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€ 77——DNA (AT G O 20
(ARNDT COQEGHTILKMFPSTWY V)—

Science 2001 2 16 “

”?(Roos DS Bioinformatics—Trying to swin in

a sea of data Science 2001 291 1260-1261) “

20
(
)
(primary databases)
(domain) (secondary databases)
10 2000

100 ( )
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1.1

(LR =y R~ K]

thPAaIMEOMan

Claverie

Nucleotide sequences Protein structures
GenBank ; POB
:f.__::,.: ¥ - A "{'-'
il [ F
s
£l
v
=]
5

1985 1975 1945 1393%

1965 1975 1905 1593E

Protein sequences Bibliographic
SWISS-PROT
a
. | -
KRRSA }
C
;
=}
5
1365 1975 1945 1335 1365 14875 1305 13355
GenBank
SWISS-PROT NCBI
DNA
3
@) 3

2000

of similar sequences.””

““Bioinformatics is the science of using
information to understand biology. It's the discipline of obtaining information
about genomic or protein sequence data. This may involve similarity searches
of databases, comparing your unidentified sequence to the sequences in a
database, or making predictions about the sequence based on current knowledge

2000

PDB

@
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Primer {-\\
Pradiction-

design Contig
w E-qunnﬂ‘ﬂ Creation
RMA
Structure J
Mapping . NUCLEIC ACID .’ Nucleic Acid
SEQUENCE Seq Analysis
R Mait pt
] G+C%
1d ORFS \ ““d;:‘;:'l:"“
Sequenca Databas Coding Regions !
comparisan e Similarity
align with gaaroy RETRIVAL
best hits Translate
(‘[‘ Sequeance
Multipie ; ‘& 'd"
Sequar.u;a PIIﬂTEIHh-_ﬁ Protein
Comparizon . SEQUENCE Boq Analysis
=conserved palterns s i
Sfamily groups Pi
possible functions, Molac. Wi
maolifs, structures aa composition
charge

Phylogany Structure Predict
-evalulionary Prediction Function Functional
patationahing Ganomics
Structure
Analysis KIS&C
1-2 - >z http://www_kisac.ki.se/
60 (Pauling)
(Bioinformatics)”” 1990 ( “A term coined in 1990 to define
the use of computers in sequence analysis” (Claverie, 2000)
Hwa A. Lim 2002
( )
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> NCBI

Pubted

Entrez

Tools for data mining

Taxonarmy Structure

MBI
SITE MAR

BLAST
standard tool
for sequence
analysis

IE.?Iusters of
Orthologous
Groups

ORF finder
finds open
reading
frames

1.3

biology)

Search | GenBank = for |

BLAST Ohlhd
E

rp™ The Basic Local Alignment Search Tool
(BLAST), for comparing gene and protein sequences

BLA AST), forcompar .
against others in public databases, now comes in

seweral flavors including PSI-BLAST, PHEBLAST, and BLAST 2 sequences.
Specialized BLASTs are also available for hurnan, microbial, and malaria
genomes, as well as for vector contamination, immunoglubuling, and tentative

hurman consensus sequences,

Clusters of Orthologous Groups (COGs) currently cavers 21
complete genomes from 17 major phylogenetic lineages. A COG is
a cluster of wery similar proteins found in at least three species.
The presence or absence of a protein in different genomes can tell
us about the evolution of the arganisms, as well as point to new
drug targets.

ORF finder identifies electroiic Electronic
all possible ORFsin a PCR allows
DMA sequence by | Gorioio11, AcooT| you to search
locating the standard wour DA

and alternative stop
and start codons. The
deduced amino acid

sequence for sequence tagged site
(ST, which have been used as
landmarks in various tvoes of genomic

NCBI
finder Electronic PCR

BLAST COG

””(computational
> (computational molecular biology) “*

>?(biomolecular informatics)

ORF

[ “Strictly speaking, bioinformatics is a subset of the large field
of computational biology, the application of quantitative analytical techniques in
modeling biological system.” (Gibas and Jambeck, 2001)]

Bioinformatics (2000,vol 16 no.3
2002 2 47-52)
O -
2
)"
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(
) ( )
( ) —
3 ”
60-70
( )
( )
1.2 “
>”(bioinformatics)
3 @D (60-70 )  Dayhoff Neel leman-Wunsch
¢ - T )
2 2 (80 ) BLAST
1982
BLAST FASTA
3
G - )
Phred-Phrap-Consed
1993 1995
BLAST
( Science 2001 2 16 ““A history of
Human Genome Project”” )
GenBank ( 1.1)
Bioinformatics

(www.bioinformatics.oupjournal .org)
Computer Applications in the Bioscience (CABIOS) 1998
Bioinformatics
Applied Bioinformatics
Briefings in Bioinformatics Journal of bioinformatics and computational
biology Genomics, proteomics & bioinformatics Proceedings / IEEE
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Computer Society Bioinformatics Conference BMC
Bioinformatics (www.biomedcentral.com)

Nucleic Acids Research Genome Research Genomics J. Mol.
Biol. BioTechniques BioTechnology Software
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1.2

1962 Pauling
1967 Dayhoff
1970 Needleman-Wunsch
1977 Staden DNA
1981 Smith-Waterman
1981 (motif) (Doolittle)
1982 GenBank (Releasel) EMBL
1982 -
1983 Wilbur Lipman (Wilber-Lipman

)
1985 FASTP/FASTN
1988 (NCBI)
1988 EMBnet (GenBank EMBL

DDBJ)
1990 BLAST
1991 (EST) EST
1993 Sanger
1994 Hinxton
1995
1996
1997 PSI-BLAST(BLAST )
1998 PhilGreen Phred-Phrap-Consed
1998
1999
2000
2001
* (NCBI)Education-Bioinformatics Milestone(2000)

1999 PhilGreen

** Needleman SB, Wunsch CD. A general method

applicable to the search for similarities in the amino acid sequence of two proteins. J
Mol Biol. 1970 48(3):443-53 Staden R. Sequence data handling by computer.
Nucleic Acids Res. 1977 4(11):4037-51 Smith TF, Waterman MS. Identification of
common molecular subsequences. J Mol Biol. 1981 25;147(1):195-7 Doolittle RF.
Similar amino acid sequences: chance or common ancestry? Science. 1981
214(4517):149-59 Wilbur WJ, Lipman DJ. Rapid similarity searches of nucleic acid
and protein data banks. Proc Natl Acad Sci U S A. 1983 80(3):726-30 Lipman DJ,
Pearson WR. Rapid and sensitive protein similarity searches. Science. 1985
227(4693):1435-41 karlin S, Altschul SF. Methods for assessing the statistical
significance of molecular sequence features by using general scoring schemes.
Proc. Natl. Acad. Sci. USA, 1990, 87:2264-2268
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(NCBI) (1989-1999) NCBI
( 1.5) (1989) BLAST (1990) Entrez
(1991) GenBank (1992) Entrez 3-D (1993) NCBI
(1994) (1995) (1996) PubMed
(1997) GenBank 10 (1998) (1999) GenBank
NCBI

1.4 Phil Green Phred-Phrap-Consed

1.5 MNature Science 2001 2 15 16 Science
Celera



http://ibi.zju.edu.cn/bioinplant/

1.6 (NCBI) (1989-1999) NCBI 1999
. Human Genome »
- DiHass T 25 LocusLink
(&%) RefSeq Microbial
dbSMP Genomes 3000
PHI-BLAST
CGAP

l 2500
PubMed

PSI-BLAST

Gapped BLAST

COGs

WAST

ePCR

2000

UniGene
Congressional 10 GeneMap - 1500
legislation Structures OMIM
establishing MCEI BankIt Sequin
was signed on Network Genomes Cni2D
November 4, 1988 Entrez Taxanomy | - 1000
. . +
GenBank WAWW

1989

**

1989
1990
1991
1992
1993
1994
1995

1996

1997

1998

1999

at NCBI dbSTS

BLAST Entrez dbEST 500

I

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999

GenBank DNA ( )
NCBI 1988 11
BLAST
Entrez ( )
GenBank NCBI NCBI EST( ) (dbEST)
Entrez Entrez
NCBI STS( ) (dbSTS)  NCBI
GenBank DNA Banklt
NCBI
UniGene GeneMap( )
OMIM(Online Mendelian Inheritance in Man) Cn3D
Sequin
PubMed PSI-BLAST(Position-Specific Iterated
BLAST)  Gapped BLAST( ) VAST  PCR
ePCR COG(Clusters of Orthologous Groups)
20 PHI-BLAST(Pattern Hit Initialed BLAST)
(CGAP)

Locuslink RefSeq  dbSNP
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Ouzounis  Valencia 2003 Christos A. Ouzounis and Alfonso Valencia.
Early bioinformatics: the birth of a discipline ------ a personal view.
Bioinformatics. 2003, 19(17): 2176-2190 10 90

““TOP 20 PAPERS”~ 1.3

Smith-Waterman (1981)

1.3
2003

Publication

Zuckerkandl and Pauling, [965b
Fitch and Margoliash, 1967
Meedleman and Wunsch, 1970
Lee and Richards, 1971

Chou and Fasman, 1974
Tanaka and Scheraga, 1975
Dayhoff, 1978

Hagler and Honig, 1978
Doolittle, 1981

Felsenstein, | 981

Richardson, 1981 a

Kabach and Sander, | 984

Novotny ef af., 1984
Chothia and Lesk, 1986
Doolittle, 986

Feng and Doolittle, 1987

Lathrop efal., 1987

Ponder and Richards, [987
Altschul ef af., 1990

Bowie e al., 199]

DNA  RNA

20 Ouzounis and Valencia

Comments

First use of molecular sequences for evolutionary studies

Use of molecular sequences to build trees

First implementation of dynamic programming for profein sequence comparison

Calculation of accessibility on protein structures

First secondary structure prediction method

Simulation of protein folding

First eollection of protein sequences

Ome of the first explicit attempts to simulate protein folding

Seminal paper examining divergence and convergence in protein evolution

Ome of the first statistical treatments of evoluticnary tree construction

The most comprehensive description of protein structure to that date

Discovery with profound implications for model building by homology and structure
prediction

The inability of distinguishing correct from incorrect structures threw back structure
prediction approaches for a long while

Examination of divergence between sequence and structure

[nfluential bock on sequence analysis

The first approach for an efficient multiple sequence alignment procedure, later
implemented in CLUSTAL

Ome of the first applications of Artificial Intelligence in protein structure analysis and
prediction

The very first threading approach, using sequence enumeration

The implementation of a sequence matching algorithm based on Karlin's statistical
work

The first implementation of protein structure prediction using threading

80

DNA

10
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PCR

DNA

P:.;“‘"f NEBRETTR |

DNA 2001
(capillary electrophoresis) (photolithography)
(robotics technology)
GenBank 10° DNA
EST

(phylogenetic tree)

Gibas and Jambeck
Developing Bioinformatics Computer Skills (C. Gibas and P. Jambeck,
O’REILLY, 2001)

11
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*You should have a fairly deep background in some aspect of molecular

biology. ...but without a core of knowledge of molecular biology you will, as one
person told us, “run into brick walls too often.”

*You must absolutely understand the central dogma of molecular biology.

*You should have substantial experience with at least one or two major molecular
biology software packages, either for sequence analysis or molecular modeling.
*You should be comfortable working in a command-line computing environment.
*You should have experience with programming in a computer language such as
C/C++, as well as in a scripting language such as Perl or Python.

BLAST
GenBank EMBL  DDBJ
BLAST
DNA MRNA (spatial and temporal pattern)
(alignment)
(motif)
« )
(primary data)
@ )
(Human Genome Project
HGP)
( )
(Celora)
( )
(GenBank/EMBL/DDBJ)
5 (Bermuda Conventions)
5 (postgenomic

era)

12
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(http://www. ipc.pku.edu.cn/)
(www.biosino.org.cn)
http://ibi.zju.edu.cn

13
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DNA (Crystallography)
EPD
(motif) PROSITE
(entry)
(annotation)
( )
DNA
DNA 3 DNA
( 2.1) (European Molecular Biology
Laboratory, EMBL)( ) GenBank[
(National Center for Biotechnology Information, NCBI)
(NIH) ] DNA (DNA
Databank of Japan,DDBJ) 3 1988
DNA
EMBL GenBank DDBJ
3
3 Public Sequence
Database 3 DNA
(24

10
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2.1 DNA
(Database) (Address)
EMBL www.ebi.ac.uk/ebi_docs/embl_db/ebi/topembl _html
GenBank www.ncbi.nlm.nih.gov/Genbank/GenbankSearch.html
DDBJ www.ddbj.nig.ac.jp
DNA EMBL 20 ( 2.2)
22
(EST) EMBL
9
2004 12 EMBL (Release81) DNA 800
4
(species) 3
( 2.3) EMBL
EST ( 2.4)

(HTG) EMBL  GenBank

(

2.1)
2.2 EMBL DNA
(Release) (Month) (Entries) (Nucleotides)

Release 1 1982 6 568 585433
Release 7 1985 12 5789 5622638
Release 25 1990 11 41580 52900354
Release 29 1991 12 57655 75400487
Release 33 1992 12 89100 111413979
Release 37 1993 12 146576 158171400
Release 41 1994 12 230950 226259607
Release 45 1995 12 622566 427620278
Release 49 1996 12 1047263 696183789
Release 53 1997 12 1917868 1281391651
Release 57 1998 12 3046471 2164718256
Release 61 1999 12 5303436 4508169737
Release 65 2000 12 9549328 10710321435
Release 69 2001 12 14366182 15383451165
Release 73 2002 12 20857746 27903283528
Release 77 2003 12 30351263 36042464651

Release 81 2004 12 46105397 79271300840

11
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2.3 EMBL 2004 12 (Release81)
(Division) (Code) (Entry) (Nucleotide)
ESTs EST 24481418 12837493911
Fungi FUN 110405 221397562
Genome Survey Sequences GSS 10726912 6608825736
High Throughput Genome HTG 68564 11613533555
Human HUM 292205 4126190851
Invertebrates INY 175545 677544114
Other Mammals MAM 70355 341455910
Organelles ORG 314215 270405172
Patents 2276431 1332968224
Bacteriophage PHG 2625 12989224
Plants PLN 287510 1084488061
Prokaryotes PRO 282227 993811176
Rodents ROD 31538 110601526
STSs STS 380660 168545968
Synthetic SYN 14240 22721647
Unclassified UNC 2869 2823924
Viruses VRL 262346 241496438
Other Vertebrates VRT 113601 879447919
Total 39893666 41546740918
2.4 EMBL EST (Release 81)
(Subdivision) (Comments)
est_fun.dat est_fun05.dat EST
est_hum.dat est_hum57.dat EST
est_inv.dat est_inv3l.dat EST
est_mam.dat est_mamll.dat EST
est_pln.dat est_plInb5.dat EST
est_pro.dat est_pro0l.dat EST
est_rod.dat est_rod07.dat EST
Est vrt.dat est_vrt27.dat EST
(Saccharomyces cerevisiae), (Methanococcus
janeschir) 3 (Haemophilus influenzae)

(Mycoplasma genitaliam)
EMBL

12

(Escherichia coli)

2.5
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2.5

Organism (Address)

Aspergillus http://www._ncbi.nlm_nih.gov/genome/guide/aspergillus

Bee http://www.ncbi.nlm_nih.gov/genome/guide/bee

Cat http://www._ncbi.nlm_nih_gov/genome/guide/cat

Frog http://www._ncbi.nlm_nih_gov/genome/guide/frog

Mouse http://www.ncbi.nlm_nih.gov/genome/guide/mouse

Rat http://www._ncbi.nlm_nih.gov/genome/guide/rat/index.html

Dog http://www.ncbi.nlm_nih.gov/genome/guide/dog

Cow http://www.ncbi.nlm_nih.gov/genome/guide/cow

Pig http://www.ncbi.nlm_nih.gov/genome/guide/pig

Sheep http://www.ncbi.nlm_nih.gov/genome/guide/sheep

Chicken http://www._ncbi.nlm_nih.gov/genome/guide/chicken

Zebra fish http://www._ncbi.nlm_nih.gov/genome/guide/zebrafish/inde
x.html

Sea urchin http://www._ncbi.nlm_nih.gov/genome/guide/sea_urchin

Caenorhabditi http://www.ncbi.nlm.nih.gov/genome/guide/nematode

s elegans

Dictyostelium http://www.ncbi.nlm_nih.gov/genome/guide/dicty

discoideum

Drosophila http://www._ncbi.nlm.nih.gov/genome/guide/Tly

Mosquito http://www._ncbi.nlm_nih.gov/mapview/map_search.cgi?chr=
agambiae.inf

Chimp http://www._ncbi.nlm_nih.gov/genome/guide/chimp

Human http://www._ncbi.nlm_nih.gov/genome/guide/human

Arabidopsis http://www._ncbi.nlm_nih.gov/mapview/map_search.cgi?taxi
d=3702

Cotton http://algodon.tamu.edu

Maize http://www._ncbi.nlm_nih.gov/mapview/map_search.cgi?taxi
d=4577

Rice http://www._ncbi.nlm_nih.gov/mapview/map_search.cgi?taxi
d=4530

Wheat http://www._ncbi.nlm_nih.gov/mapview/map_search.cgi?taxi
d=4565

Barley http://www._ncbi.nlm_nih.gov/mapview/map_search.cgi?taxi
d=4513

Soybean http://www._ncbi.nlm_nih.gov/mapview/map_search.cgi?taxi
d=3847

Tomato http://www._ncbi.nlm_nih.gov/mapview/map_search.cgi?taxi
d=4081

Sorghum http://www._ncbi.nlm_nih.gov/mapview/map_search.cgi?taxi

d=4557

13
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( 2.6)
DNA RNA (

(1977) 53kb 1987
1990
(1995) (1996) (1998)
(1999) (2000)
80 EMBL

Chimp Fruit Fly 2.6
(European Bioinformatics
Institute EBI)
(www.ebi .ac.uk/genomes/) 2.1
Genome MOT 2.2

2000 6 26 EMBL
HTG HUM 3.2
(Gigabases)
30-40%

“Nmums Vﬂ I_':-D
L-EBI
uropean Bioinformatics Inafitute

EEi Home | Aboui EB Reseanch Serdoes Toolke m Diowmioads. Submissions
Atthe EBI

Access to Completed Genomes

= Arthags
= Bthond Tha fired comgleted garsmas from Wrusss, phenes snd orosnslles wers deporiad inta ks EMEL Dsabesa i
- Bukcaryota rnglecular Eealogy's shifl 1o oblsn Ihe complete sequences of a3 many genomes &% possible combersed walth ma
sogquencing techmology mesulted m hundieds of complete genome soquences being added Lo the database, inch
= Diganelle Euwtargnia. These weh pages give access 10 a large number of complate genomes_ help i available 1o describe @
. i Whale & Shotgun 5 WGES5)
ale Fenane Un Sequencas
= Plasmid A
= Wgid BMathods using whale genome shalgun data se used 1o gam & large amouwd of gandme coverage for an cogares:
- WS mumiber of organisms ane being submitied vo DDEVEMELGenBank and are made awailable vwa EBMN: Sequence
BEEcTEre £blacuk and the EBI FTP sener at feomo.eblac usoukidata st iemblivat!
© Links More indimalcn ADOUL'YWEE Dimiecis
- W4 info
Human Draft Gansme
* GRNOMS Fevigws
* Inbegrit (protomos) The comglétion of the human drafl genome sequence was annoonced and published in Febeuary 2001 in Matrs
« KAy Cononos Beginning of the Human Genome Praject, the intemational Human Genome Sequencing Consortium has baen §

soquence data 1o 1he Inbemational Mucleotide Sequence Databases DORVEMBL/ GenBlank  High-throughput hu
= Faglad Sones rngds pvalabls 1o ke pulshe immisdistely wa the EMHEL Datshass high-fhroughput gamoms dsigian [HTG), whids 1

Been micluded i the Human didgion (HUD

2.1 (EBD)

14
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BL-EBI

uropean Bioinformatics Institute

Genome Monitoring Table
EME-L Muclemrdn Sﬂquancs Datnhasa

3 t pra-computod cutoft | 1000 |'_:£|
Latsating All Genome MOT specles - cutoff 1000 nucleotides
SRoulibe Senome SOT
SN Species 5 Sequenced pCSsauenced  Fished DR 2004 2003
fm Homo sapiens
= CLEMGEOS Total == azas T .2 A53.F L2T2IDIAIZ0 ZIBAVAEINS correraiil 2I8TiRR48
CL RO CNE RS
: % Casnorhabditis elegans (fMinished)
: &m‘tﬂuﬂ:’ > Total == 97.1 Ziz.m Fad.A4  FTOGIINASA  FTTOFTIAN raan maoanEs
%l i ::;:‘::u:l;ﬂ 3.0 L1 FOLIL7IE4  GAAFRAIDS N EEd NANNEOBDE
Iﬂj_ N R Arabidopziz thallana [finishad)
2.2 Genome MOT
2004 2 29 2.6
2.6 Genome MOT 200472729
Species %Sequenced %
P size | finished Sequenced Finished Draft
finished+draft | total nt total nt
(Mb)
Homo sapiens 3286 |387.2 4537 12723934328 | 2185946385
Caenorhabdrtis | o, | | 515 g 241 .4 206599454 | 27827245
elegans (finished)
Arabidopsis
thaliana (finished) 118 205.0 207.6 241889120 3060859
Drosophila
melanogaster 135.6 | 324.0 432 .3 439303114 146899025
(finished)
Danio rerio 1700 | 23.0 60.9 391317914 644594335
Mus musculus 3059 |134.0 197.4 4099660644 | 1938348462
] Rattus| 400 | 1.8 170.6 52581865 | 5066240322
norvegicus
Schizosaccharonyces | |4 o | 505 4 205.7 28386200 | 0
pombe (finished)
Saccharomyces
cerevisiae 12.1 | 274.9 274.9.7 33258957 0
(finished)

15
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SWISS-PROT PIR
EMBL  GenBank (mirror) SWISS-PROT
EMBL
(EBI)
SWISS-PROT SWISS-PROT
EMBL  DNA
(ORF)  DNA SWISS-PROT
TREMBL(Translated EMBL) TREMBL
EMBL
PIR
(NCBI) GenBank  DNA PIR « ) 4
¢ 2.7
2.7 PIR (Release 80)
(Name) Comment (Number of entries)
PIR1 (Classified and 20685
annotated )
PIR2 (Annotated ) 262300
PIR3 (Unverified ) 24
PIR4 (Unencoded  or 407
untranslated )
2.8
2.8
( Database ) ( Address )
SWISS-PROT http://ww.ebi.ac.uk/swissprot/
TREMBL http://www.ebi.ac.uk/trembl/
PIR http://pir.georgetown.edu/
4
PDB PDB
PDB (NMR) NRL-3D
PDB
PDB
(multiple sequence alignment) HSSP(homology-derived
structures of proteins)
HSSP SWISS-PROT

16
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SCOP(Structural classification of proteins)

CATH SCOP
2.9

(Database) (Address)
PDB http://www.rcsb.org/pdb
NRL-3D http://pir._georgetown.edu/pirwww/search/textnri3d.html
HSSP http://www.sander.embl-heidelberg.de/hssp
SCOP http://scop.mrc-Imb.cam.ac.uk/scop
CATH http://www._biochem.ucl.ac.uk/bsm/cath

DNA EMBL

( 2.2) 2.10

17
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I LISoD ztandard:; DNA: PRO: T56 EP.
X

AC £E4011: 578872:

X

3V £64011.1

X

T 25-APR-1992 (Rel. 31, Created)
DT 30-JUN-1993 (Rel. 38, Last updated, Wersion B)

¥

DE L.iwvanovii =od gene for superoxide dismutasze

¥

KW =zod gene,; superoxide dizmutase.

X

Qs Lizteria iwvanowviil

ac Bacteria; Firmicutes; Bacillus/Clostridium group;
oc Bacillus/S5taphvlococcus group; Listeria.

X

[1]

MEDLINE; 92140371.

Haaz A., Goebel W. .

“"Cloning of a superoxide dismutase gene from Listeria iwanowii by
functional complementation in Eszscherichia coli and characterization of the
gzene product.”;

Mol. Gen. Genet. 231:313-322{1992).

1-T56
Kreft T.;

EN

EX

Fa

ET

ET

ET

FL

i

RN [2]
FF

Fa

ET ;
EL Submitted (Z21-APR-1892) to the EMEL/Genbank/DDE] databaszes.

EL J. Ereft, Institut f. Mikrobiologie, Uniwverszsitaet Wuerzburg, Biozentrum Am
EL Hubland, 8700 Waerzburg, FRG

X
R

SWISS-PROT: P28TA3: S0DM_LISTV.

iE

FH Kevw Location/Qualifiers

FH

FT ZOUrce 1.. 786

FT Fdb_zref="taxon: 1638"

FT Forganism="Listeria ivanovii”

FT Fatrain="ATCC 191197

FT EES 95.. 100

FT fzene="=zod"

FT terminator T23..T486

FT fzene="=zod"

FT CDh3 109,717

FT Fdb_wref="SWISS-PROT:F25763"

FT Ftransl_table=11

FT feene="=z0d"

FT FEC_rumber="1.16.1.17

FT fproduct="superoxide dismutasze”

FT fprotein_id="CAld5406. 17

FT Ftranzlation="MTYELPELPYTYDALEPNFDEETME IHY TEHHNIVVIELNEAVSG

FT HAELASKPGEELVANLDSVPEE IRGAVREIHGGCGHANHTLFWSSL SPNGGGCAP TGHLEAL

FT IESEFGTFLEFEERFNAL LA AREC SCWANL VVNNGELE IV TANGDSPLSEGK TRVLGL

FT DVWEHATYLEFQNRRPETID TFWITV INWDERNERFDALE ™

X

oA Sequence THE6 BP; 247 &4; 136 C; 161 G; 222 T; 0 other:
cgttatttaa getgttacat agttctatzg aaatagggtc tatacctttc goocttacaat G0
gtaatttctt ttcacataaa taataaacaa teocgaggage aatttttaat gacttacgaa 120
ttaccazaat taccttatac ttatgatgct ttgzgagocga attttgataa agaaacaats 180
gaaattcact atacaaagca ccacaatatt tatgtaacaz aactaaatga agcagtctcea 240
ggacacgcoag aacttgcaag taaacctgzgzg gazagaattaz ttgzctaatct agatageogtt 300
cctgaagaaa ttcgtggege agtacgtaac cacggtggte gacatgoctaa ccatacttta 360
ttctggtota gtottagocoe azatggtogt ggtgotocaa ctggtaactt aaaagcagea 420
atcgaaageg aattcggocac atttgatgaa ttcaaagaaa aattcaatge ggocagcotgcg 480
gotogtttts gttcaggates ggoatgscta gtagtzaaca atggtaaact agaaattett 540
teocactgeta accaagatte tcocacttage gaaggtaaas ctocagttet tggottagat aquii]
gtttzggaac atgottatta tottazaattc cazaaccgtc gtoctgaata cattgacaca 660
tTtttgzaatg taattaactes ggatgaacga aataaacget ttgacgoage aaaataatta 720
togaaaggot cacttaggtg ggtottttta tttocta TB6

2.3 EMBL ( X64011) 2.10

18
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2.10 EMBL
(Code)  (Full meaning) (Comments)
ID identifier
EMBL
(
standard )
AC accession number
GenBank

DT data 2
DE description
KW keywords
0S organism(species)
0C organism(classifi

cation)
0G Organelle
RN reference number
RC reference comment
RP reference

positions
RX cross-reference
RA reference authors
RT reference title
RL reference location
DR database

cross-reference
FH feature header
FT feature table data
CC comments
XX spacer line
SQ sequence header
blank sequence data
// termination line

(database cross-reference, DR)
OMIM(Online Mendelian

Inheritance in Man)

19
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EMBL EMBL
DR OMIM ~ OMIM ( 2.3)
DR DNA SWISS-PROT
DR DNA
DR SWISS-PROT EMBL OMIM PROSITE(
) HSSP PDB MEDLNE( RL
) PIR (feature table
data, FT)
3 DNA (EMBL GenBank  DDBJ)

www.ebi.ac.uk/ebi_docs/embl_db/ft/feature table.html

DNA (ORF) PID
ORF
SWISS-PROT EMBL
EMBL ORF SWISS-PROT
2 Entrez( ) SRS(Sequence retrieval
System)( EMBL Theore Etzold )
SRS SRS
SRS
owL
SEQNET (www._segnet.dl.ac.uk/srs/srsc) SRS owL
EBI SRS owL
( 1 )
SRS
DR
SRS 2.4 EBI SRS
““Search sequence libraries”” (
2.5) (text)

(and,or,not) ““DO-QVERY~~

20
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@ sks

Permanent Session

Start
Databanks

Information

2.4 SRS

DATABANKS

RESULTS

SESSIONS

Reset | search EMEL Info| about field [AllText

Subnit Query| separate multiple values by & {and), [ {or), ! {and not)

.append |P.11Tex't =] |
wildcards |P.11Tex-t L”
to words |A11Text ;Il
~ [A11Text =
combine
searches retrieve entries of type

with IEn‘try vl

Exme

Mumber of llze predefined view
entries |=|c Namez only * |
to

display freate your own view [ID il
peEr page Divizion
|3EI -I Display in ACCNMb?r

c List SeqVerzion

NID
* Table Molecule

Extended Description LI
LU=l Seduence I embl - I

form format

2.5 SRS

21
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DNA
(redundancy) DNA

3 DNA

(non-redundant,nr)

e 77 2
2
DNA
(artifacts)
@
(2) (heterologous) CDNA
€)
4) CDNA ( Alus)
®)
( )
EBI
http://www._ebi.ac.uk/blastall/vectors.html EMBL BLAST
EMVEC EMVEC EMBL
SYN(synthetic division) 2000
EMBL
! F R E

1998

22
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EMBL
GenBank DDBJ
EMBL EBI ( ) EMBL
WEBIN(http://www.ebi.ac.uk/embl/Submission/webin_html)
(Bulk
submission) GenBank
Sequin(http://www.ncbi.nlm.nih.gov/Sequin/index.html) NCB1
(Mac/pc/unix) EMBL GenBank  DDBJ
(
)
D) SWISSPROT PIR GenBank EMBL dbEST
( )
) (Version)
€))
(off-site) (
E-mail Internet)
2
4) (substitution matrix)
(aligning)
5) (gap penalty) ( FASTA)
E-mail FTP
Www E-mail

EBI mail to
netserv.ebi.ac.uk
X55652 DNA ““GET NUC X55652~~ EBI

1998

23
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FTP
FTP(file transfer protocol)
““anonymous””( ) E-mail
WWW
FASTA
BLAST  BLITS ( 3 ) E-maill

24
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(alignment)
( )
1
DNA
3.1 9 DNA 3.2
Gr  Ar) (shen
1981)
500 = £ >
3.1 DNA
A C G T
A LAMCG 0.25 0.24 0.25 0.26 48502
Tz PT7 0.27 0.23 0.24 0.26 39936
DX174 PX1CG 0.24 0.22 0.31 0.23 5386
MCACGDH 0.37 0.21 0.23 0.19 8016
BK  PVBMM 0.30 0.20 0.30 0.20 4936
B HPBAYW 0.28 0.22 0.23 0.27 3182
HUMMT 0.31 0.31 0.25 0.13 16569
BOVMT 0.33 0.26 0.27 0.14 16338
MUSMT 0.35 0.24 0.29 0.12 16295
* GenBank
! eir B S ( )- —

1996

24
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3.2
A C G T
5% ) 1000 0.33 0.23 0.22 0.22
37 ) 1000 0.29 0.15 0.26 0.30
4) 1996 0.27 0.17 0.27 0.29
(6) 882 0.24 0.25 0.28 0.22
) 2487 0.32 0.19 0.18 0.31
* EMBL HSGLBN
DNA
Pu u Puv
u 4
Puw # Py Py
Nussinov(1984) ( 3.3) 166
DNA 136731 16
3.3
/ -

TG 1.29

CT 1.26

cC 1.18

AG 1.16

AA 1.15

CA 1.15

GG 1.14

T 1.07

GA 10.4

TC 1.00

GC 0.99

AT 0.85

AC 0.84

GT 0.82

TA 0.65

CG 0.42

3.1 £ mRNA 438
3.4 4 16 4x4

25
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2 2 _
27 =59.3(¥00s0 =16.92) , (
GTGCACTGGA CTGCTGAGGA GAAGCAGCTC ATCACCGGCC  TCTGGGCAA GGTCAATGTG 60
GCCGAATGTG GGGCCGAAGC CCTGGCCAGG CTGCTGATCG TCTACCCCTG GACCCAGAGG 120
TTCTTTGCGT CCTTTGGGAA  CCTCTCCAGC CCCACTGCCA  TCCTTGGCAA  CCCCATGGTC 180
CGCGCCCACG GCAAGAAAGT GCTCACCTCC  TTTGGGGATG  CTGTGAAGAA CCTGGACAAC 240
ATCAAGAACA CCTTCTCCCA ACTGTCCGAA  CTGCATTGTG ACAAGCTGCA TGTGGACCCC 300
GAGAACTTCA GGCTCCTGGG  TGACATCCTC ATCATTGTCC TGGCCGCCCA  CTTCAGCAAG 360
GACTTCACTC  CTGAATGCCA  GGCTGCCTGG CAGAAGCTGG TCCGCGTGGT  GGCCCATGCC 420
CTGGCTCGCA  AGTACCAC
3.1 B DNA
(GenBank CHKHBBM J00860)
3.4 3.1 B
A C G T
A 23 26 23 15 87
C 37 51 14 41 143
G 25 38 36 19 118
T 2 29 41 14 89
87 144 117 89 437
DNA
3.5 3.1
3.5 3
3 2

26
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3.5 64 3.1
UuU Phe 3 UCU Ser 0 UAU Tyr O UGU Cys 2
UuUC Phe 5 UCC Ser 5 UAC Tyr 2 UGC Cys 1
UUA Leu O UCA Ser O UAA Stop O UGA Stop O
UUG Leu O UCG Ser 0 UAG Stop O UGG Trp 4
CW Leu 1 CCU Pro 1 CAU His 3 CGU Arg O
CUC Leu 6 CCC Pro 4 CAC His 4 CGC Arg 3
CUA Leu O CCA Pro 0 CAA GIn 1 CGA Arg 0
CUG Leu 11 CCG Pro O CAG GIn 0 CGG Arg 0
AU lle 1 ACU Thr 3 AAU Asn 1 AGU Sre 0
AUC Ile 6 ACC Thr 4 AAC Asn 6 AGC Ser 2
AUA 1le O ACA Thr 0 AAA Lys 1 AGA Arg 0
AUG Met 1 ACG Thr 0 AAG Lys 9 AGG Arg 3
GUU Vval 0 GCU Ala 4 GAU Asp 1 GGU Gly 1
GUC val 5 GCC Ala 11 GAC Asp 5 GGC Gly 4
GUA val 0 GCA Ala 0 GAA Glu 4 GGA Gly o
GUG Vval7 GCG Ala 1 GAG Glu 3 GGG Gly 3
(Markov chain) (Javare  Giddings 1989)
k
k i
i-1
0
) 2
(direct repeats) Karlin (1983)
(word)
a, A CGT 0 1
[
2 3 X1 X X K 1+ a4
i=1
1 & 5 TGACC 143442 4°+0
> 4*+1><4'+1><4°=459 K
k k
3.6 TGGAAATAAAACGTAAGTAG 2 (k=2)
2 2
4 2
4 5 8 9 10 15 1 2
3 3.7 1 45 49
3 4

27
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4 8 9 ARA 13 17 GTA 7 14
TAA 3.1 B DNA
3.8
3.6 TGGAAATAAAACGTAAGTAAGTAG 2 (Karlin 1983)
1 4,5,8,9,10,15 9 3
2 11 10 -
3 16,19 11 2
4 6 12 13,17
5 _ 13 7,14,18
6 - 14 -
7 12 15
8 - 16 1
3.7 TGGAAATAAAACGTAAGTAG 3 (Karlin, 1983)
1 4,8,9
2 10
3 15
4 5
45 13,17
49 7,14
51 18
3.8 B DNA ( 3.1) 8 8
8 GCCCTGGC 79 418
GCCAGGCT 85 377
CCAGGCTG 86 378
CAGGCTGC 87 379
TCCTTTGG 130 208
CCTTTGGG 131 209
TGGTCCGC 176 398
GGTCCGCG 177 399
9 GCCAGGCTG 85 377
CCAGGCTGC 86 378
TCCTTTGGG 130 208
TGGTCCGCG 176 398
10 GCCAGGCTGC 85 377

Karlin (1983)

28
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( 0 )
n Ln
0.6359 + 2Inn+ In(1- p)
Hy = -1
In(1/ p)
gf=&452 3.1
(InP)
p
4
P=> P’
i=1
( R-opn)
3.1 B AC G T 87 144
118 89 P=0.2614 8.13
0.9138 95% 10
. DNA —Z
DNA 4 “ 7 “ 7=
DNA
DNA 4
DNA
DNA DNA
DNA
4
1994 DNA
L DNA ("-3" 3"-57)
n
(n=1,2 ,L) 1 n 4
ACGT A, C, G, T, ““n”
1 n 3.2
Py
P P,

X.=2(An+Gn)-n,
Y.=2(An+Gn)-n, (3.2)
z,=2(An+Tn)-n,

Xo Yo Zn [-n n] n=1 2 L

29
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Xn Yo Zp
P. P; Po L
DNA Z
DNA
DNA
DNA
DNA

X.>0 X,<0

y=0 z, /
z.>0 z.<0

3.3

0039-1406 1947-2654 2870-5527 5545-7434 7759-9183

pml  pm2  pm3

DNA

DNA

Py n 1 L
VA DNA
Z
VA DNA
( 3.2) Xn
1 n ( 3.2
X,=0 Ya /
y»>0
z,=0
DNA
ayoP VA
5 aroP A aceFE aceF Ipd
aroP A( )

acek

aceF

30

ace

¥n<0

P,

DNA
DNA
DNA

9501bp
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600

- /i\ -
400 i y
2001 “Naar™ Ny
B WNA ’\/ﬂ\/“
NS
0 \r\\\‘\
200
= ' J‘-\'\‘\
400 | i | 1 p~"
[¢] 2 000 4 000 6 000 8 000 10 000
] L
pm, pm, P,
aroP A aceFE acel" Ipd
3.3 ayoP VA
2
Needleman-Wunsch
2 Needleman-Wunsch
(global alignment)
Smith-Wateman Needleman-Wunsch
(Local alignment)
GCG
BESFIT  GAP EMBOSS  needle
(global similarity)
(9ap)
Needleman Wunsch(1970)
2 eir B S Genetic Data Analysis —NMethods for Discrete

Population Genetic Data Sunderland Sinauer Associates Inc Publishes
1996

31



http://ibi.zju.edu.cn/bioinplant/

(dynamic programming)

R B W . e
163 =L |0 oD |00 60 |0 =L [ O |8 OO0 |

A A A A A A

|l =Ll |= ==L |=L (3=l |=L <L« |=L =L | (o= |<T

A A A A A A

- << |- | QO |- < |~ b | O

CA A F A A

(2 =D |00 00 |00 OO0 KD =T 100 B [ OO0 1

A AA A A

- < |- F— - OF |- < | - OF -

A F A A A A

|<C <G |<C == |<f (3<C |<f <C<C |<C <L |<C (3= |

CH A A A A

|<C <Ll |<C =< |<C (3<C |<L <C<C |<€ =< |<€ (3= [T

RA_I'-RT_I'KC__k.ﬂn_kT _|'-Rn|,__ _|II_

Alignment corresponding to the colored path:

AT-CAT-C
AATC-TAC

3.4

CTATAATCCC

CTGTATC

32
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)

CTATAATCCC
CTGTA-TC--

CTATAATCCC
CTGT-ATC--

CTATAATCCC
CTGTA-T-C-

CTATAATCCC
CTGT-AT-C-

10

33
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30

27

24

22

19

12

16

12

15

13

12

15

18

10

12

15

18

21

3.4 Needleman-Wusch
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a; bj a b
d(a,b) a i b j
d(@',b" d(a,b) a b m n
d(@",b") 11 0( ) ()]
1. a-1.j G.» b
b a ai w_(a,)
2. (i-1,j-1) (i,)) ai b
b a ai b
w_(a;,b;)
3. a.j-1 G.» b
b by a w, (b;)
()] d(a',b’)

d@@*,b)+w (a)
d(a',b’) =minJd(a",b’™*) + w(a;,b;) 3.3
d@,b'™)+w,(b)

d(a®b’) =0
4@’ ') =3 w.(b,)

d@b%:iwmﬂ

3.4
w_(a)=3 ( i)
_J0 (i=1)
@) ‘{1 (i+ )
w, (b;) =3 ( )
(shuffed version)
95% 5%

35
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Smith-Waterman

Smith Waterman
A=(ai,az,...,a)

B:(b11b21 1bn) Hij a'i bJ ( )
Needle-Wunsch Smith-Waterman H

H

H,=0 O=i=n Hy; =0 O=j=m

2 ( ) a;,b;

S(a;,b;) w, =Vv+uk (k ) Smith-Waterman
2 a;,b; a, by,

( ) a k b |

PIJ = maX(Hi_l’j _Wl’ Pi—lvj _u)

3.4
Q; =max(H,; ;;, —w,P,;,—u)
Hiyj.+S(@@.b;)
P, =max,,(H_ ;—-w ] .
H; =max{ st (R = W) ,(l=i=m,1<j=n) 3.5
Qij = maxlslsj (Hi,j—l _W|)
0
Po,o = Po,j = Qo,o = Qi,o =0
Hij (ai,bj)
Hij
H
Needleman-Wunsch
(CTGTATC  CTATAATCCC) 3.9 H i F’ij
Q; Smith  Waterman(1981)

36
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S(a b 1 a; =b,
@D=1 13 a, #b,
w, =1+k/3
4 S(a;,by)
3.9 Hi 4.33(8 7 ) *)
CTGTA-TC
CTATAATC

37
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Smith-Waterman

3.9

i

J=6

J=5

i=

J=3

J=2

J=1

J=0

=0

(?q

0.00 0.00 0.00 0.00 0.00 1.00

1.00°

=1

-0.33 -0.33 -0.33 -0.33 -0.33 -0.33 -0.33

0

o

-0.33 -0.33 -0.67 -1.00 -1.33 -1.33 -1.33

0

C%

2.00° 0.67 1.00 0.00 1.00 0.00

0.00

=2

-0.33 -0.67 -0.67 -0.67 -0.67 -0.67 -0.33

0

o

-0.33  -0.67 0.67 0.33 0.00 -0.33 -0.33

0

(?q

0.67 1.67 0.33 2.00 0.67 0.67

0.00

=3

-0.67 0.67 -0.67 -0.33 -1.00 -0.33 -0.67

0

o

-0.33 -0.67 -0.67 0.33 0.00 0.67 0.33

0

C%

1.00 0.33 2.67 1.33 3.00 1.67

0.00

=4

-1.00 0.33 0.33 -0.67 0.67 -0.67 -0.67

0

o

-0.33 -0.67 -0.33  -0.67 1.33 1.00 1.67

0

(?q

0.00 0.67 1.33 3.67 2.33 2.67

0.00

=5

-1.33 0.00 0.00 1.33 0.00 1.67 0.33

0

o

-0.33 -0.67 -1.00 -0.67 0.00 2.33 2.00

0

C%

0.00 0.00 1.00 2.33 3.33 2.00

0.00

=6

-1.33 -0.33 -0.33 1.00 2.33 1.33 1.33

0

o

-0.33 -0.67 -1.00 -1.33 -0.33 1.00 2.00

0

(?q

1.00 0.00 1.00 2.00 3.33 3.00

0.00

=7

-1.33 -0.67 -0.67 0.67 2.00 2.00 1.00

0

o

-0.33 -0.67 -0.33 -0.67 -0.33 0.67 2.00

0

C%

0.00 0.67 0.33 1.67 2.00 4.33

1.00

=8

-0.33  -1.00 0.33 1.67 2.00 67

1.33

o

-0.33 -0.33 -0.67 -0.67 1.00 0.33 67

0

(?q

0.67 0.00 0.33 1.33 1.67 00

1.00

=9

-0.33 -0.67 -0.67 0.00 1.33 1.67 00

0

o

-0.33 -0.33 -0.67 -1.00 -1.00 0.00 33

0

C%

0.67 0.33 0.00 1.00 1.33 67

1.00

c

=10

-0.33 -0.67 -1.00 -0.33 1.00 1.33 67

0

o

-0.33 -0.33 -0.67 -1.00 -1.33 -0.33 0 00

0

(?q
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(gap)
BLAST

Smith-Waterman  Sellers
(high-scoring segment pairs,HSPs)

(normal distribution)
(extreme value distribution)

m n
HSP 2 (k ) S
HSP
E =kmne ™ 3.7
S E (E-Value)
HSP
( E ) S 2X HSP S X
E S K A
(search spacesize) (scoring system)
1. (Bit score)
®) K A
( )
As—Ink
S'= 3.8
In2 G-8)
5
E
E=mn2"* (3.9)
2.P (P-Value)( )
S HSP (Poisson
distribution) S HSP

s NCBI BLAST TURORIAL The statistics of sequence similarity scores.
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EX
-E
e M (3.10)
E (3.7)
=S HSP e* HSP (
=S)
P=1-eF =1—exp(~kmne ™) (3.11)
S P ( ) 3 =S HSP
HSP 0.95[ (3.1D) ] BLAST
E P E 5)
10 P 0.993 0.99995 E<0.01 P E
3.
E [ G.7] 2 m n
m
E
FASTA
(domain)
n E
N/n N (3.7 E
N BLAST FASTA
E
DNA BLAST
FASTA Smith-Waterman
K A
(real sequence)
BLAST
K A
4. (gapped alignment)
(
)
5. (edge effect)
“ 7 (effective length) BLAST

200
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41

6.
)
4
7. (gap penalties)
1
(domain)
2 (gap opening)
(gap extension)
k Wy
w, =a-+bk 3.12
a b
( 3.10).
3.10
(Gap opening penalty) (Gap extension (Comment)
penalty)
(default)
4
1.
4 eir B S ( )-
1996
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2
2 (a b) € 5 )
(a) TTYGAPPWCS (b) TTYGAPPWCS
TGYAPPPWS TGYAPPPWS
a (AP S T b
(W- Y- )
Cc-C S-S ©
©) D-E
V-K
(substitution matrices)
(scoring matrices)
DNA
A C G T
A 0.9 -0.1 -0.1 -0.1
C -0.1 0.9 -0.1 -0.1
G -0.1 -0.1 0.9 -0.1
T -0.1 -0.1 -0.1 0.9
0.9 0.1
4.3(=5>=0.9+2><(-0.1))
GCGCCTC
GCGGGTC
2 PAM  BLOSUM 1979
1992
(homology) (similarity)
2 2
2.PAM
Dayhoff
Dayhoff

MDM(Mutation Data Matrix)

PAM(Percent Accepted Mutation)
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M)

DNA

I F P

1PAM

DNA
G AV L
S T Y WNE 0 (K R H) (O E)
Dayhoff 1979
M(mutation probability matrix)
1572 “ 7z 3.11 ==
””A(accepted point mutation matrix)(
1572) i J ( Aij)
A PAM
A M M M;;
] i Dayhoff
(percent accepted mutation point accepted mutation per 100 residues)
PAM
100
Dayhoff “ 77(mutability)
]
ijCZAij/fj 3.13
iz
aj m i (

3.12
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k]

44

3.11 (Dayhof ,1979)
A- R N D C Q E G H I L K M F P S T WY
R 30
N 109 17
D 154 0 532
C 33 10 0 0
Q 93 120 50 76 O
E 266 0 94 81 0 422
G 579 10 156 162 10 30 112
H 21 103 226 43 10 243 23 10
Il 66 30 3 13 17 8 35 0 3
L 9 17 37 0 0 75 15 17 40 253
K 57 477 322 8 0 147 104 60 23 43 39
M 29 17 0 0O 0 20 7 7 0 57 207 90
F 20 7 7 0 0 0O 0 17 20 90 167 0 17
P 345 67 27 10 10 93 40 49 50 7 43 43 4 7
S 772 137 432 98 117 47 8 450 26 20 32 168 20 40 269
T 590 20 169 57 10 37 31 50 14 129 52 200 28 10 73 696
W o 22 3 ©0 0 O 0O O 3 0 13 0 0 10 0 17 0
Y 20 3 3% 0 30 0 10 0 40 13 23 10 O 260 0 22 23 6
V 365 20 13 17 33 27 37 97 30 661 303 17 77 10 50 43 186 0 17
1572 10
3.12 (m) T
(Dayhoff 1979)
m; fi m; T
A 100 0.087 L 40 0.085
R 65 0.041 K 56 0.081
N 134 0.040 M 94 0.015
D 106 0.047 F 41 0.040
C 20 0.033 P 56 0.051
Q 93 0.038 S 120 0.070
E 102 0.050 T 97 0.058
G 49 0.089 W 18 0.010
H 66 0.034 Y 41 0.030
I 96 0.037 V 20 0.065
3 1-Mj
1-M joem
A
M, =1-4m, 3.14
My oc m; Ay
M :E:“Alq
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3.15

am ALY A

M, =

k#]j

99

100

1PAM

1003 f,M,

99 =

3.16

1
1003 m, f,

ﬂ(:

Dayhoff(1979)

M 250

Schwarts

( 3.13)

250PAM

R(relatedness odds

M, /1,

R, =

Dayhoff  (1979)

matrix)

3.14

)

W..

Needleman-Wunsch

Log-odds matrix)

,1979)

(Dayhoff

250PAM

3.13

11 11

11

13

5 10 10 4

12

13

4 20 13

15 34

5

3

10

6 18 10 8

K

20

31

17

4 15 10 4 10

5

100
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3.14  250PAM (Dayhoff ,1979)
Cc s T P A G N D E Q H R K M 1 L V F Y W
C 12
S 0 2
T -2 1 3
P 3 1 0 6
A 2 1 1 1 2
G 3 1 0 -1 1 5
N -4 1 0 -1 0 0 2
D 5 0 0 -1 0 1 2 4
E 50 0 -1 0 0 1 3 4
Q 5 -1 -1 0 0 -1 1 2 2 4
H 3 -1 -1 0 -1 -2 2 1 1 3 &6
R -4 0 -1 0 -2 -3 0 -1 -1 1 2 6
K 5 0 0 -1 -1 -2 1 0 0 1 0 3 5
M 5 -2 -1 -2 -1 -3 2 -3 2 -1 -2 0 0 6
I 2 -1 0 -2 -1 -3 2 -2 -2 2 2 -2 22 5
L 6 -3 2 -3 -2 -4 -3 -4 -3 -2 -2 -3 -3 4 2 6
vV 2 -1 0 -1 0 -1 -2 -2 -2 -2 -2 -2 -2 2 4 2 4
F 4 3 3 5 -4 5 -4 6 -5 -5 -2 -4 50 1 2 -1 9
Y 0 -3 -3 -5 -3 -5 2 -4 -4 -4 0 -4 -4 -2 -1 -1 2 7 10
w 8 -2 -5 6 -6 -7 -4 -7 -7 -5 -3 2 -3 -4 -5 -2 -6 0 0 17
* 10
1PAM 1% 100PAM
100PAM
PAM
2
(PAV)
PAM250(
PAM250 PAM100 )
Dayhoff
Dayhoff
PAM PAM
3.BLOSUM
Henikoff 1992
BLOSUM(Blocks Substitution Matrices) (multiple
alignment)
BLOSUM
PAM
fi; g ( ) 1]
3.17

Q; = fij /Z fij
i
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pi2 i:j
€; = . .
Y o12pip; T # ]

1
Pi =4 +Ezqij

j#i
BLOSUM (i,))
Sij = 2|ng(qU /eij) 3.18

(highly conserved regions) (block)
BLOSUM BLOSUM
BLOSUM62
62%
4 _DNA

DNA
DNA DNA
DNA
DNA ( 1
) DNA 4
(0.9 -0.1) (transition,
) (tranversion,

Ttp ClustalWw

Needleman-Munsch (hierachical method)
(segment method) (consensus or regions™method)

(tree method) Feng Doolittge(1987)
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ClustalWw
(  Needleman-Wunsch )
N N><(N-1)/2
(binary tree)
A B C
D A C B D A B CD
A-C  B-D )
GCG  PILEUP Feng Doolittle NBRF
PIRALIgn Needleman-Wunsch Greg
Schuler MACAW Microsoft Windows( )
Macintosh (
)
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——BLAST  FASTA

(scrence) 2001 2 16

BLAST  FASTA € 77

BLAST  FASTA FASTA
Wilbur-Lipman

FASTA
BLAST(Basic Local Alignment Search Tool
)
Internet NCBI BLAST
(Basic Local Alignment Search Tool) DNA
BLAST
BLAST
BLASTN BLASTP
TBLASTN
6
BLASTX 6
Altschul S.F. 1997
PSI-BLAST Position-Specific Iterated BLAST
PSI-BLAST
BLAST

BLAST
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3.15 BLAST FASTA
(Program (Comment)
) (Probe type)
BLASTP p p
BLASTN n n
BLASTX
( 6 )
TBLASTN p n ( 6 )
TBLASTX n n ( 6 )
( 6
)
FASTA3 p p
n n
TFASTA3 p n ( )
FASTX3 n p
( 6 )
TFASTX3 p n
SSEARCH P/n P/n Smith-Waterman
n p
DNA DNA
DNA
BLASTX 6 DNA
TBLASTN GenBank EMBL DDBJ DNA
DNA DNA
BLAST
Karlin-Altschul Poisson
FASTA FASTN  FASTP
FASTA
FASTA K-tuple ktup

K-tuple)
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K-tuple
K-trple
Needleman-Wunsch
(1970) FASTA
K-tuple
FASTA
FASTA
71.7.5
FASTA BLAST
Internet
TITLE A test search of the EMBL other Mammalian DNA sequences
LIB EMAM
WORD 4
LIST 100
ALIGN 20
SEQ
tgcttggctgaggagccataggacgagagcttectggtgaaagtgtgtttcttgaaatcagcaccaccatg
gacagcaaa
END
3.6 EBI FASTA fasta@ebi.ac.uk
EMBL
100 20
FASTA TFASTA PAM250
FASTA BLAST
FASTA  BLAST
BLAST FASTA
BLAST FASTA 3

Smith-Waterman
BLITZ BLITZ(ww.ebi.ac.uk/searchs/blitz.html)

BLAST FASTA

BLAST  FASTA
BLAST  FASTA
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SWISS-PROT  PIR( ) EMBL GenBank( )
(contig)

BLAST  FASTA

BLAST
. BLAST
BLAST 5
(Versionl.4) (gap)
BLAST (Version2.0)
BLAST BLAST
BLAST
1 BLAST (¢))
BLAST
Internet EXPASY BLAST
Basic BLAST | Advanced BLAST

Basic BLAST

Usage: Choose the the suitable BLAST program and database for your query
sequence, Paste your sequence in one of the supported formats into the sequence
field below and press the "Run BLAST" button. Don't forget your e-mail address, so
that we can send you the results in case of traffic jam...

Make sure that the format button (next to the sequence field) shows the correct
farmat .

See also our BLAST database description.

Please select the
program: |hlastp "I Pragram

Please select the database:

-~
D& datsbases IF'Iease select ;I

&% Protein databases |F'Iease select d

> .

¥ Gapped alignment blosumBZ =] Select matrix

an/off

¥ BLAST filter an/off |F'Iain Text =l select format

¥ Graphic output on/off I Query title (option)

Paste your sequence ﬂ

here:

{or ID or accession

number) ﬂ

required for thlast[n=] | E-mail address ™

programs - HTrIL
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AAAAGAAAAGGTTAGAAAGATGAGAGATGATAAAGGGTCCATTTGAGGTTAGGTAA
TATGGTTTGGTATCCCTGTAGTTAAAAGTTTTTGTCTTATTTTAGAATACTGTGAT
CTATTTCTTTAGTATTAATTTTTCCTTCTGTTTTCCTCATCTAGGGAACCCCAAGA
GCATCCAATAGAAGCTGTGCAATTATGTAAAATTTTCAACTGTCTTCCTCAAAATA
AAGAAGTATGGTAATCTTTACCTGTATACAGTGCAGAGCCTTCTCAGAAGCACAGA
ATATTTTTATATTTCCTTTATGTGAATTTTTAAGCTGCAAATCTGATGGCCTTAAT
TTCCTTTTTGACACTGAAAGTTTTGTAAAAGAAATCATGTCCATACACTTTGTTGC
AAGATGTGAATTATTGACACTGAACTTAATAACTGTGTACTGTTCGGAAGGGGTTC
CTCAAATTTTTTGACTTTTTTTGTATGTGTGTTTTTTCTTTTTTTTTAAGTTCTTA
TGAGGAGGGGAGGGTAAATAAACCACTGTGCGTCTTGGTGTAATTTGAAGATTGCC
CCATCTAGACTAGCAATCTCTTCATTATTCTCTGCTATATATAAAACGGTGCTGTG
AGGGAGGGGAAAAGCATTTTTCAATATATTGAACTTTTGTACTGAATTTTTTTGTA
ATAAGCAATCAAGGTTATAATTTTTTTITAAAATAGAAATTTTGTAAGAAGGCAATA
TTAACCTAATCACCATGTAAGCACTCTGGATGATGGATTCCACAAAACTTGGTTTT
ATGGTTACTTCTTCTCTTAGATTCTTAATTCATGAGGAGGGTGGGGGAGGGAGGTG
GAGGGAGGGAAGGGTTTCTCTATTAAAATGCATTCGTTGTGTTTTTTAAGATAGTG
TAACTTGCTTAAATTTCTTATGTGACATTAACAAATAAAAAAGCTCTTTTAATATTA
GATAA

EXPASY (EMBnet)BLAST
BLAST EXPASY BLAST
BLASTN
EMBL without ESTs(DNA) EMBL
BLASTN
Plain TEXT

Gapped Alignment ON
BLAST filter: ON
Graphic Output: ON
(Paste your sequence here )

Run BLAST
2. BLAST
BLAST
(  BLASTN)
N
““searching”” ““done”” ( 50 ) () ™)

50

““Searching Done~”~”
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(
)
emb|L37747|HSLAM11 [Homo sapiens]Homo sapiens lamin B1 gene,
ex... 416 e-114
E (E-value) (e-114)
E-114 1><10™
E
E
““Lamin 37~
1 (E )
(motif family)
(  BLAST)
Query: 1 ggoceocaccacgeocgoctecag 20
NEARNRRNRRRRRRA NI
Sbict: 701 ggccoccaccacgoocgotgag 720
100% )
18 C
18 G
EMBL (HSLAM11)
EMBL
3. BLAST
EXPASY BLAST ““Advanced BLAST>”

““WORDLENGTH>?( )
BLAST
“e ””(scanning)

55



http://ibi.zju.edu.cn/bioinplant/

( ““word>”, ) e
w A T

(high-scoring segment pairs,

HSP) BLAST HSP
(scanning) BLAST
W(WORDLENGTH) BLAST W
<7 BLAST 11 BLASTN
11 11
¢ ) 11
““Filter””( )
BLAST2.0 (low
compositional complexity) ( Alu ) N(NNNNNN)
N (1UB-code)
““Filter” ON
A

““Matrix>>( )

BLAST
(PAM  BLOSUM)
BLAST TBLASTN  TBLASTX PAM30 PAM70
BLOSUM80 BLOSUM62 BLASTN
““EXPECT>”
(EXPECT) 10
10
E ) (10)
““Score Value””( )
““WORDLENGTH~>~
M N M
N
M/N (degree of divergence) M
N 5 -4 (1.25) 100 47
(PAM)  PAM

M N PAM ( PAM
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EMBL (ID) GenBank
(accession number)
( )
PCR BLAST
4. BLAST 2

BLAST
BLAST

GTCCGGCCTGGGCGACAGAGCAAGACTCCGTCTCAAAAAAAAAAAAAAAAAANANAA
AAAAAAADARAALD

GenBank ( S56967) BLAST
Alu
BLASTX (6
) SWISS-PROT
BLASTX SWISS-PROT
(BLAST2) Alu
BLAST

GAATTCTAATCTCCCTCTCAACCCTACAGTCACCCATTTGGTATATTAAAGATGTGT
TGTCTACTGTCTAGTATCCCTCAAGTAGTGTCAGGAATTAGTCATTTAAATAGTCTG
CAAGCCAGGAGTGGTGGCTCATGTCT

B- (beta
heamoglobin) 2 (100%

0% )
B- C

15

GAATTCTAATCTCCCTCTCAACCC

(““NO Hits™?)
15 BLAST ““Advanced BLAST~~(

BLAST) EMBL ““nr=” E 100 (offF)““XBLAST
repsim filter>”
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2 2
B-
. BLAST
2-5
DNA 4 4 20
n
DNA
DNA
(orthologue)
(Sacharomyces cerevisiae) (Caenorhabditis
elegans)
( Chervitz SA,et

al. Comparison of complete protein sets of worm and yeast:orthology and
divergence. Science.1998,282:2022-2028)
(PIR  SWISS-PROT)

SWISS-PROT
BLAST

BLAST  FASTA BLAST

MSTAVLENPGLGRKLSDFGQETSYIEDNCNQNGAISLIFSLKEEVGALAKVLR
LFEENDVNLTHIESRPSRLKKDEYEFFTHLDKRSLPALTNIIKILRHDIGATVHE
LSRDKKKDTVPWFPRTIQELDRFANQILSYGAELDADHPGFKDPVYRARRK
QFADIAYNYRHGQPIPRVEYMEEEKKTWGTVFKTLKSLYKTHACYEYNHIFP
LLEKYCGFHEDNIPQLEDVSQFLQTCTGFRLRPVAGLLSSRDFLGGLAFRVF
HCTQYIRHGSKPMYTPEPDICHELLGHVPLFSDRSFAQFSQEIGLASLGAPD
EYIEKLATIYWFTVEFGLCKQGDSIKAYGAGLLSSFGELQYCLSEKPKLLPLEL
EKTAIQNYTVTEFQPLYYVAESFNDAKEKVRNFAATIPRPFSVRYDPYTQRIE
VLDNTQQLKILADSINSEIGILCSALQKIK

BLAST
SWISS-PROT
BLAST
NICE-PROT
SWISS-PROT
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SWISS-PROT PH4H_Human
SWISS-PROT P00439
Phenylalanine-4-Hydroxylase
PAH
1997,Erlandsen
(co-factor)? ferrous ion
Phenylketonuria(PKU)
( 13p10.1) 12q24.1
PAHdb PAH
452
51.862kDa
PDB
BLASTP ~ SWISS-PROT
PAH1 (100%) PAH1
SWISS-PROT NICE-PROT(
) ““Cross-references””( ) PDB
. FASTA
1. FASTA
FASTA David Lipman  William Pearson(1985)
FASTP  FASTA FASTP
(pearson and Lipman,1988) DNA  DNA DNA ( DNA
6 -7 )
4
FASTA K-tuple
1 2 3 4 5 6 7
1 F L W R T W S
2 T W K T W T
K-tuple =2 2 ( )
1 (offset) 4 1 (X1, %2)
! F R E

1998
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Xl—Xz (Xl ’ XZ) 5 ’ l (5 ’ 4)
(
3.5)
FLWRTWS
T
w \
K . :
T ~
w ~
T
3.5 FLWRTW  STWKTWT
DNA
3.6A
( )
10 3.6B.
2
FASTA 10
PAM250 20>=<20
( R P) 20>=<20
“ >7(initial region) initial region
initl
3
FASTA
FASTA
initn 3.6C
4
initl (initn )
( 3.6D ) Smith-Waterman
opt
( ) initn
opt initn opt

(Pearson WR,1991)
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A oo B 50 100
\%\\ . .
\ \\ ~ \
50 ' 50
:\ RN N \
~ ‘\..'. \\ ’ )
' 1{10-‘{}‘} \ \\\ o NG
~ NN o ‘.
C 50 100 D 50 T
sou\ ' 50\
' N L

3.6 FASTA 4 A-D

2.FASTA
10 FASTA KTUP
BLAST ~ “* ~”(word)
(HSP) FASTA

““Matrix>>( )

FASTA  BLAST (FASTA )
FAST (IUB ambiguity codes) FASTA
BLOSUM  PAM FASTA BLOSUM50
BLOSUM50 BLOSUM62
PAM
Smith-Waterman
SSEARCH3
Smith-Waterman
E-mail
E-mail
““KTUP~~
KTUP  ( ) 1-6 KTUP=2 KTUP=1
5 KUTP=1 KUTP=2
2 KUTP 3-6
KUTP=6
““GAPOPEN~~  ““GAPTEXT~>~( )
BLAST
-16 -4 FASTX  TFSTX (frameshift)
““STRAND””( )
STRAND ““upper=” ““bottom™”
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““bottom”” FASTA

3.FASTA
BLAST FASTA
FASTA
EMBL EBI FASTA3 DNA
CCAGATCCTGGACAGAGGACAATGGCTTCCATGCAATTGGGCAGATGTGTGAGGCACCTGTGGTGACC

EMBL
European Bioinformatics Institute

Fastad [ o |[ o | [ oo | [Runracia || REsETFoRM |

| YOUREMAIL | SEARCHTITLE | RESULTS  |DNA STRAND| MATRLX

|| ‘ |Sequence | |interacti\re;| ‘ |nnne;| IEILOSUMED 'I
|GAP PENALTIES|SCORES & ALIGNMENTS [KTUP/HISTOGRAM | PROGRAM DATABASES

OPEM-12 = SCORES|E0 = KTUP|2Z =

REQDUEL2'I AUGNMENTSED -] HIS hD |

|
|F'ratein

sptrernhbl
Enter or Paste a [DNARNA  Sequence in ary format
CCAGATCCTGGACAGAGGACAATGGC TTCCATGC AATTGGGCAGATGTGTGAGFCACCTG ﬂ
TGGETGLCC
fasta3 EHUM bottom(STRAND) fasta3

FasTs (3.39 May 2001) function [optimized, +5/-4 matriz (5:-4)] ktup: 6
join: 45, opt: 30, gap-pen: —16/F —4, width: 18
Scan time: 54,270

The best zcores are: opt bits E(146773)
EM_HUM: AF015252 AF0152A2 Homo zapiens Down Syn (799200 [r] 125 36 0.83
EM_HUM:H5229043 AT229043 Homo zapiens 959 kb o (48448) [r] 125 36 0. 96

»»EN_HUM: AF015262 AF015262 Homo szapiens Down Syndrome cr (79920 nt)

rev—comp initn: T4 initl: 74 opt: 128 I-score: 120.7 bits: 36.3 Ef): 0.83

67, 164% identity (68, 182% ungapped) in BT nt owverlap (A8-2:208225-209293)

Ll &0 40
ENMBOS- GG TCACCACACG TGCCTCACACATCTGCCC

209200 209210 209220 209230 209240 209250

30 20 10

70%
fasta fastx SWISS-PROT
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fasta3

FASTE (3.39 May 2001) function [optimized, BLEO matrix (156:-5:-1)] ktup: 2
join: 36, opt: 30, gap-pen: —-127 -2 shift: -20, width: 18
Scan time: 2. 180
The best scores are: opt bitsz E(DEEA4)
SW:BERC1 HUMAN P35398 BEEAST CANCER TYPE 1 5USC (18630 [f] 149 85 2. 68e—0T
SW:BRC1 CANFA Q95153 BEEAST CANCER TYPE 1 5USC (1878) [f] 143 b3 le—04d
SW:NODL EHIME P25266 NODULATION PROTEIN L (EC { 183 [f] T0 24 2.2

»»5W:BRC1 HUMAN P35398 BREAST CANCER TYPE 1 SUSCEPTIBILI (1863 aa)
initn: 148 initl: 148 opt: 149 I-=zcore: 253.3 bits: 65.4 E(): 2.6e-07

Smith—Waterman =score: 149%; 95, 238% identity (95, 238% ungapped) in 21 aa owverlap

3a 60
EMEOSS SWTEDNGFHAIGOMCEAPVWT

SW:BREC AWTEDNGFHAIGOMCELPVVT

1520 1830
P38398 Q95153 90%
( ORF )
(PCR) PCR
Internet Primer OSP
PGEN Amplify ( )
GC Ta PCR
1.
PCR
Primer3 ( EMBnet )
( 6-C )

GACTGTGGCTGCTGGCGTTGAGGGAAACCTGCCTGTACGTGAGGCCCTAAAAAGCCA
GAGACCTCACTCCCGGGGAGCCAGCATGTCCACTGCGGTCCTGGAAAACCCAGGCTT
GGGCAGGAAACTCTCTGACTTTGGACAGGAAACAAGCTATATTGAAGACAACTGCAA
TCAAAATGGTGCCATATCACTGATCTTCTCACTCAAAGAAGAAGTTGGTGCATTGGC
CAAAGTATTGCGCTTATTTGAGGAGAATGATGTAAACCTGACCCACATTGAATCTAG
ACCTTCTCGTTTAAAGAAAGATGAGTATGAATTTTTCACCCATTTGGATAAACGTAG
CCTGCCTGCTCTGACAAACATCATCAAGATCTTGAGGCATGACATTGGTGCCACTGT
CCATGAGCTTTCACGAGATAA
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Ho wisprimiony library specified
Uzing 1-based segquence positions

QLTS start 1len tm gok any 3 =eq
LEFT PEIIIEE 112 20 59 92 S5.00 2.00 200 CTTE-C L aCTCTCTE
FIGHT PEILEE Sad 20 09595 20,00 2,00 300 GATGTTTETCAGAGTETHICA

SEQUENRCE EIZE: 420
INCLTDED BRESTCON SIZE: 420

PRODTCT SIEE: 253, PATE AWY COMPFL: S5.00, PATER 3 COMPL: 200
1 GéCTETEFCT S THFCET T aEETE A CTIHCC THT ACEHT GG T el & 7O Gl
1 ARCT CRl PO RO GEEFAGECAGTAT GO0 ACTHOGET COTHA A COARFETT G CAR
IS S S

121 i T T T EE CT T T oo oo 2 2 8 B (5T 8 T AT T ol S0 A T I THC 8 8 0,0 TS
FikIiRRFIGR

181 THECCATATCACT GATCT TCT CACTC Al GiAGE AT THETFCATTHEHCL AddSTATT S0

241 CTTATTTEAEA AL T AT CTALAT CTFACCCACAT TEAAT CTAGACCT TOTCETTT Ml

301 G AT ST TELMETTTT TCLACT CAT TTHEATAL ACGHTAGOCTHICT SOTCT Gl Adul
fAdRddA A d4d

261 CATCATCRAGAT CTTEAGET AT GRS ATT G0 CAC TETC0 ATGAGCTT T O ACGAGAT Al
LEE L

EEYE (in order of precedence):
ryyerr 1efh primer
L4144¢4 right primer

PCR

RNA

DNA
DNA DNA
DNA
PCR GenBank
DNA

DNA
1UPCC DNA
DNA
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DNA

1 DNA
DNA

genomic geography

1000
DNA
1
( )
500bp
DNA
4
AT G C 4
4
DNA 4.1 4 “ 7z
500
300 DNA 300
F R E
1998

65
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DNA
DNA
DNA
DNA
= £ b B DNA
DNA
ﬁ%ﬂ
a%m«yfmncce
i i i
A BB g B - G EE U RW
A l { ATTAG i
ATTA AT
ATTAGA ”xnmaa@@mmﬁ
RYL R SRT O RYTABAC
: ATTAGACGTC
.A?TAGAcen iATTh&ACGTCC,
Ei .-::
w0 T -
4.1 DNA DNA
AT G C
DNA 1998
2 (Sanger )
DNA DNA
1977 F Sanger DNA DNA
cc ’,DNA 3‘ 4-2
(dNTP)
3 5
5 5,3
DNA (ddNTP)
ddNTP 3 3"
GAT C 4 4 ddNTP
4.1 4 ddNTP
dNTP DNA ddNTP
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5 ddNTP
3
4.2
Sanger DNA | ( Klenow Klenow
) “ 7z T7DNA
4 dNTP( 1 ) DNA
dNTP
4 4  dNTP
4  ddNTP dNTP DNA ddNTP
HIFR SR A
5 ~—————————— AGCTTAGC ——— técMmc ¥
®l MASIH ACGTT}
5 ——— AGCTTAGC = TGCAATGC 3
i 3 ACGTTACG 5
gL SMEﬁg ' ‘
@ MMA[SJATP. dTTP. dGTP. @ MAPSIAT? #1
ACTPAIZ B TIDNA mmwm%mmA&
ﬁAﬁAﬂiﬁdNTP%Rim}: : :
@ SRR @ SRR
A RE @ AR o
- @ jAddaTP+ 44NTP | . ﬁu/\icmmm*
3 ddATCG —[ACGTTACG] 5'~ A
3 dd&;fc;;w% 4 © mimnm
Wy
@ adf'imm .ddTwp%gwp i |
3 .ddTCG 5’ ! Mt
¥ adrceAATce:%:“ ® ﬂﬂ’k‘émﬁ
o 4G TP4aNTP N ddGTP+3dNTP
3 ddG— ’ .
o MGAATCG:E : © mm&mm
'CtORRE: )
ﬁc@i}ng : @ ddCTP+3dNTP
| \
3 ddCG g : . '
¥ ddCGAATCG:E §~ ® ?Jﬂ/\aéﬁﬂﬁ
4.2 DNA
( 1)  Sanger (( ) Klenow dATP(
2) 4 ( 3 3 dNTP ddATP
ddTTP ddGTP  ddCTP (  4) DNA ddNTP
dNTP( 5) DNA <=
”( )

1998
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Sanger ddNTP  dNTP
( ) ddNTP:-dNTP
DNA DNA
DNA
3 (Maxam-Gilbert )
A Maxam W Gilbert(1977) DNA
DNA 4
4.3 4 DNA
(DMS) DNA
DNA
1 DNA
2 1
G DMS 7
9
G+A
T+C
C NaCl C
*m@mﬂwmawmmmmXWs

G EBR ‘G%A ‘ Mo T+4C B“{ﬁ“ ;ﬁ‘

4.3
CExTID DNA 3ZP

1998

DNA
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DAN ( Sanger )
ddNTP 4
4
A ¢ 3 I
=
L
| e s
e
b

e
Laser - %W{”\f\

Foam

A [ T A

- o
[
ABI 377 LI-COR MANUAL
P =T =
3 § 5| " |
2 e 8 -
@ O] (% i
E £ L:"" -T z|| =
= - al {
Raw &F!uorescer"*e ACeT ACGT
data mterzsst; Fluorescence Autoradiogram
4.4
DNA
ALF DNA automated laser fluorescent DNA
sequencer Heidelberg EMBL W.
Ansorge B. Sproat ALF
ALF express”
DNA
HLA
ALF express" Gy5 dNTPs
Sanger CyS
ACGT

(laser source)
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DNA
DNA
( 44
( )
1987  Perkin Elmer(PE)Applied Biosystems DNA
4
377 DNA PE
(700bp) 64 )
cDNA
DNA
SSCP DNA
ddNTP
Sanger 37 ( ddNTP ) 57 (
) 4
64
CCD
CCD
200bp/h 373 DNA
DNA
2
DNA
1 (shotgun sequencing)
DNA “ i
DNA ( 4.6)
90%
DNA
DNA | ( Mn®) DNA
DNA DNA

Alphey L DNA Sequencing—From Experimental Methods to
1997

2

Bioinformatics BIOS Scientific Publishes Limited
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Purify DNA of interest
and fragment into small pieces

v
= _= \ ::i; 4 §Q}
Subclone, o

sequence
random

clones ¥ i
e

e —
e -

Use computer to order the sequences,
based on overlaps.

4.6
1995 —_— (Haemophilus influenzae)
DNA 1.6 2.0kb
19687 28443 140
3 4 100
2 (Primer walking)
DNA
3°
¢ 4.7
( )
CDNA
CDNA

71



http://ibi.zju.edu.cn/bioinplant/

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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1 clone by clone
DNA “ 7z
DNA
DNA
« ) 500bp DNA
400-500bp
2 DNA
DNA
“ 7z DAN
“ ” 1998
DNA DNA
DNA ( )
(genetic map) (linkage map)
(genetic linkage map) DNA (marker)
DNA
« ) (cM)
[ X1 -4 ( ) = £ >y
e 7 1 2 3
( 1 ) 70
(RFLP) 1 DNA
10° 2

(Variable number tandem repeat,VNTR)

(microsatellite/minisatellite)

(short tandem repeat,STR

short sequent length polymorphysm,SSLP) 3
SNP(single nuleotide polymorphysm)
DNA

Internet

GDB(geneome database)

2000
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(http://gdbwww.gdb.org)

DNA
(objects)
(high-resolution)
(chromosome map)
(pulsed-field gel electrophoresis,PFGE) YAC BAC  PAC
DNA DNA
YAC BAC
10Mb ( 1/300) DNA
YAC BAC
DNA
YAC  BAC
(subcloning)
STS STS(sequence-tagged
site, ) Olson 1989
STS
200 300bp STS M13
STS STS
STS
STS D YAC
(2)STS ©)
STS STS
YAC
(contig)

STS
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SRR A IR A A

Lt

ﬁ%&ﬁ& ;

O
4.5
1-2Mb
YAC 40-400kb
@) (cytogenetic map)
(ISH) (FISH) DNA
DNA 2 10Mb
(2)CDNA cDNA  ESTs(expressed sequence
tags) DNA( ) CDNA
3) (pedigree segregate analysis)
1lcM 1Mb
4) (somatic cell genetic approach)
50kp
5) (macrorestrietional site)
(restriction enzyme fingerpriting)
“ ””(Top-down)
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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BAG forary

Crganized
et g
clorm contigs

BAGIsbE.
seguenced

Shedie
chones

4

Shotgurs ' | ACOOTRRITOROUTGNTUATROT AR - T T
SHGUeNE TN L TTAEACCI P GUATCL TR . .-

Assertly . . AT GO T ORPUATEO TR DGR AT

4.9 DNA

BAC
DNA 500bp
DNA Lander Waterman(1988) “ >{fingerprinting)

alignment s OK

aligrment . n
rividie ooy © st OFK

4.10 a-d
Al-A5 B1-B6 A B

DNA Phil Green
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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

DNA

A
Y

J

RNA l

l RNA l
TAG TAA
5 UTR 3 UTR
4.13
DNA

( TATA

(sensitive)
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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.)

85



http://ibi.zju.edu.cn/bioinplant/

« )
“ 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)

86



http://ibi.zju.edu.cn/bioinplant/

(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)



http://ibi.zju.edu.cn/bioinplant/

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

K {E}
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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
20 80 ‘ 70 60 30
40
VACA
gcecy i
AGGGA U
CAUC
50
B
O,
/%
LT T [T
Qv
m U
1 80 09
¥ s;
08
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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.
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FmT ERADHINE . KEERA D

AITFEERIMEERN —LEHRER ELNE—MIERAN FHIEY
— KENERAHAEN D TERITNE.

KERE—NTHLERANFNEN. WHFIER ( Onza sativa) 15 2
MEF AIBERNER ) B —NMERERT B ERE 7 5@ d 2 BEFHH L6 7H Goff
et al, 2002 ) FiEH #pE 5 % (Sasaki et al, 2002; Feng et al, 2002; The Rice
Chromosome 10 Sequencing Consortium, 2003; The Rice Genome
Sequencing Project, 2005)Ml % , % —MUTE R 93117 @3 & E HA L1 %
FF(Yu et al, 2002; Yu et al, 2005), BT RERAS , KFEHH AR E AT
B1E 15 FHIR EN F5E KX (Hiratsuka et al, 1989) , ER , &k 4 EHH KT
M5 ( Notsu et al. 2002 )

ERBEREARFIGE ,—RENHAREFSROANEENKBEERAFS
RIZELBERNEA S, HUNGHZEEEYMER. THEAXESRIEEN

—EMRTHE ERNA TIEFREKBERARFF 2 PRGN JLTE

1 RO =fFE, HENSEHE

2004 FABEREAARN—INEEHRE , RREEWNILERFAKBER
HERXESTSERARFEE, Paterson &(2004)., Guyot % (2004)FFE1(Fan et
al, 2004;Zhang et al, 2005a) WAL Rt — KA , EREABMEN D LB R E

N —xeERFAEZE ( whole-genome duplication ), F1E 2002 F |, RIEF VN
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KEERAERFY, Goff Z ( Goff et al, 2002 ) MAR N EHRED /S5 *E
( K=based age distribution )12 HARERATEERX £ — R+ ERAREE, T
FELZw , MBS FiRic. DNA EERTHE R ENKBER 2 REAXERNHAE
wiRHKBERNAN —LEREFRAEREDHERE® (block or segmental
duplication ) 2003 FHBEENEME AR , N AKBERERRMEEEHMH
T 41549 ¥ G 2R R (Paterson et al, 2003; Vandepoele et al, 2003), B
XBEERAFFIBENEN , BAREXEERAHRERL (TIGR ) MARL =HE
(clone by clone) Ul FHIBIBEIXBIR 12 ZABREEFS , FA TIGR HWEIE
FME R EUEERE A% ( GHM, gene homology matrix ), % iUl 2 A £ 326 4K 8]
MEBRR, SEERFRILFES T KBELEREA (B 1, BRIFEKEE 2
SREKEE 4 M6 SREHK, E3IFTREAKEET, 10 M 12 SRBEFFE 1
55 5RafEANENEERR. ZAF85ITREHE, F11 51258
FENEEEBRARIIE ) XREERAZENEDILERE, RESEFREER
ERN D FiLof , £ERAFEABURETE 7000 TFR , EREBMED 2
{L.Fi(Paterson et al, 2004), KA1E 2004 E#4FIF TIGR KB — K ABEEA
¥ (osal, Version 1) Ml GHM FEMEAX IR T X —KBERAGENIEREH
B (BXHEEEXR LB-SRETHREERLHFIT2,(Fan etal, 2004). 1B
#7E 6 A1K-7 B4 , Paterson Z(2004)%1 Guyot Z(2004)HI X EHS KR, &
HEMNF A TIGR EFHILIRE ( 0osal, Version 2 ) KB REAREZIH S RH#ITT
BT, LU EA  RIRR X BRRS B ERNE S —RELEN (ENXF
Mgy LEr ) ERA SIS EH(Zhang et al, 2005), ZM RN HITHEL PR

Brit RERETITAT (4K ) NN &R KEEREBHAE D4 R @ EFFIEK
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TKEEEEN S (Yu etal, 2005) , FIR , B/ — MR K IRE A BE IS

T B LE 1L (Wang et al, 2005).

Chr. 7, Mhb
Chr. 5, Mb

o T Ch M

Che. 12, Wb
Chr. B, hb

A T
e T T N N

o0l Do T
' :

e [

Chr. 10, Mhb
Chr. 4, hb

Chr. 3, Mb Chr.2, Mhb

5| B Zhang % ( 2005)

189 KBEEREFE B

SERNAFERESMCIBRINN BRED L ERRABHED YR
HACRBPFEEZENEENEH , 50%-70%NFRENEH#CIRPEELTH
T —RBBRZEMEIMNETFTE(Wendel et al, 2000), EFRAMEE , BEFAFTE
By = f&4k1LE %2 ( diploidization ), #ALR SR = FENH, KENSHER
BEZGHCIREPER, BEECTE R TREEEIRMME ( autopolyploid )

3
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MFIRIEE (allopolyploid ) MM AR KRE, BENFTERAEREYUREST , £
cHERNAFINSHAN , ELRET 3 X2EXHEB S E I (Bowers et al,
2003) ; ERWIANNEEESROLERE-XRRFRMNELRE , ERFETHEREM
f&44( allotetrapolyploid ), K F [F] L& # R 2 0 73 5548 U M & 5 r S Bz E 2R

Blanc 1 Wolfe(2004)ERZEEEY P LI T £ ER A FERVIERE,

KELERARZERBRESHERINESENERPRNEW,. TEH
ERAZENET, PEFAERAEEIRNNMEERESSERAEE BE
Y218 5 B EPLE 80 % EL (Bowers et al, 2003; Simillion et al, 2002), Kz

FIAREFEXATE AR EKBERAMEN LRIZEHB X (Llic et al, 2003),

2 BONEERY  EREAETFHERESRD?

EYRERAT DNA EEZEREBRK , EMINERFESEYNERMREEH
ATEELMEX , XHIAKHHA C EIFE, WAZE ( Hordeumvulgare ). XTBFELEE
FNEYSRELBRMEY , EAZERAS BN KBHNLEFERAN 11 5
35 1%, RZEE (&) RETERARBE KL/ (Bennetzen et al, 2002) ,
RE19142 30 £/ EREFRBINN REKBEAYFTA E EHFI(Betran et al,
2002), EHEYRF  ERHENEMEERNRTERES. DNA FHHERA
g%, ERAEKNRFERER N ERARFZIE(Wendel et al, 2000; Grover et
al, 2004), MFEERFHNT BUR S —MEFERAMMBIRBRE, ERAH
N, EREERIEN 1 THAFANASHERANMAKR LTR EHRERFHYT 8
FrS B (SanMiguel et al, 1996; Ma et al, 2004), REAEH , X—HH RESH

E R 4ARAK (Bennetzen et al, 2000) , ME XA R BXE — KB LE ? 3
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ek, ERAI T HENX —BAKRINE - FF FA (illegitimate recombination)
F3EEIR £ E4A (unequal homologous recombination) AT LU 4> LTR ¥ ¥ B /5 )
M TTHE 81 5 R 48 B9 B2 K (Vicient et al, 1999; Shirasu et al, 2000; Ma et al, 2004),
REE AT KBAUEFERASHN LTR EFHEFIIHAKEER(Ma et al,
2004; Devos et al, 2002), EHIAN 8 BAFFE , kEEERAHELDH 190Mb
MY LTR %% B B S 42 BR(Ma et al, 2004), RIAIEME BRI ITHLRERA
FHERREA , WHRBBEKBEOUERERAKRNIEMNT 2% 6%(Ma et al,
2004), {BiZMEMNLILNRBIEL IMb KENER A F B ( /kH 430Mb £
A 0.2% ) BHH. BIE non-LTR FEEEMIT |, Petrov M EIESHIEFH
MR D> BRBRFEA S REREWER AL /N (Petrov et al, 2002), AT , EHE
MERNAHREFEEFMEUNINEERATRER 7 SEHECHNHSRFEEE
FIINEXRMDAIBERBHESR,

NTHRRERA X NRENBERCHE ,—HREEANEERLRERSA
B KPNERBARORIEY T, BILRRE (165Mb ) IHEHNERAR KK
FIEMT Laupala crickets ( 1910Mb ) # Podisma grasshoppers ( 18150 Mb ),
KR8 DNA B KB E & (Petrov et al, 2002), & , B LR FR S &Mt
WTE ( Gossypium hirsutum ) FRIEREFFI M , RE T ZWHERHA K PTE
LB AL L4 (Grover et al, 2004).

EEEYS £ERASEREREAENIAR , H AN EYFFHILT
P& EE®EH(Wendel et al, 2000), — B EMEZIRETE | §ESEZEN
ERABCERMR , B =FCIBPHEBFREN DNA FIIRHRUR R

BHREH IR (Sasaki et al, 2002), KFEEFHANF THERTHK(Sasaki et al,
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2002; The Rice Chromosome 10 Sequencing Consortium, 2003) A FFZ2 k&
RAM#ICERBET —PEIARENNS, KBERASEENER SIS
(Paterson et al, 2004; Zhang et al, 2005; Paterson et al, 2003), ZfE{LEH L
WREE 70 BAER , ERER 5L ZHI(Paterson et al, 2004), X—4&it=
ETHZFEEBNFEER/IFEETENERAX—SXMBEH, ZHARERN
MAKBERNERNAFEEHN ZEECNB NGRS TIERTFHNEM,
H—XEHEBHRE ANNNEFHFTRERCEENRNERBEENESRH
B KN, B2V  HRENEGR B X NEAREFEER. HE
HASFIFENEFIR (BIREFIR ) HER — R = FHCHRIZUH{LIE |
HHEEXEN DNA FIINEX. BREFIFHEFENEARAKEZERNONE
RAMKS G NRCAFRE T ERNRE, ERINOHARF  MWKELERA
FEEENERIRES S (WkBE%E2,3,6,7FM105FE4E), BTFENF
EEEANERMEMEERAMARENR ATREKBEASHLEERAKRN
WL, BANARKRA , ERE 70 BAFE , KBEFREAUTHEHNE
NEREHEEKEFEREK. FEMR/ 3 ER)FHE , S H H AN
ERTEHIFESFIIN DNA EXEIEN B LTRAFHT HHEEEEEA

(Guo et al, 2006) ( E 2 )
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B TInitial length
L& ¢ B Current length
1.6 | B Increazed
ODeleted
P 1.4 |
1.z
a
[
s I
| ““‘\
o
e

Patternl Patternz Patterni

5| & Guo % ( 2006)

2k BERERBEKERLH =R

3 MNEBESLRELERRMGITHERSS

IKHE ( Oryza sativa L. ) B TRAR ( Gramineae = Poaceae ), ti=Z 3
KRAEEY 2 — , BIkTE |, NE ( Triticum aestivum ) MEXK ( Zeamays )» H
ARBRTEERF, RYOE 77 BFFRNRABMMNE—HEEDLAX , HFEAD
TR Erhartoideae ( 7% ) # Panicoideae ( EXMER ) AYE 50 BHES
FF(Gaut et al 2002), KL AR TERTIL 40 BHEN. 22 MKEYR
FELI O MR 2 F4EKE (2n=24 ) URBTREATRNRR 4 Z4&
(2n=48) %, O.rufigogon =RIEMW ( Oryza sativa L. , AA ERA ) WEHE
B BRI R O.sativa, HYHLETREI AT RERIRT 9 THa1, RFERB 2 M=
EWHHIFENER , ET%REB 2 MNEFE 29kb B EJR ¥ , Bennetzen(2000)
IWHAEMNNE1 BFFNST  ERMERGEX—HEAMKITHEFAER. X—5

{Eat B it EREKBERANFAFEHRHE 25 A (Song et al, 2003; Han et al,
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2003),

KEERANFNIEEELRTHK. RIEHERAFAEELLERASHRE
(Goff et al, 2002)F1F| F & 1% B MY E B ZE P 7 b 5 A BN E (Sasaki et al
2002; Feng et al, 2002; The Rice Chromosome 10 Sequencing Consortium,
2003), FIFFHMUF M1 BELLEXHASHEFENE(Yu et al, 2002), BRT#
HEA , KBEHEEERARE 15 FalFEN F 5 5 (Hiratsuka et al, 1989),
B, ERA/DE#HZENF TESRIEHEETK.

Mz, HEEMENRE DNA FIHEAR PRI (Notsu et al,
2002). EHE 10 SR EBEE LN 2 MHHEZEERAFIFBASHEELNE(The
Rice Chromosome 10 Sequencing Consortium, 2003). RI& , HIEERE 55

A [F 8 R I K E W H 44K 7 5 1 1 A (Shahmuradov et al, 2003).

T T |I T L L ]
1
.- -I - . |- -I | 1 ) R -
(L] S N b : | .
: I -k : I. | '
(Ll S N T | - S | I .
I A R Y A
= . :
- aok - - 1 1 ||. |
g I i I | . |
= 1
=
= : ' ) a
E GO .I :_. .- - ) . T 1 . -
2 1 I l, ||
=} ™). I - -
L] : ] I I
| 1
20F : _ | -
. A
1] 1 Z 1 ! I 1 1 L W 1
1] 50 100 150 200 250 aoa 3a0

Muclear genome, kb
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Common ancestor

Time (mya) Insertion
Chrd-6
028034
Clint2 | (()J l1lr92-;)223
0.18-022 ke
0.18

Chrl0-2
0.15-0.18

0.06=—1—

. Chr72
0.04—0.05

Present Indica Japonica

5|8 Guo % ( 2008a)

3k BRZERATHZ4E DNA HEAER (A)MBEANEMSL (B)

EY AR MARBERNE L BRE (o) BERATRHICEHHNER
it(Wolfe et al, 1989), ZEIIHEZEN —LEHFEE , MFREL, RIDFE
BEHZ(Sall etal, 2003) , M4k DNA #5251 T HEH 2 1L ot il B9 14 1+
(Wolfe et al, 1989; Sall et al, 2003; Gaut et al, 2002), I8t , B & K F 5l th 4 A
F o {uatBIEYHFZEH , 40 Bennetzen & A KIFF5E(Bennetzen et al, 2000), JE[E
NEBREB(FERUE on)EENERZN( SERTHEE ,ds )WLLE( dnds )

WAREWAT 2D M. dn/ds LB R 1 RRFIA R E R E P IS neutral
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selection ) T4t , /NF 0. 25 EEREHILIER ( purifying  selection ) THEL |
Y HE AT 1 5NN #E 1T E [E positive selection JFEI#E{L(Hurst et al,
2002; Swanson et al 2003).

BATFIA K %45 DNA faA ( B 3 BH A kERERARSI—12
KRBEEIBHEE—B—SHEAERAKRES R, BLERTH &4 MIT
RNIFEARERA FER T EEAFMRNBEAKRERYA ) KETTAE 2 MR
HIREAERN 2 /Lat R, B PCR 4 8 M E R A 2R £ X H G4k X MTeY
BER \BY TS - BRI AR &IE — Xl A REE LB R R AT
H 2 MEFh LB B 1E 6-22 T2 [A(Guo et al, 2008a), Z4E RS &FH — L
REREA -, MAAHEZENENEERAFFINHRLER ( Tian et al.
2004; Tian et al. 2006 )R 5 B 4 1 B9 #E W (Ma et al, 2004; Zhu and Ge, 2005;

Vitter et al, 2004; Huang et al, 2005),

4 K¥EE GCERERMNZLHH

AABERBHEFRSE L GC ( ZEX + famne ) AN L FEARENRS
AT, MEXFHAENERIDTLEIAR(Yu et al, 2002; Wong et al, 2002).
XE-—NASNEBNIAR, BEFENNFNETEENFER, GCEEBENE
RAN —MNEZRBGFE  EHRATERANERARN SN , wISFSIRIHAL
LR #1E FE AR F 1 £ (Bernardi et al, 2000), i1 , CpG & (GC EEKX )
WATEZEYHER—PMEHRE B (Ashikawa et al, 2001), Y EEFH
GC EEMNZEEBERK , EEEF XYM (WAR ) Fh2uitt, WP

i GC EEBERTENRREFBE.

10
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RARINDE T HFIE 10000 Y5 , AT %5 K 700 NE (Gaut et al, 2002) ,
FI NI AR KRR (Bennetzen et al, 1993), HIFH LR EF A ZFHFRRA,
FIEREREYBERE - M HEN REEULER"( Grass alleles ) B
(Freeling et al, 2001), BiREEE , REARNE-XGC eERSIEHEEE
KAKFBER A HFAEER (& GC FE GC ) (Carels et al, 2000), Bid %=
KB 4 MREBIR (KB, EX, MEMNKEZ ) 25 MERARK , BIRK
REMNER GC EBEFEBEERER(Zhang et al, 2001), FEA , Hif A RE
El HIEESHHN I HERERBEERERRFOEAKRETL. N TFKEE
K, BEEEES HERVEES GCHWHMIE , M1(CCG), Z(Fujimori et al,
2003), BEKBEERLAN CpGC HHHHT , B AEHIEREIERN 5. ik
(Ashikawa et al, 2001).

ETK# 28000 &K cDNA ( RIRTRE ) MERAFIIUKRHEEYH
RROBE BATFARR T REABUREECYRHHER GC 2EMHEE (Guo et
al, 2007), BRIFKFEHFE GC EEN D , BIEH 7/KkE GC BETLER
MAENHARERRE (H 4 ) BINRIKBFEBERNHTZIERBNNF
I, ZBRFEALEERD GC WME , SR TER GC 2ENEM. ELEHS

K EE R Z 25X Fp 4 HI 8 F2 1@ (Guo et al, 2007).

11
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16
Rice
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AGCi

518 Guo % ( 2007)

4KBALEFERNAERN GC RS H

5 K/ RNA WTEERIMEMERE RN EER

RREMIIEEARRBH /D RNA(2 - 24nt) EHEYERE R SR FKEH
EEEENRTER. BRIE/D RNAWESERIEMIIsEN TR , aTLUE S RH
K2 | —2 2 microRNA(MIRNA) , —2 2/ F 1 RNA(SIRNA). miRNA 2HE

12
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BERREHHNNDRFZRAZLIHBRAYIE DCL1 II/E4EMK , M/ T RNA
N 2B\ ZBAEIE DCL2, DCL3 # DCL4 XM &E RNA Bl T TR M
(Vazquez 2006), BHEIEIFEF. KESHEYHELLETEH T —L/FIiL RNA
IR , ‘@IF ta-siRNAs (trans acting siRNAs) , nat-siRNAs (natural antisense
transcript-derived siRNAs)#1 ra-siRNAs(repeat-associated siRNAs) , t<Z R4
¥ miRNA-like {1 = ( miRNA-like long hairpin ) # nat-miRNA ( natural
antisense MiRNA), AL E LI 7 JL TN # miRNA F—LH7R E siRNA( Zhu
et al. 2008 ) EAKBEHRESELEHL 344 4 miRNA (miRBase,
http://microrna.sanger.ac.uk/sequences/,Release 12.0) , —4 ta-siRNA Rk

( TAS3 ), I NKZEIRLEE miRNA-like 1 = H — mirtron (Zhu et al. 2008).

13
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HNo. of sequence reads (log scale)

Lengthof small RN As (xd)

No.of sequence reads (log scale)
Frequency (%)

4

<D 20 21 = = 24 24

Lengthof small RN As (xd)

Y

518 Zhu % (2008 )

5 BN EERLE N miRNA-like fL R

BEZFELLFN - IMEENTRERREDIEYERATRAT XE
NRNA FEARRBER , XLEPNER (—#% 100-200bp ) FEELE(LER
BERFEIEEFA. BEFE - MEHFEENEE  REERUVIERINA
RBTEVIMLNER LRI RERAFZ LR ? RNBEERRENE T

FEERAPRENNAEBXEERN B TREAEENTE ? BATRIABH A

14
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T (BN ) NERURKEEFBRZTATRFNEGESREBER , &)
MR ANFEARFBEREA LI RHEFZBIA TIRFERNH I,
BANRAKBERERXED , KT/ RNA Z— , microRNA EF MIR156b/c R
U R AT RESE BB ZUMY B AR A TR MR &M | HAA TERHOXIRER T H %

HFRETHEERN XA HREFIFE L ER Wang et al, 2007 )

Chrd 5 4 2 6 8 9
[ 8
et .
ba_:::"?” _\! 3

1|
\.

¥

/Q‘

+20Mb

= 76 miR156¢
miR1561

- 30Mb
l l L40Mb
A L
85 s "
miR156k
69 - miR156d
—MiR156]
98 miR1 Ig ﬂ_ "
miR156¢
98 ."— miR156 Db
miR156a
B rom

005

5| H Wang % (2007)

& 6 K& miR156 FIRAFERA LKA RGHMUK R

BEAE mRNA REELERLEEUAFIERNAENERRRER
( Paralogs )2 #7 , R IARE mRNA ERETHHRFTVEESMNR( LER ),

15
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[B) B th BT E k3T $LE F Y B ThAE ( Guo et al, 2008b ), X BN AR #E L T2
FEBE T mRNA FHIREREN | FatmAFNMBRELXE —EEH. B7ET
TKE mR397 RERAELERNAT N RTHLE R FEHERNVESHBTHF

FIZREMAE T miR397 MG EM B,

99 012015630
A 100 O 215920
OsMyE3180
9 0507y 110
O yE3190
OsMyB3200 *
—————0sol60
00 |_|:O@11g42330
F 0511942220
O & 160

1|:||:|| s 9640

Oz11g47 330

T |_|:| Os01g27 700

1m0 Ol2y51 440

CeMgdd330

10 CrE05g R0

_|:05m gE2R00
P O gE2490 *
B _ias E-:)@tﬁgaam 0*
100 Celoy 53420 *

CsBg16610

, A SE0I0

Tl AF132121(R)

s

=

0 0% 0A 015 010 005 0

B
miR397a 5'GUAGUUGCGACGTGLAGOTACT 3!
LEEEErrererrerrrer o
CO=05g35420 TCALC CIRCTCAACGA (L) *
CO=01ge2 450 TCALC CICTCAACGA (3)
C=05g35390 TCALC CICTCAACGA (4)
C=01ge2 600 TCALC CICTCAACGA (D)

5| B Guo % ( 2008b )

7 KE miR397 LERRL (A ) RALEN KB FHIRERR (B )

16
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ta-siRNA (trans acting siRNAs) 2 ¥ ZIH —3K siRNA BER(TAS) , H
£ miR390 EM MBI T , WL KRMEFXERE ARF(auxin response factor) , 7
EYEKAEIBRTRIEEERENE, B EUBEFFRAENL REK
( TAS7-4) 2 TAS3 HHEYARRTHN . BIRFFIFER , RENFME
MEEFFERIT 51 MRBARENH TAS3ER ( Shenetal , 2009 ) BH
FILERE &0 TASSERBESERAMEEREE  ERANEREARED
B2MEN , ZHIARE 10 D KBERAFEMKRN AS3 EREERAR
BTHAZMEXR FE TAS3 EFRRANERNA LtbFEREMNERA L

(B8 )

1 455191 913331 1369571 18208761 2275951 2731884

Id Sorghum_super_ 85 2731084_1

bTAS3k1

0sTAE3R1
1 43?331 B?4761 1312141 1749521 21869681 2624241

Id: Rice_chr2_23036986_25681226

1 55511 111321 155531 222341 2??551 333331

Id chrE 23950915 24283915

70

1 33331 121?31 132341 243521 384481 365223

Id chr4 24633?16 24998938

17
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5|3 Shen % (2009)

K 8 /K¥E ta-siRNA3 ( TAS3 ) EREMRHERRAREANEREREAF 5T

AT REETEY—KBED mRNA F/) RNA BREZLZ AT EFEYLH
£2IE |, BATN KT miRNA F#4T T ARENBEEZE, 5T 40 N miRNA RikH
97 N RN REIT T ENF , AERAEITHE I3 NKBELMY, FRKA , 5
PEANBERAEER -, £ mRNA AN R ERERSSHHAE K TR
FF3, BRT mRNA BE R EAESRERDERFNEFE, Bt , TR
STHY miRNA Rk HEAR DNA SRMABUKEERH mRNA RIEEER—F
TR mRNA — RS EEMNAHEMERNRERE , RMETEEZERYEL
EERMARFFINRFE(Wang et al. 2010). B4+ , HAVEX Tajima DRKBE
EH mRNA LR TTH-—SWERMERESHEAE, MHEMH mRNA K
EERBIERE (55 M mih ) MEBEFEREME ( O. rufipogon ; 15 MR
HITENFATHEREEDN , £6 DREMN HKA RBNER , BRINKAT
JLN mRNA (Y REYHL I B A a8 &N 7 EmERERA. 2 miR390 #fl , H
RWEERNSE - RNA ( TASIER ), AHRKHES KA miR390 AT8EH
TERERNEEM4ERS T HERNAZRER RABIMLNEMERNEZEE

EE (HR )
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20

Frequency

-1 0 1 2 3
Tajima's D

5| H Wang % (2010)

9 /K78 RNA B EMLEFHNLE R, B HHE 04 MURP NS DURLE RN D,
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(reconstruction of phylogenies)

Nei(1987) Li

(phenetic) (cladistic)
Sokal (1973)
(phylogenetic tree) (dendrogram)
(cladogram)

(species tree)

(rooted) (unrooted) 5.1

Graur(1991)

Sneath

(phenogram)

Nei (1987)

(character data)

(distance data)

(similarity data)
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(distance matrix)

A B C i & B C D
B D
A C
5.1 4 (A B C D) 2 1

(distance matrix method)
(maximum parsimony)

(maximum likelihood)

DNA

5.2
Judes  Cautor
3 /3 M
Kimura(1980) (transition
(transversion )
a B 5.1
5.1 Judes-Cantor ( ) Kimura (
) a B 2
A T G C
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5.2

Judes  Cantor(1969)

4
(4q—1

3
K==In ~ 2t

A )~ 24
DNA

1 3 Y7
=—+—(01-—
=7+,

)
P, = %(1— 2e @A 4 g0y
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DNA

(single substitution)

(multiple substitutions)
(coincidental substitutions)
(parallel substitutions)

(convergent substitution)

(back substitution)

(L1 & Graur,1991)

K(

5.1

5.2

Kimura
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1 _
P = 4(1—6 8ﬂt)
k a 23

K = —%In[(l— 2p, — py)/1- 2P, ] ~ 2kt

Kimura B-
438bp 58 1 63
Kimura 0.3513
0.3446
5.3 B-
) ( )
DNA K DNA
(Ky) Jukes-Cautor
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5.3

(5-4)
5.4

5.3)
P,=0.1324 P,=0.1438

q=0.7237 Jukes-Cantor

(sequence divergence)

(Ks)

Kimura
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C )

(operational taxonomic units O0TU) t OuT
5.2

5.2 t ouT

ouT

ouT 1 - d dus s e

ouT (clustering)
ouT

(UPGMA )

(sequential)
(agglomerative) (hierarchical) (nonoverlapping)
(average linkage clustering) UPGMA
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( unweighted pair-group method using an
arithmetic average)
5.4 DNA
Jukes-Cantor
q K
K = §|n( 3 )
4 “4q9-1
5.3
1 GTAAATATAG TTTAACCAAA ACATCAGATT GTGAATCTGA CAACAGAGGC TTACGACCCC TTATTTACC
2 GTAAATATAG TTTAACCAAA ACATCAGATT GTGAATCTGA CAACAGAGGC TCACGACCCC TTATTTACC
3 GTAAATATAG TTTAACCAAA ACATCAGATT GTGAATCTGA TAACAGAGGC TCACAACCCC TTATTTACC
4 GTAAATATAG TTTAACCAAA ACATTAGATT GTGAATCTAA TAATAGGGCC CCACAACCCC TTATTTACC
5 GTAAACATAG TTTAATCAAA ACATTAGATT GTGAATCTAA CAATAGAGGC TCGAAACCTC TTGCTTACC
5.4 DNA
1
d(hu—ch),go = E(d hu,go + dch,go) =0.037
1
d(hu—ch),or = E(d hu,or + dch,or) =0.135
1
d iy cnygi = E(dhu,gi +d,4) =0.189
5.3 5.4 5 ( ) Jukes-
Cantor ( )
(hu) (ch) (90) (or) (9i)
(hu) - 0.015 0.045 0.143 0.198
(ch) 1 - 0.030 0.126 0.179
(go0) 3 0.092 0.179
(or) 9 8 6 - 0.179
(gi) 12 11 11 11 =
5.4
(hu-ch) go or gi
hu-ch 0.037 0.135 0.189
go 0.179
or 0.179
gi
hu-ch go

103



http://ibi.zju.edu.cn/bioinplant/

1
d(hufchfgc)),or = g(d huor T dch,or + dgp.pr) =0.121
1
d(hU*Ch*QO)vgi = g(d hu,gi + dch,gi + dgo,gi) =0.185
(hu-ch-go) or gi
(hu-ch-go) 0.121 0.185
or 0.179
gi
hu-ch-go or
d L d d d
(du—ch—go-or),gi =Z( hu,gi+dch, gi + go,gi + or,gi) =0.183
5.5
] ] ] |
0.092 0.060 0.019 0.007
5.5
UPGMA Nei 1983
UPGMA
( ) UPGMA
(  Kim Burgman 1988)

Fitch-Margoliash

(molecular clock)

UPGMA Fitch
Margol1ash(1967) ce
770UT ouT 3 0OTU

5.4 Fitch-Margoliash
ouT A= (hu) B= (ch)
=( go or gi) C A B
C A B a b cC X x( 8.4 A B C 3
3 3
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a+x=d, =d,, = %(0.045+ 0.143+0.198) = 0.129

b+x=dg =d_; = %(0.030+0.126+ 0.179) = 0.112

a+b=d,; =0.015

dyy U v d,

u'v
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C
a+b
— a
2
A B X
(hu) (ch) (go,or,gi)
5.6 Fitch-Margoliash 5.4
A X
a=0.016 b=-0.001
0 b=0 a b C
0.008
C A B UPGMA
C D(=go) E C D 5.7 C
E E X c d x X (or) (g1)
3
1
c+d=d_, 25(0'045+0'030) =0.037
c+x=d. =d g :%(0.143+0.198+0.126+0.179) =0.162
d+x=dy = %(0.092 +0.179) =0.136
c=0.032, b=0.006
E (c+d)/2=0.019 c C E A B C
c C C E c'

c'=0.032-0.008=0.024
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(go) (or,gi)

e L
’ F
e+ f .
i (or) (9i)
(o d
o D
(90)
a b
A B
5.7 Fitch-Margoliash 5.4
ouT E (or) (g1) E F(=or)
G X=gi
e+ f=d_. =1(0.143+0.126+0.092) =0.121
3

e+x=d_, = %(0.198 +0.179+0.179) = 0.185

f+x=dp =0.179

e=0.063, =0.057
G (e+£)/2=0.060 E G e e E

0.063-0.019=0.044

Fitch-Margoliash 5.8

107



http://ibi.zju.edu.cn/bioinplant/

.016 0.006 .057
0.024 E 0.044 G
/////6-000 0.122

5.8 5.4 Fitch-Margoliash

Fitch-Margoliash

G 1 g T h
UPGMA
g+h=d_,
= %(0.198 +0.179+0.179+0.179) = 0.184
g=h=0.092, G 1 g g G 0.032

H
(hu) (ch) (go) (or) (gi)
5.9 5.4 Fitch-Margoliash

Fitch Margoliash

Fitch Margoliash(1967) “
d; n OUT 1 j ( Judes-Cantor ) e; 1 ]
1
Z [(dij _eij)/dij]2 2
S = x100 5.5
n(n-1)
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5.7 5.4
1.94 S
Fitch-Margoliash
UPGMA ( )
Fitch-Margoliash UPGMA
5.4 5.4 5 ) Fitch-
Margoliash ( )
0.015 0.045 0.143 0.198
0.016 0.030 0.126 0.179
0.046 0.030 0.092 0.179
0.141 0.125 0.107 0.179
0.208 0.192 0.174 0.181
ouT
Fitch-Margoliash
E C
(Neighbor-joining Method) Saitou Nei(1987)
( )
(node) 5.2
i ( i) ri
N
f :Zdik 5.6
k=1
N dix i Kk di=dui
(rate-corrected distance)M;;
r+r
M, =d; S 5.7
N -2
u u i u J
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d; o+,
T T AN=2)
SJU = dij _Siu
u k
d, +d, —d,
ku — 2
] N (
2
5.3
Ms; (or)
1 2 (
1 or ~ lgi
dy, =-dyq+ =0.057
3 2 i
dgl 1= dor,gi dor 1= 0122
1 5.5
(ch) M ( 2)
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5.5 ( 5.4 di; ( ) Mi(
)
hu go or gi
j=1 j=2 j=3 j=4 J= ri
hu i= 0.000 0.015 0.045 0.143 0.198 0.401
ch i= -0.235 0.000 0.030 0.126  0.179 0.350
go i= -0.204 -0.202 0.000 0.092 0.179 0.346
or i= -0.171 -0.171 -0.203 0.000 0.179 0.540
gi i= -0.181 -0.183 -0.181 -0.246 0.000 0.735
hu ch go 1
J= j=2 Jj=3 j=4 ri
hu i=1 0.000 0.015 0.045 0.081 0.141
ch i= -0.110 0.000 0.030 0.063 0.108
go i= -0.086 -0.084 0.000 0.046 0.121
1 i= -0.085 -0.086 -0.110 0.000 0.190
go 1 2
TSR i r
go i=1 0.000 0.046 0.030 0.076
1 i= -0.141 0.000 0.065 0.111
2 i= -0.141 -0.141 0.000 0.095
go 3
J=1 J=
go i=1 0.000 0.005
3 i=2 0.000
*hu ch go or Jgi
\%éG ‘0-005 /6-057
0.025 E 0.040 G

-0.001

5.10

¢ 5.9

111

0.122
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(Parsimony)
Edwards  Cavalli-Sforza(1963) <~
Fitch(1971) 6
A F CT
G T A A 5.11

5(AT)

\\\\\fCT) \\\\\2 GT)
B D E

A F
© M © M » Q)
5.11 6
15
- 77 ( )
( X Y Z

[X YIn X Z = X X1 [Y]=p
[X YI X Z = X X1 [YI=[X Y]
X Y1 [X Z1 [X] X1 [YI=[X Y]

5.11 1 2 (CT) (GT)
4 1 5 2 15 T
4 Nei (1987) A
9 5
TTTTA TAAAA CAAAA AGAAA ATAAA CGAAA CTAAA TTAAA
TGAAA

(Informative
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site)

5.6

DNA

5.6

A W DN
> > > |

@ OO XN
> > O Olw

® -0 >
> > o oo
— 4 44 d|o

O O o 6N
O O 0O O,

@ o > >0

5.4

5.8

25 39 44 47 54

(CGCCG)  (CGCCE)

5.12

5.4

Felsenstein(1983)

Felsenstein

(Felsenstein,1978)

(CGTCA)  (TATTA)
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DNA

(Felsenstein 1981)

ouT
n OuT (
) (2n-5)1/[(n-3)12"] n=3 4 6
10 1 3 105 10395 2027025 n
n+l (Felsenstein 1978)
DNA
DNA
T i
j P (T) ACGT i 1 2 3 4
TT; 1
C ) u
(1-u)
P=1-(1-u)" =1-¢" 5.10
T i J (Felsenstein 1981)
Pi(M)=@-p)+pr,
R,(T)=px; , (j=i) 5.11
TG 1/4 Jukes-Cantor
u u 4/3
Jukes-Cantor )7
v ur
4
izl 2 3 4 11 0.25
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5.13 J
S S, K
k Ld)
4
L(j):zﬂ-kpksl ()P, (V) 5.12
k=1
m
L=1IL(j) 5.13
j=L
Vi Vs
k 0
V1 V2
S1 SZ
1 2
5.13
j Si S k
1 2 0
Felsenstein(1981) “* 77
1 A 2 C

L(J) =7 nPan (V1) Pac (V2) + 7 Pp (V1) Pec (V2)
+ 776 Pea (V1) Poc (V) + 74 Pra (Vi) Prc (V)
=7 A[A= P+ P alPo7e + 7 P a[(L—P,) + o7 ]
+ 7T PT AP + 7Ty PLTA P 7T
=7a(Py+ P, — PLP,)7c
=TT pPra7c 5.14
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P P2 ( kK A k ©)
P12 (A C)

P =Pt P, = PP, =1-g (W) 5.15

5.13 1 2 (Vitvy)
0 Vi Vs,

4 TG=1/4(i=1 2 3 4)
L:(ﬂj (ﬁ] 5 16
64 )\ 64

4(m-—5s) 5 17

Ozzln( A? J 5.18
4q -1

v Jukes-Cantor 4p4/3 T
2t( )

Jukes-Cantor K

v=uT=h{ 3 J
49 -1

K:Zytzéln[ 3 J 5.19
4 \4q

v K V=4k/3

5.14
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k 0
4
4 1
Vs
1 V>
S 1 S 2 Ss3
5.14
J S: S S: 0 4
5.14 J
0 k
L())= zzﬁk Pa (V) Py, (V3) P (V1) Py, (V)
k |
0 3 4 Felsenstein
VitV 0
L( J) = zﬂ-k Pks1 (Vl) Pks2 (V2 ) Pk53 (V3)
k
0 5.15
k 0
A Vs Vs
S1 _Sz S3
1 2 3
5.15
( 1 2 3 0)
Jukes-Cantor Bailey
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1

\71 :E(Klz + K13 - K23)

1

\72 :E(KlZ + K23 - K13)

~ 1
Vs = E(Kl?) + K23 - Klz)

Jukes-Cantor

Newton-Raphson
pi=l—e_Vi

5.7 5.4 &H) @) ©))
Tt
5.7 5.4
V, V> Vs
0.0423 0.0174 0.2215
1 0.0420 0.0196 0.2230
2 0.0420 0.0199 0.2299
3 0.0420 0.0199 0.2299
0.0297 0.0218 0.0600
Newton-Raphson
Fukami  Tateno(1989) L
5.4
5.16
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.015 0.000 0.051
0.030 0.045
1 2 3
.000 0.138
5.16 Felsenstein  PHYLIP 5.4
Bootstrap
Felsenstein(1985) Bootstrap
m Bootstrap m
m Bootstrap
Bootstrap (monophyletic)
95% Bootstrap
5% “ >7(majority
rule) (consensus tree)(Margush McMorris 1981),

Bootstrap
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(Structural Genomics) (Functional Genomics)
Williams 1994 “
””(proteome) Wilkins 1995
( )

Chou Fasman
(Pa,Ps Po)

(contig)

(transmenbrane helix)
(leader sequence)

6.1

PROSITE
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>
( 2 )
E—
(3 )
E—
( 4 )
PROSITE BLOCKS I
PRINTS
| >
47
6.1
25% 80
( BLASTP)
( FASTA BLITZ) BLASTP
BLAST
FASTA FASTA
Smith-Waterman
BLITZ(www.ebi.ac.uk/searches/blitz.html) BLITZ (BLAST FASTA
Smith-Waterman ) BLITZ
20 25%
(scoring matrix)
PAM250

(<25Y% ) PAM4O BLOSUM62
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SWISS-PROT  PDB
BLASTP OwL
(www.biochem.ucl.ac.uk/bsm/dbbrowser/OWL/owl_blast._html)

(motif) (cell compartment)

ExPASy(http://expasy.hcuge.ch/egibin/protscal.pl)

ProtScale 50
SWISS-PROT
9
20 20 6.2  ProtScal
171 16.2
20
TMbase
(http://ulrec3.unil.ch/tmbase/TMBASE_doc.html) TMPRED
(http://ulrec3.unil.ch/software/TMPRED-form.html) PHDhtm

(wmww.embl_heidelberg.de/services/sander/predictprotein/predictprotein.
html)  TMAP (http://www.embl-heidelberg.de/tmap/tmap/tmap_sin.html)
MEMSAT (ftp.biochem.ucl.ac.uk)

80 95%
SignalP
(http://www.cbs.dtu.dk/services/SignalP) PSORT
(http://psort._nibbac. jp/form_html)
(coil)
2 COILS
(http://ulrec3.unil.ch/software/COILS form.html) Paircoil

(http://ostrich.lcs.mit.edu/cgi-bin/score)

122



http://ibi.zju.edu.cn/bioinplant/

Venn Diagram for amino acids

Proposed by W. R. Taylor, 1986

aromatic

hydrophobic

(integrin)
RGD LDV (motif) RGD
( RGD )
(pattern)
(consensus)
(profile)
( )
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PROSITE(http://expasy.hcuge.ch/sprot/prosite.html)

PROSITE
[ST1-x(2)-[DE] ©)) M 2
D E
(profile) BLOCKS
(http://www._.blocks.fhcrc.org/blocks/) PRINTS
(http://www_biochem.ucl.ac.uk/bsm/dbbrowers/PRINTS/) ProDom

(http://protein._toulouse. inra.fr/prodom/prodom._html)

BLOCKS PROSITE

PRINTS ( )

ProDom (version33) 9600
(domain motif)
( )
4
—a £ ([3-sheets)
(fold) ““fold””
(
)
( )

80%

PDB NRL 3D HSSP SCOP  CATH
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(  Chou-Fasman GOR )
60% £
—_— 10%
( PHD)
PHD (http://www.embl-heidelberg.de/predictprotein/predictprotein.html)
(fold)
BLASTP NRL 3D SCOP
100 40%
(homology modeling)
25% 40%
NRL 3D HSSP
BLAST FASTA (
SWISS-PROT TREMBL  PIR) SRS 25%
HSSP
(annotation) “DR”” ( ) HSSP
25% HSSP
NRL 3D HSSP

20%

Swiss Model (http://expasy .hcuge . ch/swissmod/SWI1SS-MODEL . html)
Swiss Model

“e ””(threading)

1000

(energy)

30% 50%
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TOPITS(http://ww.embl-heidelberg.de/predictprotein/predictprotein.html)
frsvr(http://ww.mbi .ucla.edu/people/frsvr/frsvr._html)

123D (http://www Immb.ncifcrf.gov/~nicka/123D.html) THREADER
THREADER2 (http://globin.bio.warwick.ac.uk/~jones/threader.html)
ProFIT(http:lore.came.sbg.ac.at/Extern/software/Profit/profit_html)

10-12 1.5-2 3-5

computer-aided drug design, CADD
“ ” E. Fischer(1894)

o quantitative structure-activity relationship, QSAR):
Hansch(1962) Free & Wilson(1964) 2D-
QSAR
H3D- QSAR: CoMFA( distance geometry)
B
= -
o de novo drug design docking
! (13 7
= +
! (13 7
2001
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=
“ ” docking) 50-100
H Kuntz(1982) Dock

HIV-
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BEE /I RNA 27

PR S 1 2w S /)y RNA (small non-protein-coding RNA, 12-24nt)) 72 774E
SRS YIR N, B RERR mRNA LU 5 sl i i) B PR e #4385 /K7
Xof J PR R B A AR H - CATER /D RNA 2250 AP KRR —RE T RNA (MIRNA,
microRNA), —Z5Z /N T3 RNA (siRNA, small interfering RNA). 7EAE YA sh ¥4k
N, miRNA 5 siRNA 87 AEBLEAIE I G Br AN, 1 B AR N
1/ RNA. miRNA f& i B A AR 5K IR 205 %A Cpri-miRNA) £231d— 25110
Tibts, RNV DCLL In L/EAmG /M4 RNA I8 % 1R A V) i
DCL2, DCL3 #1 DCL4 Xf HA B HAMAS R K XUEE RNA BTARZEAT I I i
(Vazquez 2006). HETAILF/NTHE RNA F2RIR 2, M4 B4 21 2R BRI TE L
#l A4 N  ta-siRNAs (trans acting siRNAs), nat-siRNAs (natural antisense
transcript-derived SIRNAS), hc-siRNA (heterochromatic SiRNA),
ra-siRNAs(repeat-associated siRNAs), KZEIFZE#) 1 miRNA-like fi7 5 (miRNA-like
long hairpin) A1 nat-miRNA ( natural antisense miRNA). 1475 &I/ RNA &/
MAEKHEE, £ARABEPESCE % EE 451 4 mRNA (miRBase,
http://microrna.sanger.ac.uk/sequences/, Release 14.0). —™ ta-siRNA ZK % (TAS3)
F1—A™ mirtron (Zhu et al. 2008).

H1 7y RNA RIE I 2R ik, 3 BU% G i) S iR mt 76/ RNA RERIRAK,
A S, DA BT BT 78/ RNA J2 — MBI 7R, RORIE 1 12 8
IR FUERE o XTERSF mIRNA SR A, miRNA JEFFEFIR I, 5T miRNA 7
FURFETIIAS 7 (novel) miRNA, JERmEENFHA (454 1 SOLEXIA) /&
HI/h RNA #idls - GEAEEE LA B E T RS 403, DL/ RNA BEAL R T
L Fese A b, XL B AT YR B B . BEETTARRIRN, KE
HITHE %, MO/ RNA B EA W4, AR ER AR WA AT /v 4l

F—I miRNA B EERAE K iHER T
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—. MiRNA [ EE4FAE

TEREAIR N, MIRNAZEDE 15 e i@ i Pol T A% 57 A — A B 2R IR 45 M I mIRNA
VI A (pri-miRNA) (Lee et al., 2004), #AJ5{EDCLLEE (Dicer-like enzyme)f]
YEF T VIBR 22 250 1 2 B2 Bloop 4t #4) FHMIRNART/A  (pre-miRNA) 1S 2|
mMiIRNA:MIRNA*XUsE E 414 (Tang et al., 2003; Kurihara and Watanabe, 2004).
MIRNA:MIRNA*E &K 1) A>3 1A P NI RO B AL, FLB AR 45 & S0 VF— € iU
FeK, HIEH LA, I HBRA BRI A A sloopZhtt) . e Ja WUk HAd el 1)
JF, miRNA*EEME, FAMIRNAREFI 45 & SR R A Sdt AT RS, AR4E S EEAL A
SO R B YE T H FEmRNAYIE| a2 #f 23K (Bernstein et al., 2001;
Papp et al., 2003; Bartel, 2004, K1),

A B Cc

miRNA gene miRNA gene Exogenous dsRNA,
transposon, virus, ...

—r? —r TR

o] =B o] T 0| @z

[ o | S o] @
Pre-miRNA Pre-miRNA Pre-miRNA
Ran-GTP/ 91 =
© 1 @ Nucleus 3] Exportin5
— — Pm
b Cytoplasm \
miRNA:mIRNAx duplex SiRNA dup—wlexes
0 !
Nucleus HASTY? el@
— —
(5] [—
Cytoplasm
o

(5] W‘@ mwnmw duplex
w&mm
Wﬂ““%‘@ Gl |

2a00a0000 i J
Mature miRNA within RISC e i
Mature siRNAs within RISC
Mature mlRNA within RISC

Target mRNAs from loci
unrelated to miRNA gene

K1 miRNAsHISiRNAsH] ™4 %1% (Bartel, 2004)

(A) The biogenesis of a plant miRNA (steps 1-6; see text for details) and its hetero-silencing of loci unrelated to that
from which it originated (step 7). The pre-miRNA intermediates (bracketed), thought to be very short-lived, have not
been isolated in plants. The miRNA (red) is incorporated into the RISC (step 6), whereas the miRNA* (blue) is

degraded (hatched segment). A monophosphate (P) marks the 5_ terminus of each fragment.
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(B) The biogenesis of a metazoan miRNA (steps 1-6; see text for details) and its hetero-silencing of loci unrelated to
that from which it originated (step 7).
(C) The biogenesis of animal siRNAs (steps 1-6; see text for details) and their auto-silencing of the same (or similar)

loci from which they originated (step 7).

MIRNAZE K M LT 2L A EEA S (Zhang et al., 2006a,b), {H %34
MIRNAF F1H & — % 20-24 3% (Ambros, 2001), /KA A L2 1ntAN 24nt i R
FEmIRNAS EHRFE, XERHEFFIDCLEEA . miRNABEHES I RAEsh )
HHECE W, AR E AT RIU L mIRNAZK IEAGK ARG ImiR169, miR395,
W E R R4 ERi#%EHES (Jones-Rhoades and Bartel, 2004; Zhang et al., 2006a). il #%
FEFIHIMIRNASRIAZ S 72548, Bk PRl Rk B AT B4 [R] 20 (Bartel, 2004;
Altuvia et al., 2005; Baskerville and Bartel, 2005) .

LT miRNARTAAR ) 0454, — L2t 7t R BImiRNART A BRI &M & B
g (MFE, minimal folding free energy), T MFEFRFHI K>, Zhangs
(2006b) $EH T H/N T8 HHAETEAR (MFEI, minimal folding free energy index)[)
M, BFPKEEER R, AMAAFEZmMIRNARTRKIMEFHL B AL 7 —4
b, JF45 H0.851F AmIiRNARX ) T~ HAB SR A RNAKIMFEME, ANy — STl

MiIRNAREFEAEFR bR .

100x MEF /L
(G+C)%

MEFI =

(L: the length of pre-miRNA)

H AfmiRBase 14.0 (http:/www.mirbase.org/)iit A~ ' miRNAK] Ik 4B 177 5%
H AR Z miIRNAZ R AT DL 2020 bR 2], HrbmiR159, miR1715C&AE H
HUmiRBasellt sk (1) 4 E ) M AEAE (Tab. 1) XA miRNAR O/ <5 X T 7E 3 P fl
HRRTIOR S T mMIRNATE R A . JREMIRNATTIREA RIYIF,  BEAS [ R% 73 T8] i A2
FAEE R, (HAGAMIRNAFFEZAH G LR, [ —miRNAZCRA R4 5 )
homologslAIAEAE R L, 2Bl 22 57 o X FMERR A 1 K& A 4k A R0 1] Ok
SFmiRNARIHF ST (Llave et al., 2002; Reinhart et al., 2002; Bonnet et al., 2004a;
Jones-Rhoades and Bartel, 2004; Sunkar and Zhu, 2004; Wang et al., 2004a; Adai et al.,
2005; Sunkar et al., 2005; Zhang et al., 2005). Bk 7 fR5FmIRNASL, A [EP)H ik 17
FEAR Z WA 5 I mIRNA (species-specific miRNA), X ZEHEL I ELi4E 5[
MIRNAJGSE £ & YAt T O K & i A2 i 4l E L Z 1 E .
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CEWf R FALIE) Lyl

K1 HEYRSTFMIRNAZ R (RYEmiRBase 14.0F14) 70 2 /b HE )

miRNA . miRNA . miRNA .
famil No. of species famil No. of species famil No. of species
y y y

miR-159 17 miR-394 6 miR-1510 2
miR-171 17 miR-157 4 miR-1514 2
miR-156 16 miR-2118 4 miR-161 2
miR-166 16 miR-824 4 miR-2111 2
miR-167 16 miR-1507 3 miR-2275 2
miR-396 15 miR-2119 3 miR-413 2
miR-160 14 miR-403 3 miR-414 2
miR-399 14 miR-437 3 miR-415 2
miR-169 13 miR-444 3 miR-416 2
miR-172 13 miR-477 3 miR-417 2
miR-319 13 miR-529 3 miR-418 2
miR-408 12 miR-530 3 miR-419 2
miR-164 11 miR-535 3 miR-420 2
miR-168 11 miR-827 3 miR-426 2
miR-162 10 miR-1122 2 miR-472 2
miR-390 10 miR-1127 2 miR-479 2
miR-393 9 miR-1135 2 miR-783 2
miR-395 9 miR-1139 2 miR-821 2
miR-398 9 miR-1432 2 miR-828 2
miR-397 8 miR-1435 2 miR-845 2
miR-482 7 miR-1509 2

MIRNAE T 5 ¥UEE R T B ANRNAXUEESRAT (I T Dy 6e, X Fp EAMAESE L
R RS (Rhoades et al., 2002; Jones-Rhoades and Bartel, 2004; Robins et al.,
2005a). H M )50 55 B 1 B AMREE ) 2 S5 E T mIRNAT AN FERLS] . PR
FEIE R B ELAN I mIRNA E ZHE X H ARmRNAR B V)R T mRNAR R
%, A GARmIRNAS HEEA SR ICEC 2, W) 3 a5 5 #0107 A
EMRNAFIEH P (Papp et al., 2003; Bartel, 2004, F2). HYImiRNAR#EIE R — K%
HR SR - (transcriptional factor), &7~ 7 miRNAE I 5 i) 5 44k

A Extensive complementarity in B Short complementary segments in 3-UTR
coding region or UTR

1
Cap—a l - : Cay E5 : An
P ™\ ‘X/l : E

Kl 2 /NRNAE#EELE] (Bartel, 2004)
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W Active chromatin

1 Histone methylation
* % % % %

Silent chromatin



W K ¥ http://ibi. zju. edu. en/bioinplant/ CEWGERFAILED 85 T

(A) Messenger RNA cleavage specified by a miRNA or siRNA. Black arrowhead indicates site of cleavage.
(B) Translational repression specified by miRNAs or siRNAs.
(C) Transcriptional silencing, thought to be specified by heterochromatic SiRNAs.

Z. miRNAKITHER

TR E I MIRNAZE ] 32 2256 T DL _E SR B miRNAR 51 ke 454 _E s
fiE, PAKASEFpIE B ORSFE. AT BLr A RL N JL3E 7
1. [FPEEERE

[ Y5 Lot 14 77 92 32 B dl ik O 0 AR 7 miRNAITEAS [R1PF [8] 1 77 51 AR B 32
AT RIVEFF B4 Z I mIRNAR 7732, LACAImMIRNAFFIN % 5], AFLDNAJT FI4L
P B BRI R, T AR R 2 OO 5 sl EAE DU 7 A 0 AE A, rice,s
maizes5, A A Y H 4 ik DR ZH mOR RS P it s X Tk B4 e 97 R SR AT O ) A
Kk, /NIRAEFIGSS (genome survey sequences) I AIEST (expressed sequence tags)
FeAI AR I B BHE 518 . JUHRESTHFA, BUONHA St & RIAKTHFF,
TN 45 R B INHERA T (5 . W RIEF A AR FEBLAST, 41 2 A H BEAmiRNA
FEANBATIR R, BB, EE—BE S T1E-2, S/ANFAFRESONT (BRIALS,
-W 7), {EHFHBLAST LRI IR 23 RIAR 7 A B 1 Ji R i B AR ) AR, 283 7 S
Br B A F FE 8 R BT ~20nt I mMIRNA, 24NN & 4 HLH B 0L A ic 2 5
BRI P 41 3 3 58 M A R IC S AR, AT B — DN ATRERISE SR, A X MG D2 )
D AN, FET RIS RKMERPIN (http:/tage.univ-mrs.frierpin/) t a] L >k
4 R EE 2 P I miRNA RN R i il i 5258 — 20 2 RNARTBREC 7 51 & — 2
ZER{E S, ERPINTT DA R AR B UIRNAT A, AT 3R 15 58 I A A e 5 1 45
AU EER T2 T AR L 1) Bl b F b — Sl i BLASTX# R i
F G, DARRR A A8, IR RAER:  2) AAEMERE S AImIRNA
(R ER 7 AR AN, — M R R e miRNAGE 15L& [ R PP B EAT — 2 2546 il
T, AR SE Z BT A2 75 ] BEE iistem-loop 4 M, I F BIGIEMIRNARIGL B, &
MIRNALMIRNA* B AMEDL; 3) EMfE 1 Al REAIMIRNARTR A5G, 7 Eit 5
ZBUT S IMEF XMEFIE, — B iEHL FmiRNARTARIMEFR /)N, 1fiiMEFI > 0.85,
WHRFTA L EFRUEIRT &, A% AL m B A 5 B miIRNAJE K] o

BT RV R TEI K TIRZ 84, BHEWangss (2005b) /& FImiRAlign
BA% (http://bioinfo.au.tsinghua.edu.cn/miralign/) (K€13), B] LLA SR AT A miRNAZE
PR] A 3 T A R S [ 2 SRR T % BIProMIR (cbit.snu.ac.kr/~ProMiR2/) (Nam et al.,
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2005), VLA JRERAHAL, AT HEYImiRNAT FimicroHARVESTER
(http://www-ab.informatik.uni-tuebingen.de/brisbane/tb/index.php?view=microharveste

r) (Kl4) (Dezulian et al., 2006).

MiRAlign

Input your sequence and parameters

rl

® animal @ plant

delta len:

min_seq sim:

IMFE: _ml-: cal ,-"'. mole

Kl 3. miRAlign#t1H (http://biocinfo.au.tsinghua.edu.cn/miralign/)
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microHARVESTER on the NCEI EST database (NCBI EST est_others: all non-human and non-mouse seqs as of 27-July-2005)

Input

Enter precursor sequence(s)

Enter mature sequence(s)

[5 seguences max for one job]
Input examples

Try one of these miRNAs as your ATH-MIR169a ATH-MIR172a ATH-MIR390a
query:

You might want to take a plant
query from the miRNA registry.

Output examples

This is the cutput for the above ATH-MIR16%9a ATH-MIR172a ATH-MIR390a
example querias:

Instructions

Find detailed instructions here.

Job Options

Jab-1D job33276

Please avoid special characters in
any input field. Best would be only
letters and digits. Choose a unique
job 1D.

Reset form Submit job

4. microHARVESTER %1

(http://www-ab.informatik.uni-tuebingen.de/brisbane/tb/index.php?view=microharvester)

2. ZRER

FER B ITVER DIAE EMIRNAR RS, 0 REASIE R A AT 194, (2 R d
T ZhPImiRNAREE TN . 5 S AR A [ A B 4 3k BT 2 IR G A7 500 . TR S 1)
FEGS X, Rl R a1 X k3 UTRIX (Xie et al., 2005a), & JmisesE — N H R/
e Un110ntAE % X AT 2, A AR T A e nMfold
(http://dinamelt.bioinfo.rpi.edu/download.php) 2 RNAfold
(http://rna.tbi.univie.ac.at/cgi-bin/RNAfold.cgi) (&I5) %445 110ntK: B 1 /41 k47 —
G AER T HAT 7, 25 HAEIERIMIRNAZE R . H A AN T2 05 3 )
T T BPImiRNAZE K . — /N &miRscan (http://genes.mit.edu/mirscan/) (K16) % —/>
FEmiRseeker (Lim et al., 2003b). Lai%% (2003) 7F 5 FE K 41 b A miRNAJE K % &
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TAEERM, PLEXEFImIRNAZERE S, miRseeker I H#ERf B A1 R 8UE N75%
(18/24), {H 2T WF AR T —E B E H RN R 7 X3 T F 4, Kk
Z 71X T miRNAZE [R5 51K AR AL 3K A mIRN AT K 5 FF AN E A o

P Momai. ¢ <Y 8 mem. (@ miRease x - Microc.. x [AKEGGP.. x | [) &#fE.. x ' 2 Toobo.. x | [) Bioinpl.. (M RNAfol.. xJ ¢ RNAfol.. () MiRsca.. x ' [l The mic.. ' p<] Genom... x
C %% httpy//ma.tbi.univie.ac.at/cgi-bin/RNAfold.cgi > 0O- £~

RNAfold \WebServer

joblHelp]

The RNAfold web server will predict secondary structures of single stranded RNA or DNA sequences. Current limits are 7,500 nt for partition function caleulations and 10,000 nt for minimum free energy only

predicitions.

Simply paste or upload your sequence below and click Proceed. To get more information on the meaning of the options click the ) symbols. You can test the server using this sample sequence.

Paste or type your sequence here [clear]

& Show constraint folding

Or upload a file in FASTA format: | B3 | ERETH

gy (MFE) and partition function @)

mmmmmmm free energy (MFE) only @)
B GU pairs at the end of helices ¢)
oid isolated base pairs @)

interactive RNA secondary structure plot @)
RNA secondary structure plots with reliability annotation (Partition function folding only) ¢)
Mountain plot &)

Notification via e-mail upon completion of the job (optional): |your e-mail

\%

Institute far Theoretical Chemistry | University of Vienna | ma@thi.univie.ac.at

5. RNAfold 51 (http://rna.tbi.univie.ac.at/cqi-bin/RNAfold.cqi)

DL RNAfold 951 >k it B — 25 245 F4 00 4 44 145 H - RNAfold <& Vienna RNA Package
) — R AT ZRE TN B TR — o AEA— DI, Vienna RNA
package SZ£F Unix/Linux/Windows % & FIRRA T %k
(http://www.thi.univie.ac.at/RNA), A5G TEAH R U B SO . 2 RNAfold
i) web server FUI . R i EEA RS T EI P51 (RNA/DNA)K I 2 SCAHRES,
B RA7 A fasta 4 U SO AC B server, EBFEMBINSE, RN EAELERF
iR, ATLARBE—A email, 7EREFISAT 8 G ol A R B A B IEAE B . Rl
"Proceed”, ffE RAM SR SAEN G Db BoR, QST E AP« -
AEER, s HRE, ULEIRACEE R, FIORAF v eps B0.pdf 4% 20H) S
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x Y1 Microcos...  [AKEGG PA.. x \ [ &#nf=8% x '3 Toolbox... x ' [ Bioinplan... x @ miRseek.. x) ) MiRscan .. ~ () The

——
wicr.. b Genome ..

&

ade t

K 6. MiRscan #t1f (http://genes.mit.edu/mirscan/)

3. S ZEIREMBR

T 2N PImMIRNAL H BUEAFAE T2 B pgde s, 80 S AImIRNARRE X
SR AT ZE IR 5 AL T SR R B R AZ AE IMIRNA . I BARIE 75 3% B429%11) A ZEmiRNA
J: R FN5000 1) SR B miRNAKE R # A R E RIS (Bartel, 2004; Altuvia et al.,
2005). HTHYIMIRNARZBA R BLR LD, A4 miR169,miR395%% /LN Mk
FPAERRE A, R VELER I miIRN AT 7 T A7 7E = PR 1
4, BT HERERHAZKEE

BT He B R 4 5 iEAR e MEATE 5T & Jones-Rhoades fl1Bartel (2004)F A 481 55 7 A1l
KR A 3 R 20 4 e TE P AR AR S IImIRNAT 41 {E 3 FF & T MIRcheck 14
(http://web.wi.mit.edu/bartel/pub/software.html)id it 11 55— B 7 51 & 75 47 76 B AR ) 25
Wahirg, VLR 20mersi T AIAL T 2 MM E b, SR ERIE AR M b
PR S MR B AR F IIMIRNAKE R . Adai%s (2005)7F & T findMiRNA
(http://sundarlab.ucdavis.edu/mirna/) i] LAE 5 BLAN JE R ZH SR E R miRNA, findMiRNA
FEARYEMIRNAS T HELIE K 7 51 FLAMI PR ST, SR 5 M ] 0 45 A RT3 g
WAL p AT AR T, R A BAR RIS P A1 RRELE R, O
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R R 2 KB P 51, GitRNA, W TS5 05 RETE R R &5 4, DRI TE B
A 41 AR e 2 gk 1o 45 SR TR U T B R
5. FT RIS FrE0E B R 75 ik

MELETTERT LA, K& 77 B B EEA # 2 miRNAR T2 IR sy v, R
A HE B AT LA mMIRNAR 458 H K % 58 J i B R RS 2 I mIRNA, (Hi T
PA— K BE AR BT, R 125 2 A mIRNAR T EASE & . BEE T
— AR P B A An454 Fsolexasi A Y R AIHE, RIS ) 56 PRl 28 25040 FRNAK
A=A . R mIRNAR solexailll /5 43 S AT LA™ 4 E 5 cE AR . iR
Y T AT ADOE T T A 2R AL G 1 AR B R AL I TR, T U A
IX LA B R 25 HmIRNARE IR 1 1 — AN E ) g i P i iR . LUKAE T
T R CAE 9, ile R % T ) U KA e miIRNAZE R R S0 & . HoZhu%% (2008)
LUK B IR REFI T M B 258 58 1 39BN AR LR “F IFIMIRNAZ % Sunkar®é:
(2008) LAriE AL FR K KRGS MBS E T 238 I miRNA. AR A I 7
WA, (HAGR I T miIRNAFE 5 R4 #4 L AR sy 1 AT T

T PAZhuZE (2008) 1) LA 4550 B — T RIS INRNADI PP R B0 AL B R o
T~ Solexaill /7 (1 5 2, W45 21 1 JE 4R 52 PP # — v %42 7 4%k (adaptor) I [F]—
KEMFA, BT B g Bk i — SR 2 741, X3 T — A
T JUANE: B = U S (B 2 . 0T O S R R i, ok
Fa. ORI, W] LUR R A Lo T E i BLAST R A5 /N RN AL it 1) 35 (K 20 1
(>18nt). XFEFRATHAG R T — DR ALK/NRNAKI A B . KR4 4L R4
FERE, HERRBAVCEC 2 H 52 5 51 X IR X K /NRNA . X FE—J7 THHRATAT LUH
AR TTERAL R ORSF IImMIRNAZE R, 5540, T 241 T /NRNAFE FI AL E
G, BRATEAT AR A S AR AR AR BE R RS S I mIRNASE R . BT
MIRNAZE 42 3 P i 75 B S miRNAMIRNA* & &4k, &5, HR3E/DRNA 74
FARAFEE FIMIRNAMIRNA* S A . AT : 1) P %/ RNATCHEC 2 7] — e 4
Rl — 2455, HAHBEANEIE400nt; 2) A vrA R 2 HAL/NRNATLES 21 27 51 2
[ X3 CRERE A 534/ PDRNABRF A — & S Bk, TR A 50 3)
Z/PRNAZERZERAMILEALE AR Z  CAEIE104); 4) P aksmallRNAK 3L
FRE R AR ZESME LA L CIRIEMIRNAG BUR L, miRNA*E 5 miRNAZ TG 1R
PRBEMED . P26/ DRNARIEC Xt 75 457 & — € FRHE (Jones-Rhoades et al. 2006):
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1) SFEAEL 7R (G PR 1 AT AR AN AR RS G s 2) AN 3
HIIELZLERIT,: 3) AMFAE— 2% B Ll MR B IC M E oy — 2R B B A B e Bl A=
PRI Lo i A LA 1 26 1) 79 26 /RN F1 R 24 (8 (FImIRNACMIRNAX 51 . A
FERH YT AL E P 5% TANDRNARF ZUE 52 FImiIRNART A PP I 3EAT — 2045
R TIN,  AR A I — R AR K 5% F7 51 BT AR 1) Aor B T 75 D i 18 B miRNAZE [ o

PAETHSRT V2 BARIR AL 7 — A O (0 4 E miRNAR) T B, i B H AT HES
7> MIRNAFF FIHR 8T T+ SAG 5 VB0 R, B 3N [R] B T 75 VR R A7 AE B
% B/ B BRI PR, i DA A 2 A A 12E miRNAZE RTS8 75 2l 1l 256 7
VT IOAE , A5 BB 70 % , Northern, PCR, 5'-RACE (5' rapid amplification of cDNA
ends) (Griffiths-Jones, 2004; Griffiths-Jones et al., 2006).
=. miRNAKEEE B i i

AMEEPIMIRNAGS & FEEE R NI IR 4 2 0%, HYImIRNA S 2@ #5058

I EAMICOS 455 BIREAL A NI 516 B FsmRNAR EEIE] . H Y miRNAK
AL A G W NRAE: 1) — BB 3N RAE AT 2) 5 AT 10 MRk 45 A
REZ, R ARV RS 3) 5Un a1, 11, 12M83E RN BT VI ShaE 1%
ROMARH N 4) —BOEESRER >=3MHI. sIImiRNAKEER
[P FIAR B8 45 & A R R i D2 R TR 2 %44, MmiRanda, TargetScan, Pictar
FlmicroTards, {HH THEYMIRNARGEEA s BB 5, B OB mIRNA
BT 5 TR AR AR s 2L, HedrmiRU (hittp://bioinfo3.noble.org/miRNA/miRU.htm)
MGG, BE T CMBRKE S HEYImMRNAFIgene i, 1T H& (L5 /)N
RNA, 7ERALHIHE YR IAEHE th Al e RA LA S (BT miRUA LS HmT it
WE: —RWRE, RN 83y, RIEAREEEE, ToAR: &G URXT,
—M50.55r, =RINDEL, —MA24, PURHARAL, RIS, St
3. SRS R RR LTINS AL R E, Bl Databasel, 734hi&A —~Database2,
& TR 7 miIRNAREAL s $2 (592 A, mT DARRAR T AR A . 5541, Zhao et
al. SLEmIRUEAE 1 JF & 7 psRNATarget, AN AT LA fiE/NRNATE HAR )% K %
I P PR 5, 3 TT ASR B E A 58 B2 PR B (< 7OMb) R 56 2 75 A7 72 S ATHY
MIRNARJFEIER,  F14h, R B IR S5 72 VR T ASR bR 72 ) /NRNALL SR € [
PR, EAT 58 A MR O SR JE R 00, = SRR F 2 R B 80 KN — 7 PR
#l (<70Mb).
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miRU: Plant microRNA Potential Target Finder

The program predicts plant miENA target zenes. It reports all potential =sequences
complementary to the query with mlsmatches no more than specified for each mismatch type. In
addition, each mismatch 1s penalized according to the mismatch tvpe and positlion to the
miENA. With default settings, the minimal score among all Z20mers camnot exceed 3.0, This
program can also be used for siENA specificity detection. For more information about the
prediction algorithm and questions akout the search result, please click here.

Enter yvour small RNA (19-28 nt)
Score for each 20 nt |3 |Z|
G:U Wobble Pairs |[6]=]

Indels |1 E
Other Mismatches |3 |Z|
Dataset 1 Arabidopsis thaliana mRNA (from TIGR Ath1 5) E

The following fields are for reducing false positives in target prediction by detecting
target complementarity conservation and are optional. Select a dataset for a different
organism and provide homologous miFNA from the orszanism, and the prosram reports
homologous oA targets with conserved complementarity., If homologous miENA 1s not
provided, the program will not check target conservation.

Dataset Z | TIGR Rice Genome mRNA (OSA1 release 3, 12/28/2004) |Z|

Homologous miFENA

Submit Query ] [ Reset ]

7. miRUSLH  (http://bioinfo3.noble.org/miRNA/mMiRU.htm)

patScan 2 7 — AN AJ LA 5 8 34T miRNASEJE PR F500 i B . patScanfié it 1
Unix/Linux/Windows/iix A& 7] 7 http://iubio.bio.indiana.edu/soft/molbio/pattern/ T %%
patScanip ¥) 1 BTt & H R B 4 B R A Rf e #0741, Rhoades et al. (2002) & Ja¥s
patScan A T miRNAFEEE PR T , H-PPAk 13X Fh w77 U FH % (Rhoades et al.,
2002; [&18). patScanf1iafT s LW AN SO, —2da e 8 R M pattern 34, HHAH
N I smalIRNAFE F ATTC B R AL R : - smallRNA_sequence[4,0,0]; 5 —N & H Sk T
M FER P25, Fastatéz, Fn @ fEAH B 1) P 21 8 B FR R 4 >title|CDS - ..”
g>title|cDNA  ..7%555 . smallRNASSEAL s UL EChRAE Q0B frik . 3 4k, T 42
FFIMIRcheck AIfindMIRNABK A B £ T miIRNARY 75 2275 [E mIRNARI L #EAL
AEORAFPE, T AT R I mIRNASEAL £
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100 05

3

d

mRANA hits
Y
=

31

3

17

1ﬂ 4.2
o o Mo,

0 1 2 3 4
Stringency of pairing (# of mismatches)

] 8. Arabidopsis miRNAL HXmRNA)  LULELTE AL (Rhoades et al. 2002)

Annotated Arabidopsis mMRNAs were searched for sites complementary to 16 Arabidopsis miRNAs with 04
mismatches (solid bars). Identical searches with cohorts of 16 randomized RNAs were also performed (open bars,
mean values from ten cohorts; error bars, one standard deviation). Note that two hits by similar miRNAs to the same
complementary site within an mMRNA were counted as separate hits (Table 1).

- ta-siRNAZHHHEGER T

—. ta-siRNAK = E41E

5miRNAAE, siRNAT: ZHE i K I XUEERNAK & A /EDCLEF I ) H T 72k
TR A UM AN A BISIRNAS, BT TEE ™ A AT 7 38 2% 64 D e 7 TS
A AT /RIE (Brodersen and Voinnet, 2006; Vaucheret, 2006). F i K #55 [HsiRNAZS Y
(24nt) ZEKARNAKIRNAR & 52 (RDR2). DCL3. PollVAIER R4z, st
AGO475| FHIDNAF AL B 4H T (R 15 S 55 % DT B (Zilberman et al., 2003, 2004;
Chan et al., 2004; Xie et al., 2004; Herr et al., 2005; Kanno et al., 2005; Onodera et al.,
2005; Pontier et al., 2005; Tran et al., 2005) . X — X B AE A BREE e 7 S i JRa A
FEHEE Y (Xieetal.,, 2004; Lu et al., 2006; Rajagopalan et al., 2006;
Kasschau et al., 2007). HAh 2R f)siRNATE BAEFE 5 5 K PRe/EH o Xk BERNAFN
L DR e S A UL BR 1 % B HiIRDR6E/DCLAISIRNA (21nt) ik #iDCL2 {ISIRNA
(22nt). ta-siRNAZ 2l i RDR6/DCLAIE #4411 . tasiRNARIE il 32 B2 il ik
MiIRNAJ S 4% 21ntAH AL HEFI ISIRNAR BIY) (<=12 phases). A [F I TASZK R 52 A
Al FIMIRNA T, TASLRITAS25ZmiR173[(J1#%T, TAS3TERL R THFIKFRE P - <F,
miR3901A 1Y, HAGUmAM3 %45 A 0r ., TASASZmIiR8281H 1. TASHK
dsRNAFTAEDCLAMEH T, HAHRMFIMIRNAZIEEIY], rF=4221nt, 3w M5
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FEAE LTI WU BESIRNAKE A4 (Dunoyer et al., 2005; Gasciolli et al., 2005; Xie et al.,
2005). ANFATASZIIE ™ A HIsIRNAKH ANH, Horh AR E 19— P siRNALT
fEhge. R LI ERAE AT Dl AR (S B i 7 i Tl tasiRNA.

. ta-SiRNAKTHERFI

1. Howell&.32%:

I T 42 28] 4 3k PR 2H 7 51 0 P B A 2 A TR ) /NRNAR) EE i HaX et
AR LB AL R R A5 A /NRNART DUR B () 7 A B 4 R R A b o iR E — B X 2k
(<300nt) N /NRNAFE 5% HE2Int M AL AS HESIX — W F RFAE, W] AR H ik O TAS I
Pz . Howell 5(2007) (B19)ixit 17— &t Re R & AU R 7+ K i i tasiRNA,
H JeH e AL B EE R ZH R SOBE B /DRNAF PG IF, Kok B ASRIEERTDRNAGE 767 B
TR 2P, , X RER H — 0 2 S I S B/ DRNASL E AT DAZE THEL IR 22
e SRIESIAPEME AN LS. PERTHREIT .

P= In[(1+iki)“‘2],P >0,

AR —MHEALK BE 15 21nt, nRIRTESMAHAL R /NI E G A 240 —A4~/hRNA
SE L BIARAL_F A ALAE A E (RInMAEAL AL B A /NRNATEE) s KRRTE A X
8N FHAE R /N B 1 LT I 47 A S A R B N A T A A B/ NRNABE T
B BT R -2 R, R SR ES =AML (n>=3) B AFE R — A
RNAZ BELRIEP AL E. AT LAE H, PEZ/NRNAFEFI T B X
Wi o PR AR SR 4% SRR IE (0 K AR R A 3 5, T3S BRIP4 Fo4h % 5 DY A
FAIPEE A B . Bk, FTLCK/NRNATESERIZH F R sEhrsrfi, aiEl9 AFREADS
KRR, FACAPIE A IPHASE ], A 22w PAE I AL R4 9 1% 1k ¥ phase iz
Mo i, MRAEta-siRNASZAH M mMIRNAEFE LS, 16 T 2 () phase X 15 i 7
TIMIRNASEAL i, WS n] DR BIH . 145G LA, B4 KB IX IR AT B A k7
tasiRNA-likef\/ £
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A Total number of small RNA reads in Col-0 and rdr2-1 (20-25 nt)

20 120 20 300
! READS READS' READS READS
» 100 100 100 250-
8
o 80 80 80 200
E 60 150
Z w0 60
T 40 40 40 100
£
@ 20 20 20 50- l
0 l_I.J.l | | 0 P | i
35 35 35 35
PHASE PHASE PHASE PHASE
30 30 30 30
o 25 25 25 25
Q
2 20 20 20 20
2
8 15 15 15 15
£
a 10 10 10 10
5 Ll s
0 0 l J l_ o l [
12345678 91011121314 1234567 8 91011121314 1234567 891011121314 1234567 8 91011121314
Cycles Cycles Cycles Cycles
B  Repeat-normalized small RNA reads (20-25 nt) in Col-0 and dc/4-2 inflorescence
» 5 5
2 READS ° READS READS W Col-0inf.
o s 3 ; M dcl4-2 inf.
g READS
4
= 1 1 1
©
s 4 1 -1
(]
N [
T 3 -3 -3
E
z° -5 5 5 25
10 10. 10: 20
PHASE PHASE PHASE PHASE
15
6 6. 6
) I I 10
[+
o 2 2 2 5
2o L L N
@ LUNLBLBLEL
© 2 2 2 5
-
o
6 % & -10
-15:
10 -10- -10 20
1234567891011 121314 1234567 891011121314 1234567 8 91011121314 1234567 89101121314
—a- —- — s -
L B [ L
miR173 miR173 miR173 miR173
TAS1a TAS1b TAS1c TAS2

Kl 9. #IFFIFTASLa, TAS1b, TASICHITAS247 f.21nt/NRNAS A K K (Howell et
al. 2007)

2. ChenHiE

L Howell () 7772364k, Chen%:(2007) 1) 77 1522 2275 S tasiRNA R A AL 43 A1
WRAE, IR T —A PR R (tasiRNANE . $Z I8 20nt— ML KN, 2%
FELLAMIAL A BE () — B X3, n3 Rz T-1%231bp X Al /NRNAEE F 4 kRO T
%231bp X [AHALAL B I /NRNABE T, P EMK, RRHAL (phase) 454 ]
o Chen ZEFRAL [ AHN Wperl A FH T 1155 P value, 7T LAFEH SCE HE B 4L
#/,
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A | r21nt
s | F | | | J | ]| ] | | 3
. 5

| 231bp —
B 440 1
(”_k ) ( ﬁ.‘) \l n: mamber of distinet small RNAs identified in 231-bp region

Pr( =)= ~———
()

P value: plt)= £E Prix)
Xk

& number of dtinet small RNAS mapped to phased positions

K10 TASTRM 25 (Chen et al. 2007)

(A) The vertical arrow indicates the start site for the small RNA used to determine the phased and nonphased
positions. 21 phased sites relative to the start site are indicated as black vertical bars. Four hundred forty nonphased
sites relative to the start site are indicated as gray. (B) Equation based on hypergeometric distribution for statistically
evaluating the presence of phased siRNA in genomic fragment defined in A.

=. BIFEFNATHISIRNA

Natural Antisense Transcripts (NAT) 2 $i& 7] DA R HoAth 4% 5% K B AME RN AXUEE
FIgm b s AR IS RNAR A o ARYE EATTEZE R H RS AL E AR, NATA PASS
PiZ: cis-NATFltrans-NAT . cis-NATZ 45K H T ERA B #E A R — N JE (K 41 i
PR G O ARE 1751 trans-NAT 248 BRE 1) B ANT 51K B T4 tfk E AR F 7
B . TR BN LRI K £05%~10% 1) 35 R e S A A AE
Ccis-NATs, Osato%5(2003) M 7Kg Fiidll 7 6874HNAT; Wang%%(2006) M ALLFE 57 Fil
M 1320Mtrans-NAT . 2T NATSAHL 1 FISIRNAFR ANAT-sIRNA, 32 B/ i
JEUTER IR T NATSXWUEERNAS G 44 1] /NRNAFRENAT-siRNA, 25— "NAT-siRNA
20054 MAEE I+ % R IK, ok H PSCDHAISROSJ: K #4 s T i I dsRNA
H i O 4 T KA %5 NAT-siRNA) TAEERE S AR ARG I, JFRIL T ¥
LA BB, Hh A Fcis-NAT-SIRNAS I 58 — MR R i1, B T-AGO2
MAGO4Z: 51K /INRNAZE G, WA — MR & IR (A). Xitrans-NAT
GO KM AR, HEAVETE. (5 SRR Fg B rETEA SR SR HRR
Lo S8k, XENATSES 1 ) T RE AT 7 32 B R A A= 8] 2 r RO NATS 225 4] R X 206 5
SRR (S

FHNER JUF HAR ST (ISIRNA, - i 26 MK RE T R ILINAT-mIRNA,  H
K2920nt. HIRhpRNAFFI 265570 i . 8742, R SCEERNAFZZEmIRNA, i
T IE XEEMRNARIZRIE . NAT-miIRNAREA ] T @miRNA,  F @ miRNAK Al

134



W K ¥ http://ibi. zju. edu. en/bioinplant/ CEWGERFANILEY 85 T

RKhpRNATE 75 85425 AR TNATs-siRNA, J&5 & 5% K A W44, 1
nat-miRNAJL-F-# 2 H—FRNABE ™ 42; 5346, NATs -SiRNAJE 7 #DCL2, M
NAT-miRNATE ZDCL1. Zhu%s(2008)7E 7Kg+ &I T —Z<miRNA-like long hairpin
AL X F/PRNAZE R A UG IEmIRNATSFE I K 1k R 450, EREERKN
loop#f, HZE45H) X iitasi-RNAZRALL, FEXUEE A 21ntfphase 44«
VY. siRNA #2& PX Tii

RAESIRNAG G £ 5 MR, (HHAT 3 D) R0 2 i it 5 ¥E B R A U 1) 7 41 LA b
RSB (K1) o BRI, miRNAGE S R FR TR0 EF 9 [F) A F - SRINAR 25 R Tl
ERFEENZ, CHMPTIRE, KE A siRNAFLEE A 5 B2 1 Xl T
ANTASIIHEEL R — ORI IL R 5%, FRIBMER RS T (ARF). #h R I 3L
[FINAT-sIRNABE A A 5 A P00 BEAR A 5%

FE= /M RNA Bt

—. /I RNA AL AR

TERN—REEREEE /N T, miRNA 75 K2 H %49 (Finnegan and Matzke,
2003) 227 (Sullivan etal. 2005) Hridid RNA FHHLH] 845 & FiAQsE e .
LV 22 i miRNA (1425 R T 5 T 500 R A i (29 150 B T AERTD,
NP ) miRNA J i K 5T 22 4R S0 ) 7 AL R[] (29 600 71 /3 4EHT) . 4R
i, HATEEA KIS miRNA G fith = P8 S L R ) [RIR B R o X i 4 —
AN E AR ) X LT miIRNA R R 2 B4 T R Ve 2

Allen 55 (2004) @ILX P TH4F 5+ mIRNA ZRAIHTE 7L 28 T miIRNA g
P L ] 5 LRI PRI 3 [RIBEAL B — S AT RE AL . H T miR161/163 1> 2T /2
PEAE AR mIRNA G LA, 10 HLER K22 AU 0R <7 B9 miRNA AN A, miR161/163
PR T HEERE R B B, R Allen 259008 miRNA ZURAT 7] BE I8 1 R 5 5 e 4
o A e {80 53 s B B A A 3G LA Cinverted duplication) 7242, &l 11 fos, &
DR SR MR AE AT 3 T 2 v T80 A o 7 A S S B0 T 2 1 4 30 a5 0 B R S o
B, NI A miRNA Gafith % R 4k S it 1 rT g . (8195 52 1 W] RE B4 Ik (AT 21
R AT REE L 0 5 G A R MR R R AR R N R SR AH I )
% A ) 25 A R] DU AR IXFE R BN AGFE R (founder gene) .« BT AN S d% k15
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B EAE R REMIN A AT RERCN DCL RIHEFR T S 80 siRNA BIF=4, T {6
AN 35 R B A SR 1R 2% 1 03 A 2 3% i 7K ST B0 €0 S5 K P 52 31 RNA AL 14 1
o Fr GIanFHE RIE 73 A AR vh PR 4ERF R R 450 DL S DCL TR 3 i D e BR 1,
TR — 2K F 1 siRNA K GBI 2) o %t DCLL W% AR MHR 42 138 B 1
WFE T miRNA EFMER CPR 3 « HTRRIFFERR, MoERER R
ZERA DCLL A THRERR I R, R F miRNA K& H H AN miRNA*— B 5 JE 461
FEHIRAAL GEER4) . miRNA FEALH S 63 E T miRNA ZORIAR A 17 4E GE
B5 , B TERRIMNRSEARBAIA T & R miRNA $LER . 445
MIRNA FEIE K ZR K BEAG (AR S S N e 8 . R 240 miRNA (1 $E5E R 45 2
—RBER ZR P LS. IR KRR ] CEIR 6) AR ZREfb it 1 I
fifie 7E— BT SIRNA B miRNA it B FERUG CGPR 2 803D , FIEALo H/
RNA Z5 5407 SR GBI 7)) BiER GBI 8a) S8 T # G AKFRERI 1.
[Fi] B0 VP 300 e B o 7 S A R T R e GBI 8b) S BT #E— 2D LI 19
Z 5. mIRNA JERER B8 f5 10 S HI A Au st CGEER 9) BUEA R miRNA AN
B TEAA T & BT — AL L TETRE . XA, Rl miIRNA FIEEIE K 2 [A] )
SR, CAR GG AL R OR B B R R R T — B R 2 0 2%
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) . Target family evolution
miRNA gene evolution Inverted duplication

/\ ‘Family’
- SRNA -dmnl >
? e.q., ASRP1729
-— » IO R 0&

¢ . siRMA
Young miRMA gene miR161, miR163 miRMA target gene Montarget gene

o mmp-gum - o @ WEREEN- o =)

¢ miRMA | ?
Oid miRMA gene miRM tanget gene Montarget gene

&,g., miR169
.-— - EEE0 .—# o“
| - | i
mirhA L miRNA
Gene duplication  Gene duplicatiu:p)@K

|MIRNA gene ‘a'|M.'HNA gene | | miRNA targst gene I|rr|iRN.-5. target gene 2 i

L [ - mpe

Kl 11, HEYImIiRNAJK [A) 538 34 A7 (Allen et al. 2004)

SRIMTX FE AR A R K R BR M o 25 HE B AR < miRNAJE [A] 5 30 K] /] 76
G A AT B ANERAT IR SRR E R AAE, X TR SF miRNARI R RTS8 15
B HIRAE. FIRE, BT 3IImiRNART R F 518, AR BRI R 1S
o — A NEIYIMIRNATE AL E I miRNAFILEE AL 5 R 28 HAFE 34
FFTERL . FRAEAIMIRNAL EEL R [A) 4% DURC, D) BIROIE R A SAANE, 2
MIRNAE I 25 & 212 65 58 R 1933 TR B BRAT R 1 ER, IR 544
o7 353 18] 45 5 2 ORI A5 TEC (Bartel et al. 2004) o 3% — Zh AE A6 X i AN [R th 2 B 22 S
MIiRNAZ 5 R IR H] B A7 /E4E 25 (Li and Mao, 2007).

St FPURE TFmIRNASE KRR B, 383 IR B [l S S A 5 A 1
MiIRNAH JLMAFE 1 drie (Fig. 12): 35—, &IF T BEIAEH F KN/ NRNAGRE T
PR FE MR B, DRNARD S R IRAG TR 545 A B H At R R 5l g

FWEMIRE S, RO, UL PR RIGRIERIE . 5=, MR
g ) dris, BEE/DRNAF AN BE B X B ST R X ISR L R 45 5 A
TRASA R E R TR EEEE N B Re JT . Rt HEA/ NRNAR = AN B 5T

Iy
I
K
SH
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R E R oA B ER TR BF L2 (Chapman and Carrington, 2007).

Biochemical event

Founder gene Unrelated gene
"1 '— — 1'[[! 1 ! 1 I'I]'III'IIITI'I'I'IITII' "1 '— 'I]: ! 1 ! :[I'I'IIT[I"TI'I'II'I'H
rf = :":
E t
i
E '_ t — €'||||||||||||||||]‘ \3 —s TN [
E - lI.IL:II]I.II.lI.I]
: |
- ('ll 2‘\
’—EIEEE—:H:IDCI— —_— "I'Hll‘__j'rll__’l_l;_;[_l]':‘ < — "'-) C/I
l® - miRNA Locus stabilization
Locus death
Kl 12 08T miRNA FER AR (Chapman and Carrington, 2007).
. KFE/D RNA B3tk 47

T84 2 5 T JLAR i — AN 3L (R T30t F R AE B A A 2 R A R B T K/
RNA Z54E8E M gmid R, X e /N (—# 100-200bp) 784 1A {0 AR i
PR B EEAEA . I AN EE R ) X T KRS SR T R I 2
FE /N RNA (1% o8 R A e JRATT N R BEAT AV A AN & b 2 b2 15 [ R 52 31 ik
B (S WHNTE) 2 LATH ATET TR BT 28 A58 15 B o 35 A ] 2% fE 1
S RO B TR A TE BRI 2 H AT AR N TIEHE CEFD 1 5E BRI AT 2
ith et S0 R R AR B BT A B B, AT RO 5 IR B 1 R 4 A i BRI ZE N
LY FE b [FRE 52 3N LI RON R . FATR KR R e, RN
RNA Z—, miRNA % [X MIR156b/c £ K47 i 7] 552 2] 5 ZU ) H AR Tk £ 3000
s, Ul N e PRI R T s H 7 S H R A, 38 W R B0 e [
T (L) FF (Wang et al, 2007).
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~OMb

-10Mb

- 20Mb
- 30Mh
L40Mb
85 e .
n
69 - miR156d
e miR156]
98 miR1 I‘.{ 16% "
mil ¢
28 e miR156D
B2 miR156a
;|_75‘_mk1 56¢
miR1561
B ‘rom

K] 13. 7KH% miR156 FKIRAEFE R A ER M RS o & (Wang et al. 2007)

I KA miRNA  Jg HEE RPN 45 & A7 /U7 51028 S 1 U 2 R L &[] 26k A
(Paralogs) 43#7, RILKFE miRNA JEE AW R O 85 &40 5 CGBERERD,
[7 -t S b 25 et BB R DR R R 42 Th BE (Guo et al, 2008b). X Fhah 25 kbt fE 3
LHE miRNA FPAIRASK LI, R 1 AR R 5 — e EH . 18 14 J@oR T
KHE MiR397 HEKE R 7E 4 HE R AL 11T J5 1 A HEANAE DL, A7 L SR BL BRI A7 i bR TP F1 R
AR ES T miR397 46 E A% .
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99 012015680
A 100 Ol 21 55920
O gE3180
a7 D=7y 110
O gE3190
O gEI200 *
—————Os'1g16260
100 |_|:O@119422'DD
F 011942220
D=0 gE 160

T 50515640

Iigylgw:ﬂn

WL g7 700

1m0 Ce02g51 440

Os 44350

100 C=05935390

_:o@mgsgajn

_ oeMMgR2480
OsgE2490 *
e —|E"a [O@EEQEE-'H e
100 L Celbaz0420

CsGg1661 0

, S5O

L AF1321210R)

s

B[

BE

00 0% 020 015 010 005 0

B
mikR3ig7a 5' GUAGUUGCGACGUGAGUOTACT 3!
LEEErrrererrerrrer o
305935420 TCALT CIRCTTCAACGA (L) *
Cz01lge2430 TCALT CICTCAACGA (5)
3059358320 TCALT CICTCAACGL (1)
Cz0l1lgez 600 TCALT CICTCAACGL [5)

Kl 14, 7KAE miR397 SEIEERI AL (A) KHAEAA mF A =AML (B) (Guo et al.
2008b)

ta-SiRNA (trans acting SiRNAs)ZHEH K I —K siRNA E:K(TAS), HAE
miR390 54BN T, A4 K R AHICHE R ARF(auxin response factor), 7EFEY)AEK
KEERSTRERE R . Bl CAEDRE I RN R R (TASL-4)
1 TAS3 LEREA) 42 PR 5T 1 o £E7KFG b, FATidE Howell £5(2007 )1 Chen %5(2007)
JITHHRE] T 4 A~ TAS3 2 [ (Zhu et al. 2008) . H 1354 21nt K JE 525 (1) Howell 4y
A LI 15,
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12 12
PHASE PHASE
10 10
8 81
0 v
o o
86l o 6f
; "
g £ 41
o 4t o
L1 |
00%534567891011121314- 0123 456 7 891011121314
Cycles Cycles
0512942390 0s029g39750 / 0s02¢39764 (TASI)

K] 15 /KAE TAS3 FE[K] 21nt /N RNA 1527 AL 2 A B (7 RNA ik H
Zhu et al. 2008)

A
1 455191 918381 1365971 18268761 2275951 2731884
Id: Sorghum_super_85_2731084_1
hTAS3R1
0sTAS301
1 437381 874761 1312141 1749521 2186981 2624241
Id: Rice_chr2_23056386_25681226
B
1 53511 111821 166331 222841 277551 333001
Id: chr2_23950315_24283915
FSTHSSbl
[ [ [ | [ | | |
T I T L 1 T 1 T T
| I [ | 1 11 | | |
1 I T 1 T LI T 1 1
0sTAS3RZ

1 60561 121761 182641 243521 384481 365223

Id: chr4_Z4633716_24998335

K] 16 7K TAS3 JE [R5 1 J H 55 e B2 [R5 6 [R] A B U R 4 2% 73 AT (Shen et all.
2009)
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WAOBEIE TAS3 B M LR~F P41 B, s Bl e R AR A5 R 7V KL T
51 ANk F AR AR TAS3 2K (Shen et al, 2009). @il 55 Hhi%s, &I TAS3 3
PRI o DR AR B DR 5 1, TERARHENA P R 2 MBI, 2R A RE
10 A o 7K e J25 DR 2HL A3 3 17 >R 1) TAS3 JE IR E BE PR 2H OR e 1 L ZRPE G & 5 [FIIT TAS3
FEANFIR AR R AL A7 AE B ) B R A e 2 (& 16D

=. JKFE miRNA iz RB(EZ 1 SYMLEFERT 5T

Ehrenreich 1 Purugganan (2008) XF{UlEF 7+ miRNA it I i J2 HEEHE K ()
FIAR G HUE T RPUE A, 8 XS 16 > miRNA Sk 66 A~ it & o6t Bif) 52
AN PRI R A7 R IR (1 0 17, R B miRNA AL U T BNV 7 41
i PR ST, Hdd T A SR A I B T AT 4 2 A% R 771 miRNA f7 55 (MiR166f,
miR167d, and miR395¢).

N T REBEAEY— KRG miRNA 542 N Tk YL . A0
JKHE MIRNA BET T KRB AT E . X5 40 A miRNA KR 97 /it i £k
17 VEWNFE, AT 30 MKFRRIEER AR . S5 REN], SIUE IR A
25 R —3, £ miRNA B S A2 TR 2 S PEW AT Piam 41, 7R 7 miRNA
WL P A BN, SRR R D REBR B A AE . [FII, X TR miRNA K%, H
K] DNA 2 2 PHEA K FER 7 1) miIRNA RULEE—f5, BT R miRNA —f&
2 5 BELAI AU D 285 (0 %, DRITATAT R A 28 52 S 8 10 49 46 38 36 17 DR AR e 1 7R R =7
P4 (Wang et al. 2010).

142



WK ¥ http://ibi. zju. edu. en/bioinplant/

CEffa B FALid)

Lyl

SNngerhaaewD‘]

o

Q. sativa

o

[

L]

SNFa per basa (x107)
&

Conserved miRNAs

[

SNPehPerbeael:ﬂE’]

wrdica group

K] 16. 7KHE miRNA {7 g0 771 23451 (Wang et al. 2010).

Q
Upsiream Pre-miR miR Downstream

o
Upstream Pre-mif miR Downstream

R 107 R -

=]

o

Upsiream Pre-miR miR Downsiream

- =]

pfbawagxmﬁ

SNPe
[

SNPs per base (x107)

143

Upstream Pra-miR  miR Downstream
Q. saliva

5]

a
Upsiream Pra-miR  miR Downstream

Rice-specilic miRNAs

E

a
Upstraam Pra-miR  miR Downstream

Jjapanica group



W K ¥ http://ibi. zju. edu. en/bioinplant/ CEWGERFAILED 85 T

Ak, BABEXT Tajima’s D K56 22 1) miRNA AL ST T i — 25 1 1E ik
FE A . XA E miIRNA A7 &5 @ B A Rg A (O.rufipogon) #EAT H T H
TR T, 455 Tajima’s D k. HKA Rgnrggsii, ATHE 17 JUA
MiRNA A7 SEYMEEFR AT e I 7 IR AESEEAEH . BL miR390 JAfil, Fif4zdk
K955 —28/N RNA, TAS3, HERS IS 5K, miR390 A8 HH Tk 454F H (15
Wi 11y 24455 1 s R AR A

FIF /N RNA BUEE

—. miRBase ## E

VBN H AT s AU AN 58 2 (1) miRNA 2085 /%2 (http://mirdb.org/miRDB/), #1E % H
A7 (2009 4 11 H), miRBase LAWK T — B R M)A it 10000 %1 miRNA
ek (7). HbsRk AT miRNA FHIG 1834 % . Hdls e F 2 3 #4040
J&: miRBase:Registry, F %2 H TH22H ) miRNA J¥%1; miRBase:Database, H
KALZR L EEX . NEPTA C A miRNA G B8 2, ARG T AT
B, AUAR gk BENALAL E . AHOCSCERAESE, AT BLAST %%, FTP R
# . miRBase:Targets, 77/l 1 G miRNA #IEREE . HitE 4842 EBI,
B 4479 microCosm. {H i 7 3% miRNA LR EIE & .
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17 miRBase it sk AW P E & 14K 5

. siRNA B E

HI T SiRNA MR Z RN, U MRAYH) sIRNA BT — DG — 8 A7 A2
IRZ WA, L, HAT siRNA ZdE 42005 H miRNA SRS, X EARAE A
HmEDIES2%, —/~ & siRNA Database (http://www.rnainterference.org/), #¥ %
BFETREAA KB DB sIRNA BLA RNAI 07— 5. 55—
siRNAdb ( http://sirna.sbc.su.sel), 84 7 —T 2 %L LIRINUER) sIRNA B FI2E 1115
TR RS Kok [ REFSEQ #2711 SiRNA.
=.CSRDB #1 ASRP

CSRDB (Cereal small RNAs Database, http://sundarlab.ucdavis.edu/smrnas/) 1f
NETIWFE EARFIKEE/N RNA EHEE, R 454 P HoR 4B 7807556/
RNA [%di . T L@ Genome browser £ 75 {ESE R4 A7 B A5 S, FFH4t T4
I IR FASTH A S () 8 25 PR 548 72 Small RNA target pair (SRTP) dataset.

FHNHL, ASRP (http://asrp.cgrb.oregonstate.edu/)ic % 7 LR T F HA SN
FILZUE/N RNA 28, 352501 miRNA F1 tasiRNA. FE42{t BLAST %,
Genome Browser #1 & . FIEHE T .
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VU. Gene Expression Omnibus (GEO)

Gene Expression Omnibus (GEO, http://www.ncbi.nIm.nih.gov/gds){F Ui s 3 ]
RIEEARK — AT 6, A6l 72 R REE e, b A5 SO Fr i /)
RNA #Hfls. KERIGEIERIRIG 3T A28 RNA BF TSRS Bt 1
RKHI T8

NG

AP THEANEEAEGRIG N RNA 207, 7 RNA E & JLERTF 5Tk
JB. RUESFFRAN /N RNA JIEARRH R B, (HRHE N RNA P2 RIRTA S
5 NP miRNA FT siRNA, miRNA & IE K R 450, 1EZR45/Abr=E
JFAET MIRNA, siRNA 32 B K 1 00URE RNA, 38 i 440 i 1) U1 A0 0 177 A6 i
FFH . Y/ RNA BB VI MREAR mRNA 4> T 578 #4545 KT TR i ok
ITERATIIRE . /N RNA BEREP — KB R H1, miRNA FTLUE 4R tasiRNA
BiY), siRNA KAEE £ 5, KA HEEFHIMEK siRNA 5 TRKE > . AR
/NRNA IZhEEME T DRI T — L5 1, (HIR 2 58 A 75 R N 7

AE BEAE TSR 2 B 5 T AR 4 Ve T HAE /N RNATIF 78 45Uk i e 1)
HEEAER . /N RNATEFFIRZE FAATEIR 2 W BIARIE, X SBOHEEEAR
KA/ RNA T, FEAT s AR RE 24 5 T AR EAS 1 SRR 0 it i ) FH 3R
A HEARA T H, ARSI ZCE ISR K b LRGBS N AR s
FEMTIRRR . S5 R P AR TR A Bt A0 5 20 B e v B 45 SR T SR R

AT LAy — N R S AR IR R A ST U, /)N RNA J7 TH 1T Bepl
R AE AL ELE A 1R 2 1k B S5 75 5 i — 2D 104290 . /)N RNA FERIBZ IR R I
BE S 5 2 PE AL VF IE 2 S5 AR A I A P AR 1 — AN S AL . /N RNA T
Bl B b /NG AR R ) EOR R BRI T AR A R £ 5% v RO THI A 2
SEFRARIL, IF B A BB R LR AT, X T AR AN WE R
A ST BRI, Rk, BEETFFCRIRN, AWTRILT/N RNA
T T RE AT B 20X 2 RNA 7 BIAE A= 0 s e 20002 2% R 0 42 099 5% v T 2 14
“PUB TR T 77 FIAE F /s A9 T 4 A ft il !

g

(B, BRI
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BINFE BE BN IE F G B

(OIFhERIED R R R4 NIEF150 8 4, SRR BWREAE T T — Mgk
fHATHI IS AR . DA AR AR A% P O S A, BRI 2 =Bk Fisher,
HaldaneMWright A7 1 B4 IS A% 27 B R A R IR IR HESE o B ag % 5 DL A0
Gt BT B SR A S M AR AL, S SRR S AL B R R AN PR L AR AR e
BALIEAS . IEBREAT THHFC. 70 7RG AL A AE B AR R 5 Kimurarb 14 12
R A AT K R . RS M ABHE I 5Ll -, DIDNAZES> 1 7 41 A
FORE G 3§ B AR BT 22 N PR AL I B SO AR AL T B ki, R AR s e
FIWHER . RS TP EBENR PR AN 7 TR AL IR R, B ARG AR B
EAWIRIE, GRS AR, Bk, fiaks, FEEESA R
77 B BRI FT . 0 32 IR I AL fU 8 7 — S5 5 2 1) e [ Jag oz
FRIELL D7 SE AN AR B D044 T RS B . B KE T KCF A2 B SR
PERROUESE 3, Ohtaxy i PEEEBEAT B2, R T “ir-rh it i Fig
(near-neutrality), A “RAZ-FA-EFHE” = FHiESFHOHFRNEEH. B
Ve FRAE B T B AT IR 2 B TN AT o TS, PR BEAE BB 1P A
HE DRI B S, RIS Y I [ 126 33 FH FD R A 3R ) B SR FRAE RO i S
W R A SO ST MR

DT RREAL FNE T, AR N H R AN SR I e 3 B A T
R, WA E 250, BRREL, B RARFIER R A, fik
RAMVERIAH T, BEARSEM SRR IR A B AR O &, TG, T RN
Jiike BT TRHRSEAL I KM RIR S, KRR, R AR
PN 2 TOVEA X — ST A RS BN, MiZ S % (TS KRG K E)
SR A B AL S U ) & 25 DA S AR AR S SCERBEAT SE I RG] o A AT K ]
T2 RE N [ AR 0 SRR R ) 2 A e ik — e 2%

B0 BERESSEME
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REBUEDR) B RTEAR BA KBRS R X T — At 82 B 5T A%
fr, FEREAHIET SHEWARE AR (allele). E—MNAES, FEFRANHM
ENHEEMEEIE GEFRT 1%) FISEA RN FOyE 4 285, Bl 281k
R ARG AIRZ , IR AR, N B e oRn S5 Ay e [A] [A] f) B 4 4%
RZHOHRAL i T L AR B A B0 AR i IR s, A D BOR AR A
BEAR P OR BT TR 0T I8HE 2 25 PRI 7 AR RO DL A K L IR AL AL 2
FEURI AL 2210 3 R, 1B Kimura A1 Ohta (1971) B8 H 1, JE A A KT kAL AN
AL Z AR F — AN ST R AT . R EIRN, TKT
AL AR FEAEAR KRR B MR, AR S A 2 R AR AR AT R R )
R (Kimura and Crow, 1964; Nei, 1987), K, iid b W 52 21 () A0 70 ) 8t 4%
AR TR IR UE P HEA I — Rl an LSRN 2 A 22 e . 2, A WT BB AT
TEIEMOERAE . — DB Z B M@ W RIS ER RN R TRES
Y, AR AR F R0 T T R A AN R B R

—. M ARESHEENER

AR SCRR AR (population) , ZEHEAVIE FE b 52 & MR 2R B 52, S B AE HL 1
Rk Bl = A T B R B M . XSS R AFERAE (mutation) FREE 7 512
(demographic history). B1&7248 (genetic drift). HARES (natural selection).
H (recombination) 5555, A AT EEAAR B8 A% A4 B AR AN R J7 T B A o

— AR, RANYIRP R BEAAR G T TEAL, BN T s R A, Rl
HIEEB) ).

FE—AINEE, BB AR BB Z R, TR MAAE R —
AL FEA B AT R A AN RIS L R, FAL IR B N —ARAMA R R R, &
ABRRZE, HIXFAE R ZE SRR AR AR BN AL, IR AS . 1
FIERAR T2 B R RE R /INE I, — BOR UL, A RO RO, 388 4% TR A8 B R
I

FhEE 7 82 (demographic history) T EEFHFIEEY 1Y . BEIEE RN (founder
effect). JEIAS. (bottleneck). FhEEAAL. 43%] (population subdivision). Fh#f
) 2 R AZ i (gene flow) 5555 RN FREIE A 44 I IR 32 . BEILE RN R Rt 4%
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EAR I — ML, Fi A SR AR AR r T 20 S5 a7 ik DR P 2 A A o7 2 SR P
PRI . LSRN ] DA B ONL K — R o SERZ AR TN KF M 5
FERFA AT #0 AAIE AT 5] S EE IR A2 4

HIREFAE T AR e R AL b, B I R RASE AR AP (4005, B T Bk
ARIFRAE, B AHAR I 5 20 8 4% (1 2 FETERET B . O) Tl A/ e 2R
TR BT EEA A .

AN A 2R AR A S AR 200, T2 i R 3RATTU 5% 1 10 AR 11 52 4% (1) 36 1% A4
Jil, R IEAR S 1 A E B P A A K B 0 A A AR 7 SR BRI R T
8= SB[ ik £ 2: 0 VAN U3 i === S OB - SRS E VAo

—. EERmRE

AN T S A A BRIE BN A o R ARG B Oy S R PR A o AR e —
B A — X EEA LR AL AT A2, BRI X1 M X2, AE T AERE R REA
G 3 AT REIEN AL, B ALAL, ALA2, A2A2, I 4r5HIN X11, X12,
X22. —MAERENLACED, MEMERC 5RENLEAS & RITOLT , Jk BRI A0 L DR R AR ) 5K
Zhy: Ku = X Xy =26%, X =% X —FUEERR 0 s — JE A #% (Hardy-Weinberg)
ER. BE R F REXN T —DEA LA EMERBERGE, 5
Hardy-Weinberg s w2 . Lban:

X, =(=F)X +Fx, X, =2(1—F)XX,, X,, = 1—F)X; + Fx,

Bl it F=(2x %= X /(2

H 2% NEEALAZIE Ch) 1BHL 28 & T RIBUIIE, X ARHE (ho) HiE
THIOEE, W EXATRRA: F=(h-h)/h

Mho/MF hit, FEUEM: 24 ho KF hi, FECGE. Nei ff 2 %0 3 DR 4
W F ST T R, BARGETT S0 Nei #1 Kimura (9 FiHMbL S5 2GR E ) —
o

=.DNA 54

X T B AR BRI AL 2 ST T S, DNA FHI R AT E T 25 H.
B, ST DNA JEgRIGX s AR R (& T, SRR XD sigmis X i F %
TR B HAEIELL DNA JFFIR 5. DNA 28T UHAR P EREE, T
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EESN
<k

R BT RR FEAL ) 2 B AL R B H A E R 2 A (B E R A&
Do

PR

ACCAGG CTTCATTC(
ACCAGG CTTCATTC(
ACCAGG CTTCATTC(
ATCAGG CTTCATTC
ACCAGG CTTCAATC
ACCAGG CTTCATTC

loNel=I=Rele
= NeNeNeNe

3 W X NER RV

1. BEALREE
&4 E 1) DNA X8 CBEALD) FEABRE I — D HEA Sl m AN$8 D1 (EERD 4
H DNA XK R n (n MREE), SHFX m K& 2 FAERKTH], AT W
Tl 5 22 PR IS (1) 57 A MR A 20 B 45 (segregating site), (& 1). I S s —4#k
W E B R EH . B S RRITA B AL BB, B ML IR AL
(ps) B4 BIALSHE 9 ps=SIn, n NETHFFE T A S F pg 1R B SR B T4
AR, 2om BRI, BRI AR 2 TR AL RUB AL N, BB
] — 0P A% R A 2 1A) AN J AR SR I LR R AR SR RAELE R/ B AL R, B8 ps 1Y
FHEEAE . E—ARANAEAE B SR BRI BRI 2 AR P, ps MOIHEEMET]
A FABH:
E(p) =a0d

Hr, a=1+2"+3"+--+(m-1)",0=4Nyu (Watterson, 1975), 1, N
A 0 53 R A RO NN L i RASE R . AP HIRAZTEE N v =nu
TR, E(p,)bE m TR, ps MERR T 2208

V(p.) =E(p,)/n+a,6"

Hrh, a,=1+27+3%+--+(m=-17. Ft, ps 77 ZHEE m EKimig K. 02
— AN ps AR R SR, RO AR R BN, I s
THREAK/N . o] il Ul 5

5=ps/a1
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ST V(O)=V (p )k
XA G 1R R A M R AR HAE AR R INE HEAL o 2 Hp AR 4R e I 2 IR A

[y, B O S O
2. WM LA

AR TRE A/ m () DNA % 25O RE /91 AR AML L
B ST A SR B 2 RN . 52 S

q
7= %Xy
i

Horb g REAFEALIE AN xi A28 | NSO D BRI R, iy 725 1A
AR5 DA TRLREA e A A% IR 22 5 Bl B ARSI A — RN LSRR, 7 2
RHEBRACT BRI &R, T AR

A q N N
-9 Sy xd.
SEEC

e r=Yd,/c (i 4555 | F5 | )
S

SErhm,x, ¢ BRI DNA FEAUILEAR R BEAH 4 | AN (3 45
HANFF LR S [m(m-1)/2] -

YEN O WP THE, 0w Az B2 e B T BEARLERZ B IR 2 S 1K1 E A 25
PEEAE HoAL T RAZ-ER P ) AR AR R . Bk, fiTE DNA 28 MidhA —
MEEREERFEFR, SR L (frequency spectrum of variation), ZfEHR#EA
[F) AR S I R T B 2 B

B ERBEENSTRE

—. BRIEFEKDR

N T AR B ARG, BATIIIR UL — Xt S 3k RO B BEAT e - ABList
A RETHIBAAAE B SRR R Ay, AE A A B T RA I T A
REFEIR Ag, IR 2AZREIR B IAAAE =ML R AsAr, AsAgs AoAg, 58 SUEEFISETA
BRGSO Wi, Wi, Wop, fEIFLR UL, PRI 38 5 B2 FR 5 1 s e 2k
PRI MRAAE R LR Oy 1 A B AR AN RIS DL N R AE BRSSO, AR 4
XA RO RIR G & B, =R R A IE G A8 1, 1+hs, 1+s(1+
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hs = Wip/Wap, 1 +5=Woo/Wiy), IXHFE ArAz, AoA, IIIE S FEREE A AcAy IFIE & FE
KK, Hrr s M h 73 483 R BN A S RN . s BRI IES BLA h 5 BRI R E
TIEFERZER . R =R R S EEAEAE, Bl s = 0, B4 &Ik Rl B 4k
FriEE, R BRI, SNAEERE. B 0<h<l, KPEE ML,
7€ [ PR BRAHEAR A B AL 53, S b g g 1 2k AL 1 I sl Bl ansi s < 0,
RENIER Ay A FW, Wz MEE & A, WA d i e (5
FrAa)ig £, purifying selection or negative selection) 13 A, 7E A o AT R PRI
WME s>0, RYGIANBEEAIER Ap A FIRA, 2SR E P MAEE S 4
17, o A ¥ AAER AP 2 ok, Xtk —Ms X B IERES: (positive
selection). 7 —FPEE XSG R SBERE N s >0, h> 1K, JREHEEARE &M
FIXHE G, HABEHERE (WHRAZE T, overdominant selection or
heterozygote advantage) . i i 14 126 #%2 P #% (balancing selection) [¥]—#. (3
i3 UL R A BT X 2 AL R R e A SRR O IE IR % (Nielsen, 2005),
BAEAE R SO B 5E [P BV I (Y L ) 1B 46D

1E TR I8 Y 2 38 S 1B AL RUEA% 22 3SR R PR, RIS AR A8 7 AR RATAE
Sl FEFEEN Chitchiking effort) B335 (selective sweep) (Fig. Kl 2),
T A TR 1L 1) 1% $EA7 m AL FAE ) 2 51 AR BB SR 1 BT, e 248
SR FEAL KUPTIER Fr 51) 22 2510k 23 BRI 1 RS AR FRAR AR ZKF o IR 02 FL s 2
IR PR R I, ARBTRAHE R FIAh, IR REE AT ] AN ) 1
e EBIAT4 (Linkage disequilibrium, LD) S35 AS 5] JR& A7 it 795 4N 25407 3 [R] H B
FE— 2% G R LR S LA & IR IS A — B IE Ol . X LSRR AR 2 oK
RO IE PR SR 5 . ERREEERE, BN SR SIS R A4t AT A
1AL R B AR AL, AT A R X 23 A [R] R 3R B R M 2 LRI AT) 75 i ¢ B0 e A
PRt
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Meutral Advantageous Sweeps through population
polymorphism mutation arises nearing fixation
— i — —
————— ————— _——
. —.— i
——in ——in —a———
=—— — i = - ———
= — —— = —— |

eledion__—
giive 45—
yures O B Reduced levels of
Sﬁf‘f_;- - genetic variation

8,
o Skew of site w
} fre: h -
quency spectrum KA

Tajima's D
Increased LD Fay and Wu's H
EEHHILRH Fuand Li's D
iHS and F
LoD

TRENDS in Genelics

2. RZIEFIEFE A E 5 5l Jri%rI K & (Biswas and Akey, 2006).

— R

PR PR BEAL - A AR, 85 G TH R0 i 5 A I — MR BB A S H0%
B AT BT, I RAR AR, 2R B FAth PR 3R bE nade FERON A AE
RXRTTEGR PR . Bk, R EITECEIT R TIRZ, WRAEH
B KAkl o =3 BT RMA LSRR T % Cintraspecific
polymorphism). F&F-Fh ] 4315 FE il #6: 56 77 v Cinterspecific divergence) F13&EF-F P
Z S AFRE) 2> B Cintraspecific polymorphism and interspecific divergence) 4656
Jitk. TETEWZ, EREB i, —Fialer s R A Re gy ] 5
HIZEIR, THEE & 2R UL BRI A8 54 e g EU & B R RE
1. ETMAZSERREITE
11, ETA ARG L
1.1.1. Tajima’s D JU%;

Tajima’s D 56185 HL B ARG THE O w A 7 822 A 1k [7) 126
PRV o AITHIAR B T BEAR IR AL S50 0 MBS {E N 0 = 4N, Ne A BHIA RN, u
T o SN JEARYE P AN THE O w AT 7 1) 22 S # 2E Tajima’s D ke :

/

D= "% (Tajima, 1989)

(7—8y)
B F R P FEHERL (Monte-Carlo simulation) =4 Tajima’s D #5561 4347
M G G, D EM IR IES A, RIS g oA L. SEhx
THE R T DIAR A S PRt AT AL AT A 56
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TR AR N, Ow Al A ST RS o DRI AEBRiE PR AR T
Tajima’s D (ELRMENE . BT 0w HITHRAFE &0 BAL (ISR, HERr B A7 A
HIEH A 5S, B DARIE AR b A7 A8 KB IR e o) O w P AR AR KRG A T
7 VR R B T P 51 22 R P I, BRI 7 (R DR/ INERAR S i3 A O o A SR S PR
Tajima’s D 18 120w 2 %, 3 W S 1 45 07 = PR A3 AR T o M gAY () B B2 A7
FEAw A . 2R Tajima’s D fEVIE, RUMFERE R PR RR, XA
M TR, B LN, sig-Flmkses En. iR Tajima’s D {H v, &
WA AE R EHRIESEA I R i, BUR LA LT BE & 2B D B N . %%, 2
BTt FE IR h P A T RARIY, IR S RARRE 52 B G 1) s B AT P AEREAAR o OR
BARHIAR, ARHLEIRRAG I, S DENNN. Fioh, HEAh— KA
FE[R 52 3] 9 Z 00 1 e B E I, LB b 22 B et e e 7 ) AR S A B X
AR EL ] B TS B SRR TR B EL ], B RRRE BN . SRR
WG, VERAR R R FRE S 1E UMK B AR 5 . R, D E IR v i
%, BEvIReRm ik RRIE Y, WalaeR IEREENES. &E, DEZEIFA
—ESIEFRIE ), R R R EH S S
1.1.2. Fu M1 Li D f1 F |5

A1 Tajima’s D K EGAHML, Fu A1 Li D A1 F K656 2 B4 540 3L IR AR AR 1
i e or A A2 75 O 28 TR PR AL . BT ASEI R, J5 38 B AR e R L I TR R 2R
BUARE ARG A7 B A e 537 AL 1 AR 5 A™ AR I R AR K 73 A 22 5%
BURYE R BRI E R NG RAE (Fig3. d, e, f, g, h) EUAERA (& 3.4,
b, c).
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A\
AN
A

3. MRS FFIIMEM RGN JHFSE, 2004).

o o i B i e ol S

INFMRERZ B TORFEAF I, A FH AL IR KR FE M BRI, B 26 55 o
PRI 32 1E [ i B E I AE AP R NI 2 AR, # S R EING TRASH XS N R ALK
O RREE N . A b, GnERZ B P AT RS, AR A > . Fu Al L
D A1 F A S A 1 DURR G v hon 56, AN [R] R4S 56 ) SR AR AN [R] ) 7 920x 0 12
ATAG S, X AR SN 0 HEAT MG TH RS . AMIF Coutgroup) & FRAEIEAL
KA LS FRMBEEZAE XA & T A — KR 70 K 8 ot.  HLanAi») T O.sativa
K, O.bathii A] LAE e FeAMEE . FFH AR B9 EEE 7T AR — A AR Crooted
tree), TFHEAMEZRA:

E(r.)=0 (Fu and Li, 1993)

A E( )= &- 2 (Fuand Li, 1993)

s, a, =52, n omREAKE .

izt |

Ui

e —
G- -1
T
\ﬁ/(m a )
FH, G WILAT B 43 Ai. Tajima’s D &5 AT Fu A1 Li D A1 F K363y w LSS

DnaSP #4715,
1.1.3. Fay 1 Wu’s H JU/%;

PG e 3

(Fu and Li, 1993)
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IR HTIR, ASF PR B AR AL AR LB [ ) DNA 235, BN Stik#%
SRONE 5 BN A 2 3 F AT 220 24 5 L PR A o LIS — 8 i AR AG B0 6T e X 7
RGP RNAT EE S AN N la o O T MR RIX— R L, Fay ATWuU (2002) $gHh 7 —4
B VI FA BN R RS T ik H AR . H AR5 5 Tajima’s D A 46 i X il /& 1
A B AL AR A TS 21 0 B THE 6, 5 7 AT EURE. BRBFEA RN n,
O | KA EH Y S A

n-1 72
g, =5 25 (Fay and Wu, 2000)
iz n(n-1)

0, % T R LCBINTE S RIS, 8 JSARABIAF AT, KPR LI 5, 3
FEABOHSIIR TS BB FEAL I — A RS, FURIZ— A5 EEE H 0%,

He G0 (Fay and Wu, 2000)

B HAEGE LR ERN, R ITRIREEE AT B2 R ERN FI SN . H R AT L
I8 33t 17 7] http://www.genetics.wustl.edu/jflab/htest. ntml 11 57 .
1.2. ETEYAPE

TE—EXDNAFFHIH, A7 fi 5407 fZ [AAFE A SE B 58 R o ANIRIAL R 18] SRR
BT ORI BEE EARR, HE B R S ) 95 T K. T
HHARGEPEEA R, PrLLESA P E B 48 8. X T8 AR — 3
AR, T B RAS BB A U TR R B, BT L EATT 2 RS AN~ 147 ) e
ARG . FE RS, iR EA BT R B R, B A BRI
ARG, AR S AR, T B AR — BRI (8] A4 7T B8 R DR 52 21 i AL
AR TR M Ik B AR . W RBEAR A T IR mE S, A 5HRIAL REB A
B o B TR R AR AR RS T, Bt A & A AL R B B AR T — Ty T A
BomAaE, S—JimH T2 EAK, FEeAEBRIKKLDEmTEE. X
FRFAE A I 75 A AR T IR R R R 1 — AN AR SR A
1.2.1. LRH (Long range haplotype) JUL:

Sabeti 55 (2002) $2H T LRH J773%, @i B4 F R0 ssia % (Core
haplotypes) [RAFF T H& H 17—y DUEAT 42 56 DR AL 3 AR ASo U 1 s e (0 7 vk . B
T AR O B A TR Al A2 i R v A7 A 1) A e AR ) 25 B X 3 T AT
ANTHTRE, A0SR IEAZ o B A5 A Y PR R B AN P PR s T LA HOAH (R A3 ) — R
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AR, AR ERA RS 1 IERFE . B 200 & BRSO B A5 1A R
N x BIXIE, HSESAS T4 R 2 0RiE 1 EHH (Extended haplotype homozygosity)
Kt . EEH MIE X2 PR BENLE B e R A0 B AR Y B BR B9 9 x 2 17
() XA AR AR R AR O SR B RO . (& 4D,

GEPD +220 kb
[
| N

|
l Talomara

1.2.2. HS (Haplotype similarity)

HSH 56 /2 TH 5 A R A AP E R 36 7 o 0T — HE DNAREA K, g

BB, WD ZBALA EHRERA SO IEEINX, AR5 THE X Rk

MG EARIIHSIE . THE TR — MEshE gl B Rk, RN E
BRI B 2E5 T, SR T A R T B SA1E .

2

HS ==

HATRE HEH, kgD E O AR BRI AN, f 25X R

f2

it

_.Mx

—

AR A% (Hanchard et al. 2006) . iRt R & LLEE — 2 2507 s A Rk HEA T
(1, FEIRERT ALAEE ZAS 28 = ANE 2 AL U SRR T RT3 . DR ZAL
RONFEHETHEL, QR OCHSE I & T RS N AL 2 AL, IR ALE
SE AR BB A T RS,

1.2.3. iHS (iHH score) W%

iHS & 38 i 5 5] — N SNP_E T B AT R 257 35 D] AT THH EG AR B 505 31 Y -
|HH

iHS = In(: )
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HAIHHIEXTEHH A 4> (Integrated EHH) , AfRIHAY (Ancestral) Z5{i7 £ [H,
DigHH (Drived) ZEA73ER (Voight et al. 2006) . iHSH)IE A JFF AT LRHAR AL
HiHS BN R IEE RS, oA B AT m] Re A0 35 TH B9 SR A R R, THS 9K )
FUERS, BRI E RAERR el RE R S8 S5 A2 (A (Biswas et al. 2006) .

1.2.4. LDD (Linkage disequilibrium decay) #lj%

LDD W F8 3 AP kil 1. 17 LD A23did 15 FRC (Fraction of
recombinant chromosomes) KAKILHT . HAKTIE0E, X T — D2 HMAL, AHEIR
AN EEAL_ BRI ZR G T, RS-G-S FL A D () S5 07 3k PR R 22 O S Ak R, 588
P Gk, K Hh BRSO IE IR SC R B G i — 2L, TR 5 550 2 S5 ik PR SR IR
W o — 2, SR 73 IAE P AL N AL s A Bl — S e O i i b, TR
PRGBS oK R, W2 vh SN (R PR 2 Y AR . ) B2 A o 0K A B 2 A
FHRLFER B BCR L F13%, AR v rp AR F) X Se (B 54T U7 22 EUAR, RITHSRCH ALnLH

(Average log likelihood) (Wang etal. 2006). fF1EEFEKR AR, IRITIEPENAL 5T
ALNLH ¥ H— 7K F (Biswas et al. 2006).
13. ETHEESME

AUTERE], FERRIME RE F O 7SRO LR A S VK. [ E R 3 F
e F giitiE (Fsp) B—MR0, F GiitiE, — /B S B2l s e 2 245
PER SR, i SNP B DRI, kLA ESE I 2 S PN 5 B P2
REMRDHESR (Fg =(Hy —Hg)/Hy o Horp Hy ACREEAFRT 57 v f R
/Ny Hs RER ML FRHEIE] S35 e i R /N ) o F Seih & OB T ARG 1384k, BE2A
FIE R IREN, oA, BT, R0, % #%4E B Wahlund 208 (g —
AP T MR S R R EUR R B TR . R AT, F S E
RN T2 B T AL IR AR M S R R A5, an SR b — NS AL EE R
TR E AR BRI S B T P SV 1, IS AR 1) T v R )
WK, AE F Giit & Bl R A S Ferfl (0<=Fsr<=1, Fsr A 1 F/R AP
() A7AE B2 AR 40D o
2. FT A £ A0 R) 23 050 BE AR 75 3%

IR R, FENLEME AR AR T 25 ), R A DNA
Z VST AIDNAZ BUE AR Z N % — B W ARl A 2 25 P a] 73 B 2
(AR 25 O 22, RO 32 3 1 A R SR s, 57 1 e A T RO A%
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1t
2.1. McDonaldfIKreitman (MK)l| 5

MK JRE S AETC B B P R 26 A, BT 8 R R R A 9 D 7] S
AE[R SCRAR N SR AE) S AR CRAR RAE . ez, HER R, BIRERAE
ANFEM Rz 2] IR BERVE R . MKEESS S iy, TR, (HAE RS R PR
JIEAMRA RS T Hazk e 5 UL EIR B ARG AR EL, AT EAR 2R R,
I AR RN B Bh 25 G 36 5 TR % 520 . McDonald FlKreitman(1991) Xt Firfiff ¢
HIDNAFPFIHIAL s B 04T 7038, DA 0 A A 22 S A ) 22 5 o 9 A AN )
il 72 e i M ) A B SR 22 e AN AL, 0 SOOI R A6 3 (fixed site), A D9 Ii) %2
FEIIFRE o Rl AR AL BlIE 22 R (AL R 8 SO 2 A7 £ (polymorphic site),
VERFR N Z B MERIARE . D M REA R 2 S0 M B R 5, FEAL R B
RAR P42 [R) LTRARAL s A SCRARAL RN PAX 73 o 42 MK 56 1) SR 2R, 72 rp it 2%
(GRIE

E(n,) _ E(n,)
E(s;) E(s;)

A AR A2 AR R SCRARA 1 S ] 78 67 HIAL RUB, sy RAR BRI [R] LR AR i
S [ A R B R 38 np AR B R AR A SUR AR 1 2 A5 s BIN  88 spft
BT [F) SCRARAE 1 FE 2 L 5 A R

LIk T A FEYF S, B A By, FTHS0H
G-testha S5 L UG Z S B35 1 . 5 W3, Wl B Ia) i 48 R4 HH
RTFET AN Z SRR, WWEEREY MR 22 7Rl A
35, 2004) o FRAEMIHS 3 (1 BB RT A Y, 0T AV F AT R, B BEXS 2R
B gD X AT RO, 1y 5 X BE R F DNAR ZI s . MKAS 56 7T LUF] H DnaSP#X
it
2.2. HKAJI %

RS 7 AT 1 SR MKRL AR, (FE IR Gk MR 77 () K.
BV B0 R A T AN P 22 5 (RPN, AR SRR 25 SR A 5 R SRR TR IR
W16, FrUAES 5 ERrR AV & Efuds (goodness of fit test) .

R K A CEA LN BB L DNARF A 73 AL i B H - Ko (A2 4 2R fr
DNAF I 73 B AL i B H , Dy RERAT LR 28] 551 R A7 7 21 B A 22 S . o =3
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(R AR NS 21

2 _ [Kli — E(Kli)]2 [Kzi — E(KZi)]2 [Di — E(Di)]2
TELTNKY TR Vi) & V@)

HKAR 0% A ) ZE SR LU s o THEKET R ZA AR, TR ZA A
ANCA BB FODNAKHE o FLOUZAS 60K BTt FE A R MR RRIE EANZE, AL [A]
ToES.  (JEIEE, 2004)

H T A 1R 2 TAER FHHKAR IR I E A& B RS 5, T BAR 21V 2 a5 i 45
H (Yamasaki et al. 2007; Zhao et al. 2008) , K HIHKAKE LG A& —F LA 2 7715
BT LA A FHKAR LS (Multi-locus HKA test) #9017 S R4S IS H , 652485
AL S S ML R 22 5 S RE S B AERE N LI 22 5 2, A gs RSl 5. thandk
ATHEST AR FORBE R b 1 v A B 2 T YIS 5 PR &R (Fan et al. 2009)
FH T 2400 I HKARLI I 7775, 8 16 EE S FORFEAR hgh At b itk 1)
BV SZ 3 B E s AL SR N S A AT, 180T PO A DU AL R AL R R N 236
AN 8] 22 5702 75 R 2 BRT S5 A7 AE 35 (R G 22 S R FIWT AL AR AT (R B
o 2470 S FIHKAR K AT LUs Hey Lab & Rk 5, EZEARESITESA
HKAB AN F Chttp://genfaculty.rutgers.edu/hey/software ), & J¢ilid SITESH 24
AL AT HKAR S THE R S NE S, SR 5 HKA S BT SRR A A7 A5
M2, U @A g R St B E
3. FETRA] 43 B AR 7 vk
3.1 Ka/Ks U5 (Z %)

H ARG R AE AR 2 JE R SCRASH Je A7 5 RAL o AEIF AR £ AR F R IX L8 p
BB B e LUK . IR K Y AR A SUCR AR AR, KON [R] SCRAR IR ZR . 1T [A] SCR
BB EIERFY, KA EGE [F) RN PERAE . FEPPESRMETT, KoK
BEANL. K EIL T, DNAFFIIKS/KAE B T AGE SAE TN T1. (H241E
) AR FIAAAERT, 32 I m) b £ F I S A B R I K/ KB T, HE B3R
F1o XE A ZA R (ML) KA BTK K (B B R E E R, 7K
FERTKs, RIONIEREFEHIFRE . THEK MK 75 =3 LANei-Gojobori 9t
F R BEHLIE L (Evolutionary Pathway Methods, Nei and Gojobori, 1986) , LA
Li-Wu-Luo AR H 3 T KimuraXU S E Y ) 772 (Methods Basedon Kimura’s
2-Parameter Model, Li et al, 1985), F1LLYangf#) 2551 B AR AR 1B LR
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7% (Yang and Bielawski, 2000) . A7 J5 pifh ik L BCH H,  Yangit) 7 ik v] BLiE
PAMLE A3k 11% (http://abacus.gene.ucl.ac.uk/software/paml.html) . @it _Fik
T E K AIKSE, 2R

K. -K
l=—_ (Nei and Kumar, 2002)

WK, -K)
WARR PR E NSRRI R, RFZASAEEEREN . AR5, 2004)
4. PR (Coalescent simulation, CS)

LAEMAEYIME B R 2 5 T YI4EIET (domestication bottleneck) FIfERT, il
90308 3 BRI 5 B AR R T 4H Sl Pl B A B A% 22 25 1 1 A 1 Tk B A AT AT R B0
BB LR E I EERL . RG] AR AR R IS8 R R A5 Y (1)) , g
SRR RN BRI /N (2R D080 (1 A DK /N 5 2800 200 1 4R 452 1 11
b | EARESH . PR, RS EOT DUE I R % Bk
E F RO s FAERUL R 7 R AT B 58 . SR T LA s AL i, A 3L
AR BFAER CRE DRI TELS YIS R B G, kg e 2
HOOBIME 51060 AR P R EA S ML E 8, RAPTIESHT
ERIRIYI IR, AL EZAE R T AR AL s R e . SR 5 T SAE i s Y
AR SR BT AR AL 7 L NS, BRI IS AL S B A S AR
B AR E R T HAS B —8E, DB s, SRS B N
WA 3 1) 43 85y s Sl 3 AIC T i A OLAS 38) 10) B A s B, B Tl i AU ) 10
I ESAL S A R MBS X R 4h, RSB T & YIRS, &%
T HABER RN, R Tz s AT RE 2 2 T I BRVE 540

past
Lo | o
Op | d E 1
B GA BB d
\ BF' ‘ Y Bp
present
Model 1 Model 2

Kl 5. Eyre-Walker et al. 7E % R Kb IS F% ok 2 (1 910 2545 5 (Eyre-Walker et al. 1998).
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5. etk

AR RSN Gt Ed, #A S BB ELH, FlinFay Fwu HII
BRI T R MR A R AR, AR LR S e MRS 36 IE AR B, O 2 A D
SEFIE SO R TR, B R BRI B [ E AN AR AR, A e A
TN I 25 I R YAT R AR PR R Sy BB ALV AR A FH T 5 [ 52 o Tajima’s DFERLER IE i) 126 4%
[R5 ) 52 BREAR 3 5L AN SORFR T4, B2 Tajima’s DFTALSS (ARSI R AR F
FE A5 5 RE RS TE IR PR AT s Bl B 58 5 R SR — BERT (] . — A ELUR S AR 2T
7 VA R R P P R s 2 FRL B0 T, A AT A R AT DUECRR, AT BB S
R S PR A 56 1E R

Zeng%s (2006) & HiMIDHALIGHE 2 B 45 & 1 Tajima’s DFI—MEIE J5 I Fay
and Wu’s HET S, FORT 0 1F [ 6 36 1A RE S M B 0 AE R A v, T X P e I ok 46 FL A B
FIBURERC. J5 K% & FEwens-Watterson I EWS 36 X} 55 41 2 1 A8 AL AN BIURK,
Zeng%§: (2007) M3 T Fay and Wu’s HFIEWZE & FIHEWAR 36 L XX DHATEWES &
[IDHEWAR SR, & fITAR T T HAS 56 sUDHAG 36 8 41 26 s AUk . (ARFE 5%, 2009)

=. &EFAEH KB

T A LR AH EE e 1 ik DR ZH A AR it A% 2% (Hedges, 2000 and Black IV et al.
2001) & KA AU 1F [A) e 438 A7 kB — N R R 7 e, k4 22 DR A 1) = 0 i o 1
H AT T LA OB 0] R 157 R I ) age e U BT 9 A A3 SRS Bk 7 ER) Ao it
AW, B AEERI e 555 BRIz AT U & A W] Re 52 2 1E Ak 4%,
X 5 B A AT 5% G0 R B v 7E AR i )k DR BB e T i DA B AR i i I g
BRI, i LIS ot B9 2 1 2 s DX 15 F B AL AR AN BeAS BRI B 7T . L
fEWang%5 (2007) R @25 /K FEmIRNAF R 5 AL 221 78 R OR B, A AL T
15 0 4% 3 7 35 DR 1) 2 i J 2 i I A e il R e R A D ) 4 R miRINA ) 355 R A6
BT IERIEREIE S . AR A R R W] DA Db AT s FOAEAE I ey, OF
XTHEGmAL X AT DUEAT PR A s 2. — A7 i 75 52 3] 1F ) 1% 428 () S M A2 AT 75 2 4E
BB AP D SRR R A RE IR, R TR D SN £ S AN R R 2H (Y DNAE S X
M0 IF [ 3% 43 AR e e At A FH T 3N 247 (Black IV et al. 2001) , BRI T+ 22 e fir
FEO6 (Multi-locus test) BY4FE KR 18, FLL 51 3 R A 14 A A7 BH
2RI A TR T T IRk, 3 T ARRARMIAE 7 REMALA, Btk
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CEPRERFILIEY BRI

A A BRI S B L IDNAZ 1. AR R0 . &
R 00 A B i 1Y) 5

RIZ:56 >4 (Empirical distribution)

B 1 e e P A A 17 1 (E16)

1. Sample loci and calculate statistic (T))

ﬂ%ﬁjmmﬂ

2. Construct empirical distribution

Falso

Negative

\
\

\

B ANl 25 R 2 A
HWAH (Outlier) H sz

\ \
\

False
Positive

\ |
\ True
Positive

/

/

Genome-wide 2 /
forces
/Locus specific /
forces

7

K 6. XfEFERAIATIERERE S MRS (Akey, 2009) .

Proportion

3. Identify “outlier” loci

(ER IR ESE T UAMBBE, MRS B A AL — LR, B 5, HATiE
BT UL R, AT oA R A A — s A 2 7 1 IR A RN, BT IESE R
WL 1 IR AL — € LT AT I R . AE 205 A S A 9 1 R 15 2

JREAS 3 T B Ak 5 B AR ) vk kAT HE— P IR . 58 DR IR HI 4 BT e S A AE
I ( Ascertainment bias, Thornton and Jensen, 2006) 11 5 A% F&ix AN a] 5 45 L4

AREH BRI, S5, AR —MEHARBAD TIEER:, XA E K
FIGeih o A B o AEAE— DR, IR B R X R R 5 M IE R RS
2K mTRe - AR A . i BLX AN b & B o0 A B EE AR MERf E . IR D90t T
FEPaE R, AN TR R RN, TEGETT oA R v LA FRE B
FEARHIN 4 T fRRX L 0] 7, — 642 1E (1) 7 Z2 B 4 52 K . Thornton % (2006)
B TS IR DA i o 10 SR P A ) R 502, R A SRS AR U i £ 1Y
A, R 58 o e FH 2 ALOR 2R A 56 77 1 P RE 2 52 3 58 — IR F i IR 4% HY R e
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PLHISEMIR Ko AR Al AR BT R, SR 2 R VE IR AR P 1
Gk B TR A R TN R, T H BRI B AL X 4 (2.5kb) Xf T &
TE g A7 A SR DK

EAEF AR, Bk B A RS2 L8, = AR FH
PRI R B, R e AR R S A R R AN R L B AR S5 A B A B, sl ik
BAERAE M REM AR N CEFEN B AR b, B G5 A 22
TSN, X EEPR A AT e I B P (Teshima et al. 2006) .

BEAh, T2 T R A I AR (I Fay and Wu’s HII 5 DL R 36 TSR T4 S8 it =,
A TE IE B 58 BUE AN AR IR R ILAFAE, PRy i AR AR 2 AR PR il 5 , i a2 B
NP7 2> 1R Bl 5 41T 1K (Przeworski, 2002) o 40 5 5% F 35 T i i 5 A8 4 fh ol 3 1
BEPAF T R G BOR AT 2L R R, AT RE St — Le W] Re 4 Pl IRk %
I PEAE o

75— AR 2 FHZE R H K 2 25 A0 Ul T D SE AR S A, FRRAS T S
HAE N IEAE R (Null hypothesis), @I ISR (Likelihood ratio test) Skt il ik
)32 4 (Li and Stephan, 2006) (#k#%55, 2009), RIMHHITIEMINIF .

EExt H A0SR I O REE FH 7, 256 R RS IR 5 320 4 s il 1)
ROVEANFEARAR BAPE R A AT o DRIBG,  ZEAS I IE () B RTINS i, W] 8 75 22 (R IN =5 8
IREAE, LA RAT AN 3R A 3 # AT B 45 000 A &5 SR A A 22 -

LAREEDT SR 8 RGP £ IR0 T vE T, — AN HUBEE 8 ) 1) 5
FEUNT X 4 FARIEBERAREE T sE e . — AN EER 2, BSRNERAAAE R T ik
e € I JBEAE,  TRTFRRE T SERE M BEAS DNA P41 AR SEAS XS B A w25 1 rh itk it Ak
HIRFAE, 82 AW e RN A T 1 ARG FEE 2 RO MORE DD S 32k, W BLdE
LR ARSI ) XI5 B A DNA 7 51 AR OCRHIE (140 2 25108 BEAT HLER, W2
AN K — 3, AR A —BaE, A RATRER A | AR, R
PR R T IR — AR AN B R R R e B AR BT R 4
PERFAE, T IXLERFAEAE AR R AR D S BRI R ANBE T U, (LR 240 B0 A 2 IR ST
i

B ROE R B A —E M PUEM, eI#ee ™ KRER AR, H
e B R AN AL 2 R AR, IXANMRHIE & T Sl 0T 19 6

S 126 FEAE W46 R i A1 IE R BEAR 28480, RN & AE WD SR A T T — AN
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P SRR (14 BB 0 2 A5 T P ik (Y AT 3G 0, AN [5) F)o P A i 3 A 28 87 F R AR
FN AT RIS (AR K B — A1, T G e 28 2 LEoi (K0 R 5 355 4604 S5 A ik
3.

2. VERE AR [A]: ERE R IEAEHAT TR 1. WIRIZE B iE 2 DA e AR A T,
Hr= A2 T RER AR o B R A RIS AR TE], BT ) DNA A8 S As sl 2
BTN . IEERE R AR 25 AT R BE A I ) RS T8 Ss, I HLAS IR R JR2E i
FELR I AR AN o PR A2 1 o AT AR RIS AN - 17 3t 2 AR DRl B AL A
ANEEZH RS B, T 2 g (HEIR] SO AR SR T fg (R 30 F748 2 18] (14 Eb 451 502 ok i
Mo RFLEAR MK BT IR] . ZERT ) b, T AR YRR, B0 BSE ) et 2
THEM—AFE R B AR E H AIE K Z7E 50000 £ 75000 457, A
PATE NS DNA 250405 v, G SR 28 4 A A 1] 2 S B2 (914 o) SRAS SR N S HH
RGBT TR BRI, T R B E

JEPERAEMINLE : RAAFMELAZ L/ 2 PRAIATIRI AN JFEAL 1) AL %
FEARRB B, ABATRe 2 sEma BRI A UERATE . A 5] (1 S 2 711 5 2H 22\ g
SAFAFR IR G5 (I TR R A AR A, T2 R RIS A JRE A Y RAR 2R
MBEHRA B, AR BB R o, E—AMSRE T ERE,
RS f) S B b PR AL AR R B R R RGN, PEESEIE, PR EEAL,
MRS . (e b, BRI, FlanTajima DI, #BHEHRE T —BIDNA
PR A R AT 1 B ARS8 B AR ERERNALS, R
AR ABLIR F A BN B A A B P R 5%, B P B T 0k R B A A i S LA
AR S AR R (2 S VRIS BOE BN P 220, B DUAE T R S iy, 45
PESE R, B0, HSEG 36 1) REBUE SLRHZE A%, (H &Iz T Tajima D& L6 77 ¥4

(Hanchard et al. 2006) .

A EPEVE RIS G SEPRAE T TB I RARIE & CAAFTEM 70 B AL AL, PR
RATRERAIFE . EEAEH T — B9 FRAD A SR, T SR 4%
EH TR S BAS -, MAFNG=R, Blln H AT S8R P (S
SRR ARZL T (Przeworski et al. 2002) .

5. B RSN FE R 2B . A5 RN B R ] RE R B E Y,  thnT BE 2 2 3L R
Becth A R S 3 R A I, BRI S0 F) A ) a7 5 DR (R 0% P f 3 3 A
NG, EREM I EAXS RS, TR — B ] SE UL RE (Teshima et al. 2006).
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JIT LAFE 2 REIX A R 3R 1R I SE B b 2 72 25 RN 18] B PR 3R

6. WEFERY RS LR IR TR 2 M R R e, LT B A S KR R
B IL I TR e B B ) — R R R . U P AR A AL R BR T H RIS
X RIIWIFEIARE ) o Ve PEaR R, KR FRPTE I I )RR

7. AN RRIL 2 2 YOGS RN RALRRAE T G R R 2 IR, W
IEMAE RN WRE—ADBEALE T T 2 RIEFFAE, B AfE 2 FE R
, H ORI EE T ESATE R E A SRR 080 R T
(Przeworski et al. 2002), (#F5%%, 2009)

V. BFFERH
I THIAR AR AT B0 DR T K R A A BRI ST U I DA bk A I T vk
RS2 H o FRATIH ARG KT AARR AL 22 b 1 17 6 45 1) P AGL 36,77 25 (Tajima’s D;
Fuand Li’s D* and F*; KHA; CS; Fst), Xyer Qi@ ae d i T R gt 2k Rt 4T 120
#1 (Fan et al. 2008; Fan et al. 2009). Whitt 2% (2002) LAY 38 &K Mg AL AR X e
W a BACEHE R AN B IE R shl. sh2. bt2. ael. sul. wxl it T WF9E. BT
ZERLRWI bt2, ael. sul A7A7E B 152 B 0E M) B R IESE , SR 1 Joda i) BB ek
B R RBREIE R, wxL FEIA RN 252 B IE RE B RIS 5 o 1R ROK S i ORI
— N E X ) (5 2 LR EL R E R & B RUIK (<5%) . B TIPS 30 AN F KA R
[¥] Waxy JE K7 sSAFT (Fan et al. 2008), FRATAR LA A1 EHG FKBE AT, AT
AL Adhl, Waxy FEDR 4L 2 88 R T = 200065, i B A PR
Tajima’s D Al Fu and Li’s D* and F* AN 2] [ 22 1€ e #5538
FoK P 2SI BE TR, RS R AR 2 . Olsen 5% (2006)
TEXRAG R I, Waxy it R A7 i A7 75 B S 10 08 R 87 RO, 3 BH R B PR R 8 A T X%
JEALAT 2 PRGN o FRATTEIRE TR 2 1 RG TR B A4 Waxy Ji R 52 5 A7 AR IR 0
RN 43 5l % Waxy J5 RIAT s b R i B R 04T T BRI L 2 1, 45 R
TE Waxy 2[RIz i 1 i3 R 1 % 22 A Mt 4 Re T ARMR /KT, 2R B 3% 5 A0
PR 5 1 1 ) 2 /10 2 452 1) Wy J2E DRI 15 50K 47 B
N T T RS OKEE A Waxy BRI 52 B 1E 1) e 25 /5 BN e kA i
R IE DL, FRATRE Whitt SERF T 7S AN B S DR AR oK i b AT T AR 2
(Fanetal. 2009). ZHMRZ &R REH, MM, Waxy FEF A A2

138



Wi T X ¥ http://ibi. zju. edu. cn/bioinplant/ CEWGERFANILEY 85 T

SPESEIE LR A BE R (24.9 %), Tajima’s D HKA. CS f i 45
— R Waxy FEPRIA iz 3 7 smAZIEE Mk e EAUHKZ CS k. BT
Tajima’s D 1 HKA 5352 DA M OSSR i B i, AT AS Be HE R R 17 51
S 45 SR T2 AR LA 8 K I IS (R 9T, 538 KT
AR TR, PR 5 % CIAd 0 250 308 1) B A O /N 5 A L3 45 8 6 TR) R LA 298
2.0~4.5 (Zhao et al. 2008; Tenaillon et al. 2004). i+ [EVRE 5K M B3 B AL 3£ 91 5]
N, AN T35 58 EORAFAE BN R Z A YA S8R, PR AT TR R oK
— RYIBEAIBRAL S S 54T T Coalescent simulation #:38, M HER: 7 FhEE T %t
RIS 5 R R o 4758 R N (IR B OR AT A 7 A B IR 215 5 (Y
et al. 2008). Fst A4 46 i 2 ) F P o AN [ E ) o0 A A DR R IE B S 5. B
ATCAPUAS F B RO 2 B0, S i A SR A T 25 5 LA SR (aels bt2. wx)
@it bootstrap 34 T3 F Siit B MRS M. 45 F KW Waxy JEH A7 &5 F Gil &
B Aw 1A T 1 (Fi4 Kolmogorov-Smirnov #4%, P <2.2 X1070), 0 Waxy H: [
A7 iR R KA 3 FOR AR B 1 AAE 5, T At AL R A A 3] B
B A .

LA ST AR I, VA AR S5 Jir [R5 3500 R DR AR e 1 5 AT R 3R 8, £ el
T 5 BRI B A5 25 R S T E A AL R, RO SEZ IE RE RS 5,
I AT R — ANREHE AR B BB DU AR S . Tk B, — MR AE
SZIEFRROAR I R £ T B0 A B RR SR AR TR BT SR A AT E bR
PR P A

NG

I T RER I AL AR T SO S A R IE A 2R SRR U E AL I REAE i ) 2 DR 41
EET TAFRENE . 520 A A A RR A H AR AT RN R R P A B R I
WIHRERIIRAG . VIR BEAL RS 5, R Anmr R P AN [ 5 J2A 000 52 11 1Ry S 6 A
IR R A A 22— AN AR BRI A A . PR PR I SR O i
FLAOYIX O R TR TR, R T AR EAT I R B B R R
JiiE, GERRATIER I T . AN TR AR YR R N B AR B AL 2 U A A TR Y
T A RZ R I A 1, L nasi A% 2 A8 VE A BRAIR . AL AL R 2R ARl . TR FRIERT 2K
REy JEBATHT RIS, XTI S T R, AR SERR Ol S X s

139



Wi T X ¥ http://ibi. zju. edu. cn/bioinplant/ CEWGERFANILEY 85 T

B B, XL AT Re s P AR IRBHPE I AR o PRBEE I FPBOR B R e
S A R D A A0 (N R AR 2k DR 4 2 o H AT FC ) — i, i T 3 i
AE TR e A RS I A7 B S Rk, PRI S T 4 BE DRI AL 1) 52 I 1) B 367 s 43 96
WM IR I R I e B st . R, R NHBT MR —
LR, X 2 BRI TR SE AN 1 28R I AR B A R LA

FEARRBIRIETT M) b, Bk 2 DNA Bl R, A PRARSE B AR 8%
38 L FH A S (RS 362 75 32 R AN 25 Fh Py SRk 2. T, T BRI
ORI, S AL S BORRR 2, AR 360K 2 8 RS ATRS 3 1E_E A
5577, IXAURA R K AR R ORI AT Bl

(EAE, B
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fi%: £WERFEEFIUREREXN

Abstract Syntax Notation (ASN.I) (NCBIX B 2 B)F, BT EEFR =%
£ B Cn3D S T A By WA )

A language that is used to describe structured data types formally, Within
bioinformatits,it has been used by the National Center for Biotechnology
Information to encode sequences, maps, taxonomic information, molecular
structures, and biographical information in such a way that it can be easily
accessed and exchanged by computer software.

Accession number (.5 )

A unique identifier that is assigned to a single database entry for a DNA or
protein sequence.

Affine gap penalty ( —f#i% B & 47 ] 2 5K )

A gap penalty score that is a linear function of gap length, consisting of a gap
opening penalty and a gap extension penalty multiplied by the length of the
gap. Using this penalty scheme greatly enhances the performance of dynamic
programming methods for sequence alignment. See also Gap penalty.
Algorithm ( #£i%)

A systematic procedure for solving a problem in a finite number of steps,
typically involving a repetition of operations. Once specified, an algorithm can
be written in a computer language and run as a program.

Alignment ( BX Bt/ th 3¢ /8 BT )

Refers to the procedure of comparing two or more sequences by looking for a
series of individual characters or character patterns that are in the same order
in the sequences. Of the two types of alignment, local and global, a local
alignment is generally the most useful. See also Local and Global alignments.
Alignment score (B Et/ b x¢/8x B {8 )

An algorithmically computed score based on the number of matches,
substitutions, insertions, and deletions (gaps) within an alignment. Scores for
matches and substitutions Are derived from a scoring matrix such as the
BLOSUM and PAM matrices for proteins, and aftine gap penalties suitable for
the matrix are chosen. Alignment scores are in log odds units, often bit units
(log to the base 2). Higher scores denote better alignments. See also
Similarity score, Distance in sequence analysis.

Alphabet ( F#&%)

The total number of symbols in a sequence-4 for DNA sequences and 20 for
protein sequences.

Annotation (%)

The prediction of genes in a genome, including the location of
protein-encoding genes, the sequence of the encoded proteins, any significant
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matches to other Proteins of known function, and the location of
RNA-encoding genes. Predictions are based on gene models; e.g., hidden
Markov models of introns and exons in proteins encoding genes, and models
of secondary structure in RNA.

Anonymous FTP ( E4FTP)

When a FTP service allows anyone to log in, it is said to provide anonymous
FTP ser-vice. A user can log in to an anonymous FTP server by typing
anonymous as the user name and his E-mail address as a password. Most
Web browsers now negotiate anonymous FTP logon without asking the user
for a user name and password. See also FTP.

ASCII

The American Standard Code for Information Interchange (ASCIl) encodes
unaccented letters a-z, A-Z, the numbers O-9, most punctuation marks, space,
and a set of control characters such as carriage return and tab. ASCII
specifies 128 characters that are mapped to the values O-127. ASCII tiles are
commonly called plain text, meaning that they only encode text without extra
markup.

BAC clone (¥ A THEAKTE)

Bacterial artificial chromosome vector carrying a genomic DNA insert, typically
100-200 kb. Most of the large-insert clones sequenced in the project were
BAC clones.

Back-propagation ( & 5% )

When training feed-forward neural networks, a back-propagation algorithm
can be used to modify the network weights. After each training input pattern is
fed through the network, the network’s output is compared with the desired
output and the amount of error is calculated. This error is back-propagated
through the network by using an error function to correct the network weights.
See also Feed-forward neural network.

Baum-Welch algorithm (Baum-Welch# % )

An expectation maximization algorithm that is used to train hidden Markov
models.

Baye’s rule ( JU#H 0 )

Forms the basis of conditional probability by calculating the likelihood of an
event occurring based on the history of the event and relevant background
information. In terms of two parameters A and B, the theorem is stated in an
equation: The condition-al probability of A, given B, P(AIB), is equal to the
probability of A, P(A), times the conditional probability of B, given A, P(BIA),
divided by the probability of B, P(B). P(A) is the historical or prior distribution
value of A, P(BIA) is a new prediction for B for a particular value of A, and P(B)
is the sum of the newly predicted values for B. P(AIB) is a posterior probability,
representing a new prediction for A given the prior knowledge of A and the
newly discovered relationships between A and B.

Bayesian analysis ( J # #2447 )

A statistical procedure used to estimate parameters of an underlying
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distribution based on an observed distribution. See also Baye’s rule.

Biochips (A#% F)

Miniaturized arrays of large numbers of molecular substrates, often
oligonucleotides, in a defined pattern. They are also called DNA microarrays
and microchips.

Bioinformatics ( £ 41z &%)

The merger of biotechnology and information technology with the goal of
revealing new insights and principles in biology. /The discipline of obtaining
information about genomic or protein sequence data. This may involve
similarity searches of databases, comparing your unidentified sequence to the
sequences in a database, or making predictions about the sequence based on
current knowledge of similar sequences. Databases are frequently made
publically available through the Internet, or locally at your institution.

Bit score ( —¥t#|{&/ Bit {& )

The value S' is derived from the raw alignment score S in which the statistical
properties of the scoring system used have been taken into account. Because
bit scores have been normalized with respect to the scoring system, they can
be used to compare alignment scores from different searches.

Bit units

From information theory, a bit denotes the amount of information required to
distinguish between two equally likely possibilities. The number of bits of
information, AJ, required to convey a message that has A4 possibilities is log2
M = N bits.

BLAST (XARIHKEHEEZTE, —#HETERFEEHLER)

Basic Local Alignment Search Tool. A set of programs, used to perform fast
similarity searches. Nucleotide sequences can be compared with nucleotide
sequences in a database using BLASTN, for example. Complex statistics are
applied to judge the significance of each match. Reported sequences may be
homologous to, or related to the query sequence. The BLASTP program is
used to search a protein database for a match against a query protein
sequence. There are several other flavours of BLAST. BLAST2 is a newer
release of BLAST. Allows for insertions or deletions in the sequences being
aligned. Gapped alignments may be more biologically significant.

Block (% & R &Kk &k F R4 3%)

Conserved ungapped patterns approximately 3-60 amino acids in length in a
set of related proteins.

BLOSUM matrices (#k##iEM, —MEEHHER)

An alternative to PAM tables, BLOSUM tables were derived using local
multiple alignments of more distantly related sequences than were used for
the PAM matrix. These are used to assess the similarity of sequences when
performing alignments.

Boltzmann distribution ( Boltzmann %47 )

Describes the number of molecules that have energies above a certain level,
based on the Boltzmann gas constant and the absolute temperature.
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Boltzmann probability function(Boltzmann/it # & %)

See Boltzmann distribution.

Bootstrap analysis

A method for testing how well a particular data set fits a model. For example,
the validity of the branch arrangement in a predicted phylogenetic tree can be
tested by resampling columns in a multiple sequence alignment to create
many new alignments. The appearance of a particular branch in trees
generated from these resampled sequences can then be measured.
Alternatively, a sequence may be left out of an analysis to deter-mine how
much the sequence influences the results of an analysis.

Branch length (XK )

In sequence analysis, the number of sequence changes along a particular
branch of a phylogenetic tree.

CDSorcds (4%#&F%])

Coding sequence.

Chebyshe, d inequality

The probability that a random variable exceeds its mean is less than or equal
to the square of 1 over the number of standard deviations from the mean.
Clone (%)

Population of identical cells or molecules (e.g. DNA), derived from a single
ancestor.

Cloning Vector (% #1&k)

A molecule that carries a foreign gene into a host, and allows/facilitates the
multiplication of that gene in a host. When sequencing a gene that has been
cloned using a cloning vector (rather than by PCR), care should be taken not
to include the cloning vector sequence when performing similarity searches.
Plasmids, cosmids, phagemids, YACs and PACs are example types of cloning
vectors.

Cluster analysis ( & X247)

A method for grouping together a set of objects that are most similar from a
larger group of related objects. The relationships are based on some criterion
of similarity or difference. For sequences, a similarity or distance score or a
statistical evaluation of those scores is used.

Cobbler

A single sequence that represents the most conserved regions in a multiple
sequence alignment. The BLOCKS server uses the cobbler sequence to
perform a database similarity search as a way to reach sequences that are
more divergent than would be found using the single sequences in the
alignment for searches.

Coding system (neural networks)

Regarding neural networks, a coding system needs to be designed for
representing input and output. The level of success found when training the
model will be partially dependent on the quality of the coding system chosen.
Codon usage
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Analysis of the codons used in a particular gene or organism.

COG (E# R F#&)

Clusters of orthologous groups in a set of groups of related sequences in
microorganism and yeast (S. cerevisiae). These groups are found by whole
proteome comparisons and include orthologs and paralogs. See also
Orthologs and Paralogs.

Comparative genomics ( th 23 F 4% )

A comparison of gene numbers, gene locations, and biological functions of
genes in the genomes of diverse organisms, one objective being to identify
groups of genes that play a unique biological role in a particular organism.
Complexity (of an algorithm) ( Z =ty & 224 )

Describes the number of steps required by the algorithm to solve a problem
as a function of the amount of data; for example, the length of sequences to
be aligned.

Conditional probability ( £&{&#% )

The probability of a particular result (or of a particular value of a variable)
given one or more events or conditions (or values of other variables).
Conservation (&%)

Changes at a specific position of an amino acid or (less commonly, DNA)
sequence that preserve the physico-chemical properties of the original
residue.

Consensus (—%/)77|)

A single sequence that represents, at each subsequent position, the variation
found within corresponding columns of a multiple sequence alignment.
Context-free grammars

A recursive set of production rules for generating patterns of strings. These
consist of a set of terminal characters that are used to create strings, a set of
nonterminal symbols that correspond to rules and act as placeholders for
patterns that can be generated using terminal characters, a set of rules for
replacing nonterminal symbols with terminal characters, and a start symbol.
Contig (fFHEEFHIGFEFF)

A set of clones that can be assembled into a linear order. A DNA sequence
that overlaps with another contig. The full set of overlapping sequences
(contigs) can be put together to obtain the sequence for a long region of DNA
that cannot be sequenced in one run in a sequencing assay. Important in
genetic mapping at the molecular level.

CORBA(E R REE ML ENEOOPH R ENEE DG —RRXN —E
THEN. BERS. B ET NS WEETE)

The Common Object Request Broker Architecture (CORBA) is an open
industry standard for working with distributed objects, developed by the Object
Management Group. CORBA allows the interconnection of objects and
applications regardless of computer language, machine architecture, or
geographic location of the computers.

Correlation coefficient (4% % %)
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A numerical measure, falling between - 1 and 1, of the degree of the linear
relationship between two variables. A positive value indicates a direct
relationship, a negative value indicates an inverse relationship, and the
distance of the value away from zero indicates the strength of the relationship.
A value near zero indicates no relationship between the variables.
Covariation (in sequences) (#7% )

Coincident change at two or more sequence positions in related sequences
that may influence the secondary structures of RNA or protein molecules.
Coverage (or depth) (BEZX/EE)

The average number of times a nucleotide is represented by a high-quality
base in a collection of random raw sequence. Operationally, a 'high-quality
base' is defined as one with an accuracy of at least 99% (corresponding to a
PHRED score of at least 20).

Database ( $£)% )

A computerized storehouse of data that provides a standardized way for
locating, adding, removing, and changing data. See also Object-oriented
database, Relational database.

Dendogram

A form of a tree that lists the compared objects (e.g., sequences or genes in a
microarray analysis) in a vertical order and joins related ones by levels of
branches extending to one side of the list.

Depth (&)

See coverage

Dirichlet mixtures

Defined as the conjugational prior of a multinomial distribution. One use is for
predicting the expected pattern of amino acid variation found in the match
state of a hid-den Markov model (representing one column of a multiple
sequence alignment of proteins), based on prior distributions found in
conserved protein domains (blocks).

Distance in sequence analysis ( JF7/JE% )

The number of observed changes in an optimal alignment of two sequences,
usually not counting gaps.

DNA Sequencing (DNA J% )

The experimental process of determining the nucleotide sequence of a region
of DNA. This is done by labelling each nucleotide (A, C, G or T) with either a
radioactive or fluorescent marker which identifies it. There are several
methods of applying this technology, each with their advantages and
disadvantages. For more information, refer to a current text book. High
throughput laboratories frequently use automated sequencers, which are
capable of rapidly reading large numbers of templates. Sometimes, the
sequences may be generated more quickly than they can be characterised.
Domain (3yfk% )

A discrete portion of a protein assumed to fold independently of the rest of the
protein and possessing its own function.
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Dot matrix ( EAFEREE )

Dot matrix diagrams provide a graphical method for comparing two sequences.
One sequence is written horizontally across the top of the graph and the other
along the left-hand side. Dots are placed within the graph at the intersection of
the same letter appearing in both sequences. A series of diagonal lines in the
graph indicate regions of alignment. The matrix may be filtered to reveal the
most-alike regions by scoring a minimal threshold number of matches within a
sequence window.

Draft genome sequence (EE4FFIEE )

The sequence produced by combining the information from the individual
sequenced clones (by creating merged sequence contigs and then employing
linking information to create scaffolds) and positioning the sequence along the
physical map of the chromosomes.

DUST (—REAFMERBRER)

A program for filtering low complexity regions from nucleic acid sequences.
Dynamic programming ( 3 &#%#% )

A dynamic programming algorithm solves a problem by combining solutions to
sub-problems that are computed once and saved in a table or matrix.
Dynamic programming is typically used when a problem has many possible
solutions and an optimal one needs to be found. This algorithm is used for
producing sequence alignments, given a scoring system for sequence
comparisons.

EMBL (MMaoFAM¥ELHE, EMBL Ki2ER T ENMBF 7| $4EF 2
—)

European Molecular Biology Laboratories. Maintain the EMBL database, one
of the major public sequence databases.

EMBnet (BXMDTFAMFW%)

European Molecular Biology Network: http://www.embnet.org/ was established
in 1988, and provides services including local molecular databases and
software for molecular biologists in Europe. There are several large outposts
of EMBnet, including EXPASY.

Entropy ()

From information theory, a measure of the unpredictable nature of a set of
possible elements. The higher the level of variation within the set, the higher
the entropy.

Erdos and Renyi law

In a toss of a “fair” coin, the number of heads in a row that can be expected is
the logarithm of the number of tosses to the base 2. The law may be
generalized for more than two possible outcomes by changing the base of the
logarithm to the number of out-comes. This law was used to analyze the
number of matches and mismatches that can be expected between random
sequences as a basis for scoring the statistical significance of a sequence
alignment.

EST (RZEFIGEHET)
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See Expressed Sequence Tag

Expect value (E) (E{f)

E value. The number of different alignents with scores equivalent to or better
than S that are expected to occur in a database search by chance. The lower
the E value, the more significant the score. In a database similarity search, the
probability that an alignment score as good as the one found between a query
sequence and a database sequence would be found in as many comparisons
between random sequences as was done to find the matching sequence. In
other types of sequence analysis, E has a similar meaning.

Expectation maximization (sequence analysis)

An algorithm for locating similar sequence patterns in a set of sequences. A
guessed alignment of the sequences is first used to generate an expected
scoring matrix representing the distribution of sequence characters in each
column of the alignment, this pattern is matched to each sequence, and the
scoring matrix values are then updated to maximize the alignment of the
matrix to the sequences. The procedure is repeated until there is no further
improvement.

Exon (4EF)

Coding region of DNA. See CDS.

Expressed Sequence Tag (EST) (FZRZAFHIARLE)

Randomly selected, partial cDNA sequence; represents it's corresponding
MRNA. dbEST is a large database of ESTs at GenBank, NCBI.

FASTA (—MEZEHEEFEHZET)

The first widely used algorithm for database similarity searching. The program
looks for optimal local alignments by scanning the sequence for small
matches called "words". Initially, the scores of segments in which there are
multiple word hits are calculated ("init1"). Later the scores of several
segments may be summed to generate an "inith" score. An optimized
alignment that includes gaps is shown in the output as "opt". The sensitivity
and speed of the search are inversely related and controlled by the "k-tup"
variable which specifies the size of a "word". (Pearson and Lipman)

Extreme value distribution ( #%{& 24 )

Some measurements are found to follow a distribution that has a long tail
which decays at high values much more slowly than that found in a normal
distribution. This slow-falling type is called the extreme value distribution. The
alignment scores between unrelated or random sequences are an example.
These scores can reach very high values, particularly when a large number of
comparisons are made, as in a database similarity search. The probability of a
particular score may be accurately predicted by the extreme value distribution,
which follows a double negative exponential function after Gumbel.

False negative ({§& [ )

A negative data point collected in a data set that was incorrectly reported due
to a failure of the test in avoiding negative results.
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False positive ({&[HM )

A positive data point collected in a data set that was incorrectly reported due
to a failure of the test. If the test had correctly measured the data point, the
data would have been recorded as negative.

Feed-forward neural network ( X i 1& 5 # 4 W 4 )

Organizes nodes into sequence layers in which the nodes in each layer are
fully connected with the nodes in the next layer, except for the final output
layer. Input is fed from the input layer through the layers in sequence in a
“feed-forward” direction, resulting in output at the final layer. See also Neural
network.

Filtering (window size)

During pair-wise sequence alignment using the dot matrix method, random
matches can be filtered out by using a sliding window to compare the two
sequences. Rather than comparing a single sequence position at a time, a
window of adjacent positions in the two sequences is compared and a dot,
indicating a match, is generated only if a certain minimal number of matches
occur.

Filtering (&)

Also known as Masking. The process of hiding regions of (nucleic acid or
amino acid) sequence having characteristics that frequently lead to spurious
high scores. See SEG and DUST.

Finished sequence ( & & /F %)

Complete sequence of a clone or genome, with an accuracy of at least
99.99% and no gaps.

Fourier analysis

Studies the approximations and decomposition of functions using
trigonometric polynomials.

Format (file) (%= )

Different programs require that information be specified to them in a formal
manner, using particular keywords and ordering. This specification is a file
format.

Forward-backward algorithm

Used to train a hidden Markov model by aligning the model with training
sequences. The algorithm then refines the model to reduce the error when
fitted to the given data using a gradient descent approach.

FTP (File Transfer Protocol) ( XX f:4&# i)

Allows a person to transfer files from one computer to another across a
network using an FTP-capable client program. The FTP client program can
only communicate with machines that run an FTP server. The server, in turn,
will make a specific portion of its tile system available for FTP access,
providing that the client is able to supply a recognized user name and
password to the server.

Full shotgun clone (%543 % k)

A large-insert clone for which full shotgun sequence has been produced.
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Functional genomics ( Zh#b 3 F 4% )

Assessment of the function of genes identified by between-genome
comparisons. The function of a newly identified gene is tested by introducing
mutations into the gene and then examining the resultant mutant organism for
an altered phenotype.

gap (ZAL/[A KD )

A space introduced into an alignment to compensate for insertions and
deletions in one sequence relative to another. To prevent the accumulation of
too many gaps in an alignment, introduction of a gap causes the deduction of
a fixed amount (the gap score) from the alignment score. Extension of the gap
to encompass additional nucleotides or amino acid is also penalized in the
scoring of an alignment.

Gap penalty ( 24 5i4~)

A numeric score used in sequence alignment programs to penalize the
presence of gaps within an alignment. The value of a gap penalty affects how
often gaps appear in alignments produced by the algorithm. Most alignment
programs suggest gap penalties that are appropriate for particular scoring
matrices.

Genetic algorithm (&% %)

A kind of search algorithm that was inspired by the principles of evolution. A
population of initial solutions is encoded and the algorithm searches through
these by applying a pre-defined fithess measurement to each solution,
selecting those with the highest fitness for reproduction. New solutions can be
generated during this phase by crossover and mutation operations, defined in
the encoded solutions.

Genetic map (#HFE )

A genome map in which polymorphic loci are positioned relative to one
another on the basis of the frequency with which they recombine during
meiosis. The unit of distance is centimorgans (cM), denoting a 1% chance of
recombination.

Genome (FF4 )

The genetic material of an organism, contained in one haploid set of
chromosomes.

Gibbs sampling method

An algorithm for finding conserved patterns within a set of related sequences.
A guessed alignment of all but one sequence is made and used to generate a
scoring matrix that represents the alignment. The matrix is then matched to
the left-out sequence, and a probable location of the corresponding pattern is
found. This prediction is then input into a new alignment and another scoring
matrix is produced and tested on a new left-out sequence. The process is
repeated until there is no further improvement in the matrix.

Global alignment ( E{RBH. )

Attempts to match as many characters as possible, from end to end, in a set
of two or
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more sequences.
Gopher (—MXEX AW RS, AWFREE T XAXH)

Graph theory ( E#)

A branch of mathematics which deals with problems that involve a graph or
network structure. A graph is defined by a set of nodes (or points) and a set of
arcs (lines or edges) joining the nodes. In sequence and genome analysis,
graph theory is used for sequence alignments and clustering alike genes.
GSS (F*HE%Z®FF|)

Genome survey sequence.

GUI (E®A P RE)

Graphical user interface.

H (A1)

H is the relative entropy of the target and background residue frequencies.
(Karlin and Altschul, 1990). H can be thought of as a measure of the average
information (in bits) available per position that distinguishes an alignment from
chance. At high values of H, short alignments can be distinguished by chance,
whereas at lower H values, a longer alignment may be necessary. (Altschul,
1991)

Half-bits

Some scoring matrices are in half-bit units. These units are logarithms to the
base 2 of odds scores times 2.

Heuristic (B X R 7 %)

A procedure that progresses along empirical lines by using rules of thumb to
reach a solution. The solution is not guaranteed to be optimal.

Hexadecimal system (16%| % 4t )

The base 16 counting system that uses the digits O-9 followed by the letters
A-F.

HGMP (A % I 41 I w3 4 )

Human Genome Mapping Project.

Hidden Markov Model (HMM) ( &5 /R 7 kA A )

In sequence analysis, a HMM is usually a probabilistic model of a multiple
sequence alignment, but can also be a model of periodic patterns in a single
sequence, representing, for example, patterns found in the exons of a gene.
In a model of multiple sequence alignments, each column of symbols in the
alignment is represented by a frequency distribution of the symbols called a
state, and insertions and deletions by other states. One then moves through
the model along a particular path from state to state trying to match a given
sequence. The next matching symbol is chosen from each state, recording its
probability (frequency) and also the probability of going to that particular state
from a previous one (the transition probability). State and transition
probabilities are then multiplied to obtain a probability of the given sequence.
Generally speaking, a HMM 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
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states are specified by transition probabilities.

Hidden layer (&% E )

An inner layer within a neural network that receives its input and sends its
output to other layers within the network. One function of the hidden layer is to
detect covariation within the input data, such as patterns of amino acid
covariation that are associated with a particular type of secondary structure in
proteins.

Hierarchical clustering ( %% %)

The clustering or grouping of objects based on some single criterion of
similarity or difference.An example is the clustering of genes in a microarray
experiment based on the correlation between their expression patterns. The
distance method used in phylogenetic analysis is another example.

Hill climbing

A nonoptimal search algorithm that selects the singular best possible solution
at a given state or step. The solution may result in a locally best solution that
is not a globally best solution.

Homology ( Bl &)

A similar component in two organisms (e.g., genes with strongly similar
sequences) that can be attributed to a common ancestor of the two organisms
during evolution.

Horizontal transfer ( &X-F#% )

The transfer of genetic material between two distinct species that do not
ordinarily exchange genetic material. The transferred DNA becomes
established in the recipient genome and can be detected by a novel
phylogenetic history and codon content com-pared to the rest of the genome.
HSP (& thfl A Btxt)

High-scoring segment pair. Local alignments with no gaps that achieve one of
the top alignment scores in a given search.

HTGS/HGT (HEEXFEAFF|)

High-throughout genome sequences

HTML (B XAFRET)

The Hyper-Text Markup Language (HTML) provides a structural description of
a document using a specified tag set. HTML currently serves as the Internet
lingua franca for describing hypertext Web page documents.

Hyperplane

A generalization of the two-dimensional plane to N dimensions.

Hypercube

A generalization of the three-dimensional cube to N dimensions.

Identity (A8 FM/48 %)

The extent to which two (nucleotide or amino acid) sequences are invariant.
Indel (3 N\ M IR &y 48 #-E )

An insertion or deletion in a sequence alignment.

Information content (of a scoring matrix)

A representation of the degree of sequence conservation in a column of a
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scoring matrix representing an alignment of related sequences. It is also the
number of questions that must be asked to match the column to a position in a
test sequence. For bases, the max-imum possible number is 2, and for
proteins, 4.32 (logarithm to the base 2 of the number of possible sequence
characters).

Information theory ({g &.# %)

A branch of mathematics that measures information in terms of bits, the
minimal amount of structural complexity needed to encode a given piece of
information.

Input layer (3 \E )

The initial layer in a feed-forward neural net. This layer encodes input
information that will be fed through the network model.

Interface definition language

Used to define an interface to an object model in a programming language
neutral form, where an interface is an abstraction of a service defined only by
the operations that can be performed on it.

Internet ( E 4K )

The network infrastructure, consisting of cables interconnected by routers,
that pro-vides global connectivity for individual computers and private
networks of computers. A second sense of the word internet is the collective
computer resources available over this global network.

Interpolated Markov model

A type of Markov model of sequences that examines sequences for patterns
of variable length in order to discriminate best between genes and non-gene
sequences.

Intranet ( 3K )

Intron (AE&F)

Non-coding region of DNA.

Iterative ( X £ B XRHE)

A sequence of operations in a procedure that is performed repeatedly.

Java (—# @ SUN Microsystem T X W4 2iE% )

K (BLAST £ — Mgt 54k0)

A statistical parameter used in calculating BLAST scores that can be thought
of as a natural scale for search space size. The value K is used in converting
a raw score (S) to a bit score (S').

K-tuple ( #/¥ &)

Identical short stretches of sequences, also called words.

lambda ( A, BLAST #7F#—ANGit5%)

A statistical parameter used in calculating BLAST scores that can be thought
of as a natural scale for scoring system. The value lambda is used in
converting a raw score (S) to a bit score (S').

LAN (3R )

Local area network.

Likelihood (4R )
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The hypothetical probability that an event which has already occurred would
yield a specific outcome. Unlike probability, which refers to future events,
likelihood refers to past events.

Linear discriminant analysis

An analysis in which a straight line is located on a graph between two sets of
data pointsin a location that best separates the data points into two groups.
Local alignment ( & #BxE )

Attempts to align regions of sequences with the highest density of matches. In
doing so, one or more islands of subalignments are created in the aligned
sequences.

Log odds score (#3318 )

The logarithm of an odds score. See also Odds score.

Low Complexity Region (LCR) (k& 2 X &)

Regions of biased composition including homopolymeric runs, short-period
repeats, and more subtle overrepresentation of one or a few residues. The
SEG program is used to mask or filter LCRs in amino acid queries. The DUST
program is used to mask or filter LCRs in nucleic acid queries.

Machine learning (Hl &% )

The training of a computational model of a process or classification scheme to
distinguish between alternative possibilities.

Markov chain ( /R ¥ X 4 )

Describes a process that can be in one of a number of states at any given
time. The Markov chain is defined by probabilities for each transition occurring;
that is, probabilities of the occurrence of state sj given that the current state is
sp Substitutions in nucleic acid and protein sequences are generally assumed
to follow a Markov chain in that each site changes independently of the
previous history of the site. With this model, the number and types of
substitutions observed over a relatively short period of evolutionary time can
be extrapolated to longer periods of time. In performing sequence alignments
and calculating the statistical significance of alignment scores, sequences are
assumed to be Markov chains in which the choice of one sequence position is
not influenced by another.

Masking (&)

Also known as Filtering. The removal of repeated or low complexity regions
from a sequence in order to improve the sensitivity of sequence similarity
searches performed with that sequence.

Maximum likelihood (phylogeny, alignment) ( & A4k )

The most likely outcome (tree or alignment), given a probabilistic model of
evolutionary change in DNA sequences.

Maximum parsimony ( & A £413% )

The minimum number of evolutionary steps required to generate the observed
variation in a set of sequences, as found by comparison of the number of
steps in all possible phylogenetic trees.

Method of moments
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The mean or expected value of a variable is the first moment of the values of
the variable around the mean, defined as that number from which the sum of
deviations to all values is zero. The standard deviation is the second moment
of the values about the mean, and so on.

Minimum spanning tree

Given a set of related objects classified by some similarity or difference score,
the mini-mum spanning tree joins the most-alike objects on adjacent outer
branches of a tree and then sequentially joins less-alike objects by more
inward branches. The tree branch lengths are calculated by the same
neighbor-joining algorithm that is used to build phylogenetic trees of
sequences from a distance matrix. The sum of the resulting branch lengths
between each pair of objects will be approximately that found by the
classification scheme.

MMDB (4 FEMHEE)

Molecular Modelling Database. A taxonomy assigned database of PDB (see
PDB) files, and related information.

Molecular clock hypothesis ( 2T 48 % )

The hypothesis that sequences change at the same rate in the branches of an
evolutionary

tree.

Monte Carlo ( X%k % %)

A method that samples possible solutions to a complex problem as a way to
estimate a more general solution.

Motif (#5 )

A short conserved region in a protein sequence. Motifs are frequently highly
conserved parts of domains.

Multiple Sequence Alignment ( £ )7 7| BXE )

An alignment of three or more sequences with gaps inserted in the sequences
such that residues with common structural positions and/or ancestral residues
are aligned in the same column. Clustal W is one of the most widely used
multiple sequence alignment programs

Mutation data matrix ( X L ¥FELEME, BPAMAERE )

A scoring matrix compiled from the observation of point mutations between
aligned sequences. Also refers to a Dayhoff PAM matrix in which the scores
are given as log odds scores.

N50 length (N50 K&, HIE % 50%i A ERANREATIEZHKE)

A measure of the contig length (or scaffold length) containing a ‘typical’
nucleotide. Specifically, it is the maximum length L such that 50% of all
nucleotides lie in contigs (or scaffolds) of size at least L.

Nats (natural logarithm)

A number expressed in units of the natural logarithm.

NCBI (XEEZRAEMEAREEFL)

National Center for Biotechnology Information (USA). Created by the United
States Congress in 1988, to develop information systems to support the
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biological research community.

Needleman-Wunsch algorithm (Needleman-Wunsch# i )

Uses dynamic programming to find global alignments between sequences.
Neighbor-joining method (48# % )

Clusters together alike pairs within a group of related objects (e.g., genes with
similar sequences) to create a tree whose branches reflect the degrees of
difference among the objects.

Neural network (#%£ X% )

From artificial intelligence algorithms, techniques that involve a set of many
simple units that hold symbolic data, which are interconnected by a network of
links associated with numeric weights. Units operate only on their symbolic
data and on the inputs that they receive through their connections. Most
neural networks use a training algorithm (see Back-propagation) to adjust
connection weights, allowing the network to learn associations between
various input and output patterns. See also Feed-forward neural network.

NH (XEEXITAEHER)

National Institutes of Health (USA).

Noise (% %)

In sequence analysis, a small amount of randomly generated variation in
sequences that is added to a model of the sequences; e.g., a hidden Markov
model or scoring matrix, in order to avoid the model overfitting the sequences.
See also Overfitting.

Normal distribution (A4 )

The distribution found for many types of data such as body weight, size, and
exam scores. The distribution is a bell-shaped curve that is described by a
mean and standard deviation of the mean. Local sequence alignment scores
between unrelated or random sequences do not follow this distribution but
instead the extreme value distribution which has a much extended tail for
higher scores. See also Extreme value distribution.

Object Management Group (OMG) ( & x4 2 thE 41 )

A not-for-profit corporation that was formed to promote component-based
software by introducing standardized object software. The OMG establishes
industry guidelines and detailed object management specifications in order to
provide a common framework for application development. Within OMG is a
Life Sciences Research group, a consortium representing pharmaceutical
companies, academic institutions, software vendors, and hardware vendors
who are working together to improve communication and inter-operability
among computational resources in life sciences research. See CORBA.
Object-oriented database ( T It f Z ¥ 3% )

Unlike relational databases (see entry), which use a tabular structure,
object-oriented databases attempt to model the structure of a given data set
as closely as possible. In doing so, object-oriented databases tend to reduce
the appearance of duplicated data and the complexity of query structure often
found in relational databases.
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Odds score (#fE®/JLE14)

The ratio of the likelihoods of two events or outcomes. In sequence
alignments and scoring matrices, the odds score for matching two sequence
characters is the ratio of the frequency with which the characters are aligned
in related sequences divided by the frequency with which those same two
characters align by chance alone, given the frequency of occurrence of each
in the sequences. Odds scores for a set of individually aligned positions are
obtained by multiplying the odds scores for each position. Odds scores are
often converted to logarithms to create log odds scores that can be added to
obtain the log odds score of a sequence alignment.

OMIM (—F A KJFEKRKEEE)

Online Mendelian Inheritance in Man. Database of genetic diseases with
references to molecular medicine, cell biology, biochemistry and clinical
details of the diseases.

Optimal alignment ( & £ F )

The highest-scoring alignment found by an algorithm capable of producing
multiple solutions. This is the best possible alignment that can be found, given
any parameters supplied by the user to the sequence alignment program.
ORF  (JF# FAE )

Open Reading Frame. A series of codons (base triplets) which can be
translated into a protein. There are six potential reading frames of an
unidentifed sequence; TBLASTN (see BLAST) transalates a nucleotide
sequence in all six reading frames, into a protein, then attempts to align the
results to sequeneces in a protein database, returning the results as a
nucleotide sequence. The most likely reading frame can be identified using
on-line software (e.g. ORF Finder).

Orthologous ( & % 7§ )

Homologous sequences in different species that arose from a common
ancestral gene during speciation; may or may not be responsible for a similar
function. A pair of genes found in two species are orthologous when the
encoded proteins are 60-80% identical in an alignment. The proteins almost
certainly have the same three-dimensional structure, domain structure, and
biological function, and the encoding genes have originated from a common
ancestor gene at an earlier evolutionary time. Two orthologs 1 and Il in
genomes A and B, respectively, may be identified when the complete
genomes of two species are available: (1) in a database similarity search of all
of the proteome of B using | as a query, Il is the best hit found, and (2) | is the
best hit when 11 is used as a query of the proteome of B. The best hit is the
database sequence with the highest expect value (E). Orthology is also
predicted by a very close phylogenetic relationship between sequences or by
a cluster analysis. Compare to Paralogs. See also Cluster analysis.

Output layer (% 2 )

The final layer of a neural network in which signals from lower levels in the
network are input into output states where they are weighted and summed to
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give an outpu t signal. For example, the output signal might be the prediction
of one type of protein secondary structure for the central amino acid in a
sequence window.

Overfitting

Can occur when using a learning algorithm to train a model such as a neural
net or hid-den Markov model. Overfitting refers to the model becoming too
highly representative of the training data and thus no longer representative of
the overall range of data that is supposed to be modeled.

P value (P {E/#E®R1E)

The probability of an alignment occurring with the score in question or better.
The p value is calculated by relating the observed alignment score, S, to the
expected distribution of HSP scores from comparisons of random sequences
of the same length and composition as the query to the database. The most
highly significant P values will be those close to 0. P values and E values are
different ways of representing the significance of the alignment.

Pair-wise sequence alignment ( 3UF 5| B Bt )

An alignment performed between two sequences.

PAM (ME#ZRXRRELEITUNEBNREBE, ©HEL M2
)

Percent Accepted Mutation. A unit introduced by Dayhoff et al. to quantify the
amount of evolutionary change in a protein sequence. 1.0 PAM unit, is the
amount of evolution which will change, on average, 1% of amino acids in a
protein sequence. A PAM(x) substitution matrix is a look-up table in which
scores for each amino acid substitution have been calculated based on the
frequency of that substitution in closely related proteins that have experienced
a certain amount (x) of evolutionary divergence.

Paralogous (% % [E &)

Homologous sequences within a single species that arose by gene duplication.
Genes that are related through gene duplication events. These events may
lead to the production of a family of related proteins with similar biological
functions within a species. Paralogous gene families within a species are
identified by using an individual protein as a query in a database similarity
search of the entireproteome of an organism. The process is repeated for the
entire proteome and the resulting sets of related proteins are then searched
for clusters that are most likely to have a conserved domain structure and
should represent a paralogous gene family.

Parametric sequence alignment

An algorithm that finds a range of possible alignments based on varying the
parameters of the scoring system for matches, mismatches, and gap penalties.
An example is the Bayes block aligner.

PDB (XEZOREWNEEEZ—)

Brookhaven Protein Data Bank. A database and format of files which describe
the 3D structure of a protein or nucleic acid, as determined by X-ray
crystallography or nuclear magnetic resonance (NMR) imaging. The
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molecules described by the files are usually viewed locally by dedicated
software, but can sometimes be visualised on the world wide web.

Pearson correlation coefficent (Pearsonff % % k)

A measure of the correlation between two variables that reflects the degree to
which the two variables are related. For example, the coefficient is used as a
measure of similarity of gene expression in a microarray experiment. See also
Correlation coefficient. Percent identity The percentage of the columns in an
alignment of two sequences that includes identical amino acids. Columns in
the alignment that include gaps are not scored in the calculation.

Percent similarity ({1 & 2% )

The percentage of the columns in an alignment of two sequences that
includes either identical amino acids or amino acids that are frequently found
substituted for each other in sequences of related proteins (conservative
substitutions). These substitutions may be found in an amino acid substitution
matrix such as the Dayhoff PAM and Henikoff BLOSUM matrices. Columns in
the alignment that include gaps are not scored in the calculation.

Perceptron (R 2, HEMAXNMEHEH R AW EHRII)

A neural network in which input and output states are directly connected
without intervening hidden layers.

PHRED ( —##)"Z Nl 00 R 36 7 BI AT A2 7> o1 DAXE 7 5 69 B ANph R 4T R A
FoJ A

A widely used computer program that analyses raw sequence to produce a
'base call' with an associated 'quality score' for each position in the sequence.
A PHRED quality score of X corresponds to an error probability of
approximately 10-X/10. Thus, a PHRED quality score of 30 corresponds to
99.9% accuracy for the base call in the raw read.

PHRAP (—f Z N Y s 7 FI AR 2 )T )

A widely used computer program that assembles raw sequence into sequence
contigs and assigns to each position in the sequence an associated 'quality
score', on the basis of the PHRED scores of the raw sequence reads. A
PHRAP quality score of X corresponds to an error probability of approximately
10-X/10. Thus, a PHRAP quality score of 30 corresponds to 99.9% accuracy
for a base in the assembled sequence.

Phylogenetic studies ( Z i X F# %)

PR (EE&ZBRFHHEEZ—, WMEH GenBank)

A database of translated GenBank nucleotide sequences. PIR is a redundant
(see Redundancy) protein sequence database. The database is divided into
four categories:

PIR1 - Classified and annotated.

PIR2 - Annotated.

PIR3 - Unverified.

PIR4 - Unencoded or untranslated.

Poisson distribution (W47 )

Used to predict the occurrence of infrequent events over a long period of time
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or when there are a large number of trials. In sequence analysis, it is used to
calculate the chance that one pair of a large number of pairs of unrelated
sequences may give a high local alignment score.

Position-specific scoring matrix (PSSM) (4 & {7 & it o4, PSI-BLAST
EREBFEA)

The PSSM gives the log-odds score for finding a particular matching amino
acid in a target sequence. Represents the variation found in the columns of an
alignment of a set of related sequences. Each subsequent matrix column
corresponds to the next column in the alignment and each row corresponds to
a particular sequence character (one of four bases in DNA sequences or 20
amino acids in protein sequences). Matrix values are log odds scores
obtained by dividing the counts of the residue in the alignment, dividing by the
expected number of counts based on sequence composition, and converting
the ratio to a log score. The matrix is moved along sequences to find similar
regions by adding the matching log odds scores and looking for high values.
There is no allowance for gaps. Also called a weight matrix or scoring matrix.
Posterior (Bayesian analysis)

A conditional probability based on prior knowledge and newly evaluated
relationships among variables using Bayes rule. See also Bayes rule.

Prior (Bayesian analysis)

The expected distribution of a variable based on previous data.

Profile (% &)

A matrix representation of a conserved region in a multiple sequence
alignment that allows for gaps in the alignment. The rows include scores for
matching sequential columns of the alignment to a test sequence. The
columns include substitution scores for amino acids and gap penalties. See
also PSSM.

Profile hidden Markov model ( -7 & 4 & /R 7 kA A )

A hidden Markov model of a conserved region in a multiple sequence
alignment that includes gaps and may be used to search new sequences for
similarity to the aligned sequences.

Proteome (& ¥ R4 )

The entire collection of proteins that are encoded by the genome of an
organism. Initially the proteome is estimated by gene prediction and
annotation methods but eventually will be revised as more information on the
sequence of the expressed genes is obtained.

Proteomics (& & R4 %)

Systematic analysis of protein expression of normal and diseased tissues that
involves the separation, identification and characterization of all of the proteins
in an organism.

Pseudocounts

Small number of counts that is added to the columns of a scoring matrix to
increase the variability either to avoid zero counts or to add more variation
than was found in the sequences used to produce the matrix.
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PSI-BLAST (BLAST Z7|&F = —)

Position-Specific Iterative BLAST. An iterative search using the BLAST
algorithm. A profile is built after the initial search, which is then used in
subsequent searches. The process may be repeated, if desired with new
sequences found in each cycle used to refine the profile. Details can be found
in this discussion of PSI-BLAST. (Altschul et al.)

PSSM  (4F &L RILAEM)

See position-specific scoring matrix and profile.

Public sequence databases (/A3£/F7%|$$EE, 1 GenBank. EMBL #v
DDBJ)

The three coordinated international sequence databases: GenBank, the EMBL
data library and DDBJ.

Q20 (Quality score 20)

A quality score of > or = 20 indicates that there is less than a 1 in 100
chance that the base call is incorrect. These are consequently high-quality
bases. Specifically, the quality value "q" assigned to a basecall is defined as:

g =-10 x log10(p)
where p is the estimated error probability for that basecall. Note that high
quality values correspond to low error probabilities, and conversely.
Quality trimming

This is an algorithm which uses a sliding window of 50 bases and trims
from the 5' end of the read followed by the 3' end. With each window, the
number of low quality (10 or less) bases is determined. If more than 5 bases
are below the threshold quality, the window is incremented by one base and
the process is repeated. When the low quality test fails, the position where it
stopped is recorded. The parameters for window length low quality threshold
and number of low quality bases tolerated are fixed. The positions of the &'
and 3' boundaries of the quality region are noted in the plot of quality values
presented in the" Chromatogram Details" report.
Query (HEFHIERFF)
The input sequence (or other type of search term) with which all of the entries
in a database are to be compared.
Radiation hybrid (RH) map (48 4 %2 2 & )
A genome map in which STSs are positioned relative to one another on the
basis of the frequency with which they are separated by radiation-induced
breaks. The frequency is assayed by analysing a panel of human—hamster
hybrid cell lines, each produced by lethally irradiating human cells and fusing
them with recipient hamster cells such that each carries a collection of human
chromosomal fragments. The unit of distance is centirays (cR), denoting a 1%
chance of a break occuring between two loci
Raw Score (#1{H, &2 HEXEE S)
The score of an alignment, S, calculated as the sum of substitution and gap
scores. Substitution scores are given by a look-up table (see PAM, BLOSUM).
Gap scores are typically calculated as the sum of G, the gap opening penalty
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and L, the gap extension penalty. For a gap of length n, the gap cost would be
G+Ln. The choice of gap costs, G and L is empirical, but it is customary to
choose a high value for G (10-15)and a low value for L (1-2).

Raw sequence (E#FFIRLBRFH])

Individual unassembled sequence reads, produced by sequencing of clones
containing DNA inserts.

Receiver operator characteristic

The receiver operator characteristic (ROC) curve describes the probability that
a test will correctly declare the condition present against the probability that
the test will declare the condition present when actually absent. This is shown
through a graph of the tesls sensitivity against one minus the test specificity
for different possible threshold values.

Redundancy (T4&)

The presence of more than one identical item represents redundancy. In
bioinformatics, the term is used with reference to the sequences in a
sequence database. If a database is described as being redundant, more than
one identical (redundant) sequence may be found. If the database is said to
be non-redundant (nr), the database managers have attempted to reduce the
redundancy. The term is ambiguous with reference to genetics, and as such,
the degree of non-redundancy varies according to the database manager's
interpretation of the term. One can argue whether or not two alleles of a locus
defines the limit of redundancy, or whether the same locus in different, closely
related organisms constitutes redundency. Non-redundant databases are, in
some ways, superior, but are less complete. These factors should be taken
into consideration when selecting a database to search.

Regular expressions

This computational tool provides a method for expressing the variations found
in a set of related sequences including a range of choices at one position,
insertions, repeats, and so on. For example, these expressions are used to
characterize variations found in protein domains in the PROSITE catalog.
Regularization

A set of techniques for reducing data overfitting when training a model. See
also Overfitting.

Relational database ( % Z ¥ % )

Organizes information into tables where each column represents the fields of
informa-tion that can be stored in a single record. Each row in the table
corresponds to a single record. A single database can have many tables and
a query language is used to access the data. See also Object-oriented
database.

Scaffold (X%, BF 5| EEHIETR)

The result of connecting contigs by linking information from paired-end reads
from plasmids, paired-end reads from BACs, known messenger RNAs or
other sources. The contigs in a scaffold are ordered and oriented with respect
to one another.
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Scoring matrix (&4 4% )

See Position-specific scoring matrix.

SEG (—MEFAREBEFEARERBELRER)

A program for filtering low complexity regions in amino acid sequences.
Residues that have been masked are represented as "X" in an alignment.
SEG filtering is performed by default in the blastp subroutine of BLAST 2.0.
(Wootton and Federhen)

Selectivity (in database similarity searches) (33 E A1 & th L EH
e

The ability of a search method to locate members of a protein family without
making a false-positive classification of members of other families.

Sensitivity (in database similarity searches) ( 338 &0\ 48 & th R &t )
The ability of a search method to locate as many members of a protein family
as possi-ble, including distant members of limited sequence similarity.
Sequence Tagged Site (B #R 847 & )

Short cDNA sequences of regions that have been physically mapped. STSs
provide unique landmarks, or identifiers, throughout the genome. Useful as a
framework for further sequencing.

Significance ( & A F)

A significant result is one that has not simply occurred by chance, and
therefore is prob-ably true. Significance levels show how likely a result is due
to chance, expressed as a probability. In sequence analysis, the significance
of an alignment score may be calcu-lated as the chance that such a score
would be found between random or unrelated sequences. See Expect value.
Similarity score (sequence alignment) (A {AEE)

Similarity means the extent to which nucleotide or protein sequences are
related. The extent of similarity between two sequences can be based on
percent sequence identity and/or conservation. In BLAST similarity refers to a
positive matrix score. The sum of the number of identical matches and
conservative (high scoring) substitu-tions in a sequence alignment divided by
the total number of aligned sequence charac-ters. Gaps are usually ignored.
Simulated annealing

A search algorithm that attempts to solve the problem of finding global
extrema. The algorithm was inspired by the physical cooling process of metals
and the freezing process in liquids where atoms slow down in movement and
line up to form a crystal. The algorithm traverses the energy levels of a
function, always accepting energy levels that are smaller than previous ones,
but sometimes accepting energy levels that are greater, according to the
Boltzmann probability distribution.

Single-linkage cluster analysis

An analysis of a group of related objects, e.g., similar proteins in different
genomes to identify both close and more distant relationships, represented on
a tree or dendogram. The method joins the most closely related pairs by the
neighbor-joining algorithm by representing these pairs as outer branches on
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the tree. More distant objects are then pro-gressively added to lower tree
branches. The method is also used to predict phylogenet-ic relationships by
distance methods. See also Hierarchical clustering, Neighbor-joining method.
Smith-Waterman algorithm ( Smith-Waterman % )

Uses dynamic programming to find local alignments between sequences. The
key fea-ture is that all negative scores calculated in the dynamic programming
matrix are changed to zero in order to avoid extending poorly scoring
alignments and to assist in identifying local alignments starting and stopping
anywhere with the matrix.

SNP (EHHFREZ M)

Single nucleotide polymorphism, or a single nucleotide position in the genome
sequence for which two or more alternative alleles are present at appreciable
frequency (traditionally, at least 1%) in the human population.

Space or time complexity ( B |8 = 2 |5 £ 2% )

An algorithms complexity is the maximum amount of computer memory or
time required for the number of algorithmic steps to solve a problem.
Specificity (in database similarity searches) ( 338 &A1l 44 & & i)
The ability of a search method to locate members of one protein family,
including dis-tantly related members.

SSR (HRFFER)

Simple sequence repeat, a sequence consisting largely of a tandem repeat of
a specific k-mer (such as (CA)15). Many SSRs are polymorphic and have
been widely used in genetic mapping.

Stochastic context-free grammar

A formal representation of groups of symbols in different parts of a sequence;
i.e., not in the same context. An example is complementary regions in RNA
that will form sec-ondary

structures. The stochastic feature introduces variability into such regions.
Stringency

Refers to the minimum number of matches required within a window. See also
Filtering.

STS (FAlmEM RS )

See Sequence Tagged Site

Substitution (&%)

The presence of a non-identical amino acid at a given position in an alignment.
If the aligned residues have similar physico-chemical properties the
substitution is said to be "conservative".

Substitution Matrix (& ¥4 %)

A substitution matrix containing values proportional to the probability that
amino acid i mutates into amino acid j for all pairs of amino acids. such
matrices are constructed by assembling a large and diverse sample of verified
pairwise alignments of amino acids. If the sample is large enough to be
statistically significant, the resulting matrices should reflect the true
probabilities of mutations occuring through a period of evolution.
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Sum of pairs method

Sums the substitution scores of all possible pair-wise combinations of
sequence charac-ters in one column of a multiple sequence alignment.
SWISS-PROT (X E&ERFIHEEZ —)

A non-redundant (See Redundancy) protein sequence database. Thoroughly
annotated and cross referenced. A subdivision is TrEMBL.

Synteny

The presence of a set of homologous genes in the same order on two
genomes.

Threading

In protein structure prediction, the aligning of the sequence of a protein of
unknown structure with a known three-dimensional structure to determine
whether the amino acid sequence is spatially and chemically compatible with
that structure.

TrEMBL (& B R#EEZ—, #EH EMBL)

A protein sequence database of Translated EMBL nucleotide sequences.
Uncertainty ( F# &)

From information theory, a logarithmic measure of the average number of
choices that must be made for identification purposes. See also Information
content.

Unified Modeling Language (UML)

A standard sanctioned by the Object Management Group that provides a
formal nota-tion for describing object-oriented design.

UniGene (AXRFEREHEEZ—)

Database of unique human genes, at NCBI. Entries are selected by near
identical presence in GenBank and dbEST databases. The clusters of
sequences produced are considered to represent a single gene.

Unitary Matrix (—T4 %)

Also known as lIdentity Matrix. A scoring system in which only identical
characters receive a positive score.

URL (% —%FEZALAF)

Uniform resource locator.

Viterbi algorithm

Calculates the optimal path of a sequence through a hidden Markov model of
sequences using a dynamic programming algorithm.

Weight matrix

See Position-specific scoring matrix.
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WEEFHLEY #El

Mt %: ZEBRMEARL

(—) BHBRKD

B

KA AR

A Adenine fif "Zub

G Guanine 1 rEs

T Thymine F% i "% vg

C Cytosine B g rg

U Uracil Jgmwg

(=) TUB/TUPAC 1% 7
(e WAk i
R ABG W A
Y T C il
W AT 54
S CH G SR G
M A B C Ak
K CE T B 25
B C,G= T 3 A
D AGET EC
H ACHET EG
v ACHG ET
N A, G, CB T T Em Ak
(Z) AR
¥y =58 By =3
K A K A X A K A
A Ala Alanine 7 & B8 M Met Methionine W 7% & B
(EAR)
B Asx Asparagine K ABLiZ N Asn Asparagine K A BLRZ
Aspartic acid KA 4,
73
C Cys Cysteine ¥t & ® P Pro Proline i & 8
D Asp Aspartic K& A ® Q GIn Glutamine & & BLf%
E Glu Glutamic acid &A% ® R Arg Arginine ¥ & 8
F Phe Phenylalanine X /& S Ser Serine # & B
AR

G Gly Glycine H & ® T Thr Threonine 7 & B
H His Histidine 214 B v Val Valine %4 & B
I Ile Isoleucine & @8 W Trp Tryptophan # & B
K Lys Lysine ¥ & B Y Tyr Tyrosine Ji & B
L Leu Leucme = & B Z Glz Glutamine & & B f%

Glutamic acid A& B

150



www. cab. zju. edu. cn/cab/xueyuanxiashubumen/nx/bioinplant. htm CEWEERFNIE) Ly
(M) 3% 5 % A
®— % = B, # ®=
B AR
U C A G
UuU Ucu UAU UGU U
Phe tyr Cys
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U s ) uc4 UA AR U644 A
vug(~" UCG UAd G4\  UA4G—trp G
CUU cCcU CAU bis CGU U
cucC ccc CAC CcGC C
C Leu Pro arg A
CUA CCA CAA . CGA .
CUG CCG caGl® CGG
AUU ACU AAU AGU U
asn Ser
AUC Vile ACC e AAC AGC C
A qua ACA AAA AGA A
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AU G -Met ACG AAG AGG
GUU GCU GAU asp GGU U
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G ala gly A
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G U G-#2 5 GCG GAG GGG
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KR Pt

allele ARSI R B R 2 A A D 3 DR g R i L e B X, B QI T — A7 B
AT TR H1) ROl VF 3L 3 41)

attenuator AEAE T B I Z B DNA X0k, e i) T — S B\ I RIEs;, (AT R
B R—ANGE R FE R 2 0], 5 R S EE 2 B 8 X B

C region G BREE R A B BE IO E E X, 1 T-AM A28 o, B, Al v 8, MRPEF e el

BAG A AL T

CAAT signal

CAAT f; 2 T I e 1 RNA ZE A 45 A (1) FTAZ R 5 BT RS U6 50 FK 75bp 1
WP SE A — 865 HA 41 =GG (C 8% T) CAATCT

CDS Gt 3 51 % N T8 R IR SEER T Y AL AT IR (0 7 51 (7 & A 45 28 1 b % i
F) R IE R R LR A S R

Conflict AEIX—A kX 3k, FARRE ) “AEIE” R 50E BT AN

D-loop BAIR, LR DNA Y —ANX R, Hode RNA (86 10541 5 DNA ) — 4 BEC X,
A T 3K — XA JEUAATE 6T DNA B ; 0 FH T UL BAE RecA & FURUBAL I e NV Hh
2 NP B A XUEE DNA 11— 4555 1) [X 35,

D-segment SR I R 2 AR X, 1 T- 412K B B

Enhancer X~ F P27, e s T (—4%) B AR R B FIAE D, JEREEAT — T M Al S
JA B F AT AL (R el ™) e

Exon Y hth B F2 mRNA 5570 (R BE R AL X 3k ; T A& 57 UTR, T3 CDS, AT 3” UTR

GC signal GC ;s AL T BAZ AR W s B B 4 0 B DR SF I 5 GC X4, ] LALA % 4% I
AT — 7 A7 AE ; JEA P 51=GGGCGG

gene e AFEER ) m U IX A, IF B &R e ARk

iDNA [ 4e DNA ; 38 i J U 40 AT AT —FP BE B 74 BR 1) DNA

intron B S5 1) DNA DB, Rk [] B B 207 1L A 1) )3 1) (A1 3 7)) B AT A S AR

TR HLBR 2%
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J_segment GUBERRER R BEM BRI B, A T4 A2 Ak o, B AT v Bk
LTR KRG, A E 2 K P o B R NP4, SR SR g L 30 e S 4

i

mat_peptide

Jol A (KD IR BB P 10 B P 81 5 9156 D 8 1 2 T oA ) e 24 1) T s 2 1
YR e 40 s A B ARG 2 B 5 (S5 AH MK CDS ANIFD)

misc binding

ANEE AT e Binding ¢4 (primer bind B protein bind) #k K55 —
AR A F BRS04 & AL R P 1A A

misc_

difference

FEAE 73 41 590 8P AF 5 A T AN 1), 9F HLAS B8 AT AT 2L & A (7] % 4t Al
(conflict, wunsure, old sequence, mutation, variation, allele &
modified base) Fid

misc feature

ANBE AT L8 ARG AL S B 1) 38 10 B AT A 2 T SR X3 0 18y s/ AL e
it

misc_recomb

ATAR]— FBEE 16, AN s e P 1140 B ) 1) B A AL A, A P AN RE AL
HZH I EEE (iDNA A1 virion) R IR < H#E R (118 1fi17] (/transposon, /proviral)
FEIR K XE E DNA (1 B 24 dr &

misc RNA

ANBEH] HoAth RNA SC#id (prim transcript, precursor RNA, mRNA, 5 clip,
3 clip, 5 UTR, 3’UTR, exon, CDS, sig peptide, transit  peptide,
mat peptide, intron, polyA site, rRNA, tRNA, scRNA FiI snRNA) PRE T
fa] e S AT RNA 724

misc_signal

B A 5 0 B AR L DN ) B AR A 2 AT T AT AT X 3, TR AT 5 A BE ] At
Signal 2% & id] (promoter, CAAT signal, TATA signal, -35 signal,
10 _signal, GC_signal, RBS, polyA signal, enhancer, attenuator, terminator

Fl rep origin) F#iB

misc_structur
e

ABEHIHAD Structure JC8# 1A (stem loop A1 D-loop) FIA AT ] 2k — 2 45
AW AES

modified base

PAR R R LB M IR, JF N dE7S K75 (7 mod_base & i &
SCrR g ) BT

mRNA {548 RNA; A5 5" JEBHPRIX (5° UTR) , 4l 241 (CDS, #h&1) F1 3" AEfHiFEIX (3
" UTR)

mutation FESEA B AL, AR N R I HAA S8R, T isE AR AL

N region LEFHE) S 2 BR AR A X B2 Rl N\ AN A% 1R

01d sequence

FESLQT B AL, BRI e S IME S T B 81 LU PR AR

PolyA signal

R MR 25 WU BRI R AR RNA B s A b 75 (IR X a8, 3L P41 =
AATAAA

PolyA site

RNA 3SR A 1 IO R, A A SR i SR IR IR A A7 iR AP JIRIEE v 5

Precursor RNA

ATSASHE B EATE) RNA PE4IATAR] RNA RS, I udE 5° BIYIIX (57 clip), 5 ARBHIF
[X (5" UTR) , 4wt 751 (CDS, A2, AR (N &F) , 37 JERIIEIX (37 UTR),
13 BIYIX (37 clip)
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CEPfERFHLIL) LA

prim transcri
pt

WG CRAVIN, RN AR, G35 8YIX (57 clip) , 57 JERIEKX
(57UTR) , gt/ %1 (CDS, AR 47) , 0467410 (N 1), 37 AERIIEIX (37 UTR) Al
3 BIPIIX (3 clip)

prim bind A AR B T, Bl e B e s (P AE — IR I 5 | 25 A 0 R A el an PCR 514
TOAFIIAL AT
Promoter Z: 55 RNA RGBT 45 6 LUA 8 35616 DNA 431X 35

protein bind

%R AR — 3 (K Sl A A

RBS KREAR G AV A
repeat region | &7 HLE FRAT [1HE DR AL X 45
repeat unit AT S o

rep _origin

S 1 R A% IR LLAS 2 SRR #5 DL da 7

RRVA MR RCHE A RNA: S5 R R TR KSR UKL GBI o
RNA Ry

S region G I TBEI T XX %15 TR DNA (953, S50k EL AR B— AN
e SRR 1K

Satellite | IHHEA TSI O B TEAT CARIFISAF E00) - K2 B AT RO AL R o
SRR SRR — K TR, S ABAR 15 A4 () (04D DNA 43
BIER

ScRY AT RNA: LA NS R N A T B — M7 e T 2R

M CHIND

sig peptide

G T IRGR AL P s 4 o3 WA TR B BRI N — SRS 45 M SR B e 415 e & i
Lo 2 IR g & 1Sl

SnRNA /NFIAZ RNA; AR Z2 /N[ RNA A (AT —AN#8 JR BR 4% s LA snRNA S5
B e RNA I T W

source Y8 R AR s Y B R AR R s e OB I BRI PRI s IR D A
SN P A [ R SRYE B IR s RN PR AT SRV AN LA R U5 S ]

stem_loop RAEER); B ORNA B DNA FUBEIARAT (i) TANT B 2 0] (B — Rl X T
A RUBER JE X 42K

STS FPHIRRCAL 55 RIAFER AR S brJEREM L PCR AR, 54 D1 DNA

PPy JERLIAE STS 284 (1 Y0P Bl A L Pl 336 F) 2k AT 241X Jsk

TATA signal

TATA £i; Goldberg-Hogness fi; {ERFANFAZ A RNA 5845 I 11 % s A0 S AT
24 25bp AR ILIIORSF IO E & AT (F-BIRAK, & REVD K AERE 2 7 LLIE A i 4h 5
A FEH=TATA (AELT) A (AEKT)

terminator

B AL TSR R AR i 5 B R B 7 XA AR DNA 41, %781 R 20 RNA
REWL LR WAl BUZ LR 1 1045 A A7

transit pepti
de

P IRGRtE Fy 5105 A% S A (¥ 40 M &5 2 11 50 N — RS 4 Sk (R B 2 471 i
S LR A R R s A B 4 s
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tRNA JRENEERS RNA, » /MBI RNA 2 F (75—85 ALK , ST 5Bk
BBy
unsure TR ANREA 52 WL DX I LR P41
V_region TSR R B ERE AR, AT — 42k o« , BRI Y BE; S AIAR(
FIEAR UGS I V__segment, D_segment, N_region fl J_segment ZH i
V_segment GBI ERE TR B, M T —ARR AR e, B Y BE; D RE
X (v_region) FIFHFIEIIE G LA LR
variation B K EA RV R R E SRARTIARSC RS (9t RFLP, 2845 , fEik ORI
ARG e A TR AR ) PR 5 B R AN ]
3’ clip FENN TR A B R IR AT A S A 37 3 3 X 3k
3 UTP ANBETRH PR B BT R SRAR I 37 R IX I (1 S 2 )
5 clip FEMN T R BEU R I AT AR e A 57 5 43 X 3k
5" UTP SRR PE B BT B SRAR I 57 R IX B G IR 57 2 i)
_ 10 _signal | Pribnow f; 4B SN fEUFZY 10bp AL ORSE XK, ‘B AT RS 44 RNA
RGHG; A F=TatAaT
35 signal | 4 F SR B 2 BT Z 35bp AR IR E N B AR A R BI=TTGACa ] 5L
TGTTGACA[]
*® 2 HERARFIIHRKRAESSR 7R
Pt VL]
CONFLICT AN SCHRE T ANF 51
VARTANT VEHARTEA L B1AL 1
VARSLIC H TS PR IR B ™ A2 ¥ e B AL A 1) ek
MUTAGEN 2SR TSR AL A
MOD_RES GEibl ey il
ACETYLATTON N— Aot s H
AMIDATTON WA AR PR IR C— R g
BLOCKED ANBER I E ) N— B C— A dat Pk 4]
FORMYLATTON N — A Sy Bt 2 IR 1)
GAMMA-CARBOXY-GLUTAMIC [RA-WtN, RAZIR, Mo =R
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ACID HYDROXYLATION

METHYLATTON A 0 R ERS R 14

PHOSPHORYLATTON 2ZER, HER, WER, REZRNHAZARN

PYRROLTDONE CUTEFC PN A A BB PR N — R i 79 2 PR

CARBOXYLICACID

SULFATATTON I A SR 1)

LIPID JIE A R 7> I3 S

MYRTSTATE T P b 5 8 1 I 2 N — AR 2 R T B8N 8 1) g 2
PRI 4 A7 1) S R S 1]

PALMITATE T B PR 1 e S R e Sk T i R 5 22 R R e I IR R A
(TR P i 141

FARNESYL i T B o D R R £ 5 1 JE

GERANYL-GERANYL

A 3o P R e D R 45 1 1) A e — T I R

GPT__ANCHOR 5 A FUAIE I C — R bR o — LA 0 3L — i R e L
W (GPI) LM

N_ ACYL A% AE IR B A AR U N— At DR R, Brid IR B A LAk
1z — SR P g P TR AR o G B 32 42 1 VA Mg O TR P e

DIGLYCERIDE

DISULFID B “FROM” A1 “TO” Z¢ iR amnt —ANEE— N e
PANTRIEL ;s G0 “FROM” F1 “TO” &5 252 AR, T — /il &
B — DB, 17T U P AN S H AT I T

THIOLEST TRAENEEE;  “FROM” Al “TO” & 5 7 i ik fit 1 1 Bl 328 422 11 W A Bk
L

THIOETH ik Ee;  “FROM” Fl “T0” £ ri 32 7 1 I Bk S 42 1) PR N ke i

CARBOHYD WERALAT S BRAKAR) CUn R 50D B e Ul I AT

METAL G B IS R U AR A P

BINDING (T3 ] i, W3, 555 WSS, FERrtkA R
E UG Ak 25 HY

STGNAL {55 P AIa i CRTIO

TRANSIT IEHEIRIVE R (Zekidk, g ARE A

PROPEP I A e

CHAIN R 1T HR 22 IR 1

PEPTIDE R TS 9% T A 1) 91
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DOMATIN 7 471 B P DX Y B s BT Xk P A A 1 Ak 25 HY

CA_ BIND 5 — gk A X e

DNA_ BIND DNA—— &5 & X 35 11 3 [

NP BIND K% IR T R G 45 5 DX 38 A% R Tl R TG 1AV 0 s 1 10 W Ak,

TRANSMEM A i X A RV

/N _FING EEFe X 3 e

SIMILAR 55— AR ARF A R AR X 5 IAN 50 SR )
PORHEE Ut B P A 4

REPEAT A 1) A Y

HELIX R WRTE, Bl o —i0E, 3 (10) WRjE, X Pi-IRjiE

STRAND ek B —HE, BIInEBERET B —&E, B ET B — MR
Bk ik

TURN IR AR A, B H —BERRA A (3 —#fh, 4 — a5 —
)

ACT SITE W S BT PE I SR

SITE 3 1) FRAT AR L g S BRI A

INIT MET TV A1) UGEC G %6 1 1 FRRR R T U

NON_TER 3 H A ity PR FEAS S AR v ik S s RN AL E 1, RN —A
P EAIE SER A T ION — Ry RN T g — M s, XERR
WA B SEEE S T C — ARty X6 e SR B ] YA 15 0 15 4,

NON_CONS B R IL RORF VTP AR IEA S IE BT, A2 mER
EZ NU)AE:)5E "

UNSURE PR E s RIS RER & 775 HE 17 41 X 5
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