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GenoCAD Introduction Agenda

Introduction and Credits
Register and Log In

Step 1: Parts

= Parts

s Grammar

= |Import the Training Set

Step 2: Design
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Summary
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m Computer-assisted design software for synthetic biology
= Visit GenoCAD.org
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Getting started ; :
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GenoCAD Source Code

gl .. ~-BVE-

m Peccoud team
m NSF support
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Design Grammars and Build Pans Libuas i struct
‘Simalation Results

m Parts and grammars, public or custom collections
= Design constructs
m Simulate processes

A
SConceptuaI Framework for GenoCAD

Grammar rules are made of Parts of Speech

Sentence

Subject Verb Rules make the framework, words make the sentence

Noun

Noun Prepositional
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GenoCAD uses a similar set of rules 1o develop biological consiructs,

ceesnsee
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IS peccoud.vbi.vt.edu/publications
: 10.1093/bioinformatics/btm446
9: 10.1371/journal.pcbi.1000529
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= Aspects of DNA function explained with language metaphors:
transcription, translation, code

m GenoCAD lets you develop language for programming cells

Promoter B Coding Seq B Your constructs
m Parts form the foundation, stored in project libraries
m Grammar rules specify the way the parts work in series
m Parts + Grammars give you synthetic construct designs
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“Further Reading

A syntactie model to design and verify
synthetic genetic constructs derived from
standard biological parts

Yish ol et s, e Coatuion s joun Poceoms

doi: 10.1093/bioinformatics/btm446
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e of artificial Qenetic ComsLrucs s Compoted of

Jaments. or genetic pants, imvolved in diterent
expression mechanisms. Biologists have

‘Writing DNA with GenoCAD™

doi: 10.1093/nar/gkp3s1 [

STEP 1:PARTS Synthetic DNA
T
o
Tutorials
LRI RLR B cloi: 10.1371/journal.pchi. 1000529 iAot
Sample Data 5
References
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Genetic design automation:

renewal?
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doi: 101016/ ibtech 2011.00.001 [l IRt
engineering fantasy or scientific

1" and Jean Peccoud'

Justom Dra made to order cats for software
of symhetic DNA sequences. GenoCAD™
o

tural features of ACtUAl GeNeTic AT, complex
dozens of functional blocks can be designed in a

= Publications: theoretical, software, ongoing development
= Cite GenoCAD if you use the tools
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SGetting Assistance

2SHSCAD

Homo Page

Model: Module |
Ol o Design Module

Contact Us

WVIginiTech | ponee
ViginiaTech,

=» Social media

B &

= Help: context-sensitive help from ? Button
m Support link for asking questions or offering feedback
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Register and Log In
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Step 2: Design
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Summary
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Register at GenoCAD

CAD Software for Synthetic Biology

N

$ign Up for Account

= Not required, but very handy

= P
Thank You e
Contact -
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Fprion,

= Your preferences, parts and creations will be saved
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“Password Recovery or Reset
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STEP 1: PARTS.

LogIn

Update Your Profile

Change Your Password - o e
. Locia
Current Passwore:+
Change Password
T

W¥igoidTech | By - =

n If needed in the future, you can reset password easily
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X GenoCAD Introduction Agenda

= Introduction and Credits
= Register and Log In
= Step 1: Parts

n Parts

» Grammars

= Import the Training Set
Step 2: Design Constructs
Step 3: Simulate
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Exercises
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Design Grammars and Build Parts Libraries

Design a synthetic DNA molecule Simulate your construct

7
>\"Parts and Parts Libraries

Step 1: Exploring parts libraries and grammars

Public parts and libraries samples are pre-loaded

You will add other sources and your own project libraries
Access to the pieces you need for subsequent steps

0 0

=l Bl
CAD Software for Synthetic Biology|
-
p STEP 2: DESIGN / STEP 3: SIMULATE
i‘ * . uypars | Mycan ) _| Libraries Add Selected to My Cart
cpandAn || Col Lieary Hames Chooss Licary
Deserpton:
25 -
& C3€ eosfRegavy of Sanses Boupesipuns) 0 - Moditied
5 £3 Gene Reguiatory Networks
b ) Saadendps Pesse choose 8 Lerary o Category on e
© Orohased Pars [ =
@ VirginiaTech ‘L_Mﬁ v ﬁ: = A
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m Libraries will store the parts
= Public libraries are not editable by users
m Later we'll create and edit custom project libraries
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Libraries contain Categories with Parts

~2 R ®) \o

CAD Software for Synthetic Biology
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STEP 2: DESIGH / STEP 3: SIMULATE
Grarmars | Loranes |t rors | e JJ Libraries Ada seectedto iy Car
Conadn | Comprens | Mewibay ||| Uk Comsiewy
Description:
O Doy s
ey —
St et
1 Osenn revese crnet e
1 Closing reverse compiement delmeer (1) Partid Part Name Moddied

© Opening plasmid deimeer (1)
} Closing plasma deknter ()
1 Opanng envomasoma selmter () ¥ Tiest_Prev_Weri_Lasi ]|

Plaase choose  Library or Category on the et

Selected items will be displayed
8 O ol gy ot Saned bt with relevant details

S 47 Gene Regulatory Networks
(2 Standars pars

O dmmenire Choose: Promoter (PRO)

@ VirginiaTech —— “n ” ﬁ‘” = Py Pokcy | T of Use | Tl Matng Lt Documents | St

Virgeia Biomtormancs nsite

= Folder contains parts associated with a grammar
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Examine a Part Category: Promoter

GRRSCAD T

CAD Software for Synthetic Brokogy

step 2 0csn e s
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Description

Oy Display Wy Libraries

5 Basic Grammar — No Simuation

owzaaerz

0560 - Iduciie fBsIraC romaer

RODSD . TR repeessiie promater ozmaerz

0z 010 - Laciregulted sromoter oazsa012

a0z 2453 - Foad promoter 1o A sz
0 oansa0i2

Roott oansaoiz

R9085 . 7 Consensus Promoier oansaoiz

Parts list

. . wse naten -
PartID is unique st oaaszonz
Fist Prev 1 Wext Last |

oansnon2

= A category may have multiple part items
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Description :
GRAMMAR  Gagic Grammar - No Samulaston
AR € collputkc - rts can pe shared
across libraries

Part Detail Features

ATGC
sequence (limit: ~16 million bases)

CATEGORY:  Promoter (PRO)

These are the features that
: can be located with the
{ “search” tool later.

= Part Detail includes important features and sequence
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SSearch for Items

CAD softwarefor Syniveic ko
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= 55 Bavic Grammar with Samulation = 5
% () E cob[Regatry of Staadard Biokogical Parts] _- e
= 55 Gene Regulatory Networks Roo 04292012
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ez ouzsaonz
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[ easaenz

= Locate specific parts quickly with a search
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SBasic Search and My Cart

CAD Sommuars fo Symane: By el iy EO
A

Advanced Search: (Basic)

v
SEARCHEY: " anyFisld: ~

VALUE

Add to Search

o Use ™ as a muti-character widcard

m Search the parts fields to locate specific items quickly
m Use * as a wildcard
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\Parts need Grammars
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m Parts form the foundation, the building blocks you need
m Grammar rules specify the way the parts work in series
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S Grammars for Parts
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(o Commom) mp (o) (o) (o))
6.. (comr) @ (amen ) (com| ~ Grammar rules are made of Parts of Speech
& A ) (o Sentence

+

Public Library
R2

NounPhrase R3
Personal Library
4

m Parts form the foundation, the building blocks you need
m Grammar rules specify the way the parts work in series
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~Grammars

>l [0 N9

X
STEP 3: SIULATE
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VirginiaTech == Prvcy Pocy | Trms of Use Tl Malkg L | Documnts | Sugsor
wwnm Bioinlormatics Instiuie iy n L J E & ety ] Mo oL Vi Maing List | Doc P

m Grammars establish the design strategy
= Subject-Verb-Object
= Promoter-Cistron-Terminator
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SPublic Grammars
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CAD Software for Synthetic Biology!

STEP Z: DESIGN > STEP 3: SIMULATE
l’ = uyparts | wycort@ J Grammar Summary ['m.w,m:mm.
Norne:

wih o prometer, o 1 binding ste. a codin
Deseriplion: 8 promoter, a rbasome bindng ske. a codng

jcon Set:
Supports Attributes? o

£ G Reguistory Netwirks
& €3 Usar Gramemars & Categories: 12

Parent Rules

@ VirginiaTech romess [ 0 |9 -
Veghsa Boormates st cose sute ot veite

Transerpton - c!..n.D_T_

m Basic Grammar—No Simulation for this example
m Characteristics of this grammar
» “Manage Grammar” for more details (advanced tutorial)
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Obtain the Training Set

o
[

=Y - [ Opering Tranng e Gk Win pors genocad
— | ouhwe choren o span
Traiing 5ot [Cof With Fartsgemocad
hich s genocad Fle (U1 KE)

e e

Description:
icon Set:
Supports Attributes?:

ory’
S 3 User Grammars # Categories:
2L :

2 Rules:

QVirginiaTech s [ w0 | 8 -

Virginia Bioiniormatics Institute

http://dx.doi.org/10.6084/m9.figshare.153827
= www.figshare.com

= Download the GenoCAD Tutorlal | “Training Set”
m Click Add/Import Grammar

A
SUpIoad the Training Set

/
flmported Training Set is available

O AD
CAD Software for Synthetic Biology
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STEP 2: DESIGN / STEP 3: SIMULATE
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STEP 3: SMIULATE
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Import Grammar

You are about ta import the following grammar:

Gran

wﬂ%&fgﬁ,‘d‘m, T Privacy Potey | T o s oo alieg L | ocoments | Sppot

= Upload the zipped file that came from FigShare

Manage Grammar

PR— e exzrensce casee
sarig Catgorr:
[ e
Categories e Cotogoy Category Detail
Lipand Al Colape Al e
Descronse:
Gensank Qusnar:
-

= An editable Grammar is now available
= Will be used for further work

o .
= S
U gk -~y §- =
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STraining Set is Integrated

CETCAD e

CAD Software for Synthetic Bioiogy

STEp 206G > STEP 3 SHAULATE
| Ilbmmll Hy Parts I uycano) | My Parts Add Selected to My Cart
ExpandAl | Collspae AN Hew Part i 3 Export Selected to FASTA Export Selected 1o Tab Delimited
5 27 Training SetE. Col Grammar —

1 evms compmet e st 0
| e Sy
{ Opes e aisier {() Pati0 +  PartHame Modified
3 Cone i 0
{ Open chromosome delmeter ()
) Coue crors deinter 0 = T |

£2 Promoter (PRO)

Xm0 0

D Gene (GEN)

X Termnator (TER)

o ety

Prease cnoose s Grammar or Category n the et

IH‘VJ'ierirﬂaTéd;lmm — “ﬂ " ﬁﬂ, riacy Poscy| Terms of Use| Tetura| st Lt

m The training set grammar, library, and parts are available
m Editable, so you can change or add new
m Let's add a new part as an example
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SCreate a Custom Part

GEFGCAD rssanie

CAD Software for Synthetic Bioiogy

= ‘ mumase Fake RBS "
seauence: +
Dpand Al Collaps: aaggaattaa
5 £ Teaining Set . Col
€ Reverse compien F—
1 Reverse compien Fictitious Ribosome Binding Site for
« Gpmibeat training Can only add
1 Cose pasma el S— —
 Open crromusen Salect Gramma - =
} Cosechronoson A0 TOuBRARY:" | Sglect Grammar - parts to your
2 Promter (P80 Basic Grammar — No Simulation H i
X fecaoen it Basic Grammar with Simulaton own libraries
© Gene (GEN) Gene Reguiatory Networks
X Termnstor L CATEGORY." | Expression cassete (CAS) ﬂ Rioosome Binang S (RES
d Promater (PRO) |
N (Ve Ciswon (CI5)
[ Rnosome Bunang Sie RES) I
Gane (G
- Terminator (TER)
@ VirginiaTech s (5)
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= Good strategy: create a library for each project
= Put relevant parts in that project library

A
>\aUser Grammar, Library, Part Created

=] T SN )

D suws sawu

~ Purtlame Modtied
ting Sae (385)

FaieRES 2082013

nash a20uz013
Library to importinto:*  Seect Lirary -+
import Format & pasta

Tab Delimited

Fil tolmport:* =

m},{lwrgima‘l‘ed?m &n v ,, = PracyPotcy | Tarma of Use | Tutona | aang L | Documees | Suppot
= Your custom items will be stored, now available to use
= Import parts to use and export parts for sharing or backups
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Step 2: Design Constructs
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Summary
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GenoCAD: http://www.genocad.org/
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3Step 2: Design Constructs

About GenoCAD Mte (143 o Tweet | J . 3 :

WigniaTech e v -
m Public and user parts, libraries, grammars in place
= Use them to create a construct with “Design” options

7
SDesign Constructs

Choose grammar
m Choose library

PRO RBS GEN TER

Begin to design
Choices are listed

Build a simple cassette
e Inducible promoter

e RBSA
* Luciferase
e T7 terminator

o i [0\ @

gl . v - -

7
SConstruct Is Complete

o Ll N ¢
TP 3. samAATE

= New options

raining Set design 1

Ready! SSESSSRN s ]
= Download

= Save design
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>\"Browse for Constructs
= O
[check 2
- Y [x] [e)
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= “Load Design” or “Available Designs”
= Yours + public designs are shown

folder to see the list
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Data Model
TLICEDIED)
R Ecrcoelen)
& D)
I =)
f il L e L T )
— OO, @)

m Parts and Libraries
» Grammar and Rules
= Design your constructs

7
X GenoCAD Agenda

Introduction and Credits
Register and Log In

Step 1: Parts and Grammar
Step 2: Design Constructs
Step 3: Simulate

Summary

Exercises

GenoCAD: http://www.genocad.orqg/
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Step 3: Simulate

'={af®)]
JG1 IV
CAD Scttware for Syt Bioogy|

= Bk 1O \o
sawLate

= Step 3: Simulate

4
EConstructs Ready for Simulation

ol s TRN 2 ]

“(< COPASI

Wy Designs Avadlable for Sh

& coPAsI

- COPASI: biochemical network simulator

GMU | &
SSMU R oo
SaML § &
SMU | e

| — — ak wML.org The Systems Biology Markup Language

C;%u QQ;:L

= If you generate with attributes for simulation, they will be listed
= Public examples

10
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“Repressilator Example
elo -
STEP 1: PARTS e ) P D sreenswuar| =

Repressilator

History

braey

ew besig| FGUItors

- Dosign. Your sequence s ready! [} <

A synthetic oscillatory network of transcriptional

Michasl . Elowtz & Starisas Lo

PRO RBS CDS TER] PRO RBS CDS TER] PRO RBS CDS TER
5= 5= 1] 0 —_TI_

© 50655 © 060 © 40631 © 8069 © 306N © s0SIT © s05TK © 306N © S0SHI © SOEO 069 O 808M

Repressiator

= Design of the construct
m 3 cassettes in a network
= Parts + Grammar + Design carries key details

7
¢ simulation Sample] GE75CAD

3w a
Simulate Design - Repressilator

e P - T F—rrr— [

Simulate Design - Repressilator Simulation Results
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GenoCAD Introduction Agenda

Introduction and Credits
Register and Log In

Step 1: Parts and Grammar
Step 2: Design Constructs
Step 3: Simulate

Summary

Exercises

GenoCAD: http://www.genocad.org/
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= Duration and interval are set
= Run Simulation to obtain the display
4
~GenoCAD Introduction Summary
-~ T (0] RN 9

N
STEP 1: PARTS ) o

> O

.

and Build Parts L

New Design ‘Simlation Results

@ VirginiaTech

Vg Bionlermaics bt

m GenoCAD is a toolbox for synthetic

biology

m Parts, grammars, designs, and simulations
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