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BBegeHue

agava j1ad0paTOPHOTO MPAKTUKyMa MO | eHeTH4eCKOW TOKCHKOJIO-

MU — 03HAKOMHTh CTYJEHTOB C METOJAMU BBISBICHHS M OLEHKHU

myTareHoB. Pa6ota nmpoBoautcs no turny YHWPC (yuebnas uccie-

JoBaTeNbCcKas padoTa CTyJAEHTOB) KaK MHJMBHUAYyaJbHOE U TPYI-
MIOBOE UCCJIEIOBAHHUE.

B Hauvasie mpakTukyMa CTYJEHTBI CaMU NPEIIAraroT XMMUYECKUI Mpe-
napar, FeHOTOKCUYHOCTh KOTOPOTO OHU XOTENM Obl OLEHUTh. Tak CTyneHTa-
MU U3y4YaJUCh Pa3IMYHBIC JIEKAPCTBA, Yal U COKU Pa3HBIX (PUPM, KOCMETHYE-
ckue mpenaparbl U np. HekoTopble cTyAeHThl OLIEHUBAJIN F€HOTOKCUYHOCTD
npenaparoB, ¢ KOTOPHIMU OHU PabOTAIOT MPHU BHITOJIHEHUU KYPCOBBIX U JH-
IUIOMHBIX paboT Ha apyrux kadeapax. [Iporpamma npaktukyma npeanosiara-
€T, YTO M3y4yaeMblil (DaKTOp MOCIEAOBATEILHO UCCIEIYETCs] Ha Pa3HbIX CTY-
MEHSAX TECTUPOBaHUA. Kbl CTYJEHT OLEHHBAET €ro N€HETUYECKUU IO-
TEHIIMaJ, a 3aT€M JaHHbIE, IOJYUYEHHbIA BCEH TPYNION, CYMMUPYIOTCS. JTO
MO3BOJISIET MOJIYYUTh OOBEM JTAHHBIX, TOCTATOUHBIN AJI1 MPOBEAEHUS CTATU-
CTUYECKON 00pabOTKH.

B KkOHIIE mpakTHKymMa CTYIEHTHl COCTaBISIIOT 3aKJIKOYEHHE O I'€HOTOK-
CUYHOCTH Tpenapara u Jal0T PEKOMEHAAIMU B OTHOIIIEHUU €Tr0 MPUMEHEHUS:
3alpeTUTh WIK OTPAaHUYUTh €ro NPUMEHEHUE, 3aMEHUTh Ha O0€30MacHbId aHa-
JIOT, Pa3pelIuTh K IPUMEHEHUIO.

Metonuka npoBeaeHUs TaOOPATOPHOTO MPAKTUKYMa KaK HAy4yHOTO HC-
CJIEIOBAHMS MIO3BOJISIET OJHOBPEMEHHO PEIIaTh HECKOJIBKO 3a/1ay:

— B Ipoliecce paboThl CTYIEHT MOJIy4YaeT CUCTEMY 3HAHUM, YMEHUM U Ha-
BBIKOB I10 JaHHOU Npodeccn, NpeayCMOTPEHHBIX YUeOHON NpOorpaMmMon;

— npuodpeTaeT NpodecCHOHATBHO BaXKHBIE Ka4eCTBA, KOTOPHIE IMO3BO-
JSIOT €EMY IPaBUJIBHO MCIIOJIb30BaTh 3T 3HAHUS, YMEHUS U HAaBBIKU;

— o0ecIeynBaeT MOJOKUTEIbHYI0O MOTUBAIIUIO Ha IPHUOOPETEHUE BHICO-
KOU MpoQecCHOHAIIBHON KBaIM(PUKALMK, CTPEMJICHUE K KOMIIETEHTHOCTU B
OymyIei nesTeIbHOCTH,

— CTYJICHThl TIOHUMAIOT, YTO HAY4YHOE HMCCJIEJOBAHHUE HE CXOJIACTUYHO,
YTO OHU MOTYT €r0 BBINOJHSAThH, U YTO OHO PEIIAET BOIPOCHI, KOTOPhIE Kaca-
FOTCS JIIOJICH, B TOM YHCJIE TeOS U TBOUX OJIN3KHX;

— OCO3HaHHUE MPAKTHUYECKOW Ba)KHOCTU U BOCTPEOOBAHHOCTH €r0 Ipo-
beccuu;



I 'enemuueckas moxcuxkonoaus

— MO3BOJISIET HE MPOCTO MOHAThH, HO MPOYYBCTBOBATh, YTO T€HETUYECKAS
OTmacHOCTH (haKTOPOB CPE/bl peasibHa, U HEOOXOAUMO 3alUINaTh OT HUX CeOs
U OKPY>KaIOIINX;

— CIIOCOOCTBYET BBIPAOOTKE TPAKIAHCKOW TO3MIIMH, KOTOpas HE0OXO-
ouma i Oyayuliero creluaincra, padoTaromero B 00JacTH OXpaHbl OKPY-
YKAKOLLEW CpENbI;

— MPUBHUBAET BKYC K HAYYHBIM HCCJIEIOBaHUSAM. DTO MOATBEPKIACTCA
TEM, YTO K HaM MPHUXOMSAT IMOTOM CTYACHTHI M aCIUPAHTHI, KOTOPHIC BBITOJI-
HSIOT pabOThl Ha JApYyrux Kadeapax ¢ Mpocr0oil AaTh UM pabouee MECTo,
YTOOBI MCCIE0BATh XUMUYECKHE COCTUHEHUS, KOTOPbIE OHU M3y4YaroT, YTO-
Obl onucaTh €€ OJNH MapaMeTp — TeHETUUECKYI0 0€30MacHOCTb.

B Hacrosimiem mocoGuu ornvcaHa CUCTeMa TECTOB JIJIsl OLIEHKH T€HOTOK-
CUYECKOTO JICHCTBUS HHIUBUYALHBIX (DAKTOPOB CPEIbl U CYMMapHOU T€HO-
TOKCUYECKOW aKTUBHOCTH MPHUPOIHBIX CPEMd, UCIOJb3yeMasi B JIabopaTOpuu
TEHETUKU fpOCIIaBCKOrO rocyIapcTBeHHOro ynuBepcurera wum. ILI. Jle-
mugoBa (ITpoxoposa, 1991). B cBsi3u ¢ Tem, uTo cnernuanu3anus (haKyabTera
OMOJIOTUU U SKOJIOTUU — OXpaHa BOAHOW cpejibl, 0oJiblliee BHUMAHUE YyIeIs-
JOCh UMEHHO OIIEHKE M BBISIBICHUIO T€HOTOKCHKAHTOB B MPUPOJIHBIX BOJO-
emax. Cucrema BKJIIOYAET HECKOJIBKO TECTOB, MO3BOJISIONIUX MPOBOIUTH
OIICHKY T€HETHYECKH aKTHBHBIX (DaKTOPOB CpPeIbl Ha TPEX CTYMEHSX TECTH-
pOBaHWSIL.

Ha mepBoli cTymeHu TeCTHpOBaHHsI B OOJBIIMHCTBE TOKCHUKOTECHETHYE-
CKUX J1ab0opaTOpHii MCIOIB3yeTcsl TecT oOpaTtHbIX MyTaruii y Salmonella ty-
phimurium. Ha y4eOHBIX 3aHATHSAX HCIOJb30BAHHE CaJbMOHEIUIBI HE PEKO-
MEHJIOBAaHO M TpeOyeT CHEIHATLHOTO pa3pelIeHus CaHUTapHO-IIHIEMHUO-
JoruuecKkux ciyx0. [loaToMy HaMu B IPaKTUKyME UCTIOIB30BAH JIPYTON TECT-
00BEKT — OJHOKIICTOYHAs 3e1eHast Bogopocib Chlorella vulgaris.

Ha BTopo#i cTynmeHu TecTupoBaHUs H3ydaeTcss MeTadasHbI aHaIu3
XPOMOCOMHBIX a0eppaluii B KyJbType JEHKOUUTOB Nepudepruyeckor KpoBU
YeJIoBeKa U aHa-Telo(da3Hbli aHAIM3 XPOMOCOMHBIX abeppaluii B MepHucCTe-
matuueckoi Tkanu Allium cepa (L).

Jliis u3ydeHust eHCTBUS (paKkTopa B IEIIOCTHOM OPTaHHU3ME HCIIOJIb3Y-
IOTCS 1Ba TecTa ¢ mpuMmeHnenuem Drosophila melangaster B xadectBe Tect-
00BEKTa: TECT PELECCUBHBIX CIEMIEHHBIX C IOJIOM JETAJbHBIX MYyTalul
(PCIIVIM) u TecT IOMUHAHTHBIX JIeTadbHbIX MyTanui (JJJIM).

[IpoBepuB n3yuyaemslii pakTop Ha TEHETUYECKYIO 0€30MacCHOCTh Ha TPex
CTYTICHSX TECTUPOBAHMUS, CTYJEHTHI COCTABISIOT 3aKIFOUEHUE O TEHOTOKCHY-
HOCTU Tpenapara U AT peKOMEHAAlMU B OTHOUICHUH €r0 MPUMEHEHHUS: 3a-
NPEeTUTh WM OTPAHWYUTH NMPUMCHECHHE, 3aMCHHUTHh Ha O€30MacHBIA aHaJor,
pa3peuuTh K MpUMEeHeHHI0. Pe3ynbTaTel 0(opMIISIIOTCS B BUEC HAYYHOU CTa-
ThHU.



NMABA 1.
'eHeTMYeckasa TOKCcMKonorus,
npeamMeT U 3agayuu

€HeTHu4YeCcKasd TOKCUKOJIOrhA Bo3HHUKIA B 60 — 70-x romax

MPONIJIOTO BEKA JJIsl U3YUYEHUSI T€HETUYECKUX TTOCIEICTBUI

BO3JICUCTBUS (PaKTOPOB OKPY KAIOIIEH cpeibl HA TeHEeTHYe-
CKHM amrmapar 4yeJioBeka. ['eHeTudeCcKasi TOKCUKOJIOTUSA — Pa3Jiesl 3KO-
JIOTUYECKOW TE€HETHKH, TJe TCOPUU MyTareHe3a HaxoIsAT CBOE Ipak-
TUYECKOE TPUMEHECHHUE.

['eHeTHYeCcKass TOKCUKOJIOTHS M3y4aeT BO3JICUCTBUE KaK Ha I'eHe-
paTHUBHBIC, TaK U HA COMaTHYECKHUE KJIeTKU. Hapymienus B comaTude-
CKHMX KJIETKaX MOTYT UMETh Pa3JIMYHbIC MTOCIICICTBUS:

— ru0eJb KICTKH;

— KJIETKa JAaeT KJIOH PAKOBBIX KJIETOK;

— ayTOMMMYHHBIE€ 3a00JI€BaHUsI, €CJIM T'€HETUYECKOE HapyIICHUE
BO3HHUKJIO B KJIETKaX UMMYHHOM CUCTEMBI;

— JIeTEHEpAaTUBHbIC M3MEHEHMS B KJIETKE, KOTOpbIE MPUBOIAT K
MIPEKIEBPEMEHHOMY CTApEHHUIO.

OnHako 3TH U3MEHEHHUS HE TepelaayTcsl MOCIeayIeMy MOKO-
JICHUIO.

Hapyiiienusi reHeTHYecKoro arnrmapara B IIOJOBBIX KIIETKaX HE
CKa3bIBAIOTCS HA 3I0POBhE OpraHu3Ma, IMOABEPriierocs BO3eUCTBHIO,
HO, OKA3aBIIUCh MPHU CIUSHUU FaMeT B 3UTOTE, OOHAPYXKATCS B KaX-
JIOM KJIETKE HOBOTO opranusma. [lociaencTBusi 3T0ro MoryT mposiBUTh-
Csl B pa3HbIC ATAIlbl OHTOT€HE3a 1 BhIPAKaThCs KakK:

— CTepWIIbHOCTb;

— HECOCTOSBIIIAsICA OCPEMEHHOCTh, CBSA3aHHAS C THOEIBIO Ha ca-
MBIX paHHHMX dTanax pa3BUTHUs, TaK YTO OEPEMEHHOCTb MOXKET OBITh U
HE TMarHOCTUPOBAHA,

— CaMONPOU3BOJIbHBIE BBIKUIBIIIH (A00PTYCHI);

— NIepUHATAIbHASA CMEPTHOCTH (CMEPTHOCTH BO BpEMS POJIOB);

— BPOXKJICHHBIE IOPOKH Pa3BUTHS;

— HACJIEACTBEHHBIE OOJIE3HU.
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BeposiTHO, BCce IEpEeUYUCIICHHbIE HAapyUIEHUSI — 3TO HAJBOJHAS
4acTh alicOepra, Tak Kak HaM €I1€ He U3BECTHBI BCE MOCIEACTBUS MPU
Pa3IMYHBIX BAPUAHTAX FT€HETUYECKUX HAPYILICHUH.

['eHeTnveckass TOKCUKOJIOTHS, TaKUM 00pa3oM, UMEET JBa Baxk-
HEWIIIUX acIeKTa: BbIABIEHUE (DAKTOPOB, KOTOPHIC, BBI3bIBAS MYTalUU
B MOJIOBBIX KJIETKAX, MPEACTABIAIOT Yrpo3y MOCIEAYIOIIUM IOKOJIe-
HUSM, U (PaKTOPOB, KOTOPHIC, BBI3bIBas MYTallMd B COMATHYECKHUX
KJIETKaX, CHUYKAIOT )KU3HECTIOCOOHOCTh HBIHEITHETO TOKOJICHHUS.

['€eHTOKCHKOJIOTHSI TIOMOTaeT MPaBUTEILCTBAM CTPaH BHIOpATh
CTpaTerui0 U TAaKTUKY B OTHOIICHUHW PA3IUYHBIX (PAKTOPOB, BaXKHBIX
JU1s1 SKOHOMHUKUA. OCHOBHOM 3a/1au€il TeHTOKCUKOJIOTUH SIBJISIETCS CO3-
JaHUE METOJOJOTUM JIsl Kiaccu(uKaiuu (HaKTOPOB OKpPYKaloIIeH
YeJoBeKa CpeAbl MO CTENEHU UX T'€HETHMYECKOW OIMACHOCTH C IIEJbIO
OCYILIECTBJICHUS PA3JIUYHBIX PETYJIUPYIOIIUX JEUCTBUI, HAIpaBJICH-
HBIX Ha MPEIOTBPAIICHUE U YMEHBIIICHUE BO3MOXKHBIX T€HETHYECKHUX
nocyiencTBui 3tux ¢gakropoB (Aduies, 2003). i KOHTpoIs 3a co-
NEpKAHUEM T'€HOTOKCUKAHTOB B CpPE/i€, OKPY’KAIOUIEH 4YeJoBeKa, He-
o0xoauMa pa3paboTka dTUX JESUCTBUM IO CICAYIONIMM HampaBICHU-
M

1. OneHka WHAWBUIYATBHBIX (PAKTOPOB M HMX THUTHEHUYECKOE
HopmupoBanue (ycranonienue [1J1K).

2. MOHUTOPUHT Cpelibl Ha COJIEp)KaHUE TaKUX (PAaKTOPOB B OKpY-
KAIOLIEH cpee.

3. 'eHeTH4eCKUil MOHUTOPHUHT TIOMYJISILIMI YeJIOBEKA.

JInst TOro 4TOOBI HANAIUTH PAbOTy MO ATUM HAIPaBICHUSIM, HE-
00X0MMO TOCE0BATEIBLHOE PEIICHHUE CIICTYIONINX 3a/1ay:

— pa3paboTKa TECT-CUCTEM JJIsl BBISBJICHUS U OLICHKU UHIUBUITY-
aJIbHBIX T€HOTOKCUKAHTOB;

— MpOBEpKa B YUCTOM BHJI€ BceX (haKTOPOB, C KOTOPHIMHU CTAJIKH-
BACTCS YEJIOBEK, HA TCHOTOKCUYHOCTb, MPOBEJECHUE UX TUTUEHUYECKO-
ro HOpPMHUPOBAHUS;

— OIleHKa CyMMAapHOW T€HOTOKCHYECKOW aKTHBHOCTH 3THUX (Pak-
TOPOB B CJIOXKHBIX CMECSIX M MPUPOAHBIX cpenax (Bo3AyX, BoJia, MOoY-
Ba), TaK KaK M'€HOTOKCUYHOCTH 37€Ch MOXET ObITh MOAU(DUIIMPOBaHA
(B cBsi3u ¢ M yrounenue [1J1K);

— TMOCTOSIHHOE CJICKEHHWE (MOHUTOPHUHT) 3a COJIEP’KAHUEM T'€HO-
TOKCUKAHTOB B OKPYKaIOIIECH cpeie ¢ TeM, YTOObI He OBbLIT MPEBHIIICH
pacCUUTaHHBIN O€30MacHbBIN YPOBEHb;
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TJIABA 1. I'enemuueckas moKkcukono2us, npeomem u 3a0ayu

— pa3palboTKa MPOrHO3a JOJITOBPEMEHHBIX MOCIEACTBUI IS TO-
MyJSUN IPU JAHHOM YPOBHE T€HOTOKCHYECKOTO 3arpsi3HEHUSI OKPY-
YKAIOIIEN CPENBIL;

— pa3paboTKa Mep 3aIIUTHI OT BO3JAEHUCTBUS T€HOTOKCUKAHTOB OK-
pyXarolen Cpepl, B TOM YUCIIE U METOJOB AHTUMYTareHesa.

[To uroram uccnea0BaHUM MPABUTEILCTBA MPUHUMAIOT PEIICHUS O
JTanbHENIen cyipb0e TeX WU UHBIX (PaKTOPOB, MPUMEHSIEMBIX YEIOBE-
KOM. Tak, eclii BBIACHSETCS BBICOKAS OMACHOCTH JJISI YEIOBEKA U OK-
pYy’Karolei cpeibl, Ha MCIOJIb30BaHWE JAHHOTO (haKTopa HaKJIabIBa-
I0T «BETO» WJIH CTPOrO€ OIPAaHUYCHHE C 00S3aTeIbHBIM NMPUMEHEHUEM
Mep 3auuThl. Ecnu ke HMcrnosib30BaHUWE JaHHOTO (hakTopa HE Mpea-
CTaBJISIET YTPO3bl, €r0 pa3pelIaroT JJIsl ITUPOKOr0 UCIIOJIb30BaHMS.

B Hacrosiiee BpeMsi T€HTOKCUKOJIOTUSI — OJHO W3 JUAEPHBIX Ha-
MPaBJICHUI SKOJIOTHMHU, TaK KaK T€HOTOKCUKAHTHI SIBIISIIOTCS HanbOoJiee
OTNACHBIMU 3arpsI3HUTENISIMUA. B OTIIMYME OT TOKCUKAHTOB, OHU OKa3bl-
BAIOT JIBOSIKOE JIEMCTBUE: U3MEHSAIOT HACJIEICTBEHHOCTh KaK B ITOKO-
JIEHWH, TOABEPTrIIEMCS BO3JACUCTBHIO, TAK U B MOCIECAYIOIINX MTOKOJIE-
Husx. [loaToMy HakomieHHE MyTalluil HE TOJIBKO MPUBOAUT K THOEIH
OTJEJIbHBIX UHJMBUIOB, HO U K BBIPOXKJIECHHUIO U BBIMUPAHUIO MOITYJIs-
UU U BUJOB.

[To MHEHUIO HEKOTOPBIX YUEHBIX, YHUCIO MyTalui y Buga Homo
sapiens yke MPEBBICHIIO YPOBEHb, C KOTOPOTO BHUJ CUUTACTCS BBIMU-
patomuM  ([lanunos-/lanunsan). Takas oleHKa, MO-BUAUMOMY, He-
CKOJIBKO MPEYBEINYECHA, TaK KaK BBISABIIEMOCTh MyTAllMN y YEJIOBEKA
3HAYUTEIBHO BBIIIE, YEM Y JPYTUX BUIOB.

Ho yenoBeuecTBO CTPEMUTCS HE TOJIBKO BBIXKUTh, HO U COXPAHUTh
npupoay, Ouosorudeckoe paszHooOpasue. [loaromy HeoOXoauma 3a-
IIMTA OT TCHOTOKCUKAHTOB BCEX BUJIOB, HACEIAOIINX 3eMIIt0. B cBsA3n
C 3TUM I'€HETUYECKAsT TOKCUKOJIOTHS NEPEPOCIIa MIEPBOHAYAIBHYIO 3a-
Javy: U3ydeHue JAecTBUsl PaKTOPOB CPE/bl Ha HACIEICTBEHHOCTD Ye-
JoBeKa. B reneTnueckoil TOKCUKOJIOTMU BO3ZHUKIIO U OBICTPO pa3BUBa-
€TCSl HaNpPABJIECHUE, KOTOPbIE MOYKHO Ha3BATh IKOMOKCUKO2EHEeMUKOU.
Ee 3amaya — uzyueHue BO3ACHCTBUSL (PaKTOPOB Cpejbl HA TEHETHYE-
CKUM anmapar pa3IMuyHbIX OPraHU3MOB B COCTaBe OMOIIEHO3A.



NMABA 2.
N3MeHUYNBOCTb

a MOJICKYJISIPHOM YPOBHE M3MEHUYMBOCTH 3aKJIIOYACTCS B

M3MEHEHUU T€HOB, UX KOMOWHAIMN U MPOSBICHUU JEH-

CTBUSI TE€HOB B Ipoliecce oHToreHeza. Ha denorunuye-
CKOM YPOBHE U3MEHUYMBOCTH MPOSABISIETCS KAK U3MEHEHUE TPU3HAKOB.
N3meHeHre Ookpyx)aroueu cpeabl MPU aHTPOIIOTEHHOM BO3JICHCTBUU
VMMEET CJIEJICTBUEM YBEIMYECHUE WU3MEHUYMBOCTH Yy BCEX OPraHU3MOB,
OT BUPYCOB 0 uenoBeka (JKumyses, 2004).

2.1. TunbI uameH4yusocmu

N3MEHUHUBOCTh — IIUPOKOE TOHSTUE, BBIJICIAIOT HECKOJIBKO TH-
OB U3MEHYUBOCTH (puc. 2.1.1). ['eHeT4YecKas TOKCUKOJIOTUS U3yda-
€T TOJbKO MYTalIMOHHYIO U3MEHUYUBOCTD.

HN3MeHUYNBOCTH
[

I |
HEHACJIEACTBCHHAs HacCJICACTBCHHAs
(perHOTHIIMUECKAS) (reHOTHIIMYECKAS)

[
| | | |
Mo (puKa- OHTOT'CHETHU- 5
[IHOHHAS qecKas KOMOHMHa- MyTalMOHHAs
LIUOHHAas
reHHas XpPOMOCOMHAs T€HOMHas

Puc. 2.1.1. Tunwst uzmenuusocmu



T JIABA 2. U3menuusocms

Henacneocmeennasa, unu ¢hpenomunuueckas, u3IMEHUUBOCHIb
CBA3aHa C U3BMEHEHUEM (peHOTHUIA O€3 U3MEHEHHS TeHOTHIIA.

Moougukayuonnas uzmeHuu8ocms — 3TO U3MEHEHUE TTPU3HAKOB
NoJ NpsIMBIM BO3J€UCTBUEM (pakTOpoB cpenpl. OHA HE 3aTparuBacT
HACJIEACTBEHHBIN CyOCTpaT U, CJIEIOBATENIbHO, HE MEPEIAETCs IOTOM-
CTBY. ['€HBI OCTarOTCS MPEKHUMU, HO (EHOTHUIBI MOTYT PE3KO Me-
HAThC. HanmpuMmep, JINCThS TIOTUKA, BBIPOCIIETO B BOJIE, B OTJINYHUE OT
JIIOTUKA, BBIPOCILIETO HA Oepery, CUIbLHO PacCEUYEHBI.

brnarogaps MoaudukanMoHHOW U3MEHYMBOCTH MPU3HAKKU B 3aBU-
CUMOCTH OT YCJIOBUH Cpelibl MOTYT OBITh CHUJIBHO MOAUDUIIMPOBAHBI
Ha 0a3e OJIHOTO W TOro *e€ reHoruna. Tak, HampuMep, KPOJIUKH rMMa-
JafCcKON TpopoJibl Oesible HO KOHUMKHU YIIEH, HOC, JIAMKA U XBOCT —
yepHble. Takol (eHOTUN CBA3aH C TEM, YTO I'€H, KOHTPOJIUPYIOIIHIA
00pa30BaHUE YEPHOI'O MUTMEHTA, pabOTAET TOJIBKO MPU HUZKUX TEM-
neparypax. [loaTtoMy yepHas okpacka — TOJBKO Ha TE€X y4yacTKax Telna,
rie temieparypa Huxke. [Ipu BRICOKOW TemIieparype KPOJIUMKHU MOJHO-
CThIO OeJible, MPU HU3KOM — MOJHOCThIO YepHble. Eciin BBIOpUTH y4a-
CTOK KOXH W MPUKIIAJbIBATH K HEMY Jiell, oxaaxaas 1o —2°C, To yya-
CTOK KOXH OyzaeT yepHbiM. lHaue roBops, Ha 0a3e OAHOTO U TOTO KE

TCHOTHUIIA TIPU BO3JECHCTBUH (DaKTOPOB Cpeabl (DOPMHUPYETCS pa3HBINA
denorun (puc. 2.1.2).

26-27°

-

Puc. 2.1.2. Kapma pacnpedenenus memnepamypHulx nopo208

nuemexmmayuu 'y 2UMANIAUCKO20 KpoJjuka
(yughpvi nokazvlearom memnepamypy, vlile KOMOPOU 8010CHL
HA OaHHOM yuacmke meja 6yoym OenviMu, HUxce KOmopou — YepHbiMUL)
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I 'enemuueckas moxcuxkonoaus

Onmozenemuyeckas U3MEHYUBOCMb CBSI3aHA HE C HW3MEHEHUEM
T€HOB, a C U3MEHEHHEM IPOSIBIICHUSI T€HOB B MIPOIECCE UHIUBUAYATb-
HOro pa3Butus. Hampumep, y yenryekpbUIbIX Hac€KOMbIX (0ab0oueK)
pPa3BUTHE UIET C MOJHBIM MPEBPALICHUEM: SIMIO — JIMYMHKA (TYCEHU-
1a) — umaro. 1 y JIMYMHKYA U Yy UMAro OJIHU U T€ K€ r'eHbl, HO (peHo-
TUIHYECKUE Pa3inuusi 00Jiee BBIPAKEHBI, YEM Y OPraHU3MOB Pa3HbBIX
TaKCOHOB. JTO CBA3aHO C TEM, YTO Ha PA3HBIX CTAIUIX PA3BUTHUS JKC-
PECCUPYIOTCS PA3HBIE TCHBI.

Hacneocmeennasn, unu 2enomunuyeckas, U3MeH4U8OCMb CBsl-
3aHa C U3BMEHEHUEM T€HOTHIIA.

Kombunayuonnasa usmenuusocms CBsI3aHa HE C WU3MEHEHHEM TIe-
HOB, a C TIOSIBJICHUEM HOBBIX KOMOWHAIMN YK€ CYIIECTBYIOIIUX Te-
HOB. OHa oOecnieynBaeTcsi TpeMs ImpolieccaMu: HE3aBUCUMBIM pacXo-
XKJIECHUEM XPOMOCOM B MEKO03€, KPOCCUHTOBEPOM, CIIyUYallHbIM COYe-
TaHHUEM OTIIOBCKOM W MAaTEpPUHCKOW HACJIEACTBEHHOCTH B 3HUTOTE.
brnarogapss KoMOMHAIIMOHHON W3MEHUYUBOCTH OOECIIEUUBAETCS KOJIOC-
CaJbHOE Pa3HOOOpa3ue OPraHU3MOB, PA3MHOKAIOIIUXCS MOJIOBBIM Y-
TeM. Tak, 3a BCIO HCTOPUIO YEJIOBEYECTBA HAa 3e€MJI€ 3a CUET CYIIECT-
BOBaHUs 3TOM M3MEHUMBOCTH HE ObLIO, HET U HE OyJeT ABYyX abco-
JIOTHO OJWHAKOBBIX JIIOJIEH (KpOMe OJHOSIMIIOBBIX OJIM3HEIOB,
KOTOpBIE BO3HUKJIU B pe3yJibTaTe MUTO3a). KaXk/bIii 4yeioBeK YHUKa-
JeH U HenoBTOpUM. [lonmymsiuuu opraHu3MOB, pa3MHOXKAIOIIUXCS TIO0-
JOBBIM ITYTE€M, T€TEPOT€HHBI, Y HUX OOJBIION pe3epB «HACJIEACTBEH-
HOUM M3MEeHUYMBOCTU». OH COCTaBJISAET MOJE ISl €CTECTBEHHOTO 0TOO-
pa. B ciiyuae u3aMeHeHUsl yCIOBHIl B MOIMYJSILUA OKaXXKyTCS OCOOU C
MyTalUsIMH, TO3BOJSIONIMMHU MPUCTIOCOOUTHCS K HOBBIM (pakTopam.
OTpuniareibHbBIM MOMEHTOM KOMOMHAIIMOHHOW U3MEHUYMBOCTU MOXKET
OBITH TO, YTO yAaYHbIE KOMOMHAIIMM HE COXPAHSIOTCS, PACCHINAIOTCS B
CIeAYIOIEeM MOKOJACHUHU. UTOOBI COXpaHWTh TaKue KOMOWHAIIMH, B
HACTOSAIIIEE BPEMSI TaK MHOIO YACISETCS BHUMAHHUS KJIOHUPOBAHUIO
OpraHU3MOB.

Mymayuonnas usmenuugocms CBsi3aHa C U3MEHEHHEM CaMUX Te-
HOB, T. €. C U3BMEHEHUEM IOCJIEA0BATENBHOCTH HYyKIeoTun0B B JIHK.
OTHU U3MEHEHUS HACIIEIYIOTCSI U UTPAIOT OOJIBIIYIO POJIb B SBOJIIOIIHH,
ABJISISICH MAaTEpUAJIOM JJIsl ECTECTBEHHOT'O 0TOOpA.

Ha penoTunuueckoM ypoBHE MyTalllH — SBJICHUE MPEPHIBUCTOTO
CKauK0OOpa3HOro M3MEHEHHUs HACJEACTBEHHOrO Mpu3Haka. Myrtauuu
MOTYT 3aTparuBarh JIF0OOH mpu3HaK: Mopdosiornueckuid, GU3n0I0TH-
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T JIABA 2. U3menuusocms

YeCKui, OMOXMMUYECKHUM, TMOBEACHUYECKUN. OTH H3MEHEHHS MOTYT
OBITh PE3KMMHU WM €1Ba 3aMETHBIMU OTKJIOHEHHMSMM OT JUKOTO THIIA
(ctanmapra).

YyeHnue o MyTanusax ObUIO BIEPBBIE CPOPMYIUPOBAHO B Hayaje
XX B€ka rojuraHjackuM yueHbM I'. Jle @puszoMm, OfHUM U3 TpEX Mep-
BOTKpBIBaTeel 3akoHOB Menpens. OH paboTan ¢ pacTeHUEM dHOome-
pot (ocnuHHUK Jlamapka). Ha ocHOBe u3yueHus €€ M3MEHYMBOCTH OH
PA3BUJI TCOPUIO MYy TAIUAM.

2.2. OCHOBHbIE MOoJIOXKeHUS
meopuu Mymauuu

1. MyTtanuu BO3HMKAIOT BHE3AIMHO, 0€3 Mepexo/i0B, CKauKoo0pas-
HO.

2. HoBble m3MeHeHHsI KOHCTaHTHBI, yCTONYUBBI, HACIETYIOTCS.

3. MyTtanuu He 00pa3yoT BapHAIMOHHBIX PSIIOB, T.€. OHH SIBJIS-
IOTCSl KAUECTBEHHBIMU, & HE KOJIMYECTBECHHBIMU.

4, MyTtanuu BO3HUKAIOT B Pa3HBIX HAIPABICHUSAX, MOTYT OBITh
KaK IOJIE3HBIMHU, TaK U BPEIHBIMH, T.€. OHU HE HOCSIT aJanTUBHOTO
xapakrepa.

5. BeIiBIeHME MyTaluid 3aBUCUT OT KOJMYECTBA MPOAHAIU3IUPO-
BaHHBIX 0COOEH.

6. OqHu U Te e MyTallid MOT'YT BO3HHUKAaTh TTIOBTOPHO.

/. MyTanuu garoT Ha4ajao HOBBIM BHIaM.

8. B sBomtonnu GoJibiiiee 3HaY€HUE UMEIOT MHOKECTBEHHBIC MEJ-
KUE MyTallluM, a HE PE3KUE KPYIHbIE U3MEHEHHSI.

9. MyTaiuu aBTOT€HHBI, T. €. CAMOIIPOU3BOJIHHBI.

3a BpeMmsi, TIPOIIEAIICEe ¢ CO3JaHus] MyTallHOHHON TEOPHH, 3HAHHS
0 MyTaIlUsAX 3HAYMUTEIHHO MOMOJHUINCE. HEeKoTophIe TONOKEHUS MY-
TallMOHHON TEOPHH OKa3aJNCh HEBEPHBIMH, APYTHE OKa3ajuCh HM3ME-
HEHBI.

Tak, coxpanunu cBoe 3HaueHue 1, 2, 4, 5, 6, 8-¢ mo0KeHUs.

Tpertbe MoI0XKEeHNE BEPHO /I Ka4eCTBEHHBIX MTPU3HAKOB, JIJIS KO-
JMYECTBEHHBIX IPU3HAKOB MOT'YT CYIIECTBOBATh BAPHAIIIOHHBIE PSIIBI.

[To cenbMOMy TOJIOKEHUIO €IUHOTO MHEHUS HET. [[elicTBUTENb-
HO, BO3HMKHOBEHHE TCHHOW WM XPOMOCOMHOW MYTAallUM BPSJ JIH

11
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MOKET JaTh Hayajo cpa3y HOBOMY BHIY, BHI00Opa3oBaHHE — AJIU-
TeNbHBIA Tporecc. OJHAKO MPU TE€HOMHBIX MYTalUsIX, U OCOOCHHO
OpU COCIUHEHUU B 3UTOTE€ T€HOMOB Pa3HBIX BUIOB (QJLIOTLIOUAMS),
BO3HUKHOBEHHUE HOBOTO BHa BO3MOXHO.

B oTHoOIIEHHH AEBATOTO MOJIOKEHHS MOKa3aHO, YTO MYTallUd HE
CaMOIIPOU3BOJIbHBI, & U3BMEHEHHS] TEHOB U XPOMOCOM CJIEAYET CBSA3BI-
BaTh C BO37cCTBUEM (DAaKTOPOB cpeabl — MyTareHoB. MyTareHbl Mo-
I'YT OBITH (PAKTOPAMH IK302€HHbLIMU — BHEIIHMUMH 1O OTHOILIECHUIO K
KJIETKE, a TaKkKe 9HOoceHHbiMu (akTopamu (HAIpUMeEp, MPOTyKTaMH
HOPMAaJIbHOT'O MeTabO0JIM3Ma B KIIETKE).

2.3. Hoeble nonoxeHuss meopuu Mymauyuu

B HacTosiiee BpeMs MyTallMOHHAs TEOPHS JOMOJHEHAa HOBBIMH
MOJIOKCHUSIMHU:

1. BrIsiBJIEHBI 3aKOHOMEPHOCTH B, Ka3aJIOCh ObI, HEHAINPABICHHBIX
CIIy4YallHBIX M3MEHEHUSIX HACIEJCTBEHHOr0 Marepuaya. IJTa 3aKOHO-
MEpPHOCTh BBhIpakeHa B 3akoHe BapwmioBa. CoriacHO MyTallMOHHOM
teopun Jle dpusza MyTaluu MOTYT HATH B Pa3HBIX HaNpaBICHHUIX —
3TO Hempeackazyemble coObiTusi. H.B. BaBunos chopmynupoBan 3a-
KOH TOMOJIOTUYECKHX PSIOB HACJIEJACTBCHHOW W3MEHUYMBOCTU: 2eHe-
muyecku Oau3Kue poovl U 8UObL UMEION CXOOHble PSAO0bl HACIEOCHBEH-
HOU u3mMeHyusocmu. 3aKoH BaBuioBa Mo3BOJSIET MPOTHO3UPOBATH, B
KaKOM HaIlpaBJICHHMH MOTYT MJITH MYTallMH y JAaHHOTO BHJA, T.C. JIeJia-
€T MYTAllUOHHBIN mpoliecc OoJiee npeyckasyemMbiM. TakuM 00pa3oM,
MyTaIllMH TTOJYYHIIN TIEPBYIO XapaKTEPUCTUKY — MBI MOYKEM OXapaKTe-
pHU30BaTh Beep BO3ZMOKHBIX MyTaIlUH.

MyTanuu MOJyqrIN BTOPYIO XapaKTEPUCTUKY — YaCTOTHYIO: dac-
TOTa MyTHPOBAHMS JIJII Pa3HBIX TEHOB pasinyHa. ECTh «ropsdne Tod-
KU» — TE€HBI, ISl KOTOPBIX XapaKTepHa OCOOEHHO BBICOKAs 4acTOTa
MYTaLHH.

N3BecTHBI M TaK Ha3bIBaEMbIE MHOKECTBEHHBIE MYTAHTHI — 3TO
HECKOJIbKO T€HOB, MYTHUPYIOIIHUX OJHOBpEeMEHHO. [Ipuuem gacTora ux
COBMECTHOT'O MYTHPOBAHHUA Ha MOPSAIOK U 0oJjiee MPEBBIIIAET Teope-
TUYECKH 0KUAAEMYI0. YPOBEHb MyTaOMILHOCTH BUAQ HAXOJAUTCS IO/
TCHETUYCCKUM KOHTPOJIEM U MOYKET OBITh BUJOBOM XapaKTEPUCTUKOM.
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B cBs3u ¢ 3arpssHennem okpyskaromieit cpeasl H.I1. JlyOunuHbIM
BBEJICHO €III€ OJIHO IIOJIOKEHUE B TEOPUIO MyTalui: «DakTopsl, BBE-
JNEHHBIE MPOrPECCOM HAYKH B CpPENy, OKPYNKAIOIIYK YEJI0BEKa, CIO-
COOCTBYIOT HAKOIJICHUIO OTPULATEIbHBIX MYTAIMi — F€HETUYECKOTO
rpy3a».

MyTarensl U3 Opyaus 3KCIEPUMEHTA CTaJIM 3JIEMEHTaMu Ouo-
cheprl. B cuity 3TOrO0 Teopuss MyTauuid M3 Kpyra 3KCIEPUMEHTaJlb-
HBIX, CEJICKIMOHHO-TIPAKTUYECKUX U OOIIE3BOIIOIUOHHBIX MPHUIIOXKE-
HUW CTAHOBUTCS Ba)XKHEHIIIUM 3JIEMEHTOM MpOOIEeMBbl YeJIOBEKa, MPH-
oOpetraeT OoOnbIION CcOUMANBHBIX acnekT. CoBpeMeHHas Teopus
MyTalui BOILJIA BAXHBIM KOMIIOHEHTOM B OOLIYIO MPOOJIEMY «4ello-
BEK U Onocdepay.

2.4. Knaccugukayus mymauyuu

B 3aBHCMMOCTH OT TOTO, YTO MOJIO)KEHO B OCHOBY KjacCH(UKa-
IIMU, CYIIECTBYET HECKOIBKO KIacCU(PUKAIIMA MyTaIUH.

1. Ilo xapaxmepy uzmeHeHUss 2eHOMUNA.:

— F€HHbIC (TOYEYHBIE) MYTAIlMU — U3MEHEHUS TOCJIEI0BATEIHHO-
ctu HykieotunoB B JIHK B npenenax ogHoro rexa;

— XpOMOCOMHBIE MYTallMM — U3MEHEHUS CTPYKTYPbI XPOMOCOM;

— T€HOMHBIE MYTAIlMd — U3MEHECHUS KOJIMUYECTBA XPOMOCOM.

2. Ilo xapaxmepy uzmenenus ceHomuna:

— JIETAJIbHBIE MYyTaIlMH, NPUBOIAIINAE K JICTAIM B PA3JIMYHBIC TI€-
pHOJIbl OHTOTCHE3A;

— MOP(OJIOTHUECKUE MYTAIluK, OOYCIIOBIMBAIOIINE H3MEHEHHS
CTPOCHUS OPTaHU3MOB;

— (PU3UOJIOTUUECKUE MYTAIliU, U3MEHSIOMNE (PYyHKIIUU OpTaHu3-
MOB,;

— OMOXHMMHUYECKHE MYTallMM, U3MEHSIoNMe OUMOXMUMUYECKHUE pe-
aKIUH,

— MOBEJICHYECKUE MYTAllMH, U3MEHSIONIME MOBEICHUE OpTraHu3-
MOB.

[ToHsITHO, UTO ATa KJIacCU(UKAIUS OTpakaeT HEIOCTATOK HAIIUX
3HAHUM, TaK KaK B MPUHIMIIE MPUYMHAMM BCEX 3TUX U3MEHECHUM SIB-
JISTFOTCS N3MEHEHUSI HA OMOXMMHUYECKOM YPOBHE.
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3. Ilo nposenenuro 6 cemeposuzome:

— JOMUHAHTHBIE MYyTallUH, MPOSIBISIONIUECS B TOMO- U TE€TEPO3HU-
TOTHOM COCTOSIHUH;

— PELECCUBHBIE MYTallK, POSIBISIOIIAECS TOJIBKO B TOMO3UTOT-
HOM COCTOSIHUH.

4. Ilo npuuune 803HUKHOBEHU:

— UHIYIIMPOBaHHbIC (HABEJCHHBIC) MYyTallMH, BO3HUKIIHE IpU
BO3JICUCTBUM KaKOro-a1u00 dakTopa;

— CIIOHTAHHBIC MYyTallUM, BOZHUKINIKNE 0€3 BUIUMBIX MPUYHUH (KaK
IIPAaBUIIO, IIPHYMHA IIPOCTO HE BHIACHECHA).

5. Ilo nanpaénenuro Mymupoeanusi:

— IpsIMbIe MYTaIlUd — M3MEHEHHE MpPHU3HAKa OT JUKOTO THIIA
(ctanpapTa) K MyTaHTHOMY;

— oOparHble MyTanuu (peBepcUM) — U3MEHEHHWE OT MYTaHTHOTO
MPU3HAKHU K TUKOMY (CTaHIapTY).

6. Ilo noxanuzayuu 6 opeanuzme:

— T€HEpaTUBHbIE MyTallMH, BOSHUKIIIHNE B MOJOBBIX KJIETKaX;

— COMaTUYECKUE, BO3HUKIIINE B COMAaTUUYECKUX KJIETKAX.

[. Ilo nokanuzayuu 6 knemxe:

— AJICpHbIC MyTaluu, Bo3HUKIME B saepHou JIHK;

— nurToriazmaruueckue, Bo3Hukiiue B JIHK 1muromnnasmaruue-
CKHX OPraHOUJ0B (MUTOXOHJPUH, TIJIACTHU).

8.1lo cmeneHu oOmKIOHEHUsI OM HOPMAILHO2O (HeHomuna.
I'. Mémnep, mpemyiOKUBIIUN 3Ty KIacCU(UKAIIMIO, BBIACISET Clie-
TYIOIIHE TUITBI MYy TaIlAN:

— runioMopdHast MyTalus, IPUBOASIIAS K OCIa0JECHUIO MPU3HAKA
(HampuMep, MOHWKEHHAs CBEPTHIBAEMOCTh KPOBH);

— amopdHas MyTaius, TPUBOJAIIAS K OTCYTCTBUIO MTpU3HAKa (Ha-
IpUMEpP, HECBEPTHIBAEMOCTH KPOBH);

— runepMopdHas MyTalusi IPUBOAUT K YCUJIICHUIO MpU3HaKa (Ha-
MIpUMeEp, MOBBIIICHHAS CBEPTHIBAEMOCTb KPOBH);

— HeoMop(dHasi MyTalusi TPUBOAUT K MOJHOMY U3MEHEHHUIO MPH-
3HaKa (Hampumep, GopmMupoBaHue y Ap030QHUIbl HA MECTE€ aHTCHHBI
KOHEUYHOCTH).
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2.5. eHHbIE MymMayuu

['eHHbIe (TOUKOBBIC) MyTallUK OOYCIOBIECHBI U3MEHEHUEM IOCIe-
noBarenpHOCTH HykieotunoB B JIHK B mpenenax omnoro rena. Hawm-
MeHbIMKd ydacTtok JIHK, n3MeHeHne KOTOpOro MOXKET MPUBECTH K
W3MEHEHUIO MPU3HAKA, HAa3bIBACTCS MymoH. MyTOH paBeH OJIHOW mMa-
pe HykJIeoTus10B. Ho naxke He3HAUUTENbHBIE U3MEHEHUSI T€Ha MOTYT
NPUBECTU K 3HAYUTEIbHBIM M3MEHEHUAM Ha ypoBHE ¢eHoTuma. Taxk,
HalpuMep, NMpUurHa 3a00JI€BaHUSI YEJIOBEKA CEPIOBUIHO-KIETOUYHOU
aHeMHeH, OoT KOoToporo exerogHo B Adpuke rudbnet 80 000 venosek,
BBI3BAHO M3MEHEHHEM BCEro OJHOM Mapbl HYKJIECOTHUTOB B T'€HE, KOH-
TPOJIMPYIOIIUM CUHTE3 reMorioonHa. B pesynbraTe Takoe M3MEHEHHE
OJIHOTO HYKJICOTHJAa B KOJOHE MPUBOJMUT K MOCTAHOBKE APYrol aMu-
HOKHCJIOTHI B TIEPBUYHOM TMOJUMENTHIHON IEMH: BMECTO TUIyTaMHUHA
BCTaHET BaJMH. B pe3ynbrate oOpa3yeTcs aHOMalbHbIA TJIOOMH.
CrnencTBueM Takoro njaeiomponHo2o (MHOXECTBEHHOTO) JCHCTBUS
OJIHOTO TeHa OyJleT HapyllIEeHHWEe Y OpraHu3Ma LeJIoro KOMIUIEKca MpH-
3HaKkoB. HapyllleHusi 3aTpOHYT NMPAKTUYECKU BCE CHUCTEMBI OpPraHOB
(puc. 2.5.1). HecmoTpst Ha 3aMEHHBIC TEPEIUBAHUS KPOBH, OPraHU3M
MOTUOHET.

2.5.1. TUnbl reHHbIX MyTaLUn

Ilo uzmenenuro na yposne /ITHK evioenaom cnedyrowjue munoi
Mymauuu'

— 3aMEHBI I1ap OCHOBAHUN;

— Jenenuu (BeIMnajeHue HyKJICOTUIOB);

— BCTaBKa OJIHOM MJIM HECKOJIbKUX Map OCHOBAHMIA;

— MHBEPCHS — MIEPECTAHOBKA HYKJIECOTHUIOB BHYTPHU I'€HA B PE3YJIb-
tare noBopoTa y4yactka JJHK na 180°. IlockoyibKy pe3ynbTaTOM HH-
BEpCUU SIBJISICTCSI 3aMEHa Map OCHOBAHUW, MHOTHE HCCIEI0BaTEIN
3TOT THI HAPYLIECHUMN HE BBIIACIISIOT.

PaccMOTpyUM 3TH TUITBI MyTalWN.
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3amena nap ocnoeanuii ¢ /IHK.

3amMeHbI MOTYT OBITH JIBYX THIIOB:

— TPaH3ULNH;

— TPAHCBEP3UU.

Tpan3zuyuu, WIA MPOCTHIE 3aMEHBI, — OTO 3aMEHBI ITyPUHOBBIX OC-
HOBAHUM Ha IyPUHOBBIC, NMUPUMHUJAHOBBIX — HAa MHPHUMUIUHOBBIE.
OHU MOTYT OBITh YETHIPEX BAPUAHTOB:

I'- A

A—-T

T—-I]

H->T

Bce 3Ty TUNBI 3aMEH MOTYT BO3HUKATh IOJ BO3JIECUCTBHEM pa3-
JMYHBIX (PakTOpoB cpeabl. Hampumep, npu BO3AEHCTBUM a30TUCTOMN
KHUCJIOTBI BO3HUKAET TpaHsuuus [T —A. Drta Mmyranus MOXET NpOUcC-
XOJIUTh MPH TMOCTYIUICHUU B OPraHU3M a30TCOJEPKAIIMX MUIIEBBIX
n00aBOK, TaK KaK y>K€ B JKEJIyJIKE OHU Ja0T a30TUCTYIO KUCIIOTY.

Ipanceep3uu, UM CIOKHBIE 3aMEHBI, — 3aMEHA ITYPUHOBOTO OC-
HOBAHUS HA NMUPUMHIWNHOBOE, U MUPUMHUIWHOBOTO — HA ITYPUHOBOE.
Nx MoxkeT ObITh BOCEMb BAPUAHTOB.

I'- 1] A—I]
H-I [H—>A
T—>A I'->T
A>T T-I

Meneyuu — ytpara OJHOM WM HECKOJBKHX Map OCHOBAHWU B
IpeJiesiax OJHOTO TeHa. B 3ToM ciiydae W3MEHUTCS pa3/elICHUE HYyK-
JIEOTUJIOB IO KOJIOHAM.

Hampumep:

\-myraren

Wcxommas JTHK: .....3]123]123|123]123|123|123]123] .....

[Tox npedcrBHEM MyTareHa JIEJIETUPOBAI TPETUUW HYKIEOTHUI B
YETBEPTOM KOJOHE. B pe3ynbTare noiaydunach NOCIEA0BATEIBHOCTD:

Wsmenennas JIHK... 3|123]123]123]121|231]231]231] ......
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Taxkum o6pazom, Bcs nHGOpMAaIIMs BOPaBO OT U3MEHEHHOTO caiTa
OyIeT WHOM, a ClIeI0BAaTeIbHO, BCS IOCJIEIOBATEIbBHOCTh AMHUHOKHC-
JOT B OeJike OyJieT M3MEHEeHa.

Bcmaeka — myTtanus, cBsizaHHas ¢ J00aBJIEHUEM OJIHOTO WM He-
CKOJIbKMX HYKJICOTH10B B canT JIHK.

Hampumep: »L-MyTareH

Wcxommas JIHK: .....3]123]123|123]123|123|123]123] .....

[Tox meiicTBMEM MyTareHa NpOMW30IIUIa BCTABKA HYKJICOTHIA 2 Ha
NIEPBYIO MO3ULKIO B IIATOM KOJIOHE. B pe3ynbTraTe nosyuunace nocie-
JIOBATEIbHOCT:

JHK ..o .. 3]123]123|123|123| 212|312 312]|312] ...

[locnencTBusi BCTaBKM MOJOOHBI TAKOBBIM MPH JACJICIHNH, TO €CTh
MEHSIOTCA BCE€ KOJIOHBI BIPABO OT W3MEHEHHOro caita. [loatomy
BCTAaBKa W JI€JELUs HA3bIBAIOTCI MYMAayusiMu coguea pamku C4umol-
sanusi (ppedM-1udT MyTaIUSIMK).

MyTauuu cAaBura pamMKd CUMTBIBAHHS MOTYT OBbITh MOJAaBJICHBI
(cynpeccupoBaHbl) ApyrumMu MyTanusMu. llomaBnisironiye myTanuu
HA3BIBAKOTCA cynpeccophvimu. Tak, Ienenuss MOKET ObITh CyIpecCH-
pOBaHa BCTAaBKOM, a BCTABKA — JICJICLIUEH.

Henernpoannas JIHK:
! -BcraBka 2

...... 3]123|123]123]121 231|231 231|231 231] ......

JIHK mociie cynpeccopHO MyTalluu:

B pe3ynbTare cynpeccun M3MEHEHHBIM OKAXKETCS TOJIBKO Y4aCTOK
OT JIeJICLINU A0 BCTABKH.
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Ilo uzmenenuro Ha ypoene 0e1Ka évloenaOm mpu muna mMyma-
Uui.

— MUCCEHC MYyTalluH,

— CEMMCEHC MYTalluu;

— HOHCEHC MYTAallUH.

Muccenc mymayuu. B pe3ynbrate MUCCEHC MyTallMu 00pa3yeTrcs
HOBBIM O€NIOK C HOBOM (PYHKIIMEH, YTO MPUBOJUT K U3MEHEHUIO MPHU-
3HaKa.

DTO OCHOBHOM KJIACC TE€HHBIX MYyTallMi, MOKAa3aHO, YTO OHU BO3-
HUKAIOT IO/ BIUSHUEM PaJualiii, XUMUYECKAX BEIIECTB.

Muccenc MyTanuu ObIBalOT 4-X THUIIOB:

1) ruku-mun TPUBOAUT K OOpa30BaHUIO MEHEE aKTUBHOTO (ep-
MEHTa WJIM MEHBIIEro KoJnyecTBa (pepMEeHTa, a CIeA0BaATEIbHO, K OC-
JTa0JICHUIO TTPU3HAKA,

2) ycnosHvie IPUBOAAT K TOMY, YTO KOHTPOJMPYEMBIA TeHOM Oe-
JIOK MOKET OKa3bIBAC€TCS AKTUBHBIM B OJTHUX U HEAKTUBHBIM B APYTHX
YCIIOBUSX (HAIpUMEp, MyTaHThI, YYBCTBUTCIIBHBIC K TeMmeparype, ph
cpensl 1 ap.) Croa OTHOCATCS U TaK Ha3bIBaGMBIC «YCJIOBHBIC JieTa-
JU», KOTOpPbIE AAIOT JETadbHbIA 3(PPEKT TOIBKO MPU OMPEAEIECHHBIX
YCIIOBUSIX;

3) komniemenmayuonnoco muna. B 3TOM clly4ae aKTHBHOCTb
CJIOKHOTO O€JKa, COCTOSIIEro M3 JBYX WM 0oJiee MOJUIENTHIHBIX
LETIEH, MOXKET O0Ka3aTbCsl HOPMAJIBHOM 3a CYET TOr0, YTO MYTAHTHI
KOMOMHAIIUM IBYX MYTaHTHBIX LENEN NOMOIHAIOT APYT IpyTa,

4) mymayuu, oarowue usmeHerHbvlll 6eloK, HO IMMYHOJIOTHYECKU
MIOJI0OHBI HOpMaJIbHOMY.

Honcenc mymayuu. 3amena ocHogaumuti mooicem nepegecmu
mpunjiem 8 HonceHc-KoOoH: VAL, YAA u YI'A. Oti Tpuniersl TepMu-
HaJbHBI, HA HUX IpeKpamiaercsa cuure3 oenka. [Ipu Bo3aeiicTBun My-
TareHOB HOHCEHC MYTallUH PETUCTPUPYIOTCA YaIlle, Y€M MHUCCEHC. JTO
MOXET OBITh BBI3BAHO HE TEM, YTO OH JIAIOT 00Jiee BBIPAKEHHBIM d(]-
(EKTOM U MOATOMY JIYUIIIE€ BBISBIISIOTCS.

[To beHOTUITY HOHCEHC MYyTallUM OTJIMYAIOTCS OT MUCCEHC MyTa-
U TE€M, YTO HE OBIBAIOT JIMKU-TUIA, HE OBIBAIOT YCIOBHBIMU, MOUYTHU
HE JIal0T KOMIUIEMEHTAIlMU U HE Jar0T Oellka U3MEHEHHOI0, HO UMMY-
HOJIOTUYECKHU MOJJOOHOT0 HOPMAIBHOMY.
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Ceitmcenc mymayuu — 3to mytauuu B JIHK, kotopeie He npuBo-
AT K U3MEHEHHIO Oelika (HampuMmep, 3a CUeT BBIPOXKJICHHOCTU TEeHe-
TUYECKOTr0 KOJa.)

2.6. XpOMOCOMHbIe Mymauyuu

MyTtanuu, oOyCIOBICHHbIE M3MEHEHHEM Y4YacTKa XPOMOCOMBI,
MPEBBIIIAIOIIME pa3MEPBl OJTHOTO T'€HA, Ha3bIBAKOTCS XPOMOCOMHbIMU
mMymayusmu. ITa KaTeropusi pa3HooOpa3Ha: OT KPYMHBIX MEPECTPOCK
0 MUKpoabOeppaliyii, He yJIaBJIMBAEMbIX MHKpOCKomudecku. CTpyk-
TYpHbIC U3MEHEHUSI XPOMOCOM CBS3aHBI C Pa3pblBOM U BOCCOEIUHE-
HHUEM 4YacTel XpoMmocoM. BHayaje MpoucXoauT pa3pbiB U 00pa3oBa-
HUE (PparMeHTOB cO CBOOOJHBIMU CBA3SIMH. BTOpOil 3Tam — nepekom-
OMHAIUS W 3aKpbITUE CBOOOIHBIX CBS3eH. AHAINU3 XPOMOCOMHBIX
MEPECTPOEK MCIOJIB3YETC B TOKCUKOTE€HETUYECKUX HCCIEAOBAHUSIX
JUIS1 BBISIBJICHUSI TEHOTOKCUYHOCTH (DaKTOPOB CPEIBI.

B HacTosiiiee BpeMs MJis BBISIBICHHSI XPOMOCOMHBIX abeppariuii
VCIIOJIB3YETCSI HECKOJIBKO METOOB.

Bo eépema mumo3a abeppauuu U3y4yaroTcs Ha CTaIuU MeTadassbl
WU aHa-Teso(dasbl.

— memagpasuviu anaauiz. B Metragazy Bce XpOMOCOMBI BUIHBI «B
JIMLO», U 3TO MO3BOJISIET 3aPETUCTPUPOBATH JIEJICIIUNA, KPYIIHBIE TYTI-
JIMKAILNU, TIEPUIIEHTPUYECKUE HHBEPCUHU, TPAHCIOKUIINH;

— ana-menogaszHvlll aHaiu3 BBISIBISET (pparMeHThl U MOCTBI, KO-
TOPBIE ABJISIOTCS CIEACTBUEM ACICUUN U TPAHCIOKAIUN.

Bo eépema meiioza 1o KapTUHAM KOHBIOTAIIMU MOXXHO OOHapy-
KUTh JACICUNH, TyTUIMKAIIUU, MHBEPCUM U TPAHCIIOKAIIUU.

B unmepghazy BBISABISIOTCS MHKPOSpPA, KOTOPBIE 0Opa30BaHbI
HEJTBIMA XPOMOCOMaMU WU (PparMeHTaMH, KOTOpbIC SIBJISIOTCS pe-
3yJIbTATOM JICJICIUN U TPAHCIOKAIIUM.

Honumennvie Xxpomocompl IO3BOJISIIOT BBISIBISATH BCE THUIIBI XPO-
MOCOMHBIX HApPYLICHUW: AETCHUU, TYIUIMKAIIMA, UHBEPCUH, TPAHCIIO-
KallyH.
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XpoMocoMHbIE€ abeppaluu

abeppanuu Xxpomo- / \ abeppariy Xxpoma-

COMHOTI'O THUIIa THUAHOI'O THUIIA

}:)6MCHHBIC
IIPOCTEIE MPOCTHIE

.

BHYTPUXPOMOCOMHBIE MEKXPOMOCOMHBIE

j/ s :
AclenyH || MyIIMKanuy || HHBEPCHM TPAHCIIOKALMHN

CI/IMMCTpI/I‘IHHﬁ ACUMMCTPHUYHEBIC

Puc. 2.6.1. Knaccugurxayus xpomocommvix abeppayuii

Bce xpoMocomHBIe abeppaliny, perTUCTpUPyeMbIe Ha CTaIUNd Me-
Tadaszbl pa3ensioT Ha IBE OCHOBHBIE TPYIIbBL: abeppayuil XpomMoCoM-
Ho20 muna U abeppayuu xpomamuonozo muna (puc. 2.6.1). Adeppa-
MM XPOMOCOMHOTO THITAa — PE3YyJbTAT TMOBPEKICHUS XPOMOCOMBI B
npeacuHTeTHYeCKuil niepuoa uHtepdasbr (Gp). AbGepparuu xpoma-
THUHOTO THIA BO3HUKAIOT TIPH MOBPEXKICHUN XPOMOCOMbBI B CHHTETH-
yeckuid (S) um moctcunTeTnueckuii (G,) mepuoabl, KOrjaa XpoMocoMa
y>K€ COCTOMT UX JABYX XpomaTtua. Cpenu o00oux TUTIOB abeppalruii Bbl-
JeJII0T IPOCThie 1 0OMeHHBIE abeppalu. B ocHOBe MpocThIX abep-
paiuii — TOBPEXKICHUE XPOMOCOMBI ¢ OOpa3oBaHHeM (HParMeHTOB.
OOMeHHBIE — ¢ MTepeKOMOUHAIIMEN YYaCTKOB BHYTPU OJHOM U TOM ke
XPOMOCOMBI HJIM MEXKJIy HECKOJBKUMHU XpoMocoMaMmu. K BHyTpuxpo-
MOCOMHBIM TI€pEeCTPOHKAM OTHOCSTCS ACNICINH, TYyIUTUKAIMA U WH-
Bepcun. K MEXXpOMOCOMBIM TIEPECTPOMKaM OTHOCSTCS TpaHCIOKa-
1807078
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A HOPpMANbBHAA XPOoMOCOMAa abeppauwmn
A 88 C D E F G R Oernerpd A B O F F G H

A B C D E F G H IOV Al 1A A 8 C 8B C DE FGH
b

T

B

A B € D E F G H epdlleHTpHYeCKad A 8 € B
—>
HHE € CHA ¥
E D
t T
A E F ¢ H

A B C D F F GH rmapalleHTpHYSCKad
CIl WOTD e — CEL T D

A B C D E F &G N M N O C D E FGH

1 TPaHCIOKaIIHA

A B P @ R

Puc. 2.6.2. Tunvt xpomocommuuiii abeppayuii
(cnpasa — HOpMaIbHbLE XPOMOCOMDBL, Cled — abeppanmmble)

Jleneyuu — noTepsi yuacTKa XpoOMOCOMBI pa3MepoM 00Jiee OJTHOTO
reda (puc. 2.6.2A). BuepBbie oTkpbiTa y apo3oduisl B 1917 rony.
DeHOTUNUYECKU OHa TPOSBISAETCS B BUIE HEOOIBION BBIPE3KH Ha
KphUIbIX. DTa MyTarus — NOtCh moyioxkuiia Havaao y4eHHIO O Hapy-

IICHUSX B CTPYKType XpomocoM (puc. 2.6.3).
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Puc. 2.6.3. Mymayus Notch (svipesxa na kpwine) y Dr. melanogaster
(66epXy — HOPMATILHOE KPBLILO, 6HU3Y — MYMAHNMHOE KPbLIO)

Jlenenuu, gake MeJIKHE, B TOMO3UTOTHOM COCTOSIHMHM OOYCJIOB-
JMBAIOT JIeTalb. B reTepo3uroTHOM COCTOSSHUM MOTYT YXOJUTh OT OT-
O0opa U COXPAHATHCS B MOMYJIAINUHA. Y TOJUILIONIHBIX (GOPM JCIeIus
MOXET HE TIPOSIBIATHCSA B (DEHOTHIIS, [IO3TOMY IOJUILIOUIHBIC (POPMBI
MIEPEKUITA CBOUX JTUIUIONIHBIX POJACTBEHHUKOM (CEKBOMSI, KETa).

Henenun OBIBAIOT KOHYe8biMU (OepuuieHcu) WU UHmMepCmu-
yuanvubimuy. KoHIleBas XpOMOCOMHasI ACNICIHS SBJISICTCS PE3YIbTATOM
OJHOTO paspeiBa B ctaauio G;. B pesynbrate HabmromgaeTcs yKOpo-
YeHHAasl HCXOJIHAs XpOMOCOMA U JIBa allCHTPUYECKUX ()parMeHTa, pac-
TIOJIOKEHHBIE PSIZIOM C XpPOMOCOMOM MJIA BHAJIM OT HEE. XpOMaTUIHAS
TeJIeInsl SIBJIAETCS Pe3yabTaToM pa3phiBa B nepuoa G,. B pesynbrarte
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BO3HMKAET XPOMOCOMA, Y KOTOPOM XpOMATUIbl PA3HOM IJIMHBI, & JE-
JIETUPOBAHHBIN y4aCTOK JIEKUT OOBIYHO PSAJIOM C KOMIUIEMEHTAPHBIM
CETMEHTOM IIeJIor XpoMaTuasl (puc. 2.6.4).

Puc. 2.6.4. Memadgasuas nracmuxa.
Jeneyus: 06a 00urounbiX ppasmenma (0603HaAUeHbI CIMPENKAMU)

HMHTepcTuraibHAsE XpOMOCOMHAsI JI€JICMs] BOSHUKAET IPU BbI-
NaJIeHUH CEPEeIMHHOTO y4acTKa XpOMOCOMBI B pe3yJibTaTe ABYX pas-
peiBOB Ha ctaguu G;. OOpasyercss yKOpOdYeHHas XpoMocoMa, M 3a
CUET «JIMIKHUX KOHIIOB» M MapHbIE allCHTPUYECKUE KOJbIA. DTU KOJIb-
1a MOTYT OOBEIMHATHCS B OJHO OoJibllIoe KoJibLlo. Ecnu nenenus 3a-
XBaTbIBAE€T PANOH LEHTPOMEPBI, TO OOPa3yIOTCs MAPHBIE LIEHTpHUYE-
CKHE KOJIbIIa W JBa alleHTpuueckux (parmenta. [Ipu xpomaTumaHoii
UHTEPCTULIMAIILHOM JEJIEHUU OMATh K€ BO3HUKAET XPOMOCOMa C pa3-
HBIMU TI0 JJMHE XpoMmaTruaamu. JleJeTHpOBaHHBIA YYacCTOK JacT
allEHTPUYECKOE KOJIBLIO.

Henenus — Hambosiee yactas abeppauus, perucTpupyemasl npu
BO3JICHCTBUU MyTareHHbIX (pakTopoB (puc. 2.6.5).
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Puc. 2.6.5. Memadgasznas nracmuxa.
Humepcmuyuanvras deneyus. napHvle Koabyesvle pasmermol
(0b03HaueHbl cmpenKkamiL)

Jleneruu MOTYT OBITh 3apETUCTPUPOBAHBI:

— METOJIOM MeTada3HOoro aHalu3a JeJelur OOHAPYKUBAKOTCA IO
YKOPOYEHUIO XPOMOCOMBI U 00pa3oBaHuI0 (h)parMeHTOB,;

— METOJIOM aHa-Tes0(a3HOro aHalu3a JIEeJCIUU PETUCTPUPYIOTCS
1o 00pa3oBaHUIO PPArMeHTOB;

— B0 Bpems mpodassl | melo3a: mpu KOHBIOTAIIUU KOMILIEMEH-
TapHBIM JIEIETUPOBAHHOMY Y4YacTKy CETMEHT o00pa3yeT MeTII0
(puc. 2.6.2);

— B mHTEepdasy nenernus oOHApPYKUBACTCS IO HAJTUIUIO MHUKPO-
Iep;

— HA TUTAHTCKUX XPOMOCOMAX JCJICIHS BBISIBISETCS MO0 HATUYUIO
IETIM B y4aCTKE XPOMOCOMBI, COOTBETCTBYIOIIEM JICJICTUPOBAHHOMY
y4acTKy.
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IPH KOHEHOTAIHE HOPMATEHAT XPOMOcom b,
ofpasyeT me T (OB pas0Batme TETIH MPH KOHBITALHI

TIOJTHTE HERDE XPOMOCOM

Puc. 2.6.6. Bviasnenue deneyuti 80 8pems metiosa
U HA NOAUMEHHBIX XPOMOCOMAX

Jlynaukayuu — 3T0 yABOCHHE y4acTKa XpOMOCOMEI (puc. 2.6.2B).
OOHapy>xeHbl y apo3oduisl B 1919 roay, a 3ateM AymIdIMPOBaHHbIE
y4acCTKA OOHApy>X€HBbI U B COCTaBE JAPYIHX XpPOMOCOM Jp030(UIIbl U
npyrux opranu3mMoB. OCOOEHHO MHOTO JIJIsl aHAJIW3a TyTUTMKAIMKN J1a-
J¥ TIOJIUTCHHBIE XPOMOCOMBI. B TOJUTEHHBIX XpOMOCOMax AYILUIU-
IIUPOBAHHBIC YYACTKH BHIHBI 11O MUKPOCKOTIOM. Jlyrumukamms — oquH
U3 BOXHEHIIIMX MOMEHTOB, 0OECIIEUNBAIOIIUX YBOJIIOIUIO ITyTEM yBe-
muyenust konumuyectBa JIHK na ranmmouaneiii HaOop. B ciyyae nymu-
KAl MyTallid MOTYT BO3HHKATh IO Pa3HBIM I'€HaM, Ja)Ke BaXKHBIM
JUISL JKU3HU, HE BBI3bIBas JieTajdb. [ J1aBHas MpUYMHA TyTUTMKAIAKA —
HEpPAaBHBIA KPOCCUHTOBED.

VY npo3o¢uisl ecTh I'eH, OMPEACIISIIOMNN Yucio GpaceTok B riasy.
Myramus B 3ToMm yuactke (Bar) cHmkaer xommuectBo ¢acetok ¢ 800
y nukoro Tumna a0 350 y MyTaHTHOro. B TOMO3UTOTHOM COCTOSIHUH
ATOT IreH cHmkaeT uncio dacetok g0 /0. IHTEpecHO, 4TO Ta Xe J103a
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T'CHOB, HO MHAY€ PACIIOJIOKEHHBIX B XPOMOCOMax OOYCIIOBIMBAET 00-
pazoBanue japyroro uucia (acerok. CremoBaTelbHO, (HhEHOTHUITHYE-
ckuil 2(ppeKT reHa 3aBUCUT HE TOJBKO OT J03bI T'€Ha, HO M OT I0JIO-
KEHHUS TeHa B XpoMocoMax. JTO sBJIICHUE, KOTra JEHCTBHUE T'eHa 3aBU-
CUT OT €ro TEeHETHYECKOrO OKPY>KEHUs Ha3bIBaeTCsA — apgdexm
noaooicenus eena (puc. 2.6.7). B Hactosmee Bpemst 3pPeKT mosoxe-
HUS ONTMCAH JIJI MHOTHX T€HOB.

yuacTok Har
ITEFIE THITI s
(500 daceror) M
TeTef) O3HTOTA TI0 MY TALTEH . e
F yuacTEe Bar
(350 daceror) N —
TOMOSHTOTA 110 MY TALTHEL
E yuacTEe Bar B
(70 daceror) P —
TeTef O3HITA
IT0 MY TALTHEH . s
(1] = b EEI'”
s C T T .

(20 daceTox)

Puc. 2.6.7. gpghexm nonoocenus cena: usmenerue yucia ¢pacemox
8 3a6UCUMOCU OM NOJIOANCEHUS 2EHO8 8 XPOMOCOME

Jlynnukaiuuu perucTpupyroTcs:

- MeTa(a3HbIM AHAJIN30M BBISBIISIIOTCS TOJIBKO KPYIIHBIE IYTUIH-
KallMK 110 U3MEHEHUIO0 MOP(OJIOTUU XPOMOCOM;

- aHa-Ten0(a3HbIM AHAJIM30M HE BBISBIISIOTCS,

- B Mel03€ BO BpeMsI KOHBIOTallMi AYIUIMLHPOBAHHBIA YYaCTOK
oOpa3yeT neTJo;

- B UHTEp(Qazy AyIUIMKALUA HE OOHAPYKUBAIOTCS.
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Ha nonuteHHbIX XpoMocomMax OOHapy»KMBAaeTCsl B BUJIE METIH B
TYTUTALIMPOBAHHOM YYacCTKE.

HODMANEHAA ZD0MOCOMA

A B x; [ E F 0
=l s s I s I e I e I
o= e [ e I v e D

0JHA Mz MOMONOMHYHEX
KPOMOGOM CONRpENT
gynamkaupi (Ewn Fl

HPOMOCOMA C yTUHKALTHER v

4 B C 0 F Fofe B g
E. FEETETE T
L] | [ S I = I O

npodaza | Medozs

y

A, B i ] [ F L
. =
dEEE I ) I I

A B
Sl
G

o DK F G
F
A

MpH EOHERMEUMKA
IYNNMUMAOEaHHEIM WacTok EF
| ofipazyeT NeTN

Puc. 2.6.8. Bvissnenue oynaukayutl 60 epems meuosa

Hneepcuu. XpomMoCOMHas MHBEPCUS BO3HUKAET B PE3YJIbTATE
JIBYX Pa3pbIBOB B OJHOM XPOMOCOME M MTOBOPOTA y4ACTKA XPOMOCOMBI
Ha 180° (puc. 2.6.2B). Beiaenstor napayenmpuueckue uneepcuu, Ko-
rJa JIBa pas3pbiBa PaCIIONOKEHBI 10 OJHY CTOPOHY OT LIEHTPOMEpA.
[Ipr 3TOM OTHOCHUTEIBHOE PACTOJIOKEHHE T'€HOB MEHSETCS, OJIHAKO
Oaslanc reHoB U Mopdosorus XpoMocoMmbl He Mensietcs. [lpu nepu-
YeHmpuyeckou uHeepcuy VHBEPTUPOBAHHBIM y4aCTOK BKJIFOYAET LICH-
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Tpomep. B pe3ynbTaTe MOXKET U3MEHUTHCS MOJIOKEHUE [IEHTPOMEpa U
MyTalMsi MOXET OBbITh 3apEeruCTpUpOBaHa B MeTaa3sHOM aHaIU3e.
WuBepcust urpaetr posib B ABOJIOLUM, TaK KaK W3MEHSET CIICTICHUE
reHoB. [lockonbky OajaHC T'€HOB COXpaHseTCs, (PEHOTHUITMYECKH HH-
BEpPCUSI MOXKET U HE IPOSIBUTHCSA, U IPU TOMO3UTOTHOCTHU 110 UHBEPCUU
KJIETKA MPOUJIET Yepe3 MUTO3 M Meio3. OHAKO MPH TeTEPO3UTOTHO-
CTH BO3HMKAET TaK Ha3blBaeMasi MHBEpCUOHHAA TeTia. Eciau B uHBEp-
TUPOBAHHOM YYaCTKE TMPOUJIET KPOCCHUHIOBEpP, OOpa3yroTcCs IUIICH-
TPUUYECKUE XPOMOCOMBI U alleHTpudeckue pparmeHTsl. B aTOM ciiydae
y pacTeHUi MbUIbIIa OYIET HEXKU3HECTIOCOOHOM. Y KMBOTHBIX T'aMEThI
’KH3HECIIOCOOHBI, OJTHAKO 3UT0Ta THOHET.

WNHBepcur BBISBIISIOTCS:

- MeTaa3Hblii aHAJIU3 BBISBIAECT MEPUIICHTPUUECKUE HHBEPCUU
10 U3MEHEHUIO0 MOP(OJIOTUUA XPOMOCOM;

- IpU aHa-TeJIO0(Pa3HOM aHAJIN3€ WHBEPCHUS BBISBIISIETCS B Clydae
KPOCCHUHTOBEpPAa B MHBEPTHPOBAHHOM Yy4YacTKe (B ME03€ MOSBISETCS
TULEHTPUYECKAs  XpoOMOCOMa M aleHTpUYECKHil  (parMeHT)
(puc. 2.6.10);

- B Meii03€ MHBEpPCHUsI OOHAPYKUBAETCS MO HAJMYUIO MHBEPCUOH-
HOM metnu (puc. 2.6.9).

[ HOPMATTEHAA XPOMacOoOna |
"L

A, ] | =] L F C
o I &
---
=-=F=—-—-.|g:
I[E.I:l I l: }.'PDTIDCDTE& [ I‘EEEBEPCI‘[EH
HHES]CHA II.'_FIDIiIEI.EEI. I
MeFOTa
l ITPH FOHE B ST EE
EFEOSHHEAET

[0

HHES [ CHOHHAA ITETILA

Puc. 2.6.9. Obpazosarnue uneepcuonnot nemnu 8 metioze
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B untepdaze nHBepcuM MOTYT ObITh MUKPOSIpA 3a CUET alleH-
TPUUYECKOTro (PpparmMeHTa;

- Ha TOJIUTEHHBIX XPOMOCOMaxX HHBEPCHUS BBIABIISETCSA MO U3MeE-
HEHUIO PUCYHKA JUCKOB U M0 HAJIMYUIO MHBEPCUOHHOMU METIIH.

Tpanchokayuu. TpaHCIOKAUKSA — 3TO IEPEHOC TEHETUYECKOTO
Marepualia OJHOM XPOMOCOMBI Ha JAPYTYIHO HETOMOJIOTHYHYIO XPOMO-
coMy. TpaHcIokanUuM OTHOCSITCA K MEXKXPOMOCOMHBIMHU IMEPECTPOM-
KaMH U ABJISAIOTCS PE3yJIbTaTOM JBYX pa3pbIBOB — [0 OJHOMY B Tape
HErOMOJIOTUYHBIX XpoMocoM (puc. 2.6.2I"). Pe3yabTaromM MOTyT OBITH
JIBa THUIIa OOMEHOB:

1. Cummempuunsiii 0OMmeH, KOTJa LEHTPUK OJHOM XPOMOCOMBI
COEIUHAETCS C AlEHPUYECKUM (PparMeHTOM JIpyrol Xxpomocomsl. B
pe3yJibTaTe BO3HUKAIOT ABE LIEHTPUUECKHUE XPOMOCOMBI. Takas TpaHc-
JIOKAIMsl HA3BIBACTCS COANAHCUPOBAHHOU W MOXKET HE TMPOSBUTHCS
(eHOTUNNYECKH, TAK KaK OaJaHC T'€HOB HEe MeHsieTcs. EcTh BapuaHt
oosiesnu JlayHa, 0OyCJIOBJIICHHBIN HAJIMYMEM TaKOW cOaJaHCHPOBAH-
HOW TPaHCJIOKAIMU Yy OJHOTO W3 poauTtened. B 3ToM ciaydae Xpomo-
coma 21-# mapel TpancionupoBaHa Ha 15-10 mapy. Takum obpazom, y
ATOTO YesoBeKa OyaeT 45 XpoMocoM, Tak Kak 15-s1 u 21-s1 XpoMOCOMBI
COCTaBJIAIOT OJHY Xpomocomy. Ho OamaHC TeéHOB HE W3MEHUTCS, U
(EHOTUTINYECKH ITO HApYIICHUE HE TTPOSIBUTCA.

P 1Sxp 21xp
———

1Sxp 21xp

Opnnako pu 00pa30BaHUU TaMET MOKET BOBHUKHYTh raMeTa:
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[Ipn OIIIOTOTBOPEHUH TPOUCXOIUT CIUSHUE TAMET:

15xp 21xp

21xp

OOpa3oBaBmiasicst 3UroTa COAEpPKUT TPU J03bl TEHETUYECKOTO Ma-
Tepuaia 2 1-i1 XpOMOCOMBI:

= 15xp 21xp 21xp
——

15xp 21xp

Taxkum oOpazom, y moTtoMcTBa mpu 46 XpoMocoMax B KIIETKax
MOXET ObITh U30BITOK MaTepuana 21 XpoMOCOMBI, CIEJICTBUEM UETO U
oynet 0one3ns JlayHa.

2. Acummempuunwlii 06meH, KOTAa IEHTPUICCKHI YIaCTOK OTHOMN
XPOMOCOMBI COEAMHSAETCS C IEHTPUUYECKUM YYaCTKOM JPYrol Hero-
MOJIOTUYHOM XPOMOCOMBI, a allECHTPUYECKUE YUYACTKU ITUX XPOMOCOM
Takoke coenuHstoTes (puc. 2.6.11). B pe3ynbrate BOZHUKAST AUIICHT-
puyeckas XpoMocoMa 1 aleHTpudeckue (pparMeHThI.
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Puc. 2.6.11. Memacgasznasn nnacmunxa.
Tpancnoxkayus: ouyeHmpux u napHvie ayeHmpuieckue pacmeHmol
(0b6o3Hauenvl cmpenxkamu)

KileTku ¢ TaKuMu HapyIICHUSIMU HE MOTYT IIPONUTHU MUTO3 U MEM-
03 U OOBIYHO THOHYT.

OOMEH MOKeT OBITh MOJHBIM UM HENMOJHBIM. Bo BTOpoM ciydae
4acTh Pa3pbIBOB HE BOCCOEIUHSACTCS.

TpaHcIOKaIuy BBISIBISIOTCS:

- MeTa(a3HbIM aHAIM30M IO M3MEHEHHUI0 MOP(OJIOTUU XPOMO-
CoM;

- a”Ha-Te’0¢a3HbIM aHAJIU30M IO HAIMYMIO (parMEeHTOB U MOC-
TOB;

- BO BpeMsl Me€il03a TPAHCJIOKAIMU BBIABJISIOTCA MO HAJUYHUIO
TPAHCIOKAIIMOHHOTO KPECTa, KOTOPBIM 00pa3yeTcsl MpU KOHBIOTAIIUU
UCXOJHBIX XPOMOCOM M XPOMOCOM C TpaHciiokamuen (puc. 2.6.12,
2.6.13);

- B uHTep(da3zy TPaHCIOKALMS BBISABJISETCS MO HAIUYUIO MHKPO-
anep;

- HA TIOJIMTEHHBIX XPOMOCOMAax TPAHCJIOKAILMS BBIABISETCS IO
U3MEHEHUIO PACTIONOKEHUS JUCKOB.
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nnipxovoupdw nouxoduniad ndu vwoadx o2ounonivxorouvdu
anHp90EDdQo ¥nhwxowOHDd] "7[°9°7 "ond
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Puc. 2.6.13. Yuacmok memagpasznou niacmuxu.
Tpancroxayusi: mpancioKOYUOHHbIU Kpech
(cnesa — pomoepadghus, cnpasa — pekoHcmpyKyusi)

2.7. FeHOMHbIe Mymayuu

I'enom — COBOKYITHOCTh T'€HOB, 3aKJIIOUYCHHBIX B HA0OpEe XpOMO-
COM TaIUIOMJHOW KJeTKH. MyTtanuu, oOyCIOBJICHHbIE HU3MEHEHHEM
YHClIa XpOMOCOM, Ha3bIBaloTcs TeHoMHBIMU (puc 2.7.1). Ilomamsto-
niee OOJBIIMHCTBO YKAPUOTUUYECKUX OPraHU3MOB SBISIIOTCS JUILIO-
UJIHBIMA OPTaHU3MaMH, TO €CTh KaXKJas XpoMocoMa MMeeT cebe ro-

MoOJiora.
I'enoMHBIE MyTaLIK
I'ammongus IHonunomongnsa AHeyronaus
(reteporonaus)
ABTomionaus Anomionans

Puc. 2.7.1. Knaccuguxayus ceHomMHblx Mymayuti
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I'annouousa sBISETCS €CTECTBEHHBIM COCTOSIHUEM HEKOTOPBIX
OpraHu3MoB (MXH, HEKOTOPBIC BOJAOPOCIH, TpuObI). BmecTe ¢ Tem ra-
IJIOUAUS OTMEUAETCS U Yy JUIUIOMJIHBIX OPraHU3MOB KaK T€HOMHAas
MyTalnus. Y ramouHbIX )KUBOTHBIX U PACTEHHUM CHUYKEHA >KU3HECIIO-
coOHoCTh. [Ipu Meii03e MPOUCXOUT CIIy4allHOE PACXOKIECHUE TAMET K
MOJII0OCaM KJIETKH, TaK KaKk He 00pa3yroTcs OuBayieHTHl. IloaToMy vac-
TO OTMEUYAETCSl CTEPUIBLHOCTh WU CHUXEHHE (DEPTHIHLHOCTH 3a CUET
HeCcOaTaHCUPOBAHHOCTU TaMeT. [ arioujuss MOXKET BO3HHUKATh MPHU
BO3/ICHCTBUU T€HETUUECKU aKTUBHBIX (PaKTOPOB CPEJIbI.

Honunnouousa (Aynaounioudus)— >T0 U3MEHEHHE 4YMCIIA XPO-
MOCOM KpaTHO TarutougHoMy HaOopy (n). Ilomumiounans BO3HUKAET
noj BIUSHUEM (aKTOPOB BHEIIHEH Cpejibl KaK Ha CTPYKTYpPY XPOMO-
COMBI, TaK U Ha MOBEJICHUE XPOMOCOM B MUTO3€ U Meio3e. [Ipuunnbl
MOJIMIIJIONANY — HEPABHOE PACXOXKICHHUE XPOMOCOM K IOJIIOCaM B
anadase, genenue sgapa 0e3 AeIeHUs KIEeTKU (LIUTOKUHE3A), YABOCHUE
XpPOMOCOM 0€3 JIeNICHHUs sapa.

Asmononunniouduss — 370 YMHOXKEHUE Te€HOMa oJHOro Buaa. dDe-
HOTHUITMYECKU CKa3bIBAETCs, OOBIYHO, B U3MEHEHUU MPU3HAKOB Opra-
HU3Ma, TO €CTh 3Ta U3BMEHYUBOCTh UTPAET POJIb B IBOIIOLINH.

Tpuronbl (3N) omuMcaHbl Cpey PAaCTCHUN M KUBOTHBIX. Y pac-
TEHUI TPUILIOUbI KU3HECIIOCOOHBI, ’TOT YPOBEHb T'€TEPO3UCHBINA. Y
’KUBOTHBIX, HA00OPOT, HAOIIOAAETCS CHIDKEHUE JKU3HECITOCOOHOCTH |
OTKJIOHEHUS B Pa3BUTUM. Y 4eJIOBEKA M3BecTHa MyTanus 3N (69 xpo-
MocoM). DEHOTUNTMYECKU OHA MPOSBIISIETCS B HAJMYKUM COUYETAHHBIX
MOPOKOB Pa3BUTHSA, CHMKEHUU YMCTBEHHBIX CIIOCOOHOCTEM, paHHEH
rudenm.

ITockoNbKY y pacT€HHUM 3TOT YPOBEHb I'€TE€PO3UCHBIN, CEICKIINO-
HEPBI MBITAIOTCS UCKYCCTBEHHO MOJIYYWUTh MOJUIUIOUIHBIE MYTAHTHI,
BO3JCUCTBYs paziuuHbiMu pakTopamu cpenbl. H.M. BaBunoB nucan,
YTO YEJIOBEUECTBO MHUTACTCS IOJHUILIOUAaMH. JIeHCTBUTEIHHO, 0O0JIb-
masi 4acTh KyJbTUBUPYEMBIX pacTeHUM — KapTodesab, NIICHUIA,
POXb, TJI0/IOBBIC PACTEHUS — SABJISIOTCS MOJUTLIOUIAMH.

['pynma poJICTBEHHBIX BHJOB, Y KOTOPBIX KapUOTHUIT COCTABIISET
PST BO3PACTAOIIETO YBEIMYCHHUSI OCHOBHOTO uwmcia (N), Ha3bIBaeTCs
NOJMUIIOUAHBIM psiioM. OCOOEHHO BBICOKM TMOJUILIOUHBIE PSIIbL Y
JEKOpaTUBHBIX pacTeHuil. Hanmpumep, y xpuzantembl (N = 9) pasHble
BHJIbI K cOpTa coaepkat ot 18 1o 198 xpomocom.
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Annononuniouous (amgunoruniouous) — yMHOKEHHUE TEHOMOB
Pa3HbIX BUJOB. Y aJUIOIJIOUJIOB PE3KO BBIPAKEH I'€TEPO3UC, KOTOPHIN
CTOMKO COXpaHsieTca B IOTOMCTBE. I[Ipumep aiutomnouga — Msrkas
nireHua — Triticum aestivum (2n = 42). E€ reHoM cocTaBjIeH U3 TpPeX
BUJI0OB PaCTCHUM:

1. Triticum monococcum (n = 7)
2. Aegilops speltoides (n = 7)
3. Aegilops sqarrosa (n = 7)

2Nn=21(2n=42)

AJTONONMUIIONABl  (PEPTUIBHBI, Y HUX HOPMaJIbHO MPOXOJUT
Mei03, TaK KaK KaXaasi XpOMOCOMa UMEET C€0€ TOMOJIOTUYHYIO.

Aneynioudusn (2zemeponioudus) — U3MEHEHHUE YHUCIIa XPOMOCOM
HEe KpatHo N. Hampumep, KapuoTUI OPraHU3MOB, Y KOTOPBIX OJIHA
JUITHSASL XpOMOCOMa B Kakoil oo mape — 2n+1. OTo HapylieHue Ha-
3pIBaeTCa mpucomusi. llpu monocomuu, Ha0OOPOT, HEAOCTAET OJHOM
XpPOMOCOMBI B KakoW-1m00 mape. Ecin HeT 00enX TOMOJIOTMYHBIX
XPOMOCOM KaKON-TO Maphl, TOBOPAT O HYAUCOMULU.

Bnepsrie rereporionanio ooHapykui bpumkec y npo3odunsl. YV
MyX OBIJIO BMECTO JBYX TPH MOJIOBBIE XPOMOCOMBI (TpHCOMHS IO X-
xpomocome). OH mocuuTai 3To napagokcoM. Ho mozxe BBISICHMIOCH,
YTO FeTepOILIOUUS HUPOKO PACIPOCTPAHEHA U, BUIUMO, BCTPEUACT-
Csl y BCEX JKUBBIX OPraHU3MOB, B TOM YHUCJIE U Y YEIIOBEKA.

['eTeporuionansi (EHOTUMUYECKH COMPOBOXKAACTCS 0OJiee PE3KO
BBIPAYKCHHBIMU HETaTUBHBIMU U3MEHEHHSIMHU, YEM IYHOJUILIOUINS. Y
YeJI0BEKa IeTePOIUION NS, KaK MPABUIIO, IPOSIBISETCS B BUAE XPOMO-
COMHBIX OOJIe3HEU C IIEJIbIM KOMIUIEKCOM HapYIICHUN B Pa3IMYHBIX
CHUCTEMaxX OpraHoB, OOBIYHO COMPOBOXKAAETCA OecruiogueM. AHEYII-
JIOUIMSI, KaK U TOJUTIJIONINS, BO3HUKAET MPU BO3ICUCTBUU (PAaKTOPOB
OKpY>Karoleil cpejpl, Kak Gu3nuecKnux (MOHU3UPYIOIIEE U3IYUYCHHUE),
TaK U XUMUYECKUX (pa3MYHble XUMUYECKUE COCAUHEHHUS) U OUO0JI0-
TMYECKUX (B TOM YHUCII€ U DHIOTEHHBIX: CTPECC, TOPMOHAILHBINA JTHUC-
OaJtaHc u ap.).
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2.8. YpoeHu 3aujumbi op2aHU3MO08
om Mymaz2eHos8

MyTtarensl Bcerja ObUTM Ha Hamied ruiaHere. M opraHmsmbl B
MPOIIECCE IBOJIIOIUY BBIPAOOTAIM MEXAHU3MBI 3aIIUTHI OT MyTareHoB.

OTa 3almTa OCYUIECTBIISETCS HAa BCEX YPOBHSIX OPraHU3alNU U
o0ecrieuynBaeTCs CIICIYIOIIUM:

1. /Isyxuenoueunocmoio /[HK.

brarogapsi ABYyXIEMMOYEYHOCTH, AAXKE IMOCIE MOTEHLUHAIBHO JIe-
tanpHOro noBpexaeHuss JJHK kneTka crocoOHa BBDKUTH Onaropapsi
npoueccam ucnpasienus JJHK. IIponecc ncnpasienust noBpexICHUN
JIHK Ha3biBaeTcsi cenemuueckou penapayueil.

['eneTnueckas penapaiusi ObIBA€T HECKOJIbKUX TUIOB. JKCYU3U-
OHHAs penapanus 3aKJII0YaeTcsl B BBIPE3aHUM (IKIM3US) MOBPEKICH-
HBIX YYAaCTKOB MOJIEKYJIBI U CUHTE3€ HOBOTO YYacTKa MPH UCIOJIb30-
BaHUHU BTOpOM HenoBpexaceHHou nenu JJHK B kauecTBe maTpuirsl.

HcnpaBneHrne MOBPEXACHUN, KOTOPBIE HE BOCCTAHABIIMBAKOTCS
MOCJI€ 3TOT0 THUIMA pernapaiiu, MOXKET ObITb 00ECIeUeHO nocmpeniu-
KAyUuoHHOU penaparuei.

Tpetuit Tun penapauuu — snennanosviy cunmes /[HK. OH co-
CTaBJIIET OCHOBY OJJHOTO M3 METOJOB F'€HETHYECKOW TOKCUKOJIOTHU.

2. Boipootcoennocme cenemuueckozo Kooa.

brnarogapst ToMmy, 4TO OJJHa aMUHOKHCJIOTa KOAUPYETCS HECKOJIb-
KUMHU TPUILJIETaMH, MYTaHTHBIA KOJIOH MOXET KOJHMpPOBaTh Ty K€
aMUHOKHUCIIOTY. benok, a ciienoBaTeabHO, U MPU3HAK OCTaHYTCSA HE-
U3MEHHBIMH.

3. Ecnu amunokucnomsl cX00Hbl N0 AKMUBHOCHU, TO MyTallHsI
3aMETHO HE CKa)keTcs Ha QYHKIUU OelIKa.

Hampumep, n3MeHeHue rilyTaMrHa Ha BaJdWH OOYCJIOBUT BBHIpa-
KEHHYIO ()OpMY CEepIIOBHUIHO-KICTOYHON aHEMHH. A TIpU 3aMEHE TIIy-
TaMHWHA Ha JIM3WH CHMITOMBI OOJIe3HH OyAyT BBIpaXK€HbI HE3HAYU-
TEIBHO.
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4. 3amenennas AMUHOKUCI0MA OKAXCEMCA He 6 AKMUBHOM
yenmpe 6enka, a B QyHKIIMOHAJIHLHO HE3HAYMMOW yacTtu Oeinka. M3-
MEHEeHHUs B (peHoTuIe OyayT BBIPAXKEHBI CI1a00 UM BOOOIIE HE BhIpa-
KCHBI.

5. Junaouonocmey opzanuzma. MyTaHTHBIA T€H B I€TEPOZUTOT-
HOM COCTOSIHUM HE MPOSIBUTCS B (DEHOTHUIIE.

6. Ilenempanmnocmp (TO €CTh JOJISI OPTAHU3MOB, Y KOTOPBIX I'€H
nposBIAeTCS B (DEHOTHUIIE) 3aBUCUT OT YCJoBHil cpenbl. Hampumep,
MeHETPAHTHOCTD Im3oppenun 65%. Takum obpazom, y 35% ocobei
TOMO3HUTOTHBIX TI0O MyTaHTHOMY T€HY 0O0JIe3Hb HE MPOSBUTCAL.

7. Anmumymaczenes. llpupoaoii co3gaHo MHOro (pakTopoB, 3a-
IIUIIAIONINX TE€HOM OT BO3HUKHOBEHUS MyTallMil. 9TO HEKOTOPHIE BU-
TaMUHbI, COCIMHEHHUSI THOJIOBOTO psiAa, XJIopopuii, GepMEHT NepoK-
CHJla3a U MHOTHE JIpyTHE.
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NMABA 3.
MeToAabl OLleHKM MyTareHoB

3.1. lIpobriembI OUEHKU Myma2eHo8

a TIEpBOM JTare TJIaBHOM 3aJla4€ld N'C€HETUYECKOM TOKCH-

KOJIOTHH ObLJIa pa3paboTKa METOJIOB OLICHKH MYyTareHHO-

ro 3¢dexra pa3nuuHbIX (PAKTOPOB U BBISIBICHHUE CpEIU
HUX HanboJiee YyBCTBUTEIBHBIX U SKOHOMUYHBIX TECTOB.

MoxHO Ha3BaTh OCHOBHBIC TpeOOBaHUS, MPUMEHIEMBbIE K COBpE-
MEHHBIM TOKCUKOTE€HETUUECKUM METOJIaM:

- BBICOKAs YyBCTBHUTEIBHOCTh (YTOOBI HE MPOMYCTUTH MOTCHIIU-
aJIbHBIN MyTareH, He J1aTh JIO)KHOOTPHUIIATEILHOTO OTBETA);

- cieU(PUIHOCTH (YTOOBI PETUCTPUPOBATH TOJIHKO UCTUHHBIE MY-
TarcHbl, HE 1aBaTh JIOXKHOIIOJIOKUTEILHOTO OTBETA);

- CMIOCOOHOCTD BBISIBJISITH BCE TUITBI MyTallHiA,

- BO3MO>KHOCTh BBISIBJISITh KaK MPSIMbIE MyTareHbl, TaK U KOCBEH-
HbIE MyTareHsl (IpOMyTareHbl), MPUOOpETAIOIINE MYTareHHYI ak-
TUBHOCTb B IIPOIIECCE META00JIN3Ma B OPraHU3ME;

- BO3MOKHOCTh BBISIBJISITh KaK YHUBEPCAJIbHBIE MYTareHbl, HHIY-
[APYIOIINE MYTAIlUX Y BCEX OPTaHU3MOB, TaK U MyTareHbl, aKTUBHBIC
B OFPaHUYEHHOM HA0Ope OMOJIOTHYECKUX CUCTEM;

- BKOHOMUYHOCTb, KPATKOCPOUYHOCTh, IPOCTOTA B BHITIOJIHEHHH;

- BOCIIPOM3BOJAMMOCTb PE3YJIbTaTOB (BO3MOXXHOCThH TOJYYEHUS
aHAJIOTUYHBIX PE3YyJIbTATOB HA TOU YK€ TECT-CUCTEME);

- BO3MOKHOCTbh J3KCTPAMNOJISIIIUM JAHHBIX, MOJIYYEHHBIX MHpPHU HC-
CIeOBaHUSX In Vitro Ha ycioBusax in vivo (Jmutpuena, [TapdEnos,
1991);

- BO3MOKHOCTb 3KCTPAIOJISLHUY IMOJTYYEHHBIX JTaHHBIX HA YeJIOBeE-
Ka.

- perucTpauus Kak HapyueHun crpykrypsl JJHK, Ttak u reneru-
YECKUX MPOILECCOB (T€HETUYECKasl pernapaims, KpOCCHHIOBEP, POTe-
KaHUE MHUTO3a, HAPYIICHUE IEHTPOMEPbl, MUTOTUYECKOTO armapara,

v JIp.
40



I JIABA 3. Memoowi oyenku mymazenos

K nHactosmmemy Bpemenu paspadborano 6osiee 200 METOI0B OICH-
KM TE€HOTOKCUKAHTOB, B KOTOPBIX HCHOJIb3YIOTCS Pa3IUYHBIE TECT-
OOBEKThI, OT BUPYCOB JI0 BBICIIUX >KUBOTHBIX M KJIETOK YEJIOBEKA, U
PETUCTPUPYETCS CaMbl€ PA3JIMYHbIE TEHETHYECKHE MOBpexAeHUA. Of-
HAaKO CYIIECTBYIOIIEE MHOTO00pa3ve METOJIOB CBUJIETEILCTBYET O
TOM, YTO HU OJIUH U3 HUX HE SIBISETCS YHUBEPCAJIbHBIM, YJIOBJICTBO-
PSIIOIIUM BCEX HCCIienoBaTesen. [ [puunHbl 3TOTO ClIeayouue:

1. TecTbl HAa MYTareHHOCTh SIBJIAIOTCSI BUJOCHECIM(UUHBIMU, TaK
KaK €CTh MYTareHbl, MOBPEKIAIONINE TE€HOM TOJIBKO Y OMpPEaeICHHBIX
BHUJI0B. TakuM oOpa3om, MyTareH, OomacHbId, HaIpUMep, JJIs YesioBe-
Ka, MOXET OBbIThb HE BBISIBICH Ha HCHOJIb3YEMOM HCCIEA0BaTEIEM
TecT-00BhekTe. [1oaTOMy HE0OX0IMMO HCIOJIH30BaTh HECKOJILKO TECT-
OOBEKTOB.

2. MeTtonpl SIBISIOTCS TECT-CICIM(PUIHBIMA, TO €CTh BBISBISIOT
HEMHOT'O0 BUJIOB HACJICJICTBEHHBIX HAPYIICHWH, YaIlle OAUH TUIl MyTa-
uui. [ToaToMy, eciu TecT, perucTpupyroIuii XpOMOCOMHBIE MYTallHH,
Tl OTPULIATENIbHBIN OTBET, 3TO HE O3HAYAET, YTO (DAKTOP HE BHI3HIBAET
reHHbIX MyTanuid. CienoBaTenbHO, YTOOBI HE MOJYYUTh JIOKHOOTPHU-
LATEJIbHBIX OTBETOB, HEOOXOANUMO HCIOJIb30BATh HECKOJIBKO TECTOB.

3. MccnenoBanre OJHUM METOAOM M Ha OJJHOM TE€CT-OOBEKTE MO-
JKET JIaTh Pa3IMYHbIN OTBET U3-3a TKaHECNeUPUIHOTO ACUCTBUS (hak-
Topa. B Tecte perieccuBHBIX JieTalbHBIX MyTanui y Dr. melanogaster.
Tak, y 1po30o¢uisl OTBET 3aBUCHUT OT TOTO, B KAKHE OPTaHbl BBOJIUIIOCH
XUMHUYECKOe coequHeHue. TkaHecnenu@UUHOCTh OTMEUaeTCsl U MpU
UCIT0JTb30BaHNU MUKposiepHoro Tecta (JI.H. Ceruesa, 2004).

4. KocBeHHbIE MyTareHbl (IPOMyTareHbl) caMmu He 00JIalatoT My-
TareHHOW aKTUBHOCTHIO, HO MX META0OJMUTHI T€HOTOKCUYHBI. TaKuMm
oOpa3zoM, Jaxke IMpoBepka (akTopa HECKOJbKHMH METOJaMU Ha He-
CKOJIbKMX TECT-00BEKTaxX €€ He TapaHTUPYET, YTO €ro TeHEeTHYeCKast
0€30MacHOCTh OKOHYATEJIbHO YCTaHOBJICHA.

[Io >TuM mpUYMHAM [JI1 YMEHBIICHHUS KOJIMYECTBA BO3MOKHBIX
JIO’)KHOOTPHUIIATEIBHBIX U JIOKHOMOJOKUTEIBHBIX OTBETOB HEOOXO0IUMO
UCIIOJIb30BaTh HMIMPOKUM HAOOp METOJOB C MPUMEHEHUEM IIMPOKOTO
Kpyra 00beKTOB. DTO CHJILHO YCJIOKHSET U yI0OPOKAET UCCIIeI0BAHNUE.

Jng yMeHbleHUs: BO3HUKIIUX 3arpaTr b. bpumkecom u Giammom
(Bridges, 1976; Flamm, 1974) Obuia mpenjiokeHa 3TalHOCTh TECTH-
pOBaHHUA, KOTJla Ha MEPBOM 3Tane (HaKTopbl OTOMPAIOTCS MO CTEHEHU
UHyIUPYEMOr0 TeHOTOKcudeckoro 3ddekra. JanbHeiinee TecTupo-
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BaHME TpeOyeT O0IBIINX 3aTPaT U MPOBOJUTCS C YUETOM PE3yJIbTaTOB
IIEPBOTO JTAIA.

TpaauumoHHO mpoueIypa TECTUPOBAHUS IEIIUTCS HA TP ATaIla:

llepeoviit oman. IlepBUYHBIA CKPUHUHI. 3ajadya €ro — BBISIBUTH,
MOXET JIM B MIPUHIMIE JTaHHBIN (akTop B3aumojeiicteoBath ¢ JIHK.
TpeGoBanus k MeTOIaM 3TOrO 3Tama: BBICOKAs YyBCTBUTEIbHOCT,
KPAaTKOCPOYHOCTh M 3KOHOMHYHOCTh. Ha gaHHOM 3Tame B KadecTBe
TECT-00BEKTOB MCIOJIb3YIOTCA MUKPOOPTAaHU3MbI, OCOOEHHO 4acTo —
oaxrepus Salmonella typhimurium.

Bmopou sman. OnpenensieTcsi, MOXKET JU JaHHBIA (QakTop Mo-
Bpexarh JJHK B sykapuotuueckux kierkax. B kauectBe TecT-00beK-
TOB HCHOJIB3YIOTCS KYJIbTYPbI KIIETOK MJIEKONUTAOIIMX U YEIOBEKA.

Tpemuii >man. BpisicHgeTcsi, MOXeT Jid ()aKTOp BBI3BIBATH I'€HE-
TUYECKHE HAPYIIEHUS B LEJOCTHOM opraHusme. Mcmoisb3yrores Tec-
TBI, YUuThIBatomue dh(HEeKT B COMaTHYECKUX M TMOJIOBBIX KJIETKAxX IN
vivo (Tapacos, 1994).

Ha pucynke 3.1.1 mpencraBieHa cxeMa MO3TaITHOTO TECTHUPOBa-
HUSA (aKTOPOB HA MyTareHHOCThb. C yBEJIMYEHUEM CTOMMOCTH TECTH-
pOBaHUSA MPOUCXOIUT 3HAYUTEIHLHOE CHM)KEHUE KOJIMYEeCTBa (PAKTO-
POB, TECHOTOKCUYHOCTb KOTOPBIX MPEICTOUT OLEHHUTb.

YHUCIIO
BEIIECTB

IIPUHATHE
peueHus

MPEKpaICHUE TECTUPOBAHUS

YBCIMUCHHUC CTOMMOCTH

Puc. 3.1.1. Ilpunyunuanvuas cxema
nosmannozo mecmuposanusi (B.A. Bridges, 1974):
“+” — nonooicumenvHulll Omeem mecmupoB8anusl,

=7 - ompuuameﬂbelﬁ omeem mecmupoearusl
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3.2. bBakmepuanbHblie mecm-cucmemabl
0J15s1 8bIsie/IeHUsI Mymaz2eHos8

bakTepny MMPOKO MUCIIOIB3YIOTCS B TCHETHISCKON TOKCUKOJIOTHH
0 CICAYIOUIAM MPUYHMHAM:

— 0aKkTepuu OJHOKJIETOYHBIE OPTaHU3MBI C BBICOKON CKOPOCTHIO
Pa3MHOXKEHHS, TMO3TOMY Ja)Ke€ PEAKHE MYTalliHd, BCTPEYAIOIIHECS C
yacroroii 1x10°°, MOTYT OBITh 3apETrUCTPUPOBAHBI;

— TeHeTHKa OaKTepHil XOPOIIO M3y4eHa, METOJBl KYyJIbTHBHPOBA-
HUS JICTIeBbIE, HEe TPeOyI0T OOJBIINX 3aTpaT U IJIOIIaACH;

— IIOJTyYeHBI IITaMMBbI, OOJIaaroIie BBHICOKOM YyBCTBUTEIBHO-
CThIO KO MHOTHM MyTarcHam;

— METOJIbI C UCIIOJIb30BAaHUEM OAKTEPUN KPATKOCPOUHBI.

bakTepuanbHbIE TECT-CUCTEMBI ACIATCS Ha TPU OCHOBHBIX KJlacca:

1) mo3BoIgrOIIKEe OOHAPYKUBATh OOPATHBIC MYTaIlUH;

2) TI03BOJISIOIINE BBISBIIATH MPSIMBIC MyTaIlUH;

3) oOnaaaroIiye HeI0CTaTOYHOCTRIO 0 penapairuu JJHK.

Hanbomnee mupoko B reHETUYECKON TOKCUKOJIOTUN MCIIOIb3YETCS
memoo yuema oopamuvix mymayuu y Salmonella typhimurium.
[IITamMbl gukoro Tumna (mpoToTpodbl) CHIOCOOHBI K CUHTE3Y BCEX HE-
00XOJIMMBIX AMUHOKHUCJIOT W3 HEOPraHUYECKOI'0 a30Ta, €CIU B Cpelie
€CTh MCTOYHMK YTIIEPOJA, HApUMEpP TIIIOKO3a. b. DiiMcom ¢ coaBTO-
pamu mosrydeHsl mraMMbl Salmonella typhimurium, umeronue ren-
HYI0 MyTallii0 B THCTUAMHOBOM OTEPOHE, MPEMATCTBYIONIYI0 CUHTE3Y
aAMUHOKHUCJIOTHI THCTHAWHA. Takuwe mrTamMMmbl (ux o6o3HaudaroT his’)
SIBJISIFOTCS ayKCOTpOo(daMu MO TUCTUUHY .

JI71st yBeIM4EeHUST YyBCTBUTEIIBHOCTH 3TUX IITAMMOB K MyTareHam
B F'€HOTHII OaKTepUil BBEJICHBI 100aBOUYHBIC MAPKEPHI:

— myTtanus Ifa— yBenmunBaeT NpPOHUIIAEMOCTh OaKTEPHUATLHOM
CTEHKH, TaKUM 00pa3oM, M3y4yaeMOe XMMHUYECKOE COCIMHEHHUE JIETKO
NpoOHUKaEeT B OakTepuro. biarogaps 3ToMy BEpOSITHOCTH JIOAKHOOTPU-
LATEJIbHBIX OTBETOB, OOYCIOBJIEHHBIX HEMPOXOIUMOCTHIO (akTopa
yepes KJICTOYHYIO CTEHKY, CHIDKACTCS,

— MyTauusi B reHe UVIB oOycrnoBnuBaer nedeKT reHEeTUYEeCKOU
penapanuu. B pe3synbrare MyTtanus He OyJeT UCHpaBlieHa, a OyAeT
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3apErUCTPUPOBAHA, UTO TAKKE CHUKAET BEPOSITHOCTH JIOKHOHETATHUB-
HOTO pe3yibTaTa,

— BBeAeHue mazmMuibl PKM101 yBenuuunBaeT 4yBCTBUTEIBHOCTh
OaKTepuH K MyTarcHam.

Takum 006pa3oM, MITaMMBI SBJSIOTCS BHICOKOYYBCTBUTEIBHBIMU,
4YTO OYCHb BaXKHO Ha TMEPBOM JTarle CKpUHUHTAa MyTareHoB. [Ipu Bo3-
JEHCTBHM MYTareHOB y ayKCOTPO(HBIX OaKTepuii MOXKET BOSHHUKHYTh
obpartHas MyTarus K npotorpodroctr (his~ — his®). ITo wacTore Ta-
KHX MyTalliid U ONpeAesieTcs MyTareHHasi akTUBHOCTD (pakTopa.

Cxema ocHoeno2o0 memooa

B mipobupky, coaeprkaiiyro 2 M1 pacIuIaBI€HHOTO MSTKOTO arapa
(«BepxHETO» arapa), 700aBis0T 2 M Ky asTyphl Salmonella typhimu-
rium mramMmMa DiiMca U pa3TuIHbBIE 03Bl TECTUPYEMOTO BEIIECTBA.

[TapamienbHO CTaBAT OTpULIATEIbHBIN (MHTAKTHBIN) M MO3UTHUB-
HBIIl KOHTPOJIb. B oOTpuLaTeNbHBIM KOHTPOJb A00ABISETCS TOIBKO
PacTBOPUTEND, & HE TECTUPYEMOE BELIECTBO. DTOT KOHTPOJIb IO3BO-
JSIeT OMpPEACUTh CIIOHTaHHBIA ((POHOBBIN) ypoBeHb MyTanuid. B mo-
3UTUBHBIA KOHTPOJb BHOCAT CTaHAAPTHBIC MYTAreHbl I MPOBEPKHU
KOPPEKTHOCTH MPOBOJAUMOIO OIIBITA.

[Tocne mepemenmmBaHus COACPKUMOE KaKJI0H MPOOUPKU BbLUIM-
BAIOT Ha MOBEPXHOCTh TBEPJAOrO arapa («HWKHUI» arap, MUHUMAJlb-
Has cpejia), HE COJIeprKalllero TMCTUAMHA, TaK, YTOObI pacrpeaeauThb
BEpXHUH arap TOHKHM CJIOEM IO MOBEPXHOCTH HHXKHEr0. 3aTEM 4Yalll-
KM CTaBsT B TEPMOCTAT i MHKyOupoBaHusa. Uepe3 48 vacoB mpo-
CMaTpHUBAIOT BBIpOCIIME KOJOHMHU. Ha yaiike BeIpacTyT TOIBKO TE KO-
JIOHWH, KOTOPbIE MOT'YT CUHTE3UPOBAaTh TUCTUJINH, TO €CTh Y HUX MPO-
u3oluia oOparHass MyTallUM OT ayKCOTPO(HOCTH MO TUCTUIUHY K
npororpodHocTu (his™ — his’). Takum 06pa3oM, peTrHCTPUPYIOTCS
oOpaTHbIe MyTalluM, YU4E€T MyTalluid OYE€Hb MPOCTOH, HE TpeOyeT crie-
[IAATBHBIX HABBIKOB.

Ecin 4ncno BBIPOCHIMX KOJOHWUW B OINBITHOM BAPUAHTE ITPEBBI-
[1aeT TAaKOBOE B OTPHULATEIBHOM KOHTPOJIE, JIEJIAETCS BBIBOJ O TOM,
9TO ()aKTOP MOXKET BBI3bIBATH OOpATHBIE MYTAIlMU, TO €CTh SIBJISETCS
MYTareHOM B IaHHOW TECT-CUCTEME.

HenocratkomM Metona SIBISIETCS TO, YTO OH BBISBISIET TOJBKO
MPSAMBIE MYTAareHbl U HE BBISABIISICT IPOMYTarcHbI.
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DWMCcOM C coaBTOpaMu pa3paboTaHa MOAM(UKAIUS ITOTO0 METO-
7a, KOTOpas MO3BOJIACT BBISBISATH HE TOJBKO MYTareHHOCTh CamMOTO
COCIMHEHUS, HO M TCHETUYECKYIO0 aKTUBHOCTh MPOYKTOB €r0 pacnaaa
npu MeTab0IM3ME B )KUBOTHOM OpraHuM3Me. DTOT METOJ Ha3bIBAeTCS
mecmom Salmonella/muxpocomesr. Y Salmonella typhimurium orcyt-
CTBYIOT OOJIBIITMHCTBO (PEPMEHTOB, XapaKTEPHBIX I MIICKOIHTAFO-
mux. DT PEepMEHTHI T00aBISIOT B BUAE IKCTPaAKTa, IPUTOTOBICHHO-
ro W3 TMeYeHu KphIC. [ledeHbr roMOTEHU3UPYIOT U IEHTPUDYTUPYIOT
IIpU BBICOKOM CKOpocTU. B pesynbpTare mosydyaroT coaepkamniuii dep-
MEHTBHI CYIEpHATaHT, KOTOPBIM Ha3biBaeTcs (pakiueirn S9. DTummu
dbepMeHTaMH NEUCTBYIOT Ha HCCIEIyeMOE BEIIECTBO, KaK Obl MOJe-
JUPYS €r0 META00JIN3M B OPTaHU3ME KUBOTHOTO.

Cxema memooa Salmonella/muxpocomot

B npobupky, comepxalryto, Kak U ITpd OCHOBHOM METOj€E, 2 MJ
«BEepxHETO» arapa, 2 M KynbTypsl Salmonella typhimurium u tectu-
pyemoe BemecTBo, 106asistoT 0,5 mi ppakiuu S9, k KoTopoit 100aB-
JICHBI MIOCTABIIUKKA HEOOXOAMMOM N1 MeTabou3Ma SHEPrun (HUKTH-
HamunaneHuaauaykineorundocpar (HAJAD) u rmokoszo-6-docdar),
dbochaTtubiii 0Oydep, conu kanplus U MarHus. DepMeHThl, coaepxa-
nmecs B cmecu S9, MOTYT BO3JIEMCTBOBAaTh Ha TECTUPYEMOE BEIIECTBO
¥ 00pa3oBaBIIMECS TPU ITOM METAOOJHTHI B CIydyae MYTareHHOCTH
MOTYT MHAYLHMPOBATh MyTallid, B TOM YHCIICE U OOPATHYIO MYTallUIO
(his™ — his™).

B omnbiTe cTaBUTCS ABa BapUaHTA:

llepeuiti 6apuanm: Kak U B OCHOBHOM OIIBITE, CTaBsT OTpHUIIA-
TeJbHBIA KOHTPOJIb M ONbIT 0e3 hpakumu S9.

Bmopoii sapuanm: B ONbITHBIE POOUPKU J100ABISIIOT (PpaKIIHIO
S9.

[Tocne nmoceBa Ha yaniku [letpu u 48 yacoB uHKyOaIuu cpaBHU-
BAIOT KOJMYECTBO BBIPOCHIMX KOJIOHWI B MEPBOM M BTOPOM BapUaH-
Tax. Eciu B mepBOM BapHaHTe 4acTOTa MyTallMil B OMBITE BBIIIIE, YEM
B KOHTpOJIE, TO BEIIECTBO SBJISIETCS MyTareHOM MPSAMOTO JIEUCTBUSI.
Ecau Bo BTOpOM BapuaHTe Mocie METa00IMYECKON aKTUBAIlMU 4acTo-
Ta MyTalMi BO3pacTaeT MO CPABHEHUIO C MEPBBIM BApUAHTOM, TO Be-
IIECTBO SIBJISIETCSI U MyTar€HOM KOCBEHHOTO JICUCTBUS.

Meton DiiMca MO3BOJISIET MPOBOJAUTH MYHIAZEHOMURUPOGAHUE,
TO €CTh, KAKOW THUI MyTaluil (HaKToOp MOXKET UHAYLHPOBAThH: 3aMECHBI
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nap ocHoBanuii B JIHK wim dpeiim-mudT mytanuu. s storo Ditm-
COM CO3JaHbl ITAMMBI, y KOTOPBIX HAPYIIECHUSI B TUCTUIMHOBOM OII€-
poHE 00yCIOBJIEHBI PA3HBIMU MYTALIUSIMU:

—y mwramMmmoB TA1535 u TA100 — MucceHc-MyTaIMu, CBSI3aHHBIC
¢ 3ameHamu nap ocHoBanuil B JIHK. [losTromy mtamMm MOXeT peBep-
TUPYET MO JEUCTBUEM MYTareHOB, MHIYIUPYIOMINX UMEHHO 3aMEHBI
11ap OCHOBAaHUU;

— mrtammbl TA1538, TA98, TA97 — MyTauuu TUIa CABUTra paMKH
cuntbiBaHus (pperm-mudt myrtanuu). [losTomy mramMmm MOXeT pe-
BEPTUPOBAThH TOJILKO TIPU BO3JICUCTBUM MYTAareHOB, BBI3BIBAIOIINX JIC-
JIEUWU WJIA BCTABKU Map Hykieotnaos B JIHK.

Takum oOpa3zoM, BO3AEHCTBYS (PAKTOPOM Ha ATH IITAMMBI, MOX-
HO cJieJlaTh 3aKJIIOYEHME: €ClIh OOpaTHble MyTallMd BO3HUKIUA Y
mraMMoB TA1535 u TA100, 3HauuT, pakTOp BHI3BIBAECT 3aMEHBI Map
OCHOBaHUM, e€ciM oOpaTHblE MyTallUM BO3HUKAIOT Yy IITAMMOB
TA1538, TA98, TA97, 3HauuT, (hakTOp CIOCOOEH BBI3bIBATH BhIMAeE-
HUS U BCcTaBKM HykiaeotuaoB JIHK.

3.3. Qykapuomu4yecKue MUKpOOp2aHU3MbI
KaKk mecm-o6bLeKkmabl
0J15s1 8bIsie/IeHUSI Mymaz2eHoe8

Cpenu UCIHONB3YyEeMBIX B TEHTOKCHKOJIOTHU JyKapUOTHYECKHUX
MUKPOOPTaHU3MOB TNPHUMEHSIOTCS HanOoyiee M3y4YeHHBIC BHIBI Sac-
charomyces cerevisia Schisosaccharomyces pombe, Neurospora cras-
sa, Aspergillus nidulans, Bomopocnu Chlorella vulgaris. Tectsl ¢ uc-
MI0JIb30BAHMEM OJHOKJICTOYHBIX AYKapHOT 00JIaJIaf0T BCEMHU MPEUMY-
IIECTBAMH, CBOMCTBEHHBIMU OaKTepHATbHBIM TecTaM. BmecTte ¢ Tem
YKAPUOTHUYECKUE OPraHU3MbI OJIMKE Ha IBOJIIOIMOHHOMN JIECTHUIIE K
BBICIITUM MJICKOITUTAIOIIUM, H, CIICIOBATEIILHO, YKCTPAIOIAIUS JaH-
HBIX 0osiee o0ocHOBaHHA. B maboparopHoM npakTukyme SpociaaBcko-
IO TOCYHHUBEPCHUTETA B KQUECTBE TECT-00BEKTa MIUPOKO HCTOIb3yeTCs
onHokjeTouHas Bogopocis Chlorella vulgaris. Mcnonb3oBanue Chlo-
rella vulgaris kak TecT-o0beKTa IIPU OLICHKE MYTareHOB PacCMOTPEHO
B JJaOOPAaTOPHOM MPAKTUKYME.
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3.4. QumozeHemu4yeckue MemoOsbi

['MaBHBIM HEJOCTATKOM HH3IIMX OPTaHU3MOB KaK OOBEKTOB I'eHe-
TUYECKON TOKCHKOJIOTMH SIBJISIETCSI CJIIOKHOCTb SKCTPAIOJISLIUM TIOTY-
YEHHBIX JJAHHBIX Ha YE€JIOBEKa M3-3a pa3Inyus B MpPOLEccax MeTadou-
YecKol akTuBanuu. TakuM 00pa3oMm, BBISIBIIEHHE KOCBEHHBIX MyTare-
HOB B O3THUX TECTaX MOXKET ObITh HEKOPPeKTHbIM. [loaTomy B
TeHETUYECKOW TOKCHKOJIOTHU pa3pabOoTaHbl METOMBI C HMCIIOJIb30BAHHM-
eM MJICKOMIMTAOIIKX IN ViVo wu in Vitro. Hanbosee mmpoko MCIob-
3YIOTCSL IIUTOICHETUYECKUE METObl, XapaKTepU3yIoIllue AehCTBUE
¢dakTopa Mo 4acToTre XpOMOCOMHBIX MyTauuid. I3 HUX Hanboliee 4acTo
NpUMEHSIOTCS. MeTada3Hbli aHaIN3, aHa-Telo(da3HbId aHalu3, MUKPO-
SJIEPHBIN TECT U METOJI CECTPUHCKUX XpoMaTuIHbIX 00MeHOB (CXO).

3.4.1. MeTtadhasHbIM aHanu3

AHaJIN3 XpOMOCOM COMATHYECKMX KJIETOK B MeTada3zy MHUTO3a
METOJMYECKHU XOPOIlo pa3padoraH. MeToa nHPOpMaTUBEH, TaK KaK:

— KapUOTHUII MHOTHUX OPTaHU3MOB XOPOIIIO U3YUYEH,

— B MeTadasy BUJIEH BECh I'€HOM IIEJIMKOM HEMOCPEIACTBEHHO C
MOMOUIBI0 MUKPOCKOIMYECKOT0 aHAIu3a,

— METOJI JOCTATOYHO KPATKOCPOUECH U IKOHOMHYECH,

— B MeTad)azy XpOMOCOMBI XOPOIIIO BUIHBI.

Mertada3nbiii aHaau3 MPOBOAUTCS B MHUTOTHYECKHU JEIISIIHXCS
KJIETKaX 4YeJIOBEKa M BBICIIMX XMBOTHBIX. B T€HETHUECKON TOKCHUKO-
JIOTUM OCOOEHHO IIUPOKO UCIOIB3YETCSl KyJIbTypa JICMKOLMTOB MEPU-
dbepudeckoil KpOBH YETIOBEKaA.

Mertadasznpiii aHanu3 SBISIETCS 00s3aTEIbHBIM KOMIIOHEHTOM
CUCTEM, MpEeIHA3HAYCHHBIX I TPOBEPKHU (HaKTOPOB BHEIIHEH CPebl
Ha MYTareHHYIO aKTHUBHOCT.

Ipunyun memooa

s mener TECTUPOBAHUS MCTOJIB3YKOT MUKPO- UJIM MOJYMHUKPO-
METO/I.

[lepudepruueckyro KpoBb 4HeJIOBEKa MOMEIMIAIOT B MUTATEIbHYIO
cpeny, CoJiepkKallyro Bce HEOOXOAUMOE MJisi KM3HU U Pa3MHOKEHUS
KJIETOK BHE Opranusma. B KyJapTypy H00aBISIIOT CTUMYJIATOP MUTO30B
duroremarrmoTuHuH (DPI'A). B pe3ynbTaTe JEHKOUMUTH BCTYMAIOT B
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MUTO3bl. Jlajee KyJdbTypy NOABEPTarOT BO3ACHCTBUIO H3y4aeMOro
dakropa. Kinetku nuakyoupyrot npu 37° B TeueHue 72 dacos. 3a 6 ya-
COB JI0 KOHIIAa MHKYyOalMu B KYyJIbTYpy J00aBJISETCS KOJXUIIMH WIIU
KaJIbIIUMUJ, KOTOPbIE MPEMSATCTBYIOT 00pa30BaHUIO aXpOMATHHOBOTO
BEpETECHA JEJECHUS U CIIOCOOCTBYIOT CIMpaiu3aluu XxpoMocoM. B pe-
3yJIbTaTe JCJCHUE KJIETKHM OCTAHABIMBAECTCA HAa CTaauu MeTadasbl.
DTO NPUBOAUT K HAKOTUICHUIO MeTa(a3HbIX KIETOK B KyJlbType. Yepes
72 4daca MHKyOanuu KyJabTypy UEeHTpudyrupyror. OceBilire Ha JHO
NpOOUPKH KJIETKH 00padaThIBalOT TUIOTOHMYECKUM PAcTBOPOM XJIO-
PUCTOTO KalMs WJIM IUTpaTa HATpus. DTO MPUBOJIUT K HAOYyXaHHUIO
KJIETOK U o0Jerdaer pazopoc XpoMOCOM Ha LMTOJIOTMYECKOM Iperna-
pate. 3aTeM TMIOTOHUYECKUHN pacTBOp yOUPaIOT LHEHTPUPYTUPOBAHU-
eM, KJIeTKH (UKCUPYIOT (pukcaTop: 3 4acTH METUJIOBOIO CIUPTA U
1 yacTh JiensTHOM YKCYCHOUM KHUCIOThI). B3Bech KIETOK HAHOCST Ha
MPEIMETHOE CTEKJIO, BBIKUTAIOT (ukcarop. [Ipenapar okpammBaroT.
JI71s1 TEHOTOKCUYECKHUX MCCIIEIOBAaHUM UCTOJIb3YETCsl TaK Ha3bIBAEMOE
paBHOMEpHOE OKpamnBanue 1o Pomanosckomy — ['mm3a.

[Tocne okpacku mpemnaparbl UCCIEAYIOT IMOJ MHUKPOCKOTIOM IpHU
yBenuuenuu 12,5 x 1,5 X 100. Beiouparor meradasHble IJIaCTUHKH,
OTBEYAIOIIUE CIEAYIOIIUM TPEOOBAHUSIM:

— MeTadaszHble TIACTUHKU HE JOJDKHBI UMETh OOJIBIIIOTO KOJIUYe-
CTBA HAJIOXKEHUH XPOMOCOM,;

— YPOBEHb CIIUPAIU3ANNU JOJDKEH OBITh TAKUM, YTOOBI aKPOLEH-
TPUUYECKUE XPOMOCOMBI OBUIM BHUJHBI B BHUJE YETKO BBIPAKEHHBIX
CTPYKTYP;

— HE aHaIM3UPYIOTCS MeTada3Hble ITUIACTUHKH C XPOMOCOMAaMH,
BXOJSIIIMMHU B aHadazy;

— YUHUTBIBAIOTCS KJIETKH C YUCIOM XpOMOcOoM oT 44 1o 47, Tak Kak
U3-32 TEXHUYECKUX MAHUITYJALUMNA BO3MOXKHBI MOTEPU XPOMOCOM B
MJIACTUHKE.

JI1si TeHOTOKCUYECKOTO aHajiu3a He TpeOyeTcsl MpOBEACHUE Ka-
PUOTUIIMPOBAHUSI, O MYTar€HHOM aKTUBHOCTH CYJST MO YacCTOTE XPO-
MOCOMHBIX aOepparuidi. OnpeaeisroT: o0IIee YKUCIO MPOaHATU3UPO-
BAHHBIX KJIETOK, KOJUYECTBO KJIETOK C adeppalusMu XpoMOCOM, 00-
i€ YHCJIO TMOBPEKIECHHBIX XPOMOCOM U Tulbl abeppamuii. O
MyTareHHOCTH (hakTopa CyJIsT, CpaBHUBasi 3TU TOKa3aTeld B KOH-
TPOJILHOM U ONIBITHOM BapUaHTaXx.
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3.4.2. AHa-Tenoda3sHbIN aHanNn3

AHa-Tenoda3zHbli aHaINU3 TOAPOOHO M3JIOKEH MPU ONKMCAHUU Jia-
oopatopHOit paboThl «OrpeieieHne TE€HOTOKCHYECKOro JIeMCTBUS
(axkTOpOB OKpY’KaroIIel cpeapbl ¢ ucmonb3doBanueM Allium cepa B ka-
YECTBE TECT-00HEKTaN.

3.4.3. MukposiaepHbIN TeCT

Mertadaszubiii aHaau3 XpOMOCOM TPeOyeT BBICOKOW KBanu(HKa-
IMA WCCJEA0BATEIIS, YTO 3HAYUTENIBHO YJAOPOKAET HCCIEAOBAHHUE.
[To3TOMY B T€HETMUYECKOM TOKCUKOJIOTMA MHTEHCHUBHO BEJaCh paspa-
0O0TKa HOBBIX METOJOB C LEJIbI0 YIPOIIECHUSI YU4E€Ta XPOMOCOMHBIX MY-
tanuid. B pesynerare B 1973 romy Obut paspaboTaH MUKPOSICPHBIN
TECT, OCHOBAHHBIM Ha y4e€Te MUKPOSJCP B MOJUXPOMHBIX IPUTPOIIH-
Tax KOCTHOro mo3ra. Ilo3ke TecT cTaid NMpUMEHSThCS U ISl ydeTa
MUKPOSIZIEP B PA3IUYHBIX TKAHSIX W OpraHax: B JUM(OLUHTAX YeJIOBe-
Ka, B KJIETKaX MEYEHHU, TOJCTON KUIIKU, pAHHUX CIIepMaTHax U T. .
MUuUKposiIepHbId TECT B CUIIy NPOCTOTHI U BO3MOKHOCTH OBICTPOTO
aHajau3a CTajl OJHUM W3 PaclpOCTPAHEHHBIX CKPUHUTOBBIX TECTOB B
FeHETUYECKONU TOKCHUKOJIOTHHU.

Mukposiipa BO3HUKAIOT U3 ALEHTPUYECKUX (PParMeHTOB U XpO-
MOCOM, OTCTaBIIMX B aHadaze. OHU OJEBAIOTCI MEMOpaHOUl, U B
KJIETKE HapsIIy C OCHOBHBIM SIIPOM 00pa3yeTcst MUKPOSIAPO.

Hanbonee pacnpoCTpaHEHHBIM METOAOM SIBIISIETCS YYE€T MHUKPO-
a1ep B MOJUXPOMHBIX 3pUTponuTax. C MOMOIIBIO 3TOTO METOJa HC-
CJIEIOBAHO OOJIBIIIOE KOIMYECTBO cOoeqMHEeHHN. OKpaliMBaHue mperna-
paroB npousBoAAT no PomanoBckomy — I'mm3a. Takxke mupoko wuc-
MOJIB3YIOTCA OKPAIIEHHBIE MAa3KH KOCTHOT'O MO3ra MBIIIEH W KpBIC.
MeTto1 MOXXHO TIPUMEHSITH JJIsl OLEHKHW HE TOJIBKO WHIWBUIYaTbHBIX
(GbakTOpOB, HO U JJIA OLICHKU T€HOTOKCHUYECKOW CHUTyallud TEPPUTO-
puid, U3ydass MHKpOSpa B KOCTHOM MO3I€ WM KPOBHU >KUBOTHBIX,
oOUTaIOMMX HA JAHHBIX ydacTKaX. MUKpOSEpHBI TECT Ha pbldax
UCIIOJIb3YETCS JJIs1 OLICHKHU 3arpsI3HEHUS BOJHOM CPEJIbl.
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ALCHTPUYECKUH
dbparmeHT

HNuTtepdasa meTtadaza anadgasza

MUKPOSIAPO

HOYECPHHUEC KIICTKH

Puc. 3.4.1. Obpazosanue mukposopa
U3 ayeHmpu4eckoeo gpazmenma

3.4.4. CeCTpUHCKME XpoMaTUAHbIE OOMEHbI

Kaxxnmas xpomocoMa mocie S-mepuojia COCTOUT U3 JBYX Xpoma-
taa. Takwe XpoMaTHuIbl Ha3bIBAIOTCS cecmpuHckumu. MEXTy HAUMHU
4acTO IMPOUCXOJUT OOMEH TOMOJIOTHYHBIMH Y4YaCTKaMU — CeCmpun-
ckutt xpomamuonwviti oomen (CXO). T1oCKOTBKY CECTPUHCKHAE XPOMa-
THBI A0COJIFOTHO WJICHTUYHBI JIPYT APYTY, BBIIBUTH TAKOW OOMEH ITH-
TOTCHETUYECKUMH METOJIaMH HEBO3MOXXHO. BMmecTe ¢ TeMm M3BeCTHO,
YTO MyTareHbl M KaHIEPOTE€HBI BBI3BIBAIOT Pa3pPhIBBI B XPOMOCOMAX.
[TepBBIM 3TarIOM BO3HUKHOBEHHUS KaK KPOCCHHTOBEpA, TaK U TEHHBIX U
XPOMOCOMHBIX MYTAaIllMi SIBJISETCS MMEHHO paspbiB. ClieI0BaTelbHO,
ecnu (haKTOp TMOBBIIAET YACTOTY KPOCCHHIOBEpa, 3HAUUT, OH CIIOCO-
OCH BBI3bIBATH U MYTaIIHH.

CXO npoucxondr B JECATKU pa3 yallle, 4eM XpOMOCOMHbBIE adep-
pauuu, cienoBarenbHo, mMeton peructpauun CXO, Obul ObI 3HAYU-
TEJIbHO YYBCTBUTEIbHEE, YEM METO]I yUeTa XpOMOCOMHBIX abeppaliui.
Ho uto6s1 3apeructpupoBars CXO, Hy>KHO, 4TOOBI IBE€ CECTPUHCKUE
XpPOMATHU/Ibl OTJIMYAIIUCH APYT OT Apyra. 9To ObLIO JOCTUTHYTO BBE-
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TJIABA 3. Memoowl oyenku Mymazeros

JIEHUEM K KYJbTYpy KJIETOK aHallora TUMHHA — OPOMI€30KCUYPHUINHA
(BAY). Knetku B mpucyrctBue bJ1Y npoxoast nBa neneHusi, U B CUH-
tesupoBanHHoi /IHK Bmecto tTumuna Oyner Bkitouatses BAY. Xpo-
MaTtupl, BKIOYUBIIKE b/{Y, BRIMISAIAT HA OKpalIEHHBIX ITpenaparax
ooJiee cBeTabIMU, Mo3TOMY CXO OyayT BUAHBI KaK IEPEMECTUBIIINECS
CBETJIbIC U TeMHBIC yuacTku (puc. 3.4.2).
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Puc.3.4.2. Memacghasznas nracmunxa (cecmpunckue xpomamuoHbvie
0OMeHbl 0003HAYEHbL CMPeNKaMul)

[Tpuponga CXO HemocTaTOYHO BBISICHEHA, OJHAKO OJlarojaps cBO-
€l BBICOKOM 4yBCTBUTEIBHOCTH METO/I IIMPOKO MCITOIB3YETCS KaK JJis
OIIEHKH MYTareHHOCTH UHAUBHUAYaIbHBIX (DAKTOPOB CPEbl, TaK U JJIs
OIICHKM MYTAareHHOCTH CJIOKHBIX CMecel U MpUpoHbIX cpena. O reHe-
TUYECKON aKTHBHOCTH (pakTopa CyasT IO IPEBBIMICHUIO YaCTOTHI
CXO Haj CIOHTaHHBIM YPOBHEM.

3.4.5. MonnTeHHble XPOMOCOMbI

[TonuTeHHble (TUTAHTCKHE XPOMOCOMBI) OOHApYKEHBbI B bajb-
ouanu B 1881 roay B CIIOHHBIX JKejle3aX JUUYUHOK XupoHoMyca. [1o3-
K€ OHM OOHAPY’>KEHBI U B APYTUX KJIETKaX U TKaHSIX >KUBOTHBIX U pac-
TEHUM.
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I 'enemuueckas moxcuxkonoaus

VYBenuueHue pa3MepoB MOJUTEHHBIX XPOMOCOM OOYCIIOBUIIN Clie-
NYIOLINE SIBJICHUSA:

1) coMmaTtnyeckass KOHBIOTAIHMS, BBIPAKAMOIIASICSI B IOMAPHOM
00BbEIMHEHUH TOMOJIOTUYHBIX XPOMOCOM;

2) HAKOTUICHHE OT/CIbHBIX XPOMOHEMHBIX HUTEH B MPOIECCE IO~
CJICIOBATEJIbHBIX PEAYIUIMKALIMI, KOTOPBIE HE COIPOBOXKIAIOTCS pac-
xoxaenneM Hurern [IHK. B pesynbrare Bce Hutun JJHK ocrarorcs B
OJHOUW XPOMOCOME, M XPOMOCOMa IIPEACTABISAET MHOTOHUTYATYIO
CTPYKTYPY, B KOTOPOH Yy Np030(uiIbl, HAMPUMEDP, HAKATUTUBAKOTCS ThI-
CA4YM HUTEU. XPOMOCOMA CTAHOBUTCS XOPOIIO BUJIMMOW B CBETOBOM
MUKPOCKOII.

J71 UTOTE€HETUKU Ba)KHO, UYTO KaXJasi TUTAHTCKas XpoOMOCOoMa
pa3ouTa Ha MHOXKECTBO TEMHBIX U CBETJIBIX MOJIOC — IUCKOB U MEX-
JUACKOBBIX PaOHOB, IPUYEM ISl KAXKIAOTO y4acTKa XPOMOCOMBI 3TOT
PHUCYHOK TIOCTOSIHEH. DTO MO3BOJISIET OTJIWYATh OTACIbHBIC PAOHBI
XPOMOCOM H JIOKAIM30BATh T'€HBI B OMPEJICIICHHBIX JIOKYCaX.

bnarogapst 3TuM CBOMCTBAM MOJUTEHHBIE XPOMOCOMBI SIBJISIOTCS
MpPEKPACHBIM MaTepuajaoM JJjisi OOHApYKEHUS] U JIOKAIM3ALMH BCEX
TUIIOB XPOMOCOMHBIX IEPECTPOEK: UHBEPCUH, ACIICUUMN, NYTIIIMKALUN,
TPAHCJIOKALIUH.

[IIupokoe pa3zHOOOpa3ue TECTOB MO3BOJIAET T'€HOTOKCHUKOJIOTaM
COCTaBJIATh KOMIUJIEKCHI METOJIOB B 3aBUCUMOCTHM OT 3aJa4y HCCIEI0-
BaHUSI U BO3MOKHOCTEH jaboparopuu. B Takux KomIuiekcax crapa-
IOTCSl UCTIOJIb30BaTh Pa3HbIE TECT OOBEKTHl U METObI, PETUCTPUPYIO-
M€ MaKCUMaJIbHO OOJIBIIIOE KOJIMYECTBO TUIIOB T'€HETUUECKUX Hapy-
HIEHUH. OJTO MO3BOJSET CBOJWTh K MHUHUMYMY KOJIMYECTBO
JIOYKHOTIOJIOKUTEIIbHBIX U JIOXKHOOTPHULIATEIIbHBIX PE3YJIbTATOB.
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NMABA 4.
feHOTOKCHMYeCKoe 3arpsi3HeHue
OKpyXKatoLieun cpeabl
N ero HeraTUBHbIe NocneancTBusA

arpsi3HEHHUE OKPYXKAIOIIEH Cpellbl OKa3bIBAE€T HETATHUBHOE

BO3J/ICHCTBUE HA JKUBBIC OPraHW3MBbI, B TOM YHUCJIE€ U Ha Ye-

noBeka. ITo MHeHuto skcneptoB, 20 — 85% 3aboseBaemMocTu
HaceJieHUs OOYCJIOBJICHO MPOBOLUPYIOUIUM JIEUCTBUEM 3arpsi3HCHHUS
okpykaromieit cpenpl (Jyounun, 1994).

Cpenu 3arpsi3HUTENEH OKpYKaloIenl cpejibl 0co0yr0 OMacHOCTb
MPEJCTABIISIOT TEHOTOKCHUKAHTHI. | €HOTOKCHMKAHTaMU Ha3bIBAIOTCS
(bakTophl, CHOCOOHBIE BBI3BIBATH Kak MOBpexkIeHUS cTpyKTypbl JJHK
(reHHBIE, XPOMOCOMHBIE M T€HOMHBIE MYTAllMW), TaK U HapYIICHUS
T€HETUYECKUX MPOIIECCOB, KOCBEHHO BIIUAIONIMX HAa BBIXOJ MYyTaIlUM
(penapanuu, peKOMOWHAIINYU, THOEIb KIETOK, KJIETOYHOU TpaHcdop-
Malli, HapyIIEHUSIM IPOIECCOB JeJIeHUsl KieTok, u T.1.) (B.A. Ta-
pacoB, 1994).

Hanbonee onacHble T€HOTOKCUKAHTBI — IMOKCUHBI, (ypaHsbl, IO-
JUXJIOPUPOBAHHBIE OM(PEHUITBI, TECTUIUIBI U UHCEKTUILIUIbI, TSIKEIbIE
MEeTaJJIbl. DTO TaK HA3bIBAEMBIC CYHEepPIKOMOKCUKAHMbL — CTOUKHUE Op-
raHUYECKUE COEJMHEHHS, TOBCEMECTHO PACIPOCTPAHECHHBIE B OKpY-
KAIOWIEH cpeie, BbICOKOYCTOMYMBBIE K PA3JIOKEHHIO M CIOCOOHBIC
murpuposats 1o muiieBbiM nemsM. (H.I1. boukos, 1989; H.I1. /1you-
HuH, 1986; B.B. Xynoneii, 2000).

['€eHOTOKCHKAHTBI SIBJISIFOTCS OJHOW W3 MPUYMH OTMEYAEMOTO B
HACTOSIIEE BpeMs YXY/IIICHUS 3J0POBbs HaceneHus. VX Bo3neicTBue
MOXET MPUBECTU K YBEIMYECHUIO YaCTOThI HACIEIACTBEHHBIX, OHKOJIO-
IMYECKUX M AyTarpeCCUBHBIX 3a00JIEBaHUM, BPOKICHHBIM IMOPOKaM
pazButus (BIIP), ocrmoxHeHUsIM TedeHHs OEpEMEHHOCTH M IepUHa-
TaJbHOT'O MEePHO/Ia, CIOHTaHHBIM abopTaM (CA), NpexIeBpEMEHHOMY
cTapeHuo. [' eHOTOKCMYECKOE 3arpsi3HEHUE OKPY>KAIoIIe Cpejibl Tak-
K€ CIIOCOOCTBYET pa3BUTHUIO OOJIE3HEH C HACJIEACTBEHHBIM Ipejpac-

53



I 'enemuueckas moxcuxkonoaus

MOJIOKEHUEM. DTO TAKHUE IK010203A8UCUMbLE 3A00N€6AHUA, KAK TH-
NEPTOHUS, aTEPOCKIIEPO3, TyOEpKye3, MU30PPEHNUs, CaxapHbIi Ha-
oet, ncopmas, amieprud u ap. (H.IL. boukos, 1984; H.II. JlyOunuH,
1O.B. [TamwmH, 1978; B.B. Xynoneii, 1999).

Ocobast omacHOCTh TEHOTOKCUKAHTOB 3aKJIFOYAETCSl B TOM, YTO UX
a(eKT He ImpeKpallaeTcs ¢ THOEIbI0 OpPraHU3Ma, MOABEPTIIEerocs BO3-
JEUCTBHIO, MOCKOJIBKY HACJEJACTBEHHBIC CTPYKTYPHI TMEpeaaroTcs Io-
TOMCTBY, TO OTJAJICHHbIE HETAaTUBHbBIC IMOCIEACTBUSI MPOSABSITCA U B
CJIeNYIOMMX MOoKoJieHusIX. OOpa3yroniiecs B pe3ybTare JeUCTBUS Te-
HOTOKCHKAHTOB BPEIHBIC MYTAIIMM COCTABIISIIOT 2eHEMUUECKUuil 2py3
nonyJysanuu. B momynsiiuu, cyniecTByromie B cTabmibHOM cpene, Te-
HETUYECKUIN Tpy3 MOMAJIEPKUBACTCS Ha ONTUMaJIbHOM ypoBHE. [Ipu
YBEJIMYEHUHU COJIEPKaHUSI TeHOTOKCHUECKUX (DAKTOPOB B OKPYKAIOIIICH
Cpelie TPOUCXOIUT POCT T€HETUYECKOTO IPy3a, UTO MOKET MIPUBECTH K
BBIPOXKJICHUIO U BbIMUpaHuio Buaa (Anryxos, 2003; bouxon, 1984;
Jyounun, 1994; Tapacos, 1998; Xynonei, 1999). [Tostomy npobiiema
yXyJeHns reHo(OoH/1a HaceJIeHHs IPU3HAaHA OJJHOM U3 MPUOPUTETHBIX
B IIpOrpaMMe MO IKOJIOrMIecKoi 6e3zonacHoctu Poccun.

B coBpemMeHHBIX MOMYJISIIUAX YeJIOBEKa YBEJIMUYMBACTCS KaK OIS
HACJICJACTBEHHOW MAaTOJIOTHH CpPeAu OOIIero uncia 3a0ojieBaHUM, Tak
1 a0COJIFOTHOE KOJIMYECTBO HACIEICTBEHHBIX 3a001eBanHuii. B Poccun
c 1988 mo 1998 rox moist meTew, OTATOIICHHBIX HACJIEICTBECHHBIMH
6one3nsmu, Bo3pocia ¢ 4 1o 10,5%. B Spocnasckoii o61actu 3abose-
BA€MOCTb B3pPOCJIOTO M JETCKOTO HACEJICHUS MPEBBIIIAECT CPEIHUE MO
Poccun nokaszarenm.

YBennuenue dyactotel BIIP u CA y HaceneHus Takxke CBA3aHO C
FEHETUYECKUM 3arpsi3HEHUEM OKpYXKarollen cpenbl. Kaxablii BTOpou
CA cBsizaH ¢ MyTaluel B MOJIOBBIX KJIETKAX WU B OIUIOJJOTBOPEHHOM
AVNIEKJIETKE HA paHHUX cTaausx e€ passutua. Cpenu Hacenenus Apo-
cnaBckoi objyactu ¢ 2001 mo 2003 rox oTMedaeTcs yBEIUUYCHHUE Yac-
TOTHI CIOHTAHHBIX a00pTOB Ha 2,38%. YacToTa BpOXKJICHHBIX aHOMa-
aui cpenu geter SpocnaBckod oGnacth B mepuod ¢ 1988 mo
1992 ron Bo3pocima B 5 pa3, B nepuoa c¢ 2001 mo 2003 rog— B
1,3 pa3za.

90% wmyTtareHoB sBistorcss u kanreporeHamu (H.II. JlyOunun,
1986). ITo onenke BO3, ot 75 mo 90% Bcex dopm pakoBbIX 3a00J1e-
BaHUH JII0/Ie1 00yCIIOBJICHBI (haKTOpaMU CPEJIbl, a HE HACJICICTBEHHOM
IPEAPaCIIONOKEHHOCThIO K 0oje3HsaM. [lo dnciny oHkoOoMbHBIX SApo-
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I'nasa 4. ['enomokcuueckoe 3a2psiznenue OKpyrcarouel cpeowl ...

ClaBcKas 00JacTh BXOJUT B MATEPKY CaMbIX HEOIAroMmOJydHBIX pe-
ruoHoB Poccuu. Ilo paky jerkoro — 10-e mecTo, mo paky >KeiayjakKa —
11-e, mo paky Koxu — 12-¢ MecTO, M3 ThICSYH OOJIbHBIX CEMb YEJIO-
BeK — fiety 10 14 net. B nmepuon ¢ 1993 no 2003 roa yactora OHKO-
Jorudyeckoin 3abojieBaeMoCTH B SIpociiaBckoii 00JlacTH BO3pocia Ha
13,0%, B mepuox ¢ 2001 mo 2003 rox — Ha 4,8%. HacTtoTa OHKOJIOTH-
yeckux 3abosieBaHMil cpenu Aeted obiiact B mepuoj ¢ 1988 mo
1992 rox Bo3pocna Ha 13,0%, ¢ 2000 mo 2003 rox— ¢ 7,1 mo 12,0
ciydaeB Ha 100 000 yenoBek. B wacTHOCTH, unciio aeTed, OOJBHBIX
paKkoM MOYEK, B ATOT MEPHUOJ YBEJIMYUIOCH B JBa pasa. 3abojeBae-
MOCTh MOYEMOJIOBOM CUCTEMBbI CPeId IETCKOTO HacesleHus (1o 14 ner)
Apocnasckoit obmactu ¢ 2001 mo 2003 rox yBenmuumiachk Ha 16,1%.

Takum oOpazom, maiis Poccuu, u B 4acTHOCTH s SIpociiaBckoi
00J1aCTH, 0COOCHHO aKTyaJleH MOHUTOPHHT 3a COJIepKaHUEM I'eHOTOK-
CHUKAHTOB B IPUPOJIHBIX CpeJiax.
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NMABA 5.
MeToAabl BbisiBNIeHUS
N OLleHKM reHOTOKCUKaHTOB

5.1. Om6op u nodzomoeka rnpob
os1s1 npoeedeHust
MOKCUKO2eHemu4eCcKo20 aHasiu3a

pY U3YYCHUU XUMUYECKUX (PAKTOPOB BaKHBIM MOMEHTOM
ABJISIETCA IPUTOTOBIIEHUE PACTBOPOB HCCIEAYEMOIO BE-
1IECTBA B Pa3jMYHBIX KOHIECHTpauusx. B kauecTtBe pac-

TBOPUTEJIEH HCIIOJB3YeTCS BOJAa WJIM OPTaHUYECKHE PACTBOPHUTEIIH,
garie Bcero aumetuicuiabdoxeun (JIMCO).

Iloozomoexa npoo ona ouenku CMA npupoonwix cpeo

Onpenenenne CMA 00BEKTOB OKpYKaroUIeH Cpeabl OCYIIECTB-
JsieTCsl O ceayolled npuHuunuaibaon cxeme (Mertoj. yka3anus. . .,
coct. B.B. CokonoBkuii, B.C. Xypkos, FO.A. Paxmanu, 1990): orbop
npo0O BO31yxa, BOJbI, TOYBKI, MUIIEBBIX U JIPYTHUX MPOJYKTOB, KOH-
LHEHTPUPOBAHUE U IKCTPAKUUS (WU (PpaKIIMOHUPOBAHKE), IPU HEOO-
XOJAUMOCTH CTEPWJIM3AIMS C TOCICAYIOINIUM HCIBITAHHEM B TECT-
CUCTEeMaXx.

Omoop u noozomoska npod 6030yUIHO-NBLIEEHIX UACMUY
(BIIY)

Omo6op BIIY npou3BOIUTCS Ha CTEKJIOBOJOKOHHBIE (DUIBTPHI C
MIOMOIIIbIO  acrupaTopoB (Hampumep, ¢GupMbl «Staplex»). IIpusec
dunpTpa nomkeH ObITh HE MeHee 300 Mr, TO eCTh 00BEM MPOIYIIEH-
HOTO BO34yXa— He MeHee 1 toic. M°. JlomycTHMO OObEIMHCHHE
(GUIBTPOB M3 Pa3HBIX MPOOOOTOOPHUKOB, PA0OTABIIMX CHUHXPOHHO.

Kenarenpbno ¢pakmuonupoanue BIIY mo pasmepam (oT 2 10
20 MKM).
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Inasa 5. Memoou! svissnenus u oyeHKu 2eHOMOKCUKAHIMO8

Oxcmpaxkyus TPOBOJUTCA OPTaHUYECKUMH  PAaCTBOPUTEIISIMU
(a11eTOHOM, IUKIJIOTEKCAHOM, JAUXJIOPMETAHOM), pexe BOJoN. DUbT-
pbI MOJHOCTBIO MOTPYykKarT B pactBoputesb (okono 100 mur). Dkc-
TPaKIMIO MPOBOAAT B IIyTJb-alnapaTe, B TEMHOTE B TEUEHUE JIBYX
yacoB. Jlanee pacTBOpHUTEIb MEPEIUBAIOT B KOJOOYKY U yHNapUBAIOT
(mpu HEOOXOAMMOCTH — C HMCITOJIB30BAHUEM BOJOCTPYWHOTO Hacoca)
no cyxoro ocrarka. Cyxod OCTaTOK MOJIHOCTbIO PAacCTBOPSIOT B
JAMCO. O6vem JIMCO nomxeH OBITh TOYHBIM, | MJI MOJY4EHHOTO
SKCTPAaKTa JOJDKCH COOTBETCTBOBATH 100 M° BO3/yXa, MPOIYILEHHOTO
yepes GUIbTP.

Hanee rotoBaTcs pasBeneHus ’3kcTpakTtoB B JMCO (1:0, 1:5,
1:25), KOTOpBIE UCIOIB3YIOTCS ISl UCCIAEOBAHUN B Pa3IUYHBIX TeC-
taxX. Yare Bcero ucnoibdyercs TecT Ditmca (Salmonella/mMukpocoma)
U IIUTOTCHETUYCCKHUE TECTHI.

Xpanenue npo6: ONTHUMAIBLHBIM CUYUTACTCS XpaHEHHE MPOO 110
MPOBEJICHUS] TECTUPOBAHUS — HA CTaJUU CyXOr0 OCTaTKa B MOPO3UJIb-
HOM Kamepe (He Oosiee 0HOM Heaemnn).

Iloozomoexa npoo 600wt

[IpaBuiibHasA OLIEHKA T€HOTOKCUYECKON AKTUBHOCTH B 3HAYUTEIIb-
HOW Mepe 3aBHUCHUT OT METOJia MOJATOTOBKHU MPOO, KOTOPBIN CBOJIUT J0
MHHUMYMa MOTEPU T'€HOTOKCUKAHTOB. B Hacrosiee BpeMs s MOI-
TOTOBKH TPOO BOJbI B TOKCUKOTE€HETHKE HMCIIOJB3YIOTCS Pa3IMuHbIC
METOJIbl: BBIMOPAXXUBAHUE, BBHINIAPUBAHUE, BAKyyMHAs IMEPErOHKa C
LEIbI0 TIOJIYYEHHS! Pa3IMuHbIX (paKkuuid, HUCMHOJIb30BAHUE HOHOO0O-
MEHHBIX CMOJ, OOpaTHBI OCMOC, SKCTPaKIUsl OPraHMYECKHUMHU pac-
TBOoputessimu (Meton. ykazanus..., 1990; .M. IIpoxoposa, 1985).
[Toka3aHo, YTO NpU ONPEAEIEHUU TEHOTOKCUYHOCTHA OJJTHOM U TOU XKe
poObI ¢ UCTIOJIb30BAHUEM OJIHUX M TEX € T€CTOB, HO TIPH MOATOTOB-
K€ MpoO0 pa3sHbIMU METOJIaMH MOKHO MOJYyYHUTh CUJIBHO pa3inuyaro-
IIMECsT PE3yJIbTAThl: OT CUJIBHOTO MyTareHHOro 3(dekTa A0 MOTHOTO
ero orcyrcTBus. [Ipw 3TOM HM OOWMH W3 KCHOJIB3YEMBIX METOJIOB HE
MO3BOJISIET TTOJTHOCTHIO COXPAHUTH COJAEpKaIuecs B MpoOe XUMHUYe-
CKUE COCIUHEHMUS.

B 3aBucuMOCTH OT 3a7a4 ¥ yCJIIOBUM 3KCIEPUMEHTA aHAJIU3UPY-
€TCs WY HaTUBHAasl, WU KoHIeHTpupoBaHHas Bojaa (P.K. JleksBuuyc,
1983; Meton. ykazanus..., 1990). B ciyyae HU3KON KOHIEHTpalUu
MYTareHHbIX COCIMHECHUN B HATUBHOM BOJIE MPOBOJUTCA KOHIIEHTPH-
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poBanue 1po0. OCHOBHBIMU CIOCOOAMHM KOHIIEHTPUPOBaHUSI 00pa3-
IIOB BOJIbI SIBJIIFOTCS: MCTIAPCHUE B BaKyyMe, BBIMOPa)XKUBAaHUE, YIIbT-
padunbTpanys, aacopous/aecopOus Ha aKTHUBHOM YIjie M APYTHX
copoentax (P.K. JleksaBuuyc, 1983; Meroa. ykazaHus..., 1989).

Hcnapenue 6 6axyyme OCYIIECTBIISIETCS Ha CHEUHAIbHOM ycTa-
HOBKe mpu Temmeparype 25— 30°C u masnermu 10— 15 MM pr. cT.
[IpenenoM KOHLUEHTPUPOBAHUS ABJISIETCS MOMEHT MHTECHCHUBHOIO BbI-
najgeHns ocagka (25— 50-kpaTHOe KOHIICHTpHUpOBaHME). Boabl mo-
BEPXHOCTHBIX BOJIOEMOB JIONYCKalOT KOHIIEHTpupoBaHue 10 100 pa3 u
BEIIIIC.

Buimopaoicusanue npo6b 600vl MpOBOAUTCS CIASIYIONIUM 00pa3zom
(MeToa. peKOMEHIAIMU 110 SKCIEPUMEHTAIBHON OIICHKE CYMMapHOM
MYTareHHOW aKTUBHOCTH 3arps3HeHHi Bo3ayxa u Boabl, 1990): B mo-
PO3WIBHYIO KaMepy MOMEIIAI0T HECKOJIbKO CTAKAHYMKOB C MCXOIHOM
BojioM. [To mepe oOpa3zoBaHus JibJa PacTBOP CIMBAIOT B JAPYrUe CTa-
kaHyuku. [Iporiecc mpomomxaercs 0 TeX Mop, MOKa He3zaMmep3las
94acTh HE JOCTUTHET HY>KHON CTEIeHU KOHIICHTPUPOBAHUSI.

Ixempakyus opeanudeckumu pacmeopumenimu. MuHUMaIbHbIE
MOTEPU TEHOTOKCHKAHTOB IIPU IMOJTOTOBKE MPOO BOABI K aHAJIU3Y
o0ecTeunBaeT CJICAYIOMNUN METOT KOHIIEHTPUPOBAHUSI MPOO: OpraHu-
YECKHE BEIEeCTBA AKCTPArupyroTcs 3pupom, 3gup 3arem BbIIapHBa-
ercs jgocyxa upu 45°C, ocamok pactBopsercs B JMCO
(.M. IIpoxoposa u ap., 1985). MunepaabHblc KOMIOHECHTHI KOHIICH-
TPUPYIOTCS BBITTAPUBAHUEM, OCA/IOK PACTBOPSAETCS B AUCTUIUIUPOBAH-
HOM Boje. Jlyis aHaim3a MOTYT MCITOJIB30BaThCs 00€ (hpakiuu, Kak oT-
JEJIBHO, TaK U COBMECTHO.

Cmepunuzayus npo0d HE0OX0aUMa Tiepe]] UCTI0JIb30BaHUEM B He-
KOTOPBIX TeCT-cucTemMax (OakTepuu, APOXIKH, OJHOKIECTOYHBIE BOJIO-
pOCIH, KyJIbTYphl KJIeTOK). Hanbonee nmpuroaueiii MeToq — X0JI0qHas
CTEPHIIM3AIIHS C TTOMOIIBI0 MeMOpaHHBIX GuiIbTpoB @ mop 0.17 wnm
0.3 MKM).

Bce omeparuu mpoBOAST B CTEPUIIBHBIX YCIOBHUSX, CO CTEPHIIb-
HOM TOCy0¥ 1 000pPyJOBAHHUEM.

Xpanenue npo6. IlokazaHo, 4TO NpH JJIUTEIHLHOM XPaHEHUU MPOO
BOJbI UX T€HOTOKCHUYECKUH A((PEKT 3HAUNTEIHHO CHUXKaeTca. Bo us-
OexkaHue ATOoM OMUOKK TPOOBI CIEAYET TECTUPOBATh Cpasy IMOCIE OT-
6opa mpo0, WM XPaHUTh B 3aMOPOKEHHOM COCTOSIHUU HEIPOI0KH-
TEJIHHOE BPEMHI.
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Ilepuoouunocmov omoopa npood 600vl RPUPOOHBIX 6000EMOE

Baxxnoit mpo0JiemMoil 1151 TPOTOUYHBIX BOJIOEMOB SIBJISIETCS BBIOOP
MePUOIUIHOCTH 0TOOpa MPoO.

YacTtoTa oTOOpa mpoO 3aBUCUT OT YCIOBUI KOHKPETHOTO BOJ0EMA
U JIOJKHA OBITh MPSIMO MPONOPIUOHAIBHA YPOBHIO aHTPONOTEHHOM
Harpy3ku Ha BOJIO€M M 0OpaTHO MPOIOPIIMOHAIbHA BOJHOCTH PEKH.

Iloozomoexka npod nouevt u OOHHBIX OMIOHCEHUL

JIns aHanmM3a UCIOJB3YIOTCS HAaTUBHBIC OOpa3llbl WM BBITSKKU
00pa31oB JOHHBIX OTJIOXKECHUH.

[IpurotoBieHUE BBITSHKEK: 5 T MCCeayeMoro o0pasiia 3ajuBaeT-
cst 50 My AUCTUITMPOBaHHOW BOJbI. KoJIOBI cTaBATCS Ha Kadayky, U
IIpU KOMHATHOUM TemIieparype oOpasipl SKCTparupyrores 2 — 3 yaca.
[TonydeHHbIN SKCTPaKT OTHUIBTPOBBIBAETCS, BHITAPUBAETCS JOCyXa B
BBITSDKHOM TKady. Ocalok pacTBOpsieTCsl B 5 MJI CTEPUIIBHOM JTHC-
tusupoBanHoi Bojbl (JI.I'. JIlyomauna, 1996).

Cmepunuzayus’ Tak xe, KaK sl BOJIbI.

Bce omneparuy mpoBOJSAT B CTEPWIBHBIX YCIOBHUSIX, CO CTEPHUIIb-
HOU MOCy10M 1 000pyIOBaHUEM.

Xpanenue npo6. HenmpoaoKUTEIIbHOE BPEMS Ha CTaJIUH CYXOTO
ocajJKka B MOPO3UJIbHOM KaMmepe.

5.2. Chlorella vulgaris kak mecm-o6ekm
Os151 OUEHKU 2eHOMOKCcUYHOCMuU ¢ghakmopoe
OKpYyXXaroueu cpeodbl

OnHOKIIETOUHAS 3€JIeHask BOJOPOCHb XJIOpEIia SBJISETCS OJIHUM
U3 YJIOOHBIX T€CT-00BEKTOB JJI UCCIIEIOBAHUS TEHETUYECKOTO JEHCT-
BUs (DaKTOPOB cpeabl. MeTollbl KyJbTUBUPOBAHUSA €€ SKOHOMMYHBI,
KU3HEHHBIA LHUKJI CPAaBHUTEIBHO KOpPOTOK (18 — 22 wyaca) m odeHb
npocT. [na He€ XapaKTEepHO IOJHOE OTCYTCTBHE IOJIOBOTO Pa3MHO-
KeHUs. becrionoe pasMHOXKEHUE OCYILECTBIIAETCS aBTOCIIOPAMU — J10-
YEpHUMHU KJETKaMu. ABTOCHOpPbl (OPMUPYIOTCA B MATEPUHCKOMN
KJIETKE MyTEM OOOCOOJIEHHsSI LUTOIJIa3Mbl BOKPYT JOYEPHUX SJEP.
Anpa 00pazyroTcs MyTEM MUTOTUUYECKOTO JICJICHUS sA/Ipa MAaTEPUHCKOMN
KIeTkd. MaTepuHcKas KileTka oopasyer 2" aBToCrop, Ije N — YKCIIo
nocnenoBaresbHbix perumkanuii JJTHK B sigpe. ABTOCHIOpBI BBIXOIAT
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IpU pa3pbiB€ MaTepUHCKON 0005104Kd. OHU HUHTEHCHUBHO (HDOTOCHH-
TE3UPYIOT, PACTYT, a 3aT€M CaMH OO0pa3yrT aBTOCHOpPHI (0T 2 10
64 mITyK, B 3aBUCUMOCTH OT IIITaMMa M YCJIOBUH KYJbTUBHUPOBAHMS).
Takum 0Opa3oM, B KOJIOHUM BCE KJIETKU T€HETUYECKU UICHTUYHBI, BCE
UMEIOT OJIMHAKOBYIO HacJIeICTBEHHOCTH (puc. 5.2.1).

5 (MHOTOKPATHAT PEMITHEATH)

Puc. 5.2.1. ZKusnennwviu yuxn xiopennvi

VY xJsopenibl BbIACIEHBI PA3HOOOpa3HbIE MYTaHThI: MOP(OJIOTH-
YECKUE — U3MEHEHBI pa3Mepbl (Kapiauku), popma; MUTMEHTHBIE — U3-
MEHEHA OKpacKa KOJOHHUM; MyTaHThl ¢ UBMEHEHHOW 4yBCTBUTEIIbHO-
CThIO K aHTHUOUOTHKAM, MOTPEOHOCTHIO K AJIEMEHTAM IMUTAHUS, JKU3-
HECMOCOOHOCThIO. MHOTME M3 TaKUX MYTAHTOB SIBJISIOTCS CTaOWIIb-
HBIMU U COXPAHSAIOT CBOM (DEHOTUI IIPU JJIUTEIBHBIX IIEpEeceBax.

JI71s1 OTIEHKM MYTareHHOCTH HEKOTOPBIX (DAKTOPOB Cpeibl ya00eH
TECT BUJIMMBIX MyTalui. B 3ToMm ciiyyae mpoBOAST KyJIbTUBUPOBAHUE
C 100aBJICHUEM B Cpeay BEUIECTB, MOJCIUPYIOMINX YCIOBUS 3arpsi3-
HeHus cpenpl. [lpu neicTBUM MyTareHOB BO3HMKAIOT MYTaHTHBIE KO-
JIOHUU — TIOJIHBIE M MO3aWyHble. M0O3anuHble KOJOHUU Yy XJIOPEIUIbI
MOTYT OBITh ABYX THIIOB: CEKTOPHBIE U Kpamyarble. B CEKTOpHBIX KO-
JOHUSAX KJICTKH C U3MEHEHHBIM COCTaBOM MHUTMEHTOB, (hOPMOW WM
pasMepaMu pacrojoKeHbl B BUJIe 00Jiee WIIM MEHEE YETKUX CEKTOPOB.
Pa3mep cekTopa onpenensiercs: 10Jeid MyTaHTHBIX KJIETOK B KOJIOHUHU.
B kpamyaThiX ke KOJOHHUSIX HOPMAJIbHbIE U MYTaHTHBIC KJIETKH pac-
MOJIOKEHBI TPOU3BOJIBHO. DTO MOXKET ObITh OOYCIOBIECHO NEPUOANYE-
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CKHM BBILICTNICHUEM MYTAaHTOB WJIM HEPABHOMEPHBIM PacCIpe/ICIICHH-
€M KJIETOK B X07i¢ (hOpMHUpPOBaHUS KOJOHUHU.

CyTbh MeTO/a OLIEHKH MYTareHHOro JEUCTBUS Pa3IUYHBIX (HaKTO-
POB C HCMOJIb30BAHUEM XJIOPEIUIbI 3aKI0YaeTcsl B cienyromem. [Ipu-
TOTABJIMBACTCA CYCHEH3Us XJOPEJUIbI, COJEpKalas OIPEACICHHOE
KOJMYECTBO KJIETOK B 1 Mi. M3ydaembiM (hakTOpOM AECUCTBYIOT Ha
CYCIIEH3HIO BOJOPOCIN. XUMHAYECKUE BENIECTBA MOKHO ITOMENIATh U B
LICHTP YalllK, Ha MOBEPXHOCTh CpeAbl. B 3TOM ciydae BEIIECTBO
mudPyHaupyeT B arap U BO3JCHCTBYET TaKUM 00pa3oM Ha KIETKHU.
[Tocne mHKyOaluu NMOACYUTHIBAETCS OOIlEe YUCIO KOJIOHUH, BBIPOC-
VX HA YAIIKE, YUCIO MYTAHTHBIX KOJIOHHM.

B kadecTBe mUTATEIBLHOU CPEABI ISl XJIOPEIUIBI MOTYT UCITOJIb30-
BatbCs pasHbie cpeabl OIAL'A, Ilpara, Tamuiis B 3aBUCUMOCTH OT
uccnenyeMbix (aktopoB. CoctaB cpenbl I[Ilpara (ma 1 nutp nwmc-
tusupoBanHo Bojel): KNOs; — 0,1 1; KH,PO, - 0,01 r; MgSO, —
0,01 r; FeCl;—0,001 r; Arap — 20 r.

Jns xapaktepucTuku 3¢ @dekra uccieayeMoro dakropa omnpese-
JSI€TCSl BBDKABAEMOCTh KJIETOK M YacTOTa IMOSBJICHUS MyTallUi. Y4eT
BEJIETCA HA YPOBHE KOJIOHHM, TaK KaK B HACTOSIIEE BPEMS HET JOCTA-
TOYHO YYyBCTBUTEIBHBIX METOJIOB y4yeTa Ha ypoBHEe KieTtok. Ho Bce
KJIIETKA KOJIOHMM BO3HMKJIMA IyTEM MHUTO3da, U OHH, KaK IPABUJIO,
UJICHTUYHbI UCXOJHOU MAaTEPUHCKOUN KIIETKE.

BpDKMBAEMOCTh KIIETOK XJIOPEJUIBI MO3BOJISIET XapaKTEPHU30BaTh
IIUTOTOKCUYECKOE U ITUTOCTATHYECKOE JACHCTBUE M3yyaeMoro (hakTo-
pa. OtnuddepeHnpoBaTh, YTO BBI3BIBAET Ar€HT — rH0EIb KJIETOK WU
TOJIKO OCTAHOBKY Pa3MHOXEHUS, — B TAHHOW CUCTEME HEIb3Sl.

YacToTa MOSABJICHUS MYTAHTHBIX KOJIOHUH XapaKTEPU3yET IeHe-
TUYECKOE JEUCTBUE U3y4aeMOro (akTopa.

Ilens pabompl: OCBOUTH METOJIBI OLIEHKHA T€HOTOKCUYECKOTO JIEH-
CTBUSI XUMUYECKHX BEIIECTB B TECTE C UCIOJIB30BAHUEM XJIOPEIUIBI.

Obopyoosanue 3auamusn: XynbTypa xjopeinisl (mramm JIAPI-1)
Ha CKOLIEHHOM arape, mukpockonsl MbC-1 u MBbU-1, kamepa ['opsie-
Ba, MpEJIMETHbIE U TOKPOBHBIC CTEKJIA, CIIMPTOBKA, IITATUB, MUKPO-
OuoJiornueckas meTisi, CTepuiibHasi BOJOMPOBOIHAS BOJIa, CTEPUIIbHAS
nocyjia: mpoOUpKM Il pa3BesieHus cycnen3uu (10 mT.), mTUneTkyu Ha
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10 Mit° m 2 MJIB, mukponunerku (0,1 — 0,2 MJIS), yamku [lerpu co cpe-
nou [Ipara, mmarenu.

Pazoamounviii mamepuan: reHeTHUYeCcKas KOJUJISKIHS IITaMMOB
XJIOPEJIBI.

3aoanue

1. O3HaKOMUTBCA C TEHETHYECKOM KOJUICKIMEN XJopesuibl. Pac-
cMoTpeTh oA Mukpockornom MBC-1 (yB. 8 x 0,6) KOJTOHUU TUKOTO U
MYTaHTHBIX IITAMMOB XJIOpeJIbl. M3y4uTh MOJ MHUKPOCKOIIOM OCO-
OCHHOCTH CTpoeHHUs KieToK xjopesuibl (yB. 10 x 40) Ha BpeMEHHBIX
npenaparax, MPUTrOTOBIEHHBIX U3 KOJOHUM JUKOTO IITaMMa XJIOpe-
Jbl. 3anMcaTh Ha3BaHUE U OCHOBHYIO XapaKTEPUCTUKY MYTaHTOB.

2. JlaTh OIIEHKY MYTareHHOTO ACHCTBUSI XMMHUYECKOTO BEIIECTBA,
UCITIOJIb3YS XJIOPEJULY B KAUECTBE TECT-00BEKTA.

|. Ilocmanoeka sxkcnepumenma.

(Bcsa pabota mpoBOIUTCS B CTEPWIBHBIX YCIOBUSIX, CO CTEPHIIb-
HOM CpeIoi U MOCYI0M).

1) B mpoOupKky ¢ 5 M1 CTepUIILHON BOJIbI BHECTH MUKPOOHOJIOTH-
yeckol memied cemucyrounyro Kynbrypy Chlorella vulgaris
(rt. JTAPT-1). CycneH3uto TIiaTeabHO pa3MeniaTh.

2) IloacunTaTh KOHUEHTPALUIO KJIETOK B UCXOJHOM CYCIIEH3UHU C
MOMOIIIbIO KaMephl ['opsieBa: MOACYUTHIBAIOTCS KIETKH B MATH OOJIb-
IIMX KBajJpaTax 0 AUaroHaiv. Pacuer KOHLEHTpaluu NpOU3BOAUTCS
o hopmyie:

C:ﬂxlO6
20 ’

rae C — KOHIIEHTpaIHs KJIETOK XJIOPEIIbl (KJIECTOK/MI),

W — 4ymcio KJIeToK B IATH OOJBIINX KBaJIpaTax.

3) IIpousBectu pa3BeaeHUE MCXOIHON CYCHEH3UU IJISl TOCTHKE-
Hus HeoOxoaumon kouueHtparuu 10 000 ki./mn (pabouasi cycrieH-
3us1). ITO HEOOXOUMO CenaTh JUIsl TOCEBAa TOYHOTO KOJIMYECTBA KJle-
TOK Ha Yamky. Eciaum BHECTH KJIETOK CIUIIKOM MHOTO, MOJCYUTATh
BBIPOCILIME KOJIOHUU Oyaer TpyaHo. Ecinu kierok Oyaer BHECEHO
CJIMIIIKOM MaJlo, TO MPU TOKCUYECKOM 3 dekTe (hakTopa MoydeHHbIE
pe3ynbTaThl He OyAYT CTAaTUCTUYECKU NOCTOBEPHBIMU. OnTUMaIbHOE
KOJIMYECTBO BBICEBAEMBIX Ha OAHY YamiKy kieTok — 500. Munumab-
HBI 00BEM CYCIIEH3MH, KOTOPBI MOKHO BHECTH JIOCTATOYHO TOYHO C
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oMOIIbI0 MUkponumnetkd, — 0,1 mi. Takum oGpazom, KOHIIEHTpAIUS
KJIETOK B paboueil CyCneH3uHu, U3 KOTOPOW BEJETCSl MOCEB, JOJKHA
coctaBiaTh 5 000 xi./min. Ecam Mbl BHOCMM HM3y4daeMbIil peareHT B
pacTBope, TO HEOOXOAUMO MMETh KOHIICHTPAIMIO KJIETOK B pabouei
CYCIIEH3MH B ABa pa3a oosblie, To ecTb 10 000 ki1./Mi1 (€CiIu BHOCUTCS
CyXO€ BEIIECTBO, TO KOHIICHTPAIUIO KJIETOK B pabodeil CyCHeH3uu
nomkHa coctaBiaTh 5 000 ki./mi.). CycrieH3uio 00l KOHIIEHTpa-
MU MOKHO IIOJIYYUTH CEPUEH MOCIEIOBATENbHBIX pa3BencHuul. s
ATOTO MOJATOTOBUTH HECKOJIBKO MPOoOUpOK (3-4 mpoOupkH), coaepxa-
nmx no 4,5 Ma crepwibHOM BoAbl. B mepByro mpoOHpKy BHECTU
0,5 M1 UCXOHOM CyCTeH3UH, BO BTOPYIO Ipobupky — 0,5 M u3 mnep-
BOM MpOOUPKHU, B TPEThIO MpoOupky — 0,5 Mi1 U3 BTOpOW MpoOHpPKHU
(KaxxJIpli pa3 CyCIEH3HUIO TIIATEIBHO MEPEMENIMBAIOT TUIIETUPOBAHU-
eM). I[Ipu kaxxaoM pa3BeeHUM KOHUEHTPAIUs KJIETOK OyJeT yMEHb-
matbest B 10 pas. [Ipu He0OX0AMMOCTH B MOCEIHEN MPOOUPKE MOXK-
HO CJIeJIaTh JIF000Ee HYKHOE pa3BelieHue (B ABa, TPH, YETHIPE ... pa3a)
(puc. 5.2.2).

4) OOpaboTaTh CYCHEH3UI0 HM3ydYaeMbIM areHToM. s 3Toro B
CyXyr mpoOupky BHecTH 1,0 M paboueil CyCHEH3WH XJIOPEJUIBI
(koHm. — 10 000 kn./ma) mu 1 mun 0,5%-HOro pactBopa HM3y4aeMoro
npernapara — 3TO ONBITHBIA BapuaHT. TakuM 00pa3oM, B OMBITE KOH-
LEHTpalUs XUMAYECKOTo coeuHeHus Oynet coctaBisiTh 0,25%, KOH-
HeHTpanusa kKietok xuopeswibl — 5 000 ki./mi. [TpoOupky ocTaBuTh Ha
30 MUHYT JJIsI KOHTAKTa C ar€HTOM, IEPUOANYECKHU BCTPSIXUBAS €€.

5) IlocTaBuTh KOHTPOJBHBIN BapUaHT: B MpoOUpKy BHECTH 1,0 mi
paboyeil CyCleH3uu XJIOpeIUTbl U | Ml CTEepUIIBHON BOJbBI U OCTaBUTh
Ha 30 MUHYT.

6) IlpoBecTr MOCEB KOHTPOJIHLHOTO W OMBITHOIO BapuaHTOB. B
yamky [letpu co cpenoit [Ipata BHECTH U3 MPOOUPKHU C OMBITHOM CyC-
nenzuen (myHkt 4) mukponunetkoit 0,1 mi (500 kierok). CycneH3uto
THIATEIBHO PACTEPETh IIMATEIEM 10 MOBEPXHOCTHU Cpebl (3TYy padboTy
CJIelyeT c/eliaTh O4YeHb TINATEJIbHO, MHA4Ye KJIETKU OYyIyT pacTu He-
PABHOMEPHO M MOJCYET OKaXKETCSI HEBO3MOXHbBIM). T0O K€ MOBTOPUTH
Y JUIs1 KOHTPOJBHOTO BApUAHTA.

Yamiku OnbITHOTO U KOHTPOJIBHOTO BapUaHTOB MOJINKCATh (Jata,
BapUaHT, (paMWIMS CTYyJEHTA) U TIOCTABUTh B TEPMOCTAT JIJIsi MHKYyOa-
MU B TeueHue 7 nueit npu temmeparype 30°C.

63



I 'enemuueckas moxcuxkonoaus

Hcxoanas

cycleH3us
CeMHCYTOYHOI

KYJILTYpPBI Pa3Benenne Pa3Benenne PasBenenne B
Chl. vulgaris B 10 pas —» B 100 pas —»1000 pa3

TToncuer 1 -2 -3
(K0/IMYeCcTBO | KaMepe (107) (10) (107)
KJIeTOK Copsiera
HEN3BECTHO)
0,5 M

cycrnensun 1

Cepust mocnieioBaTeNNbHbBIX Pa3BeACHUN

HapyIIeHUe

cycrneHsun 3

0,5 M

cycneHsuu 4

Pa3Benenue
10 KOH-
—  plEHTpauuu
5000 kur./ma

0,5 M

Cycnensus 1
IIpousBosbHO
KOJIM4ECTBO

H,O

4,5 M
H,0O

IHPUMEP:

Konnentparust
KJICTOK B
HCXOTHOU
CyCITIeH3UH

Cycnensus 2

Cycnensus 3
4,5 mn
H,0O

Ioces Ha wamky Iletpu 0, 1 mn
cycnien3u (500 KI1eToK)

Cycnen3us 4
4,5 M
H,O

nocie
noJicyeTa B
Kamepe
T'opsiena -
10 000 000

KIL/MJT

ITepBoe Brtopoe Tpetbe
pasBefieHHe pasBejieHne pa3BeneHue
> B 10 paz | > B 100 pa3 > B 1000 pa3
1 000 000 100 000 10 000
KIL/MJT KIL/MJT KIL/MJT

Cycnen3us 5
5000
KIL./MIT
H,O

YerBepToe
pa3BefeHue

—> B 2 paza

5000 xi./mit

Puc. 5.2.2. Memoo nocrnedoosamenvHoco pazeeoeHus
KVIbMYpbl KIEemoK X10pevl
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1. Yuem nonyuennsvix pesyromamos.

Yamkn KOHTPOJIBHOIO W ONBITHOI'O BAPUAHTOB C XJIOPEIUIOW I10-
cie 7 nHel uHKyOauuu BBIHYTH U3 TepMOCcTaTa. BHavane y4ecTh KOH-
TposibHBIN BapuaHT. s storo nog MBC-1 (yB. 8 x 0,6) mpocMoTpeTh
BCIO TIOBEPXHOCTh ToceBa B yamkax Ilerpu. Ilogcuurars obiiee ko-
JMYECTBO BBHIPOCHIUX KOJOHUH OTNIEIBHO B KaXKJOM YalllKe KOHTPOJIb-
HOTO M ONBITHOTO BapuaHTOB. UTOOKI OBLIO yJ00HEE BECTHU MOJCYET,
HaJI0 KPBIIIKY YalllKu pa3JeluTh Ha 8 CeKTopoB. IIpocunTaHHbIe KO-
JIOHMA OTMEYaTh TOYKOW, HAHECEHHOM HA KpPBIMIKY 4aluku. [lanee
MOJCYMTATh BCE MYTAHTHBIC KOJJOHUU Ha KaXKJIOW YalllKe.

JInst KaKI0M YalllKy OMBITHOTO M KOHTPOJIBHOI'O BAPUAHTOB MO/I-
CUUTATh MPOLICHT BDKMBAEMOCTH Ki1eToK (B,%) o dhopmyie:

W, % :LlOO,

KOHTP.

rae N — 4HCJIo BRIPOCIHIUX Ha Yalllke KOJOHUM,

Nyonrp. — CPEIHEE YMCIIO BBIPOCHIMX KOJOHUHI B KOHTPOJLHOM Ba-
pHUaHTE.

Berunciaute IS KOXIOW YalllKW OTIEJIBHO IIPOLEHT MYyTalyi
(M, %):

M, %=L100,
N

Trac | — gucio MYTAHTHBIX KOJIOHMM Ha YaliKe,

N — yuco BEIpOCHINX KOJOHUM.

Bce pe3ynbpTarsl BHECTH B Tabwmity 5.2.1.

65



I'enemuueckas moxcuxkonoaus

Tabnuma 5.2.1

Taonuua noayueHHnvlx 6 X00e padomol pe3yyibmamaos

- Keaopa- Keaopa-
Kox-eo Boiwcu- | Omxio- P _ | Yacmoma | Omxione- P }
Ne waw- | ebipocuiux mul om y mul om
; |saemocmp, | HEHUG, 4 o oy | Mymayut, e, KNOHEeHUll
Ku KOJIOHU, W. % (X, - X) N % (X, - X) .
N ! ! (X; = X) ’ ! (Xi —X)
1
2
3
4
Cymma,
Cpen-
Hee, X

ll. Cmamucmuuecxkan obpadomka nosiyuennvix pe3yibomamaoa.

a) Haxoorcoenue obwezo pazmaxa xonebanus npu3Haxkos: OOIUN
pa3Max MpHU3HAKAa OTPAHUYMBACTCS JIMMUTAMHU, T.€. MHUHUMAJIbHBIM
(Xmin) 1 MakcUMalnbHBIM (Xmax) 3HAUCHHUEM BapuaHT. BapwaHToi B
HaIlleM CJy4dae SIBIIAETCS Kaxjas dYalllka C TMOCEHHBIMH KIJIETKAMHU
xjopesibl. Kakoil BBIBOJ MOKHO CHENaTh, MIPOBES CPaBHEHUE KOH-
TPOJILHOTO U ONBITHOTO BapuaHTOB? Iloguepkuute B Tabiuile 3Have-
HUS JIUMUTOB.

0) Buvluucinenue cpedretl apugh)memuyeckoil. TOCKOIbKY B JaHHOM
paboTe uyncao BapuaHT MeHbIe 30, CIeayeT MOJIb30BaThCS MPSMBIM
CIIOCOOOM: BCE BapHaHTHl CYMMHPYIOTCS M ITOJIyYeHHAs CyMMa JICIIHT-
Csl HA YKCJIO BapUAHT:

X+ X, +X3+..._ZX
n n '

rae » X — CcymMma BapuaHT, N — YMCIIO BAPUAHT.

X =

8) Bbvluucienue cpedneco KeAOpPAMUYECKO2O0 OMKIOHEHUs (0):
CpeAaHee KBaJIpaTUUECKOE OTKJIOHEHUE XapaKTEepU3yeT pa3zHooOpaszue
npu3HakoB. [loka3arenem 3TOro SIBIAAIOTCA U TUMUTBL. HO cyauTh mo
JUMUTaM O pa3HooOpa3uM mpu3Haka Hemnb3sl. Beap 310 kpaiiHue 3Ha-
YEHUS, & OHU MOTYT ObITh HEXAPAKTEPHBIMU JJIs OOJIBIIMHCTBA BapH-
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aHT. A cpeaHee KBaJIpaTUYECKOE OTKIIOHEHUE YYUTHIBAET OTKIIOHEHUE
OT cpenHeapumeTndeckoi Kaxxon BapuaHThl. [loaToMy o sBIsieTCs
HaAWJTy4IIUM TTOKa3aTeseM pa3HooOpasus mpu3Haka. (s Manbix BbI-
OOpOK ¢ pacCUUTHIBAETCA MO PopmyIie:

o=+ Z(Xi _Y)2
(n-1)

rjac N — KOJIM4YECTBO NMPOAHATIM3UPOBAHHBIX BAPHUAHTOB.

Paccuumaiime 3nauenuve o 1151 BBIKUBAEMOCTH U MyTaOMIILHOCTH
OTAECIBHO IO KOHTPOJBbHOMY M ONBITHOMY BapuaHTy. [lomydeHHbIe
- 2

KOHEYHBIE 3HAYCHUS U NMPOMEKYTOYHBIE PACUETHBIE (X; — X), (X; - X)

BHEcUTE B TabiuiIyy 5.2.1.

2) Ouyenka docmosepHocmu cpedHell apupmemudeckol. CPpeIHUEC
apru(pMeTUUECKUE, XapaKTEPU3YIOIIHe IEUCTBHUE N3y4aeMOro BEUleCT-
Ba Ha BBDKMBAEMOCTh M YaCTOTY MYTallHMi y XJIOPEIUIbI, PACCUUTAHBI
JUIsl HAIIEro HEeOOJIBIIOTO YKCIa IOBTOPHOCTEM, ISl Halllel BRIOOPKH.
BynyT M OHM AOCTOBEPHBI M ISI BCEUW I'€HEPAIbHOM COBOKYIHOCTH,
JUTs1 JIFOOOTO YKciia MOBTOPHOCTEN? DTO ycTaHaBIMBAETCS MPU MOMO-
M cpeaHeit ommoku (M). {1 MaibIx BBIOOPOK:

(o}
m=+—

:
n

rae M — ommbKa CpeIHeToO,

S — cpeHee KBaIpaTUYHOE OTKIOHEHNE;

N — KOJIMYECTBO MPOAHATM3NPOBAHHBIX BAPUAHTOB.

N3 dhopmymsl BUTHO, YTO BEIUYMHA CPEIHEH OMMUOKH HAXOJIUTCA
B oOpaTHOM 3aBHUCHUMOCTH OT N. Takum oOpa3om, yem OoJbIIE MO-
BTOPHOCTEH OMBITa UCCIIEIYETCS, TEM MEHbIIIE ommnoka X . Benmnunny
X 3aIUCBHIBAIOT C BEITMYUHON €ro OmmOKu: X +m.

Paccuumatime M 511 KOHTPOIBHOTO U OMBITHOTO BapPUAHTOB.

0) Haxooicoenue noxaszamensi 00CmoBepHOCMU pA3HUYbL: 3aTI0JI-
HUTE Tabmuity 5.2.2, BHECS B HEe y)K€ BBIUMCICHHBIC MOKa3aTean X ,
M, v U1 BBIKMBAEMOCTH M MYyTaOMJILHOCTH. UMCIO cTeneHer cBo0o-
161 (V) BEIYUCIISETCS 110 hopMyJIe:

v=n-1.
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Tabmura 5.2.2

Cpagnenue OAGHHBIX NO GbIHCUBACMOCHIU
U uacmome Mymauuil y Xaopeiivl

Bavuan Konuue- Yucno Bulorcusaemocmeo, Yacmoma mymayuii,
P cmeo ua- | cmenewneu W, % M ,%
mol — —
uiek, N c600000bl, v X m X m
KonTtponb
OneIT

Teneps cienyer cpaBHUTHh pacCUUTaHHBIE CpeHUE apudmMeTHde-
CKHE BBDKUBAEMOCTH W MYTAaOWJIBHOCTH KOHTPOJIBHOTO M OIBITHOTO
BApUAHTOB. X JBYX CPaBHMBAEGMBIX IPYIII, NaXKe B3SATBIX U3 OMHOI
T€HEPAIIbHOM COBOKYITHOCTH, BCErJa MOTYT B KaKOW-TO MEPE OTIIH-
yaThCa Jpyr oT apyra. [loaToMy HEOOXOIUMO BBISICHHUTD, SIBJSIOTCS
JU pa3auyusg MEXAY CPEeIHUMHU apu(PMETUYECKUMU KOHTPOJBHOTO U
ONBITHOT'O BAPHAHTOB JOCTOBEPHBIMU, WIIH K€ ITO PA3JIMYUE CIydau-
HO. Jlnd Hamero sKCIEpUMEHTa MOXKHO HCIIOJIb30BaTh [-KpUTEpUn
CrprozeHra:

Sd
rae Xo- cpeaHee apupMeTHIecKoe ONBITHOTO BapHUaHTa,

Xk — cpeaHee apupMeTHIECKOE KOHTPOJIBHOIO BAPHAHTA,
Sd — omrOKa OTKJIOHEHHUS, KOTOpas ONpeaeseTcs Mpu Ny # N,

Sy — Z(Xi—¥0)2+2(xi—ik)2(1 1j,

No+ Nk —2 No Nk

opun;=n,

Sa=+/mo® + mk®

Haiins t, mo Tta6nunie Creionenta (IIpunoxxenne, Taba. 2) ompe-
TeaseM 3Ha4eHHE BEPOSTHOCTH JOCTOBEPHOCTH Pa3HHIIBL. [l 3TOro
yCTaHABJIMBAEM YHCJIO CTEIICHEH CBOOOIBI:

v=(no-1) + (n—1).

Haxoaum B TabnuIle CTPOKY, COOTBETCTBYIOIIYIO MOJIYYEHHOMY V.
Jlanee, B 3TOM cpoke BhIOMpaeM 3HaueHUE U MeHbIIee, YeM paccuuTa-
HO B HaillleM onbiTe. BepxHsis cTpoka B TaOJuUIle MOKA3hIBAET BEPOSIT-
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HOCTh (p). OTKJIOHEHHE CUMTAeTCS AOCTOBEPHBIM IIPH JOCTHIKCHUHU
0,05% ypoBHs 3HauMMOCTH (BeposiTHOCTH 0,95).

TakuMm oOpa3zom, eciu mojydaemas BEpOSITHOCTh p >0,95, pa3iu-
YUs MEXJY KOHTPOJIBHBIM M OIBITHBIM BapHaHTOM OYAYT JOCTOBEp-
HBIMU.

IIpeocmasbme B BUAE AHArpaMMbl IOJYYEHHBIC PE3YJIbTaThl
(puc. 5.2.3,5.2.4, 5.2.5).

100
80
L 60 -
2 .
20
O |
KOHTPOJ1b onbIT

Puc. 5.2.3. Bviorcusaemocms knemox Chlorella vulgaris
npuU 6030€UCMEUU XUMUUECKO20 COCOUHCHUS]

3
2,5
2
R
S 15
1
0 _
KOHTpOIb onbIT

Puc. 5.2.4. Yacmoma mymayuui y Chlorella vulgaris
npu 8030€tiCMEUU XUMUYECKO20 COCOUHEHUS
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mopdono-
rmyeckue

Kaprvko-
BOCTN

NUrMEHTHbIE

mopdchorno-
rnyeckue

MUrMeHTHble

Kapnuko-

BOCTN

KOHTPOJIb

OIIBIT

Puc. 5.2.5. Coomnowenue munos mymayuii y Chlorella vulgaris

V. Boigoowt.

Ha ocHoBe cratuctuuecku 0OpabOTaHHBIX PE3YJbTATOB OIBITA
cAenaiTe BbIBOJI O FT€HETUYECKOM, IMTOTOKCUYECKOM U ITUTOCTATUYE-
CKOM JIEHCTBUM U3y4aeMOTO XMMUYECKOTO BEIIECTRA.

Tabmauna 5.2.3

Tabauua noayuennvix 6 xo0e padbomol pe3yiomamos

Bapu-
anm, No
YawKu

Bui-
Jrcusae-

Mocmb,
W, %

Kon-60

8bIPOC-

wux xo-
nonut, N

Omxno-
HeHue,

(X; =X

Keaopamwi

OMKAOHEHUU

(Xi _%)2

Yac-
moma
Myma-

yu,

M, %

Keaopamui
OMKIOHEHU

(Xi _)?)2

Omxaone-
Hue,

(Xi _)?)

Kou-
TpPOJIb

U T.O.

OneIT

U T.O.

Cymma,

Cpen-
Hee, X
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Tabmnura 5.2.4

Cpasnenue OGHHBIX NO BBIHCUBACMOCHIU
U uacmome Mymayuii y Xaopeiibl

Yucno cme- | Bwiocusaemocmo, Yacmoma mymayuii,
Konuuecmeso . 0 0
Bapuanmui nemeti c8o- W, % M ,%
yawex, N — —
060001, v X m X m
KonTponb
OnbIT

5.3. OnpedesieHUe 2eHOMOKCU4Y€CKO20
delcmeusi hakmopoe okpyxarouwjell cpeobl
¢ ucnosib3oeaHuem Allium cepa
8 kKadyecmee mecm-obbLexkma

OaHUM W3 HMIMPOKO HUCIOIB3YEMbIX TOKCMKOTEHTHUYECKHX METO-
JIOB SBJISIETCS aHAJIM3 XPOMOCOMHBIX aldeppaluil B MepuUcTeMaThye-
cKo# TkaHu mpopocTtkoB kopemkos Allium cepa [4]. Allium cepa xo-
POIIIO M3Y4YeH IeHeTH4YeCKH, nMeeT 16 (2N = 16) ymoOHBIX IS aHaJIH-
32 XpoMOCOM. MaTepurait — TyKOBHI[bI MOXHO MOJy4aTh B JOCTATOYHO
OOJIBIIIOM KOJIMYECTBE B JII000E BpeMs rojia. MeTo 1 SIBISIETCSE XOPOIIIO
pazpabotaHHbIM U uHGOpMaTUBHBIM. Ha 0JJHOM U TOM Xe MaTepuaie
MOHO XapaKTepHu30BaTh M3ydaeMblid (PaKToOp cpelbl MO TpeM Mapa-
METpaM:

— MYTar€HHOMY JICMCTBHIO;

— MUTOTOKCHUYECKOMY JIEUCTBUIO;

— CyIUTh O IPUYMHAX HAPYUIECHUS] MUTOTUYECKOTO IHKJIA.

5.3.1. KneTo4YHbIn (MUTOTUYECKUUN) LIUKN

Knemounviii (Mumomuueckuii) uYuki— 5TO COBOKYIHOCTH
B3aMMOCBSI3aHHBIX U XPOHOJOTHYECKH JETEPMUHUPOBAHHBIX COOBI-
THUM, MPOUCXOAIIUX B KJIETKE B IMEPUOJ MOATOTOBKHU K JCICHUIO, a
TaKKe Ha MPOTSHKEHUU caMoro MuTo3a (puc. 5.3.1).
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Puc. 5.3.1 Knemounwiii (Mumomuyecxkuii yuxi)

Taxkum oOpa3zom, MUTOTHYECKHUH ITUKJI COBITaIa€T CO BCEM IEepPHO-
JIOM CYIIECTBOBAHUSI KJIETKH, TO €CTh C €€ >KU3HCHHBIM IUKJIOM. B
MUTOTHYECKOM LHKJE BBIICTSAIOT YEThIPE MEPUOJa: COOCTBEHHO MHU-
TO3, MPECUHTETUYECKUM TEPHUOJl, CHHTETUYECKUM U MOCTCUHTETHYE-
ckuil. Tpu nocienHuX nepuoaa NpUXoadarcs Ha uarepdazy. Muroru-
YECKOM MK MOXKET OBbITh M300pa)kKeH B BHJE Kpyra, Ha KOTOPOM,
MPOMOPIHUOHATIBLHO MPOIOKUTEIHLHOCTH, OTMEUEHBI €10 MEPUObl OT
OJTHOTO MUTO3a 10 Apyroro (puc. 5.3.2).

Humepghazoit Ha3pIBaIOT CTAIUIO MTOKOSIIETOCS /Ipa, OJTHAKO ATO
HanOojiee akTMBHasA (aza C TOUKU 3PEHUS OMOXHMHYECKHX MpPOIleC-
coB. B unTepdazHoil kjaeTke Xopouio BUIHO A1po. OHO UMEET ToMo-
T€HHYIO MEJIKO3EPHUCTYIO CTPYKTYPY C HAaHECEHHBIM PHUCYHKOM XpPO-
MaTHHa, XOPOWIO BHUJHBI SApBILKK (puc. 5.3.2). B npecunmemuue-
ckuti nepuoo (G;) B KIETKE MPOUCXOIUT aKTUBHBIA CHHTE3 OCIIKOB,
00eCcneynBaroOMNX POCT KIETKH, HAKOIJICHHE MPOAYKTOB, HEOOXOIH-
MbIX i peayrukanuy JIHK. Otot nepuon Haubosiee IIUTEIbHbBIN
(ot 10 yacoB 10 HECKOJIBKUX CYTOK). ['eHeTHuYeckasi XapakTepucTHKa
KJIETOK B 3TOT nepuoj 2n2c.

B cunmemuueckuii nepuoo (S) npoxomut peaymmmkanus JIHK,
HapaboTka ructoHoB. [IpogomkurensHocth ero 6 — 10 vacos. I'ene-
THYECKas XapaKTepUcThKa 2N4C. XpoMOCOMBI yIBaWBAaKOTCS, TO ECTh B
KaXJ0M XpoMocome Ternepb ase MoJiekynbl JJHK, ynakoBanHbie B nBe
xpomatuasl (puc. 5.3.3).

B nocmcunmemuueckuii nepuoo (G,) 3akaH4YMBaETCs MOATOTOBKA
KJIETKHU K JieJieHut0. IyT moaroToBUTENbHBIE MPOLECCHI 711 (HOpMHU-
POBaHUSI aXPOMATUHOBOI'O BEPETECHA, UAET HAKOIJICHUE YHEPIUH, IO-
CKOJIbKY MHTO3 TpeOyeT 3HAauMTENIbHBIX 3aTpaTr sHepruu. ['eHeTudye-
CKasi XapaKTepUCTUKA KIJIETOK B ATOT nepuo 2n4c.
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AeneHus

a. .PAHHHH AHA®A3A  E. NO3AHAA AHAGA3A
(4ndc) (4n4dc)

T )

12
8
7
iA{fJ R R, BRI S
. PAHHSAS TENO®A3A 3.UMTOKHUHE3 n. JIOHEI:-‘HME KNETKW
X (4n4c) (4ndc) 2%(2n2c)

Puc. 5.3.2. Mumomuueckoe denenue pacmumenvHoU K1emKu:
1 —s0po, 2 — xpomocomwl, 3 — yumonaazma, 4 — kapuonemma,
S — kapuonnasma, 6 — 216IOKU XPOMMUHA, 7 — 8epemeHo OeleHUs,
8 — ppaemonnacm, 9 — a0pa douepHuUX Kiemox
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T

AHapa3a JloyepHue
MUTO3a K/IeTKMU

Puc. 5.3.3. Mopgonozus xpomocom 6 meuenue KiemouHo2o yuxia

Nutepdaza ot G; 1 10 KOHIA S NepHUo/ia HA3BIBACTCS pAHHElU UH-
mepghazoi. EE reHermdeckas XapakTepHcTHKa 2N2C. Xpomocoma B
3TOT mepuo conepxkut ogny mosekyny JHK. Ot konua S nepuoaa u
10 MUTO3a — n030HAa unmepgasa. Kaxnaas XxpoMocoMa COACPKUT IO
nse monekyJibl JIHK, ynakoBanHbele B 1B€ XpomaTuibl. ['eHeTnueckas
XapaKTEepUCTUKA ATOr0 MEPHUO/Ia KIIETOYHOTO HKJIAa 2N4cC.

Jlanee kieTka BCTymaer B MUTO3. KOJIMYECTBO MUTO30B, KOTOPOE
MOKET MPOUTHU KIJIETKA, TEHETUYECKU AETEPMUHUPOBAHO. MCroib30-
BAaB ONPEACICHHOE KOJIMYECTBO MHMTO30B, KJIETKA MOXKET MEPEUTH B
ocoOy1o (hazy mutoTHdeckoro nukia — Gy min auddepeHnupoBaHHOE
cocTosiHUE. B KjeTke MOryT UATH aKTUBHBIE META0O0JMYECKHE MPO-
LECChI, HO B MUTO3 OHA HE BCTyIAaeT. Pa3Hble KIETKH B pa3HOE BpEMS
BcTynaloT B Gy, Hampumep, HEepBHBIE KJIETKM pPaHO MEPECTaroT Je-
JIUTHCS, KJIETKU KOXKHOTO SIUTENUS JIMTEIBHOE BPEMSI COXPAHSAIOT
CIIOCOOHOCTD K JEJIEHUIO.

Mumo3. KapTuHbl pa3iuuHbiX (a3 MUTO3a B HACTOSAIIEE BpPEMS
XOPOIIIO U3YUYCHBI.

Ilpogpaza. Hauano muTo3a CBS3aHO C 3aMETHBIM YBEIHMYCHHUEM
pa3MepoB s7Ipa U MOSIBICHUEM B HEM XPOMOCOMHBIX HUTEH. ITO 00Y-
CJIOBJICHO CHHMpaJU3allieil U Jeruiparainyueil XpoMoCcoM. 3a CYET MHO-
TOMOPSIAKOBOM CIUPATU3ALUN XPOMOCOMBI U CTAHOBSITCSI BUAUMBIMU
B CBeTOBOW MHKpockor (puc. 5.3.2). g npoda3sl XxapakTepHO CIie-
nuduyeckoe MOBEACHUE KJIETOYHOTO IieHTpa. LleHTpuonu ynBauBa-
10TCs eme B uHtepdazy. B npoda3y yaBOEHHbIE LIEHTPUOIN HAYWHA-
0T OTXOAUTH APYT OT APyra K MPOTHUBOMOJIOKHBIM MOJIOCAM KJIETKH.
Mexy HUMU HaTATHUBAIOTCS TMOJUMEPU30BaHHBIE OETKOBBIE HUTH —
o0Opa3yeTcsi aXpOMaTHHOBOE BepeTeHo AeneHus (puc. 5.3.2). B xoHIe
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npodasbl BUAHO, YTO XPOMOCOMBI TIPEACTABIISAIOT COOOM NBOMHBIE HU-
Tu. B KoHIIE npoda3bl MPOUCXOIUT pa3pyIICHUE IIEPHON 000JIOUKHU U
MCYE3HOBEHHUE SJIPHINICK. ['eHEeTHYeCKasi XapakTepUCTUKA KIJIETKH Ha
ctagauu npodaszbl 2N4c.

Memadgpasza. B nepuoa metadazbl MOJHOCThIO CHOPMUPOBAHO Be-
pPETEHO JIeNICHHs, XPOMOCOMBI PACHOJIaraloTcsl B 3KBATOPUAIBLHOMN
MJIOCKOCTH, MPUKPEIUISISICh IIEHTPOMEPAMU K HUTSIM BEpETEHA Jielie-
Hud. [1neuyn xe XpoMocoM pacnoiaraloTcs NepneHIUKYISIPHO K Bepe-
TeHy aenenus (puc. 5.3.2). Criupanu3aius XpoMOCOM JIOCTUTAET B 3TO
BpeMsi MaKCUMyMa, pa3Mep UX MOXKET ObITh B 25 pa3 MEHbIIE, YEM B
panHeil mpodaze. brmarogapsi oT4ETIMBONW MOP(OJIOTUU XPOMOCOM
UMEHHO B MeTadaszy MNpOBOIAT KapuUOTUIHMpoBaHUE. ['eHeTnueckas
XapaKTEePUCTUKA KIIETKU Ha cTaauu Metadassl 2n4cC.

Anagpaza. Cranus meradasbl 3aKaHUYMBACTCS JEJICHUEM IIEHTPO-
Mepa, KOTOPBIM 00BEIUHSIT 0 3TOr0 XPOMATHUIBI. DTOT MPOLIECC O03-
HavyaeT Hayaio a”adaswl (puc. 5.3.2J1). LlenTpomepsl pacxomsTcs u
XpOMaTUIbl OTIEIAIOTCS IPYT OT Apyra. JlegeHrue nporucxoauT OJaHO-
BPEMEHHO BO BceX XpoMocoMax. C 3TOro MOMEHTa CECTPUHCKHUE XPO-
MaTHIbl HA3bIBAIOTCS CECTPUHCKUMHU XpoMocoMamu. CecTpUHCKHE
XPOMOCOMBI HAYMHAIOT PACXOJUTHCS K MOJIOCAM KIIETKU. Takum 00-
pa3zoM, KOJIMYECTBO XPOMOCOM B KJIETKE YBEJIMYMIIOCH B JiBa pa3a. ['e-
HETUYECKasl XapakTepucTuka kietku 4n4n. K kaxaomy mnosiatocy Ha-
npaBisieTcs 2N2C reHeTHYecKkoro Marepuana (puc. 5.3.2).

Tenogaza XpoMOCOMBI pPacCIONAratOTCA Yy TMOJIOCOB KIETKU
(puc. 5.3.2K). Haumnaercs mporecc peKOHCTPYKIHUHU sapa. XpOMO-
COMBI JIECIIUPATU3YIOCs, B 00JIACTH SJIPHIIIKOBBIX OPTaHU3aTOPOB 00-
pa3yroTCsl HOBBIE SAPBIIKU. MneT oOpa3oBaHUE KJIETOYHOM Mepero-
ponku M oOpa3oBaHHE IBYX Jo4YepHUX KieTok (puc. 5.3.2). Ilomy-
YUBIIHUECS IOYEPHUE KIETKU M'€HETUYECKU WUICHTUYHBI APYT JIPYTY U
MAaTEPUHCKOU KJIETKE. | eHeTnYecKass XapaKTepUCTUKA KaXKI0U KIETKU

2n2c (puc. 5.3.2).

5.3.2. Xoa BbINOSIHEHUA nabopaTtopHon paboThl

Annapamypa u mamepuanwt: yamku [leTpu, HUIUMHAPEI MEPHBIE
(25 mi., 100 mM1.), TEHUITUUTMHOBBIE (PJTAKOHBI, CTEKJIA MPEIMETHBIE U
MOKpoBHBIE, OrOKCHI (15, 25, 100 mu.), nunerku mepusie (1,0; 2,0;
10,0), nuneTku riaasHele, aynbl crepeockonuueckue MbC-9, mukpo-
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ckonbl, 45%-Hast yKCyCHasi KHCJIOTa, 3TWIOBBIN criupT, 2%-HbI alie-
TOOPCEUH.

Ilopaook nposedenusn padomut

1. Iloocomosxa mamepuaa.

JI1si OLIEHKH MHUTOTOKCHUYECKOTO M MYTAareHHOTO JECUCTBUS U3Y-
yaeMoro (aktopa Ucnoiab3yroTcs JykoBuilsl Allium cepa. s mpose-
JICHUSI OIIBITOB OTOMpaeTCs BBHIPOBHEHHBIM MaTepuall: JTYKOBUIIBI
JOJDKHBI OBITh TUITUYHBIMU JIJISI UCTIOJIb3YEMOT'0 COPTa, OJMHAKOBBIMHU
no pasMepy. JIyKoBUIIBI TMOMEMIAIOT B XMMHUYECKHE CTAKaHYUKHU C
OYMIIIEHHON BOJOMPOBOJHON BOJIOM TaK, YTOOBI JIOHIIE JYKOBHII CO-
npuKacaiock ¢ Bogou. Uepes 2 — 3 nHs kopemku npopactaroT. Kormaa
OHM JJOCTUTHYT JJIUHBI 1,5 — 2 M, JIYKOBHUIIBI HCTIOJIB3YIOT JIJIS1 DKCIIE-
PUMEHTOB.

2. Obpabomka KOpeuwKos u3yuaemvim Gaxmopom.

[IpenBapuTebHO MPOPOIICHHBIE JTYKOBHIIHI MEPEHOCAT B XUMU-
YeCKHe CTaKaHYMKHU C pacTBOPOM H3ydyaeMOro Iipernapara B pa3Jivy-
HBIX KOHIICHTPALUSIX TaK, YTOOBI KOPEHIKH ObUIM MOJIHOCTHIO MOTPY-
KEHbI B pacTBOp. OMNBIT COMPOBOKIACTCSI MHTAKTHBIM U TTO3UTUBHBIM
KOHTpoJIeM. THTaKTHBI KOHTPOJIb MO3BOJISET ONPEACIUTh CIIOHTaH-
HBIN YPOBEHb I 000MX F'€HOTOKCUYECKUX COOBITUN B JaHHBIX YCJIO-
BUsIX onbITa. [[03UTUBHBIN KOHTPOJIb MO3BOJISET MPOBEPUTH UYBCTBHU-
TEJIbHOCTh TECT-CUCTEMBbI, HACKOJBbKO OHA MPUTOJIHA JJIsl pETUCTpalliu
reHoTokcudeckoro 3¢ dekra. IIpu MHTAKTHOM KOHTPOJIE JTYKOBHIIBI
IIOMEIIAIOTCA B CTAKAHYWKM C OYMIIECHHOW BOJOIPOBOJHOW BOJOWU
(TOi1 ke, KOTopasi UCMOJIb3YETCS JJIsl MPUTOTOBJIECHUSI PACTBOPOB IIpe-
napara B ONBITHOM BapuaHTe). [Ipy NO3UTUBHOM KOHTPOJIE JTYKOBUIIBI
MOMEIIIAIOTCS. B CTAaKaHYMKH, COJEpKalllie pacTBOp Iperapara ¢ u3-
BECTHBIM MYTareHHbIM AeWCTBUEM. Kakablil CTakaHYMK JOJDKEH CO-
MPOBOXKIATHCS 3TUKETKOM, Ha KOTOPOI yKa3aHbl: BAPUAHT OMbITA (T.€.
KOHTPOJIb WJIU OMbBIT), KOHIIEHTpallUs Mpernapara, gaTa u BpeMs oopa-
OOTKH KOPEIIKOB MpernapaToMm.

Bpemsi 00paboTku moaOupaercsi Tak, 4YTOObl BO3JACHCTBUE MPO-
J0JDKAJIOCh B TEUEHHE MOJIHOTO KJIECTOYHOTO IMKIIA JIJIT JAHHOTO 00h-
eKTa, TO €CTh B TeUeHHe Tpex nepuoaoB uHTEpDaszsl (G1,S,G,) n Mu-
to3a. Jlius Allium cepa mnpoao/KUTEIbHOCTh KJISCTOYHOI'O IIHMKIIA
14 gacos.

76



Inasa 5. Memoou! evisenenus u oyeHKU 2eHOMOKCUKAHMO8

Ecnu n3ydaercs BO3IEMCTBHE HA OTIEIbHBIE IEPUOABI MUTOTHYE-
CKOT'0 IMKJIAa, UCXOMST U3 CICAYIONIUX JIAaHHBIX: 00paboTKa B TEUEHUE
|1 yaca mo3BOJISIET aHAIM3UPOBATH BO3AEHCTBUE HA KJIETKH, BOLIEIIINE
Ha ctaguio G,; yepe3 6 4acoB — KJIIETKM Ha MO3JIHEW S cTaauu; depes
9 yacoB — Ha paHHeW S craguu; depe3 14 4acoB — KJIETKH Ha CTAIUH
G1, TO €CTh BBILIEAIINE U3 MUTO3A.

OT Kax0l JTYKOBUIBI OTOMpAETCS MO JiBa KOpeEIIKa JIUHON S5 —
[/ MM KaXX]JIblid, U3 KOTOPBIX TOTOBSITCS JIBa MUKpOIIpenapara.

3. Ommbieanue npenapama:

— CJIUTH PacTBOp Mpernapara U3 CTAKaHYMKa,

— HAJIUTh B CTAKAaHYMK OYHUILIECHHYIO BOJOMPOBOJHYIO BOHY, TaK
4TOOBI KOPEIIKH OBLITN TTOJTHOCTHIO TOKPHITHI BOJOM;

—yepe3 | — 2 MUHYTBI BOZLY CIIHUTH;

— ITOBTOPUTH MPOMBIBKY 2-3 pa3za. OCTaBUTh JTyKOBUIIbI B CTAKAH-
YUKaxX C MOCJIECAHEN TOPUUEN BOIBI;

— IIEPEHECTH JTYKOBUIBI B CTAKAHYMKH C OUYMIIEHHON BOJOMPO-
BOJIHOM BOJIOM.

4. Qukcayua mamepuaia.

@ukcanuio KOpemkoB mpoBoAsT ¢ukcaropom Kiapka, coctos-
M U3 3TuiaoBoro conupta (96%) m neassHOW yKCYCHOM KHCJIOTHI B
cootHomeHuu 3:1. {ns dukcanuu ya1o0HO HCMOIB30BaTh MEHUITUII-
JUHOBbIE (p1akoHbl. DUKCATOP JOJKEH MPEBOCXOAUTH MaTepuai Mo
00bEMY B JBa pasa.

dukcanus KOPEIKoOB:

— IPUTOTOBUTH (PUKcaTOp (B BHITSKHOM IIKady!);

— pa3nuTh (PUKCATOP B MEHULIWIIUHOBBIE (Pi1akoHBI (T10%2 (hak o-
Ha);

— OT KOPEIIKOB OTPE3aTh JIE3BUEM TOUKY POCTa — YYaCTOK B 1 cM.
[TuHIIETOM B KaXAbId (DIIAKOH MEPEHECTH KOPEIIKH W ITUKETKY U3
CTaKaH4YWKa, B KOTOPOM MPOBOJIUIaCh 00padOTKa IMpenapaTom;

— (bJ1akOHBI MOCTAaBUTh B X0JoauibHUK (3 — 4° C). B atux ycno-
BUSIX MaTE€pHUaJl MOXKHO COXPaHATh | — 2 Heaenu,

— €CJIM HEOOXOJAMMO COXPaHSATh MaTepuall JOJbIIE, €ro moMela-
10T B 70%-Hb1d 3THOBBIA cnupT. CHavana Marepuall MPOMBIBAKOT
70%-1pIM ciupToM 2-3 pa3za. s 3Toro BeUIMBAIOT (UKCATOP U BME-
CTO HEro HaJIMBAIOT Takoe ke KoJudecTBo 70%-Horo cnupra. Yepes
20 — 30 MUHYT CIIUPT 3aMEHSIOT HOBOM mopuuen. B mocnenueit mop-
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MU CIIUPTA KOPEWIKKA OCTABIIAIOT JJIsI XPAHEHUS B XOJOAUIbHUKE (10
1 rona).

5. Ilpueomoenenue yumoiocuyeckux npenapamos.

Kaxx1pli1 CTYIEHT TOTOBUT IO JBA Ipenapara KOPEUIKOB: OJINH —
KOHTPOJIBHOI'O, IPYTrOM — ONBITHOrO BapuaHTa. VccienosBanue npoBo-
JT Ha JIaBJIEHBIX IMpernaparax KOHUYMKOB KOPEIIKOB, OKpPaIIE€HHbBIX
2%-HbIM alleTOOPCEHUHOM.

Oxkpacka KOPEIIKOB U MPUTOTOBJICHUE JABJICHBIX MpenapaToB:

— KOPEIIKU OTMBIBAIOT OT (pUKcaTOpa B OUMIIICHHON BOJAOTPOBOI-
HOW BOJIE, @ 3aTE€M B JUCTUJUIMPOBAHHOMU;

— OoKpacka kopemkoB. Kopemniku nuHueroM nepeHocsar B ¢gapdo-
pOBBIN TUTENb C KpacuteneMm (2%-Hbiil pacTBOp opcenHa B 45%-Hol
YKCYCHOM KHCJIOTE€) W TUTEeIb HArpeBaroT, MpoBoias 3 — 4 pasza Haj
TUTAMEHEM TOPEJKHU JI0 TIOSBJIICHHS TIapoB (He 006004 00 Kunenus!).
Turens ocTaBisAOT HA cTojie HA 5 — 10 MUHYT. 3aTeM pacTBOp CJIMBA-
0T U HAJMBAKOT YUCTBIA pacTBOp ameroopcerHa. Kopeukun eme oc-
TaroTca B pactBope ot 30 MUHYT 0 CyTOK. Bpems moaoupaercs B 3a-
BUCUMOCTHU OT MaTepuaja U KauecTBa KpacuTeJs;

— KOpEILIKK OTMBIBAIOT OT Kpacutens B 45%-HoMl yKCYCHOM KH-
ciore 10 — 15 MmunyT;

— TOTOBSIT JIaBJICHBIE TpernapaThl KOPHEBBIX MepucTeM. Kopeniok
U3BJIEKAIOT U3 YKCYCHOM KUCJIOTHI M MOMEMIAIOT HA PEAMETHOE CTEK-
70. Jle3BueM oTpe3aroT KOHYMK Koperika JiiuHoi 2 — 3 mMm. Ha crekiio
KanaroT Kario 45%-HON yKCYCHOM KHUCJIOTHI U HaKPBIBAIOT KOPEIIOK
MOKPOBHBIM CTekjoM. Jlanee, mpuaepKuBas MOKPOBHOE CTEKJIO, aK-
KYpPaTHO pa3[aBIMBAIOT KOPEMIOK CHUYKOW JO MOJYYEHHS] MOHOCIIOS
KJIETOK.

6. Ananuz npenapamos.

[IpenapaTel aHaMU3UPYIOT HOJ MHMKPOCKONOM. [ 3Toro mpwu
MaJioM YBEJIIMUYCHUU HAXOJAT y4acTOK, € PacCIOJIOXKEHBI MEIKHUE
MOYTH KBaJIpaTHOU (OPMBI KJIIETKUA. ITO MOJIOAbIC, aKTUBHO JIEISIIHEC-
csa kietku. CHayana cleqyeT HalTM W BHHMATEIbHO PAacCMOTPETH
KJIETKU B uHTep(Pasze, npodasze, metadaze u tenodase. [Tocie Toro kak
MPOCMOTPENU U BCIIOMHUIU MOP(HOJIOTHUYECKUE KApTUHBI Pa3TMUHBIX
¢da3 MuTO3a, MPUCTYMAIOT K ONMPEACICHUI0O MUTOTUYECKOTO U (Pa3HBIX
WHJICKCOB.

JIns 3TOro paccMaTpHBAaKOT BECh YYACTOK, TJI€ €CTh JIEIAIINECS
KJIETKM TOCIE0BAaTEIbHO HAa COCEIHUX MOJsAX 3peHus. UYtoObl He
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y4ecTh JBAXKIbI OAUH U TOT K€ y4acTOK, pacCMaTpPUBAIOT Mpernapar,
nepe/BUrasl crpaBa HaJIEBO, 3aTE€M CIICIYIONIUI psij] CJieBa HAIMpPaBO.
Ananu3upyroT 600 KIETOK C XOpPOIIO MPOKPAIICHHBIMU sIApaMU, He-
MOBPEKJACHHBIMU KJIETOUYHbIMU cTeHKamu. [loacuuTeiBatoT odiiee Ko-
JUYECTBO MPOAHAIM3UPOBAHHBIX KJIETOK, a TaK K€ YUCIO JEISIIUXCS
KJIETOK OTJIEJIbHO TI0 CTajusM MHTO3a: B mnpodasze, meradase, aHa-
Tenodase.

Kaxxaplii cTyzieHT cocTaBisgeT Tadauimy 5.3.1, B KOTOPYIO 3aHOCHUT

BCE IOJIyUCHHBIC UM JaHHbIC.
Tabmura 5.3.1

Onpeoenenue MUMOMUYECKO20 UHOCKCA
6 mepucmeme Kopewka Allium cepa*

Ilone 3PEHUA Konuuecmeo xnemok 6 cmaouu

unmepga- | npoghazvl | memaghazvl | amaghazvl | menogasvl
361

1

2

3

4uT. 1.

> KJIETOK
B KaXXIIOU
dbaze

Cymma pensiimxcst kiaetok (ITI+M+A+T)

* 3anoyHAeTCS KaKIbIM CTYJACHTOM.

5.3.3. OnpegeneHne MUTOTOKCUYECKON aKTUBHOCTU TKaHEW

[TokazaTenemM ypoBHSI MUTOTHYECKOW AaKTUBHOCTH TKAHEW SIBIISI-
ercsa mutotudeckuii uuaekc (Ml, %). MutoTudyeckuii MHIEKC MOKa-
3bIBAET OTHOIIEHUE YUCIIa KJIETOK, HAXOSAIIUXCS B MUTO3€, K 001IeMy
YUCIYy MPOAHAIM3UPOBAHHBIX KJIETOK, MCCIIEIOBAHHBIX HA Mpenapare
n3yudaemoil Tkanu. MHIeKC MOXKET TOBOPUTh O HOPMAJILHOM MPOTEKA-
HUU MUTO3a, 00 YTHETEHUH TIpoliecca JeJICHUs! KJIECTOK UK, HAlTPOTHB,
YCUJIEHUM MUTOTHUYECKOW aKTUBHOCTU TKaHedl. Ha ocHOBaHuuU 3TOrO
JIEJAeTCsl 3aKII0YEHNEe O MUTOTOKCUYECKOM HIIM MHUTO3CTUMYJIUPYIO-
meM JaelcTBun uzydaemoro (akropa. Onpeaensiercss Ml, % mno dop-
MyJI€:
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(II+M+A+T)

MI, % =

xlOO,

rae (II+M+A+T) — cymMMa KJIETOK, HAXOMSIIMXCS Ha CTaauu mpoda-
3bl, MeTadaspl, aHadaszbl U TeJI0(]a3bl COOTBETCTBEHHO.

Paccuumatime 3HaueHUss MUTOTHYECKOTO HMHAEKCAa B KOHTPOJIb-
HOM M OTIBITHOM BapHaHTaX U 3aHECUTE JaHHBIE B TaOIHILy 5.3.2.

Tabmura 5.3.2

Ceoonan madauya yuema mumomu4ecko2o u pasHovlx UHOEKCo8
8 Mepucmeme npopocmros kopewrkoe Allium cepa*

111, %

ML % Xi- X (Xi- X

Ne nosmoprocmu (ko-
pewka)

Bcezo knemox
Cymma denswpuxcs
KIIeMKOK
Yucno knemox 6
npoghase
Yucno knemox 6
memagpasze
MU, %

Yucno knemox 6 ana-
menogase
A-TH, %

KonTponb

X
m
1%

* BHOCSITCSI TaHHBIC BCEH TPYIIIHIL.
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5.3.4. CtaTuctn4yeckana obpaboTka pesynbTtaToB

[Tockonpky paboTa MPOBOAUTCS KaK WHIUBHUIYAJIbLHOE U TPYIIIO-
BOE HcclieloBaHKe, 00pabOTKe U aHATU3y MOJIBEPraloTCs JaHHbIE, MO-
Jy4YEHHbIE BCEMHU CTyJleHTamu rpymnmnbl. Ha ocHoBaHuM Bcex Talmull,
COCTaBJICHHBIX TPYIINOHM, COCTaBIISIETCS OOIas Tadjuia, Kyaa 3aHo-
CSTCSI JAaHHBIE BCEX CTYACHTOB.

Cratuctuueckas o0paboTka pe3yiabTaTOB MPOBOJUTCS aHAIOTUY-
HO TaKOBOM TP UCITOJIH30BAHUH XJIOPEJIJIbI B Ka4€CTBE TECT-00BEKTA.

Paccuyumatime 30adeHne X + M JUII METOTHYECKOTO HHJEKCA B
KOHTPOJIBHOM OTNBITHOM BapuaHTax. OmnpenennuTe J0CTOBEPHOCTh pas-
HUIIBI MEXy KOHTPOJIbHBIM U OTIBITHBIM BapUaHTOM C HUCIIOJIb30BaHU-
eM t-kputepust CThIOAEHTA.

Coenatime 6b1600 O MUTOTOKCUYECKOM JEHCTBUU H3y4aeMOTO
dakTOpa Ha OCHOBE CTAaTUCTUUECKU 00paOOTaHHBIX PE3yIbTATOB OIIbI-
Ta.

Ilpeocmasvme B BuUjaE AMarpaMMbl IOJIYyYCHHBIC PE3YJIbTAThI
(puc. 5.3.4).

KoHTponb OnbIT

Puc. 5.3.4. Mumomuuecxuti unoexc
6 mepucmeme npopocmkos kopewros Allium cepa

Onpeodenenue omnocumebHoll OaumesibHocmu haz mumosa

Ecnu 3HaueHHME MUTOTHMYECKOTO HHJEKCAa B ONBITHOM BapUaHTE
HIDKE, YEM B KOHTPOJIBHOM, AEJIACTCS 3aKJIIOUYEHHUE O MUTOTOKCHUYE-
CKOM jeiicTBuu (pakTopa. Eciin 3HaUeHHE MUTOTHYECKOTO MHICKCA B
ONBLITHOM BapHaHTE MPEBBIIIACT KOHTPOJILHOE, TO OJJHO3HAYHOI'O BbI-
BOJIa C/IE/aTh HEJb3S.

YBenuuenue M|l moxeT ObITh 00YCIIOBIICHO KaK YCHUJIEHUEM MpPO-
audepannu KJIeTOK, TaK U U3BMEHEHHUEM MPOJ0JDKUTEIbHOCTH pa3ind-
HBIX (a3, TO ecTh 3aJePKKON KJIETOK Ha OMpeACICHHBIX (azaX MHUTO-
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3a. BCKphITh NpuunHbBl U3MeHeHUuss M| MOXHO, aHaIU3Upysk MPOH0JI-
KUTEJIBHOCTh (DA3HBIX UHIEKCOB.

da3Hble UHACKCHI IMO3BOJSIOT CYIUTh 00 OTHOCHUTEIBLHOM JJIH-
TEeTBHOCTH KaX0M (ha3bl MuTo3a. OnpeaeistioT OTHOCUTEIbHbIE JJTH-
TeJIbHOCTHU (pa3 MUTO3a MO cieaytomieit hopmyiie:

I1
IIM1,% = x 100
IHI+M+A+T :
MU, % = M x 100
IH+M+A+T '

rae I, M — koluuecTBO KJIETOK, HAXOJSIINXCS Ha CcTaauu mpodassbl,
MeTadasbl U T.1I.

Paccuumaiime daznpie MHAEKCHI ISl OTIBITHOTO U KOHTPOJIBHOTO
kopemkoB. JlanHble 3aHecuTe B Tabnuiy 9.3.2. Paccuumatime cpen-
HUE 3HayeHus s BenuuuH ¢asubix uHaekcos (11U, MU, AU, TN)
KOHTPOJILHOTO M ONBITHOTO BapuaHTOB. lIpenacraBpTe MOTyUYCHHBIC
nanabie Tpaduuecku (puc. 5.3.5). [lpoBeaure cpaBHEHHWE OTHOCH-
TEJIbHOU JIUTEIbHOCTHU Pa3HbIX (pa3 MUTO3a B KOHTPOJIE U OMBITE.

E koHTpOIb

PN, %

EonbiT

Puc. 5.3.5. Coomnowenue gasnvix unoexcos

Ha ocHOBaHUU 3TOr0 CpaBHEHUS MOKHO CJI€JIaTh MPEANOJI0KEHNE
O XapakTepe AeUCTBUS u3ydaeMoro akrtopa Ha MUTO3.

Hampumep, ecnu B ONBITHOM BapUaHTE OTMEYEHO YBEJIMYCHHUE
MI, tipu 5tom 3Hauenue AU u TU cHmxkeHo, a 3Hauenue MU yBenu-
yeHo. Takasi cuTyalys B TKAHH MOXET ObITh BbI3BaHa JICHCTBUEM aHa-
JU3UpyeMoro (akTopa Ha BEPETEHO JCICHUS B MEPHUCTEMATHUUYECKHUX
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KJeTkax. B aToMm ciyyae pacxokJeHHre XpOMOCOM K MOodrcaM, odec-
MEYMBAEMOE aXPOMATHHOBBIM BEPETEHOM, IMPOUCXOAUTH HE OYJeT.
Kierka He MokeT npoitu u3 MeTtadasbl B aHadaszy, CICACTBHEM 3TOTO
MOTYT ObITh T€HOMHBIC MyTanuu. Eciou cawken 1M, moxHo mpexarmno-
JI0KUTh, UTO JAHHBIA (DAKTOP BIMUSIET HA MPOIECCHI, MPOUCXOISIINE B
uHTepdazy Mnpu MOArOTOBKE KIETOK K JeneHuto. YBeauuenue 11U no
CPaBHEHHIO C KOHTPOJIEM CBUJIECTEIBCTBYET O TOM, UTO 3aTPyIHEHO
MPOXOKJICHUE KJIETKaMU CTaauu MPpodas3bl, YTO MOXKET ObITh BHI3BAHO
HapyIIEHUEM HAJAMOJICKYJISIPHON CTPYKTYpPhI XpoMocoM. Takum oOpa-
30M, ompenesnenne M| nmo3BoJiIeT perucTpupoBaTh MUTOTOKCUYECKOE
JIEMCTBUE BeElIeCTBa, a pacueTtbl @M moMOrarOT BBIIBUTH MEXAHU3M
DTOTO JICHICTBHUS.

5.4 OnpedesnieHUe Mymaz2eHHoO20 delicmeusi
ghakmopoe oKpyxaroueu cpeobl
¢ ucnosib3oeaHuem Allium cepa
e Kayecmee mecm-obbLekma

N3ydeHne MUTOTHYECKH ACHSAIIMXCA TKAHEW IMO3BOJISET OLECHU-
BaTh MYTAreHHOE JeUCTBHE (PAKTOPOB OKPYXk AIOIIEH Cpeabl OKpy-
KaAINIEH cpeabl MO CIOCOOHOCTH BBI3BIBATH XPOMOCOMHBIE TIEpe-
CTpoOKH (adepparumn).

AOeppaunun xpomocoMm (XA), TO €CTh HU3MEHEHUS CTPYKTYpbI
XpOMOCOM, U3Yy4arTcsa Ha craauu Metadasbl (MeTtadasHblii METOM) U
Ha cTaJuu aHa-tenodasbl (aHaTea0¢ha3HbI METOM). ITU METOMABI TO-
3BOJISIFOT BBISIBIIATH MYyTareHHYI0 aKTUBHOCTb TOT'O WJIM MHOTO (haKTo-
pa, OLICHUTH CTEMEHb MYTAreHHOW aKTUBHOCTU (pakTopa, CUIy BO3-
JNEUCTBUS Pa3HbIX €ro /103, ONPEACNIITh MUHUMAJIbHYIO JEHCTBYIONIYIO
7103y, ONPEACIATh 3aBUCUMOCTh 103a-3((PeKT.

Hanbonee ToUHBIM sIBIIETCS MeTa(a3HbIil METOM, TaK KaK OH pe-
TUCTPUPYET OOJIbIIIEEe KOJTMYECTBO TUIIOB abeppaluid, OnpeaeisieT TUIT
IIEPECTPOUKU U B KAKOM UIMEHHO XPOMOCOME OHa npousouwna. Ho ator
METO/I MPUTOAEH TOJBKO JJIi OOBEKTOB, JJISI KOTOPBIX YK€ UJCHTH-
GbuUIMpOBaHbl BCE XPOMOCOMBI, ompejesiaeH kapuotun. Metada3Hbiid
aHanu3 0oJiee CI0XKHBIN U TpeOyeT BBICOKOUM KBaTu(PUKAIIUU UCCIEN0-
Bareyisl. OTOT METOJ HMCIOJb3yeTCs, HampuMep, IJis JIHarHOCTUKU
XPOMOCOMHBIX 00JIe3HEH YeIoBeKa.
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AHa-TenodasHelii aHanu3 00jee MPOCTOM, IKOHOMHUYHBIN, HE Tpe-
OyeT 3HaHUS KApUOTUIA W HUACHTU(DHUKAMK THUIIOB TOBPEKICHUS
xpoMocoM. OH MO3BOJISIET BBISIBUTh MEHBIIIE TUIIOB abeppaluii, HO ero
YyBCTBUTEJIIPHOCTh BITOJIHE JOCTATOYHA IS 3aKIIOUCHUS «MyTare-
HEH» WIN «HeMyTareHeH» (axtop. AHa-Tenoda3HbIil aHATU3 SBIISET-
Csl JOCTaTOYHO YYBCTBUTEIHHBIM, KOPPEKTHBIM M yJAOOHBIM Ha TIep-
BOM JKOTOKCHUKOT'CHETHYCCKOTO MCCIICTOBAHUSI.

5.4.1. Tunbl XpOMOCOMHbIX abeppauuu,
BbiSiBNsieMble aHa-TefiopasHbIM MeTO40M

CTpyKTypHbBIE U3BMEHEHHSI XPOMOCOM CBSI3aHBI C Pa3pbIBOM U BOC-
COCIMHEHHEM YaCTEeH XPOMOCOM.

CTpyKTypHBIC U3MEHEHHS OTINYAIOTCSA APYT OT ApYyra B 3aBHUCH-
MOCTHU OT TOTO, Ha KaKO#l CTaJUh MUTOTUYECKOTO IUKJIA TPOU30ILIO
Hapymenue. Ecnu Hapymenue nponuio Ha ctaguu G;, To ecTh 110 pe-
OYTUIUKAIMA XPOMOCOM, HaOIIOJIAI0TCS XpoMocomubie paspuigvl. Ec-
JM XpOMOCOMa YK€ PeIyIUTMIIUPOBaHA U UMEET JIBE€ XPOMATHU/IbI (CTa-
st S wima G,), MPOUCXOMIAT XPOMAMUOHBLE PA3PHIEHL.

AHHa-Teno(a3Hblii METOJT TTO3BOJISIET BBISBIATH CIEAYIOLIUE TH-
IIbI CTPYKTYPHBIX MEPECTpoeK XxpoMocoMm (puc. 5.4.1).

/Jleneyus — notepsi y4acTKa XpPOMOCOMBI, BOSHMKHOBEHHUE IICH-
TpU4YecKuxX (C LEHTPOMEPOI) U ameHTpudeckux (0e3 IeHTpOMEpHI)
(GbparMeHToB.

Konyesas oeneyus — noreps KOHIIEBOTO y4acTKa XpOMOCOMBI. B
cllydyae XpOMOCOMHOMW Jefelnu HaOIoaroTcs JBa (¢parMeHTa, Jie-
Kallie mapajuieNibHO APYT JIPYTY, B Cydae XpPOMATHUIHOW JeIeluu
UMEETCsl OJJMHOYHBINA (parMeHT. Ecim uMeeTcss nu3oxpomaTuaHas je-
Jenusi, T.€. TMOBPEXKJICHBI KOHIIBI 00€MX XpOMaTHa, TO Mapy Xpoma-
TUJHBIX (DPArMEHTOB TPYJHO OTJIUYUTH OT JABOMHBIX XPOMOCOMHBIX
(dbparMeHTOB.

Humepcmuyuanvnas Oeneyuss — TOTEPST BHYTPEHHETO ydacTKa
xpomocomsbl. [Ipy moTepe BHyTPEHHEr0 y4acTKa OJIHOTO Iuieya (mapa-
IIEHTpUYECKasl JIeJeIusi) OO0pa3ylTCsd KOJBIEBBIE AallEHTPUUECKUE
dbparMenTsl U MUKpo(dparmeHThl. [Ipu nepueHTpUUeCcKor IeIelnH,
BKJIIOUYAIONIEH IIEHTPOMEPHBIA pailoH, 00pa3yercsi LEHTPUYECKOE
KOJIbI10. B ciiydae XpoMOCOMHO# Jiefielinu Takoe KOJIbII0 OyAeT JBOM-
HBIM C PACTOJIOKEHHBIMU PSAJIOM ABYMS (pparMeHTaMu, B Clydae Xpo-
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MaTHJIHOW AENEIUU — OJMHOYHOE KOJIBIIO C OJMHOYHBIMH (hparMeH-

TaMHU.

Hopma Tepmu- Hnmep- | Lenwmpu- | Ayenmpu- | Ilepu-
o HATbHAS cmuyu- yeckoe yeckoe yeumpu-
E oeneyust anvHas | KOAbYO U | KOJIbYO yeckas
2z oeneyusi Ppae- uneepcus
2 3 MeHm
S =T
) O
X Q H
< \Q
= ©
£
=
M A\ N\ N\ @

Hopma Juyenmux u gppacmenm Cummempuynbwiii

MENCXPOMOCOMMHBII
obmen

MexXpOMOCOMHBIE
O0OMEHBI

o

Puc. 5.4.1. Tunvl xpomocomuwlx abeppayuti (cxema)

Tpancnokayus — oOMEH y4acTKaMH MEXAY JBYMS XpOMOCOMa-
Mu. Cummempuunas mpauciokayus — OOMEH alleHTPUYEeCKUMH yda-
CTKaMM OJIMHAKOBOM WM pa3HoM mjuHbL. Ilpu anadazHOM aHaIuze
TaKue MepecTPOMKU He oOHapyKUBaKOTCs. [Ipu acummempuunom oo-
MeHe, KOTJla MPOUCXOIUT COCIMHEHUE IIEHTPHUUYECKUX (PparMeHTOB,
oOpa3zyeTcs JUIEHTPHK, TO €CTh XpOMOCOMa C ABYMsI IICHTPOMEPaMHU,
1 B aHadaze HaOIIOAIOTCS MOCTHI M (hparMeHThl. B ciydae xpomo-
COMHBIX aCHMMETPHUYHBIX OOMEHOB BO3HHMKAIOT JIBOWHBIC MOCTHI, Tie-
pPEeKpeIeHHbIE WX TMapaljieJbHbIe, JeXamue OMU3KOo IPyT K APYTY.
[Ipn oOpa3oBaHMM XPOMATHIHBIX JHIICHTPHUKOB HAOIOJAIOTCS OJIH-

HOYHBIC MOCTHI.
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KpomMe ¢dparmMeHTOB M MOCTOB MOTYT BCTPEYAThCS CIICIYIOIINE
HapylLICHUS.

Chunanusa Xxpomocom, CBI3aHHBIE C N3MEHEHUEM KOHCHCTEHIIUH
XPOMOCOM.

MHuozonoarwcnvie Mumo3bl BO3HUKAIOT B PE3YJIbTATE HAPYLICHUS
BEpETEHA JCIICHUS.

Omcmasanua Xpomocom BO3HUKAIOT NMPU HAPYILICHUMU IOBEE-
HUSL XPOMOCOM Ha BEPETEHE AEJIIEHUS U MOTYT ObITh 00YCIIOBJIEHBI Ha-
PYLIEHUSIMU KaK B CaMOW XpOMOCOME, TaK U B aXpOMaTUHOBOM BeEpe-
TEHE.

5.4.2. OnpepgeneHue mytareHHoro addekTa
XUMUYECKOro cCoeauHeHus

MyTareHHoe JAeHCTBHE BEIIECTBA OIICHUBASTCS 110 YaCTOTE MHITY-
MPOBAHHBIX BEUIECTBOM XPOMOCOMHBIX abeppaiuii (XA).

XpoMOCOMHBIE abeppalii B MHTO3€ MOXHO PETHCTPHUPOBATH HA
ctaauu MeTadasbl, aHadassl U TeI0(asbl.

B nmanHoil paboTe npumMeHsieTcsi aHa-Ten0(a3Hbli METO]T aHalln3a
XpOMOCOMHBIX aHoMaynmii. OH He TpeOyeT CIenUalbHBIX HAaBBIKOB,
JUIMTETTLHOTO BPEMEHHU, 00Jiee TOHKOrO M JCTAILHOTO OIpeaeseHuUs
W3MEHEHUU B CTPOEHUU XPOMOCOM. BMmecTe ¢ TeM MeToj sBIISIETCS
JOCTAaTOYHO YYBCTBUTEIBHBIM IIPH BBISBJICHUH I'€HOTOKCUKAHTOB. OH
HE TI03BOJISIET BBIIBUTH BCE THIIBI XPOMOCOMHBIX IEPECTPOEK, OJHAKO
MO3BOJISIET OMNPEJEINTh, CIIOCOOCH JIM aHATU3UPYIOMUN (aKTop Mo-
BpEXJIaTh XPOMOCOMBI, T.€. SBJISICTCS T MyTareHOM HJIN HET.

Haunbonee TumuyHble KapTHHBI XPOMOCOMHBIX MEPECTPOCK, BhI-
SBJISIEMBIC B aHA-Tenoda3ze, MpeCcTaBIeHbl Ha pUCYHKE 5.4.2.

X00 évtnonnenus 1adopamopHoll padomol

AHanmM3 XpOMOCOMHBIX abeppaluii MPOBOJUTCA Ha TEX XK€ Ipe-
naparax, 4To U Mpu ONpeAeICHUH MUTOTOKCUUECKOTO JEUCTBUS (Pak-
Topa. Kaxxaplil CTyJIeHT aHAJIM3UPYET TaK K€ Mo JABa Ipenapara. Ilep-
BBl — JIABJICHBIM MpENapar KOHYMKA KOPEHIKa JyKa (KOHTPOJIbHBIH
BApUAHT), BTOPOW — JaBJIEHBbIN MpenapaTr KOHYMKa KOpelika Jyka, 00-
pabOTaHHOTO U3y4aeMbIM (haKTOPOM.

1. Ananusz npenapamos.

[Ipu OonpiioM yBenmdeHun Mukpockoma (12,5 x 1,5 x 40) mpo-
CMaTpUBAETCSI BECH MPEMApaT MOCIEI0BATEILHO HA COCEAHUX MOJISIX
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3peHusi. YToObl HE y4yecTb ABaXAbl OJUH Y4YacTOK, MPOCMATPUBAIOT
npenapar, MepeJBuras €ro ClpaBa Haj€BO, 3aTE€M CIEAYIOIIMI psl
CJIeBa HaIpaBo, U T.J. YYUTHIBAIOT aHa-Teno(a3bl HA BCEM Ipemnapare.
[Ipuyem y4duTHIBAIOTCA TOJBKO T€ KJIETKHU, B KOTOPBIX PACCTOSIHHUE
Mexy aHadazHbIMU (Tea0(pa3HbIMU) TPYIIIaMU OOJbIIE IMUPUHBI O]~
HOIl aHada3zHoM (TenodasHoit) rpymnmnsl. TenodasHbie KJIETKH, B KOTO-
PBIX HaOMIOJAeTCa Hadajao o0pa3oBaHMs (PparMoIuiacTa, He YUYUTHIBA-
I0TCSI. AHQJIN3 TIEPECTPOEK HE MPOBOJAUTCS MPU HAIOKEHUH KJIETOK U
IPU HAPYILIEHUU LIETOCTHOCTH 000JI0UKH KIIETKH.

Oounounblil Ilapnvie Mocm Mocm + Mocm +
Gppacmenm | pacmenmol Gppacmenm 0BOUHOU
Gppacmenm

o | /M
W/ W

Tpexepynnosas Omcmasanue Acummempuunwiii Tpexnontochuwiu
Memagaza XPOMOCOM MUMO3 MUMO3

o i»
i

e ‘(%

Puc. 5.4.2. Kapmunst xpomocomuvix abeppayuti
Ha cmaouu ana-menogasvl

KiieTku, B KOTOPBIX HE YJAETCs ONMPEACIUTh TUIl adeppaluu, OT-
HOCST K KJIACCYy «C Hepa300paHHbIMU a0eppariusiMu».

Kaxxaplii cTyZieHT cocTaBiseT Tadauiy 5.4.1, B KOTOpYIO 3aHOCUT
BCE€ MOJIyYECHHbIE UM JaHHBIEC.
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Yuem xpomocomnuvix abeppayuii
6 mepucmeme npopocmkos kopewroe Allium cepa*

Tabnuua 5.4.1

Ilone | Kon-60 Ana-menogasel ¢ xpomocommvimu abeppayusimu

SperiiL | ana=me= 1 o emer | pae- om- mpex- | mpex- | acum- | Hepa-
nogas Menmbl | cmasa- | nomoc- | epyn- | mem- 300-
6 none HUA Hble noevie | puumnvle | pannvie
Jpenud mumo- | mema- | mumo- | Hapy-

361 pazvl 361 wieHus

1

2

3

4

UT. I

Y. Kie-

TOK

* 3anoyHAeTCS KaXAbIM CTYJIEHTOM.

2. OnpeodeneHue 4acmomsl XpOMOCOMHBIX abeppayuil.

[TokazaTenemM MyTareHHOW akKTMBHOCTH M3y4aeMoro (akTopa siB-
JSIeTCA 4acToTa XpOMOCOMHBIX abeppanuii (XA, %). YacTora xpomo-
COMHBIX abeppaluii MOKa3bIBa€T OTHOIIICHHE YMCIIa KIETOK C XpOMO-
COMHBIMU a0eppalusiMd K OOIIEMY YHUCIY KJIETOK, HaXOISIIUXCS Ha
CTaJUsAX aHa- U TeJodasbl, U PAaCUUTHIBACTCS MO GopmyIie:

XA, % =——x100
(A+T) ’
re N — KOJU4eCTBO adeppaHTHBIX aHa- U Tenodas,

(A+T) — obmiee kKomuuecTBO aHa-Tea0(a3 Ha Mpenapare

Paccuumaume vactoty XA B KOHTPOJIBHOM M OIBITHOM BapHaH-
Tax.

[TockonpKy paboTa MPOBOAUTCS KaK MHIUBUAYAILHOE U TPYTIIOBOE
UCClIeIOBaHue, 00pabOTKe U aHAJIM3Y MOABEPratoTCsl JaHHbIC, OJTyYeH-
HbIE BCEMU CTyJeHTaMu rpynmbl. Ha ocHoBanuu Tabmun 5.4.1, cocras-
JICHHBIX KaXIbIM CTYJIEHTOM, TPYIIOW COCTaBJISIETCS HWHTETpabHAS
tabmuna 5.4.2, Kyna 3aHOCATCS JaHHBIE BCEX CTYJEHTOB. JTWU HHTe-
rpajibHbIE JJAHHBIE TMOABEPrar0TCs CTaTUCTUYECKOM 00padoTke. OOpa-
OOTKY MPOBOJIAT MO (hopMyaM sl MAJIbIX BEIOOPOK.
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Onpedenume AJisl 4acTOThl MYTallMil cpelHee apudmeTuyeckoe
(X), omuOKy cpenHei (M) U JOCTOBEPHOCTh PA3HHUIIBI MKy 4acTO-
TOH MyTalMii B KOHTPOJHHOM M ombITHOM Bapuante (td). Bes oOpa-
O00TKa JAaHHBIX MPOBOAMUTCS AHAJIOTMYHO TAKOBOM MPH OIEHKE MUTO-
TOKCHUYECKOTo JieiicTBust gakropa (cM. Pabora 1. Cratuctuueckas o0-
paboTKa pe3yabTaToB).

Coenaiime 661600 Ha OCHOBE CTaTUCTUYECKH OOpPaOOTaHHBIX pe-
3yJbTATOB OMbITAa O HAJIMYWM MYTareHHOTO JCHCTBUS HM3y4aeMOTO
dakropa. [lonydeHHbIe pe3yJbTaThl MPEJACTABLTE B BUJE JUArPAMMBbI
(puc. 5.4.3).

JInst XapakTepUCTUKU MYTareHHOTO JIEUCTBUSI U3ydaemoro (ax-
TOpa MPOBOJUTCS aHANW3 criekTpa adbepparuii (puc. 5.4.4). Iloacuu-
THIBAC€TCSl JOJIA abeppaluii OnmpeejIieHHOr0 TUMa OT OOIero 4ucia
Bcex abeppauuit. [IpoBoauTCs CpaBHEHUE CIIEKTpa CIIOHTAHHBIX adep-
paunii (KOHTPOJBHBIA BapuaHT) W CHEKTpa abeppaiuii, WHIYLUPO-
BaHHBIX U3y4aeMbIM (PaKTOPOM.

1,6
1,4
1,2

0,8
0,6
0,4

0 |

K

XA,%

Puc. 5.4.3. Yacmoma xpomocomuwvix abeppayuii
6 mepucmeme npopocmros kopewros Allium cepa

Ilpeocmasums Ha nuarpaMMe COOTHOIIEHHE THUIIOB XPOMOCOM-
HBbIX abeppaiuii B KOHTPOJBbHOM M ONBITHOM Bapuante. [Ipoananuzu-
pOBaTh AUArpaMmy, IPOBEAS CPABHEHUE CIIEKTPA U YACTOTHI Pa3HBIX
TUIOB XPOMOCOMHBIX abeppaliuii.

AHanu3 TUMOB XPOMOCOMHBIX MEPECTPOEK IMO3BOJAET AETaTh 3a-
KJIFOYEHHE O XapakTepe ACHCTBHS MpemnapaTa. Tak, mosBieHue ¢par-
MEHTOB M MOCTOB CBHUJETEIBCTBYET O TOM, UTO Mpernapar CrnocoOeH
BbI3bIBATh pa3pbiBbl B JIHK, nmpuBomsnme Kk HEpEHUIIPOKHBIM TpPaHC-
JoKanusaM | aenenusm. B cinydae, korna Tpedyercs 6osee aeTanbHbIN
aHaJM3 TUIIOB BO3HUKAKOMUX XA, CIEAYIOIIUM 3TAroM padoThl J0JI-
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KeH ObITh OoJiee TpymoeMkuid MeTadaszabii ananus. OgHako s 00-
el OIEHKH MYTareHHOCTH (PaKTOPOB CPEAbl M ISl TEHETHYECKOTO
MOHHUTOPHHTA 32 COCTOSIHHEM OKPY KaroIeld cCpeanl BIIOJHE J0CTaTo-
YeH aHa-Teno(a3HbI aHATIU3.

Ecau npu aHanm3e MuTo3a HEe OyAET BBIIBICHO MYTareHHOTO 3(-
dekTa, n3ydaemMbiii (pakTOp HENb3s CUMTATh IOJTHOCTHIO T€HETHYCCKH
Oe3onacHbIM. HeoOXxoanuMo najipHelIee UCCIeI0BaHUE €ro Ha CIIO-
COOHOCTb MHIYIIMPOBAThH APYTHE TCHETUYECKHE HW3MCHEHHUS. TOUYKO-
BBIC MyTallMH, KPOCCHHTOBEP U T.J. Hamndyue 3HAYMTEIBHBIX HapyIIe-
HUI B MHUTO3€ JOCTaTOYHO JJISI TOTO, YTOOBI CTaBUTh BOIIPOC O 3aMEHE
MAHHOI'0 BeElIecTBa Ha O€30ITaCHBIM aHaJIOI MM MOUCK O€30IacHBIX
MyTel IpUMEHEHHUS TAaHHOTO (paKTopa.

MOCTbI

A\

cparmeHTbI

oTcTaBaHusa

KoHnTpoJib

dparmeHTbl

OTCTaBaHusA

O11bIT

Puc. 5.4.4. Coomnouwerue munos xpomocomuwix abeppayuii

5.5. Drosophila melanogaster
KaKk mecm-o6beKkm Osisi oUyeHKU
2eHOMoKcu4YHocmu ¢ghakmopos

OKpYyXXarouel cpeodbl

[TnomoBast Mymika apo3oduia sBISETCS OJHUM M3 CaMbIX pac-
IIPOCTPAHCHHBIX O0BEKTOB, MCIOJIB3YEMbIX JJIS BBISBICHHS T€HOTOK-
CHYECKOTO JIEMCTBHSA pa3nuIHBIX (akTopoB. Ee ymoOcTBO 11 Takmx
HCCIIeIOBaHUM 00YCIIOBJICHO CIEAYIOIUMH OCOOCHHOCTSIMM:

— HENPOIODKUTENBHBIA UK pa3BuTus (10 CyTOK OT MOMEHTa
OTKJIQJKH SIUII IO BBIJIETa HMAro);
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— BbICOKas Ma00BUTOCTh (200 — 250 suir OT 0JIHON CaMKH);

—y Apo30(duiIbl U3y4E€HO O0O0JIBIIOE YHUCIIO IeHOB, OMPECIISTIOIINX
JIETKOPa3INYMMBbIe TTPU3HAKH,

— ¢erotun aApo3oduabl Xopomio u3ydeH (omucano Ooznee 200
MIPU3HAKOB), YTO MO3BOJISIET PETUCTPUPOBAThH Ja)Ke HE3HAUUTEIIbHbIC
W3MEHCHUSI MPU3HAKOB, HAIIpUMeEp, U3MECHEHUE HAIPaBJICHHS KUJIOK
Ha KPbUIbSX WJIM YUCJIA IIETHHOK;

— apo3oduia JErko pa3BOJAUTCS B Ja0OPATOPHBIX YCIOBUSIX Ha
MIPOCTHIX, HEIOPOTUX MUTATEIbHBIX Cpe/lax;

— MaJIoe KOJIMYECTBO XPOMOCOM B KapuoTuie (2n = 8);

—y Ap0o30(]uibl ONMHUCAHbl MPAKTUYECKH BCE BUJBI MYyTallUil: pas-
JIUYHBIE TUTIBI TEHHBIX, XPOMOCOMHBIX 1 TCHOMHBIX;

—y Jpo30(UIbl MOKHO BECTHU YYE€T KaK I'eHepaTUBHBIX, TaK U CO-
MaTHYECKUX MyTalluil ¥ TaKUM 00pa3oM CpaBHUBATh 3aKOHOMEPHOCTH
MYTHUPOBaHUS KaK MOJIOBBIX, TAK U COMAaTUUYECKUX KIIETOK;

— apo3oduiia o0j1ajaeT MUKPOCOMAIbHONW (PEPMEHTHON CHUCTEMOM
CXOJIHOM C TAKOBOM B MEUYEHU MJICKONUTAKOIINX U YelloBeka. [loaTomy
npo30(duiia MOXKET HCIOJIb30BATHCS IJI BBISIBIICHUS U MYTarcHOB U
MIPOMYTareHoB.

Ho npo3oduna xkak TecT-00bEKT TOKCUKOTEHETUKH UMEET U Psij
HEJIOCTATKOB:

— OTHOCHUTEJIBbHO HM3Kasl YyBCTBUTEJIBHOCTH (110 CPAaBHEHUIO, Ha-
npumep, ¢ OaKTEPUSIMH);

— JaJIEKO OTCTOUT OT YeJIOBEKa Ha POJOCIOBHOM JPEBE, a CJIE/I0-
BaTEJILHO, MOJYYEHHBIC PE3YIbTaThl MOKHO MEPEHOCUTh Ha YEJIOBEKa
¢ OOJIBIIION OCTOPOKHOCTHIO.

5.5.1. XKM3HEeHHbIN uukn apo3odunbl

Dr. melanogaster oTHOCUTCSI K HACEKOMBIM C IOJIHBIM TIpeBpa-
nieHrueM. OmJI0JOTBOPEHHBIE CAMKH OTKJIAJBIBAIOT HA IOBEPXHOCTH
KopMa suna. Aunno — okosio 0,5 mm B anuny. Ha cnuHHON CcTOpOHE
sifia (COOTBETCTBYIOIIEM CHMHHOW CTOPOHE OYIYIIEro 3apojiblIia)
UMEIOTCSl IBa OTpOCTKa ((priiaMeHThI) KOTOPBIE HE TMO3BOJISIOT SHILY
MOTPY>KaThCsl B KUJAKYIO cpedy. Ha mepeaHeM KoHIIE siidlia pacroo-
KEHO oTBepcTHe (MUKponuie). Yepes HEro MpoOHUKAET CIIEPMATO30HI.
B HOpManbHEIX yenoBusx (mpu Temmeparype +25° C) sMOpuoHaNIbLHOE
pasButHe nporekaet 20 — 24 yaca (puc. 5.5.1).
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Beimenmmas u3 siina yeppeoOpasHas auurHKa (1-ro Bo3pacTa) ycu-
JICHHO MHTAETCs, Mpoeaasi B KOPME XOJIbl U MOTrpyXkasich B Hero. Bes nu-
YUHOYHAs CTaJus npojiokaercs 4 — S5 cyTok. B npouecce pa3Butus Jiu-
YUHKU MPETEPIEBaIOT JBE JMHBbKU. [lepes; OKyKIMBaHHEM OHM BBINOJI3a-
I0T Ha CTEHKU CTaKaH4YMKa C KOPMOM, MEPECTalOT IMUTAThCS, 3aTEM U
neuratbes. IIpoucxomut okykimBanue. Kykonka vMeeT XapaKTEepHYIO
O0oueHkooOpa3Hy0 (HOpMy U TTOKOUTCS HAa MECTE MPUKPEIJICHUS /10 BbI-
X0/1a MyX.

Ha cragum KyKOJIKM MPOUCXOIUT TEPECTpOiiKa OpPraHoB Apo30du-
ael. Bece nuumHOYHBIE opraHbl (KpOME HEPBHOM CHCTEMBI M ITOJOBBIX
XKeJe3) Pe3opOuPYyIOTCS U 3aMEHSIFOTCSI UMaruHaJbHBIMU Pa3BUBAIOIIIH-
MHUCSI U3 UMardHAJIbHBIX AUCKOB. CTaaus KYKOJKU MPOJOKACTCSA MpPH-
MEpHO 4 JHS.

Takum o0pa3oMm, B ONTUMAJBHBIX YCIOBHSX BECh IMKJ Pa3BUTHS
npoxoauT 10 mueit. Cioemyer OTMETHUTh, YTO C U3MEHEHUEM YCJIOBHUM
Cpeabl pa3BUTHE MOXKET CHJIBHO 3aTSHYThCS WIHM COKpaTtuThes. Ilpu
CHIDKCHHHU TeMIreparypsl Ha 1°C MUK yIUTHHSAETCS IPUMEPHO Ha 1 JeHb.
ITpu temmeparype 16°C oHO cocraBiseT 26 CyTOK, IpH TeMIEpaType
28 — 31° C — 8 cyTok. MenneHHee pa3BUBAIOTCS APO30QHILI IIPH BHICO-
KOW MJIOTHOCTU KYJBTYPbI (CaMOPETYJISHS INIOTHOCTH MOMYJISLIUN).

B teuenue 8 — 10 yacoB mocie BbIX0/1a U3 KYKOJIKH CAMKH OCTaroT-
Csl JICBCTBEHHBIMM, BUPTUHHBIMU. JJIT TIPOBEICHUS IKCIIEPUMEHTOB 10
CKpCIIUBAHUIO CIeTyeT OpaTh MMEHHO BUPTUHHBIX caMOK. JIJIst 3TOro ux
OTCaXMBAIOT OT CaMIIOB HE MO3KE YeM 4Yepe3 § 4YacoB IOCJE BbLIETA
uMaro.

5.5.2. MeTtoabl KynbTUBUpPOBaHUA APO30UNDbI

s pasBeneHuss Ipo30QuiIbl MOKHO HCMOJIB30BaTh Ja0opaTop-
HBIC JIMHUW WJINA B3STh HECKOJIBKO Map MyX U3 MPUPOTHOUN MOMYJISIITUN
aetoM. [locnennue He OUYE€Hb MOAXOIAT JJII TEHETUYECKUX aHAIU30B,
HO BIOJIHE MOAXOAAT JJIi M3Y4YEHUS >KMU3HEHHOrO LMK, CTPOCHUS
HAaCEKOMBIX.

JI71st KyIbTUBUPOBAHUS IPO30(DHIIBI UCTIOIB3YIOT CTAKAHYMKU BbI-
coroii 8 — 10 cm u auamerpom 2 — 3 cm. [locyna crepuinzyeTcs: Ku-
MsTYEeHUEeM WM TpoTupaercs cnupToM. CTakaHYUKH C KyJIbTypou 3a-
KPBIBAIOTCSI CTEPUIILHBIM BaTHBIM TaAMIIOHOM.

Cocmas cpedwr: Ha 700 mi Boabl — 25T MaHKu, 8 T arapa, 75T
MEeKapCKUX Ipoxokeil. B cpeny M0XXHO J00aBUTH MEpeTepThii OaHaH
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i u3toM. Cpeny Bapsat 20 muHyT. OCTy»KarOT ¥ pa3jvBarOT MO CTa-
KaHYUKaM OCTOPOKHO, TaK YTOObl HE MCIAYKaTh CTEHKH, TaK KaK Ha
NOATEKW MYXHM OTJIOXKAT fillla, KOTOpble MOTOM NOTHOHYT. BbicoTa
kamu 1,5 — 2 cM. Ha moBepXHOCTh 3aCTHIBIICH Kallli HAHOCIT Ka-
NEIbKY APOKKEBOIO MOJIOUKA (PacTBOP JIPOXOIKEH HA KUIIAYEHOM BO-
7€) — OHO HEOOXOAMMO JUIsl MUTAaHUS MyX W HX JIMUUMHOK. Tpelyercs
CJIIEIUTh 32 BIAXHOCTHIO B CTakaHyuke. EciyM CTaHOBUTCS OYEHD
BJIQXKHO (pa3:XMKaeTcs cpefia, NOSBISAETCS KOHAEHCAT), HY’)KHO CTEHKHU
IPOTEPETh WM MOMECTUTh B CTAKAHUYMK TPYOOUKY U3 (UIBTPOBAIb-
HOI Oymaru. PaccMarpuBaTh M MOJCYUTHIBATH MOXHO TOJBKO HapKO-
TU3UPOBAHHBIX MYyX. JIsl yCBIIIEHUS! MyX HUCIHOJB3YyeTCs 3GUp s
Hapko3a. [ HapKoTU3aluu NpoOUpPKY MM CTaKaHYMK C HaXOJSIIH-
MHUCS B HUX JAPO30(PHIaMu OCTOPOKHO MOCTYKHUBAIOT JHOM O JIAJJOHb
WM O TIOJIOKEHHBIM Ha CTOJI KYCOK MeHoIuiacTa (4ToObl HE pa30OuTh
npoOupky). Korjna myxu ynanyT Ha AHO, BaTHYIO IPOOKY OBICTPO BbI-
HUMAaIOT, Ha Kpas cocyJa ¢ MyxaMU HaJIBUTalOT Kpail adupusaropa
(Mopwiikn). 3aTeM MPOOUPKY ¢ MyXaMH U 3(PUpHU3aTOp MEepeBOpaUU-
BaIOT, TaK YTOOBI COCYJ ¢ MyxaMu Haxoawics HaBepxy. IlocTykuBas
no AHy 3¢pupu3aropa, NepeKuabIBal0OT B HEro Bcex napo3zoduir. Mo-
PUIIKY OBICTPO 3aKpBIBAIOT MPOOKOM M KIYT, MOKa YCHYT BCE MYyXHU
(He mepeaepKuBaTh, MHA4Y€ MYyXH MOTHOHYT). [lanee MyX BBICHIIIAIOT
Ha KEPaMUYECKYIO MNIUTKY U aHATU3UPYIOT. MyXHU MOTYT HaXOJUThCS
B CTaJMM HapKo3a /10 5 MuHyT. Eciu 1po30¢uisl poCHYTCS paHbIIIE,
4YeM 3aKOHYEH aHalu3 — MyX MOKHO 3aKpbIThb MOJOBMHKOW YalllKU
[leTpu, M0JI0KUB O] HEE KYCOYEK CMOUYEHHOM 3()UPOM BaTHI.

[Ipu mepeHoce cnsimux MyX Ha MHUTATEIbHYIO CPEly CTaKaHYMK
MOJIOKUTh TOPU3OHTANIbHO. MHAUue MyXU KPBUIBIIIKAMUA HPWIMITHYT K
Cpelie U, KOrJa IPOCHYTCS, HE CMOTYT HOJHSTHCS U MTOTMOHYT.

5.5.3. MeToAbl OLlEHKN MyTareHoB
c ucnonb3oBaHmem Drosophila melanogaster

Ilens pabomur: 0OCBOUTH METO/bI OLIEHKU T€HOTOKCUYECKOTO A(-
(bekToB (haKTOPOB CPEIbl C UCTIOIB30BAHUEM JIPO30(UITBI.

Oobopyoosanue 3anamusn: mukpockornsl MbC-1 1 MBU-1, vam-
ku [leTpu, mpemnapoBaibHBIC UTJIBI, A(HP ST HapKo3a, Bata. [Ipooup-
KM C TUTATEeIIbHOW CPeaou I IPO30(uiIbl, TEPMOCTAT.

Pazoamounvi mamepuan: reneTnyeckasl KOJUIEKUUS JTUHAW JPO-
30(uiIbel (MyTaHTHBIC U AMKUE JTMHUH Ip030¢uibl, tuaus M-5).
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Paboma 1.
lMonoeou dumopghusm
y Drosophila melanogaster

I]enb: 03HAKOMUTBHCS C SIBJICHUEM IMOJIOBOTO AuUMoOpduU3Ma y JIpo-
30(puIIbl, HAYYUTHCS OTJIMYATH CaMIIOB M CaMOK [JIsi MOCTAHOBKHU
CKPELIUBAHUN.

Omauuus  camyosé u camoxk y Drosophila melanogaster
(puc. 5.5.2):

1) camkn uMeroT Oosiee KpYIHBIC pa3Mepbl Teila, B YaCTHOCTH
OproIIIKa, 0 CPAaBHEHUIO C CaMIlaMH,

2) KoHel[ OpIoIIIKa y caMOK 3a0cTpeH. Ha Oprolike XopoIio BHIHO
yepeJOBaHUE TEMHBIX (MUTMEHTUPOBAHHBIX) U CBETJIbIX (HEMUTMEH-
TUPOBAHHBIX) YYACTKOB. Y CaMIIOB MOCJIECIHUE YJICHUKU OpIOIIKa cpa-
CTAlOTCs, MOITOMY KOHEIl OpIOIIKAa MOJHOCTBIO YEPHBIM, UMEET BU]
OILIAaBJICHHOM IIECJIKOBOUW HUTHUY,

3) moJIoBBIC OpraHbl CaMIla MUTMCHTHUPOBAHBI, ITOJOBBIC OpraHbI
CaMOK CBETIIbIC;

4) y caMIIOB Ha TIEPBOM WICHHKE JIAIIKW TIEpeIHEH Mapbl KOHEU-
HOCTEW HaXOJUTCSI MOJIOBOM rpedemntiok. [0 MUKPOCKOIIOM OH UMEET
BUJI rpederika, o OMHOKYJISIPOM BBITJISIIUT KaK Y€PHOE ISITHO.

PaccmoTpure nog mukpockornoM MBC HapKOTH3MPOBAHHBIX MYX
pa3IUYHbIX JUHUN Apo30oduibl. OTMEThTE, KaKue MPU3HAKU 3aTPOHY-
Thl MyTalMeN. 3alMIINTE HA3BaHUA JIMHUM U XapaKTepHBIE IPU3HAKU
MYyX Ka)XX1I0M MyTaHTHOM JIMHUM.

Paboma 2.
Mymauyuu y Drosophila melanogaster

Ileny: O3HaKOMUTHCA C PA3IUYHBIMU JUHUSAMU IPO30(DHIIBL.

PaccmoTpute nog mukpockornoM MBC HapKOTH3MPOBAHHBIX MYX
pPa3IUYHbIX JUHUN Apo3oduiibl. OTMEThTE, KaKue MPU3HAKU 3aTPOHY-
Thl MyTalME€N. 3alUMIINTE HA3BaHUA JIMHUM U XapaKTepHbIC NPU3HAKH
MyX Ka)KJI0l MyTaHTHOM JuHuH (puc. 5.5.3).
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Paboma 3.
Yyem OOMUHaHMHbIX
nemanbHbIx Mymayuu (QJIM)

JIJIM o0yciioBiaeHBl M3MEHEHHEM HACJIEACTBEHHOCTH B MOJIOBBIX
KJIETKaxX POAUTEIICH, MPUBOASAIIMX K THOEIH MOTOMKOB B F1, B OCHOB-
HOM BO BpeMsi SMOPHOHAIBHOTO neproia. Ho oHM MOTYT NpOSIBISTHCS
Ha JIOOBIX CTAIMSAX OHTOTE€HE3a — OT fifia o umaro. Ilpennaraemsiii
METOJ| TTO3BOJISIET yunuThIBaTh [[JIM, mposBidtommecss paHo B OHTOTe-
HE3€ — Ha CTaAUU SIWIA: YUYUTHIBAKOTCS SMIA, U3 KOTOPBHIX HE BBIILIA
JIVYVHKH.

Meton yuera yactorsl JJIM onuH U3 cambIX MPOCTBIX U HKOHO-
MUYHBIX METOJIOB BBISIBJICHUS] TEHOTOKCUYECKOT0 3P (deKTa, KaK UHIH-
BUAYAJIbHBIX 3arps3HUTENIEH, TAK U CYMMAapHON MYTareéHHOM aKTUB-
HOoCcTH (CMA) pUpOAHBIX CpPE/I.

s ydera yactotsl JIJIM MOXKHO HMCIOJBb30BaTh JIOOYIO JTUHUIO
npo3oduiel mukoro tuma (Hanpumep, J1-32 wim Canton S).

X00 évinonnenus padoomot

1. Bo3gelictBuio u3ydyaeMoro (akrtopa moABepraroT 3-IHEBHBIX
caMIoB (3TO BO3pacT MaKCUMaJlbHOM MOJIOBOM aKTUBHOCTH). M3yuae-
MbI€ (aKTOpPbl MOTYT OBbITh (PU3NUYECKON, XUMHUYECKOU WU OUOJIOTH-
YECKOW MpUPOJIbI U MPEACTABICHBI B TBEPAOM BHUJE, PACTBOpAX WIH
razoBoil (paze. Meroa ynoben st oieHku CMA npuUpOIHBIX cpell —
BO/IbI, BO3/1yXa, TOYBBI.

2. IToJONBITHBIX CaMIIOB 3aT€M CKPEIIUBAIOT C BUPTUHHBIMU CaM-
kamu. [[1s1 3TOro camIioB U caMOK MOMEIIAOT Ha 12 yacoB B KO0y C
KOPMOM.

3. TlapamnensHO ¢ OMBITOM CTaBAT KOHTPOJIbHBIM BapUaHT, HC-
MOJIb3YSl 3-THEBHBIX CaMIIOB TOM K€ JIMHUMU.

4. Yepe3 12 yacoB B K0J0y NMOMEMIAIOT IJIACTHHKY, MOKPBITYIO
CJI0OEM MUuTaTesbHOTO arapa. OmIoJ0TBOPEHHBIE CAMKH OTKJIA/IbIBAIOT
sif11a Ha TOBEPXHOCTh KOPMa B TEYEHUE CYTOK.

5. Uepe3 CyTKM TUIACTUKHA MPOCMATPUBAIOT TMOJ OMHOKYJISIPOM U
MOJICYUTHIBAIOT YUCIIO OTJIOKEHHBIX SUIl. 3aT€M IUIACTUHKHU MOMeEIlla-
10T B yaluku IleTtpu. B Hamky psaom ¢ MIIaCTUHKOW MTOMEIIAIOT KYCO-
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YeK BaThl, CMOYEHHBIM JUCTUIIJIMPOBAHHON BOJOU (YTOOBI KOPM HE
MOJICHIXal).

6. Uepes 48 yvacoB nog MBC noAcYUTHIBAIOT YUCIIO SIUL] C HEBBI-
JYNUABIIMMUCS JTUYUHKaMU. VX JIETKO OTJIWYUTH OT SIUII, U3 KOTOPBIX
JUYUHKHA BBUTYIIMIIMCh, — IyCThIE O0OJOYKHM IMOBHMCAIOT Ha IIpenapo-
BaJIbHOW WTJIE, €CJIM UX MOJLETUTh U MPUTIOIHSTS.

7. lloncuutsiBatoT yactoty JJIM (D,%) no dhopmyse:

D.% =100
N

rac N — 9ucI0 OTI0KEHHBIX SNIT,
N — 9HUCJIO 1L, U3 KOTOPBIX HEC BBUIYIHINCh JTUYUHKHU.

8. CTaTUCTUYECKYI0 00pa0OTKY MOJYYEHHBIX JAHHBIX MPOBOJIST,
oObEeIMHUB JaHHBIC, TTOJYUYCHHBIE BCEMHU CTYyJEHTaMHU Tpynmbl. Pac-

CUMTHIBAIOT X £ M, a TaKke ONMPENENAIOT JOCTOBEPHOCTH PA3HOCTH
Mexay 3HaueHuAMHA [[JIM B ONBITHOM M KOHTPOJHbHOM BapHAHTE.
Janubre o yacrore JIJIM B KOHTPOJIBHOM U OIIBITHOM BapUaHTE
npecTaBbTe rpadUuECKHU.

Paboma 4.
Memo0 yyema peuyeccugHbIX, CUerns1eHHbIX
C MOJIOM JjiemaJsibHbIX Mymauuu
y Drosophila melanogaster

Merton pa3zpaboTaH OCHOBOIMOJIOXKHUKOM PaJUAIMOHHON T'€HETH-
ku ['. Memnepom (1927). Memniep cMHTE3UpOBaN JIMHUIO-aHAJIN3ATOP
CEB, 1mo3BoJIsSIBIIYIO0 peTUCTPUPOBATH Y Ip030(UIIbl JaHHBIA TUI MY-
Tauui. g 3Tux 1eier mo3aHee CTajld UCIO0JIb30BaTh APYTYIO, TAKKE
CO3/IaHHYI0 MeIiepoM JIMHHUIO-aHAIN3aTop, Ha3bIBAEMYI0 B MUPOBOMU
muteparype Meller-5 (cunonum M-5, Basc). Camupl 1 caMKu 3TOM
JVMHUM HECYT X-XpOMOCOMY, MapKHpPOBaHHYIO TeHamH Scute (ScC),
white-apricot (W*) u Bar (B). Kpome Toro, 3Ta XpoMOCoMa COEPKHT
JIBC MHBEPCHH: OJHY OOJIBIIYIO, 3aTPardBaroiiyio OOJbINYIO YacTh
X-XpOMOCOMBI, a B HEH, MexXy reHamu B u w? , €l OJIHY MAaJICHb-
kyto uaBepcuto (InS). [lockonbKky UHBEPCUM SIBIISIOTCS «3alUPATEIISI-
MU KPOCCHHTOBEpa», MyTallusi, BO3HUKIIAsA B X-XPOMOCOME, HE MO-
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XKET 0Ka3aThbCsl B TOMOJIOTUYHON XpOMOCOME B pe3ysibTaTe PeKOMOU-
HallUM; T.€. BCE F€HbI B XpOMOCOME OYIyT COXpaHAThCs. Takum o0pa-
30M, TEHOTUIIBI MYX OYAYT CJICAYIOIUMH:

sc® B InS w? sc? s¢® B InS w? sc®

? 3
sc® B InS w? sc® /

[To peHoTHITY MYXHU UMEIOT MOJOCKOBUIHBIE IJ1a3a aOPUKOCOBOTO
neeta (perorun Meller-5). Myranuu, BO3HHKAIOIIHE B IKCIICPUMCH-
T€, IPU HU3yYEHUU MYTAr€HHOCTH KOTO-1u00 (pakTopa, MOTyT OBITH
3apETUCTPUPOBAHBI Y CAMIIOB JIMHUM AUKOTO TUma. MyTamuu npu
TOM MOTYT BO3HUKATh Pa3IMUHbIC, HO METOJ MTO3BOJISIET OOHAPYKHUTh
TOJBKO OJIMH THII: PEIECCUBHBIC, CIEIUICHHbIC C MOJIOM JIeTaJIbHbIC
mytanuu (PCITJIM). IToatomy meron HasbiBaioT metogom Meller-5
nin Metogom PCITJIM.

[Ipu olieHKE MYyTareHHOro AEHCTBUS KaKoro-anbo (akTopa 3TUM
(akTOpOM BO3JCHCTBYIOT Ha camIiloB aAuKkoro tumna. Eciu ¢gakTtop sB-
JISI€TCSl MyTareHHbIM, TO B MOJIOBBIX KJIETKAaX CaMI[OB BO3HUKAIOT MY-
tanuu, B ToM yncie u tuna PCIIJIM. Tak kak MyTtauuu penecCUBHBbI,
TO 0OHAPYKUTh UX MOXHO TOJHKO y TOTOMCTBA, KOTJIJa OHU OKXKYTCS
B F'OMO3UTOTHOM (Y CaMOK) WJIM T€MHU3UTOTHOM (y CaMIIOB) COCTOSI-
HUU.

PaccmoTpum nBa BapuaHTa:

1. BemiecTBO HE MyTareH, CjleoBaTelibHO, B X-XpOMOCOME HE

BO3HHKJIO MYTAIWM. /
B w? ++
p: 7 )
B w* X -
T'amersr: 1) B W 1) -
B w*
2) 2) —
F,: Bw? B w
. + + -
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Camok F; ckpemuBaroT ¢ camiamu M-5.

P(F): @ —= X J 2

+ + -~
T'ameTsr: 1) B W 1) Bw
++
2) ) —
FZ: Bw Bw
B w -
Bw ++
++ - =

Takum oOpazoMm, B F, OyayT camIbl U caMKH JBYX (PEHOTHUIIOB:
JTUKOro U M-5.

2. BemectBo — MyTareH, B X-XpoMOCOME BO3HHUKJIA PEIIECCUBHAS

neranbHasg myTanus (1) /
B w* ++
p. § —= d —
B w x
l'amertsr: 1) i 1) L
) B )
Fl: B w B w
+H+ ~

Bo3Hukinas pereccuBHas MyTaiusi B X-XpoOMOCOME OKa3bIBACTCS
TENepb y CaMOK B F; B reTepO3UTrOTHOM COCTOSIHUH, T.€. (DeHOTUIHYE-
CKM HE MIpOosBUTCI. YUTOOBI NEPEeBECTH €€ T'e€MU3UTOTHOE COCTOSHHE,
CKpEIIMBAIOT BCEX caMOK F; ¢ camiiamu imHnn M-5.,

103



I 'enemuueckas moxcuxkonoaus

B w
P(F): % o
' +H+ x
l'amersr: 1) B W 1) B
2) + + 2) —

FZ: B w B w

B w -

B w n

+H+

Taxkum o6pazom, B F, HE OyAeT caMIlOB IUKOTO TUIIA, TaK KaK MY-
Talusl y HUX OKa3bIBAE€TCS B TEMU3UTOTHOM COCTOSIHUU U BBI3BIBACT UX
rubenb. OTCYTCTBHE CaMIIOB JIUKOTO THUIMa CBHUJETEIILCTBYET O HaJU-
4yue MyTalluu.

[TosToMy mpocMmaTpuBaroT npodupku F,: eciu B mpoOupke Kpome
JIBYX THUIIOB CAMOK MMEIOTCS JIBa THUIMA CaMI[OB — KYyJIbTypa CUMTACTCS
HOpMasibHOM. Ecin ke B mpoOupKe OTCYTCTBYIOT CaMIlbl JUKOTO TH-
na — KyJbTypa CYUTAETCS JIETATbHOM.

[ToacuurtsiBatoT yactoTy (L,%) jgeTanbHbIX KyJbTYyp N0 GopMmyie:

L,% :LlOO,
N

rae N — obmiee uncio nmpooupok B Fy,
| — gucIo JIeTaNbHBIX KYIBTYD.
PaccuuThiBaroT Takxke omuoky (m, %):

- [L-(100-L) |
N
3aoanue.

1. 3anucath 0COOEHHOCTH TECTOPHOM JMHKHK 111 MeToaa Meller-5.
2. 3amucath cxemy metona Meller-5 mis cirydass BO3HUKHOBEHUS
U B CITy4ae OTCYTCTBMSI MyTAaI[HH.
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3. [loctaButh ckpemmBanne mig ydera PCIIJIM B momoBbIX
KJIETKaX MOJBEPrHYTOr0 BO3/ICUCTBUIO MyTareHa camiia Apo30(Hibl.

JI71s1 3TOTO B ONBITHOM BapWaHTE B MPOOUPKY C KOPMOM IOMEC-
TUTh 00pabOTaHHOT'O MYTareéHOM caMIila U BUPTUHHYIO CaMKYy.

B KOHTpOJIbHOM BapuaHTe€ B NPOOHPKY C KOPMOM IOMECTHUTh
camia Jimauu qukoro tuna (/1-32) u camky muauu Meller-5. TIpoowup-
Ky noanucath (damunus, rpymmna, JaTta) U MOCTaBUTh B TEPMOCTAT
upu temmeparype 25 °C.

4. B TeueHue HeNEnU MpocMarpuBaiite mpooupky. OTMEThTE, KO-
rJa MOSBUJINCH JIMYUHKU, KyKOJKU. [locne mosBieHus IMYUHOK JIpO-
30(puiI- umaro (poaUTeNn) yAAIUTh U3 TPOOUPKHU.

5. [locne nHavana BbUIETa MyX OTOMpPATh BUPTMHHBIX CaMOK JJis
NOCTAaHOBKH BTOPOT'O CKPEIIUBAHUS.

6. [loctaButh ckpemmBanue st noiaydenus F,. s storo B
npoOUPKY TOMECTUTH OJIHY CaMKy U JBYyX camuoB F;. ITocne nosiBie-
HUS JJUYUHOK TAKXE€ YIAIUTh poauTesiei u3 npoodupku. Kaxaeii cTy-
neHt ctaButh 10 kynbtyp (10 npoOupok).

/. ITocne BbIeTa MMaro nposect y4yeT yactorel PCITJIM B KoH-
TPOJIbHOM U ONBITHOM BapuaHTe. J[Jisi 3TOro ¢ mMOMOUIBIO JyMbI MPO-
CMOTpPETh MPOOUPKHU, OTMETUTH JIETaJbHbIC KyIbTYphl. [lolyueHHbIE
JaHHBIC KaXKIbIH CTYJICHT BHOCHT B 00IIyI0 Tabuiry (Taoi. 5.5.1).

Tabnuua 5.5.1
Yacmoma nemansnvix kyaomyp y Drosophila melanogaster

Bapuanm Bcezo kyno- Yucno remanvuvix Yacmoma nemanvHbix
myp 8 F, KYJIbmyp KYJIbmyp
KonTtposb 1
2
3
Bcero
OnbIT 1
2
3
Bcero

8. Paccuutath vacroty PCIUIM u ommOky npornenrta. IIpencra-
BUTH Tpaduyecku yactoTy PCIIJIM B KOHTPOJIBLHOM M ONBITHOM Bapu-
ante. Crenarb BBIBOJI O MyTareHHOW aKTUBHOCTH M3y4aemMoro (akTo-

pa.
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Paboma 5.
Yyem mymauuu
8 coMamu4ecKux Kriemkax dpo30¢usibi

B Hacrosiiiee BpeMsi HET METOJIOB /ISl TEHETUYECKOT0 U3YUYCHUS
YacTOThl MPSIMBIX MYTallUdi B COMAaTUYECKUX KIIETKaX IpO30(HUIIbL.
HccnenoBartensiM NpUXOIUTCS TIOJIb30BAThCSI KOCBEHHBIMU KPUTEPUSI-
Mu. OTHUM U3 TaKUX KPUTEPUEB ABISECTCS YACTOTA MUTOTUYECKOM pe-
KOMOMHAIIUM, MUTOTHYECKOTO KpoccHuHroBepa. IlokazaHo, 4TO KOHB-
foramusi 1 0OMEH y4acTKaMu XpOMOCOM MOTYT MPOUCXOJIUTh HE TOJIb-
KO B IMOJOBBIX KJIETKaX MpU Meio3e, HO M TMPU MHUTOTHYECKOM
JIEJICHUN COMATUYECKUX KIJIETOK.

WM cXOqHBIM MOMEHTOM MHpPU BO3HMKHOBEHUU PEKOMOWHAIIMU SIB-
nsiercst paspeiB cnipann JIHK B xpomocome. Takum o0pa3zom, dyem
qare pa3pbiBbl — TEM yaiile kKpoccuHrorep. [Ipu oOpazoBanuu xpomo-
COMHBIX MYyTallMii MCXOJIHBIM MOMEHTOM TaKXe SIBJSIETCS pPa3pbiB B
xpoMmocome. Uem yale pa3pbiBbl, TEM, COOTBETCTBEHHO, YA€ XPOMO-
COMHBIE TIepecTporku. M nelCcTBUTENBHO, P MyTarcHOB BBI3BIBACT
pa3psiBbl B JIHK.

Takum 00pa3zoM, 0OIIMM COOBITUEM MPHU BOZHUKHOBEHUH XPOMO-
COMHBIX MyTallMii U MPU KPOCCUHTOBEPE SBISIOTCS Pa3pbhIBBI XPOMO-
com. [loaTomMy yacToTa peKoMOMHAIIUN B COMATHYECKUX KJIETKAX MPH
BO3JEHCTBUU KAKOT0-IMOO (haKTOpa CBUJIETEIBCTBYET O CIIOCOOHOCTH
3TOTO (haKTOpa MHAYIIMPOBATH MOBPEXKACHUS XPOMOCOM, TO €CTh O
€ro MyTareHHOM aKTUBHOCTH.

CoMartuueckuii Mo3aul3M y Jpo30GuiIbl SBISETCS YI0OHOM
TECT-CUCTEMOMU JJIsI OBICTPOM OIIEHKM MYTareHHOTO JIeUCTBUS (HAKTO-
poB BHelHeH cpeabl. OTBET OyIeT MOJyUdeH yxe B Fq

B Hacrosiiee Bpems pa3paboTaH psiji METOJIOB y4eTa coMaThUye-
CKOM peKOMOMHAIMU y APO30(uUIbl C UCIOJH30BAHUEM Pa3HbBIX JIH-
HUM, pa3HbIX (EHOTUMMYECKUX MAPKEPOB pEKOMOUHAIWH, U T.]I.

OnxuM 13 HanbOoJiee yA0OHBIX (MPOCTBHIM U OBICTPHIM) SIBISIETCS
cienyrommmn Metoa, npemioxkeHubii B.C. MuxeeBbIM: y4eT 4acTOThI
peKoMOMHAIMI B ria3HbIX ¢aceTkax apo3oduisl. MaTtepuaiom st
UCCIICIOBAHUS CITy»aT Jpo30duiIbl reHoTrna bw/+ (rea bw o0ycios-
JIMBAET pa3BUTHE KOPUIHEBHIX TJI1a3).

106



Inasa 5. Memoou! evisenenus u oyeHKu 2eHOMOKCUKAHIMO8

Cxema or11bITa;

Q+/+ 3 bw / bw

X

(KpaTkoBpemeHHbIE KJIaJIKH)

= |

bw / + bw / +
yqu MO3aNYHBIX Y‘-IGT MO3aNYHBIX
IIATCH IIATCH

CaMKy OTKJAABIBAIOT siIa. BRUTYyMUBIIMXCA JTUYMHOK TOABEP-
raloT Bo3ercTBHUIO0 nu3ydaeMoro (akropa. [lockonbky peKOMOWHAHT-
HbIE KJICTKM YUYMTBIBAIOTCS B TJla3aX, TO BO3JICHCTBOBATH CJIEAYET B
MOMEHT, KOT/Ila MJIET aKTUBHOE pa3BUTHE 3auyarka riaza. B smOpuo-
HaJbHOM 3a4aTKE YCUJIEHHO UIYT MHUTO3bl U BO3MOXHBI XPOMOCOM-
HbIE pa3pbIBbl B MUTOTHYECKH JIEIISIINXCS KJIeTKax. PexkoMOuHaIus B
U3y4aeMOM YYaCTKE€ XPOMOCOMBI JOJKHA MPUBECTU K TMOSIBICHUIO
KJICTOK B reHoThuIioM bw/bw u +/+,

Cxema:

I'enoTun opranmnsma

bw
——
+

Eciu B HOpMe MUTO3 UAET TAKUM 00pa3oM:

XpoMocoMa oTIa HouepHue KIeTKu
bw bw

k <
+
=

——
————
+
bw
——
+ +

XpoMocoMa MaTepu
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[Tocne kpoccuHTOBEpPA pE3yIbTAT OYAET CIEIYIOIINM:

XpomocoMa oTia HouepHue
bw k
==F =
bw T
Pa3psIB 11 0OMeH <
+| bw
T =

Xpomocoma MaTepu

bw
——
bw
+
—
———
+

Knetku +/+ mamyt daceTku kpacHoro nsera. Kiuerku bw/bw na-
ayT (aceTku ¢ KOPUYHEBEIM MUTMEHTOM. PaccmaTpuBast Tiiaza 1po30-
¢buabpl, MOXKHO YBHUJCTh YEpHBIC MSITHA HA KpacHOM (oue. Pazmep
YEpHOTO TISATHA OYJIET OMPENENSIThCS TEM, CKOJIbKO MHTO30B MPOMIET
KJIETKa TMMOcie peKkoMOuHarmu. KonnmdecTBO MSATEH — 4acToTa PeKOM-
ounanmm (Kr, %) onpeaensercs mo hopmyJie:

Kr.% =100,
N

rae Kr — gactora comaTHueckoi peKOMOMHAIINH,
I — 9UCJI0 peKOMOWHAHTHBIX MATEH,
N — 4K1CI0 MPOCMOTPEHHBIX TJIa3.

Cratuctuueckas o0pabOTKa pe3ysIbTaTOB MPOBOJAUTCA MO (op-
MyJaM JIJis MaJibIX BBIOOpOK. PaccunTthiBatoTCsi cpeiHee apudpmernye-
ckoe (X ), ommbOka cpeaHero (M), TOCTOBEPHOCTh PA3HMIIBI MEXTY
KOHTpOJIEM U onbITOM (t-kputepuii CThIOAEHTA.

lIpeocmasumos epaghuuecku COOTHOILICHUE YaCTOTy COMAaTHUYECKO-
ro MO3aulu3Ma B KOHTPOJBHOM M OTIIBITHOM BapHaHTaXx.
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MpunoxeHue

Tabnuna 1
I'enemuueckuit Koo
Ilepsoe oc- Bmopoe ochosanue Tpemwe oc-
HOBaHUe HOBaHUe
Y (A) 0 (I) A (D I' b
Y (A) Oen Cep Tup [uc Y (A)
deH Cep Tup [uc @)
Jleit Cep - - A (T)
Jlew Cep - Tpu I (I)
I @) Jlent ITpo ['uc Apr Y (A)
Jlent ITpo ['uc Apr @)
Jlen IIpo ['uc Apr A (T)
Jleit IIpo I'uc Apr I' (I)
A(T) Nine Tpe AcH Cep Y (A)
Une Tpe AcH Cep I (I
Une Tpe JInz Apr A (T)
Mert Tpe JInz Apr I' (I)
I'(1D) Ban Ana Acn ['na Y (A)
Ban Ana Acn ['mu o @)
Ban Ana 'y ' A (T)
Ban Ana I'ny ['mn I' (I)
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I'enemuueckas moxcuxkonoaus

Tabmura 2

Kpumuueckue 3nauenus t-kpumepus Cmovrooenma
011 mpex yposHei 3nauumocmu ()
u uucen cmeneneil c60000ut (V)

Yucna Ypoenu snauumocmu Yucna Ypoenu snauumocmu
cmene- | 0,05 0,01 0,001 | cmene- |0,05 0,01 0,001
Hell Hell c80-

c80060- 00001

ovl (V) v
1 12,71 | 63,66 |- 18 2,10 2,88 3,92
2 4,30 9,92 31,60 |19 2,09 2,86 3,88
3 3,18 5,84 12,96 |20 2,09 2,85 3,85
4 2,78 4,60 8,61 21 2,08 2,83 3,82
9) 2,57 4,03 6,87 22 2,07 2,82 3,79
6 2,45 3,71 5,96 23 2,07 2,81 3,77
7 2,37 3,50 5,41 24 2,06 2,80 3,75
8 2,31 3,36 5,04 25 2,06 2,79 3,73
9 2,26 3,25 4,78 26 2,06 2,78 3,71
10 2,23 3,17 4,59 27 2,05 2,77 3,69
11 2,20 3,11 4,44 28 2,05 2,76 3,67
12 2,18 3,05 4,32 29 2,05 2,76 3,66
13 2,16 3,01 4,22 30 2,04 2,715 3,65
14 2,14 2,98 4,14 40 2,02 2,70 3,55
15 2,13 2,95 4,07 60 2,00 2,66 3,46
16 2,12 2,92 4,02 120 1,98 2,62 3,37
17 2,11 2,90 3,97 0 1,96 2,58 3,29
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CnoBapb TepMUHOB

A

AlOeppaunu XpoMOCOM (XPOMOCOMHBbBIE nepecmpoiuku, Xpomo-
COMHble Mymayuu) — I3BMCHCHUS CTPYKTYPBI XPOMOCOM.

AHa-Teqo(a3HbIl aHAJN3 — METOJI y4eTa XPOMOCOMHBIX abep-
panuii B aHHa- U Tenodazy MUTO3A.

Anada3za — cTtaaus MUTO3a, Ha KOTOPOM TNPOUCXOJUT JACICHUE
LIEHTPOMEPHI U XPOMATUIBI PACXOAATCS K MOJFOCAM KIETKH.

AHada3ubiii nuaekc (AW) — nonsa KiIeTok B aHadase oT 00IIero
yycia JIEJSIIUXCs KIETOK.

ACMMMETPUYHBIA MMTO3 — MUTO3, IPU KOTOPOM K Pa3HbIM I10-
JIFOCAM KJIETKH PACXOJIUTCA pa3HOE YUCIO XPOMOCOM.

AXpPOMATHHOBOE BEPETEHO — CM. 8epeneHO OeleHUsl.

AIIEHTPHK — XPOMOCOMHBIN (hparMeHT, y KOTOPOrO OTCYTCTBYET
LeHpoMepa.

AlEHTPpUYECKOe KOJbIO0 — XPOMOCOMHAs MEPECTPOMKA B BHUJIEC
KOJIblla 0€3 LIEHTpOMEPa, pe3yIbTaT MAPALEHTPUUECKOM JCICIUU.

b

bunoJsiornueckne MYTarcHbl — CM. MymMdaceHbl.

B

Bepereno nesieHust (axpomamunogoe eepemenHo) — HATU TIOJIU-
MEpPU30BAHHOTO TyOyJiuHa, O€pylline HAadallo OT UEHTPHUOJeH U ¢op-
MUPYIOIIUECS B PAaHHEM MHUTO3€; XPOMOCOMBI MPUKPEIUISIOTCS CBOU-
MU IIEHTPOMEpPAMHU K HUTSAM BEpETEHa, 3aTeM B aHadaze XpOMaTHIbI
pacxoasTcs BJOJIb HUTEW BEPETEHA K MOJII0CaM KIIETKH.

BHUTPUXPOMOCOMHBII 00MeH — 0OMEH MaTepuaioM MEXKIy ce-
CTPUHCKHUMHM XPOMATHAaMU WM BHYTPHU OJTHOM XPOMATH/IBI.

r

I'eMmu3urora — opraHu3M WM KJIETKAa B T€MU3UTOTHOM COCTOSI-
Huu. Hanpumep, My»KCKOW OpPraHU3M I'€HaMm I10 T€HaM, PacCIlOJIOKEH-
HBIM TOJIBKO B X- WU Y -XpOMOCOME.
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I 'enemuueckas moxcuxkonoaus

['eMU3UIOTHOCTDL (2emuszuzomuoe cocmosanue)— TaANIOUTHOE
COCTOSIHUE T€HOB B HOPMAJIbHOM JUIUIOMTHON KJIETKE WM OPraHu3Me
(HanmpuMep, reHbl X-XpOMOCOMBI y CaMIIOB JIPO30(HUJIbI).

I'en — 1) ocHOBHas eauHMIA HAclieACTBeHHOW mH(opmaru. ['e-
HBbl TPEJCTABJISAIOT CO00M mocieaoBaTebHOCTH HykiaeoTuioB JIHK,
PAaCIONIOKEHHBIE B OINPENCIICHHBIX Yy4YacTKaX XpoMocoM. ['eHwl co-
nepxaT uHGOpMaIMIO JIJI1 CMHTe3a (PyHKIMOoHaIbHbIX Mojekysl PHK
U O€JIKOB, KOTOpbIe (OPMUPYIOT CTPYKTYPHI KJIETKH U 00€CIIEUHBAIOT
BBITIOJIHEHUE €€ (DYHKIUH; 2) CTpYKTypHas U (PyHKIHMOHAJIbHAS €U-
HUIIA HACJIEICTBEHHON MH(OpMAIIMH, CIOCOOHAsT K CaMOBOCHIPOU3BE-
JEHUIO W PACIIOJIOKEHHAs] B OMPEJEIECHHOM MecCTe (JIOKYyCe) JaHHOU
XPOMOCOMBI.

I'en JeTajIbHBIN — CM. JIeMAbHbIU 2EH.

I'eHeTnyeckass penapaumsi — HCIPABICHUE IIOBPEKICHUN B
JIHK.

I'eHeTHYecKasi TOKCUKOJIOTHSI — pa3jieil T€HETUKH, U3yJaroIIui
BO3/eicTBUE (DAKTOPOB CPE/Ibl HA HACIIEICTBEHHOCTh YEJIOBEKA.

I'eHeTHYecKasi XapaKTePUCTUKA KJIETKH — KOJMYECTBO XPOMO-
com (N) u konuuectBo JIHK (C) B KJ1eTke B TOT UJIM UHOM NEPUOJ KJie-
TOYHOTO LIHUKJIA.

I'eHeTHYecKHil TI'Py3 — COBOKYITHOCTh T'€HOB, CHIDKAIOIIMX O0-
IIyI0 NPUCTIOCOOJICHHOCTh OpPTraHU3Ma WU TOMYJISIIUH.

I'eHeTHYeCKMA MOHUTOPHMHI — MOCTOSIHHOE CIIEKEHHE 3a CO-
JepKaHWEeM TeHETUUYECKH aKTUBHBIX (PAaKTOPOB.

I'eHeTHYecKMid MOTEeHIUAJ (AKMUBHOCHIb) — CTIOCOOHOCTD (haK-
TOpa NOBPEKIATh TEHETUYECKUE CTPYKTYPHI U MTPOLECCHI.

I'ennble MyTanmuu (mouxkoevie mymayuu) — U3MEHEHUS MOCJIE-
nosaresibHOCTH HykIeotuaoB JIHK B peaenax ogHOTO rexa.

I'eHOM — COBOKYITHOCTH BCEX I'€HOB, COJAEPKAIIUXCA B TaIOH/I-
HOM Ha0Ope XPOMOCOM JaHHOM KJIETKHU WJIM OpraHu3Ma.

I'enoMHBIE MyTAIIUM — U3MEHEHUSI KOJIMYECTBA XPOMOCOM B Te-
HOME.

I'eHoTHII — COBOKYITHOCTh T€HOB KJICTKH.

I'eHoTOKCMKAHT — (haKTOP, CIOCOOHBIN W3MEHSITh TCHETUUYECKHUE
CTPYKTYPBI i IPOLIECCHI.

I'eHOTOKCHMYHOCTB — CIIOCOOHOCTH (PaKkTOpa MOBPEXKAATh I'€HE-
TUYECKUE CPYKTYPBI U MPOLIECCHI.

I'eHo(oHT — COBOKYITHOCTH BCEX I'€HOB MOIYJIALMH.
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Cnosapb mepmunos

I'enbl aMop(HBIe — BO3HUKAIOT B PE3YJbTATE T'€HHBIX MYTallMH
aJUIeNIA, KOTOPBIE HE OKA3bIBAIOT B T€TEPO3UTOTHOM COCTOSIHMM HUKA-
KOT'O BJIMSHUS Ha CBOMCTBA, KOHPOJHUPYEMBIE HOPMAJIBHBIM AJIJIEIIEM.
CreneHpb NpOSIBICHUS MPU3HAKA 3aBUCUT TOJIBKO O KOJWYECTBA OT MY-
TUPOBABILINX aJUICIIEH.

I'enbl aHTHOMOpP(QHBIE — MyTUPOBABIINE AJUIENH, IEHUCTBUE KO-
TOPBIX UMEET HANPABICHUE, MPOTUBOMOJIOKHOE JECUCTBUIO CTAHIAPT-
HOTO ajuieNia. B 3aBUCMMOCTH OT COOTHOCHUTENBHOTO 3¢ dexra my-
TAHTHOTO M MCXOJHOIr0 ajuieJied MOXHO IMyTeM IMepepeKoMOUHAIUN
VX TTOJYYUTh IPOMEKYTOUYHOE MPOSIBICHUE.

I'enbl runepmopgHbie — reHbl, JCUCTBYIOIIME B HAIPaBJICHUU,
AHAJIOTUYHOM JIEWCTBUI0 HOPMAJIBHOI'O aJUIENsl, HO NPUBOIAIINE K
yCuJeHHIo (peHoTunu4ueckor 3gdexra.

I'enbl runomopgHbie — TeHbl, ACUCTBYIOIIME B TOM K€ HAIlPaB-
JIEHUH, YTO U HOpMaJibHbIe, HO UX (eHoTunnueckuit r3pdexr cnadee.

I'enbl HEOMOP(HBIE — MYTUPOBABIIUE T€HBI, OKA3bIBAIOLIINE BO3-
JNEUCTBHUE, HECBOMCTBEHHOE HOPMAJIbHBIM AJJIEIISIM.

I'etepo3urora (cemepo3uzomuoe cocmosnue)— 1) 3urora, 00-
Pa30BaBLIASICA B PE3YJIbTATE CIMUSHUSA TaMET, Pa3IMYArOIIUXCA B OT-
HOIIIEHWHU Ka4yeCTBa, KOJMYECTBA U PACIIOJIOKEHUS T€HOB; 2) JUILIO-
WJIHAs KJIETKA, B QHAJIOTHYHBIX JIOKYCaX TOMOJOTHYHBIX XPOMOCOM
KOTOPOW PACITOJIOKEHBI PA3JIMYHbIE BapUAHTHI OAHOro reHa. Kierka
ABJISICTCS TETEPO3UTOTHON MO JAHHOMY JIOKYCY.

I'mcToHbl — HeOoubiMe BbICOKOKOHCepBaTuBHBIC JIHK-CBsI3BI-
BaroIIre O€JKku, OoraTble OCHOBHBIMHU aMHHOKHCIOTaMH, Kiaccudu-
UPYIOTCS IO MPOIEHTHOMY COJIEPKaHUIO JIM3MHA U apruHuHa (bora-
ThI€ JIM3UHOM M OOTaThie ApPTMHUHOM THCTOHBI): BXOJAT B COCTaB HYK-
JEOCOM, KaXKJ1ash M3 KOTOPBIX BKJIIOYAET & MOJIEKYJ B TakKOW MO-
caenoBarenpHocT — H2A-H2B-H4-H3-H3-H4-H2B-H2A, B TO
Bpems kak H1 cBsseiBaerca ¢ JJHK B MEXHYKICOCOMHBIX y4acTKax
(HI moxeT oTCyTCTBOBaTh, KaK, HAIPUMEP, Y IPOKKEN).

T'omo3urora (comoszuzomuoe cocmosanue) — 1) 3urora, oopa3zo-
BABIIASICA B PE3yJbTATE CIUSAHUSA FaMET, UJCHTUYHBIX B OTHOILICHUU
Ka4yeCTBAa, KOJIMYECTBA U PACIIOJIOKEHHS TE€HOB; 2) AUIIOUAHAS KIIET-
Ka, HeCyIIas Ba UJCHTUYHBIX aJUIEJIsl OJTHOTO T€HA.

I'omosiornyHast XxpoMocoma — napa XpoMOCOM, UMEIOIIUX OIu-
HAKOBYIO MOP(QOJIOTHIO, U TOJYYEHHBIE OJIHA OT OJHOrO, JIpyrasi OT
apyroro poautens. O0pa3yroT nmapy npu Menose.
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I 'enemuueckas moxcuxkonoaus

I'opsiune Toukm — ygactku JJHK ¢ 0coGeHHO BBICOKOM 4acTOTOM
MYyTalHH.

a

HMenenust — abeppaiiuisi, Ipu KOTOPOH 4aCTh XPOMOCOMBI T€PSIETCS
B pe3yJIbTaTE pa3pbIBa.

Jesienusi U30XpoMATHAHAS — Pa3phIB U NoTeps PparmMeHTa 3a-
TparuBaeT 00€e XpOMaTH/IbI.

Jenenusi MHHTEPCTUIHAJBbHAA — JCJCIMs, KOTOpas 3aTparuBaet
BHYTPEHHUHN y4aCTOK XPOMOCOMBI.

Hlenenuss koHueBass (depuwencu, mepmunanvHas oeieyust) —
JeJenysi, KoTopasi 3aTparuBaeT y4acTOK BOJH3HM KOHIIA XPOMOCOMBI U
MPUBOJIUT K €r0 MOTEPE.

Jenenusi mapaneHTpUYecKas — JIeJCHMs, KOTOpasi 3aTparuBaet
y4aCTOK OJTHOTO Tjieda XPOMOCOMBI.

Jenenusi mepuuIEeHTPUYECKAs — JEJEIUs, KOTOpas BKIIOYAET
LHEHTPOMEPHBIA PAiOH XPOMOCOMBI U MPUBOAUT K 00OpA30BAHUIO 1ICH-
TPUUYECKOTO KOJIbIIA.

JIMIEHTPHUK — CM. XPOMOCOMA OUYEHMPUUECKAS.

JAHK — ne30xkcuprOOHYKIEMHOBAs KUCIIOTA.

JIOMUHAHTHAasE MyTallusl — TEPMUH, 0003HAYAIOMIHI JTI00YI0 MY-
Taluro, 3PHEKT KOTOPO MPOSBIAETCS B TETEPO3ZUTOTHOM COCTOSIHUH.

JJomuHaHTHBbIE JeTajdbHble myTanuu (AJIM) — myranuu, npu-
BOJIAIINE K JIETAJIX B T€TEPO3UTOTHOM COCTOSIHUM.

X

7KM3HEHHBIH HUKJ — CM. KIeMOYHbIU YUKIL.

n

Unuorpamma (kapuozpamma) — pacroyiOKEHUE BCEX XPOMOCOM
kapuotuna (doTtorpadus, pucyHOK) O MapamM U Tpymnmnam mnap, oObrd-
HO B TIOPSJIKE YMEHBIIIEHUS pa3MepOB.

MN3MeHYHBOCTBH — CBOMCTBO JKHMBBIX OpPraHU3MOB OOPa30BHIBATH
pasIuyaloIrecs: BAPUAHTHI B MPOLIECCE MHAUBUIYATBHOTO Pa3BUTHA,
WIM B TPYMIE OPraHU3MOB B PAYy MOKOJICHWH, WX TOJ JCHCTBHEM
dakTopoB BHelIHEN cpenbl; BIACTAIOT WM. HacIeACTBEHHYIO, MOAM-
(UKAMOHHYIO U OHTOTEHETUYECKYI0, & TAKKE KAYECTBEHHYIO U KOJIU-
yecTBeHHYI0. OJUH W3 BeAymux (aKTOpoOB 3BOJIONMHU, oOecredu-
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BAIOIIUNA TIPUCIIOCAOIMBAEMOCTh OPraHW3MOB U JIS)KAIIM B OCHOBE
€CTECTBEHHOT'0 0TOOPa, a TAKXKE B OCHOBE aHTPOIIOT€HHOW CENEKIINH.

M3oxpomatuanas adeppaums — aleppauus, 3aTparuparoiias
00€ XpOMaTH/IBI.

NuBepcus — BHYTPUXPOMOCOMHAS IEPECTPOMKA, NMPU KOTOPOH
00JIaCcTh MEKIY IBYMs pa3pblBaMu repeBopaurnBaeTcs Ha 180°,

NuBepcusi mapaneHTpUYeCcKass — UHBEPCUSL 3aTparvBacT yda-
CTOK OJITHOTO II€4a XPOMOCOMBI.

NuBepcusi nepuUEeHTPUYECKAS] — HWHBEPTUPOBAHHBIN YYaCTOK
BKJIFOYAET LEHTPOMEPHBIN PAKOH XPOMOCOMBL.

NHcepuroOHHBIA MyTareHe3 — MyTalluOHHOE U3MEHEHUE T€HOMA
BCJICJICTBHE BCTABOK IMOCJICIOBATEILHOCTEH HYKJICOTHI0B MOOMITBHBIX
F€HETUYECKUX 3JIEMEHTOB, BUPYCOB, a TAKXKE B pe3yJibTaTe TpaHC(eK-
unu i mukpounbekiuu [IHK; B pesynmperate .M. MOXeET mpoucxo-
JIWTh YaCTUYHAS WM TOJTHASI MHAKTUBALIUS T€HOB.

HNuTepdasa — sran KIETOYHOrO [UKIIA MEXKAY JABYMs MOCJIEIOBA-
TE€JIbHBIMU MUTO3aMHU, ()a3a MOKOsS KJIETKU WM K€ CTaJus OT MOCe-
HEro MUTO3a JI0 CMEPTH KJIETKHU; B UHTEepdaze XpoMaTHH OOJIbIIeH Ja-
CThIO JECIUPAIN30BaH (B OTJIMYME OT MHTEPKHWHE3a ); B HOPME HH-
Tepdaza BkiIrovaeT Tpu (a3l KierouHoro pocra— Gl G2, u S

TIEPUOIBL.

K

Kapunokunes — ieyieHue sijipa KJICTKH.

Kapunosemma — nunomnpotenHas 000J04YKa, OTICTSIONIAs CO-
JEPKUMOE si/ipa OT IIUTOIJIa3Mbl B 3YKAPUOTHYECKOMN KJIETKE; COCTOUT
U3 JIBYX JUIONPOTEHUIHBIX MEMOpaH, pa3/eICHHbIX MEePUHYKIICOISP-
HOM nmosocThio; K. Xapaktepusyercs HaTuIueM CTPYKTYp, 00pa3yIiux
MIOPBHI.

Kapuonnasma (kapuonumepa, Hykieonnazma, sa0epHulii CoK) —
HEMpOKpalrBaeMoe (B OTIIMYME OT XPOMAaTHHA) COJIEPKUMOE KJIETOU-
HOT'O Si7Ipa, B KOTOPOE MOTPYKEH XPOMATHH; MOCJE yAAJCHUS XpoMa-
trHa B K. coxpaHseTcst 6eJIKOBBIN MaTpPUKC.

Kapuorun — XpoMOCOMHBIM HAaO0Op COMATHYECKOW KIETKH WIIH
OHMOJIOTUYECKOI'0 BHUIA.

KapuoTunupoBanue — onpesiejiecHue KapuoTuna

Kinerka nosioBasi — mro0as rameTa Ha 000U CTauu €€ Pa3BUTHS
(ot nepuunoii I.K.).
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I 'enemuueckas moxcuxkonoaus

Kierka comatuyeckasi — T.e. 1t00asi HEMOJIOBas KJIETKa MHOTO-
KJIETOYHOTO OpraHu3Ma.

KiieTouHbIii IEHTP — OpraHouj], y4acTBYIOIHUM B 0Opa3oBaHUU
BEepETEHA JICJICHUS MPHU JCICHUU KIETKH.

Ki1eTouHbIH UKJI — IEPUO/T )KU3HU KIIETKU OT OKOHYAHUS OJTHO-
ro JIeJICHUS 0 OKOHYAHUS CIEAYIOIIEro JIeJICHUs, BKIIOYAIOIINI HH-
tepdazy (nepuoasl Gy, S, G,) u Muto3 (epuoa M), HHOTIa BBIIEIIS-
10T B uHTepdaze nepuon Gy (muddepennupoBantoe cocrosuue); K.,
0 MPOJOKUTEIHLHOCTH Yy Pa3HBIX OPTaHU3MOB 3HAUYUTEIILHO BaphbU-
pyeT.

Koab1o — xpoMmocoMHasi mepecTponika, Mpyu KOTOPOU KOHIIbI XPO-
MOCOMBI COSTUHSIOTCS ¢ 00pa30BaHUEM KOJIBIICBUIHON CTPYKTYPHI.

Ko/b110 anleHTprYecKoe — CM. ayeHmpuyeckoe Koabyo.

KoJib110 IeHTpu4YecKoe — CM. yeHmpuieckoe Kovyo.

KpoccunroBsep — cm. pexomobunayusi.

n

Jlerans raminogasHasi — jgetanbHas MyTalus, NPOSBISIOIASLCA
Ha 3Tarne 00pa3oBaHus TalIONAHBIX raMeT (0 00pa30BaHUs 3UTOTHI —
B OTJIMYME OT 3UTOTHUYECKOM JieTanu); npu Hanuuuu JL.r. popmuposa-
HUE 3UTOTHI C YYACTHEM JAHHOW MYTAHTHOM raMeThl HEBO3MOKHO.

JleTaJIbHBIN I'eH — I'€H, KOTOPBIM B CiIy4ae 3aMEIICHUs HOpMaJlb-
HOT'O aJUIeJisi BBI3bIBAET rMOEIb TaMEThl UJIM 3UTOThI; MOXKET OBITh J0-
MHUHAHTHBIM WA PEIIECCUBHBIM.

MexxpoMocoMHBINE 00MeH — 0OMEH MaTepuagIoM MEXKIY TBYMs
XpOMAaTUAAMH PAZIMYHBIX XPOMOCOM.

Meiio3 (meitomuueckoe oenenue) — nBa 1OCICIOBATCIbHBIX JIC-
JICHUSI SYKApUOTUYECKOW KIIETKU (si7pa), B pe3yJbTaTe KOTOPOro 00-
pazyrorcst 4 KJIETKH C rarionIHbIM HA0OpPOM XPOMOCOM.

MepucremaTnueckasi TKaHb — HeupepeHIMpoBaHHAs TKAHb,
KJIETKU KOTOPOU HAXOAATCS B MOCTOSSHHOM TOTOBHOCTH K JEJICHHUIO.

MepucreMaTi4yecKue KJETKH — KIECTKA MEpPHUCTEMATUYECKOU
TKaHH.

Mertaga3za — ctagus MuTO3a, HA KOTOPOM XPOMOCOMBI KOHIEHCH-
PYIOTCA W PacCIOJararoTcsl B 3KBATOPHUAIBHOM IUIOCKOCTH BEpPETEHA
JETICHUSL.
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Mertada3Hblii aHAIN3 (Memood) — aHAIM3 KapUOTHIIA Ha CTaJIUU
MeTadassbl.

Mertada3ubiii nuaaexkc (MH) — nois KieTok B Metadase oT 00-
1IETO YHCIA JEISIIINUXCS KIETOK.

MukposiiepHbIi TECT — METO/1, O3BOJISIOLINNA OLIEHUBATH T€HO-
TOKCUYECKHUH MOTEeHIIHAN (haKkTopa MO HATUYIUIO MUKPOSIEp (CM. MuK-
POs10pO) B KIIETKE.

Muxkposiapo — Menkuid (parMeHT XPOMOCOMHOTO MaTepuana,
HaOJr01aeMbIil B MHTEp(da3e BHE OCHOBHOTO sipa, MOXKET BO3HHUKATH
U3 XPOMOCOMHOT0 (pparMeHTa Ui 1IeJI0H XPOMOCOMBI, OT/ICJIUBIIEHCS
OT BEPETEHA B IIPOLIECCE MUTO3A.

MucceHc-MmyTauusi — MyTaIys, B pe3yiabTaTe KOTOPOil 00pa3yer-
CA TEHHBIA MPOAYKT C 3aMEIICHHOW aMUHOKUCIOTOU W, CIIEI0BATEIb-
HO, U3MEHEHHBIM MMPU3HAKOM.

MuTo3 (Mumomuuecxkoe oenenue) — CTaavs KICTOUYHOTO IUKIIA,
HEMPAMOE JEJICHUE PYKAPUOTHUYECKUX KIIETOK, IPU KOTOPOM 00pa3zy-
€TCSl MUTOTUYECKHM armapar U KOHACHCUPOBAHHBIE XPOMOCOMBI PaB-
HOMEPHO PACIPEAENSAIOTCS 0 ABYM JOYEPHUM KieTkam. KoinyecTBo
Y Ka4€CTBO T€HETUYECKOrO MaTepraia B JOYEPHUX KJIIETKAX MICHTHY-
HO MATEPUHCKOMY.

Muro3cTumyJmpyouniee aeiicTBue — JeiicTBUe (akTopa, yCH-
JIMBAIOIIIEE PA3MHOXKECHHUE KIIETOK B TKAHHU.

MuroTnyeckass akTUBHOCTb — CIIOCOOHOCTh KJIETOK K Pa3MHO-
KEHUIO.

MuToTHYECKASI AKTUBHOCTH TKAHEH — JIOJI ACTAIIMXCS KIETOK
B KaKOM-I1M00 TKaHH.

MurtoTHyeckass peKOMOMHAUMSA (MUMOMUYECKUIU KPOCCUH2O0-
eep, comamuueckas pekomounayus)— oOMEH aHAJOTUYHBIMU y4Ya-
CTKaMHU MEX]1y TOMOJIOTUYHBIMUA XPOMOCOMaMH BO BPEMS MUTO3A.

MuroTHYecKUd anmapar KJIETKH — KOMIUICKC, BKJIOYANOIAMN
LEHTPUOIN KIIETOYHOTO LEHTPA, aXPOMAaTUHOBOE BEPETEHO U KUHETO-
XOPHBIE YYACTKHA XPOMOCOM.

MHUTOTOKCHYECKHH NOTeHHHAJ (AKTHBHOCTb, AelHCTBHE) —
CIIOCOOHOCTH (paKTOpa BHI3bIBATH HAPYIIECHUS MUTO3A.

MHOronoJKCHbIM MUTO3 — MOJUICHTUYECKUN MUTO3 JJIsI HETO
XapakTepHO oOpa3zoBaHHMe 00j€ JBYX IOJIYBEpPETEH, BEJAET K Helpa-
BUJILHOMY PacCHpeICIIEHUI0 XPOMOCOM.
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Mo3auumn3m — COCTOSIHUE, TPU KOTOPOM B OPraHU3ME MPUCYTCT-
BYIOT KJIETKHU JIBYX WJIM 00Jiee pa3InuHbIX KAPUOTUIIOB.

Moct anHadasHblii — 00pa3ylOUIUICI B pe3yJibTaTe CIIUIAHUs
XPOMOCOMHOI'0O MAaTpUKCa PACXOISIIMXCS K MPOTHUBOIOJIOKHBIM I1O-
JI0CaM XpPOMOCOM.

MyTaren — ¢gakTop, BO3/I€MCTBUE KOTOPOI'O YBEIUYUBAET YACTO-
Ty MYTHUPOBAHMS BBIIIE CIIOHTAHHOM.

— OuoJsIornvyecKui — HaKTop OMONOTUYECKON MPUPOABI (BUPYCHI,
BaKIIMHBI, TOKCHHBI TTAPA3UTOB U OAKTEPUM U JIP.);

— KOCBEHHBII, HenpsMOl — (hakTOp, KOTOPHIM CaM HE BBI3BIBAET
MyTalllii, OJTHAKO BHYTPHU KJIETOK MPOUCXOJUT €ro MeTaboJnuecKas
aKTHBAIMS ¢ 00pa30BaHUEM BEIECTB, 00JIaJAIOIIMX MyTareHHOW aK-
TUBHOCTBIO;

— (pM3NYECKMH — TaMMa- U PEHTICHOBCKUE JIyUYH, JIIEMEHTAPHBIC
YacCTHUI[bI, TEMIEpPATypa U JIp.;

— XUMHYE€CKHI — MHOTOYHCJIEHHBIE OPraHUYECKUE U HEOpPraHu-
YECKHE COCAUHEHUS, BKIKOYAs] HEKOTOPBIE UYKEPOAHBIE JJIs1 JTAHHOTO
00BbeKTa — OMONOJIMMEPHI U AP.

MyTareHne3 (HanpaesieHHblll Mymazene3) — VHAYKIWS N Vitro
MYTalMd B KOHKPETHOM CaWT€ KJIOHHUPOBAHHOU MOCIEIOBATEIBHOCTH
JHK; meton H.M. mo3BoJisieT MASHTU(PUUIHUPOBATH (DYHKIMOHAIHHO
3HAYMMBbIE YYaCTKU B MOJIEKYJIaX OCJIKOB M HYKJIEMHOBBIX KHUCJIOT, a
TaK)Xe IMOoJydaTbh OCNKW M (PEpPMEHTHI ¢ U3MEHEHHBIMU CBOMCTBaMU
(HampuMep, MOBBIIIEHHOW TEPMOCTAOMIHLHOCTBIO), — HAIPUMED, 3aMe-
Ha JIM3MHA Ha JICWIMH B moyiokeHuu 112 ¢ momompro merona H.m.
MO3BOJIIET AHAIM3UPOBATH 3aKOHOMEPHOCTHU TPETUYHOU CTPYKTYPBI
rOPMOHA POCTA MJIEKOTIUTAIOIIMX.

MyTarenHoe 3arpsi3HeHUe — 3arps3HEHUE, CBA3aHHOE C MOCTYII-
JICHUEM XHMHYECKHUX, (PU3NYECKUX WA OUOJOTUYECKUX MYyTareHHBIX
(baxkTopoB.

MyTareHHoCcTh — CHOCOOHOCTh HapyliaTh HAacJeICTBEHHBIC
CTPYKTYPBI KIETKH.

MyTaHT — OpraHusM, U3MEHECHHBIN B pE3yJbTaTe MYyTalllH; Kak
npaBuiio, M. oTJIM4aeTcsi OT UCXOHON (HOPMBI (IMKOTO THIIA) U YACTO
UMEET CHUKEHHYIO KM3HECTIOCOOHOCTh MPH TEX WJIM MHBIX Hapylle-
HUW HOPMAJIBHOTO (PEHOTHIIA.

MyTanuu MHIYIMPOBAHHbIE (HABeOeHHble Mymauuu) — MyTa-
I[UH, JJIs1 KOTOPBIX U3BECTEH BBI3BABIINN UX (aKTOP.
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MyTanusi — CHOHTaHHOE (€CTECTBEHHO BO3HMKAIOIIEE) WM WH-
TyIUPOBAHHOE W3MEHEHUE CTPYKTYphl T'eHa (MOCJIeI0BaTEIbHOCTH
HYKJIEOTHJIOB, XPOMOCOMBI, T€HOMA), MPUBOISAIIEE WU HE MPUBOJS-
nee K M3MEHEHHIO T€X WJIM WHBIX MPU3HAKOB OpPraHu3Ma; TEPMHUH
«M.» BBeaeH X. Jle @pusom B 1901 rony.

MyTanusi reHepaTUBHAsi — MyTallUM, MPOUCXOAIINE B TaMeTax
WM KJIETKaX MPEIIeCTBEHUIaX TaMeT, KaK IMPaBUIIO MEePeaaroluxXcs
110 HACJIEJICTBY.

MyTauusi reHHAsl — CM. 2eHHble MYMAayuu.

MyTauusi reHOMHASI — CM. 2eHOMHbLE MYMAYUU.

MyTanusi JOMUHAHTHAS — MyTallysl, POSBIISIONIASICA B TeTepO-
3UTOTHOM COCTOSIHUHU.

MyTanusi JieTtajJbHasi — MYyTalusi, BbI3bIBAIOLIAS MPEXKIEBPE-
MEHHYIO THO€JIb HECYILIETO €€ OpraHu3Ma; Mpu 3TOM, OYEBHIHO, JO-
MuHaHTHas JI.M. ru0OenibHa 1Ji1 BCEX OPraHu3MoB (FOMO- U Te€TepO3HU-
roT), a pELEeCCUBHAs — TOJIBKO JJIsl TOMO3HUIOT.

MyTanus penecCMBHasi — MyTallysi, IPOSIBIISIIONIASICS B TOMO3U-
TOTHOM COCTOSIHUM W HE MPOSBIISIONIASICS B TETEPO3UTOTHOM COCTOSI-
HUU.

MyTanusi coMaTH4eCKas — MPOUCXOJAT B COMAaTUUYECKUX KIIET-
kax. [IpegaBaTbcs MOTOMCTBY MOTYT TOJIKO MpU O€CIOJIOM pa3MHO-
KEHUHU.

MyTHupoBaHue — NpoOLECC BOSHUKHOBEHUSI MyTaIUH.

H

HacjiencTBEHHOCTh — CBOMCTBO OpPraHu3MoOB 00€CIeYUBATH
CTPYKTYPHYIO U (DYHKIIMOHAJIBHYIO MPEEMCTBEHHOCTb MOKOJICHUH Y-
TEeM Mepeayu OMOJIOTHYECKUX MPU3HAKOB B PsIAY MOKOJEHUN Yy BCEX
opranu3MoB. H. — sBJI€HHE CTPOTO HEMpEpPhIBHOE, 00ECIEYUBAECTCS
HaJMYMeM MaTepuajbHOU CyOCTaHIMU, JETEPMUHUPYIOIIEH pa3BUTHE
OMOJIOTUYECKUX MPU3HAKOB, @ UMEHHO T€HOB.

Hepacxoxaenue XpoMocoOM — HaApyUIEHHUE ITPOLECCA Pa3/ICIICHUS
XPOMOCOM B XOJI€ MUTO3a WJIM M€i03a, YTO MPUBOJAUT K 00pa30BAHUIO
JOYEPHUX KIIETOK ¢ T0OAaBOYHBIMH XPOMOCOMaMH UJIM UX HEXBATKOM.

HoHceHc-MyTanms — MyTanus, B pe3yJIbTaT€ KOTOPOU BOZHUKAET
HOHCEHC-KO/IOH.
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o)
OaHOHUTEBOM Pa3pbIB — Pa3pbiB OJHOM M3 JABYX MOJEKYJ (HU-
Tel) B aBoitHoM cnimpanu JJHK.
OHTOreHe3 — Mpouecc MHANBUAYAIBHOIO PA3BUTHSI OPTaHU3MOB
OT 3UTOTHI 10 CMEPTH.

n

Hepuon Gl- (nocmcunmemuueckuit) — cragvs KJIECTOUYHOTO
LAKJIA, B KOTOPOW 3aKaHUYMBAETCS MOATOTOBKA KIIETKH K JICJIICHUIO.

Ilepuon G1l- (npedcunmemuueckuit) — craaus KJICTOUYHOTO ITHK-
na o penymnukanuu JIHK.

Ilepuoa S-— cragus KIETOYHOTO ITMKIIA, B KOTOPOM IMpPOTEKaeT
HOpMaJIbHBIN (penpoaykTuBHbIN) cunTe3 JJHK.

IHo3uTHBHBII KOHTPOJIb CTABUTCA MAPAIUIEIIBHO C ONBITOM. [Ipn
MO3UTUBHOM KOHTPOJIE OOBEKT MOJBEPraeTcs BO3JACHCTBUIO 3aBEJO-
MOIr0 MyTareHa C IEJbI0 BBISICHEHUSI PETUCTPUPYET JIU TECT-CUCTEMA
MYyaTIIHH.

Hosmnionaust — yBeJIMYEHNUE B KIETKE XPOMOCOM B KOJIMYECTBE
KpaTHOM N (rariouIHOMY Habopy).

IlonuTeHnust — siBJicHUE OOpa30BaHUST MHOTOHUTYATHIX THTaHT-
ckux (momuteHHbIx) xpomocoM (I1.X.) B pe3ynprare MHOTrOYHUCIIEH-
HBIX 3HJOMHMTO30B. Y JBOCHHBIC XPOMOCOMBI HE MPETEPIEBAIOT CIIH-
panu3aiuio, HE pacXodsATCs U B TAKOM BHUJIC BCTYIAIOT B CJIECAYIOIINX
LUKJI peAyTUIMKalui, CHOBA yJBauBarOTCa U He pacxonsarca. I1.X. xa-
PAKTEPHBI JIJISI CITIOHHBIX KEJIE3 TUYMHOK JIBYKPBUIBIX.

IlosroBOM auMOp(U3M — HaIUYUE JIBYX IMOJOBBIX (PopMm — cam-
IIOB U CAMOK, OOJIMYAIOIINXCS TI0 pANY HEHOTUITHMYECKUX TMPU3HAKOB.

IonmyJasiusi — COBOKYITHOCTh 0CO0€# 0OHOTO BUJA, 00JIaIat0IIUX
001IMM reHo(OHIOM (4TO ONpeAeIseTCs HAaTuIueM CBOOOIHOTO CKpe-
IIMBAHUS) U 3aHUMAIOIINX OMNPEACICHHYIO TEPPUTOPUIO, PEHPOIYK-
TUBHO M30JIMPOBAHHBIX OT JAPYTHX AHAJIOTHYHBIX COBOKYIMHOCTEM.
Tepmun «I1.» nmpennoxen B. Moranzenom B 1903 rony.

IIposundeparnBHAsE AKTHBHOCTb KJIETOK — CKOPOCTh Pa3MHO-
KEHUS KJIETOK.

Ipoaundepauns — pa3sMHOKEHHUE KIECTOK — YBEIMYEHHE 4YHCIA
KJIIETOK (B TKaHH, KYJbTYpE), MPOUCXOIAIIEE MyTEM MHUTOTHYECKHUX
neneHuit; mo mepe aud@epeHIupoOBKY, a TaK)KE CTapeHHUs KJIETOK B
oprann3me HHTEHCUBHOCTH II. cHmxkaercs (T.e. yBEIWYMBAETCS HH-
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TepBAI MEXJIY MHUTO3aMH), a HEKOTOphle Iu(pdepeHITMPOBAHHBIC
KJIETKH (HampuMep, HEHPOHBI) MOTHOCTHIO TEPSIOT crmocoOHOCTH K I1.

IIpomyTaren — coenuHEHUE, TMpUOOpPETaIONee MYyTareHHbIC
CBOMCTBA TOJIbKO MOCJE METAa0O0JIMYEeCKUX MpeoOpa3oBaHUl B opra-
HU3ME (T.€. Tocae MeTabOINYEeCKON aKTUBAIIUN).

IIpoda3za muTo3a — nepBas (aza MUTOTHUYECKOTO JICJICHHS, Ha-
YUHAIOMIASICS C TIOSIBJICHUS BUAUMBIX XPOMOCOM.

Ipoda3zubiii naaexc (IIH) — nons kieTok B mpodase oT 001ero
qUCIIa ICTSAIUXCS KIIETOK

P

PagjuanmonHasi reHeTuka — pas3fei I'€HETHKH, W3YYarollnil BO-
MPOCHI BO3JICUCTBUS HOHU3UPYIOIIETO M3JIYYEHUS] HA KUBBIE OPTaHU3-
MBI, TIPUBOJIAIIETO K BOSHUKHOBEHHUIO WHIYIIMPOBAHHBIX OOJydeHHUEM
myTanuii; Hadano P.r. monoxkeHo padoramu I'. Memnepa (1927), onu-
CaBILIETO BO3HUKHOBECHHE MYTALMK MOJ ACHCTBUEM WOHU3UPYIOLIETO
oonyuenus, a Takxke I.A. Hagcona u I'.C. ®ununmnona (1925), onu-
CaBIIHX «PATAOPACH» Y IPOAKKEN MPU JICUCTBUU U30TOIOB PAJIHSL.

PaamauuoHHbIM MyTareHe3 — IOJIYYEHUE MYTAlUUW TOJ JIEHUCT-
BHEM HMOHU3UPYIOIIETO U3JIYYCHHUS; PA3IMYaOT CIIOHTaHHBIN (ecTecT-
BEHHBIN) P.M. — o1 1eicTBUEM COTHEYHOM (KOCMUYECKOI) pagualuu
WM pajualvii, He KOHTPOJHPYEMOU 4YEJIOBEKOM (MOA3EMHBIE MCKO-
naeMble U T.I.), © UCKYCCTBEHHBIH (MHIYIUPOBAHHBIN, HAINpPaBIICH-
HbI1) P.M. — B KOHTPOJIMPYEMBIX UEJIOBEKOM (KaK MpaBUJIO, IKCIIEPHU-
MEHTAJIBHBIX) YCIOBUSX; BTOPOM TUN P.M. 10CTaTOYHO HIUPOKO MPH-
MEHSIETCI B CeleKIUU (0COOEHHO B CEJICKLIMH PACTCHUN) IS
MOJYYEHHUS IIIMPOKOTO CIIEKTPA PA3TUYHBIX MYTaIllui, CPEIM KOTOPHIX
MOTYT OBITH OTOOPaHBI MOJIE3HBIE.

Pa3pbIB — noBpexieHUE XpoMaTUibl (OJHON WU 00eux), Mpu-
BOJISIIIEE K MOSIBJICHUIO MTPOCBETA, MO JJIMHE MPEBBIMIAIONIETO ITUPUHY
XPOMATHUJIBI.

PeBepcHasi myTanuss — BOCCTAaHOBJICHME Y MYTAaHTHOTO Opra-
HHA3Ma JUKOTO WJIW MCEBAOAUKOTO TUIIA, COOTBETCTBEHHO, B PE3YJIbTa-
T€ UCTUHHOW OOpaTHOW MyTalliH, TMPHUBOJSIIIEH K BOCCTAHOBIICHHUIO
ucxognou ctpykrypsl [JHK, nm1bo B pesynbrare cynpeccopHoil MmyTa-
UU; TepMUH «P.» TPUMEHAIOT TakKe AJisi 0003HAYEHUS W3MEHEHMUs
(MCKYCCTBEHHOT'O MJIM CIIOHTAHHOTO) I0JIa Ha MPOTUBOOJIOKHBIM.

Peaynimkanusa JIHK — camoyasoenue monekyinst JJHK.
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PexomMOMHaAHTHAsA raMeTa — 3pejas IoJioBas KieTka (ramera),
Ha0Op I'€HOB B KOTOPOH B pe3yJibTaTe MPOM3OIICAIIeH B Meilo3e pe-
KOMOMHAIIUM OTJIMYAETCS OT POJMUTENHCKOTO HAOOpa; Kak MpPaBUIIO,
noHsATHe «P.r.» NMpUMEHAIOT B OTHOLIEHWH KOHKPETHOI'O IMPHU3HAKa,
TaK Kak IMpU PaCCMOTPEHUU 1I€JIOT0 T€HOMa OOJIBIIIMHCTBO T'AMET SB-
JSIFOTCS PEKOMOMHAHTHBIMU.

PexomOunanus (kpoccunzoeep) — nepepacupeeicHue TeHETH-
YECKOr0 Marepualia POAUTENIEH, NPUBOISAIICE K HACJIEICTBEHHOU
KOMOMHATHBHON M3MEHYMBOCTH; B 00111eM cMbIicie noa P. moHumaror
CO3/IaHlE€ HOBOM KOMOWHAIIMU T€HOB MPU COCIUHECHUHU TaMET POJIUTE-
neu, oosee y3ko P.— 0oOMEH y4yacTKaMu XpOMaTH] U XPOMOCOM B
MpolecCe KJIETOYHOIro ACJIEHHUs; y NMpokapuoT P. ocyliecTBisieTcs B
mpoIecce KOHbIOraluM, TpanchopMaluy Ju00 TPAHCAYKIMU, Y BH-
PYCOB — MpPU CMEIIAHHON HMH(EKIUU; y AYKAPHUOT, KaK MpasBuio, P.
XapakTepHa g Meio3a (Meiiotuyeckas P.), HO UHOT1a UMEET MECTO
U B MUTO3€ (coMaTtudeckas P.); paznuyaroT perunpokHyo (B3auMHbBIN
oOmeH yudactkamu mosiekyiasl JJHK), HepeuunpokHyoo (0JHOCTOPOH-
Hui nepenoc yyactka JIHK); oOmryto (kpoccuHroBep), caut-
crnenupruuecKyro 1 He3akoHHYI0 P. (0OMeH y4acTKkaMu HETOMOJIOTHY-
HBIX XPOMOCOM B P€3yJIbTAT€ XPOMOCOMHBIX NIEPECTPOEK).

PeneccuBHasi, cuelIeHHass € I0JIOM JieTaJbHas MYTaLMs
(PCII/IM) — peuieccuBHas JieTajdbHasi MyTallys, BO3HHKAIOIIAs B I1O-
JIOBOM XpoMocoMe (Hampumep, B X-XpoOMOCOME APO30(HIIbI).

C

CaMka BHUPIrMHHAasi — HEOIUIOJOTBOPEHHAsA caMKa (Halpumep, y
JTOPO30(HUIIBI).

CecTpuHCKHE XPOMATHABI — XPOMATUIBl OJHOU XPOMOCOMBI,
T€HETUYECKU UJICHTUYHBI.

CecTpuHCcKHii XpoMaTHIHBI 00MeH (CX0) — ipubIN3UTEILHO
CUMMETPUYHBII OOMEH MAaTEepHUaIOM MEXIY JBYMs CECTPUHCKUMHU
XpOMaTUIaMH.

ComaTHuyecKnii MO3aMIIA3M — CM. MO3AUYU3M.

Cnupanu3anus XpoOMOCOM — MPOLIECC YIUIOTHEHUS XPOMOCOM,
HAYMHAIOIIUWICS B UHTEp(a3e U JOCTUTAIONINI MakcumMyMa B MeTada-
3e; B ocHOoBe C.X. JiexaT CI0KHBIE MPOIIECCHl CKPYyUYMBaHUS (YIIaKOB-
KM) XpOMaTHhHa, a Takxke mpoiecc pochopunupoBanus ructona HI,
KOHTPOJUPYEMBbIH crieluuieckum (HepMeHTOM — TUCTOHKHUHA301.
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CymMmapHasi MyTareHHasi akTUBHOCTH (CMA) — mokaszaTelb,
XapaKkTepU3yIOINH MyTareHHYI0 aKTUBHOCTh COBOKYMHOCTH (PaKTo-
poB (Ha npumep, CMA pedHo#l BOJbl, HOYBBI, BO3/1yXa).

T

Tesmogasza — koHeuHas cTaguss MUTO3a, B KOTOPOM MPOUCXOIUT
oOpa3oBaHuE TOYEPHUX s/IEp, NEKOHAECHCAUs XPOMOCOM U pasjelie-
HUE UTOIIa3Mbl (IUTOKUHES).

Tenodasznwlii magexc (TH) — nons kiaeTok B Tenodase oT odIe-
IO yucia AeAINXCs KIETOK.

TecT-00beKT — 00BEKT HA KOTOPOM HM3ydaeTcsi JAeicTBHE (HaKTO-
pa.

Tecr-cucrema — cucrema nokasaresieid, o KOTOPbIM OLIEHUBAET-
csl AeiicTBUE pakTopa.

Tpanciaokanusa — MEXXpPOMOCOMHAas M30XpOMAaTUIHAs TIepe-
CTpOWKa, BO3HHKAIOIIAS B pE3yJbTaTe OOMEHA MaTEpHAIIOM MEXKIY
HETOMOJIOTUYHBIMH XPOMOCOMAaMHU.

Tpanciokanusa acUMMeETPUYHASI — €CIM OTOPBABILIUKCS Cer-
MEHT COJIEPXUT LIEHTPOMEPY M IOCJIE U TOCIE COOTBETCTBYIOILETO
BOCCOEJMHEHHUS pa3pblBa BOZHUKAET OJHA JAUIICHTPUUYECKAs XPOMOCO-
Ma U OJIUH alleTPUYEeCKUd PparMeHt.

Tpanciokanusas cUMMeETPUYHAS — TIOCJIC TPaHCIOKAIUU 00pa-
3YIOTCS IB€ MOHOIIEHTPUYECKHUE XPOMOCOMBI.

TpexrpynnoBass meradasza — oOpazoBanue B metadase HU OA-
HOW TPYyNIIbI XpOMOCOM Ha 3KBATOpE, a €lI€ AOIOJHUTEIBHO K HEU
JBYX IPyHI Yy MOJIOCOB KJIETKH.

TpexnorocHbIii MUTO3 — CM. MHO2ONOAIOCHBIU MUMO3.

y

YHuBepcaJabHbIN MYTAareH — MyTarcH, BbI3bIBAIOIINN MYTAllUA Y
BCEX OPTraHU3MOB, OT BUPYCOB JIO YEJIOBEKA.

(>

MeHOTHII — COBOKYIMHOCTh BCEX BHEIIHMUX M BHYTPEHHHUX CTPYK-
Typ U PYyHKIIMN OpraHu3Ma, OH HE SIBJSIETCS MOCTOSIHHBIM CBOMCTBOM
OpraHu3Ma.

DusnyecKue MyTareHbl — CM. MymaceHbl.

dparMeHT — y4aCTOK XpOMOCOMBI, 00pa30BaBIIUICS B pe3ybTa-
T€ €€ pa3phiBa.
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@dparMeHT aleHTPUUYECKHUH — TIOSIBISIETCS B PE3YJIBTATE Pa3phl-
B4, HE COJICPKUT LEHTPOMEPHI.

@dparMeHT HEHTPUYECKHUH — TIOSIBJISIETCS B PE3YJIBTATE pa3phIBa,
COJIEPKUT LIEHTPOMED.

X

XuMHUYeCKHEe MyTAareHbl — CM. MYMAa2eHbl.

Xpomarujaa — MoJIOBUHA XPOMOCOMBI MOCIIE PEIUIUKALUU. XPO-
MaTHAbl OJTHOM XPOMOCOMBI (CECTPUHCKHE XPOMATHAbI) WJICHTUYHBI
APYT ApYTY.

XpoMaTuaHble Pa3spbiBbl — HAPYIICHUSA, 3aTPAruBAOIINE JINIIb
OJIHy W3 XpOMaTHj, HapyUICHUWE BO3HUKAET MOCJE PEayIUIUKAIUU
JTHK.

XpomMaTuabl CECTPUHCKHE — CM. CEeCPUHCKUE XPOMAMUODL.

XpoMaTHH — HYKJICONPOTEUIHBIN KOMIUJIEKC, COCTaBJISIOLIAM
XPOMOCOMBI 3YKapHOTHYECKUX KJIETOK, BKIro4yaer JIHK, ructonsr u
pa3IMYHbIE HETUCTOHOBBIE O€NKH; TepMUH «X.» BBeJeH Y. Diem-
MuHTOM B 1880 rogy miis onvcaHusi OKPAIIMBAEMBIX CIICIIUATIbHBIMU
KPAaCUTEIISIMA BHYTPUSAECPHBIX CTPYKTYD.

Xpomocoma — opraHesuia KJI€TOYHOrO sijpa y 3yKapuoT (y mpo-
KapuoT OHA PACIOJIOKEHA HEMOCPEICTBEHHO B IUTOIUIA3ME), SIBIISIIO-
mIasicss HOCUTENeM reHeThYecko nHdopmaiuu (TeHOB), CIOCOOHas K
BOCIIPOM3BEICHUIO C COXPAHEHHEM CTPYKTYpPHO-()YHKIIMOHAIHHOM
VHIUBUIYAIBHOCTHU B PSAly MTOKOJICHUM; OCHOBY X. COCTAaBJIET HEIpeE-
pBIBHAs JIBYXIIEMIOYE€YHAs CHUPAJIbHO YJIOXKEHHas (KOHIAECHCHPOBaH-
Hast) Mmosekyna JIHK, cBa3anHas ¢ rucToHaMu ¥ HETUCTOHOBBIMU O€Jl-
KaMu, 00pa3yronuMu XpoMaTtuH; Habop X. (KapuOTHII) SIBISETCS BU-
nocnenu@UUHbBIM TPU3HAKOM, IS KOTOPOTO XapaKTepeH OTHOCH-
TEJIbHO HU3KWUH YPOBEHb WHAUBHUAYAIbHOW W3MEHUYMBOCTH; TEPMUH
«X.» npegnoxed B. Banpneliepom B 1888 roay.

XpoMmocoMa aUUEHTPUYECKAsA (OuyeHmpuk)— XpomMocoma C
JIBYMS LIECHTPOMEPAMU.

XpomocomHas abeppanus — CM. abeppayuil XpoOMOCOM.

XpomocomHbIe 00J1e3HH — 00J1e3HU, 00YCITOBIICHHBIE N3MEHEHU-
€M YHCJIa WU CTPYKTYPhI XPOMOCOM.

XpoMoCOMHBIE MYTAIIUN — CM. abeppayuu XpoMOCOM.

XpomMocoMHbBbIe IEPECTPOIKHU — CM. abeppayu XpoMOCOM.

XpomMocoMHBbIEe Pa3pbIBbI — HApYIIEHUs, 3aTparuparoiue ooe

XpOMAaTUABI OTHOM XPOMOCOMBI, BO3HUKAIOT 10 peayrmiukanuu JJHK.
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L

LenTpuoab — HeMeMOpaHHasi CTPYKTypa, JIEMEHT KJIETOYHOIO
LEHTPA, COCTOUT U3 MUKPOTPYOOUEK; IPHU JICICHUH KJIETKU Yy4aCTBYET
B 00pa3oBaHUU BEPETEHA JICJICHMUSL.

[HenTpuyeckoe KOJBIO — XPOMOCOMHasl NEPECTPOMKA B BHIE
KOJIbIIA C IIEHTPOMEPOM, PE3YJIBTAT MEPULIEHTPUUECKON JICIICIIUH.

IlenTpomepa — nepBUYHAs TEPETSHKKA XPOMOCOMBI, 00J1acCTh CO-
CIUHEHMS JIBYX CECTPUHCKHX XpOMaTHJ, oOecleurBaeT MpHUKperuie-
HUE K HUTSAM BEPETCHA JICIICHHUS.

Iutoreneruueckoe aeHcTBHE (AKMUGHOCHIb) — CIIOCOOHOCTH
Kakoro-1bo (akrtopa HapyliaTh KOJUYECTBO WM CTPYKTYPY XPOMO-
COM.

[{uToKMHE3 — MpoIecC pa3AeICHUsI MAaTEPUHCKON KIIETKA Ha JIBE
JTOYEepHUE, MPOUCXOASIINN B Teaodas3e Melio3a WM MUTO3a U OCYIIe-
CTBIIIEMBIN 3a cueT oOpazoBaHus MO0 (hparMoruiacta (pacTUTEIbHbIC
KJIETKH), JUO0O KIJIETOUYHOW MEPETSHKKU (KUBOTHBIC); MHOTAA TEPMUH
«Il.» ucnonp3yercsa Jyisi 000O3HAYEHUsI BCEro Mpoliecca KIETOYHOTO
JIEJICHUS, YTO HEBEPHO.

y

Yacrora MmyTrauui — KOJIMYECTBEHHBIN TOKA3aTEIb UHTCHCUBHO-
CTHU MYTAlMOHHOI'O MPOILECCa, PABEH J0JI€ TaMET CO BHOBb BO3HHK-
UMW MYTallUsIMH [0 OTHOIIEHHUIO K OOIleMYy YHUCIy TaMeT (B OJHOM
MOKOJICHUH ).

A

AnpeImKoO — TJI0OTHOE 00pa3oBaHUE, BHIABISIEMOE B HMHTEpda3-
HBIX 2YKapUOTUYECKUX KJIETKAaX: aCCOIUMPOBAHO C SIAPHIIIKOBBIM OP-
raHU3aTOPOM M BKJIIOYAET MOJIEKYJbl pUOOHYKICONMPOTEUHOB (Mpe-
IIIECTBEHHUKOB pUOOCOM); 4acTo B KJeTKe coaepxutcsa 1 — 2 1., uHo-
ria— Oonee 2-x; SI. moxkeT (GOpMHpPOBATHCA B IUTOIIa3ME€ Ha
BHEXPOMOCOMHBIX Komusix reHoB p-PHK (Hampumep, y HEKOTOpBIX
uHdy3opuit); 5. BriIovaeT GUOPUIISAPHBIN LEHTP, PUOPHILISIPHBIN U
IpaHyJISIPHBI KOMIIOHEHTHI.

AnpeiikoBbie opraHu3aTopsl — kinactep reHoB pPHK, mecto
JOKaJIM3allui KOTOPOr0 Ha XpOMOCOME 0003HayaeTcsl Kak pauloH sij-
PBIIIKOBOTO OpraHu3aTopa M OOHAPY>KUBAETCA C MOMOIIBIO METOJa
UMITPETHAITUN cepeOpOM.
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Tabnuia 5.4.2

Ceoonas maodoauya yuema XpomocomHsIx adeppayuil 6 mepucmeme npopocmkoe Kopeuikos Allium cepa*
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