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ABI373(RX57) 1990 400 24 12 1h
ABI377(R57) 1995 500 96 8 145
ABI3700(F+ES1)) 1998 600 96 3 46 A
ABI3730(F+ES1)) 2003 850 96 2 985
MegaBACE1000(F+vE>'))1998 550 96 1.5 8475
MegaBACE4000 (F+E>')) 2001 550 384 2 253A
MegaBACE4500(F+E>'))2004 850 384 3 26175
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At oy = S 7 Sk s s % \
= &ﬂi (iﬁg’ﬁﬂl) ﬁ**ﬁni*‘l’?&* ﬁ*n)b%:uimgﬂ ( 1 % ﬁ@t"/f/-bs)
PacBiot 20107 ~ 1,500 - " 10001E /B £ 2%
HeliScope 2008 20 ~ 45 90,0075 /fF " 10 {&/H # 3H
ABI SOLID 2007 25~ 35 30,005 /£ E& ~ 20 {&/10H # 15H
Solexa 2007 25~ 50 10,005 /8% " 10 {&/5H # 15H
454FLX 2006 ~ 250 4075/ H "14&/H %7 30H
BEiE DeNOVA 2006 ~1,000 4,608/ H 7 0.05 {&/H %7 600H
ABI3730xl 2002 ~ 800 2304/ H 7 0.02 {&/H %3 1,500H

# Korlach J et al

 PNAS 105, 1176-1181 (2008)

E:# DeNOVA

454FLX

*Solexald 1 BEIMDEER(IZ5H
*SOLIDIE1[EMDXEERIZ10H
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he complete genome of an individual by massively
arallel DNA sequencing Nature 2008

TCGTTACGGCATCEAGCTGUTHCAGRGCT TOGTACGTGUTGACTGCECATAT TATATTAGCTGAT
AGCTGTTGTGERATTTAGTATAEGCCCTCAT TACAGCATCAAGCTECTACAGAGCT TCGTACATEC
TTAGCTEATCETEATTTCTGAATGCTAGCTGTTETRAATTTACTATEGECCCTCGTTACGECATC
COTACTTCGTACETEC TEACTGCGCATATTATATTAGCTRATCETGATTTOTGAATEC TAGCTET
COCTCGTTACGHGCATCHAGCTGC TGCAGAGCTTUGTACGTECTEACTGCGUATAT TATATTAGET
BCTAGCTETTETEAATTTAGTATGERCCCTCATTACBACATCGAGCTACTACAGAGCTTCATACE

[ ]
, ATLTTAGCTGATCGTGATT TCTGARTGCTAGCTGTTETGAATTTAGTATECECCCTCCTTRCGEC
T T T AT TR TR GCATATTATA T TAGC TEATCETGAT TTCTGRAATGCTAGCTGTTGTE
COTTACGECATCGAGC TGO TECAGAGCTTCETACETACTGACTEUGCATATTATAT TAGCTEATC

GCTETTETEARATTTAGTATGEECCCTCETTACGECATCTEAT CCTCATTTTATGAATTTACTATC
CeLECTECTECAGAGCTTCEGTACETGCTEGACTECGCATATTATAT TACCTGATCETGATTTC TG

TTTAGTATGEHCCCTCGTTACGECATCGAGCTECTHCAGRGL 1! CTGCTEACTGCGCATA
GATTTCTGAATGCTAGC T "TETGAATTTAGTATGGGCCOT. "TTCTGARTGCTAGCT
BECCCTCATTACGECAT CCATCT3CTOCAGAGCTTCATAL COGCATATTATATTRAG
ATGCTAGCTGTTOTE™ TCoooCCTEaTTACSS TECAGRGCTTCGTA
TTATATTAGUTGATCC R CAT FUOCTOGTTACGE

AGCTTCGTACQTCCTC T CTAGCTGTTG

i CTCGTTACGACET TATTRTATTAGCTGA

< : : TAGCTGTTGTER: CAGCTTCGTACETE

h § ATTAGCTGATCGTGR ‘CTCGTTACGGCAT

‘/ TCGTACGTGCTGAT TAGCTGTTGTGAR

i TTACOGCATCERGL I ATTAGCTGATCAT

i TETTATGAATTTAC! 'TCGTACGTECTEA

== A 2 20 GOTG2 TOGTGATTTOT ATTTTHOTRAGCOTG

- 0075 TTAGTATGG@CCCTCATT: CCTGAATCGTGATTT

%E% aC "\, gﬂs?lfﬁﬂ TGAATTTAGTATEEGCCCT L CITCGTACGTGCTGACTGCR

; TCGTCATTTCTGARTGCTACCTE T TETC, CLCTCGTTACGGCATCCAGCTGCT

Qe A s SRBE S, P ; CTGACTS FCATATTATATTAGCTGATCGTGAL T =7 A ATGCTAGCTGTTGTGAAT T TAGTATG

R alhs = ST 2 = 3 7% e~ 3 COAGCTACTECAGRGCTTCATACGTACTEACTACG 2 TR PTATATTAGUTAATCATAATTTCTEA
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<30 E&H Y EVATOTHEINSDD | H XK DEFAZ CTECTGCAGAGCTTCGTACOTRCTACTGCECATAT T A TAT TACC ATTTCTEAATAC
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XE Do 0mer= 4 2 LAERER ‘B "CORERMA Y i S8 E GTERATTTAGTATEUGCCCTOC CATCRAGET GO TECAGAGCTTCGTACGTECTGACTED

HE CHIBEMNLE DR rPcen=Tih 2B28mES EYH ATCGTGATTTCTGAATGCTAG GTEARTTTAG CCTCHTTACGGCATCGAGCTGE

X UOFZIC@Aia MESKEZBO e 5 s 3 S = + GCTGACTGCGCATATTATATTAGCTGATCGTGATTTC TOAATGCTAGCTGTTGTGART TTAGTAT

~ (i rHE2 ORI HEEe TCGAGCTACTGCACGAGCTT CETACGTACTGACTECACATATTATATTAGCTGATCGTGATTTCTE

e i ATTTAGTATEEECCOTORTTACGECE TCRAGCTECTECARARCTTCATACGTGCTGACTGCOECAT,

g’:)l, g % iE g = 7‘5:‘ ’5 g g g g % 5 £ g Té %3‘ iz g %B; % B — % g = 5.5 2% ] % TGATTTCTGAATGCTAGCTCTTGTGAATTTAGL. “CCICGTTACGECATCGAGCTGCTGEA

BEABB L T hBK RS e 37 A B & B2 R ACTGCGCATATTATATTAGCTGATCOTGATTTCTGAATGCTAGCTGTTGTAAATT TAGTATGGGC

CBED Y APRED D b2 U0y o CRVBBEZE X BFOLEER N AATGCTAGCTCTTCTGAATTTAGTATGEGCCCTC™T ¢ ¥ ALCGAGCTECT ICAGAGCTTCAT.

% N ;’( b % ey @D @ EAVSAEEE pEFE 2 5T s g 1 Ze ATTATATTAGCTGATCOTGATTTCTEALTGOTAGL, ' _JGARTTTAGTATC GCCCTCGTTAC

BiA-M 26 % % 735 % Nl kﬂ cDDFREEBEITROA °F F5 RFF GAGCTTCETACGTEOTGAC TEOGCATATTATATTAGC TEATCATCATTTOTG!  TECTAGCTATT

DED> L =B fz'}? =Re DI B CEE DE2D DHOE~ COTCETTACGGECATCAAGC TACTECAC AOC TTCATACGTACTEACTOCGCAT! [ATATTAGCTG
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= 5oE mmecha-k B Y02REca i EEL2EB GTTACGGOATCGAGCTGCTGS: AGOTTCRTACUTSC<CACIGCGCATA  ATTAGOTGATCH
20FMD TCEFTIFRBE TH» = 2 T C GCATCGAGET Lo

i % R DS HE D \Z 78 LD CTETTETEAATTTRETATEEE! ITTCETTACGRCATCGAGCTECTACR *TCETACEGTECTA

WHATH ZOHBERES WIIBHEFERLINWTEHE BNEd 2 AGCTGATCGTEATTTOTGAATC  AGCTGTTGTGAATTTAGTATGET GTTACGGCATCGA

TACGTGCTGACTGCGCATATTA  TAGCTGATCGTGATTTCTGA” JCTGTTGTGAATTT.

COGCATCOAGCTACTACAGAGY.  'TACGTACTGACTACACAT' TAGCTGATCOTGAT

TETGAATTTACTATGGGCCCTC "ECATCCAGCTEOT, CGTACGATCOTGATT

GTGAATTTAGTATGGGCCOTCS! NTCGAGLT JETACGTGCTGACTGE

ATCGTGATTTCTGAATGCTAGY LGhaL TPT "TACGGCATCGAGCTGC

GCTGACTGCGCATATTATATTA ATCGTGRT T FTGTGARTTTAGTAT

TCGAGCTECTGCAGRGCTTCGY agAGCTTONL ATATTATATTAGCTE

CTAGCTGTTGTGAATTTAGTAL  CCCTCGTTACG GCAGAGCTTCGTACGT

TATTAGCTGATCGTGATTTACG AT~ GCTGCTGL GTGCTGACTGCGCATA
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3,813,205 tumour SNVs (Mag15)

MNABREEBIEFDERR

/ 2,647,695 well supported SNVs (decision tree)

g

2,584,418 present ¥
in skin (SNPs) 63,277 tumour-specific SNVs ~,

¥
31,632 new SNVs
20440in

non-genic regions

10,735 intronic ‘f"’lf \
¥
\

31,645 in dbSMNP/
Watson/Nenter

¥
11,192 SNVs in genic ragions

216 in UTR
241 SNVs in coding sequence

60 synonymous

Y
181 SNVs predicted to alter gene function 7 unable to
(non-synonymous and splice junctions) — be validated

/ l \ﬁaﬁhﬂiﬁﬂl failures)

14 validated 8 validated as somatic 152 validated
as germline SNVs (acquired mutations) as wild type
SNVs (SNPs) (felse positives)

Figure 2 | Filters used to identify somatic point mutations in the tumour
genome.
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Timeline of sequence-based metagenome projects since 2003

Hugenholtz P and Tyson GW: Nature 455, 481-483 (2008)

Bras del Port saltern

Acid mine Mediterranean
drainage biofilm .
= \ :umarzjg; Phosphorus-removing T Nine biomes
microbiome i
Sargasso Sea Whale fall bioreactors
Eel river Minnesota Saudan Mine Gutlessworm  Soils AjerTero
sediments TRt =01 RO AT S Negro
Marine viral Drinking (anaerobic Termite gut hypersaline
community water methane Mouse gut microbiome mat
oxidizers) microbiome

Aug 03 Mar 04 Apr 05 Nov 05 Jun 06 Jan 08

Marine RMNA
Pleistocene cave et Neanderthal

Human faeces bear fossils |- microbiome Coral Coral reef
viral community et holobiont
Hawaii Ocean wiamma } —‘
Time Series fossil
Oceanic Global Ocean Human gut
viriomes Sampling microbiome (Japan)

3730 dye-terminator shotgun sequencing (black)
Fosmid library sequencing (pink)
454 Pyrosequencing (green)



What kinds of projects are being conducted?

> 130 large and small metagenomic projects are going on around the world,

Including:
Soil, Air, Ocean, Deep sea, Whale falls, Volcanic, Extreme environments,

Hot springs, Human gut, Oral caV|ty, Termite gut Bovme Water beatr,
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_ Venter aims for maximum
J. Craig Venter impact with minimal genome

| \ 5 T | | LJ T E Erika l_'.:he::lt, 'l'il_aﬁhir!glnn

Not for the first ime, geneticist Craig Ven-
ter’s latest wheeze has set US biology abuzz,
This time he has reignited the debate over
Shr nthetic Bio |.E|.g'_lyr open publication of research results by
declaring that he may not release all of the
details of his new project.
Group Leader: Hamilton O. Smith, M.D. b Bt g e sl

antasial momaens fes

Biological Energy Synthetlc
Group Leader: Hamilton Q. Smith, M.D.

Nature (2002) 420:350 G €no m I CS

L LRI LEde gy v

u'-.:.d o I'I'L-i'lLL bm]nglul we mﬂ-nh iln:'pcncl
ing on what is happening in this field, we may
not disclose all these details,” he says.

The planned work will build on an earlier
project in bacterial genomics that hestarted at

Hyd rogen prOdUCtion from Water, h:rdi?ilriljcsﬂff_'mig‘r’a:-nlcr’aipétd-ai/m
hat he is planning to create a new form of life.
Ethanol and Butanol from cellulose

Synthesis of new genomes and bacteria carrying the
best gene sets for specific targets.



Research Article

Complete Chemical Svnthesis. Assembly, and Cloning of a Mycoplasma genitalitim

enome

Damel G. (mbson, Gwynedd A Benders, Cynthia Andrews-Pfannkoch Evgeniya A Demisova, Holly
Baden-Tillson Jayshree Zavenn Timothy B. Stockwell Annshka Brownley, David W. Thomas Miklkel A
Algire. Chunck Merryman [ ei Young, Viadimr N. Noskov, Jobn I Glass, J. Craig Venter, Clyde A

Hutchison [T Hamulton O, Smmth*

A, Assambly of casseties 66
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B. PCR amplification of pCC1BAC wector using primers
with Mot | sites flanking the BamH | cloning site

; Frnimer 649

First 40 nuclectides 20bp BALC
of cassathe 65 SEQUENCE

— - pCC1BALC
Primer 66 Mot (8.2kb)
FPrimsar 68 Mol
- Fusid 'I' kol
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C. Simultaneous assembly with PCR-amplified BAC
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A54FLXTi 2009 2010 2012
Av. read length 450 bases 1,000 bases 350 bases emPCR7GE D RTALED
Read# 1.2 M 2 M 300 M B &1t (2010)
Total bases /
run 0sch 2 Gb 100 Gb De novo sequencing,
Run time 10 hrs 20 hrs ? finishing (2010—)
Total bases 1 Gb 2 Gb 9
/day (24 hr)
Cost / run $6,000 $1,000 $2,000
. 2009 2009Fk 2010 20117
SOLID SOLiD3 SOLiD3Plus SOLiD4 :
The 3" generation
Av. read length 50 bases 75 bases 100 bases .
Reads - ABI+VisiGen
€a 1 M 1,400 M . i i
Total bases / = 090 A - Pacific Biosciences
fun 20 Gb 80 Gb 120 Gb - Oxford Nanopore Tech.
Run time 10 days 7 .
Total bases 5 =
Iday (24 hr) 2 O - -
Cost / run $23,000 . ?
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