Gene Designer by DNA 2.0 Tutorial

Prepared by: Angela Dixon
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Getting Started

-Go to https://www.dna20.com

-Under the tab Scientific Resources, select Gene Designer
-Click on the Download Now icon

-Create an Account

-Click on the Install Now icon

-An activation key will be sent to your email address.

-Once you have it installed and activated, open Gene Designer

Library Explorer

The Library Explorer should automatically pop up when you open Gene Designer. It is a floating icon.

Library Explorer @
New Elements

i':"' i New DMA Element

[==p NewaA Element

[==p NHewORF

== MNew Design Construct

; New Folder / Group

New Codon Usage Table

New Elements
Under the New Elements tab you have the options to add:

e New DNA Element

o New AA Element

e New ORF

o New Design Construct

e New Folder/Group

o New Codon Usage Table


https://www.dna20.com/

Add New DNA Element:

Nous~wDN

Click and drag icon from Library
Explorer onto desired window pane
Name your new DNA Element

Pick a color for your DNA

Input the DNA sequence (GATC)
Select Orientation

Add any notes

Click OK

Add New AA Element:

NouhswnN

Click and drag icon from Library
Explorer onto desired window pane
Name your new Amino Acid Element
Pick a color for your AA sequence

. __
€ Add New DNA Element to New Construct (New C... (s o o)

Name

Caolar

DNA Sequence

Crientation

Motes

Input the AA sequence (GAVLIPMFYWSTCNQKHRDE)

Select Orientation
Add any notes
Click OK

Add New ORF Element:

1. Click and drag icon from Library
Explorer onto desired window pane

2. Name your new Open Reading Frame
Element

3. Picka color for your ORF

4. Input the DNA sequence (GATC)

5. Select which frame to start reading

6. The corresponding AA sequence will
appear

7. Select whether or not to keep the
original DNA sequence

8. Select Orientation

9. Add any notes

10. Click OK

() Forward

(_) Reverse Complement

Cancel

Name

Color

DMA Sequence

Removed Characters

Frame

Codon Table

Af Seguence

Keep DNA

Orientation

Motes

@ st e Y™

TCGATCAAGGGAATG

u]

il

Escherichia coli B

v
(#) Forward

| Rewversa

Cancel




Add New Construct:

Name your new construct

Add any notes
Click OK

ok wN PR

Add New Folder/Group:

Name your new folder
Choose a color
Click OK

vk wN e

Design Toolbox

Choose if you want it to be circular or linear

Click and drag icon from Library Explorer onto desired window pane

Your new construct will appear in a new window pane.

Click and drag icon from Library Explorer onto desired window pane

Your new folder will appear under the construct you placed it in.

The design toolbox has built-in DNA elements available for your projects.

Prokaryotic Regulatory Elements

>Transcription

>Promoters
>Operators
>Terminators

>Translation
>RBS

>Replication

Eukaryotic Regulatory Elements

>Transcription

>Enhancers

>Promoters

>Terminators

>Polyadenylation signal sequence

>Translation

>5’UTR
>|nitiation Context
>|RES

>Replication

Library Explorer @

New Elements

Design Toolbox

‘l"= Transcription
h= Promaoter
h= Operator
I’: Terminator

‘l"= Cirganism
T: Phage T7
pT-T7

D-E Translation

PE Replication

h= Eukaryotic Regulatory Eld

PE Fusion Tags

1': Prokaryotic Regulatory 2 |

p; Vector Components

O] |2 7] [©
Vectors
Codon Table Library




Fusion Tags

Library Explorer \E\
>Expression of Membrane Proteins (N-terminal Fusion Tags) New Elements
>Epitope Tags | Design Toolbox
>Solubility and Purification Tags » [l Prokaryotic Regulatory E{4
>Protease Cleavage Sites > [l eukeryotic Reguiatory el
. . v Fusion Tags
>Secretion Signals == =
. h; Expression of Membr{ ™
>lmaging TAGS ;
‘r: Epitope Tags
[==) ET-6His -
Vector Components ET-B
) [==) ET-FLAG
>Regulatory Proteins = cT-Ha
>Antibiotic Resistance Markers =) £T-Hsv
>Counter-Selectable Markers , ET-Lumia
=) =rs
=) eT-5A 1I-N v
O] [s2] 7] |©
Vectors

Codon Table Library

Vectors
Under the Vectors tab in the Library Explorer, built-in vectors are available for your use.

PT7-SNAP Library Explorer @

New Elements

pT7-SNAP is an E. coli expression plasmid encoding
SNAP26b, a SNAP-tag protein, which can be expressed
under the T7 promoter. This plasmid is intended to be

used for the expression of SNAP-tag protein fusions for '; HES Vecters —
> PT7-SNAP

| | Design Toolbox |

Vectors

tighter control of protein expression. It can also be used

as a control plasmid expressing the SNAP-tag alone. The ¥\ pMCPm

. . Standard Translati
fusion partner should be cloned as a fusion to the C-

Terminus of the SNAP-tag.

[ CMVY immediate <

L@ Element#1
pMCPmMm™ » multiple cloning =
Element#2 u

pMCPm™ is a mammalian expression plasmid encoding =) vce
MCP, an MCP-tag polypeptide, which is expressed under Elementfd
the CMV promoter. This plasmid is intended for the &7 7 promoter
cloning and expression of MCP-tag protein fusions in Elemant4
mammalian cells. pMCPm contains two multiple cloning SV40 polyA v

sites to allow cloning of the fusion partner as a fusion to
s P O[] . @

. i . Codon Table Library

signal peptide to the N-Terminus of the MCP-tag. —_

the C-Terminus of the MCP-tag and an appropriate




Codon Table Library

The Codon Table Library shows you the organisms that have a codon table in Gene Designer. Gene
Designer comes installed with Escherichia coli B, and E. coli_Cll. Any other desired organism codon table
must be imported to Gene Designer.

| New Elements

Design Toolbox

Vectors

Codon Table Library |

V= Standard
5 Escherichia coli B
v= DNAZ.0 Optimized
[ ecoli_cn
T= Imported

5 Saccharomyces cerevisi
H Rhodobacter sphaeroide

5 Synechococcus sp. CCO3

Q] e2] |/ |©)

Importing a New Codon Table

Go to:

>File > Import > Codon Table

Y= MNew Project - Project - Gene Designer by DNAZ.

IFiIe Edit Tools Reports Configure Window  Help

Mew Project Ctrl+M === New Construct —— Escherichiz coli B
Open Project Ctrl+ O
Save Project Ctrl+5
Save Project As...
Close Project Ctrl+W
Import » Codon Table... Ctrl+5hift+C
Export » Legacy Gene Designer File.., Ctrl+ Shift+L
Exit Ctrl+Q GenBank...

[ Fasta...




In the Search box of the new window, start typing the name of the desired organism.
Possible species will appear in the Results table.

re Import Codon Table I | = | = 2|
Provider
URL
Search
Type at least 2 characters sac
Results
Codon Maps Species Source Total ORF's
Saccharomyces cerevisizae[bakers yeast] genomic 14411 =1
Saccharopolyspora erythraea NRRL 2338 genomic 7201
Schizosaccharomyces pombe[fission yeast] genomic 6109 =
Saccharophagus degradans 2-40 genomic 4009 _
Caldicellulosiruptor saccharolyticus DSM 8302  genomic 2680
Padiococcus pentosaceus ATCC 25745 genomic 1755
Amsacta moorei entomopoxvirus L genomic 285
Saccharomyces paradoxus genomic 95
Saccharopolyspora spinosa genomic 73
Saccharomyces bayanus genomic 7=
Saccharomyces pastorianus genomic 72
Saccharum officinarum genomic 71
Pediococcus pentosaceus genomic 58 z
Cancel
— — —

Select desired species and click Import. This will put the new codon information under
the imported section of the codon library.

New Elements

Design Toolbox

Vectors
Codon Table Library

[ 3 E Standard

h= DNAZ.0 Optimized

T: Imported

== Saccharomyces cerevisi;




Codon Optimization

One of the most useful features of Gene Designer is the ability to optimize the codons in a
protein for a specific organism.

With the desired protein in the main window, you can optimize the codons by clicking the
organism button located on the bottom right.

EMP-PD1 (25 aaj—>»

o5 =10 #15
=10 «15

a5
TGGAAGAACTGCTGAAACAG
| | | | |

The window below will appear and then you choose which organism you want to use and click
Set.

Codon Table for New Construct:

Y= Standard

E Escherichia coli B -
DE DNAZ.0 Optimized

T= Imported

E Saccharomyces cerevisiae[bakers yeast]

|| Enable Threshold

|| Escherichia cali B



The codons that work best in your selected organism will be highlighted in green as seen below.

EMP-PLO1 (25 88 | m—

&1 a5 w10 «15
&1 a5 w10 «15

Protein’s codon optimized for E. coli.

EMP-PO1 (25 88 |m—

w] 85 &10 #15
'3 =10 15

o5
TG A A AGAR
I I I CAG

|

Protein’s codon optimized for S. cerevisiae.

The highlighted codons still code for the same amino acid needed in your protein, but it is using a codon
that has a higher success rate in your desired organism. This tool is extremely useful because you can
convert existing genes from one organism into viable genes for another organism.

Find Panel

The Find Panel is a useful tool that is opened by clicking the binoculars next to the Reagants tab.

With the Find Panel, you can search your DNA sequence for motifs, restriction sites, and open reading
frames.



Motifs

Under the Motifs tab, you can search the entire DNA construct for a specific DNA or AA sequence. Just

input the sequence of interest, select whether it is a DNA or AA sequence and click Find. The results will
be displayed below.

Motifs Restriction Sites ORFs
Sequence: | CTCACA (=) DMA () AA | Find | | Clear
Construct 1la Sequence ey Position iy
Mew Construck CTCACA 61
Mew Construck TGETEAS 53

Restriction Sites

Under the Restriction Sites tab, you can search for the location of multiple restriction sites. Hold CTRL

while selecting the desired restriction sites. Then click Find and it will display the locations of those
selected restriction sites.

Motifs Restriction Sites ORFs
Default v| | Find |

Aatll AcceSI Al Al Afel Agel AlwMI Apal Apall Apol Ascl Azal
Aual Auall Aurll | BamHI | Banl Banll Bl BglI BqglII Brmtl Bsal Bsiw I
BzrmBI  BspEI BspQI BzrDI  BssHII  BstEIL BstiHl Clal Dral Dralll Eagl EcoRI
EcoRt Fokl Fsel Haelll HindIII Hpal Kasl Kpnl Mlul Marl Meal Mdel
Mhel Motl M=il Pacl Pl Prnel Prall Psil PstI Puul Pyull Sacl
Sacll Sall Sapl sSfil Smal  Snakl Spel sphl Sspl Stul Styl Swal

wbal whal HWrmal H“rmnl

ORF’s
Under the ORF’s tab, you can search for open reading frames within your project.

Motifs Restriction Sites ORFs

Start Codans: aTg Frarmes to include:

End Codons:  Taa Tac, TGA (#) All Frames
Min length (28] s5q 4+ |_) Frarmes overlapping AA Elernents
|| Include internal initiations I_) Frarnes within A% Elernents

v

10



Icon View
The icon view allows you to see all the DNA elements in your construct as icons. You view the icons as
proportional or as non-proportional icons as seen below.

gure  WWindow Help

Cmmmm Mew Construct —- Escherichia coli B

EAALAIA A A

* Button to toggle back and forth between
proportional and non-proportional view

Sequence View

The sequence view allows you to see the DNA and/or AA sequences. The red box shown below can be
dragged to highlight the specific area of the DNA you are interested in. The corresponding sequence
appears below.

Jure  Mindow  Help
Mew Construct

11



You can highlight specific nucleotides as shown below. You can highlight a single strand or a double

strand. Once highlighted you have the options to annotate, edit, split or merge that section of DNA. You

CANNOT edit a highlighted sequence that overlaps DNA elements in your construct. It will also calculate

the Tm value for your highlighted sequence as seen below.

gure | Window Help

Newr Construct

CATCCGGCTCGTATAATGTGGAATTGTOGAG

GTAGGCCGAGCATATTACACCTTAACACTTC
=30 w35 will w5 #50 w55

[26-48] Trn = 37.7 /4 Annotate A selit Y Merge

Beneath the DNA sequence is the Amino Acid sequence. If the DNA sequence is given, it shows the
corresponding Amino Acid sequence which CANNOT be changed.

qure  Wndow  Help I

New Construct

iO-1aciid.2 (26 bp ) m— ET-GHis (G 88 )=—
| GCGCTCACAATTCCACA H H__H _H _H|

«10 15 20 25 3 e5 =10

12



If the Amino Acid sequence is given, then it displays all possible codons for that specific amino acid. You
can the select which codons to use which is when the codon optimization becomes useful.

gure  Wndow  Help

New Construct

oo
Q0
oo
Q0
> =
> =
Q0
Q0
=
Q0
-
Q0
-
> =
Q0
==
Q0
Q0
==
Q0
Q0
=
> =

> -
[nNe]
=
@0
cn_|b
=

0-|z 2 (26 bp | —
GCGCTCACAATTCCACA

ET-GHis IE aal—l I

For Vectors, the sequence view is slightly different. The entire vector is shown as an icon in the upper-
left corner (see below). You move the wedge to highlight a specific region of the vector. The highlighted
region will appear in the window to the right. Next, you can zoom in at a higher level by moving the box
(circled in red below) to highlight the sequence you wish to analyze.

figure  Window Help

|
(O)}—=

={115) =(110) =(105) =(100) ={05) =3
#3485 #3400 #3405 #3500 #3505 #3510

CAGGATGAAR

13



Designing

In the left window pane, you can select one of your DNA elements. To see the details on the selected

o
element, click the =21 button. To edit the details, click Z To delete the selected element, click h

To rearrange DNA elements in your construct, go to the icon view and click and drag icons to the desired

location.

Tools

Back Translate

This tool allows you to back translate amino acids into specific codons. This is another tool that

ultimately does the same thing as Codon Optimization.

The Back Translate tool requires you to select a backtranslation profile. You can add, edit, or view

backtranslation profiles from the Configure menu.

Tip: Only use this tool if you want to change the algorithm Gene Designer uses to optimize codons for a

specific organism.

& Mew Project - Back Translate

==

Project:

Design Construck:

Use profile from

ORFs to optirnize:

DRFs to optirnize:

Best Individual

Individuals

Generations

Construct

MNew Project

Backtranslation Profile

5' Structure Optimization

|¥] beb

Homologous DMA Aimf Avoid
[ ] bab

Execute

| Accept Current Best || Cancel |

Status

Overall Score: 0

Unwanted Motif Score: 0
Unwanted Structure Score: 0
Repeat Score: 0

Homelogous DMA Score: O

5 of 25

7 of 100

14



Cloning Tool

The Cloning Tool is a valuable tool that allows you to do in silico cloning.

Steps for Cloning:

Select Cloning Tool under the Tool menu. A new window called Cloning Tool will open.
Drag an element from your project into the upper left corner of the Cloning Tool window
3. Inthe lower left corner, select the restriction sites you wish to use. Hold Ctrl in order to select

multiple sites.
4. Once all desired restriction sites are highlighted, click “Choose.” The restriction sites you

selected will appear in the Cuts: window pane.
5. Select the Use Cut check box if you want to use the cut. The DNA element resulting from the cut

will appear next to the DNA element you cut.

€ coa o R -

||Drag an elernent into the box below:

Search All

Eroup:

I | Default

Chose sites to cut with:

My Sites

Aatll  AcceSl
Afel Agel
Apall Apol
Auwal Auwall
Banl Banll
Balll  Bratl
BzmBI B=spEL
BzsHII  BstEII

IJ Choose |

Al
AlwHI
Azcl
Al
Bcll
Bsal
BzpdI
Bzl

Al
Apal
Azel

BarnHI

Bgll
Bziw]
BsrDl

Clal

Cuts:

Site Cuts At Use Cut

BarnHI z0s0 v

Final Clone

[rag segrments inkto box below:

6. If you wish to use this new DNA element in the cloning, click and drag it to the Final Clone

window pane to the right.

7. You can re-cut your original DNA element as many times and in as many ways as you desire, but

only drag cut elements that will be used in the Final Clone to the Final Clone pane. Otherwise

the cloning will not work and you will have to start over.

15



8. Once you are finished with your first original DNA element, you can click and drag a new DNA
element from your Project window into your Cloning window. Repeat Steps 2-7 until you have
all desired parts for your cloning.

9. Inthe Final Clone pane, you can choose the order of ligation by dragging the DNA elements into
the correct position. Ligations will start at the top of the list

10. Once all is in order, click “Clone!” and your finished product will appear.

11. You can drag your newly cloned DNA into your project window pane.

~

a Cloning T- I | = =l 2

Drag an elernent into the box balow: Final Clone
Drag segments into box below:
M11200 Plasmid Backbone (#bal.EcoRI)
CTAG AATT
CT A G AATT I
I—.‘ Hew Construct (Ecofi.Spel)
AATT CTAG i
AATT CT A G
I clona!
Chose sites to cut with: Cuks: Cloned Sequence
Search all My Sites Site Cuts At Use Cut Drag construck frarm box below into project:
Group: pstl 115 ] i
Spel a7 4l
BioBrick L4 |I
Kbal 16 |
EcaRI Abal Spel P=tl
P EcoRI 1 v
I Choose
/

16



Design sequencing oligos

After selecting part of the DNA sequence in the Sequence View, you can use this tool to design an oligo

for that sequence.

First select if you want the Best Oligo for the Region, a Single Stand Oligo, or a Double Strand Oligo.

Next, edit the size, Tm, and GC % you want in the oligo under the Design Parameters. Then click Create.

Design Sequencing Oligos

Start Base
End Baze

Length

|») Best Oligo for Region

Direction

) Single Strand Oligos

_) Double Strand Oligos

Selected Region
1
20

z0bp

Mumber and Placement of Oligos

() Forward () Reverse

L

Oligo Design Parameters

Minirnumm Cptirmal Maxirmur
Size (bp) 15 =z Ii| z7 =
T (°C) 56 =1 il &0 =
GC (%) 2o =1 iil &0 =

Create! fl Cancel [t

Order gene/Request quote

Use this tool to request a quote on the cost of having DNA 2.0 synthesize your DNA.

17



Configure

Restriction Sites
Here you can create groups of restriction sites used in your project. For example, you can create a
BioBrick group that consists of the four major restriction sites employed in BioBricks as seen below.

™= )

e My Restriction Sites s . -_— e . E—
My Groups:
Name Sites in group Add Group
Cefault FE Duplicate Group
BioBrick 4
Delete Group
| |
Sites in group:
Name Recognition Recognition Owverhang Overhang General Properties NEE Properties Visual Example
Sequence Complexity Length
= > ) pr— GAATTC
EcoRI GAATTC 13 ARTT 4 37°|¢4| 1 Rt | @ [l Gl—|AA-|—-|—c
®¥bal TCTAGA & CTAG 4 ¥ g ¥ i g i
Spel ACTAGT & CTAG 4 i g ¥ i g $ (l
P=tl CTECAG & TGECA 4 g$ g gi g
>
All Restriction Sites: =
Name Recognition Recognition Overhang Overhang General Properties NEE Properties Visual Example
Sequence Complexity Length
Pstl CTGCAG ) TGCA 4 g$ g gi g
P=tMHI GCTAGC & CTAG 4 gg$igg
P=ul RGATCY = GATC 4 Egi$g¥
Psulell CGATCG & AT 2 ggi$gg
Mt e ETE = n WACETR
=

Then when you are searching for Restriction sites in the Find panel, you can select the group to be
“BioBrick” and then only the restriction sites that you are interested in appear as seen below.

[ .
+ Motifs Restriction Sites ORFs

BioBrick L] | | Find ||

EcoR.I ®bal Spel Pstl

18



Back Translation Profiles

The Backtranslation Profile allows you to edit the algorithm and codon table used in the back
translation. You can change the codon usage table by dragging an imported codon table from the

Library Explorer into the box labeled Codon Usage.

General
Profile Name:  Hew Profile
Profile Description:

Mask with: None

Genetic Algorithm

4

Maxirurn Generations 100 ‘il

Maxirmurn Mutation Rate  g,05 (2

Minirurn Best Individusl Selection Rate 0,3 I¢]
Population Size 50
Mumnber of Progeny 25 iil

Codon Usage

i Threshold value:

Threshold applies ta:  No threshold

Edit Threshold

Motifs and Restriction Sites 0 zelected

Edit

weight: 1

weight: 1
Repeat Removal

Minimurn repest size to considers  12bp  —/

Sequences to Avoid

200%)

200%)

Table:  |Escherichia coli B
I Crrag new table here to set

5' Structure Optimization

T8 New Profie ~ Backivantatom ProE S =0 < |
- - — — S— —

Motifs

Here you can add Motifs to the library that are significant to your project.

B Tt — [ =,

| Mame

CRYPTIC SPLICE DONCOR
CRYPTIC SPLICE ACCERPTOR

RMHA DESTABILIZIMNG SEQUEMCE

SHIME-CALSARMO

Mew Sequence

PROFARYOTIC RIBOSOME BINDING  AGSAGITHNMMNDTS

DMNA Sequence Add
MAGGETRAGT Remowve
TYTTMTAGS

A A

AGEAGETHYS, 10}0TE

19



Default Codon Table

Here you can change the default codon table to the desired organism used for you project.

on Usage Ta

Default Table: | Escherichia coli B

eraud a = E SChermchnia Coll i
I Codon Table Library: | Set Selected As Default
|

hi Standard
i ]

hi DMAZ. 0 Optimized i
! T= Imporkted I
i

| (1] 4 || Cancel |

s B 3



