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A minimal cell would be the hydrogen atom of 
biology

Minimal bacterial cell JCVI-syn3.0



Assemble cassettes 
by homologous 
recombination

Assemble overlapping synthetic 
oligonucleotides (~60 mers)

Completely assembled 
synthetic genome
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Strategy for whole genome synthesis 
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Booting up a synthetic genome using whole 
genome transplantation

tetR



Our naïve starting model for transplantation of tetR 
donor genomes into recipient cells
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Cell growth and division leads to daughter cells 
with different genomes



Transplanted genome has a tetracycline resistance gene. 
Only cells with that marker grow in the presence of tetracycline.

tetracycline



We are still at the dawn of making 
living “synthetic cells”

Genome synthesis is solved: we can synthesize any 
bacterial genome needed as a yeast artificial chromosome
 Genome synthesis may become fast and cheap

Booting up the genomes is much harder
 Whole genome transplantation only works for mycoplasmas  

We still do not know much about how cells function

One cellular chassis for all synthetic cell needs and 
universal interchangeable parts are unlikely
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Bio Processing Unit
Fully Integrated Chipset,

Full Data Traceability
& Observability

DNA Synthesis
Hundreds of Millions of Oligonucleotide 
Variants

Kilobase to Megabase 
DNA Assembly
Millions of Kilobase to Thousands of Megabase 
Variants

Cell & Cell-free Packaging
Multiplexed DNA Payload Packaging into 
Expression Systems

Functional Testing
Optical Screening of Fluorescence Assays

AI-Assisted Design
Data Collected from Every Variant Tested

Avery Digital is scaling biological experimentation
on nanofluidic chips
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In 2010 the scientific community called JCVI-
syn1.0 a “synthetic cell”



Today, it is not a synthetic cell, but rather a cell 
with a synthetic genone
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Building a living synthetic cell from
 non-living parts

Lipid

TXTL + 
Transporter

plasmid

Mycoplasma  
culture

cytoplasmic  
extract TXTL

system 

nozzle for extrusion
of mycoplasma-like
TXTL extract filled 

vesicles

0.5-2.0 µm
vesicles

multi-
transporter
plasmid 



Genome 
Transplantation 

to install 
genome

Building a living synthetic cell from
 non-living parts



Synthetic cells as intracellular bacterial 
endosymbionts of eukaryotes
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Mitochondria & Chloroplasts evolved 
from intracellular bacteria 
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JCVI cells with synthetic genomes are 
being engineered to function as 

intracellular symbiotes PIO
N

EER
IN

G
 G

EN
O

M
IC

S TO
 PO

SITIVELY IM
PAC

T LIFE

21

Mycoplasma 
cells are not 
pathogenic & 
might be 
engineered to 
solve metabolic 
problems



Engineering better artificial chromosomes, Science, 03/21/24
Efficient formation of single-copy human artificial chromosomes, Science, 03/21/24

Human Artificial Chromosomes (HACs)
or plant, mouse, elephant, etc. 



Multi-million bp HACs may let us…
 Anti-cancer therapies better than current CAR-T approaches
 Gene therapy using whole genes (introns & exons) to reduce 

gene silencing characteristic of some approaches
 Build cells with designer antibody repertoires to protect against 

multiple infectious diseases
 Modify human cells for therapeutic purposes that need multiple 

new genes expressed
 Transgenic animals with large sets of human genes for 

replacement organs
 Plant artificial chromosomes



HAC technology prior to Penn-JCVI single 
copy HAC

Human
Chr 21

21HAC
5 Mb

truncated in
DT40 cells

Load genes via 
recombination 
in CHO cells

Microcells 
carrying 

chromosome(s)

Kouprina et al 2003 NAR

Logsdon et al. 2019 Cell

1990s

Circularized
200 bp 

centromeric
alphoid

monomer

50 kb of 
repeats 

in a BAC
built in E. 

coli

Alphoid HAC
circular

~200 kb in 
E. coli

2019

30-40 copies of HAC per cell



Assemble cassettes 
by homologous 
recombination

Assemble overlapping synthetic 
oligonucleotides (~60 mers)

Completely assembled 
synthetic genome

Approach Used to Build a HAC

Cassettes (2-7 kb)

PEG mediated 
yeast 

mammalian cell 
fusion

Genome 
Synthesis

Yeast Clone 
of HACs

~3kb Yeast 
vector 

sequence



Polyclonal cell 
population

Construction & delivery of Penn-JCVI
single copy HAC

Efficient formation of single-copy human artificial chromosomes, Science, 3/21/24,





A chemical structure model of a naturally occurring amino
acid, L-tryptophan (left), is shown with it mirror image (right ).
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It Takes a Village to Create a Cell
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