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>\"Introduction to GenoCAD

step :puars. I/I step 2 o6 s |/| S1EP % smuaTe |

O ¥

. Ly New Design ot Simutation Resutts

Wyignialech e ([ GenoCAD

\

Sponsored Online Tutorial Suite

m Computer-assisted design software for synthetic biology
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>\iRegister and Log In at GenoCAD

£ figshare | GenoCAD n| (1]

f- .
é] A@CAD S figshare.com

CAD Software for Synthetic Biology

\ [Ty
STEP 1: PARTS / STEP 2: DESIGN s
[Tor "
T e
., O [T Sr—
-
|
Design Grammars and Build Parts Libraries Design a synthetic DNA m

CVignidlech e v 8-

- ) http://dx.doi.org/10.6084/m9.figshare.153827
m Completed first tutorial =

m Features we explore here require saving to your workspace
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7
5Conceptual Framework for GenoCAD

Grammar rules are made of Parts of Speech

Sentence

Subject Verb Rules make the framework, words make the sentence
-

RT: Santence  Susiect » Verb + Otiect
R2: Subject - NounPhaase

Verb |

Noun Prepositional
Phrase phrase

Noun
Phease

New Design

History
the fuel of
interest st

PRO RES oS TER

Py
Sabahamtinesl £ 2O T

Sy Suity 0

~Bill Gates
GenoCAD uses a similar set of rules to develop biological canstructs.

IR R K]

= Aspects of DNA function explained with language metaphors:
transcription, translation, code

= GenoCAD lets you develop a language for DNA designs
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New Project Library

TSR = T o7 EEN 0

AD Softwrars for

| XN

\
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|
Design Grammars and Build Parts Libraries Design a synthetic DNA molecule Simulate your construct

Design Construct Simulate

m Best practice: New Library for each project
= Locate and reuse parts
= Continue to use Training Set Grammar for now
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Add New Library in Training Set

I Software for Synihetic Biology v2.2.
I ) STEPZDESKN STEP 3: SIMULATE
Grammars MyParts | MyCart Libraries Add Selected to My Cart
L 1 L ]
m—_ Newe Libracy Library Hame: Cnoose Lbvary
play My Libearios L
mar - No Simulation [ GRAMMAR " _Training Sat E. Celi Grammar -
6 () Econpubac e
& & Basic Grammar with Simuiation Fluors
5 ()€ coh Regatry of Standart Bobgisl Pars) DESCRIPTION

27 Gene Regulatory Networks

& () Standard pants

ing Set . Coli Grammase
gy

VirginiaTech s
Pgnaked, . e

New ieary for 3 project mat w

steve vavious ookrs of fuarescent protens

= In the Training Set, create a “new library”

» Name it “Fluors”

7
{search for Projict Parts

Advanced Search: (Basi)  Search Results

PatiD
PartName
Se

Search By:

Saved Searches:

m Locate specific parts quickly with a search
m Advanced searches offer precision
= Build queries with multiple options
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{Advanced Search Example
Set field to:

Part Name

Set value to: B

*fp

Set field to:

Category

Setvalugto: | o e
pro* R
Choose MAY e
include MZI

4
\Save a Search

<) Search Results

m Save searches

that you might
use often
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{saved Searches and My Cart

Beslo Se (Advancad There are now S parts in your Cart
QUERY. T (pan_para 19} o (catogory 57 Search Results
Add Selected to My Cart

X
STEP 2: DESIGH / STEP 3: SIMULATE

Saved Searches:

My Cart
)

AVE THIS SEARCH

— jScons =T - Select Library -
- — : Copy to Library
25 -
e ! Remove any
Snow A1 Categaries Pantio Part Name X
i Trsring SatE. Col Grammer unneeded items
Gune {3 Gene (cem)
. 50 20dtS E1010 - RFP Mutant 07282013
Coding sequence s = 20ct7 E0020 - eCFP orasany

Prometer

oate Yl 128201
4. 22 Gene Regulatory Networks. acest " Gk il

= Load and run the saved search Fre e — o
= Highlight the “Training Set” category B T e e B |
m Then select the five parts shown .
. m My Cart has my selections
m Click to add to My Cart

%
“Add More Parts

7
SReturn to My Cart

4 " IRN ’]
\J A Y
1 s s L N e zoescu STEP 3: SMULATE
= L
—— ——

= We need other parts T e
from Training grammar = _

= Find T7 terminator, and : S
an RBS . A+ : gom

Build a query
Part name: T7
Category: RBS
# Join with “MAY Include”

n Key point: parts need to
be compatible with the | = wmnme
grammar you intend to ’
use

1£500 - Icucitie pBaSIIRC promoter omsa013

pinding Ste (RBS)

082013

m Choose ones compatible
with Training Grammar

o7as2013

N O . M ———— = Cart now has the items we need to design
m Select all, copy to Fluors library
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X Examine the Fluors Library

ZECAD

Access the libraries tab
Click the Fluors item

All the parts are available

Next let's design some
color constructs

Copyright OpenHelix. No use or reproduction without express written consent

7
X GenoCAD Advanced Agenda

= Introduction and Review
= New Library with Advanced Searching

= Advanced Design
= Copying and Reworking
= Export GenBank format > other tools

= Grammar from Scratch

= Modifying (Editing) Grammar
= Summary

= Exercises

GenoCAD: http://www.genocad.orqg/

Copyright OpenHelix. No use or reproduction without express written consent

7
fDesign New Fluors Constructs

= Use the Training Set Grammar + Fluors Library
m This time let’s reverse the orientation, use PCT-
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7
i"QuickIy Clone a Construct

200 ¢ AD ,
=] J.ﬁmuw = i 10\ @
Available Designs
My Designs
O
O
(9]
Public Designs
[
O
O
. " S‘l
m From Designs list you can quickly “clone” copies

m Click to “clone” the RFP construct
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XWork with a Cloned Design

AD

CAO Soware tor Synthetic Bistoy
STEP 1: PARTS p D) sTEP3: sMULATE

il

YFP construct

st My Designs
ez

Sten3
swp e
s s
sp s
Step 7

0 -

}_F!ClC§ClCI;’::

e i

= You can quickly swap out pieces
= Generate similar constructs easily
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7
fExporting GenBank Format

Your sequence is ready! ([t R ‘

\‘QNSDC International Nuclcotide, Sequence Database Collsbaration

B bit.ly/GBtable
Beapessss @ Vgctored\lor
EESN C0de.google.com/p/vectoreditor/

ol
DDBJ

5.1 Eukaryotic gene

m Categories may be mapped to GenBank features
= Can use this to visualize features in GenBank-compliant tools

m lllustrated with VectorEditor Demo web tool
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7
>\"Obtain YFP GenBank Format File

10 AD .:/ il Ol \”0

CAD Software for Synthetic Biclogy

P T B e s

Available Designs

My Designs. Export Selected to

10 ~

= Obtain the YFP design from My Designs
= Click “View" to access GenBank output
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SExporting with GenBank Features

CAD Somware for Syeese Bisiogy
STEP 1: PARTS | STEP 2:0ESIGH STEP 3: SIMULATE

YFP construct

Opening my_genbank desgatt

History Sove
You have chosen to open:

st 1 . peobank desga.tet
Step 1 [ which s & Test Document (16 K6)
— from: /ovorn. cod.
— [ Mg genocad ong
st 3 Wbt shocid Pt do with th fle?

s Ba0c
step 7 LI SRR Vo Wordpad Appication =

en e

m Select the GenBank button

= Obtain your text file
m Examine the Features area

A
>\aGenoCAD Advanced Agenda
= Introduction and Review
= New Library with Advanced Searching
= Advanced Design
= Copying and Reworking
= Export GenBank format ->other tools
m Grammar from Scratch
= Modifying (Editing) Grammar
= Summary
m Exercises
GenoCAD: http://www.genocad.org/

7
SUpIoad the YFP File

€8 Mg gty ooy o wesarVeceridtechim].

| »

e B
et Acaacrcers

AGCEGECEAL

51 GGTGGTGCAS ATGAACTICA GGGTEASCTT

181 G ceceercece

Tege corTTaceTe

211 Geacacacr

241 GCCTCEAGE TCGACCAGEA TGEGEACCAC

(B

-

m Access VectorEditor http://bit.ly/VectorEditor
= Import the YFP construct file
= View the features
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“Grammar from Scratch

CAD ot o Syribate By

the chloroplast

STEP 2 DESIGN STEP 3 SIMULATE

Mo
o
oo sae
S At
Cutnn:
© 3 ot Lo
Create New Grammar
Hame:*
ImportFie:*
Description: *
import Grammar
Image Set - Selectimage Set v | Preview
Create New Grammar

= Can create a new grammar to suit project needs
= Use them to create a construct with “Design” options
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7
X A Blank Grammar Template

CAD Software for Synthetic Biology

STEP 2: DESIGN > STEP 3: SIMULATE

Vieicome, Researcher 1 | My Profie | Log Out
[

> e (O N9

Create New Grammar

Back to Parts Browser

sbol_v1_0_icon,_set

Virgeia Bioink Cai_grammar2007
testvav

e
1 grammar by completing and submeing the folowing form [
oy testnew grammar ( )
Description:* | == [ = —
i PP Py Py
L
. —
Image 3ok biobricks_icon_set « | Proview ion.co  oncaapey  kconcaipey  beon,genepeg
- seiect mage et -
biobricks._con_sel ‘ Q
ke sy asmy  Wemany ey
‘main_icon_set_nograd
_ Shalieanset e -

= Name and describe a grammar, choose an icon set
= Brand new grammar is created
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7
g .
“Build a Grammar

Manage Grammar

Efien =
— 7
o —— =
- b
Genbank Qualifier Select Gencans Cusiifier - - [~ - —L—
ovex Select icon = = e
=
L. = o
e
ol

TS — NGl - e

= The new grammar has only default categories
= Just add new categories and rules

¢
~Copy a Grammar

elcome, Resesrcher 1 | My Profile | Log Out
=

= i 1O N9
STEP 2: DESIGN \

/ STEP 3: SIMULATE
| Grammars | tbracies | wypars | iiycani JJ] Grammar Summary

CAD Software for Synthetic Bickogy

L 22 Training Set E Coli Gram| S S
22 Resesrchent new grammsd o e
Categories .
) VirginiaTect Expanaan | Cotapue an
g Instiute

& — Stan Tonmsrigtion it (8

ey e ——)

= Another way to create a new grammar: copy one
n [t will then beccome editable to modify for your needs

opyright OpenHelix. No use o reproduction without express wriflen consent
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/4
X
“Export a Grammar

GENSCAD

> e 'O N0
STEP 2: DESIGN \

/ STEP 3: SIMULATE

CAD Sofware for Synthetic Biology

e, ¢ dhoram bining e § g 0ot 008 8 = —
s St cates]
135 Training Set€ Coll Gram{ | S Export Grammar (Basic Grammar - No Simulationt
13 Resesicher! new grammad Openng g 1188 gericad -
Youneseshosen 1o cpen
Categories PRe—Ty—
whichin: Comgresed (spped Folder 09251
 Virginia T — o b g ory
irginiaTech 1 o s Pt i it
Virga Bionformatcs Insihte an Econpucnc =
& — sl oot | Windown gl ot
* o6 2 ® serie
& 3 o]
o =1 o
4 egoTy T
-~ e
ot

= Another way to work with a grammar: export
= Any grammar can also be exported and shared
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X GenoCAD Advanced Agenda
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= Advanced Design
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Rules make the framework, words make the sentence

Noun
""‘||mm|

SModifying Grammars

Prmc mm.a

Grammar rules are made of Parts of Speech
Sentence

Subject - Object

&4 NounPhrase NounPhrase o Gt
~Bill Gates
GenoCAD uses a similar set of ules 1o develop biological constructs.

4233

[ PRO RBS GEN TER ]

2 E2 T 3
|

a0b6Z G a0b6l & a0b6p €@ a0b70 & a0b7c & a0b64

m Grammars establish the expression strategy
= Subject—Verb—Object
m Promoter—Cistron—-Terminator
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¥
~Manage Grammar

= Bl ID0 o

N
STEP 2: DESIGN / STEP 3: SIMULATE

weno | Grammar Summary

Hame:

Description

toon Set
Supports Attributes? Ne
¥ Categories. i

# Libraries:

#Parts.

# Rules: s

WVirginiaTech

Viegeva Bioformatics Insthute

rorces [ 90| S = [+ R 7 = et o Tt Mg L S S

= Access the Grammars tab
m Select Training Set grammar
m Click “Manage Grammar” to examine rules
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4
¥ .
~Grammars e
b
= Categories: parts - 2 -
Characteristics Categories e Camegrr E‘arvwbvlml « Commgory
= Rules: specify the . -
number, order, .
orientation, etc 2
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Grammar rules are made of Parts of Speech

{
I parent + child

parent

ey

Conceptual Illustration of Rules

S (start) is the parent

CAS (cassette) is a child
CAS (cassette) is a parent

— CIS (cistron) is a parent

S parent + child
-

s

e

D
\

RBGN (rbs + gene) is a child

rewritesM:_ GEN (gene) is terminal
RBS (binding site) is terminal

= Rewritable category items transform to another rule

Parent - child
Child - child

= Terminal category has no child rules
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=l i 10\ ©
N
] Manag@ Grammar A | it G
— L] e o o
J— o o :
o Qe S ok i 5 S gy
- == = =~
Catagories s Category Denail o
Ao you sure youwantto ceiete s e | s
Cancel
[y
— s Cote. - -
—s (oD t00) B &
- - —_—e X
s
areat s

= el Cone - T

=i — e

°

o

°

m Categories: edit characteristics
= Rules: edit, remove or add rules
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A) B)
OH encoding Proten Onnencodng

Hisp WSS

o=
vector

l Uavion
oA encodng roten g

HETAG

vector

ONA encoding Protein

rotein

Reciese Proves

http:/len wikipedia.orgiwiki/File:His-tag.png

Adding Custom Grammar Elements

_a, Aatgen

£ X Pramoentingng see A
N &

Antigens

A simple column for Ni%.attnty 5
<hromatography. The sample 8nd
subsequent buffers are manvaly
poured into the column

http=lien. wikipedia.org/wiki/

Antibody Polyhistidine-tag
Protein specific Protein specific
sequence sequence
ATG cat cat cac cat cac G ¥ s o Catcatcaccatcaccac G 3
+ e HSTAG
START sToP
codon http:/len.wikipedia.org/wiki/File:His-tag-primers.png codon

= Add new grammar items useful for your projects
= A commonly used strategy: protein tags
= We’'ll employ a his-tag, poly-histidine stretch
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4
“Add Category

Manage Grammar

= Add a new category to| =
the Training Grammar| " g S ]
= Histidine tags — =
m Letter: HisTag -
= GenBank Qualifier: —
misc_binding e T— =
= Icon: protein-stability- e . . .
element.png bt
Uignilech | v 5§ -
= vy

10
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3Add Rules to a Grammar

Category Detail tonCaegery I

Categories [

- ewrssecocses Available Categories: Rule:
Use the it of categories below to formuiate a e cst C-histag

A short descrption of the rule used as & reference in the agpication
s o Expression cassette (CAS)

Transfer From Category:

£ Promoter (PRO)

O Cistron (CI5)

X Ribosome Binding Site (RBS)

O Gene (GEN)

or (TER)

— suns)

{ Reverse complement open delimiter ([)

= Cistron with histidine tags need rules: CIS > RBS GEN HIS
= One tag at the end of a cistron (histag-C)

Copyright OpenHelix. No use or reproduction without express written consent

4

5New Rule is Available, Old Rules can b? edited

Categories e Category Detail

oercrgece
Ganbank Guater: e
eoe O e
i the
Category Rules
Child Rules o the box
cote e
arrs | [ o
oo

LBt I

EEKE

= Cistron-using designs can now have his-tag
= HisTag is now a terminal category because it is used
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7
fRuIe Editing has Consequences

{X)%AD B il [ ;0

Manage Grammar

1 Available Designs Stat e Dosig
== My Designs Ex
Cate s 0 - |
Hame Oescrswon P — -
e Devion | | Lowd Desion

=)

Your sequenceisreacy! (IRIENEY (e

Copy of RFP construct

History Save Design
Ston 1 y

e [ PRO RBS GEN TER |

e X

et [ J"_-_.| >—T— 1

sep s

sree t 18,4006 @a0061 050665 € a0t B atb7c 8 20084
Sies 7

= Change to rbgn rule affects existing constructs
= View the “Copy of RFP construct”
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{Validation Status X

= Return to the Design list P

My Dosigns

= Note the change in o

Examine
designs

status ‘ : x o

O

[x] (9]

. [ o &)

m Examine the status key )

Status Key: . 4 A o g \:

.

O

O

= Re-work the design by 2

clicking the steps again ©
until complete [ $ a ° e

T T TSI - B ———
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7
¢
~GenoCAD Summary
% e 1O \é
‘/ P
[OVgmerd, Qo sm- — e |

m GenoCAD is a toolbox for synthetic biology
= Parts, grammars, designs, and simulations
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