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i Gene Finding

= Summary of the project
= Download the genome of E. Coli K12

= Gene-finding using kth-order Markov chains,
where k=1, 2, 3

= Gene-finding using inhomogeneous Markov
chains
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i The Genome of E. Coli K12

s Goto
http.//www.ncbi.nlm.nih.gov/entrez/query.fcqi

?DB=pubmed

= 1.2 Search Genome for NC 000913 (which is
the access number for E. coli K12)
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The Genome of E. Coli K12
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The Genome of E Coli K12
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The Genome of E. Coll K12
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i The Genome of E. Coli K12

s Genome sequence. Close to the end of the file, you
will find some thing like this:

ORIGIN

1 agocrttttoatl LCLUacLOoa acqUUuocaats LULOLCLOLY COJatLasss asagagoogtc

61 tgatagoage ttotgaactyg ghtacctgoe ghgagbasst tamsatttta Ltgacttagg
121 tcactasata ctttaaccas tataggoata gogoacagac agatasaaat tacagagtac
181 acaacatccoa tgaaacgoat tagoaccacc attaccacca coatcaccat taccacaggt
241 aacggrtgogy gotgacgodt acaggasaca cagassasasag coogoacctd acagtgogod
301 CttttLtttt cgaccaaagd taacgaggra acaacoatges gagtgttgas gttoggogor
361 acatcagtgy Ccasstgoaga ACOLLLLotg cgtgttgocy atattotgga aagoaatgoc
471 aygoadguge agorgycoac CHLCCLCLCL JoCCCCgoca AsatCacCas Coacctyggng
431 gogatgatty a@asaacoat LagogUecay gatgotttac coaatatcad Ccgatgocgssa
541 CQCACLCLLLY COQRACTLLL QRCOUUACTE JoCOoCUoCC agocUoyght Cocootogog
601 caattgassas CLLLOQLOQgR LCOAQURACLLT QUCCaARALAR RACATLULCCT gUatggoatt
661 agtttgbttgy gycagtgoce gogatagoatc asacgctgoge tgatttgoog togogagass
721 atgtcgatcy coattatgge cggogtatta gaagogogogy ghoacaacgt tactgttate
781 gatccggtcy aaasactgeot ggcagtgggg cattacchtog aatoctaccgt cgatattgot
841 gagtccacco googtattgs goosadgocds attoodgotg atcacatdgt gotgatggoa
901 gytttoaccy coggtaatga asaaggogas ctgytggtge ttggacgoas cggttocgac

L= T O e T LT o e ey ]

= This is the real sequence of the genome. The number at
each line show the index of the starting letter. In this
format, the sequence is shown in 6 columns with each

column having 10 letters.
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i The Genome of E. Coli K12

= You can also get the genome sequence in a long string by
selecting the format to save the file

c— L
<3 NCBI 7’”0 @& SNucleotide

Fubhed Nucleotide Frotein Genome Structure FhiC

Search | Muclectide V;for

Lirnits By chosing this format you can save the genome sequence in a long string

Display | FASTA v
Range: from | bedgin ta (end [] Reverse complementad strand

[11: T00096. Reports Escherichia coli .. [ai48554873)

>gi| 4599458373 |gh | U00026.2| Escherichias coli K12 MGLeS5S, complete genome
AGCTTTTCATTCTGACTGCARCGGGCAATATGTCTCTGTGTGGATTAALALAAGAGTGTCTGATAGCAGC
TTCTGLACTGGTTACCTGCC G TGAGTARATTARRATTTTATTGAC TTAGGTCACTARATACTTTARCCLA
TATAGGCATAGCGCACAGACAGATALAAATTAC AGAGTACACAACATCCATGARACGCATTAGCACCACC
ATTACCACCACCATCACCATTACCACAGGTAACGETGCGGGCTGACGCGTACAGGAAACACAGAARAALG
CoCG A TEACAGTGC GG TTTTTTTTTC GAC C AAAGGTALCGAGGTALCAACCATGCGAGTGTTGLA
GTTCGGCGGTACATC AGTGGCARATGCAGAACSTTTTCTGCGTGTTGCCGATATTC TGGARAGCARTGCC
AGGCAGGGGCAGGTGGCCACCGTCCTCTCTGCCCCCGCCARAATCACCAACCACCTGGTGGCGATGATTG
AARLARCCATTAGCGGCCAGGATGC TTTACCCAATATCAGCGATGCCGAACGTATTTTTGCCGALCTTTT
GACGGGACTCGCCGCCGCCCAGCCGGGGTTCCCGC TGO ALTTGARLACTTTCGTCGATCAGGAATTT
GCCCALATAARAC ATGTCCTGCATGGCATTAGTTTGTTGGGGC AGTGCCCGGATAGCATCAACGCTGCGC
TGATTTGCCGTGGCGAGARAATGTCGATCGCCATTATGGCCGGCGTATTAGALAGCGCGCGGTCACRACGT
TACTGTTATCGATCCGGTCGAARAACTGCTGGCAGTGGGGCATTACCTCGAATCTACCGTCGATATTGCT

Show!5 ¥ |File v
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i Genes

= In the middle of the file, you will see something like

LR L T A K P VI EKAEVT IRHADLMGVF CILIGSLINQK™

l=n= el = T 1€ starting point and ending point of a gene
fgene="yL3iE" = = =
dlocus tag="h4337"
/note="synonyws: ECE4379, JW4350, smp"
fdb_xref="ECOCYC:EGlDQEl"
fdb_xref="GeneID:946089"

CD3 16564, .17505
Jaene="vriB"
/locus_tag="h4357"
fnote="orf, hypothetical protein™
Jeodon start=1
Jtransl table=11
/product="hypothetical protein”
fprotein_id="NP 415504.1"™
fdh_xref="GI:16132204"
fdb_xref="ASAP:ABE—DDI%BE?"
fdb_xref="ECOCYC:EGlDQSl"
fdb_xref="GeneID:946089"
ftranslation="MARTELEFRLHRAVIVLFCLALLVALMOGASWFICNHORORNED
LEELARTLARCYTLNVAPLHRTDSPDEKRIQAILDQLTDESRILDAGYYDE OGDL TAR
SGESVEVREDRLALDGERAGGYFNOQIVER TAGENGPLGYLRLTLD THTLATE A0V DIT
TTHILRLMLLLELATGVVLTRTLLOGERTRWOOSPFFLLTASEPVPEEEESEEEE™

= This example shows that the DNA sequence from 16864
to 17508 is a gene.
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i Complement Regions

DNA Is a double helix
molecule. It has two
complementary chains. The
sequence we see In this file is
only of them. This chain is

often referred as positive e e
chain. The other one s g, >
negative chain. 9/ @E
I\_er.|
AT
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i Complement Regions

= There can be genes In both chains. If the
gene Is on the negative chain. The
corresponding region on the positive chain Is

called complement region.

Grene Non-coding  Complement region

T T

Pozitive Cham

Negative Chain
gene /

7/17/2006



i Complement Regions

= This Is an example of a complement region.

gene

CDha

7/17/LLMJU

{15553 . .19854)
gene="y]3]
/locus tag="b43asT This key word shows that

/note="synonyms: ECK4377, JW4348" the negative chain iz a

fdb wref="ECQOCYC:EG1Z34z2" . - x

e N e T gene. The corresponding
comp lement (18553 . . 19854) region on the positive
/gene="yjjar chain 1z 18553-19884
flocus tag="b43a5"

fnote="orf, hypothetical protein™

foodon start=1

ftransl table=11

Sproduct="predicted DNA-binding transcriptional regulator™
/protein id="NP_415502.1"

fdb xref="GI:1613ZzZ0z"

Jdb xref="A3AP:ABE-0014333"

fdb xref="ECOCYC:EGI1Z2342"

fdb_xref="GeneID:944883"
ftranslation="MIELTDLLLOGPRSAPELRORLAIZQATFSELVAREDEVIRFGE
ARATRYALLREPYRGIERIPVWEVDD TGEAHKF AD TRLCWPOGICLVTGADGDEQWFD G
LEWYLTDLRPOGFLGREANGREL ALOLNL TDD IRLWOEEDVL VAL TYFNGEY TGSWLYG
EGNYORWITAQHPAETIPLDOELTHYEQLASDAL AGEIVGSS AGGEQPEF TYTAQTRAG
NEHVLVEFTVPOOTAVSORWGDLLIAES TALAQILEDGGIHATIES TVLV TSNROVFLEL
ERFDCEGNDGRLP IVSELEAVOSEF IZEPGIWPOAMERLCEQOQLVTHOSVAQTEVITAF
GRLIANSDMHAGNLSFYLEEPPFAL TPV YDMLPMVYAPHNSAGMLEDAATEVEF DLV
ESAWLTAIPLAQOFWOTVARDPRISEAFRHIAQEMPEEIRQIEEEVARNGS™
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Non-Coding Regions

The rest of the genome that are not labeled as gene or
complement does not encode genetic information. These
regions are non-coding regions.

The following figure shows that the positive chain is
divided into three types of region: gene, non-coding
region and complement region.

Grene Non-coding  Complement region

T T

Pozitive Cham

Negative Chain
gene /
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i 1st-order Markov chain

= Since there are three types of regions on
the sequence we have, we will develop
three models corresponding to them:
gene model, non-coding mode/ and
complement modadel.

7/17/2006
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i 1st-order Markov chain

s For these models, we use the same structure as
we shown In the example of identifying CpG

Island.

States: ACGT
Emissions: corresponding letter
Transitions: ag = P(x; =t | x.1 =5)

The structure of the 15t-order Markov chain model.
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1st-order Markov

= Then, each model Is
reduced to a transition

This ig the

probability table. Here *i¢/"

chain

End state

A C G T

IS an example for the
gene model (1st-order ™
Markov chain). We will
need to estimate the
probabilities for each

H Q 0O X

0.180 0.274 0426 0.120
0.171
0.161
0.079

model.

The probability that the C state transit
mto G
probability that you will zee a C
followed by a G on the genome
seuence

gtate. In another word, it the

7/17/2006
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i Machine-Learning Approach

Split data into a training set and a test set

Use the training set to train a classifier

Test the classifier on test set

The classifier then can be applied to novel data

Training data

1

Machine
Test data Learning ED;EI
algorithm atd
'
Evaluation Classifier ——
of classifier rediction
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Three-Fold Cross-Validation

= The genome sequence will be divided into three parts. In
the first round of experiment, part 1 and 2 are used to
estimate the probabilities. Then the models are used to
make predictions on part 3. Then we rotate through the
three parts. Until predictions are made on each part.

3-fold cross-validation

E.Coli K12 Genome
4,639,675

Training Set Test Set

Round 1
Round 2

Round 3

7/17/2006 18



iEstimation of the Transition Probabilities

= We will use maximum likelihood approach to estimate the
probability. Let a (s,t) be the probability that state s
transit into state t. The formula to calculate a (s,¢) is:

Cst

2 Cr

m

a(s,t) =

= When we estimate the probabilities for the gene model,
C, Is the number of times that ¢ follows s on gene
sequences. In another word, it the number of times that
s appears on gene sequences. Iis the number of times
that s is follow by any letter, that is the number of times
S appear on gene seguences.

7/17/2006 19



‘L Training

= We will have three transition probability
tables.

Thig iz the End state

model for gene ™
A ¢ 6

Al 0.180 0274 0426 0.120
c| 0.171
G| 0.161

T| 0.079

The probability that the C state transit
mto G state. In another word, it the
probability that you will zee a C
followed by a G on the genome
gequence

7/17/2006



i Prediction

Now we have three models, 1.e. three probability tables. Then, how are we gomg to
make predictiong using them? For example, we have a sequence X=x;x,v;...x, where
X; e {A, T, C, G}. Then, the probability that this sequence belongs to gene is given
ln-'

gene L*Tj geneLle gEHE!LTE | le gong (TE |_"i'2."i:'1j 1 oto gengLT | T -1 n 2 le
gene(le gene (TE | 1ri-1) gene(TE |T2j gene(T | Xy 1j

= P e (X)) gy (X0,X)) - € (X5, X3) - g (X, X))

geneLle 1_[ =3 geneLT l‘iTs)
Where a,,, (x,_;,¥,) 18 the transition probability from x;; to x;in the gene model, and

P (X)) 18 the prior probability that x; appears m genes, that 15, the fraction of the

letters m genes that are x;

7/17/2006 21



i Prediction

The probabilities that X belongs to non-codmng region or complement region are
calculated sumilarly

ey . n .
“E:mn —coding (*1 * — "F:mn —coding ('Tl) ) l_L.-= 7 ﬁnon —coding ('Tj— 12 'T.r' )

- . n .
R:om;r!emgnr {J’L } = R?Dmp.i'emenr (‘Tl j ) 1_[ i=3 ﬁmm‘m‘emenr ('Tj—l ? 'Ts' j

(.X') and P,
that give the largest probability. For example, if £, (.X) 15 the largest, then X 1s

Then we compare P, (X), I, (.\') and assign X to the class

orplement on—coding

predicted to be a gene.

7/17/2006 22



i Prediction

.\ ) 1 \ i - n )
NOTE 1: Since d,,(x,_,.x,)is less than one, a long product of | [ _ @, (3.3,

may cause under flow problem. So when we implement the program, we calculate
and compare the probabilities i the log space. For example

10g( Pre (X)) = log( Py () + S 10g(@g (3,1, %,)

NOTE 2: The test zet contams one long sequence. We will divide the sequence mto
100-letter fragments. Predictions are to be made for each tfragment separately.

7/17/2006 23



0.0

1.0 [

‘o5l

0.0
48

7/17/2006

1011

1332

24



i Kth-Order Markov Chain

= When K=2 is used, the changes in the method

include:
= (1) The size of the transition probability table for each

model will become 16*4.
A & T (3

AA

AT

AC

AG

TA

TC

TG




Kth-Order Markov Chain

(”) The fm‘muh used n CﬂlClﬂﬂTﬂlE the p1‘0babi]i’rie~'4 change to

gene (*11 ) gene (Tl) gene (TE | 'Tl, gene (TE | TE Tl U gene (T | T

— Pgene(le Pgene (TE |'T1f gene(xTE | TETI : gene(T | T -1 n Ej

geneLTlTE) 1_[ =3 gene( —2%e lﬁTs)

When other value of K 1z uged, sumilar changes apply.

7/17/2006
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‘-thomogeneous Markov Chains

= When DNA is translated into proteins, three bases (the
letters for DNA, which are A, T, G, and C) make up a
codon and encode one amino acid residue (the letter for

Proteins).
Codon1 Codon2 Codon3 Codond4 Codon5
DNA CAACGTCCGACAAGT
Y Y Y Y Y v
MANA QUUGLUAGGLUT .
\ Y Y \J Y Y
Protein - Alanine Glycine Cysteine Serine

7/17/2006 27



ilnhomogeneous Markov Chains

= Each codon has three positions. In the previous
models (referred as homogeneous models),
we do not distinguish between the three positions.
In this section, we will build different models
(referred as /nhomogeneous models) for
different positions.

7/17/2006 28



Gene Models

= The gene model will be split into three models,
each for one codon position:

. FPosition 2
agene co de 1 position 1 _ Position 3
agene _code?2
DNA CA

Y Y Y Y Y L |

agene Codes mBNA auue a ' a
- v Y Y Y Y Y

Protein - Alanine Glycine Cysteine Serine

7/17/2006 29



* Gene Models

ot A ()

pene_cadel Eene_coded Eene_coddS
?:;muj A C G T L;:;mt: A c G T mll}

A | A A

C | C C

G | G G

T i T T
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Gene Models

= In the prediction stage, for a given sequence
X=Xx,X:X5..X,, we will have to calculate three
probabillities.
(1) The probability that X 1z a gene sequence starting with position 1.

Pg@ne_cod@l (‘Y) - Pg@ne _codel (‘Tl) ) ”ggne _codal (‘Tl 2 ¥y ) ”geng_cr:la‘gz (‘TE 2 X5 ) ' ”gene_mdﬂ (‘TE‘ ‘T4) '

ﬁgene _eodal (.T4 ? 'TS) d gene  coda 2 (‘TS el 'Tﬁ j ' ﬁgene _code 3 (‘Tﬁ ? 'T? ) "
(2) The probability that X 1z a gene sequence starting with position 2.

ngne _rode ! (-‘Y) - Pgene _coded ('Tl ) ' ”geng _code 2 (‘Tl 2 X ) ' ”geng_ coda 3 (‘TE 2 X5 ) ' ”gene _codel ('TE Xy ) )

ﬁgene _codel ('T-ﬂl ? 'TS j " gena  codzl (‘Tﬂ el 'Tﬁ ) ) ﬁgrzne _code 2 (‘Tﬁ ? 'T? j e
(3) The probability that X 1z a gene sequence starting with position 3.

Pgene _code3 (‘Y) = Pgene _coda 3 (‘Tl ) ’ ”gene _rcodel (‘Yl » ‘TE ) ' ”gene _code 3 (‘YE » ‘TE ) ' ”gene _codal (‘TB‘ ‘T4 ) "

ﬁgene _rode L'le ? 'TSJ ) ﬁgeng _code3 L'TS 2 'Tﬁ) ' ﬂgene _codel L‘Tﬁ ? 'T? j e
7/17/2006 31



i Complement Region Models

= We treat complement region the same way as we do
genes. Three models will be built for three positions.

= Three probabilities will be calculated when prediction is to
be made for a sequence X=x,X,X,...X,,

(1) B, ptement_coaet (X)) - The probability that X 15 a complement region starting with
position 1.

(2) B, ptement_coae2(-X ) - The probabulity that X 1s a complement region starting with
position 2.

(2) By pptement_coae3(Y ) - The probabulity that X 1s a complement region starting with
position 3.

7/17/2006 32



i Non-Coding Region Model

= Since the non-coding region does not contain
codons, every position will be considered the
same. There is no change to the non-coding
region model. will be calculated as described in
the homogeneous models.

7/17/2006
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ilnhomogeneous Markov Chains

Then tor each mput sequence, we need to calculate and compare 7 probabilities:

A~

X)

HON —coding (

.~

complement  code3 (‘T{ )

.~

corplament  codal (‘Y )

.

complement  codal (‘Y)
gene  codel (‘T{)

gene  codel (-‘T{)
geme  codal (‘Y)

N Y
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