e Genomic DNA is a long string
of the characters {T, C, A, G}.

e For example, the 4%
chromosome of the yeast
genome consists of about 1.5
million such characters.
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2 ACACCACACCCACACCACACCCACACACACCACACCCACACACCACACCC
3 ACACCCACACACCCACACCCACACACCACACACCACACCACACCACACCC
1 ACACCCACACCACACCCACACCCACACACCACACCCACACCCACACACCA

CACACTACCCCTAACACTACCCTATTCTAACCCTGATTTTACCTGTCTCC

6 AAACCTACCCTCACATTACCCTACCTCCCCACTCGTTACCCTGCCCCACT
7 CAACCATCCACTCCCAACCACCATCCATCTCTCTACTTACCACTAACCAC
3 CGTCCACCATAACCGTTACCCTCCAATTACCCATATCCAACTCCACTACC
9 ACTTACCCTACTATTACCCTACCATCCACCATGTCCTACTCACTGTACTG

TTGTTCTACCCTCCATATTGAAACGTTAACAAATGATCGTAAATAATACA
TACATACTTACCCTACCACTCTATACCACCACTACCACCACCGCCACTTG
CCACACTCACCTTCACTTCTACTGATATGTCATACGCACACGGATGCTAC
AGTATATACCATCTCAAACTTACCCTACTTTCATATTCCACACCATGGCC

4 CCATTCTCACTAAATCAGTACCAAATGCACTCACATCATTATTCACGGCA

CTTGCCTCAGCGGTCTATACCCTGTGCCATTTACGCATAACTCCCACGAT
TATCCACATTTTATTACCTATATCTCATTCGGCGGCCCCAAATATTGTAT
AACTGCTCTTAATACATACGTTATACCACTTTTACACCGTATACTAACCA
CTCAATTTATATACACTTATGCCAATATTACAAAAAAATCACCACTAAAA
TCACCTAAACATAAAAATATTCTATTCTTCAACCATAATACATAAACACA
CTTAATTGCGTCTTAATACTATCATGGTATCATTAACTTAAAGTTCCTTA

3 TCGAGCTCTGTGTCTGTTGGGCTGGCCAGAAAGTATCGTATCGGAGGATG

GCTTGGGAAGCACTAGCTGTGGAGAGAATGCTGCGAAATGACGAGGAATA
CAAAGAATACTTGGAAGACATCGAGCCATATCATGGGGACCCTGTAGGAT
ATTTGAAATATTTTAGCGTAAAAAGGGGAGAGATCTACTCTCAGATACAG
AGAAATTATGCTTGGTACCTGGCCATTACTAGAAGAAGAGAAACAATTAG
TGTATTGGATTCGACAAGAGGCAAGCAAGGGAGCCAAGTTTTCCGCATGT
CTGGAAGGCAGATCAAAGAGTTGTATTATAAAGTATGGAGCAACTTGCGT
GAATCGAAGACAGAGGTGCTGCAGTACTTTTTGAACTGGGACGAGAAAAA
GTGCCGGGAAGAATGGGAGGCAAAAGACGATACGGTCTTTGTGGAAGCGC
TCGAGAAAGTTGGAGTTTTTCAGCGTTTGCGTTCCATGACGAGCGCTGGA
CTGCAGGGTCCGCAGTACGTCAAGCTGCAGTTTAGCAGGCATCATCGACA
GTTGAGGAGCAGATATGAATTAAGTCTAGGAATGCACTTGCGAGATCAGC

) TTGCGCTGGGAGTTACCCCATCTAAAGTGCCGCATTGGACGGCATTCCTG

TCGATGCTGATAGGGCTGTTCTACAATAAAACATTTCGGCAGAAACTGGA
ATATCTTTTGGAGCAGATTTCGGAGGTGTGGTTGTTACCACATTGGCTTG
ATTTGGCAAACGTTGAAGTTCTCGCTGCAGATAACACGAGGGTACCGCTG
TACATGCTGATGGTAGCGGTTCACAAAGAGCTGGATAGCGATGATGTTCC
AGACGGTAGATTTGATATAATATTACTATGTAGAGATTCGAGCAGAGAAG
TTGGAGAGTGAAGGAAATTGTTGTTACGAAAGTCAGTGATTATGTATTGT

GTAGTATAGTATATTGTAAGAAATTTTTTTTTCTAGGGAATATGCGTTTT

GATGTAGTAGTATTTCACTGTTTTGATTTAGTGTTTGTTGCACGGCAGTA
GCGAGAGACAAGTGGGAAAGAGTAGGATAAAAAGACAATCTATAAAAAGT
SAACATAAAATAAAGGTAGTAAGTAGCTTTTGG




e DNA is double-stranded — a sequence is paired with
its reverse complement (A ->T, G -> C).

Sugar-phosphate
backbone

(from nature.com)



e Some (but not all) parts of this string encode
instructions for making complicated molecular

machines called proteins out of building blocks called
amino acids.

(from wikipedia)



e The process of making a protein from these
instructions is called translation.

(from wikipedia)



e Each triplet of nucleotides (called a codon) encodes
the identity of an amino acid to be used to build the

protein.

Second Letter

TAT TGT

TAC } Tyr TGC} Cys

TAA Stop || TGA Stop
TAG Stop || TGG Trp

ope7 payy

First Letter

(from http://plato.stanford.edu/entries/information-biological/)



e Translation converts a sequence of non-overlapping
codons to a sequence of amino acids.

Growing peptide chain

Incoming tRNA

13“[)‘ bound to Amino Acid

Outgoing
empty tRNA \

MessengerRNA
Ribosome

Peptide Synthesis

(from http://www.genomebc.ca/education/articles/translation/)



A nucleotide sequence could potentially be decoded
into 3 different amino sequences depending on how
the nucleotides are grouped into codons.

Q Growing peptide chain

Q@

Outgoing

empty tRNA X

N

TRNA

UU U

TRNA

CUA

LU

Incoming tRNA

“?\“p\ bound to Amino Acid

/,ﬂ

JU'GGJAA'AIG A U[U UC]

MessengerRNA
Reading frame Ribosome

Peptide Synthesis

(from http://www.genomebc.ca/education/articles/translation/)



A nucleotide sequence could potentially be decoded
into 3 different amino sequences depending on how
the nucleotides are grouped into codons.

Q Growing peptide chain

Q@

Outgoing

empty tRNA X

Incoming tRNA

“?\“p\ bound to Amino Acid

TRNAFTRNA / g
v UUUICUA
LA
IAIRIASRIATA IRTRVATRIREAVATRTAVATAR
\UGGAAAG AU U!UCl)
MessengerRNA
Ribosome

Reading frame

Peptide Synthesis

(from http://www.genomebc.ca/education/articles/translation/)



A nucleotide sequence could potentially be decoded
into 3 different amino sequences depending on how
the nucleotides are grouped into codons.

Q Growing peptide chain

{Lys @ Incoming tRNA
_ “?\“P\ bound to Amino Acid
Outgoing

empty tRNA X

TRNAHTRNA / NS
N :UUUCUA :
LML
[HUV I IRVAVAIRYATRIAVATRTAR

UGG AAAGAUUUC

' MessengerRNA
Reading frame Ribosome

Peptide Synthesis

(from http://www.genomebc.ca/education/articles/translation/)




e 3 special codons called 'stop codons' signal the end
of a coding sequence — TAA, TAG, and TGA.

Growing peptide chain

Incoming tRNA

_‘?\“p. bound to Amino Acid

Outgoing
empty tRNA 1\ |

MessengerRNA
Ribosome

Peptide Synthesis

(from http://www.genomebc.ca/education/articles/translation/)



e An open reading frame (ORF) is a stretch of sequence
that does not contain any in-frame stop codons.

1
|AT C|C T G|T GT|GAT|C T T|AT ClGAClGGT|T GrA|

e Long ORFs are likely to be regions that encode a
protein.

— Sequence for a protein needs to avoid in-frame stop
codons.

— Non-translated regions have no such constraint and so will
occasionally contain stop codons in all 3 frames by chance.



Start/stop codons
SGD

SGD

Start/stop codons

Gene Legend

ensEMBL genome browser view of a 30 kb stretch of chr4
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ensEMBL genome browser view of a 30 kb stretch of chr4

Occurrences of stop codons in each
of the 3 reading frames on the
forward strand
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ensEMBL genome browser view of a 30 kb stretch of chr4

Occurrences of stop codons in each
of the 3 reading frames on the
forward strand

ORFs
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Experimental evidence can then confirm that these ORFs really are translated into
proteins.



e chrlV.txt, a text file of the sequence of chromosome
4, is available from today’s segment page or on the
class server.

e Your job is to find the regions of chromosome 4 that
code for proteins by identifying ORFs that are longer
than you would expect to see by chance.

e First you need to define exactly what this means.
Invent a statistical model for ORF lengths.

— In other words, decide how to answer the question “what
is the probability that a random sequence of length 3n is
an ORF?”



e Measure the length of the first ORF in the 0-offset

reading frame and assign a p-value to this length
according to your (null) model. Is this is a statistically

significantly long ORF?



e Measure the lengths of all ORFs in the 0-offset
reading frame. Make a histogram of the p-values you
assign to all of the ORFS. Which ORFs are statistically

significantly long?

e Time permitting:
e |[nclude all ORFs in the 1- and 2-offset reading

frames.
e [nclude all ORFs on the opposite strand.



