¢ a—
MoneKynapHi OCHOBU
CNnaaKoBOCTI

P
—
| —
— Peani3auia cnaaKoBOI

C— IHpopMaLil

Kadepnpa meguuHoi 6ionorii XHMY
2019




PO1b HYKNEIHOBUX KUCNOT Y nepeaadi cnagkoBol iHhopmaLlii

"eHOM NI0ANHU. BUAK | CTPYKTYpa reHis

Penaikauia AHK

EKcnpecia reHiB: TpaHCKpUNLUIA, TPAHCAALIA
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HanBaxnusiwi metoam monekynapHoi bionorii
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PO/ HYKRNCIHOBUX KNCAOT Y
nepenavl reHeTnyHol
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" CnagKoBICTb | MIHAUBICTb — OA4HI 3 OCHOBHMUX MPOABIB XUTTA,
AKi 3ab6e3nevytoThb il iCHYyBaHHA BXXe NPoTArom 4 mapa, poKis

= CnadKosicmo — ye 81acmusicmo KaAimuH i = MiHnueicme — 8s10CcmMu8icme,
Op2aHi3mis y rpoueci camosiomeopeHHsA npomusexHa criadKkosocmi, nosfa2ae€ y
nepeoasamu HOBOMY MOKO/IHHIO Npoz2pamy 30amHoOCmi opeaHizmie Habysamu 3MiH
po3sumky, mobmo 30amHicme 00 resHo20 U icHysamu y pi3HUx sapiaHmax
murny obmMiHy pe4o8UuH ma iHOuB8idyasbHO20
po38UMKY

o-0-0-0 0-0-0-0_
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leHeTUKa — HayKa NPo CNaaKOoBICTb Ta
MIH/INBICTb }XUBUX OPraHi3miB

" TepMmiH «reHeTuKa» byB 3anponoOHOBaHUNM
Binbamom bercoHom y 1906 p.

CnaaKoBicTb Ta MiHAUBICTb NOB’A3aHI 3
OAHAKOBUM MmaTepianbHMUm cybcTpaTtom

& " [JowyKam Lboro cybcrtpaty byam npucsayeHi
W Dol poboTK HayKosLiB 19 — 20 cTopiy




iaTepiasibHOro cybcrpary cnagKkoBocCTi

=1865 p. —perop MeHgenb — BIAKPUTTA 3aKOHIB
crnaaKkoBoOCTi (nepeaayvya «cnagKkoBux 3a4aTKiB»)

=1869 p. — loraHH ®pugpunx Miwep — BiagKpUB
HYKNEeTHOBI KUCNOTU B AAPAX KNITUH THOHO

" 80-i pokun 19 cropiy4ya — onnc ABULL, MiTO3Y 1 MENO3Y

= 1909 p. — Binbrenbm MoraHceH — yBiB TEPMiH «reH»




= 1888 p. — NeHpux Binbrenom Banbpemnep —
VBIB TEPMiH «XPOMOCOMM» ANA igh
BHYTPILWHbOAAEPHUX CTPYKTYP,
wo ¢apbyroTbea

=1902-1907 pp. —Teopop bosepi, Yontep
CeTTOH — NOB’AA33/1M CNAAKOEMHICTb MOKONiIHb
I3 nepegavyeto XpoMmocom

®*1910-1916 pp. —T. MopraH — XpoMOCOMHa
Teopia cnagKoBOCTI

—



HykneiHoBi
KUCNOTWU
I3 yum nos’A3aHa cnaaKoBicTb — i3 6ifAKamu abo

HYKNeIHOBUMMU KNCNOTaMMU ?
CnouyaTky nepeBary HagaBanu 6inkam...



Asnwe TpaHchopmauil.
EkcnepumeHTn ®pepepuka lNpidpodita

Serotype Capsule components

Cell wall 1 Ramnose, glucose, glucuranic acid
11 Glucosea, glucuronic acid
Capsule Vi Galactose, glucase, mannoase
__.-"'f
Streptococcus pneumon\iaje udeere
BIPY/N1€HTHI aBIpPY/IEHTHI

LWTaMWH LWTaMWH 9



EkcnepumeHTtn @. lNpiddita (1928 p.)
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BipyneHTHi 6aktepil
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ABipyneHTHi bakTepil

&S MuLuka
—q
ngﬂ f"a BUXXNBAE
BOuTi HarpiBaHHAM
BipyneHTHi bakTepil
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n e ™ MMLUKa
ﬂ% =3 _,.-l‘l--f'-r rMmHe
ABIipyneHTHi bakTepil

+ BOUTI HarpiBaHHAM

. : (Y~
BipyneHTHi bakTepii ﬂga

BipyneHTHi 6akTepii

" BUCHOBOK:
BiA YOUTUX BIPYNEHTHUX
b6aKTepin A0 KUBUX
aBIPY/IeHTHUX
nepenaEeTbCA
TpaHchopmyrounm
daKTOp, LLO NEepeTBOPIOE
aBIPY/IeHTHI WTaMU y
BIPY/IEHTHI

10



= TpaHchopmayia - ue HAObymms 0OHUM OpP2aHI3MOM MEBHUX
O3HAK IHWO020 Op2aHIi3Ma 30 PaxXyHOK 3aX0MN/AHB8AHHA
YacmuHU U020 2eHemMuUYHoI iHgpopmayii




TpaHchopmytrounun pakrop — 1HK !

H MNpoTeasa q

-.-* Pu6oHykneasa ﬂ

.‘ Oe3okcMpuboHyKneasa 'ﬁ' IHakTMBaUinA

" 1944 p. — Ocsanbpg EMBepi 1 cniBpoOOITHMKM NOBTOPUAN EKCNEPUMEHTU
[pidpdiTa 1 poBenu, wo TpaHchopmyroumm daktopom € AHK

= 1HK BUKOHYE roNI0OBHY POb Y peanidaLii reHeTUYHoI iHpopmauii
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dpena Xepwi ta Maptu Yeirs (1952)

®arun (6akrepiodaru) - ue Bipycwm,
LLLO PO3MHOXKYIOTbCA B baKTepiax

AHK

BinkoBun
Kancuvg

LLlo BianoBipae
32 pO3MHOXeHHA ¢dariB?




YTBOPIOKOTLCA HOBI dharu

BakTepiodgar srnopckye csoto AHK
y B6akTepito

Po3pue bGakTepii 3
BUBINIbBHEHHAM HOBUX dbaris

14



& dar npuea-
A 66 HaHWIA 0o

bakTtepil

O6pobka y

) bneHpepi
Bin'en-

H ﬂ ‘* HaHHS

- < cparosBoro

Kancmay

l LleHTpndyryBaHHs

Ocap
BakTepin

3micm ekcnepumeHmy:

darn T2, y skmnx 6inikoBa obosioHka
Byna nomiyeHa pagioakTUBHOK
cipkoto (S2°), a [JHK -
pagioakTuBHmm dooccdopom (P32),
iIHKyByBanu i3 baktepiamu.

[MoTim OakTepil BigMuBanu.

Y 3MUBHUX BOoAdax HE 3HaxXoaunum
P32, a B baktepisx — ayxe mano S3°
OTxXe, ycepeOQuHy nompanusna
nuwe AHK. Hepes gekinbka XBUinH
i3 BakTepil BUXOOQUIN OECATKN
NOBHOLIHHUX doaris, WO MICTUNMN |
binikoBy obonoHky, i AHK.

BucHoeok: came [JHK eukoHye
2eHemu4Hy ByHKUiro - Hece
iHgbopmauiro i MPo cMeOoPEHHs
Hoeux koniu HK, i npo cuhmes3s
ghazoeux birkie




" TpaHCOYKUYia — 3MiHa Cra0Kosux
gs1acmusocmel bakmepianbHUX KAIMUH
wiaxom nepeHeceHHA [IHK 8i0 o0Hoz20o

wmamy 00 iHWo20 30 00rMOMO20t0
JHK-¢paza
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= X. PpeHKenb-KoHpaa npautoBas i3

BipycoOmMm MO3aiKu TIOTIOHY.

Llen Bipyc mictntb PHK.

byno BigoOMO, WO Pi3HI WUTaMu BipycCa
BUK/IMKAIOTb Pi3HY KAPTUHY YPaXKeHHA
JINCTKIB TIOTIOHY. licha 3miHu 6inKoBOI
0O60NOHKM «nepeBaAATrHYTI» BipycH
BUK/IMKANN KaPTUHY YPaXKEHHSA,
XapaKTepHy Ana Toro wramy, uma PHK
byna BKpUTa YyKMUM Binkom

He nuwe AHK, ane Ui PHK moxce 6ymu Hociem
2eHemuyYHoi iHgopmayii



http://www.nsu.ru/education/biology/molbiol/Lecture1/1-3.htm

Xpomocosusas [IHK F-nnasma Xpomocosugan [IHK

= [eHemu4Ha pekombiHayia y bakmepili npu
KoH’ro2ayii — nepedavya yacmu+u [IHK i3 oOHi€ei
KAimuHU 00 iHWoi ma 3MiHa eas1acmusocmel
OCMAHHLOI (Hanpukaao, cmitikocmi 00
aHmubiomukie — aHmubiomukope3ucmeHmuocmi) *

Penaxcocoma Tpasichepocosma

F-nnaisaa Fnnasmmna

Nune

Beiswmi goHop Hoswin aoHop




"Ha uen 4Yac iCHYOTb TUCAYI AO0Ka3iB PONi HYKNEIHOBUX KUCNOT
y 3bepeXXeHHi i nepeaayi cnagKkoBoi iHpopmaLlii

"33a3HayeHi BULLLE EKCMEePMMEHTU € KNaCUYHUMMU




" MonekynapHa b6ionozis - ye Hayka npo mexaHiamu 36epiecaHHA, 8i0MBOPEHHSA,
nepeoadvi U peanizauyii ceHemuy4Hoi iHgpopmauii, Mpo cmpyKkmypy i pyHKUii
HepeaynapHux biononimepis - HyKneiHosux Kucsaom i binkKie

= ABTOp TepmiHy PpeHcuc Kpik




EpBiH LLpeauHrep,
What is Life? The Physical Aspect
of the Living Cell, 1944




I reHeTUYHOro anapary

This series of diagrams and transmission electron micrographs depicts a current model [WE : ‘
for the progressive levels of DNA coiling and folding. The illustration zooms out from a P Y e b LN B I e g
single molecule of DMNA to a metaphase chromosome, which is large enough to be seen P Pl €5 L * L S ATl _'

with a light microscope. s, B Fias e W E
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Nuclecsome
{10 nm in diameter)

DMA

double helix i
{2 nm in diametar) M

" [eHHUM

Histones

= XpOMOCOMHUM

Nucleosomes, or “beads on

DNA, the double helix Histones a string” (10-nm flber)
J
B I- e H O M H M M Shown here is a ribbon model of DA, Proteins called histones are responsible for In electron micrographs, unfolded chromatin
with each ribbon representing one the first level of DINA packing in chromatin. is 10 nm in diameter (the 10-sn fiber). Such
of the sugar-phosphate hackbones, Although each histone is small—containing chromatin resembles beads on a string (see
Recall that the phosphate groups along only about 100 amino acids—the total mass the TEM). Each “bead” is a nucleosome,
the backbone contribute a negative af histone in chromatin roughly equals the mass  the basic unit of DMA packing; the “string”
charge along the cutside of each strand. of DMNA. More than a fifth of a histone's amino  between beads is called lnker DNA.
The TEM shows a molecule of naked arids are positively charged (lysine or arginine) A nuclecsome consists of DNA wound
(protein-free) DINA; the double helix and therefore bind tightly to the negatively twice around a protein core of eight histones,
alone is 2 nm across. charged DINA. twio each of the main histone types (H2ZA,
Four types of histones are most commeon in HZIB, H3, and H4). The amino end
chromatin: HZA, H2B, H3, and H4. The his- (M-terminns) of each histone (the kistone
tones are very similar among enkaryotes; for tail) extends outward from the nuclecsome.
example, all but two of the amino acids in In the cell cycle, the histones leave the
cow H4 are identical to those in pea H4. The DMA only briefly during DNA replication.
apparent conservation of histone genes during Generally, they do the same during trans-
evolution probably reflects the important role cription, another process that requires
of histones in organizing DMA within cells. access to the DA by the cells molecular
These four types of histones are critical to machinery. Mucleosomes, and in particular

the next level of DMA packing. (A fifth type of their histone tails, are involved in the regula-
histone, called H1, is imvolved in a further stage  tion of gene expression.

of packing.)




30-nm fiber

30-nm fiber

The next level of packing results from
interactions between the histone tails

of one nucleosome and the linker DNA
and nucleosomes on either side. The fifth
histone, H1, is involved at this level. These
interactions cause the extended 10-nm
fiber to coil or fold, forming a chromatin
fiber roughly 20 nm in thickness, the
30-nm fiber. Although the 30-nm fiber is
quite prevalent in the interphase nucleus,
the packing arrangement of nucleosomes in
this form of chromatin is still a matter of
some debate.

L,
S
0y

Looped domains
(300-nm flber)

300-nm fiber

Chromatid
(700 nm)

Repl icat‘edB\
chromosome

(1,400 nm)

Metaphase chromosome

The 30-nm fiber, in turn, forms loops called
looped domains attached to a chromosome
scaffold composed of proteins, thus making
up a 300-nm fiber. The scaffold is rich in one
type of topoisomerase, and H1 molecules
also appear to be present.

In a mitotic chromosome, the looped do-
mains themselves coil and fold in a manner
not yet fully understood, further compacting
all the chromatin to produce the characteris-
tic metaphase chromosome (also shown in
the micrograph above). The width of one
chromatid is 700 nm. Particular genes always
end up located at the same places in meta-
phase chromosomes, indicating that the

packing steps are highly specific and precise.



"[eH (rpey. eeHocC — pi0, MOXOOH EHHA) — ue efleMeHTapHa GyHKLiOHa/IbHA
OAMHNLA CNAaAKOBOCTI, WO BU3HAYAE PO3BUTOK O3HAKMU

"[eH — ue ¢pparmeHT monekynm AHK, wo Koaye:
- cmpyKkmypy binka,
- pPHK
- 60 mPHK

YcnaaKyBaHHA O3HAK Yy pAAY NOKOMIHb
3abe3nevyyeTbCca nepegayelo reHis




seanizatin TeHeTMuHOI iHpopmauii

Ko)XHa o3HaKa opraHiamy nos’a3aHa 3
$PYHKLUiOHYBaHHAM Bu3Ha4yeHoro bIJIKA I




LleHTpanbHa Aorma moneKkynapHoi
6ionorii (P.Kpik, 1958)
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//TpaHCKpunuiﬂ _ AN
¢+ PHK-nonimepasa TpaHcnauis \
— ——
AHK == PHK BI/TOK
3BOpPOTHA BnacTnBOCTI KOXHOro 6iIka BU3Ha4yatoTbCA
Pennikauis TPaHCKpUnuis WOro amMiHOKUCNOTHUM CKNagom,
AHK PeBepTasa 3aKOA40BAaHMM NOCNIA0BHICTIO HYKNEOTUAiB
NHK-nonimMepasa AHK

Binok — peuinieHT reHeTUYHOI iHPopMauii
26



34 1 6ya0Ba HYKNETHOBMX KMCNOT

HykneiHoBI
KUCJI0TH

Ae30KCUPUNOOHYKNEIHOBI PNOOHYKIEIHOBI

HykneiHoegi Kucaomu — ue 8UucCoKomMorsneKynapHi bionoaimepu,
MOHOMEePAMU AKUX € HYKneomuou




HYKJIEOTUL = A3oTtucta ocHoBa + neHTto3a + coccar

H. AsoTucta
ﬂ‘-ﬁ'-. " OCHOBa

[MeHTO3a

A30TUCTI OCHOBMU [leHTO3a
OHK ApeHiH (A), lNyaHiH (G), [esokcnpunbosa
Linto3uH (C), Tumin (T)

PHK ApeHiH (A), lNyaHiH (G), Pnboaa
Linto3uH (C), Ypauun (U)



=" HyKn1eoTnam B naHLUorax

CMOIy4atoThCA
M phosphediester bond IF—F ﬂ—éH;. (I)OC(IJOAiE(I)ipHVIMM
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= 7 6epesHa 1953 poky Axkeumc YOTCOH i
®peHcuc Kpik 3anponoHyBann moaens
noaBinHoi cnipani AHK

= BiaKpunTTA 6a3yBanoca Ha HAaCTYMHUX
AQHUX:

- BiogisnyHi paHi (mpo emicm soodu)

- KapTnHa andpakKuii peHTreHiBCbKnx
NPOMEHIB (peaynapHicmbe cmpyKkmypu)

- CniBBiAHOLIEHHA a30TUCTUX OCHOB

- NobyayBaHHA moaenen MONEKYN




PozaniHg ®peHkniH

PeHTreHorpama B-¢popmu AHK,
oTpumaHa Po3aniHa ®peHKAiH
HanpUuKiHLi 1952 p.



= B 1HK 3aBxau
A / T=1 , r / L||=1 , 1 Purify the DMNA

* (T+L)I(AT) =
K - koediuieHT cneuundivHocCTi, | ehane |
€ CTaJimM OJ1d KOXKHOIo BnAaa

aooY o O OO
o Uﬂ;}ﬂ > 5% o o

Chromatography to

l quantify each nuclectide l

Bass ratio Base ratico
1.00 AT .09
iG:C .59




Caxapo-
¢uc¢aTHmﬁ“:
OCTOB -

MpuHunnn 6yposu AHK

1.HepeaynsapHicmeo
[1o perynsapHoro uykpodocdpaTtHoro
OCTOBY NPUEAHAHI a30TUCTI OCHOBM, fAKI
HeperynsapHoO YepryrTbCs

2. AHmunapanenbHicmo
NHK cKnapaeTbca 3 A4BOX
aHTUNapanenbHUX NONIHYKNEOTUAHUNX
NaHuorise. 3 -KiHeLUb 04HOro NaHLutora
PO3TallOBaHMM HAaNPOTKU 5 -KiHuA Apyroro
— ronosa Ao XBocTa (iHb Ta AHb)

3. KomnnemeHmapHicmeo
A=T, I'=L.
[lypuH i nipumignH y napi yTBOPHOOTb
BOAHEBI 3B’A3KMW.

4. HasaeHicmb pe2ynsapHoOi BMOPUHHOI
cmpykmypu
[1Ba NONIHYKNEOTUAHI NaHutorm
YTBOPIOOTb NpaB.i cnipani i3 3aranbHOLO
BiCCIO



MoaBivHa cnipanb CTPYKTYPHO pyX/uBa

=" Cnipanb YoTtcoHa i Kpika — B-¢popma:
AlameTp cnipani 2,37 HWM, BUCOTA OCHOBM
0,34 HMm, KpOK cnipani 3,4 um (10 nap
ocHoB). OcHoBHa popma AHK y KniTnHax

="A-bopma: 2,55 Hm, 0,29 Hm, 3,2 Hm (11
nap ocHoOB)

=Z-bopma: egunHa niBa cnipanb



Mapa
5 OCHOBaHWIA 3 I

AHK mae 60po3Hu: = NHK He 060B’A3K0OBO
BE/INKY | Many — byBae ABONAHLIOTOBOIO —

N1 NOCAaAKMU HA HUX : : :
=<' IHOAI 3yCTpivatoTbCA
6inKiB, WO NpaLooThb

Manas
Bopo3aa

- , N OAHONAHLIOrOBI

Bonbluas 13 'D'HK

6oposaa JIHK-nonimepasu, MONIEKYNIN (HanpuKnaa,
PHK-nonimepasu, y FreHOMaXx AeAKnxX BipyciB)

A pe2ynamopHux binkKis i
BopopogHbie
B3 T.M.

3 end




1. IHK € Hociem ceHemuyYHoOi iHhopmauyii
PyHKLiA 3abe3nevyyeTbca GaKTOM iCHYBAaHHA rEHETUYHOro Koaa

2. BiomeopeHHs i nepeoaya 2ceHemMuYHoi iHghopmauyii y NOKOAIHHAX
KAiMUH | op2aHi3mie
PyHKLIiA 3a6e3neyyeTbca NpPoLLecom penaikaLii

3. Peanizayia 2ceHemu4Hoi iHghbopmayii y suennadi 6inkKie, a makoxc 6yoe-
AKUX IHWUX CronyK
PyHKLIA 3abe3nevyyeTbca Nnpouecamm TpaHCKpUNUii | TpaHcaauii




Buau PHK Po3mip y HyKneotupax
MPHK - iHpopmauinHi (maTtpuuHi) PHK 100-100000
TPHK - TpaHcnopTHi PHK 70-90

pPHK - pnbocomHi PHK

AEeKiNbKa AUCKPETHMX Kacis
Bia 100 ao 500000

raPHK —reteporeHHa agepHa PHK

nonepegHUK mMPHK

MmAPHK - mana agepHa PHK

bepe y4acTb Yy NepeTBOPEHHI
rAPHK 8 MPHK

magpPHK - mana agepuesa PHK

bepe y4actb y popMyBaHHi
pubocom




Enpgpto ®anp

Kpenr Mennoy
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" Hobeniscbki naypeaTtn 2006
POKY B ranysi meguumnHu Ta
disionorii “3a 8iokpumms
PHK iHmepgepeHuii —
NPpU2HIYEHHA 2€eHI8
080s10HUt02080i PHK»

" Mana iHmepgepyroya
(aHmuceHcopHa) — si-PHK
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AsonaHutorosi monekynu PHK (onPHK) HexapakTepHi
OS5 HOpMarnbHUX KMiTUH, ane BOHU € 000B’3KOBUM
eTarnom XUTTEBOro LMKy baratbox BipyciB

CneuianbHun 6inok Dicer, suasmsLwu B kNituHi onPHK,
«po3pisaey» Il Ha HEBESUKI oparMeHTu

AHTNCEHCOPHUIM NaHUIOr Takoro dpparMeHTa, 9Kum
MOXXHa Ha3mBaTu KOPOMmMKor iHmepgepyrodoro PHK
(kiPHK, Big siRNA — small interference RNA),
3B’A3yETbCSA KOMMekcom BinkiB nig Haseow RISC
(RNA-induced silencing complex), ueHTpansH1n
erleMeHT 9KOro — eHAoHyKreasa poanHm Argonaute

3B’a3yBaHHA 3 KiIPHK aktnBye RISC i 3anyckae B KniTUHI
nowyk monekyn OHK i PHK, komnnemeHTapHux
«wabnoHHiny kiPHK. Jona Takux monekyn — 6ytu
3HULLEHMMKN abo iHakTMBoBaHUMM Komnnekcom RISC

[na 6araTbox opraHiaMiB — HaMMNPOCTILLIMX, MOJIHOCKIB,
yepBen, KoMax, POCIIMH — Lien PeHOMEH € OQHUM
i3 OCHOBHMX CNocobiB IMyHHOrO 3axXUCTY Big, iIHeKL,in




Mario R. Capecchi Sir Martin J. Evans Oliver Smithies

=" The Nobel Prize in Physiology or Medicine 2007 was
awarded jointly to Mario R. Capecchi, Sir Martin J. Evans
and Oliver Smithies "for their discoveries of principles
for introducing specific gene modifications in mice by
the use of embryonic stem cells”



http://www.nobelprize.org/nobel_prizes/medicine/laureates/2007/capecchi.html
http://www.nobelprize.org/nobel_prizes/medicine/laureates/2007/evans.html
http://www.nobelprize.org/nobel_prizes/medicine/laureates/2007/smithies.html

Elizabeth H. Blackburn Carol W. Greider Jack W. Szostak

=" The Nobel Prize in Physiology or Medicine 2009 was
awarded jointly to Elizabeth H. Blackburn, Carol W.
Greider and Jack W. Szostak "for the discovery of how
chromosomes are protected by telomeres and the
enzyme telomerase”



http://www.nobelprize.org/nobel_prizes/medicine/laureates/2009/blackburn.html
http://www.nobelprize.org/nobel_prizes/medicine/laureates/2009/greider.html
http://www.nobelprize.org/nobel_prizes/medicine/laureates/2009/szostak.html

[PITOBAHHA AO0BXXUHU HYK/NEIHOBUX KUCNOT

= 0AuHMNUA BUMIPOBAHHA ABOJIAHLLIOrOBOI MOJ1EKY/IN
NHK — napu ocHoB (bp) — base pairs

- Kino6asu (Kb) =103 bp
- Merabasu (Mb) = 10° bp
- Tira6asu (Gb) = 10° bp

= [loB*MHa ogHONaHUOrosol PHK BUMIPIOETHCA B
HYKNeoTnAax, a He B napax HyKNeoTunais




| eHoM NoAMNHMN,
Buan | CTPYKTYpa

ICHIB




"[eHOM — Lie NOBHUM
reHeTUYHUU CKNaa, (O\J
KAITUHN 260 KUBOFO | B N
OpraHiamy “‘

"[eHOMMW BUBYAE
reHOMmiKa




i

="(cHOBHa xXapaKtepuctmnka AHK —
NOCNIAOBHICTb HYK/1€OTUAIB

"[TIpoeKT «FeHOM ntoaguHU» 6yB
po3pobneHnn y 1984 poui, noyas
peanizoByBatnca B 1990 poui

*[[0n0BHa meTa NPOEKTY:
BU3HAYeHHA HYKNEOTUAHOI
NocnigoOBHOCTI
AAEepPHOro reHomy JIloANHU

5 000 KM |




=Y 2001 poui 6yn10 OTPpMMaHO YOPHOBY NOCAIAOBHICTb rEHOMa N0ANHU
=" YCTaHOBJ/IEHO:

- Y nrognHu 6ina 25 000 renHis

- FeHn BKNOYaOTb EK30HU M IHTPOHMU (Y cepeaHbomy Ha 1 reH — 4
E€K30HMW)

- baraTo reHis KoaytTb NoHaa 1 6in0oK (y cepegHbomy 3) — pe3ynbTaT
aNbTEPHATUBHOIO CNAANCUHTY

-Y ntoanHu 6araTto reHis, He BUABAEHUX Y be3xpebeTHMX (reHiB aHTUTIA,
KOMIMJIEKCA FiCTOCYMICHOCTI)




EK30H IHTPOH EK30H

— BN
) X

Crapt 3akKiH4YeHHA
OGionorivyHoi GionorivyHoi
iHdbopmauil iHdopmauii

CTpyKTypa «cepeaHbOro» reHa foauHu



el -

- 1Bi byab-AKMX 0cobu Ha 99,9 % €
iA€HTUYHUMM 33 HYKNEOTUAHUMMU
nocnigosHoctamu, i anwe 0,1% BiamiH
Y NOCNiJ0BHOCTI 3abe3neyytoTb

PisHnuAa B oguH HykneoTtmna

DO N/,
-, . AL

GEeHOTMNOBI BiAMIHU | ([M)/\/

(oAHOHYKNEOTHAHUM = U iy

ReHYKACOTHA . '1 ,{WT’ AN T U

nonimopdism, single nucleotide ) l/ S
. . . T

polymorphism, SNP) — micus B reHomi, “AlT|uT

Aey oaHiel ntoguHn A, ay iHWol G

TOLO)

HasasHicTtb B JHK BeAnKkoro uncna '

eNNeMEeHTIB, WO NOBTOPIOIOTLCSA m

| ——



XpomocomHa JHK

50% u iL 50%

AinsiHKN 3 yHiKanbHOIo
NOCnNiAOBHICTIO
HyKrneoTuaiB

HdinfAHKM 3 nocnigoBHICTIO
HyKrneoTtuais, WO
NOBTOPHOKTbLCA

*TeHUN

e MiKpoOcaTeniTh — KOPOTKi
TaHOEMHi NOBTOPU
(Hanpuknag, CACACACACA)
* pO3KMAaHi Nno reHomMmy nocnigos-
HOCTI, LLIO MOBTOPHOIOTbLCH
* LINE — poBri poskuaaHi
SO0epHi ernneMeHTun
* SINE — KOpOTKi — Il —
* LTR — enemMeHTU — OOBTri
TepMiHanbHi NOBTOPHU
* AHK-TpaHcno3oHun

49



SHOM' JIIOAUHU BUABUBCA CKAAAHILLIUM

" TpMBaNMM Yac HayKOBLLI BBaXKanu, Wwo nunwe 2% reHis At0ANMHN BU3HAYAOTb
Halwy npupoay, Koaytum binku, y Tom 4ac Ak 6inblua YacTUHA reHOMY,
Ha3BaHa cmitTreBoto AHK, He Hece *oaHOI QYHKUI

" HoBi AOCNIAXEHHSA B paMKaxX MacliTabHOro MmiXKHapoA4HOro rnMPoOeKTy
«EHunKnoneaia enemeHtiB AHK» (ENCODE) cnpocToBylOTb LIO AYMKY

" YyeHi BCTaHOBWIM Npu3HaYeHHA make 80% reHis, OinbLiCTb 3 AKUX
6ionoriyHO aKTUBHI




Ekcnpecisa, pennikauis
| 30epexeHHA reHoma

CurHanbHa
TpaHCcAyKLUif

KaTeropil reHiB
NIOAVUHN

OCHOBHi OioXiMiYHi

IHWiI -
oyHKLUIT KNiTUHN

doyHKUiT

51



XOHAPIaZIbHUUA FeHOM JII0AUHMU

rLE

| Y

M4

MO4L

ATP& aTpa COII

Cyth 175 rRNA

|65 rRMA,

||

ND2

| KEY
_ [eH pecnupaTtopHoro Fen TPHK
: [ KoMmnsiekca

l'eH pPHK

" KOXHa KNITUHA MICTUTb =
8000 Koniwn
MITOXOHAPIANIbHUX TEHOMIB

=" MX reHOmM MiCTUTb 37 reHiB
(13 KoaytoTb OB
depmeHTn, 24 — pPHK |
TPHK)

" [JOBHICTIO CEKBEHOBaHUN Y
1981 poui C. AHAepCOHOM




1 MM,

959 KniTuH,
00’eKT
BUBYEHHS
anonTo3ay

=33 YNC/IOM reHiB MU BTPUYI CKNagHIWI Big Na1o40BOI
MYLUKW | BABIYI CKNAAHIWI Big MIKPOCKONIYHOrO

yepB’aKa Caenorhabditis elegans

entral nerve
cord

lyonad

C

15

entral nervef.octum &
ord neurons|




[TOBHUWM KaTanor reHis At0AUHU He AACTb BiAMOBiAb
Ha NMUTAHHA:
WO pobuTtb Hac NOANHOIO?




"' Buau i cTpyKTypa reHis

CTPYKTYpPHI

(cuHTe3sy MPHK) FE UL

[eHU cuHTe3y * pi3HOBUA

pPHK CTPYKTYPHUX reHiB,
LLIO KOHTPOSIOKOTh

[eHuU CUHTE3y aKTUBHICTb iHLUKNX
TPHK CTPYKTYPHUX FEHIB




Oro rocnoAapcrBa» i reHn «Po3KoLLi»

" [eHU "0omauwiHb020 20cnooapcmea’” Kodyrome me, W0 3aex0u nompibHo
6y0b-AKil KAimuHi He3a1exHo 8i0 MKAHUHU

- [eHU rictoHoBUX biNKiB
- [eHn TPHK
- F'eHn pPHK

= [eHU «pPO3KOWIi» eKcripecyromocs 8 KAimuHaxX neeHoi MKAHUHU i auwe y
rneeHuu yac

- [eHU CUHTE3y BiIZIKOBUX FOPMOHIB Ta iH.




DBOIO DOiNfTOK-KOAYHYOro reHa eykapioT

Dk& sequence-specific
ranscription fachors

DMA

Eukaryotic promoter

Mpomomop — ocobnusa
nocnioosHicme HyKaeomuois
AHK, wo enizHaemocAa PHK-
Mo/aiMepasoro K Nocadkosa
naowaoka i cmapm cuHmesy PHK

Micue cTtapTy TpaHcKpunuii

mEMA

-
e @
pol 11
o AW
Exbns

TFID

TBP
[TATA-Binding probein)

TATA-60KC — micLie 3B’A3yBaHHS
BE/IMKOro komnJaekcy 3 50
6inkis, BKIOYaOUM paKkTopu
TpaHCKpunuil

BasanbHuM abo KOpoBUM
npomoTop

TepmiHaTop
TpaHcnauil

TepmiHaTop
TpaHcKpunuil

Cant
noniageHintoBaHHA




FANAaHKu AHK eyKapioTt

="EHxXaHcepwu

=CanneHcepu

="|HcynAaTopu




Enhancer
' t Enhancer-binding protein
e
Promoter Exon

= Hu3Ka paKkTopiB TpaHCKpunuii («binok, wo 38’a3ye eHxaHcep") 3B’A3YETbCA i3
perioHamun JHK, po3TawoBaHMMK Ha BiACTaHI TUCAY bp Big KOHTPONbOBAHOIO
reHa. 38’A3yBaHHA NiABULLYE PiBEHb TPAHCKPUNLLi reHa

" EHXaHCepn MOXYTb pO3TallOBYBaTUCA Nepea, 3a i HaBiTb BCepeAnHi reHa, Lo
KOHTPOJIOETbCA

= [lia eHXaHcepa, MOXX/IMBO, NOB’A3aHa i3 TUM, WO 6iNoK, AKMI 3B'A3YE
eHXaHcep «3aTpumye» pakTopu TpaHcKpunuii (TF) Ha npomoTopi reHa




NJIEH(

sCanneHcepun — Ue KoHTpoatotodi perioHn AAHK, akKi
noAibHO A0 eHXaHCEepPiB MOXKYTb JIOKaNi3yBaTUCA AYIKE
AaneKko BiA KOHTPO/Z1IbOBAaHOrO reHa

"3B’'A3yBaHHA paKTOpPa TPAHCKPMUMLIT i3 CAUNEeHCEPOM
NPU3BOAUTb A0 NPUTHIYEeHHA eKcnpecil



yJIATC

= [1na 3ano6iraHHA BMNaaKoBOMY
BM/INBY EHXAHCEepPIB i CanieHcepiB Ha
reHW, po3TaloBaHi NOPyM i3
KOHTPOJIbOBAHMM, ICHYIOTb
IHCynaTopu

= |[HcynaTopu — ue ainaHkn AHK,
PO3TALLUOBAHI NOMIXK:

- @HXaHcepoMm i npomoTopom abo
- CalIeHCepoM i NPOMOTOPOM

reHiB, AKi NPUAAraloTb 0O4AUH A0
oAaHOro abo KaacTepiB reHis, WO
NPUNATatoTb.

segments segments
Insulaktor

P = promoler

.= enhancer




Pennirauia AHK




=Penaikayia AHK — uye npouec, Wo nosA2ae 8 ymeopeHHi
[0eHmuyHux koniu [IHK 005 nepeoayi 2eHemuyYHoi iHgpopmauii' y
MOKOIHHAX KAIMUH | Op2aHIi3Mis

OHK — 2 OHK

" OcHOBHUU hepmeHmM ripouyecy —
HHK-3anexcHa [HK-nonimepasa




ETanv ‘enm

=[loaBiNHA cnipanb PO3MN/IETAETbCA GEPMEHTOM XeNiKa3o

Xenika3sa




Origins of replication (OT1)
/ \ M

PennikauinHa Bunka *

— - — - —i-

\—-.......'~ oy
"'ﬁ.._‘_—ll"‘ ""'"'I-___________ - ) \-__‘-/

Replication bubbles *

=Y monekyni HK eyKapioT og4HO4YaCHO YTBOPHETbLCA
AEeKiNbKa Micub NOYATKY penikauii — «pennikauinHi
nyxupui»



TonoiBomepasy

=" SHUXKYIOTb HanpyXeHHAa y monekyni AHK, wo po3KpyyyeTbca, BUAANEHHAM
netenb [AHK

= [TpautotoTb 33 NPUHLUMUNOM GEPMEHTIB PeCcCTPUKTA3 (Lo po3pi3atoTb ABa
naHutorn AHK)

Eco RI

mEEATTCm =3 AATTC —
r +
——CTTAAG— —CTTAA e



3yI0Tb oAMHapHI naHutoru AHK

34!:1_&; H

NS T

Ziidiiing

Konn 8 IHK yTBOPIOETHCA pO3niaBaeHa AiNsaHKa, biOK BKPUBAE MOro 3a PaxyHOK
eN1eKTPOCTAaTUYHMX B3aEMOAIN. [Mpn LboMy NPOABAAETLCA CNOPiIAHEHICTb binKiB
oAuH Ao oaHoro. BoHu BKpueatoTb HK cyuinbHMm wapom.

3anobiraHHA CKNelBaHHIO OAUHAPHUX NIAHLIONB Y NOABIMHUM




ANiBKOHCEpBaTUBHUM

" HaniBKOHCepPBATUBHICTb O3HAYaAE, LLO KOXKHA A0YipHA
INHK cKnapgaetrbca 3 0o4HOro MaTpUYHOro
(MaTepuHCbKOro) naHutora Ta 04HOro HOBOTO
CMHTE30BaHOro (Ao4vipHboro)




"CUHMe3 KOXCH020 004ipHb020 naHyro2a AAHK
rnpoxooumes KOMMaemMmeHmMapHo i aHmunapanesnbHo
00 MaMpPUYHO20 AAHYK2d i 308X40U Y HANPAMKY

5193/



=
» OHK-nonimepa3sa 3B'A3yeTbCA i3

_ ogHum naxurorom AHK i nounHae pyx y
MaTpuuHi HanpsIMKy 5° —3', BUKOPUCTOBYHOUM T SIK
NaHurn MaTpuMLIO | 30Mpatoydn 3 HykneoTuais

NTaHUor, WO € nigepom, i opmyrouu
L noaBinHy cnipanb. Y eykapioT us

PennikauinHa Monekyna mae Hasy [JHK rnonivepasa
BUJIKa dernibma (0).

OHK-nonimepasa 6

* [lo3asik cuHTes AHK moxnuBum nuwie
y Hanpsamky 5° —3°, AHK-nonimepa3sa
Apyroro Tuny (erncuroH, €, y eykapior)
3B’A3YETbCA 3 iHWMM MaTPUYHUM
[NHK-nirasa naHutorom. Llen doepmeHT cuHTesye
nepepuBYacTi oparmMeHTu
noniHykneotnais (oparmeHTn Okasaki).

e, ¥

dparmeHTun
Okaszaki

\ NaHutor, Wwo
3ani3HETLCA

£ =z JTaHutor, Wwo € nigepom

OHK-nonimepasa ¢

» ®epmeHT AHK-nirasa sanosHioe
NPONIOMM Y NaHLIOTY, WO
3ani3HETbLCA.

3.‘

CunHte3 HK - HaniBHenepepnBHUMA



A reHie:
HCKPUNLIA,
HCAALLIA
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EKcnpecia reHis

" EKcnpecia reHiB — ue peanisauis (BiagTBOpeHHA)
IHPpOpPMaLLil, 3aKOA0BaHOI Y NOCNIAOBHOCTI HYKNEeoTMnAiB

BioximMmiuHi
npouecwu

reHomy -—’ £




Gene
DA

‘ Transcription

RMA

* Translation

Protein

NMonepeaHin nornapg,
Ha eKcnpeciko reHiB

*1 [locTynHuiA reHom

Gene
(WY
Komnnekc iHiuiauii *1 360pka komnnekcy iHiuiauii
TpaHcKpunuii TpaHcKpunuii
Cuntes PHK
i 4
CYNTY
*1 Mpouecuur PHK
b "*/ *1 360pka KoMmnekcy iHiLjiaLi
PyiiHyBaHHs .\ TpaHenAu
PHK [y -6-—-—-—-—-—-
Ribosome c
% NHTE3
* Oinka
Binok
* 1 MpouecuHr Ginka
e e
" tp::::srﬂl # 1 donaunHr Ginka

g5

\\ e
PyiHyBaHHs /
LY

binka

Cyu4acHi ysiBneHHs
Npo eKcnpeciko reHiB
(ocobnuBo y BULLUX
opraHiamiB)

Poaykep KopHbepr

/3



IIHK = PHK)

s TpaHcKpunyif - ye cuHmes ycix eudie PHK Ha
mampuyi AHK, wo 30ilicHroeEmMbcAa hepmeHmom
AHK-3anexcHoro PHK-nosnimepasoro

"TpaHCKpUNTOM — CYKYNHICTb yCiX AHK-
TpaHcKkpunTiB (B ocHoBHoOMy MPHK), wo
NPOAYKYOTbCA




1712194

= bina 50 pi3Hux 6inKiB — paKTopiB TPAHCKpPUNUIil — 3B'A3yI0TbCA i3
NPOMOTOPOM reHa

= PepmeHT PHK-nonimepasa 3B’A3yeTbCA i3 KOMNAEKCOM paKTopiB
TPaHCKpUNuii

= [litoun pa3om, BOHM PO3KpPUBAOTb NoABiIMHY cnipanb [IHK

= PHK-nonimepasa Konitoe oguH i3 naHuytoris [AHK 3a
NPUHLUMNOM KOMM/IEMEHTAPHOCTI — YTBOPIOETLCA npe-mPHK

"[lpn pocAarHeHHi PHK-nonimepasoo TepmMiHaIbHOro CUrHany
(cneumdivyHOi NOCNiIAOBHOCTI HYKNEOTUAIB) PepMeHT i npe-
MPHK noanwatotb AHK-maTtpuuto




% Figure 17.8 The stages of transcription: initiation,
elongation, and termination. This general depiction of
transcription applies to both bacteria and sukaryotes, but the details
of termination differ, as described in the text. Also. in a bacterium,
the RMA transcript is immediately ussble as mRMA; in a sukaryote,
the RMA transcript must first undergo processing.

¥ Figure 17.9 The initiation of transcription at a eukaryotic
promoter. In sukaryatic cells, proteins called transcription factors
mediate the initiation of transcription by RMNA polymerase 11

= PyHKUiT PHK-
nonimepasmu:

- PO3NNETIHHA U
3anneTiHHA HK

- CMHTe3 PHK
- pyx no naHytory AHK

Trarecription unit
Y

RMA polymerase

) initiation. After RNA
polymemse binds to the promoter,
the DMA strands urmind, and the
polymemse initiates RMA synthesis
at the start point on the
termniplats strand.

Uniwvound DM A

Mertemn plate strand of DNA

g |
3F

3
Cf

|
Template strand of DMA

) Elongation. The polymerase
mioves downstream, urwinding
the DMA and elengating the RNA
transcript 5° — 3°. In the wake of
transcription, the DA strands
re-form a double helix.

RMA
transcript

€ Termination. Eventually, the
RM A transcript is released, and
the palymerase detaches from
the DHA.

v 3

EX Ly

L —
Completed RMA transcript

Direction of trarecription (" downstrea m::l

) A sukaryotic promoter
cemmoenly includes a TATA
bex {a nuckotide sequerce
containing TATA) about 25
nuclectides upstream from
the transcriptional start point.

Nentemplate strand

EL
Lt

TATA bax

t
Start point  Template strand

B Several transcription
factors, ore recognizing
the TATA box, must bind
tothe DM A before RMA

Trarseription polymerasa 11 can bird in
factors the comect pesition and
arientation.

5 3
el Y

) Additional transcription
factors (purplkel bind 1o
the DA along with RNA
polymerase II, forming the
transcription initiation
complex. RNA polymerase 11
ther unwinds the DMA double
helix, and RMA synthesis
begins at the start point on
the template strand.

RMNA& polymerase 11

Transcription initiation complex




MpouecuHr PHK (npe-mPHK - mPHK)

DNA (The Gene)

Transcription

5" E¥on 1] Intron A 3 pre-mBRNA
Capping ([])
[J[Exend] Tnron A i :

Y

Excision of introns and+ splicing of exons

+ Polyadenylation
> [[ExonTEXon 2[ Exon 3 |Foly(A)| 3’ mRNA

To cytosol for l]'anslatinn‘ by ribosomes

Napiatu — «nob6o4Hi» npogyktn cnnancuHry PHK



ANbTEePHAaTUBHUMN CNNAUCUHT

_—
L

Pre-mRNA -I--I-



TpaHcaauia (PHK = 6inok)

Alanine

" MlutaHHA: AK NOCNiAOBHICTb
HYKNeOoTUAIB BM3HAYAE NOCIAOBHICTb
amiHOKucnor?

= Bignosigb: 32 4ONOMOrol0 MOJIEKYN
TpaHcnopTtHoi PHK, cneundiyHol gna
KOXHOI aMIHOKUC/IOTU | ANA TpUnaety
HyKneoTtnais y MPHK, o mae Ha3By -
KOJOH. ; AL

= CyKynHictb monekyn TPHK 3gaTHa L
TpaHCNAOBATU KOAOHU MPHK y
NOCNiAOBHICTb @aMiHOKMNCNOT Y Binky.

¥

;

L

A nkcodon

MPHK KogoH




[eHeTUYHUM KoA

" byB po3wundpoBaHnint y 1962 poui (Mapann
HipeHb6epr, NeHpix MatTtei, Cesepo Ouoa) —

" [eHemu4HUl KOO - ye cucmema 3arnucy iHgpopmauii
PO MOCAI00BHICMb PO3MAWYBAHHA AMIHOKUC/AOM Y
6is1Kkax 3a 00MoOMO20+t0 MOCMI008HOCMI PpO3MAWY8AHHSA
HyKkneomuois y [IHK



OckinbKu [AHK 6e3nocepeOHboi yyacmi 'y
cuHmesi binKka He bepe, Mo Koo 3anucyemocs
mMmoeoro PHK




31aCTUBOCTI rEHETUYHOro Koay

1. TpunnaeTHicTb

KOXHa aMiHOKNCNIOTa KOAYETbLCA
NOCNIAO0BHICTIO HYKNEeoTUAIB I3 3-X
HYKNeoTnais - mpunaemom ab6o KOOOHOM




MNeapean NO3IMUHA KOAOHA

Bropana NoavuMAa KOAOHA

Pho | Ser Tyr Cys L
U Pha | Ser | Tyr Cys C
Leu | Ser STOP | STOP A
Lew | Ser | STOP| Trmp G
Lau | Pro His Arg U
C Leu Pro Hiz .ﬂﬂg [
Leu | Pro Gln Ary A
Leu | Pro Gin Arg | G
ile Thr Asn Sar U
A lle Thr | #fsn Ser C
le The | Ly= Ary A
Met | The | L¥s Arg G
val | Ala [ Asp [ Gy | U
Gy | M & Jow | C
Val Ala | Glu Ghy A
val | Ala | Gl | Gy | &

EHOUON BMNHMEDU Baied]

43 = 64 KOOOHM

61 KOOoOH —
3MICTOBHI

3 KOOOHU —
He3MIiCTOBHI

83



2. BupopaXeHictb (HagULLKOBICTD) 3. OAHO3HA4YHICTb
Yci aMIHOKMCNOTHU, 38 BUHATKOM

KOXHUM TPUNAET KOAYE NnULLE OOHY
METIOHIHY

aMiHOKMcnoTy abo € TepmiHaTOpOM
i ToMNTodPaHy, KoAyTbCA BiNbL HIXK TpaHchALul.

OAHUM TPUNNIETOM! " BUHATOK CKNana€e KogoH AUG. Y

NPOKapIioT y nepLwin Nno3uuii BiH
Koaye POPMINMETIOHIH, a Yy byab-
AKIN IHWIN - METIOHIH.

2 AK no 1 tpunnety = 2

9 AK no 2 tpunnetn =18

1 AK 3 Tpunnetn =3

5 AR no 4 tpunnetu = 20

3 AK no 6 Tpunnetie = 18
Ycboro 61 tpunnet koaye 20



4. YHIBEpPCaNbHICTb

[eHeTMYHUUN Koa eANHUMN
ANA YCIX XXUBUX ICTOT HA
3emni

Lle € cBigOUTBOM EAHOCTI
NOXOAXKEHHA | €eBOHOLLII.

=5. HenepekpuBaHicTb

ATGGTAATTCCG

KogoH 1 Koo 4 kKogodw 7 kogod 10

KogodH 2 KogodH 5 kogod 8 kogoM

Kogod 3 Kogod 6 Kogow 9 Ko..

Y 1956 p. leopriit FamoB 3anponoHyBaB BapiaHT NepeKpuBaHoOro Koay.
3riaHo i3 [aMOBCbKMM KOAOM, KOXKHUN HYKNEOoTUA, MOYNHAIOYM i3
TPEeTboro y reHi, BXoAuUTb A0 CKAaay 3-X KoAaoHiB. Konm reHeTUYHUIM Koz,
6yno po3wmndppoBaHO, BUABUIOCA, LLO BiH HENEpeKpuBaHUM, TO6TO
KOXXHUM HYKNeoTUA BXOAUTb A0 CKAaAy ULie O4HOro KOAOHY.




' Pnéocomm (pPHK + 6inokK)

EUKARYOTES

605

285 rRMA - (4718 nucleatides)
5.85 rRMA (160 nucleotides)
55 rRMNA (120 nucleotides)

50 proteine

405

BS rRMA (1874 nucleatdes)
33 proteins

BACTERIA

505
235 rRNA (2904 nucleoddes)
55 rRMA {120 nudeotides)

34 proteins

305

65 rRMA (1534] nucleoddes)

2| proteins

Buainaotb 4OTUPU Knacu

punbocom:
1. [Ipokapiomu4Hi 708.
2. EykapiomuyHi 80S.

3. Pubocomu mimoxoHOpil
(55S -y TBapuH, 75S -y
rpmbis).

4. Pubocomu xnoponaacmis

(70S y BULLMX POCUH).



= Acn - yeHmp cneyugiyHo20
8ni3Ha8AHHA
TyT BiabyBa€TbCA B3aEMOAIA KOAOH-
aHTUKOAOH.

= P-yeHmp - nenmMuounbHul,
OOHOpPHUU
BiH € AoHOPOM GOPMINIMETIOHIHY NpuU
iHiLiauii abo nenTManuny npu enoHrauiji
TpaHcaAul.

= A-yeHmp - amiHoayunoHuli,
aKyenmopHuu
AKuUenTye popMmMinMeTiOHIH Ha camomy
noyaTKy abo nenTnamn npu enoHrauii
TpaHcaAauil.

= K-yeHmp - Kamaaimu4vHulii
(pepmeHm nenmuounmpaHcgepasa —
ymeoptoe nenmuoHuli 38°430K).

00JIhL 1A

CyOBeTHHHIA |

cyObeNHHHIA




—
\ bewers |
- " Growing
polypeptide  Exit tunnel

tRNA

molecules
Large
subunit
Small
subunit

mRNA 3

(a) Computer model of functioning ribosome. This is a medel ¢
a bacterial ribosome, showing its overall shape. The eukaryotic
ribosome is roughly similar. A ibosomal subunit is a complex

of ribocsomal RNA molecules and proteins.

F site (Peptidy-tRNA Exit turinel

binding site)

A site (Aminoacyl-
Eg tRMA binding site)

site
(Exit site)

Large
subunit

mfMNA
binding site Small
subunit

(k) Schematic model showing binding sites. A ribosome has an
mPRMA binding sitz and thres tRNA binding sites, known as the
A, B and E sites. This schematic ribosome will appear in later
diagrams.

rowing polypeptide

Mext amino acid
to be added to

polypeptide chain

tRNA
mANA 3

{c) Schematic model with mRMA and tRMA. A tANA fits into a
binding site when its anticodon base-pairs with an mRNA
codon. The P site holds the tRNA attached to the growing
polypeptide. The A site holds the tRMA carrying the next amino
acid to be added to the polypeptide chain. Discharged tRMAs
leawe from the E site. The polypeptide grows at its carbosyl end.




"AKTMBALIA aMIHOKMUCAOT [ == _>
"|Hiuiauina

Ribosome ready for
next aminoacyl tRMA

="EnoHrauis
"TepmiHauia

E) Translocation. The
ribosome translocates the
tRMA in the A site to the

P site. At the same time,
the empty tRNA in the P
site is moved to the E site,
where it is released. The
mRMNA meoves along with its
bowund tRMAs, bringing the
next codon to be translated
imta the A site.

Aming end
of polypeptide

Codon recognition. The anticodon
of an incoming amincacyl tRNA base-
pairs with the complementary mRNA
codon inthe Asite. Hydrolysis of GTR
increases the accuragy and efficiency
of this step. Although not shown,
many different aminoacyl tRNAs are
present, but only the one with the
appropriate anticodon will bind and
allow the cycle to progress.

#) Peptide bond formation.
An rRMNA molecule of the
large ribosomal subunit
catalyzes the formation of a
peptide bond betwesan the
aming group of the new
amino acid inthe A site and
the carboxyl end of the
growing polypeptide in

the P site. This step removes
the polypeptide from the
tRMA in the P site and
attaches it to the amino add
on the tRMA in the A site.
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tPHE ! A MPHO3IHMH
A ApPHO3HMH

= AKTMBALA aMIHOKMCIOT — e npoLuec IXHbOro NpUeAHaHHA A0
cneundiyHux TPHK i3 3aTtpaTtoto ATO

= OCHOBHUIN pepmeHT npouecy — amiHouun-TPHK-cuHtetasa (APC-a3a,
KoAaasa)



= Y npoKapioT nepeq, KOXKHUM
reHom i BignosiaHo y MPHK

. nepen reHom € nigepHa
3 165 rpm’ NnocnifAoBHICTb.
LU ccucoe = BoHa 060B’A3KOBO MiCTUTb

noninypuHOBY NOCANIAOBHICTb

AGGAGG—AUG N, LLaitHa-OanbrapHo, sika
T KOMMNeMeHTapHa A0 3'-KiHUeBOi
7

2 ; ninAHKM pPHK.
mPHK 3

= Mana oanHuyAa pubocomu
3B’A3y€eTbCA i3 MPHK
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= 1o manoi cyboanHMLi, Ha AKIN
fmet y*Ke 3Haxoantbca mMPHK,

niaxoantb TPHK i3
dopminmeTioHiHOM (y eyKapioT

ALG i3 METIOHIHOM).

= BHacniAOK YTBOPIOETLCA
iHILiaTOPHUU KOMNAeKC:

30S cyboouHuys pubocomu +
MPHK + mPHK-
GhOpPMisIMEMIOHIH.




= Nlani BiabyBaeTbCcA acouiauia pubocomm = [lenTnamntpaHcdepasa BiapnBae PopMiNIMETIOHIH

EZTIOHTALIA B P-UeHTpi i nepeHoCHUTb MOro A0
. il : . 4 3 A-UeHTpy.
= AMiHOQUWUbHUN KiHeub dopminmeTioHiHoBOI TPHK HEHTRY
- Iy (v ) .
ONUHAETBLCA B P-ueHTpi. pyrnm KoaoH reHa " YTBOPIOETLCA NENTUAHMN 3B'A30K MIX
ONUHAETbCA B Acn-UeHTpi. BianosigHa nomy PopminmeTioHiHOM i amiHoaumn-TPHK.

amiHoaunn-TPHK ycTaHOBAOETLCA TAKUM YMHOM,
LLLO i aMiHOAUMAbHWUI KiHeub NOTpanAaAe B A-LEeHTP

—



_

=" Pubocoma 3a3Hae
KOHPOPMALINHUX 3MIH |
3CYBA€ETbCA HAa OAUH KOAOH
(TpaHcnokauin).
dopminmeTioHiHoBa TPHK
3anuwae pubocomy. [pyrmm
KOAOH ONMHAETLCA HAaNPOTU P-
ueHTpy. Ctoaun K nepexognTb
TPHK, Aka Hece Ha XBOCTI
annentna. B Acn-ueHTp
NoTpanAAE TPETIN KOAO0H, a A0
A-LeHTpYy HaCcTynHa amMiHoauWUN-
TPHK.
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= Tenep y P-ueHTpi BiApPUBAETbLCA
annentua, nepeHocuTbea o A-
LEeHTPY | CNOJIYHYAETHLCA i3
TpeTboto amiHoauun-TPHK. Tak
BiAOYyBaETbCA A0 TUX Mip, MOKM A0
AcCn-UeHTpy He noTpannae
TEPMiHYHO4YMM KOAOH
(TEPMIHALLIA).

" MloninenTtnA BigpuBaEeTbCA B P-
LEeHTpI, nepeHocnTbCA Ao A-
LEeHTPY i, N0O3asAK NPUEAHYBATUCA
MOMY HEMA A0 YOro, BiH
BiApnBa€ETbLCA Big pubocomm.

= Pubocoma ANCOLLIOE
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TepmiHauwia TpaHcaauli

Frea
polypeptide

EF
3" —-
LM-
2 3¢ Eﬂf?“l @
AR
2 GOF + 2(F),
P
(UAG, UAA, ar UGA)
&) When a ribosome reaches a stop codon on ) The release factor promotes hydrolysis of the ) The two ribosomal subunits and the
mRNA, the & site of the ribosome accepts a bond betwesn the tRMA in the P site and the other companents of the assembly
"release factor,” a protein shaped like a last amireo acid of the polypeptide, thus disscciate.

tRNA, instead of an amircacyl tRMA. freeing the polypeptide from the ribosome.




OCTTPAHCAALIUHI NnepeTBOpPeHHA binkKis
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BupaneHHs
BCTaBOK

e

Position of the
removed intein

«Po3ymiHHA MexaHi3miB
doonauHry npencraense
BENUKNWN IHTEpeC Yy CBITNI
baratboXx 3axBOpOBaHb
(xBopoba Anburenmepa |
[TapkiHCOHAa), npwu
PO3BUTKY AKUX AaHUW
npoLec NPOXoanTb
HernpaBuUNbHO» —
rOBOPUTL YNbpixX XapT/
(OUPEKTOP IHCTUTYTY
Bioximil ToBapucTea
Makca lNnaHka)
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Po3pi3aHHA i 3wumuBaHHA AHK

" PecTpUKUiHI HYKNea3u
(pecTpukTasu)- 6aKkrepianbHi
dbepMeHTH, AKi po3pi3atoTb
monekyny AHK ctporoy
BM3HAYeHUX Micuax (canmTtax
PecTpuKLii)

= NHK-nirasn — pepmeHTH, AKi
3LINBAOTb LLYKPOBO-POCPaTHUMN
octoB [AHK (ockinbkun AHK y pi3Hux
OpraHiamiB noAibHa — MOXKHa
3wmBaT JHK pi3HMX opraHiamis)

CCCGGG

GGGCCC
GAATTC
CTTAAIG

Tyni KiHU

“NMnki” KiHUi




= [licna Ail pecTpuUKTas yTBOPIOKOTLCA
dparmeHTn AAHK pi3HOI AOBXKUHU

= Yci pparmeHTn JHK matotb HeratTuBHuM
3apAg, TOMy MOXYTb 6yTu posaineHnmum
enektpodopesom B arapi (pyxatoTbca K

aHoAy)

Enektpodopes B
arapo3Howmy rerni 3
BUKOPUCTAHHAM
BpomucToro eTuaito Ans
Bidyani3auil pe3ynbsrarTiB
B yrnbTpadoionerTi
(ieopyy). dpyra nisopyu
AOPOXKa — MapKep

I3 BigOMUMU OOBXUHAMU
doparmeHTiB. [lpasopyy
— yCTaHOBKa and
NpoBeaEHHS
ernektpodopesy B reni




BHHA neBHoI nocaigosHocTi AHK y cymiuui.

Cay3epH-610TTUHT

= 3a I0MoMOororo enekTpodopesy
MOXXHa BU3HAYUTW PO3MIp MOMEKYI

OHK y po3uyuHi, ane He Paspesatue SnekTpodhopes -
0 . . PECTPMKTaZaMH - - . B arapo3Hom EpeHoC
MOCNIAOBHICTb HYKNEOTUAIB Y HUX (\ ene Ha rnbTp
= 3a gonomoroto riopuansauil : T
. Apomocomian OHK PparMeHTsl = —
OHK MoXxXHa BM3Ha4nTH, gKa 3i THK = =
= =

CMY>XOK MICTUTb (pparmeHT

i3 BU3HA4YEHOI0 NOCNiAOBHICTIO
WukyBauwa domnetpa

—

= [ibpunamnsauia OHK rpyHTyeTbCA PBAUOAKTUBHBIM 30HAOM
Ha YTBOPEHHI BOAHEBUX 3B’A3KIB MiX
neoma naHutoramu OHK, wo e
NPU3BOAUTb A0 IX 3’€AHaHHSA MposieneHme iz:;;ﬁg:m

= Cnoyatky cuHTesytoTb OHK-30HA, ) )
KOMMNeMeHTapHUM NoCcnigoBHOCTI, — Toxene E 5
AKy Tpeba 3HanTu (goBxuHa 1000 tparmenta, | -
HYITEOTANE pamNoekmRHCMY

= 30HA 3B’A3YETbCA 3 HEOOXIQHOM S0HAY
NOCIZOBHICTIO, @ 3a paxyHOK
dnyopecueHTHOro mapkepa abo CaysepH-0noTTuHr

pagioizoTonis, BOyaoBaHUX y 30HA,
pes3ynibTatn MOXHa nodavunTu




KnoHysaHHA AHK

= KrioHyBaHHA [JHK — cTBOpEeHHS
BENUKOI KiNbKOCTI KOMiK
BU3HA4YeHOro doparmMeHTa

= [1na knoHyBaHHA OHK icHye aBa
OCHOBHUX METOAN: BUKOPUCTAHHS
opraHi3miB, WO WBUAKO AiNATbLCA
(3a3Buyam baktepii Escherichia
coli — knwkoBoI nanuykn — abo
apikmken Saccharomyces
serevisiae) abo in vitro 3a
AO0MNOMOror nosiimepasHoi
NaHUoroBoi peakuii

YuacTox YuacTox
| PaciLannaHHA pacuennaiua

——eee  [IHK, ucnoneyyoman
= ANA KNOHMPOBAHKA
Mnasmuaa
_l Pacwenneswe oQHOR ¥ TOA e I
pmpunnaoﬂ (AHAOHYHREAIOH)

Guo.u.umw

XUMBpHAR NNaMuga
(canepsHt JHK nnasmmgs
W uyepoaHye THK)

TpancihopMalma
E‘W“P“’“""“ Eamapuﬂmm KNETIH

. OThop KNeTox, COepMaliny
‘ !l l XHMEPHBIE NNATMAL

POCT KyNsTYDE KNAToK

Ara nomyaensa QHK Ora nonyseHsA ﬁenua

PocT KynsTypkl B YCNOBKAX,
( BolasneHne nnaisdg NP KOTOPkD IHCAPBCCHPYATCR
KNOHWDOBAHHLIA ek

N

l HHEMBMHH& KMOHHPOBAHHOR MBMPM& Ganka
K
9 ’L’ﬁﬁ
KnoxwposasHan QHK Banok

KnoHyBaHHs ginsHku OHK (reHa)




[lonimepasHa naHUOroBa peakuis

AdeHaTtypauwa OHK
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= [Monimepa3Ha NaHLOroBa peakuis — MOneKynspHo- - ———
BionoriyHnn metoa, akun 36inblye (4o 1012 pasiB) umcno paa——— =
Konin Bn3Ha4veHoro pparmenta OHK in vitro e
Y . . o " _::_:_.“
= [1J1P 6yna suHangeHa Kepi Mynnicom (Kary Mullis) —=
y 1983 pouj, 3a wo y 1993 poui BiH oTpumas HobeniBCcbKy ——';_==£—_—_——_-
npemito | : e =
= MeTopg nongrae y 6aratopa3zoBomMy BUBipkoBOMY LGP ===
KonitoBaHHi BU3HayeHoi aingHku OHK 3a gonomoroto S -

dpepMEHTIB Y LUTYYHUX YMOBaX —_—




1. PREPARE GENOMIC DNA SAMPLE

1

DNA 114
\ 32" 38
VR O

&
*

]

Rendomly fragment genomic DNA
and Egate adapters to both ends of the
fagments.

4. FRAGMENTS BECOME DOUBLE
STRANDED

The enzyme incorporates nudeotides to

build double-stranded bridges on the sokd-

phase substrate.

2. ATTACH DNA TO SURFACE

Bind single-stranded fragments randomly to
the inside surface of the flow cell channels.

5. DENATURE THE DOUBLE-STRANDED
MOLECULES

Denaturstion leaves single-stranded
templates anchored to the substrate.

CekBeHyBaHHA AHK

7. DETERMINE FIRST BASE
3. BRIDGE AMPLIFICATION

First chemistry cydle: toinitiate the first
sequending cyde, sdd efl four labeled reversible
terminators, primers and DNA polymerase
enzyme to the flow cell.

Add unlabeled nudeotides and enzyme to
initiste solid-phase bridge amplification.

6. COMPLETE AMPLIFICATION
10. IMAGE SECOND CHEMISTRY CYCLE

Several milion dense dusters of double-
stranded DNA are generated in each channel
of the flow cell.

After laser excitation, collect the image data
s before. Record the identity of the second
base for each duster.

8. IMAGE FIRST BASE

After laser excitation, capture the image of
emitted fluorescence from each duster on the
flow cell. Record the identity of the first base
for each duster.

11. SEQUENCE READS OVER MULTIPLE
CHEMISTRY CYCLES

®
G
® e

—| @ —

a

l
L

_, GCTGA...

Repeat cycles of sequendng to determine

the sequence of bases in a given fragment

a single base at time.

9. DETERMINE SECOND BASE

Laser

Second chemistry cyde: to initiste the
next sequending cyde, add all four labeled
reversible terminators and enxyme to the
flow cell.

12. ALIGN DATA

T
.GCIGATGTGCCGCCTCACTCCOCTCG

CACTCCIGIGG
CICACTCCIGIGG
—>GCIGATGTGCCACCTCA
GATGTGCCACCTCACTC
GIGCCGCCICACICC
CTCCIGIGG

Wi v

dore Knows
idaviad ord coled  SNPcolind

Align data, compare to a reference, and
identify sequence differences.




SPo3yMHi HoXML ana OHK: CRISPR/Cas 9

a MoeTtop Cneiicep  MoBTop

1 1, FRPRPLOLIRGR ',
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— e

leHbl, KOgMpylowme
B oenku cemeiictea Cas

S - - -

leH tracr

PHK //I
;

Ve Wa Wa We W NaY,

Jinaupylowas
nocnenoearenbnocrb

PHK, TpaHckpuOupoBaHHas
¢ maccua CRISPR (pre-crPHK)

Puc. 1. CtpykTypa nokyca
CRISPR): a — 6ygoBa AinsHku
CRISPR; 6 — macuB CRISPR i
nigepHa nocnigoBHICTb; B — Ti X |
«CYyCian» — reHu, Kogyroui
tracrPHK, i reHun GinkiB poanHm
Cas; r — monekyna PHK, wo
BUHUWKAE NMpu TpaHCKpuUnuil macmnea
CRISPR; sk i B camin CRISPR,

B Hi/l YepryoTbCs NOBTOPM i
PI3HOMAaHITHI QiINAHKMK,
KOMMSIEMEHTApPHI AinsiHKamMm reHomiB
nrasmig i daris, ki Hanaganu Ha
bakTepito (no: Molecular Cell, 2010,
37, 7-19)




D3yMHi HoXuLi ana OHK: CRISPR/Cas 9

PasMmHoXeHue paroB  uéens KneTku ?g
- = e
L Pt
-5 9
- e = 4

Knetka
C HOBbIM
cneicepom

Oerpanauns
OHK ¢ara

KneTtka octanachb

O6pa3oBaHMe HOBOTO l ®parment lHK para §  *mBa M 3awwmileHa
NoBTOpa yABOEHUEM BB OO CRISPR

craporo 4 cneiicepa

— Wi b

Nnavpylowas | Maccus CRISPR ——J
nocnefoBaTtefibHOCTb

Puc. 2. [NlonoBHEHHA KONeKL,il
doparmeHTiB YyxopigHoi JHK B
cuctemi CRISPR-Cas.

Micnsa po3swenneHHa [HK dara abo
nnasmign «TpodpernHnn» pparmeHT
BcTaBnseTbca B okyc CRISPR sk
cneuncepa. lNoTim BiH Byae
BUKOPUCTaHUN 9K LIabnoH ans
CTBOpEeHHA Manunx mornekyn crPHK.
3a gonomoroto komnnekcis crPHK i
6inka Cas9 6akTepia 3axmLLaeTbCs

Big iHeKUin




D3yMHi HoXuLi ana OHK: CRISPR/Cas 9

- y
-

<"\ PHKa3a lll

tracrPHK /,_.._—— </
Pacwennqawowmin

KOMEIEKE tracrPHK
Cas9
e 32 D

crPHK

tracrPHK

crPHK crPHK

Puc. 3. Tak yTBOptotOTHCA
komnnekcn crPHK/tracrPHK-Cas9—
30pos iIMyHHOT cuctemMm nNpokapioT
(no: Nature, 2011, 471, 7340, 602—
607). ®epmeHT PHKasa Il i 6inok
Cas9 poanisHatoTtb tracrPHK,
KOMMMeMeHTapHy NocCsigOBHOCTAM
NMOBTOPIB Yy LiNbHiN monekyni PHK-
nonepegHuka (pre-cr PHK).
PoswenneHHs, UMOoBIpHO,
BinOyBaeTbCs B cepeaunHi NOBTOPY.
Y1BoptoeTbes crPHK, koxHa 3 42-
HYKNeoTnaiB: 22 «XBOCTOBUX» —
3anuwok nosTopy, iHWi 20 —
YHiKanbHUM cnemcepHun goparMeHT,
sk gonomarae oinky Cas9
wykatu vyxopigHy AHK




yMmHi HoXuui ana AHK: CRISPR/Cas 9

3: lll"l"llllllIlllllllllllllllIlIlj!Al!dl_!!!l_!!_lj»l!r!_l;l_!_l_!_!'llllllllllllllllll ::, PMC. 4. I_IpMHU.MH pOGOTM Casg y
b npupoai (3a yyacTio crPHK
tracrPHK) i y cknagi wry4yHoi
LHK-MuweHs \ KOHCTPYKLIT, e ogHa MoreKkyna
sgPHK 3amiHioe asi. Beepxy:
asornaHutorosa HK-muLeHb
niggiaeTbCa TOYHOMY PO3pPi3aHHIO:
Cas9 poani3Hae MuLLIEHDb 3a
ponomoroto crPHK, a Ta
yTpumMmyeTbca B Monekyni Cas9
l 3aBadakn nocepenHuuTey tracrPHK.
Micus po3pisiB NO3HaYeHi
Hoxuuysamu. RuvC i HNH — gomenu
(4actnHmn) Cas9; BoHn obmasa
MatoTb HyKrneasHy aKkTUBHICTb,
KOXXHUI po3pi3ae ogHYy 3 ABOX HUTOK
OHK. BHu3y — TOM e npouec 3a
3 yyacTto uinoil monekynu sgPHK,
3 CTBOPEHOI HayKOBLISIMU; BOHa
B3aemogie i 3 Cas9, i 3 [1HK-
MULLEHHIO

3’

AHK-mMmueHb

5)

3’ minmaTm CLLIRRIREN LRt EY

A

Illllllllllllll‘;‘ll!l

5’
LlensHas monekyna
PHK-rupa

3)




D3yMHi HoXuLi ana OHK: CRISPR/Cas 9

Cas9-HuKa3za
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CnapeHHble Cas9-HuKasbl E

Paspua C «NIMNKUMN» KOHUaMH

PHK-nonumepasa
dCas9-penpeccop
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Tpaucxpunuml nopasneHa

PHK-nonumepasa
dCas9-akTusarop

TpaHcKpUNUUA aKTUBMpPOBaHa

Puc. 5. Mogudikauii 6inka

Cas9: a — Cas9, y gKoro akTuBHa
nuule ogHa 3 Uoro Hykreas, a iHwa
IHAKTMBOBaHa, po3pisae nuie ogHy
HUTKY OHK, HasmBaeTbca Cas9-
Hika3ow; 6 — aBi Cas9-Hikas3u 3
pisHnmn sgPHK po3spisatots [1HK 3
YTBOPEHHAM «IIUMKNX» —
OQHONaHLroBmxX KiHUiB, B —
MyTaHTHUI Binok dCas9, y sKoro
iHaKTMBOBaHI 06MAaBiI HyKnNeasw,
MOXXHa BMKOPUCTOBYBATU ANs
BUKITIOYEHHS reHa, perynsTtopHin
AINSHUI AKOro KomnrnemeHTapHa
sgPHK; r — nogibHum e YnHom
MOXXHa BMOIpKOBO aKTUBYBaTH
CUHTE3 BU3HAYEHUX rEHIB



Ilakyio 3a yBary!




