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Sposoby badania transkryptow

o

Obecnos¢ w komérce
(Steady state transcripf):

e Technika northern-blot
RT-PCR
RT-gPCR

« SAGE (serial analysis of
gene expression)

 Mikromacierze
* Hybrydyzacja in situ (tech.
mikroskopowa)

* RNAseq:
Wysokoprzepustowe
sekw. transkryptoméw
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\

Badania in statu
nascendi

(Nascent transcript):

TRO (Transcription
Run-On)

FRAP (Fluorescence
Recovery After
Photobleaching;
tech. mikroskopowa)

N

Badania oddziatywan
biatek—DNA/RNA in vivo :

ChIP (ImmunoPrecypitacja
Chroamtyny), np. obecnos¢
Pol RNA na genie; oddz.
TFs — DNA; ,,ChIP on CHIP”

RIP (ImmunoPrecypitacja
RNA), np. oddziatywania
biatek RRM z RNA

DIP (ImmunoPrecypitacja
DNA)

CLIP (in vivo Cross-Linking
and ImmunoPrecipitation;
kompleksy RNA-biatka)



Analiza koncow
51 3" RNA

techniki analizy RNA 2013



Technika ,,wydiuzania startera”

Wyznaczanie miejsca startu transkrypcji

(ang. ,primer extension”)
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T.-R. Lee, H.-P. Hsu, and G.-C. Shaw,
2001, J. Biochem. Vol. 130, pp. 569-574
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Przylaczanie (znakowanego radioaktywnie) GS
startera do 5’ konca

|

Odwrotna transkrypcja

|

Rozdziat w zelu poliakrylamidowym razem z
reakcjami sekwencjonowania prowadzonymi z tego
samego startera



Analiza koncow 5’ RNA - 5' RACE

Rapid Amplification of 5’cDNA Ends
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jednostronny PCR
zakotwiczony PCR

.

Denaturs anneal nteinal
primer; and @xaend
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Analiza koncow 3’ poliadelynowanych RNA - 3’ RACE

Rapid Amplification of 3’cDNA Ends
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Metody analizy koncow poliA - 1

hrs post-GVBD
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Metody analizy koncow poliA - 2

RACE-PAT PAT = Poly(A) Test GV 13N
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Cyrkularny RT-PCR (cRT-PCR)
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Cyrkularny RT-PCR (cRT-PCR) cd.

e Ligaza RNA liguje czasteczki RNA pozbawione
czapeczki na koncu 5’

e Gdy badamy czasteczki z czapeczka, aby wykryc
RNA nalezy czapeczke usungc

e Czapeczke mozna usung¢ kwasna pirofosfatazg z
tytoniu (TAP, bardzo drogi enzym) Ilub trawiac
dupleksy RNA-DNA RNazag H (ma sens gdy RNA jest
wysoko eksprymowany, znamy doktadnie 5’ koniec
transkryptu i nie interesuja nas alternatywne 5’
konce)
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PASE: Poly(A) status examination

| JAAAAAAAAAAAAAAAAA-OH
| JAAAAAAAAAAAAAA-OH 0
I AAAAAAAA-OH

Ligation (r4 rna ligase)

| IAAAAAAAAAAAAAAAAAL I
| JAAAAAAAAAAAAAAL [T
N AAAAAAAAL

v
message specific RT-PCR

primer
—)

JAAAAAAAAAAAAAAL TR
PP —

linker specific
primer

Dzieki uprzejmosci B. Dichtla
Molekularne techniki analizy RNA 2013 Mariconti et al., RNA, 2010



PASE: Poly(A) status examination

Zagniezdzony (,,nested”) PCR

nested message - zwieksza specyficznosc¢
primer
PCR product | JAAAAAAAAAAAAAAL TR
nested linker
w primer

nested PCR product [ JAAAAAAAAAAAAAA[ |

analyze

/ \
‘hot’ nested PCR

resolve on acrylamide gel

clone and sequence

Dzieki uprzejmosci ———————— ) ————————
[ | O I I N B B O e A,
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Badanie PASE dtugosci koncow poliA mRNA GAL10

STOP
pPA site

¢ (A)ng

RT
M 0051 2 3 5 7.510 15 20 30 40 40 min

nest. GAL10
—

GAL10 (2100 bp)

<
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Dzieki uprzejmosci 158
B. Dichtla
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Znaczenie dtugosci koncow poliA
Za: Lackner et al., Mol. Cell, 2007

- 20% mRNAs with longest poly(A)

GO: biosynthesis, cytoplasm, ribosome

- 20% mRNAs with shortes poly(A)

NO correlation of poly(A) length and
MRNA stability!

GO: nuclear lumen, nucleolus, RNA metabolism, ribosome biogenesis

mRNAs with long poly(A) tails
are more efficiently translated
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Techniki badania
transkrypcji



Technika
,, rranscription Run ON”
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Transcription Run-On (TRO)

transcript

early log-phase yeast
culture

!

sarkosyl treatment
- permeabilize cells
- lnhlblT Transcr‘ip'l'ion |n|T|GT|On run-on fr-anscr-ip'f

Promoter

transcription reaction
with 32P-UTP

Promoter Terminator

region 1 region 2 region 3 region 4  region 5
RNA extraction
termination
. deficient
wild-type mutant
hybridize RNA to single ——] [—=] region 1
strand DNA probes relative ,
. . - — m—— | pegion 2
to different regions on the
gene of interest =—| |===| region 3
region 4 Dzieki uprzejmosci
Molekularne techniki analizy RNA 2013 = | region 5 B. Dichtla




Sondy stosowane w TRO

Sondy o diugosci od ok. 70 do 400 nt., antysensowne dla
badanych transkryptow:

e ssDNA otrzymany z fagmidow pochodnych M13 ze

sklonowanymi fragmentami badanych genow

e Oligonukleotydy (zwykle 70-85 nt)

e RNA transkrybowany in vitro (np. z promotora T7)
e Produkty PCR

e Cate plazmidy dsDNA
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Przygotowanie filtrow do TRO

Standardowe membrany
nylonowe dla kwasow
nukleinowych np. Amersham
Hybond N.

Nanoszenie prozniowe np.
Bio-Rad slot/dot blotter.

Ilosci nakladanych sond zalezg od
poziomow  ekspresji badanych
transkryptow, np. dla ACT1, 25s
czy 18s rRNA - 5 Hg
oligonukletydow 75 nt. lub 5 ug
sond ssDNA M13 (ok. 250 nt.).
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Wykonanie TRO - transkrypcja in vivo

Dla drozdzy, zmodyfikowano za Birse et al., Science 280 (1998):

Hodowla komoérek do ODsw ~ 0,2-0,3 (0,1-
0,4).

Permabilizacja sarkozylem - sarkozyl rozbija
kompleksy - ,,zdziera” biatka oddziatujace z
polimeraza - jakakolwiek Iindukcja przed
zbieraniem komorek!

Transkrypcja z mieszaning AGC i 32P-UTP
przez 5 min. - diuzej nie ma sensu bo i tak
polimeraza ,odpada” po kilkudziesieciu-
kilkuset sek.
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Wykonanie TRO - izolacja piethowanego RNA i
hybrydyzacja

Izolacja RNA dowolnq metoda, np. ,fenol na
goraco”, GTC/fenol/kulki cyrkoniowe.

Hydroliza RNA w roztworze NaOH przed
natozeniem na filtry. W zaleznosci od czasu
trwania hydrolizy rozne wielkosci
otrzymywanych fragmentow.

Hybrydyzacja, ptukania ] eksg zycja
podobnie jak np. w technice northern-blot.
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Zastosowanie i warianty TRO

Oznaczenia ilosciowe:
e Badanie aktywnosci transkrypcyjnej (mocy) promotorow
e Wyznaczanie ,transcription rates” dla poszczegolnych genow

e Roznice w aktywnosci transkrypcyjnej pomiedzy mutantami
czy pod wpltywem czynnikow zew.

Oznaczenia jakosciowe:

e Badanie defektow terminacji transkrypcji (read-through)

e Rozrzoznienie pomiedzy samq obecnoscia RNA Pol a syntezg
RNA

Warianty TRO:

e Jadrowy Run-0On, na izolowanych jadrach komoérkowych:
Gariglio (1981) i Brown (1984)

e Mitochondrialny Run-0On, na izolowanych mitochondriach
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Immunoprecypitacja
chromatyny - ChiP
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Immunoprecypitacja chromatyny - ChIP

FORMALDEHYDE CROSSLINK
CHROMATINE ISOLATION AND SHEARING
fragments 300-500 nts

—

promoter polyA

IMMUNOPRECIPITATION WITH a-CTD Abs c

& 2 2

S5 & =

—

Falyreiie II l:'rn

REVERSE CROSSLINK
ll DNA EXTRACTION E
qPCR :

RELATIVE OCCUPANCY OF
RNA pol Il ON A GENE
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Zastosowania ChIP

Badanie oddzigtywan biatka-
DNA in vivo!

e Miejsca wigzania czynnikow
transkrypcyjnych

e Obecnosc (dystrybucja) Pol
RNA wzdtuz chromatyny
(genow)

e Modyfikacje histonow

e Czynniki remodelujace
chromatyne
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Czynnik sieciujacy: formaldehyd

Reakcja 1 (powstaje

zasada Shiffa)

Reakcja 2
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Rozdzielczos¢ a specyficznosc¢ sieciowania

e Sieciowanie in vivo, duza reaktywnosc¢
formaldehydu

e Za to duza rozdzielczoéé: 2A

e Problem z sieciowaniem stabiej
oddziatujacych biatek z DNA (wieksze
odlegtosc)

e Inne czynniki sieciujqce (np. DTBP)
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Procedura ChIP

Chromatin Immunoprecipitation (ChlP)
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Terminacja transkrypcji
Polimerazy I RNA
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WHY TERMINATE?

Very few genes in eukaryotic organisms are organized in
polycistronic units (exceptions: ncRNAs, mtRNAs)

Defective transcription termination may result in the inhibition of
gene expression

1. during transcription 2. posttranscriptionally

promoter occlusion = s
pA terminator-
W@J ‘9 U 3’ end formation
nbm:m
RNAP 1 pﬂ M‘x RNAP 2 _/\ L

Transcription Readthrough (RT)
RNAP collision

MM/ _ A
. = ps = B :
Rrpb
_
The discard pathway by the nuclear RNA surveillance
Shearwin et al, TiG., 2005
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TRANSCRIPTION TERMINATION by Pol 11

3’ end CLEAVAGE and POLYADENYLATION allosteric::torpedo model

CTD Rat1 . \‘\o MRNA | | ncRNA
N ' i ‘?\ 1 smreviniae
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crE
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Luo and Bentley, Gene Dev., 2006; Proudfoot, Curr.Op.Cell.Biol., 2004

Nrd1/Nab3/Sen1- DEPENDENT TERMINATION
NCRNA || mRNA

* sn/snoRNAs

* CUTs

 short mRNAs
(< 600 nt)

Exosome
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Eukariotyczna RNA Pol 1

Pol Il cotm sucure

Kuhn et al, Cell, 2007 (Cramer’s lab)

* 14 subunits
» core by specific A190, A135, AC40, AC19, A12.2 subunits
* Rpb5-6, 8, 10 and 12 - shared by Pol |-l
» specific subcomplexes A14/A43 and A49/A34.5
*no CTD
* has intrinsic 3’ RNA cleavage activity (A12.2/Rpa12) -

possible roles in proofreading and transcription termination
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Geny rDNA zebrane sq w jaderku

Miller’s spreads - ,,Christmans tree”

Gora: V.E. Foe, Cold Spring Harbor Symp.
Quant. Biol. 42:723-740, 1978; dét: Ulrich
Scheer, MBC on NCBI.

Molekularne techniki analizy RNA 2013

Pol I transkrybuje
rybosomalny RNA
(35S rRNA)

Pol I RNA - ok. 80% catej
aktywnosci transkrypcyjnej
jadra komoérkowego!!!

U drozdzy geny rDNA w
150-200 tandemowych
powtorzeniach



Dojrzewanie rRNA
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Fatica and Tollervey, Cur. Op. Cel. Biol., 2002
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Schematic of an rDNA repeat in S. cerevisiae

Fol |
—_— A
35S DM A,
185 585 255 2=
fammnm s am o et n ey
[l ﬁ 1352
SETS ITS1  ITSZ ooy
Pal Il

Rat1Rail J-;-,3 BiL Bi=

5’ processing of 5.8S rRNA

I:I*IT-r

El Hage i wsp., Genes Dev., 2008,15;22(8)
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Schematic of an rDNA repeat in S. cerevisiae

with detailed transcription termination region

||_’> ﬂpg “ LT 'G—“h\
+14f + +Ei|:l +282 +418
T1 T2 RFB

El Hage i wsp., Genes Dev., 2008,15;22(8)
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Ratl associates with the 3’-ETS region of the rDNA
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Transcription run-on shows read-through of the major Pol |

terminator in strains lacking Rat1 or Rai1
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El Hage i wsp., Genes Dev., 2008,15;22(8)
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CZYNNIKI TERMINACII POLIMERAZY RNA 1

Rnt1
dReb1/Nsi1 Fob
117/ 355 DNA :} 058 084y P g @
+14/15  +83 +250 +282 +418
+48/50 ,1, J’ l._Y_)
T4 T2 RFB
Pol | termination factors: 355 Rnt1
- DNA-binding protein Reb1 V Sen1
* Pol | subunit Rpa12 —

L *
ELT L b A hmiE

 endonuclease Rnt1
* RFB binding protein Fob1
* 5°-3’ exonuclease Rat1

Rat1/
+ Rai1 cofactor Rai1
(torpedo mechanism)
Pre-rRNA

* RNA helicase Sen1

El Hage et al.; Kawauchi et al., Gene&Dev, 2008
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Reb1-INDEPENDENT Pol I TERMINATION?

* Depletion of Reb1 has little effect on transcription termination
(Kawauchi et al., Gene&Dev, 2008;

- Sen1 contributes to Pol | termination Houseley of al. EMBO J, 2007

* Nrd1 associates with rDNA IGS1 vasijeva etal, Mol. Cell 2006);

- Pol Il transcripts are generated within IGS1 and 1GS2

- IGS1-R anti-sense to 35S pre-rRNA terminates in the Nrd1/Nab3 pathway
ChIP Nrd1-3HA

T ETE 1351 . i 5 ETH q>;
4 ¥ o - 10 — >
k)
F — 1GS1-A S
A - o A:’S I" ; 2
L. — :'_.':; E ]
g Epo ¥ car s 2
© - | B T
IGSZ-R I 0 l|l| |j |l T,
“““““ : L1 || —
] 258 T1 T2 RFB 5S
Rnt1 rRNA Pol | terminator/IGS1 [Rnt1]
U U
%hﬂi IGGGLIACL ]GGCJﬁNG%%GEEG GGLGCCUAGUILILAGAGAGA EUHGA("[ IGAACAAGLICL)
a =
CUAUAAADUUUAUUUGHIEDULS

[_EA]Z]JCUAUUAUAAUAUAEGAUGAGGAUEAUAGUGWAEUHUAEEAUUUAEUMUGUA
MUUAEUA%E%UACUAUUUGGm_lUUAUUUUUUAUUUUUUUUUUUUUUUUEGUUG
CAAAGAUGGGUTGAAAGAGAAGGGT TTTCACAAAGCTICCCGAGCGTGAAAGGATTTGCT
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Pol I TERMINATION: Nrd1l/Nab3

TRO
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|
| PP
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Depletion of Nrd1 or Nab3 results in a marked Pol | termination defect
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Pol I TERMINATION: Nrd1l/Nab3

Pol | ChIP Rpa34-myc
16 1 ChIP (Rpa34-13-MYC)

1,4
m PMet-RAT1,PGal-

MET3-RAT1, GAL10-NAB3 L, NAB3 (0hr)
(SGS medium) ’
12 hrin SD 9\12 hrin SD +Met 1 m PMet-RAT1,PGal-

NAB3 (Nab3 absent)
%2 VN % |
0,6 -
04 -
0,2 -
0 -

2551 |gs1 3 igs1- 2 |gs1 1
0.2 - R | | 1]
25S T1 T2 RFB 5S

El Hage & Tollervey

Pol | occupancy downstream of T1 terminator increases on depletion of Nab3
This effect is exacerbated by additional depletion of Rat1
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Reb1 AND Nrd1/Nab3 CONTRIBUTE EQUALLY TO
Pol | TERMINATION:

rDNA terminator mutants Reb1 binding to IGS1 variants (EMSA)

perer _ _ W Wrd1 B3 MUT  Rob B3 MUT

T1  ReblBS: CCGGGTRR  Nrd1 BS: GUAR! - ] . e e

n— § n e grem B M0 WO YW ) S e JORE
W e b s
CTOTRTAAATTTTATTTGTCTCOAGAATTCTATGATCC GUGTANAAACATGTATTGTA..
Nrd1 BS MUT
CTATRTAAATTTTATTTGTCTCGAGAAT TG TATGATCCGORIIINAAACATGTATTGTA.,
Rabl BS MUT
CTOTRTAAATTTTATTTGTCTCGAGAATTCTATGAT CRGTARAAACATG TATTGTA, . u A

TRO profiles of mutated terminators

1,40 -

18525512 13 4 5 6 17 oW

H Nrd1 BS MUT
1,20 -

B Reb1 BS MUT

0,80 -

Nrd1 ' ' 080
BS MUT ' 00

0,20

Reb1 0,00 | ‘
BS MUT pro 188 258 r2 3 r4 15 16 17

Mutations of Nrd1 or Reb1 binding sites cause strong Pol | readthrough
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Immunoprecypitacja RNA -
RIP
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Immunoprecypitacja RNA jest podobNA do ChIP

»Cross-link” DNA/RNA-biatka

'_"'H:‘.:-“'--_:h"'_":

FragmentaCJa chromatyny

\é_\
\é_\

¢ Izolacja RNA, DNazowanie

b

e ——

poélilosciowy albo ilosciowy RT-PCR

-Em:nz:gt.

* Northern-blot lub
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Nrdl BINDS TO IGS1 IN pre-rRNA

RIP with formaldehyde crosslink RNA IP
Nrd1-TAP in the absence of Rnt1 Nrd1-TAP in the absence of Rat1
(Nrd1-TAP rnt1A4 strain) (Nrd1-TAP MET3::Rat1/xrn1A strain)
Total (0.1%) IP Total (0.1%)  IP
= o o o
e T : E
& 6T ¢ @ s 25 f sEisk
PN SR AL Rat! +- + -+ -+ _Ratl + -+ ¥ -+-
= ‘! ... l‘
5] 1L 1 _m £
Dre-rHNA 11 T2 nNro
==
a HT -
-+ + PCR a
>
g
-3
~
£3:3% ~
3
) e HEE s - UEJ
AT == : i
RT-PCR "7 * Northern blot
______ Rnt1 Reb1 A3
25S e =1 5.8S
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MODEL of Pol I TERMINATION

Rnt1

S VLS o

Rat1/
Rai1
Pre-rRNA

* Relative contribution of each termination component
- Rat1/Rai1 and Nrd1/Nab3 represent separate mechanisms
(additive defects)

« Additional elements (other DNA- or RNA- binding proteins?)
 Links with rDNA silencing
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CONCLUSIONS

P> 5'P0
#v" CPSF-73/ e
J Brr5 Ast1 Xrm
//—
==
=
)

rRNA &
Rnﬁé, ger®

'&@_ Pol 1 Fobi
T1 72 RFB :l

Rat1/Rai1 1GS1

(Com

Pathways for transcription
termination by different
polymerases, Pol | and I,
utilize overlapping factors
and mechanisms
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PODSUMOWANIE TECHNIK

Poziom RNA w komorce jest wypadkowaq jego syntezy i
degradaciji.

Sam fakt, ze polimeraza RNA jest zwigzana z DNA nie
oznacza, ze transkrybuje RNA.

Aby badac transkrypt w chwili jego powstawania
nalezy zastosowac rozne techniki molekularne:

e TRO pozwala badac¢ jakosciowo i ilosciowo ,,.biezaca”
transkrypcje.

e ChIP pozwala badac in vivo oddziatywanie bialek z
DNA.

RIP pozwala badac in vivo oddzialywanie biatek z
RNA.
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Suplement
— ilosciowy TRO
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Eukariotyczna RNA Pol 1

Pol Il cotm sucure

Kuhn et al, Cell, 2007 (Cramer’s lab)

* 14 subunits
» core by specific A190, A135, AC40, AC19, A12.2 subunits
* Rpb5-6, 8, 10 and 12 - shared by Pol |-l
» specific subcomplexes A14/A43 and A49/A34.5
*no CTD
* has intrinsic 3’ RNA cleavage activity (A12.2/Rpa12) -

possible roles in proofreading and transcription termination

Molekularne techniki analizy RNA 2013



Profile transkrypcji rRNA

TRO - using oligo probes against mature rRNAs
- standardized against exogenous hot in vitro transcribed RNA (SPIKE: AtLSM1)
- standardized against hybridization using hot in vitro transcribed 35S pre-rRNA

W303a rRNA trascription profiles standarized vs 1851

CONDITIONS
1 2

AtLSM1 AILSM1
— — | —

—

—
e —_—_—
C=mm G
— .
— S -—

5.50 1

5.00
4.50
4.00
3.50
3.00
2.50
2.00
1.50

1.00

0.50 +

0.00

TRO in vivo vs in vitro

@in vitro
| in vivo

1881 1882 1883 1854 5.8S 2581 2582 2583 2584 2585
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TRO signals corrected
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rRNA transcription rate by TRO in rpal2A

rRNA trascription Pol | subunit, minor growth effect,
700,00 interacts with Rnt1
000 no pre-rRNA processing defect
500,00
400,00 - S Probe rpa12 A/w303a
B rpai2A scr1 10,45
00007 5S 8,19
200,00 - 1851 5,85
18S2 2,50
100,00 - 18S3 2,44
Yopis EE HE HE EE EE EI EE EE EE =B 1854 1,68
1881 18S2 18S3 18S4 18S5 5.8S 25S1 25S2 25S3 25S4 25S5 25S6 1 SS 5 2,40
e . . 5.8S 2,33
rRNA trascription profiles standarized vs 1851 2551 275
o0 25S2 2,20
490 25S3 1,95
4,00 T 2584 2,02
350 ] = 25S5 1,88
3,00 ~ — 25S6 2,30
250 ] | | [Bw303a
_ B rpa12A
200 N MEAN SD
150 ] = 18S 2,98 1,64
107 25S 2,18 0,32
0501 r r r 18S+25S 2,54 1,14
0,00 - T T T T T T T T T T T

1851 18S2 1883 1854 18S5 58S 2551 2582 2583 2584 2585 25S6 Molekularne techniki analizy RNA 2013




rRNA transcription rate by TRO in spt4A

rRNA trascription Pol Il and | elongation factor,
7000 minor growth effect, ts at 37°C,
6000 - pre-rRNA processing defect,
[ Total RNA synthesis rate is 70% of wt
T (Schneider et al., PNAS 2006)
4000 1
O BY4741
" I I Probe spt4 AIBY4741
scri 0,29
20001 5S 0,32
1000 - 18S1 0,46
18S2 0,36
0- 18S3 0,36
18S1 18S2 18S3 18S4 18S5 5.8S 25S1 25S2 25S3 25S4 25S5 25S6
18S4 0,39
o _ _ 18S5 0,37
rRNA trascription profiles standarized vs 18S1 5.8S 0.52
3,00 2581 0,57
25S2 0,46
290 25S3 0,51
boo 2554 0,49
’ 25S5 0,45
150 D BY4741 25S6 0,42
B spt4A
100 Mean SD
18S 0,39 0,04
%0 25S 0,48 0,05
0,00 18S+25S 0,44 0,07
1851 18S2 18S3 18S4 18S5 5.8S 25S1 25S2 25S3 25S4 25S5 25S6
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rRNA trascription in Pol I subunits mutants

16000
14000
12000
OBY4741
10000 B rpal12A
8000 - O rpa14A
6000 A O rpa34A
B rpa49A
4000 -
2000 -
0 -
18S1 18S2 18S3 18S4 18S5 5.8S 25S1 25S2 25S3 25S4 25S5 25S6
rpa12A/BY4147 rpa14A/BY4147 rpa34A/BY4147 rpa49A/BY4147
srci 0,95 srci 0,49 srci 0,40 srci 0,00
5S 1,15 58 0,44 58 0,40 58 0,23
Mean SD Mean SD Mean SD Mean SD
18S 1,70 0,26 18S 0,52 0,08 18S 0,45 0,08 18S 0,09 0,03
25S 1,25 0,07 25S 0,44 0,06 25S 0,41 0,06 25S 0,12 0,02
18S+25S 1,46 0,31 18S+25S 0,47 0,07 18S+25S 0,43 0,06 18S+25S 0,10 0,05
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