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Archivace sekvenénich dat (databaze), snadna manipulace, dostupnost

Primarni (sekvencni) databaze nukleovych kyselin:

NCBI (National Center for Biotechnology Information)

EBI (European Bioinformatics Institute)

DNA Data Bank of Japan (DDBJ)



http://www.ebi.ac.uk/embl/

Formaty sekvenci:

Fasta format

>sp|P00439|PH4H_HUMAN Phenylalanine-4-hydroxylase OS=Homo sapiens GN=PAH PE=1 SV=1
MSTAVLENPGLGRKLSDFGQETSYIEDNCNQNGAISLIFSLKEEVGALAKVLRLFEENDV NLTHIESRPSRLKKD
EYEFFTHLDKRSLPALTNIIKILRHDIGATVHELSRDKKKDTVPW FPRTIQELDRFANQILSYGAELDADHPGFKD
PVYRARRKQFADIAYNYRHGQPIPRVEYM EEEKKTWGTVFKTLKSLYKTHACYEYNHIFPLLEKYCGFHEDNIP
QLEDVSQFLQTCTGF RLRPVAGLLSSRDFLGGLAFRVFHCTQYIRHGSKPMYTPEPDICHELLGHVPLFSDRSF
A QFSQEIGLASLGAPDEYIEKLATIYWFTVEFGLCKQGDSIKAYGAGLLSSFGELQYCLSE KPKLLPLELEKTAIQ
NYTVTEFQPLYYVAESFNDAKEKVRNFAATIPRPFSVRYDPYTQR IEVLDNTQQLKILADSINSEIGILCSALQKIK

SenBank format

A sequence file in GenBank farmat can contain several sequences.
Dne sequence in GenBank format starts with a line containing the word LOCUS and a number of annotation lines.

An example sequence in GenBank format is:

LOCUs ARDOD263 368 bp mEHA linear PRI 05-FEB-1999

DEFINITION Homo =apiens mRHA for prepro cortistatin like peptide, complete
cids.

ACCESSTOH ABDOD263

ORIGIH

1 acaagatygoc attgtoococoo ggootootge tgotgotgot ctocoggygoc acggocacog

61 ctgococtgoo cotgygagygt gyooocacoy googagacayg cgagoatatyg caggaagogyg
121 cagyaataayg gaaaagoagc ctoctgactt toctogotty gtggtttgag tggaccteooo
181 agyocagtgo cyggygococto ataggagagy aagotogygga gytggocagy oggoagqyaadg
241 gogrcacococoo cocagoaatoo gogogoogygy acagaatgoc ctygoaggaac tteottotgga
301 agaccttote ctoctgroaaa taaaacctoca cocatgaatyg ctocacgoaayg tttaattaca
361 gacctgaa

i



IUPAC nucleotide code

Mucleotide ambiguity code
(as defined in DMA Baser Sequence Assembler )
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Large-scale DNA sequencing projects:

1953 - Odhalena struktura DNA... ?77?7?
1965 — prectena sekvence tRNA kvasinky

1974 — prectena sekvence genomu bakteriofaga ®X174 (5,375 bp)

1988-1990 — zalozen Human Genome Project (HGP)
(probiha 1990-2000/2003)

Prvni organismy:
1995 — Haemophilus influenzae (1,830,140 bp)
(epiglotitida, meningitida)

1996 — Saccharomyces cerevisiae (12,068,000 bp)

1998 — Caenorhabditis elegans (100,000,000 bp)

P




Large-scale DNA sequencing projects:

1953 - Odhalena struktura DNA, J. Watson, F. Crick, R. Franklin
1965 — prectena sekvence tRNA kvasinky

1974 — prectena sekvence genomu bakteriofaga ®X174 (5,375 bp)

1988-1990 — zalozen Human Genome Project (HGP)
(probiha 1990-2000/2003)

Prvni organismy:
1995 — Haemophilus influenzae (1,830,140 bp)
(epiglotitida, meningitida)

1996 — Saccharomyces cerevisiae (12,068,000 bp)

1998 — Caenorhabditis elegans (100,000,000 bp)
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2001 — Lidsky genom (3,200,000,000 bp)

Human Genome Project Consortium (2001) "A physical map of
the human genome” Nature 409:934—-41

Dideoxy neboli ‘Sangerova metoda’

1977 — zavedena Sangerova metoda
(Nobelova cena 1980)

HIERARCHICAL SHOTGUN
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Hierarchical shotgun sequencing
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Sangerova metoda

PUvodné gelova elektroforéza a radioaktivni znaceni
=> fluorescencnich znaceni
dideoxynukleotidtrifosfatll v kombinaci s kapilarni elektroforézou.

Takto znacCené oligonukleotidy jsou detekovany laserem

Single-stranded DMA
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3,2 mid parl bazi
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2% genomu — proteiny
zbytek — “junk” DNA -

Genom (@ g N ¥ Non-coding = tRNA, rRNA,
Transpozony
JU O K % N
Co ovlivAu;ji? - 3D strukturu DNA -
" a n » Chromosomalni usporadani,
regulace procesu v buriky (déleni)
Proteom

Proteom je soubor proteinu, které jsou produkované z genomu daného organismu
Je dynamicky, zavisi na véku, ale také typu tkané a stavu oragnismu.

Mikrobiom _
1:10? 10:1 ( bakterie ca. 1 kg)



3 200 000 000 part bazi
23 part chromozému
Délka DNA= 1 metr




3 200 000 000 part bazi
23 part chromozému
Délka DNA= 1 metr




3 200 000 000 part bazi
23 part chromozému
Délka DNA= 1 metr




Next (second) generation sequencing - rozvoj od 2005
‘Next’ = not Sanger Method

454 sequencing — pyrosequencing
lllumina — sequencing by synthesis/bridge amplification
SOLID - Sequencing by Oligonucleotide Ligation and Detection

Third generation - Oxford nanopore technology (ONT)

Aviti
Nové platformy
MGI



Capture seq.
(Pouziti sond, které vychytaji cilené geny - sequence capture)

e Fragmentace (fyzikalné napr. sonikace, nebo enzymaticky (DNAazy, Transpozaz)
nebo chemicky (tepelné Stépeni dvojmocnymi ionty))

e Uprava koncli — end repair (zarovnani), fosforylace, dATP
e Ligace adaptoru, ktere predstavuiji ,primery“
e \ychytani usekl pomoci hybridizaénich song
¢ Amplifikace
e >
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AVITl a MGl

Adaptor Ligation . ‘

Cirkularizace DNA

https://www.youtube.com/watch?v=xUVdJNOm




Tif fily -> bcl file (intensity)-> Fastq fily

Ee - . L]
40 million Slusters per flatw cell
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Primarni data

Fastq file

L1 Mock_A_TATAGCGA-GACACCGT_LOO1_R1_001.fastg =+

A4
Info o béhu NGS
@EHWI-M@1141:63:A4NDL:1:1181:16668:1377 1:N:0:TATAGCGAGACACCGT
NACAGAGGGTGCAAGCGTTAATCGGAATTACTGGGCGT AAAGCGCGCGTAGGTGGTTTGTTE k d
" Sekvence readu

#>>AA>CAABBBGGGGGGGF FGHFGEGGG FHHHGHF EGCEHH FEGGGGGEE EHHGGGHGHHC

@HWI-M@1141:63:A4NDL:1:1101:14849:1418 1:N:@:TATAGCGAGACACCGT .
NACGAAGGGTGCAAGCGTTACTCGGAATTACTGGGCGTAAAGCGTGCGTAGGTGGTGGTTTE P(: | (j

N valita readu
#=>>>A77AFAA1BGGEGGAAFGGCARBF F1D2BCF /EEG/DBEE/E 7GAEEFGAEFAEFG]

@HWI-M@1141:63:A4NDL:1:1101:13802:1421 1:N:@:TATAGCGAGACACCGT
NACGGAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGCACGCAGGCGGTTTGTTY

+

#>>AAABBBABBGGGGGGG? FGHGEGEGHHHHHHHHGGGGHHHGGGGGGEGGGGGGEGG? FL

@HWI-M@1141:63:A4NDL:1:1101:15928:1426 1:N:@:TATAGCGAGACACCGT
NACGTAGGGTGCGAGCGTTAATCGGAATTACTGGGCGTAAAGCGTGCGCAGGCGGTTGTGCY

+

#>=AABFBEFBBGGG6GGGG6GGHGEGEFHHHHHHHHGGGGHHHGGG6GGGGGGGGGGEE 7GE

@HWI-M@1141:63:AANDL:1:1101:14861:1431 1:M:@:TATAGCGAGACACCGT
NACGAAGGGTGCAAGCGTTACTCGGAATTACTGGGCGTAAGCGTGCGTAGGTGGTGGTTTE

+

#==AAAABBFABGGGGGGEC EGHGGEF FHHHHHHGHGGGGHHHG GGGGGEF GHHGGGGEGHE F:) 1 ! 1 |<
@HWI-M@1141:63:AANDL:1:11@1:15264:1465 1:M:@:TATAGCGAGACACCGT rrmarni seKkvence
NACGTAGGGTGCGAGCGTTGTCCGGAATTACTGGGCGTAAGAGCTCGTAGGTGGTTTGTCL

+*



33 59 64 73
Dicssnsssssasnssnsnsnsanna 2bscadleciians 40
—Dsssallecsssssnas .
| [P 0. iisiisss s s ssanssaanas
0.2 iciinnssasasssnssnssaanns 26.0:3)leciiaans 41
5 - Banger Phred+33, raw reads typically (0, 40)
¥ - Solexa Solexa+bd, raw reads typically (=5, 40)

I = Illumina 1.3+ Phred+64, raw reads typically (0, 40)

=
1

| Mock_A_TATAGCGA-GACACCGT_LOOL_R1_001.fastg =+

@HWI-M@1141:63: ANDL:1:1101:16668:1377 1:N:0: TATAGCGAGACACCGT
NACAGAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGCGCGTAGGTGGTTTGTTY
+

#>>AA>CAABBBGGGGGGGF FGHF GEGGGFHHHGHF EGCEHHFEGGGGGEE EHHGGGHGHHC
@HWI-M@1141:63: ANDL:1:1101:14849:1418 1:N:0: TATAGCGAGACACCGT
NACGAAGGGTGCAAGCGTTACTCGGAATTACTGGGCGTAAAGCGTGCGTAGGTGGTGGTTTE
+

#>>>>A77AFAALBGGEGGAAFGGCA@BFF1D2BCF /EEG/DBEE/ E 7TGAEEFGAEFAEFG]
@HWI-M@1141:63: ASNDL:1:1101:13802:1421 1:N:@:TATAGCGAGACACCGT
NACGGAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGCACGCAGGCGGTTTGTTE
+

#>>AAABBBABBGGGGGGG ? FGHGGGGGHHHHHHHHGG GGHHHG GGGGGEGGGGEGEGGT FI
@HWI-M@1141:63: ANDL:1:1101:15028:1426 1:N:@:TATAGCGAGACACCGT
NACGTAGGGTGCGAGCGTTAATCGGAATTACTGGGCGT AAAGCGTGCGCAGGCGGTTGTGCE
+

#>>AABFBEFBBGGGEGGGEGGHGGGGFHHHHHHHHGG GGHHHG GGGGGGEGGGEGGEE 7Ge
@HWI-M@1141:63: ANDL:1:1101:14861:1431 1:N:0: TATAGCGAGACACCGT
NACGAAGGGTGCAAGCGTTACTCGGAATTACTGGGCGTAAAGCGTGCGTAGGTGGTGGTTTE
+

#>>AAAABBFABGGGGGGEC EGHGGEF FHHHHHHGHGG GGHHHG GGGGGEF GHHGGGGEGHE
@HWI-M@1141:63: ANDL:1:1101:15264:1465 1:N:: TATAGCGAGACACCGT
NACGTAGGGTGCGAGCGTTGTCCGGAATTACTGGGCGTAAAGAGCTCGTAGGTGGTTTGTCL
+

Illumina 1.8+ Phred+33, raw reads typically (0, 41)

Phred 10

Phred 20

Phred 30

Phred 40

| |
104 126

90% base call accuracy
99% base call accuracy
99.99% base call accuracy

99.999% base call accuracy
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2. Uprava bam souboru
Indexovani, realignment indell, odstranéni duplikatu

3. Variant calling — statistické testy, porovnava nalezené rozdily vuci
referenci
vysledek: vcf file — soubor nalezenych genetickych variant

Nastaveni pro bioinformatickou proceduru napf:

» Treshold for allele frequency — 0,2 = 20% (for germline)
« Mapping quality — 30

« Base quality — phred score

» Pocet mismatchu v readu

* aj.



4. Anotace ... u kodujicich useku prelozi do proteinové sekvence.

Zjisti Cetnost dané varianty proti databazim, napfr: 1000genomu, Clinvar, Ghomad...)

Prida info z Omimu

Vysledny soubor -> xIs file

= 112589 AAACAT bef2hgls_multianno final - Micrasoft Excel o @ ®
Dol | Viofeni  Roziofenistinky  Vzorce  Data  Revize  Zobrazen( a@o @R
L mout Calibri Tilov A AT A S Zalamovat text Obecni v El ! ﬂ Mormalni Chybna Meutralni Spravne jJ—' :i“ ﬂJ E futomatické shrnutf - ;}? }}
—) 3 kopitowst - S - ) - . ) ~ @ wmlnit = & b
viatit o — I U- - A B Sloutit a zarounat na stied ~ | EB v % 000 | 2 5% fnpfr:amtunn‘;.:”e”aicgtmimas_ @l Poznamka Textupozor., || Viglit odstranit Farmit P a— éi;an?’;ttav WN;J”\::'
Schrinka Zarounini Cislo Styly Euiiky Uprawy
P2 - b3 -
A B c D E F G H 1 1 K L 1t M o] P [ol R 5 T u v W X ¥ z A4 AB AC =
1 CHROM POS REF ALT QUAL  FILTER  FuncrefG Gene.refc GeneDeta ExonicFur AAChangs 1000g201£1000g20145np138  hgmd  clinvar_ esp6S00si espe300si JL2589_AZ IL2589 AZJLI589_ALILISE9_AL L2589 ALADIAF  HIAF QuaL  SBF Ma SN Bl4
2 |chriv 302 A ACC 75 Bias intergenic NONE,NO disthx3dn . L Afacc Ell 5175 0.1667 0 01739 75 0.00213 50 4
3 chriv 1T C 108 p8 intergenic NONE,NO disthx3dn . . . T/C 2% 10 15,10 0.3846 0 05635 108 5.00E-05 57 E]
4 chriv 2354 C T 172 PASS intergenic NONE,NO disthx3dn . rs2835857. T a7 370,37 1 0 1 172 1 50 4.285
5 | chrii 2485 C T 235 PASS intergenic MONE,NO dist\y3dn . rs2844320. T 102 100 1,100  0.3804 0 1 235 0.16832 53.8 32333
& chriui 2708 G A 299 PASS intergenic MONE,NO dist\y3dn . rs2854128 . AlA 425 423 0,423 03353 0 09974 233 1 39.6 9.573
7 chrd 3012 G A 206 PASS intergenic NONE,NO disthx3dn . rs3928306 . . . AFA 68 68 0,68 1 0 1 206 1 59.4 6.556
8 chriv 7029 T C 53 PASS intergenic NONE,NO disthx3dn . rs2015062 . 1DAx3d127. c/c 3 30,3 1 0 1 53 1 40.7 6
3 chriv 7076 G A 38 PASS intergenic NONE,NO disthx3dn . . 1DAx3d127. G/a E] 2732 0.2222 0 0.25 38 0.41657 43 4
10 | chriul 8702 G A 228 PASS intergenic MONE,NO distiy3dn. rs2000975 . IDx3d127. ASA 86 86 0,86 1 0 1 228 1 52.7 0.5
11 |chriul 10393 G A 131 PASS intergenic MONE,NO dist\y3dn . rs2853826 . IDAx3d127. AlA 15 140,14 03332 0 1 131 1 57.2 &
12 |chriul 10820 G A 162 PASS intergenic MONE,NO dist\y3dn . rs2835828 . IDAx3d127. AlA 22 220,22 1 0 1 162 1 59.4 a4
13 | chri 10874 C T 161 PASS intergenic NONE,NO disthx3dn . rs2857284. 1DAx3d127. T 27 261,26 0.953 0 0.95 161 1 59.9 12
14 | chri 11018 C T 145 PASS intergenic NONE,NO disthx3dn . rs2859490 . 1DAx3d127. T 18 180,18 1 0 1 145 1 51.7 8
15 | chri 11720 A G 160 PASS intergenic NONE,NO disthx3dn . rs2853495 . 1DAx3d127. G/G Ell 300,30 1 0 1 160 1 57.3 4
16 |chriul 11723 C T 167 PASS intergenic MONE,NO dist\y3dn . rs2847107. IDAx3d127. T 28 28 0,28 1 0 1 167 1 57.4 8.333
17 | chriul 13351 A G 138 PASS intergenic MONE,NO dist\y3dn . . IDAx3d127. G/G 20 200,20 1 0 1 138 1 59.2 4
18 | chirh 14906 A G 186 PASS intergenic NONE,NO disthx3dn . rs2835768 . G/G 42 42 0,42 1 0 1 186 1 59.4 6
19 | chrii 15302 A G 180 PASS intergenic NONE,NO disthx3dn . rs2857384. G/G a0 370,37 0.925 0 1 180 1 50 17.5
20 | chri 16173 C T 167 PASS intergenic NONE,NO disthx3dn . rs2853817. T 38 353,35 0.9211 0 1 167  0.0403 58.7 4.833
21 |chril 16184 C A 137 PASS intergenic MONE,NO distiy3dn. rs2867143 . AfC EE] 213,21 0.5385 0 0.5687 137 0.03178 38.4 4.25
22 |chriul 16225 T [~ 171 PASS intergenic MONE,NO dist\y3dn . rs2853313 . o/ EL] 380,38 0.5744 0 09706 171 1 39.6 66
23 |chriul 16322 T [~ 197 PASS intergenic MONE,NO dist\y3dn . rs6258133 . o/ 56 36 0,56 1 0 1 157 1 &0 8.333
24 chrl 16495 G C 38 PASS NCRMA_in' WASHTP rs3210724 . c/c 2 20,2 1 0 1 38 1 40 4
25 chrl 136644 AG A 38 PASS noRMA_ex LOCT2973". rs3703655 . AfaG 4 2232 0.5 0 0.5 38 1 48.5 4
26 chrl 761811 G A 57 PASS noRMA_ex LINCOD11E, . . rs1057212 . G/a 15 411,4 0.2667 0 02727 57 1 39.8 3
27 chrl TE1381 A [~ 147 PASS necRMA_ex LINCDOO11E, 0.027356  0.0427 rs3744933 . AfC 55 20 35,20 0.3636 0 03333 147 1 4.5 5.667
28 chrl TE1357 A AT 179 PASS necRMA_ex LINCDOO11E, 0.265176 10,3398 rs5903843 . AfAT 135 3410134 02513 0.0318  0.2667 173 1 39.6 18
29 | chrl 761958 C T 189 PASS neRMA_ex LINCOD11E, 0.034345  0.0497 rs1155234. T 132 46 86,45 0.3485 0 0,323 183 1 43.3 6.667
30 chrl 762109 C T 209 PASS noRMA_ex LINCOD11E, . . . . o/t 428 72 356,72 0.1682 0 0.168 209 0.42835 40.1 7
31 chrl 763273 G A 239 PASS noRMA_ex LINCOD11E, 0.731829  0.8588 rs3115643 . AfG 07 173 133,173 0.5635 0 0.543% 239 0.41165 43.1 4.366
32 chrl T62472 C T 98 PASS ncRMA_ex LINCOO11E, . . rs2286137. T a7 10 36,10 0.2128 0 01951 98 0.57027 39.3 4
33 chrl 762485 C A 100 PASS necRMA_ex LINCDOO11E, 0.166134  0.0354 rs1203520. cia a1 10 31,10 0.2433 0 02033 100 0.31021 39.3 2.333
34 chrl 762583 G [~ 105 PASS necRMA_ex LINCDOO11E, 0.751597  0.8718 rs3115848 . o7} 12 32,3 0.75 0 0.8 105 1 42.3 8
35 chrl 763592 C G 34 PASS noRMA_ex LINCOD11E, 0.751597  0.8718 rs3131950. G/G 11 92,3 0.8182 0 06571 94 1 44.9 2
36 chrl 762601 T C 105 PASS noRMA_ex LINCOD11E, 0.751597  0.8718 rs3131943 . c/c 10 91,3 0.9 0 0.6889 105 1 44.1 8
a7 chrl 762632 T A 88 PASS noRMA_ex LINCOD11E, 0.751997  0.8718 rs3131948 . AlA 8 7.7 0.875 0 1 88 0.125 43.9 6
38 chrl 778569 A G 33 PASS ncRMA_ex LINCO112€. . 0.973533 0.835 rs2377615 . G/G 2 20,2 1 0 1 EE] 1 50 4
39 chrl 70696 C caT 60 PASS ncRMA_ex LINCO112€. . 0.973034 0.334 rs7608932 . CAT/CAT 3 30,3 1 0 1 &0 1 39.3 &
40 | chrl 848874 C A 38 PASS intergenic FAMALG,L disthxadar. . . . . o/ 8 26,2 0.35 0 0.35 38 0.46423 60 4
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Proteinové sekvence????



Proteinové sekvence

Proteinové sekvence jsou odvozeny prepisem kodujicich DNA sekvenci (CDS)

Kazdy region DNA ma 6 ¢tecich ramcu

o' 3'
atgcccaagctgaatagcgtagaggggttttcatcatttgaggacgatgtataa

Cteci ramec zadina u vétsiny druhu a konci stop kodonem (taa, tag or tga).



Proteinové sekvence

Proteinové sekvence jsou odvozeny prepisem kodujicich DNA sekvenci (CDS)

Kazdy region DNA ma 6 ¢tecich ramcu, 3 v kazdém sméru

) 3'
cccaagctgaatagcgtagaggggttttcatcatttgaggacgatgtataa

1 ccc aag ctg aat agc gta gag ggg ttt tca tca ttt gag gac gat gta taa
M PK LNS VE GFSSFEDD VT~
2 [gc cca agc tga ata gcg tag agg gat ttt cat cat ttg agg acg atg tat
c PSS * I A *" R GFHHLRT MY
3 gcc caa gct gaa tag cgt aga ggg gtt ttc atc att tga gga cga tgt ata
AQ AE * RRG VFII *G RZCI

Cteci ramec zadina u vétsiny druhut a konéni stop kodonem (taa, tag or tga).



Proteinové sekvence

Dalsi zdroje proteinovych sekvenci

« pfimé sekvenovani Edmanova degradace
(odbouravani aminokyselin z N-konce a jejich identifikace)

N-terminal sequencing cycle:

PITC
(phenylisothiocyanate)

N=Czs

Edman Cycle

H+

Rz

HoN )\r(Prmain

o]

HPLC separation

N agiased

PTH-amino acid

v, genosphere-biotech.com

AZT-aming acid

+ MS/MS



,2neprimeé* sekvenovani MS/MS experimenty
Ziskana spektra se porovnavaji vuci

databazi
/ -\ Step 1:
@) O") Dizzstion
v

Step 2: PR P PP 1T
HPLC g I I T I T P |
= i T
P N | T |
N Time
‘ ‘ ‘ Step 3:
| | Mass spectrometry
m/z Z
Step 4:
Computational == === —
sequence — = =

assembly - \I/

Trends in Biochemical Sciences

Figure 1. Typical Mass Spectrometry Workflow [1]



NANOPORE SEQUENCING

D NA At thie haart of the MinlON device, an enzyme unwinds DA,
feeding one strand through a protein pore. The unique shapes of

‘i-\-“

each DA base causes a characteristic disruption in electrical

N an o po re Seq uen ci ng current, providing a readout of the underlying sequence.

DA doutie
hali

pore-forming proteins, 3 vrrsnaome 999

such as an engineered
version of CsgG

bl

G T

Sequence A A C T C

https://www.youtube.com/watch?v=RcP85JHLmnl&ab_chan
nel=0OxfordNanoporeTechnologies



Detekce expanzi pomoci nanoporového sekvenovani

* CAG — at least 10 diseases (Huntington disease, spinal and bulbar muscular atrophy, dentatorubr
pallidoluysian atrophy and seven SCAs)

» CGG - fragile X, fragile X tremor ataxia syndrome, other fragile sites (GCC, CCG)

* CTG — myotonic dystrophy type 1, Huntington disease-like 2, spinocerebellar ataxia type 8, Fuchs
corneal dystrophy

» GAA — Friedreich ataxia

» GCC — FRAXE mental retardation

» GCG - oculopharyngeal muscular dystrophy

* CCTG — myotonic dystrophy type 1

* ATTCT - spinocerebellar ataxia type 10

* TGGAA — spinocerebellar ataxia type 31

* GGCCTG - spinocerebellar ataxia type 36

* GGGGCC — C90ORF72 frontotemporal dementia/amyotrophic lateral sclerosis

*« CCCCGCCCCGCG — EPM1 (myoclonic epilepsy)



Lokalizace expanzi v

genu

{CECEE(;C C9 ALS/FTD {GC%TATD ) 3‘%{;2

CCCGCG)  (GGGGCC) DM2 e, SCAS
(CCTG) (TGGAA/TTCCA)

3'UTR

== 5 UTR
‘ HA2 ‘ PECD A
| £13) SCA8
Fragile X odreich  (CTG
= CAl Frzdrgucn S S CA
cee) Y gy DRPLA, HD, (CTG)
SCA36 SBMA
(GGCCTG) (CAG/Glutamine)

markedly different sizes of pathogenic expansions are suggested by the varying sized triangles



Expanze repetic CTG v genu DMPK — myotonicka dystrofie
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Expanze repetic CTG v genu DMPK — myotonicka dystrofie
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Problém pfi basecallingu repetitivnich oblasti

File Genomes yiew Tracks Regions Tools Help
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matka - Cetnost CAG v DMPK
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Protein
Nanopore
sequencing???

File Edit View History Bookmarks Tools Help

Inzulin — Wikipedie X @ 454 (Roche) | LabGuide.cz —Pri X | [R¥ Basic principles underlying seq X 0 Reading amino acids in a nano. X S
&« C o © & https//www.nature.com/articles/s41587-019-0401-y?proof=t B e .ee v InNe@o e =
Open for submissions s T Bioprocessing A
&) Springer Open s k
l‘latl,ll'e blOteChl‘lology View All Journals Search Q Login ®
1 Explore Content ¥  Journal Information ¥  Publish With Us v Sign Up For Alerts £} RSS Feed

nature > nature biotechnology > news & views > article

News & Views ‘ Published: 23 January 2020
1 You have full access to this article via Masaryk

SEQUENCING TECHNOLOGY University

Reading amino acids in a nanopore

Stefan Howorka ™2 & Zuzanna S. Siwy

Nature Biotechnology 38, 159-160(2020) | Cite this article .
i @ (2020 | Associated Content

3766 Accesses ‘9 Citations ‘ 14 Altmetric ‘ Metrics
Nature Biotechnology | Letter

Electrical recognition of the twenty

Inastep toward pore ing of proteins, anaerolysin pore discriminates proteinogenic amino acids using an
aerolysin nanopore

1 many of the proteinogenic amino acids.
Hadjer Ouldali, Kumar Sarthak[..] & Abdelghani Oukhaled

Nanopore sequencing of DNA is performed by threading single-stranded DNA (ssDNA) Sections Figures P

through a narrow pore and measuring electrical signatures of the four bases — tiny

S A Reference:

10:19 AM
B

4/15/2021

Main issues ??

Unlike 4 nucleotides that make up DNA, proteins are composed of 20 amino acids, each with a different charge and virtually 100s of potential post-translational
modifications [2]. Moreover, it has proved difficult to control the translocation of peptides across a nanopore as enzymes capable of ratcheting the peptide at a
controlled rate have been difficult to identify and conjugate with existing nanopores.



« Mutace/varianty (odchylky od referenéni sekvence)

NGS:
panel genu
Exom — WES — whole exom sequencing (2% genomu)

Genom — WGS — whole genome sequencing

Sekvenovani identifikuje (znameé) varianty nebo odhali nové

(jsou skutecne kauzalni???)



Je nalezena mutace

popsana????

mutacni databaze: germinalni mutaci (HGMD), somaticke (COSMIC)

Specializované: (

, Leiden,

<« cC O amy

FNBmo (@ Mail - Réblova Kam...

Human Gene
Mutation Database
(HGMD) —

databaze mutaci
lidskych genu v
kodujich oblastech.
(vychazi z primarnich
dat, manualni a
Automatickeé
prohledavani)

HGMD"

15ights.com/bbp/view/hgmd/pro/stats.php

Gene Mutation

Data type

(ol

HGMD cDNA sequences

HGMD primary seferences
HGMD additional references
HGMD phenotypes

HGMD mapped phenotypes

Mutation type

Missense/nonsense

Splicing

Regulatory

Small deletions

Small insertions

Small indels

Repeat variations

Gross insertions/duplications
Complex rearrangements
Gross deletions

Total

Variant class
[
2
b2l

B8l Seznam benefiti F..,

@ Signout [ Mail- Reblova Kam... (3§ Posta-Re

E

HGMD® Professional 2023.3

Phenotype Reference Batch Advanced | Statistics Information Support | Home Logout

HGMD Statistics

Total number of entries for release 2023.3 Total number of entries for release 2023.2

15’]3? 16413
17481 1312
91058 39689
64926 63664
35868 34969
36056 35143
Number of entries by mutation type
Total ““de';;[g;:'g':]s fj‘iﬂmn'ngﬁ}mtah Total number of entries for release 2023.2
276726 5521y 268657
39662 s 38443
6412 6225
62838 423 61216
22420 26480
53169 5101
692 a7y 687
7148 cony 7043
2869 sy 2818
27882 oy 27375
456702 (1as) 444085
Number of entries by variant class
Total number of entries for release 2023.3 Total number of entries for release 2023.2
297490 291395
144237 137768
5584 5555

(o}

= Y




Co kdyz mutace neni popsana?

Jak rozlisit mezi:
Beznou variantou [single nucleotide polymorphisms (SNPs)]
a

kauzalni mutaci?



Pfistupy studia efektu missense mutaci:

* Funkéni analyzy (exprese proteinu, stabilita, specifické charakteristiky)
casové a financ¢né naroCné
« Automaticke in silico programy (SIFT, PolyPhen, SNPs3D, FODLX..)

rychlé a spolehlivost primérmé 70 %

« Strukturni analyza pomoci molekulového modelovani
casoveé a financné stfedné narocné, podhled do mechanismu ucCinky na
atomarni urovni, je to ale stale predikce



Automatické analyzy missense mutaci pomoci bioinformatickych nastroju

SIFT - Sorting Tolerant From Intolerant
(http://sift.jcvi.org)

SIFT assumes that important positions
in a protein sequence have been
conserved throughout evolution and
therefore substitutions at these positions
may affect protein function.

Using sequence homology, SIFT predicts
the effects of all possible substitutions at
each position in the protein sequence.

Uspé&snost predikce pro skupinu
kauzalnich mutaci 69%.
Falesné pozitivni 19 %.

2. SIFT searches

1. User inputs guery pratein databases for
sequence related sequences

=FASTA header q
IRRARLRPMD

4. 5IFT calculates
consenvation value and
scaled probability for 3. SIFT builds a
each position sequence alignment
M D
v 1]
a —_
v - _
¥ Y Y
Hydrophobic Highly Unconsemnved

conserved conserved

Probability Tolerated
< cutoff

Yas 5. SIFT makes
predictions

Deleterious



Automatické analyzy missense mutaci pomoci bioinformatickych nastroju

Polyphen -2

PolyPhen-2 uses eight sequence-based and three structure-based predictive features

Input Analysis Prediction

Sequence

Interpretation

MSA
rILTRA R BITVT

MSA creation Profile-based scores
Homology search, - v

1

raw multiple sequence

: alignment, \ Identity-based scores

alignment improvement, . .
alignment clustering,

alignment refinement

Annotation

MSA depth, CpG context ACT_SITE &6, 110, 203

Prediction confidence

Pfam domain, residue volume & @

Structure
F e W
Accessible surface area, _
hydrophobic propensity,
B-factor

!r R e ———

Uspé&snost predikce 73%

FaleSné pozitivni ~ 20 %.

Structural features. Three additional
features were selected for proteins with
known 3D structures: 1) the

accessible surface area of the wild-type
amino acid residue, 2) the change in the
hydrophobic propensity

in the form of “knowledge-based potential”,
and 3) crystallographic B-factor reflecting
conformational

mobility of the wild-type amino acid

residue15.



Automatické analyzy missense mutaci pomoci bioinformatickych nastroju

Zmena celkové volné energie
AAG = AGmut-AGwt

FOLDX (http://foldx.embl.de/) _
AGmut - free energy difference

between the folded and unfolded
states

Empirical force field that was developed for the rapid evaluation of the effect

of mutations on the stability, folding and dynamics of proteins and nucleic acids

AG =a - - AGyiw +b - AGoivig + ¢ - AGgovp +d - AGyp
+ ¢ - AGhbond "‘f - AGe + g AGyon +h - TASpc
+k - TASSC +1- A(;clash-

(a...I) are relative weights of the different energy terms used for the free energy calculation

Vypocty na lokalnim PC ne pfes web rozhrani nyni.

Lze meénit poCateCni nastaveni: T(K), c(M)...



Automatické analyzy missense mutaci pomoci bioinformatickych nastroju

FOLDX (http://foldx.embl.de/)

FoldX component

Energy (kcal.mol-1)

Backbone Hbond
Sidechain Hbond

Van der Waals
Electrostatics
Solvation Polar
Solvation Hydrophobic
Van de Waals clashes
entropy side chain
entropy main chain
sloop_entropy
mloop_entropy
cis_bord

torsional clash
backbone clash

helix dipole

water bridge

disulfide 0.00
electrostatic kon
partial covalent bonds

Total

-48.30
-18.40
=62.33
-2.79
84.34
-76.71
0.00
34.93
81.94
0.00
0.00
0.00
0.40
1.20
0.00
0.00

0.00
0.00

-5.72

AAG(change) = AG(MT) - AG(WT)
AAG(change) > 1kcal/mol: the mutation is destabilizing

AAG(change) < -1 kcal/mol: the mutation is stabilizing

Uspé&snost predikce 60%



Konsensus mutacnich programd..... napf.
Varsome

©) Firefox Web Browser

* How nanopore sequenci’ X Nanopore Protein Seque % W SIFTing the effects of St % % dIr | Gene Bl ¢ chr19-11211462-G-A SN\ X

> C @ O & https://varsome.com/variant/hg19/chr19-11211462-G-A? v | Q search DO 8 =

& varsome | chr19-11211462-G-A hgl9 +  Search Editions. About. Community News. Demo

chr19-11211462-G-A

General Information SNV Germline Classification Frequencies Conservation Scores Structural Variants =
LDLR{NM_000527.5):c.190+441G>A Likely Benign exomes: not found phyloP100: -1.031 L]
~dpoints = 0P- 4B genomes: =0 (cov: 19.6 low)
Genes Transcripts In-Silico Predictors BP4: Benign Strong Beacon Network
LDLRCS NM_000527.5 -
MANE Select
Community Contributions Region Browser & Protein Viewer @
Publications &
Variant: 0
Gene: 2098
Variant Explain
chrig 11211462 G A SNV 19p13.2 151288832894 | ' dbSNP LDLR
el brows

Connect with past and future viewers of this variant...

A VarSome.com is for research use only. Find out about our clinically certified platform: VarSome Clinical

MetaRNN and MetaRNN-indel are pathogenicity prediction scores for human nonsynonymous SNVs (nsSNVs) and non-frameshift (NF) indels.

They integrated information from 28 high-level annotation scores (16 functional

prediction scores including SIFT, Polyphen2_HDIV, Polyphen2_HVAR, MutationAssessor, PROVEAN, VEST4, M-CAP, REVEL,

MutPred, MVP, PrimateAl, DEOGENZ2, CADD, fathmm-XF, Eigen and GenoCanyon, 8 conservation scores including GERP,

phyloP100way_vertebrate, phyloP30way_mammalian, phyloP17way_primate, phastCons100way_vertebrate,

phastCons30way_mammalian, phastCons17way_primate and SiPhy, and 4 allele frequency information from the 1000 Genomes Project,

ExAC, gnomAD exome, and gnomAD genome) and produce an ensemble prediction model with a deep recurrent neural network (RNN).
peemhhesfinabprediction is the likelihood of a nsSNV or NF indel being pathogenic.



PredikCni nastroje na sestfihové varianty - nejCastéji rozhrani exon/intron

5 splice site 3' splice site

yre-mRNA Intron 1

L’ = P Small nuclear RNAs (snRNAs) are critical
o % 'o' ‘s‘ components of the spliceosome that catalyze
Lot * R . the splicing of pre-mRNA.
’ ‘\ l‘ . ",
| AuccGUACAC | | AucGAGcceAc |

Donor site Acceptor site

pre-mRNA mature mRNA

g w— w— S E— S



PredikCni nastroje na rozhrani exon/intron — sestfihové varianty

IGV -
File Genomes View Tracks Regions Tools Help
Human (hg38) ~||chra +||chr8-140300616-T-G Go| £t « @& [ = 2 | RN e
[ | |
p23.2 p23.1 p22 p2L3 p2ZL1 pl2z pll.23  pll.l qll.2Z ql121 ql2.3 ql3.2 q21.12 qZL.2 q22.1 q22.3 q23.2 q24.11 q24.13 q24.22
41 bp
140,300,600 bp 140,300,610 bp 140,300,620 bp 140,300,630 bp
| | | 1 |
Sequence - G T T C A A T A G T T C A C A T G C C T G T T G T T T C A A A C A G A A C A
Gene
TRAPFCS
Examples (on hg38): November 3, 2024

chr8-140300616-T-G
6 31740453 G T
NM_00108%.3(ABCA3):c.875A>T (p.Glu292Val)

chr8-140300616-T-G

Genome version: hgl9 (e hg38 Gencode: '@

Max distance: 500 6]

masked scores (@

SpliceAl scores: @

Variant Gene
chr8-140300616-T-G

splice acceptor variant
UCSC, gnomAD

basic

SPLICE Al

comprehensive @

REF & ALT scores (@

protein coding MAME Select transcript (minus strand)

TRAPPCS (ENSGD0000167632.18 / ENSTO0000438773.4 / NM_001160372.4)

[show more examples]

D = MANE Select transcript D =non-coding transcript

Donor Loss

OMIM, GTEx, gnomAD, ClinGen, Ensembl, Decipher, GeneCards

Acceptor Gain

A type

Acceptor Loss

- added choice of Gencode basic or comprehensive transcripts
-updated to Gencode v47

June 20,2024
- fixed SpliceAl visualizations to clarify positions of predicted splicing
changes. See issue #70 for details.

[show older updates]

Related web tools:

liftover: for variants/positions/intervals (hgl9 <=> hg38 <=>T2T)
TGG Viewer: igv.js-based web viewer for public reference tracks and
private data in Google Storage buckets. Has custom track types for
RNA-seq splice junctions and gCNV variants.

A score @ position @
0.83 2bp

0.62 -147 bp
0.04 -32bp

Deonor Gain



Strukturni analyza pomoci molekulového modelovani

Nutna podminka — xray nebo nmr struktura!

Visualizacni program: VMD, PYMOL

Introducing PyMOL 3.1




3D struktury proteinti — databaze PDB

File Edit View History Bookmarks Tools Help _ X

@ RCSB PDB: Homepage X -- v
& C @ QO B nttps://www.resb.org g i @ 2y =

RCSB PDB Deposit + Search ~ Visualize ~ Analyze + Download + Learn ~ About~ Documentation ~ Careers COVID-19 ‘ MyPDB ~ ‘ ‘ Contact us ‘

ﬁ 212,599 Structures from the PDB

:52) ~ 3D Structures @ Include CSM @

PROTEIN DATA BANK 1,063,577 Computed Structure

Models (CSM)

Advanced Search | Browse Annotations Help

IR @PDEB gonareor §NAKB {Gre @ PDB-Dev

RCSB Protein Data Bank (RCSB PDB) enables breakthroughs in
l Welcome science and education by providing access and tools for exploration,
visualization, and analysis of:

@ Deposit Experimentally-determined 3D structures from the Protein Data
Bank (PDB) archive

Q Search E Computed Structure Models (CSM) from AlphaFold DB and
ModelArchive
L4l Visualize These data can be explored in context of external annotations providing

a structural view of biology.

222 Analyze

NG A _
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The Nucleic Acid Knowledgebase (NAKB), portal for 3D structural information about Nucleic Acids, is

successor to the Nucleic Acid Database (NDB), as described in: gE0Z

Protein/DNA
B-form daouble helix
hydrolase, nucleosome
Human OGG1 bound to a nucleosome core particle with 8-oxodGuo lesion at
SHL6.0
Ren M, Gut F, Fan Y, Hopfner K-P, Zhou C
ELECTRON MICROSCOPY 3.1 A 238.23 kDa

Released 2024-11-06

Deposited 2024-03-16
PDB EMDB
PubMed DOI

« Lawson CL, Berman HM, Vallat B, Chen L, Zirbel C (2024) The Nucleic Acid Knowledgebase: a
new portal for 3D structural information about nucleic acids. Nucleic Acids Research 52, D245.
Dol

+ Berman HM, Lawson CL, Schneider B (2022) Developing Community Resources for Nucleic
Acid Structures. Life 12, 540. DOI

« November 2023 online lecture (YouTube) describing NAKB to the CASP RNA special
interest group.

NAKB provides Search, Report, Statistics, Atlas and Visualization for all nucleic-acid containing
experimentally determined 3D structures held by NDB and by the Protein Data Bank (PDB),
including all major methods: X-ray, Electron Microscopy, and NMR. For each structure, links are
provided to external resources that annotate and analyze nucleic acid structures and their
complexes.
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Mutace narusSuje Vytvareji sit kontaktd s okolnimi aminokyselinami
strukturu proteinu H-bonding, stacking, salt bridges

naruseni struktury proteinu vede k destabilizaci proteinu,
unfoldingu pfip. agregaci

zZména naboje,
polarity
velikost aminokyseliny

HYDROPHOBIC



Mutace ve funkcnich (napf. vazbu ligandu/kofaktoru, pFip. vazba specifickych
mistech proteinu iontdl soudast konformace aktivniho mista)




Hodnocené znaky:

- Specifické kontakty postranimi retézci AA
- Vyskyt AA v aktivnim misté

- Zanofenost AA v proteinu

- zména objemu AA

- zmeéna naboje

- zména polarity

- Konzervovanost AA

- Pfitomnost helix/turn breakers

1. Kauzalni mutace uvnitr proteinu, polymorfismy spiS na povrchu

2. Kauzalni mutace: wt mutace Castéji vytvari vodikove vazby a jiné _kontakty

N\




Examples of disease caused by structure destabilizing factors:
In silico analysis of mutations

(a) L226P

Causal mutations:



