Bnok 1, BapuaHnt 2 (30 6annos)

B 300MapKe NpoBOANAN CKPELLMBAHNA HECKONBKUX YNCTbIX IMHUI 3Mel. OT CKpeLLmMBaHUA
6enbix 3Mmel ¢ ronyboimm (ckpewmBaHme Nel) 6bi1M nonyyYeHbl rMbpuapl ¢ ronyboin oKpacKou.
OT CKpeLLMBaHUA 3e/1IeHbIX 3MEeN C }KenTbiMK (CKpewmnBaHme N22) NonyYynnun 3eneHbix 3mei.
MepBoe NOKoNEHME OT ABYX CKPELLMBAHUI CKPECTUAN MeXay cobol (ronybbix U3 nepBoro
CKpeLLmnBaHmA ¢ 3eNeHbIMK 13 BToporo) (ckpelmaHue Ne3). B noToMCTBE NONYYUAMN 3ENEHDbIX U
}enTbix ocobelt B cooTHoLWweHMM 3:1. Ecam nonyyYeHHbIX B UTOTe KeNTblXx 0cobelt CKpecTuTb
mMmexay coboit (ckpewmsaHme Ned), nonyunTca pacllenieHne Ha KenTbix U 6enbix 3mein B
cooTHoweHuu 3:1. O6bACHUTE pe3ynbTaT. CKONbKO reHOB onpeaenaeT NPU3HaK OKPaCcKn y
3mein? MOXKHO M NPU CKPELLMBAHNKN MeXay CODOM KeNnTbiX 3MeN, NOJIYy4EeHHbIX B CKPeLLMBaHNK
Ned, nonyumtb 6enbix 3men? Ecam Aa, To C KAKOM BEPOSTHOCTbIO?

PeweHune:

Mbl BUAMM YeTbipe pa3HbiX GeHOoTUNa ANA OAHOro Npu3Haka. Hanbonee oueBngHoe 06bACHEHNE —
NPU3HaK KOHTPOJIMPYETCA ABYMA reHaMK, B3aMMOAEeNCTBYIOWNMM KOMMJIeMeHTapHOo. [pyrMe BapuaHTbl
pelweHns nnbo 6onee cnoXkHble (B3anmoaelicTame Tpéx n bonee reHoB) IMH6O HE MOTYT B NOJIHOM Mepe
06BACHUTL NOYYEHHbIE Pe3ybTaTbl (MOHOMEHHbIW KOHTPO/Ib MPU3HAKa NPU MHOXKECTBEHHOM
annenusme).

M3 nepBbIX ABYX CKPELLMBAHMUA NOHATHO, YTO ro/lyboi UuBeT AOMUHUPYET Hag, 6enbim, a 3e1EHbIN Hag,
KenTbIiM. MonydyeHHble B 3TUX CKpeLmMBaHMAX 0COB6M reTepo3nroTHbl Mo OA4HOMY U3 ABYX reHOB. B
TPEeTbeM CKpeLLMBaHWUM NoaydaeTca 60/blue BCero 3eN€HbIX 3Mei, 3HaUUT 3eNéHble 3To reHoTun A-B- (oH
Nno/ly4aeTca OT CMeLLMBaHMA }eNToro 1 ronyboro LBeTos), Toraa 6enble ato aabb. JonycTnm, uto A
oTBeuvaeT 3a ronyboii ugeT, B — 3a ®KenTblii (MOXKHO M HA06OPOT, NOMEHAIOTCA TONbKO 0603HaYEHUA),
TOrAa B NEPBOM CKPeLIMBaHMUM reHOTUNbI poauTeneit aabb (6enbiin) u AAbb (ronyboit), reHotun
rmbpugos Aabb (ronyboit). Bo BTOpOM CKpelLMBaHMM reHoTUNbl poguTeneit AABB (3enéHbiii) 1 aaBB
(»kenTtbIn), reHoTUN rM6pUAoB AaBB (3enéHbliin). B TpeTbem ckpewmBaHum Aabb x AaBB nonydyaem, uto
BCE MOTOMCTBO reTepo3uroTHo no reHy B n aemoHcTpupyet pacwenneHne 3:1 no reny A. entble
0cobu, NoyYEeHHbIE B 3TOM CKPELLMBAHNKN, UMEIOT reHOTMUN aaBb, N03TOMY NPU CKPELLMBAHUMN UX MEXKAY
coboi (ckpewmBaHme Ned) nonyyatoTca Kentble n 6enbie 3men B COOTHOLEHUM 3:1.

Benble 3men B NOTOMCTBE OT XKeNTbIX poanuTeneit MoryT BbiTb NOyYEHbl, ECIN POAUTENN
reTepo3sunrotHbl. Cpeam »KenTbix NOTOMKOB cKpelumnBaHua No4 nons reteposunrot coctasnsneT 2/3.
BepoATHOCTb TOro, Yto 06a poAUTENs OKaXKyTCA reTepo3nroTHbiMM paBHa 2/3* 2/3=4/9.
BepoaTHOCTb NoaBneHMA 6enbix ocobelt B NOTOMCTBE ABYX reTepo3uroT coctasnseT 1/4, 3HauuTt
BEPOATHOCTb NOABAEHUA 6enoit 0cobu B NOTOMCTBE ABYX XKENTbIX 3MEWN, B3ATbIX M3 NOTOMCTBA
ckpewmBaHua Nod coctasut 4/9* 1/4 =1/9.



Bnok 2, sapuaHnt 1 (35 6annos)

Y4eHble BBIBEIH YUCTYIO MYTaHTHYIO JTJHHUIO Jp030(uisl ¢ renoturioMm aabbdd. MyranTHoTrO
caMIla CKPeCTUIIM € CaMKOM JUKoro tumna. B nepBoM nokoseHun Bce 0coOM UMEIH HOPMATIbHBIN
denotun — ABD. Bo BTopoM NOKOJI€HUY TOTYUHIIH:

ABD - 211
ABd -0
AbD - 14
Abd -0
aBD -0
aBd - 16
abD -0
abd — 59
Bcero: 300

[IpoBenute ananu3 pacuieruieHus. Eciii reHbl He CUeIIeHbl, 00bICHUTE XapaKTep HACIEAOBAHUS
MIPU3HAKOB. EC/M reHbl ClIeTUICHBI, TOCTPONTE MPEIoIaraeMyro KapTy XpOMOCOMBI ¢ YKa3aHUEM
paccTosiHES MeX 1y TeHaMmu. [ToMHUTE, 9TO y caMIIOB JIp030(HIbl KPOCCUHIOBEP HE TPOUCXOIMT.

PeweHue:

Ham gaH reHoTUN MyTaHTHOW YUCTOM IMHWUW, TEHOB TPU, OYEBMAHO, YTO KaXKAbli U3 HUX KOHTpOAUpPYeT
OAMH NPW3HAK U reHbl ayTOCOMHbIe (HET cLenneHna ¢ NooM). PacCMOTPMM KaxKablii NPpU3HaK B
OTAENbHOCTU: Be3ae efMHO0bpasme B NePBOM NMOKOJEHUM U pacluensieHune, 6ansKkoe K 3:1 Bo BTOpOM
(225:75 pnareHos A wn D, 227:73 anAa reHa B).

PaccmoTpum Tpu BO3MOXKHbIX Mapbl Npu3HaKkoB. [py He3aBUCUMOM Hacie40BaHMWN AOJIKHO NOMYYaTbCA
pacwenneHme 9:3:3:1, HO TAaKOro pacLLeneHna Mbl HE BUAUM HU B O4HOM U3 Nap - BCe TPWU reHa
cuensaeHbl U HaxogATcA Ha ogHOoM xpomocome. s napbl A u D mMmbl BUAMM TONbKO ABa deHoTMna: AD u
ad, cooTBeTCTBYOWME GEHOTUNAM YUCTbIX POAUTENBCKUX TIMHUIA B COOTHOLWEHUN 3:1 — mexKay STUMH
reHamu nosaHoe cuenneHue. leHol B nopax A—B n B— D cuenneHbl He NOSIHOCTbIO, NOJly4eHO
pacwennenune 211:14:16:59 (smecto 9:3:3:1).

Bo3bME&M YacTOTy KPOCCMHIOBEpa 3a X M COCTaBUM peLleTKy MeHHeTa Ans ckpewmsBaHma rmépmuaos
nepBoro nNokosieHus. Mbl MOXeMm MUcaTb Cpasy NPo TPW reHa, Tak Kak a U d NONHOCTbIO cuenieHbl 1
KPOCCMHroBep BO3MOXKEH ToIbKo Mexay ad 1 b. Camubl 4atOT TONIbKO HEKPOCCOBEPHbIE ramMeTbl, TaK Kak
Y HUX He NPOUCXOAMUT KPOCCUHTOBEp.

(1-x)/2 ABD x/2 AbD x/2 aBd (1-x)/2 abd
1/2 ABD (1-x)/4 AABBDD x/4 AABbDD x/4 AaBBDd (1-x)/4 AaBbDd
1/2 abd (1-x)/4 AaBbDd x/4 AabbDd x/4 aaBbdd (1-x)/4 aabbdd

[anee cneayert cOCTaBUTb M PELLUTb ypaBHEHME. ITO MOMKHO CAeNaTb HECKObKMMM crnocobamm.
Hanpumep, MOXHO B3ATb Knacc ¢ ¢eHoTMnom abd, Kotopblii umeeT reHotun aabbdd. Toraa (1-x)/4



=59/300, oTKyAa YacToTa KPOCCMHIOBEpPa NoAyYaeTcA paBHa NpnbansutensHo 21%. pyrie BapuaHThbl
YPaBHEHUA TaKKe 3aCYUTbIBAZINCD KaK BEPHbIE.

TaK Kak reHbl A 1 D NOAIHOCTbIO CLENNEHDI, Mbl HE MOYKEM OMNPeAEeNUTb, KaKOW U3 HUX BanIKe K reHy B.
TakMm 06pa3om, BO3MOKHbI 4Ba BapnaHTa reHeTUYecKol KapTbl: A-D-B n D-A-B.

B peweHnn goNKHbIl 6bITb npeacrtaB/ieHbl CXeMbl BCEX CKpELLI,MBaHMVI.



Bnok 3, BapuaHnt 1 (35 6annos)
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3apa4en y4yeHoro 6b110 KIOHUPOBATb M IKCNPECCUPOBATL B KNETKAX DaKTepuit syKapuoTuueckuii reH A*,
[na 3TOro oH pewwnn UCnosib3oBaTb bakTepuanbHyto naasmuay B**, B KoTopoli nogobpan caiTbl aAna
KNIOHUPOBAHUA — CalTbl y3HAaBaHMA pecTpmkTas BamHI u Notl.

Bynet v reH A B HATUBHOM BUAE, NPeACTaBAEHHOM Ha CXeme, TPaHCKPMBMPOBaTLCA M TPAHCIMPOBATLCA
B KNeTKax 6akTepmin? Kak nonyuymtb GYHKLUUMOHMPYIOLLYIO B KNETKax GaKkTepuii Konuio reHa’?

Kakoro pasmepa fonxHa 6biTb nonyyeHHas paboTatow,an B KneTkax bakTepuii peKoMObUHAHTHan
KOHCTpYKUMA (B N.H.)?

Kakune dparmeHTbl ByayT nonyyeHbl B pesynbrate 06paboTkn peKoMBUHAHTHOM KOHCTPYKUuK (1)
pecTpuKkTasol EcoRl, (2) pectpmkrason Xmal u (3) cmecbio pectpukTas EcoRl n Xmal? B oTBeTe yKaxKute
pa3mepbl NOJyYaeMbIX NPOAYKTOB A0 KaxK40N PeCTPUKLMM.

*[1nA reHa A TeMHbIM LBETOM 0603HauYeHbI 3K30HbI, 6E/1bIM - MHTPOHbI, LMdpamm - KOOpAMHATbI HaYana
M KOHLLA KaXXA0ro 9K30Ha, umdpamm B cKkobKax — KOOpAMHATbI caliTa pecTpuKumm Xmal, CaiTbl
pectpuKkummn BamHI 1 Notl praHKMpytoT KOAMPYIOLLYIO PaMKy CYMTbIBAHMA.

**Pasmep nnasmuabl B 0603HaueH B LeHTpe. 0- TOUKa oTcYeTa KOOPAMHaT.

Moa caTamm pecTpuKkumMmn umdpamm B CKobKax 0603HaYeHbI UX KOOPAMHATI.



PeweHue:

Ecnv reH KNOHUPYeTCA B Na3MUAY C LLe/Ibo SKCMPECCUM, NNA3MUAA YKE COAEPKUT HeobXoaMMYo
NPOMOTOPHYI0 061acTb (MPOMOTOP 0603HAUYEH Ha PUCYHKE TPEYrONbHUKOM C HAaANUCbIo «T7») 1 reH
KNOHMpPYOT 6e3 npomoTopa. B HaTUBHOM BUAge reH A BKAtOYAEeT B Ce6A 3K30HbI U MHTPOHbI. YYaCTHUK
OONKeH OblN1 YETKO YKa3aTb, YTO B HATUBHOM BUAE FeH A CMOXKET TPAHCKPMOMPOBATLCA B Nasmuae
(MHTPOHbI He NOMeLatOT TPAHCKPUMLLMK). ABHO AONKHO 6bl10 ObITb OTMEYEHO, YTO TPAHCAALMA reHa A
TaK¥Ke BO3MOXHA B HAaTUBHOM BUAE, HO NOAyYaeMblit NnenTnag 6yaet UMeTb 4pYryto CTPYKTYpPY, T.K.
NMOMMMO 3K30HOB TPAHCANPOBATLCA ByAYT M MHTPOHbI. [nA nonyyeHma pyHKLMOHanbHoro 6eska, reH A
B KOHCTPYKLMM He JOMKEH COAEPKaTb MHTPOHbI. [1nA 3Toro Hanbonee oNTUMasIbHbIM BapMaHTOM
ABnseTca ucnonb3osaHme KAHK reHa A (nonyyaetca B pesynbTate obpaTHoM TpaHcKpununn MPHK reHa
A). pyrve BapnaHTbl ABASAIOTCA UAN CAULLKOM C/I0MKHbBIMMU, MW CIVLLKOM 3aTpaTHbIMU. Pasmep
NTOroBOM paboTatowen KOHCTPYKLMKN BbIMMCAAETCA KaK pa3mep NAasmuabl MMHYC BbIPe3aHHbIN 13
naasmuabl y4acToK MeXay caTamum ansa KnoHnposaHusa (BamHI 1 Notl) natoc pasmep reHa A 6es
WMHTPOHOB. 6200 — 219+640=6621 n.H. O6paboTKa paboTatowen KOHCTPYKUUK pecTpuKkTasoi EcoRl
AaeT npoayKTbl pasmepamm 3395, 2123 1 1103 n.H. O6paboTka paboTatoLen KOHCTPYKLUK
pectpuKkTaso Xmal aaet npoayKtol pasamepamm 3980 n 2641. CoBMeCTHas pecTpuKuns pasaenset
KOHCTPYKUMIO Ha NATb pparmeHTos: 1818, 1577, 1103, 1064 n 1059 n.H. Be3ge cnenosano yuntbiBaTb
Hanpas/eHMe BCTaBKMN GpparmMeHTa B KOHCTPYKLMU, T. K. OT 3TOrO 3aBUCUT PacnosioKeHWe canTta
pectpukumn Xmal (pparmeHT MoKeT BCTPaMBaTbCA TO/IbKO B OJJHOM Hanpas/ieHnn).



