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Fluorofor (F)

Fluorofor — vétsinou heterocyklicka nebo polyaromaticka sloucenina, pfi
prechodu z excitovného do zakladniho stavu fluoreskuje

_ Fluorescence 10 sec.
Excitace

v { ., Fosforescence 10 sec.

A 1015 sec : (>
\// ' PV R

> Zhaseni nebo prenos energie
=
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Zakladni stav Relaxace Excitovany stav

Vnitrni konverze




Fluorofor (F)

Fluorescen €ni kvantovy vyt ézek (Fluorescence quantum yield, QY) — pomér
emitovanych fotonu k absorbovanym.

Molarni extink €ni (absorpéni) koeficient — jak silné dana latka absorbuje svétlo o
dané vinové délce A=¢cl




Stokesuv posun; Jablonského diagram
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Quenchers — ZhaSece (Q)

Zhaseni — quenching

* Redukce QY v daném fluorescenénim déji
» Absorpce nebo disipace energie — navrat fluoroforu do zakladniho stavu bez emise
fluorescence

Proximalni zhaSeni — kolizni quenching

 Fluorofor velmi blizko zhaSeée — pfenos energie z F na Q ve formé tepla —
nenastane zadna fluorescence

» Proximalni zhaSece: molekularni kyslik, Cu2*, Mn2*, NO?3
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Fluorescenéni rezonanc¢ni energeticky transfer (FRET)

Zaklad rady experimentalnich metod v biochemii a molekularni biologii

» Pfenos energie z donoroveé na blizkou akceptorovou molekulu, donor se vraci do
zakladniho stavu bez vyzareni fluorescence; akceptor vyzari energii ve formé
fluorescence

* Emisni a absorpcni spektra se musi prekryvat

» F&rsterova vzdalenost  obv. 100

» Energie, kterou donor vyzari nebo preda musi byt dostate¢na k excitaci akceptoru
 Pfiklad: FAM-TAMRA, DABCYL, BHQ

Donor J(L) Acceptor
fluorescence absorption

hu em

Wavelength (1)




Specificka vs. nespecificka detekce amplikonu

Nespecificka Specificka
Linearni sondy
- Interkalacni barviva - ResonSense, Angler Probes
- Quencher Labeled Primers - HyBeacons
- LUX Primers - Light-up probes
- Amplifluor - TagMan sondy (Hydrolyzaéni sondy)

- Lanthanidoveé sondy

- Hybridizaéni sondy

- Eclipse

- Displacement Hybridization/Complex Probes

Strukturni sondy
- Molekularni majaky
- Scorpions
- Cyclicons
- Nanoparticle Probes
- Konjugované polymery a PNA sondy




Nespecificka detekce mnozstvi
amplikonu

- Interkalacni barviva
- Quencher labeled Primer
- LUX Primers
- Amplifluor



Interkalacni barviva

Reverzibilni vazba na dsDNA

e Relativné levné
« Citlivé ¢
TTTTTTTTTOTTITTITToTTd ’

NGV}I/hOdy: Denature

* Néktera barviva se vazi na ssDNA
LI [EENAREEERENERAREEN LI LI [HEEE [HEEN

» Nespecificka vazba na jakoukoli ¢ ¢

dsDNA (primer dimery, ,mispriming®,

atd.) ||||’||||| |’|| Ll Anneal
» Peclivy navrh primerl a extenzivni

validace, disociaéni krivky

RAIC JONNIRRC STDNAE, YOT, SARRRC . TR

http://www.uic.edu/depts/rrc/cgf/realtime/melt.htmi




Disociacni kfivky — melting curves

1 amplikon

2 amplikony
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Interkalacni barviva

Ethidium bromid

30ti ndsobny narust fluorescence
po vazbé na dsDNA

Nepravidelna vazba na DNA
Qy =0,15

Mutagen 2

Absorption
Fluorescence emission

400 450 500 550 600 650 700 750
Wavelength (nm)

SYBR Green @
Z >N
SYBR Green |l NSNS
SYBR Gold . H |
S” SN
YO (Oxazole Yellow)
TO (Thiazole Orange) @

PG (PicoGreen)

>1000 nasobny narust
fluorescence

Rovnomérna vazba na DNA

Qy = 0,60

Bezpecny

Fluorescence excitation
Fluorescence emission

T T T T
225 325 425 525 625
Wavelength (nm)




Interkalacni barviva

A) SYBR Green

B) Ethidium bromide




Quencher Labeled Primers

Pouziti dvou odlisSnych molekul

PNA (peptide nucleic acid) ozna¢enou na C konci zhaSecem DABCYL (Q-PNA)

+

Primer se specifickou sekvenci na 3’ konci a fluoroforem a PNA komplementarni

sekvenci na 5’ konci

Tm primer/amplikon> Tm Q-PNA/primer > Ta primer

1. Nadbytek primeru je zhasen pfi Ta AYU

2. Fluorescence méfena béhem Ta udava I
mnozstvi primeru hybridizovanych k templatu o
Jamplikonu plus mnoZstvi fluorescenéné J\&
oznadenych dsDNA amplikon(i oy

3. Real-time i end point "\
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Quencher Labeled Primers 2

Primer >25bp se zhase€em na 5’ konci (QSY 7, QSY 9), Molecular Probes-Invitrogen
QSY 7/QSY9 zhasi fluorescenci interkalaéniho barviva (SYBR), které se muze vazat
na primer dimery nebo primer samotny

Po prodlouzeni fetézce neni jiz fluorofor zhaseny

Redukce pozadi/ nespecifickych signalu




LUX Primery

_ _ _ LUX" detection
Light Upon eXtension — Invitrogen

R

* Reverse nebo forward primer oznaceny ———L ot s e e
fluoroforem. 3 5>
« Ve vlasenkové konformaci zhaseny. Druhy 2 3
primer je neoznadeny. A T o
 Po inkorporaci do dsDNA je zhaSeni

uvolnéno a emitovana fluorescence 'lf

R
Figure 2 - The LUX" (Light LUpon eXtension) effect " 5,
o 1.0 —, m w ; m o —
f.“':: Extended Primer idsDiMAI
? Singla-stranded Primer
1 = Omr
Hairpin Primer

Primer Conformation



Amplifluor http://www.genxpress.at/

«3 typy primerd - Dva specifické pro
amplifikovanou sekvenci a jeden tzv. UniPrimer

«Jeden ze specifickych primerd obsahuje
univerzalni (Z) sekvenci na 5 konci, druhy neni
nijak modifikovany

« 3’konec UniPrimeru je komplementarni k Z

sekvenci prvniho primeru, zbytek smérem k 5’konci UniPrimer @ %

tvofi vlasenku oznacCenou fluoroforem (FAM) a ]

zhaseCem (DABSYL) 3 e
.-I.'\::\:-.-:l 1}__-’

» vyhoda: kazda PCR muze byt snadno adaptovana
na Amplifluor PCR, zaclenénim Z sekvence na
5’konec jednoho z primeru

* moznost pouzit dva rizné znac¢ené UniPrimery s
konci komplementarnimi k odliSnym Z sekvencim —
SNP analyza/alelicka diskriminace



Amplifluor

Cyklus 1: primer se Z sekvenci je inkorporovany do

nové syntetizovaného fetézce o cepprrrmrrE

Cyklus 2: polymerace z druhého primeru inkorporuje
sekvenci komplementarni k Z do druhého fetézce

Cyklus 3: konec Uniprimeru se komplementarné vaze
k Z sekvenci, poskytuje volnou OH skupinu
polymeraze a je sam zaclenén do nové
vznikajiciho fetézce — uvolfuje se vlasenkova
konformace

Cyklus 4: polymeraza uvolfiuje vlasenkovou strukturu
a cely Uniprimer se stava soucasti nového

Round

end 7]

Rewverse primer \<~'<

Forward primer

Round-———-++

°®

UniPrimer 7

fetézce. Zhasec€ je oddélen od fluoroforu a R R PR S

, . .. Round
dochazi k emisi fluorescence.

e Od tohoto cyklu je Uniprimer inkorporovan do
amplikonu

 Fluorescenéni signal je generovan v kazdém
PCR cyklu (je sniman béhem annealingu)
a koreluje s mnozstvim amplikonu.

* Nezaclenény Uniprimer tvofi vlasenku
a nefluoreskuje.



Amplifluor

s
Bl

The Z primar annaals, and | extendad in
the first ampaiication ound

The LinlFrimear annsals to the sequence
aof the £ primer and ks extenced by the

polmerasa

Thie UniFrnmear-cortaining product semnes
a5 a template for the ofher primer

Extansion of primer causes the halrpin to
unfold art to separats the eporter and
quenchar, Tha reponter fiuoRsces



Specificka detekce mnozstvi amplikonu

Linearni sondy Strukturni sondy
-ResonSense, Angler Probes - Molekularni majaky
- HyBeacons - Scorpions
- Light-up probes - Cyclicons
- TagMan sondy (Hydrolyzaéni sondy) - Nanoparticle Probes
- Lanthanidové sondy - Konjugované polymery a PNA sondy
- Hybridizacni sondy
- Eclipse

-Displacement Hybridization/Complex
Probes



Reson Sense & Angler Probes www.dstl.gov.uk

- urychleni gPCR - optimalni fluorescencéni signal jiz po 5 sec. v annealingovém
kroku

- DNA interkalator (SYBR Gold) — FRET donor + sonda specificka k jedinému
amplikonu — FRET akceptor (Cy5 na 5’konci) — bud volné (ResonSense) nebo
pripojena k primeru linkerem (Angler Probe)

- DNA polymeraza bez exonukleazové aktivity v pfipadé ResonSense

- Pokud neni pfitomna cilova sekvence, nebo béhem denaturace, neni SYBR a
Cy5 v dostate¢né blizkosti aby doSlo k FRET a emisi fluorescence

- kvantitativni PCR i alelicka diskriminace (vice ruzné znacenych sond)

ex 495nm

\ em 537nm 405
ex nm
/ o / em 695nm
QO 0O O ////”’,D cy5

SYBR gold OO & O |

SYBR gold




HyBeacons www.lgc.co.uk

 Velmi jednoduchy princip i design

« Sonda emituje fluorescenci pouze v duplexu s DNA

* P na 3'0OH konci — neni volnd OH skupina pro polymerazu

» Snimani fluorescence v annealingovem kroku

» Bez nutnosti FRET, navrhu sekundarni struktury nebo enzymatického Stépeni




HyBeacons

v
CTGTATTCCTCGCCTGTCC
ITTITTITTTITITITITIITITIIT

NNNNNGACATAAGGAGCGGACAGGNNNNN

O

8
CTGTATTCCTCGCCTGTCC
IIIIITITIT-TITITIILT

NNNNNGACATAAGGAACGGACAGGNNNNN

Peak area

Log copy number

RozliSeni blizce pfibuznych sekvenci na zakladé
Tm umoznuje detekci SNP i kvantitativni analyzu
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Light Up Probes ‘

d
 Podobné HyBeacons @Y’YE
~ B . | E

* PNA s konjugovanou thiazolovou oranzi kf“ g
Q (9] 2
(asymetrické cyaninové barvivo) R.NH»LNwH#Ax-To TO-N
* PNA neinterferuje s PCR
 Nizka fluorescence volné sondy — nardst po B o
HEC'N = ){N

vazbé k DNA (annealingovy krok — snimani

TO-N
fluorescence)
* SNPs (jedina baze) ? : :
M
e
¢
51
Target | II

DNA



Light Up Probes

Lys1-TAGCTGCT-- --CO-(CH2)5-TO-N

11mM LUP2

55mM TCCTTCATTCGCTTC 55mM ATCGACGAGACAGCTGGCGA
LUP2 nekomplementarni LUP2 komplementarni

Svanvik et al. 2000. Light-Up Probes: Thiazole Orange-Conjugated Peptide Nucleic Acid for Detection of Target Nucleic Acid in
Homogeneous Solution. Analytical Biochemistry 281, 26-35 .




Hydrolyzacni sondy (TagMan Probes)

* 5’ nuclease assay

 Velmi popularni design a univerzalni pouziti

 Fluorofor na 5%, zhase€ na 3’ konci (snadna syntéza)

« 5’-3’ ds exonukleazova aktivita DNA polymerazy

« F-Q — FRET (TAMRA) nebo emise tepla (BHQ)

» Pokud je pfitomen templat, sonda se komplementarné vaze na
cilovou sekvenci — annealing

» Hydrolyza sondy béhem extension faze PCR (rozdil od
predchodzich) , uvolnéni fluoroforu a ireverzibilni emise fluorescence
» Nenavazana sonda zUstava intaktni a nedochazi k fluorescenci @
 Je nutné sladit annealingovou teplotu proby s optimalni teplotou

polymerazy @ o
F\ Q
. m

Q Q

/

 Slou€eni annealingoveho a extension kroku do jediného, obvykle 8-10C pod Tm
sondy (60-62C)

» Kvantifikace, SNP, alelicka diskriminace atd.

* Multiplexni reakce



UPL sondy

3

* Podobné TagMan sondam

semiuniverzalni sonda - knihovna

B LNA Monomer

o)
~\
» Sekvencné specificky par primerd + % B-D configuration

o]

* Do sekvence sondy zaclenéna Locked
nucleic acid (LNA) — zvySuje teplotni

stabilitu — Tm

3
E”fﬂ LNA 8-mer
8o 5-TGC GGTG-3

».B  DNA 8-mer
5-TGC GGTG-3'

|
° ?
(o)
0 B
? (0]
O=I;—0'
Perfect Single
Match Mismatch

3'-ACGACCAC-5' 3-ACGGCCAC-5 AT,

71°C 45°C 26°C

35°C 25°C 10°C




Lanthanidové sondy

» varianta hydrolyzacnich sond (TagMan)

» fluorescenéni zancka — lanthanidové chelaty (terbium,
europium) s molekulami, schopnymi absorpce UV —
uzke emisni spektrum,

» zhdSeny ssDNA — fadovy narust fluorescence po
hydrolyze sondy

* time resolved FRET — odecet fluorescence po urcité
dobé od excitacniho pulzu — snizeni fluorescence
pozadi

« dalSi snizeni zbytkové nespecificke fluorescence
pomoci kratké sondy se zhase€em — do cyklu je zarfazen
krok 35T kdy se vaze sonda se zhase ¢em na
nenavazanou reportérovou sondu

» kombinace s klasickymi fluorofory



Lightcycler - Hybridiza¢ni sondy

» dva oligonukleotidy, navrzené tak, aby hybridizovaly na templatu vedle sebe
» fluorofory tvofici FRET par
* pouze po Uspésné hybridizaci dojde k emisi fluorescence

FRET Emise fluorescence £3 signal

N
L S N

Sondy nehybridizuji v dostate¢né 9/’
blizkosti — nedojde k FRET Emise fluorescence ¥ X signal

 kvantifikace, genova exprese, SNP



Eclipse

e Linearni sondy, podobné TagMan

» 3’ konec — fluorofor, 5° MGB protein a zhase¢

* Nejsou hydrolyzovany Taq polymerazou

» Pokud neni Eclipse sonda hybridizovana k templatu, zaujima konformaci, ve
které jsou fluorofor a zhasec v tésné blizkosti

* Pfitomnost MGB zvySuje ucinek zhasece — redukce fluorescence pozadi a

umozniuje konstrukci kratSich sond s vySSi Tm

alR inan ntact Ecipse probe, the reporter |s
5 | 3 cpuanched swhan in close proximity © quenchar
a R
e # During annealing, the probe unfolds and binds
to the target sequence to separate the reporter
e — and quenchar, Tha reportar Tuoresces
@ Reporter
© cuencrer

[EE Minor groowe bindar




Displacement Hybridization/Complex Probes

v reakci kromé sondy a templatu je navic kompetitor

» kompetitor blokuje nespecifickou hybridizaci sondy k podobnym sekvencim, ale
nezasahuje do hybridizace mezi pfesné odpovidajicim templatem a sondou

e SNP — diskriminace rozdilu i v jediné bazi

» fluorescence se méfi v annealingoveé fazi

: Y
+ matched 1y -
target n 4
R §
D oo
ﬁ ] ]
&3 L] ’
" w ¥

+ mismatched E?

target 1
1 ]
T
n
T
59
1]
T




Molekularni majaky/ Molecular beacons

Target

Molecular
beacon

Q
Reporter Quencher

* vlasenkova struktura, konce jsou vzajemné komplementarni; smycka je
komplementarni k cilové sekvenci

» konce oznaceny fluoroforem a zhaSeCem

* ve vlasenkové konformaci je fluorescence zhasSena

 po vazbé na komplementarni templat dochazi k emisi fluorescence

» fluorescence je odecCetena v annealingovem kroku

* po zvySeni na extenzni teplotu, sonda disociuje a nebrani polymeraci

e Stratagene




Molekularni majaky/ Wavelength shifting beacons

e sonda ma na jednom konci A
navézané dva ﬂuorofory _ tZV. E 100 G-carboxyrhodamine 6G Tetramethylrhodamine Texas red
E 80
Jharvester” a ,emitter”, na druhém g ig -
. . . 500 550 600 650 550 600 650 550 GAOD G5O
 harvester absorbuje svétlo, emitter e
mission wavelength (nm)
diky FRET fluoreskuje B
° Vyl'azné jasnéjéi VyS'tup nez klasické _ S-carboxythodamine 86 Tetramethylrhodsmine Texas red
majaky (v pfipadé béznych zdroju :
monochromatickeho svétla) s |
Df-‘.DD 500 600 500 (L] 500 600
Excitation wavelength {nm)

Lﬁqﬂ:‘%ﬂ—w

Wavelength-shifting
molecular beacon

Target Hybrid



Katalytické molekularni majaky

* Molekularni majak je kombinovany s DNAzymem

e Linearni oligonukleotid (sonda) znaceny fluoroforem a zhaSec¢em, intramolulekalrné

komplementarni k DNAzymu

» Absence ciloveé sekvence — majak intramolekularné hybridizuje s DNAzymem a

alostericky inhibuje jeho aktivitu; sonda neni Stépena

* V pfitomnosti cilové sekvence DNAzym Stépi sondu, oddéluje zhaSec a dochazi k

emisi fluorescence
e Modularni design umoznuje

rizné assaye
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Katalytické molekularni majaky

The Qzyme primer encodes the
cataklic DMNA, During annealng, the

' Qzyme primer anneals fo the target
¥ sdension
S—- Duxing extension, the catalytic
OhA 1= made
Denaturation
' Annasing of probe
¢ ::.-" ¢ Ciring the next annealing step, the

The free reporter fluoresces

catatytic DMA binds thea probe and
cleaves e reporter from the guanchar




PNA Molekularni majaky

 Klasické majaky Spatné hybridizuji ke komplementarni
ssDNA v roztocich o nizké iontové sile, pomér signal/Sum je

rizny, ale zvySuje se s rostouci iontovou silou

o ,stemless” majaky vyborné hybridizuji i za nizkych

koncentraci soli, ale maji nizky pomér signal/Sum

* PNA ,stemless” majaky kombinuji vyhody obou systému

 VVyhody:

- Neobsahuji jiné sekvence nez komplementarni k cilové
molekule =» vyrazné urychleni kinetiky reakce

- Rezistentni k nukleazam

- Necitlivé k pfitomnosti DNA vazebnych proteinu

- Uginné i v nizké iontové sile a pfi vy3sich teplotach

” Li i| E ” u ﬂ LJ |_ | ” H Target

BBBBBB




Scorpion primers

» kombinace sondy a primeru v jediné molekule

» nedochazi k enzymatickému Stépeni — rychlejsi
proces

« pomér amplikonu a hybridizovanych sond (tedy i
fluorescence) 1:1

 vlasenkova struktura - sonda (specificka sekvence)
kovalentné vazany primer

* PCR blocker — zabranuje replikaci sekvence sondy a
tedy i nespecifickému fluorescenénimu signalu

» zhaSeni fluoroforu je zajiSteno separatnim
oligonukleotidem

Oamplioﬂn specific region |

® hlocker
© fluorophore
® dark quencher

=3 BCR primer

Elements of a Scorpions primer

dark guencher on separate olige blocker

L
fluorophore probe




Scorpion primers

* Nizké pozadi

* Rychla analyza

« Jednoduchy design

* SNP — vysoka citlivost
» Multiplex

» Jednoducha pfiprava

10000 -
8000 -
a000 -
o004

Scorpions
Molecular Beacon
1 AQMEN

6000 <
5000 <
4000 <

flourescence

3000 4
2000 <
1000

The Scorpions reaction

Step 1 - the Scorpions primer is extended on target DNA.

Step 3 - as it cools the extended Scorpion rearranges and begins to fluoresce in a
target specific manner; unextended primer is quenched.

-
' J >
[ = T—
o . » OH
PR R R ]




Cyclicons

» Pseudocyklické oligonukleotidy (PCO) — dva oligonukleotidy spojené v
oblastech 3'-3’a 5’-5’

» Jeden segment je komplementarni k cilové sekvenci

» Druhy segment 5-8 nukleotidl je komplementarni k 3’ nebo 5’ antisense
oligonukleotidu

» Pokud neni pritomny templat, PCO tvofi intramolekularni pseudocyklické
struktury,

8

Primer-Probe segment —

. & o &
| bellodifier segrment E o
r . 1\\./ | o 0 -
Quencher —— @ e wAdsje— Fluorophore #
A e, A = 4 .
"'\-\.& o 200
= o
" ————, . o o
- =}
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HHH 0 5 1 15 0 2%
Mains S Concentration, phd
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Sondy zalozené na nanocasticich (nanoparticles probes)

» Hybridni materialy slozené z biomolekul (oligonukleotidy) a anorganickych latek — napf.
zlaté koloidni nanocastice

» kovove clustery — efektivni zhasece

 hybridni konjugat — ssDNA oligonukleotid, 1,4nm zlata nanocCastice a fluorescencni
barvivo

* 5" a 3’ konce oligonukleotidu jsou vzajemné komplementarni, struktura podobna
molekularnimu majaku

Vyhody

» Au nanocastice zhasSeji fluorescenci napr. 100x ucingji nez DABCYL a maji temér 100%
ucinnost zhaseni pro fluorofory absorbujici v IR ¢asti spektra (Texas Red, Cyb)

* V pfitomnosti cilové sekvence se vlasenka otvira, oddéluje se F a Q a dochazi k emisi
fluorescence

Nevyhody Target

* NizSi citlivost — feSeni zména velikosti 3 5 3 y
nanocastic, Surface plasmon resonance = e N
« Zména absorpcniho spektra v zavislosti — 0 )
na vinové délce beacon Au nanoparticle

* Vazba Au-DNA ? /

Reporter Quencher




Konjugované polymery a PNA sondy

; . o ; ; Lo P ) Polymer -
 Cil — zjednodusSeni syntézy sond, zvyseni citlivosti - 4 \

 VVyvoj kationtovych konjugovanych polymert CCPs

» Delokalizovana elektronova struktura, vazba na DNA

* PNA sonda s navazanym fluoroforem

 V pfipadé tvorby idealniho duplexu DNA/PNA, se CCP
dostava do blizkosti fluoroforu a dochazi k FRET

N
/

kL

* Pokud neni cil pfitomny, CCP se vaze pouze na DNA a
dochazi pouze k fluorescenci CCP, ne FRET
» Efektivni detekce SNP \

o Negative Positive
Fluorescence po excitaci CCP komplexu Test (blue
o . 610°
Fluorescence po pfimé excitaci fluoresceinu

AYAVAYAY

¥

510° |
1.4 |
Wild Type (WT) A
=rrrre 1
3
Mutant (RW) ‘ 208
g 2y 06|
0.4 _—
M-term (N) s i u""T_-_ L
. ) 500 520 540 260 280 600
0400 450 500 8550 600 650 Wavelength (nm)

Wavalength (nim)




Shrnuti

- Princip fungovani real-time termocykleru

- Zakladni principy excitace a emise fluorescence, FRET, zhasSeni

- Interkala¢ni barviva
- Linearni a strukturni sondy

- Hydrolyzacni sondy (Tag-Man)
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Design primeru a sond

Hybridizace

« Uspé&sny annealing sondy a primeru je kriticky predpoklad Gispé3né PCR

- Sekvence
- Koncentrace soli

- Tvorba heterodimerickych stabilnich struktur

Denatured
(random coil)

- Parovani bazi - nejen Watson a Crick
- Sekundarni struktura

- Teplota tani DNA Tm
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Melting temperature Tm

* jeden z nejdulézitéjSich parametru, determinujici annealingovou teplotu
* Tm — teplota, pfi které je 50% daného oligonukleotidu denaturovano
e ,cooperativni melting“ — usnadnéna denaturace po disociaci prvniho paru bazi

e Sekvence: A=T < G=C

* Rychlost renaturace (a tedy i Tm) pfimo umérna délce fetézce a jeho

koncentraci a nepfimo umérna komplexité molekuly (struktura)

 Elektrostatické interakce mezi fosfatovynmi molekulami

 kationty maskuji + naboje fosfatu - vysSi iontova sila vede k vySSi Tm

Oligonukleotidy kratSi nez 20bp
Tm =2 x (A+T) + 4x (G+C)

lontova sila, %GC a délka fetézce (N)
Tm=81,5+16,6 (log10[Na+]+0,41(%GC)-(625/N)

Web-based kalkulatory
http://insilico.ehu.es/tm.php

% 58

100

L0

ds

Temperature
—

[o=—

abs. [T]
abs.[25%C)

rel. abs =
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Melting temperature Tm

100 ' ' : : '
3 .
= 80 T lower in
E [ower salt
@ concentration
c 60 .
W e~ PRI R
E |
=N
o |
$ 40 I 7
_--
-
= Tm higher in
IZE 20 higher salt
concentration
0 F i i3 1 1

60 70 80 90 100 110
' P, o

GCTATTCAACTGAAGAGGGCACAGC

+

CGATAAGTTGACTTCTCCCGTGTCG
m

Tm-25°\ T,

GCTATTCAACTGAAGAGGGCACAGC
CGATAAGTTGACTTCTCCCGTGTCG

GCTATTCAACTGGAGAGGGCACAGC

+

CGATAAGTTGACTTCTCCCGTGTCG

*
>T2

T%-25°

GCTATTCAACTGCAGAGGGCACAGC
CGATAAGTTGAC, TCTCCCGTGTCG

note: T ¥ is 4° lowerthan T

(In general, there is a 1° drop for every 1% mismatch)
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Gibbsova (volna) energie a jeji zména W .
(AG, AGO) I SN

e Sekundarni struktura DNA

* Na rozdil od Tm, AG zavisi na zméné vnitfni energie a entropie
e Zména volné energie AG° (mnozstvi energie uvolnéné nebo absorbované béhem reakce

za stejné teoploty a tlaku) - spontanni reakce - AG<0

» Znalost termodynamického pfispévku parovani bazi,
. , o , , cTr A—T e
mismatches, volnych koncu, vliasenkovych struktur - s—s g °
. . =", o—T t—a
a smycek — predikce parametru hybridizace o—c A 3 C
 Predice sekundarni struktury - nearest neighbor . o—c
— cc c\ aAu—A
. L. . T—6 G///CIU\\GG A
- helix initiation factor (GC/AT) B ‘ % A A
c—c U—AJA ) o
- helix propagation energie nutna pro vytvoreni AT . c—c . VN’ .
nasledujiciho hybridizaéniho paru \ )
A A c cc\
: e —cW e—¢ /S
- symetrie sekvence (duplexu) Aﬁ_SA o—¢ Ny
: Y4 7 ’ v A A oA U—A AA
- Loop regions — smycky, vlasenky, vyduté atd. Anh & 5—3
H
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Faktory ovliviujici stabilitu DNA DNA/RNA duplexu

1. Pocet odpovidajicich paru bazi

- Kombinace vodikovych mustkd a hydrofobnich interakci
- Pozice a typ neodpovidajiciho paru (mismatch)
2. Sekvence — nearest neighbor

3. Sekundarni struktura

- Charakter cilové sekvence

- Kompetice primeru nebo sondy s komplementarnim fetézcem cilového duplexu

4. Volné kon
- Interakce mez 5’ a 3’ konci hybridizovaného oligonukleotidu a nejblizsi sousedici baze

- Pfiklad:
AGO (GC)
AGP (AT) -0,50 kcallmo
AGP W-C (TA/AT) -0,58ckcal/mol
AG? W-C (GC/CG) -2,24 kcal/mol

GTAGACAATCTCCATCTCCTATCCTGATTAGAC

kkkkkkkkkkkkkkkkkkkk

GTTAGAGGTAGAGGATAGGA

Q,96kcal/mol
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Faktory ovliviujici stabilitu DNA DNA/RNA duplexu

5. lontova sila

- Koncentrace iontl, zejména Mg'*
- Kationty kompenzuji negativni naboj fosfatovych skupin a usnadnuji
formovani duplexu

- Stabilita duplexu (Tm) je tmérna koncentraci iontu

6. Teplota

V&) &4

T je preferovana ssDNA — vySSi entropie celého systému

Neni tedy nutna shodna Tm, ale shodna ucinnost hybridizace obou primerdu.

Primery se stejnou Tm, ale rozdilnou AG®, mohou vykazovat rozdilnou Uspésnost pfi

tvorbé duplexu nez primery s odpovidajici AGP.
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Design primeru

e Optimalné: primery jejichz 5’konce tvofri stabilni duplex, AG° <10 kcal/mol/37<C
e Plynuly pfechod AG® smérem k 3’konci aZz k cca -6kcal/mol.

e Eliminace misprimingu (vzniklého hybridizaci pouze 3’konce)

* Vylouceni repetitivnich oblasti, které mohou tvofit sekundarni struktury
 Komplementarita primerd — primer dimery

e Specifita — hybridizace k jedineénému mistu v genomu (BLASTn)

Vliv reakéniho prostfedi — i idealné navrzené primery mohou ménit své vlastnosti v
zavislosti na pouzitém PCR pufru a dalSich parametrech PCR — vZdy je nutna

optimalizace jednotlivych PCR

‘ CCCCATGCTTACAAGCAAGT |
f “
!

Region of DNA to { |
liied by PCR
RO RmplRsE by = ATCCTATGGTTGTTTGGATGGGTG ‘
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Design sond

* RuUzny design podle toho, zda je cilem kvantifikace DNA, mRNA nebo provedeni alelické
diskriminace nebo SNP

* Pouzita chemie

 Detekce DNA, RNA nebo obou zaroven? RozliSeni HIV RNA od DNA zaclenéné do genomu

« Kombinace fluoroforu a zhasece

* Modifikace sondy — LNA, PNA, MGB atd.

* Multiplex assay
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Design hydrolyzacnich sond

gPCR TagMan - dvoukrokovy prodes — denaturace a annealing/extension

Umisténi 5’ konce sondy v ramci stanovované sekvence co nejblize 3’ konci jednoho z primeru
— ucinné Stépeni sondy

Optimalni délka do 30 nukleotidu, obsah GC do 30%

AT bohate sekvence — zaclenéni LNA, PNA nebo MGP

G — ucinny quencher

Minimum repetici, zejména GGGG, zaclenéni inosinu do repetice fesi tento problem

Tm proby od 10%C vySSi nez Tm primer U
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Design hybridizacnich sond

 Sondy by mély byt umistény co nejdal od
primeru 5’ — odecet fluorescence v
annealingové fazi

e GC50%

» Kazda sonda ma délku 23-35bp

 Sondy o stejné Tm — musi se vazat
soucasné ; Tm sond 0 5-10C vySSi nez Tm
primerd

« 3’ konec akceptorové sondy fosforylovan

 Donor FAM, akceptor Cy5 nebo Lightcycler
Red 640/705

» Vzdalenost mezi sondami 1-5 bazi
(zajisténi FRET)

(Lightcycler probes)

Template DNA

Excitation for donor

Fluorescence

—-dFidT

H-H-%\J?-LU-U-LLU-

FRET Emission by acceptor

Detection

Temperature
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PCR Product-Specific Nucleotides

Design molekularnich majaku

* Vazba majaku idealné uprostfed amplikonu

Fluorescent

* Tm komplementarnich ramen o 7-10C vysSi nez Tm primeru Reporter Dye Quencher Dye

¥

 Délka do 39 bp - omezeni sekundarnich struktur
Design scorpion primers

Sonda pfipojena k 5’ konci primeru a je komplementarni

k nové syntetizovanému fetézci

e vlastni hybridizace sondy je intramolekularni udalost

e 17-27bp; Tm sondy <Tm primeru

 Cil sondy — 0-20bp od 3’konce primeru

 Hairpin struktura
 vypocet AG pro uzavienou i hybridizovanou formu

— MFold http://www.bioinfo.rpi.edu/applications/mfold
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Design primeru

Délka amplikonu, Tm, t€innost amplifikace i vytézek

Spravna sekvence — BLASTn

Sestfih — rozhrani exon/intron

3’ konec — kliovy pro eventualni mispriming G/C
Repetice (zejména GC)

Sekundarni struktura, intraprimer homology

Obsah GC 35-65%

Délka 15-25bp

Tm 55-60C

AG do -10kcal/mol

V pripadé pfevazujicich AT — vhodné zaclenéni LNA

Eventualni modifikace - na 5’konci
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Design primeru — web resources
Novy par primer & €

Nizka komplexita
sekvence (repetice)

Tm mimo rozsah
GC% mimo rozsah

Ne Vysoka stabilita 3’ konce ANo

Vnitfni nebo vzajemna
komplementarita

Vysoké BLAST skore

Primer — dimery

OK

Sequences producing significant alignments:
{Click headers to sort columns)

Accession | Description Max score Total score | Query coverage . Ewvalue Max ident
|Transcript5
NM 005252.2 Homo sapiens v-fos FB] murine osteosarcoma viral oncogene homolog (FOS), mRNA 40.1 40.1 100% 0.014 100%
¥M 001718466.1 PREDICTED: Homo sapiens hypothetical protein LOC100128918 (LOC100128918), mRNA 32.2 332.2 809, 3.5 100%,
*M PREDICTED: Homo sapiens hypothetical protein LOC100128918 (LOC1001258918), mRNA 32.2 32.2 80% 3.5 100%
®M PREDICTED: Homo sapiens hypothetical protein LOC1001285918 (LOC100128918), mRNA 32,2 32.2 209 3.5 100%
NM Homo sapiens chromodomain helicase DNA binding protein 7 (CHD7), mRNA 30.2 30.2 759%, 14 100%
NM Home sapiens kinesin light chain 1 (KLC1), transcript variant 2, mRNA& 30.2 30.2 75% 14 100%
NM 0055 Homeo sapiens kinesin light chain 1 (KLC1), transcript variant 1, mRNA 30.2 30.2 75% 14 100%
¥M 001726819.1 PREDICTED: Homo sapiens hypothetical protein LOC100131402 (LOC100131402), mRNA 28.2 258.2 70% 55 100%
XM 001725069.1 PREDICTED: Homo sapiens hypothetical protein LOC100131402 (LOC100131402), mRNA 28.2 28.2 70% 55 100%
| Genomic sequences [show first]
NW 001838113.2 Homao sapiens chromosome 14 genomic contig, alternate assembly (based on HuRef SCAF_11 o901 100% 0.014 100%
NT 02643 Homo sapiens chromosome 14 genomic contig, reference assembly 3647 100% 0.014 100%

NW Homeo sapiens chromosome 2 genomic contig, alternate assembly (based on HuRef SCAF_110

258 100% 0.89 100%
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Design primeru — web resources

e Primer Bank

http://pga.mgh.harvard.edu/primerbank/

 RTPrimerDB
http://medgen.ugent.be/rtprimerdb/

e Real Time PCR Primer Set

http://www.realtimeprimers.orqg/

e QPPD
http://web.ncifcrf.qgov/rtp/gel/primerdb/default.asp

-Q'ua ntitative PCR Primer Database

MASSACHUSETTS CCIB e Center orComputational HARVARD
GENERAL HOSPITAL and Integrative Biology MEDICAL SCHOOL

Primer Bank

PCR Primers for Gene Expression Detection and Quantification

PCR Protocol _ Primer Statistics Comments [ Citation Policy [

Primer Search

Search for PCR Primers Order Oligos

“You can have primers synthesized and PCR reaction
Search where | GenBank Accession [+ products sequenced at

Species | All Species [+]

For text

¥ou can blast your sequence against the primerbank
sequence DB here.

(=74
PR/ 1|ME[R 5 Search
a8 -

4

Home. Introduction

Statatca RTPrimerDB is a primer realtime POR popular chemistries
Links (SYER Green | Tagman, . i o i R
News optmisation

Citations N to o soquence, somat ner

Faq expertse Tt eried Symbol Entres or nse SHP igentfier or
Comments aligonucisotide sequence.

Downions; it possivle DNACopy

SNP Detection, Hutal
immuncprecphaton (CHP,organism (-uman, Mouse, Rat and trs) o detecion chemisty. Data submision s alowed ater

‘Currenty, 7755 realtime PCR assays for 5397 genes are available, submitted by 184 people,

RTFrimerDs Is generously
orei Lastsubmission: link

Publications

* PATTVN,F. SPELEMAN,F, DE PAEPE A & VANDESOWPELE, . (2003) RTPmrDE: e Real-Time PR primer and pose

database. Nucieic Acids Research, 31(1): 122-123,
« PATTYN,F,, ROBERECHT, . SPELENAN, F. DE PAEPEA
primer and probe database, major update 2006. Acids Research, 34(Database Issue): DB4-688. [Dc

LEFEVER 5 YANDESONPELE L S SHAN, PATTYN. 2000, RIFImBIOS: the ot o ssime PR pimers ond
) proves.
oo

Real Time PCR Primer Sets

Validated Primer Sets for Quantitative Real Time PCR

Are you normalizing gene expression
to just one housekeeping gene?

Set of 10 Validated Housekeeping Gene Primer Sets - Only $79.95
Available at www.realtimeprimers.com

SYBR Green Primers | [ Probes | [ Hydrolysis Probes |
[ Molecular Beacons | Submit PrimersiProbes| | Links ]

]

Search Primer |
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Design primeru a sond— web resources

Primer3: WWW primer tool

 Primer 3
http://biotools.umassmed.edu/bioapps/primer3_WWW.COE=" 5 m T oo s e

* Primer Express

http://www.appliedbiosystems.com

e Premier Biosoft International

http://www.premierbiosoft.com

HOME  COMPANY PRODUCTS

PREMIER Biosoft

Ilnternational

SERVICES

DOWNLDAD
Software to Accelerate Research in Life Sciences

AlleleID@ = Real Time PCR & Microarrays

Array Designer = Microarrays

Beacon Designer™ = Real Time PCR Cligo Design

ORDERING

PrimerPlex » Oligo Design for xMAP® Based Multiplex Systems

Primer Premier = PCR Primer Design

23
E2
2
E
&
i |
&
S

Mpression Primer = Tagged Primer Design

SimGlycan™ s M5/MS Data Analysis
SimVector = Draw Plasmid Maps & Plan Cloning Experiments
THA Foresight ® Tizzue Microarray Data Analveis
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Navrh primeru a TagMan sond — Primer Express

Jo_Xrer="UnidlE:gyie1sr

3TS 1090..>1143
/gene="Fog"
/gene_synonym="iP-1"
/gene_synonym="C-FOS"
/standard name="BF25001541063"
fdb_xref="UniSTS:519216"

1 ligd
AR 28 ms

Primer Express®

ORIGIN
1 atgatgrtot CYJUCLLoaa CUCAgACTAC JAagUCdtCAat CCLOCCOoTY Ccadoagogod
51 toomomton pematagot cieiiatas sacioameey Gagatosii coceageat - : Software
121 ggctogecty teaacgogoa ggacttotge acggacctgy cogtcotocag tgecaactto r = L]
181 attceoacgy toactgocat CLOgaccagh Coggacctge aghggotggt goagoccgoe fDr HEHI- Ime PER

241 ctoghotoot chbghbggoocc atcgoagact agagoccobc accobibcgy agtooocgoo
301 COCLOOUSTY GYUCLLACLC CAgYGCTOOC JLLULgasga COALOACAgy Aggocgagod e y Version 3.0
361 cagagoatty goadygadydy CaAYGTOUam CAOLTATOLC CAJRAgaaga Agagansagd
421 agaatcogas gygasaggas TAAYATOOCt JUAJUCASAT QUCOCAACCY GRUHANUTaD
481 CLOACLUAta CACLCCAAUC JUAYACAUAC CAaCTAYRAy ALUAgaagte CHCULLgoad
541 mccgagatty coaacctgoct gasggagaag gassaactag agttcatcot ggoagotcac
601 cgacctgoct gomagatcoc tgatgaccig ggottoccoag aagagatgte tgtggottce 4)
661 cttgatctga ctgggggoct gooagaggit gooacccogy aghcotgagga ggoottoaco
721 ctgoctoteo toaatgacce tgagoccaag coctoagtgy macctgbcas gagoatcage
7681 agoatgyagc THAAYARCCOAR GUCCLLTUAL JARCLTCCTHT LOCCAQOATE AtoCagyoco
841 agrgyototy AgACAJUCCY CUOCGLOoCA JARCATUYAST LALCLYOOLS CLTSTAatgoa
901 goagactgyy agoCLOLOCa CAgLUYoLOC CLOJUYATHY QUCCCALOYSs Casagagotg
961 gRgCCOCTYT GoACLOCOYL GUTCACCLOL ACLOCCAYST QOACLUOLLA CasghoLLoo

1021 ttoghtettea cotaccooga ggotgactceo ttoocoocaget gtgoagotge coaccgoaag
1081 ggcagoagea goaatgagoe tteocteotgas togotoaget cacccacget gotggoooty
1141 tga

I

Disclaimer | Write to the Help Desk
NCHI | NLM | NIH

Bl Primer Express

File Edit View Tools ‘“Window Help
0o S xBOX BB HEHS>+-H HE - @
MGB Quantification # 1

SEquence; Parameters| Primers / Probes | Order
@ File: Hame !

Length 1143bp.  Selection 1144 1o 1144 [] Double Stranded
ATGATGTTCT CGGGCTTCAL CGCAGACTAC GAGGCGTCAT CCTCCCGLTG 50 o]
CAGCAGCGCE TCCCCGGRCCG GGGATAGCCT CTCTTACTAC CACTCACCCG 100
CAGACTCCTT CTCCAGCATG GGLCTCGCCTG TCAACGCGCA GGACTTCTGRC 150
ACGGACCTGG CCGTCTCCAG TGCCAMCTTC ATTCCCACGG TCACTGCCAT z00
CTCGACCAGT CCGGACCTGC AGTGGCTGGT GLAGCCCGCC CTCGTCTCCT 250
CTGTGGCCCEC ATCGCAGACC AGAGCCCCTC ACCCTTTCGG AGTCCCCGLC 300
CCCTCCGCTG GGGCTTACTC CAGGGCTGGC GTTGTGAAGA CCATGACAGG 350
AGGCCGAGCG CAGAGCATTG GCAGGAGGGG CAAGGTGGAL CAGTTATCTC 400
CAGALGALG, GAG, GG AGAATCCGAR GGG, GG, TAAGATGGCT asn
GCAGCCARAT GCCGCAACCG GAGGAGGGAG CTGACTGATA CACTCCAAGC 500
GGAGACAGAC CAACTAGAMG ATGAGAAGTC TGCTTIGCAG ACCGAGATIG 550
CCAACCTGCT GAAGGAGAAG GAAAMACTAG AGTTCATCCT GGCAGCTCAC 600
CGACCTGCCT GCARGATCCC TGATGACCTG GGCTTCCCAG AAGAGATGTC 650
TGTGEECTTCC. CTIGATCTGA CTGGGGGCCT GLCAGAGGTT GCCACCCCGG 700
AGTCTGAGGA GGCCTTCACC CTGCCTCTCC TCAATGACCC TGAGCCCAAG 750 o
CCCTCAGTGE AACCTGTCAA GAGCATCAGC AGCATGGAGC TGAAGACCGA 800
GCCCTTTGAT GACTTCCTGT TCCCAGCATC ATCCAGGCCC AGTGGCTCTG 850
AGACAGCCCG CTCCGTGCCA GACATGGACC TATCTGGGTC CTTCTATGCA 00
‘GEAG&CTGGG AGCCTCTGCA CAGTGGCTCC CTGGGGATGG GGCCCATGGC Q50 ey
T o find Primers & Prabes, click the “Find Primers/Probes" button
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MGB Quantification # 1
Primers / Probes | Order |

Paramneter Yalue
& Frirmer Trn

tdin Primer T 1]

Il & Prirner Tm [=11]

I ax Difference in T of Two Primers 2
& Frimer GC Cantent

tin Primer %2GC Content a0

Il @ Frimer %GE Content a0

bz Primer 3' GC's 2

Frimer 3' End Lenath 5

Primer 3 GC Clamp Residues 0
& Frimer Length

in Primer Length 3

tdax Primer Length 40

Optimal Primer Length 20
B Frimer Composition

tdaw Primer G Repeats 3

b ax Mum Ambig Residues in Primer 0
[ Prirmer Secondary Structure

Il 2 Primer Congec Base Pair 4

Il 2 Primer T atal Base Pair 2
& Primer Site Uniqueness

M aw % Match in Primer 7a

I ax Conzec Match in Primer 9

Il ax 3 Congec Match in Primer 7
= Prabe Tm

Iefiri Probe Tm 5]

Mz Prabe Tm 70
H Probe GC Content

Ifin Probe %GC Content 30

M ax Probe %GC Content 20
E] Prabe Length

Min Probe Length 13

M ax Probe Length 25
= Probe Composition

W ax Probe G Repeats 3

b ax Hum Ambig Fesidues in Frobe 0

Mo G at 5'End in Probe [v]
Select Probe with mare C's than G's ]
[=] Probe Secondary Structure

Il ax Frobe Consec Base Pair 4

Ifax Probe Total Baze Pair g
[=] Amplicon

in Amplified Begion Tm 0

bl ax Amplified Fegion Tm 25

Wi Amplified Region Length a0

W ax Amplified Region Lenath 180
= General

W ax Primers / Probes a0
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ETﬂqMamE] MGB Quantification # 1
| Sequence | Parameters| Frimers / Probes | Oirder |
[=] - Candidate Primers & Probe
Rew Start Rewv Stop Rew Len... Rew Tm Rew ZGC Few 5 [@
1 17 199 19 58 E GG ~
2 161 180 CCGTCTCLC... 19 GGTCCGGEA. .. T
3 161 180 20 2] B0 CCGTCTCC... |17 199 19 58 %] GGTCCGGA... 183
4 745 TE2 18 ha 1 CCCAAGCC... |B09 a0 20 53 313] TCAAAGGE... |TER
] 745 TE2 18 ha 1 CCCAAGCC... |B09 a0 20 53 313] TCAAAGGE... |TER
B 745 TE2 18 ha 1 CCCAAGCC... |B09 a0 20 53 313] TCAAAGGE... |TER
7 |00 B2z 23 5] 48 AGCCCTTT... (864 Bd7 18 53 B7 GGAGCGGEG... |B27
] |00 g2z 23 5] 48 AGCCCTTT... (264 847 18 53 B7 GGAGCGGEG... 828
9 |00 g2z 23 5] 48 AGCCCTTT... (264 847 18 53 B7 GGAGCGGEG... 829
10 [745 TE2 18 ha E1 CCCAAGCC... (810 =l 20 58 Al ATCAAMGE... [FED
11 |745 TE2 18 ha g1 CCCAAGCC... (810 =l 20 58 a0 ATCAAMGG... [FED
12 |745 TE2 18 ha g1 CCCAAGCC... (810 =l 20 58 a0 ATCAAMGG... [FED
13 [745 TE2 18 ha g1 CCCAAGCC... (810 70 21 59 A2 ATCAAMGE... [FED
14 |745 TE2 18 ha g1 CCCAAGCC... (810 70 21 59 A2 ATCAAMGE... [FED
15 |[745 TE2 18 ha 1 CCCAAGCC... (810 a0 21 53 ha ATCAAMGG... [FER
16 |799 221 23 5] 48 GAGCCCTT... |B64 Bd7 18 53 B7 GGAGCGGEG... |B27
17 |799 221 23 5] 48 GAGCCCTT... |B64 Bd7 18 53 B7 GGAGCGGEG... 828
18 (799 221 23 5] 48 GAGCCCTT... |B64 Bd7 18 53 B7 GGAGCGGEG... 829
19 (745 TE2 18 ha 1 CCCAAGCC... (811 792 20 58 Ll CATCAAMG... |TEB
20 |745 TE2 18 ha E1 CCCAAGCC... (811 792 20 58 313] CATCAAMG... |TED
21 |745 TE2 18 ha g1 CCCAMGCC... (811 792 20 58 3la] CATCAAMG... |TED
22 |798 a18 4 5] h2 CGAGCCCT... |B64 847 18 59 B7 GGAGCGGEG... 820
23 |798 218 A 2] 52 CGAGCCCT... |BE4 247 18 59 B7 GGAGCGGG... |B20
24 (798 218 A 2] 52 CGAGCCCT... |BE4 247 18 59 B7 GGAGCGGE... |B21
25 (798 a8 A o] 52 CGAGCCCT ... |BR4 R47 18 59 B7 GRAGCGGG... |B21
26 |798 a8 4 2] A2 CGAGCCCT... |B64 Bd7 18 53 B7 GGAGCGGEG... 822
2F |78 a8 4 2] A2 CGAGCCCT... |B64 Bd7 18 53 B7 GGAGCGGEG... |B27
28 |798 a8 4 2] A2 CGAGCCCT... |B64 Bd7 18 53 B7 GGAGCGGEG... 828
29 |798 a8 4 2] A2 CGAGCCCT... |B64 Bd7 18 53 B7 GGAGCGGEG... 829
a0 |745 TE2 18 ha 1 CCCAAGCC... (812 793 20 58 Al TCATCAMN, . |FER
a1 [745 7E2 18 ha E1 CCCAAGCL... 812 793 20 58 1] TCATCAMA . [FER %
< | >
[* ] Click to show Locations
[¥]Click ta shaw Secondary Stuctures
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] Reverse Frimers

M ame Walue

[&] Forward Primers
Tatal primers tested: 35792
GC test paszed: 35149
Ambiguity test pazzed: 953
Clamp test pazsed: 963
T test pazzed: 963
Avoid Excluded reqgions test paszed:  |963
Fepeat test pazsed: 300
Self compare test pazsed: 71
Lirit GC test pazsed: 214
Sequence compare pagsed: 24
Rewversze zequence compare paszed. |83

Total primers tested: J5236

GC test paszed: 34657

Ambiguity test pazsed: 346

Clamp test pazsed: 346

Trn test pazzed: 246

Avoid Excluded regions test pazzed:  |946

Repeat test paszed: BE1

Self compare test paszed: K]

Limit GC test pazsed: 205

Sequence compare passed: 35

Feverze sequence compare pazzed: |35

=] Prirner Pairs

Total pairs tested: 7ash

Amplicon Length test passed: B3

Ayoid Excluded regions test pazzed:  |BS1

Trm D_ifferenn:e test pased: 631 = TauI:|h'1an Probes :

.-f-'-.rmpllllcnnIml test passed: 630 Total probesz tested: 14450

- GC test paszed: 14128

Ambiguity test pazsed: 1178
Trn test paszed: 1178
Avoid Excluded regions test pazsed:  [1178
Repeat test pazzed: 1126
Self compare test passed: 1076
Sequence compare pazsed: 475
Reverze sequence compare paszed:  |458
Frobe start test paszed: 351
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A B C D E F G H I J K L M N (o] P Q 5 T u v W X

1 |# FwdStart FwdStop  Fwdlength FwdTm  Fwd®GC  FwdSeqg RevStart RevStop  Revlength RevTm Rev®GC  RevSeq ProbeStart ProbeStop Probe Length ProbeTm Probe %GC ProbeSeq AmpTm Amp#GC AmpTa Amplen Penzlty
2|1 162 181 20 58 55 CGTCTCCAGTGCCAACTTCA 217 193 12 58 63 GGTCCGGACTGGTCGAGAT 183 197 15 3 &7 TCCCACGGTCACTGC 24 31 62 56 31
3|2 161 180 20 53 50 CCETCTCCAGTGCCAACTTC 217 133 13 58 63 GGTCCGGACTGGTCGAGAT 182 157 16 65 63 TTCCCACGGTCACTGE a5 61 82 57 36
4 3 161 120 20 53 60 CCETCTCCAGTECCAACTTC 217 133 13 58 63 GETCCGGACTGETCEAGAT 133 137 15 &3 67 TCCCACGGTCACTGC 85 61 62 57 36
5 4 745 762 18 58 61 CCCAAGCCCTCAGTGGAA 203 730 20 5% 55 TCAAAGGGCTCGGTCTTCAG 765 780 16 68 50 TGTCAAGAGCATCAGC 83 57 61 65 77
(1] 5 745 762 pt:) 58 £1 CCCAAGCCCTCAGTGGAA 208 730 20 5% 55 TCAAAGGGCTCGGETCTTCAG 765 781 17 &9 47 TETCAAGAGCATCAGCA a3 57 61 65 77
7| & 745 762 13 58 61 CCCAAGOCCTCAGTGGAA 209 790 20 59 55 TCAAAGGGCTCGETCTTCAG 765 782 18! 3 50 TGTCAAGAGCATCAGCAG 33 57 31 &5 77
8|7 200 322 23 &0 48 AGCCCTTTGATGACTTCCTGTTC 264 247 18/ GAGCGGGCTGTCTCAGA 827 844 18/ 70 61 CATCATOCAGGCCCAGTS 24 &0 82 &5 20
9 -] 200 822 23 60 48 AGCCCTTTGATGACTTCCTGTTC 864 347 138 GGAGCGGGECTETCTCAGA 328 845 18/ 70 61 ATCATCCAGGCCCAGTGE 34 60 62 65 20
10 El 200 822 23 &0 48 AGCCCTTTGATGACTTCCTGITC -T3 47 1 59 67 GEAGCGGGCTGTCTCAGA. 9 45 17 __£9 €5 TCATCCAGGCCCAGTGG 34 60 62 65 20
m 762 18 58 61 CCCAAGCCCTCAGTGGAA 210 731 20 58 50 ATCAAAGGGCTCGGTCTTCA 765 780 16 68 50 TGTCAAGAGCATCAGC 83 56 60

12 | 11 745 762 18 133 &1 CCCARGULCTCAGTEE: 2L 79T 5 SO-ATC? TERETCTTCA 765 78T 17 3] Z7 TETCARGAGCATCAGTA 3 SE &0 66 a2
13 | 12 745 762 13 58 61 CCCAAGCCCTCAGTGGAA 210 781 20 58 50 ATCAAAGGGCTCGGTCTTCA 765 782 18/ 3 50 TGTCAAGAGCATCAGCAG 33 56 &0 3 32
14 | 13 745 762 13 58 51 CCCAAGCCCTCAGTGGAA 810 730 21 59 52 ATCAAAGGGCTCGGTCTTCAG 765 780 16 63 50 TGTCAAGAGCATCAGE a3 56 &0 6 a3
15| 14 745 762 18 58 61 CCCAAGCCCTCAGTGGAA 210 730 21 53 52 ATCAAAGGGCTCGGTCTTCAG 785 731 17 &3 47 TGTCAAGAGCATCAGCA 33 56 60 66 a3
16 | 15 745 762 18 58 61 CCCAAGCCCTCAGTGGAA 210 730 21 5% 52 ATCAAAGGGCTCGGTCTTCAG 765 782 18/ 69 50 TGTCAAGAGCATCAGCAG 83 56 60 33 a3
17 | 18 79 821 23 &80 48 GAGCCCTTTGATGACTTCCTETT 264 847 18 5% 67 GEAGCGGGCTGTCTCAGA 827 844 18 70 61 CATCATCCAGGCCCAGTG 84 61 62 (13 a5
18 | 17 79 221 22 &80 48 GAGCCCTTTGATGACTTCCTETT 264 247 12 59 67 GEAGCGGGCTGTCTCAGA 228 245 18 70 61 ATCATCCAGGCCCAGTGGE 24 61 62 BE 25
19 | 13 793 321 23 &0 48 GAGCCCTTTGATGACTTCCTGTT 264 247 18! 59 67 GGAGCGGGCTGTCTCAGA 829 845 17 3 &5 TCATCCAGGCCCAGTGG 24 61 62 23 a5
20| 19 745 762 18 58 61 CCCAAGCCCTCAGTGGAA 811 732 20 58 55 CATCAAAGGGCTCGETCTTC 785 780 16 68 50 TGTCAAGAGCATCAGC a3 57 61 &7 a7
21| 20 745 762 18 58 61 CCCAAGCCCTCAGTGGAA 811 732 20 58 55 CATCAAAGGGCTCGETCTIC 785 731 17 &3 47 TGTCAAGAGCATCAGCA 33 57 61 &7 a7
22| 21 745 762 18 58 61 CCCAAGCCCTCAGTGGAA 811 732 20 58 55 CATCAAAGGGCTCGETCTIC 765 782 18/ 69 50 TGTCAAGAGCATCAGCAG 83 57 61 &7 a7
23 | 22 798 818 21 59 52 CGAGCCCTTTGATGACTTCCT 264 847 18 53 7 GEAGCGGECTGTCTCAGA 220 835 16 E9 50 TTCCCAGCATCATCCA a5 61 62 &7 a8
24 | 13 798 318 21 58 52 CGAGCCCTTTGATGACTTCCT 264 247 18! 59 &7 GGAGCGGGCTGTCTCAGA 820 836 17 3 53 TTCCCAGCATCATCCAG 35 31 62 &7 28
25| 24 793 318 21 53 52 CGAGCCCTTTGATGACTTCCT 264 247 18/ 59 67 GGAGCGGGCTGTCTCAGA 821 835 15 65 53 TCCCAGCATCATCCA a5 61 82 &7 a8
26 | 25 738 818 21 53 52 CGAGCCCTTTGATGACTTCCT 864 347 13 53 67 GOAGCEGEGCTGTCTCAGA 821 836 16 &3 56 TCCCAGCATCATCCAG 85 61 62 &7 38
27 | 26 738 818 21 59 52 CGAGCCCTTTGATGACTTCCT 264 847 18 5% 67 GEAGCGGGCTGTCTCAGA 822 834 13 &9 62 CCCAGCATCATCC a5 61 62 &7 a2
28 | 27 798 218 21 59 52 CGAGCCCTTTGATGACTTCCT 264 247 12 59 67 GEAGCGGGCTGTCTCAGA 827 244 18 70 61 CATCATCCAGGCCCAGTG 25 61 62 &7 22
29| 23 793 318 21 53 52 CGAGCCCTTTGATGACTTCCT 264 247 18/ 59 67 GGAGCGGGCTGTCTCAGA 828 845 18/ 70 61 ATCATCCAGGCCCAGTGG a5 61 82 &7 a8
30| 29 738 818 21 53 52 CGAGCCCTTTGATGACTTCCT 864 347 13 53 67 GOAGCEGEGCTGTCTCAGA 829 845 17 &3 65 TCATCCAGGCCCAGTGE 85 61 62 &7 38
31| 30 745 762 18 58 61 CCCAAGCCCTCAGTGGAA 812 733 20 58 50 TCATCAAAGGGCTCGETCTT 765 780 16 68 50 TGTCAAGAGCATCAGC 82 56 60 63 32
32|21 745 762 12 58 €1 CCCAAGCCCTCAGTGGAA 212 732 20 58 50 TCATCAAAGGGCTCGETCTT 785 781 17 &9 47 TETCAAGAGCATCAGCA 22 56 &0 (3:3 92
33|32 745 762 13 58 51 CCCAAGOCCTCAGTGGAA 812 793 20 58 50 TCATCAAAGGGCTCGGTCTT 765 782 18/ 3 50 TGTCAAGAGCATCAGCAG a2 56 &0 23 92
34 33 737 816 20 58 55 CCGAGCCCTTTGATGACTTC 864 347 13 53 67 GOAGCEGEGCTGTCTCAGA 820 835 16 &3 50 TTCCCAGCATCATCCA 85 62 62 63 32
35| 34 737 816 20 58 55 CCGAGCCCTTTGATGACTTC 864 847 18 5% 7 GGAGCGGGLTGTCTCAGA 820 836 17 69 53 TTCCCAGCATCATCCAG 85 62 62 63 32
36| 35 787 816 20 58 55 CCGAGCCCTTTGATGACTTC 264 847 18 53 7 GEAGCGGECTGTCTCAGA 821 835 15 E9 53 TCCCAGCATCATCCA a5 62 62 (3:3 32
37| 36 797 216 20 58 55 CCGAGCCCTTTGATGACTTC 264 247 18! 59 &7 GGAGCGGGCTGTCTCAGA 821 836 16 3 56 TCCCAGCATCATCCAG 35 62 62 33 92
38 | 37 737 816 20 58 55 CCGAGCCCTTTGATGACTTC 864 347 138 5% 67 GEAGCGGGCTGTCTCAGA 822 834 13 63 62 CCCAGCATCATCC 85 62 62 63 32
39 | 38 737 816 20 58 55 CCGAGCCCTTTGATGACTTC 864 847 18 5% 67 GOAGCGGGCTGTCTCAGA 822 836 15 68 60 CCCAGCATCATCCAG 85 62 62 63 32
40 | 39 757 816 20 58 55 CCGAGCCCTTTGATGACTTC 264 847 18 5% 67 GEAGCGGGCTGTCTCAGA 823 837 15 33 60 CCAGCATCATCCAGG a5 62 62 (3:3 32
41| a0 797 216 20 58 55 CCGAGCCCTTTGATGACTTC 264 247 18! 59 &7 GGAGCGGGCTGTCTCAGA 827 840 14 63 &4 CATCATCCAGGCCC 35 62 62 33 92
42 | a1 757 816 20 58 55 CCEAGCCCTTTGATGACTTC 264 247 18/ 59 67 GGAGCGGGCTGTCTCAGA 827 842 16 63 63 CATCATOCAGGCCCAG a5 82 82 63 52
43 | 42 737 816 20 58 55 CCGAGCCCTTTGATGACTTC 864 347 13 53 67 GOAGCEGEGCTGTCTCAGA 827 344 138/ 70 61 CATCATCCAGGCCCAGTG 85 62 62 63 32
44 | 43 737 816 20 58 55 CCGAGCCCTTTGATGACTTC 864 847 18 5% 67 GOAGCGGGCTGTCTCAGA 828 845 18/ 70 61 ATCATCCAGGCCCAGTGE 85 62 62 63 32
45 | a4 797 216 20 58 55 CCGAGCCCTTTGATGACTTC 264 247 12 59 67 GEAGCGGGCTGTCTCAGA 819 245 17 &9 65 TCATCCAGGCCCAGTGG 25 62 62 (3:3 92
46 | a5 757 816 20 58 55 CCEAGCCCTTTGATGACTTC 264 247 18/ 59 67 GGAGCGGGCTGTCTCAGA 830 845 16 63 63 CATCCAGGCCCAGTEG a5 82 82 63 52
47 | 46 200 822 23 &80 48 AGCCCTTTGATGACTTCCTGTTC 867 851 17 53 71 CACGGAGLGGGCTETLT 827 344 138/ 70 61 CATCATCCAGGCCCAGTG 34 60 62 63 36
48 | 47 800 822 23 &0 48 AGCCCTTTGATGACTTCCTGTTC 8267 851 17 5% 71 CACGGAGCGGGCTETCT 828 845 18/ 70 61 ATCATCCAGGCCCAGTGE 84 60 62 63 36
49 | 42 200 822 23 &80 48 AGCCCTTTGATGACTTCCTGTTC 267 851 17 53 71 CACGGAGLGGGCTGTCT 829 845 17 E9 65 TCATCCAGGCCCAGTGG 84 60 62 (3:3 =13
50 | a3 79 216 21 59 52 ACCGAGCCCTTTGATGACTTC 264 247 18! 59 67 GGAGCGGGCTGTCTCAGA 820 835 16 3 50 TTCCCAGCATCATCCA a5 61 62 89 98
51| so 73 816 21 53 52 ACCGAGCCCTTTGATGACTTC 864 347 13 53 67 GOAGCEGEGCTGTCTCAGA 820 836 17 &3 53 TTCCCAGCATCATCCAG 85 61 62 63 38
52
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Products Applications & Technologies Services Support Learning & Events

| Enter search term | [All Categories

Log Tn or Register to ses your product prices & to place orders.

Products > Real-Time PCR > Gene Expression Assays, Plates B Arrays > Assays > TagMan@ Gene Expression Assays

TagMan® Gene Expression Assays

Click = tab below to learn more about TagMan Gene Expressian Assays. To find and arder assays, click the Search tab.

Ordering Information

To begin, select 2 search method below

Assay Search Product Description Specifications LiteraturefSupport

- Keyword: Search by gene symbol, gene name, public sccession number, biological process, or molecular function.
- Batch ID: Search by uploading = file containing multiple assay IDs, RefSeq accession numbers. GenBank GI #s, LocusLink IDs,
gene symbols, IMAGE Clone IDs, or species.

Keyword Search | Batch 1D Search

Search far | | in [ANText

Disable wildcard search

+ Advanced Keyword Search

Related Products

www.appliedbiosystems.com

Choose Species @ Filter by Amplicon Lengths
*our search fd

you wish to refi

Orden.q Information

H. sapiens [E A thalizna [ amplicon length less than 70 results by other c
R. norvagicus D. melanogaster [F] Amplicon length between 71 =nd 85

M. musculus [F] c. elegans [E] Amplicon length between 86 and 100
M. mulatta (Rhesus) [[] <. familiaris {Canine) Amplicon length greater than or equal to 101

D. rerio (Zebrafish) B. taurus (Cow)

G. gallus {Chicken] O. cuniculus (Rabbit)

S. scrofa (Pig)

Assay Search Product Description Specifications Literature/Support Related Products

c-Fos in All Text ' returned 27 results. | Species: Homo sapiens Amplicon Length: ALL Set Membership: ALL ) If
your search results by product availability, click a radio button below, and then click Filter Results. To filter your
§'ia. select from the catagories list to the laft of your results.

& Search Help

Previous | 1 | 2 | Next

Filter Results by availability

| Inventoried Assays &) Made to order Assays @ Iaventoried and Made to order Assays
° All Results/
Choose Set Membership Plzase Log In to add producks to your Shopping Basket/Favarites, configure a product, or to view products availzble for purchase in your country.
. Panther
@ Search All Assays [excludes Gene Copy Number Assays) o ki s ﬂ
(@) Search Gene Copy Mumber Assays P ey
Brindion Availability | * Gene ¥ Gene » RefSeq * GenBank | * Species | * Amplicon
o Limit Assay Sets to: TARGET CLASS ASSAY ATTRIBUTE MICROARRAY COLLABORATOR SETS Svmbaol Name Le
{28) ¥
o VALIDATION L
Apoptosis Ambion siRNA Immune Tolerance = Panthar
E 1700 Network Process (26) Inventoried FOS v-fos FB AP-1 hM_005252.2 5 GenBank Homo 77
usian Endogenous i C-FOS mANAS ==pizns
Transcripts Controls 3 Most Mammalian Gene g e ==
= = Collection Alignment Map viral oncogene
homolag
siRMAs B
Related Product=
o
2. Assay ID Details: Inventoried FOS w-fos FBJ AP-1 NM_005252.2 S GenBank Homo 77
H=99999140_m1 murine C-FOS mRNAs sapiens
Availability | Fene F Amplicon
Length
- . Homo 78
i. Assay ID Details: nventaried FOs w-fos FBJ AP-1 MM_00S5252.2 5 GenBank Homo 77 e
H=s001706320_m1 murine C-FOS mRMNAs sapiens
osteosarcoma
Alignment Map viral oncogene
hamelog
siRMAs B Homo 67
==pizns
Related Products
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Roche Applied Science ¥ Czech Republic Login  Quick Order

Home Products Special Interest Sites  Support & Resources  News Search ... g

Home = Special Interest Sites > Genomic Systems = Real-Time PCR Systems = Universal ProbelLibrary System

Universal ProbeLibrary

* Heal-Time PCR Systems

Gene Expression Quantification with
Real-Time PCR - Simple and Fast

¥ LightCycler® Carcusel-Based System
b LightCycler® 480 System

~ Universal ProbeLibrary System + Design real-ime gPCR assays online in seconds.

-

System Description

+ Rely on just 165 prevalidated probes for over five
million gPCR assays for a large variety of
organisms.

-

Technology

-

Asszgy Design Center

-

User Statements and Application

» fssay List + Reduce the cost of gene expression analysis by
performing multiplex gPCR assays with Universal

* Performance Probelibrary Reference Gene Assays.

* Product List

* Support Universal ProbeLibrary for Human

Roche Applied Science

-

Literature and References

Specify your target(s):

-

Multimedia Presentations

Advanced primer3 settings

— By sequence ID, gene name or keyword

>part of X00351 Human mRNA for beta-actin

www.universalprobelibrary.com

¥ Product Information and Pack e.g. ENSTO0000331789, NM_001101 or X00351 or beta-actin
Inserts
ar
— By sequence
e.g.

CRCGGCATCGTCACCARCTGGEACGACATGGAGARARTCTGGCACCACRACCTTCTACRRT
GRAGCTGCGTGIGECTCCCGAGEAGCACCCCET GCTGCIGACCEAGECCCCCCTGRARCCCC
BRAGGCCRACCGCGAGRRAGATGRCCCAGATCATGTTTGAGACCTTCAACACCCCAGCCRATG
TACGTTGCTATCCAGGCTGIGCTATCCCTGTACGCCTCTGGCCGTACCACTGGCATCGTG
ATGEACTCCGGTGACGEGET CACCCACACTGTGCCCATCTACGAGEGETATGCCCICCCC

Automatically select an intron spanning assay. | Design multiplex PCR with reference gene.
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¥ Real-Time PCR Systems

b LightCycler® Carousel-Based System

b LightCycler® 480 System

* Universal Probelibrary System

2

System Description

» Technology

= Assay Design Center

v v | v | v | v | v v | w

¥ Pack Insertz

* Asszay Design Guide
» Cuick Reference

¥ Probe No. Conversion

» Need Help?

User Statements and Application

Azeay List

Performance

Product List

Suppoert

Literature and References
Muttimedia Presentations

Preduct Information and Pack
Inserts

[F] ENST00000400991.1

[F] ENSTO0000303562.2

[C] ENST00000297904.2

[ NM_003367.2

NM_207291.1

N_003131.2

NM_004469.2

AB022275.1

AB022276.1

AB209128.1

AF126533.1

2669

2103

2110

1732

1631

4343

2128

300

700

5672

238

Please choose the sequence(s) you would like to continue with. You can select up to 10 sequences.

ST Name Length] ——Descrpton

AL139130.28-201 Clone_based_ensembl_transcri
Transcriptional activator of the c-fos promaoter
CROC4 (CROC-4).

[Source:UniprotSPTREMBL; Acc:CiI8Ma64]

FOS5-201 HGME—aut dio acict
Proto-oncog . . . .
fos) (GOIGT ProbeFinder has designed the optimal real-time PCR assay for:
[Source:Uni
FIGF-004 H MM _0033267.2 Homo sapiens upstream transcription factor 2, c-fos interacting (USF2), transcript variant 1,
endothetial {  MRNA-
(c-fos-induc .
[Source:Uni Assay details:
Homo sapig
i Use Universal ProbeLibrary probe: #26, cat.no. 04687574001
Homo sapig
cfos interag m Length | Position Sequence
Homo sapig
response el Left Primer 449 -466 60 gtgacccaggtgggtgtg
(SRF), mRMN ) -

Right Primer 21 540 -560 59 43 tgaagggattttggatcacag
Homo sapig
tvascularen Amplicon (112 nt)
mRMA
Homo sapig gtgacccaggtgggtgtggacggggcagoccagocgococgggoccogoocgectgeoctotgty
partial cds. cccccaggtectgoagegeccttoccecgetggetgbtgatoccaaaatecoecttea
Homo sapie)
partial cos. [ Download pack insert ] [ PDF report ] [ Textreport ] [ Order probes or set ]
Homo sapig

(c-fos serum
transcription

Homo sapig

Transcript overview:

26
W
Detailed view:
B I
438 570

441
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lniversal-Probelibrary

Po dnesni prednasce:

- Rozumite vlastnostem primeru i zakladnich typu sond a znate

faktory, které ovliviiuji jejich hybridizaci a t€innost

- Umite navrhnout optimalni sekvenci primerua i hydrolyzacni

sondy pomoci dostupnych programd a rozumite parametrim

designu




