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R. Dickerson, “Chemical Evolution and the Origin of Life,” in

Scientific American, p. 70
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Global transposon mutagenesm of Mycoplasma genitalium
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Many M. genitalium enzymes, transporters & lipoproteins are non-essential
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Successful cloning of bacterial
genomes in yeast

Cloned the genomes of Mycoplasma
genitalium (0.6 Mb), Mycoplasma
pneumoniae (0.8 Mb), and Mycoplasma
mycoides subspecies mycoides, large
colony (1.1 Mb) as yeast circular
centromeric plasmids

Genomes appear to be stably maintained

J. Craig Venter
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Approaches to determining the
essential genes to operate a cell
® Comparative genomics

= Experimental - gene knockouts
— genome reduction

* Synthetic — construct a minimal genome
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Scientists Create Synthetic Life Form
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Scientists Create First 'Synthetic' Cells

8y MICHAEL SMITH
MeadPage Today Staff Writer

In a development that seems likely to stir a firestorm of controversy, researchers said Thursday that they
have used genes made In the lab to create a synthetic species of bacteria.

CBCINEeWS |Technology & Science

Home World Canada Paolitics Businsss Health Arts & Entertainment Tech

Crwirks & Quarks Blog  Spark  Photo G
Smentlsts create fll‘St synthetlc cell

maron Costhosk, CEC Mews  Fosbed: May 20, 3010 A E Lasi Updaied ay 20, 20 01 P



BBIC
NEWS SCIENCE & ENVIRONMENT

Home US & Canada Latin America UK Africa Asia Europe Mid-East Business Health ERISUSAUIGT

9

5
i
=
O
®

20 May 2010 Last updated at 18:51

‘Artificial life’ breakthrough announced by
scientists

Q&A | Ethics | Profile

By Victoria Gill
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Immaculate creation: birth of the first synthetic cell
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Man-Made Genetic Instructions Yield
Living Cells for the First Time

SCientists create the first microbe to ve under the instruction of DNA synthesized in the lak

May 20, 2010 | By David Biello
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University of Pennsylvania bioethicist Arthur Caplan described the

achievement of Venter's team as "one of the most important scientific
achievements in the history of mankind." He told 7he Financial Times:
'Venter's achievement would seem to extinguish the argument that life

requires a special force or power to exist.'
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Dr Craig Venter's lecture at the Molecular Frontiers Symposium at the
Royal Swedish Academy of Sciences in Stockholm, Sweden, May
2011. The topic of the symposium was 'Origin of Life and Molecular

Evolution'.

i g S Annabal (anssl gisall Liadls

J. Craig Venter’

I N 5 T 1 T U TE




obk;anJJ&SgﬂidnAb

First Self-Replicating Synthetic Bacterial Cell 20-May-2(010 PRESS

RELEASE

SUsS Y) clia o blara L o A Gl A AL dld e e adallyg
L Lady clabaaal) oda ) Labus < ) Aogen clabiaad daglia caliva A8l

Qe i) g W) cliag Culsudy) clia Ao Jasdl

Olsiadl sag & Jl
First Self-Replicating Synthetic Bacterial Cell

AR LA alial JS aa 138 ogliad o1 Glgiall ga S JB LaS daiaa 418 gl Ll Adgha

P paadia pE gag Al o Glsind) 1A gavs (e O Aalaw IS cuad) g 33y e (Sl
lgriay al agh Byall i o 13ag s Wgleay JalSll A3 Jgaiia agdl M aglal) o3
IS Y adlgtand) Yo AAL) jfan Wy rapdbghiad) pliall ¥ AUAY cligfe (a s gl
e il gall & LAY ehal B lass 3 a5k siedl B A Byl pLY)

A dxia Lo fgald (gl ) ABR (GM)) Landal) (ha Jgfila A () (59 lgdad b L Adasnd) Aag
S 8 A IS i) yeast jhb Jals b Lanydi ks shial (e agrang Ji (¥

lgjsgéa_'\m.a‘g\Q\Lﬁdoﬂjdaué&'\m@\o\éd‘bm:\:diw#(m;



A3 (of) L Lda B A0 5ya ogriagy i) (ha 053aly . Jaral) B il b 4y L
L i A ogriag (Sl das ulgatd dline 4y gl ga B ogridas ol agd (BLal) B 5jainas
) Ay ) Dsas LA cilagisag S JE ol (U FLuiiad) Asdy Sa¥) 13 L Judlls L

kb B Anand & 4l o) (sl ¢ GLA ¢Slg Lad A A a

Las 0

o B

Digitizing gS 558 Aan Lo g8 Jlaal) 128 2 cdlal) A slalel) 43 a8 L
|sncash 150 aladials 5 suaasll 3l 8) dpdiy La ) Al o &) 3 68) Jagad f biology

Ol g il sadl g Gabad¥) ah g ) O gl (B (Al 20 5B a Y Bl AT 5 ganasily dad
Oalill g



CONVERTING THE ANALOG GENETIC CODE
INTO DIGITAL CODE

GENETIC CODE
TG TTCG CTT CCGT GG

T COMPUTERBINARY CODE

Saepei 01000001 01010100 01000111
s G 01000001 01000001 01010100
el 01010100 01000011 01000111

Guanine  Cytosine 01000001 01000011 01010100
01010100 01000001 01000011

01000011 01000111 01010100

Sugar phosphate 01000001 01000111 01000111

backbone

J. Craig Venter
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First DNA Virus Genome Sequencing

Nucleotide sequence of bacteriophage X174 DNA

F. Sanger, G. M. Air’, B. G. Barrell, N. L. Brown'!, A. R. Coulson, J. C. Fiddes,
C. A. Hutchison IlI*, P. M. Slocombe$ & M. Smithf

A DNA sequence for the genome of bacteriophage X174 of
approximately 5,375 nucleotides has been determined using the rapid
and simple 'plus and minus' method. The sequence identifies many of
the features responsible for the production of the proteins of the nine
known genes of the organism, including initiation and termination
sites for the proteins and RNAs. Two pairs of genes are coded by the
same region of DNA using different reading frames.

Nature 265, 687 - 695 (24 February 1977)

J. Craig Venter
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GOS dataset is expanding the protein

universe
0 GOS genes
B NCBI genes
8
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o
O 6
o s
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1 NCBI
NCBI
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2004 2007

J. Craig Venter

Million genes

[JGOS genes, based on assembly

B GOS genes, based on read

251

15

10

2004 2007 2008

Extrapolation based on amount of
GOS sequence data currently
available but not yet released to
public domain
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Thirty Years of Progress...

1,000,000

Mycoplasma genitalium ——* ¢,
JCVI1.0
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Size / _PKSgene
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Selected synthesized sequences

|« ¢X174 (5.4 kb)

i-

Poliovirus (7.5 kb)

m -

bat SARS-like coronavirus (29.7 kb)

] “—Polyketide synthase gene cluster (31.7 kb)

M. genitalium (583 kb)

M. mycoides (1.08 mb)

J. Craig Venter
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ENZYMATIC SYNTHESIS OF DNA, XXIV.

SYNTHESIS OF INFECTIOUS PHAGE ¢X174
DNA*

BY MEHRAN GOULIAN, ARTHUR KORNBERG, AND ROBERT L. SINSHEIMER
DEPARTMENT OF BIOCHEMISTRY, STANFORD UNIVERSITY SCHOOL OF MEDICINE, PALO ALTO,
AND DIVISION OF BIOLOGY, CALIFORNIA INSTITUTE OF TECHNOLOGY, PASADENA

PNAS, VOL. 58, 1967
Summary.-

A partially synthetic, closed replicative form (RF) of 4X174 DNA, consisting of phage
DNAas the (+) circle and a bromouracil-containing complement synthesized by DNA
polymerase as the (-) circle, was used as the source of synthetic (-) circles. The latter
were separated from template strands by limited DNase action on the RF followed by
denaturation and density-gradient equilibrium sedimentation. The isolated (-) circles were
infectious and had the buoyant density, sedimentation velocity, and radiation sensitivity
expected for DNA containing bromouracil. These (-) circles served as templates for a
second round of replication which produced a fully synthetic RF with the specific infectivity
of natural RF. Infective synthetic (+) circles, corresponding to the original phage DNA,
were isolated from the synthetic RF after DNase treatment, as inthe previous isolation of
synthetic (-) circles. These results imply a relatively error-free synthesis of the gX174
genome by DNA polymerase.

J. Craig Venter
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