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«OT OCHUHKHU HE poasaTCsa alICJIbCUHKN)

ABJ1IEHNE HacneaCcrBeHHOCTHU




MBI BCce TaKkue pa3HbIE

ABrieHne NnSMeH4YnBOCTHA




I eHeTHKA

(OT JIATHUHCKOTO «Zeneoy - MOPOXKIAI0 HIIH «ZENO0S) - POJI, POKICHUE, TTPOUCXOKICHHE)

Hayka, nayyarowias HacneacTBeEHHOCTb U
N3MEHYMNBOCTb KaK ABa OCHOBHbIX
ooLedunonornyecknx, B3amMMoCcBsA3aHHbIX U
B3anMO3aBMCUMbIX MpoLiecca.



OCHOBHBIE TIPOOIEMBI T€HETUKHU

1 — N3yyeHne martepuanbHbIX CTPYKTYP,
OTBETCTBEHHbIX 3a XpaHEHNE HACNeACTBEHHOW

NHdopmauuu;

2 — N3y4eHne MexaH1U3MoB 1 cnocoboB nepegayu
HacrneacTtBeHHoOW MHdopmMmaumn U3 NOKosIeHUA B
NOKONEeHe,

3 — N3y4yeHne MexaH1U3MoB peanunsaymm
HacrneacTtBeHHOW MHJOpMaLnu;

4 — n3yyeHne 3aKOHOMEPHOCTEN U3MEHEHNS
HacrneacTtBeHHOW MHd opMaLnu.
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MeTOobl TEHETUKU

LinTonornyeckmu
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MeTOobl TEHETUKU

[TonynaunoHHo-
CTaTUCTUYECKNMN -
NO3BONIAET U3yyaTthb
npoLecchbl
HacneacTBeHHOCTH
N N3MEHYNBOCTU Ha
YPOBHE rpymnmn
OpPraHn3mMoB —
nonynauun




MeToabsl TEHETUKU

buoxnmmnyeckme u
MOJSIEKYNSPHO-
ovonornyeckue MeToasbl




N3y4yaa OCHOBHbIE ODMONOrM4YeCcKne rnpPoLIECCHI,
reHeTuKa sBnAeTcs Haykou
dyHoameHTansHou. I'lo aTon npuynHe oHa
MMEET OYeHb TeCHbIe B3aMOCBS3M CO BCEMU
OPYrMMN eCTECTBEHHbLIMU, B T.4. -
brnonornyeckummn gucumnniinHamu.,



CBsi3b T€HETHUKH C IPYTUMH HAYKaAMH

[ [eHeTMKa }




Fperop MCHI[CJII) (1822-1884)

B 1865 roay («OnbIThl Hax
PaCTUTEIbHBIMU
ruOpuaaMm» ) BIIEPBbIC
CMOT 3KCNEPUMEHTAIBHO
YCTAHOBUTbH BAXHEHUIIINUE
3aKOHBI HACJICAOBAHUS
IIPHU3HAKOB, KOTOPHIE
BIOCJICICTBUH JICTJIN B
OCHOBY T€HETHUKHU




Group photograph of the
Augustinian friars at the
Abbey of St Thomas.

From left to right:

B. Vogler, A. Rambousek,

A. Alt (mathematics teacher),

O m T. Bratranek (philosopher,
with a special interest in
natural sciences),

J. Lindenthal.

G. Mendel (holding a Fuchsia,
teacher of physics),

V. Sembera, P. Krizkovsky
(musician and composer),

J. B. Vorthey,

Abbot N. C. Napp (expert in
biblical studies and botanist),
M. Klacel (philosopher, with
a special interest for natural
sciences)

MoHacTBIpCKHi OTOpon,
Ha koTtopoMm I .Menaeinb
MPOBOAMJI CBOU ONBITHI



Ele B yHUBEPCUTETE €MY B T'OJIOBY IIPUIILIA MBICIIb, O TOM,
YTO U3MEHYMBOCTh OPraHMYECKOM MaTepuu 00yCIIOBICHA
KOMOMHAaMe OTIEILHBIX HACIEACTBEHHBIX €IUHHAII,
MEPEHAOIINXCS U3 TTOKOJIEHUS B ITIOKOJEHUE TTOCPEICTBOM
MOJOBBIX KJIeTOK. OH IOCTaBUI IEpe]l COOOH 11EIIb
I0Ka3aTh 3TO AKCOEPUMEHTabHO. Takum oopaszom, I.
MeHpaenp Hadaa MPOBOAUTH CBOH OIIBITHI 110 3apaHEe
ITOJITOTOBJICHHOMY ILJIAHY.



OCO0OE€HHOCTH THOPHUI0JIOTUYECKOTO METO/IA,
npeaioxKeHHoro 1. Menenem

[Moabop Ans ckpelmBaHUsa pacTeEHUN,
pasnuyatomnxca rno napam KOHTPacTUPYHOLLNX
(Ka4eCTBEHHbIX) MPU3HAaKOB.

Y4eT NnoTOMCTBa Mo KaXXaowu oTaenbHO B3SATOW nape
NPU3HAKOB NMpu abcTparmpoBaHMM OT BCEX NPOYMUX.

Konun4yecTBEHHbIN YYET rMOPUOHLIX PaCTEHUN B psay
NOKOMNEHUN.

NHamBmayanbHbIN aHanuM3 NOTOMCTBaA OT KaXkaoro
pacTeHua B paay nokoneHum



Yno0cTBO ropoxa (pisum sativum) Kak
00BbEeKTa JJIsI IIPOBEACHUS CKPEIIUBAHUI

CamoonbingemMocCTb

Xopoulas
N10OOBUTOCTb

KopoTkuu nepuoa
pPa3BUTUSA

HenpuxotnneocTb nNpwu
BblpallMBaHNK

Hanunuyne apko
Bblpa)XeHHbIX
KOHTPACTHbIX
NPU3HAKOB Yy pPa3HbIX

¢opm




Crny4daliHbii (paKTOP

MeHAernto B ero onbiTax C ropoxom
NOBE3S10 C TEM OOCTOATENBLCTBOM, YTO
n3yyvaemble UM npmasHaku (7 nap
NpM3HaKkoB) ObINM 0bycrnoBEeHbI
reHamu, pacrosioXXeHHbIMU B Pa3HbIX,
HEroMonormM4HbIX XpoMocomax (T.e. 9Tu
Npu3HaKkn He ObINn cuenneHbl Mexay
cobown)



KEJIThIC U 3€JICHbIC, INIAAKUE U MOPIIUHUCTHIC 3peJible CEMEHA, OelbIe U
(bHOJIETOBBIC LIBETKU; HU3KUI M BBICOKUM CTE€0EIB; (popma 3pebix 0000B —
BBIMYKJIbIC WJIM C MIEPEXBAaTaMU; OKpAacKa HE3PEIOro 000a — 3eJICHbIN WIIH KEITHIN;
Ma3yIIHOE WM BEPXYILIEUYHOE PACIIO0KEHHUE IIBETKOB

Round Wrinkled
Yellow Green &
(“‘ ( : (R Green or yellow unripe pods
\» AL ;

'r
Purple or white petals

)

Inflated or pinched ripe pods Axial or terminal flowers Long or short stems




AcTpedounka (Hieracium)

——
= Kapn Hazenu (1817-1891). = HActpebuHka




«Anredpa» ruOprUa0I0rHI€CKOrO
aHaIn3a

CumBonbl, KoTopble MeHnaenb NpUMeEHUN ans 3anucu
PEe3ynbTaToB CKPEeLMBaHUIN TaKKe Cbirpany BaXKHYO pPorb, T.K.
[aBanv BO3MOXHOCTb HarnmsaHOro NpeacTaBrieHns o
NMPOUCXOOALLINX FEHETUYECKUX NpoLieccax

X — 3HaKOM YMHOXeHUsi 0603Ha4YatloT CKpeLLBaHue

Q, & - obo3HavyeHne nonos (3Hakn 3oamaka)

P — pooutenbckne opraHnamMbl B3siTble B CKpeLmBaHme (0T NaTUHCKOro
Parento - pogutenn).

F — rnbpungHble nokoneHua (ot natunHckoro Filii — geTtun), ¢
COOTBETCTBYIOLWNM nopsakoBbiM Homepom (F1, F2 n 1.4.)

A, B, C n T.4. — AOMWHAHTHbIE HAcneacTBeHHble bakTopsbl (reHbl); a, B,
C 1 T.O. — peLecCuBHblE HAcneaCcTBEHHbIE PaKTopbl (FreHbI)



HexoTopble OCHOBHBIE ITOHATHSA

OOMUHATHbBIN MPU3HAK - npeobnanatoLwmnin NpusHak, NposiBnsoLLMUACS B
NOTOMCTBE B J1l0OOM COCTOSAHUM.

PELIECCUBHbIN MPU3HAK - nogasnsemblil Npu3HaK, NPOSBASIOLLMNCS TOMbKO
B rOMO3UTOTHOM COCTOSAHMUMN.

[EHOTWII - cOBOKYNHOCTb HacneaCTBEHHbIX NPU3HAKOB MNOSTydeHHbIe OT
poautenen (coBokynHocTb reHoB). AIIJIEJIbHBIE MEHbI — reHb
pacnosioKeHHbIe B OOHUX U TeX e MecTax (JToKycax) roMosiorMyHbIX XPOMOCOM.

PEHOTWUI - cOBOKYNHOCTb MPU3HAKOB U CBOMUCTB OpraHM3MOB NposiBRsloLLasCcA
Npu B3aMMOOENCTBUA reHOTUMNa CO Cpedon U MEHSALWAACH B NPOLecce XU3HU B
3aBNCMMOCTU OT cpedbl 0buTaHmA.

AJIbTEPHATUBHbLIE NMPU3HAKW - npoTMBOMNONOXHbIE KA4eCcTBa O4HOIo
npu3Haka (kapue unu ronyoble rnasa, CBeTNble UM TEMHbIE BOSIOCHI U T.4.)

[[EH - yyactok monekynbl [JHK oTBETCTBEHHbLIN 32 NPOSABIEHMEe O4HOro npu3Haka
(0AHY dOYHKLMIO) U CUHTE3 onpeaderieHHoN Monekysnbl 6ernka.

[ETEPO3UIOTA - 3urota nmerowlasi ipoTUBOMONOXHbIE annen ogHoro reHa
(Aa).

[OMO3UNIOTA - 3urota nmeroLias ognHakoBble anneun ogHoro reHa (AA nnu
aa).

FTOMOJIOMMYHBIE XPOMOCOMBbI - napHble XpOMOCOMbI OAUHAKOBbLIE MO
doopMbI, BENUYMHE N XapaKkTepy HacnenCcTBEHHON MHdhopMaLn.




| OMO3HUTOTHOCTH POAUTEIEH

[1na ckpewmBaHnn MeHaenb ncxogHo
MCMNONb30Bal T.H. YACTbIE NMUHUN, T. €.
NOTOMCTBO O4HOI0 CaMOONbINAKOLLErocs
pacTeHUs, B KOTOPOM COXpPaHAETCA cxoaHas
COBOKYMHOCTb reHoB. Kaxgas U3 aTux JIMHUU
He gaBana paclienneHusa npusHakos. 1o
COBPEMEHHOWN TEPMUHOSIOMNUN: YNCTaA NUHNS
— FOMO3UTOTHbLIA OpraHnU3M.



MOHOTHOPHIHOE CKPEIIMBAHUE

MoHOrmopumaHbIM Ha3bIBalOT CKpeLLMBaAHNE,
Npy KOTOPOM aHanu3npyeTcs HacneaoBaHue
O4HOW Napbl ansTepHaTUBHbIX MPU3HAKOB.
Taknm obpasom, Npun TakoM CKpeLLnBaHNM
NpoCneXnearTcAa 3aKOHOMEPHOCTH
HacrnegoBaHUA TOMNbKO OBYX BapMaHTOB
npu3Haka (Hanpumep, XXenTbi U 3eneHbI
LBET FOPOLLMH), a BCE OCTallbHbIE MPU3HAKW
opraHu3sma BO BHMMaHMEe He NPpUHMMAIOTCS.



3aKOH JOMHUHHUPOBAHUS

(1-11 3akoH Menaens)

Ecnun ckpecTtutb pacteHus
ropoxa C XXenTbiMn U
3eneHbIMNU CEMEHaMU, TO Y
BCEX MOSTYYEHHbIX B
pesyrnbrare 3Toro
ckpewmBaHua rmbpugos (F1)
cemMeHa 0yayT XKenTbiMu.
HerneHue npeobnadaHus y
aubpuda rnpusHaka oOHO20
u3 pooumerneu I'. Mengens
Ha3eas1 0OMUHUpPOBaHUEM.

MeHoTUNLI
[[ameTsl

A

®)
®

A

@
©

Fi

FeHoTunel
Famerbl

B
\

&,
®

F2

©

@

NN

a

ANNenu OKpackm

- WEnTaAa,

a - 2enéuan




3aKOH PACIICILICHUS

(2-11 3axkoH MeHiens)

[Mpn ckpelwmBaHm rmbpraos NEpBOro NOKoneHus (camoonbineHnn) B F2
Npu3Hakm obomx poanTenen NosiIBNAKTCS B onpeaeneHHoOM YNCNOBOM
COOTHOLLEeHUN: 3/4 ocoben byayT UMeTb AOMUHAHTHbLIW NPpU3Hak, 1/4 —
peLeCcCUBHbIN. HereHue, rnpu KOmopoM CKpewusaHue 2emepo3u20mHbix
ocobel rnpusodum K obpa3oeaHuto MoMomMcmea, 4acmae KOmopoao Hecem
OOMUHaHMHAkIU rpU3HakK, a Yacmb — PeueccUs8HbIlU, Ha3bl8aemcsi
pacuwernneHuem. CnegoBaTtenbHO, PeLeCCUBHbLIN NPU3HaK Y rmbpuaos NepBoro
NOKONEHUSI HE ncyes, a bbIn NULWb NogaBnNeH U NPOSIBUICA BO BTOPOM
rMopuaHOM NOKONEHUMN.
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——————
F, (Number) F, (Ratio)
Character’ F, Dominant Recessive Total Dominant : Recessive
Seeds: smooth versus wrinkled All smooth 5474 1,850 7,324 2.96:1
Seeds: yellow versus green All yellow 6,022 2,001 8,023 3.01:1
' y iob ’
Seed coats: grey versus white All grey 05 24 929 3151
Flowers: purple versus white All purple
Flowers: axial versus terminal All axial 651 207 858 3.14:1
Pods: inflated versus pinched All inflated 882 299 1,181 2.95:1
Pods: green versus yellow All green 428 152 580 2821
Stem: tall versus short All wall 87 271 1,064 2841
Total or average 14,940 5,010 19,959 \2.98: |
“The dominant trait is always written first. ] l,'.-—\
*A single gene controls both the seed coat and the flower color trait. ‘L"l!l\!.)ll.llllllllillll]g\'

http://kmb.prf.jcu.cz/



3aKOH paCUICIICHUSA

(2-11 3axkoH MeHiens)
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[ uriore3a (IpaBUIIO) YUCTOTHI TAMET

Jl1s1 0ObsICHEHUS CylIEeCTBA
SIBJICHUS €IMHOOOpa3usi THOpHUI0B
IIEPBOT0 MOKOJICHUS U
pacuieIICHUs IPU3HAKOB Y
TUOPHJIOB BTOPOTO IMOKOJICHHUS
MeHnpeab BIABUHYI THIIOTE3Y
YHUCTOTHI TAMET: BCAKUHU
reTepO3UroTHBIN rudpun (Aa, Bb n
T. 11.) popmupyert “aucteie”
raMeThl, HECYIIIUEe TOJIbKO OJHY
aJuIeib: Moo A, 1noo a, 4To
BIOCJIC/ICTBUH TTOJTHOCTBHIO
MOATBEPANIOCH U B
IIUTOJIOTUYECKUX UCCIETOBAHHUSIX.
Kak n3BecTHO, pH CO3pEeBaHUU
MIOJIOBBIX KJIETOK y T€TE€PO3UTOT
TOMOJIOTHYHBIE XPOMOCOMBI
OKa)XyTCs B pa3HbIX raMeTax M,
CJI€JI0BATEILHO, B TaMeTax OydeT
110 OJHOMY I'€HY M3 KaXKJI0M Haphl.

IH




AHaJIU3MpyLIee CKpelMBaHHU e

AHanusupyouiee :
CKpelwjuBaHue 1Cnonb3yeTcs ° s °
ONS BblISICHEHUS

reTepo3nroTHOCTN rmbpunga no

TOW NN NHOU Nape NpPU3HaKoB.

[1pn aTOM aHanuM3npyembin o °

rmopua cKpeLmnBaeTcsl ¢

poauTenem, roMo3MroTHbIM Mo ‘
peLieccnBHOMY reHy (aa). Takoe 0
cKpellumBaHme HeobxoamMmo

NOTOMY, YTO B OONbLUNMHCTBE

Cry4yaeB roMO3UIOTHbIE 0CO6H 3 Aw X ad
(AA) beHOTUNMYECKN HE FaMeTh A.d X a. a
OTNNYaKTCS OT reTEPO3UTOTHbIX F Aa. Aa. a0. 00

(Aa) (cemeHa ropoxa ot AA n | , 1
Aa NMeloT XenTbln LBET). :



YcI1oBUsA, ITPU KOTOPBIX MPOSBIAIOTCS 3aKOHBI MeH e

3akoHbl MeHaensa B ux knaccu4yeckou coopme AenCTBYHOT
NPV HanM4un onpepeneHHbIX ycnoBuu. K HUM OTHOCATCS:

rOMO3UroTHOCTb MCXOAHbIX CKpeluMBaeMbIiX (hopm;

oOpa3oBaHMe raMmeT ruopmaoB BCceX BO3MOXHbIX TUMNOB B
paBHbIX COOTHOLEHUsAX (0obecneynBaeTcs npaBusibHbIM
Te4YyeHnemMm Memnosa;

OAMHAKOBas XXN3HEeCNOCOOHOCTb raMeT Bcex TUNOB,

paBHas BEPOATHOCTb BCTPeYU NMOOLIX raMeT npu
onnoAoTBOPEHUMN);

OoAVNHaKoOBast XKN3HECNOCOOHOCTb 3UroT BCEX TUMOB.



OTKJIOHEHHUS OT CTAHAAPTHOIO
MeHIEIeBCKOr0 pacCIICHUS

Tak, Hanpumep, y Mbillen N3BecTeH
AOMMUHAHTHbIN reH (Y), KOTopbIN
oTBeYaeT 3a popmMmmpoBaHUue
XKenTou okpacku wepctu. OgHako
3TOT Xe reH, B criy4yae ero
NPUCYTCTBUA B reHOTUNE B
rOoMO3UroTHOM COCTOSIHUM,
BbI3bIBaeT BHYTPUYTPOOHbLIN
netanbHbin 3cpdekT. NoaTomy B
nonynsaunMmn NPUCYTCTBYIOT TONbLKO
reTepo3uroTHble No JaHHOMY reHy
MbILUX, @ FOMO3UIOTHOE MOTOMCTBO
nornbaet ewe Ao poxaeHus. Ecnn
CKPEeCTUTb ABYX XeNTbIX MbiLLUen
(Yy x Yy), To B notTomcTtBe b6yaeTt
HabnaaTbCcA paclwensieHme no
c¢eHoTuny He 3:1, a 2:1 (2 —
xentble; 1 — cepasn).
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JInruOpuIHOE CKPEIUBAHUE

(3-11 3akoH MeHes)

| FAMETHI
P AABq 3X] |aass| |F2 AB| As | aB | a8
e A*B a: . AB [AABBIAABSIA2BB| AaBs
% : M Ag |AABB{AABB|AaBs|Aass

FT [ 5K [aass bi| 2B |AaBB|AaBs{aaBB|aas

aB |AaBs|Aass|aaBs|aass




JIMrnOpuIHOE CKPEIUBAHUE
(3-11 3akoH MeHpaens)
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3-1 3akoH MeHnenss — He3aBUCUMOE
HACJICIOBAHUE IIPU3HAKOB

Tpemutu 3akoH MeHOes1s1 MOXHO
cchopMynupoBaThb Tak: YsieHbl OOHOU napbl
asineneu omoesnissromcesi 8 Melio3e He3asucumo
om 4sieHoe dpyaux nap, KOM6UHUPYSICb 6
2aMemax cJsiy4auHO 80 8CeX 803MOXHbIX
codyemaHusix (Npu MOHOrMbpuaHom
CKpeLMBaHUM Taknx codetaHum obirno 4, npu
anrmébpungHom — 16, npu TpurndopmnaHoOm
CKpeLLMBaHNM reTepo3nrotTel 0bpasyoT no 8 TUnos
raMerT, ANns KOTOPbIX BO3MOXHblI 64 codeTaHus, U T.

a.).



YcioBue, pyu KOTOPOM COOIIIOIAETCS
3-1 3axk0oH MeH e

He3aBucumoe pacnpegerneHue reHos B
NOTOMCTBE U BO3HUKHOBEHWUE Pa3fINYHbIX
KOMOMHAaLUWN 3TUX FEHOB NMpu AnrndopuaHom
CKpeLlMBaHMM BO3MOXHO NULLb B TOM Cly4ae,
ecnun napbl annernbHbIX TEHOB PACronoXeHbI B

FOMONMOINNM4YHbIX XPOMOCOM (reHs,
oTBevatloLme 3a pasHble NPU3HaKkn He cuenneHbl Mexay
cobown)



[lnTonornyeckue OCHOBBI 3AKOHOB
Menaens 0a3upyroTcs Ha:

NapHOCTU XPOMOCOM (MapHOCTU rEHOB,
o0ycrnoBnMBaroLLNX BO3MOXHOCTb PasBUTUA KaKOro-
nnobo npusHaka)

0CODEHHOCTAX Meno3a (npoueccax, NPOUCXoAsILLUX B
Meno3se, KoTopble obecrnevynBaroT HE3aBMCUMOE
pacxoXaeHne XpoOMOCOM C HaXoAALWMMUCS HA HUX
reHamMmu K pasHbIM MOJitoCaM KIeTKM, a 3aTeM U B
pa3Hble ramMeThl)

O0CODEHHOCTSAX npoLiecca onogoTBOPEHUS
(cny4yanHoM KOMOUHMPOBAHUN XPOMOCOM, HECYLLINX
No OOHOMY reHy M3 Kaxgow annenbHOW napbl)



MoHOTEHHBIEC (MEHACTUPYIOIINC)
IIPU3HAKHU Y YEIOBEKa

JIOMUHAHTHBIN MPU3HAK

PenieccuBHBIN Npr3HAK

TemHbIE BOIIOCHI
Brromuecs Boa0CHI
Pannee o0OnbiceHne
Kapue rma3za
bim3opykocts
J1aIbHO30pKOCTh
Tosctoie TyObI
JITMHHBIE PECHULBI
Hwu3zkuii poct
['nnepronus
Hopma
ApaxHONAKTUIUSA
Hopma

Hopma

CBemible BOJIOCHI
IIpsimMBIe BOIOCHI
Hopwma

['onmyOble nau cepblie ra3a
Hopwma

Hopwma

Tonkue ryobI
Koporkue pecHuibl
Breicokuii poct
Hopwma

I'emodumus

Hopwma

CaxapHblii TuadeT
DeHUIKEeTOHYpUs




