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OBbLLWME BOIPOCDI




TEMAT

HOCUTEJIN }
HACJIEQCTBEHHOMW
MHOOPMALLN.
OCHOBHDbIE
[EHETUYECKWE
[MPOLIECCbHI B KJTETKAX

Bce xxuBble OpraHu3Mbl COCTOAT U3 KJIETOK. DBOJIOIM TIOIILJIA IBYMS
MyTSIMH, CO3/IaB OPTaHU3MBI, He 00JIadafoNue TUTTUIHBIM KIETOTHBIM
A/JpOM U XPOMOCOMHBIM allrapaToM (IIPOKapuoOTbl) U UMEIOIIHUE S/IPO
(aykapuorsr). K mpokapuoram OTHOCAT OaKTepUU W CHUHE-3eJIeHbIe
Bosopocyu. Bece ocTanbHbIE JKUBBIE OPTAHU3MbI OTHOCSATCS K 9yKapuo-
TrdeckuM. B spe kietku gokannzosanbl MosiekyJibl JIHK. Axpo morpy-
JKEHO B IIUTOIIa3My. B nuroruiasme cojepskarcs o6pasoBatus, Ha3bIBa-
eMble OpraHesiJiaMi, OHU BBITIOJHSAIOT padianunblie pynkinuu. Hampumep,
MUTOXOH/IPUM HA3BIBAIOT 9HEPTETUYECKUMU CTAHITUAMU KJIETKU. B HUX
MPOUCXOJAT XUMHUUECKHE PEAKINK, KOTOPble 06eCIeunBaioT dHEePTreTu-
YyecKWe MUKl B KiaeTkaX. Ha pubocomax MpoucxoauT cuHTe3 Geska
(puc. 1.1, cM. 1IB. BKJIEWKY).

Opranusm yesoBeka coctouT us 10 kirerok. OHU 00PasyOT OKOJIO
300 TunoB TKaHel, U3 KOTOPBLIX COCTOAT OpraHbl W cucTembl. OHAKO
MMEHHO KJIETKA SBJISIETCS BAKHEHTIEH CTPYKTYPHOH U (DyHKITMOHATBHON
eIMHUTIEH, TOH apeHoil, Ha KOTOPOIT Pa3bITPBIBAIOTCST COOBITHS, MMEIOTITHE
3HAUEHUE JIJIs1 CYAbOBI OPTraHU3Ma B IIEJIOM.

OCHOBHO# CTPOUTEJIBHBIN MaTepuas, U3 KOTOPOTO COCTOSIT KJIETKU
U TKaHW, — OeJIKU. Y HUX €CTh €ellle 0/[Ha BaskHast QYHKI[USI — OHU SIBJISI-
I0TCS KaTaJn3aTopaMu, YCKOPAIOMUMYA OMOXUMUYECKHUE MTPOIIECChI, TOT
camblit 06MeH, KOTOPBIii ABJISIETCSA OCHOBHBIM CBOWCTBOM JKU3HM.
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B opranusme uenoseka okoso 100 teic. 6erkos. Ho mogobuo Tomy,
KaK 3/IaHWS CAMBIX TIPUIYATUBBIX aDXUTEKTYPHBIX (POPM MOKHO TIOCTPO-
WUTh U3 HEGOIBIIOTO YK CIa PA3HOBUAHOCTEH CTPOUTENBHBIX MATEPUAJIOB,
TaKk ¥ BCe MHOT0OOpasue OeJKOB COCTOUT Bcero n3 20 aMUHOKKCJIOT.
Bo/bIInHCTBO OEIKOB Y Y€JOBEKA COCTOUT U3 2 ThIC. AaMUHOKUCJIOTHBIX
OCTATKOB, OJIHAKO U3BECTHbI U IEITH, BKJIIOYAIOIINE 0 5 ThIC. OCTATKOB.

Nudopmaiius o ToM, Kakue «KUPIUYUKA» U B KAKOM TOPSJIKE TOJIK-
HBI PACIOJIOKUTHCA B JIVIMHHON MoOJieKyJie, 3akonauposana B JJHK.

JTHK npezacrasisier cob6oil AIMHHYIO, 3aKPYYEHHYIO B JBOWHYIO
CIIUPATh MOJIEKYJY — IIOCJIeIOBATENbHOCTh HYKJEOTUIOB, KaKIBI
W3 KOTOPBIX COMEPKUT OcTaTok (hochopHON KUCIOTHI, caxap (/1e30K-
cupubo3y) U OJHO W3 UYETHIPEX a30THCTHIX OCHOBaHWIl. A30THCTHIE
ocHoBaHus o6ozHavaroT OykBamu A (ageHun), T (tumun), T' (ryanunx)
u II (tmto3un).

WX cTpoeHme TAaKOBO, YTO OHU MOTYT PaCIOJIaraTbCs APYT MPOTHUB
ApyTa TOJIBKO CTPOTO onpeaesneHHbiM obpasom: A=T wu I'=II, To ectb
BO3MOKHO CYIIECTBOBAHHE TOJIBKO JIBYX THUIIOB ITap HykjieoTu0B. Obpa-
30BaHME Map HYKJICOTUIOB MPOUCXOMUT B COOTBETCTBUU C TIPUHIIMIIOM
KoMmIieMeHTapaoctu (puc. 1.2, cM. 1[B. BKJIEHKY ).

Kasxapie 3 Hykaeoruma 06pasyioT KogoH (TPUILIET) — €UHUILY TeHe-
THYECKOTO KOJIa, KOTOPBIi 0OBIYHO KOIUPYET BKIIOYEHUE OJHONH aMUHO-
kucaotsl. [locieoBaTeIbHOCTD KOIOHOB B TE€HE OTIPEEIISIET MOCTeI0Ba-
TeTbHOCTh AMUHOKUCIIOT B TIOJIMMENTHIHON TeT GeTka, KOIUPYEMOro
oTuM resoM (tabu. 1.1).

Tabnuua 1.1. leHeTU4eCKMNIA KO

Ha3BaHue aMUHOKUCNOTbI CoOTBETCTBYHLMUE KOAOHDI (TPUNNETI)
AnaHuH ruy, ruy, ruA, rur
ApruHuH ury, ura, UrA, Urr, ArA, Arr
Acnaparut AAY, AAL,
AcnaparnHoBas Kucnora FAY, TAL
Banux rvy, ryu, ryA, rvr
TUCTUANH LIAY, LAL
TnnumH Ty, ITU, TTA, ITT
[nyTamux LIAA, LIAT




Tema 1. Hocutenu HacneacTBEHHOM VIHCbOpMaLI,VH/I. OCHOBHble reHeTUYECKME..,

Oxonuanue mabn. 1.1

Ha3BaHue aMUHOKMCNOTbI

CooTBETCTBYIOLINE KOAOHDI (TPUNNETDI)

[nyTamuHoBas Kucnota

TAA, TAT

N3oneiumx Avy, AVL, AYA

Neuux LYY, LVLL, LIVA, LIYT, VYA, VYT
JIn3uH AAA, AAT

MeTunoHuH AVl

MponuH LUy, Ly, LA, Lur

CepuH yuy, yuu, YUA, yur, Ary, Ary
Tuposnx YAY, VAL,

TpeoHuH ALY, AULL, ALA, AUr
Tpuntodpan yIT

®eHunanaHuH YVY, vyl

LncTenH yruy, yru

Hayano cuHTesa AVl

Cron-curnan VAA, VAT, YTA

B HacCTodlee BpeEMA

TPUILJIETHBIN KOJI TTOJTHOCTBIO pacirmdpoBan

U U3y4YeHBI €T0 CBOMCTBA: TPUILJIETHOCTh — COUYETaHMe TPeX HYKIEOTUIOB
YKa3bIBAET «UMsI» OMHON aMUHOKHUCJIOTEL; HETIPEPBIBHOCTh — MEKIY TPH-
IJIeTaM¥W HET 3HAKOB MPENWHAHUS, TO €CTh WHMOPMAIUS CUUTHIBACTCS
HETPEPBIBHO; HEITEPEKPBIBAEMOCTDb — OJINH U TOT K€ HYyKJIEOTH/] HE MOKET
BXO/IUTH OZIHOBPEMEHHO B COCTaB ABYX WJIK O0Jiee TPUILIETOB; OHO3HAY-
HOCTb — OIPEICJICHHBIN KOJIOH COOTBETCTBYET TOJIBKO OJTHON aMUHOKHC-
JIOTE; BBIPOKIEHHOCTH (M30BITOUHOCTD) — OJIHOM U TOM JKe aMUHOKUCJIOTE
MO’KeT COOTBETCTBOBATH HECKOJIBKO KOJOHOB; YHUBEPCATBHOCTh — TeHe-
TUYECKUH KOl paboTaeT OJIMHAKOBO B OPraHU3Max PasHOTO YPOBHS CJIOK-
HOCTH, OT BUPYCOB [0 Y€JIOBEKA.

lem — xuoueBOe TMOHATHE B TeHeTUKe. [eH — y9acTOK MOJIEKYJIbI
IHK, xoaupyroiuii 1160 1mocaeoBaTelbHOCTh aMUHOKHUCIIOT B OeJlKe,
anbo pasHble BUIbI MOJIEKYJ puboHykjgenHosoit kuciaorsl (PHK),
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y4yacTByiommue B cuntese Oenka. OIHAKO B HACTOsIIEE BPEMS He CyIIle-
CTBYeT YHUBEPCATBHOTO OIIpeJieJIeHUsT TeHa, KOTOPOe YIOBJIETBODPH-
J10 OBl Beex uccaegoBaresieil. Ten npeacrasiasger coOOi 1OCIE10BATEb-
noctb JIHK, cocrasisionye cerMeHTbl KOTOPOil He0OA3aTeNbHO A0AKHDI
ObITH (DU3UUECKU CMEKHBIMI. JTa mocienoBareabHocTh JJHK comepsxut
uHpopmamio 06 OAHOM WM HECKOJbKUX TIPOAYKTaX B BuUAE Oejka
i PHK. IIpoaykTsl rena yHKIIMOHUPYIOT B COCTaBe T€HETUYECKUX
PEryJIsSTOPHBIX CeTell, Pe3ybTaT paboThl KOTOPIX PEAIU3YETCs Ha YPOBHE
(penorumna.

MecTo pacmosiokeHHsI TeHa B XPOMOCOME Ha3bIBAIOT JIOKYCOM.
Ha camowm ke mesre kKak cymMMa KOIUPYIONIUX TTOCTIEIOBATEIbHOCTE TeH
3aHUMAET JIUIITh YaCThb JIOKyca. [eHBI cOCTOAT U3 KOAUPYIOMNUX YIaCTKOB
(9K30HOB), pa3zeseHHbIX HekoampylonmuMu (MHTpoHamMn ). Kpome ToTO,
MPUCYTCTBYIOT HEGOMBITNE PETYAATOPHBIE YUACTKIL.

PaccMoTpuM, Kak TIPOUCXOIUT CUHTE3 OeJIKa.

Cuavasia nadopmanmio Hago cantaTh. Ha aToM aTare nBoitHast MmoJe-
kysna JIHK pacrieraercs, u Ha OHOU U3 ee HAUTEH CUHTE3UPYETCS HUTD
mouiekysibl PHK. Ona otnnuaercs ot /IHK Tem, uTto coctonT ns ogHOM
HUTH, WMEeT JPYToil yTJEBOAHBIA OCTATOK — pubO3y, a a30TUCTOEe
ocHoBanue T 3aMeHeHO B Hell Ha yparui (Y). ITOT IpoIlecc Ha3bIBAIOT
TpaHcKpuriueii (OT Jat. transcription — mepenucbiBaHue).

CuHTe3MpOoBaHHAS MOJIEKYJIa MATPUYHONW PUOOHYKIEUHOBOW KUCIIO-
61 (MPHK) nmoasepraercs nonomnuTenbHbIM TipeBpatienusm (puc. 1.3,
CM. IIB. BKJEHKY). B GoJbIInHCTBE cirydaeB McxoaHas Moyekyia MPHK
paspesaercs Ha oTnesbHBIE (hparmMeHTH. OMHU PparMeHTBl — WHTPO-
HBI — PaCHIETJITIOTCS 10 HYKJIEOTHUIOB, a APyTrue — 3K30HBI — CIIH-
Batorcss B 3penyio MPHK. TIporece coennHeHusT 9K30HOB «be3 yselr-
KOB» HasbIBAIOT CILIaficuHroM. Takum 0OpasoMm, NPOUCXOAUT IPOIeC-
cuHr (cospeBanne) — obpazosanue Mosiekys MPHK, mpeacraBisiommx
HEIPEPBIBHYIO MOCIEI0BATETbHOCTh HYKJIEOTUIOB, KOMILJIEMEHTAPHYIO
TOJIbKO 3K30HAM.

Hanee mosekysibt MPHK BbIxoA4T U3 g1pa B IIUTOIIA3MY U COEIMHSI-
10TCst ¢ puGOCOMaMHU, T/Ie TPOUCXOINT TIPOIIECC TPAHCAATIUN. TpaHCasms
3aKJII0YAETCS B CHHTE3€ TIOJIUTIETITHIHON I[eNTN B COOTBETCTBUU ¢ MHMOP-
Mmareit, 3akoauposannoit B MPHK.

[TomHOCTRIO TIpOTIECC TTepeaun TeHeTndeckon nHpopmaruu ot JJHK
¢ nomoripto PHK k Genkam HasbiBatoT akcrpeccueil (paboToil) reHa
(puc. 1.4, cM. IIB. BKJIEHKY).

IMocieoBaTe IbHOCTh MATPUUHBIX PEAKIUNl 1IpU OMOCUHTE3e OEIKOB
MOJKHO TIPeJICTaBUTh B Bujle cxembl 1.1.
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Cxema 1.1. [TocneaoBaTenbHOCTb MAaTPUYHBIX PeakLmii npn 6uocuHTe3e 6enkoB

HeTtpaHckpubupyemas uenb OHK ATT rruy TAT
TpaHckpuoupyemas enb JHK TAL uur ATA
Tpanckpunuus JHK | U U
KofoHbl MPHK AVYT rry YAY
Tpancnauus MPHK U U y
AHTUKOLOHBI MPHK VAL uur AVA
AMWUHOKUCNOTbI 6eNKa MeTnoHuH [numnH TuposuH

Obiiee uncsio reHoB y desnoBeka mpebiinaet 30 Toic. [lojroe Bpemst
CUUTAJIN, YTO OJIH TEH COOTBETCTBYET OIHON MoJieKyJie Gesika (1eHTpasIb-
Has JIoTMa MOJIEKYJISIpHO# Guosiorun). O HaKko 3aTeM ObIJIO TOKA3aHO, YTO
0/Hy GETKOBYIO MOJIEKYJY MOTYT KOAUPOBaTh 2 1 Gojiee TeHOB. A moce
3aBepINEeHNsT MTPOTpaMMbl «[eHOM dYeloBeKka» OKa3ajoCh, YTO OAUH TEH
MOJKET KOANPOBATH HECKOTBKO GETKOBBIX MOJIEKYJT OJIATOMAPST CIOKHBIM
MeXaHW3MaM PeTyJIAIINN.

Ten onpenensier npusnak. [Ipusnak — (eHoTUIINYECKOE TIPOSIBIEHNE
refa, (hakTopa BHEIIHEH cpesibl MU UX COBMECTHOTO JIEMCTBUS, eIMHUTIA
KaKON-TO JIMCKPETHOCTH Yes0BeKa, 0 KOTOPOU OJIMH OPraHU3M OTJIMYa-
eTcd ot apyroro (I[BET rja3, Macca TeJja, rpyIina Kposu u T.1.). [Ipusnakn
JIeJIATCS Ha HOpMaJibHble (MTPOSIBJLIONINECT B IIPe/esiaX yCTaHOBJIEHHBIX
JUIsT HUX TPAHUI[) U TATOJOTMYECKHe, BBIXOAAIINE 3a TPAaHUIBI, 10O
HoBble. [laTonornyeckue Npu3sHakKu — CUMIITOMBI.

COBOKYITHOCTh MPU3HAKOB JIAHHOTO OPTaHMW3Ma Ha3bIBAIOT (DEHOTU-
oM. Tax ke, Kak ¥ IPU3HAK, PEHOTUTT MOJKET OBITh HOPMATHHBIM U MTATO-
JloTnYecKuM. Eciin peusb uieT 0 COBOKYITHOCTH HOPMATBHBIX TTPI3HAKOB —
9TO HOPMaNbHbIN (herotnt. [latonornyeckuii heHOTUTT — COBOKYITHOCTD
OTIPEICTIeHHBIX TATOJOTUYECKUX IPU3HAKOB, BBIABISEMBIX Y TaHHOTO
WHAWBUIA Ha (OHE APYTUX HOPMAJBHBIX MPU3HAKOB. [laTtosornueckuii
(emoTum onpesessieTcs ene Kak GoJe3Hb WM CHHIPOM. B macrosiiee
BpPEMST YMCJIO U3BECTHBIX BpadaM HaCJeICTBEHHBIX OOJIE3HEN desioBeKa
HACUYUTHIBACT HECKOJBKO THICSY.

COBOKYITHOCTh T€HOB JJAaHHOTO OpPraHu3Ma, MpogBJsdionuxcs ¢eHo-
TUITMYECKH, HA3BIBAIOT TEHOTUIIOM. [eHOTHII, B OTJIWYUE OT TOHSATHUSA
«reHooH >, XapakTepusyeTr 0cobb, a He Bujl. B GoJiee y3KoM cMBbIcIe TIOJT
FEHOTUTIOM MOHUMAIOT KOMOWHAIMIO aJuleieil TeHa WU JIOKyca Y KOH-
KPETHOTO OpPTaHU3Ma.
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CuetyeT pasnuyarh MOHITHS «T€HOTHUIT» U «TeHOM». [eHoM — obiiee
rkommuectBo JTHK B rammounaromM Habope (9TO MOHSTHE OMPENeSIeTCs
Jlajiee B IAHHOM TJiaBe ) XpoMocoM, To ecth Best JIHK nannoro Buna. ITenom
YyeJioBeKa COAEPKUT >3 MJIP/ map Hykiaeotunos (1.H.). [eroMm comep:kut
6UOMOTHYECKYI0 MH(DOPMAIUIO, HEOOXOAUMYIO IS TOCTPOEHUST U IO/ -
JlepsKaHus OpTaHu3Ma. BoJIBIIMHCTBO TEHOMOB, B TOM YHCJI€ TEHOM YeJio-
BeKa M FeHOMbBI BCEX OCTAJTbHBIX KJIETOUHBIX (hOPM JKU3HU, TTOCTPOEHBI
u3 [IHK, ognako Hexkotopsie BUpychl nMetoT reHombl n3 PHK.

COBOKYITHOCTH T€HOTHUIIOB BCEX 0COGEH MOy HA3BIBAIOT TEHO-
ongom monysrAIAN.

YcranoBieHo, 4TO OMXHOI XPOMOCOME COOTBETCTBYyeT 1 Mojexysa
JAHK. B gaapax sykapmoTndeckux KJeTOk komriekc mojexkys JHK
¢ 0cOOLIMM GETKOBBLIMU MOJIEKyTaMi (THCTOHAMM) HA3BIBAETCST XPO-
MaTHHOM.

O6maga mmmna Beeit JIHK B KileTKe 4estoBeKa COCTABISACT MTOUYTH 2 M.
OTU UIMHHBIE HUTHU JIOJKHBI YMECTUTBCS B SpPe KJICTKU [TUaMETPOM
HECKOJIbKO MUKPOH, /Ia elile TTOTOM U TOJETUThCS Ha 2 JIoUuepHue KJIETKU.
Jlist Toro 4To6Bl HTO OBIIIO BO3MOKHO, CYIIECTBYIOT CIelUabHble MeXa-
HUBMbI KommakTtusanuu. [IpeacraBum cebe, 4TO B KOP3UHKE Yy BSA3Ab-
MBI TOJIKHBI YMECTUTHCS HUTKU. J[JIsT 9TOTO MX HEOOXOAMMO CMOTaTh
B MOTKKM ¥ KayOku. Mosekyabl JHK HaMaThiBaioTCcs Ha THCTOHOBYIO
OCHOBY, 00pasyst «KJIyOOUKH», KOTOPbIE HA3BIBAIOT HYKJICOCOMaMU. JTO
obecrieurBaeT KOMIIAKTH3alMI0 XxpomaruHa B 6—7 pas. Eme B 40 pas
KOMITAKTHEEe XPOMOCOMBI CTAaHOBSATCS, KOTAA HYKJIEOCOMBI 3aKpydMBa-
10TCsA B cipasib. JlampHelimiee yIJIOTHEHIE MOKET TPOVICXOINUTH 32 CUET
ob6pa3oBaHUs TeTeab BAOJL XpoMatnha. Emle 6Gosbliiee yBeTMUEHUE
KOMTIAKTHU3AIINH Be/leT K MePexXo/ly XpOMaTrHa B HEAKTUBHOE COCTOSTHUE.
[Ipoucxomut crimpanusaliyus MOJEKYJ U TMOSBJIECHNAE TIOTHBIX, BUINMBIX
B CBETOBOII MUKPOCKOIT 06Pa30BaHU — XPOMOMED — OJIHUX U3 IIPOMEXKY-
TOYHBIX YPOBHEH KOMIIAKTU3AIMYA XPOMATUHA.

KoMmnakTuzoBaHHBIH XPOMaTUH MPEACTaBisger coboil rerepoxpoma-
TUH, NE€KOMIIAKTU30BAHHbII — ayxpoMmaTuH. CreneHb KOMIAKTU3AIIMH
XPOMaTHHA OTPaskaeT ero GyHKIIMOHATIBHOE COCTOsTHUE. [eTepoxpomaTu-
HOBBIE YYACTKU (DYHKIIMOHAIBHO MEHEe aKTUBHBI, YeM 9YXPOMATHHOBBIE,
B KOTOPBIX COCpeIoTOYeHa GOJbIIas 4acTh TeHOB. HUTh XPOMOCOMBI
HEOMHOPOHA TI0 Beel mmmHe. [Ipu crmenmaabHON 06paboTKe ayxpoma-
TUYeCKWe W TeTepPOXPOMaTHYeCKHe PalOHBI OKPAINIMBAIOTCS C PAa3HOM
WHTEHCUBHOCTHIO, 00pas3ysl depeloBaHNe CBETJIBIX W TEMHBIX MOJOCOK
pasHoii mupuHbl. Habop aTux 1mosocok (63HA0B) crennuIeH st Kask-
JIOM XPOMOCOMBI, UTO TIO3BOJISIET HE TIPOCTO PACTIPENETUTH XPOMOCOMBI
110 TPYyTIIaM, HO U MPUCBOUTD KAKJIOU U3 HUX CBOU HOMEP.
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Yem Gosee nuddyser XxpoMaTH UHTEPGHAZHOTO SApa, TEM aKTUBHEE
B HEM IPOXOAT CHHTeTHYecKue mpoiiecchl. CHIKeHNe YPOBHS CHHTE3a
JTHK u PHK B kiieTKax 0OBIYHO COIPOBOKIAECTCS YBEIUYCHUEM KOJIH-
YecTBa KOMITAKTU30BAHHOTO XpoMaTuHa. MaKCUMaTbHO KOMITAKTU30BaH
XPOMaATHH BO BPEMS MUTO3a, KOT/Ia €ro 0OHAPYKMBAIOT B BUJE TLJIOTHBIX
TeJIel] — XPOMOCOM.

Kaxpgasg xpoMocomMa uMeeT IMEePBUYHYIO IEPETSIKKY, Ha3bIBAEMYIO
nentTpomMepoii. [Tonoxenue meHTPOMEPDI SBJISIETCST CTPOro (DUKCUPOBAH-
HBIM JIJIST KQKI0M XPOMOCOMBI U otipejiesisier ee hopmy (puc. 1.5, cM. 11B.
BKJIEHKY ).

Pazmuaior 3 Tua cTpOeHUsT XPOMOCOM:

® aKpOIEHTPHYECKHEe (XPOMOCOMBI C OYeHb KOPOTKUM, IOYTH He3a-

METHBIM BTOPBIM TLIEYOM );

cyOMeTareHTprYecKkre (C TaeYaMi HePaBHOM JITWHDI);
MeTareHTpuueckre (X-oO6pasHble XPOMOCOMBI, 00JIaIaronie meda-
MW PaBHOT JIJTMHBI).

Kapuotuin — coBOKYyITHOCTD MPU3HAKOB (YNCJI0, pa3Mepsl, (hopMa U T.11.)
MOJTHOTO Habopa XPOMOCOM, MTPUCYIIAS KJIETKaM JAHHOTO OGHOJOrHYECKOTro
BU/Ia (BUIOBOI KAPUOTHIT ), IAHHOTO Opranu3ma (MHANBULY ATbHBIN Kapuo-
THIT) WK JuHUK (KJIoHa) KiIeToK. [padudeckoe n3obpaikeHue KapuoTuria,
TO ecTh HabOPa XPOMOCOM, TIPU PACTIOJNIOKEHUU UX 0 IPYIIIAM B 3aBUCH-
MOCTHU OT (POPMBI ¥ BEJIMUMHBI HA3bIBAIOT MIMOTPAMMON (KapUOTPaMMOii ).
(puc. 1.6). JIto60e OTKIOHEHHE IIPEACTABISAET COO0I MY TAIHIO.

XPOMOCOMHBIHT HAbOp COMATHYECKUX KJIETOK YeJOBEKAa COCTOWT
u3 46 XxpoMocoM, 0OpasyIoNIiX mapbl. 22 Mapbl COCTOSIT U3 XPOMOCOM,
HAa3LIBAEMBIX ayTOCOMaMU. XPOMOCOMBI 23-11 apbl OBIBAIOT BYX BUIOB.
KpynHast XxpoMocoma, HallOMHUHAaoIast Mo CTPyKType OyKBy X, Tak
U Ha3bIBaeTcsa — X-XpoMocoMa. boJjiee Menkast, co CMeIeHHOU TIeHTpoMe-
poii, HartoMuHaeT OYKBY Y U Ha3bIBA€TCs, COOTBETCTBEHHO, Y-XPOMOCOMA.
VIMeHHO 3T XPOMOCOMBI OTIPEESIOT TI0JI, TTO9TOMY UX Ha3bIBAIOT 11OJIO-
BBIMHM XpoMocoMamu (TeTepoxpomMocoMamu). sKeHcKkre KJIeTKH B HOpME
copep:xkat 2 X-XpOMOCOMBI, a2 MY>KCKHE — OJIHY X- U OfIHY Y-XPOMOCOMY.
Cy1iecTBYOT OTIpe/ie/IeHHbIe TipaBuiia 06o3HadeHns KaproTuia. CHauasa
YKa3bIBAIOT OBIIEE YHUCTIO XPOMOCOM, 3aTeM — KaKie TTOJIOBBIE XPOMOCO-
MBI BXOJISAT B XPOMOCOMHBIT Habop. Jlasiee Tepedrcisiior, Kakue OTKJIOHe-
HIUS OT HOPMBI BCTPEYAIOTCS Y TAHHOTO WHANBUIYYMA.

Tak, HOPMATBHBI KAPWOTUT JKEHIIWHBI OyAeT 3amucan Kak
46, XX; HOpMaJIbHBIN Kapuotum MyK4uabl — 46, XY. Ecan B kiert-
Kax, HarmpuMmep, MPUCYTCTBYET JIWUIIHSS XpomocoMa (TIpU CUHAPOME
Jlayna — xpomocoma 21), kaproTui OyieT 3arucaH CIeyonmM 0OpasoM:
47, XX, +21 (nng sxeramuann) win 47, XY, +21 (15t My;KIAHBI).
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Puc. 1.6. HopmanbHble KapuoTUMbl YeM0BEKa: @ — MYXCKOW; 6 — >KEHCKMiA; B — Cxematuye-
CKOoe n3obpaxeHue npu ouddepeHLnansHONR OKpacke
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