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Annhouncements

Assignment POTA is due tomorrow (Jan 17) by 11:59 pm
Assignment PO1B will be released tomorrow (Jan 17) at 11:59 pm
CByte 01 will be released tomorrow (Jan 17) at 11:59 pm

Quiz 01 is in two weeks (Jan 28) and will cover lectures 02A to 03B



https://pitt-biosc1540-2025s.oasci.org/assessments/projects/genomics/01A/p01a/
https://pitt-biosc1540-2025s.oasci.org/assessments/projects/genomics/01B/
https://pitt-biosc1540-2025s.oasci.org/cbytes/01/
https://pitt-biosc1540-2025s.oasci.org/assessments/quizzes/01/
https://pitt-biosc1540-2025s.oasci.org/lectures/02A/
https://pitt-biosc1540-2025s.oasci.org/lectures/03B/

After today, you should have a better understanding of

Sequencing data formats

Databases



Previous lecture: Experimental
side of DNA sequencing
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Where do we put all this data?
And how do we store it?



Genomic sequencing data is archived and
stored in public databases

One sequencing run can be 100s of GB

Centralized databases make genomic sequencing
data accessible for research and analysis

These repositories support collaboration
and transparency in science

Just imagine if the only copy of a genome sequence was
stored on Bob's 10-year-old external hard drive



National Center for Biotechnology Information
(NCBI) is a key source of sequencing data

National Center for Biotechnology Information

National Library of Medicine

e GeneBank for genomic
sequences
e Sequence read archive

All Databases w | | @

NCBI Home Welcome to NCBI

Popular Resources

Resource List (A-Z) The National Center for Biotechnology Information advances science and health by providing access to PubMed

All Resources biomedical and genomic information. Bookshelf

Chemicals & Bioassays About the NCBI | Mission | Organization | NCBI News & Blog PubMed Central

. Wission | Drganizal
(SRA) for sequencing data e
DNA & RNA Submit Download Learn Nucleotide
i Gi
. Domains & Structures Deposit data or manuscripts Transfer NCEI data to your Find help documents, attend a enome
erseq ror reference genomes Gones & Expression o NCB! datsbases coputer cass o wateh  wtor s
Gene

Genetics & Medicine

e BioProject for curated =

Homology

Literature

resources for a specific project

NCBI News & Blog

Research

e Many more

SRA is what we will use the most

Taxonomy

Training & Tutorials

Variation

Develop

Use NCBI APIs and code
libraries to build applications

Analyze

Identify an NCBI tool for your
data analysis task

Explore NCBI research and
collaborative projects

NCBI Taxonomy Updates to Yeasts

As previously announced, NCBI is

now availa

release

y
ally making improvements to our

on the NC

10 trillinn hases and 4 7R

has 34

NCBI Hidden Markov Models (HMM)
Release 16.0 Now Available!

Download release 16.0 of the NCBI

nrotain

nrofila Hiddan Markov modala

More..



https://www.ncbi.nlm.nih.gov/genbank/
https://www.ncbi.nlm.nih.gov/sra
https://www.ncbi.nlm.nih.gov/refseq/
https://www.ncbi.nlm.nih.gov/bioproject

Deposited data are given unique
accession humbers

An accession number is a unique identifier assigned to a specific
dataset, sequence, sample, or experiment in a public database

Project SRP or ERP or PR}

Experiment Experiment Experiment
SRX or ERX SRX or ERX SRX or ERX
Run Run Run
SRR or ERR SRR or ERR SRR or ERR
Run Run Run

SRR or ERR SRR or ERR SRR or ERR



Example experiment

Run ID: ERX384810 — Unique identifier for the experiment ERX384810: lllumina HiSeq 2000 paired end sequencing
1 ILLUMINA (lllumina HiSeq 2000) run: 880,387 spots, 176.1M bases, 54.6Mb downloads

Platform: I1lumina HiSeq 2000 — Sequencing instrument used
Submitted by: University of Oxford, Oxford, UK

Study: Prediction of Staphylococcus aureus antimicrobial resistance from whole genome sequencing
PRJEB5261 « ERPO04G55 » All experiments = All runs

Sample: C00003197

A spot is a unit of data generated during high-throughput SAMEA2340030 » ERS397701 « All experiments « All runs
sequencing. It typically represents a single sequencing Organism: Staphylococcus aureus
read or, in paired-end sequencing, a pair of reads from Library:

Name: 1456/11
Instrument: lllumina HiSeq 2000
Strategy: WGS
Source: GENOMIC
Selection: RANDOM
Layout: PAIRED
Runs: 1 run, 880,387 spots, 176.1M bases, 54.6Mb

Run # of Spots # of Bases Size Published
ERR418513 880,387 176.1M 54.6Mb 2014-02-08

Link

the sequencing instrument.

A base refers to a nucleotide (A, T, G, or C) in the sequence
data. The total number of bases represents the cumulative
length of all reads in a sequencing run.


https://www.ncbi.nlm.nih.gov/sra/?term=ERR418513

Example run

lllumina HiSeq 2000 paired end sequencing (ERR418513)

@ Metadata = Alignment sga Analysis i= Reads 1M Data access & FASTA/FASTQ download
Run Spots Bases Size GC Content Data Status Published
ERR418513 880.4k 176.1TM 54.6MB 34% Public 2014-02-08

Quality graph (bigger)
This run has 2 reads per spot:

L=100, 100% L=100, 100%
Legend @

Hide attributes
ENA-FIRST-PUBLIC  2014-02-01

ENA-LAST-UPDATE  2018-11-16

Link
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https://trace.ncbi.nlm.nih.gov/Traces/?view=run_browser&acc=ERR418513&display=metadata

After today, you should have a better understanding of

Sequencing data formats

FASTA files
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FASTA files store nucleotide or protein
seguences in a simple format

Consists of a header line starting with > followed by a descriptive identifier

>ERR1197981.1/1

DNA AGTTTGATCCAAAGCATGAGTGTTTACAATGTTTGAATACCTTATACAGT
TCTTATACATACTTTATAAATTATTTCCCAAGCTGTTTTGATACACACAC

Contains one or more lines of nucleotide or protein sequences

>crab_anapl ALPHA CRYSTALLIN B CHAIN (ALPHA(B)-CRYSTALLIN)
MDITIHNPLIRRPLFSWLAPSRIFDQIFGEHLQESELLPASPSLSPFLMR
Protein SPIFRMPSWLETGLSEMRLEKDKFSVNLDVKHFSPEELKVKVLGDMVEIH
GKHEERQDEHGF IAREFNRKYRIPADVDPLTITSSLSLDGVLTVSAPRKQ
SDVPERSIPITREEKPAIAGAQRK

12



FASTA files help us use Python to
ahalyze DNA sequences



Calculating Sequence Length

2 seq len = len(DNA SEQ)

DNA_SEQ: The DNA sequence is stored as a string in Python

Each character in the string
corresponds to a nucleotide

The len () function returns the number of characters in the string

In this context, it calculates the total
number of nucleotides in the sequence

14



Counting Nucleotides with a Function

count nucleotides(seq) takes a string

, Functions in Python allow us to organize
that represents a DNA sequence as input

reusable blocks of code for specific tasks.

A dictionary is initialized with keys for the
nucleotides (a, T, G, C) and values set to 0.

e This structure allows for efficient
updating of counts.

8 return nucleotide counts

The updated dictionary with nucleotide
counts is returned as the function's output.



Breaking Down the For Loop

Strings in Python are iterable, meaning
you can process one character at a time
using a for loop.

e Here, the loop processes each
nucleotide in the DNA sequence.

Conditional Check;

e if nucleotide 1in
nucleotide counts ensures that
only valid nucleotides (a, T, G, C) are
processed.

e Prevents errors from unexpected
characters like N or other symbols.

6 nucleotide counts[nucleotide] += 1

Updating Dictionary Values:

® nucleotide counts[nucleotide]
+= 1 increments the count for the
current nucleotide.

e Each nucleotide's count is stored as the
dictionary's value, which is updated
dynamically during the loop.

16



Results and Their Significance

Output: The dictionary shows the counts
of each nucleotide in the sequence.

10 nuc_counts = count nucleotides(DNA_SEQ)
11
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What is GC Content?

GC content is the percentage of guanine (G) and
cytosine (C) nucleotides in a DNA sequence

Biological Relevance:

e High GC content indicates stronger hydrogen bonding,
leading to more stable DNA.
e GC content variation is useful for species identification,
genome analysis, and detecting contamination.
@ GC pair
@ AT pair

AW AW A WAT LT AT B AW A WAR AP WL B o WAT AT AT WA WaWATA P AT Wi WL TaWATLE A
VNN UV YN VYV VNV N VYV VY VY NVYVVYV VY YTVY VYV YXTXY

100%
50%
0%

L T W 4 A W W N\ /\Vf\V/\V/\V/V\ il /\ F %t Wi Y

{ J | ]
Low local GC content High local GC content

100%
50%
0%
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Python Function to Calculate GC Content

3 gc_content = (nuc_counts["G"] + nuc_counts["C"]) / len(seq) * 100
return gc_content

W

get gc content(seq) calculates the percentage
of G and C nucleotides in a given sequence.

The function calls count nucleotides(seq) to geta
dictionary of nucleotide counts, demonstrating code reuse.

Percentage of G and C nucleotides are
then calculated and returned

19



Breaking Down the GC Content Calculation

The nuc_counts dictionary contains the counts for each nucleotide.

e Access specific counts using keys: nuc_counts["G"] and nuc_counts["C"].

3 gc_content = (nuc_counts["G"] + nuc counts["C"]) / len(seq) * 100

e Divide by 1len(seq) to calculate the proportion of G and C bases in the sequence.

e Multiply by 100 to convert the proportion to a percentage.

20



Interpreting the Output

6 seq gc_content = get gc content(DNA_ SEQ)
7

The calculated GC content for the sequence
DNA SEQ is approximately 46.5%.



After today, you should have a better understanding of

Sequencing data formats

FASTQ files
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Sequencing methods can
iIntroduce potential errors



Lagging and Leading Synthesis

_______ CycleO .. Syelel . Sydez,
Nt?rmal sequencing by synthesis — )
(i.e., lllumina) has each cluster Strand .
strand in sync to amplify signal — J

Errors can occur when synthesis gets out of sync

Lagging synthesis by failure to Leading synthesis by addition of
remove blocking fluorophore. dNTP instead of dANTP

22 dGTP
e 133 instead
of
ddGTP

24



Densely packed flow cells can
also cause signal overlap

Fluorescent signals from neighboring clusters can overlap

Clean

| Patterned Flow  [#
Cells x

Noisy

Signal-cross talk degrades quality

25



FASTQ files store sequencing reads
and their quality scores

Combines sequence data (as in FASTA) with quality scores for each nucleotide.

Organized in a four-line structure for each read:

1. Header: Contains the read identifier, starting with @.

2. Sequence: The nucleotide sequence.
3. Separator: A + line (optionally repeating the header).
4. Quality Scores: Encoded in ASCII characters.

4 #8ABCFGGGFCEDCFGGGGGGGFFCGEFGGGGGGFGGGGGGGGDEFGGGGGGGGGGGGGGGGGFFF

8 y8BCCGGGGGGGGGGGGGGGGGGGGGGGGEGGGGEGGGGCGGGGGGGEGGGGFGGGGGGGGGGGGGGGG

26



Quality scores in FASTQ files

represent sequencing confidence

Quality scores are associated with each base and
indicate the probability of a sequencing error.

Encoded using the Phred quality score system:

e Higher scores = Higher confidence = Lower
error probability.

Lowest quality: !

Highest quality: -~

0 o Ul WN PO

WWNNNMNNNRNNNNNERRRRRKRBR R B &
HFOWONOUBEWNROWOWO-LNIOUB®WNKRO W

null)

start of heading)
start of text)

end of text)

end of transmission)
enquiry)
acknowledge)

bell)

backspace)
horizontal tab)

NL line feed, new line)
vertical tab)

NP form feed, new page)
carriage return)
shift out)

shift in)

data link escape)
device control 1)
device control 2)
device control 3)
device control 4)
negative acknowledge)
synchronous idle)
end of trans. block)
cancel)

end of medium)
substitute)

escape)

file separator)
group separator)
record separator)
unit separator)

(
(
(
(
(
(
(
(
(
(
(
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(
(
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(
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>io S NK X EOHNMXWOWOZEERgHID QR EHBOQD P ®

lvY— A NN NXESJdedtnnRAQTOBERHRFUWURIDTQHOD QALQOTW

DEL
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0 NUL (null) 32 SPACE 64 @ 96 °
1 SOH (start of heading) 33 ! 65 A 97 a
2 STX (start of text) 34 " 66 B 98 b
3 ETX (end of text) 35 # 67 C 99 ¢
S u ra ‘ ro I I I 4 EOT (end of transmission) 36 S 68 D 100 d
5 ENQ (enquiry) 37 % 69 E 101 e
6 ACK (acknowledge) 38 & 70 F 102 £
P 7 BEL (bell) 39 71 G 103 g
( : I 8 BS (backspace) 40 ( 72 H 104 h
AS I I Va I ' Ies I n FAS ? 9 TAB (horizontal tab) 41 ) 73 I 105 i
® 10 LF (NL line feed, new line) 42 = 74 J 106 jJ
11 VT (vertical tab) 43 + 75 K 107 k
12 FF (NP form feed, new page) 44 76 L 108 1
13 CR (carriage return) 45 - 77 M 109 m
14 SO (shift out) 46 . 78 N 110 n
15 SI (shift J_n) 47 / 79 O 111 o
We are not able to see values below 33 on 1o DLE (data Link escape) o 02 1z
17 DC1l (device control 1) 49 1 81 O 113 g
. . . 18 DC2 (dev1ce control 2) 50 2 82 R 114 r
our screen, making it harder to work with 19 DC3 (device control 3) 513 53 s s
20 DC4 (device control 4) 52 4 84 T 116 t
21 NAK (negative acknowledge) 53 5 85 U 117 u
22 SYN (synchronous idle) 54 6 86 V 118 v
23 ETB (end of trans. block) 55 7 87 W 119 w
24 CAN (cancel) 56 8 88 X 120 x
25 EM (end of medium) 57 9 89 Y 121 y
26 SUB (substitute) 58 90 2 122 z
27 ESC (escape) 59 91 [ 123 {
28 FS (file separator) 60 < 92 \ 124 |
29 GS (group separator) 61 = 93 ] 125 }
30 RS (record separator) 62 > 94 * 126 ~
31 US (unit separator) 63 ? 95 127 DEL



Why use ASCII encoding

for quality scores?

We need to store millions upon millions
of floats (e.g., 0.92829) per nucleotide

One million float32 values are about 3.8 MIB

Seems small, but one E. coli genome is ~5 million
base pairs, and our DNA library will have multiple
copies of sequences

ASCII characters require ~1/4 the memory,
making them more memory efficient

UL

e

ESCHERICHIA COLI

29



0 NUL (null) 32 SPACE 64 @ 96 °
‘ a ra< e rs I I Ia 1 SOH (start of heading) 33 ! 65 A 97 a
2 STX (start of text) 34 " 66 B 98 Db
3 ETX (end of text) 35 # 67 C 99 ¢
P S 4 EOT (end of transmission) 36 S 68 D 100 d
5 ENQ (enquiry) 37 % 69 E 101 e
directlv to numerica L m e T
7 BEL (bell) 39 71 G 103 g
8 BS (backspace) 40 ( 72 H 104 h
9 TAB (horizontal tab) 41 ) 73 I 105 i
o 10 LF (NL line feed, new line) 42 * 74 J 106 j
I r 11 VT (vertical tab) 43+ 75 X 107 k
12 FF (NP form feed, new page) 44 76 L 108 1
13 CR (carriage return) 45 - 77 M 109 m
14 SO (shift out) 46 . 78 N 110 n
15 SI (shift in) 47 / 79 O 111 o
16 DLE (data link escape) 48 0 80 P 112 p
17 DC1l (device control 1) 49 1 81 O 113 ¢
Phred quality (Q) iS the integer 18 DC2 (deVJ:_ce control 2) 50 2 82 R 114 r
19 DC3 (device control 3) 51 3 83 S 115 s
. . 20 DC4 (device control 4) 52 4 84 T 116 t
aSSOCIatEd W|th the ASC” Symbol 21 NAK (negative acknowledge) 53 5 85 U 117 u
22 SYN (synchronous idle) 54 6 86 V 118 v
23 ETB (end of trans. block) 55 7 87 W 119 w
24 CAN (cancel) 56 8 88 X 120 x
25 EM (end of medium) 57 9 89 Y 121 vy
R Q 1 O 26 SUB (substitute) 58 : 90 zZ 122 =z
P — 1 O 27 ESC (escape) 59 ; 91 [ 123 {
— 28 FS (file separator) 60 < 92 '\ 124 |
29 GS (group separator) 61 = 93 ] 125 }
30 RS (record separator) 62 > 94 *© 126 -~
31 US (unit separator) 63 ? 95 127 DEL
Probability that an error occured
Examples
! ?

P =10"(3-33/10 _1 ¢ P = 10" (-33)/10 - 0.001



Phred quality scores help
iIdentify reliable bases

Phred scores relate directly to confidence:

® (Q=20: 99% accuracy (1 in 100 chance of error).
e ()=30:99.9% accuracy (1 in 1,000 chance of error).
® (Q=40: 99.99% accuracy (1 in 10,000 chance of error).

Bases with low Phred scores may need filtering to improve data quality

31



00U W

BB B S B WWLWWWWWWWWWNNNMNMMNMNNMNMOMMMNMNNNNNRERFRFERRRFRERFERRERF
B WNHFOVWOTNOOULE WNEFOVWONOOUES WNEHFOWVWOIOWUE & WNDEFE OV

Sequencing runs store millions
of FASTQ entries

TGTAGGTGTTACAATCTTGCCAGAAATCATGATGAAAAATATCAGCAAAGAACAATTTGAGTTTGAAAAAGTAGAAATTGATAATGAACCGCTGATTCGTTCGACATTTATGAGTTATGATCCGAGTATGTTGCAAT TACCACAAGT TGATTCAT TTGTAAATC TTATGACGAGCTTTGT TGAAGAACCAAAGGCGTAGTCTTAGACT
¥
DDDDDIITHIIIIIIHIIITHIIIGIIIIIIIIITHHHITIIHIIIIITHIHHIGFIIIIITHHIIIIIIITHHITII IE<DFHHI I THHIEHCHI ITTTTTHHHHI THHITIIFIIIIIIIITIIIIIIIITHITITIIIIIIHITIIIHITHITHHIIIIIIIIITHI THHIIGI IGTHIHHHHGIITIIIITHIHIIIIITIGITHHIT
@SRR14933407.2/1
CTAGAAATATTGATTTATTGCATGTATAATGTTAAAAGTGCCCTTTTATAACGCTTACATATAAAAGCTTATTTAGGGAGAGGGATATTCAACAAGGGGGAT TTGAAAATGATAGAACT TAATGCAAT TACAACAT TATGTTTAGCCTGTATACT TTACTTACT TGGTAAAGCTATCGTTAATCACGTTAATTTTTTAAAACGCATTT
¥
DDDDAITHITHIHIHIIIIIIIIIIIIIIIIIIFGHIIIIIIFIIIIIIIIIIIIIIHIGHHIGHI ITEHI ITHIHHIDHHHGIIITIIITHIHHHFHHHCEHHI ITIGHCHHHHIIIIITITTHITIITIITTHIHI ITTHIHI I T I I THIHHHI THTHITIITTHITIITII I THHHITHIGHHHIIIIITITHIIIHIIIITHHGIH
@SRR14933407.3/1
NTTTGTTCTACCAGGAATTGGTGGTTTTTCATGAATATGCTTTGATACTTCTCCAATTCCAACGACAGATTGATTTTTCGTTCGATTATAAAAAATAATATTGTCGCCTTCTTCTAACTGAGTATAAAAATGATAACCATTACGTTTAATACCGTTGTACGTGTGCGTATAAATCGTATATTGGTTTCCAGGTTCAAATTCTTCAGTT
¥
#<<DDEEHIIGHICCECHHHHIIIIIIE?GEGCCHIIEFHIIECEEHGHHIHIHHHHCHIEFFEHHHDCHII ?HHHHIEHHIHIGHHHI IHFFHD 1GHEHGF 1FHEHI I=HI THHCH? FHEHHHFHI IGFHGHHHI I I IGHHHHEHHIFEHHI IEF=E ?FE@EHHEHOEHHT HEHDH@HHHEE /<CGFCGC?DEHI THHIIIGC . F@G
@SRR14933407.4/1

ATGAAAAATTAGCGCAAGCGAAACAAGATGCAATAGCAAATCTAGATACGTTGCGTGACTTAAATCAACCACAACGTGATGCGTTACGTAATCAAATCAATCAAGCACAAGCGTTAGCTACAGT TGAACAAACTAAACAAAATGCACAAAATGTTAATACAGCAATGAGTAACTTGAAACAAGGTAT TGCAAATAAAGATACCGTCAA
¥

DDBD<<FHE@GHICHIIIGIF<CHIGFEHHHHHH@HHFH?GGHHGHG@HI TH@HDHHOEHEGHFHI IHIGDEGDGHHHHECHHDGCHEDHGHEFHFHHHHHCH@DFEH 1 F ? EEEEHHHHHHHI D@ HCCFHGHI I THHHHHHFHE ?GH? HGHIHHI ICEHEHEEH THFHHHI THHHHTHHEEG/ C<GE . ; DHHHGEC@ . C@HHEEBE . A
@SRR14933407.5/1
AAAATAAAACAAATGCTCACATAGTAGATTCATTTTATATCGTTAACTATTAACGTTTAAATTGATATGTCCCTATGTGAGT TTTTATTTTACAAATTTATACTATTTTAATCTCTGACTAAAGT TTTACATCGCTATCAGTATTATGTATGATTTATTT TAACAACTATAAATAAGCTTGAATTTTGTAACTAGTAAGTGTATAACA
¥
DDDDDHIHIIIIIIIIIIIIIIHHHIIIIIIIIIIHIIIHHIIIITHIIIIIITIIDHGIHHIGHIIIIGIIIIIIHFHCHIGHI ITTITTHHI THIITTHIGHIITIIIIIGIITHIGIIIIIIFIHHHIITHIIIIIIIIIIIIIIICHHIIIITHITIEHHI ITITIGI IGHHHHHHHHEH I ITGHHI I THGHHI THHI ITHHHI TH
@SRR14933407.6/1
AGATAAATATGATTACTTAACAGGCTTAGGTAATGTAAAAGAATTTTATAGACATTTAAATGAAATTTCACGAAAAGCTGAAAAAGAACATCAAAGTATCGCATTATTATTAATCGATATCGATGGATTTAAAGATGTCAATGATACCTACTCACACAAATCAGGTGATGCTGTATTAAAACAAATGTCTCAATTACTTAAAAACTAT
¥
DDDDDIIIIITHIIIIIIIIIIGHHHHIHITIIIIIIIIIIIIIIIIIIIIIIIIIHIIIIITHIIIHIIIIIIIIIIIIIIIIIIITITIIIIITHITIITIIONTIITHITIIIIIIIIIIIHIIITIITIIIIIITIIIIIIIITIIIIIIIHITIIIIITITTIIIIIIGHHITHITIIIIIIIIIITHITIIIIIIIITHHIIIIIHHEGHIT
@SRR14933407.7/1
GGCACTTTATTGTAAGGTGTTTACAACCACGAAAACACATTTAAGTATTGCCAATATGAGCGATAACTATCTTATACTAACTGAGCACGTATAGAGAAAATTATTCTTTAAGACCTATTGCACGTAAATTAGACCGATCCGCATCTACTATCTTACGTGAAAT TAGCAGAAATAATGTAAATAAGTTATATCAATCTGAAACGGCTCA
¥
DDDDDIIGIITHIIIIIIIIIIIIIIIIIGIIIIIIIIIIIIIIIIIIIIGITENITHHHIIIIIIIIIIIGIIIIITHITIIIIIIIICEHHHIIIIIIIDHIIIIIIIIIIIIIIIIIIITHIIIIIIIGFHITIHITIIIIIIIIIIIIGIGIITIIIIIIGIIHEHIIIIIIIIITHHHHHITIITHHIITITIITIIHIGGHIIIIGHF
@SRR14933407.8/1
ATTAATAATCATTAACTTTTGCGAACCTTCTTTTAAATAAATAATGCTTCCTATTGTTTCCATTTATTTTCCTCCTTTGTCACCATCTCGATTTCGATATTTCTTCGCATTTCCAAGTCAATCATCTCTTCTTCCGCTTTACGAATGTCATGTTGAATTTGCTGTTGCTGCTCGTATAACGCTTCCGTTGAACGTCGTTTCGCAAAAT
¥

0<DDDHIEE?GEEHHHE 1DHDF?HH/CF1C1FFHIH@CHHHGHCDE1D1GCEHHHFH? HGE 1E<F<C<<GECFHHIHGHIHHCCE@@CGC1C1EGCCEHHHCHDHHCHDGHFCCH11<<1@<1<G@CGCE?DGRGOOEHHH?C1@GCF??GEDCC1<DEH1CHCGH1CH? @G10<CHHOCG?E=0F /<F/CCEH@C-CGHHCC. :-.D
@SRR14933407.9/1
TATTAGTAGCAGTGCTTGCGGATTTAGTAACTATGATTTTATTAACGGTCTATGGTGCAATCAATGGTCAAGGCGGCAGTACAATATGGTTAATAGGTATAT TAGTTGT T T TCACAGCAATTTCATATATTTTAGGTGTTCAAT TTAAAAGAATGTCATTTTTACAAAAAT TGATGGATGGTACGACGCAAATCGGTATTCGTGCGGT
¥

@D?DDHH1GHEHIGEGHEGFHD/C@G?HHII I IGF<GGHHFHFEHIIIEHHEEEHHIGIHGIICHIIIITEGHIIGGHIIIIIGHE@GEHHHHHHI THHGIEHI THI I THHI THGHHHHHHIHI THI THHHHI I T IHHI THHHHIHIGIEEHHHIIIIIIIII I I IEFEHICGEHEEEFH?GHIGHHDHI ITHIH=HHIITE@EGC< .
@SRR14933407.10/1
GTAATTTTCTAGCTTCATCCATCGATAATTCAATGACTTTTTTAGCTCTAGGTGTATAATGCAATGTACCAACATGATCTTGACCATGTCCGATTAATTTTTCAACTTCTTCAATTACT TTATCTTCAGTGATATTAAAACTTTCTAATACTTTTGCAGCAAT TCCTTCAGGTTCTTTCATTAACCCCAATAATAGGTGTTCTGTTCC
¥

DDDBDGEEHGHE@FHCCHH@HCGHCFHI@EH?HHE1<<FEGHII? ?GHEHEHI @ GHHHHEHEHHGEHCHFHHHH@ @ FHHIF ?EEEHIHH1CEH=HHI I THHG@HHGI ? 1CG?GHF 1<CGFG1CG1FCGHEGEHCHHFEGHF @ ?GFEEFHFHIHHHH1FG@GFH?C@CEEHIF@G?HHIIT 1DH?D@GOCGCH<FG?<FFEHCH///<D
@SRR14933407.11/1
TAACTGAAGGTATGGTATTAGCTATTGAACCGTTTATCTCATCAAATGCATCATTCGTTACAGAAGGTAAAAATGAATGGGCTTTTGAAACGAGCGATAAAAGTTTTGTTGCTCAAATTGAGCATACAGTTATCGTGACTAAGAGATCGGAAGAGCACACGTCTGAACTCCAGTCACCGCTCATTATCTCGTATGCCGTCTTC%&STT
¥
DDBDAFHHHIFHFGHGCHIGHIIITIIITIHHHHIHHITIIGIGHIHHFIITIIITHITIITIGITHFHITHI THHHEHIHHEEHIEN IHEHENHEHI IHHITITIITIGHGHHGHEI IHHEIEHHIITITIIHIIITIEHITIIHETIIGHI ITHHHI THHEEIIIGHT IHFHHT I THHHEHI IHHEEENTI ICFHHHI T IGHHHSCC. s s . s : @




After today, you should have a better understanding of

Assessing sequencing data quality

FastQC
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FastQC provides essential insights
Into sequencing data quality

<> Code (5) Issues 26 11 Pullrequests 4  (® Actions [ Projects @ Security |~ Insights

@ FastQC Fublic ®wWatch 13 ~ | % Fork 86 @~ Yy Star 469 | ~

¥ master ~ F © Go to file + <> Code ~ About

A quality control analysis tool

. o R . . € s-andrews Update INSTALL.txt @ 1fagean - last year {5 for high throughput
ldentifies issues affecting sequencin sequencing data
.settings Added eclipse project files 8 years ago
. o 00 Readme
d a ta re | I a b I | It Configuration Remove Solid adapater. Add poly... 3 years ago &8 GPL-3.0 and 2 other licenses
y found
i i .
Help Added documentation of the ne 2 years ago A Activity
Templates Imported existing codebase 8 years ago T¥ 469 stars
® 13 watching
net/sourceforge/iharder/ba... Imported existing codebase 8 years ago
% 86 forks
org/apache/commons/math3 Imported existing codebase 8 years ago Report repository
uk/ac/babraham/FastQC Remove spurious debug messag... 2 years ago
Releases &
3 .classpath Update to htsjdk 3 years ago
p P ! y g Q v0.12.1 (Latest)
] . [ .gitignore Imported existing codebase 8 years ago on Mar'l, 2023
Helps determine preprocessing steps | | 5 releases
[ .project Added eclipse project files 8 years ago
L]
before downstream ana |yS IS o e e T | Peckmae
[ LIcENSE Fix old GPL version in LICENSE - .. 3 years ago No packages published
LICENSE.txt I i existi deb. 8 .
(] mported existing codebase years ago Contributors 6
LICENSE_JHDFS.txt Imported existing codebase 8 years ago
- A T 9096 @
README.m Update README.m 8 years ago
O d pd d bi q
[ README.txt Update README.txt 8 years ago Languages
[ RELEASE_MOTES.txt Add release notes for 0.12.1 2 years ago ® Java95.6% @ HTML 3.0%

github.com/s-andrews/FastQC .


https://github.com/s-andrews/FastQC

Per Base Sequence Quality
assesses the accuracy of base calls

Plot Description:

e X-axis: Base position in the read. . '“ii“i"““““““i““'““iiiiiiii il TI‘IIT
e Y-axis: Phred quality scores (higher =L oL [ HL
scores = better quality). . |

e Boxplot features: Median (red line),
interquartile range (yellow box), 10-90% = H

range (whiskers), mean (blue line).

Key Observations:

e Early bases may show slightly lower

quality due to priming biases. 1234567891519 30-34 4549 60-64 75-79 QC'I:'-j:iti::?r;lr];;d(éi;’:—lSQ lg0-164 185-18% 210-214 235-238
e Quality often decreases at the 3' end
due to signal decay and phasing issues.
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Per Base Sequence Content checks
hucleotide composition bias

Plot Description:

%C

e X-axis: Position in the read. ’ -
e Y-axis: Percentage of each .
nucleotide (A, T, G, Q).

60

30

Key Observations: ;

e Arandom library should show [ TN
equal A-T and G-C proportions, S NN NNnd ' 11
with parallel lines across 0

e Biases across the entire read

indicate contamination or library
preparation issues.
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Per Base N Content identifies
ambiguous base calls

Plot Description:

N content across a Il bases

e X-axis: Base position in the read
e Y-axis: Percentage of N calls

Key Observations:

e High N content near the end of reads
suggests sequencing issues like

signal decay. .
Interpretation: }
. Acceptable: Flatline near O%. 0 l23456?891519303445496064?5?990—9.4. 1.10-112'“31)35139 1g0-164 185-189 210-214 235-238

e High N content (>5%): Reads may
require trimming or removal.
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Per Sequence GC Content identifies
abnormal nucleotide comp05|t|on

GC distributio er all sequenc

Plot Description: € count per read

Theoretical Distribution

e X-axis: GC content percentage.
e Y-axis: Number of reads with the
given GC content.

50000

40000

Key Observations:

30000

e Normal distribution with a single peak
indicates uniform GC content.

e Bimodal or skewed distributions suggest
contamination or systematic bias.

e Single peak at genome-specific GC EEREEEEEREE N L
content is expected

10000
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Sequence Duplication Levels highlight
library diversity

Percent of segs remaining if deduplicated 85.05%

PIOt Description: 100 % Total sequences

elo]

e X-axis: Duplication level (number of
times a sequence appears).
e Y-axis: Percentage of sequences.

80
70
G0
50

Key Observations: &

a0

e High duplication levels suggest
overrepresentation due to PCR artifacts
or highly abundant transcripts.

20

10

1 2 3 4 3 <] 7 g 2] =10 =50 =100 =500 =1k =5k =10k
Sequence Duplication Level
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After today, you should have a better understanding of

Cleaning and preprocessing sequencing data

fastp
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After accessing the quality of
seguencing data, we can preprocess
reads to correct some issues
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Not all errors in sequencing data
are correctable

Correctable Issues: Non-Correctable Issues:
e Adapter contamination: Removed with e Systematic biases or overclustering in
trimming tools like Fastp. sequencing runs.
e |ow-quality bases: Corrected or e Severe signal decay or phasing errors.
trimmed based on quality scores. e |nsufficient coverage or failed
e Read duplication: Resolved by experiments.

deduplication to ensure unique data.

42



Quality filtering removes
unreliable bases and reads

Bases with low Phred scores are more likely to have sequencing errors.

Quality scores across all bases (Sanger / lllumina 1.9 encoding)

gé |==ii==i:==========i==i=li======iiiiiiii T

, s (1000} | Hl

Reads are often filtered based on: = A
e Minimum base quality 2
thresholds (e.g., Q20 or Q30). 22

e Average read quality. 16 }

e Proportion of ambiguous bases By
(N calls). o

1234567891519 30-34 45-49 g0-64 75-79 80-84 110-114 135-139 160-164 185-189 210-214 235-239
Fosition in read (bp)



Adapter trimming removes contamination
from sequencing adapters

Adapters are artificial sequences added during library preparation.

If the library insert is shorter than the read length, the adapter sequence is read.

Suppose our sequencing Is the adapter included in
read length is this long the sequencing read?
s @ 7 XD No
______________ >

@ s G 7 X2 Yes
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Deduplication ensures library diversity
by removing redundant reads

Source of Duplicates: PCR amplification biases.

Percent of seqs remaining if deduplicated 86.05%

eeeeeeeeeeeeeee

Identifies and removes identical
sequences, ensuring unique data.

Seguence Duplication Level
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After today, you should have a better understanding of

Assessing sequencing data quality

Galaxy Platform
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https://usegalaxy.org/

1

Upload

g

Tools

T All Tools -
search tools ¥
Get Data
Send Data

Collection Operations

GENERAL TEXT TOOLS
Text Manipulation

Filter and Sort

Join, Subtract and Group

Datamash
GENOMIC FILE MANIPULATION

FASTA/FASTQ

FASTQ Quality Control
SAM/BAM

BED

VCF/BCF

Nanopore

Convert Formats

Lift-Over

COMMON GENOMICS TOOLS
Operate on Genomic Intervals

Fetch Sequences/Alignments

GENOMICS ANALYSIS
Assembly
Annotation
Mapping

Variant Calling

A Workflow Vi e Data~ Help~ LoginorR r Using 8%

History + = =
Galaxy is an open source, web-based platform for data intensive biomedical research. If you are new to Galaxy start here o .-~
searc atasets
or consult our help resources. You can install your own Galaxy by following the tutorial and choose from thousands of
tools from the Tool Shed. Unnamed history ’
=1 L L

AVAILABLE NOW IN GALAXY i °

© This history is empty.
CO la b FO ld You can load your own data or get

data from an external source.

COLABFOLD: MAKING PROTEIN FOLDING ACCESSIBLE TO ALL
MIRDITA ET AL (2022)

B Shom Betiana ColabFold s
Cotastotg MuA e " . B a vo §

1 sisy
B e

Cotabfold Alphabols
— .l 269 Colabfold Aiphafead o dat @ # §
a 83 e Files

WoRKFLOWS
o
TTLis i b et

108 Colableld Alphalutd on dat @ / B
a 831 POB prodictions

READ THE ANNOUNCEMENT HERE  [[SESSR s
m 8 B JION predictions

158 oo o

Donate to the James P. Taylor Foundation for Open Science

Learn More

Want to learn the best practices for genome assembly using Galaxy? Visit the Galaxy VGP page at https://galaxyproject.org/projects/vgp/

Galaxy version 24.1.4.dev®, commit c4dc8e1354e0aa1926bdbal46b2ae2ataa3ldace

47


https://usegalaxy.org/

Before the next class, you should

Lecture 02B: Lecture 03A:
DNA sequencing - Genome assembly -
Methodology Foundations
‘ --------------------------- -‘
Today Tuesday

e Finish and submit PO1TA by Friday, 11:59 pm
e Start working on PO1B (will be released Friday, Jan 17)
e Start working on CByte 01 (will be released Friday, Jan 17)
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http://127.0.0.1:8000/assessments/projects/genomics/01A/
http://127.0.0.1:8000/assessments/projects/genomics/01B/
https://pitt-biosc1540-2025s.oasci.org/cbytes/01/

