CS342: Bioinformatics
Lecture 2



Assignments

* Read and answer questions about paper

* “Computational Biology in the 215t Century: Scaling with Compressive
Algorithms” by Bonnie Berger, Noah M. Daniels, and Y. William Yu.
Communications of the ACM, August 2016.

e Due Wed, Jan 22nd



DNA Sequencing Timeline

April 14, 2003- successful
completion of the Human
Genome Project announced
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DNA Seguencing Technologies

No technology exists that can sequence a complete (human) genome from
end to end!!!
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DNA Seguencing Technologies

No technology exists that can sequence a complete (human) genome from

end to end!!!

Single Cell Sequencing (10,000 ft view)
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DNA is amplified sequenced

DNA extracted from one cell

(Human genome is ~3 billion
nucleotides long)
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Output: 10’s thousands noisy
reads (strings) per cell



DNA Seguencing Technologies

No technology exists that can sequence a complete (human) genome from
end to end!!!

Long Read Sequencing™® (10,000 ft view)

... CATTCAGTAG ...

... AGCCATTAG ...

3 |- GGTAGTTAG ... ... GGTAAACTAG ...

... TATAATTAG ... ... CGTACCTAG ...

Reads: 10,000’s nucleotides

DNA Passes through polymerase DNA Passes through a Nanopore *Emerging technologies

PacBio SMRT Seq Oxford Nanopore (sometimes called 3™ Generation)



Pathologic diagnosis

MNucleic acid sample extraction,
DMA/RMA

ot

Type of NG5 sequencing;
Targeted sequencing
‘Whole exome sequencing

Whole genome sequencing

il
X

Library generation:
DMA fragmentation
Ligation of adaptors

Amplification and sample enrichment

LK

Cluster generation or template
generation, platform dependent

L4

Sequencing
Platform dependent

L

Diata analysis
Quality evaluation of sequence
Alignment to reference sequence
Variant calling
‘Wariant annotation

Identification, interpretation and
classification of pathogenic variants

Alekseyev et al., A Next-Generation Sequencing Primer— How
Does It Work and What Can It Do?, Academic Pathology
Volume 5: 1-11, 2018.



File Format for Sequencing Data’?



FASTA Format

>SEQUENCE_ 1
MTEITAAMVKELRESTGAGMMDCKNALSETNGDFDKAVQLLREKGLGKAAKKADRLAAEG

LVSVKVSDDFTIAAMRPSYLSYEDLDMTFVENEYKALVAELEKENEERRRLKDPNKPEHK
IPQFASRKQLSDATILKEAEEKIKEELKAQGKPEKIWDNIIPGKMNSFIADNSQLDSKLTL
MGQFYVMDDKKTVEQVIAEKEKEFGGKIKIVEFICFEVGEGLEKKTEDFAAEVAAQL
>SEQUENCE_ 2
SATVSEINSETDFVAKNDQFIALTKDTTAHIQSNSLQSVEELHSSTINGVKFEEYLKSQI
ATIGENLVVRRFATLKAGANGVVNGYIHTNGRVGVVIAAACDSAEVASKSRDLLRQICMH



FASTQ

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

@SEQ ID
GATTTGGGGTTCAAAGCAGTATCGATCAAATAGTAAATCCATTTGTTCAACTCACAGTTT
+

PROx((((***+) ) 35%++) (3%3%%) . 1*¥**—+4%" " ) ) **55CCF>>>>>>CCCCCCCHS

The character '!' represents the lowest quality while '~' is the highest. Here are the quality value characters in left-to-right increasing order of quality (ASCII):

1"#8%& ' ()*+,-./0123456789: ;<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]"_~abcdefghijklmnopgrstuvwxyz{ |}~



Reference Genomes

For many species we have
compiled what’s called a
“reference genome” that
indicates what we expect a
“typical” genome to look like.

Current human reference is called GRCh38

l

=

First printout of the human reference genome

https://www.ncbi.nlm.nih.gov/genome/guide/human/ a1



https://www.ncbi.nlm.nih.gov/genome/guide/human/

Aligning Reads to a Reference

Reads are aligned to where they “match

DNA sequenced reads the best” to reference genome
N =
) = o —_ —) — == =
| | — S R —

D= = = [-GGTATTCGATTACCAATCGATTGAGGG... |

Reference Genome

ACCTGGTCGAAG [ Y



SAM Files

Sequence Alignment Map (SAM) is a text-based format for storing
biological sequences aligned to a reference sequence

T @HD VN:1.4 S0:gueryname

1 @sn SN:l LN:4569345

@RG ID:1#6 LB:1 SM:a

MS@_1250@:1:2114:20577:3664&6 ag 1 40346 23 75M =

CTCATGGACACCAACCACTCAATTATCTATCCACCTAGCCATGGCCATCACCTTATGAGCGGGCGCAGTGACTAT
(XB:i:l X1:i:1 XA:Z:X,+B796,75M,2; MD:Z2:22C52 RG:Z:1%6 XG:i:@
MS@_12580:1:2114:20577:3664#6 147 1 4B346 23 75M =
CTCATGGACACCAACCACTCAATTATCTATCCACCTAGCCATGGCCATCACCTTATGAGCGGGCGCAGTGACTAT
XB:i:l X1:i:1l XA:Z:X,-B796,75M,2; MD:Z2:22C52 RG:Z:1%6 XG:i:@

Col Field | Type Brief Description

1 QNAME | String | Query template NAME

2 | FLAG Int bitwise FLAG

3 RNAME | String References sequence NAME

4 POS Int 1- based leftmost mapping POSition
5 MAPQ |Int MAPping Quality

6 | CIGAR | String CIGAR String

7 RNEXT | String  Ref. name of the mate/next read

8 |PNEXT |Int Position of the mate/next read

9 TLEN Int observed Template LENgth

10 SEQ String | segment SEQuence

11 | QUAL | String ASCII of Phred-scaled base QUALIity+33

4@346 75

[ty of W el el ef el ef el el efel el ef el el ef ef efef el el el el el ef el el S ef efef el ef el el el ef el ef el el efel el ef el el el ef efef el el el el el ef el e el ef efef el ef el el el ] el ]
AM:1:23 NM:1:1 SM:1i:23 ¥XM:1i:1 X0:1:8 XT:A:U MQ:1:23

4@346 =75

e eletelefelel el el el ef el el efel el el el el ef ef efef el el e el el ef el e el ef efef el ef el el el ] el el el el efel el el el el el el efef el G gL el e el ef efef el ef el W o W
AM:1:23 MNM:izl SM:i:23 XM:i:1 X0:i:@ XT:A:U MQ:i:23 ct:Z:1F7BM-T5T2ZR7EM

Filename.sam



Phred Score

Q = —10 ]ﬂgm P P is base calling error probability.

Phred quality scores are logarithmically linked to error probabilities

Phred Quality Score  Probability of incorrect base call Base call accuracy

10 1in 10 90%

20 1in 100 99%

30 1in 1000 99.9%
40 1in 10,000 99.99%
50 1in 100,000 99.999%

60 1in 1,000,000 99.9999%



BAM Files

Binary Alignment Map (BAM) is a compressed binary version of the
SAM file.
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DNA Sequence Data

How big do you think a file is that stores DNA sequence data for one
human (BAM file)?



DNA Sequence Data

DNA Sequence File: 130 GB My laptop:
16 GB RAM

For patients with cancer, 500 GB hard drive

we have two files:
Tumor DNA
Normal DNA

Memory:
16.25% of 1 patient

1 patient: 260 GB Less than 2 patients




