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TpaduyuoHHas ceneKkyusi MUKpPOOp2aHU3MOo8

TpaganumoHHas cenekumnst MUKpoopraHn3mos (B
OCHOBHOM BakTepuun n rpnboB) OCHOBaHa Ha
aKcriepumMeHmasibHoM MymazeHese n ombéope
Hanbornee NPOAYKTUBHbLIX LUTAMMOB. HO 1 3aecb
€CTb CBOM 0COBeHHOCTU. [eHOM BakTepum
rannongHbln, Ntodble MyTauMn NPOSABNSAKTCA YXKe
B MEPBOM MOKOMNEHUN.

XOTS BEPOATHOCTbL €CTECTBEHHOIO BO3HUKHOBEHMUA
MyTauum y MMKPOOPraHM3MOB TaKas Xe, Kak U
BCEX Apyrnx opraHmnamos (1 mytauusa Ha 1 MIH.
ocoben No Kaxxgomy reHy), Ho O4EeHb BbICOKas
NHTEHCUBHOCTb Pa3MHOXEHUS JaeT BO3MOXHOCTb
HaWUTWU MNONE3Hy MyTaLUMIo NO MHTEPeCYoLeMy
nccnenoBaTens reHy.




TpaduyuoHHas ceneKkyusi MUKpPOOp2aHU3MOo8

B pesynkrate MckycCTBEHHOro MyTtareHesa u otbopa
Gblna NoBbllWEHa NPOAYKTUBHOCTL LUTAaMMOB rpuba
neHnumnna 6onee yem B 1000 pas.

[MpoayKTbl MMKPODMONOrnyeckon NPOMbILLIIEHHOCTH
NCNOSb3YyOTCA B XneborneyeHnm, NnMBoBapeHum,
BUHOAENNWN, NPUrOTOBITIEHUN MHOTMX MOJSTOYHbIX
NPOAYKTOB.

C nomMoLlbo MUKpOBUOoNornyeckomn
NPOMBILLIIEHHOCTM NOSyYatoT aHTUBNOTUKN,
aMWUHOKNCNOTbI, 6erkn1, rOPMOHbI, pasfnyHble
depMeHTbI, BUTaMUHbI U MHOTOEe ApYroe.

MwuKpoopraHnambl UCMOSb3YIOT ANA OMONOrMYeCcKou
OYMCTKM CTOYHbIX BOA, YNyYLLEeHUN Ka4yeCTB NoYBbI.




[eHHas uHXeHepusi

buomexHomno2usi — ncrnonb30BaHUE XUBbIX
OpraHnM3mMoB U Nx BMoONOrnyecknx NPOLIECCOB B
NPOM3BOACTBE HEOOXOAMMbIX YENOBEKY
BelwlecTB. ObbekTamm bnoTexHonornm
SABNSAOTCA DakTepumn, rpudsl, KIETKN
pacTUTENbHbIX N XXNUBOTHbIX TKaHeWn. Nx
BblpalUMBalOT HA NUTaTENbHbLIX cpeaax B
cneuunarnbHbIX buopeakTopax.

Hosenwnmmn metogamm cenekumm Milagros de Ia
MMUKPOOPraHn3MOB, PACTEHWUI U XKUBOTHbIX gt
ABNAIOTCH K/TIEMOYHas!, XpOMOCOMHAs U 2eHHas
UHXEeHEPUS.

[eHHas UH>XeHepusd OCHOBaHa Ha BblaeJieHUn
HY>XHOIo reHa nm3 reHoma ogHoro opraHm3mMma u
BBEOJEHNN €70 B TeHOM ApYyroro opraHm3ma.
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[eHHas uHXeHepusi
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«Bblpe3aHnn» reHoB NPoBOAAT C
NOMOLLbIO CrieunarnbHbIX
«FEHETNYECKMNX HOXHUNLY, PEPMEHTOB
— pecmpukmas, 3aTeM reH
"BLUMBAIOT" B BEKTOP — r1/771a3MuUQdy, C
NOMOLLIbIO KOTOPOro reH BBOAUTCA B
bakTepuio.

"BlumeBaHme" ocyulectendeTcs
NOMOLLBLIO ApYyron rpynnbl PepMeHTOB
— fiuz2as. ['lpnyem BEKTOp AOIMKEH
coaepxaTtb Bce Heobxoaumoe ans
ynpaerneHusa paboTton 3Toro reHa —
NpPOMOTOP, TEPMUHATOP, reH-
onepartop u reH-perynatop. Kpome
TOro, BEKTOP AOIMKEH coaepxaTb
MapKepHbIE reHbl, KOTopble NpuaarT
KIeTKe-peLuunmueHTy HOBblEe CBOMUCTBA,
NO3BOSIAIOLLME OTSINYUTL ITY KNETKY
OT UCXOOHbIX KITETOK.



[eHHas uHXeHepusi
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3aTeM BEKTOP BBOAUTCA B BakTeputo,
N Ha NnocneagHem atane oTouparoTcs
Te 6akTepun, B KOTOPbIX BBEAEHHbIE
reHbl ycrnewHo paboTator.

N3ntobneHHbIN 0OBbEKT reHHbIX
NHXXEHEPOB — KUWIEeYHas rario4yka,
bakTepus, XusyLlasi B KULLEYHUNKE
yenoBeka. VIMEHHO c ee NMomMoLLbio
nony4arwT 20pMOH pocma —
coMamompornuH, TOPMOH UHCYJIUH,
KOTOPbIN paHblUe nony4vyanu n3
No4XKenyao4HbIX XXefe3 KOpoB U
cBUHeEN, 6enok UHmMepghepoH,
NoMOrarLui cnpaBUTLCS C BUPYCHOWN
NHpeKUunen.



[eHHas uHXeHepusi
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baktepus Bacillus thuringiensis BblipabaTtbiBaeT 3HOOTOKCUH,

paspyLlaoLLnm Xenyook HaCeKOMbIX U COBEpPLUEHHO be3BpeneH angd
mriekonuTatowmx. M3 6akrepumn Bblaennnu 3ToT reH 1 BBENM €ro B B
nnasmmay nodseHHon baktepum Agrobacterium tumefaciens. 3Tou

bakTepuen bbinin 3apaxkeHbl KYyCOYKMN pacTUTESNTIbHON TKaHW,

BblpalliMBaeMomn Ha nuTaTenbLHOn cpeae.




[eHHas uHXeHepusi
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Uepes HekoTopoe BpeMs nrasmuabl, Hecylme reH 6enka-TokCmHa,

BHEAPUINCL B pacTuUTenbHble KNeTKn 1 reH sctpourica B JJHK pacteHun.
3aTeM U3 3TUX KYCOYKOB BbIPaCTUIIN MOSTHOLUEHHbIE pacTeHUd. ['yCceHunL bl

HaCEKOMBbIX Bpeﬂ,MTeﬂeVI normdanu Ha 3Tom paCTeHNI. OnncaHHbIM

NyTEM K HACTOSALLEMY BPEMEHM Nony4nnmn dopmbl KaptTodens, TOMaToB.,

Tabaka, panca, yCTon4mBble K pa3HOODpa3HbIM BpeaUTENSIM.
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UTO n3obpakeHo Ha pUCyHKe?
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MonekynsipHble buonoru nepegann BUHorpaay reH Mopo30yCTONYMBOCTU
OT AMKOPAaCTYLLEro poacTBEHHMKA KanyCcTbl Opokkonu. lNonyyeHue
MOPO30CTOMKOro coprta 3aHsano scero rog (Bmecto 30 neT). TpaHCreHHble
pacTeHus BbipallmMBalOT BO MHOIMMX cTpaHax mupa. Ha nepsom mecTte no
pasmMepy nnowagen rnog TpaHCcreHHbIMn pacteHmamm Haxogatca CLUA,
ApreHTtuHa n Kntan. bonbLie BCero 3emnm 3aaHMMarT TPaHCreHHble COoS,
KYKypYy3a, XNnOonok, parnc u kaptoderb.
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Mnowaaun nocesos
TPAHCreHHbIX KyNnbTyp
Bcero Puc. 92. CtpaHbl, BbipalwmBaioLwme TpaHCreHHbIe
63,2 mnu ra — pPacTeHus.

MpakTuyecku BCIO NNowaanb NOCEBOB TPAHCIEHHbIX
KyNbTyp 3aHUMAIOT reHeTUYeCKU MoandULMPOBaH-
Hble copTa 4YeTbipex pacTeHuin: cou (62%), Kykypy-
3bl (24%), xnon4yaTtHuka (9%) v panca (4%). Yxe

1% KTl Kamajia Apresviiiia CO3AaHbl CopTa TPaHCreHHoro kaprtodens, NoOMu-
3% 6% 229, nopos, puca, Tabaka, CBEKNbl U APYrux KynbTyp




N°17 FEPMAHMA
0,05 M/H FA

Kykypysa

N215
KONYMBMA
0,05 MIIHTA

Xnonox

I 14 segywnx CTpaH ¢ pa3enToi GMoTexHONOrMeNn BoipawnueatoT Gonee 50 ThiC. ra TPAHCreHHbIX PacTeHHi




[eHHas uHXeHepusi

1. Beipenenne OHK

3. PaamHOXeHue reHa

4. BeepgeHwue pacteopa ¢ [JHK
B ONNOLOTBOPEHHYIO
ANLEKNeTKY

5. AnuekneTKy TpaHcnnaHTupyoT
NPUEMHOW MaTepw, rae oHa
NPOAOINKAET pasBuTue

6. B noTomcTBe nosenseTcs
TPaHCreHHas ruraHTckas
MbiLUb, €CNW BBEAEH leH
ropmMoHa pocTa

2. BelpesaHue reHa
AHK

[lepeHOC HOBLIX FEHOB B
EHOM >XMBOTHbIX BO3MOXEH
C NOMOLLIbIO
MUKpouHbekumn JHK B
A0Pp0 anuekneTkn. Tak
NONYyYUnNu mpaHcaeHHyo
MraHTCKY Mbillb, KOTOPOW
BBESIN reH ropMOHa pocTa
KPbICHbl.







[lo0sedem umoeau:

OCHOBHble MeToAbl TPAANLMOHHOW CeneKkUnu:

[ubpudusauyus (ckpewusaHue) u ombop.

OCHOBHble MeTObl FEHHOW NHXEeHEepUN:

BbiOernieHUU Hy>XHO20 2eHa U3 2eHoMa 00HO020 op2aHu3Ma U 88edeHUU €20 8 2EHOM
Opy2020 ope2aHu3ma.

TpaHcreHHble OpraHn3Mbi:

OpeaaHu3mbl, 8 KOMOPbIe 88€0EHbI «4YXXUE» 2EHbI.

Kak Ha3biBaloTCA depMeHTbI ANS Bbipe3aHuAa U BLUMBAHUSA FEHOB?

«Bblpe3aHuu» 2eHo8 rnpoeodsim ¢ MoMoOWbio pecmpukmas, «swusaHue"
ocyuwiecmernsiemcsi ¢ MoMoWhbto fiu2as.

UTo Takoe BekTOp?

[1lnasmuda, ¢ MoMoWwb KOmMopoUl 2eHbl 88005IMCA 8 2EHOM Opy2020 op2aHuU3Ma.
UTo gormkeH cogepxaTb BEKTOP?

Bce Heobxodumoe 0ns yripaeneHusi pabomou 3moao 2eHa — rpoMomop,
mepmuHamop, 2eH-orepamop u 2eH-peayrnsamop. Kpome mozao, 6eKmop O0/KeH
codepxxamb MapKepHbIe 2eHbl, KOMopbIe rpudarm Kriemke-peuurnueHmy Ho8ble
ceolicmea, ro3eosiarwue omnau4ume amy Kriemky om UCXOOHbIX KITEMOK.

Kak nony4mnnu pacteHus , KOTopble HE MOTyT eCTb HacekoMble?

N3 bakmepuu Bacillus thuringiensis ebidernursu 2eH, paspywarouwuu xermyookK
HaceKkoMbIX U 88€es1U €20 8 rnnasmudy rnodyeeHHol bakmepuu. dmou bakmepuel 6biru
3apa)eHbl KyCO4YKU pacmumeribHOU mKaHU, ebipauwueaemMou Ha numamesibHou
cpede, U3 HUX 8bipacmuriu NMosIHOUEHHbIE pacmeHUs.



XPOMOCOMHas UHXXeHepUus
MemoObI XxpOMOCOMHOU UHXEeHepuu.

OO PEKTMBHO UCMNOMb3YIOTCSH B CENEKUUN PaCTEHUN.
Mbl y>ke 3HaKOMbI C Nony4YeHNneM rosiunioudHbIX pacTeHUN B
pesyrnbrate KpaTHOro yBermmyeHnss XpOMOCOM.
MeTton 3ameuweHHbIX JTUHUU OCHOBAH Ha 3aMeLLlEHNN OQHOM napbl
FOMOJSIOMMYHbIX XPOMOCOM Ha APYryio.
MeTton 0ornosiHeHHbIX fTUHUU OCHOBaH Ha BBEAEHUN B reHOTUN
PaCTUTENLHOIO opraHn3ma napbl Yy>XMUX roMOSTIOrMYHbIX XPOMOCOM,
KOHTPOSTMPYIOLMX pas3BUTUE HYXKHbIX NPU3HaAKoB. C NOMOLLLI 3TUX
METOAOB B pacTeHUsIX cobupatotca npusHaku, npubnmxarowme K
co3gaHuto «naearnbHOro copTay.
[lepcnekTnBeH memod 2ariyiou0o8, OCHOBaHHbLIN Ha BblpallBaHNU
rannounaHbIX pacTeHUn ¢ nocneayrLwmm yaBoeHNeM XpOMOCOM.
Hanpumep, BbipallunBaloT U3 MNblfibLEBbLIX 3€PEH KYKYPY3bl
ranfionaHble pacteHus, cogepxawme 10 xpomocom, 3aTem
XPOMOCOMbI yaBauBaroT U nonydvatoT gunnongHsie (10 nap
XPOMOCOM), MOSTHOCTLK MOMO3UIrOTHLIE pacTeHUs BCero 3a 2 — 3 roga
BMECTO 6 — 8 neTtHero nH6punaunHra.



I'IonyquMe nonuvniaongos

MeToa AoNONMHEHHbIX NNHUNA

MeTon 3amMeLleHHbIX NUHUA

MeTtoa rannovngoB




KnemoyHasi UHxeHepus
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MemoObI KriemoYyHoU UHXeHepuu CBA3aHbl C KyNbTUBUPOBAHMUEM
OTAErNbHbIX KIETOK B NUTATENbHbIX cpeaax, rae OHM o0pasyroT K/1emoYyHbIe
Kyrnbmypsbl. OKasanochk, YTO KIETKM PacTEHNIN U XUBOTHbIX, MOMELLIEHHbIX
B NUTaTENbHYO Cpeay, COAepKalllyto Bce Heobxoanmble Ans
XXN3HeOeATenbHOCTN BellecTBa, CnocobHbl AennTbes. KneTkn pacteHnn
obnapatoT eLle U CBOMCTBOM mMomurnomeHmHocmu, To ecTb Npu

OnpeaereHHbIX YCIoBUsSIX OHM cnocobHbl cdopMMpPOBaTh MNOMHOLIEHHOE
pacTeHue.
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KnemoyHasi UHxeHepus
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[TpogonxaeTtca paboTa no rmdbpunansaunm KNeTok, nosiyvyeHmne rudopmaom.
Hanpumep, paspaboTtaHa meToanka rmbpuamsaymm npoTonnacToB
coMaTM4eCKUX KNEeTOK. YOansTca KneToyHble 060N0YKMN U CnNMBakoTCS
NpOTOMNMacTbl KITETOK OPraHN3mMoB, OTHOCALLMXCS K pa3HbiM BUgam —
KapTodensa n Tomarta, S65I0HM U BULLHN.

[lepcnekTMBHO co3gaHue rmbpuaom, Npu KOTOPOM OCYLLECTBAETCH
rmopugnsauns numdgoumnTos, obpasyroLime aHTUTeNa, C pakoBbiMU
Krnetkamu. B pesyneraTte rubpmnaomel HapabaTbiBalOT aHTUTENa, Kak
nMMdounTbl, U «BeCCMEpPTHbI», KakK pakoBble KIETKN.




KnemoyHasi UHxeHepus

I'lepeca,qxa Anep COMmatTu4eCkmnx KneTok B ﬂﬁueKﬂeTKy v nony4yeHune ronoBactuka

1. SpuUTpOUUTLI KPOBMU 4. YpaneHue
aapa AVUEeKNeTKn

‘: n 2. N3snevyeHne aapa
' T N3 3pUTPOLITOB el 5. lpo6nexve

: "’} !4 ' @ -) " \ {
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A 3. BeeaeHwve sppa

; B ANLUEKNEeTKY Ha

= nepeow ctaguu menosa

A
"

NHTepeceH MeToA nepecankm saep coMaTUYeCKNX KNeTok B ANLEKNETKN.
Takum crnocobom BO3MOXKHO K/TOHUPOBAHUE KUBOTHbIX, MOMNy4YeHne
reHeTUYEeCKMX KONui oT ogHOro opraHnama. B HacTosLee Bpems
Nony4YeHbl KINTOHUPOBAaHHbIE NATYLLKW, NOMNyYeHbl NepBble pe3ynbTaThl
KNOHMPOBAHUS MJTEKOMUTAIOLLINX.




KrnemoyHasi uHxeHepus
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3apogbi Ha C'rap,uu g;.

8 bnacTtomepoB
Arperauus, obpasyeTtcsa
16 KNeToYHbIN 3apogbiLl
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K 3apopabiwy Ha cTaguu GnacTynel

3apo,qb|u.| Ha cTaaum
8 bnacTtomepoB

BBOAAT B MaTKy I'lpVIEMHOM mMmaTepu
rae OoHW NPOoAOIMKAKT pa3smnBaThbCA

OKpaCKa nonocarasi Unu NATHUCTasA, TakK Kak TKaHW MbiLLe MO3anyHbl

Bo3MOXHO crnimsaHne aMOpuUoOHOB Ha paHHUX CTaanSAX, CoO3daHne
XUMEPHbIX YXUBOTHbIX. Taknm cnocobom Obinu nonyyeHbl XMMepHbIie
MbILUW MPU CIINSIHUM 3MOPUMOHOB BEnbIX U YEPHbBIX MbILLUEN, XMMEPHOEe

XXVBOTHOE OBLa-Ko3a.



Icnonb3oBaHme KNEeTOYHbIX
KyInbTYp

[MonyyeHue rmbpmnaoom

KnoHnpoBaHue

CnusiHne amMOpPMOHOB,
Nofly4YeHne xmmep
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3a pon w Na r:ran @*. 3 pon I Ha cTaaun

Mepos

Arperauus, obpasyertcs
16Knerowbm 3apoppil
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Bapogbilum Ha cragum Gnal c'ry
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[loemopeHue. OCHOBHbIE MEPMUHbI MEMBbI.

Ha yem ocHOBaH MeToq 3aMeELLEHHbIX NTIMHUMN:

Ha 3ameweHuu oOHOU napbl 20MOJI02UYHbIX XPOMOCOM Ha Opyay!io.

Ha yem ocHoBaH MeToq AOMNOMHEHHbIX NTUHWUMNA:

Ha eeedeHue 8 ceHOomMur riapbl 20MOJI02UYHbBIX XPOMOCOM C HY)XXHbIMU
rnpu3Hakamu.

Ha yem ocHOBaH MeTo rannongos:

Ha ebipawueaHuu 2annoudHkIX pacmeHuu ¢ riocredyruwum yO8oeHUEM
XPOMOCOM.

Ha yem ocHoBaH MeTo Nofy4YeHUs NonunIonaos:

Ha ysenu4eHuu xpomMocoMHo20 Habopa, KpamHoe 2arsiouOHOMy.
Vicrionb3yemcs KOXuyuH.

UTO Takoe TOTUNOTEHTHOCTL?

Knemku pacmeHuu ripu ornpeoesieHHbIX yCI108USIX CI10COBHbI
cghopmuposamsp rMorIHOUEHHOe pacmeHue.

Kak MOXXHO Mcnonb3oBaTh KNETOYHbIE KYIbTYpbl?

M3 omOeribHbIX KIemoK MOXHO 8blpacmumb rOSTHOUEHHbIE pacmeHUs.



[loemopeHue. OCHOBHbIE MEPMUHbI MEMBbI.

Kak ncnonbsyetrca metoq co3gaHus rmopnaom?

Ocywecmerisemcs 2ubpudu3ayus Kremok pa3Hbix eudos, Harpumep,
numghoyumos, obpasyrowue aHmumeria, ¢ pakosbIMu Kriemkamu. B
pe3yribmame 2ubpudombl Hapabambsiearom aHmMumeria, Kak
numeboyumel, U «beccMepmHbl», Kak paKkoeble Kremku.

Kak ocyuiecTBnaeTcs KNoHNpoOBaHUE XUBOTHbIX?

510po comamu4yecKou Kriemku repecaxusaemcs 8 suUeKkrnemky, u3s
Komopou ripedeapumeribHO yoarsnusu 0po. SAuueKknemka akmusupyemcs
u riocrie Hadarna OpobrieHus rnepecaxkueaemcs 8 Mamky cyppo2amHou
Mamepu.

Kak MOXHO MosiyunTb XMMEPHbIX XXUBOTHbLIX?

Bo3MOXXHO criussHue ambpuoHO8 Ha paHHUX cmadusix. Takum criocobom
6b171U MOMyYEeHbI XUMEPHbIE MbILWU MPU CrIUSHUU 3MOpUOHO8 berbiX U
YepHbIX Mbilel, XUMEePHOEe XUBOMHOE 08Ua-Ko3a.



[lossicHUMe PUCYHOK:

I'Iepecap,Ka Afep COMaTu4eCKmnx KrneTok B ﬂﬁuexneTKy n nonyyeHwune rornosacTtuka

1. SpUTPOUUTBLI KPOBM 4. YpaneHue
aapa ANUEKNeTKn

. 2. N3BneyeHne sgpa
‘ N3 3pUTPOLIMTOB - 5. Apobnexne
EAYAOR" B

%@ 3. BeepeHve aapa
(n B ANLEKNETKY Ha
nepBoil CTaann Meiiosa




[losicHume pucyHKu:

9 XvmepHoe XUBOTHOE OBLa-Ko3a
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3apogabiw Ha CTaAMM g“ 3ap0,quLIJ Ha cTagun

8 bnacTtomepoB 8 bnacTtomepoB

. Arperauus, obpasyeTtcs
. ® 16 KNeToYHbIN 3apoabill

3apopbilwy Ha cTagum GnacTynbl
BBOAAT B MaTKy NPUEMHOIN MaTepu
roe OHW NPOAOIMKAKT pa3BUBaThLCA

OKpacxa nonocarasi Unv NATHUCTasA, Tak Kak TKaHW MbilLe MO3anyHbl




