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Purify DNA of interest
and fragment into small pieces

v
= _= \ ::i; 4 §Q}
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e —
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Use computer to order the sequences,
based on overlaps.

4.6
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DNA 1.6 2.0kb
19687 28443 140
3 4 100
2 (Primer walking)
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Sequence DNA of interest with vector primers

- Make new primers based on
last reliable sequence

3 — (Restriction endonuclease digestion and
subcloning)

DNA

Klenow  T4DNA 4.8.

(gap)

A, B, C, D are sites in insert
X, Y are sites in vector

X A B C D Y Map DNA of interest:

Cut with pair of enzymes and ligate

b

X AY
Fomond
Sequence using vector primer ’i
TR
=

\Rep@at forB, C,and D /
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(http://gdbwww.gdb.org)
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(2)CDNA cDNA  ESTs(expressed sequence
tags) DNA( ) CDNA
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4) (somatic cell genetic approach)
50kp
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(restriction enzyme fingerpriting)
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DNA YAC
DNA 100kb  1Mb
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(6) DNA (contig)
(overlapping sets of cloning) DNA
DNA 2Mb
“ ””(Bottom-up)
) (sequence-tagged site,STS) STS
100kb
®)
(<100kb)
(genomic sequence
sampling,GSS) (optical map) GSS STS
1 5kb
FISH DNA
4.1 /
kb kb/cm
Oryza sativa rice 4.30><10° 300
Zea mays maize 2.5%<10° 2140
Triticum aestivum wheat 1.6><10’
Hordeum vulgare barley 5.0><10°
Avena sativa (oat) 1.1><10
Glycine max soybean 1.2><10°
Sorghum bicolor sorghum 7.50><10°
Solanum tuberosum potato 8.4><10°
Brassica napus rape 1.1><10°
Gossypium hirsutum (upland cotton) 2.1x<10°
Secale cereale (rye) 9.1x<10°
Beta vulgaris subsp. Vulgaris beet 7.58><10° 1100
Lycopersicon esculentum (tomato) 9.5>10° 510
Arabidopsis thaliana (thale cress) 1.20><10° 139
Allium cepa onion 1.5>10’
Helianthus annuus (sunflower) 3.0><10°
Phaseolus vulgaris (kidney bean) 6.3>10°
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Homo sapiens
Mus musculus mouse
Rattus norvegicus(rat)
Caenorhabditis elegans
Drosophila melanogaster
Escherichia coli
Saccharomyces cerevisiae

Haemophilus influenzae

3.3%<10°
2.5%<10°
2.75>10°
9.7x><10"
1.37%<10°
4.6><10°
1.21>=<10"
1.8x<10°

1000
1800

250
500

4.8
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4.2

STS (dbSTS) http://ww._ncbi.nlm.nih.gov/dbSTS/index.html
EST (dbEST) http://ww.ncbi.nlm.nih.gov/dbEST/index.html
CpG CpG island database  http://biomaster.uio.no/CpGdb.html

GDG http://gdbwww.gdb.org

MGD http://www. informatics. jax.org/mgol.html
RHdb http://ww.ebi .ac.uk/RHdb

YAC

CEPH-GENETHON
STS/YAC MAP

http://ww.cephb.fr/ceph-genethon-map.html

http://www genome.wi.mit.edu/

BAC http://www.tree.caltech.edu/
http://gea.lif.icnet.uk/
http://cedar.genetics.soton.ac.uk/public html

4 DNA (clonable fragment) (
3 ) (RH) YAC BAC PAC
DNA
2 whole-genome shortgun
(<10Mb)
(Weber  Mayers 1997)
( LINE 2-7kb)
LINE (1-5Mb)
(H. influenzae 1.9Mb) (M-genitaltum
0.58Mb) (M_jannaschir)
(YAC BAC PAC Cosmid Fosmicl )
( 4.9
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Phred-Phrap-Consed Green
( Science2001 2 16 ““A history
of Human Genome Project~”~” ) Phred( )
(base-caller)
Phrap( ) Phred
Consed( ) Phrep Phrap Consed
36 900

The Phred/Phrap/Consed System Home Page

Documentation 1s currently avallable for the following:

s rhred——the base—caller

phrap——the assembler

consed and autofinish ——A Unix-based Graphical Editor and Automated Finishing Fa
FPhrap Sequence fAssemblies

general documentation on swat, crossmatch, phrap, and phrapview

» Swat

How to Get Phred/Fhrap/Consed

The Tniversity of Washington O0ffice of Technology Transfer has a Direct Licensing si-
expediting commercial licensine.

4.11 Phred-Phrap-Consed
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05 contig matches: ]
95 problems, 0 grayzone

1107 reads total:
468 in 5 contigs;
0 exact duplicates;
239 singletons.

12 chimeras.

Contigh & =
(507 reads)
Contig4d a0

(355 reads)

Color code: red = prob
\ black = ok; blue = gr

Contig3d — 239 bp
(3 reads)

Contig2 — 304 bp
(2 reads)

Contigl 53 bp

{1 read)

Show Depths ] Show Contig Matches | Show Fwd-Rev Links

Show Reduced Depths | Show Chimera Matches | Show Same-Strand Lin

4.12 Phrap
Phrap (aligment)
Smith-Waterman Needleman-Wunsch
( BLOSUM50) ( -12
-2) E ( 1.0) Phrap
——7Z (Z-score) ( )
VA VA
Z =[s—f(m1/yg(n)
S n f(n) g)
n z 1,
n Z S
E YA S

EST
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DNA

(Johannsen W.) 1909

DNA
mRNA
DNA

(Open Reading Frame,ORF)

DNA  ORF

DNA
mRNA
( ) ( ) mRNA
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A
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l RNA l
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4.13
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(specifity) M
( ) N N
Nl N1/M
N./N
90%
( ORF )
(Hidden Markov Model , HMM) (dynamic programming)
(ruled-based system) (linguistic)
(Linear Discriminant Analysis,LDA) (decision tree)
(spliced alingment) (Fourier analysis)
4.3 claverie(1997)
HMM
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4.2 claverie 1997)
(%nucl | (Wnucl | ( exact | (%exac
) ) exon t exon) ( ) (%)
FGENEH LDA solovyev et 83 93 73 78 15 11 http://dol.imgen.bcm.tmc.edu:9331/gene-
al 1995 inder/gf.html
GenelD RB Guigo et al 69 77 42 46 28 24 http://geneid@darwin.bu.edu
1992 www . imim.es/Geneldentification/Geneid
/geneid_input.html
GeneParse | DP Snyder&Storm 66 79 35 40 29 17 http://Beagle.colorado.edu/~eesnyder/GenePa
r 0 1993 rser_html
Genie HWM,D | Henderson et 87 88 69 70 10 15 http://www-hgc. Ibl.gov/inf/genie._html
P al 1997
GenLang LM Dongé&Searls 72 79 51 52 21 21 http://www.chil.upenn.edu/~sdong/genlang_ho
1994 me.html
GENSCAN HWM,D | Burge&Karlin 93 93 78 81 9 5 http://genomic.stanford.edu/GENSC-ANW
P 1997 .html
HEXON LDA,D | Solovyer et 88 80 71 65 10 27 http://dot. imgen.bcm.tmc.edu:9331/gen
P al 1994 e-finder/gf.html
MORGAN DT 83 79 58 51 14 - http://www.cs. jhu.edu/labs/compbio/mo
rgan.html
MZEF Zhang 1997 87 95 78 86 14 7 http://Clio.cshl.org/genefinder
VEIL HWM,D | Krogh et al 83 72 53 49 19 - http://www.cs. jhu.edu/labs/compbio/ve
P 1994 il.html
LDA RB DP HMM DT Cnucl)
(%nucl) (%exact exon) ( ) (%exact exon)
(D) (%)
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2
2
2
Gene Discovey(http://bioinformatics .weizmann.ac.il)
DNA
2
PubMed GenBank  EMBL
ORF
ORF Finder Gene feature(Baylor College of
Medicine) GenLang(University of Pennsylvania) ORF DNA
BLAST ORF ORF
(global alignment)
(local alignment)
(multiple sequence alignment)
AMAS(Oxford  University)
BOXSHADE(ISREC, Switzerland)
Procite BLOCK Motif profile (block)
(motif)
PredictProtein(EMBL) NNPREDICT(University of
California)
PubMed
(alert)
Sequence Alerting(EMBL) Swiss-Shop(Switzerland)
3 (making sense of the sequence)
2001 (12 -18 ) Science Nature
Scrence “

”7(making sense of the sequence)(Galas D.J.)
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« )
“ 7z 1996 (Sacharomyces cerevisiae)
1/3
RNA
2 3
3
9
(contig) ( 400 800
)
NCBI2000 12 12
28.5Mb 43 IMb 566 250Kb  1Mb
1628 100 250Kb 100Kb
600Mb—— 20% 22Kb
( 30000 )
(Titin) (. 250Kb, 200
) ( 2Kb)
“ ””(mosaic) “ ?(scaffold)
(Venter)
1Mb 10Mb 25%
2Kb
90%
( )
( Scrence MNature )
(Drosophila)
(pseudoge) (domain) (motif)
BLAST
NCBI BLAST
BLAST BLAST

(interrupted similarity)
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(model of genes) “ *T “hand-on~~
effort) MRNA RNA (  CcDNA )
CDNA
2 ) mRNA
2
(annotation) (motif)( )

(cis-regulatory)

(heuristic methods)

(noise)

GENSCAN(http://genes.mit.edu/GENSCAN.html)

Genie Genie
(http://www_hgc. Ibl.gov/inf/genie._html) (HMM)
( )
mRNA EST GENEBUILDER GLIMMERM
FGENES GRAIL
GASPI (Genome Annotation Assessment
Project) (www. fruitfly.org/GASPI)
(Arabidopsis)
Nature  Sciece
(IHGSC) ( Nature )
““Ensembl~~ GENSCAN GENSCAN
MRNA EST
GeneWise(www.Sanger .ac.uk/software/Wise2/) GeneWise
(Venter) (
Science ) ““otto”” (rule-based expert
system for annotation)
ORF
DNA
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(ORF)
20
dbEST
ORF
ATG 100bp
300bp ORF 36Kb
ORF(>300bp)
CDNA ORF 3
CDNA KOME DATABASE
CDNA 4-0298B
4-029A
>4 029

ATCGGCCATTACGGCCGGGGACACAACAAACCAACAAACATCATAATTAACCTCTTCCTCCCAAGTAGT
CATCTGCCAACATGAAAGCCCTCGCACTCTTCTTCGTACTTTCCCTCTATCTCCTCGCCAACCCAGCTC
ATTCCAAGTTCAATCCCATCCGCCTCCGCCCCGCCCACGAAACGGCGTCGTCCGAAACTCCGGTGCTCG
ACATCAACGGCGACGAAGTCCGGGCCGGCGAAAATTACTACATTGTCTCCGCCATATGGGGCGCCGGCG
GAGGAGGCCTGAGACTCGTCCGATTGGATTCCTCCTCGAACGAATGCGCCAGCGACGTGATCGTATCCC
GGAGCGACTTCGACAACGGCGACCCGATTACCATCACGCCGGCGGACCCGGAATCCACCGTCGTCATGC
CGTCGACGTTCCAGACCTTCAGATTCAACATTGCGACCAACAAACTCTGCGTAAACAACGTAAACTGGG
GGATCAAGCACGACAGTGAATCCGGGCAATATTTCGTGAAAGCCGGCGAGTTCGTCTCCGACAATAGCA
ACCAGTTCAAGATTGAGGTGGTCAACGACAACCTTAACGCTTACAAAATCAGTTATTGTCAGTTCGGCA
CCGAGAAATGCTTCAACGTTGGCAGATACTACGACCCGTTGACCAGGGCTACGCGTTTGGCTCTCAGTA
ATACTCCCTTCGTGTTTGTGATCAAACCTACTGATATGTAATGAGCACCGGTGTTGAGGTTGCATGCAT
GTTATGGAGCTATGCTAAATAAGTAACGTTGCAACTTTGACAACGTTGTACGTGTAATAATAAGAATAA
ACATGCAATAAATCCGAGCTTGTTGTGTTGTGTAAATTTAACTATCTTAAATGAATAAGCATAATATTA
TCTATGCGAAAAAGAAAAAATAATAAAAAAAATTCATGTTCCGCCGCCTCGGCCCAGTCAACTCTGAAT
CCAAGCAAGCTTATGCATGCGGCCCAAATTCAAGCTCAATTGGCCAATTCGCCTATAGGGAGTCGTATT
ACATTCATGGCCGTCGTTTTACACGTCGGGACTGGGAAAACCCTGGGGTTACCCAACTTATCCCCTTGG
GCCCATTCCTCC

>4 029A ORF:69..755 Frame -2 Most length 687

MQPQHRCSLH I SRFDHKHEGS I TESQTRSPGQRVVVSANVEAFLGAELT I TDFVSVKVVVDHLNLELVA
I VGDELAGFHE ILPGFTVVLDPPVYVVYAEFVGRNVESEGLERRRHDDGGFRVRRRDGNRVAVVEVAPG
YDHVAGAFVRGG IQSDESQASSAGAPYGGDNVV I FAGPDFVAVDVEHRSFGRRRFVGGAEADG IELGMS
WVGEE IEGKYEEECEGFHVGR

>4 029B ORF:81..731 Frame +3 second length 651
MKALALFFVLSLYLLANPAHSKFNP IRLRPAHETASSETPVLD INGDEVRAGENYY IVSAIWGAGGGGL
RLVRLDSSSNECASDV IVSRSDFDNGDP ITITPADPESTVVMPSTFQTFRFNIATNKLCVNNVNWG IKH
DSESGQYFVKAGEFVSDNSNQFKTEVVNDNLNAYKTSYCQFGTEKCFNVGRYYDPLTRATRLALSNTPF
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VFVIKPTDM

GCG(Genetic Computer Group
TestCode GenelD  Baylor Medcine College

CpG CpG  (CpG island)

© ©) 4
CG
10% DNA
gene) 40% 5 CpG
DNA
AT
(@) 50% EST
)
BLAST

©)) EST 5 3

3°
EST
CDNA EST BLAST
CcDNA EST
Seqlab  Fragment Assembly
(consensus)
( 4.14)
EST
EST
EST STS BLAST

) STS STS

89

)
BCM Gene Finder
DNA
50% 10

DNA
(House-Keeping

CpG

EST

(domain)

EST(
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:

R B R

ABERR ABRERR
4.14 EST EST
2000
(HMM)
(mutiple alingment) (consensus sequence)
profile (block) (Hidden Markov Model ,HMM)
HMM (speech
recognition) HMM
DNA (supper family)
90 HMM
DNA HMM
(stochastic grammar) (Bayesian networks)
HMM  DNA
DNA
HMM
DNA HMM
DNA
(first order) 0 HMM
S A (transition) T=(t;:)
(emission) E=(eix)
[ i ] X
€ix HMM 2 (dice)
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(hidden)
4.15 HMM
ATCCTTTTTTTCA 2 ““DNA ””(DNA dice)
(ex=0.25,e,=0.25,e,=0.25,e,=0.25)
(ex=0.1,e,=0.1,e,=0.1,e,=0.7)

sl ol jes  ]E
025
0.1 :
Ty RnRL s
o1
0T
e
2 ‘\y'l"("l"f"l‘;i'dl"‘l;'l;‘l"( e
4.15 HMM S E

Baldi and brunak, 1998

HMM 20 4
64
3 ( ,B,coil) HMM
2 4.16 “
(left right) —_— “ 7
HMM

4.16  HWM S E | dm i
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(NN)

(backpropagation network,

Baldi and brunak, 1998

BP

HMM

S

BPN)

(self-organizing feature map, SOFM)

(Hopfield )

NN(BPN)

(HVMVD)

92

(Sigmoid)
(perceptron)

(recurrent network)
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1 Hebb
2
3 O
4 Widrow-Hoff
5
6
2 BPN
BPN
BPN
[0 1] [-1 +1]
Yi
1
01) (f,y=——
foo_)l+e OB (e 1+e“)
o) Y _aY
(-1,+1)
1+e”
BPN
error, MSE)
{C'} W £  MSE
K 2
e:iz(w-Ek -C"
K k=1
W)
W=W-p =W
P
W

MSE

93

Sigmoid

(mean squared
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A
>
W, = Wij+psX;, 8= -5
5%
\2
o 0.1 a 0.9 (-2/q 2/9) (q
) S
(conjugate gradient) (quasi-Newton)
3
1982
1986 ( BPN)
1988
GRAIL

(Gene Recognition and Analysis Internet Link)( Oak Ridge
http://avalon.epm.ornl.gov/Grail-bin/EmptyGrailForm/) GRAIL
“ 7 GRAIL

RNA
RNA RNA
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RNA RNA RNA

mRNA RNA

RNA
Watson-Crick
MFOLD M (multi)
RNAFold GCG FOLD
Michael Zuker MFOLD
VMS VNIX DOS Macintosh
MFOLD ( 4.17n)
( Don Gillbert Loop
Viewer 4.17B)
A 10 20
~~~~~~~~~~~~~~~~ a g mm—————— QUG G
AGUUGU uGee Gu QGGUC ¢
. UCGACA ACGG CA CCCAG U
AUUAUGCUGAGUGAUA A §1414] GUUGCUGAU --U U
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B
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1 80 09
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4.17 RNA A (B) GCG  FOLD
Squiggles
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1995 Fleischmann et
al. Whole-genome random sequencing and assembly of Haemophilus
influenzae. Science. 1995 269:496-512 NATURE — SCIENCE

Article

1977 First biology: Phage X174 (5.386kb)

Sanger F, Air G M, Barrell B G, et al. Nucleotide sequence of bacteriophage
phi X174 DNA. Nature, 1977, 265:687-695

1982 Phage lambda genome

Sanger F, Coulson AR, Hong GF, Hill DF, Petersen GB. Nucleotide sequence
of bacteriophage lambda DNA. J Mol Biol. 1982, Dec 25;162(4):729-73

1983 Phage T7 genome (39.937kb)

Dunn,J.J. and Studier,FW. Complete nucleotide sequence of bacteriophage
T7 DNA and the locations of T7 genetic elements. J. Mol. Biol. 1983, 166 (4),
477-535

1995 First bacterial genomes (1.8 Mb)

Fleischmann et al. Whole-genome random sequencing and assembly of
Haemophilus influenzae Rd. Science. 1995 Jul 28;269(5223):496-512

1996 Yeast genome

Genome sequence of the yeast S. cerevisiae Overview of the yeast genome.
H. W. MEWES et al. Nature 387, suppl. 7-8 (29 May 1997)

1997 E. coli genome

The Complete Genome Sequence of Escherichia coli K-12. Frederick R.
Blattner, et al. Science, Volume 277, Number 5331, Issue of 5 Sep 1997, pp.
1453-1462.

1998 Worm (multicellular) genome

Genome Sequence of the Nematode C. elegans: A Platform for Investigating
Biology. The C. elegans Sequencing Consortium. Science Dec 11 1998:
2012-2018.

1999 Fly genome

The Genome Sequence of Drosophila melanogaster. Mark D. Adams, et al.
Science Mar 24 2000: 2185-2195.

2000 First plant genome: Arabidopsis thaliana

Analysis of the genome sequence of the flowering plant Arabidopsis thaliana.
THE ARABIDOPSIS GENOME INITIATIVE. Nature 408, 796-815 (14
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December 2000)

2001 Human genome

The Sequence of the Human Genome. J. Craig Venter, et al. Science Feb 16
2001: 1304-1351.

Initial sequencing and analysis of the human genome. THE GENOME
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