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as seen online!



macroscopic 
to 

microscopic

tardigrade

diybio is naturalism



- graft a hybrid cranberry-apple tree
or

- add resveratrol production to yeast 
(healthier beer!)

diybio is engineering

Ben Harris-Roxis / Flickr

trans-resveratro
l



• hardware
• informatics
• art

diybio is more

Alba, the fluorescent bunny (Eduardo Kac, 2000) 

working on the SmartLab table, Dec 08



Hacking is
good.

...and now some projects:

but the word has a bad 
reputation.



5-min dna extraction in 
a shot glass
just add:
saliva + soap + salt + 
160 proof rum



bioweathermaps

flashmob + science = 
distributing tracking of bacterial 
populations across cities



self-genotyping
Is Kay a carrier of hemochromotosis on 

her 6th chromosome?

My
lab...
also
my
closet

1. Allele-specific PCR at home
2. Mail sample for sequencing



Pocket PCR

A pocket-sized convective PCR thermocycler;  Agrawal, Hassan & Ugaz

Microre
actors

DOI:
10.100

2/anie
.20070

0306

A Pocke
t-Size

d Conve
ctive PCR Therm

ocycle
r**

Nitin Agrawa
l, Yass

in A. Hassan,
and Victor

M. Ugaz*

The ability
to make techn

ologie
s for rapid

diagn
osis of

infect
ious diseas

e broad
ly availa

ble in a portab
le, low

-cost

format wo
uld mark a revolu

tionar
y step forwa

rd in globa
l

public
health

.[1,
2] A critica

l chall
enge to these

effort
s is th

at a

large
segment of

the popul
ation

that is
most in

need
of the

se

advan
ces re

sides i
n locati

ons th
at offe

r limited or non
existe

nt

labora
tory infras

tructu
re.

[3,4] At the
same time, many diag-

nostic
assays

rely on the polym
erase

chain
reacti

on (PCR
),

which
requir

es the
rmocycli

ng instru
ments t

hat ar
e relativ

ely

slow and consu
me consid

erable
electr

ical p
ower

to perfor
m

repea
ted heatin

g and
coolin

g step
s.[5

] Herein,
we int

roduc
e an

innov
ative

therm
ocycli

ng system
that h

arness
es nat

ural c
on-

vectio
n pheno

mena to
amplify D

NA rapidl
y by t

he PC
R in a

greatl
y simplified

format. A
key element of

this d
esign

is an

archit
ecture

that a
llows

the entire
therm

ocycli
ng proce

ss to

be actuat
ed pseud

o-isot
hermally by simply maintai

ning
a

single
heate

r at a
consta

nt tem
peratu

re, the
reby enabl

ing a

pocke
t-sized

batter
y-pow

ered device
to be constr

ucted
at a

cost of about
US$10.

These
device

s are straig
htforw

ard to

design
and build,

easy to opera
te, an

d uniqu
ely addre

ss a

critica
l need

for expan
ded availa

bility
of PCR-based

diag-

nostic
s.

The PCR
contin

ues to be an indisp
ensab

le tool in a

divers
e array

of genom
ic analys

is applic
ations

includ
ing

medical
diagn

ostics,
patho

gen and infect
ious diseas

e detec-

tion, f
orensi

cs, po
pulati

on-sca
le pol

ymorphis
m, and mutatio

n

studie
s.[6

,7] The develo
pment of

capab
ilities

to amplify long

target
s (> 1 kb)

and to coamplify
multiple

target
s simulta-

neous
ly (multiple

x PCR
) has f

urther
exten

ded the in
heren

tly

robus
t capac

ity of the PCR
for efficie

nt DNA replic
ation.

Despite
these

advan
ces, th

e timescale
s requ

ired to perfor
m a

typica
l reac

tion gener
ally remain on the order

of ho
urs—a

rate much slowe
r than

would
be expec

ted on the basis
of

kineti
cs alone.

This is becau
se conve

ntiona
l ther

mocycli
ng

instru
ments ty

pically
employ a

hot-pl
ate de

sign co
nsistin

g of a

metal b
lock whose

high heat capac
ity, co

mbined
with the

relativ
ely low therm

al con
ductiv

ity of the plastic
tubes

or

multiwe
ll plat

es use
d to conta

in the reage
nts, se

verely
limits

achiev
able

heatin
g and coolin

g rates.
Conse

quent
ly, the

majority
of tim

e and electr
ical po

wer co
nsumed is exp

ended

regula
ting the temperatu

re of the instru
ment!s

struct
ural

componen
ts rath

er tha
n drivin

g the reacti
on.

Buoya
ncy-dr

iven natura
l conv

ection
pheno

mena offer a
n

attrac
tive way to overc

ome these
limitation

s. By
apply

ing a

static
temperatu

re gradie
nt acr

oss an
appro

priate
ly design

ed

reacto
r geom

etry (e.g.,
a cylind

rical c
avity

or clo
sed loop),

a

contin
uous c

ircula
tory flow can be initiat

ed that w
ill rep

eat-

edly
transp

ort PCR
reage

nts throug
h temperatu

re zones

associ
ated with each stage

of the
reacti

on.
[8–11] This

arrang
e-

ment is highly
advan

tageo
us becau

se the need
for active

heatin
g and coolin

g is eliminated
, whic

h greatl
y simplifies

instru
ment design

. Furth
ermore,

rapid
therm

ocycli
ng is

achiev
able since

reage
nts qu

ickly
attain

local
therm

al equ
i-

librium
as the

y travel
throug

h the temperatu
re field.

Despite

this promise, th
e develo

pment of
conve

ctive
therm

ocycli
ng

techn
ology

has no
t yet a

dvanc
ed bey

ond th
e proo

f-of-co
ncept

level,
with

result
s obtain

ed over
a very

limited range
of

template
and target

sizes (
witho

ut multiple
x capab

ility)
and

employin
g instru

ment design
s that

are cumbersom
e for

routin
e use.

[12–15
] Herein,

we show
that these

shortc
omings

can be add
ressed

throug
h the de

sign of sim
plified

closed
-loop

conve
ctive

therm
ocycle

rs capab
le of rapidl

y amplifyin
g a

wide
range

of tar
gets in both

single
and multiple

x formats.

First,
we illustr

ate the basic
conce

pt in
a therm

ocycli
ng

device
constr

ucted
by positi

oning
two therm

oelect
ric he

aters

along
the perim

eter of a fluoro
polym

er tubing
loop

that

follow
s a triang

ular path
(Figur

e 1a
and the Suppo

rting

Inform
ation)

. PCR
reage

nts ar
e pipett

ed direct
ly into 9-cm-

long
tubing

segments and then
the free ends

are joined

togeth
er by

a small sle
eve of larg

er dia
meter ty

gon tubing
to

yield
a loop that is

affixe
d aroun

d the heate
r asse

mbly. T
he

heate
rs are

indep
enden

tly adjust
ed to maintai

n denat
uratio

n

(95 8C
) and exten

sion (72 8C
) temperatu

res across
the two

inclin
ed legs,

while
the horizo

ntal leg passiv
ely attain

s

annea
ling condi

tions
(ca. 58

8C). I
n this way, t

hermocycli
ng

is passiv
ely actuat

ed by the unidir
ection

al con
vectiv

e flow

gener
ated in respon

se to the imposed
therm

al gra
dient

(the

heate
r tem

peratu
res ar

e held consta
nt dur

ing the reacti
on).

The fluoro
polym

er tub
ing used to constr

uct th
e flow loops

is

stable
at hig

h temperatu
res (u

p to 205 8C
) and

is che
mically

inert,
which

eliminates
the need

for surfac
e pretre

atment

proce
sses that are often

requir
ed to minimize nonsp

ecific
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Akonni DNA isolation “TruTips”

Jim Head, Nitin Agrawal and others are bringing 
the convective PCR thermocycler to market



Gel Box 2.0
for sorting dna by size

the best commercial boxes cost > $1200.
build an open source alternative for ~$100

Image: Norman Wang   -  http://bit.ly/GelBox2-transilluminator_image 

http://bit.ly/GelBox2-transilluminator_image
http://bit.ly/GelBox2-transilluminator_image




SmartLab
Multitouch LabBench

an augmented reality platform for
recording + doing benchwork







working on the SmartLab table, Dec 08



GloGurt & Melaminometer
lactobacillus “hello world” + 

biosensing melamine



diy-iGEM
Willoughby & Baltic wetlab (02144)

we have lab!
working with better model organisms 

for diy work (ADP1)



Acinetobacter Baylyi 
ADP1

• gram-negative

• genome sequenced

• naturally competent!

Acineto
bacter s

p. ADP1
: an ideal m

odel or
ganism

for gen
etic analysi

s and genome enginee
ring

David Metzgar
1, Jamie M. Bache

r1, Valé
rie Pezo

1,2, John Reader
1, Volker

Döring
2,

Paul Sc
himmel

1, Philipp
e Marlière

2 and Valérie
de Crécy-L

agard
1,*

1The Scripps
Researc

h Institute
, BCC-3

79, 105
50 N. Torre

y Pines Road, L
a Jolla, C

A 92037,
USA and

2Evologi
c SA, 2 rue Gaston Crémieux, 91

000 Evry, Fr
ance

Receive
d July 1, 2004

; Revise
d August

30, 200
4; Acce

pted Septem
ber 21,

2004

ABSTR
ACT

Acineto
bacter

sp. stra
in ADP1 is a natural

ly trans-

formable gram-negativ
e bacteriu

m with simple cul-

ture require
ments, a

prototro
phic metabolis

m and a

compact ge
nome of 3.7 Mb which has recently

been

sequen
ced. Wild-type

ADP1
can be genetic

ally

manipula
ted by the direct a

ddition
of linea

r DNA con-

structs
to log-pha

se culture
s. This

makes it an ideal

organis
m for the

automation of com
plex strain con-

structio
n. Here

, we demonstrat
e the flexibili

ty and

versatil
ity of ADP

1 as a genetic
model th

rough the

constru
ction of a broad variety

of mutants.
These

include
marked and unmarked insertio

ns and dele-

tions, complementary
replace

ments, chromosomal

express
ion tags and complex combination

s thereof
.

In the process
of these constru

ctions,
we demon-

strate th
atADP1

caneffectiv
ely expr

ess aw
ide vari

ety

of forei
gn genes includin

g antibiot
ic resistan

ce cas-

settes,
essenti

al metabolic
genes,

negativ
ely select-

able catabol
ic genes and even intact o

perons
from

highly diverge
nt bacte

ria. All
of the describ

ed muta-

tions were achieve
d by the same process

of splic
ing

PCR, d
irect tra

nsform
ation of grow

ing culture
s and

plating
on selectiv

e media. T
he simplicity

of these

tools make genetic
analysi

s and enginee
ring with

Acineto
bacter

ADP1 access
ible to laborat

ories with

minimal microbial
genetic

s expertis
e and very little

equipm
ent. Th

ey are also compatible
with complete

automation of genetic
analysi

s and enginee
ring

protoco
ls.

INTRODUCTIO
N

Manipulat
ive gene

tics is a
primary method in

both des
criptive

and construc
tive molecular

biologic
al inves

tigations
. Whole-

gene function
is often identifie

d through
phenoty

pic ana-

lysis of
gene de

letions a
nd complementary replacem

ents. Th
e

replacem
ent of w

ild-type
genes w

ith alternate
alleles i

s also

used in v
ivo to ide

ntify the
function

of specifi
c feature

s of gene
s

and proteins
. Biochem

ical analysis
of naturally

expresse
d

protein
requires

the addi
tion of seque

nces cod
ing for bind

ing

tags to chromosomal genes.
The develop

ment of new

biochem
ical pat

hways for biomedical a
nd biotechn

ological

industrie
s requires

highly reiterati
ve genetic

manipulat
ion,

includin
g insertion

and deletion
of many genes in the same

strain, a
nd often

alteratio
n of thos

e genes
in the pr

ocess. T
hese

uses of
manipulat

ive gene
tics are

essentia
l to the curr

ent pro-

gress of
biologic

al resear
ch, and

often determine the c
ost and

efficienc
y of the experim

ental pr
ocess.

Many fields of biology
have either chosen

or happene
d

upon primary model org
anisms for wh

ich there are straight-

forward
, user-frie

ndly methods
for genetic

manipulat
ion.

Caenorh
abditis

elegans
and Drosoph

ila are relativel
y

challeng
ing, but

the complexity
of anim

al devel
opment and

metabolis
m makes increase

d difficult
ies in these organism

s

inevitab
le. The

Agrobac
terium/A

rabidops
is system

provides

a reason
ably simple way

to test gen
etic hypothe

ses in plants.

Saccharo
myces ce

revisiae
offers th

e same to mycologis
ts, and

serves as the model organism
for all eukaryo

tes. Among

bacteria
, the primary gram-positive

model Bac
illus subtilus

offers a relativel
y easy target for genetic

manipulat
ion.

Howeve
r, the primary gram-negativ

e model organism
, the

archetyp
al model organism

for all genetics
, Escheric

hia

coli, is r
elatively

resistant
to genetic

manipulat
ion.

E.coli ha
s been the primary genetic

model sin
ce the first

function
al descript

ion of a mapped genetic
locus, the lac

operon (
1). Since

then, res
earchers

have stru
ggled to

overcom
e

the genetic
obstacle

s presen
ted by this model, ob

stacles c
re-

ated by two specific
traits of

this bac
terium. Due to

a lack of

natural
competence,

E.coli must be manipulat
ed to allow

transfor
mation. Th

e second
obstacle

is a lack
of natur

al recom
-

bination
capabili

ties. Thi
s must be ov

ercome by the
addition

of

recombination
function

s from other or
ganisms and the simul-

taneous
deletion

or inhib
ition of

native n
uclease

activitie
s that

prevent
recombination

through
direct destruct

ion of the

introduc
ed DNA

construc
t (2,3). T

he manipulat
ions nee

ded to

achieve
recombination

are deleterio
us and have consider

able

epistatic
effects,

necessit
ating their rev

ersal aft
er the desired

genetic
changes

have bee
n achiev

ed (4). A
ll of thes

e steps t
ake

consider
able time and are subject

to unpredic
table failure in

the hand
s of less

-experie
nced research

ers. Eve
n transduc

tion,

the simplest method for trans
fer of al

leles fro
m one strain of

E.coli to
another,

requires
the maintenan

ce of phag
e stocks,

*To whom correspo
ndence

should
be addresse

d at Depa
rtment of Microbiol

ogy and Cell Sc
ience, U

niversity
of Florida,

P.O. Bo
x 110700,

Gainesv
ille,

FL 32611-0
700, US

A. Tel:
+1 352 392 9416; F

ax: +1 352 392 5922; E
mail: vcre

cy@ufl.edu

Nucleic
Acids Re

search, V
ol. 32 No. 19 ª Oxford Universi

ty Press 20
04; all r

ights res
erved

5780–57
90 Nucleic

Acids Re
search, 2

004, Vol
. 32, No

. 19

doi:10.1
093/nar/

gkh881
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iGEM

Team Registration ends March 
31 ($500)

Jamboree is Oct 31

•Resveratrol Beer
•Bacterial Photography
•oderant synthesis (banana!)
•arsenic & lead biosensors
•H. pylori vaccine



Regulatory

• Prohibition is not the answer

• terrorists can get PhDs (or go to flightschool)

• “5th column” of experts is good

• community currently values openness & transparency

• besides cambridge, unsure about laws

• regulatory bodies exist in other hobbies:

• model rocketry, ham radio, ultralight flying, scuba 

diving



Safety

diybio creed:

Safe as an undergrad lab
or better:

safe enough to eat

"Thou shalt not design, nor build, nor isolate, nor 

modify, nor grow, nor release any self replicating 

organism, with the intent of causing harm?" 

Dear DIY bio people, 
Do you think people might be receptive to some measure 
of absolute prohibition, along the lines of: 

-Roger Brent

“
”



Distributed “open-source 
science” biofuel project

100 diy-GEM teams

future
5 year goals



three points

Scope: bigger than biohacking

making the world better: 

gel box, melaminometer

SB as platform for garage biotech 
(1 year 100k prod development cycle instead of 10 year 100m)

diybio as seed



join us at 
diybio.org


