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Metodicke pristupy stanoveni primarni
struktury DN

 Historie:
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@
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— 1953: struktura DNA (James Watson a Francis Crick;
Nature, NC 1962)

— 1964: NC 1968 rozlusténi genetickeho kodu (Nirenberg M.
a Matthaei H.)

— 1977: sekvenovani chemickou degradaci — neenzymaticke
stepeni DNA (Allan Maxam a Walter Gilbert,
Proc.Natl.Acad.Sci.USA)

— 1977. sekvenovani terminatorovou metodou (Frederick
Sanger, Proc.Natl.Acad.Sci.USA)

— 1986: objev PCR (Mullis; NC, dr.h.c. LF MU)

« Mullis K., Faloona F., Scharf S., Saiki R., Horn G., and
Erlich H. (1986). Specific enzymatic amplification of
DNA in vitro: the polymerase chain reaction. Cold

Spring Harbor Symposium on Quantitative Biology. 51
Pt 1:263-373



« Aktualni stav:

—1996: sekvenovani druhé generace -
pyrosekvenovani (Nyréen P., Ronaghi M. ;
Stockholm), 454 sekvenovani Roche/454,
lllumina Genome Analyzer lIx, Life Technologies
SOLID 4 a dalsi

— 21. stoleti: sekvenovani treti generace -—
SMRT (single molecule real-time) — 2008; 2013
(Pacific  Biosciences)??, nanotechnologie,
hmotnostni spektrometrie, konfokalni laserove
spektrometrie a dalsi

* Vybér technologie zavisi od planovaného vyuziti
analyz



MAXAM - GILBERTOVA METODA

« A. M. Maxam a W.Gilbert-1977

« Sekvence DNA je vystavena urcCitym
chemikaliim, které nasekaji vlakno ve
specifickych mistech (nukleotidech)




Maxam-Gilbert

ds DNA

Radioaktivni znacéeni 5 konce ds molekuly [y-32P] ATP
(alkalicka fosfataza, polynukleotid kinaza)

Denaturace a separace vilaken

Chemicka modifikace vlakna - metylace (G-dimetylsulfat,
AT-kyselina mravenci, CT-hydrazin, C-NaCl s hydrazinem)

Selekéni stépeni metylaci piperidinem
Elektroforéza
Autoradiografie

Vysoko radioaktivni latka, poloCas rozpadu 14 dni, nekolik
desitek bazi na gelu

Dnes se jiz nepouziva



Table 10.1 Specific Base Reactions in Maxam-Gilbert Sequencing

Chain breaks at: Base Modifier Reaction Time (min at 25°C)

G Dimethylsulphate Methylates G 4
G+A Formic acid Protonates purines

\
T+C Hydrazine Splits pyrimidine rings \
C Hydrazine + salt Splits only C rings \




Figure 4A.4 Sequencing an oligonucleotide by the
Maxam-Gilbert method
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Sanger — Coulson — (Nicklen)

Syntéza komplementarniho viakna z ss DNA templatu — restrikCni
fragmenty (reakéni pufr; dNTPs; DNA pol | — Klenowuv fragment, T7
DNA pol, Tag DNA pol)

Radioaktivni znaceni vznikajici molekuly [a-32P]dATP, [a-3°S]dATP
(alkalicka fosfataza, polynukleotid kinaza)

Slozita inkubace ve vicero krocich (annealing, amplifikace)

Pridani terminatort ddNTPs — postupni terminace (pomér
dTTP:ddTTP)

Nutnost terminace reakce (formaldehyd, chelatacni Cinidla, barviva)
Elektroforéza — 6-8% PAGE + TBE (TEMED, mocovina, bis-akrylamid)
Autoradiografie vysuseného gelu (24-48 hod) a nasledni detekce
Radioaktivni latka, 30 nt od primeru — max 400 nt

Prodlouzeni délky ¢teného vilakna
Modifikace chemie (nahrazeni radioaktivniho znaceni)
Modernizace metod analyzy syntetizovanych fragmentud, automatizace



SANGEROVA metoda
Nejpouzivanéjsi zusob sekvenovani

Objeveno Frederickem Sangerem -
1977

Nobelova cena - 1980



Deoxyribose

Dideoxyribose
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Nahrazeni radioaktivnhiho znaceni
fluorescencnimi barvickami

« Oligo — hybridizacni sondy
« Radioaktivni nuklidy: 3H, 32P, 35S, 129|

e Detekce zareni na scintilacnim  fotometru nebo
autoradiografii na RTG filmu

« 3 i5, celé fragmenty: DNA | pol, Klenowlv fragment, T4
8NA)\ pol, T4 polynukleotid kinaza, alkalicka fosfataza (BAP,
IP

* Fluorochromy — sSiroké spektrum a vyuziti v biologii

- 6-FAM, NED, PET, ROX, , : , LIZ, BigDyes

« Detekce fluorescencniho zareni: laser + indukCni a emisni
spektrum fluorochromu — excitace fluorochromu — detekce
pres opticky systém (CCD kamera; vzduchem chlazeny

CCD Cip) — virtualni filtrovani — vinova délka se odecita
pouze Vv oblasti spektralniho maxima

* QOvlivnéni mobility fragmentu




Zareni

Radionuklid | Polocas rozpadu [Typ| Max energie Ucinnost
voda |vzduch
2p 14,3 dni B 1,71 MeV 600 cm | 7,8 mm
35g 87.4 dni B 0,167 MeV 26 cm | 340 pm
125 60 dni v 0,35 MeV 1,5cm | 20 um
3H 12,43 roka B 0,018 MeV 0,5cm | 5,5 um

Dya1 Dye2z2 Dyes Dyad

MNomalzed Emission Intensity

- NPT -
Wavelength (nm)

Figure 7 Emission spectra of the four BigDye dyes, where Dye 1 = Big-d110,
Dye 2 = R6G, Dye 3 = Big-dTAMRA, and Dye 4 = Big-dROX

AT TCCHCACHACAT
130

ACGACCCOEARGLCATRAAD
200

190
| Four colors
o ﬂ‘ Hﬂ," One lana
T reaction ] | ]
Cracion SRR L0 00 W) o oo
G reactllon — [ 1 | V| Fourlanes
Areaction I I | m i

Figure 8 Fluorescent sequencing compared with radioactive sequencing
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454-
pyrosekvenovani  soLID chemie

*Solid — Life Technologies-
Applied Biosystems

Detekce fluorescence

454 Life Sciences - komercializace
Sekvenovani druhé generace
Celogenomové

4 enzymovy systém Kombinace dvou nukleotidu,
— DNA polymeréza vicero primeru
— ATP sulfurylaza *Galaxy software
~ Juotteraza lon Torrent
— Apyraza
Detekce nukleotidu zaélenéného '
do noveé-syntetizovaného viakna teCh nOIOg 1€
pomoci luminiscence * Nejnovéjsi technologie

 Personalni vyuziti - PGM
systém
 Detekce zmény pH
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EXTENSION

Enzyme, dNTPs,
dye-labeled terminators
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Pristrojove vybaveni

Klasicka vertikalni elektroforéza

Gelové sekvenatory — plosné PAGE gely, rucni priprava
— Applied Biosystems, Bio-Rad, Beckman

Kapilarni sekvenatory — komercne dostupné polymery —
denaturacéni / nedenaturacni, automatické ,nanaseni”
vzorku, elektroforéza v kapllare

— (Applied Biosystems, Amersham Pharmacie BioTech, Beckman)

« ABI PRISM 310, 3100, 3100-Avant, 3730, ABI 3500 Genetic
Analyzer; MegaBACE 500, 750, 1000, 15000, 4000; CEQ 8000,

CEQ 8800



1986 — 1. sekvenator (Perkin-Elmer)

Gelové poloautomatické sekvenatory

Vyvoj urovné automatizace — princip kapilarni elektroforézy
1-4-8-16-24 — 96 kapilar

Vyvoj ovladaciho softwaru

Vyvoj kvality, kvantity a rychlosti zpracovani vzorku
Sekvenovani prvni generace — Sanger — do 1000 bp

Sekvenovani druhé generace — celogenomové — paralelni
sekvenovani amplifikovaného DNA templatu — 3
Gbp/run—20 Gbp/run —100 Gbp/run

Sekvenovani treti generace — rychlé a dlouhé Cteni —
sekvenovani jedné molekuly



ABI Prism® Applied Biosystems Applied Biosystems Applied Biosystems Applied Biosystems
310 Genetic 3130 Genetic Analyzer 3130x/ Genetic Analyzer 3730 DNA Analyzer 3730x1 DNA Analyzer

Key applications: De novo sequencing ¢ Resequencing ® Mutation/heterozygote detection
SNP genotyping ® Relative fluorescent quantitation * Microsatellite analysis * AFLP® analysis N
Methylation analysis * T-RFLP analysis * MLST « BAC fingerprinting * SAGE™

ABI 3100
ABI 3100-Avant
AB1 3700 Apg)3130/xI.

ABI1 310
SOLID SOLID PA

ABI1 3500/xl. lon Torrent
| , | | AB13730/xl. | | : | |
| | - | | | | | I
1996 1998 2001 2003 2007 2009 2011
2010

370A




CEQ 8000 Beckman Coulter

SOLID 3 Plus System
Applied Biosystems

lllumina Genome Analyzer lIx

Genome Sequencr FLX System
Roche Diagnostics

Prevzato od Martin Beranek, UKBD Hradec Kralové
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ABI Prism 3100-Avant Genetic
Analyzer a metoda sekvenovani

« Automaticky autosampler
* Plata pro 96 vzorku

* 4 kapilary — paralelni runy
* Picka

« Detekcni prostor (laser, optika, CCD kamera,
okeénko kapilary)

« Katody a anoda

 Elektroforeticky pufr

« Davkovani polymeru — systém stfikaCek
« QOvladaci software
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Moznosti ABI Prism 3100-
Avant

Capillary Langth Run Time Resolution KB G20 LOR™
High throughput SNP analysis SNP22_POP4 15 min 250 bp
22 cm I .
High throughput, small size i R 0.50 SOt .
fragment analysis FragmentAnalysis22 POP4 20 min 400 bp AU =
POP-g™
Standard SNP analysis SNP3G_POP4 0 min 250 bp
Standard fragment analysis FragmentAnalysis3s POP4 45 min 400 bp 0.15 sO7 ==
36 cm
Ultra rapid sequencing UltraSeq36_POP4 40 min 400 bp
500 bp 08.5%*
POP-6™ | Rapid sequancing RapidSagq3t_POPG 1 hr 500 bp
Standard saquancing StdSeq50_POP4 1 hir 40 mim == - 600 bp
POP-4™
Long fragment analysis FragmentAnalysiss0_POP4 1 hr 5 min s
50 em 500 bp 0.15 SD7
Long fragment analysis FragmentAnalysiss0_POPE& I hr 30 min s
POP-6™
Standard sequancing StdSeqb0_POPG 2 hr 30 min 650 bp 08,59 600 bp
B
80 em POP-4™ | Long read sequencing LongSeqi0_POP4 3 hr 40 min 950 bp T00 bp

e—=<o = |o

3130 capillary aray



Princip metody sekvenovani
na ABI

Postup: purifikace DNA templatu — PCR amplifikace a precisténi produktu — cyklické
sekvenovani — precisténi sekvenacni reakce — kapilarni elektroforéza — analyza dat

Dye terminator chemistry

DENATURATION  ANNEALING EXTENSION

Enzyme, dNTPs,
dye-labeled terminators

Templat — koncentrace, Cistota

Primer - specifita
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Princip prace stroje

Ovladani softwarem — DataCollection

Elektrokineticka injektaz — objem vzorku zustava
nezmenen

Pohyb fragmentu DNA gelem (polymerem) v
elektrickem pol

Definovani spravnych podminek runu (modul) —
bere v uvahu smeés pouzitych fluorochromu, délku
kapilary (50-80 cm), polymer (POPG6)...

Detekce emise fluoroforu pfi prechodu detekCnim
okénkem

Prevod dat: spektra — raw data — elektroforetogram
Vyhodnoceni a analyza
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Aplikace a vyuziti metody
sekvenovani

Sekvenovani de novo
Resekvenovani

detekce mutaci — SNP, INDELs (nutné
rozklonovani PCR produktu k detekcim
jednotlivych alel)

evoluce genu
vnitrodruhoveé studie
mezidruhoveé studie
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1B DaB1m20 GGGGTACACTGAACTTGGAGTATATAAT GCACGAAGATATAACGAC GATOC CAACATTCTECAGTCAGC GAGAGCTCAGGTGGATGCATACTGCALACAMMATGCTGAAATCAGACAGGCAGCTATCG ]
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w1 GEGGTACACTGAACroaeTaTATAATGEACGAAGAT rasaccacsaTeocaaclirTeTocacTCaGleacGAGCoTCAGGTGGATGCATACTGCAAACANAATGCTGAA T 26GCAGCTATCGL
s sz GGGGTACACTGAAClITGGAGTATATRAATeCACGALGATTaaccacoaTecCcaaclirTeToCAGTCAGMGAGAGCTCAGETGGATGCATACTGCAAACANAATGCTGAANTIMMC AGGCAGCTATCGL
45 w02 GGGGTACACTGAAClITGGAGTATATAATGCACGALGAT ITaaccacoRTecCcaaclirTeToCAGTCAGGAGAGCTCAGETGGATGCATACTGCAAACANAATGETGAATIMMC AGGCAGCTATCGL
4Bl w1 GeGoTACACTGAACliTesasTATATAATGCACCAAGATTaaccacohToocaaclitTeTocaGTCAGlGAGAGETCAGGTEGATOCATACTGCARACANAATGCTGAATIMC ACGCAGCTATCGE
sz clitceacTaTATAATGCACGAAGATTasccaccaTcccaaclitTeTocacTecacleacaceToacoToclrocaTacTocasacalaaTocToAATC A GGCAGCTATCGL
s cocEeaET Bl cltccaBraTaTasTocaccasGaTlraaccaceaTcccaaclirTeToCAGTCAGlGAGAGCTCAGETGGATGCATACTGCAAACANAATGCTGAANTIMMC AGGCAGCTATCG
10 frag bases lzoo Iz10 Izzo | EEL Izao Izso lzso Iz70 Izzo | Iz00 Iz10 I=:
selected at GGGGTACACTGAACHTGEAGTATATAATGCAC GAAGATWTAACGACGATCC CAACWTTCTGCAGTCAGHGAGAGCTCAGGTGGATGCATACTGCALACAMAATGCTGAAMTHWRWCAGGCAGCTATCGE
e T T |
position 753 . . . . . PR
| | v
=l Ehromatopramesromessasial elanil LjL—'_Ia
HA_18 Fragment base #260. Base 260 of 346 -
=gl C T C A G G T B G AT G C A T & C T G C A& A A C & A A T G C T G A A& M T M W B W C & G G C A G C T H—
c T c A G 6G T GGG AT GGCMATMACLC TG CAAARATCLCAE AAT G C T GGAAMSMT -MUDB DCA GGG CAGTCLC T A
—
B|E]
(=
HA_18.2 Fragment baze ¥260. Basze 260 of 345
=l C T C A& G G T 6 G AT B C oA T A C T G C & & & C 0@ A G C T G A & M T MW R W C A& G G C A G C T A
c T cAG 6G T GGG AT GGCMAT AC T GG CAAACLCAEA AT G C T GG AASAMT MqMIDBDPDCAG GC AGCLC T A
o |
[2[xd
(=
HA_f19.2 Fragment base #240. Base 240 of 433
((j:gCTCAGGTGGATGCATAETGCAAACA“AATGCTGAAMTMWHWCAGGCAGETA
d A 4T 13 1 A1 132 T A I 4T AT 4 AT 4T T T 4T MMT T A I 4 AT T T AA A Wy W 47T 3 3 4 T 3T d AT
i
B|E]
(=
HA_619 Fragment base #231. Base 231 of 424
ag=l.c 1T C o4 G G T G G oA TG C AT 4 C T G C A 4 & C »WWA A T G C T G A & MIT MWHRW C A& GG C A G C T &
d A 4 T 1 132 A1 1 T AI 4 THT4d AR I 4 TTT 49T MMT T A T 4 AT T T AR A WY W 47T 3 3 4T T d A8 T
o |
I Al
[ AY ; AYA)
HA_71.2 Fragment baze ¥208. Base 208 of 433
mCTCAGGTGGATGCATACTGCAAACA“AATGCTGAAMTMWHWCAG C A G C T A
c T cAG G TG G AT GCATACLC TG CAAATCLCARAE AAT G CT GG ARAAT MQqI0B8B IDC A G C A G C T A
o |
B|E]
=
¥6_T1 Fragmert base #2028, Base 202 of 434 —
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PR
JE w5193
3B w5 _30
Bl w_1a

LCGAC GATCCCAAC.TTCTGCE&GTCAG.GAGAGCTCEGGTGGITGCATJ&CTGCAAACE.&ATGCTGAA T CAGGCAGCTATCGCTOATAARACAGGTACAGCACAGGCTTCTGATCCTCCTE -
ACEALC GILTCCCAAC.TTCTGCEGTCRG.GRGRGCTCAGGTGGIATGCETRCTGCAR&CA.&ATGCTGEE T CAGGCAGCTATLC GCTGATAAAACAGGTACAGCACEGGCTTCTG.’[‘CCTC CTC
LCEFLC GJLT.CCAACTTTCTGCJAGTCJLGJLGJLGJLGCTCAGGTGG-ATGCATJLCTGCAAACATBATGCTGAA N L GG AGC TATC G L TEATALAACAGGTACAGCACAGGCTTCTEATCCTECTL
A CGACGATC CCAACATTE TGO CAGT CAGCGAGAGE TCAGG TG GATGCATACTGCALACAGALAT GCTGA A CAGGCALGCTATLE GCT.ATAJLAJLCJLGGTACAGCACAGGCTTCTGATCC.C CTE

-

|E28 frag baszes

& 7 conzensus
bazes selacted

zZ50 lzsn Iz7a Izzo | EET Iz00 Is10 Is30 Izan | EET | EET Is70
ACGACGATCCCAACWTTCTGCAGTCAGHGAGAGCTCAGGTGGATGOATACTGCOAAACAKAATGCTGAL I AGGCAGCTATCGCTGATAAAACAGGTACAGCACAGGCTTCTGATCCTCCTR

at consensus - . - L e sl
position 319
=
4 v
= X
HA_71.2 Fragment bases #215-224
deATACTGCﬂﬁﬂCAKAATGCTGAﬁmEAGGEAGCT.&TCGCTGATﬂ.&ﬂ.&—
c AT ACTGOCOCMAARARACLCAEKE A AT GCTGAAMT M0 DCAGGECAGEC TATT ECTI G CTG AT AA AA
-
[z
HA_619.2 Fragment bases #255-261
ZECATACTGCAAACAKAATGCTGAAmC A G L T A T ©C G C T G A& T A & A A
d T AT 4A/0A 3 4T TT d T WMT TAIT 4 AT TT AR A WY W d T 1 4 A TA 949 3 4 AT TAT T T T
-
[z [z]
(=[]
HA 20 Fragmerit bases ¥249-255
deﬂTﬂETGEAA.&EﬂTAATG GﬂA C A C_ T & T G C T G & T & A & &
C A T A C GEFIFIFIEFITFIFITGETGFIFIETFITFITI:FI ETHTEGETGFITFIFIFIFI

}(5 14 Fragmert bazes #210-225

#|EEL

=
= Y

==

A A A A
T T T T

=

C C TG
d 1 d4 A1 EIT:ITi-]Tf]f]

T T N
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Summary B Cut bap Riedligner

4B skrsza2_wsTH_1_1e_onz_z4o2 | I C NN - IS~ N~ [ I ~ B - - . - I I 7 - N - - GG TGA: A TTTGTGTTTTTACAAAAGTATCCTCAY
4B SKR5391_MSTN_1_14 001 3433 TTACCCTCTAACTGTGGACTTTGAAGC TTTTGGATGGGATTGGATTATTGCACCCAAAAGATATAAGGC CAATTAC TGCTCTGGA GG T NN TEET . - [
AE swrsans_wsTH_s_16_one. 34 NN - I - NN N [ ~ M - - . - - - 7 - N - G & GG TGA: &: TTTETGTTTTTACALLAGTATCCTCAS

AE) SKR5405_MSTN_S_14 003 3436 TTACCCTCTAACTGTGGACTTTGAAGC TTTTGGATGGGATTGGATTATTECAC CHealBaTaTiaceCCcaaTTacTeeTeTEGL GG TG T Bt e Tlr T G = I I = |

Show Chromatagrams

-

[J1]4 frag bases selected at 30 I1an Iiso lico Ii7o Iizo | FETS lzon Iz10 Izz0 Izz0 lza0 Iz
consensuz position 218 TTACCCTCTAACTGTGGACTTTGAAGCTTTTGGATGGGATTGEATTATTGCACCCAALAGATATAAGGCCAATTACTGCTCTGGAGMGTGAAATTTTGTGTTTTTACALAAGTATCCTCAT
e T L T L T e
L]
4] | 3
= [
= SHKR3392_MSTH_1_1B_002 3432 Fragment base #218. Base 218 of 596 =
=T & w R R 5 5 M M W W wW Y w S v K CT 5 kKR 6 & GEIG TG A:4:T T T E T G T T T T T A C A & & & G T 4
AT WY ¥ 2 2 A A WwWwmwa w2 4 Md A2 MY 1T T 1 W1 AT TT AAAIAIT ARAARARAARATS TT T T I AT AR
)
MWMAA%\
SKR5391 MSTN 1 1A DD1 3433 FIE ment base #1932, Base 193 of 564
;;;:; T & C G C G A A A T T T T G T G T T T T LC A A A A T A
T A C GETETGGHGHGTGHHHTTTTGTGTTTTEH HHHTH
L.
(2]
A ARN A Naan
= SKRS406_MSTHN_9 ragment base e218 of 597 =
LT & w R MM WoW WY 5 Y K P - T E T e T e T T T T T AcC A A & oA G T AT
HTlI.I'l"l'EZHHl.I]l.I.IlI.IFIlI.IZFIMEIHZM'l':ITf]ll]:lH:ITTHHHJHJHHHHHTEITTTT:IHTH
)
EE] MW\\/\J‘\MMA
SKR5405 MSTN _a_ 1)’-‘\ DD3 3435 Fra: ment base #196. Base 196 of GO0
;j:; 4 C G C G W R W wW T T T W ¥ A CA & R W H
A C GETETGGHG GTG[URI.U[UT T T WY A CA A R IDR
L
(2
o] AAA VAVAY




Mikrosatelity — definice a vyuziti

* STR, SSR - jednoduché motivy, VNTR - slozite
motivy
« RuUzné typy motivl v tandemovém opakovani
— (I\/Ic;nonukleotidovy motiv — jednoducha repetice (polyA)
A)n
— Dinukleotidovy motiv — nejCastejsi v panelech v urCovani
puvodu hospodarskych zvifat (GT)n

— Trinukleotidovy motiv — vhodnéjsi na odecCet (panely u
psu) — kombinace s di-nt motivy v panelech (GTC)n

— Tetranukleotidovy motiv — panely pro ur€ovani puvodu u
zvirati lidi, vhodné na odecet, ne tak Casté (ATCT)n
— Slozené motivy — slozité sekvence — zejména u nizsich
Zivocichu
* Bythinella
GA(CA)5(GACA),(GA),(CA),(GA),,CA(GA),CA(GA),CA(GA),CA(GA),
« Gammarus
[(CAT),CACC(CAT),Cl,(CAT),CACC(CAT)sG(CAT),CACC(CAT),



Polymorfismus na zakladé variability opakovani —
vysoce polymorfni

Multialelické — zdroj geneticke variability
Klasickeé Mendelovske krizeni a segregace

Vznik novych alel — DNA pol. slippage, chyby v
crossing-overu behem meiozy
Zejmena v nekodujicich oblastech — intergenove

oblasti (geneticky balast) a intragenoveé oblasti
(UTR, introny)

: 15 CA repeats originally : 1T .,
o i o
C 1A AICIAICAICAIC ANC &)
7 t“il;‘;.,ﬁl.‘»ll‘.lﬁil.E;ﬁ:!.l!‘i.lc:?.(;ﬁ(:l-_ etk o T 5 C e TT1 =
C s T 11 1
DNA replicatioT @ l'—‘-vc_l_JEL_-_}
%
Lo o Tarsdem du
: . P I -
5 3 < = B B “
e 4
L = T 11 S
y e I | o
DNA melts and <2
reanneals incorrectly  “Hen
3 0 = T 11 -




Funkce a vyuziti MS

* Funkce neovérena - ochotné rekombinuiji, tvori
sekundarni struktury (vliv na replikaci DNA a
bunécny cyklus), mozna regulace genové aktivity
(transkripce a translace)

* Vyuziti zejména:

v populacnich studiich (struktura populace, fylogenetické
analyzy, geograficka vazba)

forenzni genetika (15 MS+amylogenin)

identifikace jedince (paternita, parentita, plivod — i u zvirat
— nutnost stanoveni genetického profilu)

diagnostika a urCovani onemocnéni (zvirata i lidi, vazbové
markery)

konstrukce vazbovych map (potreba rodin a populaci —
existuji jiz komercni kity napr. ABl Prism Human Linkage
Mapping Site)



Velikost alel mikrosatelitnich
markeru a jejich variabilita

« Variabilita v opakovani motivu — variabilni délka
amplifikovaného fragmentu

« Mozna modifikace (mutace) v misté nasedani primeru —
faleSna homozygozita, nulové alely

« Mozné chyby pfi PCR amplifikaci — sklouznuti DNA
polymerazy, amplifikace nespecifického mista

« Pfidavani adeninu na konec fragmentu

« Nestabilita pfi amplifikaci— polymeraza déla Cim dal tim kratsi
fragmenty

CGTAGCCTTGCATCCTTCTCTCTCTCTCTCTCTCTCTATCGGTACTACGTGG
CGTAGCCTTGCATCCTTCTCTCTCTCTATCGGTACTACGTGG
CGTAGCCTTGCATCCTTCTCTATCGGTACTACGTGG




Historie hodnoceni variability
mikrosatelithnich markeru

» Genealogie — tvorba rodokmenu

« PCR amplifikace variabilnich mist v genomu — horizontalni gelova
elektroforéza (EtBr)

« FragmentaCni analyza kapilarni gelovou elektroforézou (fluorofory)




Princip fragmentacni analyzy
kapilarni elektroforezou FA-CE

* Nezajima nas sekvence fragmentu

« Dulezité — poCet bazi (délka fragmentu), mnozstvi DNA
(urCuje vyska piku)

« Relativni size-ovaci metoda — potreba interniho standardu
(alignment by time scale/size scale)

« Vicero piku+artefakty — nutno odlisit konkrétni alelu

« 1 vs. vicero markeru — pocet rozhoduje

« Amplifikace polymorfniho mista PCR (moznost multiplex) —
dulezita kvalita a kvantita templatu (empirické stanoveni)

« ZnacCeni fragmentl pomoci znaceného primeru (5 modifikace
fluoroforem)

« Separace amplifikovanych fragmentu v elektrickém poli
kapilarni gelovou elektroforézou

10

CGTAGCCTTGCATCCTTCTCTCTCTCTCTCTCTCTCTATCGGTACTACGTGG




Priprava vzorku pro FA — denaturacni Cinidlo
(formamid)+interni standard velikosti fragmentu

Sekvenator

Kapilara — 36 cm, polymer POP4, matrice a spektralni
kalibrace pro dany modul FA

Ovladani softwarem — DataCollection
Elektrokineticka injektaz — objem vzorku zustava nezméneén
Pohyb fragmentu DNA gelem

Definovani spravnych podminek runu (modul) — bere v uvahu
smeés pouzitych fluorochromu, délku kapilary

Detekce emise fluoroforu pri prechodu detekCnim okénkem
Prevod dat — spektra — raw data — elektroforetogram

Vyhodnoceni a analyza — GeneScan + Genotyper,
GeneMapper+PeakScanner
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+ Custom Oligos
DS-32 (F) 5-FAM™, JOE™, NED, + AmpF{STR® products
ROX + Stockmarks™
DS-33 (G5) 6-FAM, VIC, NED, PET™, + AmpF{STR® Identifiler™
™
5-dye chemistry for high Lz + Custom Oligos
throughput genotyping
DS-02 (E5) dR110, dREG, dTAMRA™, | SNAPshot™ Multiplex Kit
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Kritéria pro tvorbu panelu MS
markeru

Pocet je rozhodujici

Pokryti celého genomu (témér vSechny chromosomy)
Co nejvetsi variabilita, mnozstvi alel

Vysoky PIC (polymorfni informacni obsah)

Minimum nulovych alel

Vhodnost pro multiplex-PCR

Velikostni rozpéti fragmentu alel, vliv na pouziti
fluorochromu na znaceni

6-FAM, NED, PET, ROX, , , ,LIZ —
moznosti 4 a 5 dye systému



Typy MS panelu

Cloveék
Skot, Prase, Kun

Psi (10), dravci — sokol (tmavy, raroh, lovecky,
stéhovavy), poStolka, orel (5), jelen, koCka

Ryby (ruzné rody i druhy)
Bezobratli — Sneci, blesivci, mravenci, mouchy etc...malé
panely



AmpF/ASTR® Identifiler™

T I | | | | — | | —
100bp 200 bp 300 bp 400 bp

D195433 VWA TPOX D18551

GS500-internal lane standard




lokus

chromozom

fluorescendni znacka

barva

rozsah

(v bp)
VHL20 30 FAM modra 83-102
HTG4 9 FAM modra 116-137
AHT4 24 FAM modra 140-166
HMS7 1 FAM modra 167-187

HTG10 21 NED Zluta 83-110
HTG7 4 NED Zluta 114-128
HMS3 9 NED Zluta 146-170
HMS2 10 NED Zluta 215-236




Moznost stanovit mnozstvi DNA
pomoci FA

Nezamenovat s kvantifikaci pomoci gPCR

UrCeni mnozstvi amplikonu pomoci vysSky a plochy piku
Nepresne a relativni — hrozi ,plato efekt” (vyCerpani systému)
Vyuzivané pfi detekci onemocnéni zpusobenymi polyploidii
Trisomie chromosomu 21 u lidi — Downuav syndrom



Sekvenacni reakce - priprava

« Templat — PCR, BAC, plazmidovy vektor,

* Moznosti precisténi PCR
— Kolony
— Purifikace fragmentu z gelu — nespecifity nebo dimery primeru
— SureClean

* Moznosti stanoveni koncentrace PCR produktu po purifikaci
— Spektrofotometricky

— Gelova elektroforéza — porovnani velikosti a koncentrace s
markerem

— Na zakladé fluorescence — Qubit

— Nanodrop — kvalita i kvantita (koncentrace DNA pfi 260 nm, do
up to 3700 ng/ul bez fedéni)

« Reagence sekvenacni PCR
— Typy sekvenacnich kitu
— Tabulka vyuziti

« Teplotni profil reakce — klasicky vs. fast
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DNA

Bind

Wash

Elute

recisteni PCR produktu

%_:1.

gl
et

Excise gel slice containing DNA
fragment of interest.

Determine volume of gel Add equal
volume of Binding Buffer,

Incubate at 55°C-65°C 7 min or until
gel melts completely.

Apply solution to HiBind® extraction
column assembled in 2mi collection
tuba.

Centrifuge at maximum speed 1 min
at room temperature, Discard liquid.

Wash column twice with 700 pl SPW
Buffer diluted with ethanol.

Centrifuge empty column 1 min at
max speed todry.

Place column into clean 1.5 ml tube
and elute DNA with 30-50 pl sterile

water or TE buffer. Centrifuge 1 min.

e ~— Cantrifuge

Aspirate suparmatant

TO% E1
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Stanoveni koncentrace

Cycle Soequamncimeg Chveanmdstry

[ ] = _ N
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w1 el w3 Purification Kit w30 |rminator
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mnozstvi DNA v ng na gelu pFi nanaseni redéného markeru:

r fragmenty 20,41 10 5.1 211|5 1 ,::5 o,ﬁlzs o,;:: 2
: 1031 206 103 51,5 25,75 12,875 6,4375 3,2136
900 180 920 45 22,5 11,25 5,625 2,808
800 160 80 40 20 10 5 2,496
marker (v pl) 700 140 70 35 17,5 8,75 4,375 2,184
PCR 20 10 5 2,5 1,25 0,625 600 120 60 30 15 7,5 3,75 1,872
500 200 100 50 25 12,5 6,25 3,12
400 80 20 10 5 2,5 1,248
300 60 30 15 7,5 3,75 1,875 0,936
250 50 25 12,5 6,25 3,125 1,5625 0,78
200 80 40 20 10 5 2,5 1,248
150 30 15 7,5 3,75 1,875 0,9375 0,468
100 60 30 15 7,5 3,75 1,875 0,936

50 40 20 10 5 2,5 1,25 0,624
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" where n = number of Standands pus number of Samples
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Reagence sekvenacni PCR a
moznosti modifikace teplotniho
profilu

Application

BigDvye
Terminator
vid

BigDye
Terminator
vid

dGTP
BigDye
Terminator

dRhodamine
Terminator

BigDye
Primer

DNA Sequencing Application

Bisulfite sequenzing

++

Comparative sequancing
{gamline mutations 50:50 heterozygotes)

++

++

++

Comparative sequancing
[somatic mutations 10:90 heterozygotes)

Comparative sequancing
[somatic mutations 20:70 heteroz ygotes)

++

De nowvo saguencing

++

++

Gap closure (custom primears)

++

++

Gane walking {custom primears)

++

++

Chemistry Options
BigDye® BigDye®
Applications Terminator Terminator
v3.1 Kit v1.1 Kit
de novo sequencing + Y
Resequencing + Y
Sequencing difficult templates + +
Long-read sequencing + Y
Sequencing across all template types . /
(plasmids, PCR products, BACs, and fosmids)
Mixed-base detection + v

Shotgun saquencing (universal primers, M13)

++

++

++

Sequencing short PCR products using
rapid electrophoresis run modules

DNA Sequence Context

Al-rich =85%

++

++

++

++

+ Recommended / Satisfactory
Nové sekvenacni kity

BigDye Direct Cycle Sequencing Kit

M13-tailed PCR primery
Vyhody vs. nevyhody

GC-rich »85%

++

++

GT-rich regions

++

++

Hormopalymer & or T =25 bpl

++

Template Type

BAC, cosmid, fosmid, lambda, large PCR
product

++

++

Bactenial genomic DNA

++

++

Bisulfite-treated ganomic DA

++

PCR amplicon

++

++

PCR amplicon (heterozygous 10:00)




- Clean—Up {Column or Cycle Clean—Up {Ethanol Detection and Data "~
DMNA PCR Amplification . -
Extraction 150 min Bead-based) Sequencing

it Precipitation) LE i

: 120 min min 150 min 120 min I

30 min % Iy
25 hr) (2hr) 2 hr) 2.5 hr) {2 hir) b

bl

Traditional Method 630 min (11 hr 30 min)

DNA Fast PCR Clean-Up Fast Cycle Clean—Up Detection and
Extraction Amplification |ExoSaplT) Sequencing 40 min Data Analysis
30 min 40 rvin 35 min 40 min &0 min

AmpliTag Gold Fast BigDye®
PCR Master Mix XTerminator™ Kit

Fast Method 245 min (4 hr 5 min)

Activation of PCR PCR Final
Enzyme (Step)

Denaturation Cycle Sequencing

Cycle (35 Cycles)

|:‘er|1':." |:25 I:mrrl::let_\_:l
Hold

Denature Annealing Extension

Denature Annealing | Extension

95°C 96°C Prirner Thi* 68°C 72°C 4C 96°C 96°C BO°C 60°C 4°C
10 Min 3 sec 3sec S 10 sec oo 1 Min 10 sec 3 sec 75 sec oo
Below

Recommended Extension Times:

Length (Kb) ExtensionTime

0.5 Esec

1.0 15 sac

1.5 30 sec




Moznosti precisteni sekvenacni
reakce a priprava vzorku k analyze

Ethanol (inhibitor)

 Kombinace kolony a ethanol — odstrani vic
neinkorporovanych terminatoru

BigDye X-Terminator Kit
— Neni potreba pracovat s formamidem (teratogen)

— kdyz zkratime dobu trepani, neubere tolik kratkych
fragmentu

— PlatiCkové verze — minimum pipetovani



BigDya®
XTerminator™
Purification Kit
Workflow

|:| Galfitrafion matarid
@ Dye laminator

f"'- DHA

(B Dye kminator insida
gal-filimaficn maierial

Extension Product Purification

Perform cycle sequencing |

l

Prepare premix and
add BigDye® XTerminator™
reagents to reaction plate

l

A&-well plate  384-well plate

| Vortex reaction plate | ﬁ

| Centrifuge plate |

|

Select appropriate run module
in Data Collection software

|

| Perform electrophoresis |

Wortemer

Cantrifugs
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Janel B. BigDya® XTarminater™ Purification Cleanup



Priprava stroje pred runem — bezny
uzivatel

x - Bubbles

Polymer block tube
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