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1. LJ:.'F%'?'—/:ET‘

(1) nEER
( principle of segregation)

Mendel's First law The two
members of a gene pair (alleles)
segregate (separate) from each
other in the formation of
gametes; half the gametes carry
one allele, and the other half
carry the other allele.
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(2) BHEASER/ M HEL
EfE (law of independent
assortment )

Mendel's second law, the principle
of independent assortment,
states that genes for different
traits assort independently of
one another in the production of
gametes.

A EIXFRVIE 1% B FER BT B
R4S

BT REARE RIS IEFL

ERE AT RASIERIRI &R E

, TWREL FRIREIRZ R BRI

HESE, ERRAE & i
MNER ARSI ER FABEH /szmiﬁﬁﬂﬁﬁﬂﬁﬁ%@ﬁkﬁﬁﬁ

Ha, AMmSEITEIRHE HES. ( uﬁﬁ ﬂkﬂﬂﬁﬁ%@%ﬁ% Eﬁﬁ:‘cﬁ@)
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(3) ZEFEWESFHRER

AHITRB D R TR, TRE—FR{EEFELNAEER, B
BEA—ERBENLT; BRI RS HE, LTREIRZER LR
FUERANSMEEIFERRE BRI L L3R, Em~ETE
EIRYEL.

A

FEEEMEERERET, MATR—REFLHERZEMNE—IE,
EA— 1 BAIHAITRIER; EEEMEEKE, —NEREReE LA
[E] 3 FALE E 2 [B] AT LA % 5 32 R

A

iR TR —#e X EMERKSE—EfREI=ERNEXTEH
HERISZE, JRMEFELWEFT (recombinant) B4 BT ER FRAR
HiEzAEIREEEARRAEG KRR E BIKE L% T HEPATH.
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Homologous
chromosomes

Unlinked genes

D-E-F-G: Genes on the same
linkage group

H-I: Genes on the same

Breakage and Reunion:

inkaga group Chromatids crossing over exchange
|
[A], [B], [C], [D-E-F-G], [H-I]: Five linkage groups y comle?e
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2. ERAH
H[X4B (genome) (1922 HIMAEIREFHISCEAD) -
— NSRS E N EBER
BEETEZEYPHE—ITIMHNEEEREHEMSBN—EE
E&A, BTEL, genometfIF{ER BN, BRI RESAMET TS HIEE
ER6EH, BRAERAXNZIRRNENR T REMAKA.
[FiZEM—RR R E—NIFRHIDNAD T, H EFrSBMERI—
TEESE.
BERZEYmpa RS ARt SR IR LRI - HUDNA—fig t 9 IR
R, M SRR FE B RAAEEE
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IR E EF B2

Genome -- The complete set of sequences in the genetic
material of an organism. It includes the sequence of each
chromosome plus any DNA in organelles.( genes
[X/X/Lewin's Genes XI)

.gj;

5,
, %

‘ADNANIF G RFTAEFBHF AN NBEEEEER
w5 FY, RIFTEEXREIERmBEFS, EIEREZBF
X L 5 [EHE R & &5 &84S (genetic instruction) . El Itk

X

B (N1z) 21

= KT B S BIDNAS F UL DNA

DT EETRERIEEES.
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3. EFHHZ (genomics) :
MR EFBERER . EHFAITEERFHRL.
EIERELHZE (structural genomics) -

=& EMREREERLE);
5. FHIEIMEEREARMRE

heeE E2H= (functional genomics)
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1. 1=EE: Amap of the position of loci or other gentic markers on a chromosome
obtained by measuring recombination frequencies between markers

N FREHIE (linkage map) , =iETHEERERE S DNAFRICER G A _ERIMEXT
MEBESBEEE. CREDESON, HERERIE (RER) EHTRRE
,(‘4%%);%%@1M:E’J%IEE%HE§U MEEE BMENNE, —MRAEE

cM 7N

2, ZHpEEZEEE:

FEARBEEMFNERERE KR ERHSI, REEFRRAEEZ B AT
NE, TEERERERCKRIMNEKRNE, Bt EizEEERESEEE
o FEMARERAEITRIFFRANESRK,

3. MR EEFEEIE:

H & 2&David Botsteins T 1980Ff8 1 5RAY, ZHATEHTDNAFRS M A
FEFEEPINE, RFLPEA—MERFTRIDNAZSMFRIE. MR HRFIA
RFLPE RFRIZEME ZSMER S X EIRCEDXR, EMAESSERER
uﬁ E*ﬁﬁjfﬂ%iﬁﬁﬂﬁ%iﬁﬁﬁﬁe)\iuDNAﬁ%H’JZISJﬁJ:ﬁo
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1. JEFEDNAST FHRIC
2\ FINHYIERC

3. IEMFRENIEFESWEEEREF
4. BHEKX/DHIFAZE

5. EMENSHIERN G T FRIE

6. DNA%RIC 77 B HBUERV AL IR S EFRICRVIR R ENE
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1, 1EFEDNASY FHRiC

DNAST FHRic : tBFRDNAS S ARIE, = DNAKE EimfE%
SMERNEERR, BSMONASTFHRIC:
RFLP (Restriction fragment length polymorphism )
RAPD (Random amplified polymorphic DNA )

SCAR (Sequence characterized amplified region)

STS  (Sequence tagged site )

SSCP (Single strand confirmational polymorphism )
SSR  (Simple sequence repeat)

ISSR (Inter simple sequence repeat )

AFLP (Amplified fragment length polymorphism)

CAPS (Cleaved amplified polymorphic sequence)

InDel



il A
L& M HIDNA ST FHRIC
BEHRNEEEEGLEMHAMDNAY Firc A TiEEEE
HIFHIE
FAHXFER. ENERDNAFIIFZSMER LR T Fin
ICHYESL, ETPCRAEEMIRICERE HRuFRIcRE
BT iy Tar STtk e ik
RFLP (Restriction fragment length polymorphism )
SSR  (Simple sequence repeat)

SNP  (Single nucleotide polymorphism )

InDel (insertion-deletion)




1) RFLP#Ri2 (restriction fragment length polymorphism):

&) — 4 HY

. mARBMMAEEFEEDNA Z 2 [ —F

BR& 14 A LI ESME T 2 A RV BB BB VIR, FRA
PR&ME A E IR 2735 % _(RELP)

XERTEE

ADNAR— R LT F AR RESEIZIL =

3 RV BRFI M A VIESIR A 2 BN ZE, BEREAMSBER
Bt B FT RV BRI =, ﬁﬂﬂﬁtﬂ)—ﬁxkr ez & T~




X$RFLPIAGI B R i Southern#3Z #0757
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RFLPFRICHIEERH S 2!

(1) BRHTEANEEA, KENFT;

(2) ERBNN, N"FEAEMBENFZEFFFHERE;

(3) £EM, AIXpAEFMEET;

(4) HERIEE. FIE;

(5) DNAFZE K, KMNEAREZR, EURATRHER
HI B SRR

FiE: RFLPEERATEMAKFEMREZLEMR L

BT MERR; SFliEEEE; BREREEN;
RMEHR N KB FIIERIZRE ; MBS




(2) SSR (simple sequence repeats) ¥ric:

BHEEEFIZEME, NARMIEDNAZEM, Rl

=tz E g a U4z Eiik 5h BA E

iz,
HEHAFMHMZ SR




Direction of current

Positions of cleavage sites Larger DNA Smaller DNA
/ \ fragments fragments

Y SR Y Duplex DNA
» 3 molecules
7 EE T >
Y 1 Y Position
> SR of band in
3 N TR 4 DNA gel
Y 1 3 Y
s HEEEE B F NS
3 N | st e

R

N

Y oA o A Y iR i
s F OF F S - 3

A P T 5

Y L o2 % AL Y ion R BARRY ;
s JlEEE E E F B R 3

JEEEE E F F B N -

Y T O AL R Y

» S A3 3 3 = g

JCEEEEE B P E F F SN 5

Y 1 2 3 4 5 6 7 Y — :
» E EBE F E F SRR 3

MEEE B F E F F E DN 5

Y R G (IR SR LA Y Y

sTEEE B E E E E F B N

T B E E F F E E D

Y joodo % oof B a8 9 Y

» 4 3333131332 =

B B EEE F E EE DS

Y 1 2 3 4 5 6 7 8 9 10 Y

ST EEEE EEEEF DR
Y B R EE B EEE P D s

Tandem repeats of a DNA sequence

Figure 2.28 In a simple tandem repeat polymorphism (STRP), the alleles in 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

S B B Y R LS (AR TR JARR "I SOl Tl | o EL Sy " TR, | P PP TEQEEA e




Minisatellite number differs between individual genomes
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- Parents virtualtext www.€rg It0.com
wWuhan uUniversity
GGGCAGGAXG Repeat no.
CCCGTCC TXC
Cleavage Cleavage
u [

V v Parent 1

m ' 6
[ G AR S i B A

F’E‘IF‘EH'[ZIIIIIIIIIIIIII‘,

5
'|I_j:|_ (PR /I\ %T-C 7K i %l !gl o ?

PR E— e TR
/|\17-|§':|:'|E.|HTJ-H:I| RIS EARSEIR }.

M, ZBEER s
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. SN SETS > N
;g) (@) — {
R — =9
R A o > weespE R RN R
5 — L

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.




SSR?S'UIVEI’WE)?—:‘&%
(1) EREATRENA T, BN SSIHAES;

(2) PCRY¥F=5|%), EEMHIF;
(3) HXTM, IEMEITE R,

o) @l = 7R £

FITE E2EDNANF Y E 4

(1) SSREZEMFZITSI4H, EMEERENIALL
N FIFN Rt [8] ;

(2) A5

{MEfTFIEE, ARMENERSS,

X
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Simple Sequence Repeats (SSR)
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synthesized

oot relra TelraiTalrelTialralria TR SSRFFFIF=AERINEZ —
Polymerase pauses; at leading end of new strand, DNAE%[JJ‘iﬁl:P E{J%%»)?

double helix "unzips" a bit.

By chance, on occasion, *
strands reanneal out
of register.




ZX, FIASSRERICHIXERESIHIANIZIT,

MFEKHFITEREEEFFNERNEL
REFEMREEREEPNEY), ATIERM
HERBHITERMFRAEXRIZFHITI
MWﬁ&ﬂ.%Aagk%MW%%Lﬁ*

; M T RBEFRBFRINEENED, #

ﬁﬁ% A1TH X518 T1E.




SSRARIE N A
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518 B E
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3)SNP (single nucleotide polymorphism)
FRIC B ERE S 7S M.

El— 4R BN E E 2EDNARIE L FE S M E
EEFEEANNIR . HEHARNEEELHEDNAFFE—
L E FRBENMZEERNE . BB ZDNAR R EIK
E, MeEHEEFINKEENENMRENZER. (SNP)
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SNPEIEEFEENEELE F G ERMAENEE, 2
"\—#’W‘EﬂimH’J%ﬁ%%ﬁﬂ%; an
REISARETFLY%, MMIESZE

SNPRS R ENMNHENT R, dﬂlﬂ‘%%ﬂuaﬁfl\m%ﬁ@

—FuBSH, Hi

i (BIECSTEH, HH

BiME ENRGEAT ) , Sk

(B3ECEA. GET. c5G. AGTHE#) 5li2, AL AEER

RABERKFFE.. B=,

HRIESNPAE E [F H

A}

EE Xl 4w Ag

18 % i FUSNPH A B HEE AT

WEYALE, SNPR[ 4 A
XSNP (coding SNP, cSNP)

E X E123SNP

E [X[8]SNP

(peripheral SNP, pSNP)
Cintronic SNP, iSNP)
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REBR—H/ISNPRRiR L EEEm/ N TMESE K
B FHric, BSNPRIBEMEEE, HARTLLBE)
s, FtHEAEA ZHNHEI&.

5lan: WREZEL/I00089FEE B ZNME, APA
ANHE30ZHE Y P BELA3005SNPHALE ., Atk I,

SNPH ELLL W D EMFICHESLHILINEAER.
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ol 4o 3 — 4SNP XM 4a 4p 9 R4z 4 A 69 £ 44 (haplotype)
T IL A8 — 164,

— 1 + + +

>+ X +

3 + + X

3ASNP 4 @ i i
T 34 A < 5 & T ®
%1 8¢ , X &)
g ® ® %




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 )



@ At g

wuhan university

) InDel (insertion-deletion)frid

HAEREIRE, ERNERERMEARAPESEFERHES

, BB —1FEAME, EF— 1 EANEFREPE—EH
EE’W S ORI AT ER K . TR Eﬁéﬂﬂmﬁﬁ)\ﬁ%&um, &t
—ﬁ'ﬁifiﬁ'f' Yﬁ'ﬁia“i)\ﬁk%umﬁ’JPCR 5149, XFEi=InDel ﬁE

X HZE F InDelbric 514
L14-121 5-CTTGACAATTGCAAGGCCAA3’
5-GAGGTAGGCATGAGACATGC-3’
J04-91 5-GTGCGGATCGATCGGCAGCA-3’
5-GCTCAGATCCGGCCAGATTC-3’
| P24-83 5-CAGAACAGCATTCAGGCATC-3'
5-ATCCTGATAATGTGTGGCGC-3’
P24-93 5-CATTGGTTAAAGGATGGTAC-3
5-TAGTACTGCTAGGACCATCC-3’




wuhan University
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FARIEFE R IR MEED EIENESEE MR EIERER
SEEl. XFEARRIEFERZE:

FAEHIDNAZ S : FARERZBESR . INAZSMHEREFE
EAMRNAE: RIiEER, dEFASHNERRHE—THAK
A FRRBIFT B o)

B fa, EECFEARTER N FEAR R EF, ZFF T FEE. BhLLFE

ﬁﬂ

REBREEZA REMF REEZEFURIIEEIRIAF R0 LI
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3. TERARBEIEFESEEERR
DEEAS AL GRMYTEREE  KkAMTEEA
B ERAE: PBEEUENMS, Z2EXRVAXRFEHIEEFENRS
RETW, TEKAER, XLRFAFRIEF,. F,v F,v BOCRI=3RZRHASE
KA ERN: TERENUENRER, RREERBEEESR, MKR
AR ENEREEHEHEINRAEH, BRXATEN, XLHAEE
RILs (Recombinant inbred lines, E4H1T32 %)
DH (Double haploid, X EAfE{K) BHASE
ENAI 2 sA X BEERMA T HARIREER, FTLUKARE
. Elitk, #J3EDNAZES[EENMRTERABFRIEZEAERBEN T SRR
HEltaZ R R ESEEEEZ N AF, B RILsFIDHEE (A,




F. 2512 % H RVEEIRHE,

EeNTREMAE5E M
EEHINKRFE

HiEE AP A RERN. H3

% KX Z HAEYIRIDNAFRIC E £
%ﬁt SEASREUFRHE, T

SERFABTEHM, EhEREE

RILsEHARZRMER LT SR B M~ ERN—M{EEEF
, BEMF, 5, XKHABRKNEMNFEREL. BXNERZERE

WEHERE ffJiﬁ'f'iJlJ REHIE

X

B>, Eitk, RILsE{AhE

TARE R EH, EMRILsEHFE—TrKEAE R AR A

TEEF. NAIUHITES

EFR TR T 7R

EBIEISN, TAIERTHREMERERE (QTL) AIFAE

e T T s e S — - s




, PRRXTRBARINGEES

DHEf A B HHEYIR R E ARSI L EAMERRE &
RBENIN{E R E AN EEE (DH) Mok, DHERRZHAVIRTR
R%, RRINEERRITRAES, BSTEREMER

FzH

EA AR, XM RAT L

-DHiE k. DHIEEtK =S/, BAXE

SEEE, KHIfER, =—MKkA

BN, DHEHFRVIZME LG ERERAR TF B FHhEER 77 B A
B, FEIDHEHMEEIEE &SR, [EF, DHEAFWEIES

T1Q

TLELHYA ST
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4. BAKFRE

=R ENGR D RNBE SEHAN X NEETIRX R,
AKX, FEIRERS. BRI RASE MR T/EEH
TR . —fx, TEDNAKRICIEEIS T THYEHR I LA iZE /2
SRS EREMRRNEEEER ), KT EL%5RAY
7 FHRIC B B B A B9 o7 B A A — AR ER A [2 1001 B AR FAZR
. ARIRITEF, WES Frrc B REDE R ETREE
FE)—NEEAL/NEER (BI150 N EHREERR) , HEERA

A ST IR AN EE X AT, BRI B SR E B E R AL
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5. EHENEHERN ST FEIRIE
(A MEE XTI BEE B [B] R I $0i 55 R BEI T, FR
AR, EFITESNIG Z 5, ST HRSEEEAR
FNEHSTEREBFTERERTEEES, XEEDHRITAIA]
g
EHEMEHT, FERP—PEAMLEHNERE DS
fBl71: 2: 1, MMBC,ADHEF (AP SELAIIA1: 1; EEM
ZHT, FE{RSEEEHIA3: 1, TBC,FDHEE (R 4 SEL I
Ni71: 1, QIEDNAFRICHI T BB RELE/REEH], —f%
KAWL, maTEEREAZ BREDIx<FR, NRAZKEL
QIGAY 5%, BILODIERYA /N RFHETTEZH ZR Bk v+ N M HEHET
EHERFE,




()% 2MEE  AERES FIRCEDEISET, FREEHEY
RENVFEARIC AL, BfE X EARIC B AR B R ERYIE
HEZ NG K% 152 1Lk 1B D122 15 28 55 w23 [ B 3 26 D BE LA TR &
7, PR ZAEALIERY I 2 SE B R E ENTRIHES T
, HITZ RN . ZNEE B RKASALLRIEE. 5Tt
&R gERYE E RSN FF 1 TR R B PAEE dt, ARERITEK
AL IR E KA Rt /R RRIINFF . E—RRBHFLE, 2
LR RN, FEERE B RENZEEHFINF, Fhitd
HREPEE B RIS LB, MMAE i HE N BYEHE .
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ALKEREDHENBWEZURIG T AEM, BidE
ZATEHS B A B S SRR R RS A R .

EANREEZEMRS, AT EBEEIAHERXTREFERF
RXEFFRcEFENEDIHEHEFRE S5, Emik/iE R
BT EEARE SRR TIES S , M uiidiE

HGITIRB SR E EEER, FHRAIALL (AFAEE
likelihood ratio) UG EERIENI =R FE,




@ﬁhi*fi

versity

EIEE B AR PR R AL B) 21 &S (r<0.5) BYHEER
SEEEEED (r=0.5) RBIE, XAMHHEERZ EER]

LA IAEE et E 3k 3R 7 :
Bl L (r) /L(0.5) , HAL () HPLSRERE,
AREER, BRFL (r) /L(0.5) BXLA10~KAIXT &,

FR7ILOD1E (Lod score)ak X #f/LEEL  (logarithum of the
odds) . ATHEMMERZBZEEFEEN, —&K

EERINSAEE ATF1000: 1, EILOD>3;MER EEITE
7£, MIZERASAEL/NF100: 1, BILOD<2.




AEMEYEEEENEES, AL
Lot R R AR EE 2B (B R Al Se 2 S B0 {E o %5
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5. UTANZRETERZAEDNAMRIEER— ) EMEGIE
TERMHIREI 2 BIER
MAEIm > Al X = 2 FARigBIF L& E
Ri%: EEBIRRPWNEEFFEARAND/md
BT AERNIFELR A

DR

FEANZKBRZAPFREBEHRZR (B) mD/mdYELH

HRIANE ZIEER
BHMEN: r = 1/(149)= 0. 1

ORI 2 HMERK/NLZETchi-square test FITENXEPEA

PAN




> Aikr g .
— I T E X R R PMD R T IE R ?
F—F: BEAZIMXBAR
HEHEIREAP AR (F2H)
INEEREHTFLRIEEST,
ANE MR K B b Y [a) R .
fEwx®E B) 1, HIIANELAFMINEEART,
FTIA B HINRIBE R 2 -
(4" /1131) r'"(1—r)3=4r (1—r)3
B REPFREMIBRERTIEFIEEPET

(91)

E2®: MBI HRATEFRPEAFMIFRELET S
HUBEER, ikr=0.5 (A7 E0) , EET
A EIRR B L ERBRREE LD S
(JEELH) . XEHGRIRRAEFEERTE21T
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2. RARRMITH

w  Likelihood ratio=L (r) /L(0.5) (91)
= SR Al 2=28 G i)
Lod=log,,(2)+log,, (1-r)
(B) Likelihood ratio=L (r) /L(0.5)
=4r (1-r)3/4(1/2)* =16r (1-r)3

Lod=log,,(16) +log,,(r)+ 3log,, (1-r)




B EFIEZED K FRZALODE KR /N AfKTE:

MREMSTEEZ B2 FEED, —MREKGALLXT
1000 1, BILOD>3; MEBHREEMFE, MEKSIALL /T
100: 1, BILOD<2. FEHMENEEEREHWES, AL
4L & &FHHE&HH&E AEMNAZEZEESIEAEN ST ESLT
R —FMFI TR E

LOD{E A0, EMEENBRIXS M EDEIZAIE] et
FH); LOD[EAIEE , BFT&ESH; LOOERNRAE, *=xE
—EEHENE . TEMNINER +3F—2 . LOD{E=+3
B, ZERRIBIERN95% . INRANEEEEREXS K L,
MLOD = 2.5, FLELAARE ZEHR.

Il'-“I‘

m

S T S— - s
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6. DNAFRIED BHIERAIES
IEFRICRNIR (R EE
MO BEHRPUE S TIRICHI D B 8IE, KEAEPIEAIDNAZ A

58, sRITEMNSTHNE—Z.
DNAFRICE F B R RN ——H ik B ——H KR FIL (ZDNALR

B BHIERITHFELIERNXHE)

WX BT B A RERV RBFER, HMFHEHNNEFATS. Flan
, FATFARFLPARICAZIEZEE, RIZEIPRAILIE1001F Bk, KIET
90RFLPFRIE, L FHALIE, AIFEI—1H90 (1T) X100 (7)) HY.
H 8 B F LA R AIRFLPEIIERERE . RIS B REIBIEIEE, RIFE SN
FEDNAFRIC EIE I B X T B # T o # FnAb IR .
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Xf LA _ESSREE T RE P #E EEF JoinMap program
version 3. 0RfEiHITIEEF A S Fintt iyt
o TELOD=4. ORY{FR NI TESI BT, KL
LOD=2. OFfE E S BENARICHIINF, LATRESRIEHR
R EINFHES . SNPERIE(E A ZFIRFRICHTEE,
LUIE N [EE R FRIC 25 E AR . SR Kosamb i R %]

F5 ELH(E%E #R Ak 15 [E R (cM)
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1. MpEIRESEEE (cytogenetic map) : EIFEFE D
DNAR BREMEM TR EA EIREE, FttthiiAnde
R EiE(chromosome map). ERBEEHHMHE S EHAY

DNAR B E L EFREREEARXE, H AN EE]
Z BRI EKE . EENENGEHEEZRM R AT HA

, W BEFRERZFFERNDNAREREMEFENREFXT L
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HRIASH SRR Z3Z (Fluoscence in situ
hybridization , FISH) Ak,

T & RALSRAIR B {ADNA Fiber—FISH AR, AILA
¥ ILEIRSTE LRI R ERRIE, BRNTSREMERFIE, FIA

FREHEETRN, —RATHTS ML Sz,
BRFHHPE,
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Figure 4. Fiber-FISH Analysis of Rice Centromeric DNA.
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(2) PR$IERT]EVE

DNAPFR 14 A Eglg ] [El1E 2 — TP EZRIL
AL E i E B Z BRI 1 A Y Be s ) < 4R

No
HEZRPERZE: HF=EDNA; FEDNARLU DT, SiEEEY].
kDS, ZXRICSERAGIE; HEHX REAHEFIFIDNA FEZAIHE
F; BEME, SaoEHxrE, PCRITIES.
WEDNARFIERIEEEIERITZ HE. BEE SR ZMIRSE
RYIEE, BISLRE 7 ZihlEg R ) XA E4E & 5 % s E B e Y1 R 1S 2
HOBR S 1% B K/ R E B Bs Ry BB = R H A E
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(3) BEHENE

—HHH B RSk E RV AT SR ECA 1K | EXHIDNATF 51| 52 [ B R A &
%8 (Contig) o

HEGRTREHRBHIVIEIR/NRERE, ZEHEF, S2IBRHET
FFRIFENDNAR Er e fELHAR I E0%RE . RliESERA I ENEZENH,
 ALERFAITXIEETENZOER T . EHXLEESERFENE, ATE
MiAE mE R ER s E DNABR ST EREEAFRINVNE, —BHEFE5EE
i, MEANERBEFATLUACERERLARS, AMmAEBEFTIKE LR
IX £L 77 B Sk 53 B X 2B Y (EfRT [X 33 .




Bottom-up approach

Haploid human genome

(a) Identify an ordered series of overlappmg genomlc clones

. : 2 Chromosome
(@) Digest chromosomes with restriction enzyme.

Clone fragments into a genomic cosmid library.

(b) Fingerprint each cosmid for the pattern of restriction (b) Analyze each clone for restriction sites and gene locations.

fragment sites.
e . } — Restriction sites (Restriction sites)

R T T 2

(Genes)

l

@—4—*—5—{—3—;-?.5-; y—5—|-a-lesa-bil-5.50—6—]

Clone 1 Clone 2

\

Fragment lengths

& (c) Create maps of overlapping genomic clones.
- 3 e ALLLLL o — LL,,,J 0 e |
s 4 DY — - i
3.5 —_
v 3 —t 1 O % o ol
— 2_5 — R R R G
2 — A BG DB Foyka
1 =,

(c) Feed fingerprint data into computer programmed to look
for overlaps. (d) Combine information into a single continuous physical

map that spans the length of the chromosome.
|

(d) Arrange overlapping cosmid inserts into 24 chromosomal contigs.

Clone 1 Clone 3

45325y {1 35—6—f—4—|—3~1|-3~}—4—|
{—b—{-s-2slolulae 66—
25241436 —6—f—4—}-3-}+}-3-

Contlg

Clone 2

Figure 10.5 Building a whole- chromosome physical map.

Clone 4

|—4—|—5—|=3—|-2.5|-2-|-+|-3.5-|—6—|—4—|—3—|-+|—-3~|—4—]|

Contig
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— . XFDNA B4 [B]

1950 E# DNAZ—1#E4] (heteropolymer)
19534 Woatson and CrickBIDNAZE &k
i IR R (E BRI F S —— B BRI F
19594 Arthur Kornberg DNA polymerase
19775 Sanger(F)-Maxam(G), BE%-1LFBEfEE, DNAFFIM
2000 EHREBMF, F—MHARERAEE

2003F FEME—MNALXEERBFTEE

20054  RIRIFFABHTH — KM RARTF £
20074 Efi “I AR EEBEE —— Watsonll “ XA

YN A oailienlng -- 1S =




DNA FFHEAREIRRE SR F R AR TN A FE

= ZHE

H, Rle#tFEzFAAF. P FEVYFFESRFRELZRIIX

IR Z—,

BT FNFREERARE:
Sanger<F (1977) %BARYXBR & HE R ime% LR
Maxam#l Gilbert (1977) %&BREY{L S PERRE

P& R

 PEFRK, BEIZER

&%

B R—[E

RItiE, BENLER—MSERRELZ L, FEA T,

—

Gl

EEKEEITIRN, MMIRSDONAFTI.

TEHY
on

ARRHCEE M — RIIER, REERREMMPAGER




SET.LE . -
wensn ez First generation DNA sequencing

Sanger FFHYXUAR & R im L LE AT F

IZRARSIN T BEEFIN B . | o
DNAB &EETAER2IADNAER & Al O Ao—
, MRERAT “4Ei1R” DNAKIS| el

IR 3 i E I TRE(R . TR SN A
M T DNAR S HEgRE LA E i E
ZEHBR ARV E. SddNTPHK
BNEIS|YE R 5 4RV 3 AT,
T3E E3FREAVERIN, FERVIE(RRLLE
It F6. Ay TEC. FEANNFR
B, BMRNAFZMANATAEER
ddNTPRREYE R —7Fh, BUAF/~E 4N
FRs B4 F 5B 46 o

+E
bn
M T
E B
Ba
VRS
i3

b
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First generation DNA sequencing

Frederick Sanger's E=Sg C
enzymatic dideoxy “w
DNA sequencing
technique based on the ' :
chain-terminating = [ s
dideoxynucleotide

analogues (Sanger et al.
1977)
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Primer

Template of
nnkpow LLEFIRLal b

four dNTPs,

four dalINTHs

B ABNES
EETMRE, A
AizS AN & uigrticn
I E RO R
- BRI

IR

Ll

Laser beam

Detector
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Maxam-Gilbertl 7 — 1k FEEEE

WERERRAFZNERDNAR L. AFEZES4, FXH
AN EEMONAREL, TEfFHERRIDNAGTT. LFIEH
ERIERE /D, EAMEMEONAG FRILEDTIZRIZH.

BT Z AR HEDNARYS® im, AR ZFREIL AN F A0
AB90° C, fEXEDNAST TR, BT AR KT
i, HP—XIAEZNIRIRR vENRE, H—FEAR
ko AHILAASRHE, TR, 93 RIF R AR RYBE RN T T
P (URIE, BRI CHE) , FET—RINERRE. AL
B Bk 7 S R R

—
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Maxam—Gilbert sequencingl977 LIRSS C+T

Ll

Allan Maxam and Walter oLoCT  “Pactac’Pe PG
. ' . . ““PGCTAC ““PGcTA “-PGC
Gilbert's chemical degr'ada’rlon 32 PGCTACGT PGCTA

DNA sequencing technique in *“PacTACG
which terminally labeled DNA
fragments were chemically

cleaved at specific bases and
separated by gel electrophoresis

Sequencing Gel

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




g’:’ Aik+ 4 5’ *pGpApTpCpGpGpAPCPCPT 3
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(3}253 G+A BN T+C [ i C [ M

\\‘ ¥ Nﬁy
-

A JuE, P [WPQA l) ‘h(

—— *GATCGGACCT
— | — |"GATCGGACE
— | — *"GATCGGAC
= “GATCGGA
S Ep *GATCGG

. *GATCE

i | FEGATS

o *GAT

i *GA

Ay G

Bl 7.0.3 (=ER P HSRNE . Bl R ANk 2 A0 S P2 ) 2 B Bk 7 B R I BRI BE . * R
DNA A B E¥PARICIA B, AGIRLE A B 5' 3. 7007 BB R T S KW ER. HE
B BT . BERAME R B 3 s i BB OB o e b B o e WRIE A S 10 (6] 1) 1 oh L HF MR 1 B
BUCHIBEE . Bitn, DNA 53¢ G AR50 DMS SEATAH BRI RN G, B35 (URE 4 A5 R BB1H G NERR
B FRAE B RCH RREEERE LATE ST 51 b B G ORI A . A 1) R i) P2 ) & » pGpApTpCpGp i * pG-
pAPTPCp, B—Y5HlfE “G” IKERMAEWH . BT » pG, KW R « p, Bl fEC KM, BB
BasE S'RIMBRIE . AT A BRGNS (A 7 B ZIET GHARFEAE "GHA” JkERBAN. 7 NaCl ¥
AR, BFSEERAERFRN, SRE “T+HC” WHEREN: NaCl f17ER, (UE C MR, & “C”

VKB T BLARHT o
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“old” way of genome sequencing

Cloning and clone handling are it '“H““"“

very labor intensive DNA fragmentation

Throughput of capillary P Ap—

sequencing machines is limited OOG OOOOO O OOO

1

Transform I:rm:te-‘la, grow, isolate vector DMNA

ABRT 3730XL

[applied Biosystams/Eangar) Eequente “'IE' “hl'a.l"jl'

up 10 1,100 bases’read
96 readsirun

approx. 1 ME/day and machine

T g, ot ety ull Assemble cnntlnuuus fragments

saimple seqeencing.
- * -~ et

= af



New developments in DNA sequencing

Method of the Year

There are events of the year, persons of the year, images of the year.... We could not resist: why
not a Method of the Year?

Methods are a driving torce of scientific progress. We think
thev should be celebrated as such. 5o the editors set out,a
couple of months ago, to select the most notable method
of 2007—naot a method just off the inventor’s bench but
rather one that came into its own in 2007 and had a wide-
ranging impact. But our discussion was quick: we soon
had a clear winner in next-generation sequencing.

It is actually not one single method but several, devel-
oped in parallel, The first two next-generation sequenc-
ing methods made their official entry on the scene in
2005, with publications by the groups of Jonathan
Rothberg and George Church, and two related plar-
forms becarme available within two vears, A feature on
page 11 recounts the development of these methods
and some of the events in 2007 that contributed to
firmnly establish them in the community.

PUBLISHED DNLINE 19 DECEMBER 2007; D0I:10.1033/NMETH1153 NATURE METHODS | VOL.5 N0.1 | JANUARY 2008 | 1

Methods in Molecular Biclogy 791,117 WS 2007 Florian Riiker IAM / BOEU /122
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1. Roche (454) GS FLX sequencer
2\ Illumina Solexa ( Illumina genome analyzer )

3. Applied Biosystems (Applied Biosystems Genetic
Analyzer) / ABI SOLiD ( SOLiD sequencer )
4\ s —

=HDNANFHARFG

Heliscope.
SMRT (Single Molecule Real-time Technology)
Nanopore Sequencing Platform
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Applied Biosystems

ABI 3730XL Roche /[ 454
1 Mb /da Genome Sequencer FLX
¢ 100 Mb / run

lllumina / Solexa Applied Biosystems
Genetic Analyzer SOLID

P T z«v=y : -
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1. Roche (454) GS FLX sequencer

1998 &£ (Science) M4BT ixMFRERRIE
(Ronaghi et al., 1998)

2005 & {Nature) *TizMFEIH# T &
(Margulies et al.,2005)

454 AT B 2 —FZONAR B S5— 1 IkES, FIF
PCREIAR, BN MIATHIAFSILEADNAREBIFE D, 7R
IRIFEANGGEERE, F170ONABE (A, C. T, 6) E[MiK
E#aAEE, FAERENF. CCORBZEHIER T EER

G e Iz B = 10 5 Mk [E]— B (B8 il B & — e o




Signal image

454 FP AR R BN = B

a. XEHIFE., RIRFIFANFEZIE b EBERNFERRE
ZRARFEREENMLS2NFIEKERK, HElr] LUERZEIT4000
L ERIR E R ol oA




SET.EL A
B RGN F R AR BY JE ER

1987 Nyren F % R —MHET R AIDNANI FF K
FERRER M 377K ( Pyrosequencing)
= FA P Al 4 LAY [E] — I I 1 22 P RO BB 4R BK I K2
WP s B ST

DNA B &5 (DNA polymerase)
ATP TRER1LEE(ATP sulfurylase)
w It El8(luciferase)
M kTR EE (apyrase)
R MY A
5'- 1B 17 B (adenosine 5'-phosphosulfate ,APS)
xIZ(luciferin)
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DNA library preparation



DNA library.swf

Sequencing Workflow

Short hands-on time, quick turn-around to result

emPCR Prep Run

Hands-on Time 4h 2 h 0Qh
Total Time 8h 2h 7 h

Total Hands on Time 6 h
Total Time 17 h

www.roche-applied-science.com 454 g:‘.‘FIENCES 10





emPCR.swf

Seqguencing



sequencing.swf

meeimes D gty Analysis
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Sequencing Workflow
Sequencing by Synthesis

sl Signal image

A G AANIIC GG CATGECTAAMLGTCA —
Annes|

APS

PR,

ATP

Light + oxy luciferin

» Bases (TACQG) are flowed
sequentially and always in the same
order (100 times for a large GS FLX
run) across the PicoTiterPlate™
device during a sequencing run.

* A nucleotide complementary to the
template strand generates a light
signal upon incorporation.

* The light signal is recorded by the
CCD camera.

* The signal strength is proportional
to the number of nucleotides
incorporated.
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2+ lllumina Solexa ( lllumina genome analyzer )

SolexaFZ AN FEFHBAUUFAEZNHUEREZ, FIHE
ML FAR “DNAFR” F1 “FIE M RInLLE" , KB Dh
A ARHI & REEBHE A MEBERNNEEITUF

Llluminax 82007 F 1 Solexa, FHEL Akl
7= th Genome Analyzer (EREH 7 &%), Genome
Analyzer AFI—REFMERAR D FEMFEERATS,
BEREEEAHYE, SBE, SXREE, MRBITHRAFEREM
&, ALEINTERESRERAFMHR CUFEFER) LRI
seEREATE (BEFAKBE, ERThEE, S0/ &EEE
ER) .




QAR SolexalRHEAEIE

1 FEEEDNAITRRJLEMEE (KERE) B/, 7ERETRIAEAKimn
$%3k(adapter)

2. FREFWS - ESRRAEEE—E2554 (Primer) ,DNAR BT
BB SRRANSIPREELIH—IR “‘BE” Tk

3. 51493 B 1S RS DNAR A W ik

4 ZRET MR AR, H—im “BE” kL, HBh—in (5'53") fE
HLFMHER B IN—PSIEA, W “BE” £, Fak “iF “(bridge)

b. XHHRMELTADNARSF EXSE

6. LR B R 55T, LABERISI4D Y 1854, BT H REHEITH BB E

7. WEZ TR RS, BRI, AT SRS R 18R M

8. R 23044 18, ENESTHBR0001EH 1, MABTE “DNAFKEE"

9. “DNA#EE” #EGenome Analyzer ZF& DL L#ITFFI D4

S T S— e =




(’%3%,%*

e L C U e
(DR miEsk. BAYIBGEBFNERDNATTRE, 7EfER Mimin ik
(Q)FRMELEE . Solexa BIMFETFI AHUEST R54E B £ it 35 L5945
)ﬁLLﬁuj\\hﬂilJEBiI%Flow cell A, —/ Flow cellX# 5/ 8%Lane, T
LanefIAZRE L& 'ﬁé%ﬁi@ﬁ’]ﬁ%ﬁ[‘ﬁﬂlﬁlmi@ﬁ&;’:f HFnTE e SkaY B
HEFMIDNA F 1 ;

() BY IEIRIF RS L N NDNAF BT . 7EFlow cell AN R #FR

ICAVANTP MBS IGEFBF R 12, AF AR B EER BN H B3 1 A,

ANEESTF W, BETME, BREEAREE, EeRMHIsEHERA

o BT EEIN, IFSTEFlow cell BIEIHEFRE L3XE LB AKKEDT

B RS 13 BT

(4)MFF. MADNA BEEF#HARIARICHIANTP Fnisk 5|41 TH 18

, EE—DNNFREREAER, BMA—PHRIFFICHIINTPRLEERE

AR N BV, MFUBE BRI ES, FBREIHTENREGEL
EsEtAliFE, NMREFUARENFIIE

_ - \




(3) P 194

(1) 8 3R {3) Denaturation and complete amplification
(1) Library construction
— \_/

e -‘:

A / =
— — ; — §: (4) v i 2L 2 {rp 3 1y
e (4) Single base extension and sequencing
M M
e — —
(2)f%l 5 B

(2) Surface attachment and bridge amplification

# 3 Illumina genome analyzer (Solexa)¥| /=i #¢(Mardis, 2008)

VE: (13 FF SCPE I HI . #5 3E T8 40 DNA BEELET IS 76 Y% DNA 75 % hn 4838300 ()45 B 4. 8 3L 00 DNA )iy 5 i
H-lN S5 |1 BEULES 5, S INRERCAY ANTP Ml Tag BEEE1T BAEHF X PCR 97184, G)FRY 0. il ik L #0410
FAAE 8 Y-l 2 T IR 1 8 0 R R R DNA T (4) Y8R IE AR AT 35 4 FrERC ) ANTP. 5149 F DNA % 4 Al
@ N E Pl P BLS sh e A4 8 P 0 B Gl O B RO, MRS PTG 9 Y, it ) g 4 3k

()5 YA A0 SRRy MU ) 3 1 D8 (http//www.illumina.com/pagesnrm.ilmn?ID=70)



Solexa M F R M RIE




CEL A% A
wen vnwversity. 3o A 68 58 N SR
| BREEASNEE, SMNBETAMET MR, 1
AT U S ANKE SR & TE— A
2. —RSEIA TSR 02 NIREL /s B

3. AIHEHAISENE 8 5
AAAAAAAAAAAAAAAAA, TTTTTTTTTTTTT

4. LR, EBU A ARENRARKELIET

5. TEEE, BaitEmblE, HE, BRARK

6. HEARERAMERS, T EHARB AT IR R S5
M (1 ug DNABD AT LA T 7R i X ]+ ’z Bz )

7. B LA T35MEEE S BY AR i X el e = Rz

R 2
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Solexaf¥ RTEN AR EWN R

1 RSAFIRE, TA, B, SEY, EYETTHR
2. BREE, KM, REEH

3. REMSMERRYMERARS, TASKRS, TE

BT S R EARARIR

4 AN BEL IR HF
5. Al At B2 Dl TR K
6. RBEGRFARNKAEREFRITI
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3. ABI SOLiD ( SOLIiD sequencer )

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

LAt FT— N F LA [E]

Ligation / Detection) sequencer5:

Bz, EN=FHDNA REEEESRIIZTIZEUFSI, ™
=+ I DNAZE =B £ = 1212 HUF 1.
SOLID MFRIEARRIZN :
(1) MF3ZEE: 7EDNA 5 fum il E—33523kP1. P2,
(2) ¥LiEPCR
() EEAN
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First round second round

Hybrdization
and ligation

E
. ¢ color
24012 78 01011

EHeauage

hybridization
ligation

x
GG CT*
_2_1' o1z a(dfEe 7 8 (hg 3




(1) 89y S FE Y B A S ek AL
(1) Library construction I'he fifth base

/——\_’/
/\_/

l —
—_ == = RPN
PPN e A sk it
S T ~ T~ I'he fourth base
f_ -\—-
e e N———— ’m’:‘]‘.;lmhx‘,.f.\ :Lq
l Universal primer {luorescent dye
(7) ilb *y
(2) Surface attachment

x

NNSEENNE ol
SNSEENNN o
\ s 3 4 4% M f
(3) 4% Ligzl\t.‘ u‘mmn!! -
(3) Ligation l # ENNEANEN
v SEENNENNEN NENEENNN
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ABI| SOLID Overview
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2nd Base
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Figure 2. 50LIi0 Color Space Code — Four dyes encode for sixtesn potential two base combingtions
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Sequencing Platform Comparison

454FLX(Roche) Solexa(lllumina) AB SOLID
36bp (50) or
Read length 250bp (400) 2x36bp 25bp (30)
Number of reads/run 420K ~40M 40M
Data output ~100Mb ~1Gb ~2Gb
Reagent cost per run ~$8,000 ~$3,200 ~$6,000
Reagent cost per 1Gb ~$80,000 ~$3,200 ~$3,000
Error 0.5% 0.2% 0.1%
Run time to 1Gb 10 days 2-3 days 7-10 days
454-like
Easy of use Most difficult Least difficult difficulty
Base calling Flow Space Nucleotide Space  Color Space
Applications
Whole transcriptome shotgun Yes Yes Yes
Whole genome shotgun Yes Yes Yes
Paired-read Yes Yes No
Small RNA No Yes No
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( Complete genome resequencing)

AENMEEFEAZ SHRRTHEEEN

i RTNFE

( Reduced representation sequencing)

KRS St

EHENFE (Targeted genomic resequencing)

BE % SR ET N

FiGE X MEFE (Paired end sequencing)

B BRI ST RED

HEEFEENE (Metagenomic sequencing)

et B AL EEF

HRHEMEFE (Metagenomic sequencing)

EEEARERZFEHTEY):; #FRIR, 8%
SNPsEY {4 4 ff 22 25 44

ARNARIFE (Small RNA sequencing)

microRNAFZ AL

B 1 T S EhFR I DNATI PR
( Sequencing of bisulfite-treated DNA)

E FALHDNA famEnE A E (L &= 500 E

REREBEMEFE (ChIP-Seq)

+ERAEEQRSDNAREEAEIE
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( Nuclease fragmentation and sequencing)
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S F%%8 (Molecular barcoding)

% MRG0 % BN




wuhan university

U, SE=XMFZAR

1. Helicos Biosciences
Heliscope
2. Pacific Biosciences
(Single Molecule Real-time Technology)

SMRT

3. Oxford Nanopore Technologies
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© jhfvu"i{-vefm#l HeliScopeill 71X

HeliScopelllF X 2B QuakeZIA % i+ 41, tLE—MERCH
MEFEE. HRANFSREENMFERERFEITY E, EERT—MS
R E R REIRN N B3 B DNAERHEITE BENF

B, BEREEDNAYIZIRFENR MR EDNASTF, HFEABIA
R imfn _Epoly-AE . AREIpoly-ARFIE EESH LRIpoly-TZ3Z
, BEENEREERISR L, SIBNESE. REENREETRCHR
B REZEERIZAZE L. RERNES, VIRKiRicEH, #iT
T—8NMFRNM, NtRE, RRREEENFIER. REBFIEHHR
B, ZEHERXMERELE ARG 25bpak EKHNNFKE
HeliScopellF (X E BRI TR




. Cy5-dATP, XI#EfES, VIRREARRIC
. Cy5-dGTP, ®&EES, YIBRIRKFRL
. Cy5-dCTP, x5S, YIFRELHRIC
. Cy5-dTTP, x5S, VIBRREEFRIC

4 HeliScopeMIF{Y: BT FAEY
= : BB, Poly-ARBIRMEIDNAX
R R, B ESEEESE LM
Poly-TE 4 #3345 AR S E R B,
HIRES . 48R _EARIBH Cy3UR
eSS EHAIE . DNABRATHS
BB AR RAXEERIB N BIE 4 L,
| ° RETHIESHKEBFIIES, YIRTEL
Lo 26, 25 FkEE, TRNE.

Pushkarev D, Neff N F, Quake S R, 2009
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(a) 454 A3 fE FH 7%
£ RS + IRERLTIES
. dATP a S, &4, BRE =B W ENERAG itk 1 |
. dGTP, &%), RRHE = 65Ee iSRS G 5% ATP + 5=
. dCTP, K%y, BRE =5Es U ASaaEG 5% l i
. dTTP, JEY, BRE =I%E: DUSBREG %%
ol LR s skE + Bx

5-CTCCTCN

.CAJ,\ SolexalllFr (X LA xUPCR

[

. RIEEF1-dATP-(FREFHEMA )+ R ERF2-dGTP-(FRFFEH )+
RFAEF3-dCTP-(FAFFHEMH )+ RAEF4-dTTP-(FEEFIEH)

« PO IEIE IS AR R

« AER VIR R IC E ] R AR L 1 ]

GAACATACGA ‘c frﬂl K]

(¢c) SOLIDIMFFAX

. EEFE EFERIShbpIRET
. REES. VIR, EES5KX
¢ é%ﬁm‘*%ﬁ—%mﬁ:

) thScope{)”J)?ﬂ'X, %V Ay B EEEN)T

LV W]

W D e

. Cy5-dATP, RIS, VIR FEHIFIE
. Cy5-dGTP, R&MES. VIR KIFIE
. Cy5-dCTP, RE(SES, YIBIEAIFD
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£10 F—HKDNATFES

— KA ERAFAZRERS MFEREA @ SE0HE | BREXR E£1° HiE®

Fivgm | O MR | i (BT Mb| (ETT/E) | BEX | RTAR MFRE

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

Solexa #HxPCR ?Egg.? ][ TR IFR A5 ~2 430,000 = Bz 36bp
FEIERG (WA E SRS

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

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

HeliScope | 849 FH0 | 2458 (ERSEK) ~1 1,350,000 2 TREZET 30bp

e DNAH R 40 5k i fds e E 45 19 0] 25 28 0 P O v B0 A 4 Rl 3 5 B o 40 AR TR I ) {5k 2538 3L . Roche Applied
Science. lllumina/zApplied Biosystems 2y i) H {7 8 75 A7 #E 5 (0 7= 6t 2 ef o) H i iy 2% A7 502 (0 A ) e i) 2% A

Il —EH . WA R R R .
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Pacific Biosciences
5. Single Molecule Real-time Technology: SMRT

B 43 TS DNAJ 5

- Flusberg B A, Webster D R, Lee J H, et al., 2010

-


SMRT.swf

CETLE 4 6. Oxford Nanopore Technologies
— NANOPORE SEQUENCING PLATFORM

HzL@RER—E LS8 —XMERANHRNERI S FRET— 1Ml L,
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ZTBE, FTLURHEX MR )N B9 B 38 SR 2 1B DNA L fR R RY 2L 8

PARFLE D FUFRARN—AMB 2N EmWERRERARRRERE; BAESTTE
EXREEREITIE, BAREERNAFHRMNARG (MHEELHTRMCCDESRER
%%) , BEEENRNAGFIAITUF. EFATEREEQNE— M HEERFFHEMERR,
E Mg XHMEIRE R ERITNF, X—m,XTRUBREZMREFRSHNE; Ra
M ERXRANKENFZE, TEEITEENF, AMTEER—NmEaNFER
B
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Inside each array

B) Strand

A) Exonuclease =
sequencing
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a ¥
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system /DNAE B

2 A R I
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/DNAZE & il
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= R : ¥
BE=RN Hells.cope/HeI IONATE A 30-35 bp
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Sequencing

EE/fl:t j’?/)n“#/
LU i

FRET FRET/DNA %
Sequencing =y

The lon
Torrent
Sequencing

2 S 4K/DNA

5401

56 Kb

400-600 Mb

20.5-25Gb

10-15Gb

21-28 Gb




@ Aik+ 4

FT—RMF R AN HEES

(1) ZEE4Hde novo MF HEEFBMLMFF (de novo sequencing) =
ERBSEZERBAMBERAT, R EITEEENFLER, WM
EH XM EFEBRFHIEE, ETZEENE,

(2) EFEENF ZEENMF (Re-sequencing) =Xt EfEEHFFIAY
AT EMENEEENF, FELEM EXMESEHRRITESR
4

(3) BERANF EERELAMEF (Reduced-representation
sequencing) FARIEFIREMERFERZE, RITHFIEALXER, Hik
FRMERKERE, NASBENFEARSEEREFIIFRTTREKE

M eREEEENMNFSE. BRIEHERENFRERAETES:
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OF A PRSI MEAL R KB HIDNAFRENEF (restriction-site
associated DNA tags, RAD-seq) FARFHITHEICER BN, BidiHE
A B E%EE A YIERIR AL RIDNARE B (RADFRZ) #H1TiR(E
LRI, NMEFRERENFHERE, REEFLHRT LEANERZ
HEZ %M (SNPs) #5iE. RAD-seq HARFERN FIEEN A HIp0E F FY
-RECHKENE . R, BAEEFERESTARSEBERT ZHN

FRTR

QUIESB=EMNFAEAMAISLAF-seq (specific-locus amplified
fragment sequencing/ specific length amplified fragment
sequencing )RR, ABIRHITE BRI« E R BT E RIS A & F o2,
= BRrEAINNRE DB AR —. FIFHSLAF-seqxf M sk & B+ {ADNA
RMEITRRCT R, AIMESEREIREEIE. #HITEETES T, A
mSEI IR AR IS iR . EEEMABHF.




(4) #ZRANF FRAZEGTEHMER —NRERS TEEER LK
HIFFBRNAR S . HFREMREEETIRERGMMEAIEAL. EFREN
FFARZIEMRNA. smallRNAFIIEZRES RNASE H Sid £ FRAREEA]
RFFIRLE SR, 2EREMRE— DT ERSBE R ALAERXR RS TH
JLVFIBHRE, REREENRRIEKFE.
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(1) FHFER: NERFEBFFIFHITERERS ., SthS5ERFBXF
5, XEHEEEAEEAETEREAM.
Q) EEN=ES S E: RE\EOMNEREAEEE, AILAXEREHITEM
DB
(3) BRI ThEERVTIN : A EE A EE L gE B X B F Thae gt Tiuml, ML
EREBEA—DRBANAETEREINGE. EEIIEENTUNRATIBE TR
LT3 KA SC L6 TE A AR R T
(4) FI R EEAEEHEAITIERERAFHR: BIEREALRIEERTA]
MUB TR G AR N B EREMR LI REE, ATIXTE
FhEY B E A S R B E A A IEHI T T .
6) ZFEN: FBERAEE, FAIEEREMNERE. RE. | EFH
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1987 Nyren F % & —##HTELEIDNAN FHK:
RSB F AR ( Pyrosequencing)
7= U AP ER L RV [B] — Fz R 8 2 R RO BB 2 BA S
HEgsT Al ;. DNA RR&Eg (DNA polymerase)
ATP FREZ{LER(ATP sulfurylase)
w It ZEE(luciferase)
TR B (apyrase)

—

—

J

R MR A
B'- 5t iR (adenosine 5'-phosphosulfate ,APS)

Af:%(luafer'm)

- N NN A B3 &5 NN T
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S 51RRDNA B A5, LR UH#HEsRIthEMER T, 88—
PTANTP IR E5—IRREESIRBUSIKER LUKt ES
HYAZ NSRRI RARIRDNAR X HELF 51 .

E12: FHFF RN S 4532 BPCRY IERVIRR £, 74

[EIMADNA R&EHEs. ATP MREILES . ¢ REEFIXURAERES &2
H 7 N JE4D:5' - ik mﬂﬁz(APS) v RIEE éﬂ)ﬂz—/\&f&t"’%—
iFE

'EI’ZJ/ aF—NFR MNP, 2 EEMIFFINTP, 20iZdNTP
'ﬁ FMIRIRAC KT, R S BT AT LLELIZANTP A2 5475+
HRE R S B IR B R s B &L [ ( PPi)

Polymerase ]
- [DHA]“+1:|HTP[|]NH:I“+1+PPI 7
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E34: EATPERS{LEERY
{ERT, E7Hppi AT LAFN
APSZE ST ARATP; EXK
NERERELT, £
ATPX B] LAFIR I B LS
RSN RNER, ER=
HR[IE, @IECCDAE
ARG RIA RIS — 45707
oM, (A RY SR A
FHICEC DA E SR IE LE .

Sulfurylase ATP GiER{LES
ﬂ lgit

APS+PPiI ATP

luciferin oxyluciferin

\ A
Luciferase X Yt R B
¥

ATP Light tirne

nucleotide incorporation gene ates light
seen as a peak in the pyrogram
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ApyrasefY{ER T & EPEHE

ANTP—DPYF3%E . NOF + dNMP + phosphate

A
ATP ity ADF + AMP + phosphate

5% MAB—FINTP, [FE2— BN K FiE

.

EIR ISV ER T A EUEREIDNAF -

nucleotide sequence
H - A el 5 -

nucleotide added

F4E: RNMNAZRPFFHANTPIIZER D EATPE

ST, IR
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ACGTGGGCCTATAGCTACTCGGACACCTAQGEATATCGCCCG\ h
§ \

\

\(;TATAGCGGGC y
)
ATP ATP  PPi
¥ o
glkR  KER

B3 FRENER N FF S R R
B asRmiiiag, SIMUREeRT, DNARSHBLUREMHKELRT. SHEA—ITHRE (NMEPEER
G) B, MR MuER (PP , ARWMELILE (sulfurylase, EPERETKEIT) HILHATP. RERAE
B (EPARFIAR) MAUEATPES TREARRENTURAR, RO HMFAENE.




