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I. MY JACTYP

KUPUII
Ma3kyp [OacTyp pHUBOXJIAHTAH XOPWXKWW JIaBJIATIAPHUHT OJMA TabJIUM

coxXacuaa »JpUIlraH IOTYKJIapu XamJa OpTTHUpraH Taxpubalapu acocuia
“buosiorusé” Kaiita Tal€pian Ba Majaka OIIUPUIN WYHATUIIM YYyH Tal€piaaHraH
HaAMyHaBUU YKyB peka xamja JacTyp Ma3MyHHUJaH KeIuO YMKKaH XO0J/1a Ty3WJraH
0ynmu0, y 3aMoHaBUi Tanabiiap acocuja KakTa Talépriaimn Ba Majlaka OIIWPHUIIT
*KapaCHJIApUHUHT  Ma3MyHMHM  TaKOMWUIAIITUPUII — Xamja OJUM  TabJIUM
Myaccacajapyd Ienaror KaJpJapUHUHT KacOWil KOMIIETEHTIMIMHH MYHTa3aM
omupud OOPHIITHA MaKCaJ KUTaIH.

Kamusar Tapakku€t HadakaT MamJlaKaT HWKTHCOOUN  CaTOXUSATHHHHT
IOKCAKJIUTU OuiaH, 0anku Oy camoXHAT Xxap OMp MHCOHHUHI KaMmOJ TONWIIM Ba
YUFYH PUBOXJIAHUIINTA KaHYAIUK WYHaNTUPWITAHIUTY, WHHOBAIMSUIAPHUA TaJa0UK
ATWITAHIUTH OwuiaH xam YyiauaHamu. Jlemak, TabiuM TU3UMH camapaJiopiIUruHU
OILIUPUIII, TIEJIATOTJIAPHU 3aMOHABUN OWJIMM Xamja aMaliuid KYHUKMa Ba Majakajap
OWIaH KypOJUIAaHTHPUIL, YE€T 3J1 WIFOp TaXpuOaldapuHU YpraHuIl Ba TabJIUM
amManuéTura Taa0MK dATUI  OYryHrM KyHHMHT  Joi3ap0  Basudacuaump.
“buonHpopmaTuka” MOAYIM ailHAaH MaHa Wy WYHAIMILJATH MacajlajJapHH Xail
ATUIITa KapaTUJraH.

Ymby gactypaa Typiu opraHu3mMiap reHOMIIApUHUHT, XyCyCaH, 0J1aM, XalBOH,
MUKPOOpraHu3MiIap XamJa YCHUMIIMKIAp TE€HOMJIApU CTPYKTYPACHHUHT IIHJIAT
ownan cexkBenupaanumy (JJHK kerMa-KeTIUKIapUHUHT aHUKJIAHUIIN) HaTHXKACKA
[03ara KeJraH SIHTH, 3aMOHaBHil OuowmHdopmaTMka ¢aHU, YHUHT axaMUsTH,
n0y13ap0siiry, Macajl Ba Bazudanapy Xxakuaa TyuyHJanap 0aéH STUJTraH.

MoayJJHUHT MaKcaau Ba Basudaaapu
buonHdopmaTuka MOAYJIMHMHI MaKcaau Ba Ba3udanapu:

- Temaror KaapiapHU KailTa Tai€pram Ba Majaka OIIMPHUIN Kypcu
TUHIJIOBUMJIApUJA MOJIEKYJIsIp OUONOrusi, OMOXUMUS, T'€HETHKAa, BUPYCOJIOTUs Ba
IIYHUHTIEK OMOTMONMMepiap TY3WIUIIMHUA Oamopar KWJIUII UMKOHUHHM OepyBUYU
FeHOMUKAa Ba IMPOTEOMHKAa MabJIyMOTIapu KOMIBIOTEP  TaxXJIMJUIAPUHUHT
ITOPUTMIIAPUHY Ba JACTYPJIAPHHM MILTA0 YUKW OVitnda KTl COHJIM TaIKUKOTIAp
HATWKaJlAQpUHA ~ XMCOOJAIl  METONOJIOTHUACH  EpaaMuaa TaxJWid — KHJIWIIra
nyHantupuiaran gan — OrMouH(poOpMaTUKA XaKHUJla TaCaBBYpPHU IIAKJUIAHTUPHIIIAH
uoopar. lllyHuHTOEeK THHTIOBUMIapra OyHE ONMMIApPH TOMOHHUIAH THUPHUK
OpraHM3MJIap TEHOMJIAPUHHUHI  CEKBEHUPJIAHUIIM  HaTWXKAacula TEHJApHUHT
CTpyKTypa Ba (yHKIUsIIapuHM  ypranwm  Oyiimda onub  Oopwiaérran
OunonHpopMaTUK  WIMHNM  TaAKUKOTIAp, OuomH(poOpMaTUKa  METOIIapUIaH
doitnanann® spatunaéTraH SHrM  OUMOTEXHOJIOTMK YCyJUlap Ba  yJApHUHT
KOHYHHUSTJIApY XamJa NPUHIUIUIApU TYFpUcHAa OwinMm Oepull Ky3aa TyTUIIaIu.




@daH KUIUIOK Ba XaJlK XYKaJIWTA aMalu€Tiap/la TeHeTUKAa MyaMMOJIApUHU €4ulIa
KYJUTaHUJIauran OnonHGopMaTiKa yCyJulapy Ba IOTYKJIapuHu EpUTHO Oepaiu;

Moays 0yiin4a TUHIJIOBYMJIAPHUHT OMJIMMH, KYHUKMACH, MAJIAKACH Ba
KOMIIETEHIUSUIAPUTa Ky HNJIaurad Tajaadaap

“buonndopmaTika’” KYpPCUHH Y3 TUPULIT KapaéHuaa amaira
OIIMPWJIAIUTAaH Macajlajlap JOUpacuaa:

Tunraosuu:

- OMOJIOTMK TEPMUHJIAP Ba YJIAPHUHT WHTJIM34a HOMJIAHUIIIHN;

- aMaJIuil MaTeMaThKa, ax00pOT TEXHOJOTUsTIApH Ba IacTypJiall acociapH;

- HyKJICMH KUCJI0Ta Ba OKCWIIap KUMECH Xamia pusukacu;

- IPOKapHOT Ba 3YKAPUOT OpPraHu3MIIAp TEH DJIIEMEHTIAPUHUHI aCOCH
TY3WIHIIIH, yIap TeHOMH YpTacuaaru (apkiap xakujaa Onjaumiaapra sra 0yJauim,

TunriaoBuu:

- OuonH(popMaTKa COXacujard MyamMMoJiap, PHT CYHITH IOTYKJap Ba SHTH
UIJIaHMaJIap;

- OmonHpopMaTKa acocu Ba JACTYPJALIHUHT TYpJiau YCyJlapu Xamja
coxajaru MyaMMoJapHu OapTapad STUI YUyH KYJJIaHUIAUTaH STHTH 1acTypiiap;
- SHTU aBJIOJ] CEKBEHUpJAlll TEXHOJOTUSJIApU HWII NPUHIMILIApU OVitnda

KYHMKMA Ba MAJIAKAJIAPUHU 3rajljialin;

TunraoBuu:

- TeHOMJIap, OKCHJIIap Ba OolIKa OMOJIOTHK ax0opoTiap OYiinya MabIyMOTaap
0a3acu1a JKalamTUpuiIrad axoopoTiiapJaH OKuJIoHa (oiiianana oIuil,

- OJIMHIaH HaTH KAJIAPHU HKCIIEPUMEHTAN Ba CTATUCTHK TaxXJIMJ KUJjla OJIHILI;

- MaBxxya UXTHCOCTAIITUPUITAH OMOUMH(POPMAIIMOH CAaUTIApPHU MOJAU(PUKALIUS
KWJIa OJIMII Ba SSHTUJIAPUHHU ApaTa OJIMII KOMIETEHIUSIVIAPHH 3T AJUIAIIHU JIO3UM.

Moay/iHM TAIIKKJI 3THII BA YTKAa3MII OyiM4Ya TaBCUsijiap

“buonHdopmaTika” Kypcu Mabpy3a Ba aMaluil MalIFyJIoT/Iap akiauga oauo
Oopunay.

KypcHu yxutnin xapa€Huga TabJIMMHUHT 3aMOHABHM METOIUIAPH, NEAATOTHUK
TEXHOJIOTHsJIAp Ba axXxOOpPOT-KOMMYHMKAIMSl TEXHOJOTHSUIApH  KYJUIAHUJIMILIN
Ha3zapJa TYTUJITaH:

- Mabpy3a Japciapuia 3aMOHAaBHI KOMIBIOTEP TEXHOJIOTHSUIApU €pAamMuaa
MPE3EHTALMOH Ba AJIEKTPOH-IUAAKTUK TEXHOJIOTHsIIAp/aH;

- VTKa3WJIaJAUraH amMaliiii MallFyJIoTJIapAa TEXHUK BOCHUTAJIapIaH, dKCIIPECC-
CYypoBiap, TECT CYpOBIapH, akiIud XyXyM, TypyxJid (GUKpiaml, KHYUK Typyxjap
OWJIaH MILJIAIl, KOJJIOKBUYM YTKa3ull, Ba OOIIKa MHTEPHAON TabIuM YCYyJUIapUHU
KYJUIAll Ha3ap1a TYTHIaAu.




MoayTHMHT YKYB pe:kagaru 0omKka MoayJiap OnjiaH OOFJIMKJINIH Ba
Y3BUMJIUTH

“buonHdopmaTrka” (paHu OHOXUMHUS, MOJICKYJISIp OHOJIOTHS, T€HETHKAJaru
acocwii OMMM Ba TacaBBypJapra TasHUO, MOJIEKYJAP-OMOJOTHUK TaJAKUKOTIapaa
amManuii MaTeMaTHKa, CTaTUCTHKA Ba MHQOpMATHKA yCyJlapuiaH QoinganaHaiu.
dan ro3acugaH TaW€prapiuk - OHOJIOTMK MYyXUM axOOpPOTHHM OJIMII MaKcaauaa
OHMOJIOTHK MaKpOMOJIeKyJIalap Ty3WIHIIN OYiHuYa SKCIIEPUMEHTal MabIyMOTIApHH
TaxJIMJI KWW YYyH KOMIBIOTEP TEXHOJOTHSUIApUIAH Ha3apuil Ba amanuii Ouiamum
Ba KYHUKMalap OJIUII MUMKOHUATUHHU Oepanu. PaH OMOJOTHUK OOBEKTIap OuiaH
OOFIMK OYNAraH MareMaTHK ajlrOpUTMIIAPHU amaira OoIMpagd, (U3NK-KUMEBUN
Ouoiorus, TIeHOMUKAa Ba NPOTEOMUKAHMHI JKCIEPUMEHTal Ba XHcoOJsaml
MabpiIyMoOTIapuHu  Kymnaiau. Iy  Oouc  TUHIJIOBUMIApD  YHH — TYJIHK
V3MaTUpULIIIAPU  YYYH THPUK MaBXYIOTJIAPHU YPraHyBUYM YMYMOHMOJIOTHK
(dannap: OoTaHuKa, 300JI0THs, OHOKUME, (¢u3noIorUs, OHODU3UKA, HPCHUIT
KOHYHUSITJIApUHHU, T€HETHKA, MOJIEKYJSIp F'€HETHKAa, MHKPOOMOJIOTHS IIYHUHIJICK,
OpraHU3MIIapHU aTpod MYXUT OMIIaH ¥3apo MyHOcaOaTIapHU YpraHyBUYU SKOJIOTHS,
TUPUK OPraHM3MHU HMYKM Ba TAalllKM TY3WIMLIIMHU YpraHyBUM AaHATOMHUS Ba
Mopdosorust ¢dannapu OwinaH Oupranvknaa Tabumii dannmap: kumé, ¢Gu3NKa,
MaTeMaThKa Ba 3aMOHAaBUM KOMITIOTEp TEXHUMKAcH 3aMOHaBHI yciyOnap €paamuia
opraHusmiiapa coaup OyiaauraH MypakkaO skapaéHiIapHU YMyMJIAIITHPUIL YUYH
eTapyiu OWJIMM Ba KYHUKMaJapra 3ra OYJIuiiu Tanad STuiaiau.

Moay THUHT OJIMH TABJIMMAATH YPHU

PecnyOnurkaMu3HUHT UKTUCOAUETU dbyHmameHTan dbanIapHUHT
PUBOMJIAHMINITA Ba YHUHT IOTyKJIapura Xam OofiuK. XO3Uprd 3aMoOH
OMOJIOTUSCUHUHT KECKWH PaBUIIIa PUBOKIAHYBYM cOXacu Oy reHoMHKa (haHugup.
I'enomuka coxacunu 3ca 6uomHdopMatuka (paHUCU3 TacaBBYp KWIMO OYIMalu.
buoundopmatuka ¢(aHu MoJeKyJasIp OHOJIOTHS, TEHETHKa, COFIMKHU CaKJall,
dbapMakoJiorusi, OMOXUMHUS XaMmjJa Xyxkalpa OHOJOrHsACH KaOu KUIUIOK Ba XallK
XYKaJUTH COXaJlapujard MyaMMOJIApHH €UHUIIIa MyXUM axamusT kacO stanu. [y
cababmu xam ym0y MOAYJIHHU Y3JAITUPUIN OPKaJd THHTJIOBYIIAP 3aMOHABUI
owonndopmatuka (aHMHM aMmajaa KyJUlalll Ba TEHETHKAa COXACHUIard MaBXKy]l
MyaMMOJIapHHU OaxoJalira Joup KacOui KOMIIETeHTIMKKA 3ra Oymaauiap.




Moaya 0Oyiinmua coaryiap TAKCUMOTH
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HA3APUI MAIIFYJIOTJIAP MASMYHHA

1 - maB3y: Kupum. buonngpopMaTuKaHMHT ACOCUH NPUHIUILIAPH.

buoundopmatuka kypcura kupuml. buoumHopmMaTMka TylIyHYacu Ba
yHUHT Tapuxu. @Pan cudartuga pHUBOXKIAHWIIM, MakKcaaud Ba Basudanapu.
buoundopmaruka panumaru 0TyKIap.

2 - maB3y: I'eHOMHHM TaxpupJiall TeXHOJIOTHSAJIAPH.
['eHoMHM Taxpupiam THU3UMIIAPUHUHT TPEIMETH, MakcaJa Ba Baszudacu.

'eHoMHM Taxpupiam TU3MMIAPUHUHT AaCOCUMM MyHaNUIUIapu. 1paHCreHes.
Antucenc. furu apnon texHosorusiapu: Zinc Finger, TALEN, CRISPR.

AMAJIMA MAIIFYJIOTJAP MA3MYHM
1-amanuii MalIFyJao0T:
I'enomuiapHu KapTajJaTHPHILL.
I'enoman kapranatupum. JIHK wmapkepimapu Ba  yJIapHUHT T€HOMHH
Kapranawrupumgarn  axamusata.  JHK  wmapkepmapunHuar typnapu. ['eHeTuk
OMPUKKAHIIUK KapTaJlapUHU TY3WII. ACCOIMAIIMOH KapTAJIAIMTUPHIN Ba yJIapHUHT

typaapu (LD — xkapramamrupum, QTL — kapramamrupum, NAM -
KapTaJIallITUPHIIT ). Kapramammupumga — vmmatuigagurad  OmouHGOpMaTHK
aacTypiap.

2-amMaJMii MaIIFyJIoT:
Mabaymotiaap 6a3acu Ba yJaapaaH (oiigajjaHul.

Hyxkneorun kerma-kernukiap mabiaymoTiap 6azacu (EMBL, DDBJ, NCBI,
UniGene, STACK, EMBL-SVA), renom mabaymoTiiap 6a3acu (Genomes Server,
Proteome Analysis, Ensembl), Ououun (microarray) mabiymotiap 6asacu (GEO,
ArrayExpress). OKcusl KeTMa-KeTIMKJIApH MabIyMOTiIap 0a3zacu; aMHHOKHCIOTA




KeTMa-KeTinukiaapu  Mmabiaymoriaap 0Oazacu  (UniProtKB/Swiss-Prot, GOA,
ENZYME) Ba “uxkunamun’ 6a3a (InterPro, PDB).

YKUTHII ITAKJIJIAPHA

Maskyp MoayJ Oyinda KyiHuaaru YKATUII aKJmapuaad honanaHuiaiu:

- Mabpy3aiap, aMaluil MaIIFyJoTiap (MabIyMOTIap Ba TEXHOJOTHUSIIAPHU
aHryiad oJIMI, aKJIWA KU3UKUIIHU DPUBOKJIIAHTUPHIN, Hazapuil OWIMMIapHU
MycTaxkamJianl);

- 1aBpa cyxoatriapu (kypuiaaérraH joiinxa euynmiiapyd Oyiinda Takiudg Oepuii
KOOWJIMATHHU OUIUPHIN, ODIIATHIN, WAPOK KWWl Ba MAHTHKUK Xyjocajap
YUKApUII);

- 0axc Ba MyHO3apanap (Joiuxanap edyuMH OViuYa manuiuiap Ba acocCiu
apTyMEHTJIAPHA TaKAUM KWIWII, DIIATAII Ba MyaMMoJiap €YUMHHHU TOIHIII
KOOMJIMSATUHU PUBOKIAHTUPHIII).

BAXOJIAII ME3OHUA
Maxkcumag
baxoJugam me30HHn
. oana
Ne | VKyB-TONIIHUPHUK TypJapu o o P -
o5 abJIo AXIIH ypra
’ 22-25 | 1821 | 14-1,7
1 TecT-CHHOB TOMIIMPUKTAPUHA 05 0405 0,34- 028-03
OaXKapHuII 0,44
5 VYKyB-I0iNXa UILIAPUHH 1 0.9-1 0,73- 0,56-0.7
OaxkapuI 0,83
3 MycTtakui Ui 1 001 0,73- 0,56-0,7
TONIIMPUKJIAPUHU OasKapuIIl 0,83




1. MOJIYJIHU YKUTHIIJIA ®OUJTATTAHNUIAJIUT AH UHTPE®AOJI
TABJIUM METOJJIAPHA
«XyJaocanamn (Pesrome, Beep) meToan
MetoanuHr makcaau: by wmeroa mypakkad, KynTapMOKIU, MyMKHH Kajaap,
MyaMMOJIM XapaKTepuJaru MaB3yJapHH YpraHumra kapatwirad. MeToJIHUHT
MOXMSTH IIyHAaH HOOpaTKu, OyH1a MaB3yHHUHT TYpJId TapMOKJIapu Oyiinya Oup Xui
axOopor Oepuiaau Ba aifHW TMaWTHAa, YJIAPHUHT Xap OMpH aloxXuaa acreKTiapaa
MyXoOKaMa 3Tujaau. MacanaH, MyaMMo WKOOUH Ba cajaOuil TOMOHIApH, ad3allIuK,
dazunatr Ba Kamuwimkiapu, ¢Goiina Ba 3apapiapu OVitmua Ypranunaau. by
uHTep(aon MeTon TaHKUIWHK, TaXJWIWi, AaHUK MaHTUKUA  (UKpIALIHH
MyBapGaKUATIN PUBOKIAHTHPHUINTAa Xamaa YKyBUWIAPDHUHT MYCTaKui FosIapH,
bukprapuau €3Ma Ba OF3aKd IIAKiIAa TU3UMIN Oa€H OSTHUII, XUMOS KHJIHIITA
UMKOHUAT sipaTagu. “‘Xymnocanamr” METOIMJIaH Mabpy3a MaIIFyJIoTIapuaa
WHIUBUyal Ba OKy(QTIUKIApAard Wl IIaKiuaa, — aMaldid Ba  CEMHUHAp
MaIIFyJI0TIapuaa KHYUK TYpyXJjap/lard Uil MMaKJIuIa MaB3y 103acujiad OMIMMIIapHU
MycCTaxKamJIall, TaX MU KAJTUII Ba TAaKKOCTAIl MaKcaauaa GoiiiaJaHuIl MyMKUH.

MeTtoanu amaJjira omIMpuin TApTUON:

TpeHEP-YKUTYBUYM UIITUPOKIMUIAPHHU S-6 KUIIUIaH nOopaT
KUYMK TypyXJjapra axxparaju;

TPEHUHT MaKCa/u, MapTIapyu Ba TApTUON OMJIaH MIITHPOKYMIAPHU
TaHULITHPray, Xap Oup rypyxra yMyMuil MyaMMOHHU TaxJIWJI KUJIMHUILIN
3apyp OyiraH KucMiapu TYHIMPUITaH TapKarMa MarepralljlapHu

xap Oup TypyX y3ura OepriiraH MyaMMOHH arpodiuda Tax i KWimo, ¥3
MyJoxa3aJapyuHu TaBCHUS dTUIAETTaH cxema Oyiinua TapkarMara €3ma
0aéH KuIaau;

HaBOaTaru 6ockuyia 6apya rypyxjap ¥3 TaKIUMOTIApUHU YTKa3aauiap.
[IlynaH CyHT, Tp€HEp TOMOHM/IaH TaXJIWLIap yMyMJIAIITUPUTIAIH,
3apypuii ax00poTiIp OWIaH TYIAUPUIIAAN Ba MaB3y SKYHJIAHA/IU.

Hamymna:
HaHo3appajiapHUHT TUPUK OPraHU3MJIAPAA KYJJIAHWIHIIN
. Yeumink
Onam opraHusmMuaa XailBOH OpraHu3mMuaa
OpraHu3sMHuaa
KaM4uI
adzamury | xkamuunurd | ad3anaura KaMYHJIATH adzannuru
Uru

XyJaoca:




“AccucMeHT” MeToau
MeTogHMHI MaKcagM: Ma3Kyp METOJ TabJUM OJyBUWIAPHUHT OWINM
JapaxxaCUHM 0axoJall, Ha3opaT KWIMII, Y3JAITHPUII KYpCaTKU4YM Ba aMajuii
KYHUKMAQJIApUHU TEKIIMPUIITra WyHANTUpUIATraH. Maskyp TEXHUKA OpPKaJIU TabJIUM
OJTyBUMJIAPHUHT OMIUII (HAOTUATH TypiH MyHanumap (TeCT, aMauid KYHUKMaap,
MyaMMOJIM Ba3usATJIap MAaIIK{, KUECUH TaxJIWJI, CUMOTOMIIAPHU aHMKIAII) Oyinda
TalIXUC KWIMHAAHU Ba 0axoJlaHaIu.

MeToaHu amMa/Ira OIIMPUIN TAPTHOM:

“AccucMeHT’ JapJaH  Mabpy3a MAIIFyJ0oT/Iapuja THUHIJIOBUYMIAPHUHT
MaBxKyJl OWJIMM JapakaCMHHM YpraHUIIIa, SHTHM MabIyMOTJIapHM Oa€H KUJIUIIIA,
CEeMHHAp, aMaJMil MalIFyJoTiapia 3ca MaB3y €KU MabIyMOTJIAPHU Y3JIAlITHPHUIIT
napakacMHU 0axoJialll, IIYHUHTCK, Y3-Y3UHM Oaxojall Makcaauia WHIUBUIYall
maknga ¢ouganmanuin TaBcus ASTuiaad. IIIyHWHrOeKk, YKUTYBUMHHUHI HKOJMMA
EHJAITYBU XaMmJa YKyB MakcaJjlapujiaH KeauOd 4YMKuO, acCeCMEHTra Kylmmya
TONIIUPUKIAPHUA KUPUTHUII MYMKHH.

Hamyna. Xap Oup karakmaru Tyrpu xkaBodO 5 Oamn €ku 1-5 Oanraua
0axoJaHUII MyMKHH.

B Tect

g 1. AMmumdnkanust Huma? |
“ae A. PHK monexynacuan !
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B. I'ennu (AHK monexynacu
€K1 YHUHT ()parMeHTH)
M3YMIUTUK OWJIaH Ky
MapoTtabasnabd
HYCXaJIaHHIIH

C. HIHK monexymacHHUHT
BOJIOpo1 6oFnap Epaamua
OOFJIaHUIIIH

D. JJHK man PHK cunTe3mn

Kuécuii Taxjuia

e AMIUIMKOH
KapaCHUHU TaxXJIUI
KWJINHT?

) TyumyHya TaxJuiau ‘té AMasiuil KYHUKMA
4 :
3 » JIHK kuckapmacuuu x ‘ » TI3P kyiium yuyH Kepakiu
W30XJIaHT... TaXxpubagapHu KeTMa-
‘ KeTIuru Oyitnua
‘ OaxkapuHr?




“TymyH4aaap TaxJuJan” MeTOAH

MeTOoAHUHT MAaKCaaM: Ma3Kyp METOJ TUHIJIOBUWIAP €KW KaTHAIIYUJIAPHU
MaB3y Oyinya TasgH4Y TYUIYHYAJapHU Y3JMAIITHPUIN Aapa’kKacMHU aHMKJIAll, 3
OMJIMMIIApUHU MYCTAaKWJI paBUIIJIa TEKIIUPUII, 0axoJiall, IIYHUHI/ICK, SHTH MaB3y
Oyiimya facTiabkd OwiMMiap JapaXacHHH TalIXWC KWIUII — Makcaauzia
KYJUIaHuWIaau. MeToAHN aMaira OIMpPHII TapTUOH:

® UIITUPOKYWIAP MALIFYJIOT KOHAaJapy OUiaH TaHUIITHPUIIAIHN;

® THHIVIOBUMJIApra Map3yra €ku 000ra Teruunuid Oyiaran cysnap, TyluryH4daaap
HOMM TYIIMPUJITaH TapKaTMaap Oepuiaau ( MHIUBUAYal KU TYPYXJIM TapTUO1a);

e TUHIVIOBUMJIAP MAa3Kyp TyLIyHYajap KaHAail MabHO aHIVIATHILW, KadoH,
KaH/ail xoJaTiap/ia KyJUIAaHWINIIY XaKuaa €3Ma MabJiyMOT Oepauiap;

e OeciruiaHraH BakT SIKyHUTa €Trad YKUTYBYM OepuiiraH TyIIyHYaJIapHUHT
TYFPU Ba TYJIUK U30XUHU YKUO SIIUTTUPAIU EKH CIIaiil OpKaJId HAMOMMIII 3TaJIU;

e xap OWp MIITHPOKYM OEpUITaH TYTPHU *KaBoOJap OWIaH Y3WHUHT IAXCHHA
MyHOCa0aTHHU TaKKoCHaiau, hapKIapuHu aHUKJIaH 1 Ba 3 OUIIUM JlapaKaCuHU

Hamyna: “Moaynnaru TassH4 TylryH4Yanap TaxJIuiam

Kymum
CusHuHr4ya 0y TymyH4a Kasujau ya
TymyHnuajap

MabHOHHU aHrJaTaamu? MabJIyM

oT

buonoruk enu6 yukumira sra OyiraH Ba
. ONTHK €KU AJIICKTPUK Y3rapTHUPHUIITA

Biosensor PHI y3rapTHp
0JI0 KeTyBYM JIETEKTOPAaH TAIIKHII

TOIraH KypUiMa.

Amdbudun moaga 6yiuo, r03agad
Surfactant ucp 4 _
CYIOKJIMK TOPTHJIMIIUHA KaMauTUPAIH.

Phospholipid Manduii sapsnanran pocar

TYPYXUHU Y3H]1a CAKIOBYM JINIH.

Hydrogel CyBaH HOOpAT MOJUMED 3aHKHP.

ApomaTHK moJIMaMuIIapiad TaluIKUIl
Kevlar TOMTaH XKyAasiM MyCTaxKam
TOJIAJIADHUHT OUp TypHU

Mojia coTMHraH MEKpOTpYyOKaiap
Kinesin Oyi1ab XapakaTiIaHyBYM OKCHILIAp
CUHOU.

Kynasm kaMm XaXMJ1aru CyrOKIHK

Lab-on-a-chi
P HaMyHaJlapuHU (Oup HeYa MUKOJIUTP




XaKMJIM ) TEKIIUPYBYHU ac000.

M30x: MkkuHYM ycTyHYara KaTHaIIuWjlap TOMOHUAAH (UKD OMIIUPHUIAIN.
Maskyp TyumryH4yanap Xakuaa KyIMia MabJIyMOT TJIOCCApUNAIa KENTUPHUIITAH.

Hamyna: buonndopmarrka TymuryH4acu Ba yHUHT Tapuxu. @an cudartuia
PHUBOXKJIAHUILINA

buonndopmaruka HanorexHoJorus

buoTtexHonorua




I11. HASAPU MATEPUAJLIIAP

1-maB3y: Kupum. buonngopMaTHKaAHUHT aCOCH MPUHUMILIAPH.

/ Peorca: \

1.1. Buounghopmamuxanune gpan cughamuoa waxkiianuw mapuxu. Ynune
npeomemu, 8azughaiapu 8a 00veKmiapu.
1.2. 3amonasuii buonocux maokukomoapoa OUouUHGOPMamuKaHuHe
axamusimu.
Q.3. Buoungopmamuxa pusosicnanuw 6oukuuniapu 6a omyxiapu. J

Tasinu ubopanap: 6uoungopmamuxa, cekgenupiaul, 2eHOMUKA, NPOMEOMUKA,
JIHK s6a oxcun kemma-kemauxkiapu.

1.1.buonndopMaTuKkaHUHT paH cuaTHIa IMAKIIAHUII TAPUXU. Y HUHT
npeaMeTH, Basudaiapu Ba 00beKTJIApH.

Nudopmatuka danumauar XX acpHUHT MKKUHYM sIpMHJIa Taijgo OyiraH
naBpjaH Oonuiad ¢gu3nka-MaTeMaThka, TEXHHUKA, TyMaHUTap Ba Ooika (anmapra
XaM TaA0WK KWIMHHMIIM XaMmJia yJiap OwiIaH XaMKOPJIMKIA HWIUIAmKA ToOopa
KeHraitm6 Oopmokna. Xo3upru KyHjaa uH@opmarvka ¢daHu yCyJUJIapuHU 4YeTyiad
VTaguran OupoH-Oup paH coxacuHM TOMUII MYIIKYI. Tabuuii hanmap xam OyHIaH
MYCTacHO 3Mac.

Vrran acpuunr 60-imuiap oxupu 70-Humiap Gomuapuna 6uonorusga XM
(amekTpoH XHcoOnaml MamuHaimapu) (aon KyulaHuia OouuiaHAu: Iy OwWiaH
Oupranukiaa yJIapHUHT XOTUpAJIapy Ba ONEPAIMOH TE3JIUKIIAPH OLIAN Ba YIdaMiiapu
kuupadtupwigu. Iy Ownan Oupranukga Ouosiorus coxacuaa HWHGOpPMAIUMOH
TaxIWJIapHA Tajnad 3TyBUM KaTTa MUKIOPJArd SKCIEPUMEHTAI MabJIyMOTIIap
Tym1anu0 Konau. byHra Mucon Kuimb Oup KaHuya aBjaT OJdMMIIApU XaMKOPJIMIHIA
2003 #innga€k oJaM reHOMUHUHT CEBEHUPIAHUIIMHNA KEITUPUII MYMKHH.

Mynaait kunmu6d XXI acp Gomnutapura kennd OnomHGOpPMAaTHKA COXACH KaJaal
cypbarna puBoxiaHa Oounuiaau. by asca y3 HaBOatuma OMOJIOTHK TaJIKUKOTIIAp
Oyiinya ONMHraH MabIyMOTJIAPHUHT Iy KaJap KymaiuO KeTranjaurud Ba OyHaa xap

6I/Ip OMMJIHUHT 3cJ1a0 KOJIMHUIIKW Ba TaXJIWJI KWJINMHHIIWAA UHCOH HMKOHHATIIApU




gyerapajaHu® KOJTaHIUTH Xamjaa ToOopa Kymannb® OopaértraH axOopoT XaKMHUHH
caxJiall 3apypusiTH TYFWITAHIUTH OuiaH Oofmanamu. Wik KeTMma-KeTIUKIapu
aHUKJIAaHTaH OMp Heua 103 OKCWUIap XaKuJa MablyMOTIap KUTOO-aTiac MIaKJIUa
Hamp KuirHTranrad 314 (1-pacm). 70 iinsurap Oomapura Kenmub aHUKJIaHTaH KeTMa-
KEeTIUKIAp MUKIOPU M1y Kajap KYHNaWaukd, YJIapHUHT XaXMU Tydaitnu Oy
MaBbJIYMOTJIAPHA KUTOO MIAKIWJA Hallp KUJUIIHUHT YMYMaH WIIOXH WYVK SHU.
Nucon wMwmscm OyHmaik axOopoTIapHU TaxJIMJ KWia OJIMACIUTH Ba KeTMa-

KETIUKIJIApHU TaKKOCAll Y4yH Maxcyc JacTypiap kepak 0yia Oomuiaiu.

ATLAS of
PROTEIN SEQUENC
and STRUCTURE
1965
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1-pacm. Oxcun kemma-Kemaukiapu 6a yiapHuHe my3uiuiy Oytuuya amiac-kumoo
90-fiunnapna renomuka panu maigo Oyna Oonutaau. XO3UPTrH KyHTa Keiuo
Oup KaHya OpraHu3MIIap, XKyMJIaJaH OJlaM, CHMYKOH, TOBYK, KypOaka, Oup KaH4a
O0anuK TypJlapy, YyBaJluaHTrjap, 1037a0 BUpyciap Ba OakTepusiiap Xamjaa ro3ad

YCUMIIMK ~ TYPJIADUHUHT T€HOM KETMAa-KEeTIMKIApU aHMKIAHAW.!

bakrepus
TeHOMHUHUHT YKWIHIIKA — Oy 2-3 TaAKUKOTUYUIAH TAlIKWJ TONTaH TYPYXHUHT BaKT
xucobuaa TaxMuHaH | HWWIJaH KaM MyjdaTra TYFpU KejaauraH Basudacuiup.

Opnam renomu Kapuit6 3 mipa.ra TeHr xapdiapman ubopar 6ynu6 Oy sca 15000

1 JTeck A.M. Beenenue B 6uonndopmaruxy /Introduction to Bioinformatics / nep. ¢ anrit. noa pea. A.A.MupoHoBa,
B. K. [lIBsimaca. - M.: BUHOM. JIa6. 3uanuii, 2009. - 318




KUTOO ToMmmapura Tyrpu Kenamu.! Yem “Yxku6 ymkumr” >ca OMONOIIAp y4yH
MenieneeBHUHT XUMUKIIAP YUYYH SIpaTHWITaH JaBPUAIUK KOHYHHMHH OYHMII OHIJIaH
TEHTJIAIITUPUIIA]TH.

Hly Ooucman xam OyHIail XaXmIard OHMOJOTHK MabJIyMOTIApPHHU TaXJIMI
KWIKIIIA KOMIBIOTEp TeXHoJorusicuan doinanannna Oonuianau. ['eH keTma-
KETJIUKIApUHU TeHTJaTHpUIl 6Viinya Oupunum anroput™ 1970 iunga sipatuigu.
Komnreiorepnap ax060poTiaapHu BUPTyal MabiyMoTiap 0a3zacuia cakijamll Ba yliap
yCTHIa  IOKOPM  TE3JMKIa  Omepauusuiap  YTKa3uil  HUMKOHMHM  Oepiu.
buoundopmaruka xam Oolka 3amMoHaBUi ¢aHiap CUHrapu Oup KaHya (anmap,
SBHU MOJIEKYJIAp OMOOTHS, TeHETHKA, MAaTEMaTHKa Ba KOMITBIOTEP TEXHOJIOTUSIIIapU
dannapu OupiamyBu acocujia BYKyJra Kelau. YHUHT acocuil Basudacu Oy
OHMOJIOTHK MOJEKyJajap, SHI aBBAJIO HYKJIEMH KUCJIOTalIap Ba OKCUIUIAp CTPYKTypa
Ba (QyHKIUAIApU OYiHyYa MabIyMOTIApHU TaxJIMJ KWIMII Ba TU3UMIAIITAPHII
yUyH XHCOOIall aJrOpUTMIIAPUHN UITUTA0 YHKUIIHP.

JIHK HykeoTna keTMa-KEeTIUKIapUHU CEKBEHUPJIAIHUHT JKaJall YCYJIU UIILIa0
YUKWJITAaHAaH CYHT MabJyMoTiap Oa3acuaa TYIUlaHaéTraH TeHEeTHUK axOopoTiap
X@KMH FOKOpPH Te3luK OunaH oprta Oonutagu. MubopmaThka, JTUHTBHCTHKA Ba
uHopmalus Ha3zapusACH  IOTYKJIApM TEHETUK MAaTHJApHU TaxXJWid  KWJIHII
MMKOHHUSITIIapuHU 0unub Oepau. buonndopmarukanuHr Oomika dhan coxanapu OWiIaH
¥3apo OOFNHMK XOJAard PUBOKJIAHWINK OPraHU3M Ba XyKailpama 103 Oepaértran
OMONOTUK KapaCHJIApHU TYIIYHUITHUHT SHTU JIapakacl MIAKJUTAHTHPUIITa UMKOH
Oepaau.

Arapna 6upunum maxcui komnetorep 1981 imnna Ba unrepuetr (World Wide
Web) — 1991 #innna, sbHU SKUHIATHHA SIPATHIITAHIUTH XUCo0ra oJIMHaIuTan Oyiica,
OoronH()OPMAaTHKA XKaJaUIMK OWIaH PUBOMKIAHAETTaHWIa TYBOX, OVIMII MYMKHUH.?

buoundopmaTukaHuHT acocuii TpHHOMIUIApUAAH Oupu Oy 1IyHE oOIUMIApH

! JTeck A.M. Beenienue B 6uonnpopmaruxy /Introduction to Bioinformatics / nep. ¢ aurii. noj pea. A.A.MupoHoBa,
B. K. Iespgaca. - M.: BUHOM. JIa6. 3nanuii, 2009. - 318

2 Ceryban K., Meiinannc JX. BBeneHue B BBIYHCIUTENBHYIO MOJEKYIsIpHYI0O Ouonoruto / Introduction to
Computational Molecular Biology / mep. ¢ anrn. A. A. Uymunukuna; nog pea. A. A. Muponosa. - M. ; Vxesck :
Perymsp. u xaor. qunamuka: HUIL "Perynsipuas u xaotnueckas auHamuka', MH-T komnblorep. uccnen., 2007. - 420
c.




TOMOHUJAH ONUO OOpHIIAETraH TaJAKUKOT HaTIKaJapuHU OUPIAIITUPYBUM SITOHA
TyHEBUH ax00pOT MaKOHJIAPH MPUHITATIAIUD.

buoundopmartukanuHr spamumn Tapuxud 13  acpimapra O6opu0b Takamanau.
Marematuka tapuxura ®ubonauun (Fibonacci) Homu OunaH KupuO KenraH &
utanbsH [Iuzanuk Jleonapmo (Leonardo of Pisa) Guosoruk >kapaéHHUHT OMPHUHYH
MaTEeMaTUK MOJCIMHU Ty3raH XoJja KyEHJIapHUT KYyHNalumm TYFpUCHUIATH
Macananu TaBcuduad Oepran. XX acpuunr 20 Wmmiapura kenuO 3ca sHa Oup
utanbsH onumu Buto Bonbreppa (Vito Volterra) “hupTkuy-ymka” KYpUHUIIAIATH
MKKU OWOJIOTMK TYPHUHT y3apo XapakaTu MojaequHu spartau. 40 dumiap oxupuia
Ouosiorusira (QuU3MK Ba MaTEMaTHKIAp KUPUO Kena Oonuiagd. bUOTOTUSIHUHT
3amMoHaBusl Tapuxu 1953 Hunman, amepuka onumiapu Keiimc Yorcon (James
Watson) xamma @posncuc Kpuk (Francis Crick) tomonmman JIHK Husr xjm
CIUPAJITUTH Kall( KAJTUHTaH JIaBpJiaH OOIUIaH IH.

Cod dbynkumonan tuinmaa, 6apya xucoO-QpyHKIUSICH KYHFUPOKIIap cudaruaa
udona stunaau. XakukaTAaH XxaMm cod Tuiaa (akaT napameTpiapuHu (paoausT,
XaTTO Xap KaHJau y3rapyByaH TOIMIMPHUKIApA MaBXKyZd 3Mac. Jlucn YHUHr HOMHU
"pyiixaTuaa MIIAm TWIWAQ," y CysSHraH MabiIyMOTJap TapKMOMHU KaHAal Moc
€3yBnap ydyH (olimanaHwiaaurad KACKapTupuin opkara 1958 uysunran, spta
(GyHKTCHOHAN ACTypIaml THIIN dIH.

JIucn 1960 ¥umnpa >JI€KTPOH MHS JOMUHAHT TWIMra ainaHad Ba xaimu AU
TaJKUKOT Ba aMaJIMi JacTypiiap MyXHM axamusT KacO 3Tajau. YiapaaH dHT anmapar
maTdopmanapu 1e6 Found OYnau Ba oneparcuoH TU3umiapu kynpok 1980 innga
CTaHAApPTIAAIITUPUITAH OYIMO, rapuu THIIM, KYN JAcCTypiiap Ba JiaxyKanapra yHUHT
spTa OONUIAHUIIN CE3UIapIv Japakaja pUBOKIAHAN Ba TYFUO Oepau.

Tynuk o0bekTra WyHanTUpuiIran (Kyiuga KapaHr) COMIIOHEHT JKyMiaJaH Oup
Heua MupuK Jlaxkanapu Ba XKyJna Kyl KEHMauTMaJIapy, FOSUIAPHU Y3UAa MyKaccam
ATUO KaTTa CTaHAApTIAITUpHUIN Xapakar, 1980 iwmiga amanra omwupuiarad 3a4. by
xapakar sHIU-ToMUHAHT ComMMoH Jlucrira onmub® kenau. “Y30K Tapuxu Ba KEHT

xopui ¢oiananuin OuiaH MKKA MyXHUM Jaxjkajgapu cxemacu Ba Owmacc Jlucm,




OMacc myxappupu ydyH OyWpyk (aitnmu tuau maBxkyna . JKopuil unuiaruinaérrad
oomika GyHKTCHOHAN gacTypiam tuaapu MJI Ba Xackenn 6ynann.t

byryuru kyHra kxajgap OuouH(popMaTukara Typauda Tabpuduap Oepuianu,
OupoK acocaH OmomH(pOpPMATHUKA JEraHaa Typiau OHOJIOTHK axOOpOTIapHU TaXJIUI
KWK KOMITbIOTEP/IaH doitnananuin TYLIyHHUJIAI1. 2 [yHuHraex
«OuomH(popMaTKa» TEPMUHU MaMJIOHM XaM >KyJa KeHraau Ba OHOJIOTHK
oOBbeKkTIap OwiaH OOFNMMK Oapya MaTeMaTUK aJrOpUTMIIapAaH Xamaa OWOJIOTHUK
TaAKUKOTIApAa KYJUIaHUJIAAUTraH axO0opoT-KOMMYHHUKAIUS TEXHOJIOTHsUIapUIaH
¢doitnananagu. buonndopmaTukana HHPOPMATUKIATH CUHTApU aMajuil MaTeMaTuK,
CTAaTUCTHUKA Ba OolKa aHWK (annap ycyulapu Kyutanuiaau. buowmndopmaruka
IIYHUHTJEK OMOoKMME, Onodusnka, HKOJIOrus, TeHeTUKa Ba KaTop Tabuuii Qaniap
coxayapuna (aiiganianuian.

buoundopmaruka ¥3 nuura KyiuaaruaapHu OJIaau;

1) xuécuii TEeHOMHKaga KOMIBIOTEP TAaXJIMJIMHHUHI MaTEMaTHK YCYJUIapH
(reHOM OHMOMH(OPMATHKACH);

2) OKCHJI CTPYKTypajapuHH OarmopaT KHJIHII Y9yH aJTOPUTM Ba AaCTypJIapHH
nuu1ad YMKUI (CTPYKTypaBuil OMonH(OpMaTHKa);

3) myBodHMK xucoOmam yCayOHSATIApH CTPATETHsACH TaIKMKOTH XaMja
uHDOpPMAIIMOH MYpPAaKKAOJIUKHUHT OHOJIOTMK THU3UMJIAp TOMOHHUJAH YMYMH
OOIIKAPWITHIIIN.

Amanuii mMabHOnIa OwouHpopMathka — Oy Oumosornap MaHdaaTiapu y4yH
XU3MaT Kujaaurad amanuid (angup. MabaymoTnapau OupiaMyul TaXJIWJI KUJIHII
TeXHUK OmomHpopmartuka coxacura Tterunumaup. OIWHTaH MabIyMOTIApHU
KaepJaaup cakiam Ba yinapjaaH GoigaTaHuIl WMKOHUATIAPUHN TabMHHJIAII
n03uM. buonH(OpMaTUKIApHUHT SHI Mypakka0 Ba LIYHMHI OwiaH Oupra 3HT
KU3UKApIU OYITaH MaIIFyJIoTIapyu 0y reHOM XaKuJard MabJiyMOTJIap aCOCHIa aHUK

TacAWKJAHTaH HaTKajlap OJUIN, ShbHU MacajlaH; A OKCUIM KaHmauaup (QyHKIus

I Model M.L. Bioinformatics Programming Using Python: Practical Programming for Biological Data New Y ork:
O'Rellly Media, 2009. English.
2 David W. Mount, Bioinformatics: Sequence and Genome Analysis, Cold Spring Harbor Laboratory Press, 2001




Oaxkapamu, b renm kKaiicuamp kapa€Hma KaTHamaaud Ba X.0Jlap. Oy oca
ononH(popMaTuka (GaHUHUHT aMaJIli axaMUSATHIAH Jaonat oepain.

buonndopmaruka OHMOJOTHS  COXAaCHHUHI  KyHUJard WyHaIMILIapuaa
KYJUTAaHUJIAIU:

— T€HOMUKA, TPAHCKPUIITOMUKA Ba MPOTEOMUKA;

— PUBOKJIAHUII OUOJIOTUSICKIA KOMITBIOTEP MOJICIIIAIITUPHL,

— T'€H TapMOKJIAPUHUHT KOMIIBIOTEP TaXJIWIIH;

— TOMYJISIIIMOH T'€HETHUKaAa MOJIEIIAII TUPHIILL.

buonndopmatuka 10opu mpenaparaapuHu JOWUXATAMITUPUIIT MYAJATHHH 5-6
Hungad Oup Heya oiylapra KUCKAapTHII WMKOHMSTHHHM spaTud (dapMakoiIorus
coxacura xam ocoHruHa kupu® Oopau. lllynunraex Oy d¢an kymiad Oorika
TOOUETra Ba Ouosorusra ous haniap OuinaH UHTErpalysIIaHIu.

byrynru kynaa 6uouH(popMaTUKaHUHT KyWHIard OV IuMiIapyu MaBxKy/I.

— yMyMuidi 6nonHpOpMaTHKa;

— KJIMHUK OMOMH(pOPMATHKA;

— CTPYKTYpPaBUN T€HOMUKA;

— (yHKLIMOHAJ T€HOMUKA;

— (hapMaKOTeHOMMUKA;

— KJIMHUK MMPOTEOMHUKA;

— (yHKUIHMOHAT MPOTEOMHUKA;

— CTPYKTYpPaBUM IPOTEOMUKA.

buoundopmatuka ycymiapu €paamuaa  Karrta  Xaxmaard — OUOJOTHK
MabIyMOTJIApPHU UIYHYAKH TaxJIMJI KWJUII 3Mac, OalKu Xap JOMM XaMm OJJIUi
Taxxpubanapaa anukIad OynIMaliaurad KOHyHHUSITIIApHU UCOOTIIAlI, TeHap Ba yjap
KOJIauran  OoKcwiiap (yHKIUSJIApUHUA  OamopaTr KWIWII, XyKaipajaaru
TCHJIAPHUHT ¥3ap0 TabCUPH MOJCIMHHU KYpHII, JOPH MpenapaTiapuHu sIpaTHIIl
MYMKHH.

Phi-X 174 ¢aruauar 1977 #unga ceKBEeHHMpIIaHTaHUAaH OyEH Kyriad

opranmsmiap JIHK kerma-keTnukimapyu aHUKIAHIM Ba MabIyMoTiap Oa3acura




KounamTupwian.! By MablymMoTiap OKCHI KeTMa-KETJIMKIAPUHU Ba DPETYISATOD
yY9acTKaJapHU aHWKIAM ydyH Goigamanuwiagd. MabiyMmMoTiap MHUKIOPUHUHT
Kynalumm OWfiaH SHAM KeTMa-KeTJIMKIApHU Kyijaa (BpYyYHYIO) TaXJWd KUJIUII
MYMKHH OYiIMai Koiau. Ba xo3upru KyHaa Mumuapaiad Ky T HyKICOTHAIapaaH
TalIKWJ TONraH MMHIJIA0 OpraHu3Miap reHomiapu OViuda KuaupyBiap oJu0
OopuIll Y4yH KOMIBIOTEp AacTypiapuaaH QoiiiaaaHuiIaiu.

Vupuk renommap yayn JHK dparMeHTnapuHM HUFHMII eTapiy Japakaja
KuiinH Baszudaniapaan xucobOmananu. by ycyn xo3upna kapuild O6apuya reHomiap
VUyH KYJUIAaHWJAJAW Ba TEHOMJIAPHM MHUFUIN ajaropuTmiapu OuomH(pOpMaTHKa
coxacujaa OYyryHTM KyHHHUHT J0J3ap0 Myammosiapujian Ouvpu caHanagu. ['eHomaa
TEHJIADHU Ba PETYJATOP 3JIEMEHTJIIAPHU aBTOMAaTHK Tap3Aa KUIUPUIL TEHETHK
KeTMa-KeTJIMKJIapra KOMIbIOTEP TaX/IMJIMHU KyJUTamija ssHa Oup Mucos 0yiia oaau.

I'enomuka koHtekcTuaa anotamus — Oy JIHK kerma-kernuruna rennapHu Ba
Oolka OOBEKTIIApHM MAapKUpOBKAJANl (HUIMIOHIAII) >kapaéHuaup. ['eHommap
aHHOTaMK OupuHuM aactypuil Tuzumu OysH Yait (Owen White) Tomonugan 1955
AWIAAEK ApaTUIITaH dU.

OBOJIIOIMOH OWOJIOTUST TYpPJAapHUHT KEIMO YWMKUII Ba Maigo OVIMIINHY,
yIapHUHT  JlaBpjap Oyiinua puUBOXJIAHUIIMHU  Vpranagu. Muadbopmarnka
ABOJTIOIMSIHU YpranyB4M Ouosoriapra Oup Heva kuxatiapaa paam oepau:

1) 6apua JJHKanaru y3rapuinapHu ypraHran XoJAa Kyl COHJIM OpraHU3MJIap
ABOJTIOIUSITIAPUHY TAIKUK KUITUIIA;

2) siHaJla KOMILUIEKC 3BOJIIOLMOH XOJAMCATapHU YpraHuil UMKOHUHU OepyBYH
reHOMJIapHU OMp-OMpUra TakKocIauaa;

3) nonynsuUsIap KOMIOBIOTEP MOJIEIUIAPUHU KypHUIIAA;

4) kY11 MUKIOpJIAary TypJiap XaKua MabIyMOTHH Y3 WYKMTra OJyBYW HAIIPJIapHU
Ky3aTtu6 Oopuuija.

DKOTU3UMHUHT OMOJIOTUK XHJIMa-XWUIMKJIApU Y€k Oy OUp TOMUYHM CyB EKU
oup xoBy4 Tymnpok, ¢ku Ep caiiépacununr 6apua O6mocdepacu kabu O6apya TUPUK

TypiapaaH ubopaT OyiaraH MabiyM OUp MYXUTHUHT TyJa T€HETHK WUFUHIUCU

I David W. Mount, Bioinformatics: Sequence and Genome Analysis, Cold Spring Harbor Laboratory Press, 2001




cudartuga aHUKIAHWUIIN MYMKWH. MXTHCOcnamTupuiaran nacTypuid TabMUHOT
MaxCyJOTJIApH KUTUPHIIL, BU3yaTU3aAM KUIHIIL, aXO0POTHU TaXJIWJ KWJIHAII Ba DHT
MYXHUMH, HaTHXKaJapHU OOIIKa TaIKUKOTYUIap Ounan oynuniia honganaHuiagm.

Xo3upru 3aMOH WIMUN OWONOTHMK amaduéruna OuomHpopMmMaTHKa OWiIaH
oupranukaa ‘“xucoOmam Ouosiorusicu” uOopacw xXaM yupad Typaau. XucoOJjarn
ouosiorusicu — 0y (aH coxacu 3mac, 0ajKu OHMOJIOTHK KapaéHJIapHU YpraHuIl YIyH
KOMITbIOTEpJIapAad doigananumra ycayouit ExmamyB xucobOnmanamu. [apum
“xucobnam Ouosorusicu”  KYNMPOK alroOpuTMIIap Ba aHUK XHUCOOJall yCyJUIapUHU
unriad  yukunuiap OwWilaH IIyFyJUlaHcaja Xo3upya “‘OmomHdopmaruka”  Ba
“xucobiain Ouosiorusicn” uOopallapujiaH Te3-T€3 MabHOJOII (CHMHOHUM) CVy3lap
cudatuaa QoiimamaHuIMoKIa. XucoOnam Ouosioruscuna GonganaHuIaIuraH
Oapua ycysuiap S’bHU, MacajiaH, rapuu Ouosioruk Basudanap Ounan 0orIuK Oyicana
MaTeMaTUK MOJICJUTAIITUPUII — Oy OMonHpOpMaTHKa XUCOOIaHMANTH.

bynnan Tamkapu wmaremMaTHK OHOJIOTMS XaM MaBxKyJ OYnub, y Xam
OnonH@popMaTUKa CUHTapyu OMOJIOTMK MyaMMOJApHH €YMILJA WIUIATUIAIU, OMPOK
yHAA KYJUIaHUJAJAUTraH yCyJiap HaTHKacu COH OuiaH udojanmaHMaiiiy Ba yJlapHU
amaJira OIIMPHIIAA TaCTyPHUHA Ba )KUX03 TABMUHOTH TaJla0 THIMANIH.

Oxcwinap (a3oBuil Ty3uJaMaldapuHM OamopaT KWIMIIAA WIUIATHIQIUTaH
QITOPUTM Ba JacTypiliap HWNUIA0 YWKHUII OWJIaH IIyFYJUIAHYBYM CPYKTYpaBHiA
ououHpopMaTUKa  OomKanapugaH  axpaau® typagu.l Ilympgait  Kuam6
omomHpopMaTHKa XaM aHATOMHUsA, OOTaHWKA, BHUPYCOJOTHS, MHKPOOHOIOTHS,
LIUTOJIOTUSI, TaJCOHTOJOTUsI, (PU3HOJIOTHSI Ba OOIIK. Kabu Ouosorus OYaumiaapu

KaTOpUra KyInuiIMOKIA.

1.2. 3amonaBuii OMOJIOTHK TAAKUKOTAApAa OMOUHGPOPMATHKAHUHT
aXaMHUATH.
buoundopmatuka OHUOJOTHUSHUHI WIMHH TakpuOajgapu acocuja OJIMHTaH

HaTWKaJIapHU  Taxawil  Kuinagd. OnuHraH  MabiyMOTIIADHU — TAJKUKOTYHU

MabIyMOT/Iap 0a3zacusia MaBxys Oyiran Oapua Tyruiamap OWIaH COJIUIITHPAIIH.

1 Xiong Z.J. // Essential Bioinformatics, Cambridge University Press 2006, 362 p.




bopauto, y ¥3u aHUKIaraH KeTMa-KeTJIMKHU MabIyMOTIap 0a3zacuaaH Toma ojMaca
Oynaa y Oy MabIyMOTHH Iy OWra KUpUTHO Kysinu Ba Oy Ounan OazaHu sHaAA
ooiutamu. Mabiymotinap 0azacu GyHKUUSJIApUTA CaKJIall, TU3WMIIAIITHPUIL,
axO0OpOTIapHU SHTUIA0 TYpHUIl YHTa KHPUII XyKYyKH OMJIaH TabMUHJIAILIAP KUPAIH.
By omepanusiap 3ca KarTa KyapaTiapAard KOMILIOTEpIAapHU Tanad Kuaaau.t
[yHuHTIEK OMOJOTMK MaB3yjap MaKMyHUJArd WIMHA Hampuétiap Oazaiapu
XaM MaBXxyn. bronorus Oyiinya mctanraH WIMHNA KypHAJTHUHT Oapya COHJIapuaa
YUKaaurad Xap Oup MakoJia MabiIyMoT/Iap 0azacura »KOWIalTUPUIAIU U3JaHyBUYH
VHU WHTEPHET TApMOFU OPKAJIU OCOH TOMHO OJHUINM y4yH KHCKa Tabpud Oepud
Kyhnnagn (2-pacMm). DHr KaTTa THOOWMIT-OMONOTHK Hammpiap on-line KyTyOXoHacu

PubMed cyurru 50 itnn moOaiinuna 16 MITH. 1aH OPTUKPOK MakoJaldapHU Y3 Uuura

OJIaJIHN.
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2-pacm. Tubbuii-6uonoeux Hawpaap on-line kymyoxonacu (PubMed)

WuTerpan mabiiymoTiiap 0a3acu Ba SHIMKIIONEAUSIIAD KOHKPET I'eH, OKCHII,

OpraHuM Ba X.0. XaKuJaru Oapya MabIyMOTJIADHM V3Hujaa kKamjall KaOu MyXUM

! Claverie D.J.-M., Notredame C. // Bioinformatics for Dummies, For Dummies 2006, 456 pages.




(GYHKIMSUTapHU aMalra OIIMpaad. YIJap KaTTa MUKIOpJAAru OOIKa MabIyMOTIap
0azanapu axOOpOTIAPUHU YMyMJIAIITHPAIN Ba YHH XaMUIIA SHTHIIA0 Typaju.

Xap KaHJgal SHTWJAH YKWITaH TeHOM  Xap(UIapHUHT Typid  XHI
KOMOMHAIMSIapH/ia TAKPOPIAHYBYH yJIKaH KeTMa-KEeTJIMKIAp KYPUHUIIUAA HAMOEH
oynagu. buomndopmatuka OyHall XwiMa-XWUIMKIArd  MAaTHJIAH TEHJIApHU
aXpatu0d ONUII UMKOHMATHUHM Oepaau. ['€eHOMJaH TeHHU axpaTtud OJuIl Kadu
OyHmaail onepaius reHOMHU Oenruiani e aTanaau.

bapua rennap ¢yHKUMATApUHU TaxpuOanap acocuja aHUKJIAIl eTapiu
Japaxana MypakkaOIMKHU fo3ara Kentupaaud. by xomarma OuomH(pOpmaTHKa
GyHKIUSAIApU a/UIaKauyoOH aHUKJIAHTaH TeHjap OWlaH COJUIITUPUO Kypuilra
TasiHTaH XOJiJa yJapHU OamopaT Kuiuiaa kymakinamaau. OKCUll MOJIeKyJacua
OmooruK BazupamapHUHT Xap XU TypJapura kaBod OepyBUH ydacTKaniap MaBXy.
buoundopmaruka ycymiapu Epaamuaa yuoy ydacTKajJapHU aHUKJIAIl KOHKPET Oup
OKCHJIHUHT Oapua crieKTp QyHKIHUsICUHU 0unb Oepasu.

Oxcuia CTpyKTypallapuHU Taxkpubanmap acocuia, SHHH MacajlaH OKCHII
MOJICKYyJIaJlapuIaH TaIIKWUJ TONTaH MHUKPOCKONHK KPUCTATHH PEHTICH HypJapu
OwslaH HypJIaHTHUPHUII OPKAIH aHUKJIAIl MyMKUH. By aca ertapnu mapaxkana y30K Ba
KUMMaTJIM kKapaéH XucoOsiaHaau. AWpPUM OKCHIIIAp KPUCTAUT Ty3WJMajapra sra
OynMmaraniuru cababnu  yjgapHH TaxjIWi KWIMIIHUHT YMyMaH WJIOKU HYK.
buonnpopmMaTrka KOMIOBIOTEP MOACTUTAIITHPHUII EpAaMuIa Xed OyIMaranaa OKCHil
CTPYKTypacu Yy30KpOK VXIIaml KeTMa-KeTJIMTH MabiyM OyiraH XojaTiapaa
OKCWJIHUHT (pa30BUi MOJE€NMHU sicauia €paam oepau.

buonnpopmaTtnka MeToasapu acocuAa OJMHTaH MOJEKYJaHUHT (a3oBHid
CTPYKTYpacHMHU OWJITaH XOJila YHHHT KaHJal WIUIAIIMHA Ba YHUHT HIILIANINTA
KaHJall TabCUP 9Ta OJHIIHU OamopaT KUIHII MyMKHH.

Jlopu mpemapatinapunu ¢daszona xap Xwi XUMHUEBUN OoFIaHMIIap OwiIaH
OKCHJI-HUIIIOHJIAPHUHT ¥3ap0 TabCUPUHH MOJEIUIAINTUPHII aCOCHAA Talépant
MyMKuH. byHaa karta MUKIOpH OOFIaHUIIAPHH capajall Ba SHT MakKOyJUIapuHU

TaHJIa0 OJUII Kepak Oyiaam.




buonorus, kumé€, ¢usnka, mMareMaTuka Xxamjaa HHPopMaTHKa (aHIaApUHU
OUMpHaITUPUII OMOJIOTUK TU3UMHH Xap TOMOHJIaMa TaBCHQIIall UMKOHUHHU Oepaju.
Kommbrotep pecypcnapuaan poiganaHuin Taximi xapaéHuHU Oup Heua MapoTtada
TE3NMAIITUPAAN XaMmJa OJIMHAJWIaH HATIKATAPHUHT AHUKIWTHMHU Ba TE3TUTUHHU
ommpay.

buonndopmatrika TexHOJOTHsUIapUaaH (oigaiaHud KuIMHTaH OHOJIOTHS
coxacuaaru sHru  kKamduérimap Te3 cyparaa TuOOuéT, Qapmakoiorus,
KOCMETOJIOTHS, OMOTEXHOJOTHSI, KUIIIOK XY’KallMTH, 9KOJIOTHS Ba OOIIKA coxaiapaa
’KaJ10 KUJIMHAIU.

buonHdopMaTuka MyCTakui paBHIIJa aMaluid axaMusaTra jsra Oyirax
HaTWXanap Oepaju Ba NIYHUHTJEK OMOJIOTUSHUHT TYPJIM cOXallapuaa WIUIAIl YYyH
[IApOUT OMIIaH TABMHUHIIANIH.

buonndopmatuka OyiiMya HIMHUHT KaTTa KUCMH OHOJOTHMK axOopOoTHU
CaKJiall Ba YHU TaxXJWI KWIUII Y4yH MabiIyMoTiap OazacupaH QoiinamaHull
TEXHOJIOTHsUIapu aTpodura s>kamiianrad. byHpail mabiymotnap 0a3acu oMmalon
€KM 1maxcuil OYIuI MyMKHH. YJIapra O4dK CTaHAapTiIap OPKaJd OMMAaBHM KAPHUII
XYKYKHHH OJIMII 3Ca MyXUM axaMusT KacO stanu. ['apun MabiymoTiap Oa3acujaH
doitmananumira Hucbaran Oy ycyiiap aH4arvHa KeHT TapKajirad O0yicaaa OUOIoTHK
axOoOpoTIapHH TaxJIUJ KWIMII YyYyH OHTOJIOTHSI Ba MAHTUKUN YCyJUlapaaH
doliganaHuI pUBOXKIAaHMO OOPMOKIa.

1.3. buoMH(OPMATUKAHMHI PHUBOKIAHMIT OOYKHMWIAPH Ba KHTYKJAPH.
bup kanua xopwxwuit naenatinapaa 20-21 acpmapna OuomH(oOpMaTHKa >Kaaan
cyparna puBoxiaaHaéTtraH ayHE OMoTuOOMET (haHyapu coxacura aWjgaHu® Oopiu.
buoundpopmanmon TEXHOJIOTHsLIIAp HCTEeHMOTIUTIAPH TaJKUKOTUUIIAP,
dbyHIaMeHTal UIIaHManap Myaumdaapu Owiad Oup Katopjaa THOOHET,
(dapmakosnorusi, OHMOTEXHOJOTHS XaMJa YKyB Myaccacajapd XHCOOJaHAIH.
®annunr 0y coxacu AKIIna Ba myHuHTrJek OOITKa pUBOXKIIAHTAH JaBiaTiapiaa

MyXuM HyHamui cadaruaa Kapajiaiau.

! KysHeuos MM.E., Tpnbos J1.A. BeegeHune B MONeKyAApHOE MogennposaHue. YuebHoe nocobue. - Capatos: M3a-80
Cry.—-2003.




EBpomna, Ocué, AKII xamna ABcTpanus naBiaTiapuna OuonH(opmaTHka
MapKasapyd COHM HunjgaH-vimnra kymaitn®é 6opmokna. buoundopmaruka Oyiinya
JaBiaT, aKaJeMHUK XaMmJa TabJuM MapkKasiapu OwinaH Oup KatopAa CYHITH
HWiutapa  coxaja OJMHIaH TaJKUKOT HaTWXKalapAaH THXKOpaT —Makcaauja
doigananuira UYHAITHPWITaH CE3WIAPIM Japa)kajard TAIIKWIOT Ba JIoHUXauap
fo3ara keinau (3-pacM). By oSHr aBBajgo TE€HOMIIAPHUHI, WIYHUHTAEK OJaM
TeHOMUHUHT CTPYKTypaBui, QyHKIMOHAN Xamaa Ku€cuil Taxawim Oyitnda Gpaoaust
IOpUTYBYM TalIKWIOTIapaup. buomHdbopmarnka coxacu OVilmua sipatuira
yCyJUIapHHU KyJlam OwiaH Oupra aMaiavii MyaMMOJIApHH €4YHWIl WYIHuaa, XycycaH
dapMoKoIoTHsIa TEXHUK Xama JacTypuil Oaszanmap >Kajall cypaTaa PUBOXKIAHUO
o6opmokna. bynnait myammosniapau Oaprapad 3TulIa AaCTypUidl TAbMHHOT CAHOATH

XaM TaKOMHUJUIATUO OOpPMOK/Ia.
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3-pacm. Buoungpmamuka cepsuc mapkasiapu 6a pecypciapu

MamnakatumMu3ga  TeHOMUKa  Ba  OumouHpopmaTtuka  (haHIApUHUHT
PUBOKJIAHUIIIMTA KapaTWiaéTraH ajoxuaa IbTUOOp Tydainu nyHé danuma ¥3
VpHura sra HyQy3aum WIMUH MakTad Ba MYXHMT HIAKUIAHTUPUIAHM, 3aMOHABUU

JabopaTtopusiap TAIIKUI dTUINMO, KEHI MHUKEC/Ia XallKapo WIMHUN ajokanap iynira




xkyimwian.! Xycycan V36exucton PecniyOiukacu ®anmap akagemuscu [ eHomuka Ba
OononH(popMaTHKa MapKa3muaa coxajaa aHdaruHa MmyBadGakusITiu JacTypiap amaira
omwmpuiaau. Mapkazga €Takud XOpWKMM MIMHI Mapka3 TaxpuOajapura osra,
OnonH(pOpMalMOH TEeXHOJOTUsap OVitnua OWianMM Ba KYHUKMaJIapHH ITyXTa
srajularaH WIMHHA XOJUMIJIAPHUHT (aonusat onul® Oopuim Ba mryjaap xucoOra
OJIMHTaH XOJiAa Mapka3na OuouH@oOpMaTHKa J1a0OpaTOPUSCUHUHT  TaLIKUII
STUITAHJUTH OYHTa SKKOJI MUCOJ Oyna omaau. Mapka3 uiMuil ’kaMmoac XaHy3rada
HOAHUK OyJraH fy3a T€HOMMJArM PEKOMOMHALMOH OJOoKJIap (SbHU, aBJIOJAJAH-
aBjoara Ky4yud YTaguran TreH ajulejulapu TYIUlaMu) YiI4amiIlapuHd —TONUO,
3aMOHABHIl TE3KOp “acCcOIMATUB KapTaJallTHpUIL yCyauHU Kamd >tau. Hatnxkana
Fy3a TEHOMHUJAaru TreHjiapiaH (OoNAaTaHUIIHUHT SIHTM HMMKOHUATIAPU OYMIHO,
Fy3a/a 3aMOHaBUI MapKepJiapra acociaHTaH CEJIEKIUS YCyJUIapy UIUIa0 YHMKUJIIIH.
I'en-nokayr &€ku PHK wuHTepdepeHnmscu MoJekyissp TE€HETUKa Ba
OonouH@opMaTrKa yCcyJuiapyu Maxcyiu 0yiu0, OopraHu3MHHUHT OCNTHIaHTaH TeHIIapH
(daommuruHan TyXTaTuil UMKOHUHU Oepaau. Iy Ttydaiinu rewnapu “yuumpuiran”
(HOKayT KWJIMHITAaH) OpPraHu3M BYXyAra keiaaud. by HykieoTun KeTMma-KeTIHrd
MabliyM OViraH TreHJapHUHT (GYHKIUSCUHM aHuKiamra épaam Oepanu. Hoxayt
KWJIMHTaH Ba HOpMaJl OpraHW3M HamyHajapu opacujaru Qapkiap, ypraHuiaérra
reH QyHKIusicuHu Kypcatnd 6epanu. Kuniok Xy»kaauru SKMHIAPUHUHT OUOJIOTHK
KypcaTKA4YwIapu — XOCWIIOPJUK, 3PTalUIIAPINK, 3apapKyHaHJa Ba Xalapotiapra
YUIaMJIWIMKHUHT HaMO€H OyiMInAa HINTUPOK ASTYBYM TE€HHUHI TapKuOM Ba
(YyHKUMACH aHUKJIAHTAHJAH CYHr Makcajara MyBOQHMK paBumiga ymoly TIeH
(GaoUATUHA Ky4aUTUPUII €KW aKCUHYA YHU TYXTaTUII MyMKUH. Mapkas onumiapu
SPUILTAH 3HT CYHITH I0TYKJapiaH oupu — Oy yiiap TOMOHHJIaH Fy3a yUyH sIpaTUIraH

,Z[YHé)]aFI/I HJIK TCH-HOKAYT TCXHOJOTHUACUIUDP.

1.3. T'eH oHTOJIOTHSICH.
buonorusHUHr  3aMOHaBMM ~ WYHaIMUUIApU  OMOTEXHOJIOTHS,  TEeHJIap

WHXXUHEPJIUTH,  TEeHOMHUKa,  OumomHpopmarhka  KaOuW  HYHAIUIUIAPUHUHT

1 Marketa Zvelebil, Jeremy O. Baum // Understanding Bioinformatics, Garland Science 2007. 798 pages




puBOXUTaHUIIN (DaHA STHTY “TE€H OHTOJIOTHS TEPMUHUHHUHT f03ara Keaummra cadao
oynau. ['eH OHTOJOTHACH TpeAMETIIApUTa MHUKPOOPTaHW3MIIAp, YCUMITUKIIAP,
XalBOHJIAp Ba MHCOH TEHJIApH YJApHUHI MaxCyJoTjiapd Mailymotiap Oab3acu Ba
yJAapPHUHT aHHOTALUsAIApU Kupaam.t

['en oHTONOrHUS JOWHMXACH MOJICKYJIAp Ba XyKailpa Oumosoruscuaa Oup Heda
JIOMEHJIapHU HYWra OJIald Ba TEHJap, T'eH MaxCyJloTjapu Ba KeTMa-KeTJIMKIap
Oyiinya MabIyMOTJIADWHU TYIIYHUIIAA YXaMOATYHIWK (POMTaJaHUIIN YIyH KEHT
UMKoHUATIAp ouubd Oepaau. Kymruna monaen OpraHu3MIApPHUHT MabIyMOTIap
O0ab3aapyu Ba T'€HOM AHHOTALMACU TYPYXJIAPUHM spaTUIIa T€H OHTOJOTUSICHAaH
doiinanaHnnaay Ba YJIAPHUHT aHHOTACHSICHAA TE€H OHTOJIOTHS MaHOamapu YpHH
oexkuécaup.

KoHcoprcuyM reH oHTosiorust - Oy ‘“een ommonoeuscu” nouuxacuaa ¢aoi
UINTUPOK ATaéTraH Oup KaTtop OHOJIOTHMK MabJIyMOTJap Oab3aiiapu Ba TaJIKUKOT
rypyxjapuaup. by Typiu Xui Mojien opranusmiap yayH OUp KaH4a MablyMOTIap
Oab3anapu, *aMHl OKCUJUIap MabIyMOTiap Oab3acH, "eew onmonocuscu" nactypui
TabMUHOT HIILIA0 YMKYBUMIIAP Ba MyXappupiap TypyXUHH 3 UUUTa OJIaIu.

I'en onTonorusicu 6uouHgpopmaTuka gactypiiap oyinda jgoituxa 0yiauo, 6apua
OpraHU3MJIAPHUHT TEHJApH Ba I'€H MAaxCyJOTJIapu CTaHIAPTIAMITHPUITAH TeHETUK
MabJIyMOTIap Oab3ajapuHu WUFUIITA OaruiiaHTaH. JIOMMXaHUHT MaKcaau TeHIap
Ba YJIAPHUHT MaxcCyjoTiapu cudatiapuian OMpUHU aHUK OENTHIIaHTaH pYyUXaTuHU
MabIyMOT/ap 0a3zacura >KOWJAIl Ba SHTWJIAII; TEHJAp Ba I'eH MaxCyJoTiap Y4YyH
KYIIUMYa aHHOTALMSIAPHU PACMUNIAINTUPUIN, OPTUO OOpaéTraH MabiaymoTIiap
O0azacu JoWuxacuaaH (oWJaNaHMIl  Y4yH ~ MabiIymoTiap Tapkatuul. ['eH
onronorusicu  "Ouux  Ouomubbutiom  oumonocuscu” 10  HOMJIAHTaH
KJIacCU(PUKALMACH KEHT KAMPOBIIM KUCMH XHUCOOJIaHA !,

I'en onTosorHsi neraHaa Mypakka® OMOJIOTHK XOJMCAJIApHU f03ara KeJUIu
TACBUpJAHTAaH HOMAbIyM OUp OHOJOTUK OOBEKTIAPHH TYIIMHUII KEpak.

OwnToniorust nyHénaru oObEKTIap Ba yjap opacuaard MyHocadariap TYFpuUcCHUIaru

1 Plessis L, Skunca N, Dessimoz C (November 2011). «The what, where, how and why of gene ontology — a primer
for bioinformaticiansy. Brief Bioinform. 12 (6): 723-35.DOI: 10.1093/bib/bbr002. PMID 21330331.




MabJIyMOTIap €pAaMHa Maxcyc OWIMM HYHaIMIUIAPUHU PACMUUIAIITHPHILIA
Ky uanunanu.! Buonorus Ba Gomika Terunuin Gpanaap yuyH YHHBEPCAT HAMyHABUM
TEPMHUHAJIOTUS €TUIIMACIUTH t03ara Kenau. TepMmuniap Oy KUHUH MYJIOKOT KWJIMLI
KaOu TymyH4anapHu wudojanaiam, JeKuH aH4ya Oup Oupuman ¢apk KU
MYMKHH, Typid TaJKUKOT COXajapuJa Ba XaTTO TypJu HYHAIHII OJIMMIIAPU
Yypracuna unutarunanu. lly myHocabar O6wmnan, "I'eH oHToNOTHA" JTOMMXACHUHUHT
Ba3udacu Oapya OpraHM3MIAPHUHT TEHJIAPUHU Ba YJIAPHUHT MaxCyJlOTIapuHU
Bazudanapu, QyHKIUUIApH, CTPYKTYPACUHU Ba amMallJar' OHTOJIOTMK aTaMaJlapHU
ApaTulIIad uoopar.

I'en oHTONOrMA OOWIKApWIAAWIaH Cy3Jap TEePMUHIApJIapAaH Ty3WIraH.
TepMuHnap OHTONOIMS HU30MHMra MYBODMK y4 HYHaNUII MOJEKYJSp (PYHKIIHS,
OMOJIOTUK Kapa€Hiap Ba XyKailpa KOMIIOHEHTJiapura OynauHaau. Xap Oup
OHTOJIOTHUSI OMpOp TeH €KUM I'eH MaxCyJOTJIapuHU (PYHKIMOHAJ KUXATHaH Xamja
TEPMUHJIAp YpTacujaard ajoKajJapHu TacBupiaiau. Taptubra comyBuUM ajokayiap
MKKUA Ky cuH(piapu Oop: mwkoOuil Taptubra coiyBud Ba canOuil TapTuOra
COJIyBYH.

I'en oHTONOrMsAa TE3-T€3 SIHTU Yy3rapTupunuiap OYynub, atamanap €Eku
ACKUpraH MajlymMoTiap oJu0 TamiaHagd. Arap TEpMUHJIAp OHTOJOTHUsIAH
Vurpunrad Oyica OelruiaHraH TEPMUHIAP Y3 KyduJa KOJaau JIEKUH SCKUpPraH
€pJIMKJIap Ba TEPMUH Oapya ajmokajgapu oiaud TamiaHaau. AJIOKaJapHU y3rapTUPULI
aHHOTALMsUIapra Tacup KWJIMAaNWIW YyHKH YJIAPHUHI T'€H OHTOJIOTMSJA YKOWJIalraH
VpHura osMac Oalku aHHOTaAUMsUIap y3Ura XOC Maxcyc TepMHUHIapra
WyHantupuiaran. I'eH  OHTOJNOrus  JIoMUXacu  TeHinap  (PyHKUUSJIApUHU
KaTaJIOTJIAINTUPHIII yuyH KaTta MmaHOa Oymamu. Illynnmaii Oyncaga yHIaH Xaiu
XaMMa >xoia oamaHuIMaian Ba XaHy3raya Mypakkadiurunda KoJIMOK/Ia.

I'en onTosormsicu 1998 iunjma TaaKUKOTUWIIAD KOHCOPTCUYM acocujia yd
mojen opranusmiiap Drosophila melanogaster (meBa mammmacu), Mus musculus

(cmukoH) Ba Saccharomyces cerevisiae (HOH aYMTKUCH) TeHOMJIApH Ypranuwino (4-

1Smith B, Ashburner M, Rosse C, Bard J, Bug W, Ceusters W, Goldberg LJ, Eilbeck K, Ireland A, Mungall CJ, Leontis N, Rocca-Serra
P, Ruttenberg A, Sansone SA, Scheuermann RH, Shah N, Whetzel PL, Lewis S (November 2007). «The OBO Foundry: coordinated
evolution of ontologies to support biomedical data integration». Nat. Biotechnol. 25 (11): 1251-5.D01:10.1038/nbt1346. PMID
17989687.




pacM), yJaapHU YKWJIMIIN Ba TEHETUK MabJIyMOTiap O0ab3acu SPaTUIHUINMA acocuia
Tamkua otunran.! CyHrpa Gomka MoJeN OpPraHu3MiIap y4yH KYp MabIyMOTIap
0ab3acMHU Iy TapuKa KYpUIll Ba MabiIyMoTiapuiaH doinananum, Kymmmya
aHHaTanusIap Oab3acUHU SPATUIIHM KEHTaWTUpHIL, Kabu >kapa¢Hiapia TeH
OHTOJIOTUsACUIaH (HONTaTaAHUIIIN.

Veummnk, XaiBOH Ba MUKPOOPIaHM3MIIAP SHI ACOCHH TeHETHK MabIyMOTIap
O6ab3amapu Oy noitmxara xucca Kymmokaa. 2008 itmn sHBap XojaTtura Kypa, TeH
OHTOJIOTHUS AACTYPH TypJid XWJI OMOJOTUK opraHu3Miapja Kyanuinaaurad 24.500
JaH OPTUK TEPMHUHJIAPUHHU Y3 WUUTa OJIagu. Y MabIyMOTJIAp T'€H OHTOJOTUSCHHH
PUBOXIIAHTHPUII Ba YHJAH ¢oijgasaHuim Oyiinya anaOuériapia MyXUM TasHY
xucobyiaHagy, Ba y OuomHpopMaTHMKa coxacuja TETULUIM CTaHAapT BOCUTACH
0ynu0 KenraH.

2011 #iun ceHTsOp Xo0yaTura Kypa, reH ontonorusicd 360 MUHT 1aH 3UE TUPUK
OopraHu3miiap yuyyH 33 MUHIZIaH OPTUK TepMHUHJap Ba 12 MUUIMOH aTpoduia reH
MaxcyJoTIap aHHOTaUMACH Mapxkyn.? CYHrru OMp Heya HMJI JaBOMMAA, TEH
OHTOJIOTUSI KOHCOPTCUYM T€H OHTOJorusi cudatd Ba crneuuduk aHHOTAIUSA
MUKJOPUHHU OIIMPUIL YUyH OUp KaTop y3rapuuuiap amanra omupuwiad. 2013 dnnra
Kenub, aHHOTAIUsIap CoHM 96 MWUIMOHAAH omau. AHHOTarus cudaru
aBTOMATJAIITUPWITad cudat Ha3opaTu Hynu OuilaH TaKOMUJUTAIITUPUIIIH.

I'eH OHTOJOTMS KOHCOPTCUYM CYHITH MNaiTiapaa OMOJOTHK >Kapa€HJIapHUHT
O6eBocuTa KMUMK cuHGbU cudaTuaa, SHIH OMOJOTUK OOCKUYMHH KOpUU 3Tau. by
cuH( OWONOruK >kapaéHnap coAaup OYIMIIM MYMKUH OYiraH maiTuaa ajoxunaa
naBpu €ku  OOCKWYMHM udonanaiau.Ynap NIYHUHTIEK, Oomika OHOJOTHK
*apaéniap Ownan TaptuOra conuHaau. buonoruk sxapaéunap Mypakkad xoaucanap

O0ynmu0, opraHu3miap XaéTh Y4yH 3apyp MOJEKYJsip (GYHKIUSJIApHU amajra

1 Ashburner M, Ball CA, Blake JA, Botstein D, Butler H, Cherry JM, Davis AP, Dolinski K, Dwight SS, Eppig JT, Harris MA, Hill DP,
Issel-Tarver L, Kasarskis A, Lewis S, Matese JC, Richardson JE, Ringwald M, Rubin GM, Sherlock G (May 2000). «Gene ontology:
tool for the unification of biology. The Gene Ontology Consortium». Nat. Genet. 25 (1): 25-9. DOI:10.1038/75556.PMID
10802651.

2 Ashburner M, Ball CA, Blake JA, Botstein D, Butler H, Cherry JM, Davis AP, Dolinski K, Dwight SS, Eppig JT, Harris
MA, Hill DP, Issel-Tarver L, Kasarskis A, Lewis S, Matese JC, Richardson JE, Ringwald M, Rubin GM, Sherlock G (May
2000). «Gene ontology: tool for the unification of biology. The Gene Ontology Consortium». Nat. Genet. 25 (1): 25—
9. DOI:10.1038/75556.PMID 10802651.




omMpuMink gAeMakaup.l Mucon ydyH Typiam OGHOJOTMK >KapaéHmap XyxKaipa
OynuHMI cukid MeTadaza Ba mpodasza xamaa Xal3 KYpUII TaWTH, KXUHCHM

XyKalpanapHu KYIIWINILIY Ba PUBOKIIAHUII OOCKUYH.

Mostexymsip GyHKIHMSICH

o \
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~

Hyxienn KHCJIO'E?-map OoFIaHHITA depMeHT
I -/;' b
\ ;_.’( \\.
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Q MUS CDC34/MCM4 Mcmd4
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4-pacm. Ydra Typiid MOJEI OTaHU3MJIap HaMYyHalapH €pJlaMu/ia TeH OHTOJIOTUSICHHI
TY3WIHIIY Ba GYHKIUSACUHY U(oganam sbHU OUp OHTOJIOTHS NYU/Ia TeHJIApHU OOFITAHUIITN MHCOJ
KO kentupmwirad. OHToJIOTHsIap OMOJIOTHK KallUT CY3Jap/iaH Ty3uJITaH.

I'en oHTONIOTHMS OHMOJIOTHK KapaéHUAa ""OockuuIapuu' ndoaanam

I'en  oHTONOTHSACH OMOJOTUSHUHT  OOIIKAa  WYHAIMILUIAPU  SbHU,
OMOTEXHOJIOTHSI, TeHJIAD WHXKWHEPJIUTY, TeHOMUKa, OnomHdopmaTuka, OMOKHME,
(busznonorus, MpoTeoMruka kabu HyHaaumnuiapjaa oiaud OopuiaraH TaaKUKOTIApHUHT
Maxcynu acocuga HyHamum cudatuaa rozara kenau.? IOkopupa KypcaTuiran
daHmap TeH OHTOJOTHUACH MAaBJIyMOTIap Oab3acumaH (oiganannd KeaMoKa.
buomMenunuHana TypiiM reHETUK KacaJUIMKJIApHU JaBOJIALll, YJlapra TAalIXUC KyWHIL
MIUIApUJA T€H OHTOJOTHSICH Ma)XMyHWra KHPYBYM MHCOH T€HOMH MablyMOTJIAp

O0ab3acumad KeHr doigananuiMokiaa. bymapaan Tamkapu KHIUIOK XY>KalUTH

! The Gene Ontology Consortium (January 2012). «The Gene Ontology: enhancements for 2011.». Nucleic Acids
Res. 40 (Database issue): D559-64. DOI:10.1093/nar/gkr1028. PMID 22102568.

2 The Gene Ontology Consortium (January 2013). «Gene Ontology annotations and resources.». Nucleic Acids
Res. 41 (Database issue): D530-5. DOI:10.1093/nar/gks1050. PMID




MaxCyJIOTJIApUHU TEHOMJIAPUHM TAJAKWUK KHJINO, SHTM YCUMIIUK HaBJapH, XalBOH

30TJIapy SAPATUIUIINIA, YIAPHU MAXCYIAOPIUTMHYU OIIUPHUIIIA KYJIITaHUIMOK/IA.

Ha3sopar caBosuiapu:
1. buonndopmarruka Huma?
2. buonndopmaruka OynmumIapuHu alTHO OEpUHT?
3. 'eHOMITapHUM aHHOTAIMSI KWK JIeTaH/1a HUMaJiap TYIIyHUIa 1 ?
4. V36exucTon1a 6MonHPOPMATHKA GAHUHUHT PHBOXKIIAHHII XOIATH?
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2 - maB3y: TEHOMHM TAXPUPJALI TEXHOJIOTUSJIAPU

PEZKA
2.1. ['enomHnu maxpupnraw mexHonio2usALaApUSA ACOC COTUHUWIU.
2.2. ['enomnu maxpupiraw muzuMiapuHune acocuti uyHaiuunapu. Aneu
aenoo mexnonozusnapu. Zinc Finger, TALEN, CRISPR.
2.3. T'enom myxanoucaueuoa TALEN ea CRISPR/Cas Kynnanunuwiu.

Tasinu ubopanap: Taxpupnraw, anmucenc, Zinc Finger, TALEN, CRISPR,
mawndem, Xanthomonas, 0OMeH, 2eHOM NOKYCIAPU.

_1.1. I'enoMHH TaXpUpJIaLI TEXHOJIOTHSJIAPATA ACOC COTMHHLIH.

Yceumnukiap, XalBoOHJap Ba OJlaM TE€HOMHHHHT TYJIMK CEKBEHUPJIAHUIIN
HaTIWKacUJa OJIMHTaH MabJIyMOpTJIap OuoumH(popMaTHKa yCyJJlapu OpKaiu
OMOTEXHOJIOTHSI, MOJIEKYJISIp OMOJIOTHSI, KUIUIOK XY>KaJduru Ba THOOMET coxanapuaa
KeHI MHKEcAa Kyiulam Y4YyH Karra HWMKOHUATIAp ouub Oepmokaa. bupox
TeHOMHUHT aJOXHJa S3JIEMEHTIAPUHUHT (PYHKIHMOHAN ¥3apo OOFIMKIAPUHU Ba
YJIapHUHT (PEHOTHUMHK OCNTHIAPUHU XaMm/la aloXuAa KaCaJUTMKIAPHUHT MaTOTeHE3U
MIAKJUTAHUIIWIATH POJIMHA TYIIYHUII YYyH T€HOMJIADHUHT (paKaTTMHA HYKJICOTH]I
KeTMa-KeTJIMKJIapu TYFPUCHIArd MabJIyMOTap €Tapiiu dMac.

[Toctrenom coxacuna reHomnapaaru JIHKnapaun manunymnsuus (Oomkapuiin)
KWJIUII, TEHJIAp OSKCIPECCUSICHHU Ba PETYIATOpP DIIEMEHTJIIAPHUHT HWIUIAPUHU
OOIIKapHIll Ba BU3yAIAIITHPHUII UMKOHUHUA OepyBUYHM ycysuiap (aosi puBOKIAHUO
6opmokna.l AMMo Gapua ycyiiap XaM caMapalopiMIz, XaB(CU3IUIH XaMIa KEHT
JIOMpaary TaJAKUKOTUYMIIAp KYJUIAlK ydyH I0KOpH Tanabapra xasoo GepMaiinm.?

Cyurru 6up Hewa Wuuiap nuuja renomnapuu taxpupiam yayHn TALEN, Zinc
Finger Ba CRISPR/Cas9 (unrnmm3ua CRISPR - Clustered Regularly Interspaced
Short Palindromic Repeats, y30ex Tuiauma - MyHTa3aM Typyxjapjaa >KOMalira

KUCKa HAJIMHAPOMHUK TAaKpopyap) KaOM sSHTM TEXHONOTHSIAD BYXyAra Keuaw.>

1 Capecchi MR. // Gene targeting in mice: functional analysis of the mammalian genome for the twenty-first century. Nat Rev
Genet. 2005 Jun;6(6):507-512.

2Kim Y.G., Cha J., Chandrasegaran S. // Proc. Natl. Acad. Sci. USA. 1996. V. 93. Ne 3. P. 1156-1160.

3 Townsend JA1, Wright DA, Winfrey RJ, Fu F, Maeder ML, Joung JK, Voytas DF. // High-frequency modification of
plant genes using engineered zinc-finger nucleases. // Nature. 2009 May 21;459(7245):442-5. doi:
10.1038/nature07845. Epub 2009 Apr 29.




Ymly sKuHAa maiigo OYiAraH TH3UMIAp ajUTaKauoH T€HOM MYXaHAMCIUTHMHUHT
caMapaJii Ba WIIOHWIM TEXHOJIOTHsUIApUTA aljaaHuO ynrupau. by wHHOBamuoH
TEXHOJIOTUSJIADHU ~ 3aMOHABHM  OWMOJOTMSHUHT  acoCHil MojJieldl  OOBEeKTIapH
TeHOMJIAPUHU TaxpHUpJialiaa Xxamaa TeHOMJIApHUHT (PYHKITHOHAJI CKPUHHWHTH, OJaM
UPCHI KacaJUTMKJIapU Xy>Kailpa MOJIeJUIapUHU ApaTUI, SITUT€HOMUKACUHU YpraHuII
Ba XykKaipaga coaup Oymamuran skapa€HIapHU BHU3yalu3alus KWIKIIAAQ
KYJUTAaHUJIAIU.

I'en myxaHauciIuru cCOXacMHUHT Tapuxu 1972 iunga amepukanuk oauMm Ilon
Haum Bepr (Paul Naim Berg) nmaGopartopusicuna pexombunant JIHK sparumumm
Owunan Oonwanrad. by Taxxpubana onumiiap udak Taék4acu reHOMUHH OakTepuodar
Ba Bupyc (SV40) rennapu Owian Oupnamruprad. Ym0y kxamduérnan CYHT reH
MYXaHIUCIUTH COXacHJa YJIKaH IOTYKJIapra O>SpUIIIINA, MOJICKYJSp-TCHETHK
MEeXaHU3MJIap Ba X0JiMcajiap MyKamMali YpraHwiIy Ba Kamid dTHIIU, SHAWIMKAA Oy
XOoAMCaJapHU N VItro mapowThja amajra OIIMPHII MYMKHH. baktepus xampa
BUPYCIIADHUHT MOJICKYJISIp TEHETUKACH Ba OHMOKMMECH COXAcCUIard H3JIaHHUIILIAp
ououndopmaruk ycysmiap épaamuaa JHKau manunynsuust kumum (OonIkapuin) Ba
TYpJIM BEKTOp TH3UMJIAPH HILIA0 YWKHUII, yJIapHU Xy)Kalpara KHPUTHUIN YCyl Ba
yCIyOJlapuHu  sipaTWIl WUMKOHUHU Oepnau. ByHWHT HaTmwkacuaga 3ca  Hadaxar
TPAHCT€H MHUKPOOPTaHu3Miap, Oalku TeHETUK MOAU(UKAIMSIAHTaH YCUMITUKIIAP
Ba XAMBOHJIAP OJUIITA SPULLTUIIIN.

buonndopmarrka COXaCHHUHT IIUIAT OMIIAaH PUBOKIIAHUIINA OMOTEXHOJIOTHS
Ba CEJICKIUSl UYHAIUILIAPU TapakKKUETUTa TYpTKU OepuOd, TeH MyXaHIUCIUTHHUHT
aMajavMii COXACHMHM 03ara KeINTUpAu. DbUPOK aHbaHaBUM TE€H MYXaHIUCIUTH
ycyiapu OWp KaTop KaMYmIMK dra OynmO, Oymapman OuTracu - oJam Ba
XaHBOHJIADHUHT KaTTa TCHOMJIAPUHU MaHUITY SIS KHUJTATIT yTa
MypaKKaOJIUTUIaIup.

Xankapo “Opam renomu” joumxacu poupacuna 1990-2003 ivap naBomuaa
omam simpo JIHKCWHMHT HYKJICOTH KEeTMa-KeTIWTH aHuKiIaHau Ba 20,5 MuHTTA
SKUH TeHjap uaeHTudukanus KuauHau. by kabu kxymma® moduxamap XO03Wpru

BaKTJa XaM OJIMO OOpUIIMOKJA, acOCUi OMOJIOTHK MOJeNl 0ObeKTIap TeHOMJIApH -




WYaKk TaéK4yacH, HeMaroja, Ipo30duia mamacu, CHYKOH Ba X.0. HYKJICOTH] KeTMa-
KeTJIUTH aJUlakadoH YKuO OynumHran. by noimxamap opkamu JIHKHuHT dakat
HYKJICOTH]T KETMa-KeTJIMKJIapU TYFPUCUIATH MAabIyMOTIap OJUII MMKOHU OO0p,
aMMO TE€HOM aJIOXHJa DJIEMCHTJIAPUHUHT (YHKIMACH Ba YJIApPHHUHT Y3apo OyTyH
F€HOM TU3UMHTa OOFIMKIApU TYFPUCUIATH OUPOH MABIYMOT OJIMII UMKOHU HYK.
Opnam reHoMujard GyHKIHOHAT Y3apo OOFIMKIApHU aHrjiami, HadakaT UpCHid
MaTOJIOTHSUTAPHUHT ca0ab-oKuOaTIapuHu, Oamku Kym oMmiiapra OOFIWK OyiraH
KaCaJUTMKJIAPHUHT ca0a0lapuHM aHUKJIAIl Ba YJapHU JaBOJlall YYyH HUIIOHJIAp
XaM TOMHUII UMKOHUHU Oepaau.

Omam reHomn Mmuumnii TagKUKOT WHCTUTYTH 2003 ¥HuWmga sSHTM XalKapo
noitnxa ENCODE (unrn. Encyclopedia of DNA Elements, ¥36. JIHK snementnapu
SHUMUKJIONEAUACH) ycTuaa um Oouuagu. JlolmxamaH Makcajg — OJIMMJIAPHUHT
WHTWJINII Ba U3JaHUNUIapuHu oupnamTuprad xoiaaa PHK Ba okcunap napaxacuaa
daon OYnran sneMeHTIap, QyHIaMEHTall T€HETUK >Kapa&HJIapHH (TPaHCKPUIIIIHS,
TpaHCHalMsl Ba PEIUIMKAIlMs) Ha30paT KWIYBUM PETryJATOp 3JIEMEHT/Iap Ba ojam
reHOMH (PYHKIIMOHAJI 3JIEMEHTIAPUHUHT TYJIWUK pYHXaTWHH oiuil 3au. by kadu
GbyHKIIMOHAT ¥3ap0 alOKAJOPJIUKIAPHU aHUKJIAIl YUYyH KyWUAard UKKWA CTpaTeTus
KYJUTAaHWJIQJU: TeHHU YYUpUIl (HAKOYT €KUM HOKIAyH) XaMmJia reH (DaoausTHHU EKU
YHUHT 3KTOINUK 3KCHPECCUSACUHU Ky4auTUpUlIl. AHbaHABUI yCyJIap - TOMOJIOTUK
peKoMOMHAIMsIIAap KYJIJIaHTaH TpaHCTeHEe3 CUYKOHJIapAa, OyH/IaH Talllkapu BUPYCIU
Ba JICHTHUBYPYCJIM BEKTOPJAPHHUHT KYJUIAHWUJIUINN HadakaT KAMMAaT, OaJIKu >Kyaa
KaTTa MEXHAT Tanad 3Taju, yjap yTa KaTbhil OCITHIIaHTaH TE€HOM JIOKYCHJa aHHUK
y3rapuiiiap KUpUTHIL KIMKOHUHH OepMaiau.

Xo03Upru KyHaa oaumiap uXTuépuaa Oup Heda TEXHOJIOTHsIAp mamao 0yiam,
Oynap opkaiu VCUMIIMKIAp, XaWBOHJAp Ba OJlaM T'E€HOMJIAPUHU YTa IOKOPHU

AHUKJIMK/Ia TaxpHUpJiall MIMKOHUHU Oepaiu.




1.2. TeHoMHHU TaxpupJam TU3UMJIAPHHUHT acocuii yHaauuuiapu. SIaru
aBJioa TexHosorusiapu. Zinc Finger, TALEN, CRISPR.

Zinc-finger TtexHosormsicu.FOK | — oSHOOHyKIea3zajgap JOMEHH OWIaH
OOFJIaHTaH OKCHJI TOMEHUHUT ‘“Pyx OapMoK4amapu” THIH CalT-crielupuK HyKIea3a
cupatuna daon O6yau6 JHKHM in vitro mapouTuga KaThui OelruiaaHTaH
y4acTKaJIApUHU YTa aHUKJIUKAA KUPKUILIK ajutakadoH 1996 iiunga OupuHun Mapra
kypcatu6 Oepunran >au. [y xabu xuMepuKk OKCHIIap MOAYJUIA CTPYKTypara sra
0ymuo6 xap Oup “pyx 6apMokdasiapyu’ TOMEHH OUp HYKJICOTH I TPUILJICTUHU TaHUNIH
(Zinc-finger Nuclease, ZFN).! By kynarypanamaguran Xyaipamap >XyMIIaJaH
IUTIOPUTIOTEHT TaHa Xy)KaWpajgapu Xamja MoJeN XaWBOHJAp Ba YCHMIIMKIApa
acocuii Taxpupnam ycyiura ainanan.’ AMMo ZFN TeXHONOTUSCH MypakKaOJIuru
Ba Xap OMp aHWK I'€HOM JIOKYCJIapH YIyH OKCHJI TOMEHJIAPWHUHT KOHCTPYKITUSICHHH
Ty3UIITa IOKOpU XapaxkaT Tanad JTHIUIIM, OUp HYKICOTHIJIU alIMaIllUHYB EKU
JOMEHJIAp apo Vy3apo HOTYFpH Tabcupiap cabadbmu JIHK-HUIOHHUHT HOAHHK
KUPKWINIIH SXTUMOJUIMKIApY Kabu OMp HeuTa Kamuuaukiapra sra.S IIyHuHT yayH
T€HOMHH TaxpUPJIOBUM SHTU TEXHOJIOTHSUIAP TOIMHUIN Makcaauaa Gpaos u3JaHUILIAP
naBoM 3Tau. CYHrTH iniapaa 0y u3iaHuIuIap TeHOMJIapHH TaxpHupiail UMKOHUHU
O€pyBUH SHI'M MHCTPYMEHTJIAPHKHT SpaTUIMIIura cabad oymmm.

TALEN Texnonorusicu. by tusumiap — TALEN (Transcription Activator-
Like Effector Nucleases, sbHU TpaHCKPUNIIUSIHU (haoJULIAIITUPYBUMIIApTa YXIIAIT
saddextop Hykieazagap) Ba CRISPR/Cas9 (Clustered Regularly Interspaced Short
Palindromic Repeats, spHu - MyHTa3aM Oup-OMpHIaH OWp XHJ Y30KJIUKIA
KOMJIAINTaH KUCKA MaJMHIPOMUK TyPyXJap Takpopiaph).” YOy TU3MMIIAp OaaMm,

VCUMIIMKJIAp Ba XaWBOHJAp XyXaWpacuja OKOPUM caMapalld HWILIAPHU amajira

1 Townsend JA1, Wright DA, Winfrey RJ, Fu F, Maeder ML, Joung JK, Voytas DF. // High-frequency modification of plant genes
using engineered zinc-finger nucleases. // Nature. 2009 May 21;459(7245):442-5. doi: 10.1038/nature07845. Epub 2009 Apr 29.
2Zhang F1, Maeder ML, Unger-Wallace E, Hoshaw JP, Reyon D, Christian M, Li X, Pierick CJ, Dobbs D, Peterson T, Joung JK, Voytas
DF. // High frequency targeted mutagenesis in Arabidopsis thaliana using zinc finger nucleases.// Proc Natl Acad Sci U S A. 2010
Jun 29;107(26):12028-33. doi: 10.1073/pnas.0914991107. Epub 2010 May 27.

3 Jianbin Wang, Joshua J. DeClercq, Samuel B. Hayward, Patrick Wai-Lun Li, David A. Shivak, Philip D. Gregory, Gary Lee, and
Michael C. Holmes // Highly efficient homology-driven genome editing in human T cells by combining zinc-finger nuclease mRNA
and AAV6 donor delivery // Nucleic Acids Res. 2016 Feb 18; 44(3): e30.

4Wang J, Friedman G, Doyon Y, Wang NS, Li CJ, Miller JC, Hua KL, Yan JJ, Babiarz JE, Gregory PD, et al. Targeted gene addition to a
predetermined site in the human genome using a ZFN-based nicking enzyme. // Genome Res. 2012 Jul; 22(7):1316-26. Epub 2012
Mar 20.

5 Keith Joung J. and Jeffry D. Sander // TALENSs: a widely applicable technology for targeted genome editing // Nat Rev Mol Cell
Biol. 2013 Jan; 14(1): 49-55.




OIIUPUII Ba yJap y4yH KOHCTPYKIHSIIAp TYy3WITHUHT HUCOATaH COIAIUTH OWIaH
dapk xkwragu. by kaOu TexHomorusyap TEHOMJIAp YCTUAA Typiad XUl
MaHUMYJSIUSUIAPHA  amaira omupuiiaa (aona KYJIIaHWIMOKAA Ba Oy OpKaiu
TpaHCTEH Ba MYTaHT XallBOH Ba YCUMIIMKJIAp SpaTHII Xamja KyJITypajlaHaJIuraH
oJlaM IUTIOPUIIOTEHT Xy’Kaipalapu acocuja KacaJUIMKIap MOJECIMHH SIPaTHUILl Ba
TaJKUK STUII KaOu OUp KaTop Mypakkad MyamMMOJIapHU Xajl 3THII y4yH MMKOH
spatagyd. byHmaH Tamkapd OSNUTCHOMHKACHHU YpraHWUII Ba XpoOMOcOoMa
JOKycaapuHu  xyxkahpa nukiauaa Yyrtkasum yuyH T[TALEN JIHK- OGornoBun
JOMEHJIapW  acoCHIard XHMEPHK OKCWUIap Ba  (QaodusITH  TYXTaTHJITaH
(nrakTuBarms) Cas9 HykieasanapuiaH TEHJIAp TPAHCKPHUIIMSICHUHUA OOIIKApHUII
oyiinua onub O6opwiran Taxxpudanapaa dhoiigaiaHuIraH.

2011 ¥Wwunma TreHOMIJIApHU IOKOPH Japa)ajard aHWKIWKAA TaXpUpJiall
UMKOHMHHM OepyBum ycyinap katopuna TALEN tusumu xam nydysmu “Nature
Methods” xankapo >KypHaJIM TOMOHUJIAH WIJI TE€XHOJOTUsicU €0 TaH ONMHAU. by
TEXHOJIOTHSHUHT SpaTHIIMII Tapuxu Xanthomonas aeimoan OakTepHsUIAPUHHHT
yprauunuim Owitad 0ornuK. YOy OakTepusuiap 110U, KajJaMIup, MOMUA0p KaOu
VCUMJIMKIIAPHUHT TATOTEHW XHUCOONAHMO KUIIIOK XY)KaJUTHTa KaTTa WKTHCOIUN
3apap KenThpaau, Oy 5ca yJIapHUHT CHHYKOBJIMK OWJIaH YpraHwivimra cabab
Oynau.  AHUKIAHUIINYA,  OakTepusyiap  YCUMIUKIAD  XyKalpalapuHUHT
mutoruiazmacura sddexrop okcwuiapau (TALE, Transcription Activator-Like
Effectors) axparu0 umkapaau, Oy 3ca YCUMIIMKIAp XyKalpacujaaru >kapa€Hiapra
TabCUp DTHO TMaToreHjapra HUCOATaH YaJMHYBUAHIHMK Japa)KacUHU OIIHPAJIH.
Keitnnuanuk >3¢dextop (Tabcup 3TyBUM) OKCUIUIAPHUHT (DAOTHUAT MEXaHU3MIIAPUHU
VpraHuinn HaTWKAacHIa, yjaap OJyKapUOTIapJard TPaHCKPUIIHUS OMUJUIAPUHU
takpopsadb JIHK Ounan OofnaHa oiuil Ba Y3JMApUHUHT TE€H-HUIIOHJIAPUHUHT
AKCTPECCUACUHU (PAOUTAIITUPHUII KOOUITUSATHUTA 3Ta DKAHIUTH aHUKJIAH]IH.

TALE oxcumrapu JIHKra GofnaHuim, JTOMEH Ba SApOJIa KOUIAIITUII CUTHAIN
Xama MakcaJJard TeHHUHT TPAHCKPHUIIIUACUHHA (aoJUIalITHPUIT YUyH sKaBoOTrap
MapKa3uil JOMEH/IaH TAIIKWI TonraH. bupunun mapta ymoy okcwuiapauar JJHKra

Oornana onum koowmsTiapu 2007 unga taBcudianran sau, oup Wui yTud sca




UKKU Typyx onumiiap ToMoHuaaH [ALE oxcuwmiapununr numonnanradn JIHK
V3YWJUIMKIADMHE TaHUO oyum Koanapu anukinapau.! JITHKra GornanyBud JIOMeH
MOHOMeEpJap/laH TallIKWJ TONTAHJIMTU Ba YJIApHUHT Xap Oupu OUTTa HYKICOTH]
OWJIaH HUIIOHJIAHTaH HYKJICOTH] KeTMa-KeMJINTUTa OOFJIAHUIIN KypcaTHO Oepriiay.

Monomepnap ukkuTacu rokopu y3rapyBuan (Repeat Variable Diresidue, RVD)
12- Ba 13- no3unusnapaa xoinamrad 34 aMUHOKUCIOTANIap KOJJUFUAAH MOopar
TaHIEeM TAaKpOpJapHH Hamoimm >Taau.’ Bynma aliHan yima I0OKOpHM Y3rapyB4aH
aMUHOKHUCTIOTaNlap OedrujiaHraH HYKJICOTHIJIApHU TaHUO oOJuIira >xaBoOrap
xucobanaau. by kon TyFMma (iereHepaTuB BBIPOXKICHHBIN) XucoOaHaau. bab3u
IOKOpU y3rapyBYaH aMHHOKHCIIOTanap OWp Heda HYKJIeOTHiap OWIaH TypJH
camapajopiuk Owinan Oornanumu MyMkuH. bynma TALE mMonomepnapu
OOoFnaHaguraH 5°- OXUp HYKJICOTHJ KETMa-KeTIWru oyiaujaaH Humonianrad JJHK
MoOJIeKyJlacujia JouM ¢akarT TUMHJIWH HYKJICOTHAM >KoinamraH Oynaau, Oy 3ca
OOFJIaHUII caMapagopJIurura Tabeup 3taau. CYHrru 3’-yuu TaHu® oum caiftura
OOfaHyBUM TaHAEMJIM Takpop 20 aMUHOKHCIOTAa KOJIUFHAaH ubopar Oynub y
SPUM TaKpop €0 HOMIIaHAIH.

TALE oxkcumnapu épnamuna JIHK KogmapuHUHT YKUIWIIA aHUKJIAHTAHUJIAH
CYHT V3UHHMHT cojianurud (Oup MoHOMEp- OWp HYKJIeOTHA) OunaH OyTyH IyHE
OJIMMJIAPUHUHT KM3UKUIIMHU yiuroTau Ba TALEN - xumepuk Hykieasanap spaTuiin
Oyitnya GupuHuu Taxpubanap amanra omupuian.® Iy makcanna TALE nomenura
6ornann6 JJHKHU KoAMpiIOBYM M3YWIUIMKHY TJIa3MUJIa BEKTOPHUTa KUPUTWIIU, Oy
BekTop unrapu ZFN texHonorusicunu spatumaa Qoiinananunrad. Hatwxkana
JIHKra OofnanyBun aomenHu Ba Fokl pecTpukuusnapu sHIOHYKII€a3aJlapUHUHT
KATAIATUK JOMEHWHM Y3 MUYWTra OJITAaH CYHBUH XMMEPHUK HyKjea3ajap JKCIPECCUs
KWIyBYM TEHETUK KOHCTpyKumsuiap spatwiau. by texnonorus JIHK-6ofnoBun

JIOMEH TYpJH IOKOpU Yy3rapyBuaH MoHomepiapHu (Repeat Variable Diresidue,

1 Watanabe T, et al. Non-transgenic genome modifications in a hemimetabolous insect using zinc-finger and TAL
effector nucleases. Nat Commun. 2012;3:1017.

2 Sander JD, et al. Targeted gene disruption in somatic zebrafish cells using engineered TALENs. Nat Biotechnol.
2011;29:697-698.

3 Huang P, et al. Heritable gene targeting in zebrafish using customized TALENs. Nat Biotechnol. 2011;29:699-700.
4 Bedell VM, et al. In vivo genome editing using a high-efficiency TALEN system. Nature. 2012




RVD) Oupnamtupran xoiaaa UCTaIraH HYKJICOTHJ KEeTMa-KEeTJIMTHM HUIIOH OYiraH
CYHBUH HyKJea3anap sipatuil uUMKoHuHU Oepaau. Kym xommapma A, T, G, C
HYKJICOTUIIapuHU Moc paBuiiaa 6ornam yuyH Asn Ba Ile (NI), Asn Ba Gly (NQG),
ukk Asn (NN), His Ba Asp (HD) napuu ¥3 nuura onran rokopu y3rapysuad (RVD)
MOHOMepiapaH (ornananmianu. bynna rokopu ¥y3rapyBuan moHomepiap-RVD
NN, A xamaa G cudaruga Oormanumu MymkuH. Kymnad Taxpubanapnaa
T'YaHWHHHUHT sHaja cruernupukpok Oornmanumm yayH NH €ku NK monOMepnapwu
KYJUITaHUJITaHU/Ia KEpaKkCU3 HUIIOHra OOFJaHUII XaTOJNMKIAPUHM KaMaWTHUpaIu.
KOxopu y3rapyBuan moHomepmapaaru-RVD (H €xku N) OupuHYM aMHHOKHCIOTa
KOJJAUFU OEBOCUTAa HYKICOTHAra OOFJaHUWIINA KaTHAIIMalau, JEeKWH (Ha30BHid
KoH(opMarusHu craduWiutaml  y4yH >kaBoO Oepuinu aHuKIaHAu. HWKkuH4M
AMUHOKHUCJIOTa KOJAUFU HYKJIEOTH] OuiaH ¥y3apo OornaHanu, OyHJa OOFIaHMII
tabuatu Typiauda: D Ba N a3ornm acocnap OuiaH BoJOpoA OOFIApUHU XOCHI
kwiaau, jekuH | Ba G Ban-gep-Baanbc kyun xucobura HUIOHJIAHTaH
HyKJIeOTHIap Onnan Gornanannm.t

Homenra 6ornanyBun cynbuit JIHK simpo nokanusanusicu curnanura, N- yuu
nomenn Ba Fokl xaranutuk pomeHura s3ra  OyiraH sSpUMTakpop TE€HETHK
KOHCTpyKIusira kupruzwiaan. CyHbHIl HyKiea3ajlap YYyH HWIIOHJIAHTaH CalTiiap
Kyhugaruda tannad onmuHamau: ynap JHKHuHr Typnm 3amxkupriapuga Oyaumm Ba
cneicep KeTMa-KeTIUruaa KUUMK ydactkanapra (12-25 x.H.) axxpaTwirad 0yauum
kepak OVmanu. Cynbuil HyKjI€a3zaJapHHUHT sigpora 00pub skoinamuiny OWiaH yiap
HUILIOHJIAHTaH calTinap Owian OofnaHaau, Hatuwxkaga C ywilapuaa >KoWjamraH
xuMepuk okcuiuiapHuHT Fokl nomennapu nqumepusanuvsiiaHaay Ba creicep KeTMma-

KETJIUTUTA UKKU 3aHKUPIN OVIIUMK Xocui Kunaau. (1-pacm)

1 leiY, et al. Efficient targeted gene disruption in Xenopus embryos using engineered transcription activator-like
effector nucleases (TALENSs) Proc Natl Acad Sci U S A. 2012.
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FOoM karamuTuy SOMeMM
OHXra CornasyBum oMo

TALEN XMMepuK OKCHANEPK xy hTriurm

OKCHN QOMEeNNTAaPH EPpAIMMAR HYKNeoTHANApM Tanud onvw Koam

Nl = A "‘G = T NN = :_‘ HD: C

1-pacm. TALEN xumepux oxcunnapu époamuoa uKKu uniu (3auicupiu) OVuLiug Kupumui
cxemacu. JIHKra 6ormanyBun okcun gomeHUHUHT 6up MmoHoMmepu JJHKuaMHT Makcaamm (HAIIOHIN) KeTMa-
KeTJIUrua Oup HyKJICOTHIHU TaHUO oyaau. bormaHuim ydyH MOHOMEpIAru HKKM aMHHOKHCIIOTAa KOJIUFU
*aBoO Oepajiu, TaHUO OJIMII KOJIU KEITHUPWIraH (aMUHOKHCIIOTa KOJIUKIIapu oup xapdaa udonananamm).
Tann6 onmm caiitnapu macodana JHKHuHT Typnu 3amkupiapuia sxoinamra, Oy sca Fokl katamutuk
JOMEeHJIapu auMmepusanusicu yuyH erapmuaup. Fokl mumepn cudarmma JJHKra nkkum 3amxupinm Ok
KAPUTAIH.

Hazapwuii xuxarnan JIHKra 6ofnanyBuM AJOMEHJIAPHUHT MAabIyM TaHUO OJIMII
caiiTiiapu OuilaH TeHOMHUHT ucTtairan yyactkacura TALEN cynbuil Hykieaszanapu
éplaMHia MKKU 3amkupiau Oynumk kuputuiml MymkuH. TALEN nykneazamapu
CalTIaprHM TaHJAIIIATU SITOHA YEKIJIOB, Oy HUIIOHJAHTAaH KeTMa-KeTIUKAaru 5’-
yun onaupan T HMHr Maxyn Oyamm sapypustuaup.l AMmo cheiicep kerma-
KeTJUTY Y3YHJUTUHU Y3rapTHpUIN OWiIaH Kyn XoJjulapJa CalT TaHJIOBIAPUHH
amanra ommpuin MyMmkuH. JIHKra Gormanamuran momeHHUHT W232 xommauru N-
OXHUp y4YacTKacCHHUHT Tapkubuna 5°- T Ownan y3apo Ooupuxamu, 6ynna y TALEN
HUHT HUIIOHJAHTaH caiTinap OwiaH OWPUKUII caMapaJopiiTHra TabCUp
kypcatniny anukianran.’? Ammo A, G, éxu C Gunan 6ornana omyBun TALEN N-
OXUPIM JTOMEHUHUHT MYTaHT BapUaHTJIADUHHUHT CEJCKIUsACH HaTwxkacuga Oy
MyaMMOHH XaJl 3TULI UMKOHHU 00p.

CRISPR Texnonorusicu. TALEN xuMmepuk OKCWUIapu TH3UMHU Karid

KunHranugal ukku un ytuo CRISPR reHomHu Taxpupiamn TEXHOJOTHSICHHU

1 Cermak T, et al. Efficient design and assembly of custom TALEN and other TAL effector-based constructs for DNA
targeting. Nucleic Acids Res. 2011;39:e82.

2Li T, Liu B, Spalding MH, Weeks DP, Yang B. High-efficiency TALEN-based gene editing produces disease-resistant
rice. Nat Biotechnol. 2012;30:390-392.




daon kKymnam pusoxkiaangu.! By TEXHOJOTMSHUHT JJIEMEHTIApH KOIUpPIaMaiuran
PHK Ba Cas (CRISPR-associated) okcmmurapu xucoOmanamu. TALEN xumepuk
okcmnapugan (apkiau pasuiiga CRISPR/Cas tusumm €pnamuga TaHHO OJIMII
xycycustu Humownanran JIHK Ba xomupnamainipuran PHKnapaunr y3apo
KOMILJIEMEHTap OOFJIAHUIIN XUCOOUTa aMalra OUIMpPUIIaIu.

bynna wnykneaza ¢aommurura osra  komupnamanguran PHK Ba  Cas
OKCHJUTapuaaH uoopaT KOMIUIEKC Xocuia OYmanu. baw3u Oakrepus rennapuma 1987
Huima cUpiaM Takpopiap aHUKJIAHTaH, YJIApHUHT (QYHKUUsIapu Kapuito 20 iwn
JTaBOMHUa HOMAbIyMJIUTHYA KOJAHW. bakTepwsl T€HIApUHUHT CEKBEHC KHJIMHUIIN
reHOMJ]a  AHAJIOTMK  HYKJICOTHJ  KETMa-KeTIuru dra  Oynrad  Kyruiad
MUKPOOPTaHU3MIIADHUHT aHUKJIAHUIIWra cabad Oynnu, Oynap XapakTepiu
CTpyKTypara sra, ssbHu HOEO JIHK-cmelicepiaapuHMHr KUCKAa ydacTKajlapu Oup-
OupuaH KUCKa MATMHIPOM Takpopiap OuiaH axpanrad (2-pacm). AliHaH ymiOy

xycycusitura kypa ynap CRISPR ne6 nomnanau.

Bomxapyn KeTMa-KeTJIHRJIapH

l Cnelicep.iap
tracrRNA Cas renapu s : CRISPR
8 - » ! ‘ ‘ ‘. JOKYCH
o - CTPYKTYpacH
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ETH/IHIIH
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2-pacMm. BakTepHus xy:kalpaadapuaa CRISPR/Cas9 xapakaT/,IaHHIIH MeXaHH3MH

1 Wei Zhu et. al // CRISPR/Cas9 produces anti-hepatitis B virus effect in hepatoma cells and transgenic mouse. //
Virus Research, 2016. 217, 125-132




bynman Tamkapu Oy kabu CRISPR xkacceramapm OeBocuta OKCHI
MaxCyJOTJIapu HyKJea3a Ba Xxenukaza daourura sra Oynran Cas renmapu
(CRISPR-associated- CRISPR 6Owmitan acconuanusulaHrad) sSKHHHIA SKOMIaIraH
6ynamu.! Bup-6upugan 6exabap OnoMH(GOPMATHKIAPHUHT yu rypyxu creticep JJHK
kymab dar Ba minasmuaanapHudr J[HKcura romosor skanmuruam 2005 iwimga
Mabaym Kuiad. 2007 itmnaa CRISPR crieiicep mokycuia MaBxky 1 Ba 6aktepruodarra
gumaMman  O0ynuO  Oopaétran  Sreptococcus  thermophilus  xyxaiipanapu
oakrepuodaruunr renom JIHKcura xomruiementap skannurd anukiaanau. Iy
tap3na CRISPR/Cas Texnonorusicu HOEO MexaHH3M OYIHO MUKPOOpPTaHH3MIIAPHU
oerona JIHK kupummgaH XuMosulalld Ba PECTPUKUUSA-MOAU(DUKAIUS TU3UMHU
Owran Oup kKaroppa ¢aon OYIUO TEHETUK MABIYMOTJIAPHU TOPU30HTAI
KYYUPWIAITAHA YSKJIalIA aHUKJTaH]IH.

CRISPR- Tuszumiapu mnpoKapuoT OpraHu3Mjap ypracujia KeHI TapKajiraH:
yinap 87% apxeit Ba 48% sybOakrepusiiapiaa anukiaanrad. LllyHusnr yuyn xap xui
opranm3Mm Typiapuga reHomuaru (1-18) CRISPR-kaccetamapu Mukimopu Kadu
TakpopJapHUHT MHUKIopH (Yprada 60) Ba xaxkmu (¥praua 23-37 H.K.), HIYHUHTACK
cneicepiapHUHT coHM Ba Xaxkmu (17-84 H.k.) y3rapyBuan Oynanu. bynma Oup
KacceTa M4YMIary creicepiap Ba TAKPOPJIAPHUHT Y3YHJIMTH Y3rapMac Ba TakpopJiap
KETMa-KETIIMIH 5ca Oup Xuil 6ynanm.

XUMOsI MEXaHU3MU Y4 acocuil Oockuunan uoopataup (2-pacm). bupunuun
amanTanus Oockuumaa OakTepus Xyxkaikpacura kupran oerona JIHKHuHT knumk
dbparmMeHTH SHTH creicep Xocun Kuaubd xyxaina reHomuHUHT CRISPR-nmokycura
YpHatunagu. Bupyc renomuna 0y ¢gparmeHT mporocneiicep cudartuaa creiicepra
KOMILJIEMEHTap Ba KHUCKa (2-5 H.K.) (rmaHKUpiaHTaH KOHCEPBATHB H3YMIUIIMKIA
MaBxyn Oymaau, 0y PAM (Protospacer Adjacent Motif; mpoTocmneiicepra Teruiunim
MoTtuB) ae6 HommaHaau. Slarm cneticep mouM CRISPR kacceracu ommmman AT ra

Ooli nmuep KeTMa-KeTIWK TapaduaaH VpHAmamud, Xyaad 10y >KOHJa MpOMOTOP

1 Zhan-Qj Dong et. al // Establishment of a highly efficient virus-inducible CRISPR/Cas9 system in insect cells. //
Antiviral Research, 2016. 130, 50-57

2 Lichun Tang et. al // In vitro CRISPR-Cas9-mediated efficient Ad5 vector modification. // Biochemical and
Biophysical Research Communications, 2016. 474(2), 395-399.




AJIEMEHTIIAPU BA PETYJIATOP OKCHUJUIAPHMHI YTKa3WII CalTIapy >kousamrad. bapua
W3JIaHUIUIapra Kypa, aiHaH 1y Tap3ga kymumink CRISPR/Cas-tusummapuHuHT
HUIIOHJIAPHU XOCHJI Oy au.

TpaunckpuniusHuHr ukkuHYM Oockuumna Oapuya CRISPR noxycnmapu pre-
crRNA (poly-spacer precursor crRNA; CRISPR PHKHuur spum chericepiu
YTMUIIIOMIM)  Y3YHJIWTHWJA  TpaHckpunmnusuianaau  (2-pacm).  ETtunmaran
TpaHckpunHuHTr etuiaran crRNA xonartura nponeccuar kunuHuimu CRISPR/Cas-
TH3uMiIapuaa kyn xouiapaa Cas6  sHOOHyKiea3ajdapu TOMOHHUJAH —amaira
ommmpunanu. 39-45 nykneorusa ysyniaurugard kucka crRNA (CRISPR PHK) oup
cnefcep  KeTMa-KeTiirura dra  OynuO  oxupnapuja  CTEpKEHb-OUTH3
CTPYKTYPAaCUHUHI IIAK/UIAHUIIUAA MIUTUPOK HSTYBUM TaKpopyap >KOWJallraH:
TUAPOKCUJT TypyXura 3ra TaKpOPHUHI CYHITH CAaKKU3 HYKJIEOTHIJapu 5° yuuzaa
CTEpKEHb XOCHJI KWIaJIW, Ba TYFHOFMUCUMOH CTpYyKTypa 2’°, 3’-mukiauk ¢ocdar
OwmnaH 3’-y4naa WIMOKIN YPUYK (OUTH3)HN XOCHIT KUJIaIH.

Yuunun 6ockuu — Oerona PHK éxu JIHKuu mnTepdepenums (dhaonustuHu
CycalTupuil) Kuiauil, Oy >kapaéH crrnA Ba cas-OKCHWIJIapU KOMILUIEKCUHUHT Y3apo
Tabcupu Xucobura amanra omupuiaagu. CrrnA  KOMIUIEMEHTap — Xo0Jija
MPOTOCTIEUCEPHUHT KETMa-KeTJIIMTMHU TaHUO OJIali Ba Cas-OKCWIUIApHU YyJIApHUHT
OY3WIHIIIMHU TabMUHIANM (2-pacm).

JHK-uwumonnapuun s>¢gdektop Maxkmyacu OwiaH Aerpajaius KWIUII y4yH
crrnA nykieotumanapuHuHT JJHK-#aumonnapu Ounan y3apo -2, -3, -4 no3unusiiapaa
(arap +1 mporocrnelicepHUHT OUPUHYM acocura KaOysl KWIMHCA) KOMILUIEMEHTap
Ooupukumm pyi Oepmacnuru kepak. CrrnA Ba JIHK-aumonmapuusr ¥y3apo
KOMIUIeMeHTap Oupukuimm ymly mno3uiusiapaa 3hQexkrop MakMyaCHHUHT
Hak/UTaHUIIUHKA Oy3aau, Oy sca reHom JIHKcuHM KupKUIra Ba yHUHT KEHHHYAIUK
Jerpajaluusara yupaniira TYCKUHINK KUJIaaH.

Bupycnap Ba ymapHUHr XyXKalWH OPraHU3MIIAPUHUHT Y30K KOJIBOJIOLUSACU
Bupycnapaa crISPr-unrepdepenuusiiapra Kapum XUMOsi MEXaHU3MIIAPUHUHT TTAH0

Ooynummmra omub Kenau.




by Oaktepuss Ba apxeitnmapaa crlSPr/cas-Tu3uminapuHUHr KarTa Xujma-
XWJUTHKJIApra dra SKaHJIuTyu OWJIaH TYUTYHTUPHUIAIN.

buoundopmaruk Ttagkuxotriap Oapua crISPr/cas-tuzumnapunu acocuit yu
tunra (I-1II) Ba Oy tumnapuu sHa xkamuga 10 Ta rypyxmapra Oymamu. Xo3upru
kyHaa Oymapnan S. Pyogenes maroreHuman axpatud onuHran II-A TunuHuHT
crl SPr/cas-tuzumMu reHoM Myxanauciuruaa Gaon Kymwianuiaan. by 6akrepusaa cas
TeHUHUHT MUHUMAJI TYTJIaMU aHUKJIaHraH. bupruna nomyyHKIHOHAT cas9 OKCHiH
pre-crrnA npoueccuHruau Xamaa oerona JIHKHMHT mHTEepdepeHIMsICuHU amara
OLLIUPAJH.

CrrmA  mponeccuHrn  koampiaMaiauran kmuuk PHK - tracrrA  (trans
activating crrnA; TpancaktuBupytomas crPHK) Ounan xam Oornuk Oynaiu.
TracrrnA Mosekynazapu pre-crrnA KeTMa-KeTJIUKIApUHUHT Takpopiaapu OuiaH
OYIJIEKC XOCHUJI KHUIIMO KOMIUIEMEHTap OOfjaHaaM, XYKalluH XyxKalpaJapHUHT
pubonykieazanapugan Oupu -PHKaza III, cas9 wumrupoxuma 5° yumpa 20-
HYKJICOTHJIJIM CIIeWicep KEeTMa-KEeTIUrura sra OyiraH eTykK CrrnA HUHT XOCHJ
Oynuimm OunaH AyTJIeKCHU KupkKaau. byTyH nokycra Mg2+ nonnapu MIITHPOKHIA
cas9 MKKM 3aHXUPIIM aXpaluil KupuTtaau, Oynna 0y ¢pepmentnunr HnH nykieasa
nomeHn crRNA ra xommiementap /[JHK wnunum kupkagm Ba RuvC -pgomenu
HOKOMIUIeMeHTap unHU Kupkaau. Cas9 S. pyogenes yuyn [HK-uuion y3una
O6eBocuTa KUPKHUII aMalra OMMPWIAIUTral yu Hykineotuaaan cynr 5'-nGG-3' PAM
Hu TytTMoru Jo3uM. Il tummamHr Cas9 yuyn S. thermophilus Ba Neisseria
meningitidis HUIIIOHIapU MOC paBuIIIa OolKa KoHCeHcycra ara- 5-nGGnG-3' Ba
S'-nNNnGALtt-3'.

['eHOM  MyXaHIUMCIMTUHUHT  yMyMHUH  CTpaTerusick  calT-crenupuk
HyKJIeazanap €paaMuaa TYpT acocuit O0CKUYiaH noopar:

1. 'enomaa Makca i HyKJI€OTH KETMa-KETIMTMHH TaHIa0 OJUIIL

2. Tanna® OJMHraH HMILIOHTa HYHAITHPWITaH HyKJ€a3a KOHCTPYKUHUSCUHU
ApaTull.

3. Yy KOHCTPYKIIUSHA XyKalpa SapoCcura KHPUTHIIL.

4. OnuHran MYyTalUAJIIAPHUHT TaXJINJIA.




TALEN Ba CRISPR/Cas9 texuomorusuiapu €EpaamMuga WIUIaraHga HKKH
3aHKUPIM OYTMHMATapHU CHeNU(PUK KUPHUTHII YIyH CaWTIaApHH CHHYKOBIIHK
Ownan Tanna0d osmwmm 3apyp. Jlactmabku OuomHOpMaTHK Taxjauiuiapra Kypa,
T€HOMTa UKKU 3aHXUPIIN OYIMHMAIapHU KUPUTHUII Makcaacu3 2 (OEKTIapHUHT XaM
SXTUMOJUIMTY GOpIIUry OUIaH TYIIYHTUPHIAAU. !

Kepaknu caliTinapHu TaHinamga KeTMa-KETJIUKIAPHUHT TaKpopJaHUIIMIAaH Ba
TeHOMHUHT OOIIIKa palfOHUAAry I0KOPH TOMOJIOTHSUIapHIaH KOUMII Tajnad dTUIa Iu.

TALEN xuMepuk OKCWUIapu TU3UMUAAH GoHganaHuiIragaa Oup Heda
cababmapra kypa Makcajacus s3¢dexkTinapu ByKyara kenaau. bupunuungan, Oy
cneuuduk  Hykiaeotugap Ba RVD  OornmaHumHuHT 3P (HEKTUBIUTHIATH
dapknapaup. NN Ba HD moHoMepnapu HykieoTujjiap OWIaH Kywid BOAOPO]
oornap xocun kKuiaau, Oy Bakraa NG Ba NI — kydcus makinanagu. by JIHK-
TaHUWUUTaH JIOMEHJApHU MAaKCaJju cadTiapjaH Oup Heda HYKJIEOTHIapra
dapkIaHyBuM caitiap OusiaH OOFJIaHUIINIa UMKOH O€pUII MyMKUH. KKUHYMIaH,
KOJHUHT TyFMa OYJraHd y4yH MOHOMEPJAPHUHI HYKJIEOTUUIap OujiaH OOFJaHUII
HXTUMOJUIUTY MaBxXyJ, Mmacaniad, NG Ba A NapHUHT y3apo OOFJIaHUIIN. Y YMHUUIAH,
WKKU HykneazanapHuHr Fokl nomennapu oup xun JIHKra 6ofnanyBun nomeHnapu
(roMoMMEpIApHUHT XOCHJI OYJIMINK) OWJIaH TUMEpHU3alMsITra yupaid MyMKUH. by
MyamMMO MaxOypwuii rerepoaumeprnap cudaruna unuioBun Fokl momennapura sra
TALEN TU3UMUHU sIpaTUIl OpKadud OWp KaTop HIUIAPHU amajira OLIKWPHII
JaBOMHA Xall STUITaH.? DXTUMOJLIM Makcaacus d>pQeKmiap HyKiea3anap TaHWII
caiTiapu opacunaru cnercep JHKHUHT xakmu Kaila STUIMaraHjiurd HaTWKacuaa
conup O6ynumu MymkuH. by xycycust Fokl nomennapu nuMepusalysuiaHuilg y9yH
eTapau Macodanga KoWIamrad HyKJI€a3aJapHUHT MAaKCcaJcu3 cauTiaap Owuiad
OOFIaHUIIN/IA UKKU 3aHXKUPJIH OYITMK KUPUTHUIL UIMKOHUHU Oepaii.

S. pyogenes cas9 nykieasanapu 5'-NGG-3' koncencycu 6unan PAM napHuHT
MaXOypuil WINTUPOKWHU Tanad »Taau, OyHAa KaMm MUKIopaa Oyica Xxam y

HUILIOHJIAPHU TaHJIAIHUA Yekaiau. XycycaH, oJlaM T€HOMUa MaKCaJu (HUIIIOH)

1 MaS, et al. Highly Efficient and Specific Genome Editing in Silkworm Using Custom TALENSs. PLoS One. 2012;7:e45035.
2 Lei Y, et al. Efficient targeted gene disruption in Xenopus embryos using engineered transcription activator-like effector
nucleases (TALENs) Proc Natl Acad Sci U S A. 2012




cailtmap xap 8-12 wH.k. Japuman cyHr okoimamran Oymaau. CRISPR/cas9
TU3UMUHUHT ACOCHHA KaMYMJIMTH — MAaKCaJCu3 MyTauusiap Mnaigo OYIMIIHHUHT
HucOaTaH IOKOpU HSXTUMoumMrugaaup. In vitro, OakTepusuiapga Ba  oAaMm
XyXaipanapuna om0 Oopmiaran taxpubanapaa 20 mykireoTwmin sgRNA (single
guide RNA) njapHuHr choeiicep ydacTKamapujga ©O0ab3u OuUp HYKJICOTH
anmammunyBiapu CRISPR/cas9 TuzumuHMHT ce3mwnapian aapaxana (aoJTUTHHU
CyCaWTUpHILTa OJIUO KEIUIIN MabiIyM KWJIMHTaH, ailHUKca arap Oy aJMaiinHyBJap
sgRNA nunr cyurru 10—12 nykneotuiapu 3'-oxupiapua xxoumnamrad 6yca. [y
Owran Oup BakTaa SgRNA HuHr S'-oxupumard aaMalmIMHyBIAp THU3UMHUHT
(daonuaTH ydyyH Xe4 KaHAail Tabcup yTKazmailan. AMMO MabiyMKu, arap sgRNA
HUHT 3'-oxupugaru Oup €ku UKKUA Hykiaeotuiu anMamuHyBiap CRISPR/cas9
TU3UMUHUHT (aoNusATUIa TabCHp OSTMaild, Ba aKCHH4Ya, arap S'-oxupuaa
xKoamradn Oynca daonusaTra TYCKMHJIMK KWJIaau. YMyMaH OJITaHJia, MakKcaJiCcu3
s¢ ekt cas9 yuyH 5'-0Xupu HyKI€OTUAJIapura HucOaTaH KaM axaMmHsITra 3ra KeTMa-
KeTIUKHU  WyHantupyBun 3'-oxwpugarn —8-12 H.oK. aJIMalIMHyBIAQpPHUHT
XKounamunuiapu Oyiinda anukiananau, Oyamaa Cas9 u sgRNA napra kupuTiiagurad
alMalllMHyBJIap Ba ailHaH HULIOH-CAUT XYCYCUSTIAQPUHUHI KOHUEHTPALMICH Ba
MUKJOPH YYJaH OLIMAciIuru jo3uM. KypcaTwiran kKamMudWJIUKIApHU EHTUIl cas9
OPTOJIOTJIApUHU KYJUIAIlTa acoCJaHTaH YCyJUIApHU KUAUPHUII Ba UIUIA0 YUKUINTA
MMKOH Oepaau. bynapHUHT (hao/NIMTMHU TabMUHJAII YYYH MYPAaKKa0 KOHCEHCYC
KeTMa-keTnKka sra PAM 3apyp xucobnanamu. Macanan, I tun N. meningitidis
CRISPR/cas PAM gjapau 5'-NNNNGATT-3', xoHceHcycu OwijaH TaHUAAW, Oy
*apaCHIa HUIIOH TaHJall WMKOHUATHHM Yekiad cheruUKIMKHU OIIMPHUIIU
MYMKHH.

CRISPR/cas Tuszumnapu €paamuja T€HOMHHU TaxpUpJanl CIeuuPpUKIUTHHUA
omupum Makcaauna sgRNA >xybauru (ZFN Ba TALEN xydTiuk aHojoriapu
cunrapu) Owman wukku Cas9 Hukazamapugan doigamanunaan. Ymoy sgRNA

xypmuru Fokl nomennapu Ounan (axaT MKKM MYCTaKWI OKCUJUIAPHUHT TabCUPHU




! Bup xarammTuk Qaon

acHocuma JI[HKra Oymumk (mapuanami) KAPUTAIH.
nomennapHunr myTanuscu (HNHuaa D10A Ba RuvCaa H840A) Cas9 nykneazacunu
JIHK-nukazara ainantupagu. Arap JHKHuHr wmkkana zamxupunu Cas9 Hukasza
KypTiuru OujaH KUPKWIca CalT CIeNU(PUK MKKH 3aHXKHUPIN OYIITUKIAD XOCHIT
Kuumira oiub kenaau, Oy oymuuknap JJHK yanapuauHr (oXupiiapu) HOrOMOJIOTHK
(NHEJ non-homologous end joining) Tukminmm épaamMuaa KanTa kydTiiamaim,
OyHma ajoxuaa OynaraH OWp 3amKUPIM MapyanaHuniap rokopu skcnmsus (BER-
base excision repair) acocujia camapaiu paBula Kaiita xkypmiamanu. Mxku Cas9
HuKazajgapuHu sgRNA xypTiauru OuiaH Kyjulall MakcaJCu3 MYTalMSUIAPHUHT
XOCHJI OYJIUIIMHY CE3WIIAPIMN Jlapakala KaMauThupuIny Ba Oy >kapa€Hla MakcaJcu3
MyTallUSUIAPHUHT  YUKUAIIKA ~ OyTyHJall — HykjJea3aJapHUHT  KYJJTAaHWUJIMIINATA
OOFNUKJINTU KypcaTub Oepuiras.

Kentupunran CRISPR/ Cas9 Ba TALEN tu3umiapu €pnamMuaa MakcaiIn
(HUIIOHJIM) caWTIapHU TaHUO OJIMII MMKOHHUSTIApU Iy Kabu calTiIapHH
KUJAUPUIIIA KYJUIalll YYyH KOMIIBIOTEp aJrOpUTMIIApUHU TY3HIAa 3IbTHOOpra
OJIMHTaH. X03Upja Typiu KOMIaHUsIap TOMOHUIAH SpaTUIraH OHJIANH JacTypiall
TabMuUHOTIIapu MaBxyn 0YVnuo, yinap CRISPR/ Cas9 Ba TALEN TusumimapuHuUHT
MOTEHIMAN CaWTIaApUHM TaHJaIl, XaMJa 53XTUMOJUIM Makcaacu3 3(deKTiapHu
aHuKJam y4yH xam mymxawianrad. [JHKra GornmanyBum nomen nespnu Oup xui
TaKkpopjapAaH TaKui Tonrad, IyHHHr ydyH TALEN Hu skcnpeccus KuiyBYM
T€HETUK KOHCTPYKUHUS TY3HUIIJa TEXHUK XapakTepra 3ra MyaMMOJIApHU XaJl 3THUII
tanab stunaau. by 6opaaa 20-30 Ba yHaan optuk mMoHomepiapaan udopat TALE
JIHKra 6ofnanyBYM JTOMEHJIAPUHU sIpaTUIIl UMKOHUHU OepyBYU OUp KaTop ycyyuiap
taknmud sTwiran. Ymba crparerusmapaan owmpu JIHKvm 11 tummm pectpukims
sHAoHyKJIeasasapu Ba Jurupiami-REAL  (REstriction and Ligation) Ounan
ruaponusznam opkanu JHKHM cTaHmapT KiIOHJAITHPHUILTa acocCJIaHTaH.? bynna

Oupunun O60cku4na 5’- Ba 3’- oxupiapuiaH (ywiapu) pecTpUKIUS SHIOHYKIIea3a

1 Cermak T, et al. Efficient design and assembly of custom TALEN and other TAL effector-based constructs for DNA
targeting. Nucleic Acids Res. 2011;39:e82.

2 Sander JD, et al. Targeted gene disruption in somatic zebrafish cells using engineered TALENs. Nat Biotechnol.
2011;29:697-698.




cailTmapu  KUPUTWITaH  MOHOMepiap  KyryOxoHacu  Taiiépnanamu. JIHK
THAPONU3UIAH CYHT Ky(PTIuKIaru Jarupiaiml skapacHiapd YTKa3wiagun Ba OyHMHT
Hatwkacuaa aumepaap (NiNz, N3Na, No1Nok) xocun 6ynaau, Oynap KeHHHYAIUK
TeTpamepiapra Oupnamanu. byHna TYFpu KeTMa-KeTIMKKAa TYpiIH PECTPUKLUS
SHAOHYKJICAa3aJIapUHU KYJUIalll OpKaJIX dpUIIHIaau. by ycyn Mypakkab Ba y30K BakT
Tanad sTamu, Xap Oup OOCKMYIa peakius MaxCyJOTJIApMHU To3ajall XamJa
WYHATMIIHUHT ~TYFPUJIUTUHU TacAukiad Oopum Xam Tanab ostunaau. by
*apaCHJIapHU TE3NMAITUPHUIIL MaKCaJIuga MOHO-, AW-, TPU- Ba TETpamepiiapHu V3
nuura oyirad 376 snemMeHTiapAaH noopat KyTyOXxoHa sipaTUIITaH.

O} peKkTUBIMKHU OIIMPUII Ba WHFUII SKapa€HJIApUHU  Te3JalllTHPUII
Mmakcaguaa Golden Gate peakuusicu Kyjutanunaau, Oy Oup peakuus apajanimacuja
OMp BaKTHUHI Yy3WJa JUTHpJall Ba PECTPUKLMUS SHIAOHYKIIEa3alapu EpAaamMuaa

TUAPOJIM3IIAII UMKOHUHU Oepanu (3-pacm).

Monomepnap

S B2 B B B B R
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Hapo norannsaynn FOHCTRYRUHACH
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[y {yum)

ApuMTarpop

3-pacm. TALEN xuMepHK OKCHIUIAPUHH SKCIPECCHSIIOBYM T€HETHK KOHCTPYKUMsUIapHH spatuml yuyH Golden Gate
KJIOHJAIl THU3WMH acoCHIa MOIY/UIM HEPapXWK JHTHUpJAll CTPATETHACHHUHT cXeMacu. A- OupuHUM OocKuuma
JeTalap TYIIaMuAaH HoopaT y3ura Xoc “KOHCTPYKTOP ’HH TaKIUM 3TYBYH MOHOMEpJap KyTyOXOHAcH sipaTHIIaIH.
Ymly neramiap- cnennuK OJIMTOHYKICOTHA Hpaiimeprnap €épramuna aMIuMUKAIs KUIMHTAH MOHOMEPIIAPHUHT
KeTMa-KeTIHKJIApUIANp. IpaiMepiap My Tap3ga Ty3wilaguku, IIS Tummm sHIOHYKIea3a pecTpUKIMSUIAPHHUHT
THIPOJIM3K HATIKAacHAa EMUIIKOK yw4iap XOCWiI Oynmumm 3apyp, Oy €MUIIKOK ywiap Tall€p KOHCTPYKIHIa MOHOMED
MO3UIMACUHN (KOMNIAIIyBHHH) aHUKIa0 Oepamu. b- 6up Golden Gate peakumsicuga OMp BakTHHHT y3uja OMp Heda
MOHOMEPJIAPHU JIMTHPJIAIll UIMKOHUSATH O0p, OyJIapHUHT HaTHXXAachAa OPAIHK K-YIUOBIM KOHCTPYKLUSIIAP OJMHAJIH.
B- cyurru 6ocknuna Golden Gate peaknmsicn yTkaszwiaan, OyHHHT HaTWXacuaa OuUp Heya OpPAUK K-YIIUOBIH
koHCTpykuusinapHuHr Ba TALEN HUHT KOAraH 3J€MEHTIapUHHU Y3uaa TyTraH “acoc” IlasMHUAAapHUHT PECTPUKLIUS
Ba JIMTHPJIAII XOAUCACH COUP OYmasu.




Invitro mapoutnapaa Ba 6akrepus xyxaipamapuga CRISPR/ Cas9 épmammna
JIHKHu Kupkuil ydyH KyHUJard KOMIIOHEHTIap Tanad STuUjaaAd Ba eTapid
xucobmanaau: koaupiaamaiiaurad PHK tracrRNA Ba pre-crRNA, PHKaza III Ba
Cas9 okcumu. YmlOy TH3MMHHM CYT SMU3YBUHIAp XyKaipardapuaa Kymuiaam Oup
Katop ad3auMkiIapHu oepaau.

bupununnan, SpCase9 (Cas9 S pyogenes) Hykieasacu KOJOHJIap TOMOHUIAH
ONTUMAJUIAIITUPWITAH IOKOPU JyKapuoTiIap XyKallpacuparu TpPaHCKPHUIILIHS
’KapaéHWra MOCHAIIMIIM  3apyp XamJa SIpO0  KOMIIAPTMEHTAIW3ALUUACUHU
TabMHUHJIAII YYyH SJPO JIOKAJIU3ALMSICH CUTHALIAPUHU OUPIAIITUPUIT JIO3UM
(NLS- nuclear localization signal). Mkku NLS Cas9 Hum sapora camapanu
(@ dexTrB) UYHATTUPUII YUYH E€TAPIUTUD.

WNkknHYMaaH, 3yKapuoT Xy:xaiipanapaa pre-ctRNA napuu Taii€p Oynuim yayH
sk3oren PHKaza IIl xuputwimmum Ttana® stuiamaiau, yyHkd Oy Basudanu 3
xyxkaiipa PHKa3anapu camapanu amainra ommpaim.

YunHungan, kogupnamanaurad ukkn PHK ypHura kynuHua sroHa xumMepuk
sgRNA kuputunanu, OyHaa CUHTETHK CTPYKTypa ‘‘Ouruz-acoc” épaamuaa TaOUuii
CrRNA-tracrRNA nymiekcinapuu  ypHUHH Oocuinl Makcaauaa eTyk CrRNA
tractrRNA kucmu Ounan Oupnamran Oymamu (4-pacm). sgRNA TpaHCKpUMIUSCH
V4yH MOC KeIyBuUM MpoMoTop Tanab stunamu, macanaH PHK-mommumepaza II1
anokanop U6- nmpoMoTopu.

4-pacm. Maxkcaanu (HMIIIOHITIH)

Cac9 JIOKycllapra WKK{A 3aHKUPIH  OYIIIHK

KUPUTHUII YUYH SiITOHa XUMepUK SgRNA.
SgRNA maxmyacu Ba Cas9 JIHKuauar

TaHJIAHT'aH CalTJIapUIa UKKHU 3aHKHUPIU
OVIIIMK KUPUTHUII HMMKOHMSATHrA Ora.

SgRNA- CyHBUH sIpaTHIITaH
KOHCTpyKIust 0yau0 y y3u ouman PHK
Nunsep HUHT OMp MoJIeKyjacura OupIamra
Qe CRISPR/Cas9: crRNA-tracrRNA

TU3UMHHUHT 3JIEMEHTJIAPUHH TaKJIUM
sraau. IIpotocmeiicep - CRISPR/Cas9
TU3UMM TaHuiiauran cait. Cneiicep —
sgRNA Tapkubmmarn KeTMa-KeTIIUK
0ynmub, Makcamiu CaWTHUHT — ¥3apo
KOMILJIEMEHTap OOFJIaHWII NpUHIMIK OYiindya Oornanummura >kaBo0 Oepagu. RuvC Ba HNH — karanutux
nomennap 0ynu6, JHK 3amxupraprHUHT Makcaaid cCalTiapua WKKMA 3amKUPIH OYIUIMK KUPUTAIH.
PAM — xucka motuB (NGG- CRISPR/Cas9 mapoutna), YHUHI MaBXYIJUTH HPOTOCHCHCEpHUHT 3’-
oxupuaaH (y4uaH) UKKU 3aHKUPIA OYVIIIUK KUPUTHUIL Tajnal STHIIaaH.




®enr 3anr (Feng Zhang) mabGoparopusicuga gacTiiadke —TIa3Mua
KOHCTpYKIusiapu sipatwirad 0ynu6 Oy korctpykuus CRISPR/Cas9 nmnamm yayn
Tajgad dTWIAUraH dJeMeHTIapuaaH Tamkuil Torrad. PX260/pX334 miazmunanapu
TapkuOuga y9 OKCIPECCUSIIOBYM KacceTtajap Mapxyn Oymu6 Oymap; Cas9-
nykiea3a/nukasa, CRISPR PHK-matpunacu Ba tracrRNA (5-pacm). Humon- ketma-
KETJIUTUHU Y3rapTUpUIl yuyyH Oy KOHCTpyKuMsjgaH ¢akarruHa nactiaadbku 30-
HYKJICOTUJIIM WYVHANTUPYBYM W3YWUIMKHU KecuO onum Tanad »tunagu. by
m3uwumkiap Bbsl dnankupnanran caiiiap xucoOnaHuO, YHU CYHBUM CHUHTE3
KWIMHTaH U3YWUTUKIIAp OWJIaH aaMallTUpuiIagn. Yoy kapaéHHU aMalra OIUPHUIL
YUyH MAaKCaJJid KeTMa-KeTJIHUKKAa KOMIUIEMEHTap Ba MOC paBHUIIa EMHUIIKOK
yunapau y3unaa tyrrad 30-ab30yH 0JIMTOHYKJIEOTH Iap Oupra spub Ba Iia3mMujaara
JUTUPJIAHAIN.

PX330/pX335 miasmuganapu UKKA SKCIPECCHSUIOBYM KacCETalapHU Y3Hja
tyranu: Cas9-nykieasa/nukasa, 85-HykieoTumyu tractRNA Hu ¥3 uuura onran
xuMepuk SgRNA. MyHantupyBum KeTMa-KeTIMKHM AanMaIITHPHII [PHHIHIIHN
y3rapmara, JICKUH YHUHT Y3YHJIUTH Kucka — 20 mHykieotun, Oynna 20-M ryaHUH
OynuiM Kepak, Xamjaa ub-mpoMoTop Oy AacOoCHU TPAHCKPUMIUA OONUTaHUIIT
HyKTacuaa yuuiaiau. bynaagan tamkapu Oy mmasmmpanapra 2A-GFP éku 2A-Puro
calTiapy KaOM Kylmmmya dJIeMeHTJIap KUPUTHIUIITN MyMKHUH, OyJapHUHT Bazudacu
- TIa3MUJAIAPHU Y3UJa TYTraH XyKahpalapHU KEHWHYAINK CEJIEKUUs KUIUIIIAH

nbopar.
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5-pacm. CRISPR/Cas9 tnzumiapu snieMeHTIapUHN KCIIPECCHSIIOBYN T€HETUK KOHCTPYKIIHS CXEMaCH.
hCas9 — sykapuot xyxatpanap/a dKCIpeccus KUIUII YIyH onTuManiamTupuiarad Cas9 OKCHITHHIHT
keTMa-KeTurd. SgRNA- daon 6ynum yayn crRNA Ba tractrRNA xucmanapuHu y3uaa TyTraH sSroHa
xumepuk PHK. NLS — siapo nokanu3zamnusici curHaimy, YHHHT Ba3uacu KOHCTPYKIMSIUIAPHU siIpora
TYIIUIIUHA TabMUHNamAaH uoopart. [Tonum (A) — monuaIeHUIUIAHHUIN CUTHAH.

Opam, CHYKOH Ba OOIlKa OpraHu3Miap Xyxkailpa KyJbTypaJlapUuHUHT
TpaHchopMalMsICH  y4yH KYNWHYA TUiasMujanapiaad  Qoigananwianu, Oy
mnasmuganap cas9 Ba in vitro sgRNA HykieazaqapHUHT MILIA0 YUKAPWIMIIHMHU
tabMuHIaiiau. byryn opranusm Ttpancopmanuscu yuyn Cas9 mPHK napura Ba
Oup Xxyxailpanu sSMOpuoHIapHUHT SgRNA mapura  MUKPOUMHBEKLHS Maxcyc
ycyjulapu unuiad yukwiradn. by ycyn cwukoH, npanuo (Danio rerio) Ba
npozodunanapna daon kyuianunaau. KeHr kampoBmarm TreH HOKAyTH YYyH
sgRNAnapHuHr katta KyTyOXoHajapujaaH (oiganaHu® JEHTUBUPYC BEKTOpJap
KyJUlaHuiagu. Xyxaupanapu 3U4  Xy)Kalpa JeBOpUra »3ra YCHUMIIMKIapaa
MPOTOIUIACTIIAPHUHT TIIa3Muga TpaHcopManms ycynu xamiaa Agrobacterium
tumefacients €pramuaaru arpouHGUIBTPALMS YCYIU KYJIaHUIAIH.

1.3. T'enom myxangucauruaa TALEN Ba CRISPR/Cas kyianuanmm.

TALEN Ba CRISPR/Cas9 TU3UMJIAPUHU SIpaTULI TEHOM
MYXaHIUCIUTUHUHT PUBOXKJIAHUIIAAA MyXUM OOocCKUWwiIapAaH XucoOnaHaau. by
TU3UMJIAPHUHT SPATWINIIH, YIAPHUHT ap30H Ba COAJMA TY3WIHIIN (yHIaMEHTaN Ba
oy Karopjaa amManuii (aHJapHUHT PHUBOXJIAHUIIMIA Kywid TypTku Oepau. by
TEXHOJIOTHSUIApHU O3MK-OBKAaT, KHIUIOK XYKaJurh Ba THOOMET Kabu Typiu
coxalapAa KYJUIAHWIMIIKM XaKUKAaTJaH XaM XalpaTyiaHapiu IOTykiapra cabao

OyIMoKIa.




ccrb, akt2, el 7k, angptl3, apob, atgl,
c6orf106, celsr2, cftr, ciita, foxol, foxo3, glil,
glut4, hbb, hdacl, hdac2, hdac6, hmga2,
hoxal3, hoxa9, hoxcl3, hprt, il2rg, jak2, kras,
[inc00116, maoa, map2k4, mdm2, met, mihl,
msh2, mutyh, myc, mycl1, mycn, nbn, ncorl,
ncor2, nirc5, ntf3, pdgfra, pdgfrb, phf8, plinl,
Opnam xyxaipaaapu pms2, ppplrl2c (aavsl), ptchl, pten, rara, HOKayT,
(Homo sapiens) rbbp5, recql4, ret, runxl1, sdhb, sdhc, sdhd, | kuputuin
setdbl, sirt6, smad2, sortl, sox2, klf4ssl8,
suzl2, tfe3, tp53, tribl, tsc2, ttn, vhi, xpa,
xpc, abll, alk, apc, atm, axin2, bax, bcl6,
bmprla, brcal, brca2, cbx3, cbx8, ccndl,
cdc73, cdk4, cdh4, chd7, ctnnbl, cyld, ddb2,
ercc2, ewsrl, extl, ext2, ezh2, fanca, fancc,
fancf, fancg, fes, fgfrl, fh, flcn, flt4, mstn,
aavs2, oct4, pitx3

Hemarona
(Caenorhabditis ben-1, tex-1, sdc-2 HOKayT
elegans)

TALEN

Nnak kyptu (Bombyx
Kyp6aka etsl, foxd3, grp78/bip, hhex, noggin, HoKa
(Xenopustropicalis) ptfla/p48, sox9, vppl Yt

Kanamym
(Rattus norvegicus) bmpr2, 1gM

acan, gdf8, ggta, mstn, prnp

Tamaku HOKa
(Nicotiana surA, surB, hax3 a HT}I'/ITL’H
benthamiana) P




[lomu (Oryza sativa) avrxar, pthxo3, badh2, ckx2, depl, sd1

OaM XVIKaipLIADH dnmt3b-tdTomato, pouSfl(oct4), emx1,
I([Hom}:) Pi’enS)P dyrk1a, grin2b, egfp, ccr5, c4bpb, pvalb, aavs, | knpuTum
P akt2, celsr2, ciita, glut4, linc00116, sortl, Idir

(Ig)rosgbﬁﬁ: yellow, white, rosy, cg14251 (k81), HOKayT,

CRISPR

Cas

Kypbaka ]
(Xenopus tropicalis) tyr, Sx3 HOKayT

Cuukon (Mus tetl, tet2, tet3, sry, uty, rosa26, hprt, egfp, th, | Hokayr,
muscul us) rheb, uhrf2 KHPUTHII

Apabunorncuc

(Arabidopsis thaliang) | PAS33: Is2, bril, jazl, gaj, chl, chl2, 5913930 HOKayT,

KUPHUTHIIT

lomu ods, badh2, mrk2, 02g2s3w8e2e3t, 1rlo, HOKayT,
(Oryza sativa) csbw, eseptpl,4 ysa, mybl, caol, lazyl KHPUTHIIT

AMMO  Xo3Wprada yJapHUHT KyJUlaHWUIIM Oyiuda cnenmuduk  Ba
XaBpcuznurura OOFNUK (HOXKYS TabCHUPIIApH JSXTUMOJUTMTH Tydaiinu) Oup Heda
MyaMMOJap OYMKJIMIMYa KOJMOKIAa, MacajaH, JaBojlaliia KyJjlam y4yH
OpraHM3Mra KaHAal KUPHUTHII MyMKUHJIUTHA Ba Ym0y TH3UMIapAaH Kaiicu Oupw
camapaiu Ba XaB(hcu3 Jieran caBojuiap XxaHy3raya OUMKJIMIu4a KOJIMOK/IA.

CRISPR/Cas9 texnonorusicu ZFN Ba TALEN ycynnapura HucbGatan Oup

KaHya ad3aumkiapra 3ra, SbHU YHU fpaTUll OMp MyHYa OCOH Ba IOKOPH




camapajgop Oynub, Typiu Xykailpa JUHUSIApPH Ba OpPraHU3MIIAPU TeHOMJIApHUIA
IOKOPH MIILIA0 YMKAPUII Ba KYII TAPMOKJIM TaXpUPJIAll MMKOHUsATHTa ora.t.?
ByryHru kyHaa TEXHOJIOTUSJIADHUHI Kailich OMpUMHU KYJUlall KEepaKJIUTU
Oyiinya aHUK >kaBoOJap MaBXKy[ SMac. by TexHomorusmapHu *Kyja SXIIi TyITHHUO
0axoJiall y4yH yJapHHU ¥3 ad3ajUIMKIapura sra KMYuK JeTajiapurada Oup-oupura
comumtupu® ypranum Ttanad stwiaau. lynna xam Oy caBosiapra yHHBepcalnl
’aBoO TOMHII UMKOHH OYIIaay AeUnII KHAUH XaM/ia Xap Oup KOHKPET KapaH yayH
TYpJIM XWJI BapUaHTJIAPHU KYJJIall Ba yJApHUHI WYUAAH MakKcaJ MYBO(UKIApUHU

TaHJ1a0 OJIUIN Kepak Oyiaau.

Ha3zopar caBosuiapu:

1. 'eHOMHHM Taxpupiall UMKOHUHHU O€pyBYM KaHAKA TEXHOJIOTHIIAP MaBXKya?

2. Zinc Finger TexHOoNoTusICH XaKu1a Tanupuo OepuHT?

3. TALEN TtexHonorusicu Tyrpucuaa HUMajaapHu ounacus?

4, TALEN TexXHOJIOrMsICHHUHAT HIIIAl MEXaHU3MHU KaHakKa?

5. CRISPR TeXHOJIIOTUSICHHUHT Ma3MYH-MOXHUSATH KaH1an?

6. CRISPR TexHOJOTHSICHHUHT HIIUIAII MEXaHU3MH KaHaka?

7. 'eHOMHHM TaxpHupJiall TeXHOJIOTUSUIADUHUHT a(3aTuKIapy Ba
KaMYWJIMKIIapH HUMaJlapJiaH uoopat?

8. 'eHOMHHM TaxpupJaml TEXHOJIOTUSUIAPUHM KaliCH coxajapaa KyJialt
MYMKUH?

9. CyHbUli Ty3WJITaH T€HOM KOHCTPYKIMSUTAPUHU OPTaHU3MIa KUPUTHITHUHT
KaHaal ycyaiapuHu ounacusz?

10. Xozupru kyHaa nyHE wiM-(paHuaa TCHOMHU TaxpHUpJiaml TEXHOJIOTHUsIapH
acocWIa KaHaka TaJKWKOTIAp aMalra ONIUPWIMOKAA (OIMPHWITaH), HUMaiapra
SPUIIMIMOK/IA Ba Oy XaKJa OMMaHHUHT (PUKpU KaHAKa?

DoiigaaHNITaH aaaduéTaap:

1. Capecchi MR. /I Gene targeting in mice: functional analysis of the
mammalian genome for the twenty-first century. Nat Rev Genet. 2005 Jun;6(6):507-
512.

2. KimY.G., ChaJ., Chandrasegaran S. // Proc. Natl. Acad. Sci. USA. 1996.
V.93. Ne 3. P. 1156-1160.

1 Watanabe T, et al. Non-transgenic genome modifications in a hemimetabolous insect using zinc-finger and TAL
effector nucleases. Nat Commun. 2012;3:1017.

2 Zhan-Qj Dong et. al // Establishment of a highly efficient virus-inducible CRISPR/Cas9 system in insect cells. //
Antiviral Research, 2016. 130, 50-57.




IV. AMAJIMUA MAIIFYJOTJAP MATEPUAJLJIAPU

1-amanauii MalIFyJioT:
I'enHoMitapHu KapTaJIaAlITHPUILL.

Nmpan makcan: ['eHomitapuu kaptanamrupuiaa (oimgananmiaauran JJHK
MapKepyiapy OWiIaH TaHUIIUII. ['eHeTUK OMPUKKAHJIUK KapTalapyuHU Ty3Ull JacTypu
JoinMap 3.0 pactypuii TabMHHOTH HIUIANI [PUHIMIKA OWJIAH TAHMIIKIIL
AccommanuoH  KapTtanamThpuml  Ba  ymapuunr Typaapu LD (Linkage
Disequilibrium), QTL (quantitative trait locus) xamga NAM (Nested Association
Mapping) yccynapy Ul MPUHIMILIAPYA OMIIaH TaHHUIIUII.

MacajnaHuHr KydMJumu: TUHITIOBYM aMajauid MAaIIFyJIOTAA KEJITHPUIIraH
BazuhamapHu OaKapUIIH, TaX, T KAJIUIITN Ba HATHKA OJTUIIH JIO3UM.

NHu 6akapuin y4yH HaMyHa.

1-azuda. JIHK wmapkepnapu éEpmamuma II3P ckpuHMHr KWUJUHTaH
MablyMOTAaH ¢oigananu®d Oup aBIoAra TETUNUIM OYiAraH WHAUBUIJIAPHU
reHOTUNHK O6axoanr Ba Microsoft Exel nactypu épramumga KoaJiaHr.

i ™ L na E —— — " ir N

B 3 [a] I I '} H 1 ] K | M K i
Py A Py B PRy _EX BN 190 BAL_160 BKL 253 BKL_780 BNL_341 BAL_ 400 BNL 547 EML G35 BNl _688 EML TS ENL_S540

= b h h L] 4 h h H h h b h b a

B 20 i L i} [ [] ] n || hi 2 hi 1] hi h
T 3 L} b b = h b h ] h b h h b -]
a4 i ] 1] h = 1} i h h a h h [l a h
] = b o o h h h a b h h h b h a
£ I i ] h h h B h h h hi h h h

L] h b b a a b b h b a h h b h

i [ d I I h h ] n h L] h H h h L]
] LLCS 1] 1] h a a = -] b a h b a h h
14 (4] I ] L] 2 B h h [} h B n h h H
1k 13 n 1] h h h b b h h a a h a h
£ i h h h h h h h h A b " h h "
17 i h o o h h b b h a h h 1] a h
1 -3 h h h h h b " h b h h h h h
18 Tea a a o 1 h a h h b b a b a b
1 e Ll Ix n 1] L] h b @ h L] L] F ] 1] h
I 18 = h h h h h h il a h h h a a
b ir I 1] ] 1] h H H L] h h Ll h h H I
3 b o ] h a a n n n 1} i} i} a h n
= Zlie h ] h n A E h h A h h n " 0
a5 '\' d hi h [} [} [} h b b h hi [} b h
A T h h h h h k h h h ] h h h h




2-pasuda. JoinMap 3.0 mactypuaa sHrH JoWuxa sfpaTuO yHTra KOJJIaHTaH

MabJIyMOT KUPUTHITAH (DAilJIHU FOKJIAHT.
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3-6azugha. Xap xun aneopummnap o6yuuua KaiKyiAyusiap
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S5-Bazuda. Duam 1oxkopuna GoHgaNaHWITAaH WHAUBUUIAD (PESHOTHUITHK
Xycycusamiiapu Oyinda (taxxpuba nadrapunan ¢oigananud) GeHOTUIHK OaxoJaHr
Ba Microsoft Exel nactypu €pramuna kojiaHr.
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6-Bazuda. WinQTL Cartographer 2.5 nactypuaa siHru jolnxa spaTHO yHra
JoinMap 3.0 mactypuii TabMUHOTH HaTHXKAacuJa sipaTWirad (ailllHd Ba KOJJIaHTaH
(EHOTUIHK MabIyMOT KUPUTWITaH (ailIHN IOKJIAHT.
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7-Bazuda. DHau 6-Basuda O6yiinua taxpudbamapau QGene 4.3.10 mactypuna
o6axxapunr. QGene 4.3.10 na sHru noiuxa sipatud ynra JoinMap 3.0 mactypwit
TAbMUHOTH HaTWXKacuja spaTuiran (aiaHu Ba KoJJIaHTaH (EHOTHUIUK MabIyMOT
KUPUTWITAH (pailiiHy F0KIaHT. BUpUKKaHIUK KapTaJapyuHU TEeKITUPUO OJIUHT.
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Ha3zopar caBosiapu:

Kapramamrupuin xakuaa HUMaiapHu ounacus?

bupukkanauk kapTajgapu Jieraijia HIMaHu TylryHacus?

I'enom kapTanapu HUMaap XaKujia MabiIyMoTiaap Oepaau’?

QTL xapranamrtupuiiga ¢QoinanaHuiagurad KaHaa OuoumH(opMaTuk
JacTypJiapHu Ounacus?

PWONPE

doiiananuiarad agaduériiap:

1. Miles, C; Wayne, M (2008). "Quantitative trait locus (QTL) anaysis'.
Nature Education (1.1).

2. Ricki Lewis (2003), Multifactorial Traits, McGraw-Hill Higher Education.

3. Proud, Virginia& Roberts, Helen (31 December 2005). "Medica Genetics:
Multifactoria Inheritance’. Children's Hospital of the King's Daughters. Retrieved 6
January 2007.

4. "Multifactorial Inheritance'. Pregnancy and Newborn Health Education
Centre. The March of Dimes. Archived from the original on 2 November 2006.
Retrieved November 12, 2014.

5. Emery's Elements of Medical Genetics

6. Tissot, Robert. "Human Genetics for 1st Year Students. Multifactorial

Inheritance”. Retrieved 6 January 2007.




2-AMaJnii MALIFyJI0T.
Mabaymotiap 6a3acu Ba yJaapaaH (oiigajaHul.

HNmpan makcan: Hyxneotun keTMa-KeTIUKIAp MabiymMoTiaap 0Oa3acu
(EMBL, DDBJ, NCBI, UniGene, STACK, EMBL-SVA) pecypcinapu Owuinan
tanumum. ['enom mabiymotnap 6a3acu (Genomes Server, Proteome Analysis,
Ensembl) pecypcnapu 6wminan tanumuim. OKCHII K€TMa-KETIUKIAPU MabIyMOTiIap
0azacm xamMJa AaMHHOKHCIOTa KEeTMa-KeTIUKJIapu MabiymMoTiaap 0Oa3acu
(UniProtkKB/Swiss-Prot, GOA, ENZYME) pecypcnapu Ounan tanummm. NCBI
MabiaymoTiap 6azacu BLAST taxmwium Ba Ugene 1.21.0 gactypuil TabMUHOTHIAH
¢oiinananu0 reHIapHu aHOTAIUS KWIHIIHU YPTaHuII.

MacajanuHr Kyduavmm: THHIIOBYM aMalui MalIFyJOTAA KEATUPUITAH
Bazu(anapHu OaXapuIIy, TaXJIUI KUY Ba HATHKA OJIHUIIHN JIO3UM.

Nimam 6akapuin y4yH HaMyHa.

1-Ba3uda. 1-amanuii MamFysaoT HaTWwxKacuaa anukianrad QTL mapkepuHUHT
G.hirsutum fy3a Typu TYIMK reHomuaad ¢oinananud In silico PCR anropurmu
ownan Ugene 1.21.0 nactypuna terunuiu JJTHK keTMa-KeTIUTMHA aHUKJIAHT.
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2-Bazuda. In silico PCR maxcynoruman omuaran JIHK keTma-kernuruam
NCBI mabnymoTinap 6a3acura I0KJIaHT .
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3-Bazuga. NCBI mabnymotnap 6a3acura toknanran JIHK kerma-ketnuruau
taxy Kuinim yayH BLAST tyrmacuau 60CHUHT .
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4-pazuda. Kuaupys HaTmkacuia TONWITaH KeTMa-KeTIMKIApHU Oupma-oup
TaxJ M KWJIWHT.
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S5-Ba3u¢ga. Terunum (MOC KelnyBUM) TEH/OKCHUI €EKH JIOKYC KeTMma-
ketnukiapunu Ugene 1.21.0 qactypuaa xam Taxjiuin KHJIAO KYPUHT.
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Hazopar caBoJsuiapu:

1. MabsaymTonap 0a3acu Xxakujaa HUIMajJapHu ounacus?

2. Hykneotna  KeTMa-KeTJIHMKIAp  MabiIymoTiap  Oa3zacura  MHCOJLIAp
KEJITUPUHT?

3. Okcm1 KeTMa-KeTJIMKIIap MabIyMOTap 0azacura MUCOJIIap KeITUPHUHT?

4. I'enyiap/OKCUJUTApHA ~ aHOTAIMS  KWIMIIJAA  KaHAgal — OmoumHGOpMaTHUK
nactypJiapaas douaanaHuaam’?

5. BLAST rtaxyunu xakuaa TyuryH4aHTru3 6opmu?
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UGENE: a unified bioinformatics toolkit. Vol. 28 no. 8 2012, pages 1166-1167
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V. KEHUCJIAP BAHKHA

1-keiic. bupon Oup Oenrura TeHETUK OUPUKKAH MUKJAOPUN Oenruiap
nokycaapu (QTL) nmapHu aHUKJIAHT.
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2-keiic. bupon Oup Oenrura reHETUK OWPUKKAH MUKIAOPHUI Oenruiap
nokycaapu (QTL) napHu aHUKJIAHT.




3-keiic. Tabuunii pannap, xymianan ouonorus ¢anu OuonHdpopmaTuka Ounan
gyambapuac  Oornuk.  buomHdopmaTtmka  OWojorMs ~ COXAaCHMHHUHT  Kaicu
HyHaIuIIapyua Kynpok KyuTaHuIaam?

QurpuHeusHu acociab bepume.

4-geiic. ['eHymapHM KaTTalalUTUPUII YYyH OHI aBBajJO OWPHUKKAHIIUK
KapTalapuHu Ty3ull Tanad otunaau. Kalicu pacTypuil TabMHUHOT —acocujia
OMPUKKAHJIMK KapTaJlapyuHU TY3UII MyMKUH?

Jlacmyphu uwinawia npuHyunuHU MyuyHMupuHe.

S-keiic. Mapkepnapau uAeHTU(QUKAIMSA KWIMII YYYH MUKIOPUN Oenruiap
JOKyciaapu — aHuKiIa®0  onumHagu.  Muknopuih — Oenrwinap  JIOKyCIapUHU
KapTanamTupuiaa QoljganaHuiaiurad AacTypuidl TabMUHOTHM aWTHUHT XamJa

YHUHT HMIJIAN IPUHUUIIMHA TYIIYHTUPUO OEpHHT.




VI. MYCTAKNJI TABJIUM MAB3VJIAPAU

MycTaKuJI HITHA TAIIKWI 3THIIHUHT HIAKJIA Ba MAa3MyHH

TUHIIIOBYM MYCTaKWJI MIIHA MYailstH MOAYJHHU XYCYCHUATIAPUHU XucoOra
OJITaH XOJ/1a KyHuaaru maxiiapaad ¢oigananud Taiépraiy TaBcus 3TUIaIH:

- YKyB, WIMHI anabuérnapaad Ba MebEPUM XyxoKaTiapAaH (onganaHu
acocuia MOAYJ MaB3yJapyuHHU YPraHMILL

- TapKaTMa MaTepuaiiap oyiinda Mabpy3ajiap KACMUHH Y3JIAIITUPUIIL,

- Maxcyc amabmérnmap Oyiimua momyn Oynmmmitapu €KW MaB3yJapu yCTHIIA
UIIall;
- TUHTJIOBUMHHUHT KacOui (aonuaru OusiaH OOFJIMK OYiraH MOAyJsl Oyiumiapu Ba
MaB3yJapHU YyKyp YpraHHIll

MycTakui TabJIuM MaB3yJIapH:
1) 1 Ba 16 xamurapiu ABI Prizm 3100, ABI Prizm 3130 cekBeHatopiiap

UIUTAII TPUHITUILIApU

2) latepHeT TapMOFHU/Ia HYKIICOTH ] KETMa-KETIMKIap MabiIyMoTiap 0a3acuaa
WIIUTAI Ba TOMOJIOT TeHJIAPHU TOTIHIIL.

3) suru aBiox cekBeHatopu Roche/454 Life Sciences HUHT UIILIALI IPUHITAITA

4) UGene TeHIapHU aHHOTAIUSUIANT OMOMH(POPMATHK TacTypy OWUJIaH WIILIAII
Ba In silico PCR yTka3zumi.

5) “OpamM reHoMu’ JTOHUXaCH

6) OKcWIT KeTMa-KeTIUKIAPUHA KAECITAII.

7) NCBI, ENTREZ Ba BLAST — makcazau Ba Ba3udanapu

8) dunoreHeTHK IIaXkapanap sipaTHil Oyitnya 1acTypuil TABMHUHOTIIAP

9) TubOMET  reHOMUKacH, TE€H  JHarHOCTMKacH  Ba  IeHOTEpaIusl.
dapmakonHpOpMaTHKA.

10) buononaumepiap $ha3oBuil CTyKTypacu.




VIL. TJIOCCAPUI

HHrans3 tTuiangaru

Tepmun V36ek THUIMAATH HIapxu
apxu

One of severa alternative
forms of a gene that occur at a
given locus on a chromosome.

Most often there are two
paired copies of ageneon
I'en. I'ennap X0MaTHUHUHT OUPH. homol ogous chromosomes.
Macanan: A €ku a. For each of your gene you get
one copy (allele) from each
parent. They may be nearly
identical in DNA sequence or
have dlight variations (i.e.

AlLl1ean

mutations).
Oprasuk KuciioTa
MoJieKynacua oup Exu oup
HEeuTa BOJIOPOJ aTOMHHHU Any of aclass of 20 molecules
aMHUHOTPYIIIa that are combined to form
NH2 ra anmammuumuaad xocui | proteinsin living things. The
AMHMHOKHUCJIOTA oynamu. bynna NH2 rpynma sequence of amino acidsin a
KYNHUHYa KapOOKCHII rpyIinara protein and hence protein
KyurHu yriaepon (anbda (o) function are determined by the
yIJIEPOJT) ATOMUHHMHT BOJIOPOIH genetic code

YpHUTa KUpaTH Ba O
aMUHOKHCIIOTa XOCHJI OVmaau.

An anticodon is a unit made up

T PHK ¥ypra kucmunaru 3 ta of three nucleotides that
HYKJICOTU I (TPUILIET)IaH correspond to the three bases
nobopat, u PHK HuHT KO/10HHTA of the codon on the MRNA.
moc kenaau. KomoH Ba Each tRNA contains a specific
AHTHKOTON AHTHKOJIOH KOMITIEMEHTAp anticodon tri plet sequence that
6ynca, T PHK om0 xenran can base-pair to one or more
AMHUHOKHCIIOTa pUOOCOMAHUHT codons for an amino acid.

KaTTa Oupauruaa Konagupuiaad | Some anticodons can pair with
Ba CMHTe3JIaHaéTran 3amkupura | more than one codon dueto a

yJIaHaJu. phenomenon known as wobble
base pairing.

KOxopu Monexynanu Tabumit
OpuxManap (oOKcusap, HyKJIeuH
KHCTIoTajap, moaucaxapuusiap)

BbuonoanmepJap 0ynu0, MOJIEKyIacu KyT
MapoTaba TakpopIaHaIuTraH
KAYHUK MOJICKYJIA]TH MOHOMEP

€KH ylap KucMiIapuiaH noopar.

Polymers produced by living
organisms; in other words,
they are polymeric
biomolecules.

«Genealogia» - cy3unan
OJIMHTaH OYnuo0, maxapa Jeran
I'eneasiorus MabHOHHU Omnaupaau. OJaMHUHT

Ooupop 6eNnTH-X0CCAaCUHUHT
aBJIOJIap/a UPCUIATIAHUIITHHA

Genealogy isafamily history,
is the study of families and the
tracing of their lineages and

history.




TaIKUK DTAIH.

I'eneTuk MHKeHEPUS

I'en myxanaucauru
pekomOunant JIHKnap
TEXHOJOTHsCU. [ eHeTuk Ba
OMOKMMEBHI yCyIap épaamuaa
OpraHu3M €KU Xyxxaipa
OMOJIOTHK aXO0POTHU
y3raprupwuil 6uiaH Tabuaraa
yupamaiiuras, SHrU XyCyCHUsITIa
sra OYIraH reniap TYIaMiuHA
Ba IIy acoc/a SIHTY IITaMM, HaB
Ba 30TJAPHU SIPATHUILL

Modification of the natural
DNA sequence of agene or
genes. Genetic engineering is
the basis of the modern
biotechnological revolution, to
which we owe such inventions
as insulin-producing bacteria

I'eneTHK KO

Hyxneun kucnoranap
MOJICKYJIacH1a UPCUI
axOOpOTHUHT HYKJICOTH IIAp
KETMa-KeTJIMTU1a OCpPIITUIIUIaH
nbopar. ['emeruk ko 3ta xapd
HYKJICOTHJIaH noopat 6ynaau.
by Tpumuier nenunanm.

Three bases (e.g. 5CGC3) ina
DNA or RNA sequence
specify a codon, which codes
for an amino acid (e.g.
arginine) in aprotein. Genes
are frequently tens of
thousands of base-pairs long.
Usually the codons of an exon
are in phase within an
uninterrupted open reading
frame giving rise to long
chains of amino acids after
ribosomal trandation.

I'enaap npeiigu
(reHeTHK aBTOHOM
x)apacHiap)

Taconuduit ommiap Tabcupuaa
KUYUK MOMYJISIHsIIapAa TeHap
yupanl Te3JTUTHHAHT Y3TapHIIy.
Opatna nonynsuusiapaa Upcun
Y3rapyBUaHJIMK KaMalHIIra
onu6 xenaau. Kapunmgo-
ypyFJIap opacuyiaru HUKOXJjiap
opTub KeTranuga 0y xomat
Ky4Jasii. byHa nomysmmsiia
CEJICKTHB aXaMUsATH OyiIMaraH
TeHJIap CakJIaHUO KOJUIIH Ba
KyHanuIiy MyMKHWH.

Practice of "stimulating biased
inheritance of particular genes
to alter entire populations. It
has been proposed as a
technique for changing wild
populations of harmful
organisms such as mosquitoes
to be less dangerous.

T'enom

I'ennap uruHaMCH.
XpOoMOCOMaIapHUHT TaIlIon ]
TymiamMu. ['eHOMHUHT
TeHOTHUIJaH (hapKH IIYyHIAKH, Y
alpuM 30T €K HaBHU 3Mac,
Oanku Oup TypHH XapakTepiad
oepasu.

A complete set (n) of
chromosomes (hence, of
genes) inherited as aunit from
one parent plus one sex
chromosome from the other
parent in heterogametic
individuals. The full genome
sequences are available for
hundreds of bacteria and
viruses, human, and model
organisms like mouse, frog,
worm and fruit flies.

T'enoTun

Opranu3MHHUHT UPCHI aCOCH.
Juruionn tymuiamMmaaru 6apya
TeHJIap WAFUH]IUCH.

he part (DNA sequence) of the
genetic makeup of acell, and
therefore of an organism or




individual, which determines a
specific characteristic
(phenotype) of that
cell/organism/individual .
Genotype is one of three
factors that determine
phenotype, the other two being
inherited epigenetic factors,
and non-inherited
environmental factors.

T'omoJs0ruK
XpomMocoma

Xui Oynran KypT
XpoMocoMaap.

Karranuru, makinu, rennapu oup

A couple of homologous
chromosomes, or homol ogs,
are a set of one maternal and

one paternal chromosomes that
pair up with each other inside a
cell during meiosis.

Jle30KcuprOOHYKIIEHH KUCIOTA.
dakar ogammaruHa sMac, Oanku
Oapua Oo1IKa dyKapuoTiIapia,
IIYHUHTCK, TPOKapHOTIapaa
upcuit axb0poT CaKJI0BUN
caHaJIaIu.

The molecule that encodes
genetic information. DNA isa
double-stranded molecule held

together by weak bonds
between base pairs of
nucleotides. the four
nucleotides in dna contain the
bases stranded molecule held
together by weak bonds
between base pairs of
nucleotides. The four
nucleotidesin DNA contain
the bases. adenine (A),
guanine (G), cytosine (C), and
thymine (T). In nature, base
pairs form only between A and
T and between G and C; thus
the base sequence of each
single strand can be deduced
from that of its partner.

H puk

unpopmannon PHK. V y3una
JHK nan xyuupu0 onuHran
axOOpOTHH cakKJaiu Ba OKCHUII
CHUHTE3HU KapaCHUJa MaTpuLa
(xomwmr, aHnaza) Ba3u(acuHu
6axxapanu. lllyHuHT y4yH y u-
PHK, matpuma-PHK cu ne6 xam
IOPUTHIIA]TH.

RNA that serves as atemplate
for protein synthesis.

HuTpon

u PHK nur «ax6oporcus»
KHCMIIap WAFUH]IKCH.

The DNA base sequences
interrupting the protein-coding
sequences of a gene; these
sequences are transcribed into
RNA but are cut out of the
message beforeit is translated
into protein. Compare exons.

Hpcusar

Upcuitnanum sxapa€Hu opKaiu

The passing of familial




OpraHU3MIIAPHUHT aBJIOIAP
AJIMAIIVHUIIY JaBOMHUIA UPCHI
MabJIyMOTJIAPHU aBJIOJIAH-
aBJIOJIra YTKA3MII KapacHHU.

elements from one generation
to the next.

Moaugpuxarop
reHJiap

Opranusmaaru 0eiard Ba
XyCYCHUATIAPHUHT
PHUBOKIIAHHUIIKIA UIITHPOK
dTMai, Oajky OOIIKa acoCH
TeHJIAPHUHT TabCUPUHH
y3rapTupyBuH, SHHH OEBOCUTA
sMac, OMIBOCUTA TabCUP STYBUYH
TeHJIap M.

Genes that have small
quantitative effects on the level
of expression of another gene

HyxkJienH Kucjaora

FOkopu Monexymsp Grnononumep
o6ynuo, xKyna Kyn
MOHOMEpJIap/iaH Ty3WIraH
OpraHuvK OMpUKMa. Y HUHT
MOHOMEPH HYKJICOTHIAp
O0ynu0, HyKJICUH KUCIIOTa
HOJHMHYKJICOTH]] XMCOOIaHa/Iu.

A large molecule composed of
nucl eotide subunits.

Mupumuanx

JIHK HuHT OupuHYH
3aHKUPHUIATH TyPHH a30TIN
acocura KOMIIJIEMEHTap Xojiatia
2 yy 3aHXKUpUA KOMIAIIraH
a30TJIM acoc.

Nitrogen-containing organic
bases made from asinglering
structure. Includes cytosine
and thymine (DNA) and uracil
(RNA) that base-pair with
purinesto form therungsin
the DNA double helical ladder.

Monumopdusm

Kyn makmamnuk
oup Typ noupacua oup-
OupHaH KeCKHH (DapK KHITyBUU
WH/IMBUJUIAPHUHT MaBXKYJTUTH.

A Differencein DNA
sequence among individuals.
Genetic variations occurring in
more than 1% of a population

would be considered useful

polymorphisms for genetic

linkage analysis. Compare
mutation.

ITpomoTtop

OnepoHaH onIuHIa
JKOMJIAITaH TPUILIET
rypyxjiapuaas oupu 6yiauo,
PHK Ba JIHK cunTe3nnu
karanusnoun PHK
nosimMepasa OusaH OUPHUKUII
XYCYCHSITHTa 3Ta.

A site on DNA to which RNA
polymerase will bind and
initiate transcription.

Mypun

Ky 3amxupnu [JTHK
MOJIEKYJIACUHUHT 1-3aHKupuaa
aJIecHUH Ba TAMHUH/IaH ubopar
acoc. KommiemenTapiauk
Koujacura OuHoaH 1-
3aHXXUpJard MypuH acocH
Kapimucuaa 2-3aHxup/a
MAPUMHUJUH aCOCH TYPAJIH.

A nitrogen-containing, single-
ring, basic compound that
occursin nucleic acids. The
purinesin DNA and RNA are
adenine and guanine.

P puk

PHKnap pubocomanuHr xap
WKKajia cyoOoupiukiapu

TapkuOuga Oymaam.

A class of RNA found in the
ribosomes of cdlls.




T puk

Tpancnopt puboHyKIenH
kuciota. PHK nmonumepaza
depmentu nmruporuaa JJHK
MaTpUllacua CHHTE3IaHaaH. T
PHK kyitn Monekymsip Mmaccara
ara 0ynm0, 75-85 HykIeoTHAIaH
TaIIKWJI Tonrad. Y Oexa 6apru
TUTAJIATH KYPUHHIIIA OYIIaau.
Pubocomanapra
aAMUHOKHCIIOTAJIAPHU TaIIHIIT
BazudacuHm yTanuu.

A class of RNA having
structures with triplet
nucleotide sequences that are
complementary to the triplet
nucleotide coding sequences of
MRNA. Therole of tRNASsIn
protein synthesisisto bond
with amino acids and transfer
them to the ribosomes, where
proteins are assembled
according to the genetic code
carried by mRNA.

Ypauuna

[Tupumuaun acocnapu; PHK Ba
SPKUH HYKJICOTUJIAP TApKUOUTa
KHPaJIu.

A common pyrimidine found
iIn RNA, it base pairs with
adenine and is replaced by

thyminein DNA. Methylation

of uracil produces thymine. It
turnsinto thymine to protect

the DNA and to improve the

efficiency of DNA replication.

Uracil can base pair with any

of the bases depending on how

the molecule arranges itself on
the helix, but readily pairs with
adenine because the methyl
group isrepelled into afixed
position.

uTo3un

Hyxneun kucioTaiapHuHT
TapkuOuil KucMu 6ynran
HYKJICOTUJIApPHHU XOCHII

KWJIYBYM 4 Ta a30TIH ACOCHUHT
ourracu. KomrmnemeHnTapiank
MPUHIUIINIA ACOCAH LIUTO3UHIIN
a30TJIM acOoC KapIINCUAa TyaHUH
a30TJIM acocC TypaJiu.

Pyrimidine base found in RNA
and DNA. Cytosine
(C4HsN30) forms base-pairs
with guanine only. It may
become methylated where it
occurs consecutively to
guanine in the DNA sequence
(see 5-methylcytosine).

IK30H

I'en (AHK)aunTr renetuk
ax6opotra sra Oynran
AMHHOKHCIIOTaNIap KeTMa-
KETJIMTUHU U(POJAIIOBYU
(KOZIJIOBUM) KUCMU. DK30HIAp
MHTPOH OMJIaH rajulanmo
Typaju.

The protein-coding DNA
sequences of a gene. Compare
introns.

IKcnpeccust

Hamoén Oynum - MyaiisiH reH
TOMOHHIaH aHUKJIAaHYBUH
OenTuHUHT PEHOTHUTIIA
OpPTaHW3MHUHT SIIIIAIIT
[IapoUTHUTa Kapad HaMOEH
OYIUII Tapakacu.

Production of
observable/detectable
characteristics of an organism,
usually due to the synthesis of
protein.
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HuTepHer pecypciaapu

1. http://www.jcbi.ru/ — O6benunenHbIH L[eHTp BEIYMCIUTEIIBEHON OUOIOTHN 1
OnonH(MOPMATHUKH, PYCCKOSI3BIUHBI WHGOPMAIMOHHBIN CalT ¢ BI0-aJpecamMu U
KPaTKOW XapaKTEPUCTHKON MOJEKYISIPHO-OMOIOTHYECKIX 0a3 JaHHBIX

2. http://beta.uniprot.org/ — SWISS-PROT|UniProt the protein sequence data
bank, 6a3a gauasx UniProt

3. http:/mww.ebi.ac.uk/uniprot/ — ©6a3a mamaeix UniProt Ha cepBepe
EBponeiickoro mactutyra O6uomndopmaruku (European Bioinformatics Institute,
EBI)

4. http://www.expasy.org/sprot/ — 6a3sl ganHbBIX SWiss-Prot, TrEmbl, UniProt
Ha cepBepe EXPASy (Expert Protein Analysis System) Illseiinapckoro MucturyTa
buoundopmaruku SIB

5. http://www.rcsb.org/ — Protein Data Bank, 6a3a nanasix PDB.

6. http://mwww.ncbi.nim.nih.gov/  (http://www.pubmed.comy) -  cepsep
HanuonansHoro nenrpa ouorexnonorudeckoit uapopmanuu CIIA (NCBI): 6a3si
nanabix GenBank, NCBI Protein Database, UniGene, HomoloGene u ap.

7. http://cmm.info.nih.gov/modeling/ — cepBep llenTpa MopenupoBaHus
Monekyn Hannonansnoro Mucturyra 3n0oposbs NIH, CIITA
8. http://www.genebio.co/ - caiitr kommammm GeneBio (Geneva

Bioinformatics S.A.), pacmpoctpasstomieid uUHGOPMAIMIO M3 MPOTEOMHBIX 0a3
naaabeix:  SWISS-PROT, PROSITE, SWISS-2DPAGE wu cooTBeTcTByIOITHE
MPOrPaMMHBIC TPHIIOKECHHUS

9. http://mwww.genebee.msu.su/ — perynspHo oOHOBIIsIeMasi KOMHs (3epKajo)
6a3pl komnanuu GeneBio B Poccum, Ha caiite MHcTuTyTa (PU3MKO-XUMUYECKOMN
ouosoruu uM. A.H. benosepckoro

10. http://molbiol.ru/ — Kiaccudeckast 1 MOJICKY/IsIpHAs OUOJIOTHS

11. http://molbiol. edu.ru/ — IMpakTryeckast MOJIEKyIApHAst OHOTOTHS

12. http://proteome.ru/ — pycckos3biunbiii cailt mpoekta “TIporeoM uenoBexa”
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