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HW3 Intro



Weight Matrix — 3’ Splice Sites
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General Idea:

Using known translation start sites, generate a
weight matrix.

Use that matrix to score every known TSS, and
then every nucleotide in the genome!

(Is there evidence of unannotated translation
start sites?)



How do we get a hold of
known T1SSs?

From a GBFF (Genbank Flat File)

https://www.insdc.org/submitting-standards/feature-table/
(International Nucleotide Sequence Database Collaboration)



https://www.insdc.org/submitting-standards/feature-table/

GBFF file format

Header Features Sequence

Locus Ue0096 4641652 bp DNA circular BCT 01- FEATURES Location/Qualifiers ORIGIN

DEFINITION herichia coli str. K-12 substr. MGl complete genome. sour 1..4641652 agcttttcat
ACCE N  Ue0e9Is /organism="Escherichia coli str. K-12 . MG1655" tq

ERSION U000696.3 /mo e c DNA

DBLINK e

tctgactg €ggg a tgtctctgtg tc t a aaagagtgtc

ctttaac
: a tgaaacgcat
KEYWORDS % g ) : ag gg gctgacgegt
SOURCE c i str. K- . MG1655 iy C cgacc
ORGANISM Escherichia coli str. K- b MG1655 2
maproteobas o
Enterobacteriaceae; ichia. beee1"
REFERENCE ECKeoe1"
AUTHORS er,F.R., Plunkett,G. III, Bloch,C.A. ; ; / 'IW4367

- = caattga
des,J., Gl ,3.D , M / "EcoGene:EG11277" 95

Gregor agtttgttgg

,B
TITLE /locus t beeel"
JOURNAL ence 2 : 3- (19 /gene gagtccaccc gccgtattge
PUBMED 92 3 el =" 104367 " ggtttcaccg ccggtaatga
REFERENCE / Amino acid biosynthes Threonine" tactctgctg cggtgctgg
SUTHORS S s SRR LT IR /r pr G0:0009088 - threonine biosynthetic gttgacgggg tctatacctg
Ohtsubo,E., T .L., Mori,H. ! 3 81 atgtcctacc gcgat

proces
TITLE Highly acc ; i
1 3 /C S 5 accattaccc
MG1655 and W3110 /codon_start=1

JOURNAL Mol. S L 0 /transl tabl caagcacc
PUBMED 6738553 y r peptide®

REFERENCE
AUTHORS

Horiuchi,T., Ki M. "UniProtKB/ Prot:POAD86" c gaac [EED
III, Rudd,K.E., M.H. /db_x EcoGen G11277 gctggca C cg gctggccatt atctc
shart,D. and Wanner, /translation="MKRISTTITTTITITTGNGAG" ttgcgtggga tctcggcgaa attctttgcc geact

Cliff Rostomily & Joe Min



GBFF file format

FEATURES Location/Qualifiers
source 1..1746380
/organism="Streptococcus pyogenes"

Jeol_typergenomic DA Gene: includes

Lancefield Group A"
/isolation_source="not available: to be reported later"

i exons, introns,

/chromosome="1"

/country="United Kingdom: Telford"

/collection_date="1900/1982"

1..1356 S
/gene="dnaA"

/locus_tag="DQM35_RS00005"

/old_locus_tag="NCT(C12064_00001"

/db_xref="GeneID:69899953"

1..1356

/gene="dnaA"

/locus_tag="DQM35_RS00005"

/old_locus_tag="NCTC12064_00001" °
/inference="COORDINATES: simi to AA ° re S p e C S
sequence:RefSeq:WP_012657571.1"

/GO_function="G0:0003677 — DNA binding [Evidence IEA]"

/GO_function="G0:0003688 — DNA replication origin binding
strand, excludes

/GO_function="G0:0005524 - ATP binding [Evidence IEA]"
/GO_process="G0:0006270 - DNA replication initiation

[Evidence IEA]" :
/GO_process="G0:0006275 - regulation of DNA replication I ntro n S
[Evidence IEA]" hd

/note="Derived by automated computational analysis using

gene prediction method: Protein Homology." M ' M
use this! first
/trans1_table=11 d

/produ "chromosomal replication initiator protein DnaA"
/protein "WP_002987659. 1"

/db_xref="GeneID:69899953" a n n Ota t e d
/translation="MTENEQIFWNRVLELAQSQLKQATYEFFVHDARLLKVDKHIATI

YLDQMKEL FWEKNLKDVILTAGFEVYNAQISVDYVFEEDLMIEQNQTKINQKPKQQAL

NSLPTVTSDLNSKYSFENFIQGDENRWAVAASIAVANTPGTTYNPLFIWGGPGLGKTH .
LLNAIGNSVLLENPNARIKYITAENFINEFVIHIRLDTMDELKEKFRNLDLLLIDDIQ n u C le Otl d e - TSS
SLAKKTLSGTQEEFFNTFNALHNNNKQIVLTSDRTPDHLNDLEDRLVTRFKWGLTVNI

TPPDFETRVAILTNKIQEYNFIFPQDTIEYLAGQFDSNVRDLEGALKDISLVANFKQI

DTITVDIAAEAIRARKQDGPKMTVIPIEEIQAQVGKFYGVTVKEIKATKRTQNIVLAR
QVAMFLAREMTDNSLPKIGKEFGGRDHSTVLHAYNKIKNMISQDESLRIEIETIKNKI




GBFF file format

complement(1233609..1234707)
/gene="prfB"
/locus_tag="DQM35_RS06355"
/old_locus_tag="NCTC12064_01257"

7 o~

complement(join(1233609..1234634,1234636..1234707))
/locus_tag="DQM35_RS06355"
/old_locus_tag="NCTC12064_01257"

/inference="COORDINATES: similar to AA
sequence:RefSeq:WP_011889043.1"

/ribosomal_slippage

/G0_function="G0:0003747 - translation release factor
activity [Evidence IEA]"

/G0_process="G0:0006415 - translational termination
[Evidence IEA]"

/note="programmed frameshift; Derived by automated
computational analysis using gene prediction method:
Protein Homology."

/codon_start=1

/transl_table=11

/product="peptide chain release factor 2"
/protein_id="WP_096466706.1"

/db_xref="GeneID:69901161"
/translation="MEVAEIRQKIVENKEKLTSFRRSLDLDRLEEEIALLENHMTEPD
FWNDNIAAQKTSQELNELKGKYDTFHNMQELSDETELLLEMLDEDDSLKEELEENLMQ
LDKIMGAYEMTLLLSEPYDHNNAILEIHPGSGGTEAQDWGDLLLRMYTRFGNANGFKV
EVLDYQAGDEAGIKSVTLSFEGPNAYGLLKSEMGVHRLVRISPFDSAKRRHTSFASVE
VMPELDDTIEVEVRDDDIKMDTFRSGGAGGQNVNKVSTGVRLTHIPTGIVVSSTVDRT
QYGNRDRAMKMLQAKLYQLEQEKKAQEVDALKGDKKEITWGSQIRSYVFTPYTMVKDH
RTNFELAQVDKVMDGEINGFIDAYLKWRIED"

1233609..1234634
means

“the region (inclusive) between 1233609
and 1234634”

join(r1start..rlend, r2start..r2end) means
append the two regions

complement(start..end) means take the
reverse complement of the region



Examples:

Example: join(15..20,25..35)

15..20,25..35 5
join(15..20,25..35) 5
-10bp +10bp
5
TSSisat 15

Cliff Rostomily & Joe Min



Examples:

Example: complement(join(15..20,25..35))

15..20,25..35

- Coordinates on + strand
- But take sequence on
reverse complement

join(15..20,25..35)

Cliff Rostomily & Joe Min

5’

3’

3’

+10bp -10bp

f

TSS is at pos 35

5’



Other Gotchas

Positions with a < or > represent unknown (but
bounded) annotated features, just skip CDS’s with
ambiguous ends.

Consider each annotated CDS once (don’t try to
remove duplicates)



Building the Weights Matrix

1. Get background nucleotide counts & frequencies (whole
genome, + and - strands!)
2. Getcount matrices around each TSS (from -10 bp to +10 bp - 21
bp in total.)
3. GetTSS frequency matrix (hormalized count matrix)
4. Getweight matrix:
* weight = log2( nt freq in site model / nt freq in bg model)

* set weight = -99 for spots where the freg matrix =0



H o 0>

Scoring a Candidate 3’ Splice Site

Weights:

0.32 0.42 -0.18
-0.60 -1.18 -1.15
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=0.17
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Scoring nucleotides

21bp window 21bp window
5 3’
3 S
21bp window 21bp window

1. Compute scores for every nucleotide in the genome
 Scores are associated with nucleotide at the center of the window!

* Don’t need to extend past the genome ends (i.e. start atindex 10, end at
index genome_length - 10)

 forward and reverse strands

This HW is deterministic -- you can match the test output exactly!



