


We want to know how this...

TGCATCGATCGTAGCTAGCTAGCGCATGCTAGCTAGCTAGCTAGCTACGATGCATCG
TGCATCGATCGATGCATGCTAGCTAGCTAGCTAGCATGCTAGCTAGCTAGCTATTGG
CGCTAGCTAGCATGCATGCATGCATCGATGCATCGATTATAAGCGCGATGACGTCAG
CGCGCGCATTATGCCGCGGCATGCTGCGCACACACAGTACTATAGCATTAGTAAAAA
GGCCGCGTATATTTTACACGATAGTGCGGCGCGGCGCGTAGCTAGTGCTAGCTAGTC
TCCGGTTACACAGGTAGCTAGCTAGCTGCTAGCTAGCTGCTGCATGCATGCATTAGT
AGCTAGTGTAGCTAGCTAGCATGCTGCTAGCATGCAGCATGCATCGGGCGCGATGCT
GCTAGCGCTGCTAGCTAGCTAGCTAGCTAGGCGCTAATTATTTATTTTGGGGGGTTA
AAAAAAAAAATTTCGCTGCTTATACCCCCCCCCACATGATGATCGTTAGTAGCTACT
AGCTCTCATCGCGCGGGGGGATGCTTAGCGTGGTGTGTGTGTGTGGTGTGTGTGGTC
CTATAATTAGTGCATCGGCGCATCGATGGCTAGTCGATCGATCGATTTTATATATCT
AAAGACCCCATCTCTCTCTCTTTTCCCTTCTCTCGCTAGCGGGCGGTACGATTTACC
GGCCGCGTATATTTTACACGATAGTGCGGCGCGGCGCGTAGCTAGTGCTAGCTAGTC
AGCTCTCATCGCGCGGGGGGATGCTTAGCGTGGTGTGTGTGTGTGGTGTGTGTGGTC
TGCATCGATCGATGCATGCTAGCTAGCTAGCTAGCATGCTAGCTAGCTAGCTATTGG
CTATAATTAGTGCATCGGCGCATCGATGGCTAGTCGATCGATCGATTTTATATATCT
CGCTAGCTAGCATGCATGCATGCATCGATGCATCGATTATAAGCGCGATGACGTCAG
TCCGGTTACACAGGTAGCTAGCTAGCTGCTAGCTAGCTGCTGCATGCATGCATTAGT



Becomes this




What are we looking for?

Repetitive elements Promoters
I 30338, 3344 I 30558, | I
Gene A Gene B GeneC GeneD

.

MRNA A MRNAC mRNAD
Protein A Protein C Protein D

| o

Function A Function B Function C Function D



Getting all genes

* Genome sequencing

— Access to entire genome, allows to learn more about
genome organization

— Regulatory elements
— Only small percentage of the genome codes for genes
— Hard to identify less typical genes
— High rate of false positives
* EST sequencing

— Requires less sequencing since it is focused on coding
sequence only

— Small rate of false positives, although even 10% of EST
sequences could be artifacts

— Genes with very restricted expression may never be
discovered

— In most cases gives only partial sequences



Gene identification methods

* Molecular techniques
— Very laborious
— Time consuming
— Expensive
— Low rate of false positives

* Computational methods
— Fast
— Relatively low cost
— High rate of false positives
— Poor performance on less typical genes



Genome sequencing




multiple copies

. of genome
Shotgun sequencing is

the method of choice random
for small genomes fragmentation

sequence
' fragments

GTTCAGCATTG---
| CAAGTCGTAAC---

---GCCATTAGTTCA

---CGGTAATCAAGT

reconstructed based
on sequence overlap

---GCCATTAGTTCAGCATTG---
---CGGTAATCAAGTCGTAAC---

l original sequence



Repetitive sequences make
correct assembly difficult

repetitive DNA

I I
N

random
fragmentation

Ly g

===
intervening

information | Séquence
is lost fragments

GATTACAGATTACAGATTACA---
Y CTAATGTCTAATGTCTAATGT---

--—-GATTACAGATTACAGATTACA
-=-=-CTAATGTCTAATGTCTAATGT

sequence assembled
incorrectly—intervening
information is lost

---GATTACAGATTACAGATTACAGATTACA---
---CTAATGTCTAATGTCTAATGTCTAATGT---



Clone-by-clone approach

cleavage sites for restriction nucleases A, B, C, D, and E

I AA D B BA B C EC
restriction map \ A / VvV VY \ 4 \ 4 v
of one segment

of human genome
Vy VvV Vv vy
\ 4 \ A \4 \ 4 \ 4
restriction pattern
for individual BAC | - A vy v v
clones \ 2 / VY v v
Vy \ 4 \ 4 \ 4

10



Before we start analysis...

* We have to:
— Check sequences quality
— Remove contamination
— Assembly sequence reads into longer contigs
— Close gaps (in perfect situation)

11



Gene finding methods classification

y
s

S N\_"

Similarity based predictors:
make use of similarity to already
known genes and proteins coded
by these genes as well as
expression data including
sequences from cDNAs and data
from hybridization experiments
(tiling arrays for example)

Dual- and multi-genome predictors:
rely on the fact that functional regions
of a genome sequence are more
conserved during evolution

Model based predictors: use a
single genome sequence and exon/
intron structure is predicted based

on absolute and bulk properties of
the sequence 12



Similarity search

 We can check if any fragment of our sequence
shows similarity to already known protein. We
can also check if there are any mRNA
sequences and ESTs which align well with the
genomic sequence. Based on similarity we can
deduct the gene structure and protein
function

13
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Model based methods

* We take advantage of what we already
learned about gene structures and features of
coding sequences. Based on this knowledge
we can build theoretical model, develop an
algorithm to search for important features,
train it on known data and use to search for
coding sequences in anonymous genomic
fragments

15



All information is in the DNA. We just have to

learn how to read the code, the program for life.

TGCATCGATCGTAGCTAGCTAGCGCATGCTAGCTAGCTAGCTAGCTACGATGCATCG
TGCATCGATCGATGCATGCTAGCTAGCTAGCTAGCATGCTAGCTAGCTAGCTATTGG
CGCTAGCTAGCATGCATGCATGCATCGATGCATCGATTATAAGCGCGATGACGTCAG
CGCGCGCATTATGCCGCGGCATGCTGCGCACACACAGTACTATAGCATTAGTAAAAA
GGCCGCGTATATTTTACACGATAGTGCGGCGCGGCGCGTAGCTAGTGCTAGCTAGTC
TCCGGTTACACAGGTAGCTAGCTAGCTGCTAGCTAGCTGCTGCATGCATGCATTAGT
AGCTAGTGTAGCTAGCTAGCATGCTGCTAGCATGCAGCATGCATCGGGCGCGATGCT
GCTAGCGCTGCTAGCTAGCTAGCTAGCTAGGCGCTAATTATTTATTTTGGGGGGTTA
AAAAAAAAAATTTCGCTGCTTATACCCCCCCCCACATGATGATCGTTAGTAGCTACT
AGCTCTCATCGCGCGGGGGGATGCTTAGCGTGGTGTGTGTGTGTGGTGTGTGTGGTC
CTATAATTAGTGCATCGGCGCATCGATGGCTAGTCGATCGATCGATTTTATATATCT
AAAGACCCCATCTCTCTCTCTTTTCCCTTCTCTCGCTAGCGGGCGGTACGATTTACC

16



Program for life

DNA in our cells store information in a way that is very similar to the way computers do.

Instead of being a binary memory, where everything is either 0 or 1, DNA is a 4 letter
alphabet: A, C, G, T

Using computer metaphor we can say that:
— Plant cell do not look like a mouse cell because their “programs” are different
— Liver cells work differently than lung cells because of different input to the program
— Children look like parents because their program is a “revision” of parents program
— Many diseases are caused by “bugs” in program:
* Familial dysautonomia: A simple mistake in one line of code

* Huntington’s disease: A “line” of code gets repeated a bunch of times by
accident

Different ways to solve the same problem:
— Plants: photosynthesis = turn light into sugar
— Animals: eat plant or other animals

17



Genetic code

u C A G

Q@ @ 0O c QP 0c Q@08 @ 0

18



Genetic code

ATGGTCCTACACACGATCGATCGATCGATGTGA

/S VN VN

ATG GTC CTA CAC ACG ATC GAT CGATGC ATG TGA

L
P000P0P000O®OOO

ﬁM*«Mh

19



From DNA to protein

proragter exonl intrond exon? intron? exon3
NN | [i— ] DINA

gt ag
- -

upsteearn \L tr ansct lpt ion dowwnstean

— —— B primary RNA
\L RINA splicing transcript
©uTs |aug Ore v mafure RNA
translation l uga, Uaa, vag

e Protein



Gene structure

(exon-intron-exon), structure of various genes

histone
- -

total = 400 bp; exon = 400 bp
B-globin L L ! T |

i o

total = 1,660 bp; exons = 990 bp
HGPRT | Il —t——H—"
(HPRT) ~ -

total = 42,830 bp; exons = 1263 bp

factor Vill | B [

~ -

total = ~186,000 bp; exons = ~9,000 bp 51



Pseudogenes and repetitive elements

(a) Escherichia coli

thrB
thrA |thrC dnaK iles carB caiC fixA

(b) Saccharomyces cerevisiae
GLK1 SRO09 HIS4 FUS1 AGP1 KCC4't t BUD3 GBP2

HE-H-EH - < -

(c) Human

vas V29-1 TRY4 TRY5
M — ] e e e
(d) Maize

i
T

. Gene l Pseudogene D Repetitive DNA 22



Complicated gene structures

Genes ——  TUUTHE DN 0ENE WD

nmmm— ——

kb 0 5 10 15 20 25
F10F2.3 F10F2.4 F10F2.6 F10F2.5
Lipase Unknown
Fior2.2  runction F10F2.7 F10F2.8
FGAM
synthase
BTl Exons .\ Introns

30

F10F2.9
Unknown
function

-3



Genes may overlap

P
E = = =
e = , = vTI1B

ARG2
3°UTR-3’UTR overlap with extension to coding sequence of one gene

B.

L = E B
EE = = BN EER ORI arTs
CAST

3°’UTR-coding overlap

C. , ‘
.. mm m 1
CIDEB
= = 2 ®mE B

LOC161424
3°UTR-3’UTR, 3°’UTR-coding, 3°-5°’UTR overlap

D-  em S Em W E B
DOM32Z

|

— = = =
STK19
S°’UTR-coding and SUTR-5UTR overlap
E. ,
- | | E E B
DKFZP434B17
B EE E B B B B I
RAB3GAP

Coding-coding overlap
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Pattern recognition and matching

e The ability of a program to compare novel and known patterns
and determine the degree of similarity forms the basis of
sequence analysis including gene identification. In similarity
based methods we search the genome directly for nucleotide or
amino acid pattern observed in one or more already known
genes; in comparative genomics we look for similar sequence
pattern in two or more genomes, and in method based
prediction we look for patterns in sequence composition and
signals.

 One of the major challenges associated with using pattern
matching is in that, in most cases, we need to identify patterns
that are ‘similar’ to a target pattern, but the concept of
similarity isn’t well defined from programmatic and biological
sense. Also, only already known pattern may be used for
searches, therefore genes with unusual patterns may not be
discovered using these methods.

25



Basic model

INTERGENIC CODING
REGION - SR - SEQUENCE- SUel




Basic model




Open Reading Frames



Sequence features

 We can check if sequence in particular ORF
has some other features which could tell us if
this is a putative coding sequence or the ORF
is false positive. We can look at the sequence
content and compare it with known coding
sequence and non-coding sequence and
check to which of these two the ORF
sequence is more similar to.

29



Hidden Markov Models

HHM is a statistical model for an ordered sequence of
symbols, acting as a stochastic state machine that generates a
symbol each time a transition is made from one state to the
next. Transitions between states are specified by transition
probabilities. A Markov process is a process that moves from
state to state depending on the previous n states.

HHM has been previously used very successfully for speech
recognition.

In biology is used to produce multiple sequence alignments,
in generating sequence profiles, to analyze sequence
composition and patterns, to produce a protein structure
prediction, and to locate genes.

In gene identification HMM is a model of periodic patterns in
a sequence, representing, for example, patterns found in the
exons of a gene. HMM provides a measure of how close the
data pattern in the sequence resemble the data used to train
the model.

30



Markov Chains

* A Markov Chain is a non-deterministic system in which it is
assumed that the probability of moving from one state to
another doesn’t vary with time. This means the current state
and transition does not depend on what happened in the

past. The Markov Chain is defined by probabilities for each
occurring transition.




Markov Chains

In a sequence analysis we
look at probabilities of
transitions from one nucleotide
to another. We can check, for
example, if certain patterns of
transition are more frequent in
coding sequences than in non
coding sequences.

C

X/

N—_—

32



Order of Markov Chains

GCGCTAGCGCCGATCATCTACTCG

GCGCTAGCGCCGATCATCTACTCG } .
GCGCTAGCGCCGATCATCTACTCG Irst oraer
GCGCTAGCGCCGATCATCTACTCG } Socord o
GCGCTAGCGCCGATCATCTACTCG econa oraer
GCGCTAGCGCCGATCATCTACTCG

GCGCTAGCGCCGATCATCTACTCG } Fifth order

33



How far can we go?

* Order of our model will have influence on
specificity and sensitivity of our program.
— Too short sequences may not be specific

enough and program may return a lot of
false positives.

— Long chains may be too specific and our
program will not be sensitive enough
returning false negatives.

34



Order of Markov Chains

} First order

GCGCTAGCGCCGATCATCTACTCG

GCGCTAGCGCCGATCATCTACTCG
GCGCTAGCGCCGATCATCTACTCG

GCGCTAGCGCCGATCATCTACTCG
GCGCTAGCGCCGATCATCTACTCG

GCGCTAGCGCCGATCATCTACTCG
GCGCTAGCGCCGATCATCTACTCG

~

~ Second order

~  Fifth order

20 G For non-coding sequence we assume that

7 GA 7/20 probability of each transition is equal. The more
1GG 1/20 ‘popular’ in coding sequence transition, the higher
5 GT 5/20 probability the sequence is coding

7 GC 7/20

35



Probability matrix 4K

first order Markov Model - matrix of 16 probabilities

P(A/T), p(A/C), p(A/G)

o(T/T), p(TIC), p(TIG)  f1+1_ A2
o(C/T), p(C/C), p(C/G) 47'=4=16
p(

GIT), p(GIC),p(G/G)

p(A/A),
p(T/A),
p(C/A),
p(G/A),

42+1= 43 =64 43+1= 44=256

36



GCG CTA GCG CCG ATC ATC TAC TCG
G CGC TAG CGC CGA TCA TCT ACT CG
GC GCT AGC GCC GAT CAT CTA CTC G

Frequencies of transitions may depend
on in which codon position (1st, 2nd, or
3rd) is a given nucleotide (state)

37



Number of probabilities

Codon position 1

— O O >

A C G T

.36 .27 .35 .18
21 .23 .24 .27
19 .14 .23 .23
.24 .35 .19 .31

Codon position 2

=1 O O X

A C G T

.16 .19 .15 .07
.28 .44 41 .33
40 .12 .27 .45
.16 .25 .17 .16

4= 4% =16
3x16 =48

471= 42 =

Codon position 3

— O O >

A C G T

22 .33 .24 .13
21 .29 .27 .21
44 .15 .37 .53
13 .22 112 .13

38



Calculating coding potential of a given
sequence

To estimate if the sequence is coding we have to
calculate probability that sequence is coding and
probability the sequence is non-coding. Next we calculate
logarithm from the ratio of these two probability values.

LP(S) = log %

If the calculated value is > 0 the likelihood that the
sequence is coding is higher than the sequence is not
coding, if value is < O there is higher likelihood that

sequence is not coding.
39



Coding vs. non coding sequence

A/A CIA G/A T/IA coding
0.36 0.21 0.19 0.24

A/A C/A G/A T/A non coding
0.25 0.25 0.25 0.25

40



Markov Models - probabilities

Codon position 1 Codon position 2 Codon position 3

LP(S):logm& A C G T A C G T A C G T

PJS) A .36 .27 35 .18 A .16 .19 .15 .07 A .22 33 24 13

C .21 .23 24 .27 C .28 .44 41 33 c .21 .29 .27 21

G .19 .14 .23 .23 G .40 .12 .27 A5 G .44 .15 37 .53

S=AGGACG T .24 35 .19 31 T .16 .25 .17 .16 T .13 .22 .12 .13

P(S) =f(A.1)F(G,A)F(G.G)F(A,G)F(C,A)F(G,C)
P(S)=0.27 x 0.19 x 0.27 x 0.24 x 0.21 x 0.12 = 0.00008377

P(S) =0.25x0.25x0.25 x 0.25 x 0.25 x 0.25 =0.0002441

LP(S) = 1og(0.00008377/0.0002441) = -0.4644

41



Calculating LP

i

Codon position 1 Codon position 2 Codon position 3

LP(S) logﬁ A C G T A C G T A C G T
PO(S) A 36 .27 .35 .18 A .16 .19 .15 .07 A 22 33 24 .13

S:AGGACG T 24 35 .19 31 T .16 .25 .17 .16 T 13 .22 .12 13

_ 0.27 0.19 , 0.27 0.24 0.21 0.12

LP(S) = lo +lo lo lo +lo + log—=
() =log 5™ 109555 109y 55 ™ 1095 5™ 10955 * 109 )0

LP(S) =log 1.08 + log 0.76 + log 1.08 + log 0.96 + log 0.84 + log 0.48
LP(S) = 0.0334 + (-0.1191) +0.0334 + (-0.0177) + (-0.0757) + (-0.3187)

LP(S) = -0.4644
42



GLIMMER

* Gene finding program for prokaryotes
e Saltzberg et. al, 1998

* For prediction uses:
— Start
— Stop
— Sequence composition
— Interpolated Markov Models

43



The GLIMMER system

* Part 1 - Program is trained for a given data set
(species)
* Part 2 — Program identifies putative genes in the
genomic sequence
— |ldentify all ORFs longer than a threshold

— Score each ORF in each reading frame and select
these which gets the highest score in correct reading
frame

— Score overlapping genes in each frame separately to
see which frame scores the highest

44



Running the program

* First run build-imm on a set of sequences to
make the Markov models (long ORFs from the
same or closely related species)

ouild-irnm train.seg

* Next run GLIMMER to find genes in your

sequence

glirnmer your.seq train.seq <options>

45



GLIMMER options

-g set minimum gene length

-0 set minimum overlap

-p set minimum overlap percentage

+r/-r independent probability score ON/OFF
-t set threshold score for calling as gene

46



GLIMMER output

Minimum gene length = 180

Minimum overlap length = 30

Minimum overlap percent = 10.0
Threshold score =

90

Use independent scores = True

Use first start codon = True
Orf Gene
ID# Fr Start Start
F2 302 305
1 R1 660 633
F2 620 650
2 R3 1114 1105
F3 1119 1140
3 R3 2026 1999
4 F3 1815 1830
*** Overlaps #3 by 170
Reject #4
5 R2 2600 2597
*** Overlaps #4 by 120
6 F1 2710 2719
R3 4153 4153
7 F1 3403 3403
R2 4700 4679
R2 68906 68897
8 R1 101574 101544
R3 193228 193204

%

End
616
220
901
638
1466
1118
2054

1935

3399
3962
4230
4455
68670
101296
193022

Lengths
Orf Gene
315 312
441 414
282 252
477 468
348 327
909 882
240 225

Gene ==
Score Fl

0

99

0

99

0

99

99

Overlap Region Scores:

666 663 99 _

Overlap Region Scores: _
690 681 99 99
192 192 0 99
828 828 99 99
246 225 0 _

237 228 13

279 249 96 _
207 183 56

Frame Scores -
F3 R1

F2
0

o

99
99

R2

R3

99
99
99
99

Indep

Score

0

O O O O O o o

O O O O o

99

43
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List of putative genes

Putative Genes:

1

N O O WO

39
40

482

636

633 220

1105 638
1999 1118
2597 1935
2719 3399
3403 4230

38472 38741 [Shorter 40 80 74]
38662 39450 [Bad Overlap 39 80 25]

464206 464424 [Shadowed by 483]

616213 615965 [Delay by 33 637 50 O]

48



Output description

39 38472 38741 [Shorter 40 80 74]
40 38662 39450 [Bad Overlap 39 80 25]

[Bad Overlap a b c] means that gene number a overlapped this one and
was shorter but scored higher on the overlap region. b is the length
of the overlap region and c] is the score of *this* gene on the overlap

region. There should be a [Shorter ...] notation with gene a
giving its score.

[Shorter a b c¢] means that gene number a overlapped this one and
was longer but scored lower on the overlap region. b is the length
of the overlap region and c] is the score of *this* gene on the overlap

region. There should be a [Bad overlap ...] notation with gene a
giving its score.

49



Output description - 2

482 464206 464424 [Shadowed by 483]
636 616213 615965 [Delay by 33 637 50 O]

[Shadowed by a] means that this gene was completely contained as part
of gene a's region, but in another frame.

[Delay by a b ¢ d] means that this gene was tentatively rejected
because of an overlap with gene b, but if the start codon is postponed
by a positions, then this would be a valid gene. The start position
reported for this gene includes the delay. c¢ is the length of the overlap
region that caused the rejection and d is the score in this gene's frame
on that overlap region.

50



Prokaryotic vs. Eukaryotic Genes

* Prokaryotes

small genomes

high gene density

no introns (or splicing)
no RNA processing
similar promoters
terminators important

overlapping genes

* Eukaryotes

large genomes

low gene density

introns (splicing)

RNA processing
heterogeneous promoters
terminators not important
overlapping genes
polyadenylation

51



Coding regions in Prokaryotes

INTERGENIC CODING
REGION ‘ START SEQUENCE STOP

52



Eukaryotic gene structure

Eyoul Exoul Exoond Eyom
D N A
[ntronl [ntronl [ntron 1
= | \ I 00 \ | m—
Promoter Splice sife Splice site Pyrimidine polyd signal
TATA GGTGAG ¢4 ¢ fract
v v v
Translation Branchpoint Stopcodon
[nitiation CTeA ¢ TAG/TGA/TAN
AT G
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Searching for coding sequences using
Markov chains

In this case we do not want check if given sequence fragment is coding or
not but we rather want to identify coding fragments in a long
sequence. In most cases this is done by calculating statistics in
overlapping windows.

ACGTCTTGCTACGTCTTCTCTCGTCTGCTCTAG

AGTACGATATTAGCGGCAATCGTATGACTA
¥ L
AW i

This way profiles are created. This example
shows a profile for a sequence analyzed
using a 120-bp window and a 10-bp step.
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Glu
Glu
Asp
Asp

Val
Val
Val
Val

Ala
Ala
Ala

Ala

GGG
GGA
GGT
GGC

GAG
GAA
GAT
GAC

GTG
GTA
GTT
GTC

GCG
GCA
GCT

GCC

17.
19.
13.
.94

24

38.
.ol
21.
27 .

277

28.
.09
10.
15.

08

31

©6

82

45
06

60

30
01

.27
15.
20.

28.

50
23
43

Codon usage

o O O O

o O o O

O O O O

o O o o

.23
.26
.18
.33

.59
.41
.44
.56

.48
.10
.17
.25

.10
.22
.28

.40

Arg
Arg
Ser
Ser

Lys
Lys
Asn
Asn

Met
Ile
Ile
Ile

Thr
Thr
Thr

Thr

AGG
AGA
AGT
AGC

AAG
AAA
AAT
AAC

ATG
ATA
ATT
ATC

ACG
ACA
ACT
ACC

12.
11.
10.
18.

33.
22.
16.
21.

21.
.05
15.
22.

13

21.

09
73
18
54

79
32
43
30

86

03
477

.80
15.
.24

04

52

O O O O O O O O

o O o

o O O O

.22
.21
.14
.25

.60
.40
.44
.56

.00
.14
.35
.52

.12
.27
.23
.38
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Codon usage

DNA sequence can be divided into non-
overlapping codons in three reading frames
C =CiC....Cn

ORI -icc A6 ooh TCA
6GA (66 GAT

GAC GGG AIC

() =GGG
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Probability that sequence is coding

Probability that sequence is coding is equal probability that
sequence of codons is coding. Assuming independence between
adjacent codons the probability that sequence is coding will be
equal to the product of codon frequencies.

P(C) = F(C1)F(C2)..F(Cm)

AGG ACG GGA TCA
) 001 GGA (GG GAT

GAC (GG ATC

P(C) = F(AGG)F(ACG) = 0.022 x 0.038 =0.000838
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Probability that sequence is
non-coding

If the sequence is hon-coding the codon frequency will
be random and each codon will be equally probable. In
this case frequency for each codon will be 0.0156. This
is because we have 64 codons and each of them is

equally possible.

Therefore probability that the sequence is non-coding
will be:

P(C) = F(AGG)F(AGC) = 0.0156 x 0.0156 = 0.000244
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Log-likelihood ratio

LP(S) = log 1.4102+log 2.4338 =

0.1493 + 0.3866 =

0.53 > |
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Codon usage
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Rule based methods

Minimal
length ORF

Codon
usage

NN

Splicing
sites

Putative
exons
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Gene identification programs

The first generation of programs was designed to identify
approximate locations of coding regions in genomic DNA (e.g.
GRAIL). These methods could not accurately predict precise exon
location.

The second generation (e.g. MZEF, SORFIND, and Xpound) combined
splice signals and coding region identification but did not attempt to
assemble predicted exons into complete genes.

Third generation (GenelD, GeneParser, GenLang,FGENES) predicted
entire gene structures but their performance was rather poor. One
of problems was the assumption that the input sequence contains

complete genes.

Fourth generation of programs is represented by GENSCAN or
TWINSCAN. With improved accuracy and less restricted
requirements (e.g. allow partial genes) these programs are
considered to be the best and are widely used in large-scale
genomes analysis.
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Classes of gene prediction methods

* Sequence similarity based
— BLAST can be used for aligning ESTs or proteins to the genomic
sequence
— PROCRUSTES and GenWise use global alignment of homologous
protein to genomic sequence
— The biggest limitation to this type of approaches:

* only about half of genes being discovered have significant similarity
to genes in the database
* genes with very limited expression may never be discovered

* Model based predictors

— GENSCAN, Genie, HMMGene, FGENES — rely on two types of
sequence information: signal sensors and content sensors

— Limitations of these approaches:

* Newly sequenced genomes very often lack large enough samples of
known genes to estimate model parameters

* Need to be retrained as the number of available genes is growing

* Genes of less typical structure or having rare signals may not be
discovered 63



GRAIL

Gene recognition and analysis
Uberbacher and Mural, 1991

First gene prediction program
GRAIL1

— Neural network recognizing coding potential within fixed-size window
(100 bp)

— Evaluates coding potential without looking for additional features
(e.g. splice junctions, start and stop codons)

GRAIL2

— Variable size of windows

— Incorporated genomic context information (splice sites, start and
stop, polyadenylation signals)

GrailEXP - http://compbio.ornl.gov/grailexp/

— GrailEXP is a software package that predicts exons, genes,
promoters, polyAs, CpG islands, EST similarities, and repetitive

elements within DNA sequence. 64



MZEF

M. Zhang 1997

Predicts exons only, does not build gene structure
Uses ‘quadratic discriminant analysis”

Variable measures:

— Exon length
— Intron-exon transition
— Branch site scores
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MZEF

http://rulai.cshl.org/tools/genefinder/

N Netscape & = =10 x|
o Be £ VYew Seawch Go fockmarks Jasks teb
Q, OO O O D [ retoijjargon st orglgenetinder] | (i Search | do

o 4 Home B Netscape O Search ) Shop  (Deockmans &5 Netztone

Gene Finder

This page fiware tools desgned to precict putative mternal proten coding exons in genomrec DNA sequences
Human, mouse and arabidopsis exons are predicted by a program called MZEF (developed by Dr. Michael Zhang). fission
yeast exons are predicted by a program called Pombe (developed by Dr. Tien Chen and Dr Michael Zhang).

Human
i Mouse
! Arabidopsis
Fission Yeast

N Sequence - Netscape 6 B
s o « He Ed View Search Go Pookmarks Tasks Help
For more information aboul
To contact Dr. Zhang ety Q @ O @ O Ervizomonvgsmmdmmntin

Zhang's Lab Home Page | 1 5, ] Netscaps O Search ) Shop | CIBockmarks & Netzphone

=101

| [ElSearch do

Go to Cor=Fromoter page,
03 8 % Docum

Zhang

Strand (1 for Watson, 2 for Crick) |
Overlap (integer)[*
Prior Probability (Between 0.00 and 1.00)|-02

H Please paste your in FASTA format (First title kne begm with a *>* Max = 200 kb)

Or, give the name of a file in FASTA format ining the seq here:
Browse.
Please mail the results to :
Submit | Clear ]

B & A OF BB | Documet Done (0203 secs)

Human Internal Coding Exon Finder by Michael

N Search Results - Netscape 6

. Eil2 Edt Yew Search Go Bookmarks Jasks Help

q) Q @ Q (D [ hitp:fjargon.cshl.cegfegi-genefinderimzef .coi

. 45 Home (W] Netscape Q Search ) Shop  IBockmarks &P NetzPhone

MZEF Results - human -

Wed Jun 5 12:26:39 2002

Strand =1
Owerlap =0
Prior Prob. = 02

Internal coding exons predicted by MZEF
Sequence_length: 140257 G+C_content: 0.524

_ Coordinates | P | Frl | Fr2 | Fi3 |Odf| 3ss | Cds | Sss |
655 - 732 0.814)0.606| 0.432| 0.457| 121]0.508]0.539]0.565|
38250 - 38615 |0.744|0.583]0.441//0.438][122]0.555]0.545] 0.426]
39390 - 39801 [0.718]0.498]/0 445]0.515/[122]0.513]0.533/0.695]
48629 - 43682 | 0.994|0.421/0.412/0.658]1110.557]/0.540]0.609]
75440 - 75484 [0.954/0.365]0.501]0.633]111]0.547]0.5590.61¢]
o| 76590 - 76634 |[0.733]/0.587]0.433]0.463|211][0.533][0.556][0.650|
97315 - 97474

10.530/0.380] 0.573| 0.368| 212]0.496]0.514]0.640|
101417 - 101470]/0.999]0.337][0.597] 0. 384| 212][0.592][0.515]0.690]
105937 - 105990/0.832]/0.537]/0.665] 0.313| 112]0.505]0.569]0.547|
108000 - 108053{0.933/0.585/0.417] 0.557| 111]0.560] 0.545]0.608|
110558 - 110611]0.9980.396/0.631] 0.595] 112]0.574]0.609]0.723|
110772 - 110825/0.600]0.562]0.382]0.533121]0.541]0.522]0.627]
122931 - 122924|0.6180.460]/0.384| 0.578| 221/ 0.515]0.553]0.618|
123217 - 123270]0.977/0 460]0.603|0.418]111]0.555/0.535/0.673

128879 - 128932{0.866/0.441]0.488] 0.489) 112]0.547]0.530][0.689)|

135760 - 135813]0.790] 0.532] 0.468] 0.283] 111]0.571]0.489]0.683]

GAATTCAGGGGGACTTGGAAGGTACATCTGAGTTCATCTITCCAGGAGTCACACACTTAAATC



GENSCAN

Burge, C. and Karlin, S. (1997) Prediction of complete
gene structures in human genomic DNA. J. Mol. Biol.
268, 78-94.

Search for general and specific compositional
properties of distinct functional units in eukaryotic
genes

General fifth-order Markov model of coding regions
Analyzes both DNA strands

Sequences may contain multiple and/or partial genes
http://genes.mit.edu/GENSCAN
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the seven categories with which
all nucleotides are ultimately
labeled- promoter, 5UTR, exon,
intron, 3'UTR, PolyA, intergenic

Three components:

Transition model — specifies
probability of moving from any one
state to another

Duration model — specifies the
probablity of staying in a given
state

State specific sequence models —
specifies the probability of any
given nucleotide sequence being
generated from any given state

In3
GT AG

EX5,’\/

Intergenic

region 68



GENSCAN options

@ New &NﬁN Web Server at MIT - Mozilla Firefox _‘

Eile Edit View History Bookmarks Tools Help

252 Kryzys w mojgj .. | ©» AIM Mail a Amazon.com:F.. () GrailEXP Home.. | | http://r.efinder/ = New GENS... X | - .Orga nism
evertebrate

I ? e Maize

For information about Genscan, click here e Arabidopsis

*Output
epredicted

This server provides access to the program Genscan for predicting the locations and exon-intron structures of genes in . d I
genomic sequences from a variety of organisms. pe ptl es only

o .

This server can accept sequences up to 1 million base pairs (1 Mbp) in length. If you have trouble with the web server or if P red ICted CDS

you have a large number of sequences to process, request a local copy of the program (see instructions at the bottom of an d pe ptl d es

this page) or use the GENSCAN email server. If your browser (e.g.. Lynx) does not support file upload or multipart forms, .
*Suboptimal exon

use the older version.
cutoff

Organism: Suboptimal exon cutoff (optional): o]. OO

Sequence name (ptons [ *0.50
[ ]

Print options: T 0.25

Upload your DNA sequence file (one-letter code, upper or lower case, spaces/numbers ignored):

*0.01

Or paste your DNA sequence here (one-letter code, upper or lower case, spaces/numbers ignored):
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GENSCAN output

GENSCANW output for sequence GBP

promoter
HumanTso. amat = Il exon
Predicoted genes/escons: = |m€ma\ EXOH

Terminal exon
Un.Ex Type 5 .Begain .. .Enad Fr 'n L/Ac Do/T CodRyg

= S SRS Single exon gene
poly-A- signal

Intr 1452 1663 2 14 16 201
Intrx 1041 20na | J4 34 245
Inty 2172 2319 1 64 29 204
Teorm 2368 2774 2 3 33 449

k here to of th dicted gene(s)

Chock here for oRISengt 1 fcted gene(s

Accuracy
29.8%
b4 1%

Predicted coding sequence(s) : . 74 8%

02 4%
SGEP | GENSCAD ,
KFGELANTEESKA - NTSG DV L PGAG - IACN'S GR . o 97.7%
KTIL ]

Predioted peptide meguenoe(x) :

»CBP | CENSCAN predicted CDS 111011 bp
asattogugagagcttgoaatge asagasntcasaggc tgatgogact
CAgUTCOoTgrgcaagaagatacatcTggagoTocacagaaggatgrioan ATOTYgOoT
grgcaggos AatgguagcaggcatLgoccaagrercegeg 2QUo0Cya
aagactatacttaaagatgoeacactcactggttttangoacagagtgetanngoangtn
GUUATLLOCAJATCACEAJOECLEEQCE AT ARAIATALJLCOTCEOOCAOT at 70




Graphical output

NQ @2 AR T K «» DOM S AR@LOD

GENSCAN predicted genes in sequence gi
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L 1 1 1 1 1 1 L L 1 | L 1 1 1 1 1 1 | 1 J iy
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400 420 0 46.0 480 00 20 S0 $6.0 80 600
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Evaluation statistics

Sensitivity Fraction of actual coding regions that are correctly
predicted as coding, ranging from 0 to 1
Sn =TP/(TP+FN)

o Specificity Fraction of the prediction that is actually correct,
TP - true positive ranging from 0 to 1

FP - false positive Sp =TP/(TP+FP)

FN - false negative Correlation Combined measure of sensitivity and specificity,
ranging from -1 (always wrong) to +1 (always right)

CC—TP x TN + FPx FN
"V (PP)(PN)(AP)(AN) 72

TN - true negative




Experimental validation of predicted
genes

20 not annotated human BAC clones
+3 finished
+17 unfinished

Genes that had at least two exons, each predicted by at least two
programs

‘the overlap of the predicted exons did not have to be perfect

similarity to ESTs or known genes was used as supporting
evidence but was not required

40 genes (hnumber of exons 2-11)
Six single exons predicted by three or four programs

Three two-exon genes predicted by one program only but
strongly supported by similarities to EST sequences

Total: 49 putative transcripts 73




Selection of predicted genes -

37 genes were selected for experimental validation,
all of them were potentially novel as they were not
annotated nor were their mMRNA sequence present
in the GenBank at the time of analysis

12 genes were eliminated from further studies as
they contained repetitive elements and were most
likely false positives

Results published:

eMakalowska |, Sood R, Farugue MU, Hu P, Robbins CM,
Eddings EM, Mestre JD, Baxevanis AD, Carpten JD.

|dentification of six novel genes by experimental validation of
GeneMachine predicted genes. Gene. 2002 284(1-2):203-13.
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Prediction programs performance

37 genes were tested, 16 of them (43%) were confirmed.
At the exon level 159 exons were predicted and 58 (36%)
were found to be real

predicted exons specificity sensitivity

MZEF Kz 0.56

GRAIL 11 : 0.19

GENSCAN

FGENES
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Problems related to gene prediction -
gene structure and alternative splicing

A 1 2 3
3 'l | GM117-predicted & form A
1 1A 2 3

O—0f{]——1 GM117 fom B

B 1 2 3 4 5 6 7.-H 9 :
0—0O——0 ] 0 = ] GM121-predicted
1 2 3 4 5 6 7 8 9
B—[—10—0 ] 0 |y [] GMi21doned
c 1 2 ~
11— GM127-predicted
1 2
[ ]—F] GM127-doned
D 4 2 3
W O [ GM140-predicted
1 2 3
I ] ] GM140-doned
E 1 2 3 4 5
(. 3HH] ] GM148-predicted
1 2,34 5
(. e | ] GM148-doned form A
1 2,34 4A 4B 5
(| [ m———@— 33— GM148-doned form B
1 4A 4B 5
- @m—3— 1] GM148-doned form C




Sequence analysis example

* Recently a sequence of a chicken genome
was released. We were interested in
immunoglobulin like receptors (CHIR) in
chicken, their number, structure, and
evolution. However, no immunoglobulin

genes were annotated on chicken genome.
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Prediction qualit

Gene: 112A23.1 A
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Analysis results

Nikolaidis N, Makalowska I, Chalkia D, Makalowski W, Klein J, Nei M. Origin and evolution of
the chicken leukocyte receptor complex. Proc Natl Acad Sci U S A. 2005;102(11):4057-62.
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Repetitive elements

50% of mammalian genome consists of repeats:
DNA transposons
retrotransposons
LINEs
SINEs
tandem repeats

masking before similarity search - helps avoid getting
similarities caused by the presence of repetitive elements,
not because of sequences homology

predicted gene with repetitive elements are less likely to be
real, although sometimes repeats are true parts of coding
sequence
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RepeatMasker

Searches for Alu, MIR, LINE, LTR and
other repeats by comparison to sequences
in RepBase library

RepBase 1s a database of repetitive DNA
sequence elements found 1n a variety of
eukaryotic organisms including primates,
rodents, cow, dog, chicken, Fugu,
Drosophila, Arabidopsis, rice

Accepts local databases with repetitive 81



. B, [Mal 45 Home G Radio [Wy] Netscape C Search @) Shop [JBockmarks

21 [ = Spidey - mRNA to genoric al (150... | - RepeatMasker Web Server

| = et sequence Viewer v2.0

[X]

INSTITUTE FOR

Systems
Biology RepeatMasker Web Server

E

b [ = Spidey - mRNA to genomic alignment (150... ] S Repeat Annotation Request Form

| = et Sequence viewer v2.0. ] =

INSTITUTE FOR

as well as a table annotating the masked regions.
Reference: AF A Smit & P. Green, unpublished data. Current Version: open-3.0.8

Check Current Queue Status

RepeatMasker screens DNA sequences in fasta format against a library of repetitive elements and returns a masked query sequence 1)

Systems

Biology Repeat Annotation Request Form

Basic Options

Large sequences will be queued, and may take a while to process.
Enter the file to process:

Browse...

Or paste the sequence(s) in FASTA format:

Select return format: © html © tar file © links
| Select return method: © htral © emnail [Your email address

Reset | Submit Sequence I

Advanced Options

Speed/Sensitivity. © rush © quick © default © slow

DN4 source: | Human =

Contamination Check: | No contamination check v

Repeat Options: I Mask interspersed and simple repeats |

Artifact Check: [ Report E coliinsertion elements (IS) artifacts _~ |

Alignment Options: | No alignments retumed =l

Masking Options: | Repetitive sequences replaced by stings of N~ |

Matrix: I RepeatMasker choice |

Divergence Cutoff:
Only mask repeats that are less thanl— percent diverged from a repeat consensus.

Lineage Annotation Options

can be used to annotate the repeatmasker output or control the masking process.

If the query is mammalian, Repeatiasker can determine if a repeat instance is expected to be present in one or more other marnmaliz

Sequence Selection

|
‘ Divergence: <
i
I

PiggyBac
Repeat Classes: | Low_complexity
Simple_repeat

Repeat Name: |

G A Select the genome and assexably from one of the options in the drop down box.
Remges consist of three identifiers. A valid dna chromosore for the genowme specified
Jollowed by a start and end position (inclusive). For exarmple huyaan chrowmosove T
Range: hi1:1030333-1032333 o o
=T Jfrom position 10-1000 wowld be chri: 10-1000. Multiple ranges can be entered
separated by a "
! ol " Select the result type for the range. “annotations retums RepeatMasker style table o,
| annotations
€ raw alienments yepeat cymotations. “vaw alignments” vetums the alignment file used fo create the
’ Result Type: P gom R RepeatMasker annotations. “masked genornic sequence veturns fasta formatted data
1 e masked genomic sequence from the assexnbly with interspersed repects masked. "fasta" retumns each interspersed
| fasta yepeat instance sequence in fasta format.
Cx . . . -
Masking Format: Cn Specify the chavacter to use for masking or use lower case to designate repetitive
: sequences.
| @ lower case
HE
i
Filtering
Score: >= Filter out all vepeats which scove below this threshold

Filter out all vepeats with a higher divergence.

Repeat classes you wowld like included in pour vesults.

Search for a particular vepeat name ie. “AluSx*. Do not include the type information in

Jyour narae ie. “AlSHSINE/AIN®. The classes filter should be set to “All" if you are

using a nae filter.

I
|
Submit Query

S=A 6F 0

Institute for Systems Biology

This server is made possible by finding from the National Human Genome Research Institute (NHGRI grant # ROI HG002939-01) 2003

| O =2 A oF Do

== = [P
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RepeatMasker-results

Setscape

catMasker Results - Netscape

« B0 E Yew Go Cockmards Jook Window Heb ")
Masked Sequence:
>g1] 19970803 | emb | ALSS0012,6| Muman DNA sequence from clone RP11-49018 on chromosome X, cowplete smeque
AGCTTTGATAACAAATGAAAGTTCGGTTTTC AAGGGCCAMAGC AGETTGT
TTACTCAAAGAAAACAACCCAGACTTATGAAGAACATGTGTCTTGAATTC
King fragment 1 of 2 masking fragment 2 of 2 TCCAGGACTTTTCTTATTTGATGTAATCTAAGGAAGAAATTTTATTTAAT
AR TGN NN NN NN NN
NN N N N N N DY N NN
RepeatMasker completed 07-Apr-2003 12:11:56 PDT T ST DTSN IS
NN N N N N N N N N NN NN
2NN NNNNNNAACCAGTATTATAATTTTTGC TAAGC TATGTTC
Repeat sequence: CTCTTTTTCTTOAGTCAGAAGCATGATACTAATACAGGARATATCTCTAA
TTTATTCTCAGTTTGTTAAAGTATTTTGTATAACTCAAAGAGTAAACTAT
AT A e e A T Sosieion in quezy watching cepes|| AGATOGAAGAAGTGCTCTTTGAATTTACATTTATAGCACAACAGTGAACT
score div. del. ins. sequence begin end ({left) repeac class, | CCTATGGACAGTATCAGTAGGTTATTITACARTGCTICTTACTGATGATCT
TAAAGACACTGGCAAGACTCCAAAATCACTGATATTOGTTTAATAAAACT
713 27.9 8.2 1.0 g1|14970803|exb|ALSS0012.6| 160 367 (70113) + MNIR el AMGATATATCATIARRALLCTARGAOARAGT ITORTAT TGATC MOARMCA
3538 4.9 0.2 0.7 g1|14970803|emb| ALSS0012.6| 1844 2254 (68186) + L1PA4 LI S R TR OTOCTOOMA LA KIGTOTEIC AUV TTOCAOLTOTTC TV A
240 34.1 12.1 2.3 g1i| 14970803 | exb| ALSF0012.6] 2310 2482 (67998) + MIR agie g e CALRIXTCATT ICTY ICOAART LG TAGORE SATE I ICART SCE TR TA
218 33.0 3.3 2.2 g1i|14970B03|embjALSS0012.6| 2469 2559 (67921) C HIR sINE/ [l GAAGGCATAARACACAGAGTAARAGAGCAGTGGOATTTTTTICCTOTTTT
315 28.6 14.3 0.0 gi| 14970803 | exb| ALS90012.6] 2695 2827 (67653) ¢ MIR ST/l CTTTTTAGGARTAAACAATAMATC ICATCTCATCTAATCTCTOTATCTG
234 15.8 0.0 0.0 g1|14970803|exb|ALSS0012.6| 2832 2869 (67611) C U2 sopyiff] ATARTTTTCATALGTTTTTAATTCTGCAGATGCARTGGGALTTATTTIGA
2320 8.9 0.3 1.9 gi|14970803|emb|ALSS0012.6] 3024 3338 (67142) ¢ AluSp sang/ffl TATTCCTOCTCTTAARATTCCTOATICCCTTTTTICAMACTOCARAACCTG
239 10.6 0.0 0.0 gi| 324970803 exb|ALSP0032.6| 3612 3658 (66822) C L1NA3 LIng/ji] TCAATAATTGGTATGTCTGCTATGGAGRACTCCTACACARTCACCTTCAC
21963 15.5 2.5 2.1 gi|14970B03|emb|ALSS0012.6| 3640 7064 (63416) C L1 Lml:;'l TCCAAMARCAAGTTGATTTTCTATTGAGACTACCGCTCATTTTGAACATG
453 1.9 0.0 0.0 gi|14970803| exb|ALSS0012.6| 7065 7118 (63362) + (TG Aup Rl TT A ATIONTTIRTYTOOT FTIOR MOOAKTCTIROTATITADACTCA LMD
21963 15.5 2.5 2.1 gi|14970B03|exb|ALSS0012.6| 7119 8787 (61693) C L1 LINE; || AATOCTTTAAARAAGTAGGCACAATATTACATGTGGAATCAATAAAGCTA
657 25.9 12.4 2.5 gi|14970803 | emb| ALSS0012.6] 8644 9125 (61388) + L2 LINEAN TAAGLAGCOOCALICATTCACTITTTCTTR AR TARETTORAOTETAC KTA
| 393 27.4 2.7 3.4 g1)149708031exb|ALS90012.6| 9389 9534 (60946) + MLTAJ-int  LTR/1| STAAGGATATTAGTGTTCCTCAACAAAGTTTCTTTATTIGTATCACATCCG
i TAAATGAAAAAGTGGTTGCTGAAAATATAATCAGTGAGATATTTGCTTTA
‘I 770 32.3 6.0 3.0 gi|14970B03|emb|ALSS0012.6] 9791 10189 (€0291) + MLT1J T B s e L
| 2073 15.2 2.2 5.0 g1)14970603| exb| ALS90012.6) 10218 10618 (S9862) ¢ MLT1B 17t Bl mntled gyl bl it e i
| 698 23.3 6.9 3.5 g1|14970803|exb|ALSS0012.6| 11144 11345 (S9135) C MEREIA lTE Bl S e Ll i e S
405 26.9 19.5 0.0 gi|14970803|emb| ALSS0012.6| 12141 12289 ($8191) ¢ MIR T e b oy
385 34.0 4.2 3.8 gi| 24970803 | exb| ALSI0012.6| 12376 12566 (S7914) C HMIR Tl [ty e s o i
596 28.3 5.5 4.0 gi|14970B03|emb|ALSS0012.6] 12891 13162 (S7318) C L2 L A CI A TARAO AL LOTGATTCA L KOOTCO AL I T
208 20.0 7.3 0.0 gi|14970803| exb] ALSI001Z.61 13329 13383 (S7097) + (TATATGIn  Sampl| | 2o o e O A CTe ACAAATTCOTITEAT
2165 14.8 7.3 1.0 gi|14970803|exb|ALSS0012.6| 13886 14297 (S6183) + LIPALE LINE/
|| CTAACCTATCACTGCACTAGTAAACATCTTACGCCTTTAGAGAGATARAG
216 0.0 0.0 0.0 gi|149970803|emb| ALSS0012.6] 15358 15381 ($S099) + (TTTTA)n iy il b ioridon etk
248 19.6 14.3 0.0 gi| 24970803 | exb| ALSIO012.6| 15411 15466 (SS014) + MERSC ) Bttt LU el o oL
22 5.6 0.0 0.0 g1i|14970B03|exb|ALSS0012.6] 15761 15796 (S4684) + AT_rich Lov_dll R 0OR 0D C00eDeRI0R DRI DRRIORDDRINIDRRTON
253 21.5 1.3 3.8 gi|14970803| exb| ALSS0012.6| 16491 16568 (S3911) + GA-rich LR, [ttt sttt detaieioiiota et
2386 8.0 0.0 0.0 gi| 14970803 |exb|ALSS0012.6| 16904 17204 (S3276) + Alusg BNl e oot
1151 15.2 0.0 0.0 gi| 14970803 | emb| ALSS0012.6] 17208 17381 ($3099) + Alusc Tn [l stoleicisla el labome itk
254 24.2 7.5 0.0 gi|24970803|exb| ALSIO012.6| 17849 17927 (S2553) + MIR SINE s e i e
496 36.8 6.5 2.3 gi|14970B03|emb|ALSS0012.6| 18088 18473 (S2007) + L2 LINE/ o nneaDeaIeIIe IS aIeIIAN I IDGIDRODN
409 33.0 7.6 4.9 gi|14970803|exb| ALSS0012.6| 18523 18766 (S1694) + L2 L8/ || aanooe == == = == s
347 28.5 5.3 5.3 gi| 14970803 | enb| ALSS0032.6| 18778 18928 (S51552) + MIR SINE [ 0D D T R DD
276 30.9 1.2 4.8 gi|14970803|emb| ALSS0012.6] 19613 19696 (S0784) + L2 LIME A o cs R eneREORacDReORRCORRCT GRS R0SRR0IRRIITALLTA
232 27.3 2.3 1.1 @1]14970803| exb| ALSF0012.6| 20365 20472 (S0008) + (TATATOIN  S3mpl| | 4 aras s comomHo R DA DR I DD A0
2261 15.4 1.8 0.3 gi|14970B03|emb|ALSS0012.6| 21831 22214 [48266) C HLT1B LT/ 1l ane0aecoeRCoRacINRcOSRC0RE0NRGOREO0RE0ERa0RRE0TN!
210 7.1 0.0 0.0 gi|14970803|exb|ALS90012.6| 24260 24287 (46193) + {A)n
£01 33.3 1.9 0.8 gi|14970B03|exb|ALSS0012.6| 24944 25201 (45279) C MIR
2215 10.7 0.7 0.3 gi|14970803|emb| ALSS0012.6] 25814 26123 ([44357) + Alusq i
S12 14.7 0.0 1.1 gi| 24970803 | exb| ALSIO032.6| 26124 26218 (44262) + (GGAAA)n Simple_cepen
347 33.5 2.7 2.1 gi|14970B03|emb|ALSS0012.6] 26616 26803 (43677) + L2 LINE/LZ
[ 271 34.5 2.6 0.0 gi1|314970603 | exmb| ALSS0012.6| 26861 26976 (43504) + L2 LINESL2 83




PipMaker http://pipmaker.bx.psu.edu/pipmaker/

Computes alignments of similar regions in two or
more DNA sequences

Resulting alignments are summarized with a
"percent identity plot"

As an output PipMaker generates PDF or
PostScript document

MultiPipMaker can be requested to compute true
multiple alignment and return a nucleotide level
view of the results
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PipMaker input requirements

First sequence in FASTA format

RepeatMasker output for first sequence (Do
NOT include masked sequence, PipMaker
requires file with information about each repeat
name and localization)

413 5.6 0.0 0.0 Human 1 54 C Alu SINE/Alu (238) 62 9 SINE/Alu (238) 62 9
Exons for the first file:

>100 800 gene1
100 200
500 750

Second sequence in FASTA format
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PipMaker server

PipMaler (instructions) aligns two DNA sequences and returns a percent identity plot of that aligntment, together with a traditional textual form of the
alignment.

e First sequence (FASTA format):

or filenamne (file must be plain text only):

Browse... l

e Second sequence (FASTA format):

or filenamne (file must be plain text only):

Browse... I

e Your email address:

e Optional features:
o First sequence mask:

Browse... I

o First sequence exons:

Browse... I
Submit | Resetl
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PipMaker output

:U01321 7)) urwngy

eyewdid/npa nsd-aso uiqolb/.duy
6661 103 L0:8Z'GL € dag u4

RNA

Simple

MR

Other SINE
LINE?

LINE2

LTR

Other repeat
CpVGpC20 80
CpGIGpC0 75

ioveso0vyooom!d



MultiPipMaker

-

2i|4507926[ref]NM_003391.1] [complement

o
A

i » N 1

chimp

12

—— e - 1007%

~-50%

baboon ‘

COW ) )

cat

rabbit

mouse

rat

fugu

Ok X

8k

10k

4K 16k 18k 19958



Gene finding strategies

Search for conserved regions
Presence of ORF

Codon usage

Splice sites

Polyadenylation signal
Similiratity search

Presence of regulatory elements
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Why is promoter prediction difficult?

Not a one single type of core promoter
Promoter needs additional regulatory elements

Transcription may be activated or repressed by
many regulatory proteins

Transcriptional activators and repressors act very
specifically both in terms of the cell type and
point in the cell cycle

Not all regulatory factors have been characterized
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Prokaryote promoter prediction

Most bacterial promoters contain:

The Pribnow box, at about -10bp from the start
codon there is consensus sequence: 5'-TATAAT-3'

The -35 sequence, centered about -35bp from the
start codon there is consensus sequence: 5'-
TTGACA

NNNTTGACANNNNNNNNNNNNNNNNTATAATNNNNNATGccccce
-35 region -10 region 1

RNA start site



E

.coli promoters

(b) Strong E. coli promolers

tyr tAMA
ren N
ren X1
rrn (DXE);
rrmE1
ren A
ren A2
L PR
MPL
TV AS
T¢ A1
T¢ A2
T Wil

TCTCAACGTAACACTTTACAGCGGC G CGTCATTTGATATGATGCGCCCCEBCTTCCCGATAAGGG
GATCAAAAAAATACTTGTGCAAAAAA. « TTGGGATCCCOCTATAATGCGCCTCCABTTGAGACGACAACG
ATGCATTTTTCCGCTTGTCTTCCTGA  GCCGACTCCCTATAATGCGCCTCCATCGACACGGCGGAT
CCTGAMATTCAGGGTTGACTCTGAAA » s GAGGAAAGCGTAATATAC GCCACEBTCGCGACAGTGAGC
CTGCAATTTTTCTATTGCGGCCTGCG  GAGAMACTCCCTATAATGCGCCTCCATCGACACGGCGGAT
TTTTAAATTTCCTCTTGTCAGGCCGG» » AATAACTCCCTATAATGCGOCACCACTGACACGGAACAA
GCAAAAATAAATGCTTGACTCTGTAG » CGLGGAAGGUGTATTATGC - ACACCECGCGLCGC TGAGA A
TAACACCGTGCGTGTTGACTATT T TACCTCTGGCOGGTGATAATGG» » TTGCATGTACTAAGGAGGT
TATCTCTGGCGGTGTTGACAT AAATA* CCACTGGCGGTGATACTGA* + GCACATCAGCAGGACGCAC
GTGAAACAAAACGGTTGACAACATGA » AGTAAACACGGTACGATG T ACCACATGAAACGACAGTGA
TATCAAMAAAGAGTATTGACTTAAAGT ~CTAACCTATAGGATACTTA~CAGCCATCGAGAGGGACACG
ACGAAMAACAGGTATTGACAACATGAAGTAACATGCAGTAAGATAC- AAATCEGCTAGGTAACACTAG
GATACAAATCTCCGTTGTACTTTGT T -« TCGCGCTTGGTATAATCG-CTOGGGEAGTCAAAGATGAGTG
a5 10 5] -

Promoters sequences can vary tremendously.

RNA polymerase in eukaryotes recognizes hundreds
of different promoters
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B P AP
Qaa00na
Qp PP

@ Q p

3

ANR2
Cm4
Gu2
THR2

I
By
H 3 @A H
QOQO00ae

Markov modeling - again

A I 8

TH2

] K
Gu2

A I 8
cuz2

Gu2
T — 8

C . 8
GE2
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Eukaryotic promoters

Three types of RNA polymerase (l, Il, lll), each binding to various
kinds of promoters

Polymerase |l transcribes genes coding for proteins

Core Promoter - most have TATA box that is centered around position
-25 and has the consensus sequence: 5'-TATAAAA-3'

Several promoters have a CAAT box around -90 with the consensus
sequence: 5'-GGCCAATCT-3'

promoters for "housekeeping" genes contain multiple copies of a GC-
rich element that includes the sequence 5'-GGGCGG-3'

Proximal Promoter Regions - transcription factor binding regions
within ~200 bp of the Core Promoter

Enhancers - transcription factor binding regions that can act to regulate
transcription from the core promoter even from many kilobases away
from the core promoter
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Eukaryotic promoters

Transcription factor
binding site

Promoter module

Complete promoter

Promoter Context
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Cister

Detects cis-elements clusters by using Hidden
Markov Model

For each element uses separate matrix with
frequencies of each nucleotide in each position;
user can input matrix for elements not included
In the basic option

User can specify:

distance between neighboring cis-elements within a
cluster

number of cis-elements in the cluster
distance between clusters
half-width of the sliding window 9



Example of matrix

AML-1a
runt-factor AML-1

BF T02256; AMLla; Species: human,
sapiens.

XX

PO
01
02
03
04
05
013

TGTGGT
TGCGGT
TGTGGT
AGTGGT
TGTGGC

Sequences of experimentally identified elements are aligned
and frequencies in each position are calculated

97



Cister - http://zlab.bu.edu/~mfrith/cister.shtml

65 Cister - Netscape

« Bl ER Yow Go fochmaks Jook Window i

.0.00

=10l

Q Q | % teap:jjatab. bu.eduf~enlrihicister. shend

Instructions

f= 10 &AIN 4 Home ommmqm Qs-» w

<9

- public - 05-01-2001 - MATRICES sorted by factor name - Netscape B

| Go Bookmyds Took Window beb

EQ @ Q [ S5 Petpufierartac. bt delTRANSFAC AstsimatrtnimatrisByNane himl &3 | l&___l ﬂiq;@%

=101 x|

Cister : Cis-element Cluster Finder

Paste a DNA sequence into the box of enter 3 GenBank identifier

OR upload a DNA sequence from a file |

(Optional) Set subsequence From I 'Io

Cheose a bunch of cxs-dements

M 1ata I spt

™ ccaat I ap-1

McRE MERE M NFL
™ Es

MEF M Mef2 T Myf

MMye Moata MLsE M sRE M Tef

AND / OR. enter your own cis.dements
| (Get cis-element matnces from TRANSFAC -

free regstration required)

Parameters: (use the defaults of = doukt)

2 average distance between molifs witke & cluster 3
b average number of motifs in a cluster

£ average distance between clusters [0

Molf grobateily threshold ﬁ !
Pseudocout |1
Subet Query I RESET I

AND / OR. upload cis-elements from a file l Browse . |

w half-wadth of shiding window for local base composition [1000

Return to Cis-term |

Comtact: Martm Frith

Last modified: Tuesdap, 18-Mar-2003 111341 BST

==

jm in-o ﬁ,m Em Qs.-dn ﬂsm c)w

1 At 1 AbdB 2 ABFL
1 adrl 14DRL 1 A
2 AGL3 1 AR 2 ANR/Am
1AMl 5 AP 1 a2
3 AP 1 Am 1 gRP
1 ATF 1 Athbel

No Factor name No. Factor same No
Factor name
1 BateeBox 1 Bed 1 BR.CZI
1 BR.C 22 1 BR.CZ3 1 BR.CZ4
1 Brachyury 1 Bmcd 2 BSAP
2 bZIP910 2 bZIP9IL
No. Factor name No. Factor name Mo
Factor same
2 cEtslpSd 2 cMyb 2 c-Myc/Max
I cRe 3 CERP 1 CARPag
2 CEBPbeta | cap 1 CCAAT
1 CCAATbox | CDCS 2 CoP
1 CDPCR1 1 CDPCR3 1 COP CR3+HD
2 Cdzh 1 ces:2 2 CFL/USP
2 cRall | CHOP-CEBPalpha 1 Ciex
I COMPI 1 COUP-TF/HNF4 1 CP2
2 CREBPI | CREBPI/c. 4 CREB
I Croc 1 CRP

) | Cocumant: Dons (0.07% wcs)

S 8 OF[)  Oocument: Done (3,02 secz)






