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I. MIITYHU JACTYP

KUPUI

Jactyp V36ekucron Pecry6mukacu Ilpesunentunmar 2015 fmn 12
uroHnaru “Onuii TabIuM MyaccacaJapUHHUHI pax0ap Ba NEeAaror KaJpjapHHH
KaiiTa Tali€prail Ba MaJlakaCUHU OIIMPHII TU3UMUHU SHAJa TAKOMUUTALI TUPUII
yopa-tagoupiapu Tyrpucuaa’tu [1d-4732-conmu, 2017 iiun 7 QeBpangaru
“V36eKucToH PecnyOnukacuHu stHaga PUBOXKIAHTUPHUIN OYinda Xapakatiap
ctpaterusicn Tyrpucuaa’tu [1d-4947-connmu dapmonnapu, myHuHraek 2017
nn 20 anpenparn “Onui TabIUM TU3UMHUHU SHAJla PUBOXIAHTUPHUII 4HOpa-
tanoupnapu Tyrpucuaa’tu [1K—2909-connu kapopuma OenruiaHraH yCTHBOP
Bazudanap Ma3MyHHJIaH KeIUO YMKKAH XO0J/aa Ty3wiraH Oyiu0, y 3aMOHaBHil
Tajmabmap acocujia KaiiTa Tall€piamn Ba Majaka ONIMPHUIN KapaCHIAPUHUHT
Ma3MyHUHH TaKOMUJUIAIITHPHUII Xamja OJIMM TabJIMM Myaccacaiapd Meaaror
KaJIpJIAPUHUHT KacOM KOMITIETEHTIUTMHU MyHTa3aM OIIUPUO OOpUIITHU MaKCal
KHJIaU.

Kamusar tapakku€tu HadakaT MamiiakaT UKTUCOIUN CATOXUSTHHUHT
IOKCAKJIMTH OuiiaH, O0anku Oy caJIoXMAT Xap OMp MHCOHHUHI KamoJI TOMHILIH Ba
YUFyH PHUBOXJIAHHIIUTA KAHYAIUK WYHAITUPUITAHINTH, HWHHOBALUSAJIAPHU
TagOMK OTWITaHJIUTHW OujlaH xam yiyaHaau. Jlemak, TabiuM THU3UMHU
camMapaJIopJIMTUHU OILIWPUII, TEJaroryiapHd 3aMOHABUM OWJIMM XaMJia amasiuii
KYHHKMa Ba MaJlakayiap OWiaH KypOJUIAHTUPHII, YET 3J1 WIFOp TaxpuOaaapuHU
Ypranuin Ba TabJIUM aMajJu€TUTra TaJAOWK OSTUII OyryHT'M KyHHUHT J0J13ap0
Bazubacuaup. “buomndbopmarnka” Momaynu alHaH MaHA Iy WYHAIMIIIATH
MacajaJgapHu XaJl dTUIITa KapaTUira.

Ymly gactypaa Typiid OpraHu3miiap TeHOMJIAPUHUHT, XYCyCaH, OJaM,
XalWBOH, MUKPOOPTaHU3MIIAP XaMJla YCUMIIMKJIAp T€HOMJIAPU CTPYKTYPACUHUHT
nmaaaT Ounan cekBeHupianumm (JJHK keTMa-keTauKIapuHUHT aHUKIJIAHUIIIN)
HaTWXKacuJa to3ara KeiaraH SIHCM, 3aMOHaBHi OnouH@opMaTuka (haHu, YHUHT
axamMHsATH, 1013apOJuru, macaja Ba Bazudanapu Xakuja TylmlyHUanap OaéH
STHUIITaH.

MoayaHHMHT MaKcaau Ba Basudanapu
buoundopMaTtika MOAYJMHMHT MaKcaau Ba Bazudanapu:

- Temaror KaJpJiapHU KaWTa Tau€piaml Ba Majlaka OIIMPUII KypCH
TUHTJIOBUMJIAPUIA MOJICKYJIAp OMOJIOTHs, OMOXMMUS, TCHETUKA, BUPYCOJIOTHS Ba
IIYHUHTJEK OuoToIuMepiap TY3WIHIIMHKA Oamopar KWW UMKOHWHU OepyBuYd
T€HOMHKAa Ba TMPOTEOMHUKA MABJIYMOTIIAPM KOMIIBIOTEP  TaXJIMILIAPUHUHT
AITOPUTMIIADUHU  Ba JACTypJIapuHU UNUIad YUKW OyiWya Ky  COHJIU
TQIKUKOTIIAD HATWKAIAPUHU XUCOOJAIl METOJOJIOTHSCH EpAamMuaa  TaXJIui
KWIMITa WyHanTupuiarad ¢an — OuomHpoOpMaThKa XakKuaa TacaBBYpPHU
makulaHTupuuiad - moopar. UIyHUHTIEK TUHTJIOBUMIapra JyHE OJuMIapu
TOMOHHUJIAH TUPUK OPTaHU3MJIAP TEHOMJIAPUHUHT CEKBEHHMPJIAHUIIN HATHKACHIA
TEHJIAPHUHT CTPYKTypa Ba QyHKUMSUIApUHU Ypranum Oyiinda oaud Oopunaérran
OnonHpOpMaTUK WIMHH  TaJAKUKOTIAp, OuonHpoOpMaTHKa  METOJIapUIaH
doitnanann® spatunaéTraH  SHrd  OUMOTEXHOJOTMK YyCyJulap Ba  YJIapHHUHT




KOHYHUATIApU XamJla NPUHLUIUIApU TYFpUcHAa OwiuM Oepuil Ky3aa TyTUJIaIH.
@aH KMIUIOK Ba XaJK XY>KaJIUTH aMaJuéTiaapaa reHeTUKa MyaMMOJIApUHU €UHIIJIa
KYJUTaHWJIaqurad OnonHGopMaTiKa yCyJulapy Ba IOTYKJIapuHu EpUTHO Oepanu;

Moay.a 0yin4a THHIJIOBYWIAPHUHT OMJIMMH, KYHUKMACH, MAJIAKACH Ba
KOMIIETEHIUSUIAPUTa Ky HNJIaJurad TaaadJaap

“buomHdpopMaTika”’  KypCHMHM  V3JAIITUPUIN  >Kapa€HuWga  amaira
OLLIMPWJIAJINTAH Macaiajap Joupacuia:
TunriaoB4yu:

- OMOJIOTUK TEPMUHJIAP Ba YJIAPHUHI MHIVIM34Ya HOMJIAHUIIN;

- aMaJIMi MaTeMaTHKa, axOOPOT TEXHOJIOTHUSIAPU Ba JacTypJlall acociapH;

- HyKJIEWH KHCJIOTa Ba OKCWIIap KUMECH Xam/ia (PU3HKacH;

- IPOKapHOT Ba JYKAPUOT OPraHM3MIIAp TEH DJIIEMEHTIAPUHUHI aCOCUI
TY3WIHIIH, yJIap TEHOMH YpTacujaru apkiap XxaKuaa Oujimmiiapra 3ra 0y/JIMiiu;

TunriaoByu:

- OuomH(popMaTUKa coxXacugard MyammoJiap, SHI' CYHITH IOTYKJap Ba SHTU
UIUTaHMAaJIap;

- OMoMH(pOpMaTUKa acocu Ba MJACTYpJAIIHUHT TYypiud YycCyJulapu xamja
coxajaru MyaMMoJsapHu OapTapad 3T YUyH KyJUIaHWIAIUTaH STHTH 1acTypiiap;

- SHTW aBJIOJ] CEKBEHHUpJAll TEXHOJOTWsJapy HII NpUHLMIUIApU Oyinya
KYHHKMA Ba MAJIAKAJIAPUHH 3TaJUIALIN;

Tunriaosuu:

- TECHOMJIap, OKCWUlap Ba Oomka Ouosioruk axOopotTmap Oyiuya
MabIyMOT/Iap Oazacuja >KaWjlalTUpPUITaH axOopoTiap/iaH OKWiIoHa doiinanaHa
OJINLL,

- OJIMHTaH HaTH)KAJIAPHU HKCIIEPUMEHTAN Ba CTATUCTHUK TaxXJIWJI KUjla OJIMIL,

- MaBxyn UXTHCOCTAIITUPUIITaH OouonHpopMaImoH cCalTJIapHU
Moau(puUKalMs Kujla OJIMII Ba SIHTWIAPUHM SpaTa OJUII KOMIETeHUHSJIAPHU
IrajlJIALM JO3UM.

Moay/iHM TAIIKKJI 3THII BA YTKAa3UII OyiM4Ya TaBCUsijiap

“buonHdopmaTuka” KypcHu Mabpy3a Ba aMallMil MalIFyJI0T/Iap MAKIWIA 0110
oopunaay.

KypcHu yxutnin xapa€Huia TAbJIMMHUHT 3aMOHABHI METOJJIApH, ME€IarOruK
TEXHOJIOTHUsJIap Ba axOOpOT-KOMMYHHMKALUS TEXHOJOTHSUIApU  KYJTAaHUIHILIN
Ha3ap/aa TYTUJITaH:

- Mappy3a Japciapuaa 3aMOHAaBUM KOMIIBIOTEP TEXHOJIOTHsUIapU €paamuia
IIPE3EHTALMOH Ba 3JIEKTPOH-ANIAKTUK TEXHOJOTHsIIapAaH;

- YTKa3WjIaJuraH aMajauil MalFyJjJoTjapAa TEXHUK BOCUTAIApAaH, SKCIpecc-
CYpOBJap, TECT CYPOBJIAPH, AKIUN XYXyM, TYPYXJH (UKpiall, KUUYUK TypyXJap
OulaH MIUIall, KOJUIOKBUYM YTKa3uIl, Ba OOIIKa HHTEP(]aoa TabIuM yCyJUIapUHH
KYJUIall Ha3ap/1a TYTHIAAH.

MoayTHHHT YKYB pexajaru 00mKa MoayJiap Onjian 00FJIMKJIUTH Ba
Y3BUMJIUTH




“buonHdpopmaTuka” (paHu OHMOXUMHS, MOJEKYJSp OUOJIOTHs, T€HEeTUKaaaru
acocwii OMJIMM Ba TacaBBYpJiapra TasHHO, MOJEKYJISp-OMOJIOTUK TaJKUKOTIapaa
amMaliii MaTeMaTHhKa, CTaTUCTHKa Ba MHOpMATHKA ycyiapuaaH (oinananaau.
®an ro3zacunaH TaUprapiauk - OMOJOTHMK MYXUM axOOpOTHM OJIMII MaKCcaauaa
OUOIIOTUK MaKpOMOJIEKyJIanap TY3WIUIIN oyitnua AKCIEPUMEHTAI
MabJIYMOTIAPHU TaXJIWJ KWINAII Y4yH KOMIIBIOTEp TEXHOJOTHSIApUAAaH Ha3zapui
Ba aMajuii OMJIMM Ba KYHHKMajap OJHMII UMKOHHUSTUHU Oepanau. @aH OHOJIOTHK
oOBekTiap OuiaH OOFIWK OYIraH MaTeMaTHK aJTOPUTMIIAPHU aMmalira OIITUpaJIH,
¢$u3UK-KUMEBUI OHOJIOTHUSI, TEHOMHUKAa Ba MPOTCOMHKAHMHI JKCIEPUMEHTANT Ba
XucoOmam MablyMOTIapuHu Kymnaiinu. [y Oouc THHIIOBYMIAD YHU TYIUK
Y3TAMITUPUIIUIAPY  YUYyH THUPHUK MAaBXYyIOTJIApHH YPraHyBUH YMYMOHOJIOTHK
danmap: OoraHuka, 300y0rusi, OWOKUME, ¢uznonorus, OuopuU3MKa, HPCUSLT
KOHYHUATIIAPUHU, TEHETHKA, MOJICKYJISIp TeHETHKa, MUKPOOUOJIOTHS IIYHUHTEK,
OpraHM3MJIapHM aTpod MyXHT OuijaH ¥y3apo MyHocabaTIapHU YpraHnyBUH
HKOJIOTHS, TUPUK OPTaHU3MHM WYKHU Ba TAlIKU TY3WIMIUIUHU YpraHyBuUMd aHATOMUS
Ba Mopdosorus dannapu OwiaH Oupranukiaa taOuuit (annap: kumé, ¢GusMka,
MaTeMaTHKa Ba 3aMOHAaBUI KOMITIOTEp TEXHUKACH 3aMOHaBUil ycimyOnap épaamua
Opranu3miiapja coaup Oyiaauran Mypakka0 >kapa€HiIapHU YyMyMIIALITHPUIT YUyH
eTapiau OWJIMM Ba KYHUKMajapra 3ra OYJInIIM Tanad 3Tuiau.

Moay/IHMHI 0JIMH TAbJIUMIArH YPHU

PecnyOnnkaMu3HUHT UKTUCOUETH byHIameHTan (baHIapHUHT
PUBOXKJIAHUILIMIA Ba YHUHT OTYKJIapura XaM OOfIHMK. XO3Uprd 3aMOH
OMOJIOTHSICHHUHT KeCKUH PaBUIIJIa PUBOYKIAHYBYH COXacH Oy reHOMHKa (haHUANP.
['enomuka coxacuHu 3ca OuonmH(popmaTrka GaHUCU3 TacaBBYp KWIHO OYaManu.
buonHndopmatuka ¢daHu MoJEKyIsIp OHOJIOTHS, TEHETHKA, COFJIMKHU CaKJall,
dbapmakosorusi, OMOXUMHS Xamja Xyxkaiipa OHOJOTHACH KaOu KHIILIOK Ba XalK
XYKaJIUTU COXalapuaard MyaMMOJIapHU €4UIa MyXuM axamusTt kaco srtagu. Ly
cababmu xam ymoOy MOIYJIHU V3IAIITHUPHII OPKAIM THHTIOBYHMIIAD 3aMOHABHMA
ououndopmatuka (paHMHM amanja KyJjalml Ba TEHETHKa COXACHUIaru MaBxKy[l
MyaMMOJIapHHU OaxoJaiira Joup KacOui KOMIIETEHTINKKA 3ra Oymaauiap.

“buonndopmaruxa” Moaya Oyiimda coatjiap TAKCUMOTH

THHIIIOBYHHMHT YKYB IOKJIaMAacH,
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5 ['eHOMHHM TaxpupJall 6 4 5 9 9
TEXHOJIOTHsIIIAPH
Kammn: 12 8 4 4 4

1 - Mag3y: buonHgpopMaTHKAHUHT ACOCUI NPUHUMILIAPH.

buonndopmatukanuur  acocudt  mpuHHMIIapu.  buomHpopmartuka
TyIIyHYacu Ba YHUHT Tapuxu. PaH cudaTumaa pUBOKIAHUIIN, MAKCaId Ba
Ba3u(amapu.  buoundpopmatuka  danugarn  OTyKIap.  ['eHOMIIapHH
CEKBEHHpJIAII TEXHOJOTUsACU. ['€HOMIIApHU CEKBEHHUpJIAIl TEXHOJIOTHSICUHUHT
amanuii  axamusaTu.  CekBeHupIail yCyJUIapH. CoHrep ycyiu,
nupocekBenupiai, shotgun cekBenupiail, [llumina cexkBenup:ami, lon-Torrent
CEKBEHUpJIALLI.

2 - Mag3y: 'eHOMHU TaxpupJiall TeXHOJIOTUSLJIAPH.

I'enomuu xkapranamrupum. JIHK wmapkepnapy Ba ylnapHUHT TE€HOMHHU
KapTaJallTUPUIIAArd axamMusiTd. ACCOLUMALMOH KapTalallTUPUII Ba YJIAPHUHT
typaapu (LD — xaprajmamwrrupumi, QTL — xkapramamrrupum, NAM -
kaprajamrrupum).  Kapranamrupumpa — dnoiaTwiagurad — OnoumH(OpMaTHK
nactypiap. Mabiaymotnap 0a3acu Ba ynapjaan doinananuiml. Hykimeotun kerma-
keTIMK MabjymoTiap 6azacu (EMBL, DDBJ, NCBI, UniGene, STACK, EMBL-
SVA), renom wmawaymornap ©6azacu (Genomes Server, Proteome Analysis,
Ensembl), Ououun (microarray) mabiaymotiap 6azacu (GEO, ArrayExpress).
Okcusl  KeTMa-KeTJIMKJIApW  MabiIyMoTiap 0a3zacu; aMHHOKHCIOTa KeTMa-
KeTnukiapu MabiaymoTiap 6azacu (UniProtKB/Swiss-Prot, GOA, ENZYME) Ba
“uxkunamun’  6aza  (InterPro, PDB). CrpykrypaBuii Ba  (QyHKIIHOHA
onoundopmaTuka. ['eHmapHU aHUKJANI Ba YJIApPHUHT (QYHKIUSIAPUHH YpraHUII
ycystapu. I'eHap sKcmpeccuscH Ba YHHHT acocuii 0ockuunapu. Real-time PCR
MabJIYMOTJIAPUHUA KOMITHIOTEP/Ia TaX AT KWJIUIIL.

MYCTAKWJ TABJIUM

TUHTIIOBYM MYCTaKWJI HINHU MOJYJIHHM XYCYCHUATIAPUHU XHCOOra oJiraH
X0JIJ1a KyWuaaru makxjuiapjad (oiiananu0 tai€pania TaBCUs dTUIAAN:

- YKyB, WUIMUM amgabuétnapaaH Ba MebEpUM XyxokaTiaapaad ¢GongamaHuIn
acocuia MOAyJ MaB3yJIapUHU YpPraHWILL;

- TapKaTMa MaTepuasuiap oyiinua Mabpy3ajiap KUCMUHH Y3IaIITHPHUIIL;

- aBTOMATJIAMITUPWITAH YpraTyBYd Ba HA30paT KUIYyBYHM JacTypiap OuiaH
UIIan;

- Maxcyc ajmabuériap Oyinya momyn Oynumiapu €KUM MaB3ylapu ycTuaa
UIIan;

- TUHIJIOBUMHUHT KacOwii Qaonusarn OwiaH OOfmmMK OYiaraH MoOmyd
OynuMmIIapy Ba MaB3yJIApHU YYKYp YpraHuIL,




- (haHra OMJ CTATUCTUK MABJIyMOTIAPHU YPraHUIL, YIAPHU TaXJ M KATHUII

YKUTHII ITAKJIJIAPA

Maszkyp Moayn Oyinda Kyduaard YKUTUIN akiiapuaad Ghoiaananuiaiu:

- Mabpy3ajiap, aMajuil MalFyjgoTiap (MabiyMOT/Iap Ba TEXHOJOTUSUIAPHU
aHrnad OJIMIN, aKJIWWA KU3UKUIIHU PHUBOXKIAHTUPHIL, Ha3apuil OWIMMIApHU
MyCTaxKamJiall);

- naBpa cyxOatnapu (KypuiaéTrad Jolnxa eaumiiapu Oyitmda Takaud oepuri
KOOWIHMSTUHU OIIUPHIN, OSIIUTHIN, HWAPOK KWIWII Ba MaHTHUKHNA XyJocaiap
YUKApUI);

- baxc Ba MyHO3apamap (JoWmxajgap €YnMMH OYinya naauuiap Ba acoCiu
apryMEHTJIADHU TaKJAUM KWIUII, SIIUTUII Ba MyamMMoJiap €YUMUHM TOIUII
KOOMJIMSITUHU PUBOXJIAHTHPHIN).

"KOPUH HABOPAT(ACCUCMEHT)HHU
BAXOJIALI ME3OHUA

Xopuii  HazopaT(acCUCMEHT)HM  Oaxonmam  Y30ekucToH — Muuimid
YHUBEPCUTETH XY3ypUIaru Meaaror KajapiapuHu KaiTa Tal€piain Ba yJIapHHUHT
MajlakaCUHU omupuil TapMoK (MUHTaKaBUi) MapKas3uia TaCAUKIIAHTaH MaKIIapu
Ba ME30HJIAPH aCOCHJIa aMaJjira OIINPaIH.

Ymby MOAyTHUHT *)OpUW HA30paT(aCCUCMEHT)ra akpaTupiaH MaKCHMall
6ann-1 6as.




II. MOAYJIHU YKUTHUIIIA ®OUTATAHUJIIAJTUT AH HHTPE®AO.T
TADBJIUM METOJIAPHA

«Xyaocanaun» (Pe3rome, Beep) meToan

Meroanunr makcaau: by Meroa mypakkal, KYITapMOKIN, MyMKHH Kajaap,
MyaMMOJIA XapaKTepuaard MaB3yJIapHU YpraHuIra KapaTwirad. MeTo HuHT
MOXHMSITH ITyHIaH WOOpaTKH, OyH/Ia MaB3yHHHT TYpJH TapMOKJjapu OVitmda Oup
xun axOopor Oepwranu Ba aHM TaWTAa, yJapHUHT Xap Oupu amoxuaa
acmeKTiapaa Myxokama JTuinagd. MacajmaH, MyaMMO WKOOWH Ba camOuit
TOMOHJIapH, ad3aiIuK, (pa3uiaT Ba KaMuUMiIuKiIapH, Goiga Ba 3apapiapu Oyinda
Vyprauwnagu. By wunHTEepdaon MeTon TaHKUAWN, TaxXJIMIUN, aHUK MaHTUKUAN
dukpmamHan  MyBadhPaKUATIM  PUBOXIAHTHUPHINTA XamMaa  YKyBUWJIAPHUHT
MYCTaKWJ Fosiapu, (puKpiapuHu €3Ma Ba OF3aKd IIaKija THU3UMIM Oa€H STull,
XUMOsI KWIWINra HMKOHUAT spaTagu. ‘‘Xyjocanamr’ METOAUAAH Mabpy3a
MalIFyJI0TIapuaa UHAUBUAYAl Ba Ky(QTIUKIApAard Wil IMIaKiuaa, aMmaldid Ba
CEMHUHAp MaIIFyJIOTIapujia KUYUK TypyXJapJard Uil MakJIujga MaB3y o3acujiaH
OWIMMIIApHU MyCTaxKamJjall, TaxXJWIM KWIKII Ba TaKKOCIall MakKcaauaa
doiinanaHuI MyMKHH.

MeToaHu amMaJira OlMpHII TAPTUOM:

TpEHEP-YKUTYBYM UILITUPOKUYMIAPHA S5-6 KUIIKUJIAH HOOpaT
KMYUK rypyXJiapra axparaiy;

TPEHUHT MaKca/, MapTIapy Ba TapTUOM OMJIaH UIITUPOKYMIIAPHU
TaHUILTUPray, Xap Oup rypyxra yMyMuid MyaMMOHHU TaxJIWJI KUIMHUALIH
3apyp OyiraH KucMiiapu TYIIMPWITaH TapKaTMa MarepraiiapHu

xap Oup TypyX y3ura OepriiraH MyaMMOHH arpodiinda Tax i KAiauo, 33
MyJi0Xa3aJapuHH TaBCHUS ITHIIAETTAaH cxeMa Oyifrua TapkarMara €3ma
0aéH KMIagu;

HaBOaTaru 6ockuyaa 6apua rypyxJjap ¥3 TaKIUMOTIAPUHH YTKa3aauiap.
[lyrnan cCYHT, TpeHep TOMOHH/IAH TaXJIWLIap YMYMIAIITHPUTIAIHN,
3apypuii ax60poTiap OWiIaH TYIAUPHUIAAN Ba MaB3y SIKYHJIaHA/IH.

Hamymna:
HaHno3appajiapHUHTI TUPUK OPraHU3MJIAPAA KYLIAHWIHIIT
“ Yceumiuk
Onam opranmsmmaa XailBOH OpraHu3Muaa
OpraHu3Mujaa
ap3aura | kamymiurd | ad3ammura KaMUYMJIATH ad3auru | KaMYMJIUTH

XyJaoca:




“AccucMeHT” MeToau

MeToOHMHI MaKcaaM: Ma3Kyp METOJ TabJIMM OJyBUMJIAPHUHT OWINM
Japa)kacCuHM 0axoJjialll, Ha3opaT KWIKII, Y3JAITHUPUII KYpCcaTKU4YM Ba aMalui
KYHUKMaJIAPUHU TEKIIHPUIITa WyHANTUpUIraH. Ma3Kyp TEXHHKA OPKAJIA TabIUM
ONYBUMJAPHUHT Ownuil  (QaonusaTH Typiau WyHanmunouiap (TeCT, aMajuid
KYHUKMalap, MYaMMOJM Ba3WSTIIAp MallK{, KUECUH TaxXJIWI, CUMIITOMIIAPHU
aHMKIam) Oyitnua Talxuc KWIMHAIN Ba 0aXxoIaHaIu.

MeToaHu amMaJIra OIIMPUIN TAPTHOM:

“AccucMeHT’ JapAaH  Mabpy3a MaIIFyJOTJapu/ia TUHTJIOBUMJIAPHUHT
MaBxXyJl OWJIMM JlapakaCUHU YPTaHMINA, STHTU MabIyMOTJIapHU O0a€H KUIJIMIIJIA,
CEMUHAp, aMajuil MallFyJIOTJIapJa 3ca MaB3y €KUM MabIyMOTIAPHU Y3IalITUPUII
JapaxacuHu OaxoJialll, IYHUHTACK, Y3-Y3uHU 0axojanl Makcaauaa WHAUBUIYa
maknaa ¢oipananuil TaBcus ATuiaau. UIyHUHTIEK, YKUTYBUMHUHI MOKOJIUN
EHAallyBU XamJa YKyB MakcaJylapuiaH Keaud 4YMKUO, acCeCMEHTra Kylmumya
TONIIUPUKIAPHA KUPUTUIIT MYMKHH.

Hamyna. Xap Oup karakgaru TyFpu xkaBoO S5 Oamn €ku 1-5 Oanraya
0axoJIaHUIII MYMKHH.

e

R Tect

\2 1. Ammimndukanus numa? SRS | Kuécnit Taxania
a A PHK MOJIEKYJIACUHU 2\ TN e AMIUIMKOH
4 nojmMepasa GepMeHTH KapaCHUHU TaxJIUII
\/ épaaMuia CHHTE3U KWJIMHT?
B. T'ennu (AHK monexynacu
€K1 YHUHT ()parMeHTH )
M3YMIUTMK OMIIaH Ky
MapoTtabanabd
HYCXaJITAaHHIITH
C. HAHK monekynacMHUHT
BOJI0pOA OOFIIAap
épaamua OOFIaHUIIN
D. JIHK npan PHK cunresu

) TymyH4a TaxJuan

* JIHK kuckapmacuHu
M30XJIaHT...

AMauii KYHUKMA

» [I3P x¥yiuim yuyH Kepakiau
TaxpubanapHu KeTMma-

3 KeTuru oyitnua

‘ OaxxapuHr?




“TymyH4anap TaXJuJIn” MeTOAH

MeTogHMHI MaKcaau: Ma3Kyp METOJ THUHIJIOBUMIAp €KUM KaTHALIYMIAPHU
MaB3y OyiMua TasgHY TyLIyHYaJapHU Y3JAIITUPUII JapakaCUHU aHMKIAL, Y3
OMITMMIIApUHU MYCTaKWJI paBUILA TEKIIUPHUIL, OaxoJall, IIyHUHI/IEK, STHTU MaB3y
Oyiinya pacTiiabku OwiMMiIap JapaXXaCMHUW TallXHC KWIMII — Makcaauia
KYJUTAaHWIQIH.

MeToaH1N amanra OMUPHII TApTUOU:

® UIITHUPOKYMIIAP MAILFYIIOT KOUJadapu OUilaH TAaHUIITUPUIIAIN;

e TUHDVIOBUMJIApra Mam3yra ¢&ku Oobra Teruunum OyiraH cysiap,
TYyIIyHYQJIap HOMH TYIIMPWITaH TapkarManap Oepwiaaun ( HHIMBHAyal €EKU
TYpyXJIU TapTuoaa);

® TUHIJIOBUMJIAD Ma3Kyp TyUIyHUYajap KaHJall MabHO AHIJIATUIIM, KA4YOH,
KaHJal xonatiaapaa KyJUIaHWIUIIN XaKkuaa €3Ma MabIiyMoT Oepaauiap;

e OENrujaHraH BakT SIKYHUI'a eTrad YKUTYBYM OepuiiraH TyLIyHYaJapHUHT
TYFPU Ba TYJIWK U30XUHU YKUO SUTTUPAAN EKU CANI OpKaI HAMOWHUII ATa/IH;

e xap Oup HMIUTUPOKYM OEpUiITaH TYTpH kaBoOiap OWIAaH Y3MHHUHI IIaXCUH
MYHOCa0aTUHU TaKKOCJIal, GapKJIapuHU aHUKJIaWIu Ba ¥3 OUIIMM JapakacuHU
TEKIUpUO, Oaxomann.

Hamyna: “Mopaynnaru TasH4 TyIryH4aJIap TaxJIuim’’

Cu3HHHI4Ya 0y TYIIYHYA KaHIal VIIMMYA
TymyHnuajap y Iy Ky
MABLHOHM aHTJIATAau? MabJIYMOT

buonoruk enu6 yukumira sra OyiraH Ba
. ONTHK €KU AJICKTPUK Y3rapTHUPHUIITa

Biosensor pHic ySrapTHp
0JINO KeTyBYH ETEKTOPAAH TAITKHIT

TOIraH KypHiMa.

Amdudui moma 6yImo, r03agaH
Surfactant ucp Y _
CYIOKJIMK TOPTHJIMIIUHA KaMauTUPAIH.

.. M -
Phospholipid anuit 3apaamanras gocdar

TYPYXUHU Y3H]1a CAKIOBYM JIMIH.

Hydrogel CyBaan uOopaT HOJTUMED 3aHKHP.

ApomaTHK noJIMaMuiIapiad TaluIKuil
Kevlar TOMTaH XKyAasiM MyCTaxKam
TOJIAJIADHUHT OUp TypHU

Moja coTMHraH MEKpOTpYyOKaiap
Kinesin Oyiab XxapakaTiIaHyBYH OKCHILIAP
cuHOU.

Lab-on-a-chip Kynasm kam XaKMIaru CyrOKINK




HaMyHaJlapuHU (Oup HeYa MUKOJIUTP
XaKMJIM) TEKIIUPYBUU ac000.

M30x: MkkuHYM ycTyHYara KaTHaIIuuWjiap TOMOHUAAH (QUKP OWIIUPHIAIN.
Maskyp TymyH4yanap XakKuaa KylrM4a MabJIyMOT TJIOCCAPUNA/Ia KENTUPHUIITAH.

Hamyna: buonndopmaruka TyiryH4acu Ba yHUHT Tapuxu. @an cudatuga
PUBOXKIJIAHULLINA

buonnpopmarnka HanorexnoJsiorus

buotexHonorua




I11. HABAPUH MATEPUAJLIIAP

1-maB3y: bnonHpopMaTHKAHWUHT ACOCHI NPUHIUIIAPH.

/ Peowca: \

1.1.  Buoungopmamuxanune pan cugpamuoa waxiianuw mapuxu. Yuune
npeomemu, azuganrapu 8a 00veKmiapu.
1.2.  3amonasuii buonrocux maoKuKkomoapoa OUOUHDOPMAMUKAHUHE AXAMUSNU.

1.3.  Buoungopmamuka pusosicianuus 60uKU4IAPU 84 TOMYKIAPU.
K1.4. ['en onmonocuscu J
TassHu uodopanap: ououngopmamuxka, ceKeeHupaul, 2eHOMUKA,

npomeomuxa, /[HK 6a oxcun kemma-kemauxkiapu.

1.1. buonndpopmaTukaHuHr pan cudaTuaa MAKIJIAHAII TAPUXUA. Y HUHT

npeaMeTu, Basudanapu Ba 00beKTIaApPH.

Nudopmatuka (anmauar XX acpHUHT UKKAHYM sSpMUAa Taigo OynraH
JnaBpjaH Oomnuiad gusnka-MaTeMaTHKa, TEXHHKA, TYMaHUTap Ba Oomika ¢aniapra
XaM Taa0WK KWJWHUIIA XaMja yiap OujlaH XaMKOPJHWKAAa HWILIAd ToOopa
KeHraiinb Oopmoxna. Xo3upru kyHaa uHbopmaTuka (GaHu yCyJUIapUHU 4YeTiIad
YTaguran OupoH-Oup (haH COXacCUHM TOMMIN MYIIKYJ. Tabuuii pannap xam OyHIaH
MYCTacCHO 3Mac.

V1ran acpuunr 60-itwmiap oxupu 70-immiap Goutapuga Guonorusaa DXM
(onmexkTpoH XHcoOnam MamuHanapu) ¢aosl KyJImaHwia OONUIaHIW: 11y OWIaH
Oupranvkia yJapHUHT XOTHUpaJapyd Ba OIEPAIMOH TE3JMKIApH OUIAN Ba
Vnaammapu kuupadtupungu. Iy Owran Oupranukaa Ouosiorus coxacuja
WHOPMAITMOH TaXTWUIAPHU Tanad ATYyBYM KaTTa MHUKIOPAArd SKCIEPUMEHTAI
MabJIyMOTJIap TYTIaHUO KoJIiu. byHra Mucos Kumb Oup KaH4a JaBjiaT OJuMIIapu
xamkopauruga 2003 Wunga€k ojaM T€HOMMHUHI CEBEHUPJIAHMIIMHU KEJITHPHIIT
MYMKHH.

[lynnait kumubd XXI acp 6ounapura kenud OuonHpopmaTuka coXacH xKajaj
cyphaTaa puBOXiIaHa Oomnwiaau. by sca y3 HaBOaTMaa OMONOTHK TaIKUKOTIIAP

Oyiirya OJIMHraH MabIyMOTJIAPHUHT 11y KaJap Kynainb KeTraHauru Ba OyHia xap




OMp OMWJIHUHT 3CJIa0 KOJIMHUIIN Ba TaXJIMJ KWJIMHUIINIA UHCOH UMKOHHSTIAPH
yerapaJlann® KOJTraHIurd Xamaa tobopa kymaiin® Oopaérran axO0poT XaKMHUHU
caxJiall 3apypusATH TYFWITAaHJIWTH OunaH OornmaHamau. WK KeTMa-KeTIUKIapu
aHUKJIaHTaH OUp Heua 103 OKCUJUIAp XaKuJa MabIyMOTJIap KUTOO-aTiac MIaKIuaa
Hamp KuiauHranran sau (1-pacm). 70 Hummap Oomnuiapura KeiauO aHUKJIAHTaH
KeTMa-KeTJIMKJIAp MUKIOPH Iy Kajap KYNmaiJauku, yIapHUHT XaKMU Tydaitnu Oy
MabJIyMOTJIApHA KUTOO MIAKIMAA HAMIp KWJIUIIHUHT YMyMaH WJIOXKH HYK 3[U.
WucoH wmwusicu OyHmaii axOopoTiiapHU TaxJWil KHJIa OJMAclIuTH Ba KeTMa-

KETJIMKIIApPHU TaKKOCAIl YUyH Maxcyc JacTypiap Kepak 0yna oouuiaiu.

ATLAS of
PROTEIN SEQUENG
and STRUCTURE

Margaret O. Dayhoff
Richard V. Eck

NatioNaL BioMmepicaL ReseArRcH FOUNDATION

8600 16TH STREET
Silser Spring, Maryland

1-pacMm. Okcui KeTMa-KeTIUKIAPH Ba yJIapHUHT TY3WIMIIH OYiinda aTiiac-KuToo
90-itmnnapaa reHoMuka (anu maiigo Oyma Oomnuiagu. X03UPru KyHTa Kemuo
Oup KaH4ya opraHu3miap, )KymjaaJaH ojJaM, CHYKOH, TOBYK, KypOaka, Oup KaHua
OanuK Typiapu, dyBaldaHTIIAp, 0371a0 BUpyclap Ba OakTepusuiap Xamjaa ro3iad

YCUMIIMK ~TYpPJIADMHMHT TEHOM KETMAa-KETJIMKJIApM AaHUKIaHgu.’

bakrepus
T€HOMUHUHT YKUIUIIK — Oy 2-3 TaAKUKOTYUAAH TAIIKUJI TONTaH T'YPYXHUHT BaKT

xucoOuga TaxMUHAH | WWIgaH KaM MyJjaTra TYFpU KeJdaauraH Basudacumup.

! Jleck A.M. Beenienue B 6uonnpopmaruxy /Introduction to Bioinformatics / nep. ¢ anrit. noja pea. A.A.MupoHoBa,
B. K. IlIBsimaca. - M.: BUHOM. JIa6. 3uanwuii, 2009. - 318




Opnam reHomu Kapui0b 3 mupa.ra TeHr xapdaapaan udopar 6yau6 6y sca 15000
KUTOO Tomuapura TYrpu Kemagu.! YHu “Yku6 uukum” sca OMOJIOIIAp YyYyH
MeH/ieneeBHUHT XUMUKIIAD YUyH SIpaTWITaH JAaBPUNIMK KOHYHMHHM OYMIN OWJIaH
TEHIJIAIITUPUIIA]IN.

[y OGoucpgan xam OyHAall xaxmaard OHOJOTMK MabIyMOTIApHHU TaXJIMAJ
KWIKIIAA KOMIBIOTEp TeXHoJoruscuiaan oigananuna Oouvianau. ['eH kerma-
KETJIMKIApUHU TeHIIAIITUPUII OYViinda Oupunyn anroputM 1970 innga spatunau.
KommbroTepiap ax0opoTiapHu BUPTyal MabliyMOTIap 0a3acuja cakiaml Ba yiap
YCTHJA IOKOpM  TE3JUKJIa ONepalusuiap  YTKa3ull  UMKOHUHU  Oeplu.
buoundopmatuka xam Oolika 3aMoHaBUM (paHmap cuHrapu Oup KaHuda ¢aniap,
SbHA  MOJEKYJIsp OWOJorus, TEHETHUKa, MaTeMaTHKa Ba  KOMIIBIOTED
TEXHOJIOTHsUIapu (paHsiapu OMpIIallyBU acoCHJa BYXKYJra KelJaud. YHHHI acOCUi
Bazudacu Oy OMOJOTHMK MOJIEKyJajgap, JHI aBBAJIO HYKIEUH KHCIOTaJap Ba
OKCHJIJIap CTPYKTypa Ba GyHKUMsUIApU OYiirda MabiyMOTIAPHU Tax 1M KUJIMII Ba
TU3UMIIAIITAPUII YUYH XUCOOJIAII aITOPUTMIAPUHNA UIIA0 YUKHUILIUD.

JHK HykeoTua KeTMa-KETJIMKIAPUHU CEKBEHUPJALIHUHT Kadall YCyJu
unuiad YMKWITaHJaH CYHI MabiaymoTiap Oa3acuja TYIUIaHaETraH TEeHETHK
ax0opoTiap XaxXMH IOKOpU Te3NMHMK Owran oprta Oouutaau. Mubopmaruka,
JMHTBUCTUKA Ba MH(OpMAIMs HA3apHUsICH IOTYKJIAPU T€HETUK MATHJIAPHU TaXJIHII
KWIKII WUMKOHUSTIApUHU ouub Oepau. buoumHpopmaTtukanuHr Oomika ¢aH
coxajapu OumaH y3apo OOFJIMK XOJJIard PUBOXKIJIAHUIIN OPTraHU3M Ba XyXKahpajaa
103 Oepa€tran OWONOTMK >KapaHJIapHU TYIUYHUIIHWHT SIHTH  J1apa)xacu
HIAKJUTAHTUPUIITA UMKOH Oepaii.

Arapna OupuHum maxcuii kommbroTep 1981 fimnma Ba uateprer (World Wide
Web) — 1991 i#imnnma, sbHU SKWHIATMHA SIPATHUITAHIMTH XMCOOTa OJIMHAIUTaH
Oynca, OuonHpOpMaTHKa XaJAJUIMK OWJIAH PUBOXKJIAHAETTaHUTA TYBOX OYIUII

MyMKUH.> BHOMH()OPMATHKAHMHI acoCUl INPUHLOMILIAPMAAH Oupu Oy myHE

! Jleck A.M. Beenenue B 6uonndopmatuxy /Introduction to Bioinformatics / ep. ¢ aurmn. nox pea. A.A.Muponosa,
B. K. IIIBsgaca. - M.: BUHOM. JIa6. 3nanuii, 2009. - 318
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oflMMJIapW  TOMOHHJIAaH oyu0  OopwraérraH  TAaAKAKOT  HaTWOKAJTApUHU
OWpIAMTHPYBYH SATOHA TYHEBUI aXO0pOT MaKOHIAPH MTPUHITATIAIUD.

buounndopmaTukanuHr spanuin Tapuxu 13 acpinapra Oopub Takamaau.
Matematuka Tapuxura ®@udonauun (Fibonacci) Homu Owian kupub kenran €mr
utanbsH [Tuzanuk Jleonapao (Leonardo of Pisa) Oumonoruk sxapaéHHHHT OUPHHYN
MaTeMaTUK MOJCIMHM Ty3raH XoJija KYyCHJApHUT KyMalulu TYFpUCHJIATH
Macananu TaBcudnad Oepran. XX acprunr 20 iwniapura kenuO dca sHa Oup
utanbsH onumu Buto Bonbreppa (Vito Volterra) “linptkud-ymka” KYypUHUAIIUIATA
UKKU OMOJIOTMK TYPHHMHT y3apo XapakaTu MoJenuHu sparnu. 40 iwmap oxupuaa
Ouosiorusira (U3MK Ba MaTreMaTUKiIap Kupub Kkeina Oomnuianu. buosorusHuHr
3amMoHaBusi Tapuxu 1953 #wmnnman, amepuka onumiapu Keiimc Yorcon (James
Watson) xamaa ®psucuc Kpuk (Francis Crick) Tomonmaan JIHK HuHr Ky
CIUPAJITUTH Kall( KAJTUHTaH JIaBpJiaH OOIUIaH/IH.

byryuru kyHra xagap OuouH(popMatukara Typiauda Tabpuduap Oepuiiau,
OupoK acocaH OMOMH(pOpPMaTHKA JIeTaHa Typiau OMOJIOTUK axOOpOTIapHU TaXJIW
KWIKIIAAa  KOMIIBIOTEpIaH dolimananum  TymyHunag.’ [yaunTIeK
«OuouHpopMaTuKkay TEPMUHM MaNJOHM XaM >KyJa KEHraau Ba OHMOJOTHK
oObekTIap OmiaH OOFIMK Oapya MaTEeMaTHK aJTOpPUTMIIApAaH Xamja OHOJOTHK
TaIKUKOTIApAa KYJUIAHWJIATUTaH axO00pOT-KOMMYHHKAIMS TEXHOJIOTHUsIapHUIaH
dboiinananagu. buomndopmarukaga UHPOpPMATUKIATA  CUHTapu  aMaliuid
MaTeMaTHWK, CTaTHUCTHKAa Ba OoOmKa aHWK (aHmap ycyuiapu KyJIJIaHWUIAIH.
buonHdopmaTuka MmIyHUHTAEK OHOKMME, OMO(PU3MKA, SKOJOTUs, TEHEeTHKa Ba
KaTop Tabuuii pannap coxanapuaa paigaraHuIaIu.

buonndopmaTuka ¥3 nuura KyiuaaruaiapHa OJaIn:

1) kuécuii TEHOMHKaJa KOMIIBIOTEP TaXJWJIMHUHI MaTeMaTHK YCYyJUIapu
(reHOM OHMOMH(OPMATHKACH);

2) OKCHJI CTPYKTypalapuHK OarmopaT KUIUII y4yH aJrOpUTM Ba TaCTypJapHU

UIu1ad YMKUI (CTPYKTypaBuil OMoMH(pOpMaTHKA);

Perynsap. u xaor. munamuka: HULL "Perynsiprast u xaotnueckas auHamuka', IH-T kommsroTep. uccnen., 2007. - 420
c.
! David W. Mount, Bioinformatics: Sequence and Genome Analysis, Cold Spring Harbor Laboratory Press, 2001




3) myBodHK xucoOiamr ycayOusTIapu CTPaTErHsICH TaAKUKOTH Xamja
UHPOPMAIIMOH MYPAKKAOIUKHUHT OHOJIOTUK THU3UMIIAD TOMOHHUAAH YMYMHU
OOIIKAPITHIIIN,

Amanuii mapHOna OuomH(popmatuka — Oy Ouonoriap mandaaraapu ydyH
XU3MaT KUJaJurad amanuit ¢hanaup. MabiyMoTiapHu OUpiIaM4M Tax M KUJIHII
TeXHUK OuoumHdopmaTuka coxacura Tteruuumaup. OIUHTaH MabIyMOTJIApHU
KaepAaaup cakjiaml Ba yinapAaH (oipanaHWIl HMMKOHUATIAPUHU TabMHHJIAII
J03uM. buoMHpOpMaTUKIApHUHT PHT MypakkaOd Ba MIYHUHT OwiiaH Oupra 3HT
KU3UKapiu OyiraH MamryjaoTiapu Oy T€HOM XaKuIard MabIyMOTIap acocHja
aHWK TaCOUKJIAHTaH HaTWXalap OJIMIN, SBbHU MacalaH; A OKCWIM KaHJaumup
¢byHkus O6axapanu, b renn kaiicunup skapa€Hna KaTHamaau Ba X.o.Jiap. Oy aca
ononHpopmaTrka aHUHUHT aMaInil axaMUsATHIaH JaoyaT Oepau.

buonHndopmaTtuka OHOJIOTHS COXAaCHHUHT KyWuaaru HWyHaIMIIapuaa
KYJUIAaHWIAIW:

— T€HOMHKA, TPAHCKPUIITOMHUKA Ba MTPOTEOMHUKA;

— PYBOXJIAaHUII OMOJIOTHUACKHIA KOMITBIOTEP MOIEIUTAIITHPHUL;

— T'€H TApMOKJIAPUHUHT KOMITBIOTEP TaXJIUIIH;

— TMOMYJISALUOH F'eHeTHKaa MOEIIaIlI THPUILL.

buonndopmaTuka nmopu nmpenapariapyuHi JOHUXATAITUPHII MYAIaTUHUA 5-6
Wunnan Oup Heda oiylapra KUCKApTHUII WUMKOHUATHUHH ApaTud (dapmMakoiaorus
coxacura xam oconruHa kupu6 Oopmu. lllynunraex Oy ¢an kymnad Oormika
THOOUETra Ba Ouosorusra ous hanyiap OuiaaH UHTErpalusIaHIu.

Byryuru kynaa 0uouH(popMaTUKaHUHT KyWHUIard OVIMMIIapyu MaBxKy/I:

— yMyMuil OnOMH(pOpMaTHKA;

— KJIIMHUK OMOMH(pOPMATHKA;

— CTPYKTypaBHUU N'€HOMHUKA;

— (yHKIIMOHAJ TCHOMUKA,

— (hapMaKOreHOMUKA;

— KJIMHHUK TPOTEOMHUKA;

— (hyHKIIMOHAJ MPOTEOMUKA;




— CTPYKTypaBUU MPOTEOMUKA.

buonndpopmatuka ycymiapu €paamMmaa  KaTTta XaxXMmaard — OHOJOTHK
MabIYMOTJIAPHU IIYHYAKH TaxXJWJ KAJIUII 5Mac, Oajkd Xap JOUM XaM O
Taxpubanapaa aHukad OyIMaiauran KOHyHUSTIApHA UCOOTIIAII, TEHIap Ba yjap
KOJ/UTaiiuran  oKcwuiap (QyHKIUsJIapuHU —OamiopaT KW, Xy)Kadpaaaru
TCHJIAPHUHT ¥3ap0 TabCUPU MOJIETUHU KYypHIl, JOPHU MpenapariiapuHu spaTHIL
MYMKHH.

Phi-X 174 daruauar 1977 #wnga cekBeHHMpiIaHTaHUAaH OyEéH KYIuiad
opranmamiap JIHK kerMa-keTnukinapym aHUKIaHIM Ba MabiIyMoTiap Oa3acura
KonmamTupwian.! By MabayMOTIap OKCHII KETMa-KETIMKIAPMHHM Ba PETYIATOP
ydacTKaJlapHU aHUKJIam y4yH (Qoiinananmwiaad. MabliymMoTiap MUKIOPUHHUHT
Kymaumu OwiaH SHAM KETMa-KETJIMKIApHU KYljaa (BpY4YHYIO) TaxJIWil KWJIUII
MyMKUH ~ OYnmail  kommu. Ba  xo3upru  kyHma  Mwumappiad o okydT
HYKJICOTHUJITIApJIaH TaIIKWUJI TONTaH MUHIIA0 opraHu3MiIap reHomuiapu Oyiinua
KUAUPYBIIAp 0O OOpUIT YUYH KOMIIBIOTEP AacTypiapuiaH (ou1anaHuiiaim.

fIHpHK reHomsiap yuyH JHK ¢parmentnapuau Huruin erapiau aapaxkaia
KuitnH BazudanapaaH xucodmanaau. by ycyn xo3upna kapuitd Gapua reHomuiap
yU4yH KYJJAHWIaJAXM Ba TEHOMJIAPHM HWUFHUII alropuTMiiapu OuomHpOpMaTHhKa
coxacuja OyryHrn KyHHUHT J073ap0 MyamMmosapuiaH Oupu caHaitanu. [ eHommaa
TEHJIAPHUA Ba PETYJATOP B3JEMEHTIApHU aBTOMATUK Tap3[a KUIUPHIL TEHETHK
KeTMa-KeTJIMKJIapra KOMITBIOTEp TaXJWJIMHU KyJulamijga sHa Oup mucon Oyna
OJIaJIH.

['enomuka koHTekcTuaa anotanus — 0y JIHK keTtma-keTnuruaa reniaapHu Ba
Oomrka OOBEKTIIapHU MapKUpOBKajiaml (HUIIOHJANI) >kapaéHumup. [eHomuap
aHHoTauuu OupuHun nactypuil tuzumu OysH VYait (Owen White) TomMoHuaH
1955 tinnpa€k spaTuiarad 37u.

OBOMIONMOH OUOJIOTHST TYpPJIAPHUHT KENUO YHKHUII Ba Maino OYIuIvHM,
yIapHUHT  JaBpiap Oyinya puBOXIIAaHMIIMHU  Yypranaau. Mudopmaruka

ABOJTIOIUSIHU YpranyB4M Ouosoriapra Oup Heva kuxamiapaa €paam oepaiu:

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




1) 6apua [IHKanaru y3rapunuiapau yprairan Xoaaa Ky COHJIM OpraHu3Miiap
HBOJIIOLUSATIAPUHN TAAKUK KUITUIIIA;

2) siHa/la KOMILIEKC 3BOJIIOIIMOH XOAMCAIApHU YpraHUIl UMKOHUHU OepyBUYU
TEHOMJIApHU OMp-OMpHTra TaKKOCIAIIA;

3) nonmyJnsiuUsIap KOMIBIOTEP MOJICIIAPUHU KypHUIIA,

4) Kynm MUKIOpAArd Typjap Xakuaa MabJIyMOTHH ¥3 WUYUTa OJIYBYH
HalIpJapHU Ky3aTuO OopuIa.

DKOTU3UMHUHT OMOJIOTUK XUIMa-XWLUIMKIApU TYEKH Oy OMp TOMYH CYB E€KHU
Oup XOBYyY Tymnpok, €ku Ep caitépacununr 6apua ouocdepacu kabu O6apua TUPUK
TypiapaaH ubopar OYaraH MablyM OWp MYXWTHUHT TYJa TEHETUK WHFUHIACU
cudartua aHUKIAHUIIM MYMKHH. VIXTHUCOCHAIITUPWITaH HacTypuil TabMHUHOT
MaxXCyJIOTIapu KUIUPUII, BU3yaTu3alvs KUIUIL, aXO0pOTHH TaxXJIWJ KUJIHII Ba HT
MYXHUMH, HaTWKaJapHU OOIIKa TaAKUKOTUYHIIAap Ouiian Oynuiaa (oiigamaHuiaim.

Xo3upru 3aMoH WIMUN Ouonoruk agabuéruna OuomHdopmaTuka Ouiad
Oupranukaa “xucoOnam Ouosioruscu” uOOpacu Xam ydpad Typaau. XucoOmarn
ouonoruscu — 0y daH coxacu sMac, OaIKu OMOJOTUK >KapaéHIapHU YPraHUIll yIyH
KoMmbloTepiiapAan (Qoiiananumra yciayouit €EnpamyB xucoOmaHagu. [apuu
“xuco0ant OUoNorusicn” KYMPOK aarOpuTMIIAp Ba aHUK XUCOOJAIl yCyJUIapuHU
unuiad YuKHIDap OwiaH IIyFyJulaHcajna xo3upya “‘OnouHdopmartuka”  Ba
“xucobnam Oouosoruscu’” uUOOpamapuIaH Te3-T€3 MABHOIOLI (CHHOHUM) CY3iap
cudarumga doiganaHUIMOKIA. XucoOnam Ouonorusacuaa GdongaaaHuIaIurad
Oapua ycyijnap SbHU, MacajlaH, rapud OWOJOTUK Basudanap OwnaH OOFIMK
OyJicama MaTeMaTUK MOACIIAIITUPUII — Oy OronHbopMaTHKa XUCOOTaHMAMIH.

byngan Tamkapu MareMaTtuk OHOJIOTUS XaM MaBxXkya Oyiamb, y xam
OvouH(popMaTUKa CUHTapy OMOJIOTMK MyaMMOJIApHHU €4MILIA UIUTATHIIAIU, OUPOK
yH/Ia KYJUTAaHWIAJUTaH yCyJulap HaTHKAach COH OwiaH udoaalaHMaiid Ba yIapHU
amaJira OIMpHIIIa JACTypUl Ba )KUX03 TABMUHOTHU Tajaabd dTUIMaian.

Oxkcwmuiap ¢a3oBuil Ty3wiMadapyuHU OamopaT KWIMIA HWIUIATHIAAUTaH

JITOPUTM Ba JacTypiap HIUIA0 YUKWAII OWIaH IIyFyJUIAaHYBYM CPYKTYpaBHii




ououHdpopMaTuka Oomkamapugan —axpamm6 Ttypagu.! Ilymmait K6
ononHpopMaTHKa XaMm aHaTOMHs, OOTaHWKA, BUPYCOJOTHS, MHKPOOHOJIOTHS,
IUTOJIOTHS, TAJICOHTOJOTHS, (HU3NOIOTH Ba OOIIK. KaOu Ouoyiorus Oyaumiiapu
KaToOpUra KyIIIMOK/IA.

1.2. 3amonaBuii 0MOJIOTHK TAAKHKOTAAPAA OMOMH(POPMATHKAHUHT
aXaMHSTH.
buonndpopmatuka OHOJOTHSHUHT WIMHNA TakpuOalapy acocuaa OJIMHTaH

HaTWKAMApHU  Taxiawin  Kuwiagu. OnuHraH  MabiyMOTJIapHH — TaAKUKOTYH
MabIyMOT/Iap Oazacuaa MaBXKyJ OynraH Oapda Tyriamiiap OWIaH COJUIITHPAIIH.
bopaurio, y ¥3u aHUKJIaraH KeTMa-KeTIMKHUA MabIyMOT/Iap 0azacuian Tomna ojiMaca
OyHna y Oy MabJIyMOTHU Iy >KOWra KUpuTHO Kysiau Ba Oy OwinaH 0a3zaHu siHajia
ooitntaan. MabiymoTiap 0Oazacu QyHKIUsAIapUra caxjail, TU3WMIIAMITAPHILI,
ax0opoTiapHU SHrUiIad TypHI YHTa KUPUII XYKYKH OWJIaH TabMUHJIAILIAP
kupaau. by omepammsinap sca Karra KyApaTiapAard KOMIBIOTEpIIapHH Tajad
KHJ1aan. 2

[yauHTAeK OMOJOTUK MaB3yJjap MaXXKMYHUIard WIMHI Hampuériap Oazanapu
XaM MaBxyj. buonorust 6yiinya ucTajiraH WIMHM )KypHaJTHUHT Oapya COHJapuja
YUKaIUTraH Xap Oup Makosa MabJIyMOTIIap Oazacura »KOMIaTUPUIIAIU U3IaHyBYN
YHU MHTEPHET TApMOFU OPKAJIM OCOH TOMHO OJMINU y4yH KUCKa Tabpud Oepud
Kyiunaau (2-pacm). OHr karta THOOMI-OMOJIOTUK HamIpiap on-line KyTyOxoHacu
PubMed cyurru 50 iun moOaiinuaa 16 MTH. 1aH OPTUKPOK MaKOJIaJIapHU Y3 UUHra

OJIaJIH.

! Xiong Z.J. // Essential Bioinformatics, Cambridge University Press 2006, 362 p.
2 Claverie D.J.-M., Notredame C. // Bioinformatics for Dummies, For Dummies 2006, 456 pages.
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2-pacMm. TubOuit-6nosoruk Hampiap on-line kyryoxonacu (PubMed)

WNuTerpan mMabiayMmoTiap 6azacu Ba SHIMKIONETUSIAP KOHKPET I'eH, OKCHUII,
OpraHuM Ba X.0. XaKujaru Oapya MabIyMOTJapHHU Y3uJa *Kamiaml Kabu MyXum
GyHKUMSUIapHU aMaira OomMpaad. Yiaap KaTTa MUKJIOpJard OOLIKa MabilyMOTIIap
0azanapu axO0pOTIAPUHU YMYyMIIAIMITUPAIN Ba YHU XaMUIIA SHTHIIA0 Typaju.

Xap KaHgaW SHTUAAH VKWITaH TEHOM Xap(UIapHUHT TypJid XU
KOMOWHALUANApUIA TaKpPOPJIaHYBUM yIKaH KeTMa-KeTIWKIAp KYpUHHUIIHIA
HaMo€H OVnamu. buoumndpopmatnka OyHmal XWJIMa-XWLIAKIATH MaTHIaH
TEHJIAPHU aKpaTUO OJUII UMKOHUATUHU Oepaau. 'eHoMIaH reHHU aXpaTHO OJMIL
kaOu OyH1aii oniepaiysi TeHOMHU Oenruai Aed atanaiu.

bapua rennmap QyHKOMsUTapUHM TakpubOanap acocuja aHUKJIAIl eTapiu
Japaxkaza MypakKaONMKHU o3ara kentupaau. by xonatna OuoumHpopmaTHka
GyHKIUSIIapU  aJUTaKaduoH aHWKJIAHTaH TeHJap OWIaH COJMIITUPUO KYpHIlra
TassHraH XO0JIJa yJapHU Oamopar Kuiumaa kymakiaamaan. OKCuil MoJeKyiacuaa
Ouosioruk BazudaJapHUHT Xap XWI Typjapura >xaBo0 OepyBuUM YyuacTKajap
MaBxya. buonndopmaruka ycymiapu €paamuna ymoly ydacTKaJapHU aHUKJIAII

KOHKpPET OMp OKCHIITHUHT Oapua CrieKTp QyHKIMSICUHHU 04n0 Oepaiu.




Okcuin CTpyKTypalapuHu Taxkpubanap acocuaa, SbHH MacajlaH OKCHII
MOJICKYyJIaJIapUIaH TaIIKWAJ TONTaH MHUKPOCKOTHK KPUCTATHH PEHTICH HypJIapu
OWJiaH HypJIAaHTUPHUII OPKAJIM aHUKJIAIl MyMKUH. By aca etapiu gapaxkana y30K Ba
KUMMATIH KapaéH xucoOnaHaau. AWpUM OKCHIIIAp KPHUCTaUl Ty3WiManapra ira
Oynmaraniuru cababiu  yJlapHU TaxJWil KWIUIIHUHT yYMyMaH WIOKH MYK.
buonHndopmaTuka KOMMbIOTEp MOJCUIAIITUPHUIN EpAamMuaa Xed OyiMmaraHia
OKCHJI CTPYKTYpacu Y30KpOK YXIIIalll KeTMa-KeTJIMTH MablyM OYNraH Xojariapia
OKCWJIHUHT (Da30BUM MOJIENUMHU sicaia €pjaaM Oepaiu.

buouHdopMaTtuka MeToIapH acocujia OJMHITAaH MOJIEKYJIAHUHT (pa30BUN
CTPYKTYpacHHHU OWJITaH XOJIJIa YHUHT KaHJai WIUIANMHA Ba YHUHT HILUIANIUTA
KaHJ1ail TAbCUP 9Ta OJIUIIHU OalopaT KUIHII MyMKHH.

Jlopu mnpenapatiapunu (azona xap XuJ XUMUEBUN OOfnaHUIUIAp OuIaH
OKCWJI-HUIIIOHJIAPHUHT ¥3ap0 TabCUPWUHU MOJCIUIAIITUPHUII acocuja Tarépiari
MyMKUH. ByHJia KaTTa MUKIOpH OOFJIaHUIIUIAPHU capalialll Ba HT MakOyJUIapuHU
TaHJ1a0 OJIMII Kepak Oynaau.

buonorusa, kumé, ¢usuka, matemaTuka xamaa uHbopMmatuka GaHIapUHHA
OUpJIAIITUPUII OUOJIOTUK THU3UMHU Xap TOMOHJIamMa TaBcU(pall HWMKOHUHU
o6epamu. Kommbrotep pecypciapuian dhoiianaHui TaxJIumi KapaHUHU OUp Heva
MapoTaba Te3NalTHPaad XamJia OJIMHAIUTaH HATIKaJApHUHT AaHUKJIUTUHUA Ba
TE3JIUTMHH OLIUpan.

buoundopmaruka TexHonorusmapuaaH QoianaHud KUIWHTaH OMOJIOTUS
coxacujgaru sSHru kKamduérmap Te3 cyparna TUOOMET, (apmakosorus,
KOCMETOJIOTHSI, OWOTEXHOJOTHS, KULUIOK XYKaJur", OHKOJOrus Ba Oomika
coxalapja ka0 KuIrmHaIM.

buoundopmaTtuka MycTakui paBUIIa aMaluid axaMmusTra sra Oynrad
HaTWXKamap Oepaau Ba NIYHUHTJEK OWOJOTUSHUHT TYPJIHM COXaJlapuja HUIIIall

YUyH IIApOUT OUJIaH TabMUHIIANIH.

! KysHeuos M.E., Tpnbos /1.A. BBegeHne B MoNeKyAApHOE MoaennposaHue. YuebHoe nocobue. - Capatos: 3a-80
Cry.-2003.




buoundopmarnka OyiiMua WIMHUHT KaTTa KHCMH OHWOJIOTMK axOOpOTHH
cCaKjall Ba YHM TaxJWil KWIAII YIYyH MabiyMmMotTiap Oa3zacuian (ongaraHuI
TEXHOJIOTHUsIIapu aTpodura >xkamiianrad. bynmait mabiaymotiap 0asacu ommadon
€Kl Maxcuii OYyNHIIM MyMKHH. Yjapra O4YMK CTaHAApTJIap OpPKaJIM OMMAaBHI
KUpUII XYKYKHHHU OJIMII 3Ca MYXUM axaMmusT kacO stamu. ['apuu mabiiymoTiap
O0azacugan (Qoiinananumra HucObaraH Oy ycyulap aHYaruHa KEHT TapKalraH
Oyncaga 6MOIOTUK axOOPOTIAPHUA TAXJIMJI KUJIUII YIyH OHTOJIOTHS Ba MaHTHUKUUN
ycyimapaaH (oi1aJaHuIl pUBOKIaHUO OOPMOKIa.

1.3. buouHpopMATHKAHMHI PUBOXKJIAHMII 00YKHUY/IAPH Ba IOTYKJApPH.
bup kanua xopwxuil naBnatimapgaa 20-21 acpnapaa OuomH(opMatHka >xaman
cypaTia puBoxiIaHa€Tran ayHE OMOTHOOMET dannapu coxacura ainanu® Oopiu.
buoundopmainon TEXHOJIOTHLIIAP UCTEBMOTYUIIApU TaJKUKOTYUIIAp,
dbyHmamMeHTan uWNUIaHMalap Myaudiaapu Owian Oup Katopaa THOOHET,
dbapmakosorusi, OMOTEXHOJOTHUS XamjJa YKyB Myaccacajapy XucoOJiaHau.
®annunr 0y coxacu AKIllna Ba mryHUHTAEK OOIIKa pUBOXKJIAHTAH JlaBiiaTiapia
MyXHUM WYHAIUII cadaTuaa Kapaaiau.

EBpomna, Ocué, AKII xamaa ABcTpanus naBiatiapuja OuomHdopmatuka
MapKasJiapu COHM WuaH-iumira kynaitnd 6opmokna. buoundopmaruka 6yiinua
JaBNIaT, aKaJeMUK XamJla TabIuM Mapkaszjiapu OwiaH Oup Karopjia CYHITH
Wuuiapaa coxada OJUHTaH TaJKUKOT HaTWXKalapJaH TWXKopaT Makcaauaa
doitnananuira WYHANTUPUITAH CE3UTIAPIIM IapaXkaJary TAlKWIOT Ba JIoHuxaap
ro3ara kenau (3-pacM). By oSHr aBBaJlo T€HOMJIAPHUHT, UIYHUHTACK OJaM
TeHOMMHHUHI CTPYKTypaBuM, (QYHKIMOHAI Xamaa KUECHM Taxjawid Oyinya
baonmusIT OPUTYBYM TAIKWIOTIApAup. buomndopmatuka coxacu Oyiinua
spaTWIrad ycyJUlapHU KyJiiam OujiaH Oupra amaiuii MyaMMOJIapHH €UuIll HYIua,
XycycaH (apMmokoJiorusaa TEXHUK Xamjza JacTypuil Oaszamap »kajgan cyparia
puBoxiianu® Oopmokma. byHmait mMyammonapuu Oaprapad sSTuIga JacTypui

TabMHHOT CAaHOATH XaM TaKOMUWJIJIAIINO OOPMOKIA.
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3-pacm. bruonndpmaTrka cepBrc MapKas3liapu Ba pecypciapu

MammakaTumMu3ga reHomMuka Ba  OmouHpopmaruka  aHIApUHUHT
PUBOXKJIAHUINIMTA KapaTWIaTraH ajnoxuja 3bpTHOOp Tydainum ayHé Qanuna y3
ypHura sra HyQy3iaud WIMHUNA MakTad Ba MYXMT MIAKJUIAHTUPWIIW, 3aMOHABUU
naboparopusiiap TAIIKWII 3TUINO, KEHI MUKECA XalKapo WIMHUH ajokanap uyira
kyitmnm.t Xycycan Y36ekucron Pecry6nukacn ®annap akagemuscu I'eHoMuKa
Ba OmomH(poOpMaTHKa MapKa3Huaa coxala aHyaruHa myBadakusTiv aactypiiap
amayira omMpuiaan. Mapka3na eTakud XOpWKHM MIMUN Mapka3 TaxpuOaiapura
ara, OMoMH(GOPMAIIMOH TEXHOJOTHsUIap Oyiinmua OMIUM Ba KYHHKMAallapHH ITyXTa
srajylaraH WIMHUN XOIUMJIApHUHT (PaosusIT oaud OopuIM Ba IIyjlap XucoOra
OJIMHTaH XOJia Mapkazna OuouHdopMaThka JaOOPATOPUSICUHUHT — TAIlIKHUI
STUITAHJIUTU ~ OyHra SIKKoOJI Mucoa Oyna onagu. Mapkaz uiIMHil Kamoacu
XaHy3radya HOaHUK OYNraH Fy3a TEHOMHUJAru pPEeKOMOWHAIMOH OJOoKiIap (SBHH,
aBJIOJIaH-aBJIOAra Ky4uO VyTaauran reH ajulejulapu TYIJIamH) YidamiiapuHU
TONMO, 3aMOHABUN TE3KOp “aCCOLMATHB KapTaJalITUPHUII’ YCYJIUHHU Kamid STIu.

Hatmxkana ¥y3a reHoMujgaru resnapaad (poigaJaHUIIHUHT SHTU WMKOHUSATIApU

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




oumnu0, Fy3aaa 3aMOHABUN MapKepjapra acoCIaHTaH CeJeKIUs YCyJapyu UIuiad
YUKHAIIIH.

I'en-nokayr €xu PHK wuHTepdepenmuscn Mojekynsp TIeHeTUKa Ba
ononHpopMaTHka yCy/utapu Maxcyiau OynmmO, OpPraHM3MHUHT OeTHIaHTaH
rewyiapu  (aoJUTMTUHU TYXTaTUIl UMKOHMHM Oepamu. Iy tydaiinu renmapu
“Yunpunran” (HOKayT KWJMHTaH) OpraHu3M BYXyara keinaau. by HykieoTun
KETMa-KeTJIMTM MabiIyM OViraH TeHJIApHUHT (QYHKIHMSICHMHU aHHUKIAImTra &Epaam
O0epaau. HokayT KWJIMHraH Ba HOpMaJl OpraHM3M HaMyHallapy opacujaru gapkiap,
ypranunaétran TeH QYHKUMSICHHM KypcaTtuO Oepanu. Kunuiox Xxyxanuru
SKUHJIAPUHUHT OHOJIOTUK KYpCATKUWIAPU — XOCHJJOPJIHK, JPTANUIIAPIHK,
3apapKyHaHJa Ba XallapoTiapra YuJAaMIMIUKHUHT HaMOEH OVIMININIA UIITHPOK
ATYBYM F'€HHUHI TapKUOM Ba QYHKUUACH aHUKJAHTAHJAH CYHI MaKcaara MyBO(HK
paBuiga ymly reH (AoTusATUHU KydyaWTUpUIl €KUM aKCUHYa YHU TYXTATHII
MyMKHUH. Mapka3 oJMMIIapu 3pHUIITaH dHT CYHITH IOTyKJapJiaH oupu — Oy ynap

TOMOHU/IAH Fy3a y4yH SPAaTWITaH TyHEQATH WIK T€H-HOKAyT TEXHOJIOTUSCHIHD.

1.3. T'eH oHTOMIOTHSACH.

buonorusHUHr  3aMOHaBH = WYHAIUIUIApU  OMOTEXHOJIOTHUS,  TEeHJIap
WHXUHEPJIUTH, TEeHOMHKa, OuomHpopMmaruka Kabu  HYHAIUIUIAPUHUHT
pUBOXIIAaHUIIK (daHga SHTM “T€H OHTOJOTWs® TEPMUHMHMHI l03ara KeJulIura
caba®d Oynmmu. ['eH oOHTOJNOTMSICHM  TpeaMeTIapura MHUKPOOpPTaHU3MIIAP,
YCUMIIKIIAp, XaBOHJIAP Ba MHCOH T€HJIAPH YJIAPHUHT MaxCyJOTIapyu MAITyMOTJIap
Gab3acy Ba yJapHUHT aHHOTALMSIAPH KUPaau. !

['en oHTOJNOTHS JTOMUXAacH MOJICKYJISIp Ba XyXkaiipa Ouonoruscuna Oup Heua
JOMEHJIADHU WYUIa OJaJu Ba TEHJAp, T€H MaxCyJIOTJapy Ba KEeTMa-KETJIMKJIAp
Oyiin4ya MabIyMOTIApUHU TYLIYHMIIA >KaMOATYMIMK (POMJATaHUIIN YUYH KEHT
UMKOHUATIap ounb Oepamu. KynruHa monen opraHM3MIIApHUHT MabIyMOTJIap

Oab3anapy Ba Fr€HOM aHHOTAIMACU TYPYXJIApPUHM SIPATUILA T€H OHTOJIOTHSICUAAH

! 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.




doiinananunaay Ba yJIApHUHT aHHOTACHSCHUIA TE€H OHTOJIOTHS MaHOamapu YpHH
oexuécaup.

KoncopTrcuyM reH oHTojorus - Oy “cen ommonoeuscu” novmxacuaa Qaoi
UIITUPOK 3TaéTraH Oup KaTop OHOJIOTHK MabIyMOTJIap Oab3ajapH Ba TaJKUKOT
rypyxjapunup. by Typiu xui Mozen opraHusmiap yuyH OUp KaH4a MabJIyMOTJIap
Oab3anapu, »KaMHi OKCUJIIap MablyMoTiIap 0ab3acu, "een onmonocuscu" nactypuu
TabMUHOT HMILIA0 YMKYBUMJIAP Ba MyXappupiap TYPyXUHH Y3 WIUTA OJIa]IH.

['en ontonorusicu OumomHpoOpMaTHKa AacTypiap Oyiimua moituxa OYuo,
O0apya OpraHM3MJIAPHUHI T'€HJIapU Ba N'€H MaxcCyJOTJIapu CTaHAAPTIAIITHPUIITAH
FEHETUK MabJIyMOTIap Oab3alapuHM HuFuIIra OarunuiaHrad. JloWMXaHUHT
MakcaJu TEHJap Ba YJIapHUHT Maxcyjlotiapu cudariapugan OUPUHU aHUK
OenruiiaHral pyuxaTHHU MabiIymMoTiap 0a3acura >KOWJall Ba sSHTUIIAIL, TeHJIap Ba
reH MaxcCyJoTJIiap Y4YyH KyIIMM4a aHHOTAIUSUIApHU PACMUILIAIITUPHUIL, OPTUO
Oopaétran MabJIiyMoTIIap 0azacu Jiouxacuuan GpoiiagaHull y4yH MabIyMOTIap
tapkatuil. I'ed ontonorusacu "OQuuk buomubouiiom onmonozusicu’ 1e0 HOMJIaHTaH
KJ1acCu(UKAIMACH KEHT KaMPOBIIM KUCMH XHUCOOJIaHA TN,

['en oHTOJIOTMS JAeraHAa MypakkaOd OMOJOTMK XOAMCAJIApHH F03ara KeJWIIn
TaCBUpJAHTaH HOMAabJIyM OHUp OHOJOTUK OOBEKTIAPHU TYIIMHUII Kepak.
OwnTonorus myHEnarn oOBEKTIAp Ba yJIap opacujard MyHocabariap TYFpuUcHIaru
MabIyMoOTHap €paamuia Maxcyc OWIuMM HYHAIMIUIAPUHU PAaCMHUMIAIITUPHILIA

! Buomorms Ba Oomka Termuuim (aHnap ydyH — yHHBEPCAN

KYJUIAaHWIQIH.
HAMyHaBUW TEPMUHAIOIUSl €TUIIMACIIMIW fo3ara Keiaau. Tepmunnap Oy KUHUH
MYJIOKOT KWJIUII KaOu TylIyHYalapHU UQoaaiaiiiu, JEKUH aHuya Oup OupujaH
bapK KWK MYMKUH, TYpPJId TaIKUKOT COXajapuaa Ba XaTTO TYPJIW WYHAUII
onmumiiapu ypracunpa wunuviatwiaau. Iy myHocabar Ownan, "I'en oHTOjNOTHA"
JoMMXacMHUHT Ba3udacu Oapya OpraHU3MIAPHUHT TEHJIAPWHW Ba YJIAPHUHT

MaxCyJoT/IapuHu Baszudanapu, (QyHKIUsUIaApU, CTPYKTYpPAaCHMHH Ba amaijaru

OHTOJIOTMK aTaMaJIapHHU sIpaTHIIIaH nOopar.

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.D001:10.1038/nbt1346. PMID 17989687.




['en onHTONOTMS OOWIKAapUIAAUraH Cy37ap TEpPMHUHIApiapAaH Ty3HIraH.
TepMuHIap OHTOJOTUS HU30MHUTA MYBOGUK Y4 HYHATUII MOJEKYJsAp (YHKIUS,
OMOJIOTHK JKapaéHjiap Ba XyXKailipa KOMIIOHEHTJapura OyiauHamu. Xap Oup
OHTOJIOTUS OMPOp TeH €KUM TeH MaxCyJOTIapuHU (YHKIIMOHAT XUXATJaH Xamaa
TepMUHJIAp YpTacujaru ajokailapHu TacBupiaiiau. TaptuOra comyBud anokanap
UKKA KyWu cuHpiaapu Oop: mxoOuit TaptubOra conyBuM Ba caynOuii TapTuOra
COJIYBYH.

['eH oHTONOrHANA TE3-Te€3 SHIU Y3rapTUpuIuiap OYyiaubd, aramanap Exku
ACKUpPraH MallyMOTJap OJu0 TaunulaHaau. Arap TEpPMHUHIIAP OHTOJOTUSIAH
Vuupwiran Oyica OeirwiaHraH TEPMUHIAP Y3 Kyuuaa KOJaAu JIEKUH SCKUPTaH
EpauKiiap Ba TepMHH Oapya ajoKajapyd oOJu0 TamaHagu. AJOKaJlapHU
Y3rapTUpUII aHHOTAIMSIIApTa TACUP KUIMAWAN YyHKH YJIIAPHUHT T€H OHTOJIOTHAIA
JKoMtamrad YpHUra smac Oalkv aHHOTAaIUsIap Y3ura XoC Maxcyc TepMUHJapra
WyHantupuiaran. [eH  oHToNOrMs — JoMMXacu TeHJap  QYHKIUSUIApUHU
KaTaJoOralTUPUIN YuyyH Karta maHOa Oymamu. Illynpait Oyncama yHIaH Xainu
XamMa xoiiia porgaaHnIMan I Ba XaHy3rauya MypakkaOIuruia KoJIMoKIa.

['en onrtosoruacu 1998 #unma TagKMKOTYWIIAP KOHCOPTCHYM acocuaa yd
mojen opranusmiiap Drosophila melanogaster (mesa mammmacu), Mus musculus
(cnukoH) Ba Saccharomyces cerevisiae (HOH a4UTKUCH) TeHOMJIapu Ypranuwimo (4-
pacM), yJapHU YKWIMILIKA Ba T€HETUK MabJyMOTJap 0ab3acu SpaTHIMILN acOCHIa
tamkun stunran.! Cynrpa GomKa MOJEN OPraHM3MIap Y4yH KYp MablIyMOTIAp
0ab3acMHU 11y TapuKa KYpUII Ba MabIyMOTJIApuJaH QoiiianaHunl, Kymumya
aHHaTanusIap Oab3acHHM SIPATHUILHU KEHraThpuil, KaOu kapa€Hiapja TeH
OHTOJIOTUsICUIAH (O TaTaHUIIIH.

Veummik, XaifBOH Ba MEUKPOOPraHM3MIIAP SHT aCOCHIl TeHETHK MabIyMOTIIap
Oab3amapu Oy noimxara xucca Kymmokaa. 2008 iun sHBap XojaTura Kypa, reH
OHTOJIOTHSI JAaCTypH TYpiAW XWi1 OHWOJOTHK OpraHu3MiapAa KYJUTaHWJIaTuTaH

24500 pgaH OpPTUK TEPMUHJAPUHU Y3 HWUYWAra ojagud. Y MabJIyMOTJIAap TE€H

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.




OHTOJIOTUACHHU PUBOXKJIAHTUPUII Ba yHAAH (oigananum Oyiinda agaOuériapaa
MYXUM TasiH4 XHcOoOIaHaau, Ba y OMonH(opMaTuka coxacuaa TeTHIILTH CTaHaapT
BOCHUTAcH OYIMO KemraH.

2011 ¥imn ceHTAOp xojatura Kypa, reH oHTojoruscu 360 MHUHr J1aH 3UEN
TUPUK OpraHu3MiIap y4yH 33 MHUHTAAH OPTHUK TEPMUHJIAp Ba 12 MWUIMOH
arpodua TeH MaxCyJloTaap aHHoTanuscu Mapxya.! Cyarru Gup Hewa i
JTAaBOMHJIa, T€H OHTOJOTHS KOHCOPTCHYM T€H OHTOJIOTHS cu(aTH Ba CHEIUPHUK
aHHOTAIIMSI MUKJIOPUHH OLIMPUIL YUYH OUp KaTop Y3rapuiuiap aMmajira OUIupuiiIu.
2013 #unra kenuO, aHHOTAaUMsIAp COHM 96 MWUIMOHJAH OUIAM. AHHOTAIUA
cudaru aBTOMATIIAIITUPUIITaH cudar Ha30paTu Nynu Owtan
TaKOMUJUTAIITUPUIIIH.

['eH OHTOJOrMsI KOHCOPTCUYM CYHITH NMaiTiapja OMOJIOTHK >KapacHIapHUHT
OeBocHUTa KMUUK CHHPU cudaThaa, SHrd OMOJIOTUK OOCKUYMHH >KOpuil 3TAu. by
cuH( OuOoJOrHK >kapaéHiap coaup OVIMIIM MyMKUH OViraH mauTuaa aiaoxuaa
naBpu €ku  OOCKMUMHM udogaiaian.Yiap UIYHUHTIEK, OOIlKa OHOJOTHK
xkapa€Hmap OwiaH TapTuOra conauHaau. buosoruk xapaHiap Mypakkad
xonucanap OynmO, opraHu3miiap Xa€Tu YUyH 3apyp MOJEKyIsp (QyHKUMSIIAPHU
aManra OIIMPUIIMIIA AeMakaup.? Mucon ydyH Typiau OMOJIOTHMK >KapaéHiap
XykaWipa OYynuHMII cukiu MmeTadasza Ba mpodaza xamja Xai3 KYpuUIl MauTH,

XKUHCUH XyXalpalapHu KYIIMJIAIIY Ba PUBOKJIIAHUII OOCKHYU.

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. D0I:10.1038/75556.PMID 10802651.

2 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.
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4-pacM. Ydra Typim MOJEI OTaHU3MIIap HaMyHajIapu EpaMuia reH OHTOJIOTUSCUHU
TY3WIHIIY Ba QYHKITUSACUHY H(oJaiant ssbHA OMp OHTOJIOTHS MYUIa TCHIIAPHHA OOFTAHUIIIN
MHUCOJI KI/IJ'II/I6 KCIITUPUJIITaH. OHTOHOFI/IHHap OHMOJIOTUK KaJIUT 05'73J1apnaH TY3HWJIT'aH.

I'en oHTOIOTHA OMOTOTHK KapaéHuaa ""0ockuuaapHu' udomanam
['en  oHTONOTHSICH OMOJOTUSHUHT ~ OOIIKa  WYHaTUILUIApU

SAbHH,
OMOTEXHOJIOTHS, TEHIap WHXXWHEPJUTH, TeHOMHUKa, OnonHdopMaTuka, OUOKUME,
dbusnonorus, NpoTeoMuKa kKabu MyHaIumnuIapaa oaud OOpUIraH TaIKUKOTIAPHUHT
MaxCyJiu acocujia WyHanmum cudartuja rozara Kemam.! IOkopuna kypcaruiran
(daHap reH OHTOJOTUSICHM MablyMOTIap Oab3acuian ¢oiganaHud KeIMOKIA.
buoMenuimHana Typiy reHeTUK KacaJUIMKJIapHU J1aBoJjiall, yjaapra TallXyuc KyUHIll
UIIapuaa T€H OHTOJOTHAICH Ma)XMyura KUPYBYM MHCOH T€HOMU MabIyMOTIIap
Oab3acugaH KeHr QoiganaHuiaMokaa. bymapaaH Tamkapy KUIUIOK XYKaJIUTH

MaxCyJIOTIIapUuHHU T'CHOMIIAPUHU TAAKHUK KI/IJ'II/I6, JHTH SJ’CHMJ'II/II( HaBJIapH, XaﬁBOH

30TJIapH SAPATUIUIINAA, YIAPHU MaXCYJAOPIUTUHU OIIMPHUIIIA KYJITTAHUIMOKIA.

! 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
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2 - MaB3y: I'eHOMHH TAXPUPJIALI TEXHOJIOTHSLIAPH

/ PEZKA

2.1. T'enomnu maxpupnraw mexHono2usLapuea acoc COTUHUWU.

2.2. T'enomnu maxpupiraw muzumiapunune acocuti uyHaiuuinapu. Aneu
aenoo mexnonozusnapu. Zinc Finger, TALEN, CRISPR.

2.3. T'enom myxanoucaueuoa TALEN ea CRISPR/Cas Kynnanunuwiu.

S

Tasinu uGopanap: Taxpupraw, aumucenc, Zinc Finger, TALEN, CRISPR,
marnoem, Xanthomonas, 0omeH, 2eHOM JOKYCIAAPU.

1.1. I'enomMHH TaXpUpJIaLl TEXHOJOTHsIIAPATa aCOC COTHHHUIIH.
Ycumiukiap, XalBOHJAp Ba OJlaM T€HOMUHUHT TYJIUK CEKBEHHUPJIAHUIIH
HaTIWKACHJA OJMHTaH MabiymMopTiap OuouHdpopMmaTUKa yCyJUlapd OpKaiu
OMOTEXHOJOTHS, MOJICKYJISIp OHOJIOTHSI, KHUIUIOK XYKaJlurh Ba TUOOUET
coxajapujia KeHI MUKECAA KYJUlall YYyH KaTTa UMKOHHUATIAp ound OepMoKIa.
BupoK reHOMHUHT ajioxuaa 3JeMEHTIApUHUHT (PYHKIIMOHAT ¥3apo OOFIMKIaApUHU
Ba yJIAPHUHT (PEHOTUNHK OCNTHIAPUHU XamJa ajoXyJa KacaJUIMKIaApHUHT
MaTOTeHE3! MIAKJUTAHUIIKUIATH POJIMHU TYIIYHHUIN YYYH T€HOMJIAPHHUHT (haKaTruHa
HYKJICOTH/I KETMa-KEeTIUKIApU TYFPUCHIArd MabJIyMOTIap eTapiu dMac.
[Toctrenom coxacuna renommnapnaaru JJHKmapau manumynsmus (OomKapwi)
KWIWII, TEHJIAp ODKCIPECCUSACHHA Ba PETYISATOP AJIEMEHTIAPHUHT HWIUTAPUHA
OOIIKapHIll Ba BU3YAIUIAIITHPUII UMKOHUHHU OepyBUH ycyiiap (Haos puBOXKIaHUO
6opmokaa.l AMMo 6apua ycyiuiap XaM caMapagopiIury, XaBpCU3IMIu XaMaa KEHT
JOMpasiary TaJAKUKOTYMIIAp KYJUIAlIK y9yH IOKOpH Tanabapra xasob GepMaiinnm.?
Cyurru 6up Heua Huuiap nuanaa reHomnapau taxpupiam yayH TALEN, Zinc
Finger Ba CRISPR/Cas9 (uurmm3ua CRISPR - Clustered Regularly Interspaced
Short Palindromic Repeats, y30ex Tuiuma - MyHTa3zaM TypyxJjapja >KOWalraH

KUCKA NAIMHIPOMHK TaKpopjap) KaOu sSHTM TEXHOJOTHSIAp ByXKyara Kemmu.

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 maigo OYiaraH TU3MMIIAD AJJIAKAYOH TEHOM MYXaHIUCITUTHUHUHT
camMapaJii Ba WIIOHWIN TEXHOJOTHsJIapura aimanu® yarupan. by wHHOBaIMoH
TEXHOJIOTUSUIADHU  3aMOHABHU  OWOJIOTMSIHUHT acoCUid  MoJell  00beKTIapu
TEHOMJIAPUHU TaxpUpJaliia XxaMaa TeHOMIAPHUHT (GYHKIIMOHAT CKPUHUHTH, OJ1aM
UpPCU  KacaJuIMKJIapu XyKaiipa MOJACIUIapUHM SIPATHIL, SMUTC€HOMUKACUHU
ypranuun Ba xyskaipajga coaup OyiaauraH >kapaéHiIapHU BU3YalU3alusl KUIHIIIA
KYJUTAaHWIAIH.

['eH MyxaHIUCIUTH COXAaCUHUHT Tapuxu 1972 iinnga amepukaiuk oaum Ilomn
Haum Bepr (Paul Naim Berg) maboparopusicuna pexkomOunant JIHK spatwmmnm
Ownan Oomnuianrad. by Taxpubana onaumiap wHYak Ta€K4yacd TE€HOMMHHU
Ooaktepuoar Ba Bupyc (SV40) rewnmapu Owian Oupnamrtuprad. Ymoy
KamuéTnan CYHr TeH MYXaHIHUCIUTH COXAacHaa yJKaH FOTyKJIapra SpHUIIIIIH,
MOJIEKYJISIP-TEHETUK MEXaHU3MJIap Ba XOAHcaIap MyKaMMall YpraHWau Ba Karid
STWIIM, SHAWIMKAA Oy XoaucamapHu IN VIro mapouTHaa amajra OLIMPHII
MyMKHH. bakTepus Xxamma BUPYCIapHUHT MOJICKYJISp T'€HETUKACH Ba OMOKMMECH
coxacumaru w3naHuniap OuomHdopmatuk  ycymwiap Epaamupa JHKuu
MaHUIYJSIIUS KUl (OOIIKAapHIl) Ba TYpJIM BEKTOP TU3UMIIAPHU WMIUIA0 YMKUIILL,
yJIapHU XyKaiipara KAPUTHII YCYJI Ba YCIyOJIAQpUHU SPATUII UMKOHUHU OEpIIu.
bynunr Hatmwkacuaa sca HadakaT TPAaHCTEH MUKPOOPraHU3MIIap, OAKM T€HETHK
MOAM(PUKALMSIIAHTAaH YCUMIIMKIIAp Ba XallBOHJIAP OJIMIITA SPUIIHIIIN.

buonndopmaTtuka COXAaCUHUHT IIU11aT Ouian PUBOXIIAHUIIIN
OMOTEXHOJIOTHSI Ba CENEKIHSA HYHAIMIIIApW TapaKKuETWra TypTKH OepuO, reH
MYXaHIUCJIUTUHUHT aMaJIMil COXACHHU k03ara KenTUpau. bUpOK aHbaHaBUM TE€H
MYXaHJIUCTUTH yCyJiIapu OUp KaTop KaMYIIMK 3ra O0ynub, OynmapmaH OUTTacH -
oJlaM Ba XaWBOHJIADHUHT KaTTa T'E€HOMJIADWHW MAHMITYJISAIUS KWIHAII yTa
MYypaKKaOIUTUIATUD.

Xankapo “Opmam reHomu” Jodmxacu goupacuga 1990-2003  iiumnap
naBomuaa ofam sipo JJHKCHHMHAT HYKJIEOTH ] KeTMa-KEeTIUTH aHuK1aHau Ba 20,5
MUHITAa SKUH TeHiap uaeHTuukanus KwinHad. by kabu kxymmab moimxanap

XO3UPIr BaKTIa XaMm OJIMO OOpUIIMOKJA, acOCHMH OWOJOTHK MOJEeN OOBEKTIIap




reHoMJapu - Wyak TaéKuacu, Hemaroja, Apo3oduia mamacu, CUYKOH Ba X.O.
HYKJICOTH]T KeTMa-KETJINTU ajUlakadyoH YKuO OYynmaraH. By moimxamap opkamu
JHKuHuHT Qakat HyKIeoTH]T KETMA-KETIUKIAPH TYFPUCHIATd MabIyMOT/Iap OJMIII
UMKOHHU OOp, aMMO T€HOM aJOXHJa 3JIEMEHTIAPUHUHT (YHKIUSICH Ba yJIApHHHT
y3apo OyTyH r€HOM THU3UMUTa OOFIMKIAPU TYFpUCHUIATH OMPOH MABIYMOT OJIUII
UMKOHU HYK. Opam reHomujaru (QyHKIMOHAN ¥3apo OOFIMKIAPHMU aAHIJIALL,
HadakaT UPCUIl MATOJIOTUSIIApHUHT cabab-okuOaTiapuHu, OamKyd KYm oMuiuiapra
OOFNIMK OYJraH KacaJUIMKJIApHUHT ca0a0llapMHU aHUKJIAIl Ba YJIapHH JIaBoJiall
Y4yH HUIIOHJIAp XaM TONUII UMKOHUHU Oepaju.

Omam remomun Mwumi TagkuKOT WMHCTHUTYTH 2003 Huima sHTH XalkKapo
norinxa ENCODE (unrn. Encyclopedia of DNA Elements, ¥36. JHK
AIIEMEHTIIApU SHUMKIONEAMICH) ycTuaa um Oouutanu. JloiimxagaH Makcam —
OJIMMJIAPHUHT WHTWIMII Ba HW3JIaHUILIApUHU Oupnamrtupran xoiaga PHK Ba
OKCWJIap Japaxacuna ¢aon Oyiaran osiaeMeHTiap, ¢GyHJAaMeHTal TEeHETHUK
x)apa€HIapHU (TPAHCKPUIILHKA, TpaHCIAUWs Ba pEIUIMKAIMs) Ha30paT KUIyBUd
perymisTop SJAEMEHTIap Ba OJlaM NeHOMHU (YHKIIMOHAT JJIEMEHTIAPUHUHT TYIIUK
pyiixatunu onuil 3a4. by kabu QyHKIMOHAN ¥3apo aIOKaAOPIUKIAPHU aHUKJIaIl
YUyH KyHUJard WKKH CTpaTervsi KYyJUIAaHWJAQu: TeHHH Y4dupuil (HAKOyT EKHU
HOKJAyH) XamJa TeH (aoNuATUHU €KW YHUHT OKTOMHUK OSKCIPECCHSICUHU
Ky4dalTupuil. AHbaHaBUW yCyJUIap - TOMOJIOTMK PEKOMOHWHAIMsIap KYJUIaHTaH
TpaHCT€HE3 CHYKOHJapAa, OyHIaH Tallkapd BHUPYCIU Ba JICHTUBYPYCIHU
BEKTOPJAPHUHT KYJUIAHWIMIIY HadakaT KUMMaT, OAJIKK )KyJja KaTTa MEXHAT Tajao
ATaau, ynap YyTa KaTbuil OeNrwiaHraH TeHOM JIOKYCHJa aHWK Y3rapuiuiap
KUPUTHUII UMKOHUHU OepMaiiiu.

XO03Upru KyHJa oJIUMJIap UXTUEpUIA OUp Heda TEeXHOJIOTHsIap MaiIo
Ooynau, Oynap opKaJid YCUMIIMKIIAp, XalBOHJIAp Ba OJlaM T€HOMJIAPUHU YTa IOKOPH
aHUKJIMK]Ia TaXpUupiamnl MIMKOHUHH Oepajin.

1.2. T'eHoMHH TaxpupJiaml TH3UMJIAPUHHUHT acocuil HyHaauuuiapu. Slaru
aBJjioj Texnosorusisiapu: Zinc Finger, TALEN, CRISPR.
Zinc-finger TtexHosormsicu.FOK | — sHmoHyKIeazamap JOMEHHM OwWiaH

OOfNaHraH OKCWJI JOMEHUHUT “Pyx Oapmoxuanmapu” THIOH CalT-CHEIUPUK




Hykieasa cudaruna paon 6y JAHKHU in vitro mapouTtnaa KaTbuil Oeiaruaanrad
y4acTKaJaApUHU YTa aHUKJIUKIA KAPKUIIU ayuTakadoH 1996 itmnna OupuHum Mapra
kypcatud O6epuiran 3au. [y kabu xuMepuk oKcuiIap MOAYJUIM CTPYKTypara sra
oymu6 xap Oup “pyx OapMmoxkdasapu” ITOMEHHW OWp HYKICOTHJ TPHUIUICTHHU
tanmiign (Zinc-finger Nuclease, ZFN).! By xynarypamanmaguran Xysxaiipanap
KyMIIaJlaH TUTIOPDUIIOTEHT TaHa XYyKallpajapu XxamJa MoJell XalBoHJap Ba
YCHUMIIMKIIApJa acOCH Taxpupianl ycyaura ainangm.? AMMo ZFN TexXHOJIOruscH
MYypaKKkaOJIUTu Ba Xap OUp aHUK T'€HOM JIOKYyCJIapu YYyH OKCHJI JIOMEHJIaQpUHHUHT
KOHCTPYKIIUSICHHM TY3MINTa IOKOPH Xapa)kaT Tajgad STWIHIU, OUp HYKJICOTHUIJIN
alMalIuHyB €KUM JIOMEHJIap apo V3apo HOTYfpu Tabcupiap cababmu JIHK-
HUIIOHHUHT  HOAHMK  KUPKWIMIIM  HSXTUMOJUIMKJIapu Kabu Oup HeuTa
kaMuunukiaapra sra. [IlyHUHT y9yH F€éHOMHM TaXpHUPJIOBYU SHIHM TEXHOJIOTHAIAP
TONUII Makcaauaa (aon wu3naHunUiap naBoM HTau. CYHrru Wwiapaa Oy
W3JIaHUIUTAp ~ TEHOMJIADHU  Taxpupiaml  UMKOHMHM  OepyBYM  SIHTH
MHCTPYMEHTIAPHMHT SApaTHIMIIKTa cabab 6ymmm.*

TALEN Texnonorusicu. by tusummap — TALEN (Transcription Activator-
Like Effector Nucleases, spHU TpaHCKPHITIUSHA (paoULIAIITHPYBUKIApTa YXIIalll
s dextop Hykieazagap) Ba CRISPR/Cas9 (Clustered Regularly Interspaced Short
Palindromic Repeats, spHE - MyHTa3aM Owup-OupHgaH OWUp XWI Y30KIHKIA
KOMIIAIITaH KUCKA NAJIUHAPOMHK I'ypyXJap Takpopiapu).® Ymby TusumIap oaam,
YCUMIIMKJIAp Ba XaWBOHJIAp Xy)KaMpacuJa KOKOPHU camapajiyd HWIUIApHU amanira
OIIMPUII Ba yJIap YUYH KOHCTPYKIUSJIAP TY3UIIHUHT HUCOATaH COAJAIUTU OWJIaH
bapk kwinagu. by kabu TexHOJOrMsANap TEHOMJAp YCTUJA Typiu Xuil

MaHUIYJSIIUSIApHA  aMaira omupuiga ¢aon KyJIIaHWIMoKAa Ba Oy opKaiu

1 Townsend JA1, Wright DA, Winfrey RJ, Fu F, Maeder ML, Joung JK, Voytas DF. // High-frequency modification of plant genes
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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.




TPAHCI'€H Ba MYTaHT XAaWBOH Ba YCUMJIMKJIApP SpaTUII XamJa KyJiTypalaHaJuraH
0JlaM IUTIOPUIIOTEHT XYyXalpalapu acocuaa KacajUIMKJIap MOJEJIHMHM SIPATHII Ba
TaIKUK JTHUILI KaOW OUp KaTop Mypakkad MyaMMOJIapHU Xajl 3THUILI Y4yH UMKOH
dpaTtaad. byHIaH Tamkapy SHOUI€HOMHKACMHM YpraHuil Ba XpOMOCOMa
JOKyclHapuHu  Xyxkaipa mukiauga yTtkasum yuyH TALEN JIHK- 6ornoBum
JIOMEHJIApM  aCOCHJIard  XUMEPHUK OKCWUIap Ba (DAONMATH  TYXTaTWITaH
(unaktuBanms) Cas9 HykieasallapuJaH T€HJIAp TPAHCKPUIILMACHHH OOLIKApHUII
oyitnua oaub 6opuiarad Taxkpudanapaa donaanaHuIraH.

2011 ¥WmMima TreHOMIIApHM IOKOPM JapaXkaJard aHHWKJIWKAA Taxpupianl
UMKOHUHH OepyBuM ycysuiap katopuna TALEN tusumum xam Hydysnu “Nature
Methods™ xankapo >KypHajiu TOMOHHMJAaH MW TEXHOJIOTHsICH 1e0 TaH oauHau. by
TEXHOJIOTUSTHUHT SpaTWimil Tapuxu Xanthomonas amioan OakTepUsUTAPHHUHT
Yyprauunauim OuiiaH 60FIHMK. YOy 6akTepusiiap 1oy, KaJlaMIup, TOMUI0D KaOu
YCUMIIMKIIQPHUHT TATOTEHU XMCOOJAHUO KMIILJIOK XV>KaJIUTUra KaTTa UKTHUCOJUN
3apap KenTupaau, Oy 3ca yJIapHUHT CUHYKOBJIMK OWJIaH ypraHuaumura cabad
Oynau.  AHUKIaHMIINYA, OakTepusap  YCUMIMKIAp  XYXKaWpaJlapuHUHT
nuroruiazmacura s¢dexrop oxcwuiapau (TALE, Transcription Activator-Like
Effectors) axparu0 ynkapaau, Oy sca YCuMIMKIAp XyKalpacuaard >kapaéniapra
TabCUP OTUO MATOTeHJIapra HUCOATaH YaTWHYBYAHJIMK JlapaKaCUHU OIITUPAJIH.
Keitnnuanuk  sddexrop  (TabcHp  ATYBUM)  OKCHWJUIAPHUHT  (PaosusaT
MEXaHU3MJIAPUHU YpraHUIl HATIKACHUIIA, yJap dYKapHOTIapJard TPaHCKPUITIIHS
omuwutapuan  Ttakpopiad JIHK Ounan Oofnana osuin Ba Y3JIapUHUHT T'€H-
HUUIOHJIAPUHUHT 3KCHPECCUSICUHU (HAOUTAIITUPUIT KOOUTUSATUTA 3Ta SKAHJIUTU
aHUKJIAH]IH.

TALE oxcumnapun [JIHKra Oofmanumm, AoMeH Ba sApoja >KOWUJIAIIUII
CUTHAJIM XaMJla MaKCaJJard TeHHUHT TPAHCKPUMIUSACUHU (DAouTamTUpUI yUyH
KaBoOTap Mapkasuii JOMEHJAaH Tallkuia TomnraH. bupwHun wmapta ymoOy
okcuwutapauHr JIHKra 6ofnana onum koOunustinapu 2007 iunaa taBcudianral

aau, Oup Hun YTub 3ca MKKHU Typyx onumiap Tomonunan TALE oxcunmmapuauHTr




aumonnanran JJHK w3unmmmkiapuny tanu® onvmn koanapu anukianan.! JTHKra
OOFTaHyBYM JOMEH MOHOMEpJIapJaH TAIIKWJ TONTAHJIWTY Ba YIAPHUHT Xap Oupw
OUTTa HYKJIEOTH]l OWJIaH HUIIOHJIAHTAH HYKJICOTH]I KeTMa-KeMJIUTUra OOFJIaHUIIN
Kypcatub Oepuiau.

Monomepnap ukkuTacu rokopu Yy3rapyBuaH (Repeat Variable Diresidue,
RVD) 12- Ba 13- mo3unusiapja >koiiamrad 34 aMHHOKHCIIOTAaIAp KOJIUFUIaH

2 ByHpa aifHaH Yyma IOKOpH

nbopaT TaHAEM TaKpOpJapHU HAMOWHII STaju.
y3rapyBuaH aMUHOKUCIOTaJap O€NruiiaHraH HYKJICOTUUIApHUA TaHUO OJMIIra
’kapoOrap xucobOmananu. by kon Tyrma (mereHepaTuB BBIPOXKJICHHBIN )
xucoOmanaan. bab3u  0OKOpU  y3rapyB4aH aMHHOKHUCIOTaiap Oup Heda
HYKJICOTHUIIap OWJlaH Typiiu caMapajopiuK OujaH OofjaHUIIM MyMKUH. byHna
TALE monomepiiapu O6ofinaHagurad S5°- oXUp HYKJICOTH KETMa-KETIUTH OJIIU]IaH
numonnanrad  JIHK wmonexkynacupma goum  akaT TUMUIAMH — HYKJICOTHUIU
KoMnamras 6ynanu, 0y 5ca GOFIaHMII caMapajopJIurura Tabeup 3tanu.’ Cyurru
3’-yun TaHUO ONIMII caiiTura OOFIaHyBUM TaHAEMJIM Takpop 20 aMHMHOKHUCIOTa
KOJIUFUIaH noopat 6Yiauob y sipum Takpop 1e0 HOMIIAHAIH.

TALE oxcwminapu épaamuna JIHK kogmapyHUHT YKUTUIN aHUKJTIaHTaHUAaH
CYHI Y3WUHUHT coanainuru (Oup MoOHOMEp- OWMp HYKIEOTHa) OwmiiaH OyTyH IyHE
OJIMMJIAPUHUHT KU3UKUIIMHU yiroTan Ba TALEN - xumepux Hykieaszanap
apatum Oyiinya GupuHuM Taxxpubanap amanra omupuian.t Iy makcagna TALE
nomenura Oornann® JIHKHM koaupioBYM W3YMIUIMKHU TUTa3MHUa BEKTOpUTa
KUPUTUIIH, Oy BeKTOp uiarapu ZFN TeXHOIOrusCUHY sipatuinaa (poiganaHuiras.
Hatmwxana JIHKra OormanyBum  ngomenHu Ba  Fokl  pecrpuxuusiiapu
SHIOHYKJICA3AUIAPUHUHT KAaTAIUTUK JOMEHUHHU y3 MYHUIa OJITAaH CYHBUN XHUMEPHK
HyKJIea3ajap OKCIpEeCCHs KWIYBUM TE€HETHK KOHCTPYKUMSIap sSpaTwiaud. by

texHosorust JIHK-OofmoBYM JOMEH Typiu IOKOpPH Yy3rapyBuaH MOHOMEpJIapHU

! Wwatanabe 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




(Repeat Variable Diresidue, RVD) Oupnamtupran xonga ucrairal HyKICOTHT
KEeTMa-KeTJIUTU HUIIOH OYNraH CyHBHH HyKJeasajap spaTUIl UMKOHMHUA Oepaju.
Kyn xomnapna A, T, G, C HykIIeoTHJIapuHU MOC paBullia Oofiaml yayH Asn Ba
Ile (NI), Asn Ba Gly (NG), uxkku Asn (NN), His Ba Asp (HD) mapuu ¥3 wmuwura
oJiraH rokopu y3rapyBuan (RVD) Mmonomepnapnan dboinananunaau. byHnna rokopu
y3rapyBuan moHoMepiap-RVD NN, A xamaa G cudatuga OOFiIaHUIIM MYMKHH.
Kymnab Taxxpubanapna ryaHUHHHHT siHaAa crienuukpok Oornanumm yayH NH
¢ku NK wMoHOMepnapu KyJUIaHWITaHUZAQ KEpPakCU3 HUILIOHTA OOFJIaHUII
XaTomKIapuHu Kamaiitupaau. KOxkopu y3rapyBuan Monomepiapaaru-RVD (H
¢k N) OMpUMHYM aMHHOKHUCIIOTa KOJIJIUFU O€BOCHTAa HyKJeoTHiara OOfJIaHUIIAA
KaTHAIIMaliI1, JeKUH (a30BUil KOHGOPMALMSIHU CTaOWIUIAIT YUyH %KaB0oO Oepuin
aHUKJIaHAUM. VKKMHYM aMHHOKHMCIIOTa KOJIUFM HYKJIEOTHJ OujaH ¥3apo
Oofmananu, OyHaa Oornanuin Tabuatu Typsauya: D Ba N azornu acocnap Ousad
BOJI0pOA OOFNIapUHU XOCWJ Kuitaau, JiekuH | Ba G Bau-aep-Baanbsc kyun xucodura
HHUIIOHJIAHTaH HyKJIEOTUIap Ouaan Oormanamy. !

Howmenra 6ornanyBuu cynspuit JIHK siapo nokanuzanuscu curnanura, N- yuu
nomeHn Ba Fokl karanuTuk poMeHura sra OYyiaraH SpUMTaKpOp TEHETHK
KOHCTpyKIMsira kupruzwiaad. CyHbH HyKIi€a3ajap YYyH WIIOHJIAHTaH CalTiiap
Kyhugarnda tannab onmunanu: ynap JHKHuUHT Typnu 3amkxupnapuaa Oyaumm Ba
creficep KeTMa-KeTIUIruaa KHIuK yqyactkanapra (12-25 x.H.) axxpaTuirad 0yaumm
kepak 6ynaau. CyHbU HyKJIea3aJIapHUHT sijjpora 60puo >kouIammimy OusiaH yaap
HUILIIOHJIAHTaH caiTiap OwiaH OoffaHaau, Hatwkana C yunapuaa >KoMamiraH
XUMepUK oKkcuiutapHuHr Fokl momennapu qumepusanusiaHagyg Ba criercep KeTMa-

KETJIUTUTa UKKW 3aHKUPIN OVIIUMK Xocui Kunaau. (1-pacm)

LleiY, 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.




FeHOMHUMHI MakKcaanu (HULLOHMKN) NMOKYCU

[OHKra 6ofnaHyB4Y1 AOMEH Fokl KaTanuTuK 4OMEeHM

Fokl katanuTuk gomeHun

AHKra 6ofnaHys4Yn goMeH
TALEN xumepukK oKkcunnapm xydprnmrm

OKcun goMmeHnapu épgamuaa HyKneoTuanapHu TaHnG onuu Kogu

Nl = A NG=T NN=G HD=C

1-pacm. TALEN xumepuk OKcwimiapu &paamMuia WKKH HIUIKA (3aHKAPIU) OYIUIMK KUPWUTHII
cxemacu. JIHKra GormanyBum okcun mpomeHWHWHT Oup moHomepu JHKHuWHT Makcammwm (HUIIOHIH)
KeTMa-KeTJIuruja Oup HyKICOTHIHHM TaHMO onaau. boriaHUII yuyH MOHOMEpAArd MKKH aMHHOKHCIIOTA
KOJIIUFH aBoO Oepaiu, TaHWUO OJIMII KOIM KEITHUPWIraH (aMUHOKHCIOTAa KOJIUKIapu Oup xapdia
udonananany). TanuO onmiu caiitnapu macodana JHKHuHT Typam 3amxkuprnapuaa skoinamrad, Oy sca
Fokl xaranutuk momennmapu amMepusanuscu yuayH erapmuaup. Fokl muvepu cudarmma JIHKra wmxxwn
3aHXHUPIN OYIUIMK KHPUTAIH.

Hazapuii xuxarnan [JHKra GornanyBur TOMEHIapHUHT MabIyM TaHUO OJIMII
cailTiiapy OwiaH TEHOMHMHI wucrtairan ydactkacura [TALEN  cywbuit
HyKJea3ajapu €pAaamMuaa UKKA 3aHKApPAM OYUUMK Kuputuil MymMkuH. TALEN
HyKJIea3ajapy CalTIIapMHU TaHJAIIaru SroHa 4ekjoB, Oy HUIIOHJIAHTaH KeTMa-
KeTIUKIary 5’-yuu onamuaad T HMHT MaBxKyn Oyium 3apypusatuaup.l Ammo
crieficep KeTMa-KeTJIWTW Y3YHJIWTMHU Y3rapTUpUIl OuiaH Kym XoJulapia caiT
TaHJOBNapuHU amanra omupuil MyMkuH. JIHKra Oornanaawran gOMEHHUHT
W232 konauru N-oxup ydacTKacHMHUHT Tapkubuna 5°- T Ounan y3apo Oupukamm,
Oynna y TALEN HuHT HUIIOHNIAHTaH caiTiap OMIaH OMPUKUII camapajopiiurura
TabCUp KypCaTMIIM aHWKIaHran.? Ammo A, G, éku C Omnan GofiaHa OJyBYH
TALEN N-oxupnu JOMEHMHUMHT MyTaHT BapUaHTJIIAPUHHUHT  CEIEKUHUACU
HaTIKacua Oy MyaMMOHH XaJl 3THII UMKOHU 00p.

CRISPR Texnonorusicu. TALEN xumepuk oxcuutapu TU3uMHU Kard

KuwivHranugad ukku wun ytud CRISPR renomHu Taxpupnail TeXHOJOTHSICUHU

L 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 Kymnam pusoxnanau.! By TEXHONOTUSHUHT 3JIEMEHTIAPU KOAUPIAMAN IUTaH
PHK Ba Cas (CRISPR-associated) oxcumrapu xucoOmanamu. TALEN xumepuk
okcmiapugan ¢apkin pasumga CRISPR/Cas tusumu épmaMuga TaHHO OJIHII
xycycustn Humonnanrad JIHK Ba xomumpnamannnran PHKnaprauer ysapo
KOMILJIEMEHTap OOFJIAHUIIN XUCOOUTa aMalra OUIMpPUIIaIu.

bynna wnykneaza Qaommurura sra  koaupiamaiauran PHK Ba Cas
OKCHJUTapUJaH nOopaT KoMIuieKe Xocui O6yinaan. baws3u Oakrepus rennapuma 1987
WWiia cUpiM TakpopJiiap aHUKJIAHTaH, YJIApHUHT (QyHKUMsutapu kapuitd 20 Humn
JTaBOMHUa HOMAbIyMJIUTHYA KOJIH. bakTepwsi TeHIapUHUHT CEKBEHC KUITHHHIIN
FEHOMJIa  AHAJIOTMK  HYKJIEOTHU]JT KETMa-KeTJIuru dra Oydaran  kymiad
MUKpPOOPTaHU3MIIADHUHT aHUKJIaHHWIIUra cabad Oynau, Oynap XapakTepiu
CTpykTypara 3ra, sibHU HOEO0 JIHK-cneiicepiapuHuHI KUCKa y4yacTKajapu Oup-
OWpuJaH KUCKA MAJIMHAPOM TaKpopiap OuiaH axpairaH (2-pacm). AliHaH ymoy

xycycusitura kypa ynap CRISPR ne6 nHomnanu.

BomKapyE KeTMa-KeTJIHK/JIApH

1 Cunelicep.iap
tracrRINA Cas renaapn . : CRISPR
frm— cax? DA P—@—P=—P oycn
]
% R CTPYKTYpPAcCH

SracrREEA. T OCTUPaCCIen 8 TYFpH TaKpop./ap

& 4' T

ETHIHIIH

[ . Hosmrmmexc

Tep e e L san ' S s IR e
tracerRINA

2-pacM. BakTepus xy:kalpagdapuia CRISPR/Cas9 xapakaT.IaHHIIH MeXaHH3MH

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




bynnan Tamkapu Oy kabu CRISPR kacceramapu OeBocHTa OKCHII
MaxCyJloTJIapu HykJea3a Ba Xenukaza Qaosumrura sra Oymran Cas rennapu
(CRISPR-associated- CRISPR Owunan accoruanusiaHran) sSKAHUAA SKOWJaliraH
oynamu.! Bup-6upugan Gexabap OnOMH(DOPMATHKIAPHUHT y4 TyPyXH cHeicep
JHK xymna6 dar Ba mmasmupanapuudr [IHKcura romomsor skanmurunu 2005
nunga mavaym kuiagu. 2007 #imnga CRISPR cneiicep nokycwaa MaBxys Ba
OakTepuodarra ummamiam OyyimO Oopaérran  Streptococcus thermophilus
xyxapanapu OakrepuodarauHr renom JIHKcura kommiieMeHTap SKaHIUTH
anuimanay. Ly rtapzma CRISPR/Cas texnonormscn HOEO0 MexaHW3M OYino
MuKpoopranusmiiapau Oerona JIHK kupummpgan Xumosiamu Ba pPECTPUKLUSA-
MoauduKalus TU3UMHU OuiaH Oup Katopaa ¢aos 6YIrMd reHeTUK MabIyMOTIapHU
TOPU30HTAJ KYIHPUITUIITHHY YEKIIAIT aHUKJIaHH.

CRISPR- Tuzumiapu mpokapvoOT OpraHuU3MIIAp YpTacuja KEHT TapKaJlraH:
ynap 87% apxeit Ba 48% nyOakrepusiiapna anukiaanrad. [llyHuHr yayH xap xui
opranm3Mm Typiapuga reHomuaru (1-18) CRISPR-kaccetamapu Mukmopu kaOu
TakpopJapHUHT MUKIopu (Yprada 60) Ba xaxkmu (Ypraua 23-37 H.K.), ITyHUHTJEK
cneficepJapHUHT coHU Ba Xaxkmu (17-84 H.k.) y3rapyBuan Oymanu. bynna Oup
Kaccera WUMJard creicepiap Ba TaKpPOPJApPHUHT Y3YHJIWIU Yy3rapmac Ba
TaKpopJIap KeTMa-KeTIUIH 3ca 6up xui 6ynanu.

XUMOS MEXaHU3MHM y4 acocuil OockuynaH mbopataup (2-pacm). bupunum
aganTanus Oockuumaa OakTepus Xykapacura kupran 6erona JIHKuuHr xuuamx
dbparMeHTH SHTH criericep Xocw Kuianb xyxaitma renomuHUHT CRISPR-10Kycura
Vpuatunagu. Bupyc renomuaa 0y ¢pparmeHT mporocneiicep cudarua crencepra
KOMITJIEMEHTap Ba KUCKa (2-5 H.K.) (IaHKUpIaHTaH KOHCEPBATHUB H3YMIIIMKIA
MmaBxya 6ynaau, 0y PAM (Protospacer Adjacent Motif; npoTocnelicepra Teruuuiu
MoTuB) ne6 HomiaHaau. Suru cneiicep noum CRISPR kacceracu onmunan AT ra

0ol nuaep KeTMa-KeTIMK TapadumaaH VpHamamd, XyIad Iy >KOHja MpoMOTOp

1 Zhan-Qi 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.




AJIEMEHTIIAPHU Ba PETYIATOP OKCWIJIAPHUHT YTKA3UII CaWTIIapy Kounamrad. bapua
W3JIaHUIUIapra Kypa, aiHad mry tap3faa kymumink CRISPR/Cas-tusumnapuHuHT
HUIIOHJIAPH XOCUJT OYIaiu.

TpanckpunuusHuHr ukkuHIu Oockuumna O6apua CRISPR nokycnmapu pre-
crRNA (poly-spacer precursor crRNA; CRISPR PHKHunr sipum cneiicepiu
VTMUIIIONIM)  y3yHIWUTUAA  TpaHcKpunuusuiaHaau  (2-pacm).  Etunmaran
TpaHckpunHUHT etunrad crRNA xonatura mpoueccudr kunuaumm CRISPR/Cas-
TH3UMIIapuaa kym xoJutapaa Cas6 sHIOHyKiIea3zaJapyd TOMOHHUJAH amajra
ommpunanu. 39-45 nykneorun ysyniauruaaru kucka crRNA (CRISPR PHK) 6up
creiicep  KeTMa-KeTiurura osra  Oynu0d  oxupiapuaa  CTepKEHb-OUTH3
CTPYKTYPAaCHUHUHT IIAKUIAHUIIKAA HUIITUPOK HSTYBUM TaKpopiiap KoMaliraH:
TUAPOKCHUII TYpyXHUra 3ra TaKpOPHUHI CYHITH CAKKHM3 HYKJICOTHIJIapu 5’ y4duja
CTEpKEHb XOCWJI KWJIAIW, Ba TYFHOFMUCUMOH CTpyKTypa 2’, 3’-uukiuk Qocdar
Ownad 3’-yuna WIMOKIHM YPUYK (OMTH3)HU XOCHIT KUJIaIH.

Yuunun 60ckuu — 6erona PHK éku IHKHu unTepdepenuus (haoaustuau
CyCalWTHpHUIlL) KU, Oy jkapa€H crrnA Ba cas-OKCHUIUIApH KOMIUIEKCUHUHT Y3apo
Tabcupu Xucobura amanra omupuwiaau. CrrnA  KOMIUIEMEHTap — Xo0Jija
IPOTOCTIEUCEPHUHT KETMa-KeTJIMTMHU TaHUO OJIaJy Ba Cas-OKCUJUIAPHU YJIApHUHT
OYy3WIHIITMHU TabMUHIaNu (2-pacm).

JHK-aumonnapuu s¢gdextop mMaxmyacu OwinaH Aerpajauus KWJIHIL YYyH
crrnA  HykneotumnapuHuHr  JIHK-wumonnapu Ounman  y3apo -2, -3, -4
no3unusiiapaa (arap +1 mporocneicepHUHT OMPUHYM acocura KaOyil KUJIMHCA)
KOMILJIEMEHTap Oupukuiid pyi Oepmaciuru kepak. CrrmA  Ba JIHK-
HUIIOHJIAPHUHT Y3ap0 KOMIUIEMEHTap OMPUKHUIIM YOy mo3urusiiapaa dddexrop
MaXMyaCMHUHT MAKJUTaHUIIMHKA Oy3aau, Oy sca renoM JIHKcunu Kupkumra Ba
YHUHT KEHUHYAIMK JCTPpaJalysra yapanura TYCKHHINK KAJIaIu.

Bupycnap Ba yJIapHUHr XyXaWWH OPTaHU3MIIAPUHHUHI Y30K KO3BOIIOLIUSCH
Bupycinapaa crISPr-untepdepenuusiiapra Kapimu XUMOS MEXaHU3MJIAPUHHUHT

naio Oynuimra oauo Keiu.




by Oaktepusi Ba apxeinapaa crlSPr/cas-TU3MMIIapUHHHT KaTTa XHJIMa-
XUJUIMKIIapra 3ra 3KaHJIuTrd OuiaH TYIIyHTHPUIIAIH.

buoundopmatuk Taakukoriaap Oapua crlSPr/cas-TuzumiiapuHu acocuit yu
tunra (I-1I1) Ba Oy Tunnapuu siHa kamuaa 10 Ta rypyxiapra Oymamu. Xo3upru
KyHaa Oynapnan S. Pyogenes martoreHupaH axpatu® ojuHrad II-A TUNMHMHUHT
crlSPr/cas-tusuMu reHoM MyxaHauciuruaa (aon kKymuranuiaand. by Oakrtepusiaa
cas TGHHHUHT MHHHMMAaJl TYIJaMH aHUKIaHrad. bupruna momydyHkimonan cas9
OKCWJIM pre-crrnA nporeccuHruau xamaa 6erona JIHKuunr uatepdepeHuuscuam
amaJra ommpay.

CrrnA mpoueccuaru komupiamaiiauran kuumk PHK - tracrrnA - (trans-
activating crmA; tpancaktuupytomas crPHK) Ounan xam Oornuk Oynaau.
TracrrnA Monekynanapu pre-crrnA KeTMa-KeTIUMKIAPUHUHT TakpopJjiapyu OusiaH
JYTUIEKC XOCHJI KWJIMO KOMIUJIEMEHTap OOFfjaHaau, XYXKaluH XyKalpaJapHUHT
pubonykieazanapugan Oupu -PHKaza III, cas9 wumrupokunma 5° yumma 20-
HYKJICOTHUTM CIeiicep KeTMa-KeTIMrura sra OyiraH €TyK CItnA HUHT XOCHII
Oynumm OuiaH MyTuieKCHU KupKaau. byTyH mokycra Mg2+ voHnapu UIITHPOKUA
cas9 MKKHU 3aHXUPIIM aXpalnuil kupuTtaau, Oynaa 0y pepmentaunr HnH nykieasa
noMeHu CcrRNA ra kxommnementap JHK unumaum kupkaam Ba RuvC -momeHu
HOKOMIUIeMeHTap UnHU Kupkaau. Cas9 S. pyogenes yuyn JIHK-uuion ¥y3unpa
OeBocHTa KUPKHIII aMajira OMMPUIAANTaH yq Hykineotuaaan cyar 5'-nGG-3' PAM
Hu Tyt™Mofu Jio3uM. II Tumuuunr Cas9 yuyn S. thermophilus Ba Neisseria
meningitidis HUIIOHapu MocC paBuIga Oomka KoHceHcycra ara- 5'-NGGnG-3' Ba
S'-nnnnGAtt-3".

['eHoOM  MyXaHIUCIUTMHUHT  yMYMUH  CTpaTerusick  cailT-cnenudux
HyKJIeazanap €pJaaMuia TYpT acocuil 00CKUYaH HOopar:

1. F'eroMaa Makca I HYKJICOTH] KeTMa-KETIMTUHU TaHIa0 OJIUIIL.

2. Tanna® OJMHraH HUINOHTAa WYHAITHPWITaH HYyKJea3a KOHCTPYKLUMSICHHU
SIPATHIILL.

3. Ym0y KOHCTPYKITUSHU Xy>Kalpa SApOCUTa KUPUTHIIL

4. OnuHrax MYyTalWAJIAPHUHT TaXJINUJIIA.




TALEN Ba CRISPR/Cas9 texnonorusutapu EpaamMuja WIDIaraHaa WKKU
3aHKAPAN OYIMHMATApHU CHeNU(PUK KUPUTHIN yUyH CaWTIApPHA CHHYKOBIIUK
Owradn Tannad osmmm 3apyp. Jlactmabku OouwHGOpMATUK TaxjImuuiapra Kypa,
TeHOMIa WMKKHU 3aHXKUPIA OYJIMHMANapHU KUPUTHII Makcaacu3 3(QexTiapHUHT
XaM 3XTHMOJUIUTH OOPIMIY OMIaH TyLIIyHTHpUIam. .

Kepakiiu caifTiiapHu TaHjamia KeTMa-KEeTJIUWKIAPHUHT TaKpOpJaHUIIMAAH Ba
TEHOMHUHT 0OIIIKa palOHUIATH FOKOPH TOMOJIOTHSIIAPUAAH KOYHUII Tamald dTHIIA]IN.

TALEN xuMepuk OKCHWJUTapu TH3UMHUJAH (QoljanaHuiarasga Oup Heua
cababmapra kypa makcajacu3 s¢ddextiapu ByxKyAra kenaaud. bupunumman, Oy
cneuuduk Hykiaeorwmmap Ba RVD  OornmaHumHuHT 3P (EKTUBIUTHIATH
dapknapaup. NN Ba HD moHoMmepnapu HykJeoTwasiap OuilaH Kywid BOIOPOJ]
oornap xocun kKuiaau, Oy Bakrna NG Ba NI — kyucus makimnanaau. by JIHK-
TaHUWIUTaH JOMEHJIApHU MaKCcajd CcalTiapjaH Oup Heya HYKJICOTH]jiapra
dapkianyBun caiitiap OwiaH OOfJaHUIIMIa HWMKOH O€pUIIM  MYMKHH.
NkkuHYMIaH, KOJHUHI TyFMa OYJraHd Y4YyH MOHOMEPJIAPHUHT HYKJICOTHJIAp
OwyiaH OOFJIaHUINI SXTUMOJUTUTH MaBxXKyH, MmacaiaH, NG Ba A JapHUHT ¥3apo
OOfNaHMIIM. YUYMHYUAAH, MKKU HykjeazanapHUHr Fokl nomenmapu Oup xun
JIHKra OornanyBuM goMmeHsapu (TOMOAMMEPJIAPHUHT XOCWJI OYynumim) Ouiax
auMepHu3anusra yupamu MyMKuH. By Myammo wmaxOypuii retepomumepiap
cuaruaa unuioBun Fokl gomennapura sra TALEN TuzuMuHuU sipaTuill OpKajau
OMp Karop MIUIAPHM aMajira OINMPHII JaBOMMIA Xajd STHIraH.? DXTHMOJUIA
Makcajacu3 dS(dexTnap Hykieazajap TaHMII CalTIapu opacujaru cremcep
JHKHUHT xa)kMU Kailg STHUIMaraljJurd HaTwxacujaa coaup Oynuinu MyMKuH. By
xycycusat Fokl nmomennmapu auMepusalMsUIaHUIMA yUyH eTapid Macodana
JKOMJIAIITaH HyKJIea3aJapHUHT MakKcaJcu3 calTiap OuslaH OOFJaHUIIWIA WKKU
3aHXKUPIH OVIIUIMK KUPUTHUII UMKOHUHH Oepaii.

S. pyogenes cas9 nykneasanapu 5'-NGG-3' koncencycu 6mnan PAM napuuHr

MaXOypuil MINTUPOKWHU Tajnad sTaau, OyHAa KaM MHKIopjaa Oyica Xam y

1 Ma S, et al. Highly Efficient and Specific Genome Editing in Silkworm Using Custom TALENs. 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




HUUIOHJIAPHU TaHJAIIHU YeKJaiau. XyCcycaH, 0JlaM T€HOMUJA MAKCaUIA (HUILIOH)
caitmap xap 8-12 H.Kk. JapumaH cyHr skoinamran Oymagu. CRISPR/cas9
TU3UMUHUHT aCOCUMA KaMYWINTU — MaKCaJICU3 MyTalMsuiap naugo OYIMIIMHUHT
HUCOAaTaH IOKOpH OSXTUMoUMruAanup. In vitro, Oakrepusuiapga Ba ojam
XyKapanapuaa oau6 Oopwiran taxpudanapaa 20 aykiaeotumm sgRNA (single
guide RNA) mapHuHT cneiicep y4acTkajmapuga ©Oab3u OUp HYKICOTH]
anvamuayBinapu CRISPR/cas9 TuzuMuHUHT ce3unapiu napaxkana (paoyUTUTHHH
CyCaTUpUIITa OJUO KEIUIIM MabllyM KUJIMHTaH, aifHUKca arap Oy ajaMaiinHyBlap
sgRNA nunr cynrru 10-12 Hykneotumnapu 3'-oxupiiapuja >Koujamrad Oyca.
[y 6unan O6up Bakraa sgRNA HMHr 5'-oxupuaaru aJMamvHyBIap THU3UMHHUHT
daonusaTH yUyH Xe4 KaHaall Tabcup yTKazMmaiian. AMMO MabiyMku, arap sgRNA
HUHT 3'-oxupuparu Oup €xku MKKM HykieoTu i anMamuHyBiap CRISPR/cas9
TU3UMUHUHT (aonusTUra TabCUp OJTMAilM, Ba akCMHYa, arap S'-oxupuua
)Koinamrad 0yica ¢gaonuarra TYCKUHIMK KWJIaau. YMyMaH OJraHjia, MaKCajCcu3
addext cas9 yduyH 5'-oxuMpu HYKJIEOTHUIapura HUcOATaH KaM axamusiTra sra
KeTMa-KEeTJIMKHU WYHaNTUpyBUYM 3'-oxupujard —8—12 H.K. aJMalluHyBIApPHUHT
JKounammnuiapu Oyiinda aHukianaau, OyHma Cas9 wu  sgRNA  njapra
KUPUTUJIQJINTAaH ajJMallMHyBJIap Ba ailHaH HUIIOH-CAUT XYCYCHUSTIAPUHUHT
KOHIICHTPAIMSICH Ba MHKIOPH Yy4yJaH oOIIMaciaurd Jio3uMm. Kypcartunran
KAMUYMJIMKIIADHU €HTHII cas9 OpTOJIOTJIapUHHU KYJUlallra acocjaHTraH yCyJUIapHU
KUJIUPUII Ba WNUIa0 YUKUIITa UMKOH Oepaau. bymapHunr daomnuruau
TabMUHJIAII yYyH Mypakkad KOHCEHCyC KeTMma-keriukka sra PAM 3apyp
xucoomanaau. Macanan, II tun N. meningitidis CRISPR/cas PAM napuu 5'-
NNNNGATT-3', koHcencycu OunaH TaHUWIM, Oy kapa€HJa HHIIOH TaHJIAII
UMKOHUSTUHM 4ekiad creruUKINKHN OIIUPUIITA MYMKHH.

CRISPR/cas tu3ummapu €paamuaa TEHOMHHM TaxpupJiaml CHeruUKIUTHHU
omupum mMakcaauaa sgRNA xydmuru (ZFN Ba TALEN xydTnux anomornmapu
cunrapu) OwnaH ukku Cas9 Hukazamapugan doigananuiaan. Ymoy sgRNA

xkyumuru Fokl momennapu Omnad ¢akat MKKA MYCTaKWJ OKCHJUIAPHUHT TabCUPHU




! Bup karamuruk Qaon

acHocuma JIHKra Oynumk (mapyaniaiin) KUPHUTAIH.
nomennmapuuHr  myrtanmsicu  (HNHpa DI10A Ba RuvCaa H840A) Cas9
Hykieazacunu JIHK-nukazara aiinmantupagu. Arap JJHKHUHT MKkana 3aHXUPUHU
Cas9 nHukaza xyrourun OwinaH KHPKHUICA CaWT CHEMUGUK HWKKU 3aHXHUPIH
OVIITUKJIap XOCWJ Kujauinra onud kemanu, Oy Oymumukiaap JJHK yunapususr
(oxupnapu) Horomoioruk (NHEJ- non-homologous end joining) Tuxkumuim
Epmamuma Kaita OkydTiaamanu, OyHAa amoxuma OynraH OwWp 3aHXHPIN
napyana"nunuiap okopu skciusus (BER- base excision repair) acocua camapainu
paBumga kKahta xyprmamanu. Mxkum Cas9 Hukazamapuau sgRNA xypriauru
OunaH KyJutall MakcaJCu3 MYTAlUsJIAPHUHT XOCHJ OYIWIINHHU  Ce3UJIapiu
Japakaza KamMauTupuiy Ba Oy kapa€Hlla MakcaJcu3 MYTalUsUIApHUHT YUKHIIN
OyTyHJall HyKJIea3aJapHUHT KYJUIAHWIMIINUTA OOFIMKIUTH KYpcaTuO OepuiiraH.
Kenrupunran CRISPR/ Cas9 Ba TALEN Tusumnapu €paamupa Makcain
(HUIIOHIM) CaWTIapHU TaHUO OJMII HWMKOHMSTIIApU Iy KaOW calTiapHH
KUTUPHILIAA KYJUTalll yYyH KOMITBIOTEp QJITOPUTMIIAPUHH TY3HIAAa IbTHOOpra
OJIMHTaH. XO03WpJa TYypJd KOMIAHUSJIAP TOMOHMJAH SpATHIITaH OHJIAH
Jactypiiaml TabMUHOTIapu MaBxyn OynuO, ymap CRISPR/ Cas9 Ba TALEN
TU3UMJIAPUHUHT TIOTCHIMAJI CAWTIApUHHU TaHJIAII, Xamja 3XTUMOJUIA MaKCaJCH3
sbdexTnapan aHukiIam ydyyH Xam Mmyspkamnanrad. [JHKra GornmanyBum nmomen
nespnau OWp XWJI TakpopiiapAaH TallKuwil Tomnrad, IryHUHr yuyyH TALEN Hu
DKCIIPECCUsl KUIYBYM TEHETHUK KOHCTPYKIIMS TY3WIIJAa TEXHUK XapakTepra jsra
MyaMMOJIapHU XaJl ATuIl Tanad stuiaau. by Oopama 20-30 Ba yHIaH OPTHK
moHomepaapaan uoopatr TALE JIHKra OofnaHyBuM JOMEHJAPUHHU SIPATHII
WMKOHUHH OepyBYH OMp KaTop ycyimap Takiaud stuirad. Ymda crpaTerusuiapiaan
oupu [HKuu Il Tunnm pecTpukius sHAOHYKIeazanapu Ba aurupiam-REAL
(REstriction and Ligation) Ounan ruaponuznam opkanun JHKvu cranmapr

KJIOHNIAIITUPHINTA acocladran.? Bynga OupuHum Oockuuma 5°- Ba  3'-

L 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.




oxupiapugaH (ywiapyu) PpECTpPUKUMS DSHIOHYKJIea3a CalTiapu KUPUTUJITAH
MOHOMepIap KyryoxoHacu Tai€pnananu. JJHK rugponusunan cyur xybTiukaaru
Arvpiam skapa€Hiapu yTkasuwiaad Ba OyHUHr HaTwkacuna aumepnap (NiNo,
N3Ng4, Nak-1Nok) Xocun 6ynaam, Oymap KeHMHYAIMK TeTpaMmepiapra OupIiamiaiu.
ByHna TYfpu KeTMa-KEeTIMKKa Typjd PECTPUKIMS SHIOHYKJI€a3aJlapyuHU KyJUIall
opkanu spummiaaau. by ycyn Mmypakka® Ba y30K BakT Tanab 3Taau, Xap Oup
0O0CKHMY/Ia peaKIus MaxCyJIOTIIAPUHA TO3aJIalll XaM/1a WYHAIUIIHUHT TYFPUIUTHHH
TacAMKIad Oopuiml xam Tanad HSTunaau. by kapaéHinapHU Te3NAIITHPHIL
MakKcaauaa MOHO-, IIH-, TpU- Ba TETpaMepilapHH Y3 wuuura oJradn 376
AIIeMEHTIIapAaH H00paT KyTyOXoHa sSipaTHIIraH.

O(QPeKTUBAMKHU OWMPUII Ba WHFUII JKapaHJIApUHU  TE3JIAITHPUILI
makcaguna Golden Gate peakuusich Kyutanwiagud, Oy Oup  peakius
apanammMacua Oup BaKTHUHT Y3uja JIMTHpIIall Ba PECTPUKLNS SHAOHYKIIea3alapy

épllaMu/ia THAPOJIU3IIAIl UMKOHUHU Oepanu (3-pacm).

MoHomepnap
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(yun) — (yun)

ApumTakpop

3-pacm. TALEN XuMepHK OKCHJJIAPDHHHU IKCIPECCHSAJIOBYM I'CHETHK KOHCTpYKUUsuapHH sipatuil yuyH Golden
Gate KJIOHJIAII TH3UMH aCOCHIa MOAYJUIH HEPAPXUK JINTHPJIAII CTPATETHSICHHUHT cXeMacH. A- OupuHIHM O0CKUYIa
JeTajuiap TYIIaMHuIaH noopaT y3ura Xoc “KOHCTPYKTOP ’HU TaKJUM 3TYBUM MOHOMEpJIap KyTyOXOHACH SpaTHiIaIu.
Ydy neramiap- cnennyK OJUTOHYKIEOTHA TpaiimMepnap épaamuaa aMIuMpuKanus KHIMHIaH MOHOMEPJIAPHUHT
KeTMa-KeTJIMKIapuIup. TpaiMmepnap mry Tapsfa Ty3wiaaukd, IIS Tumim sHuoHykleasa pecTpHKUMSIIApHHUHT
THIPOJIM3H HaTMKacKua ENUIIKOK Y4Iap XOCHI OYiuiy 3apyp, Oy EMMIIKOK yuiiap Tai€p KOHCTPYKIUsIa MOHOMED
MO3UIMSACUHN (>KOMIaIIyBHHM) aHUKa0 Oepaan. b- 6up Golden Gate peakumsicua Oup BakTHHHT y3ujaa Oup Heuya
MOHOMEpJIapHH JIMTHPJIAIl UMKOHHSATH OOp, OyJIapHUHT HaTHXKacHJla OPAIMK K-YIUOBIM KOHCTPYKIMSUIAP OJMHA/IH.
B- cyurrm 6ockmuma Golden Gate peaknmscw yTkaswminaaw, OyHWHT HaTMKacuaa OuMp HeEYa OpaNWK K-YITIOBIH
KoHCcTpyKumsutapauar Ba TALEN HuHT KoiTaH »3JIeMEHTJIAapWHHU Y3uaa TyTraH “acoc” IUTa3MUAaJapHUHT
PECTPUKIMSA Ba JUTHPJIALI XOAUCACH CORUP Oymamu.




In vitro mapowutnapma Ba 6akrepust xyxaipanapuna CRISPR/ Cas9 €pnammna
JHKHU KupKUIl y4yH KyHHJard KOMIIOHEHTJAp Tanald STWiIaad Ba eTapiu
xucobnanaau: xkomupiaamaiguran PHK tracrRNA Ba pre-crRNA, PHKaza III Ba
Cas9 okcunu. Ymly TU3MMHHU CYT SMU3YBUWIAp XyKaWpanapuaa Kyiiam Oup
KaTop ad3ammkiapHu 6epaiu.

bupunuugan, SpCase9 (Cas9 S. pyogenes) Hykiiea3acu KOJAOHJIAp TOMOHHUIaH
ONTUMAJUTALITUPUIITAH FOKOPH JYyKapuoTiap XyKalpacuaaru TpPAaHCKPHUIILUS
KapaéHWra MOCJHAIIMIIM 3apyp Xamaa sSApO KOMIIAPTMEHTAIU3ALMSICUHA
Ta@bMUHJIAII YYYH SAPO JOKAIM3AUUACH CHUTHAJUIAPUHU OWPIIAIITUPUII JIO3UM
(NLS- nuclear localization signal). Mxkm NLS Cas9 Hu sapora camapanu
(@ dexTB) HYHANTUPHUIL YIYH €TAPIUAMP.

WkkuHunaaH, 3ykapuoT Xyxkaipamapaa pre-ctRNA napau Taii€p Oynumm
yuyH sk30ored PHKaza Il kuputununmm tanabd stunmaiinu, uyHku 0y Bazudanu y3
xyxaiipa PHKa3anapu camapanu amainra ommpaim.

Yunnungan, kogupiamananrad ukku PHK ypHura kynuHua sirona xumepuk
sgRNA kuputunaau, OyHJa CUHHTETUK CTPYKTypa “‘Ouruz-acoc” €paamuja Tabuuit
CrRNA-tracrRNA nymnekciapuu — ypHUHM Oocuin Makcaauaa eTyk crRNA
tractrRNA kucmu Ownan Oupnamrad Oymanu (4-pacm). sgRNA TpaHCKpUTIUACH
y4yH MOC KeNlyBYM MpomoTop Tanad »twianu, macanan PHK-mommmepasa III

anokanop U6- npoMoTopH.

Cas?9

NMporocnekcep

JInHkep

4-pacm. Maxkcamin (HHIIOHJIN) JIOKYCIapra MKKU 3aHXUPIA OYIUINK KHPUTHIN YIyH STOHA XUMEPHUK
sgRNA. SgRNA maxmyacu Ba Cas9 JHKHuHT TaHnaHran caiTiapura HKKH 3aHXHPIA OYIUIHK




KUPUTHUIIT UMKOHUATHTA 3Ta. SgRNA- CyHBUU spaThiITaH KOHCTpyKIusa O0Ymmb y ¥3u 6mman PHK muar
oup monekynacura oupnamiran CRISPR/Cas9: crRNA-tracrRNA TH3UMHHHHT 3JIEMEHTIAPHHU TaKIAM
atamu. [lpotocmericep - CRISPR/Cas9 tusumu tanmiiguran caiit. Creiicep — sgRNA TtapkuOuparu
KeTMa-KeTJIMK Oynub, Makcaaiad CalTHUHT ¥3apo KOMIUIEMEHTap OOFJaHWII NPUHIWIHN Oyiinmya
Oormannmmra xaBo6 Gepagn. RuvC Ba HNH — xaramutuk momenmap 6ymm6, JHK 3amxwuprapuHuHT
MaKcajIi CalTiapuia UKKA 3alKupian Oynumk kupuraad. PAM — kucka motuB (NGG- CRISPR/Cas9
HIAPOUTH[A), YHUHT MaBKyUIMTH MPOTOCIEHCEpHHUHT 3°- OXUpUAaH (YUnuIaH) UKKU 3aHKUPIA OYIIITHK
KUPHTHUII Tajlad dTHIIAIH.

@®enr 3anr (Feng Zhang) nabopatopuscuma nacTiabKu —IIIa3Muaa
KOHCTpYKIusiapu sipatwiran 6ynu6 Oy koHcTpykiuss CRISPR/Cas9 wnmamm
y9yH Tana® »STWIaJAWraH »JIeMEeHTIapuaad Tamkuia tonrad. PX260/pX334
ma3Muganapu TapkuOusia yd HSKCIPECCHUSUIOBUM KacceTajaap MaBxkyn OYynuo
Oynap; Cas9-nykieaza/nukaza, CRISPR PHK-marpuniacu Ba tracrRNA (5-pacwm).
Humion- keTMa-KeTJIIMIUHU Y3rapTUpUIl Y4yH Oy KOHCTpYKUUsAIaH ¢akaTruHa
nacTinabku  30-HYKJIEOTHUIM WYHANTUPYBYM HW3YMJUIMKHU KecuO oJIdIl Tanad
srwnanu. by m3uwukinap Bbsl dnankupnanran caittnap xucoOnaHuO, yHU
CYHBUU CHHTE3 KWJIMHIaH U3YWUIMKIAp OWlaH anmMamTupuiagn. Yoy xapaéHHU
amaJira OlMpHUII YUyH MaKCaJJIM KETMa-KETJIMKKa KOMIJIEMEHTap Ba MOC pPaBHILIA
ENUIIKOK ywiapHU Yy3uaa TyTran 30-ab30JM OJIMTOHYKIJICOTHIap Oupra spub Ba
mia3Mujiara JIMrupJiaHau.

PX330/pX335 mnasmumanapy UKKU SKCIPECCUSIIOBYM KacCeTalapHU Y3uaa
tytaau: Cas9-nykieasa/nukasza, 85-nykineotuyu tractRNA Hu ¥3 wuura onran
xumepuk SgRNA. HMyHantupyBum KeTMa-KeTIMKHM aJIMAIITHPHII [PHUHIIHIIN
y3rapmaraH, JE€KUH YHUHT Y3YHJIUTH Kucka — 20 Hykieotun, OyHaa 20-M ryaHuH
OymuIM Kepak, Xamjaa Uu6-mpoMoTOp Oy AaCOCHU TPaHCKpUMIUs OOUIaHUIIT
HyKTacunaa yuuiaiau. bynnan tamkapu Oy minasmunanapra 2A-GFP éku 2A-Puro
caiiTiiapy KabW KyImMM4Ya DJJIEMEHTIApD KUPUTWIUIIA MYMKHH, OyJIapHUHT
Bazu(dacu - miuasMugaiapHu y3uaa TyTraH XyKapallapHu KeWHMHYAIUK CeNeKITUs

KWINIIAaH noopar.
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5-pacm. CRISPR/Cas9 tr3umMnapu smeMeHTIapHHN IKCIIPECCHSIIOBYNA TEHETHK KOHCTPYKITHS CXEMACH.
hCas9 — sykapuor Xykaiipanapaa SKCIpecCcrs KUIUII YIyH onTuMantamtupuiarad Cas9 OKCHITHHIHT
keTMa-keTuru. SgRNA- daon 6ymum yaysn crRNA Ba tracrRNA kucmanapuHu y3uja TyTraH siroHa
xumepuk PHK. NLS — simpo nokanuzanusici cCurHali, YHAHT Ba3u(acl KOHCTPYKIUSIIAPHH siIpora
TYIIHMIINHA TabMUHTamaad noopart. [Tomu (A) — monua eHUIIAHUIT CUTHAIIH.

Opam, cuykoH Ba OOIIKa OpraHuM3miIap XyKapa KyJIbTypajJapHuHUHT
TpaHchoOpMalMsICH y4yH KYNHMHYa I[UIa3Muaanapaan  doigananunaau, Oy
masmMuganap cas9 Ba in vitro sgRNA HykieazanapHUHT UILUIA0 YMKAPUIUIITUHU
TabMuHIaiau. byTyH opranusm Tpancopmanuscu yuyH Cas9 MPHK napura Ba
Oup Xyxailpamu sMOpuonnapHUHT SgRNA napura  MUKpOMHBEKLHS MaxcCyc
ycyiiapu unuiad uwkuiarad. by ycyn cuukoH, manuo (Danio rerio) Ba
npozodumnanapaa daon kymnmanwianau. KeHr KampoBoarm reH HOKayTH YYYH
sgRNAapHuHr katTa KyTyOXOHanapujaH ¢oiinanaHud JIEHTUBHPYC BEKTOpJIAp
KyJUlaHWIaau. Xyxalpalapu 3U4 XyXalpa JAeBOpura osra YCHUMIMKIIApIa
MPOTOIUIACTIIAPHUHT TUIa3MuAa Tpanchopmalus ycyiau Xamjaa Agrobacterium
tumefacients €pnamuaaru arpouHPUIBTPALUS YCYIU KYJITaHUIA M.

1.3. Tenom myxanauciauruga TALEN Ba CRISPR/Cas ky/u1anHwjinmm.

TALEN Ba CRISPR/Cas9 TU3UMJIAPUHU sIpaTUILI T€HOM
MYXaHAUCIUTHHUHT PUBOXJIAHUIIKAA MyXuUM OocKuuiapiaH xucoOnanagu. by
TU3UMJIIQPHUHT SIPATUIINIIY, YIIAPHUHT ap30H Ba COAJA Ty3WINIIHN (yHIaMEHTAIl Ba
Iy Karopaa amainuil (aHJapHUHT PHUBOXIJIAHUIIUTA KywIM TYpTKu Oepnau. by
TEeXHOJOTHSUIADHU O3MK-OBKAT, KHUIUIOK XYXalurd Ba THOOWMET Kabu Typiu
coxajapia KYJUIaHWIMIIM XaKUKAaTIaH XaM XalpaTyiaHapiu IOTyKiapra ca0abd

OyIMOK1a.




ccrb, akt2, el7k, angptl3, apob, atgl,
c6orfl106, celsr2, cftr, ciita, foxol, foxo3, glil,
glut4, hbb, hdacl, hdac2, hdac6, hmga2,
hoxal3, hoxa9, hoxcl3, hprt, il2rg, jak2, kras,
1linc00116, maoa, map2k4, mdmz2, met, mlhl,
msh2, mutyh, myc, mycl1, mycn, nbn, ncorl,
ncor2, nlrc5, ntf3, pdgfra, pdgfrb, phf8, plinl,
Opnam xyxaipaiapu pms2, ppplrl2c (aavsl), ptchl, pten, rara, HOKayT,
(Homo sapiens) rbbp5, recql4, ret, runx1, sdhb, sdhc, sdhd, KUPHUTHUIII
setdbl, sirt6, smad2, sortl, sox2, klf4ss18,
suzl2, tfe3, tp53, tribl, tsc2, ttn, vhl, xpa,
xpc, abll, alk, apc, atm, axin2, bax, bcl6,
bmprla, brcal, brca2, cbx3, chx8, 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

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

TALEN

Nnak kyptu (Bombyx

mori) blos2 HOKayT

Kypbaka ets1, foxd3, grp78/bip, hhex, noggin,
(Xenopus tropicalis) ptfla/p48, sox9, vppl

Kanamym
(Rattus norvegicus) bmpr2, IgM

Curup (Bos taurus) acan, gdf8, ggta, mstn, prnp

Tamaku HoKa
(Nicotiana SUrA, surB, hax3 - HTfm
benthamiana) P

avrxa?, pthxo3, badh2, ckx2, depl, sd1

HOKayT

[onu (Oryza sativa)




Onam xyskaiipanapn dnmt3b-tdTomato, pou5fl(oct4), emx1,
(Homo sapiens) dyrkla, grin2b, egfp, ccr5, c4bpb, pvalb, aavs, | kupuTum

akt2, celsr, ciita, glut4, linc00116, sortl, IdIr
Hpozoduna ]
(Drosophila yellow, white, rosy, cg14251 (k81), HOKayT,
elanogasten cg3708¢g17629 (kI-3), light kpHTII

CRISPR
/
Cas

Kypbaka

(Xenopus tropicalis) tyr, six3 HOKayT

Cuukon (Mus tetl, tet2, tet3, sry, uty, rosa26, hprt, egfp, th, HOKayT,
musculus) rheb, uhrf2 KHPUTHIII

Apabunoricuc
(Arabidopsis thaliana)

HOKayT,

pds33, fls2, bril, jazl, gaj, chl, chl2, 5913930 KHPUTHLI

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

AMMO Xxo3uprauya yJapHUHI KYJUIlaHUIIM Oyiinya crnenupuk Ba
xaBcuznurura OOFIMK (HOXKYS TabCUpJiapu SXTUMOJUIMTH Ty(daiinu) Oup Heua
MyaMMOJap OYHMKJIUIMYa KOJMOKIAa, MacajaH, JaBoJjlaliia Kyjulam y4yH
OpraHu3Mra KaHiail KHpPUTUII MYMKHHJIMTY Ba yIIOy TU3MMJapAaH Kaicu Oupu
camapaiy Ba XaB(pcu3 Jierad caBosuiap XxaHy3rada OUMKIHIu4a KOJIMOKAA.

CRISPR/Cas9 texnonorusicu ZFN Ba TALEN ycynnapura mucOGatan Oup

KaHua ad3ajUIMKiapra sra, sS’bHM yHHM fApaTull Oup MyHYa OCOH Ba IOKOPH




camapazop OynuO, Typiau Xykailpa JUHHsIApH Ba OpraHU3MIApU TeHOMJIapuia
IOKOPH MIIIA0 YMKAPUII Ba KYII TAPMOKJIU TaXpUpJIall MMKOHUATHTa ora.t.?
Byrynru xyHaa TEXHOJOTHSUJIADHMHT Kailch OMpUHU KYJUlalll KEpaKJIWUTH
Oyiinya aHMK >kaBoOjap MaBXya 5Mac. by TEXHOJOTHsJIapHU KyJAa SXIIH
TYIIMHUO OaxoJsiall yuyyH yJlapHU ¥3 a(3ajulMKIIapura sra KU4uK JeTajlapurada
Ooup-Oupura commmtupu® ypranum tanad stunagu. [lynna xam Oy caBosutapra
yHHBEpcal *KaBoO TOMUII UMKOHHM OYnaau AevuIl KUHUH XaMma xap Oup KOHKpET
XKapa€H y4yH TypJd XWI BapUaHTIApHU KYJUlalll Ba YJIAPHUHI WYMJAH MakKcal

MyBO(UKJIApUHU TaHJIa0 OJIUII Kepak Oyiaau.

Ha3zopar caBosiapu:

1. 'enoMHU TaxpupJialll UIMKOHUHU OE€pyBYM KaHaKa TEXHOJIOTHUsLIIap
MaBxXyn?

2. Zinc Finger TeXHOJIOTHSICH XaKua ramupuo OepuHr?

3. TALEN TexHonoruscu Tyrprcuia HuMajiapHu Ouiaacus?

4. TALEN TeXHOJOTHSICUHUHT UIIUIAI MEXaHU3MU KaHaka?

5. CRISPR TexHOJIOTUSCUHUHT Ma3MYH-MOXHUSATH KaHan?

6. CRISPR TexHomorusicHHUHT MIILIAI MEXAHU3MH KaHaka?

7. 'eHOMHHM Taxpupall TeXHOJOTHSUTAPUHUHT a(3aJTUKIapH Ba
KaMYWJIMKIIapH HUMaJlapJaH noopat?

8. 'eHOMHHM TaxXpupall TEXHOJOTUSUIAPUHM KaliCH coxaap/ia KyJiart
MYMKHH?

9. CyHbHii Ty3WITaH T€HOM KOHCTPYKIUSTAPUHA OPTaHU3MTa KUPUTHITHUHT
KaHAal ycyapuHu ounacus?

10. Xosmpru  kyHga ~ ayH€  wiaM-daHUZAa ~ TEHOMHHM  TaxpHpJall
TEXHOJIOTHSJIAPH  acoCHJa KaHaka TaAKUKOTJIAp amaira OIIUPHIMOKIA
(ommpuiiran), HUMajapra pUIIMIMOK/IA Ba Oy XaK/la OMMaHUHT (PUKPHU KaHaKa?

doiigaJaHNJITaH agaduérTaap:

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.

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

! 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. AMAJIUA MAIIFYJOTJAP MATEPUAJLIAPU

1-amauumii MalIFyJIoT:
buonHpopMaATUKAHMHT ACOCUN NMPUHIMILIAPH.

HMmpan makcan: 'enomnapuu kapranamtupuiiga doigananmiaaurad JJHK
Mapkepiapu OwiaH TaHUIIUII. ['€HeTHMK OWPUKKAHIUK KapTajJapuHU TYy3UII
nactypu JoinMap 3.0 mactypuii TAabMHHOTH MIILIAI IPUHIKANNA OMJIaH TaHHIIUIIL.
AccommanuoH  KapTamamrTupuin  Ba  ynapHuHr Typiaapu LD (Linkage
Disequilibrium), QTL (quantitative trait locus) xamma NAM (Nested Association
Mapping) yccyniapy Uil NPUHIUILIAPH OMJIaH TaHUIIUIIL.

MacanauuHr KydMavimy: THHIJIOBYM aMaJIMi MAaIIFyJIOTAAa KEITUPWITaH
BazubamapHu OaKAPHIIH, TAXJIUI KAJTUIITN Ba HATHXKA OJTUIIIH JIO3UM.

HNnm 6akapuil y4yH HaMyHa.

1-asu¢pa. JIHK wmapkepnapu é&Epmamuaa II3P ckpuHMHr KWJIMHraH
MabayMOTAaH ¢oigamanud Oup aBiIoAra TETUILIM OYJIraH WHIWBHIJIAPHU
reHoTuUnuK 6axonanr Ba Microsoft Exel nactypu épaamuia Ko ijiaHr.
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2-Bazuda. JoinMap 3.0 mactypuma SHru JoWnxa spatud yHra KoJUIaHTaH
MabJIyMOT KUPUTHITAH (DaiiJTHU FOKJIaHT.
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S5-Bazuda. Duam wkKopuma QoimamaHWIraH WHIUBHIJIAD (EHOTHITHK
Xycycusamiapu Oyinua (taxxpu6Oa nadrapunan doitnanann6) GeHOTHITHK OaXoaHT
Ba Microsoft Exel gactypu épnamuia KoaJiaHr.
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6-Bazuda. WinQTL Cartographer 2.5 nactypuna siHru jionnxa sipaTu® yHra
JoinMap 3.0 mactypuii TAbMUHOTH HaTHXacHaa sipaTWiITaH (alHu Ba KOJJIaHTaH
(EHOTUNMK MabIyMOT KUPUTHIITAH (DallJIHA FOKJIAHT.
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26b 4 BNL3994 0,0000 THBO120 3.0000 GHSZ 3.0000 GH200 20,0000

-threshold 11.50 11.50 11,50 11.50 11.50 11.50 11.50 1150 11,50 11.50 11.50 11.50 11.50 11.50 11.50
trait

fThs position is fron the left telomers on the chromcsone

vi 10. ndov aize for aodels ©
aadel &
8 Hodel nusb:
L Aualyzed trait [Duds_nusber)
SF2 Cross

# Wote that our Likelihood ratio test statistic compares two mested hypotheses
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assume that by, HO 13 nested within HI and that they have likelihcods L0 and L1 respectively

F Thear the ‘Liksithood Ratio Test Sratistic' is -Pia(L0sLi) £l
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7-Ba3uda. Dunu 6-Baszuda Oyitmua taxpudanapan QGene 4.3.10 gactypuaa
oaxxapunr. QGene 4.3.10 na sHru noinxa spatu6 ysra JoinMap 3.0 mactypuii
Ta@bMUHOTH HATHXKAacUJla sipaTWiIraH (pailiHM Ba KOJJIaHTaH (PEHOTUIIUK MabIyMOT
KUPUTWITAH (pailiiHy roKIaHT. BUpUKKaHIUK KapTaJapyuHU TEKITUPUO OJIUHT.
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QGere
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a5 Chromosomes | Marker data
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Ha3zopar caBoJsiapu:

Kapranammupum xakuja HUMajgapHu ounacus?
bupuKkkaHIuK KapTanapu JeraHaa HUIMaHu TyIIyHacus3?
['eHoM KapTanapu HUMaJIap XaKkuaa Mabiymotiap Oepaau?
4. QTL xapramamtupuinga ¢GoiigalaHuIaguran Kaujaai OnomHpopMaThK
JacTypJiapHU Ousacus?

WN

DoiigaTaHWITaH axaduériaap:

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

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

3. Proud, Virginia & Roberts, Helen (31 December 2005). "Medical
Genetics: Multifactorial 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-AMaJuii MAlIFyJIoT.
I'eHOMHHU TaxpHpJiaml TEXHOJIOTHATIAPH.

Nmpan makcaa: HykieoTun keTMma-KeTIWKIAp MablyMmMoTiIap Oa3acu
(EMBL, DDBJ, NCBI, UniGene, STACK, EMBL-SVA) pecypciapu Ouinan
taHumum. ['enom MabiaymotTiap Oasacu (Genomes Server, Proteome Analysis,
Ensembl) pecypcnapu Ounan tanummi. OKCHII KETMa-KETIUKIApU MabIyMOTIIap
0azacu xamjJa aMHUHOKHCJIOTa KeTMa-KeTIMKJIApH MabilyMoTiap 0a3zacu
(UniProtKB/Swiss-Prot, GOA, ENZYME) pecypciapu 6mran tanumumn. NCBI
mabsymotaap 6azacu BLAST taxmmnu Ba Ugene 1.21.0 gactypuii TabMHUHOTHAAH
doiinanannO reHaapHy aHOTAlMs KUJIUIIHN YPraHuIIL.

MacajJaHUHT KYAMJIUIIN: Tunrnosun aMaJInu MAaIIFyJIoTaa
KeNTUpWITaH BasudatapHu OakapuIld, TaxJWil KWIUIIA Ba HATIKA OJIUIIH
JO3UM.

NuHu 0a:kapui y4yH HaMyHa.

1-Ba3uda. l-amanmmit  MamrymoT HaTwkacuaa — aHukiganran  QTL
mapkepuHuHT G.hirsutum £y3a Typu TyauK reHomuaan ¢oinananu6 In silico PCR
anmroputmu Omwnan Ugene 1.21.0 mactypuaa terunum JIHK xerma-keTnurunu
AHUKJIAHT.

[T Homsh nposcrf UGENE - sadinep coew - iica PCR]

7 Ouin Onepapm Hactpodos Wecrpyunms Opa Mowsun.

yTa. Ao npaissepam: MyTe 49 @xaanors daina ¢
naper Ppaepan.

e s ot s




o QML_Photoper\F2. QL Photoper_hirsutum|F2.QTL Photoper. NAUS04T7.gb - Notepad + [Admin L | G el
@i pwa Moscx B Kompown Crermaccacws Qi Morpoc Janyc Mnanems Ow

x
EHEB R4 BDidciak BB |HIEIRAL =@
5172.QTL_Protoper_NAUSO47 b 3 |l EALGTRL PR A 1 iy ore g 23 bl s o 1) oMb 1 b 3| W, (| 271 P 225PRE) gt 1| B 2071 koo SR o (3 A | -
Tocus 1473505473754 250 bp 13-N0V-2015
NnARK
FenTURES
s misc_feature  1..20
6 /note="primer®
7 misc_teature  complement (231..250)
' /motemnprinezt
s omzem
61 CTACAACATA
121 TITICTACAC GATGGTATTT CTTTACAGAC ARTT
181 AGToTGTIOT = cATITACTAC
241 GAGAGETTG
7/
i
length 1686 _lines: 16 Ln:16 Cel:l Sel:0(0 UNDX UTF-8 N

2-asuda. In silico PCR maxcynorunan onunran JIHK xerma-ketnuruan
NCBI mabaymoTiiap 0a3acura rOKJIaHT.

U nlinkage maps JonMep mep marker

BLAST® » blastn suite Home RecentResults Saved Stratogies  Holp

Standard Nucleotide BLAST
ot | piasip | plsts | st | iasts
Enter Query Sequence Besctosge  Bootmen
Enter accession number{s), gifs). or FASTA sequence(s) & Ciear  Query subrange &
From
7
s To
O, upload fle 0630p... | Daiin we subpa @
Job Title
Enter 3 descripthe e 1o¢ your BLAST search §
7] Align two or more sequences &
Choose Search Set
Database Human genomic + transcript ©Mouss genomic + transcript @ Others (nr stc )
Nudleotde collection (ar/rt) -@ o
anism i
——— ClExclude '+
Entor organism common name, binomial. o taxid. Only 20 109 taxa wil e shown &
Exclude 7 Models (WXP) ) Uncultured/environmentai sample sequences
Optronal
Limitto 7] Sequences fom typa matedal
Optonal
Entrez Query tom databa:
Optional Enter an Enfrez queryto imit search &
Program Selection
Optimize for @ Highly similar sequences (megablast)

More dissimiar sequences (discontiguous megablast)
‘Somewhat simiar sequences (blastn)
Choose 2 BLAST algonthm &

Search database Nucleotide collection (nr/nt) using Megablast (Optimize for highly similar sequences)
Show results in a new window

®Algorithm parameters




3-Bazupa. NCBI mawaymornap Oazacura rokmanradn J[HK xerma-
KeTIUruHu Taxjawi Kl yayH BLAST tyrmacuau O0CHHT.

Saitn Opanxa B Kypwan Jawmaaem  Uncrpymentu  Cnpassa
S e xl%
pr——
email | NEWS || NOTOA ) BLAST || Trandstors | CELL comp | | Aticles ) Spant | Hotkeys o1 Torg.com 72 GlobalRust " 490A [ OTM () SN2 @ presentat [l InTechOpen @ RAST g FGENESH 1 FreeDowniosdManage | © Mpssunanoe usane... B card @ 0zMU @ Svomsaneryna

Tavems % @ Biow * [ Biow tic x|+

@ | QU nlinksge maps JoinMap mep marker -4l |

Home RecentResults Saved Strategies  Holp

BLAST® » blastn suite » RIDHTUUG3IP201R

BLAST Results
Edt and Resubmt  Save Search Stiateqies  >Formating ogtions. > Dawnload YoullflZ How 1o read this page  Blast report descnption
Nucleotide Sequence (250 letters) b
RID HIUUGIPR01R (Expires on 04-25 23:50 pm)
QueryID k|Query_178407 Database Name 1
None Nudleotide collection (nt)
Molecule type nudeic aod Program BLASTN 2.3.1+ » Citation
Query Length 250

Other reports: > Search Summary [Taxonomy reports] [Distance tree of results]
E)Graphic Summary
Distribution of 8 Blast Hits on the Query Sequence 1/

Mouse over 1o see the deflne, click to show alignments

Color key for alignment score:
<40 4050 8
auery - ]
1 50 100 150 200 250
© Descriptions

Sequences producing significant alignments:

Select. All lane Selected:0

il Alignments o

Descripton Max Toml [Quey| B |y | accession
score score | cover  value

462 462 100% 1e-126 100% AC2431431
305 425 100% 2079 99% AC243145%
305 425 100% 2e79 99% GU2E21701
188 220 47% 6e3s
158 220 47% 6e35

volum hirsunim clons MXOASEQS o5, complste ssquence

] Gossvpium hirsutim clone MXD73K14-, complete sequence

22ypium hirsutum culvae T vacuolar invertase 1 (Vacinyt) gene. complele ca:

m raimondii acid beta fuctofurancsidase-lixe (L0

molet

4-pazupa. KunupyB HaTHxkacuja TONMWITaH KeTMa-KETIMKIapHU Oupma-
OUp TaxXJIUI KAJUHT.

Saitn Opanxa Bwa Aypwan Jaxmaan Uncrpyment Copanka
5 oo x i B
€ D08y i hgov/nucleotide/ 310722810 Treport=genbankAogS=nuchopblast rank=3&R

il || NEWS || TIOFORA ) BLAST | Transistors |} CELL comp || Adicles ) Spart ) Hotkeys o Torg.com 72 Globatfust " 4704 [ 0TM () 58 @ Presentat [} inTechOpen & RAST g FGENESH 14

L= |6 e

m x|+

@ | QU nlinksge maps JoinMap mep marker %8 O & & O =

s x & Taverns %

FreeDownloadManager | O Mpatwmsnoe anoawwte .. I card @ O:MU @ Enomaneryns

Nucleotide Nucleotide ~ ~ W
Advanced Help

GenBank ~ Send - e
Change region shown £

Gossypium hirsutum cultivar TM1 vacuolar invertase 1 (Vacinv1) gene, complete e z

cds

GenBank: GU252170 1

FASTA  Graphics Analyze this sequence -
Run BLAST

Goto & Pick Primers

Locus GU252170 5265 bp oNA linear 02-NOV-21 Highlight Sequence Features

DEFINITION Gossypium hirsutum cultivar TMI vacuolar invertase 1 (VacIavl) Find In this Sequence

gene, complete cds.
AccessIoN  GU252170

VERSION  GU252170.1 G1:310722810 e =
ity elated information
source Gossypium hirsutum (upland cotton) Protein
- PubMed
; P ta;
; Magnoliophyta; eudicotyledons; Gunneridae; Taxonomy

Pentapecalae; rosids; malvids; Malvales; Malvaceae; Malvoideae;

Goasypium.
REFERENCE 1 (bases 1 to 5265) Recent activity e

0,E., Scheffler,J. and Scheffl
2ation of two cotton (Gossypium

Tumof Glear
[ Gossypium hirsutum cultivar TM1 vacuolar
invertase 1 (Vacinv1) gene, complelc ceat

utum L) invertase

JOURMAL  Mol. Biol. Rep. 37 (8), 3815-3020 (2010)

PUSMED 20 B Gossypium hirsutum clone MX0SSE05-jos.
RESERENCE 2 (bases 1 to 5265) complete sequence <ot
AUTHORS  Taliercio,E. §
TTE  Direct Submissicn Ses more
JOURNAL  Submitted (01-DEC-2009) USDA/ARS, 3127 Ligen St, Raleigh, NC 27695,
usa
reaTuRes Location/Qualifiers

gene 1869..52

(1869..2342,2520. . 2528, 3237. . 4096, 4192. .4353,
4436..4659,4741..4828, 4962, .5265)




5-Bazu¢a. Terunum (MOC KeIyBYM) TEH/OKCHJI €KUM JIOKYC KeTMa-
ketnukiapunu Ugene 1.21.0 gactypuia XaMm Taxjiui KUIAO KYPHHT.

[T Hoeseh npoexTdf™ UGENE - [clipboard®0 [] GUZS2170) - s
% Guin  Orepmpm  Horwpoien  Pecppuema Quas  [owous SEIES
BoBE A& %@d9da%b [Dosim] # -1~ " N w8 gs B LR e NN IR Q 7 v

mf\'ﬂ' LIl ——— > 0. 0o r BEE x
IEIMN . . : ) ’ "
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Hasopar caBoJsiapu:
1. Mabnymronap 6a3acu xakuja HUMajlapHu Ounacuz?
2. Hykmeotnn  keTMa-KeTIMKIAp  MabiIyMoTiaap  0Oa3acura  MHCOJUIAp
KEJITUPHUHT?
3. Okcui KeTMa-KeTIUKIap MabliyMoTiap 0a3acura MUCOJUIap KEITUPUHT?
4, 'eHylap/OKCWJUIApHA ~ aHOTAllMs KWIMINJAA KaHaak OuomH(opMaTuk
nactypiapaan (oinananuianu?




5. BLAST Taxymnm Xxakuaa TynryH4aHTu3 6opmMu?

DoigaJaHNITaH aa0uéTaap:

1. Altschul, S.F., Gish, W., Miller, W., Myers, EW. & Lipman, D.J. (1990)
"Basic local alignment search tool.” J. Mol. Biol. 215:403-410. PubMed

2. Gish, W. & States, D.J. (1993) "ldentification of protein coding regions by
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3. Madden, T.L., Tatusov, R.L. & Zhang, J. (1996) "Applications of network
BLAST server" Meth. Enzymol. 266:131-141. PubMed
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V. KEUCJIAP BAHKHA

1-keiic. bupon Oup Oenrura reHETUK OWPUKKAH MUKIOpUM Oenruiap

nokyciapu (QTL) nmapHu aHMKJIAHT.

& F2FORQgene LASTZ-CIM, # for QL Mapping Result - DALser\My Document:\DISSERTATION Photoper Mapping\F2 New Ansiysiz\F2FORQgene LAST2-CIM Al chrgrt
File Chiom Trats Effects Tos

eting

Ta ™ a0 | Sl 16 67 P

1398

69,6+

0,00 ===
-69,6
130+

2-keiic. bupon Oup Oenrura
nokycnapu (QTL) napHu aHUKJIAHT.




3-keiic. Tabuwmii ¢annap, xymnanan Ouonorus (anu OmouHpopmaruka
Owran yambOapuac OorimK. buomHbopmaTtnka OHOJOTHS COXACHHHHT KaiicH
HyHamuIapuaa KynpokK KyuTaHuIaamn?

Qurpuneuznu acociab depune.

4-keiic. ['eHnmapHM KaTTalalITUPUII YYyH OHI aBBajJO OMPUKKAHIIMK
KapTajapuHu Ty3ull Tanad stunaau. Kakicm pacTypuid TabMHUHOT —acocCHa
OMPUKKAHJIMK KapTaJlapuHU Ty3UII MyMKHH?

Jlacmyphu uwinawia npuHyunuHU MyuryHmupute.

S-keiic. MapkepnapHu uWAeHTU(UKAUS KUWIUII y4yH MHUKIOpPUN Oenruiap
JOKyclnapu — aHMKIa0  onuHaaAd.  Muxaopuil  OGenrmiap  JIOKyCIapUHU
KapTajlamTupuiia (oiganaHWwIa ural JacTypuil TabMUHOTHM alTHHI Xamja

YHUHT HIUIANl IPUHIUIIMHA TYIIYHTUPUO OEpHHT.




VI. MYCTAKWJI TABJIUM MAB3YJIAPU

MycTaKWJI HITHA TAIIKWI 3THIIHUHT MIAKJIA Ba MAa3MYyHH

TUHTIIOBYM MYCTaKWJI HIIHM MYyalsiH MOJYJHU XYCYCHUSITIIApUHU XHCOOra
OJITaH XOoJiJ1a KyWuJary makiiapaan Goigananuo taiépraiiy TaBCHsl STUIIAIN:

- YKyB, WIMUHA amgabuétinapjaH Ba MebEPUU XyxoKaTiapJaH (GoilgaTaHuII
acocuza MOAYJ MaB3yJapyHU ypPraHWIIL;

- TapKaTMa MaTtepuaap 0yiinya Mabpy3ajiap KUCMUHH Y3IaIITUPHILL

- Maxcyc amabmuérmap Oyinua momyn Oynmmmitapu €Ku MaB3yjlapu yCTHAA
WA,
- TUHTJIOBUMHHUHT KacOui (aonuaru OusiaH OOFJIMK OYJaraH MOAyJa OYIumIlapu Ba
MaB3yJapHU YyKyp YPTraHUII

MycTakuia TabJUM MaB3yJapu:
1) 1 Ba 16 xamumsapau ABI Prizm 3100, ABI Prizm 3130 cekBenatopap

UIIUTAII TTPUHITUTLIAPT

2) laTepHeT TapMOFHU/1a HYKJICOTH KETMa-KETIMKIap MabIyMOTIap
0aszacu/ia UILIAIl Ba TOMOJIOT Te€HJIAPHH TOTIHIIL.

3) suru aBnoj cekBeHaTtopu Roche/454 Life Sciences HUHT UILIami
MPUHITUITN

4) UGene TeHIapHHU aHHOTAIMSIIAT OMOMH(POPMATHK JacTypy OWJIaH WIILIAII
Ba In silico PCR yTkazumi.

5) “Opam reHomMu’ JTIOHUXacH

6) OKkcuT KeTMa-KeTIIUKITApUHEA KUECTAII.

7) NCBI, ENTREZ Ba BLAST — makcaau Ba Ba3udanapu

8) dunoreHeTHK IIaXkapanap sipaTHil Oyinya 1acTypuid TAabMUHOTIIAP

9) TubOMET  reHOMHUKAacH, TE€H JHArHOCTHKACH Ba  T'€HOTEparmsl.
dapmakonHpOpMaTHKA.

10) buonoiumepiap (ha3oBuil CTYKTypacH.




VIL. TJIOCCAPUU

Tepmun

V36ek THIIHAATH Hapxu

NHram3 TuaMaard mapxu

All1eJ1b

I'en. I'ennap xoylaTHHUHT OUPH.
Macanan: A €xu a.

One of several alternative forms of
a gene that occur at a given locus
on a chromosome. Most often there
are two paired copies of a gene on
homologous chromosomes. For
each of your gene you get one copy
(allele) from each parent. They
may be nearly identical in DNA
sequence or have slight variations
(i.e. mutations).

AMHMHOKHCJIOTA

Opranuk kucinora
MoJIeKyJiacuia oup €ku oup
HeYTa BOJOPO]l aTOMUHU
aMUHOTpYyTITa
NH2 ra anMammHUAIIMIaH XOCHIT
o6ynamu. bynmga NH2 rpymnmna
KYTIMHYa KapOOKCHII TpyTmmara
KymrH" yraepoa (anbda (o)
yriepoa) aTOMUHUHT BOJOPOIN
YpHUIa KUpaay Ba o
aMUHOKHCIIOTa X0cuJ Oynaau.

Any of a class of 20 molecules that
are combined to form proteins in
living things. The sequence of
amino acids in a protein and hence
protein function are determined by
the genetic code

AHTHKO/I0OH

T PHK ypra xucmugaru 3 ta
HYKJIEOTU]I (TpUILIET)aaH
n6opar, u PHK aunr xononura
Moc kenaau. Koson Ba
AQHTHKOJIOH KOMILJIEMEHTAp
6ynca, T PHK onu6 xenran
AMUHOKHCIJIOTa puOOCOMAHHUHT
KaTTa OMpIUruaa KOJAUPUIAIU
Ba CUHTE3JIAHAETraH 3aHXKUpuUra
yIaHaju.

An anticodon is a unit made up of
three nucleotides that correspond to
the three bases of the codon on the
mRNA. Each tRNA contains a
specific anticodon triplet sequence
that can base-pair to one or more
codons for an amino acid. Some
anticodons can pair with more than
one codon due to a phenomenon
known as wobble base pairing.

buonoaumepJap

FOkopu Monekynanu Tabumii
Opuxmanap (oOKcusUIap, HyKJICHH
KHCJIO0Taap, Moaucaxapuyiap)
0yn1u0, Monexynacu Kym
MapoTaba TakpopJlaHaIUTaH
KHYHUK MOJIEKYJIaIM MOHOMEP
€KH yrmap KucMIapuaaH noopar.

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

T'eneanorus

«Genealogia» - cy3unan
OJIMHraH OYnuo, maxapa aeral
MabHOHU Oraupaau. OJaMHUHT
Oupop OENTU-X0CCACHHUHT
aBJIOJyIap/1a UPCUINITaHUITUHI
TaJIKUK ITa/IN.

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

history.

I'eneTuk HHKCHEPUS

I'en Mmyxanauciauru
pexom6unanT JJHKnap
TEXHOJIOTHSCH. | 'eHeTuK Ba

OnOKUMEBHI ycyiutap épaaMuaa

Modification of the natural DNA
sequence of a gene or genes.
Genetic engineering is the basis of
the modern biotechnological




OpraHu3M €KH XyKaipa
OnosIoruK ax60pOTHH
V3rapTupwuin Ounad Tabuaraa
ydpamaiinran, ssHTH XyCYCHUsTIa
ara OyiraH relnap TYIUIaMuHA
Ba Iy acOC/a SIHTY IITaMM, HaB
Ba 30TJIAPHU SIPATHUIIL.

revolution, to which we owe such
inventions as insulin-producing
bacteria.

I'eneTuk koI

Hyxneun kucnoranap
MOJICKYyJIaCH 1a UPCHIA
axOOpPOTHUHT HYKJICOTHUIJIAP
KeTMa-KeTIUruaa OCpUIIUIINIaH
uoopar. ['eneruk ko 3ta xapd
HYKJICOTHAJaH nbopat 6ynanu.
By Tpunuier neninnanu.

Three bases (e.g. 5’CGC3') ina
DNA or RNA sequence specify a
codon, which codes for an amino

acid (e.g. arginine) in a protein.

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 translation.

I'enaiap apeipu
(reHeTUK aBTOHOM
»KapacHiap)

Tacomuduii ommiap Tabcupuaa
KMYUK MOMYJISIUsUIap/a FeHsiap
ydpalll TE3JTUTHHUHT Y3rapyIIu.
Opatna nonynsuusiaapaa upcui
y3rapyBuaHIMK KaMalura
onu6 kenagu. Kapungom-
ypy¥iaap opacuaaru HUKoXJjap
opTub KeTranuaa 0y xojat
Ky4asau. bynna nonymsauusaa
CEJIEKTUB axaMusTH OyiMaraH
reHJIap cakJaHUO KOJUIIN Ba
KYITalHII MyMKHH.

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 MuruHaUCH.
XpoMocOMaJIapHUHT TalIoOn
Tyniamu. ' eHOMHUHT
TFeHOTUIaH (papKu MIyHJaKu, y
alipuM 30T €KHM HaBHU >Mac,
Oasiku OMp TypHU XapakTepyiad
oepanam.

A complete set (n) of chromosomes
(hence, of genes) inherited as a unit
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.

I'enoTun

Opranu3MHUHT HPCUI acoCH.
Junoun Tymuiamaara 6apya
TeHJIap WHFUHINUCH.

he part (DNA sequence) of the
genetic makeup of a cell, 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.




I'omoJsiornk
XpoMocoma

Karranuruy, maxmm, rennapu oup
XuJ1 Oynran KypT
XpoMocoMaap.

A couple of homologous
chromosomes, or homologs, are a
set of one maternal and one
paternal chromosomes that pair up
with each other inside a cell during
meiosis.

JIHK

Jle30KkcupuOOHYKIIEHH KUCIIOTA.
dakar omamaaruaa smac, Oanku
Oapua OolIKa SyKapuoTiapaa,
HIYHUHT/ICK, TPOKapUOTIapa
upcHii ax00poT CaKIOBYH
caHajau.

The molecule that encodes genetic
information. DNA is a 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 nucleotides
in 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.

N puk

unpopmanuon PHK. V y3una
JHK nan kyunpub oauHran
axOOpPOTHH CaKJIaiIH Ba OKCHII
CHHTE3M )Xapa€HU1a MaTpuIa
(xomum, annasa) BazudacuHu
O6axkapanu. lllyHuHr y4yH y u-
PHK, marpuna-PHK cu ne6 xam
FOPUTUIIATH.

RNA that serves as a template for
protein synthesis.

HuTpon

u PHK nur «ax6opotcus»
KHCMIIAp WUFUHIUCH.

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
before it is translated into protein.
Compare exons.

Hpcusr

Wpcuiinanum xapaéHn opKaiu
OpraHU3MIIAPHUHT aBJIOJAJIAP
JIMAIIMHUIIIH TaBOMHJIa UPCUH
MabJIyMOTJIapHU aBJIOJIAH-
aBJIOJIra YTKa3ull KapacHu.

The passing of familial elements
from one generation to the next.

Moauduxarop
rexJiap

Opranusmjaru Oenru Ba
XYCYCHUATIapHUHT
PUBOKIIAHUIIINA UIITUPOK
9TMai, OaaKu OOIIKA aCOCUM
TeHJIAPHUHT TabCUPUHH
y3rapTupyBuH, sS’bHU OeBOCHTA
aMac, OUIBOCUTA TabCUP ITYBUU
TCHJIAPINDP.

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

HyxkJenH kucJjiora

IOxopu monexynsp
onornoaumep O0Yiuo, Kyna Ky

A large molecule composed of
nucleotide subunits.




MOHOMEpJIapIaH Ty3WITaH
OpraHuK OMpHKMa. YHHUHT
MOHOMEpH HYKJICOTHIIAP
0ynu0, HyKJIEUH KUCIIOTa

MOJMHYKIICOTH]] XUCOOTaHAIN.

Mupumuaux

JAHK auHT OnpuH4H
3aHXHUPUIATH ITyPUH a30TIN
acocura KOMILJIEMEHTap Xojaraa
2 4y 3aHXUPUJA JKOIIalITraH
a30TJIM acoc.

Nitrogen-containing organic bases
made from a single ring structure.
Includes cytosine and thymine
(DNA) and uracil (RNA) that base-
pair with purines to form the rungs
in the DNA double helical ladder.

IHosmmmopdu3m

Kyn maxmmmmxk
oup Typ noupacuia oup-
OupuIaH KecKHH (papK KITyBUH
WHIUBUAJIAPHUHT MaBXYJIUTH.

A Difference in 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.

IIpomoTtop

OnepoHJaH oJMHIA
JKOMJIAITaH TPUILIET
rypyxJiapuaan oupu 6ymuo,
PHK Ba JIHK cunTe3unun
katanusnopun PHK
nojmMepasa OnIaH OMPUKHUII
XYCYCHUSITHUIa 3ra.

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

ypun

Ky 3amxunpau JJTHK
MOJIEKYJIACUHUHT |-3aHXupuia
aJIecHVH Ba THMUHAAH nbopat
acoc. KomruieMeHTapiuk
Koujpacura OnHoaH 1-
3aH)KUPJary IypyuH acocH
KapIMcuaa 2-3aHxupaa
MUPUMHJIMH aCOCHU TYPaJH.

A nitrogen-containing, single-ring,
basic compound that occurs in

nucleic acids. The purines in DNA
and RNA are adenine and guanine.

P puk

PHKunap pubocomanusr xap
MKKajia cyoOoupiuKiIapu
Tapkubuaa 6ynanu.

A class of RNA found in the
ribosomes of cells.

T pHK

Tpancnopt puboHyKIeHH
kucinora. PHK nomumepasza
depmentu umrupokuaa JTHK
MaTpuIacua CUHTE3IaHaa. T
PHK kyiin monekynsp maccara
ara O0ynuo6, 75-85 HykII€OTHAIaH
TAIIKWI TonraH. Y Oema 6apru
TUNIUAArY KYpUHULIa Oyaanu.

Pu6ocomanapra
AMUHOKHUCJIOTAJIAPHU TAIIHIII
Bazu(pacuHu yTanu.

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

Ypauua

ITupumunnn acocnapu; PHK Ba
9PKHH HYKJICOTUAJIAp TapKuOura
KUPAIU.

A common pyrimidine found in
RNA, it base pairs with adenine
and is replaced by thymine in
DNA. Methylation of uracil

produces thymine. It turns into




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
is repelled into a fixed position.

Hyknenn kuciaoTasapHUHT
TapkuOuil KucMu Oynran
HYKJICOTHJIAPHU XOCHII

KUJIyBYH 4 Ta a30TIM aCOCHUHT

Pyrimidine base found in RNA and
DNA. Cytosine (C4HsN3zO) forms
base-pairs with guanine only. It

HuTo3un may become methylated where it
ourracu. KomriemeHTapimuk . -
PHHIIIIEA acocar witosmmy | CCCUTS Consecutively to guanine in
aspomljl acoc Ka LLH/ICI/LII a ryaHuH the DNA sequence (see 5-
Kap Aary methylcytosine).
A30TIIM aCOC TypaJiu.
I'en (JIHK)HuHT renetnk
ax0oportra sra 6yiran
AMHHOKHUCIIOTaJap KeTMa- The protein-coding DNA
IK30H KCTIUTHHA U(HOTATIOBUH sequences of a gene. Compare
(KOIJIOBUM) KUCMU. DK30HIAP introns.
WHTPOH OWJIaH rajuranmo
TypaJiy.
Hamoé&n 6ynuin - MmyaiisiH rexn .
TOMOHI/IyaH aHU Jz,aH qH Production of
A fTarys observable/detectable
OeNrMHUHT (EeHOTUI A c .
AKenpeccus characteristics of an organism,

OpPTraHU3MHUHT SIIAII
nrapouTHura Kapad HaMo€H
OynuI fapaxacu.

usually due to the synthesis of
protein.




VIIl. ATABUETJIAP PYUXATH

1. Jleck A.M. Brenenue B 6monnpopmartuky /Introduction to Bioinformatics
nep. ¢ anri. moxd pena. A. A. Muponoa, B. K. IlIBsgaca. - M.: BUHOM. Jla6.
3HaHuii, 2009. - 318, [2] c. : uB. Ui, puc.

2. Ceryban K., Metinanuc K. BBemeHne B BBIUHMCIUTEIBHYIO
MoJekyisipayto onosoruro / Introduction to Computational Molecular Biology /
nep. ¢ ann. A. A. UymunukuHa; nox pea. A. A. Muponosa. - M. ; MxeBck :
Perynsap. u xaor. nunamuka: HULL "Perynspras u xaotuueckas auHamuka", UH-T
KOMITbIOTED. ucciaen., 2007. - 420 c.

3. Capecchi M.R. // Nat. Rev. Genet. 2005. V. 6. Ne 6. P. 507-512.

4. Bibikova M., Golic M., Golic K.G., Carroll D. // Genetics. 2002. V. 161.
Ne 3. P. 1169-1175.

5. Miles, C; Wayne, M (2008). "Quantitative trait locus (QTL) analysis".
Nature Education (1.1).

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

7. Proud, Virginia & Roberts, Helen (31 December 2005). "Medical
Genetics: Multifactorial Inheritance™. Children's Hospital of the King's Daughters.
Retrieved 6 January 2007.

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

9. Emery's Elements of Medical Genetics

10. Tissot, Robert. "Human Genetics for 1st Year Students: Multifactorial
Inheritance". Retrieved 6 January 2007.

11. Zhang Z., Schwartz S., Wagner L., & Miller W. (2000), "A greedy
algorithm for aligning DNA sequences” J Comput Biol 2000; 7(1-2):203-14.
PubMed

12. Morgulis A., Coulouris G., Raytselis Y., Madden T.L., Agarwala R., &
Schiffer A.A. (2008) "Database indexing for production MegaBLAST searches."
Bioinformatics 15:1757-1764. PubMed

13. Camacho C., Coulouris G., Avagyan V., Ma N., Papadopoulos J., Bealer
K., & Madden T.L. (2008) "BLAST+: architecture and applications." BMC
Bioinformatics 10:421. PubMed

14. Okonechnikov K., Golosova O., Fursov M., the UGENE team. // Unipro
UGENE: a unified bioinformatics toolkit. VVol. 28 no. 8 2012, pages 1166-1167
doi:10.1093/bioinformatics/bts091




HNuTepHer pecypciapu

1. http://www.jcbi.ru/ — O6beauHeHHbIH L[eHTp BRIYUCIUTEIBHON OHOIOTHI
U OMoMH(POPMATHUKH, PYCCKOS3BIYHBIN HH(POPMAIIMOHHBIN CalT ¢ BIO-aapecamu U
KpPaTKOW XapaKTEPUCTUKON MOJIEKYIISIPHO-OMOIOTHUECKIX 0a3 JaHHBIX

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

3. http://lwww.ebi.ac.uk/uniprot/ — ©6a3a mamHeix UniProt Ha cepsepe
EBponeiickoro uacrtutyra ouonndopmaruku (European Bioinformatics Institute,
EBI)

4. http://www.expasy.org/sprot/ —  ©a3pr maHHBIX SWIiss-Prot, TrEmobl,
UniProt ua cepsepe EXPASY (Expert Protein Analysis System) IlIsetiiapckoro
Hucruryra buonndopmaruku SIB

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

6. http://www.ncbi.nlm.nih.gov/  (http://www.pubmed.com/) —  cepBep
HammonanpHoro nenrpa ouorexunonornyeckoin napopmaruu CIIHA (NCBI): 6a3b
nanabix GenBank, NCBI Protein Database, UniGene, HomoloGene u np.

7. http://cmm.info.nih.gov/modeling/ — cepBep llenTpa MomenupoBaHus
monekyn Hanmonanenoro Mucturyra 3noposbs NIH, CIIIA

8. http://lwww.genebio.com/ — caiitr kommamuu GeneBio (Geneva
Bioinformatics S.A.), pacnpoctpanstoiieid UHGOpPMALUIO W3 MPOTEOMHBIX 0a3
naaaeix: SWISS-PROT, PROSITE, SWISS-2DPAGE wu cooTBercTBYytomue
MPOTPaMMHBIC TIPUIIOKCHUS

9. http://www.genebee.msu.su/ — peryasipHo oOHOBIsieMast KOus (3epKaiio)
6a3el komnanuu GeneBio B Poccum, Ha caiite MHCTUTYTa (PU3NKO-XUMUYECKON
owonoruu uM. A.H. benoszepckoro

10. http://molbiol.ru/ — Kinaccuueckast 1 MOJIeKysipHasi OHOJIOTHSI

11. http://molbiol. edu.ru/ — IMpakTryeckas MOJIECKYyIApHAS OHOIOTHS

12. http://proteome.ru/ — pycckosi3bluHBIA  calT mpoekta “TIpoTeom
YyesoBeKa”



http://www.jcbi.ru/
http://beta.uniprot.org/
http://www.expasy.org/sprot/
http://www.rcsb.org/
http://www.ncbi.nlm.nih.gov/
http://www/
http://www.pubned/
http://cmm.info.nih.gov/modeling/
http://www.genebio.com/
http://www.genebee.msu.su/
http://www.molbiol.ru/
http://www.molbiol.ru/
http://www.proteome.ru/

