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SEZEMEREAE, EREMERANEERSRREUTILL@E:
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B MR EAER ENRERFYREBHKIAITEMIZIN.
QEFREFHNAG FEEZNEFER; EEZATESEE.
(SDNAZRHE FF 5N 5 B E ZHDNARY — /N8R 57, BRZH AL FH.
@D—RRRBEEER. EEFKEL, FEZTERTENG, FB—ERE
FHEANE % B M E A ERVZAE R AT AERIE A R RV E H R
OEREMEF AT FEEAENERREMEZER.
GOERABEFFAERENEEFI.
@EV&%%IQHE’J%LJH&I:I:!&E,\, 7‘ MR [E & BB ECFIETHER . A
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10.2 ARERFAHXSERAFE

HEHZ (genomics) :
ERMFREREMNER. SHFMINENER.
EEFEEZE (structural genomics) :

A EMRERBNEWHWES THINREE . IEE
v FHIEFEE R E N RERRERSEHNER;
Ihee & FEHZ (functional genomics)
FERFRASEMEREFZMRAFINSMEREERSA

K LR SR SRl B 5 R AR SRS R 5 E VI THRER F 5
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EEEEBEIFES BPEMARE (NIH) S1ET1990FEEFERESIA
EEFRITR . FEEHGRITXIIAF30ZETT, FHI1SERBSE/RAZR
HEEHEI3ZopEEFFIRGNE, 12001 FEFeM S LEFN “TIEE

7
E"

ZIZ2mMizBENI000% 2 ZERMERMBAEME, AXEEEHD
TEEET200056 H26 HEF|LHI5Emk, ZILIEEE®RE AK90%

A EREMRMERER

20005F6R26H, ~ERFERAMAXEREETIFESRE
2001 £2H12H, AKEREEERMTTITERERX LT
2001 £8H26H, HEIERIAETTA1% ALERFBNFES

2003F4H15H, ~"TEREEEMALERFBFFETTERK
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HUMAN
GENOME

H

2004<E10H, EFRARERA
ML & thfENature ATl LR & T o 4
February 2001,The HGP consortium

s 3 ==
A glé = [F4HE A ) J&R 2 F130 ZE BY publishes its working draft in Nature
A s (15 February), and Celera publishes
'L'QI its draft in Science ( 16 February).

E?ﬁk%% A éﬂ FH31. 64712'/'\ Finishing the euchromatic sequenc:;ﬂti:lfes
the human genome

2 ﬁ A - [
- =1 Intermational Human Genome Sequencing Consortium*
= = 5 ( :l = y ﬁ —Jﬁ 5’, L= = IS = = _ _
A 4 A A A The sequence of the human genome encodes the genetic instructions for human physiology, as well as rich information about
t (N - E human evolution. In 2001, the Intemational Human Genome Sequencing Consortium reported a draft sequence of the euchromatic
=4 - LA =~ ' = / i 10 . portion of the human genome. Since then, the international collaboration has worked to convert this draft into a genome sequence

— with high accuracy and nearly complete coverage. Here, we report the result of this finishing process. The current genome
8] sequence (Build 35) contains 2.85 billion nucleotides interrupted by cnly 341 gaps. It covers ~99% of the euchromatic genome and

is accurate to an error rate of ~1 event per 100,000 bases. Many of the remaining euchromatic gaps are associated with segmental
duplications and will require focused work with new methods. The near-complete sequence, the first for a vertebrate, greatly
improves the precision of biological analyses of the human genome including studies of gene number, birth and death. Notably, the
human enome seems to encode only 20,000~25,000 protein-coding genes. The genome sequence reported here should serve as a
firm foundation for biomedical research in the decades ahead.
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10. 2.2 AXRERFHERGHIFF =

Human genome

3200Mb

I
[ |

Genes and gene-related Intergenic DNA
sequences (200 Mb 2000 Mb

I
I I

| Interspersed ~ Other
Related repeats intergenic

sequences 1400 Mb regions
1152 Mb 600 Mb

I

| I I

Gene Introns, Microsatellites
fragments UTRs 90 Mb

Pseudogenes

I

LTR elements
250 Mb

DNA transposons
90 Mb

101 ARE: R H K H R H %
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a, 98%LL ERIFFI—RIER

124%, [E

nEG|, EETHSFEEESE

tEEEFRESFEE

BFEFINLH0%LLE, TESHS

DEEBETF RS : HEEEN4S

1A 2% 75 DUE

@B mn

QR E

2 G & EZHRY

DR FE
B3 FE A=

e S5, 4G EEE

EE (K10~30kb) :

S EIJEE KBIFFHAEI25%
FRSFRASEY .

%
EAGFETERSAEF

CfERE A (processed pseudogene) :

0.1%
193 %
SEREBEA5%. RFL0

HRelrLE, ZRTHhENRRNREFL

G HERE

58, FENTEZN

F i AR ZRAAL o
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10. 2. 3 IR EYERBEMRSHEFAHR

HGPRR T 3t N EFBRNFIS, E#HITEIE
KiFAtE., B8, Z&H,. B8, BEF. DRFE
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A2t R AR A E AR 3R 57 AlliE I e10-150e10-2.
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10.3 ERBNFSFIIEE
10.3.1  EFENF R
FEFRMNFRE, —#MEE LM T (top-down

mapping) SXEHKEFE(EEIRE; Z—MEEEREAEBEE
(whole-genome shotgun method) 1EEREE, tHF#RE T~

AT

£ (Bottom-up approach / mapping) =kHEZEIK1EREISREE
(E10-2) .
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(1). Physucal mapping  GIFIRES)
@ By the clone contig approach (&10-2)
BNESZEEERIER (overlapping clones)/EZ#f(Contig),
MBENEEH RASEMEPHNRERNHITIF REEES
HREITHE AEEEKFY.
X7 AFRA Top-down mapping :  “BLEM TR

5 R FR1ERE:
S ADNA = F£(100Kb-10000Kb), F 0 5g fE ik 2k &

HEY - B RiEE . STEENEENFTRE,
?/LL_IlJﬁ”*Hj*‘%%’é@&l-‘ﬂ’]bNAf?ﬁ'k (Figl0.6)
: EER/E J?Eﬁ *EEIEW??’" EEIFI—HzEbE, RIEE

A .- —-— [A — SL A ey | > EI; n m

XX n
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@ By the whole-genome shotgun method

(E10-2)

ERFERE

=iE) , BENLKRENE, BUUEE
H R 324

DNA F EzFi#%,

‘HDNAREHL IR 2Kb ZEBY/MNREL (BAC

MrthepESEFI.

XE—f “BTmL” SBERKEE

LBEY 7 FARIC A ST

LD EXRRER(Z910KD) , HHE

Bottom-up approach/mapping




& Xik+ 3

20t B0 FERDNANFR ARAETES:

SangersF (1977) %&BRRINUAR F 3k Rime& 1L A
Maxam#A Gilbert (1977) %&BRRYLFPERRE

MERELERRK, BEERELE

BR AR —

]

vt 0, 3. 2 BRI 7755 540 58

ER =TT

g, MHEXR—NMFENBELZKIE, FHA. T. C. GHUERE]
KEN—RIZEHER, ARERZTMHAIPAGER LB KT

, MIMIRSDNAFFFI.

19775 SangerSELG = K F R im 28 1 JE ST A RI OX 1742 £ [ 2B RY
MEHEF EF—NHNENERLE. ATERANFERKMNIE
RIFESNE, KRR, Eifl, XFLEKRSCINECNEF
SangerB Rim2% ILF R B X LT R . FLtEERBIREULT
Maxam-Gilbertf) £ FEREE, 1A IDNAFFFIRME R EFRA

——

Wv
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Phage $X174 Genome

* First genome sequenced was a very simple one,
phage ¢X174
Completed by Sanger in 1977 Microvirus
5375-nucleotides (PhiX174) 5.3Kb

* Note that some of these phage genes overlap

Copyright @ The MeGraw-Hill Companies, Inc. Permission required for reproduction or display.

- -

(@ | A [cl o [ GF L

1 2 =+ 88 B0
Met Val » + - Lys Glu Sto :
i e azg JERE ST LN ONIEe] (MO e
ATGAGT+ « «GTTTATGGTA- « +GAAGGAGTGATGTAATGTCTA« « «
Met Ser - « - Val Tyr Gly » - - Glu Gly Val Met Stop
1 2 ==+560 &) 81 * ** 149 150 151 152

Gene D
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wenenvnetr Eirst generation DNA sequencing

—

Sanger FHIN A F HER ime% LE KT F

1ZHR: DNAR B+ FAL

DNARSEEEAERANT “/RIR
” DNARYS |8 3'um LI TIE(R. W
AR ENFEZF T DNAR S EgRELL
M AR L EER 9 RPIBFE. =
ddNTP#AIZ A\ B 5493 R 5| 4RV 3’
B, ETHE E3FREAVEREA, $ERY
ERRMELETF6. AL THC. 4T
MEFRNF, BTMREAFZMAS
AT BEAVAANTPHRAY E A —71, &
B E AN E R s B4 RSB

& L o = ]
v (GCATATGTCAGTCCAG s ] THEDMA

1 COTATACAGTCAGGTC &
| i
+ EiracaGTeagere S EEDNA
SOOANT |+ DNAEAE o
+ BN ofoloton oy

e R E S
WNOEE B3R = S 1
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. 5 PCRZRZZA

o« RNRRFEE: R DNA, Taqfi, dNTPs
ddNTPsFAMI 5 |47

« RNEIE: TH-—EM-EH—LKIE

BRDNA

MLM.:-JH» G
() Bl dNTPs 2% R74% 15 AT L E IE B

H " adNTe

FO I Ml 5555, —B%ADNAS, HEHTE

G
T
G
G
A
C
A
T
C
G
C
A
A
C
A
C
C
T
G
C
G
T

\ —

H H ddxTP

BMEER, RNAZRPINTPSHKE

-DidCOXYHUCICOtidCS | : = ddNTPS ( ﬁx3~4 1) _
(R E A EER) A g
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2 PGCTACGTA 3
- ~ - -“G-EAE}.'}"}"I’G’C 4380 Fradarck Samgar (150 \mitar b {1555 Cleavage at: A+G C+T
B :- . & _.-.A.G.A_E:-éﬁc_-fﬁrn-c 4370 . , X
g | e NG GAGA 4360 Frederick Sanger's enzymatic
. — TA 4350 . .
- . T dideoxy DNA sequencing 32 32 3 3
.n:[ s I . A . A fu JA
. & 2. rGAAAAABAD 1 - b d h h 1 -.;*nP P AC 'mPG ::*3PG
‘ GaewCals technique based on the chain- 2PGeTAC 32pGera 2PGe
CGAA . 5 5 o 32 3z
- --coggg 2 terminating dideoxynucleotide ““PGCTACGT _PaGcra
- ““Pacracae

analogues (Sanger et al. 1977)

A+G G C C4T

l.l‘ﬂ b

2 Allan Maxam and Walter 7 | - A
Gilbert’s chemical degradation 6 - T

Sl DNA sequencing technique in 5 | on» e G

which terminally labeled DNA 4 - em | C

fragments were chemically 3 | A

""" cleaved at specific bases and 5 - | T

separated by gel | - - | C

lectrophoresi i
clectrophoresis Sequencing Gel

Proc. Natl. Acad. SC' USA 74 (7 ey Maxam-Gilbert sequencing1977

Proc. Natl. Acad. Sci. USA 74 (1977)



el
KA Sanger R im 2 IEERIBRMFEIRAR: KAEMEE
KRR —RKEFEMNFREEZERARZ— (E10-3)

2 '17‘!3'57?5: -

DR ERI 7T A FRICAFRAINTP, TMAE]— R M
b, RERARIERNTERE, ATLERERAHEA, C, TH
GHIDNA B §%

QB RANF RS R T ARDHEESE, ERE
WrlsEE, MFRERKES.

QMFRERES, B kE, BXRAIERFHITIONRM
FF, HRARHES TMFNT/ENER, | XA RRMN
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@ ﬁi ik * 4 DNAS FZ23ZMF (sequencing by hybridization) 7R

S BUEELEEDNA
RIS IRsL]

B
g,
1 BT

PCREp52RE 718

FABIDAITA
—

L
E mEnEE

E
i
i

DATH G DArTASH FIFia M

IR I E M E kR T & FR S R —FTAf AR

DNARY A (DNA chip) : 2R LUK HIRERE BRI F R EZE
B iR$TEEDNA. cDNABHEMHSIBEEAER A/ (SE M) BiER L
2 B RN EE AR . FEDNAGS B 238 M FF iR e, S a4 mDNA ST F
S5t Riait, LEERAXNEZERESERENLEL LRZES, AR
RIERERVE B EAEERRFFH TS LA, FHERSTERIDNAFS.

=

L, A
- .
[ "
A e e

F o e
[

LR N ey e

- -
b
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E_KDNANIFAR (second-generation DNA

sequencing) tERAFI—HRDONAMFHRAK (next-

generation DNA sequencing)

FEFHE:

(1) Roche (454) GS FLX sequencer

(2) Illumina Solexa ( Illumina genome analyzer )

(3) Applied Biosystems (Applied Biosystems
Genetic Analyzer) / ABI SOLiD ( SOLiD sequencer )

H=KDNANFHEARES
(1) Heliscope

(2) SMRT (Single Molecule Real-time Technology)
(3) Nanopore Sequencing Platform

_III'I_=-| A EL [K12H 475

ALI A WV,
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B4 Sanger MFE (a) REFT—RMFRA (b) RIZE

a DM Ay FEEE LT E S0 B ER b DM A F4E 7181 200 B ER

]
_
_
—
- s |

.-_’-.

fRIRAIE

He... GEACTASATACEAECETEA

=0
S-... CTGAT Fa
~CTGATC = i,

513

LETEATCT .
LOTGATCTA =)
CETGEATCTAT ’_.

CCTGATCTATG <0
- i T AT TAET G
BEE5E  crearcraraeT J‘f!
AMTPe . CTGATCTATGOTC o

W ET IS B A TP - CTGATCTATGCTOG
-’E:‘—"‘.’ﬁi:l:fg__.-_-_g
(B kit ---n-_-h- A THMERE ] T RIS RO T A R
= 3 B
& : @ 3
—W ATATA N &% - 8.2
I & - E — -
" B_—vaE EITiEE E=-Ta
EJ & 7 EJ g 7 E‘ & 7
_— 1 gEmagSengerM S BT — S DNATMEIS A T o= E.

t2) WMNESESengeriMFE. BTE BEEDMNAERE SRR HE ST WS HEDNAE A Rl
- e E BT - SEsAEARITEMERE. §iTHF. E—TRMFEEEEA S EArERE FERP
SERE. MFEFEA—ERIHEET—MFIESEICRS AR, El gy E—TIENEE REIEf A E B TR
FSlIFEiEFEOMNAFETI. (ol BEEARpER T EMME=. s =EEBHEDHNAMEN W EIJC-BE EOMNASTT. = EFEESE B FE




{?""“j 1. Roche (454) GS FLX sequencer

M EEFHIE . RRE
Z AN FEREIE | S
b. EERSEAIIFE A RIE e e
ZPRATEEREEZNMN :
I=p3)52 15&&1&{:, =
B AT LLERRIFHIT400
LA EBIEBE 51 57 4

4549 KRG (2005 ) B2RE—%DNAREBS—1MIKES, FIA
#Li&PCR (emulsion PCR) iR, B MWEx (FiTk+ DNARIRDT) 777l3k
BB ADNARERI#ED, ERMBRHENEERE, B1IDNAFE (A, C
v T\ 6) ERIR EH o AIGEE, FaERuaNFE. CCOBGIIERT EE
fgits M 52 R P IO A EK BB [ RN A & — s o




O Aikrd ERENE RN EE

1987 FNyren F & RE—MHTBIAIDNAMNFHK:
E BRI 7378 ( Pyrosequencing)
A& E U Fhs:
DNA B &g (DNA polymerase)
ATP % Jlbﬂi'f'KE@(ATP SU|fo‘Y|GS€)

It ZfE(luciferase)
gL B (apyrase)
LRI E]— & Rk B P BB 2R BX S 2
R M 4979
5'-#5En i ER (adenosine 5'-phosphosulfate, APS)
It 2 (luciferin)

2 Rz 7k 218 B 1A 5 7 DNA B 55 F05 Fr 51477




ARG RN R 3 AR ] 4T
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e Introduction 02
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'Dly\IA library preparation




emPCR
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Summary
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2. lllumina Solexa ( lllumina genome analyzer )

Solexafy N RHABUUFREZNHLERCZL, FIRE
FIDHEAR “DNAFR” #1 “FAIEMRins&4E” , KB
ARSI & R EF A E B A MEE R AR T

Lllumina2 Bl T2007F 5 Solexa, FFHE Ak R A
F=am Genome Analyzer (BERE2HE 77T % %t). Genome

Analyzer AFI—REFMERAR T4

EFLRERARTE,

AasEMRE, SBE, SREE, MESITHRAFREMN
#. AR ERESEERAFMR CUFMER) IR

REEFEEY (BEREZRERFE, &
ER) W%

“_-'."tﬁ i . e e = P ¥

X

Inge, EH/ZEREE




& AT Solexalt R A BIR SN 7L

(3) Fhd 194
10 05 o FE Ry e (3} Denataration and complete amplification

AL 1B 1EES
| | RS ZE DT
= = MIDNA F i

o i e T s gt dule Sk
e — —— — — E L) I"’l m:k 11|'__ ii .J.Eh -ik.lj I ¥
(4} Single base extension and sequencing

| tn#Esk (adapter) °®

1 AT FRIC HY
o dNTP 35|42 F0DNA
{2/ o BF p0| j]u)\’ jz:_l:-

(2) Surface attachment and bridge amplification

EAGEDNA i “[ElE”
£tk £, HEIPCR

pui=yasupl

E£l 3 Tllumina genome analyvzer (Solexa)ill] Fri B2 (Mardis, 2008)

P (DA P S PEp E R, 5 BETE FH DNA BEALET BF G £E 5 DNA P g B S (20 e e e, R LY DA F BT L i
FrlE E LS | B PLES 5, RINARSRICHT dNTP M E Tag B2 B AEHF 20 PCR $7 485 G)yTua 0. il i e #fr L9 1
-1 ) Fy= A 1 32 AR 1 B T O O AR R R 0O £ DNA BT (4 800k T RE 4G . AT 4 P AR ANTP. 14 F0 DNA S Al
A ] P BT Al O A A, MR T ) P R e e i o e N S O, Al ) e e A

A5 A B A P LS shith
FriD 25 5 B, 0 S F 00 PR AR Y 8 1 T8 ASChttp:Swewwillumina.comypa gesnmeillmn ? [D=T70)
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Solexa MIJF BRI R R FE
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1. Fki /AN EE, BN BEFAREREIT— MEm,
Al LA Z N iEmR S E—

2. —REWALZEVZNRE/ TR

3. AlfEIRIEENEE F 54N
AAAAAAAAAAAAAAAAA, TTTTTTTTTTTTT

4. LB, BB ARENRARKEIET

5. TEERE, BaifiiEmslE, B8, BRARE

6. HEARERMERS, BTN DEHFARE AT LR R SUEHit
M (1 ug DNABPA] LU T 7R i X =1 /2 Bz )

7. B LA T35 E S BY AR i X =) = 2
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SoIexaTS'Uk?’_F_“Z Ih B e

1 AZMRE], A, 304, WMEY, EYEATEITHR
2. S REE, Bt NEEM
3. TEFSEMEENITER BRI, &R, AIE
B ITEERBREMNR

4 ANEELI TR FF
5. AT LA B 2 32 DIy FRIZ AL
6. RBERTEARNRKAEREFTRI TN
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3. ABI SOLiID ( SOLiD sequencer )

Applied Biosystems SOLiD (Supported Oligo
Ligation Detection ) (Sequencing by Oligonucleotide

LA HT— AR (R ]

Ligation / Detection) sequencer5:

HE, EANZFFADNA REEAESAEZETIZEUFSI, ™
=M FI DNAZE R A i Sl 7212 BT 51 o
SOLID MFFHYEARRIZN -
(1) MFF3CEE: AZEDNA B Mum i E—x3#25P1. P2,
(2) FEPCR
(3) WEFRIBNF
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1. FTIrrIn-.InI:ILIgII:-I 4 Cleares off Fluor

Vwuhan wniversity
FHMEN FOUHD | Hﬁ [ lopma ] Gnepsgm g

I.-'
AT -

m-piuiﬁ_uw_;(

G TN Mt ol

mm__l];ﬂ]]]ﬁLl.Ll.l.l.l.Ll.l.Ll.l.l.l.Ll.l_:l' T TR T T AT HT MEF TR 1T

ABI| SOLID Overview PEE b g SMRSEROABEGMmes

SOLID™ Chemistry System 4-color ligation
Ligation reaction

3 Cap Unaxtended Birands E. Frimar R et
p——— piiny i~
n -:.u F.E' =" T‘#:rm.l! BB 1. Byl = g
T 1 leat
{ w/ T ez H
Yooyt TREE
NTETRINTRRRRENNRTRTI TRCRURETRIRINIRIR AR RNRTRIRI NI IR RART| 7. Repeat staps 15 with naw pimer
rwal " —
§ Temptale Sequence 3 i,
FRAEERRADIMDE |
M B

LT A TR o rd & TE LK

Tamplaiy Swquence 3 1
3 '.H'r.ljquplrl-l-lll-'ll

E P “?l:"'h'al

! PR llip:n-l‘h-\.'lll
.IJlnlI'.!ll qum# 'rl-l'l

ERLHE & J— - B - R e Lea A E [ |

Agura 1 2SLC™ Sysiem - Ssguencra oy igaon using d-besa [sheled probss




SOLIDNFIRIES TR

 SOLID_video_final.wmv




F11 Fi— RN FERAR R A

BIR%EHE

EZ ¥

= ERBENF

( Complete genome resequencing)

AENMEEFRAS SHRRENEEEN

i RTNFE

( Reduced representation sequencing)

KRS SR

EHENFE (Targeted genomic resequencing)

BE % SR ET N

FiGE X MFE (Paired end sequencing)

Bt RRBIELSHEREDN

MEEFEENFE (Metagenomic sequencing)

et B AL FEF AN

HRMEMEFE (Metagenomic sequencing)

EEEARERIZEEMHEY); #RIR; B
SNPsaY {44 i 22 35 44

ARNARIFE (Small RNA sequencing)

microRNAZZ A 1E

B 1 T W Eh FR I DNATI FF
( Sequencing of bisulfite-treated DNA)

B FELHDNA famgnE A E L E = a0 E

REREBEME (ChIP-Seq)

2EFEEEFEQRSDNAREEREIE

¥l B BN R

( Nuclease fragmentation and sequencing)

#ZIMEEN

4F %8 (Molecular barcoding)

% ARG B0 % @B T
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1. Helicos Biosciences
Heliscope
2. Pacific Biosciences
(Single Molecule Real-time Technology)

SMRT

3. Oxford Nanopore Technologies




SAk+d 1. HeliScopeillF{%

HeliScopelllF{¥ = HQuakeZIP\ 1% i+ H % HY, tEE—FEINGH
MFgE. BERANFFSETENNFRRHITT S, EFERAT —ME
R E R IIRML B F2XT 23 DNAE IR TE BEN

B, FEREEDNALIEIKRENE/NFEEDNASTF, HEES TR
EeRimN_Epoly-AR . SAEETpoly-ARMEEEMNH EHpoly-TZ32

, BEMRREERISR £, SIRNFESE. REENREESEERLR
I BEZEEIZAEG L. XREXRES, VIBRREiRcER, 1T
T—®NFERN, tRE, RERESTENFINER. RIFERITHIHR
EH, ZdHERIXMBAEELL A LR 1525bpak EACHIMFIKE
HeliScopellF (X HIE ERFm LT3R
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7

B kR ] 5 e

u il N il - -
L | L S RL T
.....
/
=

1. Cy5-dATP, x#¥EES, VIR®RAFid
2. Cys-dGTP, #®EES, HIRITEEFL
. Cys-dCTP, x&E5=. VIR ILHFRIC
. Cy5-dTTP, RERFS, YIRS

d HeliScopellF Y : Bizfay FAE
HEENF. Poly-ARBURMZIDNAI
R B Rim, BIESEEESH LR
Poly-TE #p a2 iR IR e E E B
SIBCMET A . RIREFRIE B Cy3 LR
HHEMNESH LA E. DNARSTHS
BRIEARICH B EERIZAEIS T L,
>l O RERMIESKEFINER, VIR
L 2, &5 HASE, TR,

Pushkarev D, Neff N F, Quake S R, 2009

———y
e i e

. 2
S 2 -ﬁh— *
P L : .
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£10 F—HKDNATFES

— KA ERAFAZRERS MFEREA §SE&0E | BREXR E£1° HiED

Fivgm | O MR | i (%) Mb (%I/8) | WEN RLEE MFKE

454 WFL&PCR BREE (EmENF) ~60 500,000 2 A ERERT|  250bp

Solexa #HxPCR ?Egg.? ][ FTRIIFR RO ~2 430,000 = Bz 36bp
EEIERG ( F I E SRS

SOLID WMFL#&PCR A% it BISbpic [ 5 ~2 591,000 2 BihzET 35bp
)

Polonator | M #Li&PCR EEIERT ChEY) ~1 155,000 = BT 13bp

HeliScope | 844 FHM | BEE (ERIFER) ~1 1,350,000 7 LT 30bp

e DNAH 30 5k i fds e E 4 19 0] 25 28 0 P O v B A 4 Rl 3 I B o0 )% A0 TR I ) {8 %k 3538 3L . Roche Applied
Science. lllumina/zApplied Biosystems 2y i) H {7 8 75 A~ B #E 5 (0 7= 6 22 ef o) H i i 2 A7 0002 (0 A ) e i) 2% A

HI— a5 WA TR 2 K .
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2. Single Molecule Real-time Technology: SMRT
L5y 7 SE I DNAI
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3. Oxford Nanopore Technologies
NANOPORE SEQUENCING PLATFORM

HzL@RER—E LS8 — B RNBSHRNERI D FRET—Mflz L,
ZRDFEFZARSH o BMIEEREKNERA. SomBIPKRFL P, FHE—NAER
SMIEE. ZDNAEARANFLIERS, FLIERRVAERIMIEES YE" DNAST T, IHFEE TR
T NORFLIERUDNARRLE:, B — M REBENRFLETE < =% — PEET, RIEFERTE R
AU R ALk BE A H A N R VAR E, SIS LHONAT THIFSI.

AMIVERFEFE B F A REREENRIL, ERAM SR EERTH BN FLAY
B, H4MAEREERDS /N, EMNMEESEWNAERARE, SHBELAS
ZFTBE, FTLURHEX MR )N B9 38 SR 2 1B DNA LR 2 RY2E 2

PARFLE T FUMFRARN— KRB NFWERRERAARERE; BAERE
X EERETIRE, BAFEERMNAEFHRMNRS (MHCLHFMCCDESRER
%%) , REEEXRNAD FHRITNF. FERBTEREREENE—MEERFIEEET,
EmeEXH 2 imE BERITNF, X—RmXTRULBEEFMREGNSHNE; RS
MeERXRANSKEUNFZE, TEBTEEMNF, AMIEER— N wErMNFER

g Aty = — e, g g s
ﬁ' e W ", B g vaq:vw- =
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Inside each array

B) Strand

A) Exonuclease :
SeqQuUEencing

sequencing

Wheeler D A, Srinivasan M, Egholm M, et al. 2008
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nhanopore.mp4




Sanger/ABI37 5
ger/ Sangerik
30 1000 bp
DNAAnalyzer /DNAZKG T

A2 1 1R I
2
Titanium Ex A
: /DNAZE & i
Series

Solexa/lllumin 121 & A% 122 1
a ¥

Genome ‘
/DNAZE & B
Analyzer

SOLiD/SOLID 3 &R
g 2*50 b 10-15 Gb
- system /DNAZEF2 1 g

B R

454/GS FLX
400-600 Mb

2*75 bp 20.5-25 Gb

- a=VawllJ=3d Heliscope/Hel Fr

21-2
icos /DNAZK &l 30-35 bp 8 Gb

el B uRil
Fr

SMRT /DNAZE &1 100000 bp

Nanopore HAE 5 /
Sequencing 1% RS M

FRET FRET/DNA %%
Sequencing =l

TR

The lon
Torrent
Sequencing

- FA/DNA
Hx A@E




Sheet1

				测序方法/平台		方法/酶		测序长度		每个循环的数据产出量		每个循环耗时		主要错误来源

		第一代测序技术		Sanger/ABI3730		Sanger法		1000 bp		56 Kb

				DNA Analyzer		/DNA聚合酶

		第二代测序技术		454/GS FLX		焦磷酸测序法		400 bp		400-600 Mb		10 h		插入、缺失

				Titanium Series		/DNA聚合酶

				Solexa/Illumina		边合成边测序		2*75 bp		20.5-25 Gb		9.5 d		替换

				Genome Analyzer		/DNA聚合酶

				SOLiD/SOLiD 3 system		连接酶测序 /DNA连接酶		2*50 bp		10-15 Gb		6-7 d		替换



		第三代测序技术		Heliscope/Helicos		边合成边测序		30-35 bp		21-28 Gb		8 d		替换

						/DNA聚合酶



				SMRT		边合成边测序		100000 bp						插入、缺失

						/DNA聚合酶



				Nanopore Sequencing		电信号测序 /核酸外切酶		无限长						缺失



				FRET Sequencing		FRET/DNA聚合酶								缺失



				The Ion Torrent Sequencing		半导体/DNA聚合酶								缺失
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(1) EE2Hde novo MF ZERFEMNKMNFF (de novo sequencing) =
ERBSZERFEANBAT, MEMIFAETERENFRERE, M
E I e EF AR FTIEE, BIEEYIEENE.

(2) ZABENF FNF (Re-sequencing) =¥ E FIEEHFFIRY
PFAIT AR AR ERE BN, HAEEM EXNNMISERTRITESR
M4,

(3) EHEREMNF EERLEMSF (Reduced-representation
sequencing) BARZIEFRAEMEEERZE, "It ALXFR, THik
FRMERKERE, NHASBENFEARRGEEFREFIIRIETREKE

e EEFAEENNESE. BriGtERENFRARTES:
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OF A PRSI MEAL R REXHIDNAFREYMEF (restriction-site
associated DNA tags, RAD-seq) FARFHITHEICEREENEF, BidiFE
B E R N YIERIR AL S HIDNARE R B (RADFRZE) H1TiE(g
LRI, NMEFREREMNFNERE, REEEFLHRT LANERZ
HERZ S (SNPs) #Ri2. RAD-seq I ARZERINFIEE R A 400 B F FY
-REXHKENE . ReiHie. BEREEFERESTARSEBERT ZHK

HEr=

QU EBENF AEAEISLAF-seq (specific-locus amplified
fragment sequencing/ specific length amplified fragment
sequencing )R, ABURAYLZRSCIN £ EREILHTCEMRc A &£ o E,
= BRI A TIARIE B AR —. FIF SLAF-seqXf M4k & #F{ADNA
EMEITRIEDE, AIMMESEEEREREE. HITEEETH, A
mSEI PR B R FRIEiRE . EREEMENS.
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(4) FERENF FEREZIBFEMRAER—INEERESTETRERR LK
HETBRNARZ . 2EFREMRESERINGEREMEFTRIE R 2EFREN
FFRARZEMRNA, smallRNAFIIELRAS RNASE H Sl &N F R EA]
HUFFIRLE R, 2EREMREGE—IMTERERALAER RS T
JLERBERA, REMEENHFRIEKE,

II»EI
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10. 4 EFAEERES N
10. 4.1 ={&EFRiC

BEF RS IRAFMNEEFRAZEEIRC (genetic
marker) . IMRBEFZFAIREREHER, ZEEFE, &
A FRIEIIT IR R R FR IR EFRIC

Lz 75 frid:  =IERLRESIRTHE R ER 2SN S
W, kS, RBFHNENES

2. MR EARIC ¢ RIRREBARTHE RNEE Z TSR MAREFSFHIE
MR {E 22 AN M S

S /5 S B3
'IE ‘k — /| AI _A' ==

. e
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3.&2AFRFrE: JFE8E A FANES

=3

ol
aq

H 5

FEsEEHR P, ASBZHEMTFIomER;

L

=

- R [EI T

4DNA #7 id: tHIDNAZISMFRIE. DNASFHRIC,
= DNAKF Einfe LSRN EER R,

X BN BIREN T FFRCPHJLFHDNA ST FHRic:

RFLP. VNTRs. AFLP. RAPD. SSR. STSHiISNP




(1)

RFLP#RiIC
(restriction fragment length polymorphism):

F—Fhe T, @R MAEEEADNA FEE—H

PR & 1 AT ER(E T 2 A RV BB BB VIR, FRA
PR®ITE F K 22 751 _(RELP)

X =H

&

X

ADNAKE—L R LR B A RE S Iz i 4T

S HREIM P DERAILANKE, SERGANNAR
IS BRI, BUAERGYIH BB 2 4 T =
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XTRFLPEV#E M 3 22 2 F SouthernZ& R B AT
EIAz:

2R 20 5} 4 el — £ X 2 DNA — Rl 1% M Y] BB ¢

— IR BE #E AR AR B K — ENIEAE 7% 2R IR — T 3L

— IINIRET — 2838 — EAR — T E

=i
RS

~/ O
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RFLPARICHI EZYFRZ:
ENEEA, KENFT;
(2) ZTREYN, AEELZEMELFERFFIEIRS;

(1) BT

(3) LB %, A

(4) 2?:7%*%@ \ E.l-:ﬁb ’

(5) DNAZE

HI B

Fi&: RFLP3

1T

7|M)”'JEE$17-|SI7~TJZEE$1ZISIEHF‘ HNERIERE; ¥

SN

: MEIHR; SHIEEE

&]7

ﬁﬁj\éEEA%ﬂ]ﬂt (=] %

lEl, EH’J%

EERTRAKEMAR G A FIR L

X

BB M3

BEK, BWMZAREZR, ELAHTAHE
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(2) VNTRs#rid

— RIS EZEMERAKI6~100MEERARKRETHERKES
FARR A NDE, THFA2~ 6 MEEBRARARRTHE R RIRKRESEFS
, 5an (CA) n. (GAG) n. (GACA) nE, MAMIENREHEFS
=5 (simple sequence repeats, SSR) . NIEEMYIEEZEM
KETEEFTINZEREAMMESHRIEAR. —MRF )N DERMRY
DEMETEHERBKES (variable number of tandem repeats,
VNTRs) .

VNTRs fric th 2 B 115 1E, FEREREEEERE, FEFEL
ARFITIEE D FEE (E18—3) . MAVNTRsEERAHE Z
Mo, AIRHNESSEFE, HIMRES.
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I O [ | O [ |
AuAs A A 4.4, A4,

1 | 1 |

o i : :

' A,4 ! 1 A.A |

mo é) &' é) o

Eﬁﬁf} J:%y@% i i i A1:A4 Al:A6 A3:A4 AI:A6 A_?,:Acs A3:A4 A1:144 i i i

JONAT A NN R AN AN AN 2N N A N T 2
1 _— G T a— L] CGED T p— 1
2 - 2
DNAJTBUEBEER 3 — — — — _——  _3
5 — 5
6 — D G L ] L ] L | — 6

E10—10 AVNTRs@&RiE5r#r (5|EHart!ZF, 2001)
AR EDTRAWTRFVNEEN S . ERIEPHMANFLEER
(A, ~A) , BREAM—INMENTRE—IMFLERE (46F) =

MANFAER (RETF)
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(=T PCREIDNAFRIZ: RS |4IPCRERIE)

(3) RAPD (random amplified polymorphic DNA) #rig:

A IE S ASEDNA, HEEHFESY) (A& R EER)

ZEITONARYPCRY 8. P IEHIDNAXERRFEFAR, BB

BEHLEFESE, EUEFEH5I¥IPCRERICH AR A T X fE{A] 7R #H

1)

=FBRfR. (RAPD JRIE




(ETPCREIDNAFRIE: #5573 |HIPCRERIE)

(3) SSR (simple sequence repeats)fric:

BHEEEFINZEMNE, NMRMIEEDNAZS
, Bl "%, =%EiRs s ERR SIKEE R

ENHEHAFMEINNZENR .




Direction of current

Pasitions of cleavage sites Larger DNA Smaller DMNA
/ \ fragments fragments

Y SSR Y Duplex DNA
5 S molecules
37 S -
Y . @ Y Position
y A F NS o of band in
I F TSNS DNA gel
Y y -3 3 Y
s N E F N
o EE E B N
Y I 3. 3 4 Y
5 e SRR 1
AR FF F DR 5
\J e R O S Y
y ENE E E F E SR o
FAEE E F E B SRS S
\J i G I, - A Y
S EE E R R 3
e E E FE F F SRR
Y O L O O Y
s R EE E R 3
AN EE B E E F D 5
\J iy e R Y
s R R
T R EEE R N
Y 1 2 3 4 5 & 7 g 9
ST EE E E E F F F R 3
A R R E R EE P D
Y 1 2 3 4 5 & 7 & 9 10
s R EEE R
I E R EEEEF D

Tandem repeats of a DNA sequence

Figure 2.28 In a simple tandem repeat polymorphism (STRP), the allelesin a population differ in the
number of copies of a short sequence (typically 2-60 bp) that is repeated in tandem along the DNA
molecule. This example shows alleles in which the repeat number varies from 1 to 10. Cleavage at

I T R SO SES TRV TR, TR TSR, WA, | (NN PARE . Fegee, | S, DRt e




Minisatellite number differs between individual genomes

S il » 4

" Parents Svirtualtext www.€rg It0.com
wunan University
GGGCAGGAXG Repeat no.
CCCGTCC TXC
Cleavage Cleavage
] =

v v Parent 1
= 6
[ G oA 56 o7 i A
P 9
F’HFEF‘I'[ZlnnlIl-mimanun.&

M 5
[ YR G AR S5 22 [A]

E,\J ’I‘E%Y__/I\ Progeny ?ﬁ
AR [E] R s s e :lt’
. LRI 7
o, RBERE
= 6

9;/%) . ARSI S— ?””"”_“'E*

4 ss s s EEEEEEEEEEEEEEEEEEEER

|anmmm-nlnnnun!l!nnmmm

I-{llluﬂln

e {2 A 7 35 —  wesus)l
5 it i)

i i
(9]
I
|
|
Lo~ oo

Figure 4.27 Alleles may differ in the number of repeats at a minisatellite locus, so that
cleavage on either side generates restriction fragments that differ in length. By using a
minisatellite with alleles that differ between parents, the pattern of mheritance can be followed.
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SSRIXARHIML ==

(1) AERBFHENDH, RMNSZSENERS;

(2) PCR¥F=5|4, EEMLTF;
(3) HEM, HIEBEXIEE.
jEﬁE

(1) SSREEMFFZITS|47,

B FIANRT (8] ;

(2) BINEMRETAFIER, T

t—LE LW =TT &1F, H[E

ZFiFENZERASR, &

;:

AMmFTEERENIATLL

&M ES[4)




ISSRERICRY K52 2 5 IRV 1T,

T ERFITERAEFFINENEY
NIEEFIAREEBREZHIEY), FILLEEREMN

HEFBEFITERMFIHE XIZFFEITSIH

H’Jlxvl"JZ%'L IR N B %& 2RV T IR TSE

; M

RBERBFIEENEY, 5

ﬁ-ﬁ%ﬂfﬁ%’é;é 51489 TAE




SSRFRIC R
ME BT I 2DNA FET R KZH
BEZEMERAS, Eter ZNATiE
EERERE. s EEST. mifas
Z 1N BRI o FARid it 1=82%

p -

M. EEERERANEMS
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(4)  AFLPFZ KBS IRFON FF

far=Keygene/AF]ZabeauZF (1992) . ZabeauFiVos
F (1993) %R 7 —MNDNAZESMERFF E——
AFLP ( Amplified fragment length polymorphism ) :

RFLP-+$33k + 3[4 +PCR—~ AFLP
AFLPER 2 TREYINLA S 47 X B RIBEY] H BT i%

g, &

e

H

Y

LB RFLPRYERAE X A BPCRAVERT

%, ZETRENMNR, FTI993FREFHMEFIFHZEF,
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EcoRl site

EcoRl site

Y Y
i - B'=GAATTC AR EBRNTTERE CE ek BN
i E“ ﬁ WEDEFARG -0 0SSN DTERNERE ':." LA T -
A

; A
@ 2 @ Cleavage @&m

(B]

5~NM... NN-3 5-AATTC 38 N o B 5-AATTHNN.. . NN-3'
F-NN.. NNTTAA-5 > T-G : N CTTAA-S' ae F-NN.. NN-5'
Primer adapter HEE”'C“-”-“" f’HE""E”T Primer adapter

5198k 5| ik 519k

Adapter ligation

5-NN...NNAATTC ] ] ey GAATTNM, . NN-T
T-NN...NNTTAAG L CTTAANN.. . NN-5'
PCRY 1
Amplification
Fraction
of fragments
(D} Primer sequence amplified
B9 5'-NN...NNAATTC-3' F-CTTAANN. . NN-5' Al
Nucleotide .
519+1 5-NN...NNAATTCA-3' __ extensions reduce 3 ~ACTTAANN...NN-3 1/16
§|%+2 5-MN...NNAATTCAC-3 | the number of 3'1C;5.::I1."-."1I'~.|N NN-5' 1/256
5%+ 3 5'-NN...NNAATTCACT-3' Iragments amplified. F-TCACTTAANN.. NN-5' 1/4096

Figure 2.27 An amplified [ragment length ;*-ﬁ',.'ll':ll:|lhi~r'n (AFLP). (A and B) Genomic DNA is
digested with one or more restriction enzymes (in this case, EcoRI). (C) Oligonucleotide adapiers are
ligated onto the fragments; note that the single-stranded overhang of the adaptors matches those ol
the genomic DNA fragmenis, (D) The resulting fragments are subjected to PCR using primers
complementary to the adapters. The number of amplified fragments can be adjusted by manipulat
ing the number of nucleotides in the adapters that are also present in the primers.
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AFLP: 18R EKE S
18 i % B (K| 2B DNABS 1] ) ER ik £ M 4
&SR AMIDNABS ) F ER KB RV 22 7514
AFLP#& 7~ HIDNA % 751 =B YL = A1 H
B EEEMRENT R

)
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5" GAATTC

3 =—m————————ma—m—ee CTTAAG Pre——-secsaeee

TTAA
EcoR | adapter

A

AATTCN
TTAAGN

preselective
amplification with
EcoR | primer +A
Mse | primer +C

primer +3 5' AAC
AATTCA
TTAAGT

selective amplification
with primers +3

AATTCAAC

TTAAGTTG ==

= AAT

+EcoR | adapter
Mse | adapter

= S =L o

Mse | adapter

NTTA S
. NAAT

C measssssessam 5°

GTTA :EE_' =
= CAAT BN
AAG T 5'

TTGTTA IS
— AACAAT BN

denaturing polyacrylamide gel electrophoresis

Mse | adapter sequences
EcoR | adapter seguences

NIy
BRI /NHAT
RIGERIETT,
—RRABA

B i1 14 PN D B
—IMRURZ
FIkg, AR
4bpiR HIHL R
KIMseI, &F
A /NFDNAR
B 7— 1R
RAREE, Wwh
A 6bpiR HIAL A
KIEcoRI, &
FEAEECKHIDNA
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AFLPI KRBV -

(1) BRYIETZEDNAZ D (YNFE50—300ng) , AT LA{EF T mitDNA;
(2) ZAMENEEHDS, BREERNESYIA ST EERINSZESMHE,

N Rt MFEHIEF MEIERRZSHE;

(3) BESR, —RRF EHELLRIL+EZ EBEMIR;
(4) RS, FBREE, AERZSHREERS;
(5) AIEMSEEMY. AFLPRTEHESIYY 18, BRAEES

, EITREMEIR, EEMRLT.

AFLPEERFLP, PCRFARAPDEIL=T—§,
RAPDHYER &= .

A H 52 Ak 1 RFLPAN




AFLPIIAREI A AE -
(1) AFLPEARZEZFIRI, HAEHR, RARS:;

]

(2) XDNARAEEMAYIEERREZKES, HAREKX
S0 IMAE—ARENR A SR AFSEARIE M 75 A R B R 5T

MR FERRIE, EMmER 7 EmHhE.
(3) HRAEZHL,




(D SFiHUHR: FHhEMEYIDNANZERFFESX
R; EETEXER

(2) THEMELZBEAERAEERNREERFR:
cDNA-AFLP;

(3) HWEIREEE;

(4) =fEZHEMT;

(5) EYIHMEABREREFRXRRNMRF
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(B) STS#riE:

FHfRZEALE ( sequence—tagged site, STS) =7
Rtk EEME. FIIEMAEEIIDNATERE, —f&K
200—500bp.

STSHRCHIRIE: 2RIEREEINAIDNA FEMinrIFS,
Sit—x145 554, KRPCRIEEFEHADNAT A4 M—EE K
EAJLEbpiHRF5. AT ARMSTSFIIEREF AT
FREM—K, NMmeEBFEERBRFRMAS. ASTSEH
ITYIEE(EE], FIREPCRIFAIRIZRTTAL . STSHRIE A LUE
ALEGE & EEYIEE SN R TR, B EREREBEE
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STS
Mapped * % * Genome

Seaffolds: == "1- T "r—*T T T T T

Scatfold:
‘I;E I’I‘:l_

Read pair (mates) Crap (mean & sid. dev. Known)

Consensus
I .
[ ]
I

. == Reads (of several haplotypes)

—

® 5NPs
s BAC Fragments

Fig. 3. Anatomy of whole-genome assembly. Overlapping shredded bactig fragments (red lines) and
internally derived reads from five different individuals (black lines) are combined to produce a
contig and a consensus sequence (green line). Contigs are connected into scaffolds (red) by using
mate pair information. Scaffolds are then mapped to the genome (gray line) with 5TS (blue star)
physical map information.
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Centromere

Pair of closely Pair of less closely
linked markers linked markers

Lo

|\ Chromosome map

L e
EE =T —— )

B e ol meeeepe  eseseeses DS s—— Fragment
> collection

e Sm———— ¢ o ee——" e

5 e st e et B ESSeun s Sm—m—

= _‘

6 shared 2 shared
fragments fragments

Figure 5.31 A fragment collection suitable for STS mapping.

The fragments span the entire length of a chromosome, with each point on the chromosome present in an average of five
fragments. The two blue markers are close together on the chromosome map and there is a high probability that they will be
found on the same fragment. The two green markers are more distant from one another and so are less likely to be found on
the same fragment.




(B2 HERZSERIDNAKRIE)
(6) SNP (single nucleotide polymorphism)
FRIC BRI B M
E— A BN E R LEDNARNFAFF L B MR EER T
AEANIR. NEFHARNMFERELEDONAFFIE—AE LY
BIMSEEINER . LA ZONANRERKE, mMEHEE

FHIRKEERBENMBRERNER. (SNP)




PARFEME L FERMARNREE, 2
“HFNBSME, B "‘—i‘FFTEﬂZISEJEI’\J%i%Z:/J\:H%; R
RETRRET1%, MRIERR
SNPH fﬁ&ﬁ/\mﬁﬂﬁx:m LW'E%WWEH%’W&%E’\J
i (BFECS5TE#R, AHEEMELENACSAEHRR) , S(EI
# (B¥EC5A. 65T, C56. AETE#) 5|, tLALIH
AR SR E. B2, BERITASNPH AR
FRIFDL .
RIESNPEEE TR E, SNPAI57:
EE4mIEXSNP (coding SNP, cSNP)
EE LSNP (peripheral SNP, pSNP)




REBE—RISNPIHZHIERER N TINEER
5 Firic, {ESNPRIBEREFEE, FHAILIEE)

tieiy, EtEER ZRNARIR.

Bian: RFEEL/1000EEE ZSHE, A
AR3OZBESFHL300/ SNPiL=. HIELAT I,

SNPHELL D EfFFCHESLILITEER.
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BN 3— 47 SNPIXFIHEATE) B ARMIAR Y 28 13 (haplotype)
AT LAE8—16FH:

/

e + + +
1
, T X0 +
3 T + X
31~ SNPTH] s ® + +
AR BRH < X N K
& (% RIBH > ® ® i
6
N X X
L% ® %




SNP SNP SNP

o SNPs * * *
Chromosome 1 AACACGCCA.... TTCGGGGTC.... AGTCGACCG....
Chromosome 2 AAaACACGCCA.... TTCGAGGTC.... AGTCAACCG....
Chromosome 3 AACATGCCA.... TTCGGGGTC.... AGTCAACCG....
Chromosome 4 A ACA GCCA.... TTCG GGTC.... AGTOC ACCG....

b Haplotypes

Haolatvne 1 CTCAAAGTACGGTTCAGGCA
Hanlafumne 2 TTGEGATTGEREGGCAAMCAG T AATA
Haolatvne 3 CCCGATC TGTGATACTGGTG

Haoamlamdumes A

v v

c Tag SNPs

o6 \» 4

T C
- -~
C G

Fi1 SENERE. a B DNA B SNP 7 0. 2K B AR Ep P09 o Ea9ix - B DNA /)
KA e vlsea i FMEAT 3 A di il 25 55 . g0 SNP 5 M-~ nl RIS i 5 Calleles). b fp
{284, -~ Haplotypes HIiniL ) &R ¥ SNP 54 fir sl e, B Ehas M-~ 6000 bp DNA I |-
Fr e ) 20 -1~ SNPs HEAR S8, W a P03 08 (B T HEST k). o #7%E SNPs. LRI 45
A4 20 4~ SNPs P 3 >, B2 LA i X BT 50 00 a8 L ), g B H - B AR R BRE SNPs
e AT —C, - s iy 10 CF5 | ] The International HapMap Consortium. The International

HapMap Project, Figure 1. Wature, 2003, in press )
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(1) ZHERIRESE

1=fZEliE (Genetic map)

&

~

i 2 SRR A PR B 7E R 65 £ MO,

REERAEREZ BIRHENE, TTREREREREF ERNEFUE, FEit
TEREERERESEERE. B AEAXRZEAHXFFBAMESK,

(2) M R I=EEF

K

-~

1% : David BotsteinZ F19804F {2, FARFLP{E

APRCEME LSS REESXEFRCED KR, EMBESSHEERNLE.
HIFHAE TR EANREMRRANEDNAG FIAR EE. S, B TDNARR

w1 AYIEsFNE BRI, RFLPE A—FhEr#iRIDNA S ZSHEFRIC
Bl: REZHEMEXT N TDNAST TR 4%

BRI DS RN AR ZE FDNAF SR 2 AR A IEEI bR, XL

Par
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10.4.3 HIREE

IREE (physical map) FIEFIEFEHRICZIBEDNAFFI R 2 IH],
AADFREE R RN HEDNASD F E L EMADR AL E [E, LASKRRAIREES X
B TR EXT B A EEKE R E S EIEEE.

& FRVIIEENE REIREFEE, BERARFEREMERE
FEXH L. MIMZAHGPHLLYAC SBACHE AR EEmEREEARN

BEEBAHIRNFEDNA. LIYAC 2i%EEFEBAC EEEHMEAARNREIEENE
, EIRFH ST ALBNERFBENFIREZALRSTS. STSE4IIR(EE R
RiEs, sMEERYBEEIE S 752 0001STSHIAR. LASTS A ALAVEE
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10. 4.4 NKEFREE ELR R
(1) FHEEEERE

é%%i‘fﬁﬁﬂzﬂf REREE B EDHITHIE. AR
BEMRP, BREITEIHNSITHRECRHEFAHER, HXE
FA ek SREE B {LSREE (likelihood ratio, r) #&5EHYT 3K SRHERR
EDREEE, BIERBEANEREFEED (r<0.5)
MRS BRIEREIEN (r=05) R, ZENXHERA
LODYE (LOD score) . AT HxEMITERE < 8] F7EE,
—RERKALLATFL000 : 1, BILOD>3; MEEEEHE
£, MIZTERSMREE/NT100 : 1, BILOD<2. fEHMENRIE
ZiEpES, SARLERIB R Ak RREHERN T EIZE
121’E7'71_‘f“ﬂ1 EE&—T?TEI’J ﬂl#ULﬁRF (1$Jb§ﬁ6§)




ERFRWHE, BETRESMITEREANE
i, FAHPHXERENHEERIAXER, AMAEL—IKE

R LAA, fHEREFEEEEZRRBEEIFNERE
EREH LAY, ReefrBRERZBRENAE, JTTiEE
RERAEREF ENERMUE, Fitt TR RXMEIEER S

SMmfEERE. Fm, EALXERBTIFRFANESK.
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e sty (2) PR IR FEERADIE

IS IR EZEIERIEL S 2D Botsteings T 19802 1 5kHY, HETHT
DNA RS M A EEFNEZEERIN F, RFLPE A—Er#TAIDNA Z S MR
it f1FARFLPEAFRIEEZWEZSMER S XEIRCEN KR, #H
MEZSMEREAME .

HFHEE T REadnREA T AANEDNAG FRIARR EE

EIARANAXEREIENXBERRSEB IS E ZMRIARC

E—RBEEERIERDNAIRE#RIC /RFLP;

FE_ADNAEGIRIEF A T EETAXERAFHIREEEF;

B=RDNAIREFRICRESNP. SNPIREIRIC DT 2R T KL AR
FREK, RZUSFHFIDNAS A EBEENFRA, EERILZIH
RFHIEEARC, MBEERAMREREZHMEIRA . EAERFRIEX
EF B —FMHFFEL
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10. 4.5 HEHEFEY RiR{EEEmta &

HEYEARBREEIENNEZTZSRUATILANPE:
(1) I=ZfRFRICENIETE
(2) FEARBVEA
(3) N EEALEMRFESIEEEFIWE
(4) BHAEXRNBIFAE
(5) EHENEHFHEN ST ERE

(6) DNAFRIE ST & HIEHIALTE
(ULEEBIENEOE: 6.3.2 QTLEMBIE A SIEPPT)
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A [E ISRV E
IR E LA MR F ENE, PREIESESYIEY . B%E
Bt & £ EF A FHIEESE L FhE R,
(1) ZHpe=tE=EERE
MR FEE

(cytogenetic map) =AFEE K DNA R/ B W E L
B ERYIEERE, REtttirAZE ik EE
==t

(chromosome map) o
HERSEMmH 7B HRDNAR R EMAERENREAEXE, HF
B AHBE 0 e 18 fE E AR EACE .

MAREZENERBIERA: RAUFIEA, FEFRERESFER
DNAF ECEM B ERRBFX T L.

(DNARET+ B FRX15)
RICRMERZTIA. ZREBRNREMIERZTIA. EEAERMERZFTAR

1(17;20)(q21;q13.1)
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Yiuhnan

DNABRFI 4 A tgEE ] [E13E (restriction map) m—THEER
DNAYNREE, ER—RYNLE fHE R Z BRG] 4 A V) isEg i
B, UBZSIMAEIRTR. REIMERTIEEEDNAGE /YY)
O LR FIIARM, %EIRFIIAENDNA, ZEYIER
SFEEAERKERDNARE, Hibmiapktsraigt)EiE.

EE%E’J%F‘% Hl&Z R EDNA; ZIEDNAIRN ST, B
Egt). HkTE. #XFRICEIRCIE; TEVLX R ERHEESIA
DNAF B BIHEF; EEATFR, 80 E8#H%E. PCRIGIES.

pCloneEZ -Blunt

Amp/HC
1865bp

pCloneEZ -Blunt
Kan/HC

" 4 = optimized caspase-3 cleavage site 1820bp

~Ey




(3) BEEEhE

— A B AR Sk EHH R A RBL RIS A ERBIDNA RS e fE B fR A &
EE. THERRXEREFREEFBARBENINFEXR, BEEESD
EHNANREBFENESERSRY, EHEEEEEEEEINLEBENR
EREERAEERLNINF, sERELEEREEE (contigmap) . HE
ETBRERAEAEYIZIR/REE, ZEHERF, S2IBEEFFRIEA
DNAF B e BE2B R I B % 8% . i

mfESEFHEERERXRARERE
% (chromosomal walking) %A. Bt I by ol
I\ R S e e LB S — i R S R ——
HEE, AEEXERIRSZEBM AT
TR EB-—TRENIMES St
FHRE=1TmE, HORIEMR, XERR

ic clones.

o o P

...A B C,;.. D,.. - e F\....G

B B A |
2R B

$ 15 i \E ° (d) Combine information into a single continuous physical
. o - o pra 2 ap that spans the length of the chromosome

S LUULL L L] daddoail
Contig ‘
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(4) EFBDNAXRKEXE

HE

£ GG¥el0-3) .

ADNAK R B ERMEREMERE
TR
MEATRBEAE. PIREAITE A

KFOSMIDX ESE,
(5) ©EFHEFY|EL
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KAFTI—RKMNFRAR#ITTEEE
DNASFHrICHIanSSR. STSEEMILLH I

ﬁ% E’J%fi 215 TEﬁ X

‘B2 DNAFFIES

HYF
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(AT 3S:

(EMFF, FHA
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FA ¥-100

HH Z-125

RFLP3-150 -
Tt
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- HindIIl
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PR 71l P

E10-12 =FfhEiE < g
HHEEXFE

IR 7 FHric B
d, EEEFMYIEE TR
RHIEE (F15 FHRicL
=) EFF| EEAERE,
BEEE EETHEER.
XEHTEEREHERNZ
FL[ASKDNA FRiC7ERE (K
FHE N ESIEEES
. HIIREIRIELIIEEE
SRR TETEDNA 5F ERY
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(7) “IR” BB ERERENXH

250 b R VAR ok

eEEhREMS. MEsEREEAMRPBEELB AR S
MUY ZIBEE, TBIEZMHIERAIRE AR RIS

IR E i A

1-L, Pt

A=) 8

RIRET LS BE%IJ EAVIEBEE IV = =IEALS.

Lm——3

N j; 1_L, W\ Ejlﬂ*ﬁ&ﬁ%*ﬁ1jln\ \ o

R EfERATLUX

THIRBFE.
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(1) SHFER: NERBFHIPHITEERET . oth5ERBEXNF
5, XERIEEAEEAEER A,

) EEM=ES S E: R\EOAMNEREEE, ATLAXEREHITEFM
DB,

(3) 2 F THRERV TN - FI A E X 2HETE T se BB X B F Thee A TTun, WWER
ERLBIEA—NEAENEITERTIGE. EETHEER TN A LURE T E
LT3 R0 SE 56 i E R AR R T

(4) 7 A ERE A EEHBHITLILRER LB FHR : BT EREEELRIEET]
LUBRRBARSRE R EEZ%MSHEEMENFE, NTMXAEY
R R F B R E R A F A HI TR .
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10. 5. 1LE R EF B F 5i#H K

ELaR EE2BZ (comparative genomics) se—I| JiB T 1z A HIEIR L0
BMITEVRER, SAEIFMEIERBFHITEEB 2R E R E K /)
S5ER#HE. ERETINF. WEFISEREBFIINIKE . BERLFF
iE, URYFMHFEAXXAZFEYZFOROEE. REEZHERERINELE
EFEFFRF SN EIE 8 S & EE A EERF YR EREL .

Hal, BIERERAFZNMRAIRSHNEZHREEZERNE GF
Hel0-4) : OMERT AT EFEBELEHFTIEERIAIR; QtER T I
MR EFEERTIESRSEREME “RIR” Hi; Qi —SIEREREE
Hi. FIRMREHE T “RHEEIE" (FNWel0-5) 1 “BIAMERELEE"
(iERel0-6) BIFZRRFIARE
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(1) EREMBEERAIZ3Z (Comparative genome in situ hybridization)
/EEREF2HZL3Z (Comparative genome hybridization,CGH)

=1 EEEZONAERIRET, SRR FEITRAL
Zx3Z, RieNAERBRRE. SEFRELEERERZEMMR G
FGRAMELEERER, WU UENTEHBEREAEERHEUIEE.

(Fig 7.6)

(2) EEEBRAEE (Comparative mapping)

tEAEER 2 FI R EEIR 5 Firid (EZEcONAMRIE R ERF=E)
EREXIMPEITYIESREEE, EBXERISENEIFEEE DY
DHER, BRAREFRREERRERERZM (synteny) szt
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5. A—EHEHIcDNAREAIRETXTKFE (Oryza)
/N 22 (Triticum) « K % (Hordeum). 5% (Secale) . fE&%
(Avena) . E¥k#& (Pennisetum) . EIRK (Zea) . HR
(Sorghum)  HE (Saccharum) F#HITEEBAEEI LN, Fh
BixLtjE (genera) HEINEREEXAREEFE LG
HIEHES . R ERXREEMER—EMHEINER, Ef1E—

EEFERAREE (EXFMIEFERE) , B S
H R TER, BRTIRE A GHERN—EE%
R,

(Fig9.29 a-1)
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(3) WEEBEFEEF IR IR EE B LS FE E T RERTIAIR

pRmANs X " <r fig 2
G (2) Heh AR RO R L 5

UL B4 AR 2 A R ST RYE S AR B R B AR

al # a2
FLHEEME R sOECD / “1:&:[:;%” éidiig

o [T
il
P 47 /
: - (3) EFAEFHL

HH a, B Y

(P2, 3
’ OEREBA X/ AL

118
. ‘f
RERER AR AL E
/ R PINELT))
¢ B
(ML FEEH)

QEF B 5 FEL

o0 600 500 400 300 200 100
B

E o1 13 BEFAasiEsdEidsiAa
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10. 5.2 e R FB=

EMeEREZNMRPBRECHSEERA (high-throuput
techniques) , BIDNA#FE%S] (DNA microarrays) , RKIZEZIHARI
E[EFT#E (gene targeting) , ¥%£[E (transgene) LIK KR XmRNA
(antisense MRNA) FIRNAT#L (RNA interference, RNA i) FHAK
REAEG M T hEREIIgE R ERBEEER . ERBNBTERIEURL LI
FHHERSFE.

(1) DNARBEFIIHAR XFRDNAH (DNA chips) siEER
(gene chips) AR, BEERXTNTAREEEZcDNARIDNAKR EZEL
BEREERSETMOR EEREEENERE, SRIEHFICHEMRNA
BITHRR, REBIHEEREREONHF AT ENREXNRZES
HITEMHEMEES T, BEASRE. M. R ERFEFS.




- ’ g HIES fmaging
§ -‘:‘-) ék 'é 2 _’? Gene Chips Reveal Susceptibilities e i

VWuhan Universit
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HFEH oia
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g B 5 1 L

ICFRICHT PCR A4

BABBIER SRR SONA
BEMXOOMEN  BIEERG—
DNAE BT B R PREOMANAEE SRR
A R T D 5 B RiEsihDNA, B \ |
R h i VEF Bis -1: T
o | 4RinsEE ) W, \ X J 1
Few it LR ¢

PRk 8 5 1k 24 - 508 Y ‘
R B 252 B, T 4 5 CR D

2 DR AR T BT L i
1 Mash (poymer ] £, Fisk
MBS
1 - 'f ] W
> $9%
N p *
; « . .,) I mmma A RADNA, &5
AR o H EEHDNAIE; 2
& RN b RSy, WORISTIERNISEE, BELLE BT AN e
AN AR SRR Aot mARs &5 BiFilr \) RiEit. ShR.ERWSER

fErinER S AR

DM A axxay samples
ﬁﬁ- Intexer
L O O

20 CCD chip  emitiisisititisisiindl] 157«

Grass s shxa

Telescope lens

Timable
hsmoch

ﬂéﬁﬂum&




fﬁ?jﬁ’é%?

—wunen Umiversity (2) F[F$T#E (gene targeting)

E RT3 2518 5 RHUDNAF I SRR A IRV E R A F5] (8BFFD <
EJAEITEIRELNR, UKTLFTIRMFRES Mgt TE R TR A

- — - e AISEAR ey B N TR
f’fﬁl . Eﬁﬂﬁ$$ﬁﬂ@¢ﬁh£@ﬂ§ﬂ %%ﬂil}% (knock-
Do ﬂj — out) FIFEH A
: FIIEIRARF RIREDHARFF (knock-in) , B
LT b v s |:E ) :
1. BTl / % A ThBEFYIDNA
2. HRETRERL A 3 5 L 51 LA
& ./ % at Tl 4 5 R 4 £ 3
K __:{"l_l., “ ] 3. ¥z Femha =
e -*, - # e IDNAJT 5
g ! : | 55 BRI (405
(SR T ﬁ;; ' 51| 4L FL AR T30
At ) i fLoiRe. FEDHTHE
IR FAR R — NI H
\ | , 1|2 70 1) B 5
4 R, W= _ %, BT RRiE
A ARG T eniE M“Lﬂm - LA TS B
{ nec' 3% » MHSV-E Tﬁﬁ EI{IEEHEEIE )]




&0z M EEFENTERM A5 =R EE EITEE B,

5. B ERAREE A B TEHRE

S B e g et
\\ L a{@— B TILRREE
' ;B>
6 AT, TS EE \ 2 B
g L EIAE . B AT AR W "
& & 57 B A AR B ‘ ‘ LB Lo L
EEE L

LG [ OPF [T LB LB

L " -
=S~ ﬁ@ E= 1

IER~E,

I (R Eﬁﬁﬁlm%ﬁ EEIE&EJ:«*J‘«EE. )
€ Tha Hobal Commitiea for Physiclogy or Madione  Tusingiono Annidka Rohl
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(3) 2 MmRNAF R 218 id [2] 28 A F N\ —Ex 545 E 4R FBmRNA B 4 EY3E
YRTERNASE, fEH S5iZEXmRNAYF R 1145 & T E R FEANEEE E FRIZ A #L
Ko

(4) RNATF#(RNA interference, RNAI)RZIE =4 YIRA—LE /)
HYHERNAF] LUIFIF E EEFRIEN—MINR . EREIEEPIAN
S5RIEMMRNAZRE X LR /I EERNA (double stranded RNA,
dsRNA)ET, BJLUBRIT(RFIZMRNAREERS. 4557 HIPE BT A R4F
EHEFFRIE, NIMSHERFRIETANINER, IMMRLERER
7K, NFRAEEREERETE(post-transcriptional gene silencing,
PTGS). XLt/NEIMEERNAFRASIRNA (Small /short interfering
RNA , siRNA) .
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4, Several processes in the cell
use RNAi @

A. When an BNA virus infects the cell, Viral RNA
it injects its genome consisting
of double-stranded RNA.
RNA interference destroys
the viral RNA, preventing the
formation of new viruses.

B. Synthesis of many proteins is
controlled by genes encoding
microRNA. After processing,
microRNA prevents the

translation of mBNA to protein. : :
Pratein synthesis

C. In the research laboratory, suppressed

dsRNA molecules are tailor-made Tailor-made dsRNA

to activate the RISC complex to
degrade mRBNA for a specific gene.

© The Nobel Committes for Physiology or Medicine  lllustration: Annika Rahl
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(5) B FLBAIEHA
1) RNA-guided genome editing :

O$Eie#%ELER (Zinc finger nucleases, ZFNs)iZAR

QFe SR BUEIE N B FH4ERES (Transcription activator-like
effector nucleases, TALENs) ) FZA

QR MEEBPRIVERIXEE FFI-HHXERIFA

(Clustered regularly interspaced short palindromic repeat-

associated proteins 9, CRISPR-Cas9) /N

2) DNA-guided genome editing using the Natronobacterium
gregoryi Argonaute (Nat. Biotechnol,#5& /M 2016) (AJdLHl

-—— ~

=4 == N = = 4=
!A ? ? ? i ‘ v =A__

N7
o >




10.5.3 EERESF

EZEHRYES (proteomics) MR AN EIRELFRAY
BRk. S5 RE. EEKEY%E (proteome) =IEH—
MNEREEFRRIENETPHENERR.
EHRESERFBMENN, BE2—1PNEBAENES, &
AERENEBEHR. BEBHRAXAET: —1BHUE
— M RENERLE, BARzBHIIERNENEIHRERE
AERFEIE]; (BEREERNZNERRENFHFMFTIAIIZEN
PERTIE], o FIMEFENAREIMARE, EmENIFRIENE

I\, EU%L_F"%H'JW?@TD%IE SERTE], e FNIME K HBE

hA HAL A
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(1) E—HENAENE, EfRRENERREANER
o EI—HEEARNERAEMEMEREGHT (EE. &
REGHNAIMERIED , FrRENERREENERN.

Il

)CH~I-

n)~|

(2) B EARTEESH
i, FENEFRIELRINEEE

\

EHRFEREMMERR

SRR EZTSEM

B2, 11MERA* 117FR, —1EEALURIANEHRA

HHEHAEZEAT—. WRAEMNEANLE

X

#4320 000~25

000, EREAMHMELREAHKFE =1A200 00074,
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S5&gxr—E=8MxiEtt, ERREFEWRIEXBR
e BEEMKIRAMRFE

W [e]Ej7k (two-dimensional electrophoresis, 2-DE) %K
v T BV 2t S RIRHBIELIER AR UL RIE (mass

spectrometry, MS) HFAREREHREAFMRN=ZKEARZIE
oK

A
=

= A REF A — AR AR B 2 I 7R =& 10-13




Proteomics of Bacillus subtilis

EBFRAMRR traditional 2-DE  (Two-dimensional gel electrophoresis ¥ [5):£% 85 B 37K)
“ e, |
7& g 4 - gﬁ! 1 staining n-gel digestion :
SRS g ﬁl WS ——— defection [—{ and spot |—» {ﬂi}fﬂ”ﬂ!’:'@}
diff tial in-Gkl ﬂil’[_lf_~ El;nl'ﬂ‘;ﬁ quantification processing
imerental In-Ge

Electrophoresis (DIGE)

R ICE FEEBR ik fluorescent i o n-gel digestion ha
R e e M A B e
stable-isotope labelling by, labelling b ,E'. quantiiication processing { AL,
amino acids in cell ¢ultug s
sééﬁﬁfgﬁiﬁﬁ% * SILAC combined with SDS/PAGE-LC-MS/MS
1C Y= ==H5 =
stable 7} n-gel digestion identification and
samples * isotope -_ and peplide —* LC —* quantification
labelling I l processing by ESI-MS/MS

|ICAT-LC-MS/MS (isotope-coded affinity tag, ICAT)

: : sample : multi- identification and
Igi'?”gg;::’:s » combination puarmzslat’finn » dimensional » quantification by
e and digestion LC ESI-MS/MS

FEXT FRLE XS 2E 2 HY _
2 2{ifrZ (isobaric |\ ITRAQ-LC-MS/MS
tags for relative and i labelling S multi- identification and
absolute quantitation, digggmn o with ITRAQ (—| TR (| dimensional (—» quantification by
iTRAQ) reagents LC MS

Fig. 1. Schematic presentation of the workflow of gelbased and non-gel-based proteomics approaches.




e Ait»4
_ wenenumwersity  ZEMFRZA/4F-2D Gel

X [2] £E R B 55k (Two-dimensional gel electrophoresis, 2-DGE BY 2-DE )

F—Io): FHEEEEHEK (Isoelectrifocusing gel electrophoresis, IEF)

s —

% _@: SDS-PAGE (Sodium dodecyl sulfate-polyacrylamide gel
electrophoresis) kT ESH s $N 52 A M Bt A 58 3L FRL VK

irst Dimension: Second Dimension: <A1 \’ Cells or tissues

(proteins may be

radioactively labeled)

Isoelectric SDS Polyacrylamide YN AL
I]:OCUSIHIE]l In.gr?S'\TSCfO gel rod rebuffered Gel Electrophoresis ¢ produce protein extract
of urea, Nonidet NP- ; " ; ;
in vertical gel rod in SDS buffer in discontinuous gradient gel _ 1 get strip
S] [a) 4 pH T ]
_— sample pH3 pH 10 -
@ o [T T T T T T 10 direction of electric current—-
‘, load strip on second gel
H 10|
p § . I
=~ U [
L3 . 0 direction of
008 . . . electric current
. . [ ]
. O
=~ '. .
U ° i stain gel or expose
5 . . to X-ray film
& ° :
. #9
& [~ spots representing
o ® |~ one or more
, , - proteins
Separation acc. to Separation acc. to _ ‘ . /
Isoelectric Points (charge) Molecular Weight (mass) T
Principle according to P.H. O'Farrell and J. Klose (1975) ; cut out spots of interest !;.
S

Mass spectrometry

- e —
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(1) Sample Excised (2)Trypsin Peptide
fractionation proteins digestion mixture

(3) Peptide
chromatography
and ESI

(5) MS/MS

LLEAAAQSTK
516.27 (2+)

200

B
Q
w

y7 |y8

1 a2 saAaAl E|lL L

arbitrary units)

Intensity

|Tl g .__|
600
m/z

2




A%+ Protein Identification by MS/MS

wunan UNIvVersity

I_Drote_in MS spectrum MS/MS spectrum Theoretical
digestion Spectrum
Database
Q S / I searching
onization
J y Fragmentation -
Peptides e m/z me
v
Peptide/protein
identification
LIFAGKQLEDGR
ions
F A L E D G
: L. IFAGKQLEDGR:11 i<—> <—><9><L> <&><—> —>—>>
: LI FAGKQLEDGR:10 D E L Q K G A F
- LIF AGKQLEDGR :9 =2 e o e
: LIFA GKQLEDGR :8

D o™ WN R YD

. LIFAG W == T~
. LIFAGK %Dg::G/ A\
:5

: LIFAGKQ

PETFAGROLED GR .2 - 5 ?’ LI -!
11:LIFAGKQLEDG R :1 L nn%ﬂl‘h’imwlm 'L
200 400 610]0) 800


演示者
演示文稿备注
质子数/电荷数的比值，一般质谱的质量范围是用质荷比来判断的


2 ik * 4 protein Identification by LC-MS/MS

wunan Uuniversity

W Digestion & //VV A //VV HPLC e
\VAVAVAVAVAVA v NNV

Protein Peptides

mixture

Database
Searching

LLTTIADAAK &——

SAGGNYVVFGEAK D R

EDDVEEAVQAADR —

400 800 1200 1600
m/z

1 sequencing attempt per 2 sec.
900 sequencing attempts in 30 min.
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ERREMRTHREZN A HAESIEENEL

AERRFIEBUERE. FUaREE . WEBEKRIEES.
AMEHRARIERE, WR10-1,

%10 -1

EEFRORAYEEM M

R E

NCBI's Entrez proleins

Swiss-Prot

RefSeq

TrEMBL

GenPepl

knsemble

Hinv —= DB ORF

UniRef100

PIR ( international protein sequence database)
IPI( international protein index)

SDSPB Protien

<4 1k
http :// www. ncbi. nlm. nih. gov
ftp://fip. ebi. ac. uk/pub/ databases/uniprot/
http :// www. ncbi. nlm. nih. gov/ RefSeq/
fip://fip. ebi. ac. uk/pub/databases/uniprot/
ftp: //fip. neiferf. gov/ pub/genpept/
http :// www. ensemble. org/
http :// www. jbir. aist. go. jp/hinv/index. jsp
fip://fip. ebi. ac. uk/pub/ databases/uniprot/
http :// www. pir. org/
fip://fip. ebi. ac. uk/pub/databases/1Pl/ current

hip.//

lifecenter. sgst. en/main/cn/index. do

—
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{Xif{2H (metabolome)2IE FE—S IRV 4HAR . HZOS =25 E
AR —HSEEIEMENEEREINES. XERE 74,
BiE—RINEEMLFE ST, G, 2. BER.
HERUK iRV R EIL 1%, hERE—ES 550
BRI ERFEPREREEKIIGEMNERKLZEIRIEENT
THEY (HEHEX 7 FREM<I 000) .

X {20 3 (metabolomics/metabonomics) reiE AR E—E4)
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Figure 9.29
Circular arrangement of synteny groups in the cereal grasses makes simultaneous comparisons pos-
sible. The thin dashed lines indicate connections between blocks of genes. A number of transposi-
tions of genetic segments are not shown. In some cases, a region within a synteny group is inverted;
these inversions are not shown. The circular diagram is for convenience only; there is no indication
that the ancestral grass chromosome was actually circular. [Courtesy of Graham Moore. From G.
Moore, K. M. Devos, Z. Wang, and M. D. Gale. 1995. Current Opinion Genet. Devel. 5: 737.]
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