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DNA to Protein

De-coded
product

» Segments of DNA in the genome called “GENES” code for proteins

(Rf%f5 BmL#E)

* Proteins are the functional end products in the cell (ThHEEIT )
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DNA sequencing is the process of determining the sequence of

nucleotides within a DNA molecule.
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Sequencing technologies

* First generation sequencing technology
—Sanger Sequencing

« Second generation sequencing technology
—Illumina: HiSeq, MiSeq

* Third generation sequencing technology
—PacBio SMRT (F. 737~ Sl 77)
—Oxford Nanopore
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Oxford Nanopore Technology
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Size of USB drive
May drive the next
revolution in genomics
Whole genome
sequencing in 15
minutes for less than
$1,000

because they rely on
the detection of
electronic, rather than
optical, signals.



DNA Sequencing Cost vs Throughput Timeline
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*$10K/genome

Modified from UBS 2007



Improvements in the

rate of DNA sequencing
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Next Generation Sequencing (NGS) = High-throughput sequencing (HTS)

Next generation sequencer determines the bases of every DNA molecule.
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DHNA fragmentation

I vivo claning and amplification
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Method Generation  Read length (bp) .tungle pass error rate  No. of reads per run Time per run  Cost per million bases

Sanger ABI 3730xl 1st 600-1000 0.001% 96 0.5-3h $500
454 (Roche) GS FLX+ ond 700 1% 1% 10° 25 h $8.57
Ilumina HiSeq 2500 (High Output) and 2 X 125 0.1% 8 x 107 (paired) 7-60h $0.03
Ilumina HiSeq 2500 (Rapid Run) and 2 X 250 0.1% 1.2 % 107 (paired) 1-6 davs $0.04
Ion Torrent and 200 1% 8.2 x 107 2—4h $0.1
SOLiD 5500xl ond 2 % 60 5% 8 x 10° 6 days $0.11

PacBio RS II: P6-Cq ard Avg. 10-15k 13% 3.5-7.5 x 104 0.5-4h $0.40-0.80

Oxford Nanopore MinION ard Avg 25k 38% 1.1—4.7 x 10% 50 h $6.44—-17.00

d
Labeled ddNTPs . CTG

(Shendure & Ji, 2008, Nature Biotechnology; Metzker, 2010, Nature Reviews Genetics; Rhoads & Au, 2015, Genomics Proteomics Bioinformatics)



First generation sequencing (Sanger) De novo genome assembly
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Second generation sequencing (massively parallel)
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Template

DNAM SN s 5] ) 2B (primer-extension) | RESMASICEUEEELEIEYERE

3 [ACGTTACG]S'
R. Wu (571) introduced the first method Primer

for DNA sequence analysis by introducing
the primer-extension approach®

5 ATTAGACGTCCGTGCAATGC 3'

<4 3'| ACGTTACG /5

Annealed Primer

5' ATTAGACGTCCGTGCAATGC 3'

ACGTTACG 5

*Wu Ray. Nucleotide sequence analysis of DNA. I. Partial sequence of the cohesive

ends of bacteriophage lambda and 186 DNA. J Mol Biol. 1970, 51(3):501-21. =



3k (Electrophoresis)
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M EFEL 1BV (Sangerys)
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—_— One sequencing reaction is about ~ 1000bp
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triphosphate triphosphate triphosphate
(NTP) (dNTP) (ddNTP)
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Phred Quality Scores

 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 determine how

good an overlap actually is.
— there are much improved algorithms now, but the phred quality score is still widely used.

are logarithmically related to the
, Where Q is the phred score and P is the probability that the base was called mcorrectly.
— Example: Q=10 means a 10% error probability; 20 means a 1% chance, 30 means a 0.1% chance, etc.
is generally considered the minimum acceptable score.
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CBGATGT TTGG C C TG G G G G GCAG TAGGTACCG
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® 165 _rDNA fasta [DAZJGSU\RIEEHIETFISIEE\16SrDNA] - Notepad2-mod — O X

File Edit View Settings

DEdHl9 Lal#a L= e

1>165-F

2 ACCGGTGCTAATACCGCATGACACCTGAGGGTCAAAGGCGCAAGTCGGCGCTGTGGAGGAGCGCTGCGTTTGATTAGCTAGTTGGTGGGGTA
AGGGCCTACCAAGGCGATGATCAATAGCTGGTT TGAGAGGATGATCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAG)
CAGTGGGGAATATTGGACAATGGGGGCAACCCTGATCCAGCAATGCCGCGTGTGTGAAGAAGGTCTTCGGATTGTAAAGCACTTTCGACGGG
GACGATGATGACGGTACCCGTAGAAGAAGCCCCGGCTAACTTCGTGCCAGCAGCCGCGGTAATACGAAGGGGGCTAGCGTTGCTCGGAATGA|
CTGGGCGTAAAGGGCGTGTAGGCGGTTTGTACAGTCAGATGTGAAATCCCCGGGCTTAACCTGGGAGCTGCATTTGATACGTGCAGACTAGA
GTGTGAGAGAGGGTTGTGGAATTCGCAGTGTAGAGGTGAAATTCGTAGATAT TGGGAAGAACACCGGTGGCGAAGGCGGCAACCTGGCTCAT
TACTGACGCTGAGGCGCGAAAGCGTGGGGAGCATACAGGATTAGATACCCTGGTAGTCCACGCTGTAAACGATGTGTGCTAGATGTTGGGTG
ACTTAGTCATTCAGTGTCGCAGTTAACGCGTGAAGCACACCGCCTGGGGAGTACGGCCGCAAGGTTGAAACTCAAAGGAATTGACGGGGGCC
CGCACAAGCGGTGGAGCATGTGGTATAAT TCGAAGCAACGCGCAGAATCTTTACCAGGTCTTGAATGTAGAGGCTGCAAGCAGAGATGTGTG
TTTCCCGCAAGGGACCTCTAACACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTATGTCCCAGCAACGAGCGCAAC
CTCCTATCTTTAGTTGCCATCAGGGTTGGGCTGGGGCACTCTACAGAGTACTGCCGGCTGACGAGCTCGG

3>165-R

4 TTCAGCTCCACCGGCTTAAGGTCAAACCAACTCCCATGGTGTGACGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCATGCTGA
TCCGCGATTACTAGCGATTCCACCTTCATGCACTCGAGTTGCAGAGTGCAATCCGAACTGAGACGGCTTTTAGAGATCAGCATGGTGTCACC
ACCTAGCTTCCCACTGTCACCGCCATTGTAGCACGTGTGTAGCCCAGGACATAAGGGCCATGAGGACTTGACGTCATCCCCACCTTCCTCCG]
GCTTGTCACCGGCAGTCTCTCTAGAGTGCCCAGCCCAACCTGATGGCAACTAAAGATAGGGETTGCGCTCGTTGCGGGACTTAACCCAACAT
CTCACGACACGAGCTGACGACAGCCATGCAGCACCTGTGTTAGAGGTCCCTTGCGGGAAACAAACATCTCTGCTTGCAGCCTCTACATTCAA|
GCCCTGGTAAGGTTCTGCGCGTTGCTTCGAATTAAACCACATGCTCCACCGCTTGTGCGGGCCCCCGTCAATTCCTTTGAGTTTCAACCTTG
CGGCCGTACTCCCCAGGCGGTGTGCTTAACGCGTTAACTGCGACACTGAATGACTAAGTCACCCAACATCTAGCACACATCGTTTACAGCGT
GGACTACCAGGGTATCTAATCCTGTTTGCTCCCCACGCTTTCGCGCCTCAGCGTCAGTAATGAGCCAGGTTGCCGCCTTCGCCACCGGTGTT
CTTCCCAATATCTACGAATTTCACCTCTACACTGGGAATTCCACAACCCTCTCTCACACTCTAGTCTGCACGTATCAAATGCAGCTCCCAGG
TTAAGCCCGGGGATTTCACATCTGACTGTACAAACCGCCTACACGCCCTTTACGCTCAGTCATTCCGAGCACGCTAGTCCCTCTTCGTATTA
CCGCGCTGCTGCACGAAGTTAGCCGGGGCTTCTTCTACGGTACGTCATCATCGTTCCTCGTCGAAGTGCﬂ

Ln4/4 Col991 Sel0 SellnO 1.95 KB UTF-8 CR+LF INS Default Text
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ion RMNA World Wide Web Options Window Help

ER: WERESX AR KE I, HAjEa KBEA(-), nREA =45 1l
FFe AN S Al AR PR A, R ORE 2R 2% 7 41 B ) EL AR LB



* SnapGene: 5i i Tools —align multiple sequences, FEFEI1E. & AT rlabl 3 A,
EAERUAS 2] 7 BIR 7 415 1E S m il e v B 1) bl P

L“I'.
9
¥

abe | o,
o

(2]
[z}
=

olg




P 0 P 51 B 5

« F|H BioEditf5 2| — ZUF 4
— Alignment->Create Consensus Sequence
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AGGCTTCAAAGGCGCAGGTGGACAGCATGAAAAACAACACCATCAGH

AGGCTTCAAAGGCGCATIGTGGACAGCATGAAAAACAACACCATCAG

IEENFER lL_#F/Z' =

AGGCTTCAAAGGCGCAGGTGGACAGCATGAAAAACAACACCATCAGA

RIEUFER v W
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{51745 1F J5 I¥Jconsensus T ]

BioEditH 1%t #concensus/T #1-> i b5 47 B8 :copy sequences,
BioEditH#7 & Alignment SCA4:-> 344 0 /77 41 Edit->paste sequence,
M diconcensus i r i BN 16S rDNA" FF-{R47 N C4:16S_rDNA .fasta

TAGGTATCTATCCATGGGTGGGGG
GCGTTTGATTAGCTAGTGGTGG

TTTCGACGGGGACGATGATGACGGTAC
AATGACTGGGCG




BLASTH#2:16S rDNA] [E]JE FF 51

NCBIFJFEZBLAST: http://blast.ncbi.nlm.nih.gov

BLAST Assembled Genomes

Mouse B0s aurus Pan troglodytes

Rat Danio rerio Microbes
Arabidopsis thaliana Apis mellifera

sing a nucleotide gu

ontiguous

protein guery
i-bla

blastx ch sing a translated nucleotide query
thlastn arch translated nucleotide database using a protein query

thlastx ch translated nucleotide data using a translated nucleotide query
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BLAST 25 53 BH it 1 4
Acetobacter pasteurianus
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