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DNA Dizileme Stratejileri

« Genom Dizileme (WGS)

« =~ 3.200.000.000 nukleotid ciftinden olusan
Insan genomunun tek seferde dizilenmesi

« Ekzom Dizileme (WES)

» Genetik hastaliklar ile iligkili mutasyonlarin
yaklasik %901 genlerin protein kodlayan
bolgeleri olan ekzonlarda yer almaktadir.

« Insan genomunun %1-2’lik kismini
olusturan ekzonlar ~50 Mb (milyon baz/
megabaz) buyuklugundedir.

« Genomdaki butlin genlere ait toplam
180.000 ekzonik bolgenin tek seferde
dizilenmesi Ekzom Dizileme yontemi
olarak adlandirilir.

Copynght © 2012 Univeratty of Weshington
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* Veri Tipleri

FASTQ:

FASTQ format is a text-based format for storing both a biological sequence (usually
nucleotide sequence) and its corresponding quality scores.

bam (Binary Alignment/Map) file

vcf (Variant Call Format)

Variant Table
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Header Sequence Quality

@HWI-ST227:389:C4A4WAZ2ACXX:7:1204:2272:59979
GGAGGAAGGTCCTCGCTCCTCTTTCATATAAGGGAAATGGCTGAAT

_I_
FFFFHHHHHHJIIJJJJJJJJIIJJIJIIGIGIGGIJJIJIJJIJIIJIIII

Presentation Title 8




Explanation on FASTQ Format

Every read is stored in four lines in FASTQ format as follows:
@EAS139:136:FC706VJ:2:2104:15343:197393 1:Y:18:ATCACG
GCTCTTTGCCCTTCTCGTCGAAAATTGTCTCCTCATTCGAAACTTCTCTGT +
@@CFFFDEHHHHFIJJJ@FHGHIEHITIIBHHHIJJEGIJJIGHIGHCCF

Line 1 begins with a '@’ character which is followed by a sequence identifier and an optional description.

Line 2 shows the sequenced bases.
Line 3 begins with a '+' character and is optionally followed by the same sequence identifier (and any description)
again.

Line 4 encodes the sequencing quality for each base in line 2, and must contain the same number of characters
as bases in line 2. The ASCII value of every character minus 33 equals to the phred-scaled quality score of the
sequenced base.




Explanation on FASTQ Format

@EAS139:136:FC706VJ:2:2104:15343:197393 1:Y:18:ATCACG
GCTCTTTGCCCTTCTCGTCGAAAATTGTCTCCTCATTCGAAACTTCTCTGT +
@@CFFFDEHHHHFIJJJ@FHGIHIEHIIIBHHHIJJEGIIJJIGHIGHCCF

EAS139: The unique instrument name

136: Run ID

FC706VJ: Flowcell ID

2: Flowcell lane

2104: Tile number within the flowcell lane

15343: ‘x’-coordinate of the cluster within the tile

197393: ‘y’-coordinate of the cluster within the tile

1: Member of a pair, 1 or 2 (paired-end or mate-pair reads only)
Y: Y if the read fails filter (read is bad), N otherwise

18: 0 when none of the control bits are on, otherwise it is an even number
ATCACG: Index sequence

10




ASCII Table

Decimal Hex Char Decimal Hex Char |[Decimal Hex Char |Decimal Hex Char
0 0 [NULL] 32 20 [SPACE] | 64 40 @ 96 60 :
1 1 [START OF HEADING] 33 21 ! 65 41 A 97 61 a
2 2 [START OF TEXT] 34 22 " 66 42 B 98 62 b
3 3 [END OF TEXT] 35 23 # 67 43 C 99 63 C
4 4 [END OF TRANSMISSION] | 36 24 $ 68 44 D 100 64 d
5 5 [ENQUIRY] 37 25 % 69 45 E 101 65 e
6 6 [ACKNOWLEDGE] 38 26 & 70 46 F 102 66 f
7 7 [BELL] 39 27 ! 71 47 G 103 67 g
8 8 [BACKSPACE] 40 28 ( 72 48 H 104 68 h
9 9 [HORIZONTAL TAB] 41 29 ) 73 49 | 105 69 i
10 A [LINE FEED] 42 2A * 74 4A J 106 B6A j
11 B [VERTICAL TAB] 43 2B + 75 4B K 107 6B k
12 C [FORM FEED] 44 2C ) 76 4C L 108 6C I
13 D [CARRIAGE RETURN] 45 2D - 77 4D M 109 6D m
14 E [SHIFT OUT] 46 2E . 78 4E N 110 6E n
15 F [SHIFT IN] 47 2F / 79 4F (0] 111 6F o
16 10 [DATA LINK ESCAPE] 48 30 0 80 50 P 112 70 p
17 11 [DEVICE CONTROL 1] 49 31 1 81 51 Q 113 71 q
18 12 [DEVICE CONTROL 2] 50 32 2 82 52 R 114 72 r
19 13 [DEVICE CONTROL 3] 51 33 3 83 53 S 115 73 s
20 14 [DEVICE CONTROL 4] 52 34 4 84 54 T 116 74 t
21 15 [NEGATIVE ACKNOWLEDGE] | 53 35 5 85 55 U 117 75 u
22 16 [SYNCHRONOUS IDLE] 54 36 6 86 56 \'4 118 76 v
23 17 [END OF TRANS. BLOCK] 55 37 7 87 57 w 119 77 w
24 18 [CANCEL] 56 38 8 88 58 X 120 78 X
25 19  [END OF MEDIUM] 57 39 9 89 59 Y 121 79 y
26 1A [SUBSTITUTE] 58 3A : 90 5A Z 122 TA Z
27 1B [ESCAPE] 59 3B ; 91 5B [ 123 7B {
28 1C [FILE SEPARATOR] 60 3C < 92 5C \ 124 7C |
29 1D [GROUP SEPARATOR] 61 3D = 93 5D 1 125 7D }
30 1E [RECORD SEPARATOR] 62 3E > 94 5E ~ 126 7E ~
31 1F [UNIT SEPARATOR] 63 3F ? 95 5F _ 127 7F [DEL]

June 23, 2025 Presentation Title




Sequence File Formats

Record name;
starts with a “@”

fastq file:

@sequence '1

TTTCCGGGGCACATAATCTTCAGCCGGGCGC <«
_|_

9C;=;=<9@4868>9:67AA<9>65<=>591
@sequence 1
TCAGCCGGGCCTTCAGCCGGGGCACATAATA

DNA sequence

Phred score

)OO
AGEN




Kalite Skoru — FASTQC Ba/ﬂaj Babraham Bioinformatics

Institute

https://www.bioinformatics.babraham.ac.uk/projects/fastqc/

Father Mother

Phred Quality Scores e b

¢ QlO + Phred is a program that assigns a quality score to each base in a sequence.

These scores can then be used to trim bad data from the ends, and to 3
° QZO determine how good an overlap actually is. 3
— there are much improved algorithms now, but the phred quality score is still

° Q30 widely used.

+ Phred scores are logarithmically related to the probability of an error: a Patient
o Q4O score of 10 means a 10% error probability; 20 means a 1% chance, 30 R B E S R 8O DE Bg

means a 0.1% chance, etc.
— Q=-10log P, where Q is the phred score and P is the probability that the base
was called incorrectly. 3
— A score of 20 is generally considered the minimum acceptable score. 3
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Dizi Hizalamasi (Alignment)

Multiple Copies of a Genome

High Coverage

Consensus Sequence

Low Coverage

Aligned reads

Consensus contig TGAA

AAGTCCTACAC

TCCTACAC
CCTACAG
TACA

TC CTH ._Cu A \

TCATA
TC; ‘ T ..h.. .,A
TCATA
TCATA
: l‘TC; A T \

TCATA

STC
TCGA
TCGA

STCGA

5 34
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Varyant Tablolarinin Olusturulmasi

Acimlama (Annotation)

« llgilenilen hastaliktan sorumlu genetik etkenin
saptanmasi icin hizalama sonrasi belirlenen
degisikliklerin (varyant) karakterize edilerek tablo
sekline getiriimesi gerekir.

 Varyantin genomdaki pozisyonu, nukleotid
degisikligi, cODNA ve protein yapisina olan etkisine
gore adlandiriimasi gibi bircok bilgiyi iceren bu
tablolarin olusturulmasi icin hizalama sonrasi
olugturulan vcf dosyasi kullanilir.




Kalite Kontrol
(FASTQOC)

< )

FASTA & FASTQ:

Veri Tipleri

FASTA format is a text-based format for representing either nucleotide sequences or
peptide sequences, in which nucleotides or amino acids are represented using
single-letter codes.

Hizalama
(Alignment)

FASTQ format is a text-based format for storing both a biological sequence (usually
nucleotide sequence) and its corresponding guality scores.

SAMW (The Sequence Alignment — Binary Alignment/Map) File

IGV

Acimlama
(Annotation)

VCEF (Variant Call Format)

Varyant Tablosu D vorumtama




Veri Tabanlari, Uglinct Parti Yazilimlar ve Tahminleme Programlari

Veri Tabanlari

gnomAD
N YTy

genome aggregation database

sianes. UNIVERSITY OF CALIFORNIA

L2 SHNTA CRUL
e’ Ensembl

€ 5 NCBI m

Biotechnology Information National Institutes
of Health

Ucgiincii Parti Yazilimlar

Tahminleme Programlari
 Platformdan bagimsiz veya
platforma ozgu Mutat

& £\J'° mutation t@sting
Th R AgileVCFMapper

BILGEM

PonPhen 2 prediction of functional effects

mqm——m—w

: ' Integrative _ .S
Viewer I NS T 1 TUTE
REVEL: Rare Exome Variant

® Ensemble Learner
Hlumina

VEST (Variant Effect Scoring Tool)

sseee QCl Int I' ¥ varsome
QIAGEN nie rpre The Human Genomics Community
VarSome is powered by Saphetor, the Genome Interpreter
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Dogrudan protein-protein
etkilesimlerini bozarak,

Proteinin fonksiyon kaybina (LoF)

neden olabilir ve bu durum protein

yanlis katlanmasini ve bozulmasini
tetikleyebilir (Stein et al., 2019).

Enzim aktivitesini etkileyerek, ‘ % —

L—/‘ Wild Type (Trp180) c.540G>T (Cys180)

Proteinin yapisal kararsizligini EU192

(destabilizasyon) indukleyerek

Yanlis anlamli mutasyonlar

lonic Bond | Hydrophobic Interactions [l

Van der Waals Force [ Polar Interactions




Yanls Anlamli Mutasyonlara Bagl Genetik Hastaliklarin
Anlasiimasinda Protein Kararliliginin Roll (AAG)

Published online 23 October 2020 Nucleie Acids Research, 2021, Vol. 49, Database issue D475-D479
doi: 10.1093/narlgkaa925

ThermoMutDB: a thermodynamic database for
missense mutations

Joicymara S. Xavier'-2, Thanh-Binh Nguyen?, Malancha Karmarkar®*, Stephanie Portelli®-,
Pamela M. Rezende?, Jodo P.L. Velloso?, David B. Ascher “3:45" and > Ocak 2021

Douglas E.V. Pires “3:4:6”

TInstitute of Agricultural Sciences, Universidade Federal dos Vales do Jequitinhonha e Mucuri, ?Instituto René
Rachou, Fundagédo Oswaldo Cruz, 3Bio 21 Institute, University of Melbourne, *Computational Biology and Clinical
Informatics, Baker Heart and Diabetes Institute, °Department of Biochemistry, University of Cambridge and #School
of Computing and Information Systems, University of Melbourne

Received August 15, 2020; Revised September 21, 2020; Editorial Decision October 05, 2020; Accepted October 12, 2020
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Article Article

Gibbs Free Energy, a Thermodynamic Measure of Using the Gibbs Function as a Measure of Human
Protein—-Protein Interactions, Correlates with Brain Development Trends from Fetal Stage to
Neurologic Disability Advanced Age

Michael Keegan !, Hava T. Siegelmann !, Edward A. Rietman "?3, Giannoula Lakka Klement 3
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OFEN  Identification of pathogenic SCIENTIFIC

ylal  Missense mutations using protein
2020 stability predictors REPORTS

Lukas Gerasimavicius, Xin Liu & Joseph A. Marsh™*

natureresearch
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Yanhs Anlamli Mutasyonlarin Protein Uzerindeki Etkilerinin Modellenmesi

=120

Yanlis anlaml 208N

patOJe n | k m tas On Crystal Structure of Mouse Apolipoprotein
U y Shumilin, LA., Jha, K.N., Zheng, H., Chruszcz, M., Cyr = .
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Ik Display Files v ORIV GINE R i

Crystal Structure of Mouse Apolipoprotein A-I Binding Protein
DOI: 10.2210/pdb208N/pdb

Classification: PROTEIN BINDING
Organism(s): Mus musculus

Expression System: Escherichia coli BL21(DE3)
Mutation(s): Yes @

Deposited: 2006-12-12 Released: 2007-12-25
Deposition Author(s): Shumilin, |.A., Jha, K.N., Zheng, H., Chruszcz, M., Cymborowski, M., Herr, J.C., Minor, W

Experimental Data Snapshot wwPDB Validation @ © 3D Report || Full Report

Method: X-RAY DIFFRACTION Metric Percentile Ranks Value

Resolution: 2.00 A Rfree I 0.195

R-Value Free: 0.196 Clashscore I T

R-Value Work: 0.169 Ramachandran outliers D 1 3%

R-Value Observed: 0.171 Sidechain outliers IR i P 2 5%
RSRZ outliers I P 3 5%

Worse Retrter
. . ) Percentile resative to all X.ray structures
NAXE: Apolipoprotein A-| Siite i Y i i

Binding Protein

FASTA Sequence

PDB Format
PDB Format (gz)

PDBx/mmCIF Format
PDBx/mmCIF Format (gz)

PDBML/XML Format (gz)

Biological Assembly 1

Structure Factors (CIF)

Structure Factors (CIF - gz)

Validation Full PDF
Validation XML

fo-fc Map (DSN6)
2fo-fc Map (DSN6)

Map Coefficients (MTZ format)




The Protein
Data Bank §§§
(pdb) dosyasi AN
nedir? Az

Amino asit

Element

NN WNM

\

N
CA
C
0
CB
CcG
oD

OD2

ASP

ASP

ASP

ASP

ASP

ASP
1 ASP
ASP
\\

o A ol ol O S

bt e b e et e e

Zincir

Sekans numarasi

4.060
4.042
2.668
1.987
5.090
6.338
6.576
7.065

Koordinatlar

b 4

7.307
7.776
8.426
8.438
8.827
8.761
9.758
7.759

Z

5.186
6.553
6.644
5.606
6.797
5.929
5.241
5.948

Elementin Amino asit icerisindeki pozisyonu

https://www.cgl.ucsf.edu/chimera/docs/UsersGuide/tutorials/pdbintro.html




FoldX Komutlar

RepairPDB

* FoldX ile herhangi bir modelleme yapmadan 6nce yapilarin onarilmasi tavsiye edilmektedir. RepairPDB
komutu bozuk burulma acilarini, cakisan VanderWaals baglarini veya toplam enerjiye etki eden bag
kalintilarini tespit eder ve onarir.

* RepairPDB komutu soyle calisir: Komut énce tim Asn, Gln ve His kalintilarini arar ve amino asitleri 180
derece donddirur. Bu, Asn ve GIn karboksamid gruplarinin elektron yogunlugunun hemen hemen simetrik
olmasi ve dogru yerlesimin ancak cevredeki atomlarla olan etkilesimler hesaplanarak fark edilmesi
nedeniyle yapida yanlis rotamer atamasini onlemek icin yapilr.

e Ayni durum His amino asidi icin de gecerlidir. Komut, VanderWaals ¢akismalarini ortadan kaldirmak icin
yan zincirlerde kiiclk bir optimizasyon yapar. Bu sekilde son adimda yan zincirlerin stabilizasyonu saglanir.

AMAC: Protein modelini daha kararl hale getirmek (AG Degerini minimize etmek)
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ORIGINAL ARTICLE

Homozygous missense VPS16 variant is associated with
a novel disease, resembling mucopolysaccharidosis-plus
syndrome in two siblings
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This manuscript
c.540G>T (Cys180)

*  The starting free energy AG for the VPS16 protein model was 241.395 kcal/mol, and
it was lowered to 148.076 kcal/mol to a more stable state after the RepairPDB
module was applied.

*  The AAG value of the p.Asn52Lys variant reported in late-onset dystonia patients
was calculated as 0.43 kcal/mol (neutral). The AAG value of the p.Trp180Cys variant
(reported in this study) was calculated as 1.29 kcal/mol (destabilizing).

*  Decreased amounts of VPS16 protein disrupts HOPS and CORVET, resulting in the
MPS-plus syndrome-like phenotype. In contrast, the p.Asn52Lys substitution is not
predicted to result in significant change in protein stability.

*  Our 3D protein model suggests that an important functional difference between
these two substitutions may be at least partially due to the relatively more severe
amino acid substitution from tryptophan to cysteine (where the aromatic indol side
chain is replaced by a thiol side chain) compared with the milder amino acid change
from asparagine to lysine (both harboring side chains with an amino group), which
allows it to retain many of the non-covalent interactions with the surrounding

amino acid residues lonic Bond Hydrophobic Interactions [l

Van der Waals Force [0 Polar Interactions

EU192




Received: 18 May 2023

Revised: 28 June 2023

Accepted: 8 July 2023

DOI: 10.1111/cge. 14406

SHORT REPORT

ICLINICAL WILEY
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The starting free energy AG for the TBC1D31
protein model was 103.34 kcal/mol, and it was
lowered to -22.4663 kcal/mol to a highly stable state
after the RepairPDB command of FoldX was
applied. 3D protein models of the wild type
TBC1D31 and the potential changes on the
noncovalent bonds caused by the p.GIn63Glu
variant are displayed in Figure 2. Six polar, 1
hydrophobic, 1 carbonyl, 1 Van der Walls
interactions changed to 6 polar, 1 carbonyl and 1
Van der Walls interactions after the glutamine at
position 63 turned into glutamic acid. The in-silico
predictions showed that one hydrophobic interaction
was lost on the protein model (Figure 2). The
p.GIn63Glu variant decreased protein stability and
predicted as "Destabilizing" with all four different
protein stability prediction tools upon point

mutations.
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The starting free energy AG for the FOXD2 protein model was 817.623 kcal/mol, and it
was lowered to 719.079 kcal/mol to a more stable state after the RepairPDB command
of FoldX was applied. 3D protein models for the wild type FOXD2 and the potential
changes on the noncovalent bonds caused by the p.(Met210Val) and p.(Met210Arg)
variants are displayed in Figure 1K. -The p.Met210Val variant decreased protein
stability and was predicted as "Destabilizing" with all four, the p.Met210Arg variant
decreased protein stability and was predicted as "Destabilizing” with three out of four
different protein stability prediction tools upon point mutations. The AAG scores

calculated for 210VAL and 210ARG variants are displayed in Supplementary Table 3.
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