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Single DNA molecule from SMgTARBACS37 preparation, isolated
from yeast and observed over a period of ~0.6 seconds

10 microns

Fluorescence microscopy -- SYBR Gold stain

The M. genitalium genome (580 kb) has a contour length of
200 microns as B-form DNA

Mycoplasma cells have dimensions ~1 micron ), Craig Venter’
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Transplantation of MLC whole chromosome
into M. cap cells

wit M. capricolum M. mycoides

RECIPIENT CELLS gDNA DONOR

J. Craig Venter
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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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Elements for yeast propagation
and genome transplantation
BssH Il

*
*

Oligonucleotide
Synthesizer

Oligonucleotides 4
..... :
................... g

R ? 1,080 bp cassettes (1,078)
29a (Assemble109X)

10,080 bp assemblies (109)
(Assemble 11X)

100,000 bp assemblies (11)
(Assemble 1X)

F 1,077,947 bp
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METHYLATION of the incoming genomic
DNA is CRITICAL for the success of the
transplantation

Six purified specific methylases and SAM are
required for successful genome transplantation

If the recipient cell does not contain any restriction
enzymes then methylation is not needed

Results indicate that the restriction enzymes in the
transplanted genome either do not degrade the
genome or methylases are expressed first, offering

protection.

J. Craig Venter
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Science

Creating Bacterial Strains from
Genomes That Have Been Cloned and
Engineered in Yeast

Carole Lartigue,’ San}ay Vashee,'t Mikkel A. Algire,* Ray-Yuan Chuang,’

Gwynedd A. Benders,

Li Ma,* Viadimir N. Noskov,* Evgeniya A. Denisova,* Daniel G. Gibson,*

Nacyra Assad-Garcia,' Nina Alperovich,’ David W. Thomas,** Chuck Merryman,’
Clyde A. Hutchison 111, Hamilton 0. Smith,? ). Craig Venter,"* John I. Glass®

We recently reported the chemical synthesis, assembly, and cloning of a bacterial genome in yeast,
To produce a synthetic cell, the genome must be transferred from yeast to a receptive cytoplasm.
Here we describe methods to accomplish this, We cloned a Mycoplasma mycoides genome as a
yeast centromeric plasmid and then transplanted it into Mycoplasma capricolum to produce a
viable M. mycoides cell. While in yeast, the genome was altered by using yeast genetic systems and
then transplanted to produce a new strain of M. mycoides. These methods allow the construction of
strains that could not be produced with genetic tools available for this bacterium.

¢ have described the transplantation of

\ N ’ the genome of Mycoplasma mycoldes
subspecies capri (1-3) from its native

cellular environment into & related specics, M-
coplasma capricolum subspecies capricolum (4),
We have also described the complete chemical
synthesis of the S80-kb Mycoplasma genitalivm
genome (5, 6), Initial stages of the synthesis were
camied out by in vitro assembly reactions, and

cloned in Escherichia coli. We overcame diffi-
culties in cloning larger segments of DNA in
E coli by using homologous recombination in
the yeast Sacoharomyces cerevisiae to assemble
the subgenomic synthetic DNA segments into &
complete M. genfialium genome, To complete
our construction of & living microbe, we must
isolate our synthetic genome from yeast and
transfer it into a cellular environment that will

Published online 20 August, 2009

M. mycoldes was transformed (7) with a vece-
tor containing a sclectable tetracycline-resistance
marker and a B-galactosidase gene for scroening.
The vector also contained a yeast auxotrophic
marker, a yeast centromere, and a yeast auton-
omously replicating sequence, for selection and
propagation in yeast as a yeast centromeric plas-
mid (YCp). Direet genomic sequencing (8) of
one clone (YCpMmycl, 1) showed that the entire
vector integrated into the genome. This clone
grew robustly and transplanted efficiently into
M. capricolum (9), so it was chosen for cloning
into yeast. The genome of this clone will be called
YCpMmyel, | throughout this paper, regardless
of the cellular source. YCpMmycl.1 can refer to:
(i) the original M. smycoldes strain (the “native™
M. mycoides YCpMmyel .1 genome), (if) the same
genome cloned in yeast, (i) the genome trans-
planted from M. nncoides or from yeast, or (iv) this
genome as free DNA from any of these sources.

YCpMmycl. | genomes were isolated from
M. mycoides (9) and transformed into yeast sphe-
roplasts (/0) of strains VLO-48N (/7) and W303a,
Clones were analyzed for completeness and size
by multiplex polymerase chain reaction (PCR)
and elamped homogenous electric fields (CHEF)
gel electrophoresis. To test whether deletions
oceur dunng routine propagation in yeast, we
screened 40 individual colonies derived from a
single intact clone of YCpMmycel.1 in W303a,
All appeared to contain complete genomes (fig.
S1), which indicates that this bacterial genome
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Hypothesis: What if a donor genome encoded
restriction enzyme degrades the recipient cell
genome

Sr{\\;\\\
N\ gh\ :}\.

J. Craig Venter

DT JO  JO  Ts

an Juiuly Ao el cpa sag ¥ AS) 3G e da Y ol

) 4 ) Gl S i) 4yl ) s o) Ol A0 Wi ducuily S s LS



Hypothesis: What if a donor genome encoded
restriction enzyme degrades the recipient cell
genome

J. Craig Venter
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Watermarks
=1, 321 wencoded oharacters, 1246 base pairs

J. CRAIG VENTER INSTITUTE 2009
ABCDEFGHIJKLMNOPQRSTUVWXYZ
012345678940 () ~+\=/:<;>5&) (¥]"[¥!".

IC GENOMICS, INC
TYPE HYML> HTML> <HEAD>
K BY EMAI <A HREF

/ HEAD »<BOY

3" FHERE

Yl HREF="NTTP: / /W8N JCVI. ORG
/< /RODY» </ T

Watemark-2 326 unancoded characters, 1081 base palre
MIKKEL ALGIRE, MICHAEL MONTAGUE, SANJAY VASHEE, CAROLE LARTICUE, CHUCK MERRYMAM, NINA ALPEROVICH, NACYRA ASZAD-GARCIA, GWYN BENDERS, PAY-YUAM
CHUANG, EVCENIA DENISOVA, DANIEL CIBSON, JOHMN GLASS, ZMI-QING QI

*TO LIVE, TO ERR, TO FALL, TO TRIUMPH, TO RECREATE LIFE OUT OF LIFE." - JAMES JOYCE

mmwummmmum?;ﬂ N ! A A mﬁmnmmmmmxmm&mm 71
wmwmmm A AAITS 2 AT A % [LTITAGTTUATAN TTIAGTRCCTUT AN ACATATA CCTUAT &
\-!TAA\J\\ TOWIALASRATATRCINCT. RAACALIAG TRIAT AU TATAC TATAN

SAATAD ‘Ju),wxz.-ma L5 NAATA

mark-3 3385 unencoded characters, 1109 base palrs
CLYDE HUTCHIGON, ADRIANA JIGA, RADHA KRISHNAKUMAR, JAN MOY, MONZIA MOODIE, MARVIN FRAZIER, HOLLY BADEN-TILSON, JASON MITCHELL, DANA BUSAM,
JUSTIN JOHNSON, LAKSHMI DEVI VISWANATHAN, JESSICA HOSTETLER, ROBERT FRIEDMAN, VLADIMIR NOSKOV, JAYSHREE ZAVERI

"SEE THINGS NOT AS THEY ARE, BUT AS THEY MIGHT BE,"

T TTAMIATCATOCTRAT TTTIAC i Y TGALY.
CTMA LIS SIATIVT CTANG 5 CACITAN: AMCCA

TTAG AMIL A LACAR LTN

Wmmmmxumm v
MAJAT DIANATATATAKTATANY

4 : 7 ,
LT TAL Tt T NG S NG ATSALNGT o LA AT & A
ATATO0UT QCTRCAC) TTT@ITE ATMITTT A AT ST IW wﬁlﬂw TACT IVTANT ACTOOAA TAOD:
ACTOATAMIANA IAN NS N

ACTRCTANY
MAATATARETATATIATIATA

Watamari-4 338 unencoded characters, 1222 base paire
CYNTHIA NIDREWS-PFANNKOCK, QUANG PHAN, LI MA, HAMILTON SMITH, ADI RAMON, CHRISTIAN TAGWERKER, J CRAIC VERTER, KULA WILTURNER, LEI YOUNC, EHIRU
YOOSEPH, PRABHA IYER, TIN STOCKWELL, DIANA RADUNE, BRIDGET SZCIYPINSKI, SCOTY DURKIN, NADIA FEDOROVA, JAVIER QUINONES, HANNA TEKLEAS

“WHAT I CANNOT BUILD, I CANNOT UNDERSTAND,'" - RICHARD FEYNMAN

A.\nm,».u\. hm' S
RLAMACTMCTUATACATS

TN, LA AL AT

J. Craig Venter

I LS L s A

3gn Jaxi JalSlls A8 (N1g 4 O gl AgS) Ignia agid Aaieca A3 gl Lgie |slgh agh
Jadh dalie 41 L) ploald Aol 43 |siua agd ogria ag¥ agdl g ind 4l o)) (sal)
LS A oglaaly cifgha §ae o all jhill agl daaly 4l 43) g} chial |saia agsl
s IS (b AldiSag Jadlls das

Ay JB aisly daiae LA sl & O il 13 e il dia ) diie) guSs
Aaiae L3 Ll g gl o (ad) agld 130 Culad Alscida

.%y&w:&&ug)b&ﬂg&ﬂ&\ Croliad) ) Ldje 13



Al b 4dlh La )

e Ayl Bada Cflae b i () oty Ale agan) Jpaa als dpgaay ) Giny g
(89 1ab (6 Brata Laglon Aaluly sl Qb it 13 o) Cigalia AT a8)) ajég 48U
(ba:ai dad ()94

Blall Jual Ao ot ol & 4uadl) o8

¥y danbal) A e ($95 daupd Vg Aandall A daly Clign Y el ol & Auadll ola
Aaglall & A8 ligSa (e (g Yy Osp3 Yy il gl

dahall B L0 andlly o (S plual ol Al odag

Blaad) Ay ) Jseailly 030 Qi panlal oig Laa £l Sl Y A Wiy Ay duadll olgd
Gl i) g8 s d il ) Ay (FA G

O Lhie o daglall b il ¥ cilisally 4 0) @) ) 35 dadll) dyadl oda Addad) oY
Jia &y guanl) dgal) 7 Y oS ) QS ARsh Jlgaa ¢ s hlE o (o) Anal)

L Y gl b 1 15al8 ags) )R S cullh Lyl Yy (8908 daupdh Yy il

Aagal) b dadhll agiiad o o) Aadall B Sla Gigan AulKa) ase a3 L) )iy dagdal



Jaral) (b 5 g i () O geasSad JUB LS Anall B lld igan lSa) ptnd bl

dagdall A pasag Aulaia) Adladiad aShs Bafaa Akl

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

Scientific American, p. 70
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The sequence of the DNA, however, is almost identical to the native

M. mycoides genome. So the genetic information is indeed borrowed



from an already existing species, and the genome transplantation

process also requires a recipient cell that is very much pre—existing.
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