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XapakTepuctuka sajaHUn TMHUU 27

e YpPOBEHb C/IOXKHOCTU —
BblCOKMM (3 6ana)

« CpeAHUN NPOLEHT
BbINOJIHEHUA: 27,5

« OTBeT A0/1KEeH bbITb
noapobHbIM (Hannuue
06bACHEHNI, ONUCAHUNSA UK
o06ocHoBaHMA BbIOOpPA)

Tunbl 3agaHNN:

e 3aa4a Ha UMTOJIOTUIO
(bnocuHTes 6enka)

e 3aga4a Ha onpejeseHue
XPOMOCOMHOro Habopa
KNeTokK (rameTtoduT m
cnopoduUT y pacTeHUMN;
YMCN0 XPOMOCOM N MONEKYN
AHK B pa3Hbix pasax
AeJIeHUA KJeTKn)

« 3akoH Xapau-BanHbepra




PeweHune 3aaay Ha buocnHTes benka

« CMbic10Bas 1 TpaHckpubupyemas uenm AHK
aHTMNApasae/bHbl

e CMbIC/10BAfA Lenb HAYMHAETCA C 5 KOHLQ, a
TpaHcKkpmbupyemas - € 3' KOHLA

e lenn n-PHK n 17-PHK ( Kog0HbI 1 aHTUKOAOHBI)
HaUYMHAKTCA C §' KOHL,a




PeweHwne 3aj4aum Ha Na/IMHAPOM

N3BecTHO, uTO BCe BnAbI PHK cnHTesupylotca Ha AIHK-maTpuue. KomnaemeHTapHble Lenu
HYKJI@MHOBbIX KUC/IOT aHTUNapaanesnbHbl (5'- KOHLY BO4HOM L,eNu COOTBETCTBYET 3'— KOHEeL, Apyrou
uenu). CUHTe3 HYK/IEMHOBbIX KUCJIOT HAUMHAETCA C 5'— KOoHUa. Pubocoma asuxercsa no u-PHK B
HanpaB/ieHUM OT 5'— K 3'— KoHLy. B uenu PHK n AHK moryT umeTtbcs cneyuasibHble KOMMNJIeMEeHTapHble
Yy4YaCTKU — NaJIMHAPOMbI, b1arogaps KOTOpPbIM Y MO/1€KYJIbl MOXKET BO3HMKATb BTOPUYHAsA CTPYKTYpa.
dparmeHT monekyabl AHK, Ha KOTOpOM CMHTE3UPYETCSH YYaCTOK LieHTpaibHoU netau T-PHK, nmeer
c/leAyoLWyto nocse408aTe/IbHOCTb HYK/1€OTUAOB (HUXKHSASA Lernb — MaTpUYHasn):

- TUTFAATTAITTUTTUIA - 3
- ATUTTUATLAATAATLT - 5

YcTaHoBUTE HYK/1€0TUAHYIO NOC/IeA0BaTe/IbHOCTb y4acTka T-PHK, KOTOpPbIN CMHTE3UPYETCA Ha
AAHHOM c|>parme|-|Te HanauTte Ha saHHOM y4yacTKe NaJIMHAPOM U YCTaHOBUTE BTOPUYHYIO CTPYKTYPY
ueHTpanbHou netam T-PHK. Onpegennte aMMHOKMCNOTY, KOTOpYIO 6yaeT TpaHCcnopTMpOBaTb 3Ta T-
PHK B npouecce buocuHrtesa 6enka, ecam aHTUKOAOH paBHOYAA/NIEH OT KOHL,0B Na/JIMHApPOMa.
O6bsAcHMTE Noce40BaTe/IbHOCTb BalLUX 4EUCTBUM NPU pelleHnm 3aaauu. [ina pelneHus 3agaum
ncnosb3ynte Tabanuy reHetuyeckoro koga. NMpu HanMcaHMM Nocnes0BaTe/IbHOCTU HYK/IEOTUAOB B
Llenu HYKJ1eMHOBOM KMCNOTbl YKa3biBauTe 5'— U 3'— KOHLbI.




OTKprTaFI PaMKa CHUTbIBAHUA

[locnepoBaTe/IbHOCTb HYK/1€0TUA0B
AHK nan PHK, noTeHumnanabHO
cnocobHas kogmpoBaTb Henok

«OCHOBHOM MNPU3HAK HAIMYMSA OTKPbITOW
PAaMKWM CYMNTbIBAHMA — OTCYTCTBME CTOM-
KOAOHOB




PelleHue 3a4a4U Ha OTKPbITYIO PaMKy
CYMTbIBAHUSA

N3BeCcTHO, YTO KOMMN/eMeHTapHble Lenu HYK/IeMHOBbIX KUCNOT aHTUNapanienbHbl(5' KOHLY
OAHOM L,enun COoTBeTCTBYET 3’ KOHeL Apyrou uenu). CUHTe3 HYKJ1@MHOBbIX KUCIOT
HaunHaeTcsA ¢ 5’ KoHua. Pubocoma asmxerca no u-PHK B HanpasaeHuu ot 5’ k 3" KOHLyY. [eH
MMeeT KOAUPYIOLLYIO U Hekoaupyouyio obnactu. Kogupyiowas obnactb reHa HasbiBaeTCs
OTKPbITOU PaMKOM cUnTbiBaHMA. PparMeHT KOHLLA reHa UMeeT C/IeAYIOLLY IO

nocse40BaTe/IbHOCTb HYK/1€OTUAOB (BEPXHASA Lernb MaTpUYHas (TpaHcKkpubupyemas)):
5'-TTUTUTAAUTIUTATITIATTUATALL-3'
3'-AUTUrATTrAUryTAUAUTUATTATIT -5

Onpeaennte BEPHYIO OTKPbITYIO paMKy CUMTbIBAHUSA U HAUAUTE NOCNeA0BaTe/IbHOCTb
aMMUHOKUCNIOT BO pparmMeHTe KOHL,a noamnentTuaHoun uenu. M3aBecTtHo, YTO UTOroBbIA
noaunenTua, KOAUPyeMbi 3STUM reHOM, UMeeT AuHy 6onee NATU aMUHOKUCNOT. O6bsAACHUTE
nocieA0BaTe/IbHOCTb pelleHus 3a4a4u. AnA BbiNONIHEHUSA 3a4aHUA UCNONb3YyirTe Tabanuy
reHeTU4YecKoro Kosaa




3ajaum Ha onpejesieHue Yymcaa XpoMmocom,
monekyn IHK B pa3Hbix Ppasax gefleHUN KNeTKu

 Nepes MUTO30M U MeO30M | NponcxoauT yasoeHue uncna monekyn HK
(CMHTeTUYeCcKn nepuos nHTepdasbl), @a YNC10 XPOMOCOM OCTAETCA NPEXXHUM

« B npodase n metadase mnutosa u memosa unmcao xpomocom n monekyn HK He
N3MeHseTCs

- B aHadaze muTO3a N Meiio3a uMcno xpomocom byaeT B ABa pasa 6onblie, yem B
meTadase, Tak Kak XpOMOCOMbl Pa3Ae/uIUCb Ha XpOMaTUAbI, KOTOpbie
CTAaHOBATCA CAMOCTOATE/IbHLIMU AOYEPHUMU XPOMOCOMaMMU

e Ecnv B 3aaue yKa3aHO KOHKpPEeTHOe YNC10 XPOMOCOM, TO NMpPU pelleHnn Toxe
yKa3blBalOT KOHKpPeTHOoe Yncao xpomocom u moaekyn AHK




Yucno xpomocom n monekyn AHK (dopmynbi)

Gasa MuTo3 _ Meiies

Menos-1 Menos-2

Kokey 2N4C 2N4C n2c

nHTep¢asbl
Mpogasa 2N4C 2N4C n2c
Meragaaa 2N4C 2N4C n2c
Anagasa 4N4C 2N4C 2N2C
Tenogasa 2N2C n2c nc
K-BO ) ) A

K/1eToK




3aAaun Ha onpegeneHne XpoMocomHoro Habopa
KNeToK rametoduTta u cnopoduta y pacteH1Um

Y pacTeHun cnopbl U rameTbl raniouaHsbl (n)
« Cnopbl 06pasyloTcsa B pe3y/sibTaTe Meno3a, a rameTbl — B pe3y/ibTaTe MUTO3a

* Y BOAOPOC/IEN U MXOB B XXU3HEHHOM LMK/ie npeobnagaeTt rametoduT (nosnosoe
NOKOJIeHME), a Y NanoOpOTHUKOB, XBOLLLEU, NJ1IayHOB, FO/1I0CEMEHHbIX U
NOKPbITOCEMEHHbIX — cnopo$uT (becnonoe nokoneHue)

 3urora (2n) AenNTCA MUTO30M, B pe3ysibTaTe 06pa3yroTcs Bce opraHbl U TKaHU
pacTeHus (2n)




PassuTue 3apoablLLEBOro MeLLKa U AMLEeKNeTKH

® | Y ceMeHHbIX pacTeHUM
o
y Meioo Meracnopbl (MaKpocnopbi)

®®®® Haspoemops () (n) obpasyoTCca MeMo3om u3

@ it @Mﬂm @ K/1IeTOK MaKpocCnopaHrusa
(cemsizauaTka) (2n). Knetku

3apoAblleBOro Meluka

3 scteman aETANOTN —>/0\  Crpnme @ obpasytoTca us

Meracmoopa (1)

[eHTpalbHAA KIETKA Axep
Makpocnopbl (n) MUTO30M (3

Hitnexnerxa

MUTOTUYECKUX AesleHUS)

2 KJIeTKH CHHEPIHALL —»
Hencruii rameToduT
(zapoarinieBnIit
MEIIoK)




MukpocnopozeHe3s

BezemamubBras
n KAemKa

TToIALHUK
A

2eHepamubBHas
KAEMKa
cnepMuu

<
%
&
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« Mukpocnopbl (n) 06pasyroTcs MEMO30M M3 C/IETOK MUKPOCNOpaHrus (2n)

« Mukpocnopa genamTtca MMTO30M, 06pa3ys BereTaTuBHYIO (N) U reHePaTUBHYIO (N) KNeTKU
Nbl/bLLEBOro 3epHa. U3 BereTatuBHOM ks1ieTkn obpasyeTca nbisibLeBas Tpybka,
reHepaTUBHas KJIeTKa Ae/NTCA MUTo30M, 0bpa3ys gBa cnepmus (n)

Y ronocemMeHHbIX SHA0CNEepM ranJiouaHbin (n) U obpasyercs 40 ONJNOAOTBOPEHUS, Y
NOKPbITOCEMEHHbIX SHAOCNEPM TPUNAOUAHDIN (3n), 0bpa3yeTca npu cIMAHUK cnepMus
(N) M LEeHTPaNbHOM AUNJIONAHOWN KNeTKM (2n)

* Y NOKpbITOCEMEHHbIX 06a cnepMus y4acTBYIOT B OMJIO40TBOPEHUU (ABOMHOE
ONN0AOTBOPEHUE), Y FO/I0CEMEHHbIX B ONJI0A0TBOPEHUM NPUHUMAET y4acTue OAUH
cnepmMmum




3akoH Xapau-BanHbepra

« YacToTa reHoB (reHOTMNOB) B NONY/AAILUU €CTb BEJIMYUNHA
NOCTOAAHHAA U He U3MEeHSAEeTCA U3 NOKOJIeHUA B NoKoJieHue (B
ycnosusax 60nbWON YNCEHHOCTU nonyasaumMmn, ceobogHoro
CKpewmBaHusa ocobeun, npm oTCyTCTBUM MUrPaLNA, MYTaLMOHHOIO
npouecca v AeUCcTBUA eCTeCTBEHHOro otbopa)

®opmyna: p? +2pq + g2 =1
e p2- YacTOTa AOMUHAHTHbIX roMmo3uUroTt (AA)

e 2pq —4acToTa rerepo3urot (Aa)
* g2 - YacTOTa peLecCMBHbIX FOMO3UroT (aa)

« PaBHOBecHe reHHbIX YacToT: P+q=1 (rae ;J - YacToTa
I

BCTPe4YaemMoCTu AOMUHAHTHOro annens (A

q - YacToTa
BCTPEYaeMOCTH peLecCUBHOro annend (a)




PaccmoTpum rnpumMmep ncnosnb30BaHUA 3TOro 3akoHa B reHeTu4eckux pacyeTtax. I3BecTHO, YTO OguH
yenosek n3 10 TbIC. ABNAETCA anbbUHOCOM, NPy 3TOM NMPU3HaK anbbMHM3Ma y YernoBeka
onpenensaeTca ogHUM pPeLecCcuUBHbIM reHoM. [laBanTte BbIYUCIMM, KAKOBa [0S CKPbITbIX HOCUTENEN
9TOro npu3aHaka B Yyernose4veckon nonynsuun. Ecnun oanH yenosek n3 10 ToiC. ABNSIETCSA
anbOMHOCOM, TO 9TO 3HAYUT, YTO YacToTa peueccmnBHbIX romo3nrot coctaenseT 0,0001, T.e. g2 =
0,0001. 3Hasi 3TO, MOXXHO ONpeaennTb YacToTy annens anbbuHuamMa q, 4actoTy AOMUHAHTHOrO
annensa HopmasibHOW NUrMeHTaumMmn p U YacToTy reTepo3nroTHoOro reHoTtuna (2pq). Jlrtogm ¢ Taknm
eHOTMMNOM KaK pa3s 1 byayT CKpbITbIMW HOCUTENAMW aribOMHU3Ma, HECMOTPS Ha TO YTO
dPeHOTUNNYECKN 3TOT reH He ByaeT Yy HUX NPOSABNATLCS U OHUM ByayT MeTb HOpMarnbHYHO
NMUrMEHTaLMNIO KOXN.

g = Vg2 = V0,0001 = 0,01 (unm 1%)
p=1-q=1-0,01=0,99 (wix 99%)
2pg = 2- 0,99 - 0,01 = 0,0198 = 0,02 (mam 2%)

3 npnBeAEeHHbIX MPOCTbIX pacYeToB BUAHO, YTO, XOTS YNCMO anbOMHOCOB KpalHe HEBENNKO —
BCEro NuLb oAunH YenoBek Ha 10 ThiC., reH anbbuHn3mMa HeceT 3HaYMTENbHOE KONMMYECTBO Noaen —
okorno 2% . IHbiIMn cnioBamu, Aaxke ecrniv npusHak peHOoTUNnYecky NposiBlseTcs O4eHb peako, TO B
nonynsiLuMmn NPUCYTCTBYET 3HAUYMTENbHOE KONMUYECTBO HOCUTENEN 3TOro NpU3Haka, T. e. ocoben,
NMEIOLLINX 3TOT reH B reTepo3unroTe.



