUPOBBIE KaICyJIbl CEMEHHUKOB. BhITaluTe oqux
U3 CEMEHHHUKOB 3a YKMPOBYIO KaIlCylly U3 ONEepaluOHHON
PaHBbI, 3aKPEIUTH HEOOBIINM 32)KUMOM, HAUTH U BBIJICIUTH
CeMsIBBIBOJAIIMMN ITPOTOK. [Iepexxeus mitn nepessi3arb IPOTOK
B JIByX MECTax (BBIIIIE 1 HIKE BBIXO/A MpoToKa). [Ipu mepess-
3bIBAaHNH HEOOXOIMMO YIAJIUTh Y4acTOK MEXX/Ly y3JI0B. Jlyumie
UCIIOJIb30BaTh METOJI MEPEKUTaHMsl, TaK KaK OH ObICTpee U
yaoOHee, YeM NepeBsI3bIBAHNE, a TAKKE MEHEE TPABMATHUCH.
JL1s mepexuranus CEMEHHOIO KaHATHKA MOYKHO HCIOJIb30BaTh
packajieHHbIE Ha CITUPTOBKE OpaHIIN MUHIETa WIIH MasuIbHUK
C HEOOJBIIINM YKaJIOM.

[Torpy3uTh CeMEHHHK C )KUPOBOH KariCyIoii 00paTHo B Oprom-
HYIO I0JIOCTb, BBIMOJIHUTH Ba3€KTOMUIO Ha BTOPOM CEMEHHH-
ke. [TocnoiiHo ymuTh paHy, CHauasla MbIIIEYHYI0 CTEHKY — KET-
TyTOM OZIMH-]IBa I1IBa, 3aT€M KO>KYy — KallpOHOM OJIMH-/Ba I1IBA.
BAJKHO! I[pu ywusanuu 6piowtHoll cmenKu He nospeoums
npenyyuanbhbvle dxcenesvl. Mzeneus Mbiiub U3 HApKOIHOU MACKU
U neperecmu 8 KJiemky.

PaccanuTh Ba3eKTOMHUPOBAHHBIX CaMIIOB 110 WHIMBHIY-
aNbHBIM KJIETKaM, IOACAIUTh IO OJHON-/BE CAMKH IS TEC-
TUPOBAHMUS.

Genomics and gene engineering
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Cyneposynauunsa

MpenapaTbl 411 CynepoByALMN

o «Dommron» 1000 ME/5mi, cootBercTByeT PMSG.

e «Xopynon» 1500 ME/5mn, coorBerctByer hCG.

Pa3BefieHne NpenapaTos

* Passectn «Dommuron»: oauH (HIIaKoH B 5 MIJI CTAHAAPTHOTO
pactBopurens. [lormyuennsle 5 M1 pacTBOpa J0BECTH JIO
20 M puznonornyeckum pactBopom. KoHeuHasi KOHIEH-
Tpanus npenapara 0.05 ME/mxr.

* Pa3Becty «XOpya0H»: 0MH (IIAKOH B 5 MJI paCTBOPUTEIIS.
[Monyuennsie 5 M pactBopa noBectH 10 30 Mt pusHoIo-
THYIECKUM pacTBOpoM. KoHeuHast KOHIIEHTpanys mpernapara
0.05 ME/mxt.

 [lpenaparbl pachacoBarb, XpaHUTh MIPU TEMIIEPATYpe OT
—70 mo —80 °C. HemocpencTBeHHO TIepen MpUMEHEHUEM
TIpenapaThbl pa3MOPO3UTH U JIEPKaTh Ha JIbY 10 MHBCKIIUH.
[ToBTOPHO 3aMOpPaXKMBATh HENb3S.

Cxema cynepoBynsaLmm

e Bmepssiii 1ens B 16:00— 7.5 ME (150 mxit) PMS Ha MbIIb.

e HaTtperuii nens B 13:00— 7.5 ME (150 mxi1) hCG Ha Mbi1iib.

* Beuepowm, ¢ 17:00 go 18:00, camok moacaauTh K GpepTrih-
HBIM CcaMIlaM.

BAKHO! Iloocasxcusams camox no oOHot 8 KIemki K cam-

yam, a ne Haobopom. He pexomendyemcs menams nooCmuiKy

y camya 8 0eHb unu 3a 0eHb 00 NOOCAOKU CAMKU.

* ¥Y1pom, ¢ 9:00 no 10:00, mpoBepuTH CaMOK Ha HAJIUYUE
BarnHaAJIBHBIX MPOOOK. OTMEUaTh aKTUBHBIX CaMIIOB, BBI-
OpaxoBbIBasi HEAKTUBHBIX, CO3/1aBasi TEM CAMBIM TPYIITY
CaMIIOB € BBICOKHMM PEIPOAYKTUBHBIM ITOTCHIIUATIOM.

MoproToBKa cypporaTHbIX MaTepen

3a jeHb 10 JHS TPaHCIUIAHTAIMA SMOPHOHOB HEOOXOIMMO
MOZICA/INTBH T10 BE-TPHU caMKu JIMHUN CD-1 B KJIETKM K Ba3ek-
TOMHUPOBAHHBIM camIiaM. YTpoM, ¢ 9:00 o 10:00, npoBepurs
BCEX CaMOK Ha HaJIM4YKMe BarMHaJbHBIX NPOOOK, 0coleil ¢
MpoOKaMy OTCaJUTh B OTAEIBHYIO KICTKY. i1t yBeIndIeHus
3¢ pekTUBHOCTH HIMOpHOTpaHCchepa peKOMEH TyeTCs OTpee-
asth y camok CJI-1 actpyc npudopom Mouse Estrus Detector
(JTatBus).

WHbeKuus 3UroT B LUTONIa3My Unu NPOHYKIeyc
Moayuyenue 3uror. 6—10 cynepoByTHpPOBAHHBIX CaMOK
(B6CBAF1 wian B6D2F1) nogcaaute mo ogHOH B KICTKH K
camuam iuHuu C57BL/6 Ha HOYB (CM. OIMCaHue CYTIepOBYIIsi-
1w ). OToOpats 0cobeit ¢ BarmHaIIbHOM MPOOKOH. 3a0UTh MBI-
el TUCIoKanuel MeHHbIX MO3BOHKOB. V3BIeun SieBoabl
u nmomecTuTh B Karo 100-200 mxit cpeast M2. [Ton crepeo-
MHKPOCKOIIOM B KaIljie, IIPHAeP KNBast SSHIIEBO IOBEITUPHBIM
MUHLETOM, Pa30pBaTh aMITylly TPH ITOMOIIM MHCYIHMHOBOH
uribl. VI3 paspeiBa B KaIuiio CO CPeoi JOJKHBI BHIIACTD 3U-
TOTBI, OKPY>KEHHBIE KyMYITIOCHBIMH KiteTkamu. [Tocite Toro kax
3UTOTHI M3BJICYCHBI B KaILIIO, I00aBUTh THAypOHHUIa3y (U3
pacuera KOHEUYHOM KOHLIEHTpALUU FMallypOHUAA3bl B Karule
300 mkr/mim). KoHTpomupoBaTs TU3NPOBaHUE KYMYITFOCHBIX
KJIETOK TOJT MEKPOCKOIIOM. 3aT€M 3UTOThI OTMBITH ITOCIIE0-
BaTeJIbHO Yepe3 ABE-TPH Karin co cBexeilt cpenoit M2. Tocne
MIPOMBIBKH TTEPEHECTH 3UTOTHI B KAtk ¢ M 16 mon maciom u
nomectuth B CO,-MHKy0aTop 10 MOMEHTA HHBEKLIHUH.
IMoaroroBka UIJI AJ151 MUKPOUHbEKIUU. J{)1s M3roToBie-
HUSI MIJT MCHONB3YIOTCSl CTEKIIsTHHBIE Kanmmuisipsl (Harvard

[eHOMUMKa 1 reHHasA uHXeHepuns
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Apparatus, GC100-15), koTOpble OTTATMBAIOTCS Ha MyJUIEpe
(P-1000, Sutter Instrument) mpu clieAyIOMUX MapamMeTpax:
Heat 530, Pull 180, Vel. 60, Time 155, Pressure 200,
Ramp 508. ITosyyeHHble UIIBI 3aru0aTh 1O HYKHOTO yIiia
(35°) ma Micro Forge. I'oTOBBIE UTITBI MOYKHO XPaHUTH B Tep-
METHYHON KOpOOOUKe M3 IIIaCTHKA He OoJiee OJJHOM HeJel .

IMoaroroBka HHBEKIHOHHOTO pacTBoOpa. [lepes HauaoM
WHBEKINN HHBEKIIMOHHBIN pacTBOP OT(PUIBTPOBATH (MUKPO-
¢uneTp 0.22 MKkMm), otieHTpudyrupoBarh u pacdacoBarh
o 10-20 Mk (mpoOupku A pacTBOPOB MPOMBIBATh BOJOH
JUIS yIaJIeHUs] MUKPOTIBIIMHOK ITacTka). HemocpeacTBeHHO
TIepest 3aroTHEeHNEM HHBEKIIMOHHON UIIBI IPOOUPKY C pacTBO-
poM tieHTpudyrupoBarts mpu 2 °C 1 MaKCUMAaJIbHBIX 000pOTax
B TeueHne 10—15 muH. 3aTeM pacTBOp XpaHUTH Ha JIBY.

HNnbexnms. Mabveknuro HadynHate B 13:00, ontuManbHOE
BpeMsl JUIsl Pa3BUTHs IPOHYKJIEYCOB 3UTOTHI. B criennanbHyo
KaMepy € JTHOM U3 MPEAMETHOTO CTEKJIA TOMECTUTD Karllio
100 mkx cpensl M2. TIokpbITh CBEpXY MUHEPAIBHBIM Mac-
JIOM, TECTHPOBAHHBIM Ul pabOThI ¢ aMOpuoHamu (Sigma,
MS8410). 3anoMHUTS KaMUIAP U HHBEKITUH Yepe3 TOHKUNA
Hocuk (Microloader, Eppendorf) 2—3 MK/ MHBEKIMOHHOTO
pacTBopa.

PacrionoxuTh KaMepy 1Mo MUKPOCKOTI, YCTaHOBHTH XOJIZIEP
1 MHBEKIIMOHHYIO HITTy B (DOKYC, B Macjie OTJIOMUTh KOHUHK
UIJIBl ¥ BBIITYCTUTD Iy3bIPbKH BO3JyXa JIO MOSIBJICHHS pac-
TBOPA ITPH MOMOIIN MaKCUMAaJIbHOTO JAaBJIECHHS KOMIIpEccopa
(Transjector 5246, Eppendorf). IlepemecTnth X051/71€p 1 UIITY
B KaIlIIO CO CPEIoH.

ITomecTHTh 3MOPHOHBI B HIXKHUI MTOJTIOC KaIljlx, XOJIAEPOM
MpUCOCaTh 3UTOTY, IEPEMECTUThCS B IIeHTp. OnTHManbHOE
HHBEKIMOHHOE naBneHue B urojike 30-50 ITa.

JUis MHBEKINN B MPOHYKJIEYC NOBEPHYTh 3UTOTY TakK,
YTOOBI MTPOHYKIJIEYCHl OBUTH YIOOHBI JUIS MpoKoia. Mromka
U NPOHYKJIEYC (MYXKCKOHM IMPOHYKIIEYC JIyUIle MTOAXOIUT JJIst
WHBEKINH 13-3a OOJBIIETO pa3Mepa) JOIKHBI HaXOAUTHCS
B OAHOH mmockocTu. [Ipu3HakoM momnajgaHusi B MPOHYK-
JICYC CITY)KUT HEOOJIbIIOe ero yBenuueHue. Eciim MemOpana
MPOHYKJIEyCca He MPOTKHYTA, TO UTOJIKA OKPYyKeHa MEMOPaHOi
n HaOmonatoTes cepoodpaszHble MepeMEenIeHNsT OT KOHIIa
UTOJIKM K €€ Haualy. B Takom cilyuae MOXXHO IPOTKHYTb
MPOHYKJIEYC HACKBO3b M BEPHYTh MI'OJIKY OOPaTHO B €T0 TO-
noctb. [ocne yBenuueHns IpoHyKJeyca BHITAIUT HTIOJIKY,
MePEeMECTUTh WHBELUPOBAHHYIO 3UTOTY B BEPXHUI IOJIOC
1 MOBTOPUTH INpOLENypy € HOBOM 3uroroil. Hempuroansie
9MOpPHOHBI (HEOTUIOAOTBOPEHHBIE, (PPArMEHTUPOBAHHbIE MITH
3UTOTBI C TPEMs IPOHYKJIEYCaMH) TIEPEMECTHUTD B OT/IEIIbHYIO
TpyIIY.

[Tpu MHBEKINH B IIUTOIIIA3MY COOJIONATH TE XKe IIPUHIINIIBI,
YTO Y IIPU MHBEKLUH B IIPOHYKJIEYC. XapaKTepPHbIM IIPH3HA-
KOM YCHENTHON MHBEKIIUHU SBISIETCS JTIOKAIIbHOE Pa3psKEHUE
IIUTOILIAa3MBI B 001aCTH KOHIIA Hroiku. [Ipn HeynadHol HHB-
eKI[MM UTOJIKa OKpY)KeHa MeMOpPaHOIl U ITPOUCXOAsT cdepo-
o0pazHbIe TIepeMeIieHHs OT KOHIIa UTOJKH. B Takol cuTyarmm
HEOOXOANMO MPOTKHYTH 3UTOTY 10 ITPOTHBOIIOIOKHOHN CTEHKH
Y BEPHYTh MI'OJIKY OOpaTHO B LIUTOILIA3MY.

Iocre Toro Kak Bce 3Ur0Thl HHBEIIMPOBAHBL, EPEMECTHTh
UX B Kamu co cpenoit M16 B CO,-uHKyOarop u ocTaBUTh
KyJIETUBUPOBAThCSl TPUMEPHO Ha OJMH yac. [locne KynbTu-
BHPOBAHUS COPTHPOBATh BBDKUBIINE 3UTOTHI OT IOBPEXK-
JICHHBIX.
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Manipulations with early mouse embryos
for generation of genetically modified animals

TpaHcnnaHTauma SM6PUOHOB B BOPOHKY AliLleBOAa
Tpancniuanranusa. Hapkotuszuposars Mblb. [lonoxenue
MBIIIK: Ha kuBoTe. OOpaborars oneparonHoe noie 70 %
PacTBOPOM THUIIOBOTO CIIMPTA, YIAJIMTh U3JIHIIKHU CITUPTA Call-
(heTkoi. BBITOTHNUTE MOTIEPEUHBIH pa3pe3 KOKU B MTPOCSKIINT
neBoro sinuHuka. CandeTkoil, CMOUCHHOW CIIMPTOM, YIAAJIHUTh
BOJIOCHI, OCTABIIHECS IOCIE paszpe3a. Pacceub MBIIIETHYTO
CTEHKY, pa3pe3 BHIIOIHUTD HaJT )KUPOBOW KaIICyIIOH SIMIHUKA
(>krpoBas Karcysa U SIMYHUK XOPOIIO BUIHBI Yepe3 TOHKUH
cioit mpr). [TuHIe ToM M3BIIEYH 32 KUPOBUK SHIHHUK, SHTIC-
BOJI M HAUAJIbHYIO YacTh pora MaTku. HebonmpImmm 3axnmMom
3a JKMPOBYIO Karcyiy 3apMKCHpOBaTh OPraHOKOMILIEKC B Ha-
MPaBJICHUH T03BOHOYHHUKA NEPIIEHIUKYISIpHO. [oz Karncymoit
si1ieBo/a (Karicysa epexouT ¢ SITYHMKA Ha SIMIIEeBO/T) HAlTH
BOPOHKY 1 ammyity. Karcyna sifiieBosia npoHn3aHa KpOBEHOC-
HBIMH COCYZIaMH.
BAJKHO! Hatimu amnyny aiiyesoda, yoeoumscs 8 HaIuduu 6
Hell COOCTNBEHHBIX IMOPUOHOS. AMnyaa asraemcs 0ocmosep-
HbIM AHAMOMUYECKUM Kpumepuem ogyiayuu. Moenmuguyu-
POBAMb BOPOHKY NPU NOMOWL O8YX H0GETUPHBIX NUHYEN OB,
AKKypammo Hadopeams Kancyny Hao 60POHKOU MeNCOy Kpo-
geHocHbIMU cocyOamu. TIpudepacueas 60pOHKY NUHYENOM,
86€CMU KOHYUK CIEKIAHHO20 KANWUIAPA 8 BOPOHKY. MeonenHo
6610yNb IMOPUOHDL 6 AUYEB00 00 NEPEO2O NY3bIPbKA.
AKKypaTHO BEpHYTh SMYHHUK B OPIOLIHYIO 1OJI0CTh. PaHy
MOCJIOMHO YIIUTh, MBIIIEYHYIO CTEHKY YIIUTH OTHIM-/IBYMSI
IIBaMHU KETTyTa, KOKY — OJHMM-JIByMs IIBAaMHU KalpoHa.
MplIeif TOMECTUTD B KJIETKH U CIIEANTH 33 TIPOOYKICHUEM.
Oco0enHocTH aHATOMUM siiineBoaa. VMHorna BopoHKa
SHLEBOAA 3aKperuieHa TIyO0OKO M HE ONpeNeNseTcs: yepes
Karcyiy. B Takom ciryyae Hy’)KHO H3MEHHTB XOJ] OTIEPALIH 1
MEePEMECTUTH OPIraHOKOMILIEKC B CTOPOHY JIEBOM HIKHEH KO-
HEYHOCTH. B JaHHOM cHTyally mojicaiKy SMOPHOHOB BBITIOJI-
HHUTB HE Yepe3 BOPOHKY SIHIIEBOIA, @ YEPE3 pa3pe3 ero CTCHKH.
Pa3zpe3s BeImonHsACTCS ciiemyommM odpasom. OnpenenuTs
MOJIOKEHUE aMITyINbl SHUIEBOA, BBIIIE aMITyNbl (MEXIY BO-
POHKOH ¥ aMITyJION) Ha M3TH0OE SHIIeBO/Ia TP TOMOIITH T1a3-
HBIX HOXHHI] paccedb CTEHKH, HE JOIyCKasl MOJHOTO ee
nepeceueHus. Pa3pes pomkeH ObITh MUHUMAIBHBIM U COOT-
BETCTBOBATh IMAMETPY KanmmuIapa. BCTaBUTh KOHUUK KarTuil-
Jsipa B pa3pes TaKuM 00pa3oM, 4TOOBI SMOPHOHEI ITepeMenia-
JIMCh U3 KalmuIspa B CTOPOHY aMITylibl. By Th SMOpHOHBI B
SIMLIEBOJ 10 TIEPBOTO ITy3bIpsl. Jlasiee onepanuto Ipou3BOIUTD,
KaK OIMHCAHO BBIIIE.

VlH'bEKLI,I/Iﬂ 3M6pVIOHaJ1beIX CTBOJ10OBbIX KJTIeTOK
B MOJIOCTb GNacTOLMNCTDI
MoaroroBka ICK mbimm. Kitletkn He0OX0qMMO BBIPACTUTD
3apaHee, U3 pacyeTa KJICTKH U3 OJHOW JYHKH IIeCTHIYHOU-
HOTO TUTAHIIIeTa Ha JACHb WHBEKIHNU. KIeTKH CHATH TPHUTICH-
HOM, EHTpH(YrHUpoBaTh, peCyCIeHANPOBaTh B 1 MII Cpeibl
U TOCTAaBUTH Ha JIeJ, MCIONb3ys CTaHAAPTHBIC METOABI U
MIPHUHITUITEI KYITBTYPaTbHOW PaOOTHL
BAJKHO! B oannom npomokoie onuculéaemcs UHbekyust 8
bnacmoyucmol Mvliel, UMEOWUX YepHbIll OKpAcC wepcmu.
Hosmomy Ons oyenxku xumepusma u nepedadu eeHOMUNA
DCK nomomemeay DCK dondichvl bbimb nomyuerst om mvluieil
OMAUYHOU OKpacKu (Hanpumep, om auHuu moiuteti 12951).
MMonydyenune 61acTOUMCT. BBIOTHUTE CyNepoOBYIISLIMIO
6—-10 camkam (B6D2F1), moxcaauth caMoK 1o ofiHOM K (ep-
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TUIIBHBIM caMiam Jinauu C57B1/6 (cM. onrcaHue cyrnepoBy-
nsinmn). bractonueTs! momyvaroT Ha 3.5 1€Hb 1ocie KouTyca.
Meliiieii 3a0UTh JUCIOKAIUCH ICHHBIX TO3BOHKOB, U3BJICYb
MarKy W HadaJbHBIA OTJENl BarMHAJIBHOW TPYOKH, yIAJIUTh
SAWIEBOABI. BBIMBITH 3MOPHOHBI ITPH MTOMOIIH IITIPUIA CO
CTOYEHHON MHCYJIMHOBOH MIIOW pacTBOpoM cpeabl M2 mox
CTEPECOMHUKPOCKOIIOM U3 poroB matku. CoOparh SMOPHOHBI
(6:1aCTOIMCTHI M MOPYITBI), IEPEHECTH B Karuté cpeast M16 u
KynsTuBHpoBath B CO,-HHKYOaTOpE 10 MOMEHTA HHBEKIHMH.
Mopyiibl OCTaBHUTh B OTJEIBHOM KaIlie, 3a BpeMsl KyJIbTHBHU-
POBaHMUS YaCTh U3 HUX CO3PEET /10 OIACTOINCT.

Nnbexkuus kierok. Uuvekuus CK npousBoauTcs B
CIIELMAJIbHOW KaMepe, JHO KOTOPOU BBIIIOJIHEHO U3 CTaH1apT-
HOTO IPEAMETHOTrO cTekna. Kamepy 3an0aHUTh CTaHAapTHON
Cpe/oit U1 SMOPHOHAIBHBIX CTBOJIOBBIX KiIeToK (MES growth
medium). YCTaHOBUTH XOJJEP U UIITY JUIsl MHbeKLuid. Pazoa-
BuTh DCK 10 ymoOGHOH MIOTHOCTH M MIPU TTOMOIIN aBTOMa-
THUYECKOH MHUIETKH TOMECTUTD UX B BAHHOUKY (B €€ MPaByIo
WJIH JIEBYIO CTOPOHY).

st Habopa KIIETOK B MHBEKIMOHHYIO HITY HMCIOIB30-
BaTh MaciisHBIN mmpui Narishige win aHaTOTMYHBIA, WY
MOJIHOCTBIO 3aIIOJIHUTh MaclIoOM. AKKypaTHO Ha0parh KJeT-
KH{ B WIOJIKY, 3aIIOJIHUB €€ 0 MaKCHMaJIbHO BO3MOXHOTO
KOJIMYEeCTBa (0 MOTEPH KOHTPOJISI KIETOK B UTOJIKE). 3aTeM
MEPEeHECTH HECKOJIBbKO OJIACTOIMCT B KaMepy. YioOHee Bbl-
MOJHATh MHBEKIUIO TP MTOMOIIN Mbe3oapenu. Hcmomb3o-
BaHHE IMbE30IPEIIH MTO3BOJISIET N30aBIATHCS OT HAJIMITIIAX
Ha MIVTy KJIETOK, a TaKXKe JIETKO IPOKAJIbIBATh OJECTSIIYIO
000JI0YKy M IPOHMKATh B MOJIOCTh OnacTonncTsl. BHe 3aBu-
CHUMOCTH OT TOTO, MCITOIB3YETCS MIIM HE UCIIOIb3YETCs TTbe-
30JpeJib, BAYKHO TOMACTh B MOJOCTh OJIACTOLUCTBI U BBECTH
10—12 kneTox.

OwmnbKoi sIBIISIETCS. BBEACHUE KIETOK MOA OnecTsIyro
0005104Ky. JlaHHYIO TIPOIICIYPY MOBTOPUTH C JPYyTrUMH Oja-
CTOIMCTAMH, TIOKA HE 3aKOHYATCS KJIETKH B urosike. MHbe-
MpoBaHHbIe 61acTonucThl noMecTHTh B CO,-HHKy0OaTOP.

TpaHcnnaHTauma SM6PUOHOB B MOJIOCTb MaTKM

3a 7Ba-TpH JTHS 10 TPAHCIUTAHTALMH YMOPHOHOB HEOOX0HU-
MO MOJCaTUTh MO ABe-Tpu caMku JuHuKu CD-1 B xietku
Ba3€KTOMHPOBAHHBIM CaMIlaM. YTPOM CJIEAYIOLIETO JAHS, B
9:00, mpoBepUTH BCEX CAMOK HA HAJIMYNE BarMHAIBHBIX ITPO-
00K, cCaMOK ¢ PoOKaMK OTCAIUTh B OTAECIBHYIO KIeTKy. Ha
BTOPO# JIeHb (Ha 2.5 MeHb MOCIe TMOKPBITH) CAMOK MOYKHO
UCTIONIB30BATh JUIS TPAHCIUIAHTAIIH.

HepBble 9Talnbl onepanun aHaJOrM4Hbl TPAHCIJIAHTAlUU
SMOPHOHOB B BOPOHKY siiieBosa. [Tocne n3BiedeHns opra-
HOKOMIUIEKCA ITPH TTOMOIIM HIJIBI MHCYJIMHOBOTO MINPUIA
ITPOKOJIOTH CTCHKY MAaTKH. 3areM BBECTU KalnnuJuisap B MOJIOCTh
MaTKHd U MEPEMECTHTh IMOPHOHBI. AKKYpPaTHO MOTPY3UTh
OPTaHOKOMIUTEKC B OPIOIIHYIO ITOJIOCTh U YIIUTD PaHy.

bnarogapHocTn

HccenenoBanms nomiepkaHbl OIOHKETHBIM ITpoekToM (Ne 0324-
2016-0002) 1 BBIIIOJIHEHBI C UCIIOIL30BAaHUEM 000PYIOBAHUS
LIKTI, moxnepxannoro Muno6puayku Poccnn (YHUKaIbHBIN
naentngukarop npoekra RFMEFI62117X0015).

KoHdnuKT nHtepecos
ABTOpBI 3asBISIIOT 00 OTCYTCTBUHM KOH(IMKTA HHTEPECOB.
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