2 A

FATEAE— BN IR —FEH I, BE a9 3R 28 il AT LB IR A= A Y
W, R AR AL A S, NRERAE 2 2o ALK B O BE T, X H 30 124 F4F
LY NI AL B A G A A e 7 FRATTTET AT, SRl ok A H e AR Y R B 2 A
SIS N 18 S e A8 b e MERR AN L i A X i Y A W1 R TR R Y
“GRAETE S ——DNA BYPUNIREE AT (A TG H1 C) A B 20 D EIEFR 74T (A RN,
D.C.Q.E.G.HILKMFPSTWYFV)—5E5,

(BE2E) (Science) Z43E54E 2001 42 H 16 H AFSEHFA L) FRCK T — AN CEDE
B SRR EFZ,J{]J?} ( Bioinformatics—Trying to swim in a sea of data) M B
(Roos,2001) , SCEELIE . “ FoATT B Ak ol b Bk A B i v v - - FRATT AR e s 5 A 015 B 1Y
BT K WE?” o ITAFR ey i 1 P 7 H AR Yt 3, (5 1 Ve SE TR R LB 2 B, AR R
SR FRATRE R B T LGB — A R AEWE B T ER 2R, B
FEMEPREAIHLIE , B A,

F—N EUEREEMERZE

—., REERHEMER

i 20 4B TRV R TR — A Growth of GenBank
FRERUR A BRI ZU K, B EOE 220 220
BT BRI E R, X BRI 200+

F AL Z BRI g 1 ) B 1807 _
(BRI R) B R RaEm=g 59 E
AERIECR S L 1-15)  mrse 2] E
S5 P B R AR TR P 91 R = 2 235 ) A B0 é 100 é
PR B 2 v 3 2 i ek 5000 A i ) & g0- 80 2
AR B I V) OB Cprimary 60— Sequences o <
database) S35 F L U AL BFTTTOR 103 ] —Bases Pais w &
TIHEX (domain) \ R EEH LKAV 555 20+ 20

Ko, WAL T OB R 90800 TR 071985 1950 1995 2000 2005 2010 2015

(secondary database) . E 1.1 EFR&EF FI8EE GenBank 12 R 2

AYIE B R R, AR, HRAER (B E 2016 £ 8 A) ( www. ncbi. nlm.
R |2 B 2 25 3 e T R R B R i i nih.gov/genbank/ statistics/ )

PERYEHE R 14 DA LA E R — 8, 2000 4R, Bl RSB T E1HE %A 100 12Tk
X} (103.3 12, GenBank Release 120, 2000) (& 1.1) , B4 T ik F] 1 815.6 /28310 5%, N
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SRAEIN_EZEAS 22 A R R (4 3 D 40 2008 ( GenBank FUB1 0 WGS 254l ) 8 055.5 124
BRAE X, 78 PR HAZ R 7 51 it B 23 9 800 AL BBAE R 1.96 12 5% P98 (£ 1.1) .
KA (BB FRIRATAZSE A B ) i8Sk R 20 81 4 o 5 el aE e A b ol A 5
A5 RTS8 A SR M A 5528 w6 e e A (AN Tlumina 23 w10 P AR ) 78 H BCAS 15
B B KA T BT RO B DA BT g A AT sl R R R B TR, X
ﬁb)‘?ﬁ%ﬂ(i‘}%éﬁﬁbﬂiﬁﬁﬂé U e S PP TR R S G LY SR 1R s =% e e SR 7/ e =7/ (=D S
SRR L S A TSR R (PRI 1-1 )
R A A A PR BB SR T — N7 (R ASL . ST A 200 B f ik 352 A0 5 70l
XL L7
®11 EIB:TJF?@ SIEHEEE GenBank & A XL E L EAIIEKIE S (Benson %, 2014)

Division Description Release 197(8/2013) Annual increase( % )"
WGS Whole-genome shotgun data 500 420 412 665 62.4
TSA Transcriptome shotgun data 8 633 123 935 49.9
PHG Phages 119 812 712 42.5
VRL Viruses 1 757 202 472 22.9
BCT Bacteria 10 281 048 518 21.8
ENV Environmental samples 3 743 277 434 10.9
INV Invertebrates 2 737 140 646 9.8
PAT Patented sequences 13 290 161 247 9.7
PLN Plants 5963 882 822 8.8
GSS Genome survey sequences 23 726 384 753 8.1
VRT Other vertebrates 3 068 956 026 6.3
MAM Other mammals 911 342 025 5.6
HTG High—throughput genomic 25 184 819 955 3.4
HTC High—throughput DNA 656 196 063 2.7
UNA Unannotated 130 510 2.1
EST Expressed sequence lags 41 665 629 009 1.9
PRI Primates 6 425 093 034 1.7
SYN Synthetic 941 078 074 1.4
ROD Rodents 4 451 315 297 0.4
STS Sequence tagged sites 636 326 479 0.0
TOTAL All GenBank sequences 654 613 333 676 45.1

*Measured relative to Release 191 (8/2012).

. EYEEENME

AW E B LR AR YR B 2RI IK A 0 T e AR Y . A= 015 B 2 i 3 A 0k S d
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FAT DGR EASE2R 1Y 60 4R, 1 A 15 B2 ( Bioinformatics ) ™ —1a] (4 HY B FE 1990
FE(HER ),

— RS AR B R S AR AR B R AR AL B A7k AR A R RS T
TR — 1152 Bl Ze G A AR W st e TSR HLRL A AL BBOR 48 78 K H
SR R P RAT B A 2 B . BRI AR5 B — T DB R A R, B e
UL DNA FFHIE BBV 0 ISk 1 3 L A e 1) AR 1 o 20 0 IX 45 RS, iE AT 3R
FUSTIRE (A5 MR N 5 | SR AR H i £ 8 ) D BB T b B 0 25 B0 25 55— R B
BLHIPERT TS . WAPIE Bt BRI A B& YR B v M AR 3 2.
(1) BEEMGET 2707 5T 5 (2) 2 BRI BT AR 5 (3) WA 50M) T FIAS R B
T.H., Claverie (2000) Py 25 T — > EL RIS M %E 3L ; “ 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 of similar sequences.” , & Wikipedia A 5 “ Bioinformatics ™ 1] 5%
(http ;//en.wikipedia.org/wiki/Bioinformatics ) , WG B g e T AR AT T4
Py SR B — 1158k, AEW0ME B i) O 46 T Bt 20 4R URg i, =24k
T I R 2 2 R AL 240U, o 1 BRI AL DNA OBt B o AR5 B 2F AR AR H bR
e A RV BARTIT S, & SN B AR RN FH AT AR TR 5 12 (iR
ol R A ML~ A A AT AL AR R IR B — HAr . HATIZA Rk 32 B BF 5T 4T
FOAE P IR EC 5 R F0TIN 5 PRI 20 §F 42 245 e AN e | 2 1 s A T | Bk PR SRas L
o H AR | 423 DR 41 3% BRI FE AL /M1 55 ( “ The primary goal of bioinformatics is to increase the
understanding of biological processes. What sets it apart from other approaches, however, is its
focus on developing and applying computationally intensive techniques (e.g., pattern recognition,
data mining, machine learning algorithms, and visualization) to achieve this goal. Major research
efforts in the field include sequence alignment, gene finding, genome assembly, drug design,
drug discovery, protein structure alignment, protein structure prediction, prediction of gene
expression and protein—protein interactions, genome—wide association studies and the modeling of
evolution” ) , —/MAWIME B FAIAY BRI ULIE 1.2, i T il f il e BoR R B, REE
He Wy B AR M U ) 42 Ji A AR A R B RO 1 2% P ) T

A WIE B B W S 22 S O TE R P, AT S8k 6 ok 1 DR AL A0 e R 52 B e 57
Bl (VRIS 1-2 5) o HATAEYE B BT R T B 2 25 28800, B8 AR W) R 7 11 = 425
Fy ACHHR AR ML R FRIR AR5 . A WM5 B iR A AT A 2 & R R H 58 07 23 B O
AP, AR LR 2 DNA 340 Bl 5L PR 1y 810 45, B AR 3 S 130 A Fof 3 AN I K5 1
(R —FB00 AT DAAE Ry — 32 AT, T8 VR AR AT T e S50y, RO e 70 T E )2 A F RO

BIRAEWE B P A HIE B E YIS BV &R —RE IR Rr e R T
AR B BRI 7 A A PE (181 1-3 J s T NCBI $2 B - e A 15 B
PO TE) o AN E AT TR S EOE LU FRATIAE © RE#EAT 5L DN 05 B R PR 2y
B s BEATRE R P8 A SRS Sl St A O 2 1 9 ) 1) 6 A 5 2% 5 AT AR AR AT DG B TH 1Y
[RIURAE ST, USRI & A= ) AR A2 A OG5 RS54 . AR B IR 2 C O
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¢ WA - 58 anpey

Primer (’—\\
Prediction-

design’*s.quonoo% Contig

Creation
RNA
Structure J
uappi@‘ NUCLEIC ACID _ Nucleic Acid
¥2._ SEQUENC Seq Analysis
v 7 aa Meit pt
g ‘S G+C%
1d ORFS ‘ Tandem-Inverted
R x R is
Sequence Databas Coding Regions e
comparisoni—.‘ Similarity
align with Search
best hits Translate
Sequence
Multiple o
Sequence Saprr w
PROTEIN i
Comparison “ Protein .
Seq Analysis

~conserved patterns

-family groups Pi
-possible functions, Molec. Wt
molifs, structures aa composition
charge

Phylogeny Structure Predict

-evolutionary Prediction Function Functional

relationships Genomics
Structure

Analysis KISAC
BIOINFORMATICS

1.2 EYEEFREHN—/1“EB%&E” (BLA http://www.kisac.ki.se/)
FELH T ENEEFEES RN,
Ak = AEAR 23R F 2 T LA P 3R BE R FH Y . X B8 Mk 2k (R ILEE 4-3 35) E A4
Y B TR BAY2 50K BUE B E R AR YIS B2r s MM ER 5 1,

Taxonomy Structure
Search | GenBank =] for Ga
The Basic Local Alignment Search Tool
B IAS I (BLAST), for comparing gene and protein sequences
SITE MAP against others in public databases, now comes in

several flavors including PSIBLAST, PHI-BLAST, and BLAST 2 sequences.
. Specialized BLASTs are also available for human, microbial, and malaria
BLAST genomes, as well as for vector contamination, immunoglubulins, and tentative

standard tool human consensus sequences.
for sequence
analysis

Clusters of Orthologous Groups (COGs) currently covers 21
complete genomes from 17 major phylogenetic lineages. A COG is
a cluster of very 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 organisms, as well as point to new

élrusiers of
Orthologous
Groups

drug targets.

ORF finder identifies electronic Electronic

all possible ORFs in a PCR allows
ORF finder DNpA sequence by 5%5;\0((}1‘ you to search
finds open locating the standard your DNA
reading and alternative stop sequence for sequence tagged site

and start codons. The  (STS), which have been used as
frames deduced amino acid landmarks in various tvoes of aenomic

B 1.3 EEEREYHEAREZ S0 (NCBI) MEHHEIT TEMIT,
& v 4 # BLAST . COG ORF finder .ePCR % T B % ##
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I AT T AR BT 455+ HHEEAE 12 computational biology ) , B4
“THESF AW 2%” ( computational molecular biology ) Fl1“ 4= ¥ 43 F 155 B % ( biomolecular
informatics ) SR A, (H RS S RO, TTE AR W 2 1 S TR BE 9832 26 [ L Strietly
speaking, bioinformatics is a subset of the large field of computational biology, the application of
quantitative analytical techniques in modeling biological system.” ( Gibas Fll Jambeck, 2001) ],
RIS, A= 15 A 1 23 S R TR B, B A AR 015 B2 i A 15 B e ks
YA

IERATRI B AR A W (5 B TR A RHE W B2 A B TRHZ A R B2 IS A
>, Bioinformatics %435 2000 4/ —j #H 18 SCE (et SR A R TT 4R 1%, 2002) , PEHT T AT
XF AW B A — SR TERA IR (1) “ AT LU AE YR B 2o . X — AR
PR AL XA B i 2 R, — AR B AT R AT KSR I A I 2
Bl B, LA E YA R B A G RO E R E BRI _E ] DA R A0 BT
TR B R T SRS B E R RRAE H AT LR T IR
F M — G KRB AL AT REEE DL A T L2 T o5, [l K f ek | 58 19 A= W15 85
IR RO A= A, ANRHERERIAS 215 (2) “ IR b e AR R S8, Seg A
Wrr R AR W R ARG B 2 DO AT R ma s A, AR S R S50 AT TR B SR &4
RSB 45 R A T, J2 X SRR — - SRR AR T AT SE [E A
O S e — M, SR 5 PR — S0 30 5 ik B S X — e W) A I . 7 AR W15 R 22 iE o
L TR T 3 S — A A — JERUB s (9 AN — 7 S e B e vh B TR 91) L SR
PEAT S5 (AN R B ) TF 6 UE , WA 45 246 3 2 3 52 o RUAIRAE (AniZ e 37 A il A7 s E ) 1
FPol) o iR — IR R — SR, e AR TR R C U IR A AR R
[in) R ) o BB, TR AR ) U0 B T X AR 3R (3) “ AR B r 2 T TR B
HE—TIERME” . hAEAEYE B A0S A — B ORI, L 4 iy 3, A
SRAEWIE B2 B — T DB E Bk BAE 20 tH28 60—70 4RAR, 1 Rl e B 2 1 — BB B 10 L Bl 2
ARV R RS A S A o SEAEYIE B AU g — T IR 2 E B %
R B BN T A A R, 12— B AR, RIS B S & — T T i B
FR AR 2R B R 2 T i D B2 ), 33X S [ A 455 A 7 0 T 1) (B3 1- g 2
REANAAT AL ) FNT 3575 T A (KR P R GE (A A0 AT e AT S0 b R)) o A= 13 B A AU —
ANFEARTG |, TR TT B R PR SRR RER A4 | TRV RE TS 22 3 5 A AR Fn— 3% BVt 1Y

:@E‘AO
FIT EVERFHESRE

—. £V EERELZREE

1 L A R B T LIS 1) 20 HEZE 60 R4 T2 LA 478 0 b (1
C. Pauling) 73 JEACHIE 9 th 3L R IR 1050 S AT EA 4T ) | B R 3 A W f3 B F 1
Kl 1956 4FTEL G HIT 1 W AEY 7 h BOfE B HEIE IS 2, WA 20K HAR A= 15 B
SRR, T A5 B 2 ( Bioinformatics ) ” — 1] A HH BLIIFE 1990 4 ( Claverie, 2000) , #&
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Ut AR o0 P 0 ) 36 2F E MR ZE (Hwa AL Lim) 1 U (8 CREATI AR AN 5K 1802
2002) , 1987 44k % BLIAIN 37 R ARBAY ) Al A= 12 RV B 2 45 6 38 SR ROk Kk
HH KT “ Bioinformatics” —AIA/E A XS AU 4 7, 3T 1990 AEH A T 58— w5 B
= 5 BRI 15T [ R 221 ( Bioinformatics and Genome Research International Conference) 1H
#i Wikipedia A 5 Bioinformatics” 1) 5/ 24, 1% 1] f5c B R A7 =2 BB A= 2% 4K Paulien Hogeweg
T 1978 4FE 17 42 i ( Hogeweg, P. 1978. Simulating the growth of cellular forms. Simulation
31, 90-96; Hogeweg, P. and Hesper, B. 1978. Interactive instruction on population interactions.
Comput. Biol. Med. 8:319-327) , fliF 1977 41 7E fth iy 7€ (1) ff 2% 55 K5 8l 32 K 2% ( Utrecht
University ) #3571 IS A Y2 FIAEYE B A0 5T /N

R 1290 7 AEYE B R R R i EER A XS R 2 R AR R —
AT AR T,

YA W5 B 2E R DTS, e ok 4 A BZR B (1) BHEEERITE 5 (20 4
60-70 FEAX) : LL Dayhoff A9 44 4 Fl Neelleman—Wunsch 83 MRS  EATTSE PR T 4
PG B — IR AR N ZE A, BT, AR T A5 Bz i A (AR )
fH R — TR A B, UG 19 & R A S X P I 28 B AN 5 (2) 2 Rl ]
(20 T4 80 4EAR) « LLAF T Hdi A BLAST 55850408 1 e 9148 R A 7 AR . 1982 4 =K%
TETR e 2 B P Y T o5 A ol 508k 2 52 il R vl B, W) InE R 1 A RO B RS A B, D
BLAST FASTA %S4 B e T B 0P FRURH o7 940 B30 12 A O a2 0 R A A0 R b 33
TIRATEBANF > T RAE R RE ST, TEX — BB, A E B — DR R e SR,
IS T BB RHREFNAL 5 (3) U R ( T4 90 4FAX-2005) < LAKE P 4 I 7 K
HPHE S HAR AT JE MR, el N SEBE DR 2R R i S, 7 A LAAZ Y
O3 T A s BRI K- B B 3 BT AR 045 B 2R AR AS A FE 20 3R, B T 2RLAR B 2 o A= )
R R R IR 2R T . Phred—Phrap—Consed RGLH4A1 H 1993 4B, 1995 4 E
T T A I e v e S A TR DR AN G5, DR 2 I N BE DR A A I R Y
TR, 5 BLAST —iefE NSRIEN AR A2 1y s o 7 — 5 Z 4 (I Seience 2001
42 H 16 H AL L F)“A history of Human Genome Project” —3C) . FEMIEL, AWM
BArC o2 IR B A FE S & RIS E R, AR GenBank 4 4 rh B0 1Y K A0 B
S (E L) EFRFERAEYERF KBNS, AUERFEX PREEZD TR E
8 2 S, I TR A Rk 2B B A A i NS PR 2 TR0 A S it R AR A B 24 T A A
S YE B E R Y T EEHE S T 5 (4) e i HOR I 2 (2006—) < LASH AR P 4%
A Solexa (J& 2K 1Y Mumina M FFHA ) FIEE =AM 7 Ho AR B HARCEIE /3 Hr AR RE, &
i PP HOR R SO T AEYE SRR R (P90 17 A B AS AR e 0 S5
S EAER T — R AN AW BT AR SRR, DA A R S AR
FEUR (A5 E AHE ASRIVER A5 ) TEE DR 27K P82 15 728 S B RS D B AT RE , A5 T An I R A ik
PRI 2 K SF- 1 st A% 78 S 5000 (G SNP) AT DURRAS U3 Fe AT 2 00 90 S BRI, B an A Ak =
ISP AT RE (LT AE Y15 B OB AL 12 W S I SEAER (IrEAS HE BT ) ARk N 21 i
T M R 2H 2R A AN AT BE

B [E QIR K2 Rt H WY Bioinformatics 1] ( www. bioinformatics. oupjournal. org ) /& H
At A 2 AR5 B2 AR P2 — | ERET B )& Computer Applications in the Bioscience
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(CABIOS) , 1998 481 #4°A Bioinformatics, 1%2% 5 8 Kk i1 o0 F A9 A9 8 5 M
HHEAEYER ST EMB LT, BAATAEYERFTHNRELAH Applied
Bioinformatics | Briefings in Bioinformatics . Journal of bioinformatics and computational biology .
Genomics, proteomics & bioinformatics . Proceedings / IEEE Computer Society Bioinformatics
Conference DL X W28 =W B.2¢ 24 & BMC Bioinformatics ( www.biomedcentral.com) 55, HE 5
Y E B FEAE LR Y R £, Ul Nucleic Acids Research . Genome Research . Genome
Biology 7% ,
x12 EYEEFFRERNEIESH

i ] FF

1962 Pauling $2 H 7 F (L FR IS

1967 Dayhoff #4825 14 5t 7 51 50308 e

1970 Needleman—Wunsch 51 9l 42 H

1977 Staden F FTHEALE A 4387 DNA J751

1981 Smith—Waterman 3.3 H #1

1981 FFEFIETF (motif) ISP H ( Doolittle)

1982 GenBank (2% ( Release3 ) A FF ; EMBL £l 57

1982 NIV T {356 PR 200 e )

1983 Wilbur F1 Lipman $& t )75 5408 122 1948 2 5832 ( Wilber—Lipman 53 )
1985 PR HH RIS 2R FEJE FASTP/FASTN % fii

1988 LE R APH ARG B0 (NCBI) BI57

1988 W 3 7 HE ) I 4% EMBnet 2157

1990 PR T A AU I8 R 2T BLAST & A5

1991 RIKIPHIR%E (EST) MESBAR L, ML 61 EST J)7
1993 YEIE Sanger 0 AE S E PRI T

1994 W A= 15 8.2 B2 Ji 4E 96 [E] Hinxton ST,

1995 S5 — A4 3 R 21 0 5 B

1996 Fit133: 5 PR A 00 P 52

1997 PSI-BLAST( BLAST AL —) LA

1998 2 40 2k Ht LR A 58 A

1999 SRR I DR 21 00 P 5 B

2001 NS A B A

2002 GERZE N SIS IR I

2004 B 2 4t

2005 S AR R A R R

2008 FETF B B 097 A B R RNA-SEQ 45 H 3L
2009 = EE T HOR
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« 5| 3 EEFZAEYE B 0 (NCBI) Education—Bioinformatics Milestone (2000) | Jii SC#E &
1999 4F- L HE PR 4L )7 52 12, 2000 4R LLUS N4 B AR TTEE R A

w DL B R IR AG SCER AL

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 USA. 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
. EUMEEERARNNA

BIMEN—AMERZR ARG B A Y R A T E RMESIER ., Nature
SNEE T AR SR | R R R 1Y 100 G e S0, B B 2E (3E Rt 7w 2647 10 F A
e, R EEAR (£ 1.3),

* 1.3 E£YFEFRHE LS AERSEERE 100 583 (Richard %, 2014)
EMEERENEN 10 BRI RERLEMEEZTE

TR/ B R L
ik s Dy X

Thompson, J. D., Higgins, D. G. & Gibson, T. J. Clustal W improving
the sensitivity of progressive multiple sequence alignment through
sequence weighting, position —specific gap penalties and weight matrix
1994 choice. Nucleic Acids Res.
1997 Thompson, J. D., Gibson, T. J., Plewniak, F., Jeanmougin, F. &
Higgins, D. G. The CLUSTAL_X Windows interface: Flexible strategies
for multiple sequence alignment aided by quality analysis tools. Nucleic

Acids Res.

Clustal W 10,28

Alischul, S. F., Gish, W., Miller, W., Myers, E. W. & Lipman, D. J.

Basic local alignment search tool. J. Mol. Biol.

1
BLAST 12,14 133(7) Altschul, S. F.Madden, T. L. Schaffer, A. A. Zhang, J. H. Zhang, Z
Miller, W. Lipman, D. J. Gapped BLAST and PSI-BLAST: A new
generation of protein database search programs. Nucleic Acids Res.
Neibour—joining Saitou, N. & Nei, M.The neighbor—joining method;: A new method for
20 1987 . . .
method reconstructing phylogenetic trees. Mol. Biol. Evol.
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gR
TH/ WG R .
g v N 1w X
Jrik AW A
Bootst 4l 1985 Felsenstein, J. Confidence limits on phylogenies: an approach using the
ootstrap

bootstrap. Evolution.

Tamura, K., Dudley, J., Nei, M. & Kumar, S. MEGA4. Molecular

MEGA 45 2007  Evolutionary Genetics Analysis (MEGA) software version 4.0. Mol. Biol.
Evol.
UWCCG 75 1984 Devereux, J., Haeberli, P. & Smithies, O. A comprehensive set of

sequence—analysis programs for the VAX. Nucleic Acids Res.

Posada, D. & Crandall, K. A. MODELTEST: Testing the model of

ModelTest 76 1998 DNA. Bioinformatics

VirBayes 100 2003 Ronquist, F. & Huelsenbeck, J. P. MrBayes 3: Bayesian phylogenetic

inference under mixed models. Bioinformatics

AWE BF AR TV O AR S i TRl e 55 Al A i O i R AR Al
JURAEYIAREEE RE A S AIX S5 vk, T R AWy ST 55 ) R R B
LR AL, WS T PC IR R SE (W0 Window RE0) WA BBk —
AT R J7 2 P 254k, R Bt — i IriE I 28 A LR IR 55 RO A=A B 22 i P 6 AR R R
Fr B3 A2, AT ZE 80 5 A LR, H XA RAL” Jrik oy AR R R
Y SR IR R i ARG, MR O AR W15 B DE T i 4328 AR AR B A
WM 540 =25, SSS (Sequence Search Services) ,MSA ( Multiple Sequence Alignment )
F1 BSA (Biological Sequence Analysis) , BIJF 548 & 2 7 S B EL AT 51 530 =25, WA, BR
TR B BUAE IR AT LA R E H A — A W (5 BT RE R 4L ( bioinformatics
workflow management systems) , X —H#SEE L AEYE B2AAH TP (ZIRIUFSE ) (NAR) 15
BT AR XTI 1993 A5 FF 46 B AF 27 — W 3405 1 1 BT 8 43 080 2 % 1) ( Database
Issue ) , %[ 14 20 HHE S50 Bl oA B8 D00 2% 77 [0 199 S 20 JF 0 8808 128, v 0 45 2 A 18U 2
AR SE BT IR BRUET B BAE I, 3R R B S 5 AR ) 2 GO IR AR S — PR R
3252004 4F LTI FRUAN ST A )17 B 27 I 26 M 55 % Bl (Web Server Issue) , TAR4FE-£ 45
— T T PIEEA F R LR T R R L AT i B AEYE B ik, RV
BFRAEN 5 AW T IK AR B AL

TR 2FN X 28 1E Y5 B A A A A D7 80 & AW A Wb R PC BLREMSUHT 40
Brieo 448 T LU DNA (RNA A F1 BT 90 530 A, A48 WSS 7 310 4 18 L 2 1 o = 4R 254 |
RNA 2045 [ DNA § 8] SCE5 R TN A5 5 7] LIASE DNA 2% DX A, 364 4 i 1Y 4 11 551
A DMSCRE R ZH /K SF 1) 3 B4 o HL 408 22 BN A A= 45 I8 27 05 16 R 8, 4R v e 00 e
2R (145 PubMed/Medline SCHAEZR \DNA FIE H TSR R ) FIH BLAST UK
15 H R TE] FIH Clastal W HE17 2 7913 FL 5

A=) G ATTAS It R — S A W - I 5 2 SR AE S B Ll N SR RS B,
WA — I by A6 2 s B () 4 A4 7 77 B0 o 2 A, sl 0l I S 2 A 15 R 2% 0 e AT
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B EE BT A B 7 SRR 100 25D BRS040 BT SRR FH 5 22 LINUX &
GEAERAF , 5 RAEM) P v e 00 B3 AT 2 M, 2 R A Al B R IS NG I (s %
P8 | R AR R i S B AEAT TR A, Y Rt 1A T 2 2 i W (N 2/ 2Rtk 4%
PFERGE A5 ) 555 AT BUR TR AW Bor L Wi b,

—MEYE B A T B IEA L WE? Gibas Al Jambeck 7EATHY Developing
Bioinformatics Computer Skills 159 RIS H T UTRFrifE

o BB A TR AT I 2 6 R

o ORI IRIRE 4 T A B 0 P Lo A — 5 — 28,

o U280 1-2 AT ARG 5 F A I T A

® PRI AR IR LA 4T3R5 R An T AR

o RN AE C/C++1T A MLIE F 8 PERL 5} Python AT F #1740

=, EUERFEFHRE

BT . DNA Fl RNA JEH TR I e AT & AR 6 784k, A2 SE s B Bk, il v
BT SLIE I SR Y B D F T RIFFEL I A (5 B 2 ot E A E 820 B
PR B i BdE rfRe . T SRR A PFEE 3 S AR &R DNA J3 51 i X U3 | 4345
¥ 5D RETIN Ak A AR A A AT T O AR s B A G 4y, X T A
BTN T e ap A AL R AEWE B E O T AE WS R S LR 2 22 R T
W AR FEF 207 M 25 R 2% R2F NSt & RN — B 0 FAEY¥E N
Hag— SR AEYE B H e B L MELIEAT, IR = MR — T AR, A7 B A0 5
PCR F| 5L R8T s ZEAETHEANL A TR A A 3L, 3 28 T VR R5 22 L% DNA R A

JEA AT TR ARG
PHAKE o e am“ﬂ-'gr
i o INTERPRETATION ) T THINKL
S S (om0

1.4 EWMEEFERIMNEXNEHEEN LA DNA R &
RXEAANEZLFAFT 2001 £ 20k G HIN —BEE . TEEHREAXHA
G EANERA(HBERNADTE M) ?

FATAAE—AFEH AR AC, V2B BOR 9] s 38 o 0 B A (58 —AURISS =
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O AT REBOR AR TR AT I, FEFATREAE AT A vl RE 15 2 (9 )UBE R A JBE 1 %€
WG B IR N R T A RN B —A A b B B 5 s B — AU Ry T A AR
R, XL RO B — L R R U AR R BB . AN GenBank MR EC A 1 H
i3 104> DNA FFFIEUHE , I LASEAF B — BH A R BE RIS IR S 73 A ik PR A B 3 1 i 2
ey A ) ELAR SRR B R S e 7 A T 2 R e A B SR SR AT D1 4% 45
A2 N TRER Sy A EN DR AR B2 s A9 FORC Pk BAT] B A il 2 — K
A AR RSl 1) 7 A R e R G SRR 5 B RS 7 A I Rl A LAY BB T PR LA S
— LR AE TR AR AWM, H AT E — D ANl LU 1000 SEo0HE 2 i
JRASARAT , A PR B (AT 1.5) 5 [T 45 8 4 Jie N S 6 DR AL I 2 78 ol s g 45
MBAL W T-BL, XA E R RO R I i 1, X 2n A 015 o2 2 Mg T S ™ I )
PRA - o] v AR B 0 M B O 2 W R I B

DNA SEQUENCING SOARS

Human genomes are being sequenced at an ever-increasing rate. The 1000 Genomes Project has
aggregated hundreds of genomes; The Cancer Genome Atlas (TGCA) has gathered several thousand; and
the Exome Aggregation Consortium (ExAC) has sequenced more than 60,000 exomes. Dotted lines show
three possible future growth curves.

= Recorded growth i Projection

== Double every 7 months (historical growth rate)
Double every 12 months (lllumina estimate)
Double every 18 months (Moore's law)

(=
o
©°

H
H
Current amountiy

exac, |
TCGA ,.~

VAR R 1000 Genomes 2 | (RGNS R AT

= Human Genome Project
o 1st personal genome
. !
0 .

B 1.5 AEEFEANFEHE=HIEK (5] B Eisenstein,2015)
HR ARZEEAYM )73 E LA E 10°KF, BeHPARTAREKN =T b4,

A=A B A T 1 22 F Al PRIHE | 330 6 PR 2 AE KRR A ) A R ot H v ir A5 A= 2
FEKGRE B0, X FE T AR DA NREAETH A ALR 22 R0 A= Wy =k 55 W 5 T [R) s 49 A L
T S, AWE B EE X G AER A 2E R B TR AT Be S E0R g . IriEC IET A
AW OB 6 22 M 7R T B HLTT 58 B, [R] B, B R 4 22 B TS LR 2 1 BR ARk B AR W
[R]

PG B E B TR T KA 7 9058, e 90 8 e iy e kR 2, e AR R ™ A
M RV GEIHE (primary data) , WER AT X LLEHE | A2 B g AT A ey 24 51 %6 a4 —
At AT A B BR AR A TR A W5 B S 0 A RVEE 4 = AR e, AR
BB RS R RONF 2 05 A R X, A A 11K (Human Genome Project, HGP)
KT —Fp g T A AT ET R L OB B 1 2 e R A TR B TR AT AR R
k. BT AEYIE B 220 ZUHOR T 25 AR U5 B 5t BE U, B LA A B2 1] PN b — 26 R 9% B Y
RIS A RIFFE TR (38 70 A R ER 11 B2 2 Y ) AR e S i S S 508 | HE 33X
JEABL BRI BRI H 765 55 4L AL ( postgenomic era) , ATTHAREAEXT £ 4 & B WL
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PR A BRI AT T A S, FTLAE E A YE S 2E I TR X IR AT — S
AERRARPE AR S R R R B 1 B s A T | LAk A T2 W 0T R A i, R TR
BRI GO | SRR K B A G AT RERE T, 4R TR, B B BT v i i 2
AR RIMERY

e E AP B AEbEE NS RUKRE S AR M RITC B8 g Z Rk,
V2 RAFBHIBE I C 28 A KA R AW G B 22Tk # S A YE B2E 5 BT (rh
) FFNFIX T B TAE , Blandb st R B s B BB B LA ar Rl 2z B Ak
YifE bt AEWI RO SE i G e R KRR SE (B B RSE D ST R A Y5 B 25T
JiT (http://ibi.zju.edu.cn) %55 . AYMF B4R N B B9 00 A 8, Al g 2 T 5B
2P S B IR 0 R B0, LIS BIHE 5o R L R A mg B, 7R X 34 58 A 1 [ PR
sadper g A IR ERMIE ARG, FE S USRS R ER 0 A R (W14, 2 AR K
FIUAH CHR T T A2 0 8T PR A

D6 AR )RR, — S A A B R R 2 i D sl ARk (A M, 2012) .

1. RER4 de novo tAREFE SHH

BRI 2 2 B2 AT R DR A 53 B (55— 20 | e L e el 56 DR 2 = Jre ) e KBRS 2 —
P I0  AR FR) AN T BT , A i R R O L e X Al 2 () R 4 e TR i R, RIS, — e b
FERAARK H B 2%, P50 Flim 24 6 B SRR E B R SO R 41 20 A R TR

2. RERBFBEZIONRA

H A 3= B AL 8GN 58 07 )« A e A TR AR gAY RNA K& R A T | 3 1 JoT g )
TR HE) P TR0 LA K BE PR Dy R 1 T B

3. ERERAS#HDMZINEA

T 2 X B AR ) i DT ZH R 1% bl A DR 2 2 43 AT, AT AR S A0 e ) SH A O < 5 B AR A7) e
WA RSP R R A IEEB IR S ek ii (b S TR

4. RERESNRBEIBOZIONEAK

Wi ZBEAIR AL IR Z B ME(SNP) Afi AMMBRZE 5 (InDel ) (Z5HMAZ R (SV) ($51L
B 5 (CNV) SR s B FF A FAL o IREAR S SR ) 5L R 20 1Y) 353 4% 722 S Stk AL o2 1)
Eenil, "I LUCA o F A AR S

5. RNA DA

— I N g RS RNA B B R, op e G T RN A S H FIIE LT, H
ST AE AN BHE R HRCR e R W], [l B T EAESR A% /N RNA T RNA F5E 5 7R H]
G| I 5 T R ) 2 S A O

G R ESITEH . SEEA YA K fats - SRR R BIF9E /N A 2010
A5 H 20 H WU & E Science 24 I, BATMATANE T — > N A=, 55 HERH HL UG, A A1)
FHSEE0 2 B A2l il T S A 20 1000 ASSE R FE R AL, 3 H 78 € [ i
Mk R BR 2z e 25 ARMER FRIBTEARSE 10 4E NG B — 45 5038 AL 1R, X =k
B NIE AP TELE S BAE YRR E 2R . A BUAEY) R SUR R AE Y E B ikt
HE S R 2 ZE R B R B, AR5 PR T SE PR A 2 PR 2 A P SE 56 (5K 22 ,2009) , HETA Y
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FIRDFEEARGIA T AEYE B2, LR LR % ( Genetic circuit) A& W HE R 4145

AN NHORJZ T b B 1 8 s R o3 B () A, A A5 A7k S 3 T LA K
RS e MR A L DR X 26 53 A 1) R 7 26 28 A 73 B30Hie =2 ) S v OG0B s N Y g
TE P 9B 73 A2 Wb 1 T 5 B HAR R 5 N IS5

A WE B2 L SR B #— R 6] . Bl Science % 1 TR AE Y45 RIBPOLAT S 4T
T A (Levine,2014) . A HiRIE R W], B 7l A2 AR BB X TR W05 B A B e s
FBAE 5K, P2 1 AW (5 B S T AENL 8, AR R 2 XA R AR E 208 2
WG B2 — R LR B TR S &k, B B SRR, “ A= U1E B2 F e 2
B SiR" . R, IEUE L2\ &) Klein Hersh EBRAIHTE & B 2% 5L U Jared Kaleck $8 H3 A9 —
B CHATA DG DR A AR E T IAEA YR  RALHI 2517 B AE Y E B R
Bl oM TAE . AEYE B R TEA R B A R HAH A L HE A AR . ZEi 2540l
FRAEVEY AN E), KEIER2E R T GE S &I A O AT 58 2 A [R] 2 A 1 4 2140844 | i)
BT 1 RBAERE 2 A W5 B2 AR A% O B TAE , 53 Ah— iR L2 AR W15 B
2GR B LR AT, A AR AEAS [ R T T sl 40da A7 k% 5 HiT A 45 B Ml 35t A I
R, R —BOAR , BN (BRI B AL ) 1A P15 B 2 AR BA KBS
B RE R T — m BUR X AR AR A AR | WARYEIZA T i Tl i SEBR
b R A B PR AR R VR RETE X A U AR I AR . NIRRT TR TSR
TEZ A AR G AT P2 AL R 2 5K AR 7 RN A AR 2 Al sl o Sy
AT o BRUGZAE, 7l B KA AR RS DG L B, W SCA I AR IS |
B AR B ALER S FME R4, 4K — LB A EOR MO # B Ui S i < Ak e 445
— RIS eI UL BE T LR Ty X EER ) Y BRI G AR BB T, AN C++3) Java
%% , 8¢ PERL B¢ Python WIS ; BERS 12 #84E RG240 UNIX A1 Linux, 3 H-45 Hadoop
1 NoSQL Hudfii e 45 1 HI T H A FR . SR AR 6% H 45 Bis vl AL A S A 800 i i &8
5, LA RO AR A R WSS IR A “ 4 K o BR T i DBl [ B e T, AR5 B
FRIEAVHMEE ], ALK A RIS Wit 5T 51 Stephen Ruberg RoR , “ W5 B 02
BAFESL” , Rt R I H A3 A DA ORIV S Y 2250 . SEBs b, < RBAS 5 HA AL = 5 3 A
ERA B EAHRE” o A, R EE DL BB S S N BOCE A, R R
ZEEREE VR ZEA AW B TR B0 ZR AR N ARSIk 17

F=T DIEHELRSEA

AR ENLRAE YR BoE L E AT VB FEEAE Y15 B2l s E R T
VR BIZEARZRE P A 45 B D80 152 X0 R g A B FIE 5 A B By A A0 A Wy 2 2 G
FAR Tl sk (A== Q=2 45) BT TS 5T A TARS

AATILIF S PUER I (VU ) < AR S SR (R — ) |l B P s A (3 )
AW E B AME S (3 =0 ) FAE IS Bar BEIR S SE B (BB DURD) o 18415 Bov i
FeRilR (BB —T) LA 8 RN WS P SRR R B 5 ) A o TR A e SR C 0k
DRI 5 v | R G R HE AR I RN B L SRS A O A5, TR IR I & T — S BT
FIHLIERD , GLIRHRAE R GE BB RR 5 % X NA BE A R R E R R AEYERE
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ASEAE & | 2 BT I AN R A 5 O R D el B S B e A R, R AT R
AR P B AR IR PP 9 B, 048 7 5 2, ToR ot e 36 o D00 i o i 10 ik R
ALPHE TR AR e d] ARGnAS RNA | EALRN 73 5 R 4 25 0 A BRI [R] st
T T i B9 2 A S B e 5k s 2 =R I AR B AME SRR 4 B A
REAASRE—TIAR HA S5 T2 HAb 2R 05 15 T e 5088k 20, Rl A2
Pifs Bee A RHERI A AR S, AR S HAEM A RS, ARAA T SEYER
FEEA R A E Y A B (R GRS BRI o e e MG EYs) o Fa
—F AR B BTIR S SRR B AE 4 W, EE PG T AP E B EEACORTE A
P AV YR B TR BER DTS5 & SCmIRFE N A, Bt 1 8 AN S B AH G ] 8 K H:
YR B RT3

SR — VAR DU A A U AR e Y SR A S R = T DA S S A
AYME B LA E BRI

Eric Langewvin / 1805

L6 XIRBELELMERENEELO—L, FARBTHBKR WER"
(8 EXPASY 4% 4 1 5 F 1 U5 71 BB 38 5 441 F & )
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