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BBEJTEHHUE

K npokapuoram oTtHOCSTCS IBa AOMEHA (Lap-
CTBa) OPTraHW3MOB — OAKTEpUU B apXeH, KOTOPHIE
B OTIIMYHE OT DYKAPHOT (TPETUHl JIOMEH KUBOTO
MUpa) HE COZIePIKaT KJICTOYHBIX SAep M Pa3MHOXKa-
10TCsl OMHApHBIM AeeHreM. Mex iy co0oii apxeu n
0aKTepuu pa3IMyaIoTCs 10 CTPYKTYPE KIETOYHBIX
CTEHOK U MEMOpaH, CTPYKType prdocom, pepMeH-
TAaTUBHBIM MEXaHU3MaM IIPOLECCOB pealnu3aluu
reHeTHYeckor nHpopmarin (Aaxbs u 1ip., 2009). B
YaCTHOCTH, apXEH UMEIOT CXOIHBIN C 9YKapHOTaMH,
a He ¢ OaKTepusIMH anmapar peruIMKaluy U perna-
pauuu JJHK, a Taxke KOMIIOHEHTHI TPaHCKPHUII-
IIMOHHOTO KOMITIEKca. 3a 3,5 MIIpII JIeT OOWTaHMS
Ha TUIaHeTe OaKTepwH W apXew CHOopMHpPOBATH
OMOTeOXUMHIYECKUE IIUKITBI, OTPEICIISIFOIINE 00K
ouocdepsl (3aBapsun, 2010). B renomax donee 108
BUJIOB IIPOKapHOT cozaepkutes nmoutu 90 % Bceit
WH(pOpPMAIMH O TEHETUHIECKOM OMOpa3HOOOpa3uH
B IIOHSTHUAX MOJIEKYJSIPHON (DUIIOTCHUH.

I'eHOMBI IPOKAPUOT BKIIIOYAIOT JIBA THUIIA [€HE-
THYECKUX CTPYKTYP: HyKJICOU]I (aHAJIOT XpPOMOCO-
MBbI) I BHEXPOMOCOMHBIE 3JI€MEHTHI (ILIa3MH/IBL,
CHOCOOHBIE K aBTOHOMHOH peruinkanyn). B cocraB
XPOMOCOMBI BXOJSIT: CTPYKTYPHbIE T€HBI, KOAUPY-
torrue oenku u PHK, mexxrennsie yuacTku (crieii-
Cepbl), PErYIATOPHBIE JIEMEHTBI, OIPEIIIAIOLINE
paboTy TeHOB, pa3THYHbIC MOOUIILHBIE AIIEMEHTHI
(tabm. 1).

FeHoM — busmyeckasn u reHeTudeckas CcoBo-
KYNHOCTb BCEX reHOB N T’eHETUYECKNX ANTIEMEHTOB
KNeTKn nnun supyca.

Bonpiryro yacTh reHOMa poKapuoT (Kak mpa-
Bm10, 80-90 %) COCTaBIIAIOT MOCIIEIOBATEIIEHOCTH,
xomupytoue oenkn u PHK. MaTpoHb! Y 6akTepuii
U apXxed BCTpeyaroTcsl Kak B reHaX, KOAUPYIOIINX
pubocomubie u Tpancrnoptaeie PHK, Tak u B Oe-
JIOK-KOAMpYIoIuX reHax. OJHako 4acToTa BCTpe-
4aeMOCTH MHTPOHOB B T€HAX IMPOKAPUOT Topasio
HWXKE, 9eM y DyKapHOT.

['eHOMBI POKAPHOT SIBIASIOTCS TUHAMUYHBIMH
CTPYKTYpaMH JaKe B mpezenax oJHoro suna. [lo-
Jy4EeHHBIE ITyTEM CEKBEHUPOBAHHsI TEHOMa OTHOTO
KOHKPETHOTO LITaMMa CBEJCHHS HE IO3BOJISIOT
TOBOPHUTH O TEHOME BCETO BU/Ia M3-32 ITAMMOBBIX
pa3Iuymii B TEHHOM COCTaBe M pa3Mepax FeHOMOB.
Tak, y pa3HbIX 10 TATOT€HHOCTH IIITAMMOB KHIIICY-
HOH MAJIOYKH Pa3IH4Hs 110 KOJIMYECTBY TEHOB MOTYT
nocturath 30 %. Micxons n3 BHyTpUBHUI0BOM Bapu-
a0eTbHOCTH TeHOMOB CJIOKHITUCH IIPEICTABICHUS O
0a30BoM (core) ¥ THOKOM BCIIOMOTaTeJIhbHOM Ha0ope
reroB (IllecrakoB, 2007). KoHcepBaTuBHEIH 6a30-
BBl HA0OP BKITFOYAET T€HBI TAK HA3bIBAEMOTO «JI0-
MAIITHEro X0351CTBa, OTBETCTBEHHBIE 38 MH(OopMa-
LIUOHHBIC CUCTEMbI PEIUTUKAINH, TPAHCKPHIIIIUH,
TPAHCISAIUH, KJIFOYEBBIC Iy TH MeTabom3Ma u (pop-
MHUPOBAHHUS KJIETOYHBIX CTPYKTYP, OMPEACIISFOIINX
BHIOBYO/POMIOBYIO IPUHAIIEKHOCTD. B Kateropmto
BCIIOMOTaTENILHBIX BXOJST ONEPAIIMOHHbIC T'CHBI,
KOHTPOJIMPYIOLIHE Pa3HbIe MPOIIECChI METab0IM3Ma
1 MOp(hOPHU3UOIOTHIESCKIE PU3HAKH, 00eCIIeun-
BalOLME MPUCIIOCOOIIEHHOCTh K ONpPEeICHHOM
AKOJIOTUYECKOW HUIlle. MHOTHE U3 TaKUX T€HOB JIO-
KaJIM30BaHBI B IITa3MHUIaX, MOOFITHHBIX JIEMEHTAX,
TEHOMHBIX OCTPOBKaX, KOTOpbIe HE 00s3aTeNIbHO
MPUCYTCTBYIOT BO BCEX IITaMMax OJIHOTO BHJa. B
Mpolecce BOIIONHUU HEKOTOpPBIE TeHBbI 0a30BOTO
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Taoauna 1

CocraB reHOMa POKapUOT

Jlokann3amus

CTpyKTYpHI

Xpomocoma

ITmasmu sl
MoOuIIbHBIE DJIEMEHTHI

Hurerponst

CRISPR — ctpykTypbl

Konnpyromme nmocieoBarenbHOCTH TEHOB

Herpancnmpyembie 00macTs TeHOB: 5'- 1 3'-KOHIIEBBIC PaliOHbBI, HHTPOHEI

PerynaropHbie 3M€MEHTHI TEHOMA: ITPOMOTOPHI, TEPMUHATOPB! TPAHCKPHUIIIINH, CAUTHI CBSI3bI-
BaHMS PETYIATOPHBIX OCJIKOB, CAWTHI CBA3BIBAHHS PUOOCOM

CaiiThI CBSI3BIBAHNUS C KIETOYHBIMA MEMOpaHaAMHU

[Ipodaru n nHTErpUPOBaHHBIE B XPOMOCOMY IUTa3MHIbI

Habopa MOTYT TEPEXOANTH B KAaTErOPHIO BCIIOMO-
raTelibHbIX, a TeHbl BCIIOMOTATEILHOTO Habopa
craHoBsTcst 6a30BbIME (puc. 1). [Ton BuIOBBIM
TEHOMOM CJIE/IyeT MTOHUMAaTh COBOKYITHOCTH BCEX
reHoB (M 0a30BBIX, M BCIIOMOTAaTEIbHBIX) BCEX
MITaMMOB JTAHHOTO BHJIA.

Ha ocHoBe cBenmenuit 0 6a30BBIX HabOpax pac-
CMaTpPHUBAETCS BOITPOC O TOM, KAKOB e MUHUMAJTh-
HBII HAOOP 'eHOB, HEOOXOIUMBIX JIJIsl 00CCIICUCHHS
JKU3HU KIIETKHU (U JUIsl €€ UCKYCCTBEHHOTO CO3/1a-
Hus). [lo MHEHMIO psifla WccieaoBareseil, B TaKOM
Habope D0IKHO OBITH He MeHee 200 6a30BbIX TEHOB,
0€e3 KOTOPBIX KJIETKa CyIIECTBOBATH HE MOXKET.

PASMEPBI U CTPYKTYPA TEHOMOB

B 1956 1. @. Xako6 u 3. BonbMan npemiokumm
KOJIBIIEBYIO MOJZIEITh OPTaHU3AIINH OaKTEepPHATHLHBIX
xpoMocoM. MccriemoBaHusT CTPYKTYyp TE€HOMOB
MPOKAPHOT FCHETUYCCKUMHU M (DU3HMUSCKUMHU Me-
ToJaMH (JICKTPOHHAS. MUKPOCKOIIHUS, AIEKTPodo-
pe3 B MyIbCUPYIOLIEM TOJIC U Ap.), a MO3IHEE U
MOCPEACTBOM ITOJTHOTEHOMHOTO CEKBEHUPOBAHHS
MTOKa3aJId, YTO OOJIBITMHCTBO TCHOMOB IPOKAPHOT

BCMNoMoraTenbHbIN
Habop

6a30Bbii
Habop

Puc. 1. ba3oBsIii U BCIOMOTaTeIbHBIN HAOOPHI TCHOB.

a— MEXBHUJIOBOH 0OMEH BCIIOMOTaTeIbHBIMY TeHAaMH; O — Tie-
peHoc reHoB 6a30BOoro Habopa; B — IEPEXo]] BCIIOMOTaTellb-
HBIX TEHOB B 0a30BBIil HA0OD; I' — Mepexo 0a30BBIX TCHOB B
KaTeropuio BCIIOMOTaTeIbHBIX.

IIPEICTABISIIOT COOOI KOJIBLIEBBIE IBYXLIENOYEU-
Heie Monekynsl JJHK. V Hekoropbix OaxTepuii
oOHapy’KeHbI U JIMHEHHBIE XPOMOCOMBI, OJTHAKO
UX CTPYKTypa OTIMYACTCS OT DYKapUOTHYECKHUX,
KOTOpbIE UMEIOT CHelranbHble KOHLIEBBIE MOCTe-
JOBAaTEJIbHOCTH, TEJIOMEPbI, U UCIONb3YIOT IIPH
peIMKanuy Teaomepasy. B omiuuune ot sykapuor
OaKTepHH HCIIONB3YIOT NHBIE MEXaHU3MBI (pHC. 2):
y CTPENTOMHUIETOB, 007aIa0IINUX JTUHEHHBIMU
XpOMOCOMaMH, K 5'-KOHIIaM KOBAJIEHTHO IPHCO-
eIMHEHBI OeJIKH, 00eCIIeunBaroiue CBOOOTHbIN
3'-OH xoHeI1 I THUIWAIAHN peruTiKanyu. Jlpyroi
TUII IMHEHHBIX XPOMOCOM, UMEIOLIUX KOBAJICHTHO
3aMKHYTBIE «IITTHJICYHbIE» KOHIbI, OOHApYX)eH y
cinupoxet pona Borrelia. Hexotopslie GakTepun
[TOMHUMO OCHOBHOM KOJIbIIEBOM XPOMOCOMBI UMEIOT
U JONOJNHUTEbHbIC. Tak, 1Be KOJIbIEBbIE XPOMO-
cOMBI OOHapykeHbl Y Vibrio cholerae, a'y duro-
naToreHHol Oaxrepun Agrobacterium tumefaciens
BBISIBJICHBI OJ[HA KOJIbIIEBAas M OJHA JIMHEHHAas
XpoMOcOMBI. [ eHOMBI apxeii PeACTaBISIOT cOO0M
OJIHY KOJIBIIEBYIO XpOMOcCoMy. MckitoueHneMm siBisi-
etcs apxest Haloarcula marismortui, conepxarias
JIBE KOJIbLIEBBIE XPOMOCOMBI.

[TonHOreHOMHOE CEKBEHHPOBAHHUE HYKIICOTH/I-
HBIX MTOCJIEZI0BATENIbHOCTEN MTOKA3aJIo0, YTO pa3Me-
PBl TCHOMOB y KYJIBTUBUPYEMBIX OaKTEpUil HaXo-

@
@
JIHenHasi xpomocoma
C HE3aMKHYTbIMU KOHLLaMu

C J

JlnHenHasa xpomocoma
CO «LUMUMEYHBIMUY» KOHLLaMK1

KonbLesas xpomocoma

Puc. 2. CTpyKTypBI XpOMOCOM HPOKAPHOT.
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nsTest B iuanazone ot 0,58 mutH n.H. y Mycoplasma
genitalium 10 9,2 mnu 1.1 y Bradhyrhizobium ja-
ponicum (bopunckasi, STakoBckuid, 1999) (Tadm. 2).
Pa3mep apxeHHBIX TEHOMOB BapbUpPYyET OoJiee ueM
B 12 pa3, ot 0,49 MJIH N.H. Y OOJIIUTaTHOTO CHUM-
ouonTa Nanoarchaeum equitans 10 5,75 MJIH I1.H.
y MeTaHOTreHHOU apxeu Methanosarcina aceti-
vorans (Mapaanos, PaBuH, 2012). Pazmep reroma
B OOJIBIIIMHCTBE CITyYaeB MPSIMO MTPOMTOPITHOHATICH
KOJIMYECTBY T€HOB TIPY COOTHOIICHUH B CPEIHEM
OJIVH T'eH Ha OJIHY THICSIUY HYKJICOTHUIOB. ApXeu 1
0akTepuu ¢ HAaMMEHBIIMMH TCHOMAMH SIBIISTIOTCS,
KaK MpaBWJIO, MMapa3uTaMu WM CHMOUOHTAMH
(Bentley, Parkhill, 2004). Cpenu cBOOORHOXMBY-
IIMX BUAOB HEOONBITNE TEHOMBI XapaKTePHBI IS
OPTraHN3MOB, JKUBYIINX B CTAOMIHHBIX SKOJIOTHYE-
CKHX HMIIAX U O0NaJaloNMX CHelHaIn3upoBaH-
HbIM MeTabonu3MoM. Hampumep, y HEKOTOpPBIX
MOPCKHUX (DOTOCHHTE3UPYIOIINX HUAHOOAKTEPHA
reaoM coctasisier 0,6—1,8 mutH n.H. HeOonpmme
M0 pa3Mepy FeHOMBI UMEIOT U MHOTHE THITepPTep-
ModuiasHBIe apxen (Mapmanos, Pasun, 2012).

OpranusMbl ¢ KpyIHBIMH T€HOMaMH OOWTAIOT B
CJIOKHBIX 10 CTPYKTYPE SIKOCUCTEMAX C LIUPOKUM
nuamna3oHoM ycioBuil. K HUM oTHOCHTCS 0OJB-
IIMHCTBO TOYBEHHBIX OAKTEPUH.

BaxHOl1 XapaKTepUCTUKON FTEHOMOB ITPOKAPUOT
sBisietcss G + C coctaB, KOTOPBIM HAaXOIUTCS B
nuana3one ot 23 1o 72 %, npuyem 3TOT napaMeTp
HE KOppEIMpYyeT ¢ TEMITepaTypoi pocTa: s 60Ib-
IIMHCTBA TUTIEPTEPMO(UITHHBIX apXel XapaKkTepeH
Hu3knii G + C cocTas, a CTabMIBHOCTH XPOMOCOMBI
obecneunBaetcs komruiekcom JJHK-cBs3piBarommx
0CJIKOB.

IIJTIASMU /b, BUPYCBI
N MOBUJIBHBIE 3JIEMEHTbBI

[ToMrMO XpOMOCOMHBIX T€HOB, KOAMPYIOLIUX
6enku 1 PHK, B cocTaB reHOMOB MPOKaprOT BXOASAT
U Ipyrue reHetuyeckue crpykrypsl (JIstoun, 2011)
(Tabmn. 1): MOOMITBHBIC DJIEMEHTBI, TIa3MUIbI, HH-
terponsl, mpoaru, CRISPR moxycsr, pa3mianabie
PETyASTOPHBIE 3JIEMEHTHI.

Tabauna 2
Pa3Mepsbl u CTpYKTYpbl TEHOMOB HEKOTOPBIX POKapPHOT
Bun 6akrepun mim apxen CoctaB reaoma Pa3mep (T..H.) dopma
Baxrepun
Escherichia coli K12 (MG1655) Xpomocoma 4640 Konb1eBas
Bradhyrhizobium japonicum Xpomocoma 9207 Komnpmesas
Mycoplasma genitalium Xpomocoma 580 Konbuesas
Vibrio cholerae Xpomocoma 2941 Konbreas
Xpomocoma 1072 Konpuenas
Agrobacterium tumefaciens Xpomocoma 2842 Komnpueas
Xpomocoma 2057 Jluneitnas
IInasmuna 453 KomnbreBas
IInazmupna 214 Konbuenas
Borrelia burgdorferi Xpomocoma 911 Jluneiinas
11 mnasmug 9-54 Kombnessie n mHeElHBIE
Streptomyces coelicolor Xpomocoma 8667 JIuneiinas
[Tnasmuna 356 JInneiinas
[Tna3muna 31 Konpuenas
Apxen
Methanosarcina acetivorans Xpomocoma 5751 Konbnesas
Haloarcula marismortui Xpomocoma 3132 Konpueas
Xpomocoma 288 Konbuenas
Nanoarchaeum equitans Xpomocoma 491 Komnpuenas
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MoOuIbHBIE BIIEMEHTHl IPEACTABISIOT cO00M
¢parmentsr JIHK, ctocobHbIe K BHYTPUXPOMO-
COMHBIM TIEPEMEIICHUAM (TPAHCITO3HUIINIM) HITH
K Tiepeniade B Apyryro kietky. K HuM oTHOCsTCS
WHCEpPUHOHHBIE 3eMeHThl (IS-3eMeHTsI), KO-
aupymoomue GepMeHThl, HEOOXOIUMbIE IS UX
nepeMenieHus (TpaHcno3asbl), TPAHCIIO30HBI, a
TaKKe MUHUATIOPHBIE HHBEPTHPOBAHHBIE [TOBTOPSI-
romuecs aeMeHTsl (MITE), koTopbie He comeprkar
T€HOB TpaHCI03a3. XapaKTepHONU CTPYKTYPHOM
0co0eHHOCThIO [S 2IeMeHTOB SBIAETCS HATHIHE
Ha MX KOHIIaX KOPOTKUX MHBEPTUPOBAHHBIX TIOBTO-
poB (puc. 3). TpaHCHIO30HBI IPEACTABISIOT COOOH
MYJITUTE€HHBIE CTPYKTYPBbI, KaK IPAaBUIIO, (DIIaHKH-
POBaHHbIC IBYMS MACHTUYHBIMU IS snemeHTamu.
[Tpu nepeMenieHny TPaHCIO30Ha BO3MOKHO Kak
€ro «BbIpE3aHUe» W MEePEeHOC B JIPYTroi y4acToK
TeHOMa, TaK U AYTUIMKAIHS, TIPH KOTOPOH HCXOIHAS
KOITUSI COXpaHsIeTCsI.

WuTerpanusi MOOUIBHBIX 3IEMEHTOB MOXKET
HE TOJbKO BbI3bIBATh MHAKTHUBALMIO I'€HA NPHU
«TIOTIaJIaHUM» BHYTPh Te€HA, HO TAKIKE «BKITFOYATHY
U «BBIKJIOYATh» COCEJHHE TEHBI, TOCKOJIbKY B
TPAHCIIO30HAX MOTYT HaXOIUTHCS MPOMOTOPEI
WIN TEPMHHATOPHI TpaHCKpUNUuu. OIMHAKOBBIC
MOOHJIBHBIE AJIEMEHTHI B pa3HbIX palloHaX XpOMO-
COMBI SIBJISIFOTCS TOMOJIOTHYHBIMH Y4aCTKaMH, pe-
KOMOWHAIINS MEKTY KOTOPBIMU MOXKET TPUBOTUTH
K TCHOMHBIM TepecTpoiikaM. Uucio MOOUIbHBIX
9JIEMEHTOB B I'€HOMAaX BapbUPYyeT B IIHPOKHX
npezaenax. B HEKOTOPBIX TeHOMax aKTUBHBIE MO-
OMJIbHBIE AJIEMEHTHI BOOOIE OTCYTCTBYIOT, a B
JPYTHX YHACIJIO UX MOXKET UCUUCIIATHCS JECITKAMH.
Hanpumep, B renome apxen Sulfolobus solfataricus
oOHapyxeHo O0ojiee 200 MOOMIIBHBIX 3JIEMEHTOB,
Ha J0JI0 KOTOphIX mpuxoautcsa 11% renoma, a
B F€HOME JIPYIOro MpeACTaBUTENsl 3TOTO POAa,
Sulfolobus acidocaldarius, akTHBHBIE MOOWITHHBIE
3JIEMEHTBI OTCYTCTBYIOT. IS 31I€eMEHTHI ONHUX U TEX
’KE CEMEHCTB BCTpeyaroTcs y apxeil u Oaxkrepuii,

YTO CBUJICTEIBCTBYET O BO3MOXKHOCTH ITepEMeIIe-
HUSI MOOWITBHBIX DJIEMEHTOB MEXKIY OaKTepUSIMH 1
apxesMH, OOUTAIONTUMH B OIHOM SKOJIOTHYECKOM
Humie. Hapsiny ¢ reHamu, HEOOXOAMMBIMH ISt
COOCTBEHHOH TPACIIO3UIIMH, TPAHCIIO30HBI MOTYT
COJICPKATh U MOJIC3HBIC JJIsl KIIETKH T'€HbI, HAIIPH-
Mep, TeHbl yCTOWYMBOCTH K aHTUOMOTUKAM H TSDKE-
JIBIM MeTasuiaM. YacTo Takue TreHbI JIOKaTNn30BaHbI
Ha KOHBIOTATUBHBIX TPAHCIIO30HAX, CIIOCOOHBIX
K TIEPEHOCY B JIPyr'He KICTKUA. B 3THX KPYIHBIX
Tpancmno3oHax (mo 100 T.M.H.) HAXOAATCS TCHBI,
oOecrnieunBaroIe 00pa3oBaHUe KOHBIOTATUBHOTO
MOCTHKa Mexay Oakrepusimu u nepenoc JJHK B
KIIETKY-PEIUITUEHT.

K gmcity MOOMIIBHBIX 3JIEMEHTOB OTHOCATCS
TaKKe MHTETPOHBI — I'CHETUYCCKUE BJIICMEHTHI,
HMEIOIIUE B CBOEM COCTaBE MHTEIPAIIMOHHBIN
MOJTyJIb C TECHOM UHTETpa3bl, CAiTOM HHTEIPAIlUU
Y TPOMOTOPOM, HAIIPABIICHHBIM B POTHUBOIIOIOK-
HYIO OT TeHa UHTErpa3bl CTOPOHY. biaromaps atomy
MOJTYJTI0, MHTETPOHBI CITOCOOHBI BCTPAMBATHCS B
FCHOM U 3KCIPECCHPOBATH YYXKEPOJHBIC I'CHBI B
COCTaBE KacCEThl, KOTOPasi MOXKET COACPIKATH Jie-
CSITKU TeHOB. IHTErpOHBI, 3aXBaTHIBAIOIIUE TCHBI
YCTOMYMBOCTH K aHTUOMOTHKAM, SIBJISTFOTCSI OTHUM
13 ($aKTOpOB PacCHpOCTPaHEHHs JIEKapCTBEHHOM
YCTOMYNBOCTH y OaKTepHH.

[Mna3mMuasl — aBTOHOMHO PEIUTUIUPYIOIIHE-
Cs. BHEXPOMOCOMHBIE T€HETUUYECKUE 3JIEMEHTHI
(KButko, 3axapos, 2012). Kak npaBuio, oHH
MPEACTABISIOT COOOM KONBIIEBBIE MOJIEKYJIbI
JHK, HO BCTpeyaroTcs U TMHEWHBIE TUIa3MU/IbI, T10
CTPYKType aHAIOTUIHBIE TMHEHHBIM XPOMOCOMAaM.
B oTanymne oT XpOMOCOM ILTa3MHUIbI SIBJISIOTCS
«HEO0s13aTeIbHBIMY TCHETUYCCKUM MaTepHalIOM,
MoTepsi KOTOPOI'O HE MPUBOJUT K THOCTH KIICTKH.
OpHako MHOTHE KPYITHBIE IJIa3MUJIbI COACPIKAT
NECATKU—COTHH T€HOB, KOJAUPYIOIINX Ba)KHBIC
TUTS KIETKH (DYHKIIMW, KOTOPBIE MOTYT OKa3aThCs
HEOOXOAMMBIMH B OIPEICIICHHBIX KOOI HUECKUX

IS anemeHT

MHBepT. noeTOp

[eHbl TpaHcnosnuun

MHBepT. nosTOp

TpaHcno3oH

IS anemeHT

TeHbl YCTOMYMBOCTU K @aHTUGMOTUKAM U Ap.

IS anemeHT

Puc. 3. CtpykTypa HHCEPIIMOHHOTO IEMEHTa U TPAHCIIO30Ha.
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ycnoBusx. [103ToMy TepMUHOIOTHYECKOE OTIIMYHE
TaKHUX «METarIa3Mu/I» OT XPOMOCOM SIBIISIETCSI yC-
noBHBIM. [IprobpeTaemple ¢ TIa3MuIaMu HOBBIE
MPU3HAKH B PsiJIC CITyYaeB ONMPEACIISIFOT HA3BaHUS
ia3mu: Hanpumep, F mmasmuna (fertility factor),
npuaatomias kiuetkam Escherichia coli nonopHsie
CBOMCTBa, unu miasMuaa R, ompenenstomas
PE3UCTEHTHOCTh KJIETOK K aHTHOMoTukaMm. Cro-
COOHOCTh K aBTOHOMHOM PETUIMKAINH TUIa3MHU]I
obOecrieunBaeTcsl HallMYUEM cailTa WHUIUALIUN
perukanyi (ori) 1 HAbOPOM TeHOB, KOAUPYIOIINX
HeoOxoauMble Oenku. [11a3Muapl cogepskar Iniib
9acTh HEOOXOAUMBIX Uil COOCTBEHHOW peTINKa-
UU (PEPMEHTOB, UCTIONB3YS TaK)Xe KOMITOHEHTHI
PEeIUTUKAIIMOHHOTO amnmapara KJIeTKH-XO035HWHa.
Crienin(puIHOCTBIO 0Fi-caiiTa OTpeesieTcs rpy-
12 HECOBMECTHMOCTH TITa3MUJI: PA3HBIE ITa3MHIbI
C OZIMHAKOBBIM 07i-CAHTOM HE MOT'YT COCYIIECTBO-
BaTh B OJHOH KieTKe. MHOTHE TIa3MUIbI KO-
TUPYIOT U COOCTBEHHBIC WHUIIMATOPHBIC OCNKH,
criemupUUeCKN PacIO3HAONINE 0ri-CalThl. DTO
CHIKAET 3aBUCUMOCTb ITa3MHJIBI OT KIICTKU-X035H-
Ha ¥ pacIIipsieT CIIEKTP BO3MOKHBIX X035€B, UTO
CHOCOOCTBYET MEXBHUIOBOMY MEPEHOCY T'€HETH-
Yyeckoro marepuana. [lnma3muisr MOTYT coepkarhb
HECKOJIBKO 0ri-CaiiTOB, (PyHKIIMOHUPYIOIIHX B pa3-
HBIX OPTaHN3MaX-X035€Bax MM B OTHOM IIITaMMe,
HO B Pa3HbIX YCIOBHAX. HeKOTOpbIE TTa3MHIbI
MOTYT HMHTEIPUPOBATHCS B XPOMOCOMY KIIETKH-
XO35MHA U PEITHLINPOBATECS B €€ COCTAaBE B BUJC
SMHUCOMBIL. UNCII0 KONHIA MIa3MH/] B KIIETKE MOXKET
BapbHPOBATH B IIUPOKHUX TPEJeNiaX, OT OJHOU 110

MexaHuam cerperauyoHHON
CTabUnNbHOCTY Nnasmua

i

HECKOJIbKHX COT KOTIMI Ha XpOMOCOMY, HO BO BCEX
CITydasiX UX KOJIMIECTBO PETYITHPYETCS, TOCKOIBKY
HeorpaHu4eHHas perurkanus miasmMuadon JTHK
npuBena Obl K THOenu kieTku. Ilo mMexanmsmy
KOHTPOJIS YHCia KOMUH TIIa3MUbI JEATCS Ha JBe
rpynnsl. B ogHUX T1a3Muaax KOHTPOJIb OCYIIECTB-
nsieTes MO0 ¢ MoMoILbio anTucMbiciaoBoii PHK,
B3aumoneiicteyronieit ¢ PHK, cunrte3 xoropoit
nHAIUUpyeT perukanuio (tasmuaa ColEl),
nr00 Ha ypOBHE PETYISINH HKCIPECCHUH TeHa
peruMkaimonHoro oenka (rasmuaa R). Jpyroit
croco0 obecrneunBaeTcs B3aUMO/ICHCTBUEM KOHT-
POIMPYIOLIETO PETUTMKALMIO TNIAa3MHUABI OelKa C
MTOBTOPSIONIUMHUCS TIOCTIEIOBATEIBHOCTIMHE (UTe-
poHaMM) B paiioHe ori-caita. [Ipu «i30BITOUHOMY
yucie Komui 3 (HeKTHBHOCTh MHUIMALIUHN PETITH-
Kaluy cHkaeTcs. [Ipu Ki1eToqHoM JieneHuH mas-
MU/IBI MOTYT PacpeesIiThCs MEXKIY JOUCPHUMH
KJIETKaMU CllydaiiHbIM oOpa3om. Ecnu aiist Beico-
KOKOITUWHBIX TJIa3MHUJ] BEPOATHOCTh ITOTIATaHUS
BCEX TUIa3MHJI B OJIHY W3 JBYX JOYEPHHUX KIIETOK
HUYTOXXHO MaJia, TO JJIsi HU3KOKOTIMHHBIX TaKas
BEPOSATHOCTh BechbMa BbicoKa. Hampumep, ans
IUIa3MU/IbI, 1BE KOITUH KOTOPOH OyIyT MPHCYTCT-
BOBaTh B KJIETKE Tepes JIeJIEHHEM, BEPOSTHOCTD
ciy4daiiHoi motepu coctaBuT 50 %. IToatomy i
HU3KOKOTTUITHBIX JIa3MUJT B TIPOIIECCE IBOIOIIUHI
BBIpabOTaJIHCh CIIeINaIbHBIE MEXaHU3MBI, 00ecTIe-
YUBAOIINE UX MOJICP’KAHUE B TIOMYIISIINH (pHC. 4).
IlepBblii U3 HUX — TOYHOE PACHPEIECICHUE pell-
JIUIIUPOBAHHBIX TLUIA3MUJI MEXKIY JTOUYCPHUMHU
KJIETKaMH Tepe]a JelieHueM (cerperamuoHHas

MexaHuam
nocrcerperaunoHHow ruéenu

[0 aHTUTOKCUH v
mbenb kneTku
B TOKCUH

Puc. 4. Mexanu3mbl MOoAACPIKAHUS TIa3MHU/] B KJIICTKAX XO35WHA.
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CTaOWIBHOCTD). JpyruM MeXaHu3MOM CTaOWIIH-
3aIlUU TJ1a3MU]] SBISETCS TOCTCErperalmoHHas
rulesnp OecIula3MUIHBIX KIETOK. B 310l cucreme
YYaCTBYIOT JIBA TeHA, MPOIYKTaMH KOTOPBIX SIBIISI-
I0TCSl CTaOWIIbHBIM TOKCHH U WHAKTUBUPYIOMINH
€ro «aHTHTOKCHHY», BpeMs JAerpajallii KOTOpOro
3HAYUTENBLHO MeHblIe. KiteTku, coaeprkanye mias-
MUJTy, CHHTE3UPYIOT 002 KOMIIOHEHTA M COXPaHSIOT
JKU3HECMOCOOHOCTh. B KileTkax, moTepsaBIInx
MJIa3MHUy, MOCIe WHAKTUBAIIMN aHTUTOKCHUHA
COXPaHMTCSl CTAOWIILHBIA TOKCHH, YTO MPHUBEICT
K UX TuOenu. MexaHu3Mbl CerperaiMoOHHON CTa-
OMJILHOCTH U MTOCTCErperaliiOHHON rHOen He SB-
JISTFOTCS B3AMMOUCKITFOUAIOIIMMA U Y MHOTUX HU3-
KOKOTIMIHBIX TUTa3MHUJ], B TOM YHcJIe r1a3Muasl F,
BCTPEYAIOTCS OTHOBPEMEHHO.

B otnmiume ot mia3mu npoBUPYCHI (Tpodaru)
NPENCTABISIOT CO00H BUPYCHBIE TeHOMBI, BCTPOCH-
HBIE B TCHOM KJIETKHU-X03MHA U PEIUTUIUPYIOIIE-
cs B ero cocrase (JIptoun, 2011). ITpu uadexmum
JHK Bupyca unbeniupyeTcs B KJIETKY, IIOCIIE YEro
WHUIMAPYIOTCS PETUTHKAIMS M DKCIIPECCHUsT BH-
pycuoro reHoma (puc. 5). [Ipu a3Tom mpoucxonut
«TePenporpaMMHUPOBAHHE» KIETKH HA CHHTE3
BUPYCHBIX OenkoB. B pesynbrare oOpasyroTcs ae-
CATKA—COTHH KOIIUY BUPYCHOTO T€HOMA, KOTOPhIE
YIaKOBBIBAIOTCS B 00pa30BaHHBIE BUPYCHBIME Oell-
KaMU 4acTUIlbl — BUpUOHBL. Ha 3akiiounTenbHon
cTajuyd MHOEKIMOHHOTO Mpolecca MPOUCXOIST
JIN3HUC KIIETKU U OCBOOOXKIEHHE CBOOOIHBIX YaCTHI]
BHUpyca. bonee cI0XHBIM KU3HEHHBIM IUKIOM
obmanaroT nu3oreHHsle Oakrepuodaru. [locie
WH(EKIINN BO3MOKHBI KaK JIMTHYECKOE Pa3BUTHE,
TaK 1 JJATCHTHOE COXpaHEHUE MPOBUpYyca (puc. 5).

WHdekums knetku HGakteprodarom

L Xpomocoma

-

% JIntnueckoe

w% ﬁ passuTtne

Jlnauc knetkn

L /
{7\t

CuHTes darooii [IHK n 6enkos

Bbi6op nuTuyeckoro
WIN NIN3OTEHHOTO NyTH

B nocnenneM ciy4yae npoucXoaaT UHTETpalysl BU-
pycHoii JIHK B XxpoMOCOMY KIIETKU-X03MHA U «BbI-
KJIFOYEHHE» OOJIBIIMHCTBA BUPYCHBIX TCHOB 3a CUET
neiicTBus Oenka-pernpeccopa. B maTerprpoBanHomM
COCTOSTHUH Mpo(har MOKET HACIIEZI0BATLCS B COCTaBE
XpOMOCOMBI Ha MPOTSHKEHUH MHOTHX TeHepanui.
Hexortopeie O6akrepuodaru, nanpumep P1 u N15,
B JIN30I'€HHOM COCTOSTHUM HE BKIJIIOYAIOTCS B XPO-
MOCOMY KJIETKH-XO3MMHA, a IPEICTABIIIOT COOO0M
wra3Muabl. CocrosiHue mpodara, OJJHaKo, HE SBIIS-
eTCsl HeOOpaTHMBIM: B CITy4ae MHAKTUBALMH PETpec-
COpa MPOUCXOAUT BbIpe3aHue (haroBoro reHoma u3
XPOMOCOMBI M pa3BUBAETCsl TUTUUECKUH TPOLIECC.
Takas «uHIyKUMs» npodara, B 4aCTHOCTH, IPOHC-
XOIMT NP MOIAJaHNH KJIETKU B HEOIAaronpusiTHbIE
ycnoBus. IHTerprpoBaHHBIE B XpOMOCOMY mpoda-
I'M MOT'YT HaKaIruIMBaTh MyTalliH, B IIEPBYIO OYEPEb
JIENIeIH, BCIIEACTBUE KOTOPBIX OHHU TEPSAIOT CIO-
COOHOCTb K MHAYKIHMHU U JIUTHYECKOMY Pa3BUTHIO.
Takue «nedexrHbie» npodarn NPUCYTCTBYIOT B
TCHOMax OOJIBIITIHCTBA IPOKaproT. YacTo podaru
U JpyTHe MOOWMIIBHBIE 3JIEMEHTHI BXOJIAT B COCTAB
«TEHOMHBIX OCTPOBKOBY, IPUBHOCUMBIX B TEHOM B
pe3ynbrare cOOBITHI TOPH30HTAIBHOTO MIEPEeHOCa.
YyacTky, OTIMYAIOMIMECS MO0 HYKICOTUIHOMY
COCTaBy OT OCTaJbHOIO FEHOMa, MOTYT COAEPKaTh
I'€Hbl, OTBETCTBEHHBIE 32 IATOI€HE3, CAMOMOTCHE3,
TPAHCIOPT METAILIOB | JIp.

Fopu3oHTaNbHbLIA NepeHoc — npoLecc, B
KOTOPOM OpraHu3m nepeaaeT reHeTUYecknii Ma-
Tepvan Apyromy opraHuamy, He siBMsitoLLeMycst
€ro NoTOMKOM.

O

MHaykums
npodpara

O
&

Penpopykuust 6aktepuid,
coaepxaLmnx npodar

JlnsoreHHoe
passuTtue

Mpodar /

@)

WHTterpauus cdaroson AHK
B XpPOMOCOMY

Puc. 5. )Kusnennsrit uxn Oakreprodara.
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ITpokapuoThI BEIpaOOTaIH HECKOIBKO CIIOCOO0B
0OOPHOBI € MOTTATAFOIIINMHE B KIETKY H3BHE MOOHITh-
HBIMH JJIEMEHTaMH, BUpycaMu. D(PpPeKTUBHBIM
MEXaHU3MOM SIBIISTFOTCS CHCTEMBI PECTPUKIIMA—MO-
mudukarpn JIHK, koTopble pacierisitoT 4yKepoi-
nyto JIHK crnenmduueckumu pecTpuKIMOHHBIMA
depmeHTaMu, OT JeHCTBUSI KOTOPBIX 3allUIICHA
MonuduiupoBanHas MetuaupoBanueMm JJHK
KJIIETKH-X035MHa. B reHoMax MHOTHX OaKTepHit
1 OONBIIMHCTBA apXeid OBUTH HaWJEeHBI YYaCTKH,
Mpe/ICTaBISIONNE cOO0M KiacTephl U3 KOPOTKUX
MOBTOPSIIOIIMXCS MocienoBarenabHocTei (ot 20 10
40 1.H.), pa3/eNeHHBbIX CIelcepaMu ¢ YHUKAJIbHBI-
MH TIOCJIEIOBATEIbHOCTIMH. JTH KJIACTEPhl OBLIH
Ha3BaHbl CRISPR-cTpykTypamu (Clustered Regu-
larly Interspaced Short Palindromic Repeats). Ipen-
TI0JTaraeTcs, 4To CreHCepHbIe M0CIIeI0BaTeIbHOCTH
«OTOMPAIOTCS» U3 BUPYCOB, IIa3MH/] M MOOMIIBHBIX
anemMeHToB, a poiab CRISPR-cTpykTyp coctout B
OJIOKMPOBaHUM PACIPOCTPAHEHNS] MOOMIIBHBIX 3J1e-
MEHTOB, II0CJICIOBATEIbHOCTH KOTOPBIX COBIAIAI0T
C TIOCJIEZIOBATEIHLHOCTSIMH CIIEHCEPOB.

PEI'YJIATOPHBIE DJIEMEHTBI
I'EHOMA ITPOKAPUOT

K gmciy perymaTopHBIX 3JIEMEHTOB T€HOMa
OTHOCSITCSI IPOMOTOPBI, TEPMHUHATOPBI TPAHCKPHII-
UM, aTTEHI0ATOPbI, CAWTBI CBSA3BIBAHUS PETYIIs-
TOpHBIX OenKkoB (Aaxes u ap., 2009). Uunusu-
JIyaJdbHO IKCIPECCUPYEMBIH MPOKAPUOTUIECCKUH
TeH TTIOMUMO KOAMPYIOIIEH CTPYKTypy Oelka HiTu
PHK obGmacTtu comepkUT IpoMOTOP B TEPMHHATOP
TpaHcKpunmuu (puc. 6).

MpomoTop r

Jkcnpeccus reHoB — MNpoLiecc, B Xo4e KOTo-
poro HacnegcTBeHHast MHopmauus (nocnego-
BaTenbHOCTb HykneoTnaos B [AHK) peanuayetcsa
B cvHTe3e PHK unun 6enka.

['enb1, BoBEUEHHBIE B OAHY (DYHKILIHUIO, YacTO
pacriojararoTcsi OAMH 3a APYTUM U TPAHCKPUOHPY-
1orest B oqHot MPHK. Takast opranuszanusi reHOB
HazbIBaeTCs ONepoHOM. | eHbI, CIIeTIeHHbBIE B CO-
CTaBe OTEPOHA, PETYIHUPYIOTCS KOOPAMHUPOBAHHO,
00be/IMHEHNE B OTIEPOH 00JIeryaeT ropu30HTaNb-
HBII IIEPEHOC LEJIOr0 KIIACTEPA FEHOB.

[IpomoTOp — nocae10BaTENbHOCTD HYKICOTH-
noB B IHK, y3naBaemas PHK-nonumepaszoit kax
CTapTOBas TUIOMIA KA JJIs Hadara CrierupuaecKom
TpaHckpunuuu. [IpoMoTopsl IMEIOT /1Ba KOHCEP-
BAaTUBHBIX y4acTKa, OJUH U3 KOTOPBIX HE00XO-
UM JUIsl Y3HaBaHUs, a IPYro — Ui MPOYHOTO
cBsi3pIBaHus pomotopa ¢ PHK-nonumepaszoii. ¥
OOJBIITHCTBA OAKTEPHIA ATO TIOCIIEIOBATEIEHOCTH
¢ koHceHcycoM TTGACA u TATAAT, pacmomno-
JKEHHBIC Ha paccTosHmsIX 35 u 10 HyKIeoTHI0B
OT TOYKH CTapTa TpaHcKpunimu. [IpoMmoropHbIE
00JIaCTH T€HOB MOTYT COJEPKaTh CAHUTBI CBSI3bI-
BaHUS PETYSATOPHBIX OENKOB — crienu(uIecKue
HYKJICOTHUIHBIE MOCIEI0BATEIbHOCTH, CIIOCO0-
HbBIE B3aWMOJICHCTBOBATH C PEIPECCOPaAMH HIIH
aKTUBATOpaMHu TPAHCKPUIIUU. MeXay TOUKOU
Hayalla TPaHCKPHUIIIHA ¥ CTAPTOBBIM KOJIOHOM
OOBIYHO PACIIONOKEH CAUT CBSI3BIBAHHS pUOOCOM,
MOCIIEI0BATEIILHOCTD KOTOPOTO KOMIUIEMEHTapHA
3'-xonny 16S pubocomuoit PHK. Tepmunarop —
yuactok JIHK, conepskamuii curnan (mocnemgosa-

10

[ [ 1

Ko,quylo Liasa nocnegoBaTeribHOCTb

TepmuHaTop

mmme J=o

TpaHckpunT

[omeHbl B3aMmMoaencTans

Q|

OHK  AT®

r TOYKa CTapTa TpaHCKpunuum

{Il—= bBenkoBbIl NpoayKT

Cy6etpar  Iurang  Opyron 6enok

V caWT CBsi3bIBaHUSA perynsatopHoro 6ernka

O caWT cBsi3biBaHUA pubocom

Puc. 6. CtpyKTypa NpOKapuOTUYECKOTO TE€HA.
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TENbHOCTh) OKOHYAHUSI TPAHCKPUIIIUU B KOHIIE
reHa. Kak npaBuiio, TEpMHUHATOPHBIE MTOCIIEI0BA-
TEJIBLHOCTH COAEPKAT HUHBEPTUPOBAHHBIE TOBTOPBI
JUTHHOW HECKOJIBKO HYKJICOTHIOB, 00pasyloiue
mnuiabky B PHK. B ocTaHOBKEe TpaHCKpuNuuu
MOT'YyT IPUHUMATh Yy4acTHE TAK)KE aTTEHI0ATO-
pbl — ocnaburenu TpaHckpunuuu. Hampumep,
B cocTaBe TpunrtodaHoBoro omnepona E. coli
CONIEPKUTCS aTTECHI0ATOP, KOTOPBIA B YCIOBUSAX
n30bITKa TpUnTohaHa oOECICUNBACT CHIDKCHIE
ypoBHsl cuHTe3a MPHK, T. €. BBINIOJIHSET BaKHYIO
(YHKLIUIO peryasiqiy SKCIPECCHH I'CHOB.

BKUIAJ METATEHOMUKH
B U3YUEHUE 'EHOMOB ITPOKAPUOT

OCHOBHBIE CBeZICHHS 00 OpraHu3aI[ii TCHOMOB
MPOKAPHOT MOTY4EHBI IPU H3yUYEHHUHU KyIbTHBUPY-
eMBIX BHJIOB, HO TIO4TH 99 % Oaxrepuil u apxei,
OOHTAIOIINX B IPUPOIAHBIX IKOCHCTEMAX, HE PACTyT
Ha UCKYCCTBEHHBIX cpenax. B mccnenoBannu re-
HOMOB HEKYJIBTHBHPYEMBIX BHJIOB BEyIIasi pOJib
MPHHAJICKUT HOBBIM METOJAM, BKJIFOYAIOIINM:
a) CCKBCHUPOBAHNE aMILTU(QHUIUPOBAHHBIX (par-
MEHTOB T€HOMOB €IMHUYHBIX KJIETOK, H30JIHPO-
BAaHHBIX C MOMOIIBIO MPOTOYHOU LUTOMETPHH;
0) aHaJIM3 KOJUIEKTUBHOIO METareHOMa — COBOKYII-
HOCTH TEHOMOB BCEX MHKpPOOOB B Mpo0Oe, B3ATOM
HEIMOCPEACTBEHHO M3 MPUPOAHOHN cpensl. Cxema
3TANoOB METAreHOMHOI'O aHajiu3a MpHUBEIEeHa Ha
puc. 7. C npuMEHEHHEM METOJI0B METareHOMHUKHU
OTKPBITHI COTHH HOBBIX BHJIOB, AECSTKU THICSY

HOBBIX T€HOB, PEKOHCTPYHPOBAHBI TEHOMBI U Iy TH
MeTa0o0IM3Ma MHOTUX HEKYIbTHBUPYEMBIX BUJIOB,
YTOUYHEHBI (PMIIOTEHETHUECKHE CBS3U TaKCOHOB,
M3yYeHBI TEHHBIC CETH B PA3JIMYHBIX COOOIIECTBAX,
pacmudpoBaHa IpUpoa psiga CUMOMOTHYECKUX
cucreM, pa3paboTaHbl CXeMbl MOHUTOPUHTA TaK-
COHOMHYECKOTO ¥ TEHHOTO COCTaBOB MPHUPOIHBIX
co00IIeCTB, BBISBICHBI HOBBIC MPOLYLIEHTHI OHO-
TEXHOJOTHYECKH MEPCIEKTUBHBIX COCAMHECHUM
(Handelsman, 2004; [lecrakos, 2011).

B onnoii u3 nepseix pador (2004) mo merare-
HOMHOMY aHaJIn3y OMOPa3HO00pa3usi MUKPOOHOTHI
CapraccoBa mMops Obu1o BeisiBIeHO 4800 BUIOB
(BrurOUast okoto 150 panee HEM3BECTHBIX (PHUITOTH-
TTOB) 1 00JIee MIJITHOHA T€HOB, 67 TBIC. U3 KOTOPBIX
HE MMEIW TOMOJIOTOB B 0a3ax JAaHHBIX. B aToMm
HCCIIEA0BaHIN OBLIH C/ICNaHbI KPYITHBIC OTKPBITHS:
a) TIOKa3aHO yJacTre OaKkTepualbHBIX TEHOB, KO-
JUPYIOLIMX PONOTICHH-TIOA00HBIE OCIKH, B CBETO-
3aBHCUMOM SHEPIreTHKE MOPCKUX IKOCUCTEM; O) B
MeTareHoMe 0OHapyKeHO MHOTO (DaroBbIX T€HOB,
YTO ITO3BOJIHIIO0 00OCHOBATH BAXKHYIO POJIE BUPYCOB
B IIepEHOCE TeHOB BHYTPU MHKPOOHOTO cooob1e-
cTBa. MacmTaOHbIe METareHOMHBIC HCCIIeJOBAHMUS
BHEC/IM OOJNBLION BKJAJ B MOHUMaHHUE TCHETHYE-
CKOH CTPYKTYpPBI Pa3IMYHbIX IOUBEHHBIX, BOIHBIX,
IKCTPEMO(UIIBHBIX 3KOCUCTEM; B U3yUEHUE HOBBIX
TaKCOHOB OaKTepUil W apxeil B reoTepMasIbHBIX
ucrounukax (bornu-Ocmomnosckas, Pasun, 2010).
Ha ocHoBe MeTareHoMuku pa3paboTaHa KOHLEI-
LS «CyTIepopraHu3May (puc. 8), B KOTOPOM I'€HBI
YeJI0BeKa IeHCTBYIOT COBMECTHO C KOJIEKTHBHBIM

Mwkpo6Hoe BblaeneHve KnoHvpoBaHue B BekTopax,
coobwectso —> n oumnctka AHK, e TpaHcdhopmaums,
(METAFEHOM) dparmeHTaums 6ubnuoteka pparmeHToB
CekBeHUpoBaHue
nupP l/ \l' \‘ o
unu rmépuamnsaums CniyyaviHble deHoTMNUMECKM
C UnoreHeTnYeckuM  pparMeHThbI 0TGP N0 3KCMpeceuM
P TpaHcreHa
MapKepom
| \l, |
3amelyarowias AHarnm3a cekBeHMpPOBaHHbIX

amnnudmkaums, ———> nocnegoBaTenbHocTen no 6a3am AaHHbIX,

CeKBeHunpoBaHune

dunoreHeTnYeCKUIA aHanNm3,

BblFBlIEHNE HOBbIX reHOB

|

TakcoHoMun4eckas naeHTudukaums

nocTpoeHue reHHo-metabonuyeckon €——— cocTasa MeTareHoma. WHTerpauns

ceTn MUKpobHoro coobLyecTsa

[AaHHbIX ¢ nomoLbto nporpammbl MEGAN

Puc. 7. Cxema ipoBeIeHAS METareHOMHOTO aHAJN3a.



H.B. PaBun, C.B. lllectakos

980
MWKPOBMOM TEHOM YENOBEKA
(reHeTnyeckoe (reHbl
pasHoobpasune N reHeTn4eckne
MWKPOOPraHn3moB) 3MeMeHTbI)
a B3aumogencTene 6
| reHHo-meTabonuyeckue cetn |
A A

vy

Muwa KceHobnoTukn 3popoBbe  BonesHu

Puc. 8. dynxkunonambHas METareHOMHKa CyTiepopra-
HHU3Ma.

a — BU/Ibl U T€HBI, BIUSIOIINE HA KU3HEACATESIbHOCTD Yello-
BEKa; B3aNMOJICHCTBHE MHKPOOOB; O — I'€HBI M KJICTOYHBIE
CHCTEMBI, BIUSIONINE HA MHKPOOHOTY M pearupyomue Ha
M3MEHEHUS B COCTABE M AKTUBHOCTU MUKPOOHOTHI.

TEHOMOM MHUKPOOOB, )KUBYIIINX Ha/B TElle YEIOBEKa
(Ilecraxos, 2010).

N3yuyeHne TaKCOHOMUYECKOTO ¥ TEHHOTO COCTa-
Ba MUKPOOHOTHI JKEITYJOYHO-KHILIEYHOTO TPAKTa
YeJI0BEKa U KMBOTHBIX TIO3BOJIMIIO UIECHTU(DUIIH-
pOBaTb MHOTO HOBBIX NMPOKAPHOTUYECKHX T'€HOB
U BBIACHUTH 3aKOHOMEPHOCTH B3aMMOJICHCTBHUS
Pa3NYHBIX BUIOB/IITAMMOB 9KOCHCTEMBI (haKyIlb-
TaTUBHOTO CUMOMO03a (MyTyan3Ma) C OpTaHI3MOM
xo3stmHa (puc. 9).

I'eHOMHBIH COCTaB MUKPOOUOTHI MHINBUYaJICH
JUTS KaXK/I0TO YeJIOBEKA M 3aBUCHT OT €r0 TeHOTHIIA.
Bwmecre ¢ Tem, reHOMHas BapraOeIbHOCTh OTH3KO-
POACTBEHHBIX IITAMMOB B 9KOCHCTEME 00ecIIedn-
BAa€T BBICOKMH alanTUBHBIA MOTEHI[MANl COCTaBa
MUKpoOHoMa yenoBeka. COanaHCHpPOBAaHHBIA CO-
CTaB MUKpOOMOMa SIBIISCTCSI OHUM M3 KPUTEPHEB
OLICHKH COCTOSIHUS 3110poBbst yenoBeka (Dethlefsen
et al., 2007). VI3MeHeHUs B TUIIE MHUTAHUS TIPH
JIEHCTBUH CTPECCOBBIX (DaKTOPOB, KCCHOOMOTHKOB,
MaTOTeHOB U T. II. MOT'YT ObITh IPUYWHON pa3BUTHS

(TIpM HAJTMYUH TEeHETUYECKOH MPEAPaCIONOKEHHO-
CTH) pa3JInUHBIX NIATOJIOTU, TAKUX KaK O)KUPEHHE,
pakK, ayTOMMMYHHBIE, CEpJIEYHO-COCYAUCTHIE,
WH(EKITUOHHBIE U Tpoune Oose3Hn. MeTareHoM-
HBIM aHaTU3 MUKPOOWOTHI KHUIIEYHUKA, POTOBOM
I0JIOCTH, BATMHBI, KOYKHBIX TOKPOBOB JIA€T BAKHYIO
WH(POPMALIUIO IS PELISHUSI BOIPOCOB JMarHOCTH-
KU, TPOQUIAKTHKHU U JIedeHHsI MHOTHX Oose3neil. B
YaCTHOCTH, pa3paboTaHbl TEXHOJIOT UM IPUMEHEHHS
MHUKPOOHBIX MPerapaTroB MPOOHUOTHKOB JJISl OTITH-
MU3AIHHY AATeTbHOCTH KUIIIEUHUKA U CTUMYIIALIUH
CHCTEM UMMYHHTETA.

O®OPMHUPOBAHUE
N 3BOJIIOOUA 'EHOMOB

AHaIu3 MOJTHBIX TEHOMOB THICSIY BUIOB/IITAM-
MOB MPOKapHOT TMO3BOJIMI IEPEOCMBICIUTE KJlac-
CHUYECKHUE MOCTYNIAThl MOJIEKYJISIPHOH (hritoreHuH,
COOTBETCTBYIOIINE MPEACTABIECHUAM O €IUHOM
YHHMBEPCAIBHOM AEPEBE *KU3HU, OTPAYKAIOIIEM KOH-
LEMINIO BEPTUKAIHEHON 3BOIIOIMHA HA OCHOBE MY-
TALMOHHBIX U3MEHEHUH U UBepreHuun. B cpaBHU-
TEJIbHON F€HOMUKE JUIsl BEIICHEHHS POJICTBEHHBIX
CBsSI3€M M NMPOUCXOXKJEHUS TAaKCOHOB MPHUHATO
HCIOIB30BATh MOHATHS OPTOJIOTMYHBIX U Mapao-
THMYHBIX TeHOB. I10 cTenenn roMonoruu opToJIoros
CYZIIT O TEHETHYECKOM POJICTBE BHIOB/IITAMMOB
MIPOKApPHOT U Ha 3TOI OCHOBE CTPOST TAKCOHOMHU-
4yecKkyro kinaccudpukanuio. Hanbosnee yacto mo-
JIEKYISIPHO-(DMITOTeHETUYECKUI aHaJIN3 BEAYT I10
KOHCEPBaTUBHBIM T'€HETUUYECKUM MapKepam, TAaKUM
KaK ITOCJICZIOBAaTEIIBHOCTH TEHOB 16S prnOOCOMHBIX
PHK wnm 6enkoB ammapara TpaHCKPHITIHH/ TPaHC-
nsimn. Ho guitoreneTnyaeckue epeBbst, MOCTPOCH-
HBIE TOJIBKO Mo Mapkepam 16S pubocomuoii PHK,
HE OTPaXKaIoT peasTbHyI0 HCTOPHIO SBOJIOLINY BH/IA,

/

\

Muk| H
poGHoe <—— fedotan | _________ AKTUBHOCTb MUKPOGOB
pasHoobpasve YyeroBeka
w / \4 / / \ \
CpaBHuTenbHas Bospacr, guera, CpaBHeHve CeHcopHble, MyTaHTHble  TpaHckpunTomuka, MwukpoGHbie
MeTareHoMuka nekapcTBa M T. M.  C MOAENbHbIMU VMMYHHbIE annenu npoteomuka, B3aVMOAENCTBUS
XUBOTHbIMMN cucTeMbl meTabornomuka

N

—

DyHKUMOHMPOBaHWe MVIKpOGVIOTbI N reHHO-MeTabonM4ecknx ceTen BO B3aUMOOENCTBUMN C OpraHM3MoMm 4eroBeka

Puc. 9. Dxocucrema MUKPOOUOTHI KHIIICYHHKA.
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MOCKOJIBKY 4acTO HE COBIAJIAIOT C JACPEBBSIMHU IO
MHOTHUM OPTOJIOTHYHBIM OEJIOK-KOTUPYIOIIAM Te-
HaMm. BepTukanpHOe HacaenoBaHUE IO MTPHHIINAITY
Oudypkanuu HE SBISCTCS STUHCTBEHHBIM MeXa-
HU3MOM, OTPEJISIISFOIIUM OHOJIOTHYECKYFO SBOJIO-
U0 HA YPOBHE OPraHMU3MOB M COOOIIECTB.

[ToMuMO MyTallMOHHOW M3MEHYMBOCTH BaXK-
HYIO poJib B ()OPMHUPOBAHUH T€HOMOB UTPAIOT U
JIpyTHe TeHETUYECKUE MPOIECCHI, MPUBOISIIINE K
peopraHu3anyy TeHOMOB, yTpare WiH MpHoope-
TEHHUIO TEHOB M CErMEHTOB I'€HOMa, K N3MEHEHUIO
pasmepoB renoma (puc. 10).

1. DBOMIOIUS MHOTUX TaKCOHOB IIUIA 110 MYTH
PENYKIIMU TEHOMOB. JTO XapaKTepHO Il O0IH-
TaTHBIX BHYTPUKJIETOYHBIX ITATOT€HOB M SHA0CHM-
6monToB (CMupHOB, 2008). Y HUX yTEpPSHBI T€HBI
HEKOTOPBIX MyTel MeTadoIM3Ma U KJICTOYHBIX
MPOLIECCOB, OTCYTCTBUE KOTOPBIX KOMIICHCUPYETCS
CUCTEMaMHU KJICTKH X031HA. DKOHOMUYECKH «BbI-
TO/THAsD» PEAYKIIMSI TeHOMOB HalpaBJieHa Ha OIITH-
MU3AIHIO TIPHCIIOCOOIEHHOCTH MUKPOOOB K Y3KHM
CICIMAIM3UPOBAHHBIM 3KOHHMIIaM. [Tpu 3TOM Mo-
I'YT TEPATHCS KaK «HEHYX HBICY» TeHbI (TI0CKOJIBKY
uX QYHKIMU 00€CTIeYHBAIOTCSl OPraHU3MOM XO35TH-
Ha), TaK ¥ TCHBI, «MEIIAFOIIUE) aIalTalluH, HAPH-
Mep, OTBETCTBEHHBIE 32 BUPYJICHTHOCTH FITH YyBCT-
BHUTEJILHOCTh K KCEHOOMOTHKaM. PemyKimoHHas
IBOJIIONIUS XapaKTepHa ¥ JUIs CBOOOTHOKHBYIIIUX
MHUKPOOOB, B YACTHOCTH JIJIsl MOPCKUX OJTHOKJIE-
TOYHBIX HUaHoOaktepuii Prochlorococcus, obna-
JAFOIIMX MajJeHbKknMH TeHomamu (1,0-1,8 MO)
1 OOUTAIOIMMHA B OTHOCHUTEIFHO TOMOTEHHOM,
00CTHEHHOW OPTAaHUKOW cpeje. YMCHBIICHHUE
pasMepoB reHOMOB MOXKET MPOUCXOIUTH IyTEM
yTparhbl OOJNBIINX CETMEHTOB B COCTABE IJIa3MHU/I,
npo¢aroB, MOOUJIBHBIX AJIEMEHTOB, TCHOMHBIX
OCTPOBKOB H T. II., @ TAK)KE B PE3yJIbTATC WHAKTH-
BaIMH OT/IEJIHBIX T€HOB, KOTOPBIE TIPEBPAIIAOTCS

YBenuyeHve cogepxxaHns LI,HK
(cenekumsi Ha yHKLMIO reHa)

D D I'IpmoGpeTeHMe reHoB

[vBepreHuus

OpTONOrnYHble reHbl — CXOAHbIE N0 CTeNeHN
rOMOMOrm reHbl B reHOMax pa3HbIX OPraHM3moB,
npovcxoaswime OT obwero NpegkoBOro reHa u
nepeampoLinecs npu BepTUKanbHOM Hacreno-
BaHUM.

MapanornyHbie reHbl — CXOHbIE FEHbl BHYT-
pu ogHoro reHoma. OHV BO3HMKAIOT B pe3ynbrare
OynNnuKaumm n garT Havyano ceMencTBam reHoB
€ Bnm3KMMU hyHKUMAMK.

B TICEBIOTCHBI, YIUMHUHUPYEMBIC TTOCPEICTBOM
neneunit (puc. 10). KiroueByio poib B 3po3uu
TCHOMOB BBINIOJIHSIFOT CUCTEMbI PEKOMOWHAIINH,
YYaCTBYIOIME B TCHOMHBIX IIEPECTPONKAX.

2. OyHKIIMOHAJIbHAS PEOPraHU3aLNSI TEHOMOB
OCYULIECTBIISIETCSL YEPE3 MPOLECCHl TOMOJIOrNY-
HOW M calT-crielupuIecKol peKOMOUHAIUH,
TPAHCIIO3UIUH, 00CCIICUNBAIOIICH TePEMEILICHUES
BHYTPU F€HOMAa T'€HOB U T'€HETUYECKUX DIECMEH-
TOB, OTBETCTBEHHBIX 33 PETYJSLHUIO IKCIPECCUU
reHoB. Takasi HecTaOMILHOCTh T€HOMa CBs3aHa
¢ HammIueM [S-37eMeHTOB ¢ QYyHKIIUSIMH HH-
Terpas u TPAHCII03a3, YIaCTBYIONIUX B TIPOIECccax
TPAHCIO3ULMU. | eHOMHBIE ITEPECTPOUKHU JIEIKAT B
OCHOBE «(ha30BbIX BapHaIlHi», TPOSIBISIOIIUXCS
B CHCTEMHOH MOP(OIOTHYECKONH N3MEHYUBOCTH
OakTepuii, B alallTHBHOM W3MEHEHUH MHOTHX
[IPU3HAKOB, ONPEACISIONIUX HalPaBICHHOCTh
MHKPOIBOJIIOITHIOHHBIX TIPOIECCOB B MOMYJISIIHSIX.
Ot paznuunii B peKOMOMHAIIMOHHOM TOTCHIIAATIE
3aBUCST U CLICHAPUU PBOJIIOIIMY T€HOMOB. Y BUIOB
C aKTUBHOM CHCTEMOM TpaHcIo3a3 (hopMUpOBaHHE
TEHOMOB OCYILIECTBIISIETCSA NPEUMYILIECTBEHHO Ue-
pe3 TEHOMHBIE TTePECTPONKH. DBOIOIHS TEHOMOB C
HU3KOH PEKOMOUHAIIMOHHON aKTUBHOCTBIO HJIET 10
IIyTH MYTAI[MOHHBIX U3MEHEHUN, OTBETCTBEHHBIX
3a TeHHBIH TOJUMOPHU3M.

YTpata AHK
(MyTaumu, reHeTuYeckuii apend)

YTpara pparmeHTa
C (pyHKUMOHANbHBIM reHOM

KpynHble geneuunn

WHaktuBaumsa

Opoaus,
reHa, nceBaoreH eneuns

Puc. 10. ITyTu 3BoIOIIMHN pazMepa reHOMOB TPOKAPHOT.
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PDyHKUMM reHa

[ynnukaums
1 2 -
[Oynnukaums
/ \ 31 2
* *
1 ] 2 | -

@ Cy6dyHKLMoHanu3aums

] - ytpata dyHkuuy;

®

KoHcepBauus (yasoeHue [03bl)

1 2 + 1 2

@ MNceBaoreHusauus

e

3* i

@ HeodyHkumoHannsaumsa

] - HoBast coyHkums; — MyTauust

Puc. 11. O6pa3zoBanue napaJorHyHbIX TEHOB MIPU TYTUIMKAIMU U AUBEPreHInH OM(yHKINOHAIBHOTO TeHA.

3. PexoMOWHAIIMOHHBIE MEXaHU3MBI OTBEUAIOT
3a yBeJIMUYeHHe pa3MepoB I'EHOMOB U Yepe3 o0pa-
30BaHUE MapajIOTUIHBIX TEHOB, TOIBEPTAOIITIXCS
¢yHKUIHOHaNbHON nuBepreHinn. Obpa3oBaHue
NapajOrHYHbIX I'CHOB YBEIUYHMBACT OCIKOBBIN
periepTyap, aJanTUBHBIA MOTEHIUAN KICTOK U
JISKUT B OCHOBE MPOLIECCOB YCIOKHEHUS KIETOY-
HOW OpraHM3alud. JTO IPOUCXOIUT B PE3yIbTaTe
Y TITUKAIAA/ MYIBTATUTAKAIIAN TEHOB C TIOMOTIIBIO
CHCTEM HEPaBHOTO KPOCCHHTOBEPA, TPAHCIIOZUIIHI
(Hahn, 2009).

B03MOKHBI HECKOJIBKO BApUAHTOB peau3aii
CynbOBI TTApaJOTHYHBIX TeHOB (puc. 11).

1. TangeMHO AYIUIMIIMPOBAHHBIE TEHBI, Ubs
aKTUBHOCTD Jlae€T 0e3yCIIOBHBIE MPEUMYIIIECTBa,
MOTYT JIONITO COXPaHIThCS B HEM3MEHHOM BHJIC
NoJ JEeHCTBUEM MOIIHOTO CTaOWUIU3UPYIOIIEro
orOopa. Takasi KOHCcepBalMs YBEIHUYUBACT 103y
TeHa U MOJIJICPKUBAET BRICOKUH YPOBEHb TEHHOTO
MIPOIYKTa, OTBETCTBEHHOT'O 32 YXKU3HEHHO BajKHbIC
npu3Haku. Hanmnuue uaeHTUYHBIX KOMHM rapaH-

1. N—GH X
OT160p no X-pyHKUMM
p yHKL
MprobpeTeHune reHa
2.
€H A DyHKUMSA
He HyXHa CHOBA HyXXHa
—p —p
YTparta reHa

3 = HeoptonoruyHbin

“' reH D
—p
[eH C,

DyHKLUMA

DYHKLMOH.
opTosnor

reHom D

YTpata
rea C

3amelleHne
—_—

BamelleHne

TUPYET coXxpaHeHue (QYHKIIMU, €CIIU TPOU30HIET
WHAKTUBAIIHSI OTHOTO U3 MapajoroB.

2. I'maBHBIM ke HaNpaBICHUEM B 3BOIIOIHOH-
HOM IIpeo0pa30BaHUM MAaPaJTOrMYHBIX T€HOB SBJIS-
eTcs uxX TpanchopMaus ¢ pazaeseHieM QyHKIUN
(cyOdyHKIIMOHANMM3AMMS) WIK ¢ 00pa3oBaHUEM
HOBOH (yHKIMH (HeopyHKIIMOHaMM3anys). B ep-
BOM CJIy4ae y OHOTO M3 apajioroB COXPaHIIOTCS
BCE MCXOAHBIC (YHKIMH, TOTJA KaK y ApYyroro (a
MOXET OBITh, © Y 000HX) IPOUCXOAUT pa3lesicHHEe
JOMEHOB (pHUC. 0), KOHTPONUPYIOLIUX Pa3HbIC
(yHKIMHA: KaTaau3, B3aUMOIEHCTBUE C IMTaHIAMHU
u 6enkamu, cBsi3piBanue ¢ JJHK u 1. . B utore Bo3-
HUKAIOT JIBa F'eHa, KOIUPYIOIINX pa3HbIe IPOTYKTHI.
CTpyKTYypHO CXOAHBIE Mapasiory, OKa3aBIIMECs
[IOJl KOHTPOJIEM Pa3IMYHBIX MIPOMOTOPOB, MOTYT
(hyHKIIMOHMPOBATH TO-pa3HOMy. Takas cyO(hyHK-
LUOHAJIN3AIMsI XapaKTEepHa IS SKOMapajoros,
KOTOPBIE B OJIHOM KJIETKE SKCIPECCUPYIOTCS TU(]-
(epeHIIMPOBAaHHO B Pa3HBIX YCIOBHSIX OOUTaHUS
(pH, Temnieparypa, COIEHOCTh, HATMUKE CyOCTpa-

ApanTtauns
K HOBbIM
YCNOoBUSIM

Puc. 12. I[TyTu ropu30HTAIBHOIO IEPEHOCA
TEHOB.
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TOB U T. 1.). MI3MeHeHune cTpyKTypsl Mapanora
MOYKET TPUBECTH K €r0 HeO(PYHKIIMOHATN3AIUH,
T. €. K IpUOOPETeHNI0 COBCEM HOBOW (PyHKITWH,
OTCYTCTBYIOIIEH Yy MCXOJHOTO T€Ha, MOCITYKHUB-
IIer0 MCTOYHUKOM AYyIUIMKanuu. B pesymnbrare
JUBEpCUPUKALIMH TapAIOTUYHBIX T€HOB MPOMUC-
XOJIMJIa HKCTIAHCHUS POJICTBEHHBIX CEMEHCTB I'€HOB:
HarpuMep, B TEHOME Yy OOMTAIOMIeH B KAIIIEYHHUKE
4yesoBeKa Oakrepun Bacteroides thetaiotaomicron
obnapyxkeHo 6onee 170 mapasoruaHBIX TEHOB, KO-
JTUPYIOLINX TITUKO3WII-THIPOJIa3bl, PACILETIISIOIINE
B TOM YHCJI€ Pa3IMYHbIE OJUIO- U MOJIMCAXAPHIBI.
BeposiTHOCTB nymumukaiuii mpu oOpa3oBaHUU Tia-
PAJIOTHYHBIX T€HOB 3aBHCHUT OT WX JIOKAIU3aIlluU
B TEHOME W MPHUHAICKHOCTH K OINpeneIeHHON
¢yHKIIMOHATRHON Kareropuu. Hambomee wacTo
JYTITUKAISM TT0JIBEPTalOTCs TeHbI, KOHTPOJIHPY-
IOII[I€ CEHCOPHBIE CUCTEMBI a/IalITUBHOIO OTBETA,
TPaHCIOpPTa MOHOB, CUHTE3a MOBEPXHOCTHBIX
MOJINCaxXapuIOB, OCJIKOB peCTPUKIHA—MOAU]H-
kanuu, nporeccoB penapanuu JJHK, annapara
MTOJIBMYKHOCTH KJIETOK H JIp.

4. VYBenuueHue pazMepoB I'€éHOMa M T€HHOTO
pernepTyapa MOXeT OBbITh CIEICTBUEM TOPU30H-
tanpHOro nepenoca renoB (I'TIN) kak mexnay
ONTM3KOPOJICTBEHHBIME TaKCOHAMHM, TaK U MEXKILY
(uITOTeHeTHYECKH OTIAIEHHBIMU BUIaMHU U JTaKe
Mexy OakrtepusMu U apxesimu. Ecim B pesyib-
Tare MyTaluid U BHYTPUTEHOMHBIX MEPECTPOEK
MIPOUCXOAAT U3MEHEHHUs (IepepacipesiesieHe) B
cymiectBytoueM reHome, To I'TII" 3akmrouaercs B
MPUOOPETEHUH HOBBIX T€HOB, TeHHBIX KIIACTEPOB U
TEeHETHYECKUX DIIEMEHTOB, YTO BEJIET K ITOSIBIICHHIO
HOBBIX IIPU3HAKOB, JAIOIINX KJIETKE CEJIeKTHBHBIC
npeumyiiectsa (Illecraxkos, 2007; Boto, 2010).
I'TII" Mex 1y reHeTUYeCKU AaleKUMU apTHEPaMHU
OCYIIECTBIISIETCS Yepe3 Mpolecchl Tpanchopma-
WY, KOHBIOTAIIMU, TPAHCIAYKIIUU TTOCPEICTBOM
MEXaHU3MOB CaUT-HAIIPABICHHON U «HE3aKOHHOM
pEKOMOWHAITNH, ITyTEeM BHEIPEHUS TIIa3MUJI H MO-
OWMJIBHBIX DIIEMEHTOB. IHHOBaIIMOHHYO IICHHOCTh
npeacrasisitor Tpu tuna [T (puc. 12): 1) npu-
BHECEHHE I'eHa, HE UIMEIOIIETO TOMOJIOTOB B TEHOME
PELUITHEHTA; 2) IIEPEHOC CXOAHOTO OPTOJIIOTHYHOTO
TeHa OT PUIIOTEHETHYECKU JAJIEKOTO JJOHOpPa; 3) 3a-
MeIIeHNe TeHOM-KCEHOIOTOM PE3UICHTHOTO IeHa,
OTBETCTBEHHOTO 32 CXOIHYI0 QyHKIHIO. [Tomyuen-
HBIE «UYKEPOIHBIE» TCHbI MOKHO OOHAPYKHUTH IO
(1) oTIMuMIO B HYKJIEOTHAHOM COCTaBE M YacTOTE
BCTPEYAEMOCTH KOJIOHOB HOBOTO CETMEHTa OT OC-

TaJbHOW YacTH TeHoMa; (2) MO BBHICOKOH CTEICHH
CXOJICTBA C TCHOM M3 (DUIIOT€HETHYECKH 1aJIEKOTO
TakcoHa; (3) MO OTJIMYHIO B ITOJIOKCHUH aHATH31-
pyeMoro reHa Ha (UIOTEHETHYECKOM JIEpeBE OT
JPYTHX TEHOB B TEHOME.

B pesynsrare I'TII" opranu3msl OIy4aroT HO-
BbIe METa0OIMYECKUE BOSMOKHOCTH, CHCTEMBI 3a-
LIUTHI OT HaTOr€HOB, KCEHOOMOTHKOB, CTPECCOBBIX
BO3ZIEHCTBUH, (haKTOPBI ONITUMH3AIIH/PETYIISIIUI
KJIETOUHBIX cucTteM. Yamie Bcero mumrerasmu I'TIT
SIBJISTFOTCS T€HBI, KOHTPOJIMPYIOIIHE ITPOIIECChI BTO-
PUYHOTO METa0oNIN3Ma, TPAHCIIOPTHBIE ¥ CUTHAJIb-
HBIE CHCTEMBI, TIOAABMKHOCTh KJIETOK, BUPYJIEHT-
HOCTb, yCTOMUMBOCTb K KCCHOOMOTHKAM, T. €. T€HBI,
nMeroiye 00JbIIoe aJanTHBHOE 3HaYeHue. Pexe B
I'TIT" ygacTByIOT reHbl HH(OPMAIIIOHHBIX CHCTEM
(penMKanyu, TPAHCKPUIILUU U JpP., COCTABIIAIO-
mue 0a3oBbIl TeHOM). KieTka ciyKUT mpoTod-
HOM €MKOCTBIO, B T€HOME KOTOpPOH B Mpoliecce
9BOJIIOIIMH 3JIUMUHUPYIOTCA «HEHY>KHBIE)» TEHBI
1 TIPUOOPETAIOTCS U 3aKPEIUISIOTCS «I10JIC3HBIEY
TeHbI (KJIaCTephl TeHOB), 00ECTIEYNBAONINE TTPH-
CIOCOOJIEHHOCTh K KOHKPETHBIM JKOJIOTHYECKUM
ycnoBusiM. [IproOpeTeHHbIe TeHbl OABEPraloTCs
amenuopauuu — yaudukauuu G + C cocrasa u
BCTPEUYAEMOCTH KOIOHOB (3a CUET HAKOIJICHUS
MYTalUi) U CTAHOBSTCS HEOTIMUUMBIMH OT T'€HOB
HMCXOAHOTO TeHoMa. [loaToMy MOXKHO HaJex)HO
OTCJICKHMBATh CPABHUTEIBHO HEJaBHHE COOBITHUS
I'TIl" u cyauTh 0 BpEMEHU MPHOOPETEHHS TEHOB,
COOTHOCHTB IPOLIECCH (YOPMHUPOBAHHS TCHOMOB C
FeOJIOTHYECKUMU NTEPUOIaMHU U 3KOJIOTHYECKUMH
KpHU3UCaMHM, U3y4aTh JUHAMUKY PETHOHAIbHOHN
OHMOTEHI.

B npuHnune Bo3M0Xe€H rOpU30HTaNIBHBIH TIepe-
HOC JTIOOBIX T€HOB, HO BEPOSITHOCTh MX MHTET PALIH
B TE€HOM PELMIHEHTA JUMHUTHPYETCS MHOTHUMHU
(akTopaMu: CTPYKTypaMH KJIETOYHOH MOBEPX-
HOCTH, CUCTEMaMH PECTPUKIMU—MOAN(DUKALIH,
AKTUBHOCTBIO CHCTEM PEKOMOMHAIINHU, COBMECTH-
MOCTBIO C Ty TSIMH METa00JIN3Ma, BO3MOKHOCTSIMH
orOopa KieTok B momyisuuu. [losromy nuimb
HeOonpIas A0S IepEHECEHHBIX TeHOB (UKCH-
pyeTcs cTadMIIbHO B TeHOME penunueHTa. Tem He
MeHee OOLICITPUHATHIMU CTAIM MPEICTABICHUS O
toM, yTo I'TI[" sBNAETCS MOILHBIM YCKOpPUTEIEM
IBOJIFOIIMOHHOTO ITPOIECCa BOZHUKHOBEHHSI HOBBIX
BHJIOB/IITAMMOB. Bce 0oJIbIly 0 TOAEPIKKY IO~
Jy4aeT KOHIIETIUs, COITIaCHO KOTOPOH OCHOBHOM
BKJIaJ B 3BOJIIOLMIO NPOKAPHOT, GOpMUPOBAHHE
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WX TEHOMOB BHECIM UMEHHO COOBITHS TOPU30H-
TaJbHOTO TIepeHoca. B HacTosIiee Bpemst ycrer-
HO pa3padaThIBalOTCS METOIWYECKHUE TTOAXOIBI,
HalpaBJICHHBIC HA TMOCTPOCHUE HOBOW CHCTEMBI
MOJICKYJISIPHOU (PUIIOTEHUH, KOTOpPasi COCAUHSICT
MIPUHIIUIIBI BEPTUKAIBHOM 3BOIIOIMH (Ha OCHOBE
Ooudypranmm) v TOpH30HTAIBHOTO TIEPEHOCA IEHOB,
OTPAXKAOIIETO ITyTH CETEBOW BOJFOIUH.
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