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>
Assignment 2 questions?

1. Using an input sequence generate 3 sequences of the same length
using:
a. the length (equal frequency assumption)
b. nucleotide frequency (order O-Markov)
c. dinucleotide frequency (order 1-Markov)
2. Run your program from HW1 on each of those sequences
a. Sequence 1 should always be the 10Mb human region from
HW]1,
b. Sequence 2 should be your simulated sequence



Assignment 3



g
Overview

1. Parse a genbank file (.gbff) and...
a. Extract all CDS features
b. Read in the sequence

2. Build a site model for tfranslation start sites (TSS)

a. Use CDS features to get nucleotide frequencies +/- 10bp around all TSS
(21bp total including TSS)

b. Use sequence to get nucleotide frequencies throughout the genome on
both strands

c. Compute the weights using the log2 ratios of the frequencies
3. Use the site model to compute scores at

a. Every annotated TSS

b. The entire genome (21bp window) on both strands



g
Genbank Flat File

LOCuS
DEFINITION
CCESSION
VERSION

DBLINK

KEYWORDS
SOURCE
ORGANISM

REFERENCE
AUTHORS

TITLE
JOURNAL
PUBMED
REFERENCE
AUTHORS

TITLE

JOURNAL
PUBMED
REFERENCE
AUTHORS

Header

Ueee96 4641652 bp DNA circular BCT 01-AUG-2014
Escherichia coli str. K-12 substr. MG1655, complete genome

Ueeess

U00096.3

BioProject: PRINA225

BioSample: SAMN02604691

Escherichia coli str. K-12 substr. MG1655

Escherichia coli str. K-12 substr. MG1655

Bacteria; Proteobacteria; Gammaproteobacteria; Enterobacterales
Enterobacteriaceae; Escherichia.

1 (bases 1 to 4641652)

Blattner,F.R., Plunkett,G. III, Bloch,C , Perna,N.T., Burland,V.,
Riley,M., Collado-Vides,J., Glasner,J].D., Rode,C , Mayhew,G.F.,
Gregor,J., Davis,N.W., Kirkpatrick,H.A., Goeden,M.A., Rose,D.J.
Mau,B. and Shao,Y.

The complete genome sequence of Escherichia coli K-12

Science 277 (5331), 1453-1462 (1997)

9278503

2 (bases 1 to 464165

Hayashi,K., Morooka,N., Yamdmntc,v , Fujita,K., Isono,K., Choi,S.
Ohtsubo,E., Baba,T., Wanner,B.L., Mori,H. and Horiuchi,T

Highly accurate genome sequences of Escherichia coli K-12 strains
MG1655 and W3110
Mol. Syst. Biol. 2,
16738553

3 (bases 1 to 4641652)

Riley,M., Abe,T., Arnaud,M.B., Berlyn,M.K., Blattner,F.R.
Chaudhuri,R.R., Glasner,J.D., Horiuchi,T., Keseler,I.M., Kosuge,T.
Mori,H., Perna,N.T., Plunkett,G. III, Rudd,K.E., Serres,M.H.
Thomas,G.H., Thomson,N.R., Wishart,D. and Wanner,B.L

2006 ( 6)

FEATURES
source

Features

Location/Qualifiers
1..4641652
/organism="Escherichia coli str. K-12 substr
/mol_type="genomic DNA"
/strain="K-12"
/sub_strain="MG1655"
/db_xref="taxon:511145"
190..255

/gene="thrL"
/locus_tag="beee1l"
/gene_synony

/gene_synony
/db_xref="EcoGene:EG11277"

MG1655"

/locus_tag="boee1"

/gene_synonym="ECK0001

/gene_synonym="JW4367"

/function="1leader; Amino acid biosynthesis: Threonine"
/note="GO process: G0:0009088 - threonine biosynthetic
process"

/codon_start=1

/transl_table=11

/product="thr operon leader peptide"

/protein id="AAC73112.1"

/db_xref="ASAP:ABE-0000006"
/db_xref="UniProtkB/Swiss-Prot:POAD86"
/db_xref="EcoGene:EG11277"
/translation="MKRISTTITTTITITTGNGAG"

ORIGIN

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561

Sequence

agcttttcat
tgatagcagc
tcactaaata
acaacatcca
aacggtgcgg
cttttttttt
acatcagtqg
aggcaggggc
gcgatgattg
cgtatttttg
caattgaaaa
agtttgttgg
atgtcgatcg
gatccggtcg
gagtccaccc
ggtttcaccg
LCladadiad]
gttgacggag
atgtcctacc
accattaccc
caagcaccag
atttccaatc
gtcggcatgg
attacgcaat
cgagctgaac
ccgctggcag
ttgcgtggga

tctgactgca
ttctgaactg
ctttaaccaa
tgaaacgcat
gctgacgcgt
cgaccaaagg
caaatgcaga
aggtggccac
aaaaaaccat
ccgaactttt
ctttcgtcga
ggcagtgccc
ccattatggc
aaaaactgct
gcecgtattge
ccggtaatga
cggtgctgge
tctatacctg
aggaagcgat
ccatcgccca
gtacgctcat
tgaataacat
cggcgegegt
catcttccga
gggcaatgca
tgacggaacg
tctcggcgaa

acgggcaata
gttacctgcc
tataggcata
tagcaccacc
acaggaaaca
taacgaggta
acgttttctg
cgtcctctet
tagcggccag
gacgggactc
tcaggaattt
ggatagcatc
cggcgtatta
ggcagtgggg
ggcaagccge
aaaaggcgaa
tgcctgttta
cgacccgegt
ggagctttcc
gttccagatc
tggtgccage
ggcaatgttc
ctttgcageg
atacagcatc
ggaagagttc
gctggecatt
attctttgcec

tgtctctgtg
gtgagtaaat
gcgcacagac
attaccacca
cagaaaaaag
acaaccatgc
cgtgtt

gccceccgeca
gatgctttac
gccgeegecc
gcccaaataa
aacgctgcge
gaagcgcegeg
cattacctcg
attccggctg
ctggtggtgc
cgcgecgatt
caggtgcccg
tacttcggcg
ccttgcctga
cgtgatgaag
agcgtttctg
atgtcacgcg
agtttctgcg
tacctggaac
atctcggtgg
gcactggccc

tggattaaaa
taaaatttta
agataaaaat
ccatcaccat
cccgeacctg
gagtgttgaa
atattctgga
aaatcaccaa
ccaatatcag
agccggggtt
aacatgtcct
tgatttgccg
gtcacaacgt
aatctaccgt
atcacatggt
ttggacgcaa
gttgcgagat
atgcgaggtt
ctaaagttct
ttaaaaatac
acgaattacc
gtccggggat
cccgtatttc
ttccacaaag
tgaaagaagg
taggtgatgg
gcgccaatat

aaagagtgtc
ttgacttagg
tacagagtac
taccacaggt
acagtgcggg
gttcggcggt
aagcaatgcc
ccacctggtg
cgatgccgaa
cccgetggeg
gcatggcatt
tggcgagaaa
tactgttatc
cgatattgct
gctgatggca
cggttccgac
ttggacggac
gttgaagtcg
tcacccccge
cggaaatcct
ggtcaagggc
gaaagggatg
cgtggtgctg
cgactgtgtg
cttactggag
tatgcgeacc
caacattgtc




g
gbff Features

complement (736161. .737503) Gene + introns
/locus tag="DQM35 RS03885"

/old locus tag="NCTC12064 00760"
/db xref="GeneID:69900688"

complement(join(736161..737653,737053..737503)) STrqnd + exons
/locus tag="DQM35 RS0©3885"
/old locus tag="NCTC12064 00760" ° 736161 737055

/inference="COORDINATES: similar to AA

sequence:RefSeq:WP 076611514.1" O SpeCiﬁeS a coding region
/ribosomal slippage

/GO_function="G0:0004803 - transposase activity [Evidence @) End pOSiTion iS 1 gl’eGTeI‘
e than actual end

/note="programmed frameshift; Derived by automated
computational analysis using gene prediction method: ° jOin( )

Protein Homology."

/codon _start=1 o Join coding sequences
/transl_table=11
/product="IS3 family transposase" ® Complemen‘l'(...)

/protein id="WP 172450158.1"
/db_xref="GeneID:69900688" o Ter The reverse
/translation="MKFNQETKVKIYELRQMGESIKSIPKKFDMAESDLKYMIRLIDR Complemen-r
YGVTIVQKCKNHYYSPELKQEIINKVLIDGQSQKQTSLDYALPTSSMLSRWIAQYKKN

GYTILEKPRGRPSKMGRKRKKNLEEMTEVERLQKELEYLRAENAVLKKPERIPLERRS H
KTQRATEIIQALRNQFPLEMLLEILDLSRSTYYYQVKRLAQGDKDIELKHVIREIYDE PepTIde prOdUCT
HKGNYGYRRIHMELRNRGFVVNHKKVQRLMKVMGLAARIRRKRKYSSYKGEVGKKADN i .
LIKRHFKGSKPYEKCYTDVTELALPEGKLYLLPVLDGYNSEIIDFTLSRSPNLKQVQT Wornlng' mOy nOT mGTCh Sequence
MLEKTFPADSYSGTILHSDQGWQYQHQSYHDFLESKGILPSMSRKGNSPDNGMMDSFF

GILKSEMFYGLETTYQSLDKLEEAITDYIFYYNNKRIKAKLKGFSPVQYRTKSFQ"




g
join(...) example

Example: join(15..20,25..30)

15..20,25..30 5

join(15..20,25..30) 5
-10bp +10bp
5’

TSS



g
complement(join(...)) example

Example: complement(join(15..20,25..30))

15..20,25..30 5
- Coordinates on + strand 2

- But take sequence on
reverse complement

join(15..20,25..30) 3

+10bp -10bp

TSS

ol



>
Duplicates

join(2265392. .2265394,2266033. .2266077,2266183. . 2266408,
2266762..2266904,2267059. .2267170,2267600. . 2267727,
2267877..2267965,2268483. .2268627,2268962. . 2269041,
2269532..2269640,2270513. .2270677,2270818. .2270921,
2271221..2271405,2271571..2271777,2272250. . 2272473,
2272625..2272751,2272946. .2273025)
/gene="L0H11CR2A"
/note="Derived by automated computational analysis using
gene prediction method: Gnomon."
/codon_start=1
/product="von Willebrand factor A domain-containing
protein 5A isoform X4"

d="XP_004948513.1"

GeneID:419937"
/db_xref="CGNC:108"
/translation="MACSEDAKIKAVLQDETQQLYRGSTGEGENFDYLQYEVTESGEV
FACFLGSLSPGKEMVVTLRYVQELSRKPDGAAQFMLPSTMHPYKTHYTCNCRTGKLHY
SLLLTASLQSPRGVADVQANCALTPLIYTAQDHSTAQVSLAGTPPNHHLELLVYYREP
TAVSVVVEKGDPVATAGSLLGDSLVLVTLAPNIHDAKPGQCKSGEFIFVLDSTSLEHA
QDPLLFLLKSLPLGCYFNIYCYGATPVGIYPQSVEYTQDNLNEAMQLISTTGSRLGDT
DLLGTLRTIYSTPRPCGHARQLFIFMSELPPDTEAIAAEVCHHRNSHRCFSFCFSTDS
VSLATALARETDGEAVYVSSDNVIVQVLKCLKQALKPVAEGVSLEWTLPSGLEVEVLG
GTPQFIFQGQHIFLYAQIHGKEQDMKEASGVMTLHFNLDGQDVTHKIQFPLCPQGDGR
MAGHHLAARHLLEKLLLPEVVRGSGDEPMQRAIEISLTSGIICPFTSYVGVRTSRRAP
WYHGPLALLSPRQSFVPCKILLLRGSLTDTSCFPKTIWNPPRWHTAVQESRIAIKRLT
NGIANLLQHGAHKEAPEQPPPSIFSLKYVDSTRFVLCSQIFGPWMNEATAECRELVAL
QNVDGSWTLSSGLASVLQVEEAEIKGKMPGEVMEPSFWATVLAVTWLQRDNRRYHELC
ELLEAKAVTWLCSRDVSQLDKCLEASNTLLGSSVSPSVFRL"

join(2265392..2265394,2266033. . 2266077 ,2266183. . 2266408,
2266762..2266904,2267059. .2267170,2267600. .2267727,
2267877..2267965,2268483. . 2268627 ,2268962. .2269041,
2269532..2269640,2270513. .2270677,2270818. .2270921,
2271221..2271405,2271571. .2271777,2272250. . 2272473,
2272625..2272751,2272946. .2273025)
OH11CR2A"

Derived by automated computational analysis using
gene prediction method: Gnomon."
/codon_start=1
/product="von Willebrand factor A domain-containing
protein 5A isoform X4"

P> /protein_id="XP_024999836.1"

/db_xref="GeneID:419937"

/db_xref="CGNC:108"
/translation="MACSEDAKIKAVLQDETQQLYRGSTGEGENFDYLQYEVTESGEV
FACFLGSLSPGKEMVVTLRYVQELSRKPDGAAQFMLPSTMHPYKTHYTONCRTGKLHY
SLLLTASLQSPRGVADVQANCALTPLIYTAQDHSTAQVSLAGTPPNHHLELLVYYREP
TAVSVVVEKGDPVATAGSLLGDSLVLVTLAPNIHDAKPGQCKSGEFIFVLDSTSLEHA
QDPLLFLLKSLPLGCYFANIYCYGATPVGIYPQSVEYTQDNLNEAMQLISTTGSRLGDT
DLLGTLRTIYSTPRPCGHARQLFIFMSELPPDTEATAAEVCHHRNSHRCFSFCFSTDS
VSLATALARETDGEAVYVSSDNVIVQVLKCLKQALKPVAEGVSLEWTLPSGLEVEVLG
GTPQFIFQGQHIFLYAQIHGKEQDMKEASGVMTLHFNLDGQDVTHKIQFPLCPQGDGR
MAGHHLAARHLLEKLLLPEVVRGSGDEPMQRAIEISLTSGIICPFTSYVGVRTSRRAP
WYHGPLALLSPRQSFVPCKILLLRGSLTDTSCFPKTIWNPPRWHTAVQESRIAIKRLT
NGIANLLQHGAHKEAPEQPPPSIFSLKYVDSTRFVLCSQIFGPWMNEATIAECRELVAL
QNVDGSWTLSSGLASVLQVEEAEIKGKMPGEVMEPSFWATVLAVTWLQRDNRRYHELC
ELLEAKAVTWLCSRDVSQLDKCLEASNTLLGSSVSPSVFRL"

No special handling needed, just use each CDS entry once regardless of if
it is a duplicate



g
Other gotchas

m What if the window is outside of the sequence (e.Q.
1..100)?

«K_» «€ _.»

m > and “<” characters

o If a CDS contains these the position is uncertain and you can
skip that CDS



Building the weight matrix

Steps:

1. Compute the background nucleotide frequencies
a. Forward and reverse strands

2. Count matrix

a. Compute the nucleotide counts around every TSS
3. Frequency Matrix

a. Compute the proportion of times a nucleotide occurs at each position
4. Weight matrix

a. Weight = log2([nt freq at motif position] / [background nt freq])
b. If anthas afrequency =0, assign it a weight of -99.0



g
Computing site scores

21bp window 21bp window

- -

0

3)
3 5

- -

21bp window 21bp window

m Use weight matrix to compute site scores at all

positions in the genome

o Score = sum of weights for nucleotide present at each position

o Scores should be associated with motif centered on that position
o Don’t extend window beyond the genome

o Run on forward and reverse strands



g
Precision of floating point numbers

m Float
o 32-bit
o 1 bit for the sign, 8 bits for the exponent, and 23 for the value
o 7 decimal digits of precision

m Double
o 1 bit for the sign, 11 bits for the exponent, and 52 bits for the value.
o 15 decimal digits of precision

m For this homework use doubles over floats



g
Reminders

m HWZ2 due this Sunday, 11:59pm
m Please have your name in the filename of your
nomework assignment and match the template




