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Reach out when struggling with the p@m:

Biosustain Benchling support
lims_support@biosustain.dtu.dk

The baSICS Of the Access Benchling:

biosustain.benchling.com @

M @) I ecu I al B | O I O g y (login with DTU credentials)

TOOI Additional resources: g

LIMS Help quides

Benchling Help Center: Molecular Biology
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https://biosustain.benchling.com/
https://biosustain-dev.atlassian.net/wiki/spaces/LHG/pages/79298573/Getting+started+with+Benchling
https://help.benchling.com/hc/en-us/sections/6480096193549-Molecular-Biology
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Hands-on Benchling support e

Mondays 13:00 -14:00 (Room 222)

Research Data
Management Team

DROP-IN
HOURS

MONDAYS
13:00 - 14:00

2 FLOOR
RDM/LIMS support
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1. Introduction to the
Molecular Biology Suite
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Functionalities and tools overview

Sequence Alignment Sequence Visualization Construct Design

v Alignment to template v' Plasmid map v" RE-based cloning

v' Consensus alighment v Annotations and feature v' Golden Gate and Gibson
libraries creation (Bulk assembly

v Benchling BLAST auto-annotation)

v' Bulk assembly
v
FoalEs bt v' Codon optimization
v' Worklists integration
v' In silico PCR and
digestions
AA / Protein Analysis CRISPR .
v' Customizable enzyme
v AA alignment v Guide RNA design lists
v Auto-fill, back and v' On/Off-target scoring

bulk translations v HR template design

v Electrochemical
properties overview

1. Introduction to the Molecular Biology suite
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Functionalities and tools overview

Functionalities
Your sequence

SCQUENCE MAP LINEAR MAP PLASMID DESCRIPTION METADATA RELEVANT ITEMS RESULTS | L |
— + Copy Create PDF &~ Q N
BsrFI Earl Hpal
agccggetgetttcatgtggaacagaaaagaaateggggegettectettetgtattectttagttacgtttttattcagecatctaaccatecatacce <
ttggcdeacgaaagtacaccttgtettttectttageccecgegaaggagaagacatpaggaaatcagttgcaaaaataagteggtagattggtagtatgege
<4 =
2% XI-3\UP »2
®©
T T | T | T | T | T
1,610 1,620 1,630 1,640 1,650 1,660 1,670 1,680 1,690 1,700
Earl BseRI MscI
&
HCGCTAGCCAG§
ccatacggtaacaaaacctcttctpagaaaaggegtctctgetecteccgecatettatttttattcgetgegegegtttattgtegecategetggrcage
ggtatgccattgttttggagaagattqttttcttcagagacgaggaggcggtagaataaaaataagegacgegegecaaataacagegtagegacqgggteg e

1. Introduction to the Molecular Biology suite
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Functionalities and tools overview

®)
N Features (annotations and
SEQUENCE MAP LINEAR MAP PLASMID DESCRIPTION METADATA RELEVANT ITEMS RESULTS trans/ations)
- + Copy Create PDF @~ Q
=T i
BsrFI EarI Hpal &<  Digests
agccggetgetttcatgtggaacagaaaagaaateggggegettectettctigtattectttagtfpacgtttttattcagecatectaaccateatacce
ttggcdeacgaaagtacaccttgtettttetttagececcgegaaggagaagacatfaggaaatcagttgcaaaaataagteggtagattggtagtatgege
= Primers
4a
2 XI-3\UP »5 v
©  History
T T | T | T | T \ T
1,610 1,620 1,630 1,640 1,650 1,660 1,670 1,680 1,690 1,700
Earl BseRI MscI = Alignments
|iCGCTAGCCAG§ _$_ CRISPR
ccatacggtaacaaaacctcttctpagaaaaggegtctctgetectecgecatettatttttattecgetgegegegtttattgtegeategetggecage
ggtatgccattgttttggagaagattqttttcttcagagacgaggaggcggtagaataaaaataagegacgegegeaaataacagegtagegacqgggteg
- ©® Information (topology, tags)

1. Introduction to the Molecular Biology suite
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Training goals:

The basics of...

UMEARMAP  DESCRIPTION  PLASMID ~ METADATA  PLASMIDBATCH  RESULTS  RELEVANTITEMS

Copy  CreaePDF & v Q

Sal.
Skl
bl sael

XbaI BamHI| Smal Kpnl

CGACGGCCAGTGCCAAGCTTGCATGCCTGCAGGTCGACTCTAGAGGATCCCCGEETACCGAGCTCGAATTCGTAATCATGETCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACA
GCTGLOGGTCACGGTTCGAACGTACGGACGTCCAGETGAGATCTCCTAGGEGCCCATGRLTCGAGE TTAAGCATTAGTACCAGTATCGACAAAGGACACACTTTAACAATAGGOGAGTGTTAAGGTGT

-
44—
B
SH_d > s JS— i |
S -~ S —— lac operator
T T T T T T
00 420 ) 60 480 soe

CAACATACGAGCCGGAAGCAT ARAGTGTAAAGCCTGOGETCOCTAATGAGTGAGCTAACTCACATTAATTGOGTTGCGC TCACTGCCOGETTTCCAGTCGGAACC TG TCRTECCAGCTGCATTAAT
GTTGTATGCTCGGCCTTOGTATTTCACATTTCGGACCCCACGRATTACTCACTOGATTGAGTGTAAT TAACGCAACGOGAGTGACGEGCGAAGGTCAGCCC TTTGGACAGCACGGTCGACGTAATTA

lac promoter

BspQL
BsaXI  Sapl

GAATCGGCCAACGCGLGEEGAGAGGCGETTTGCGTATTGGECGCTCTTCCRCTTCCTCGETCACTGACT CGLTGEGETCGETCETTCGELTGLGELGAGCGETATCAGCTCACTCARAGECGETAATA

(o> 100

ASSEMBLY »  SPLIT WORKSPACE

BASES 2686

AmpR_promoter lacZo
AR M13 fwd

P s
S Ve
e

pUC18-alsSD
5222 bp

Constructs

> » t1250f27 items

AF_medium_copy_(pET)_orl/KanR- <«
Z T5 promoter-RBS B0030-alsS-T0

terminator

8 ascoclated primers View

AF_medium_copy_(pET)_orl/KanR-
Z T5 promoter-RBS B0030-alsS-T7
terminator

-

LY
o g

)

4

8

34
#

8 assoclated primers View

(d How to navigate the sequence visualization window and the workspace

(J How to assemble simple constructs
(d How to perform bulk assemblies with the Combinatorial Assembly tool

2. Training overview

AF_medium_copy_(pET)_orl/KanR- "
E T5 promoter-RBS BO030-alsS-nB.
T1 terminator

LA

T arir
.

&g
ol

8 assoclated primers. View

e

- Mond: cation
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Training goals:

The basics of...

cPCR Sequencing Find Mismatches ¢ | > AddComment  SorByv Expotv  ®v Q SEQUENCE MAP DESIGN CRISPR LNEARMAP  DESCRIPTION  METADATA @
. | Template — = Copy Posv Q gRNA design Save Setmngs n
Z FWD pCoP3412 |CCGGCGECAGTCAAACGCTTTTTCGAAACCGGTGGCAAAAGCCTGCTCCACGGCCTCTCOCACCTGGCCAAGGATL ’ S R
[C3 T T T T T T
3 pun 3 100 1118 3120 3130 3 140 3158 1,418 1,428 1,438 1,448 ‘ 1,458 1,460 Target 1451 1470 e
WA APV 'K 'R 'F F E RIREINC K EWL 'L D J9B 1 X L A K D ) region
Eagl =
[70 o a3 o9 Stat End  Annotations Genome Region
P 1278 3422 pta CDS Chromosome 2,302,000—2,304,144 e
b 3 ({phosphate
ceacgacggecgetgasccgctgaaastpagetacgttgaagptetgetttecagesatea acetylransferase), -
phaC1 (MBEL6-19) tgetgecggegactiggogacttttactcgatgeaacticcagacgasaggtegtagt pta gene, PAM.. =
54 100) B B Bm
v B FWD S184w(S18- * [55 102}
fu.abl) (4 &
28] 64 66 68 70 T2 74 T6 78 8 8% R
Length: 1140 TT TININE LS s KENEER c IS s N 0 I e
Mismatches: 31 pta [ ]
Palrwise Identity:
97.32% - - on-T
CCGGCGGCAGTCAAACGCTTTTTCGAgACCGGTGGCAAAAGCCTGCTCGACGGCCTCTCGCACCTGGCCMGGAT( e SEE— i
4 i ot
= pta gene = cur scor rget
I pta CDS (phosphate acetyltransferase) »% O position  Strand Guide sequence PAM ev  score
T T T T T T
I | ”I' II | " III 1,470 1,482 1,480 1,522 1,518 1,520 [0 2188 - gtagcegecagtcageagea ggg 763 992
1,089 2,000 3, 80P 4,080 5,000 6,888 7,000 BASES 5132 INSERT 1444 ASSEMBLY »  SPLIT WORKSPACE

 How to create a sequence alignment
[ How to use Benchling’s CRISPR tools

2. Training overview
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Today’s work example:

i

Hypothetical scenario: Production of acetoin in E. coli

Creation of Gene knockout
: expression vector using
design library CRISPR/Cas9

Sequence
alignment

Cloning vector

Scenario inspired by:

Journal of the Taiwan Institute of Chemical Engineers 167 (2025) 105895

Contents lists available at ScienceDirect

Journal of the Taiwan Institute of Chemical Engineers

W VR RS
ELSEVIER iournal homepage: www.journals.elsevier.com/journal-of-the-taiwan-institute-of-chemical-engineers

=

Metabolic engineering of Escherichia coli for improved cofactor
regeneration in lactate to acetoin via whole-cell conversion

Chan-Hsiang Hsu, Sefli Sri Wahyu Effendi, Wan-Wen Ting, Yu-Hsiu Li, I-Son Ng

Department of Chemical Engineering, National Cheng Kung University, Tainan 70101, Taiwan

Link to article

2. Training overview
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Today’s work example:

Hypothetical scenario: Production of acetoin in E. coli

Creation of Gene knockout Sequence

alignment

Cloning vector

: expression vector using
design library CRISPR/Cas9

alsS and alsD from Bacillus subtilis

[ESD [ ais0 >

v" Primer design

pUC18 cloning vector v' In silico PCR
gt E v' Virtual digestion
PN, v RE-based cloning

2. Training overview
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Today’s work example:

Hypothetical scenario: Production of acetoin in E. coli

Creation of Gene knockout Sequence

alignment

Cloning vector

: expression vector using
design library CRISPR/Cas9

=L

Promoters

D—Q—D v' Combinatorial cloning:

RBSs Golden Gate

] alss )L

DLD Destination vector

Terminators

2. Training overview
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Today’s work example:

i

Hypothetical scenario: Production of acetoin in E. coli

Creation of Gene knockout
expression vector using
library CRISPR/Cas9

Cloning vector

Sequence

design alignment

Target: pta in E. coli gRNA design + assembly into pCRISPR

pta > L
Wﬁw v" gRNA design

[ orNA ] v HR template design

HR template design to KO pta

3 - ds-dDNA Konig, E., Zerbini, F., Zanella, |., Fraccascia, D., & Grandi, G. (2018). Multiple
Stepwise Gene Knockout Using CRISPR/Cas9 in Escherichia coli. Bio-

protocol, 8(2), e2688. https://doi.org/10.21769/BioProtoc.2688

2. Training overview
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Today’s work example:

Hypothetical scenario: Production of acetoin in E. coli

Creation of Gene knockout
expression vector using
library CRISPR/Cas9

Cloning vector Sequence

alignment

design

———— Template (T) — T

5 — .

v' Multisequence alignment

2. Training overview
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3. The basics of sequences
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This section will give you an overview of how to
import, visualize, and annotate sequences. It also
shows how to optimize a coding sequence’s codons.
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3. The basics of sequences
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Create and import a sequence Crb

The Hove Nondisk Foundation
Center for Blosustainability

i

Create a new DNA sequence You can paste or write down any nucleotide sequence of your interest,
and you must assign the right topology and schema.

Create DNA / RNA sequence

CREATE NEW UPLOAD FILES IMPORT FROM DATABASE SELECT CHROMOSOMAL REGION

Project
Name*
Entry
pCAT
Protocol
—

DNA / RNA sequence New DNA / RNA sequence Set nucleotide type* Set topology
AA sequence New alignment DNA RNA Linear v
Oligo Import DNA / RNA sequences Set folder* Set schema
CRISPR Import DNA / RNA sequences BB Patricia B. DNA Fragment v

from spreadsheet
Entity from schema

Assemble DNA / RNA sequences Bases
Mi by concatenation

ixture ggcacgtaagaggttccaactttcaccataatgaaaca

Assemble DNA sequences by
Inventory cloning
Legacy workflow
Request
Dashboard

You can leave the Bases field empty and add your sequence later.

More

This can be useful if you wish to copy and paste a sequence with its
annotations.

3.1 Sequence creation and import
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Create and import a sequence

Create a new DNA sequence

Project

Entry

Protocol

DNA / RNA sequence

AA sequence

Oligo

CRISPR

Entity from schema

Mixture

Inventory

Legacy workflow

Request

Dashboard

More

New DNA / RNA sequence
New alignment |
Import DNA / RNA sequences

Import DNA / RNA sequences
from spreadsheet

Assemble DNA / RNA sequences
by concatenation

Assemble DNA sequences by
cloning

You can write or paste a valid accession
number from databases like GenBank,
Addgene or the iGEM Registry

Create DNA / RNA sequence

CREATE NEW UPLOAD FILES IMPORT FROM DATABASE SELECT CHROMOSOMAL REGION

Example searches:

® https://www.addgene.org/browse/sequence/364796/ (Addgene URL)
BRCAZ2 (Gene name)

M62653 (NCBI Accession)

ENSMUSG00000041147 (ENSEMBL ID)

BBa_E0040 (Registry of Standard Biological Parts)

JPUB_001430 (JBEI Public Registry)

Import multiple sequences at once by entering space-separated or comma-separated accession numbers.

Sequence

Y11520

C

The Hove Nondisk Foundation

Center for Blosustainability

If the ID is valid, Benchling will show
you the gene’s description. You can
set its schema and import it.

Te T ical S... 3 E.coli and Bacill

Create DNA / RNA sequence

CREATENEW  UPLOADFILES  IMPORT FROM DATABASE  SELECT CHROMOSO|

Sequence
Y1520
Entry
Y1520
Database
) NCBI Nuclectide (Genbank)

Z
®
ve)

l Length

3544

Description

Pseudomonas sp. vdh gene and ORF2

Set nucleotide type”

DNA RNA

Set folder”
B Patricia B.

[ n

No schema
SCHEMAS

DNA Fragment
Gene

gRNA

Marker

Origin of Replication
Plasmid

Primer

Promoter

Tag

Terminater

Select a schema... v

Close

.1 Sequence creatio

d import
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Create and import a seguence

Choose the Import sequences

option

Project

Entry

Protocol

DNA / RNA sequence
AA sequence
Oligo

CRISPR

Entity from schema
Mixture

Inventory

Legacy workflow
Request
Dashboard

More

New DNA / RNA sequence

New alignment

Import DNA / RNA sequences

Import DNA / RNA sequences
from spreadsheet

Assemble DNA / RNA sequences
by concatenation

Assemble DNA sequences by
cloning

qo

The Hove Nondisk Foundation
Center for Blosustainability

Choose the correct nucleotide type and select the sequence files. The
sequences will be uploaded automatically to the folder you set.

Create DNA / RNA sequence

CREATE NEW UPLOAD FILES MPORT FROM DATABASE SELECT CHROMOSOMAL REGION

Remember to set
the folder before
uploading your
files.

Upload any DNA file (Genbank, FASTA, ApE, Geneious, SnapGene, SeqBuilder v15 or below, etc) to make a Benchling sequence. Drag in multiple at once!

Nucleotide type* Project folder

DNA RNA B Mia

Choose a file

If you made a
mistake, you can
fix it by using the
Move to option.

Open Move To Set Topology ~ Edit Tags ~ Auto-annotate = ﬂ [ Show errars only

GFP creator OPEN SEQUENCE MiA
pucis accession marker organism OPEN SEQUENCE MIA
ref

Close

3.1 Sequence creation and import



=
=
=

Create and import a sequence
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Create DNA / RNA sequence
CREATE NEW UPLOAD FILES IMPORT FROM DATABASE SELECT CHROMOSOMAL REGION

Upload any DNA file (Genbank, FASTA, ApE, Geneious, SnapGene, SeqBuilder v15 or below, etc.) to make a Benchling sequence. Drag in multiple at once!

Nucleotide type* Set folder

DNA RNA W Patricia

or choose a file

Note: GenBank sequences use the LOCUS for the sequence name. To use the filename instead, click here
Open Move To Set Topology ~ Edit Tags ~ Auto-annotate = Show errors only
Linear [ |
Circular
ACCESSION |
4 Ex OPEN SEQUENCE PATRICIA
9 Exported ACCESSION | g DEFINITION | “ “
ORGANISM SOURCE I ORGANISM
SOURCE
Close

aqo

The Hove Nondisk Foundation
Center for Blosustainability

When uploading a sequence, it is
possible to:

) Change its topology and edit the
tags attached to your entity to
make it easier to find.

3.1 Sequence creation and import
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Select Feature Libraries to use in auto-annotation

Select all / Clear selection

Affinity Tags

Create DNA / RNA sequence
annotations Eveline

CREATENEW  UPLOAD FILES IMPORT FROM DATABASE ~ SELECT CHROMOSOMAL REGION ART_GEN feature library

Bll-Parts
Upload any DNA file (Genbank, FASTA, ApE, Geneious, SnapGene, SeqBuilder v15 or below, etc.) to make a Benchling sequence. Drag in multiple at or.ce! Biobricks
Nucleotide type* Set folder CAL-DR
DNA RNA B8 Patricia Chenxi
CLED features
CM parts

or choose a file

CM parts.csv (imported 02/24/2113:55:22)

Common Plasmid Features

1 . cPCR or PCR fragments
Note: GenBank sequences use the LOCUS for the sequence name. To use the filename instead, clickere. &

Show errors only
€@ You can auto - annotate the

sequence from an existing list of

Exported ACCESSION DEFINITION OPEN SEQUENCE PATRICIA fe a t u re S g

ORGANISM SOURCE » This can also be done in bulk when
using the expanded view of the
selecting multiple entities at once

CPE Plasmid Features

Pnfanlt Canbiran

M

Open Move To Set Topology ~ Edit Tags ~ Auto-annotate

Close

1 Sequence creation and impo
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First Steps: Create and import the building blocks to create the DNA construct

Create DNA / RNA sequence
CREATENEW  UPLOADFILES  IMPORT FROM DATABASE  SELECT CHROMOSOMAL REGION

Upload any DNA file (Genbank, FASTA, ApE, Geneious, SnapGene, SeqBuilder v15 or below, etc.) to make a Benchling sequence. Drag in multiple at once'

Nucleotide type* Set folder

[ DNA RNA B8 Patricia

or choose a file

Note: GenBank sequences use the LOCUS for the sequence name. To use the filename instead, click here.

Open Move To Set Topology ~ Edit Tags ~ Auto-annotate = Show errors only
UPLOAD DONE
Exported ACCESSION DEFINITION OPEN SEQUENCE PATRICIA
ORGANISM SOURCE
Close

3.1 Sequence creation and import

Add items to entity worklist

New worklist Existing worklist

Worklist Name™

[ Proje:Ltrainmg|

Selected items

Z Exported

Add items to worklist

@ You can also create worklists or
add to existing ones to find your
currently used entities faster.

aqo

The Hove Nondisk Foundation
Center for Blosustainability
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View, annotate and edit your sequences

€ pucis
SEQUENCE MAP

— + Copy CreatePDF @+ Q

CCAAAGGGGGATGTGCTGCAAGGCGATTAAGTTGGGETAACGCCAGGGTTTTCCCAGTCACGACGTTGTAAAACGACGE
GCTTTCCCCCTACACGACGTTCCGCTAATTCAACCCATTGCGGTCCCAAAAGGGT CAGTGCTGCAACATTTTGCTGCC

T T | T T T T I
320 330 348 350 368 370 380 3%0

AccB5I
HincII TspMI EcoRI
AccI BsoBI Apol
BspMI Sall Xmal BanII
BfuAl SbfI mval Eco53kI

HindIII ~ SphI Psil Xbal BamHI| Smal KpnI| $agl

CCAGTGCCAAGCTTGCATGCCTGCAGGTCGACTCTAGAGGATCCCCGGGTACCGAGCTCGAATTCGTAATCATGGTCA
GGTCACGGTTCGAACGTACGGACGTCCAGCTGAGATCTCCTAGGGGCCCATGGCTCGAGCTTAAGCATTAGTACCAGT

I | MCS | =

400 418 420 430 440 450 468

TAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCCGAAGCATAAAGTGTAAAGCC
ATCGACAAAGGACACACTTTAACAATAGGCGAGTGTTAAGGTGTGTTGTATGCTCGGCCTTCGTATTTCACATTTCGGE

I I I I I
470 4ge 490 560 51e

lac promoter [

I I I
520 530 540

TGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCG

3.2 Sequence visualization

LINEAR MAP PLASMID DESCRIPTION METADATA RELEVANT ITEMS RESULTS

+

pUCT8 (2686 bp)

EcoRI

Apol

Banll

S$acl

KpnI

Acch5I

Smal

TispMI

BsoBI

Amal

Aval

¥bal

HincII

Aecl

$all

BEpMI

BRUAT
P1uTI||[Eco53kI
Sfol BbHFI AF1III
Narl F&tI Pecil
BstAPI HemHT BspQI
NdeI HIndIII $apl ALWNT

fol | KasI EBhL BsaXl BseYI

500 1,000 1,508

M
<sszam ! ori

NmeAIIT

BsrFI Zral
BpmI XmnI Sspl
Bsal Becgl AatIT
AhgGL Scall EcoOnesl
2,000 2,508
AmpR ]

e e

aqo

The Hove Nondisk Foundation
Center for Blosustainability

DESCRIPTION METADATA RELEVANT ITEMS

Create PDF @~ Q

puci8

2686 bp

v For circular sequences, a plasmid viewing option is available

v" You can click on the different elements or annotations in any
of the views to select the corresponding sequence fragment




0V view, annotate and edit your sequences
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% pUcts ® PRrRO TIP:

SEQUENCE MAP  PLASMID  LINEARMAP  DESCRIPTION ~ METADATA  RELEVANT ITEMS  RESULTS CIle on “Spllt
— ==+ Copy Create PDF @~ Q k ”t h
n workspace”to change
Nbel Kbi the viewing mode to split
3<
CAGATTGTACTGAGAGTGCACCATATGLGGTGTGAAATACCGCACAGATGLGT AAGGAGAAAATACCGCAT CAGGCGLCATTCGLCATTCAGGCT GCELAACT GTTGEGAAGGGCEATCGETCOGGGCCTCTTCGLTATTACGCCAGLTGECGAAAGREEG 5;(;r(§(3r]/f[jll screen
GTCTAACATGACTCTCACGTGGTATACGCCACACTTTATGGCGTGTCTACGCATTCCTCTTTTATGGCGTAGTCCGCGGTAAGCGETAAGT CCGACGLGT TGACAACCCTTCCCGCTAGCCACGCCCGGAGAAGCGATAATGCGGTCGACCGETTTCCCCC
=4
T T T T T T T T
180 200 220 240 260 280 300 320
©
AccB51
HincII TspMI EcoRI =
AccI BsoBI Apol
BspMI Sall Xmal BanIl
BfuAl Sbtl mval Ecob3kI 4
HindIII  SphI Psil Xbal BamHI| Smal KpnI| Sacl
ATGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGT TGTAAAACGACGGCCAGTGCCAAGCT TGCATGCCT GCAGGTCGACTCTAGAGGATCCCCGEGTACCGAGCTCCAAT TCGTAATCATGGTCATAGCTGTTTCCTGTG e
TACACGACGTTCCGCTAATTCAACCCATTGCGGTCCCAAAAGGGT CAGTGCTGCAACATTTTGCTGCCGGT CACGET TCGAACGTACGGACGTCCAGCTGAGATCTCCTAGGGGCCCATGGCTOGAGCTTAAGCATTAGTACCAGTATCGACAAAGGACAC
[ M3 fwd > | MCS | < Mi3rev |
2 = £ —
T T T T T I T T
340 360 380 408 420 440 460 480
TCAAATTGT TATCCGCTCACAAT TCCACACAACATACGAGCCGGAAGCATAAAGT CTAAAGCCTGEGETGLCTAATGAGT GAGCTAACTCACATTAATTGCGT TGCGCTCACTGCCCECTTTCCAGTCOGEAAACCTGTCCTGECAGETGCAT TAATGAAT
ACTTTAACAATAGGCGAGTGTTAAGGTGTGTTGTATGCTCGGCCTTOGTATTTCACATTTCGGACCCCACGGATTACTCACTCGATTGAGT CTAATTAACGCAACGCGAGTGACGGGLGAAAGGTCAGCCCTTTGEACAGCACGGTCGACGTAATTACTTA
[Tac operator | = K__Tac promoter ]
T T T T T T T T
500 520 540 560 580 600 620 640
BspQI
Bsa¥T SanT
BASES 2686 INSERT 1 ASSEMBLY < SPLIT WORKSPACE

3.2 Sequence visualizatio
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Functionalities
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¥ pUCig
SEQUEMNCE MAP PLASMID LINEAR MAP RESULTS RELEVANT ITEMS METADATA
- - + Copy CreatePDF @ v Q | — (——+ € =— > CreatePDE &~ 2w Features (annotations

and translations)

AmpR_promoter

CGAAAGGGGGATGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGTAAAACGACGG

GCTTTCCCCCTACACGACETTCCOCTAATT CAACCCATTGCGETCCCAAAAGEGT CAGTGCTGCAACATTTTGETGCC S Digests
[ MI3 fwd »Z
& T« _____________ « - ;
: : : . . : . : =  Primers
329 330 348 350 368 378 380 358
©  History
AccB5I
HincII TspML E¢oRI = .
Accl BsoBI Apol = Allgnments
BspMI Sall Kmal BanlI
BfuAl Shfl Aval Eco53kI
HindIII  SphI FRstl Xbal BamHI| Smal KpnI| 3ag * CRISPR
CCAGTGCCAAGCTTGCATGCCTGCAGGTCRACTCTAGAGGATCCCCGOGTACCGAGCTCGARTTCGTAATCATGATCA pUC18 o .
GGTCACGGTTCGAACGTACGGACGTCCAGCTGAGATCTCCTAGGGECCCATGECTCRAGCTITAAGCATTAGTACCAGT 2686 bp Information (topology, tags)
» | MCS | 3
& Yacga e
[ [ [ [ [ [ [
488 418 429 438 449 458 460
TAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACAT ACGAGCCGGAAGCATAAAGT GTAAAGCC
ATCGACAAAGGACACACTTTAACAATAGGCCAGTGTTAAGGTGTCTTGTATGCTCAGCCTTCATATTTCACATTTCGG
i< M3 rev |
3 ["Tac operator | < [ Tac promoter [ ]
I I I I I I I I
478 480 498 121 518 528 538 540
TGGGGTGCCT AATGAGTGAGCTAACT CACATTAATTGCTTGOGCTCACTGCCCGCTTTCCAGTCOGEAAACCTGTCS .
BASES 2686 INSERT 452 ASSEMBLY ~ SPLIT WORKSPACE

3.2 Sequence visualizatio
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¥ pucis

SEQUENCE MAP

PR
T T T T T T T
2,350 2,360 2,370 2,380 2,39 2,400 2,410

T T T T T T T
2,420 2,430 2,440 2,450 2,460 2,470 2,480 2,498

Sspl

TTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAA
AAAGTTATAATAACTTCGTAAATAGTCCCAATAACAGAGTACTCGCCTATGTATAAACTTACATAAATCTTTTTATTT

3= AmpR_promoter «E
T T T T T T T T
2,500 2,510 2,520 2,530 2,540 2,550 2,560 2,570
y
\ AatIl
Zral

CAAATAGGGGTTCCGUHCACATTTCCCCGAAAAGT GCCACCTCACGTCTAAGAAACCATTATTATCATGACATTAACC
GTTTATCCCCAAGGCGOETGTAAAGGGGCTTTTCACGGTGGACTGCAGATTCTTTGGTAATAATAGTACTGTAATTGG

3« AmpR ...oter

T T T T T T
2,550 2,50 2,600 2,610 2,620 2,630 2,640 2,650

Eco0189I

TATAAAAATAGGCGTATCACGAGGCCCTTTCGTC

BASES 2686 = START 2487 END 2591 LENGTH105 GC3238%  MELTING TEMP 675 °C

PLASMID LINEAR MAP RESULTS RELEVANT ITEMS

—_ et e D

AmpR_promoter
AmpR

puC18

2685 bp

View, annotate and edit your sequences

METADATA

Create PDF £+ Q n

ASSEMBLY &

<

G}

&

SPLIT WORKSPACE

qo

The Hove Nondisk Foundation

Center for Blosustainability

Click on any element
or annotation in any
of the views to select
the corresponding
sequence fragment

See the
electrochemical
properties of the
fragment on the
bottom

@ PROTIP:

Click on “melting
temperature”to access
the parameter settings.
Different calculation
algorithms are available.

3.2 Sequence visualization
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SEQUEMCE MAP

—_— e +

Annotation Run Primer3
ATGCCGGGAGCAGACAAGCCCGTCAGGL iGGT CGGCAT
TACGGCCCTCGTCTGTTCGGGCAGTCC]  Primer "CCA| Run Benchling BLAST GCCGTA
. licZow 2
Translation Submit to NCBI BLAST |
I I |
8 = 1e0 New AA sequence ' Analyze as translation
New DNA Optimize codons
New RNA

CAGAGCAGATTGTACTGAGAGTGCACC New part 'ACAGATGCGTAAGGAGAAAATACCGCATCA
GTCTCGTCTAACATGACTCTCACGTGGTATACGCCACACTTTATGGCGTGTCTACGCATTCCTCTTTTATGGCGTAGT

I T I I I T I I
168 178 180 190 208 218 228 230

PluTI
Sfol
Narl
KasI

GGCGCCATTCGCCATTCAGGCTGCGCAACTGTTGGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGG
CCGCGGTAAGCGGTAAGTCCGACGCGTTGACAACCCTTCCCGCTAGCCACGCCCGGAGAAGCGATAATGCGGTCGACC

BstAPI
NdeI

CAGAGCAGATTGTACTGAGAGTGCACCATATGCGGTGTGAAATACCGCACAGATGCGTAAGGAGAAAATACCGCATC
GTCTCGTCTAACATGACTCTCACGTGGTATACGCCACACTTTATGGCGTGTCTACGCATTCCTCTTTTATGGCGTAG

T T T
166 178 188

PluTI
Sfol
Narl
KasI
GGCGCCATTCGCCATTCAGGCTGCGCAACT
CCGCGGTAAGCGGTAAGTCCGACGCGTTGA
x

T T I
246 259 260

CGAAAGGGGGATGTGCTGCAAGGCGATTAA
GCTTTCCCCCTACACGACGTTCCGCTAATT

D -T2
I I I I I I I I
249 250 260 270 280 299 300 310
CGAAAGGGGGATGTGCTGCAAGGCGATTAAGT TGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGTAAAACGACGG

GCTTTCCCCCTACACGACGTTCCGCTAATTCAACCCATTGCGATCCCAAAAGGGRTCAGTGCTGCAACATTTTGCTGOC
BASES 2686 | START 146 END 469 LENGTH 324 GC 55.25% MELTING TEMP 207 °C

3.2 Sequence visualization

T T T
320 33e 340
BASES 2686

Edit annotation
Delete annotation

Add to Feature Library

Copy
Copy special...
Change case...

Delete bases

Create new part
Create primer...
Create DNA sequence
Create RMA sequence
Create translation...

Create AA sequence...

Run Benchling BLAST
Submit to NCBI BLAST

Analyze as translation

T I T
21a 228 236

sGCCTCTTCGCTATTACGCCAGCTGL
[CGGAGAAGCGATAATGCGGTCGACK

T I T
250 el 310

[CAGTCACGACGTTGTAAAACGACGL
sGTCAGTGCTGCAACATTTTGCTGL

T T
37e 380 390

AcCCBbbhI

START 146 END 469 LENGTH 324 GC 55.25%

MELTING TEMP 80.7 °C

ha Kowo Nondisk Foundation

Center for Biosustainability

With a sequence
fragment selected, see
the "create” and
“analyze” functions

Right-click on a
selection to unlock a
new set of editing
options

PROSRE:

Click directly on any part
of the sequence (not a
fragment) and paste or
write new bases directly.
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i

SEQUENCE MAP . L .
N = ) ]
I Create an annotation PLASMID LINSARIAE - RESUL “Add the speCIflcatlons
— - 1+ Copy CreatePDF @~ Q . 4+ ¢ SN
- . — - . S ANNOTATIONS TRANSLATIONS I
Annotation _
Visibity fiter - “ _ ¥ Annotations are
CGAAAGGGGGATGTGCTGCAAGGCGATT  Primer TCCCAGTCACGACGTTGTAARACGACGG AmpR_promoter o :
GCTTTCCCCCTACACGACGTTCCGCTAY AGGGTCAGTGCTGCAACATTTTGETGCC 12 total 0 hidden automaticall Yy
Translation [ M3 fwd AmpR ~ F i
g I > Ml lecza 146469 = | imported with your
New AA sequence
1 ! . 1 sequences when
320 330 el 370 320 390 > Il M13fwd 379-395 © A
New DNA uploading from
A 4 A 4 - -
New RNA 651 > Ml wcs 399455 = databases and files
EcoRI
New part fpol > M13 rev 465-481
BspML S B Banll o 4
BfuAI bf1 hval Eco53kI =
HindIII  SphI #®stl Xbal BamHI| Smal KpnI| $a¢l > [l lac operator 489-505
. o
CCAGTISCCAAGCTTGCATGCCTGCAGTCGACT CTAGAGGATCCCCGGGTACCGAGCTCGAATTCATAATCATGGTCA New annotation
GGTCACGETTCGAACGTACGGACGTICCAGCTGAGATCTCCTAGGGGECCATGGCTCGAGCT TAAGCATTAGTACCAGT
| | MCS I - Name
< T Tacla T«
T T T T T T T Position 396 - 415
489 41@ 42¢ 438 444 45¢ 468
Select a sequence fragment Annotation type
TAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATARAGTGTAAAGCC
ATCGACAAAGGACACACTTTAACAATAGGCGAGTGTTAAGGTGTGTTGTATGCTCGGCCTTCGTATTTCACATTTCGG Color v
i« Mi3rev |
3 [ Isc operator | K Tac promoter Strand Forward v
T T T T T T T T
470 438 499 508 516 526 538 548
MNotes hd
y
BASES 2686  START396 END 415 LENGTH20 GC60.00%  MELTING TEMP 613 °C ASSEMBLY »  SPLIT WORKSPACE

3.3 Sequence annotation
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View, annotate and edit your sequences

¥ pucis
SEQUENCE MAP

Create PDF &+ Q

—_— e = + opy

COAAAGGGGGATGTGCTGCAAGGCGATTAAGT TGGETAACGCCAGGGTTTTCCCAGTCACGACGTTGTAAAACGALGE
GCTTTCCCCCTACACGACGTTCCGCTAATTCAACCCATTGCGGTCCCAAAAGGGTCAGTGCTGCAACATTTTGCTGCC

T T T T T T T T
320 330 340 350 360 370 388 359

Acc651
HincII TspML EcoRI
Accl BsoBL Apol
BspMI Sall ¥mal BanII
BfuAI Sbf1 hval Eco53kI

HindIII Sphl fFstl Xbal BamHI| Smal KpnI| 3agl

CCAGTGCCAAGCTTGCATGCCTGCAGGTCGACTCTAGAGGATCCCCGLGTACCGAGCTCGAATTCGTAATCATGGTCA
GGTCACGGTTCGAACGTACGGACGTCCAGCTGAGATCTCCTAGGGGCCCATGGCTCGAGCTTAAGCATTAGTACCAGT

| MCS | =

4ee 41e 428 430 448 458 460

TAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGLCGGAAGCATAAAGTGTAAAGCE
ATCGACAAAGGACACACTTTAACAATAGGCGAGTGTTAAGGTGTGTTGTATGCTCGGCCTTCGTATTTCACATTTCGG

3« Mi3rev |
3 [TTac operator ] Iac promoter

| | | | T | | T
ate 130 490 500 510 520 530 540
BASES 2686  INSERT 451

PLASMID LINEAR MAP RESULTS

— et & =——— >

AmpR promoter

AmpR

RELEVANT ITEMS METADATA
ANMNOTATIONS TRANSLATIONS l
Visibility filter » .
12 total 0 hidden
-
> Il lacza 146469 Ay
> [l M13fwd 379-395 ©
> MCS 399-455 =
> I W3 rev 465-481
4
v
> [ 'ac operator 489-505
e

Show expanded view

Edit feature libraries

Auto-annotate

SPLIT WORKSPACE

ASSEMBLY &

The Hove Nondisk Foundation
Center for Blosustainability

0 You can access
the “edit feature

libraries” and
“"auto-annotate”

options at any
time to create
your own
annotations list
or use an
existing one on
your sequence

Be aware that the
libraries are
shared within the
Center so don't
edit libraries that
don’t belong to you

3.3 Sequence annotation
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Open the file with your gene of interest

SEQUENCE MAP

Create a forward translation

= e

Annotation

— - = + Create PDF &~ Q

Primer
aagaaccccgtagtgetgegtgecgecaaaataggettea:

ttcttggggcatcacgacgecacggeggttttatecgaagty

Fanracaa~oamoan tacctatangce

Translation Forward JCEE

New AA sequence Reverse

i
ORF2 CDS (er

New DNA

T T T T T T T
1,540 1,550 1,560 1,51 1,600 1,61 1,620

New RNA

New part

aagctcgaccaatcecegtttgetegateccggaaggeggtegegageagggeatgaageagttecttgacgagaaaageatcaageeggge
ttcgagetggttagggeaaacgagetaggecttecgecagegetegteccgtacttegtcaaggaactgetettttegtagtteggeeeg

ORF2 gene
ORF2 CDS (enoyl-CoA hydratase)
source
T T T T T T T T T
1,630 1,640 1,650 1,660 1,670 1,680 1,699 1,700 1,719
Apal Y
PspOMI
)
K72

ttgcagacctacaagegetgataaatgegecggggecctegetgegecceeggecttecaataatgacaataatgaggagtgeccaatgt
aacgtctggatgttcgegactatttacgeggecccgggagegacgegggggccggaaggttattactgttattadtectcacgggttaca

ORF2 gene i ene .
~~ORF2 CD...atase) repeat_region >
source >
T T T T T T T T T
1,720 1,730 1,740 1,750 1,760 1,770 1,780 1,79 1,800

BASES 3544  START 1786 END 3242 LENGTH 1457 GC58.48%  MELTING TEMP 83.5°C

View, annotate and edit your sequences

C

The Hove Nondisk Foundation

Center for Blosustainability

Select the gene (for example, by clicking its annotation)

LINEAR MAP DESCRIPTION METADATA  RELEVANT ITEMS RESULTS
- > +
ANNOTATIONS
Y11520_PBD
Avrll
DrdI
PspXI Ajul
EcoNI PpuMI  ApalLI BsrGI Fspl
Bsu361 Kf1I Alel Bsal BspHI
HindIIT BamHI  Hpal Pfol  SexAl Xi
500 1,000 1,500
ORF2 gene

||| ORF2 C...tase)

Name

Position

# of AA's

Genetic code

Color

Strand

[Py

Name your new *
s Create translation translatlon

v’ Before codon
n optimization, the DNA

sequence must be
translated

&

©

€ Ir the sequence
fragment selected is
not a multiple of 3,
the codon
) optimization will not
be possible

[ vdh translation|

1786 - 3242

485

Standard v
v

Forward v

ASSEMBLY WIZARD ~  SPLIT WORKSPACE

4

odon optimization



OTU

i

-+

View, annotate and edit your sequences

Select the newly created translation and codon optimize it

SEQUENCE MAP

Run Primer3

Run Benchling BLAST
aagctcgaccaatcecgtttgetegatecggaaggeggtcgegageaggge laagcatcaagccgggce
ttcgagctggttagggcaaacgagetaggecttecgecagegetegteceg Submit to NCBI BLAST ittcgtagttcggeecg

ORF2 gene Analyze as translation |= -
ORF2 CDS (enoyl-CoA hyd »
source Optimize codons Forward
T T T T T 1 I
1,630 1,640 1,650 1,660 1,670 1,680 1,69@ Reverse
Apal Y
PspOMI
L G

ttgcagacctacaagcgetgataaatgegeeggggecctegetgegeeccecggecttecaataatgacaataatgaggagtgeccaatgt
aacgtctggatgttcgegactatttacgeggeceecgggagegacgegggggeeggaaggttattactgttattactectecacgggtjtaca

M)

ORF2 gene
Z0RF2 CD...atase) repeat_region > »%
source
T T T T T T T T T
1,720 1,730 1,740 1,75@ 1,760 1,770 1,78 1,790 1,800

BsaAl
Pm1I

ttcacgtgecectgettattggtggtaagecttgttcageatetgatgagegeaccttegagegtegtageccgetgaccggagaagteg
aagtgcacggggacgaataaccaccatteggaacaagtcegtagactactegegtggaagetegeageategggegactggectetteace

2 4 6 8 1@ 12 14 16 18 20 22 24 26 28 3@
JFH VvV PLLIGGKPCSASDETRTFERRSPILTGIEV

Yy

BASES 3544  START 1797 END 3242 LENGTH 1446 GC58.44%  MELTING TEMP 83.4°C

odon optimization

LINEAR MAP CODON OPTIMIZATION

DESCRIPTION METADATA RELEVANT ITEMS

Region: 1797-3242 (Forward Strand) n

Set the parameters of interest

<
Parameters
Organism Escherichia coli (K12) v
Only supports standard genetic code o
GC Content Any (O to 1) v
Uridine mRNA Uridine Depletion
Hairpin Parameters Avoid Hairpins 20 S 200 2 <
AVOIDED CUT SITES (0) PRESERVED CUT SITES (0) PROTECTED REGIONS (0) PATTERNS TO REDUCE (0) 0

For the specified enzymes, existing cut sites will be removed and no new cut sites will be created.

Enzyme Name Cuts

+ Add cut site to avoid

Cancel Preview optimization

ASSEMBLY WIZARD «  SPLIT WORKSPACE

C

The Hove Nondisk Foundation

Center for Blosustainability

v When codon
optimizing, its
possible to select the
GC content and other
details

v" You can select cut
sites to avoid or
remove in your
optimized sequence
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Take a look at the changes made and save the new optimized CDS sequence

SEQUENCE MAP LINEARMAP  CODON OPTIMIZATION DESCRIPTION ~ METADATA  RELEVANT ITEMS \/ You can keep the
- Copy  CrestePDF &+ Q n changes by saving

Optimization preview

This is a summary of the optimized sequence. You can save this sequence or go back and modify your optimization
- paramaters N the new sequence as
aagctcgaccaatcecegtttgetegatecggaaggeggtegegageagggeatgaageagttecttgacgagaaaageatcaageeggge Metric Before After a. neW entlty OI’

ttcgagetggttagggcaaacgagetaggecttecgecagegetegtecegtacttegtcaaggaactgetettttegtagtteggeecg

82 gene : Rare codons g 10 = overwriting/editing

> ORF2 CDS (enoyl-CoA hydratase) »% GC content 58% 58% . .
- z o your original
Uridine content 24% 22%
T T T T T T T T T
1,630 1,640 1,650 1,660 1,670 1,680 1,690 1,700 1,710 Hairpins 0 0 Sequence
Y . - -
Apal Location Original Optimized
PspOMI &
& 1815 CTT »L (012) TTA »L (015)

——— i}
ttgcagacctacaagcgctgataaatgcgccggggccctcgctgcgcccccggccttccaataatgacaataatgaggagtgcccaatgz:l 1824 GGT -G (0.29) GGC »G (0.46)
aacgtctggatgttcgegactatttacgeggececgggagegacgegggggeeggaaggttattactgttattactectecacgggttaca

M) 1827 AAG 3K (0.27) AAA >K (0.73)
1830 CCT »>P (017) CCG »P (0.55)
3 ORF2 gene
<0RF2 CD...atase) repeat_region > > »%
—— 1842 TCT S (011) AGC S (0.33)
T T T T T T T T T
1,720 1,730 1,740 1,750 1,760 1,770 1,780 1,79 1,800 1848 GAG »>E (0.3) GAA ->E (07)
1854 ACC > T (0.47) ACT > T (016)
BsaAl
Pm1I
1860 GAG >E (0.3) GAA »>E (07)

htcacgtgcccctgcttattggtggtaagccttgttcagcatctgatgagcgcaccttcgagcgtcgtagcccgctgaccggagaagtgd

aagtgcacggggacgaataaccaccattcggaacaagtcgtagactactegegtggaagetegeageategggegactggectetteace Back Save
2 4 6 8 1@ 12 14 16 18 20 22 24 26 28 30

JEH V' PILL'I'G GK/'P CS ASDERTIIERRSPILTGEV

PR e

BASES 3544  START 1797 END 3242 LENGTH 1446 GC58.44%  MELTING TEMP 83.4°C ASSEMBLY WIZARD «  SPLIT WORKSPACE

odon optimizatio
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LET’S MOVE TO BENCHLING TO START THE HANDS-ON!

Access Benchling:

biosustain.benchling.com @

(login with DTU credentials)



https://biosustain.benchling.com/
https://biosustain.benchling.com/

=
=
=

Create a training folder to work in Crb

The Hove Nondisk Foundation
Center for Blosustainability

i

Projects / Biosustain Training /

Molecular Biology Training >
|

-
B Folder
Type = =< Filters
B Cniy Create folder
Mia
Last modified 4 days ago
B Protocal Name* Location®
Agata
Last modified 21/03/2024 ~ i == ..
¥ DNA/RNA sequence [ Your na nel @ Molecular Biclogy Training
BS
Last modified 21/03/2024 o AA sequence Description
Dushica
Last modified 18/06/2024 = OQligo
Ester
Last modified 20/03/2024 O Assembly
Last modified 21/03/2024 {D CRISPR
Y B  Entity from schema
Last modified 18/06/2024
Kostas test folder 5 Mixt A
s e v Remember to select your own training folder
ast modified 21/03/2024
More when creating or importing sequences

Lilos
Last modified 21/03/2024 ——

Max
Last modified 21/03/2024

4. Benchling access and folder setup
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Copy the Training Files folder into your own Cf'b

The Hove Nondisk Foundation
Center for Blosustainability

i

Projects / Biosustain Training /

Molecular Biology Training Saved Searches v

Type: Folder, Entry, Dataset v = 1filter X Clear

v
1-2 of 2 items, including items in subfolders 1row selected (L ]
& Name ) Starred T Owner Modified Review Proces
% Training Files DTU Biosustain 03/02/2025
Your Name DTU Biosustain 03/02/2025
Copy To...
T e s Do not modify the Training Files
. A folder! Make sure you are copying
« [ Molecular Biology Training . . .
Yourame it, and not moving Its contents.

4. Benchling access and folder setup
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The Training Files [Results] folder aqo

The Hove Nondisk Foundation
Center for Blosustainability

i

You can find the expected outputs for each part of the
hands-on in this folder, such as annealed primers, finalized
assemblies and resulting constructs.

Projects / Biosustain Training / *Molecular Biology Training /
*Training Files [Results] Saved Searches v ¢
p} Type v = Filters
1-4 of 4 items E: v  More v
[] Name T Starred T Owner Modified Review Proces... Description
1. Basic construct assembly DTU Biosustain 10/02/2025 Includes: Primer design, i...
2. Combinatoerial cloning DTU Biosustain 10/02/2025
3. CRISPR tools DTU Biosustain 09/02/2025 Includes: gRNA design an...
4. Sequence alignments DTU Biosustain 09/02/2025

A Do not modify the contents of this folder!

4. Benchling access and folder setup
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This is the first part of the hands-on example.

Creation of Gene knockout

: expression vector using
2Esligl library CRISPR/Cas9

Sequence
alignment

Cloning vector

alsS and alsD from Bacillus subtilis

EESD [0 >

Expected output:
alsSD fwd and rev primers
alsSD PCR product

v" Primer design

pUC18 cloning vector v' In silico PCR -
i 7 v Virtual digestion Saved BamHI + Sall digestions
- Mi PE e cloninG for the alsSD PCR product and
e 0 puC1s
i e ) = pUC18-alsSD plasmid
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The Hove Nondisk Foundation
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i

You will need the files in the Basic construct assembly subfolder.

*** [ Your Name / Training Files / — alsSD source
1. Basic construct assembly > SEQUENCE MAP  DESCRIPTION METADATA  DNA FRAGMENT BATCH LINEAR MAP  RESULTS
v p 2 0 @@ -
— = =+ Copy i @v Q | — -+ Creale PDF & v Q n
= tagtgaaacttatcacaagatatttaaaattttacgtttaaaatge
gte g g g alsSD source (3326 bp) 5
Type v = Filters atcactttgaatagtgttctataaattttaaaatgcaaattttacg Btgl BssSI -
- Bsp12861 BsrBI
T T T T T T T T T Tth111I BsiHKAL BssSal —
sl ETIEE a5 100 105 110 115 120 125 130 135 PFIFT BsrGT  BlpT AlwNI -
Last medified 9 minutes ago o Stul tatl  FepI Bpli oI
UCIs MIlyI AhdI BsrDI BspHI SphI BbyCI ®
iﬁmMNMQnmmmsmo o ataataaggagtgagggtgatgacaaaagcaacaaaagaacaaaaa Flel Xbal Styl EcoRT PshAT  BpuEI |Psil
tattattcctcactcccactactgttttcgttgttttcttgttttt Eagl HpnI NmeAIIL Amnl Agel  SmlI BEsol
2 4 6 8 Pcil Acc651 Hpall BsmFI Bael | BsaAl BLsI =
M T T
alsS CDS 500 1,000 1,500 2,000 2,500 3,000 >
alss CDS | alsD CDs | yw...S
g
alsS gene alsD gene yw...e >
[ alsS gene »% e
T T 1 1 T \ 1 T T
140 145 150 155 160 165 170 175 180

tcccttgtgaaaaacagaggggcggagettgttgttgattgettag
agggaacactttttgtctccccgectecgaacaacaactaacgaatce
10 12 14 16 18 20 22 24

L vV KJIDR IIAE LV V D JGL

alsS CDS

BASES 3326 INSERT 154 ASSEMBLY .  SPLIT WORKSPACE
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Construct design age
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Scenario: Creating primers to add restriction sites to alsSD
Select ~ 22 bases at the start of alsS

€ You can also attach
already existing

— alsSD source

SEQUENCE MAP DESCRIPTION METADATA DMNA FRAGMENT BATCH LINEAR MAP RESULTS [# Share i
_ primers to your
— ==+ Create v | Analyze v [OIs ANEENNE - KV ¥ - + Create PDF @&~ Q : At
[ Ceaie | soalvee | o sequence if the entities
\ 4
tagtgaaacttatcacaagatatttaaaattttacgtttaaaatge alsSD source (3326 bp) . are Upl.Oaded on
atcactttgaatagtgttctataaattttaaaatgcaaattttacg Btgl BssSI < Benchllng
- Bsp12861 BsrBIL
T T T T T T T T T Tth111I —
95 100 105 110 115 120 125 130 135 PFIFI PRIMERS - PAIRS -
Stul Manual
MilyT ce
Y ] Wizard G)
ataataaggagtgagggtgatgacaaaagcaacaaaagaaclaaaa Hler Xt
tattattcctcactcccadtactgttttegttgttttettgttttt Ehgl Ke Attach Existing
2 4 6 Pcil Ac =
M T TEVS'T
alsS CDS 500 1,000 1,500 2,000 2,500 3,200
alsS CDS > [___alsD CDS > [ yw...S +
|-
alsS gene > alsD gene YW...e
alsS gene » e
I I I I | I | I I .
140 145 150 155 160 165 170 175 30 ACCGSS the prlmer tOOl and Start
to create a new primer manually
tcccttgtgaaaaacagaggggecggagettgttgttgattgettag
agggaacactttttgtctcccecgectecgaacaacaactaacgaatce
10 12 14 16 18 20 22 24
L V K2R YA 'E L V V D X1
alsS CDS
BASES 3326  START158 END 179 LENGTH22 GC3182%  MELTING TEMP 50.8 °C ASSEMBLY .  SPLIT WORKSPACE

5.1 Primer design
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Select primer pair creation

— alsSD source

SEQUENCE MAP DESCRIPTION METADATA DNA FRAGMENT BATCH DESIGN PRIMER
e Copy i ®v Q | Primer Pair v ‘ Jump to Primer v Set from Selection v N

Single Primer

he 3’ sel
e Set the 3’ selected bases as

tagtgaaacttatcacaagatatttaaaattttacgtttaaaatgce

atcactttgaatagtgttctataaattttaaaatgcaaattttacg Primer Pair
R forward (start of alsS)
T T T T T T T T T Strand Forward Reverse 14
95 100 105 110 115 120 125 130 135 Set the 5’ selected bases as
Bases reverse (el‘ld Of aISD)
\ 4 ®
ataataaggagtgagggtglatgacaaaagcaacaaaagaacaaaaa ) )
Primer must be at least Primer must be at least
tattattcctcactcccacdtactgttttecgttgttttecttgttttt 6 bp. 6 bp. _
2 4 6 =
M T T
alsS CDS 3' Location 1 1 -
[_—- Overhang
alsS gene »e Cut Site Aanl v °
14|@ 1 !15 Ll}@ 1é5 ‘IEli@ 1E|35 1 ‘-L@ 1;5 1 é@ Use the dropdown above to look up restriction sites.
tcccttgtgaaaaacagaggggeggagettgttgttgattgettag Verify Check Secondary Structure  at| 50 *C
agggaacactttttgtctccccgectcgaacaacaactaacgaatce v Make sure to
10 12 . 14 16 18 20 22 24 Se'ect the start Of
2R YA E L V V D XL | T / - -
alsS CDS cc ) . alsS and the end
Content Of al S D
BASES 3326  START158 END179 LENGTH22 GC3182%  MELTING TEMP 508 °C ASSEMBLY .  SPLIT WORKSPACE
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Look up BamHI restriction site in the Cut site dropdown menu

Copy and paste the site at the beginning of the
forward primer, and set the overhang to 6

Strand Forward Reverse Strand Forward Reverse
Bases atgacaaaagca ttattcagggcttccttc Bases atgacaaaagca ttattcagggct
acaaaagaac agtt acaaaagaac tccttcagtt
3' Location 179 2678 3' Location 179 2678
Overhang 6 0 Overhang 6 6
Cut Site BamH v GGATCC Cut Site Sall v GTCGAC
Use the dropdown above to look up restriction sites. Use the dropdown above to look up restriction sites.

Repeat the process to add a Sall site at
the beginning of the reverse primer

5.1 Primer design
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Name, select a location for your primers and save them

— alsSD source

v" Make sure to

SEQUENCE MAP DESCRIPTION METADATA DNA FRAGMENT BATCH LINEAR MAP DESIGN PRIMER RESULTS Check that the
— = -+ Copy Create PDF @ v Q Primer Pair v Jump to Primer v Set from Selection v n .
, | , , melting
v v Verify Check Secondary Structure at 50 °C £ temperatu res Of
atctggataaccctgattttgcgaaagatatcgaaaduactgaaggaageccctgaatagpagaaaaaaagaaagecccttttageageg iy 4
tagacctattgggactaaaacgetttctatagetttgttgacttceticgggacttatffttectttttttctttcggpggaasategtee your prlmer palr
7 “alsSD-rev (oNA) | Ta £ 508°C 534°C -
238 240 242 244 246 248 | 258 252 254 25§ GC Content 40.91% are Wlthln an
NGRS N ¢ TRV ITSISNEIS 1| * X3¢ s ¢ I8~
&lsD (DS
Length 280 © acceptable range
Product Size 2554 bp =
alsD gene .
T Diff. +257°C
I T I T T T T I ¢
2,650 2,660 2,670 2,680 2,690 2 e 2,718 2,720
Save
o

gectttectttttatttggetecttttecctgattttagatazaataacatcazaacagtaaaggtgtggtectgatgaaaatatiggtttty

cgaaagaaaaataaaccgagaasaggactaaaatctattttattgtagttttgtcatttccacaccagactacttttataaccaaaac Name alsSD-fwd alsSD-rev
2 4 6
LK I LV L
ywrQ (DS .
€ PROTIP: You can
-4l »

ywrQ gene »z

adjust the default

T T I T T T T I Save To I 1. Basic construct assembly 8 1. Basic construct assembly parameters for
2,730 2,740 2,758 2,760 2,770 2,730 2,790 2,800 2,810 h d .
thermodynamic
Btsal Bpu181 calculations

BASES 3326  START 2678 END 2699 LENGTH 22 GC4091% MELTING TEMP 53.4°C

ASSEMELY .  SPLIT WORKSPACE
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P RO TI P 5 Be n Ch | | n g offe rs the pOSSi bi I |ty to LINEAR MAP DESIGN PRIMER ALL STRUCTURES DESCRIPTION METADATA

owing all heterodimer secondary structures for primers ataatgacaataatgaggagtgccca and gcccgeggegeccgaagatcga
Sh g all heterod dary structi fi taatg taatgaggagtg d gcececgeggegeccgaagategat
LINEAR MAP DESIGN PRIMER ALL STRUCTURES DESCRIPTION METADATA at37°C
00 & ' &
Primer Pair o Jump to Primer « Set from Selection « n AG (keal) Structure
Overhang v 9 =
® /
Cut Site Aanl v
Use the dropdown above to look up restriction sites. 6.3 - ©
= .
i eck Secondary Structure ¢ i =
Verify Check Secondary Structi 37°C
A
Tm F 56.1°C 69.8°C - g
£ L i 4
A
GC Content 38.46% 73.91% 5 Gy aerk,
"
Length 26 bp 23 bp ¢' e . o
c i
Min AG -3.3 kcal  All Structures -13.8 kcal  All Structures A aet
Homodimer (5 )
Min AG -O1kcal  All Structures -2.5 kcal  All Structures A Ty ‘\S\t
Monomer 3 X
c
6.2 "kimr:;
Product Size 1495 bp (cﬁ_ .
&~ G
¢ H
Tom Diff. +377°C Y act
Min AG -6.3 kcal  All Structures
Heterodimer w w gﬁm W{\GT\G\
5 g
Save 5.4 Orcanr’,
"
=
Name  fwd_vdh rev_vdh . O
E | .
ASSEMBLY WIZARD ~  SPLIT WORKSPACE | TR Ty G0N A

ASSEMBLY WIZARD ~  SPLIT WORKSPACE
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v' Benchling has a tool for automatic primer creation called the Primer Wizard. To try it out, follow these steps:

Select the CDS of alsS and alsD Access the primer tool and select wizard
METADATA ~ DNAFRAGMENT BATCH  LINEARMAP  ALL STRUCTURES RESULTS Z Share METADATA  DNAFRAGMENT BATCH  LINFARMAP — ALL STRUCTURES RESULTS
- -+ Create PDF @t v Q - + Create PDF @t v Q -

Y 1sSD (3326 bp)
A 4 v als source o] S
alsSD source (3326 bp) Btgl T '
Btgl Bsp12861
Bsp12861 T | PRIMERS  PAIRS —
BsiHKAI PFIFT ]
Tth111I BsrGI BlpI AIwNI MIyI B! ) Name Nucleotide Type  Position T o)
PfIFI 2 Fspl Pgil Plel Xbal St alsSD-fwd DNA +179  508°C
M1yI BsrDI BspHI Bpul@l Eagl KpnI Ahdl  NmeAl
Plel Xbal Styl EcoRI PshAI BpuI BbvCI BssSI Pcil | Stul Acch5T Hpal [J  alsSD-rev DNA -/ 2678 534°C =
Eagl KpnI AhdI NmeAIII XmnT Agel BsaAl Btsal BssSod
i ) , 500 1,000 1,506
Pcil|Stul Acc651 Hpal BsmFI | Bael SphI  SmlI| BisI BsrBI Manual P &
R Wz |
500 1,000 1,500 2,000 2,500 3,000 alsS gene
Create Pri - Attach Existi
alss CDS > | alsD CDS ywr0 CDS le s mstne °
T oo e

| >

PRO TIP: Select both sequences by holding Shift
while you click on the second one

5.1 Primer design
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Select PCR as sequencing task
SEQUENCE MAP  DESCRIPTION METADATA  DNA FRAGMENT BATCH  PRIMER WIZARD v" Primer Wizard allows for

I — different sequencing tasks
e - | - B n e

Primer Wizard is powered
ttggaggtcaatttccasagagtgtatagtgaaacttatcacaagatatttaaaattttacgttita

aacctccagttaaaggtttctcacatatcactttgaatagtgttctatazattttaaaatgeaaat Task PCR v Ta Reset S by Prlmer3
params
I | I | ! | I
70 8@ 90 1ea 110 120 130
—
—
— Region
alsSD-fwd (DNA) - C]
aaatgcataataaggagtpgagggteptgacaaaageaacaaaagaacaaaaatceccttgtgaaaaa Target 158 2699 Use selection
tttacgtattattcctcactcccadtactgttttogttgtittottgtttttagggaacacttttt _
2 4 6 8 1@ 12 14
M T T8I T TEEOo X S Use your selected
alsS CDS
sequence
- -
— Primer
alsS gene >
_ o
I I I I I I Min Opt Max
140 158 160 17@ 180 19@
GC% 30
PciI .

T 4 € Iryou find any
cagagggeceggagettgtigttgattgettagtggageaagegtegtcacacatgtatttggcattcce . prob/em in the creation
gtctccccgectcgaacaacaactaacgaatcacctegticcacagtgtgtacataaaccgtaagg Size 15 31 .

16 18 20 22 24 26 28 30 32 34 36 of the primers, choose
XD ¢ TUIISIEENS ¢ TR ¢ XBT WA c 38 . .
Sl 3 GC a higher maximum

clamp amplicon size
= 4l
BASES 3326 START 158 END 2699 LENGTH 2542 GC 44.89% MELTING TEMP 781°C ASSEMBLY . SPLIT WORKSPACE

.1 Primer design
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Explore the primer options. You do not need to save them to continue with the
next part of this tutorial.
SEQUENCE MAR  DESCRIFTION METADATA  DMA FRAGMENT BATCH  LINEARMAR  PRIMERZ RESULTS E] v It iS possible t() Select

— = =+ Copy Create FDF &~ Q Expormt as CSV T params Penalty ~ n prlmers Independently
of their pair, so you can

""""""" b O Penalty @4 Direction % GC T.°C Location Length Product BP Primer

e e 3¢ mix and match as you
t:iatitg:itT.CC‘ZttC:Eta5gttE=LEEEthtEtLEC:tEttEZtCEE ggcgaatcgatattggaggtc tttccaaag 545‘ 4}‘3% 51,69 54_?6 23 QQD‘B 5( aggcgﬂatcgatattggaggtt
sgttatacgtaagEsssggtatocaatiatiaagcataatgtataattagtatftoccgctiagotataacctocagtfiaasgEtttc need |

T T T T T T T T REV 62.0° 2941.2952 22 o = v
M 2 i A % = s | a5 5" tegracagetgetettoctteg
[ 5552 [JFwD 500% 55.76 22 2908 5' ggcpaatceatattgeagetca
. .
€% [LJrev  581% 620 22 5" tegeacagctgetgttectteg o

[0 5740 [JFwD 478% 576° 5476 291 5’ aggcgaatcgatattegaggtc

ZZtEtatagtEasacttatcacaagatatitasasttttacgtttaaaatEcataataagEagtESEEEtEatEaCagaagcasca

tcacatatcactttgaatagtgttctataaattttaaaatgocaaattttacgtattattcctcactcoccactactigtittcgttgt

s 1 LJrEy  591% 617 29432964 22 5' crtegeacagotectettoott
M T TEEWT
als§ 0§ O 5743 [ FPwD 478% 576° 3476 23 2913 agocgaatcgatatiggagete &
»— [ REV 591% 617 29452966 22 5*
a ene o O 5821 O rFpyD  500% 56.2° 54.75 22 2909 5* L
T T T T T T T T T S9%  62.0° 2941-2862 22 '
98 28 18 28 138 28 158 58 78 U Rev 5" tegeacagcetpetgttc
O 5.840 JFPWD 500% 56.5° 35-76 22 2910 5' gpepaategatattgragortes
Peil [JRev 591 6177 29432964 22 5' ectegeacagetgctgttectt
O 5844 DJFwp 500% 565 5576 22 2912 5’ ggcgaatcsatattgsagsica o By default, sorting is
aaagaacaaazatcccttgtgasazacagaggEEcEEagettgttgttgattgcttagtggagcaaggtgtcacacatgtatttgg ] REV 591% 617 2045.2966 22 5' tteetcgeacagetgctgttoe done based On Pimer3

TitCitEtitTiaEggaacactittitEtCICCCCECCtCESaca3caactaacEaatcacciCcEtTCCatagtigtgtacataasce

& g 1% 12 14 16 18 = 22 24 26 23 3@ 32 34 ] 5936 [Jpwp 478% 576° 5476 23 2912 : 2
IS0 s INIAISH LS ¢ TOEINEENE o c XBT c > I—— penalty score
sl=t o0 [JRev  58I1% 625 20442965 22 5' tectegeacagotgctettoct The lower the pena/ty
V4
O 5942 [pwp 478% 576 5476 23 2907 5 sgpcgastcaatatigsagste the better the primer
[Jpevy  591% 625 2939.2960 22 §' pracagctectettectteeca pair
alss gene
BASES 3326 START 54 END 76 LENGTH 23 GC 4783% MELTING TEMP 576 *C ASSEMBLY = SPLIT WORKSPACE
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v" We will do an in-silico PCR using the primers created manually, to add the BamHI and Sall restriction sites.

METADATA DMNA FRAGMENT BATCH LINEAR MAP ALL STRUCTURES E] — alsSD source X
- -+ Create PDF & v Q n SEQU ) MENT £
Copy Selection to New DNA
A J — o
alsSD source (3326 bp) o -
Btgl
Bspl 2861 BssSal Customize what gets copied over: sSD
i PRIMERS PAIRS = 3aat Use primer bases instead of sequence (includes overhang if any)
L ttta
Stul Annotations, translations, and primers
1 Pri Positi Product Si PRIN
M1yI rimer osion roduct size O Include annotations and translations not fully contained by selection
)
Plel %baI alsSD-fwd +/179 2554 (J Use reverse complement instead pri
Eagl KpnI Ah i
pcill | PFIFI AccB5I alsSD-rev - /2678 = e (] Preserve sequence indices t
- Tags I
00 1.e00 Primer Pair Information Edit - Unlink & 1 Description
alsS CDS
alsS gene
K Name T 0 Cancel
Forward Primer alsSD-fwd 50.8°C
Reverse Primer alsSD-rev 53.4°C

Product Size 2554 bp

TmDifference  +2.6°C v" You can select what features to copy into the new DNA
sequence that will be generated by the in-silico PCR

Secondary Structure

v The new entities will be saved by default in the folder that
contains the original sequence

ASSEMBLY =~ SPLIT WORKSPACE

5.2 In-silico PCR
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SEQUENCE MAP LINEAR MAP DESCRIPTION METADATA RESULTS
— ==+ Copy § ®wv Q O Create PDF ®v Q n
BstYI
BamHI alsSD source [158-2699] (2554 bp) S¢
Btgl )
b BsrGI Bsp12861
1sSD-fwd (DNA b
23 () Tatl BsiHKAL —
IGGATCCatgacaaaagcaacaaaagaacaaaaatccctitgtgaaaaacagaggggcggagetigt Tth1111 BsrDI FspI -
ICCTAGGtactgttttegttgttttettgtttttagggaacactttitigtctececgectegaaca Stul Pvul Styl BspHI SmlI
2 4 6 23 1@ 12 214 16 18 20 Eagl Sspl NmeAIII EcoRI Sall 0
DK A RDK FLBK EBL V K IDR JIA E LV Pcil ||PFIFT Xbal HpaT BSNFI PshAI  BpuEI
alsS oS BstYI M1yI KonI AhdI FokI||NdeI | ¥mn] Bael SphI Accl
B BamHI FPlel BseYI AccB5I BrsCI Pvull BlpI Agel BsaAl =
<_]
alsS gene »% 500 1,000 1,500 2,000 2,500
10 20 30 40 50 60
alsS gene alsD gene
\ o
Pcil

tgttgattgettagtggagecaaggtgteacacatgtatttggeattecaggtgcaaaaattgatg
acaactaacgaatcacctegttccacagtgtgtacataaaccgtaaggtecacgtttttaactac

C 268 nST@ 3(;1“3;5 G v' The new PCR prOdUCt created contains the
alsS CDS alsSD CDS and the desired restriction sites.
D »
-
» alsS gene »2
BASES 2554 ASSEMBLY . SPLIT WORKSPACE
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We will run two virtual digestions to create the compatible sticky ends for RE-based cloning in our

gene of interest and the backbone (pUC18)

Digestion of the backbone (open the pUC18 sequence)

alsSD source alsSD source [158-2699] Z pucis
SEQUENCE MAP LINEAR MAP DESCRIPTION PLASMID METADATA PLASMID BATCH RESULTS
— = =+ Copy g~ Q — (et = > Create PDF @~ Q I
ACGACGTTCCGCTAATTCAACCCATTGCGGTCCCAAAAGGGT CAGTGCTGCAACATTTTGCTGCC
NEW DIGEST SAVED DIGESTS 3

Enzyme Sau3Al

M3 fwd »7 v

e dacda e GATC
CTAG

I I I I I I I A

330 348 35@ 36@ 37e 38@ 398
NEB A
AccB51
HineII TspMT Apol
A¢cl BsoBI E¢orl  Link: NEB

BspMI Sa.l Amal BanII Inactivation: 65°C
7 BfuAl SbfI Aval Eco53kI Incubation: 37°C
HindIII  SphI Psil Xbal BamHI Smal Kpnl| $acl

Activity:
CCAGTGCCAAGCTTGCATGCCTGCAGGTCGACTCTAGAGGATCCCCGGGTACCGAGCTCGAATTC - 2 | 29 | o
GGTCACGGTTCGAACGTACGGACGTCCAGCTGAGATCTCCTAGGGGCCCATGGCTCGAGCTTAAG ' ' '

100 50 10 100+

—4a Isos.: BfuCl, Dpnl, Dpnli,
- VS Mbol, Bsp143l1, Ndell
I CEEE  Jump to Cut Site:
T T T T T T
100 118 420 430 140 450 277
430
BASES 2686 INSERT 2674

Find enzyme Clear selected

Find and select the REs

1

Name Cuts Selected Color @ ©
Sacll 0 BamHI -
Sall 1 Sall B
Sapl 1 =
Sau3Al 15

e
Sau961 6

Show enzymes that cut
anywhere in the sequence v

«Run the digestion

Run digest

ASSEMBLY .  SPLIT WORKSPACE

v The REs selected for this example are
BamHI and SalI, which are single
cutters in the MCS of pUC18.
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LINEAR MAP PRIMER WIZARD PRIMER3 RESULTS DESCRIPTION METADATA
- + Create PDF
V11E927m DDRN "~~~ -1
NEW DIGEST SAVED DIGESTS
Enzyme Ncol Enzyme lists
AvrII A
DrdI CCATGG Deduplicated commercial
PSpXI  PpuM; GGTACC
EcoNI KF1L Cut sites visible on maps
Bsu36T BsrBI NEB i )
HindIII  BamHl H Singlsictiiers
Use HF
500 Link: NEB
Inactivation: 80°C Find enzyme
Incubation: 37°C
) nc
! Activity:
1
" 21 31 4/CcS Name Cuts Selected
100 100 100 100+ HincII 4 Ncol
Isos.: None Ncil 10
J to Cut Site:
ump to Cut Site! Ncol 4
2192

anywhere in the sequence

v in the current selection
only in the current selection

anywhere except the current selection

v Q

Manage enzyme lists

A
v

«>

Clear selected

Color @

-dﬂ

=

C]

g

ASSEMBLY WIZARD -

SPLIT WORKSPACE

aqo

The Hove Nondisk Foundation
Center for Blosustainability

PRO TIP: The
enzyme lists available
can be managed,
similarly to the
features libraries and
are shared within the
Center.

PRO TIP: Click on
any fragment of the
sequence to select the
enzyme list relevant
to that fragment

5.3 Virtual digestion
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Digestion of the backbone

PLASMID  DIGEST VIRTUAL DIGEST ~ METADATA v A saved digestion
— _ _ will allow you to
Digest Save Save the digestion -~ &g userr R easily find the
fragments you need
Enzymes Cuts Temp. 11 21 31 4/CS . to work with for the
BamHI 1 37°C 100 50 10 100 - assembly
Sall 1 37°C 10 100 100 100

1l

Start End Length Left Cutter Left Overhang Right Cutter Right Overhang

®
418 429 12 sall 5 BamHi 5
430 417 2674  BamHl 5' sall 5' =
<
o

5.3 Virtual digestion
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Digestion of the insert

O th lified alsSD
pen the amplified alsSD sequence The digest tab will open

alsSD source & alsSD source [158-2699] puC18 LINEAR MAP DIGEST VIRTUAL DIGEST DESCRIPTION [4 Share
SEQUENCE MAP LINEARMAP  DESCRIPTION ~ METADATA  RESULTS ) . .
e R Digest Save Save the digestion g uexr
— =+ Copy 1§ %~ Q - + Create PDF %~ Q n
Bstyl \ I Enzymes Cuts Temp. 11 21 31 4/cs
il NEW DIGEST ~ SAVED DIGESTS %
N BamHI 1 37°C 100 50 10 100
alsSD—fwd (DNA) ‘ Enzyme BamHI Find enzyme Clear selected
GGATCCatgacaaaagcaacaaaagaacaaaaatcccttgtganaaacagaggggeggagettgt G‘ESATCC . - Sall 1 37°C 10 100 100 100
CCTAGGtactgttttcegttgttttettgtttitagggaacactttttgteteeccegectegaaca CCTAGG FI n d a n d Se | eCt th e RES
2 4 6 8 10 12 14 16 18 20 A ®
M T T L=y K BEBL V K} R XA E L V| . .
e cn’sm : NEB . Name Cuts Selected Color @ Start End Length Left Cutter Left Overhang Right Cutter Right Overhang
» BamHI 1 BamHI -
— Use HF = 1 1 1 None blunt BamHI 5'
Sall
HIESNE BE Link: NEB & 2 2549 2548  BamHI 5 sall 5'
T T T T T T Inactivation: N/A
e @ 3 e = 6 Incubation: 37°C 2550 2554 5 Sall 5 None blunt
Activity: 9
peil 11 21 31 4iCcs
tgttgattgettagtggageaaggtgteacacatgtatitggeattccaggtgeasaaatigate 100 55 10 100 Show enzymes that cut
acaactaacgaatcacctcgttccacagtgtgtacataaaccgtaaggtccacgtitittaactac anywhere in the sequence o
22 24 26 28 30 32 34 36 38 49 Isos.: None
MBI ¢ IRCAEO) ¢ XBT KM ¢ B¢ ¢ TOCSEMIM |0 cu: she
alsS CDS [J Highlight enzymes with compatible sticky ends
2
- = igesti
- un diges Run the digestion
b alsS gene e
BASES 2554 ASSEMBLY SPLIT WORKSPACE

3 Virtual digestion
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Gel visualization

als5D source 2 als5D source [158-2659] puUCIB

(2]
o]

Create PDF @~ Q

alssSD-fud [DMA)
GGATCCatZacaasagcascassagaacasasatooottgtfaa33acagagErCEEaEcttE Tttt Zat tZctiagtEEagCasErts
CCTAGGtactgttitcgtigtiticttEttit tagggaacactittigtctoocccgEcctcgaacsacaactaacgastcacctcgtiooac
2 4 [ & 18 12 14 18 13 28 22 4 26 28
LR K A R CE T K ERL VK UBR FAE L Vv v D JgL v E LRI |

alss o5
|4
—a
alss gene
T T T T T T T T T
1@ 8 a e 8 e 78 aa a8
Pcil

tCaCaCEtgtatitggoat tocaggtgrasasstiEatgcEEtattigacEciitacaagatassggacctgassttatcgt tgcocggoa
agtgtgtacataaaccgtasgEtocacgtttttasctacgrcataaactgogaastgttotatttoctggactt taatagoaacgggocgt
38 32 34 36 38 48 42 44 46 48 58 52 54 56 S8

VRSV F YT LR K I D JAV F D JAVL TOND K SN E I I 'V JAVR |
alss ms

- L
-
T alss gene
T T T T T T T T T
189 1@ 128 130 148 158 162 @ 189

M1yI

#1el

£l

=)

CEgaacasaacgoagcaticatggcccaagoagtoggccztitaactgEasaaccggEagtcgtEttagtcacatcaggaccgEEtEccict
gctigtttigogtogtaagtaccgggticgtcagocggraaatigacctttiggoccctcagoacaatcagtgtagtcctggoccacggaga
58 62 54 66 53 72 74 76 7a f:15) g2 34 a8 58
A

78
IEFONINNEE  INOINEE : TR T c T8 F c KENNR TS ¢ Poc TWS

E_JuU
alss OE

BASES 2554

LINEAR MaF

Ladder

Life 1 kb Pl W

DIGEST VIRTUAL DIZEST

Download PNG

Highlighted Fragment

Ladder

iy
100 kb
a0 kDb
BOKb
TOkD

E.0KD

5.0kD
40k

30 kD

Z0kb
16 ko

10kb
B50 op

650 bp

500 bp
400 bp

300 op

200 bp

o bp

1
2

Life 1kl Plus.
pUCIB - BamHI Sall
ol=5D source [158-26949] - BamHI Sall

Ladder 1
—
—
—
—
—
—
——
—
—
—
—
—
—
—
—
——

CESCRIPTION

METADATA RESULTS

(oo 1)

P

ASSEMBLY .  SPLIT WORKSPACE

C

The Hove Nondisk Foundation

Center for Blosustainability

After running both
digestions, you can easily
visualize the resulting
fragments in a simulated
electrophoresis gel.

1st lane: Ladder
2nd lane: Backbone
3rd lane: Insert

If you click on the bands,
you can easily select the
DNA sequences that
correspond to the digested
fragments

al digestion
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LINEAR MAP DIGEST VIRTUAL DIGEST DESCRIPTION METADATA RELEVANT ITEMS 0 PRO TI P n It’s
u

 Life 1kb Plus n possible to choose
Life A DNA-Hindlll =
: between different
Life 50 bp
NEB 2-Log 3 ladders
Bioline HyperLadder 1 kb Plus
GeneRuler 1 kb Plus —
GeneRuler 1 kb
Generuler 1kb
GeneRuler_1kb ©
test
o pe— .
10.0 kb —
9.0 kb ——
8.0 kb — -¢
70kb ——
6.0 kb —
5.0 kb —— o
4.0 kb —
3.0kb —
2.0kb ——
16 kb ——
—
1.0 kb ——
850 bp —
650 bp ——
500 bp —
400 bp —
300 bp —— .
200 bp ——

ASSEMBLY WIZARD «  SPLIT WORKSPACE L)

5.3 Virtual digestion
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B alsS alsD
/

pUC18 vector Genes of interest



Construct Assembly

HE

The Hove Nondisk Foundation
Center for Blosu:

nability

SEQUENCE MAP LINEAR MAP DIGEST VIRTUAL DIGEST DESCRIPTION METADATA SEQUENCE MAP LINEAR MAP RESULTS RELEVANT ITEMS METADATA DIGEST >
—=— 1 opy ~CreatePDF #&v Q — ——— + Create PDF & v Q n - =+
— Pick Assembly Strategy
S
BamHT alsSD source [158-2699] (2554 bp) 5 o
Bsp12861
BsiHKAL
SISO TEh111T BsrDI Fspll = @® Digest and Ligate =
[BGATCCat, teccttgt, tigttgttgattgetta PFIFL Pyul Styl BSpHI smiT TTCtaatgaggagtgcccaatgtit!
CTAGGtactgttttcgttgttttettettttt. tttttgtectecccgeets taacgaat MLyT Sspl NmeAITI  PwuII| B1pI Sall TTAAGattactcctcacgggttacaas
2 4 6 8 1 12 14 16 18 20 22 24 peil | Stul Xbal Hpal | NdeI| EcoR[ PshAT Accl o) e (O Gibson (¢}
LB K A R K ELDK EBL V K RIBAE L V.V DAL BstYl |Rlel Kpnl FbkI |BSrGI| XmnI| Bael Sphl  Bpufl [y —1
1= BamHl Eacl BseYI AccB51 Ahdl  BRSCI|Tatl |BsmFl Btgl Agel BsaAl |
» = ‘ T T T Gibson 2009 =
- 500 1,000 1,588 2,000 2,508
(O Golden Gate
I alsS gene > alss DS > | alsD CDS >
+ +
T T T T T T T ~
10 20 30 40 50 50 70 B - Dy Engler 2008
1 e caccttegagegtegtageccgetgacegea) - )
R ! gtggaagctogcageatoggEcgactgaccty
Peil
giggagcaaggtgtcacacatgtatttggcattccaggtecaaaaatigatgeggtatitgacgetitacaagataaa
cacctegttceacagtgtgtacataaaccgtaaggtecacgtttttaactacgeeataaactgegaaatgitetattt
26 28 38 32 34 36 38 40 42 44 46 48 50 T T T
IR0 o XD T HNAS G KB o TOISSNEN SRALN DK - st PR
alsS CDS
Bgll HasTT
[ — \
- cgcagtggocect; gegtttectgaat tgct t ectgce
= alsS gene >3 gegt tet tt tegetty
T T T T T T T T > vdh gene £
a8 9% 100 11e 120 130 140 150 = vdh 05 (vanillin dehydrogenase) >
Assambly wizard » - souree
Combinatorial cloning i i i i i i i i
FasT
BASES 2554 ASSEMBLY - SPLIT WORKSPACE BASES 1489 ASSEMBLY « | SPLIT WORKSPACE |

The Assembly Wizard allows you to use the following assembly strategies:
v' Digest and Ligate (restriction enzyme-based cloning)

v Gibson assembly (no need for restriction enzymes)

v Golden Gate

5.4 Assembly Wizard
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alsSD source alsSD source [158-2699] E pucis
PLASMID SEQUENCE MAP LINEAR MAP DESCRIPTION DIGEST WVIRTUAL DIGEST METADATA PLASMID BATCH RESULTS @
— et = = > Create PDF £+~ Q Digest Save NEB v Use HE R
MF&;“TE'“_M Enzymes Cuts Temp. 11 21 31 4/CS ¢
BamHl 1 37rcC 100 50 10 100
M13 fwd Sall 1 37°C 10 100 100 100 _
MCS =
+3 Start  End  Length Left Cutter Left Overhang Right Cutter Right Overhang
lac _promoter ®
418 429 12 Sall 5 BamH]I 5
430 47 2674 BamHI 5' Sall 5' =
puci8 =
2686 bp
.@.
e
SET FRAGMENT OVERALL ASSEMBLY
- ¥ , @ The backbone or an insert is unset. pUC18-alsSD
v' This will remain P B— Name your
open even if ] construct
you go from
one f| I e to Backbone Insert o= Hide Pre
another

BASES 2686  INSERT 693 ASSEMBLY -«  SPLIT WORKSPACE

4 Assembly Wiza
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PLASMID ~ SEQUENCEMAP  LINEARMAP  DESCRIPTION DIGEST VIRTUALDIGEST ~ METADATA  PLASMIDBATCH  RESULTS [E
— et e — D Create PDF % v Q Digest Save NEB ~ B Use HF n
AmpR t
—mp—ApM Enzymes Cuts Temp. " 21 31 acs
AnpR S
BamHI 1 37°C 100 50 10 100
Mi3 fud Sall 1 arc 10 100 100 100 =
MCS =
+3 Start  End  Length Left Cutter Left Overhang Right Cutter Right Overhang
lac promoter ®
418 429 12 Sall 5 BamHI 5
430 7 2674 BamHI S5 Sall 5 =
puc18 =
2686 bp Select the backbone
+
a

PREVIEW

Set from Selection ﬁ'

Backbone Insert -+ Hide pre

BASES 2686  START 430 END 417 LENGTH 2674 GC50.67%  MELTING TEMP 80.5°C ASSEMBLY -  SPLIT WORKSPACE

PREVIEW 0 ERRORS AND 0 WARNINGS

: GATCCCC AGG + Looks like everything checks out everse Orientation
v' The Assembly Wizard GGG TCCAGCT om0,

Jump to Selection

shows the digested
ends of the backbone oUCTE

Insert i
27 kb - BamH, +  HidePefEl

© --B

BASES 2686  START 430 END 417 LENGTH 2674 GC5067%  MELTING TEMP 805 °C ASSEMBLY . SPLIT WORKSPACE

5.4 Assembly Wizard
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SEQUENCE MAP LINEAR MAP DIGEST VIRTUAL DIGEST ~ DESCRIPTION ~ METADATA  RESULTS E]
—((=+ Create PDF & v Q Digest Save NEB v Use HF n
r A
alsSD source [158-2699] (2554 bp) Enzymes Cuts Temp. u 2 3 HCsS ¢
SpllEl BamHI 1 37°C 100 50 10 100
BsiHKAI
Tth1111 BsrDI FspL Sall 1 37°C 10 100 100 100 =
Pf1FI Pvul Styl BspHI SmlI
M1yI Sspl NmeAIITI PvuIll Blpl Sall ) i
Pcil | stul Yhal Hpal| NdeI BdoRE PsShAT Accl Start End Length Left Cutter Left Overhang Right Cutter Right Overhang o
BstYI |Flel Kpnl FokI |BsrGI AmnI Bael Sphl BpuEl 1 1 I None hlunt BamHI 5
BamHI Eogl BseYI  Acc65I Ahdl  BtsCI|Tatl |BsmFI Btgl Agel BsaAl
2 2549 2548 BamHI 5' Sall 5 =
500 1,008 1,560 2,000 2,56 2550 2554 5 Sall 5 None blunt
alsS CDS [ alsD CDS . &
S : — Select the insert
|
h [:]

PREVIEW

Set from Selection ﬁ

pUCTE :
27 kb - BamHI, Insert +  HidePefig]

5.4 Assembly Wizard
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v The assembly wizard will check for compatibility between sticky ends.
v Depending on the orientation of your backbone and insert, you might need to make adjustments - such as in this

case!
PREVIEW 2 ERRORS AND 0 WARNINGS
GATCCat aaG (© The left sticky end does not match. - ) :
( The right sticky end does not match. Reverse Orientation
Gta ttCAGCT Jump to Selection @
View Enzyme Activity ﬁﬂ
ers o 1582699 v In this scenario,
p alsSD source - ) i
27 kb - BamH, 25 kb - BamH, N S Pre It is necessary
to click on
“Reverse
Orientation” so
the ends match.
PREVIEW 0 ERRORS AND 0 WARNINGS
TCGACtt atG v Looks like everything checks out Reveree Orientat
Gaa taCCTAG Jump to Selection @
View Enzyme Activity |]T]|-
pUC18 alsSD source [158-2699] :
27 kb - BamH, 25 kb - Sall, BamHl + Hide Pre

5.4 Assembly Wizard
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SET FRAGMENT OVERALL ASSEMBLY
+ Looks like everything checks out pUC18-alsSD

@ v You will be asked to
choose a folder to
pUCI8 alsSD source [158-2699] oy Hide Pre: o
27 kb - BamHI, 25Kkb - Sall, BamHI . save the construct in

SEQUENCE MAP LINEAR MAP PLASMID DESCRIPTION METADATA RELEVANT ITEMS
—= 4+ opy Create PDF v Q —(—tF = > Create PDF @+ Q n
T T T T T T T T
320 330 340 350 360 370 380 309
=54
AmpR, AmpR_promoter lac7u
Accl M13 fud
Sall =
SbfT
CCAGTGCCAAGCTTGCATGCCTGCAGGTCGACttattcagggettecticagtigtitegatatetitegeaaaatea ®
GGTCACGGTTCGAACGTACGGACGTCCAGCTGaataagtcecgaaggaagtcaacaaagetatagaaagegttttagt
|2 =
— - v The assembly is now
b &
FrR— ./ R— alsD gene done!
T T T T T T T
400 410 420 430 440 450 460 pUC1 8-alsSD )
5222 bp
gggttatccagattegeattaaagasatecgetgtgticggaagtctgagattcatgtteattttttgagaaategta
cccaataggtctaagegtaatttctttaggegacacaagectteagactetaagtacaagtaaaaaactetttageat
—4a -
4—a
alsD gene lac promoter
lac promoter
T T T T T T T T lac promoter
470 480 490 500 519 520 530 540 MCS, lacZa, +1
accgtgeaatcetcaageacatagtcaaaaacgtgtecgectgaattgegtecttegtcaatgaagtgeaggtgatag
tggcacgttaggagttegtgtatcagtttttgcacaggeggacttaacgeaggaageagt tacttcacgtecactate
BASES 5222 INSERT 710 ASSEMBLY -  SPLIT WORKSPACE

5.4 Assembly Wizard
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This is the second part of the hands-on example.

Creation of Gene knockout
: expression vector using
design library CRISPR/Cas9

Sequence
alignment

Cloning vector

Promoters
D—Q—D Sy : Expected output:
ombinatoria : :
RBSs cloning: alsS expression vector library

— Golden Gate (combinatorial cloning assembly file)
ot « 27 resulting vector combinations

DLD Destination vector

Terminators

6. Combinatorial Cloning
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You will need the files in the Combinatorial cloning subfolder.

==/ Your Name / Training Files / — alsS

6. Combinatorial Clonin

2. Combinatorial cloning > SEQUENCE MAP DESCRIPTION METADATA  RESULTS LINEAR MAP RELEVANT ITEMS E]
~
— -+ Copy  CreatePDF fv Q — =+ Creatle PDF @+~ Q n
A BssSal MboI1
BssSI SaclI Ecil alsS (1713 bp) 9
Type v < Filters Mme I )
ptegaccaaagcaaccaaagaacaaaaatccctcgigaagaaccgegeggceeagcteggtigteggatigtitagtegag MscI
alsS tactggtttcgttgetttctigtttttagegagcacticttiggcgococcgectcgaccaacacctaacaaatecaccic Smal —
=
2 4 6 8 18 12 14 16 18 20 22 24 26 TspMI Scal ¥mnL
Last modified 3 hours ago I S K A BB K EXDKEBL V K IORIMAE L V V DY Pstl Ymal Ken pgel
T OnKanR als5 €DS Nspl BsaHI Adc651 Afel o
pebnant - Edil] Btiul Bsgl Rsril styl
Last modfied 3 hours ago © MboII BtsI Fsel PalqcI BsrGI  PpuMI
Z15S sena 52 3agIl] REIMI NaeI| SFil BspMI FokI Btg/l EcoRI =
promoter-01-T5 gene Bhssal  |BSHNT BsrDT  NgoMIV BfuAT BtsCI BspCNI  BspHI
Last modified 3 hours ago 0 T T T T T T T BesSI| PspGI  ALwNI BsmFI| Barl Bfal AhdI |BstXI Ddel PyulI
1@ 20 30 49 5@ [ 70 &
promoter-02-tac 200 400 608 800 1,008 1,200 1,400 1,608
Last modified 3 hours ago 0
Nspl Pstl alss DS by e
promoter-03-T7 caaggtgtcacgeatgtatttggeattcecggtgecaaaatigatgeggtatitgacgegetgeaggataaaggecet alsS gene
Last modified 3 hours ago [ ) gttccacagtgeptacataaaccgtaagggecacggttttaactacgecatasactgegegacptectattteeggea
28 3@ 32 34 36 38 48 42 44 46 48 50 52
RBS-01-BO030 eI Y AV F X T LA K I D JASY F D JAVL JOBD K I
Last modified 3 hours ago 0 alsS CDS
RBS-02-B0032 [ -
Last modified 3 hours ago 0 -4
% alsS gene »
RBS-03-B0034
) I T l T T T T 1 T
Last madified 3 hours ago [ W) 80 %0 100 110 120 130 140 150
terminator-01-rrnBT1
Last modified 3 hours ago 0 Btsal
BstNI BtsI E
terminator-02-T0 PsniT  PFIMT BsaHT
| ast madified 3 hours ano M BASES 1713 ASSEMBLY - SPLIT WORKSPACE



0V Construct Assembly

The Hove Nondisk Foundation
Center for Blosustainability

I

@ PRrROTIP:
Creating a worklist can make it easier to find your most used files!

=+ / Your Name / Training Files /
o . < . , .
2. Combinatorial cloning Saved Searches v Add items to entity worklist
R Type v = Filters
112 of 12 items 11 rows selected F~v Ziv B @ = kv Morewv

Worklist Name*

Name T Inventory ID Modified Authors Description alsS EVL

alsS 1/02/2025 Mia Lépez Portillo ...
Selected items

alsS expression vector library 17/02/2025 — alsS Z pET-Ori-KanR — promoter-01-T5 — promoter-02-tac
pET-Cri-KanR No inventory availa... 1/02/2025 Mia Lépez Portillo .. — promoter-03-T7 — RBS-01-BO030 — RBS-02-B0032 — RBS-03-B0034
promoter-01-TS 11/02/2025 Mia Lépez Portillo ... — terminator-01rmBT1  — terminator-02-T0  — terminator-03-T7
promoter-02-tac 11/02/2025 Mia Lépez Portillo ...

Add items to worklist
promoter-03-T7 11/02/2025 Mia Lopez Portillo ...
RBS-01-B0030 No inventory availa... 11/02/2025 Mia Lépez Portillo ...
= T I \ ’I 1 - -

RBS-02-B0032 No inventory availa... 11/02/2025 Mia Lopez Portillo ... workIISt aISS was CreatEd wlth 11 items X

Select the sequence files in the Combinatorial cloning folder

Select "Add items to worklist”

6. Combinatorial Clonin
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O Golden Gate assembly

METADATA  OVERVIEW CONSTRUCTS

Golden Gate assembly GOLDEN GATE Provide feedback
Constructs

v An alternative to the
Assembly Wizard is the

© This is a read-only record of a finalized assembly.

2 B »
CO bi n ato rl aI CIO n I ng Bins & Spacers (3) E backbone-promoter00t-gene0d! Z backbone-promoter001-gene002 v £ backbone-promoter001-gene003  «
BIN1 BIN 2 BIN3 ﬁ
to 0 I Constructs - -
Backbone Promoter Gene
O 24 constructs h .
Use existing cut < ~ Use existing cut sites v Use existing cut sites ¥ ¥ ¥
E 1fragment E 3 fragments E 8 fragments -3 WA
] +]
It allows you to work with . A % v
several cloning methods: e 8| ~ > =
.
Sequence Bin Start End Length Orientation Type IIS enzyme Frag
No associated primers No associated primers Mo associated primers
/ G o I d en G ate 1 E backbone Backbone 2243 3314 1067 Forward Bsal Use
2 Z promoter001 Promoter 8 328 321 Forward Bsal Use
» B »
£ backbone-promoter00t-gene004 £ backbone-promoter001-gene005  x X backbone-promoter00t-gene006  «
\/ G i b S o n 3 Z promoter002 Promoter 8 366 359 Forward Bsal Use
4 X promoter003 Promoter 8 315 308 Forward Bsal Use
/ H I 5 £ gene001 Gene 8 4007 4000 Forward Bsal Use * -
o m o ogy 6 E gene002 Gene 8 4191 4184 Forward Bsal Use ¥ P
7 Z gene003 Gene 8 4188 4181 Forward Bsal Use
| |
8 X gene004 Gene 8 4004 3997 Forward Bsal Use L £
9 Z gene005 Gene 8 4188 4181 Forward Bsal Use
v' This tool i iall : - / \ V
IS TOOI IS especially 10 Zoene006 Gene 8 4004 3997 Forward Bsal Use - -
u Sefu I fo r d Si n i n n E geneQ0? Gene 8 4001 3994 Forward Bsal Use
E g g 12 X gene008 Gene 8 4185 4178 Forward Bsal Use No assoclated primers No associated primers No assoclated primers
nce E backbone-promoteroQl-gens007 ¥ E backbone-promoter001-gene008 v E backbone-promoter002-gene001  «”
O Constructs - | A
-
Name Backbone Overhang Promoter Overhang Gene
1 £ backbone-promoter001-gene001 backbone AACA promoter001  CGAT gene001 %
2 Z backbone-promoter001-gene002 backbone AACA promoter001  CGAT gene002 i
3 Z backbone-promoter001-gene003 backbone AACA promoter001  CGAT gene003 .
4 £ hackbone-nromaterD01-nenan04 hackhane. AACA nramater0N1  CGAT aenennd % .3
SPLIT WORKSPACE

d

6. Combinatorial Cloning
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Construct Assembly

==+ [ Your Name / Training Files /

2. Combinatorial cloning

A

Type v = Filters

alsS
Last modified 3 hours age

pET-Ori-KanR
Last modified 3 hours age

promoter-01-T5
Last modified 3 hours ago

promoter-02-tac
Last modified 3 hours age

promoter-03-T7
Last modified 3 hours age

RBS-01-BO030
Last modified 3 hours age

RBS-02-B0032
Last modified 3 hours age

RBS-03-B0034
Last modified 3 hours age

terminator-O1-rmBT1
Last modified 3 hours age

terminator-02-TO
Last modified 3 hours age

— alsS
+ SEQUENCE MAP
M Folder
B  Entry
B Protocol

Z DNA/RNA sequence

*  AA sequence

= Oligo
O Assembly
& CRISPR

2 Entity from schema

S5 Mixture

More

0 BASES 1713

Copy Create PDF @~ Q

MboII
Sacll Ecil

BssSal
BssSI

laatccctegtegaagaaccgeggegcgpagetggtigtggatigtttagtagag
[ttagggagecacttctiggegeeccgoctcgaceaacacctaacaaatecaccto
10 12 14 16 18 20 22 24 26

K 3L V K LR YA E L vV V D YL V E |
s
| alsS gene »%
EL] 49 58 68 78
Pstl
o Assemble DNA gctgcaggataaagegcect
sequences by cloning cgcgacgtcctatitccggga

46 48 58 52
Assemble sequences and AL DD K JOY
oligos by concatenation E

| alsS gene »%

I I I I I
11e 120 130 140 150

Btsal
BstNI Btsl

Pan(3]___PF1MT BaaHT

The Hove Nondisk Foundation
Center for Blosustainability

DESCRIPTION METADATA RESULTS LINEAR MAP RELEVANT ITEMS
=+ Create PDF & v
alsS (1713 bp)
MmeI
MscI
Smal
TspMI Scal XmnI
Pstl Xmal KpnI Agel
Nspl BsaHI Agc651 Arel
EdiI| Btsol Bsgl RsrII Styl
MboIl Bisl Fsel PagCI BsrGLI  RpuMI
Saqll] RFIMI Nael| |SFiI BspMI FokI BtgZl EcoRI
Bessal | BstNI BsrDI NgoMIY BfuAl BtsCI  BspCNI BspHI
BsssI| PBspGI  AlwNI BsmFI| Barl Bfal AhdI |BstXI DdeI Pyull
200 400 600 200 1,008 1,200 1,400 1,608
alsS CDS
alsS gene
ASSEMBLY -

G

&

SPLIT WORKSPACE

6. Combinatorial Clonin
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— alsS X
| i | SEUENEERES Assemble DNA
— = 1
Name*
%
alsS expression vector library
==
| jptgaccaaagcaac Project folder*
actggtttcgttg
° 2 4
Number of fragment bins*
o S|k
Cloning method
0 Golden Gate
DNA ligase. Show details =
o tttagtggagecaag
aaatcacctcgtte Review the following parameters.
24 26
° Type 1IS Restriction Enzyme
Bsal
0
e
78 ge

B 1. Basic construct assembly

Topology of construct

Circular v

Gibson Homology

Join up to 15 DNA fragments into a single piece using Type IS restriction enzymes and T4

Reset to defaults

Fragment production method

v Use existing cut sites v

You can change this later.

Cancel Save

IDATA RESULTS LINEAR MAP

alsS (1713

Scal
KpnI
qc6hI
Bsgl

ael| [SFil
BsrDI ol
A 1w BsmFI| B

[| Bfal

| | |
668 aea

PspGI
FMa~s+T I'Ln-‘ll'r

qo

The Hove Nondisk Foundation
Center for Blosustainability

€ You can modify these
parameters later

(before finalizing the
assembly)

The only thing you will
not be able to modify
later is the cloning
method

6. Combinatorial Cloning
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alss O alsS expression vector library
METADATA OVERVIEW COMNSTRUCTS

alsS expresslon vector llbrary GOLDEN GATE Provide feedback | Assemble

Bins & Spacers (5) -}

BIN1 BIN2 BIN3 BIN4 BINS —>  Constructs 0 You can add mult[p/e

Backbone Insert 1 Insert 2 Insert 3 Insert 4 O 0 constructs fragments to each bin
Use existing cut sites Use existing cutsites Use existing cutsites w7 Use existing cut sites w7 Use existing cutsites to create se Vera/

Z 0fragments + Z 0 fragments + Z 0fragments + Z 0fragments + Z 0 fragments + Combinations

Status v Edit fragments By - &S A 0 A” added fl‘agments
will show up here

E Fragments

B J U & & Av Ev Bwv
Sequence Bin Start End Length Orlentation Type lIS enzyme Fragment production method Status (YOU can Change some

1 v Forward Bsal Use existing cut sites COI‘lfIgUI‘alVOI‘IS)

1 Add rows 1 row

Status v View constructs W~ - S A 0 When yOU'I’e done
adding your fragments,

© Constructs

B I U & & Av Ev f&v
Name Backbone Overhang Insert 1 Overhang Insert 2 Overhang Insert 3 Overhang Insert 4 yOU can aUtOpoleIa te
1 v v v v this table with all
possible combinations!
1 Add rows 1row

6. Combinatorial Cloning
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@ You can rename the bins for better organization. @ You can choose whether to use existing cut sites
or a primer pair in each bin
Bins & Spacers (5) -} BIN 2
BIN1 BIN 2 BIN 3 — Constructs Promoter
Backbone | ‘ Promoter RBS O 0 constructs Use a primer pair v
Use existing cut sites v Use existing cut sites ™ Use existing cut sites v y N . v For our exam ple, set
% 0 ragments + X 0fragments + X 0 tragments + 56 Xisting cut sttes all bins except for the
Backbone to use a
BIN 4 BIN'S v For our example, primer pair.
cDS Terminator rename your bins Use a primer pair
Use e)ﬂsting cut sites hd Use existing Cut sites s aCCO rd i ng to th is
Z 0fragments + E 0 fragments + pICtU re.

€ Itis possible to add spacers (max. 20 nt) between bins, which will be incorporated in the
primer design. At least one of the bins next to the spacer must be set to use a primer pair.

Bins & Spacers (5) - BIN 4 SPACER 1 BIN 5 v' Spacers will not be
BIN1 | X Addnewbin cDS Spacer Terminator used in our example.
Backbone ol Sy Use a primer pair v AATTCGAT Use existing cut sites v

¥ 0fragments —|— ¥ 0fragments —|—

6. Combinatorial Cloning
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1. Backbone

Find and select the backbone file Verify the selection is correct and click “Add”
(pET-Ori-KanR)

Bins & Spacers (6) - Add fragment{s)
1 e Z pET-Ori-KanR View: Linear map v = — + &
BIN 1 | €n sequences Start End Orientation L 4
(5420 bp)
28 v = 3327 v Forward v sal sal
Backbone Search for sequences
IBSBI 1,000 2,600 3,000 4,000 5,000
Use existing ¢ Add from worklist I medium copy (pET) ori/KanR bla
pET-0ri—KanR AD P € ori ] [}
E 0 fragments + ¥ 0 fragments .y
33kbof5.4kb
Add from worklist ThEn Add
alsS EVL
B ltem
O ks v' Since this bin was configured to use existing cut sites, Benchling has
detected the Bsal sites in the sequence and automatically selected the region
O promoter-01-TS between them-
cancel - [ v' If you choose the option to create a primer pair for a sequence, you will be

able to freely select the region you’d like to use.

6. Combinatorial Cloning
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2. Inserts

Repeat the process for each bin following each category.
Keep the entire sequences.

[ Item BIN 4
[_] alss > cbs
Use a primer pair v
O pET-Ori-KanR % 1hogment +
O promoter-01-T5 BIN 2
bromoter v' Primers with appropriate
e m— —— overhangs will be designed
Use a primer pair v
0 e . T for the assembly of these
3 fragments o
_ ’ fragments following the
[J [ RBs-01B0030 BIN3 position of the bins.
O RBS-02-B0032 RBS
Use a primer pair v
OJ RBS-03-B0034 2 3 regmens +
C] terminator-01-rrnBT1 BIN 5
C] terminator-02-T0O Terminator
Use a primer pair v
[_] terminator-03-T7

¥ 3fragments -

6. Combinatorial Cloning
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v You should obtain a table like this one.

v' By clicking on a specific row, you will be able to edit the fragments if you need to do so. You can
also change the bin a sequence corresponds to, and even remove sequences.

Z Fragments Status v Edit fragments @v « & X Close
B I U S @ Av =Zv Rv
Sequence Bin Start End Length  Orientation Zﬁg;r:: :::3:23"1 production :,r T::r::? ;r T:fr?r:::? Status

1 E pET-Ori-KanR Backbone ~r 28~ 3327~ 3300 Forward ~ Bsal Use existing cut sites Looks good
2 — promoter-01-T5 Promoter 1 45 45  Forward Bsal Use a primer pair Looks good
3 — promoter-02-tac Promoter w 1 46 46  Forward Bsal Use a primer pair Looks good
4 — promoter-03-T7 Promoter w 1 36 36 Forward Bsal Use a primer pair Looks good
5 — RBS-01-B0030 RBS A% 1 52 52 Forward Bsal Use a primer pair Looks good
6 — RBS-02-B0032 RBS v 1 50 50 Forward Bsal Use a primer pair Looks good
7 — RBS-03-B0034 RBS A% 1 49 419 Forward Bsal Use a primer pair Looks good
8 — alsS CDs A% 1 1713 1713  Forward Bsal Use a primer pair Looks good
9 == tr::an;_r:ator-m- Terminator 1 110 110  Forward Bsal Use a primer pair Looks good
10 — tTe[;minator-OZ Terminator s 1 126 126 Forward Bsal Use a primer pair Looks good
n _ [erminator0s- Terminator s 1 71 71  Forward Bsal Use a primer pair Looks good

T7

6. Combinatorial Cloning



=
=
o

Construct Assembly g

The Hove Nondisk Foundation
Center for Blosustainability

i

Click the “"Autopopulate” button to fill the Constructs table with all possible combinations of
your fragments.

) Constructs Status v View constructs [T Autopopulate SR = R

B I US ® Av =Ev fiv
Name Backbone Overhang Promoter Overhang RBS Overhang
1 v v v
1 Add rows 1row

v" You can also create combinations manually, with the option of skipping bins if you wish to do so
v' It's also possible to remove rows that you are not interested in.

6. Combinatorial Cloning




=
—
e

I

Construct Assembly

C

The Hove Nondisk Foundation
Center for Blosustainability

Click the “"Assemble” button to create primer (optional), fragment (optional) and plasmid files for all of your constructs.

O alsS expression vector lIbrary

METADATA OVERVIEW CONSTRUCTS

alsS expression vector library GOLDEN GATE

Bins & Spacers (5) -

BIN1 BIN 2

Backbone Promoter

Use existing cut sites v

Z 1fragment +

E Fragments

O Constructs
B 7 U & @ A = |- 2
Name

PET-On-KanR-promater-01-T5-RBS-01-
B0030-als5-terminator-01-rrnBT1

PET-On-KanR-promoter-01-T5-RBS-01-

2 B0030-als5-terminator-02-TO

3 pET-Or-KanR-promater-01-T5-RBS-01-
BO030-als5-terminator-03-T7

a PET-Or-KanR-promoter-01-T5-RES-02-
BO032-alsS-terminator-01-rrnBT1

5 RET-Crl-KanR-promoter-01-T5-RBS-02-
B0032-als5-terminator-02-TO

5 PET-On-KanR-promater-01-T5-RBS-02-
B0032-alsS-terminator-03-T7

7 PET-On-KanR-promater-01-T5-RBS-03-
B0O034-als5-terminator-01-rrnBT1

8 pET-Or-KanR-promater-01-T5-RBS-03-
BO034-alsS-terminator-02-TO

9 PET-Or-KanR-promoter-01-T5-RBS-03-

Use a primer palr

E 3fragments +

Backbone

PET-Ori-

KanR

PET-Orl-

KanR

PET-Orl-

KanR

PET-Orl-

KanR

PET-Ori-

KanR

PET-Ori-

KanR

PET-Orl-

KanR

PET-Orl-

KanR

PET-Orl-

BIN 3

RBS

Use a primer palr W

E 3fragments +

Overhang

GGAG

GGAG

GGAG

GGAG

GGAG

GGAG

GGAG

GGAG

GGAG

Promoter

promoter-
01-T5

promoter-
01-T5

promoter-
01-T5

promoter-
01-15

promoter-
01-T5

promoter-
01-T5

promoter-
01-T5

promoter-
01-T5

promoter-

EBIN 4

CDS
Use a primer palr

Z 1fragment +

Overhang

TACC

TACC

TACC

TACC

TACC

TACC

TACC

TACC

TACC

RBS

RBS-01-

BOO30

RBS-01-

BOO30

RBS-01-

BOO30

RBS-02-

BOO32

RBS-02-

BOO32

RBS-02-

BOO32

RBS-03-

BOO34

RBS-03-

BOO34

RBS-03-

EBINS

Terminator

Use a primer palr

Z 3fragments +

Overhang

v CCAT
~w  CCAT
~w  CCAT
~w  CCAT
o CCAT
v CCAT
~w  CCAT
~w  CCAT

w | CCAT

CDs

Provide feedback

— Constructs
O 27 constructs
Status v Vie B
Overhang Terminator

ws o vomer gl
alss v | AACT Ozﬁgﬂmmor-
alss v AACT Ozﬁgﬂmamr.
ws v G
alss v | AACT Ozﬁgmnmor-
alss v AACT Og_tigmnawr—
s v Gl
alss v AACT Ozﬁgﬂmamr.
alsS v AACT terminator-

Assemble

MNrows & .7 '

Overhang

CGCT

CGCT

CGCT

CGCT

CGCT

CGCT

CGCT

CGCT

CGCT

0 After assembling the
construct(s), this
Combinatorial
Cloning file cannot be
edited anymore.

¢

SPLIT WORKSPAC

6. Combinatorial Cloning



=
—
e

Construct Assembly g

The Hove Nondisk Foundation
Center for Blosustainability

I

Assemble DNA Assemble DNA Assemble DNA
o Save constructs Save fragments Save primers o Save Save Save ° Save o Save Save
constructs fragments primers constructs fragments primers
Add constructs to a folder and optionally set a schema
Set location” Set schema | @® saving fragments is optional. | @ Saving primers is optional.
B Mia Plasmid v
[ Create DNA Sequences to represent amplified fragments 6 [J Create DNA Oligos to represent newly designed primers 0

O Add constructs to a worklist

Cancel Next Back Next Back

@ You can choose @ Iryou choose not to

whether to create files create the primer files,
for every primer and you will still be able to
related amplicon. find them later.
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v' After you finalize the assembly, you can move over to the

“Constructs” tab to see the resulting constructs.

v You can view the primer information summarized in a table.

O alsS expressig ibrary

METADATA OVERW. CONSTRUCTS

Constructs

> » 1250f 27 items

pPET-Ori-KanR-promoter-01-T5-RBS-01-
B0030-alsS-terminator-01-rmBT1

8 assoclated primers  View

Clicking here will take you to the
sequence file of the construct

L PET-Ori-KanR-promoter-01-T5-RBS-01- o
B0O030-alsS-terminator-02-TO

==

8 assoclated pnimers  View

PET-Ori-KanR-promoter-01-T5-RBS-01-
B0030-alsS-terminator-03-T7

8 assoclated primers  View

Primer view

View constructs

PET-Ori-KanR-promoter-01-T5
X RBS-01-B0030-alsS-terminatol

o1

01mBT1

52 kb

= Primers ~ P8
Fragment Orientation Action Primer Bases Tawhole (C)
§ promoter-01-
1 promoter-01-TS 5' primer Design new primer iie TTTCATGG. 44bp 6222
A promoter-01-
2 promoter-01-TS 3 primer Design new primer e TTTCATGG. 40bp 6208
3 RES01-80030 5 D ik TTTCATGG.. 45 591
-01-800 primer esign new primer ot et G.. 45 bp 6
4 RBS01-B0030 3 pri Desi ' sl TTTCATGG... 44 by 59.93
primer esign new primer Sedi p
5 alss 5 primer Design new primer alsS_forward TTTCATGG. 34bp 6581
6 aiss 3 primer Design new primer alsS_reverse TTTCATGG. 34bp 6386
B terminator-01
7 terminator01-rm@T1 ' primer Design new primer ol TTTCATGG. 33bp  69.64
terminator-01

8  terminator-01-rmBT1 3 primer

Sequence view

View constructs

PET-Ori-KanR-promoter-01-T5-
Z RBS-01-BO030-alsS-terminator
01-rmBT1
52kb
PET-Ori-KanR-promoter-01-T5-
R RBS-01-B0030-alsS-terminator-
02-T0
52kb
PET-Ori-KanR-promoter-01-T5:
Z RBS-01-BOO.
03-17
52 kb
PET-Ori-KanR-promoter-01-T5.
£ RBS-02-B0032-alsS-terminator
O1rmBT1
52kb
PET-Ori-KanR-promoter-01-T5-
Z RBS-02-B0032-alsS-terminator
02-T0
52kb
PET-Ori-KanR-p er-01-T5.
E RBS-02-B0032-alsS-terminator
03-17
B3R

Design new primer

C

The Hove Nondisk Foundation
Center for Blosustainability

mBT1. reverse TTTCATGG... 40 bp 6877

0 You can copy this table or
download it as a CSV file.

SEQUENCE || PRIMERS

View: Plasmid map v — + €« >

g
[
\ 5224 bp
\ s
alss forvard » O
0030 % %
BBS-=01-H0030 reverse
91~
promoter-1-T5 reverse
= 1 +1 g 2508

Jog
%
&
&
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v You will also be able to find a file with the resulting construct. By going to the “Assembly History” tab, you will see the
fragments that were used to create it, and you can also find a link to the Combinatorial Cloning file.

alsS expression vector library Z pET-Orl-KanR-promoter-01-T5-R...
SEQUENCE MAP  PLASMID LINEAR MAP  DESCRIPTION ~ METADATA  RELEVANT ITEMS | ASSEMELY HISTORY E]
—_ et E — S Create PDF v Q n
+  Created by combinatorlal assembly 52k
pET-0ri-KanR-promoter-01-T5-RBS-01-B@030-alsS-terminator-@1-rrnBT1 17/02/2025 13:31 by Mia Lépez Portillo Ontiveros e
5224 bp
Assembly Method
—
alsS_reverse, +2 ~ alsS expression Golden Gate -
vector library
®
Fragments (5)
Backbone =
E pET-Orl-KanR
Start End *
28 3327
33kbof 54 kb (1]
5' enzyme 3'enzyme
Bsal Bsal -
Promoter : -
& Ky
— promoter-01-T5 3 B
5
Start End &
; 5 45 bp of 45 bp i_
o :
RBS
— RB5-01-B0030
Start End
] 5 52 bp of 52 bp
CDs
— alsS .
Start End
BASES 5224  INSERT 1314 ASSEMBLY »  SPLIT WORKSPACE
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This is the third part of the hands-on example. AN

Creation of Gene knockout
expression vector using aS“eq#r?qr;%et
library CRISPR/Cas9 9

Cloning vector

design

Target: pta in E. coli gRNA design + assembly into pCRISPR

pta '
rrrrrrrrrfi’_ﬂ\ A—

([ grRNA )

Expected output:

Selected gRNA for the pta gene
G Forward and reverse primers to clone
= the gRNA into pCRISPR via Bsal

HR template design to KO pta PCRISPR-pta-gRNA construct

5 — Modified pta sequence for KO

HR template for KO
3 -ds-dDNA

v" gRNA design

v HR | desi Konig, E., Zerbini, F., Zanella, |., Fraccascia, D., & Grandi, G. (2018). Multiple
temp ate esign Stepwise Gene Knockout Using CRISPR/Cas9 in Escherichia coli. Bio-

protocol, 8(2), e2688. https://doi.org/10.21769/BioProtoc.2688

7. CRISPR tools
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You will need the files in the CRISPR tools subfolder.

+*»+ / Your Name / Training Files / — pta source
>
3. CRISPR tools e SEQUENCE MAP DESCRIPTION METADATA DMNA FRAGMENT BATCH LINEAR MAP
2 —= =+ i @v Q — =+ Create PDF & v Q N
Type v = Filters ttcacaccgccagctcagetggeggtgetgttttgtaaccegecaaateggegg
pta source (3929 bp) )
aagtgtggeggtegagtegaccgecacgacaaaacattgggeggtttageegee oz
pPCRISPR 2,303,000 2,304,000 2,305,000
Last modified 6 days ago T I T I T I T I T
o ‘ 2,301,93301,24B01,34301,85801, 85301, B6R21,86501,37891,975 I pta gene > | N <
pta CDS (pho...ransferase) > | yfeC CDS...rotein) >
pta source
Last modified & days ago m G)
taacgaaagaggataaaccgtgteccgtattattatgetgatecctaceggaace
attgctttctectatttggeacagggeataataatacgactagggatggeettgg
» =
| pta gene !
| pta CDS (phosph...yltransferase) - ¢,
T T T T T T T T T T T
2,301,29801,29502,DpB02 ,RE%02,D]B62 , D) 502 ,D2802 ,R2%02,030
o
PshAI
agcgteggtetgaccagegtcagecttggegtgatecgtgeaatggaacgcaaag
tcgeagecagactggtegeagteggaaccgeactaggeacgttacettgegttte
D
> pta gene o
<3 pta CDS (phosphate acetyltransferase) »% @
BASES 3929 ASSEMBLY a SPLIT WORKSPACE
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@ 1t is possible to create guide RNA sequences and Homologous recombination templates using the

CRISPR tool. There are 2 ways to access it:

E pBR322_plasmid

SEQUENCE MAP

Project

Entry

Protocol

DNA / RNA sequence

AA sequence

Qligo

Assembly

CRISPR

Entity from schema

Mixture

Inventory

Legacy workflow

Request

Dashboard

More

Copy Create PDF &+ Q

Antonis
taatgcggtagtttatcacagttaaatigectaacgecagtcaggecaccgtgtatgaa
attacgccatcaaatagtgtcaatttaacgattgegtcagtccgtggeacatactt

2
M K
tet
> >

source
[ source

T T T T T T

40 50 60 70 8@ %0

zccggtactgecgggectett
cggccatgacggeccggagaa

CRISPR guides

HR template PV LP G L L
L =
tet
| source
[ source
T T T T T T
130 140 150 160 170 180
FspAI
Antonis

cactatggegtgetgetagegetatatgegttgatgeaatttctatgegeaceegt
gtgataccgecacgacgatcgegatatacgcaactacgttaaagatacgegtgggea

® By default,
Benchling will
use the open
sequence as
to design the
gRNA on

Create PDF %~ Q n

LINEAR MAP PLASMID DESCRIPTION METADATA RELEVANT ITEMS RESULTS

+ ¢ =0

pBR322_plasmid
4361 bp

bla sig_peptide, AmpR promoter,+14 tet promoter,echinomycin binding site

Acul FspAI
HincII, XmnI i
Tatl BanII c]
BtsI,Btsal,BtsI,Btsal BspHI,Banll,Bt
bla mat_peptide Accl
HincII =
BsrDI
BsrDI / *
/I
.
BspHI {U\/\/ J Yyze g o
+1 =
Acul
Design HR Template (ssODN)
BseYI
old_sequence, +3 +1
DrdI +1
dnaA binding site,+1 Antonis conflict,old_sequence, +4

bom, +7 XmnI
H-strand Y effector site,DrdI

ASSEMBLY WIZARD ~  SPLIT WORKSPACE
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% pBR322_plasmid ¥ Brca2 (ENSMUSG00000041147) <

Design CRISPR Guides: Guide parameters LVANT ITEMS  RESULTS

SEQUENCE MAP
— 7 . .
“o— + | 0 It's possible to design
GCGGGAGCGGGAGCCGTGAGGCGTTGCCGTCAGTCAGCTACCGCT GCGGGA Design Type O Single guide H I H d RN A H d
: single guide , paire
CGCCCTCGCCCTCGGCACTCCGCAACGGCAGTCAGTCGATGGCGACGCCCT
Paired guides guides or guides for base
: i Guides for "base editing" (Komor et al., 2016) ed |t| n g .
150,522, 640 150,522,660 BspEI F$pAL
F prssz l‘asiwx T%Hgﬁ BglI # o
CTCCGGGGTCGTGAGGCCGTGAGGGACGCGCCTGACACCCCGGAGGAGCCAL Guide Length 20 e I ‘
GAGGCCCCAGCACTCCGGCACTCCCTGCGCGGACTGTGGGGCCTCCTCGGT! Lol 54068000 =
Genome GRCm38 (mm10, Mus musculus) \ N’ '’ Fikb UL . ' =

ﬂ Benchling supports various Cas
enzymes targeting different PAM
sites. To specify your custom PAM,
select the “"Custom PAM” option in the
“PAM” dropdown selection.

T T
150,522,740 150,522,760 PAM NGG (SpCas9, 3' side) %

| Q

TGCAGCCCGCGGCGTCCTCCCAGAGGGATCCGGCGCGTCCAGAGTCCGCGG
ACGTCGGGCGCCGCAGGAGGGTCTCCCTAGGCCGCGCAGGTCTCAGGCGC

Custom PAM

NGG (SpCas9, 3' side]
Save these as my defa ( P I )

NAG (SpCas9, 3' side) I

NG (SpCas9 NG, 3' side) |

T T T
150,522,820 150,522,840 150,522,860 150,522, 88

NNNNGATT (NmeCas9, 3' side) I

TGTGTCTCGGCTCCCTGATTAGTCAATGTGAATAATTCTAAATAACGTTAGGTTTGTCTTGTCATTGACTCCCAC  NNAGAAW (StCas9, 3' side)
ACACAGAGCCGAGGGACTAATCAGTTACACTTATTAAGATTTATTGCAATCCAAACAGAACAGTAACTGAGGGT(

oo Brea2=@lExon 1
3 Brca2 NNGRR (SaCas9, 3' side)

T T T T ' o
150,522,920 150,522,940 150,522,960 NNGRRT (SaCas$, 3' side)

NAAAAC (TdCas9, 3' side)
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Open the pta source file. Access the gRNA design menu.
pCRISPR — pta source
SEQUENCE MAP DESCRIPTION METADATA DNA FRAGMENT BATCH LINEAR MAP
— = — 4+ i v Q @I = Create PDF & v Q [
tttcacaccgececagetcagetggeggtgetgttttgtaaccecgecaaateggegg
. pta source (3929 bp) .
gtgtggcggtegagtegaccgecacgacaaaacattgggeggtttagecgece o=
2,383,000 2,3@4,000 2,305,000
l I l I ! I l I l I pta gene > yfcC gene
2,301,D3501,54801,84501,B5891,85%01 ,B6BA1,B6%01, 87821, 975 - -
pta CDS (pho...ransferase) > | yfeC CDS...rotein) >
taacgaaagaggataaaccgtgtccegtattattatgetgatecctaceggaace ®
attgctttctectatttggdacagggcataataatacgactagggatggecttgg
| g -
[ pta gene »%
|| pta CDS (phosph...yltransferase) »e CRISPR &
I I I I ] T ] I I I I I —
2,301,B9801,9502|, 2pB02, DES02,D)B02,B1502,D2802,B2502, 930
Design and analyze guides o

PshAI Saved guide analyses

agcgteggtotgaccagegteagecttggegtgatecgtgcaatggaacgeaaag No guide analyses

tcgeagecagactggtogeagteggaaccgeactaggeacgttaccttgegttte

» Design HR template (ssODN)
p pta gene »$
2% pta CDS (phosphate acetyltransferase) e B

BASES 3929 INSERT 2302001 ASSEMBLY ~  SPLIT WORKSPACE
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Change the genome to E. coli BL21(DE3). Click Finish and continue.

Design CRISPR guides: Guide parameters

Design type @ Single guide
O Paired quides

O Guides for "base editing" (Komor et al., 2016)

Guide length 20
Genome ASM956v (Escherichia coli BL21(DE3)) - 0 _Setting the genome is
important for off-target
PAM NGG (SpCas9, 3' side) v calculations.

Show advanced settings

Save these as my default CRISPR settings

7.1 gRNA design
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Give a name to your CRISPR design tab and Select the pta CDS annotation. The
save it so you can come back to it if you target region will be set automatically.
need to.

SEQUENCE MAP DESCRIPTION METADATA DNA FRAGMENT BATCH DESIGN CRISPR 2 S

tttcacaccgecagetcagetggeggtgetgttttgtaaccegecaaateggegg
aaagtgtggcggtcgagtcgaccgecacgacaaaacattgggegegtttagecgee To get started, create a target region by selecting it on the sequence
map and pressing =+

T T T T T T T T T T T
2,301,933071,34Ra1,04%5071 ,35841,05%501 ,B6Ra1,06501,8781,975

Target 2302000 2304144

taacgaaagaggataaa citgt cccgtattattatgetgatccctaccggaace region

attgctttctectatttggecacagggecataataatacgactagggatggecttgg ClICk the + button tO
- generate gRNA candidates.
pta gene »%

pta CDS (phosph...yltransferase) =

T | T T T T T T T | T
2,301,99801,39542,DPR02 ,PP502, D) B02,P)502,D7B02,P2502 , 030

PshAI

agcgtceggtetgaccagegteagecttggegtgatecgtgeaatggaacgcaaag
tcgeagecagactggtegeagteggaaccgeactaggeacgttacettgegttte

D
3» pta gene »%
» pta CDS (phosphate acetyltransferase) »e

7.1 gRNA design
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Set the genome region as shown to obtain accurate off-target scores for the gRNA candidates.

SEQUENCE MAP DESCRIPTION METADATA DNA FRAGMENT BATCH DESIGN CRISPR (S

tttcacaccgccagetcagetggeggtgetgttttgtaacccgecaaateggegg
aaagtgtggeggtegagtogaccgecacgacaaaacattgggeggtttageegee Target 2302000 2304144

region
T I T I T I T T Genome region
2,301,83501,B4B01,84507 85801 ,B5501 ,B6B01 ,B65A1,87801,975

Start End Annotations Genome Region
g
Setting a genome region will remove it from off-target analysis.
l:l:l 2302000 2304144 ptaCDS No region set None
g

(phosphate
taacgaaagaggataaacqgtgteccgtattattatgetgatecctacecggaacce cetylransierase) @ Chromosome o 9302000 2304144
attgctttectectatttggeacagggeataataatacgactagggatggccttgg € < =€

pta gene

l:l:l |:|:| Find genome matches
B (51 49|
38 49|

» u don't have a genome region set above, so scores may not match ]
ceares fr thar citas Do leac the danama Fe Set genome region Cancel
scores from other sites. Benc g uses the ge e reg cate

pta gene g target region and t ore potential off-target sites
pta CDS (phosph...yltransferase) = et ) '

T T T T T T T T T T T
2,301,99801,395¢2, PPBA2 , PP5A2 ,B)BO2,B) 302, BPBO2 , B2502, 030

The Doench, Fusi et al. (2016) paper publishes two models for
PshAl scoring guides - one that includes the position of the cut within the
translated gene and a simpler model that looks only at the guide

l:l:l l:l:l I:I:I I:I:l sequence.
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€@ Benchling will show you a list of potential gRNAs to choose from. You can sort them by on-target or off-target
score, or browse your sequence and select the best one for your needs based on its location.

SEQUENCE MAP  DESCRIPTION METADATA  DNA FRAGMENT BATCH  DESIGN CRISPR
Y 'Eagl Export v Save Next
On-Tar
70 5] [F==i] ge_ Oftr
cur score $out Sort by on-target score.
[ .WI]/]/]}. 8 position Strand  Guide sequence PAM v score
agactacgactatcgtgcegtgegaactcttccaccacggeggecgetgaaccgetga () 2302910
- t t 763 99.2
tctgatgectgatagcacggeegetigagaaggtggtgetigceggegacttggegact grogeegceagteagcagea  ge8 SeleCt the gRNA as ShOWﬂ.
47 99] 58 100) 66 100] (69 99| (J 2302761 - agaaagtgacggatttaacg cgg 730 100.0
55 100
52 54 56 5% 6@ 62 64 66 68 70 D 2303021 - gaagctctgcaggctcagag agg 720 100.0 0 By Cllcklng the blue Save
T T T XSRBLUE S ST TNV I
ga : ' . button, you can create a
(J 2303477  + cgaacagctggaagacaacg tgg 718 99.4 ; t
file with your selected
() 2302391+ aatcgctaaaacgctgaatg cgg 716 1004 gRNA(S). You should do it
b pta gene e 2302190 + tgcgaactcttccaccacga cgg 706 99.4 for thls example'
% pta CDS (phosphate acetyltransfergse) »%
T T T T T T 2302210 - 697 99.8 .
2,302,160 2,392,1*@ 2,302,180 2,302,194 2,302,200 O tcaacgtageteatttteag cgg ’ Click Assemble.
(J 2303170 - agctgataacggaacgcagg cgg 690 100.0
X 55 9 @ Thi ion will allow
(J 2303277 + gcecgetatctgtgetgaacg tgg 688 0 998 S Opt 0 allo yo_u to
aaatgagctacgttgaaggtctgctttccagcaatcagaaagatgtgectgatggaag p|ace the Chosen gRNA |nt0
tttactcgatgcaacttccagacgaaaggtcgttagtctttctacacgactaccttc . : .
gatg gacgaaagglcgttlag £ () 2302436 acgctctttcagectgttccg ggg 685 996 a p|asm|d W|th Type IIS
(J 2302508 - cagtttgttaacgataacgc cgg 683 99.9 restriction sites.

82 84 86 88

72 74 76 78 80 _
IdVM ST c TS s )K D V. L BIBE
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Select the Choose a plasmid from your Benchling folders option and drag the pCRISPR file into the box.

** [ Your Name / Training Files /

pCRISPR — pta source
>
3. CRISPR teools v

SEQUENCE MAP DESCRIPTION METADATA DNA FRAGMENT BATCH ASSEMBLE CRISPR 0 The drag_and_
2 —- com 1 ov a »  drop option
I | 1 I I 1 I I |

Type v = Filters . dOGS nOt WOFk
34 36 38 40 42 44 46 48 5@ Select Expression Vector 3 3
JRL EDYV F K IBT A TN R AN D A LD D N & in Safari.
t
PCRISPR pta Vector Source (O Select one of the bookmarked
Last modified 6 days ago 9 plasmids —
pta source [ @® Choose a plasmid from your
Last modfied 6 days ago QO = L e — Benchling folders o
= pta CDS (phosphate acetyltransferase) O Upload a new plasmid
T T T T T T
2,302,110 2,302,120 2,302,130 2,302,1402,302,150 =
file browser
"Eagl <&
El:l Assembly Method Type IS Cloning e
FIL7 77777 IN
Insertion Region
agactacgactatcgtgegtgcgaactcttccaccacggeggeccgetgaaccgetga
tctgatgectgatagecacgdacgettgagaaggtggtgctgcecggegacttggegact Select a vector
47 99 58 100) B BEA
55| iag
52 54 56 5 60 62 64 66 68 70
T T TYIEWEN s s T T [ YNNISr I
pta
3 pta gene we I
BASES 3929 START 2302173 END 2302192 LENGTH 20 GC 55.00% MELTING TEMP 58.1°C ASSEMBLY .  SPLIT WORKSPACE

7.1 gRNA design
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Set the insertion region as shown.

==+ / Your Name / Training Files /

3. CRISPR tools

Type v = Filters

pCRISPR
Last modified 6 days ago

pta source
Last modified 6 days ago

v

>

]

Click Next.

pCRISPR — pta source
SEQUENCE MAP DESCRIPTION METADATA DNA FRAGMENT BATCH ASSEMBLE CRISPR
- oy + v a
[ =) (== =) = =) (== EEE)
34 36 38 49 42 44 46 48 5@ Select Expression Vector
IS s YEer Y0 PIBT ¢ ¢ DINS P I
ta
B Vector Source () Select one of the bookmarked
plasmids
[N @® Choose a plasmid from your
i Benchling folders
= pta gene »z
b pta CDS (phosphate acetyltransferase) »% O Upload a new plasmid
T T T T T T pCRISPR
2,302,110 2,302,128 2,302,138 2,302,1482,3062,150
X
Y "Eagl Assembly Method Type IS Cloning
EI:I Insertion Region 22 326
,m”m”’ Assembly will generate primers that can
agactacgactatcgtgegtgegaactcticcaccacggecggecgetgaaccgetga be annealed and ligated into the plasmid
tctgatgetgatagecacgdacgettgagaaggtggtectgcecggegacttggegact after digestion with Bsal.
52 54 56 5 6@ 62 64 66 68 70
QT T T HEWEN s s T T [ YRINIE - TN
pta
o pta gene »e
BASES 3929 START 2302173 END 2302192 LENGTH20 GC 55.00% MELTING TEMP 581°C

ASSEMBLY .

[Z2 Share

G}

4+

SPLIT WORKSPACE

C

The Hove Nondisk Foundation

Center for Blosustainability

Benchling will look for
Type IIS restriction
sites in the region.

Sometimes it may
not work as
expected; in this
case, refer to this
article.

7.1 gRNA design 2


https://help.benchling.com/hc/en-us/articles/9684262766349-Why-am-I-getting-the-error-Distinct-type-IIS-enzyme-cut-sites-were-not-found-at-the-specified-start-and-end
https://help.benchling.com/hc/en-us/articles/9684262766349-Why-am-I-getting-the-error-Distinct-type-IIS-enzyme-cut-sites-were-not-found-at-the-specified-start-and-end
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CRISPR tools

Name your assembly, choose a location to save it and click Assemble.

SEQUENCE MAP DESCRIPTION

—_ - + Copy i ®=v Q

P R R Lgevey teu govey ey L euey 1 twE g vey o

Eagl

agactacgactatcgtgecgtgegaactcttccaccacgacggecgetgaaccgctga
tctgatgctgatagcacgcacgecttgagaaggtggtgetgeeggegacttggagact

52 54 56 58 .6@ 62 64 66 68 70
QT T THREBYWIN s s T 71T T3 1D
pta

ol pta gene ».
P pta CDS (phosphate acetyltransferase) »2

T T T T T
2,302,16@ 2,302,170 2,302,18@ 2,302,19%@ 2,302,200

aaatgagctacgttgaaggtctgetttccagecaatcagaaagatgtgetgatggaag
tttactcgatgcaacttccagacgaaaggtcgttagtctttctacacgactaccttc

72 74 76 78 80 82 84 86 88
JKLEED Y Vv E L L AR K D V L LBE 4

pta
3In pta gene »
v s T L S e O e e A R e e

METADATA DMNA FRAGMENT BATCH ASSEMBLE CRISPR

Finalize Assemblies
Assembly Name Guide Sequence
pCRISPR-pta tgcgaacicticcaccacga

+ Add

Folder

@ 3. CRISPR tools

Previous

Assemble

aqo

The Hove Nondisk Foundation
Center for Blosustainability

7.1 gRNA design
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v The result will be an expression vector with your chosen gRNA and a primer pair that can be annealed and ligated
into the plasmid after digestion with Bsal.

v' This can also be done with multiple gRNAs at a time.

SEQUENCE MAP PLASMID LINEAR MAP DESCRIPTION METADATA

— ==+ Copy & ®v Q — 1t & — > Create PDF &~ Q n
&
tgttttgaatggtcccaaaacGtgegaactcttccaccacgattttagagetatgetgttttgaa
acaaaacttaccagggttttgCacgcttgagaaggtggtgctaaaatctegatacgacaaaactt CrRNA leader Guide, DR, DR
PLtet0-1 promoter,+1 .
¥ | +1 pBRforEco
2 o
» DR > | Guide ] DR
T T T T T T
10 20 30 4@ 5@ 6@ =
EcoRI &
tggteccasaacticageacactgagactigttgagttgaattcggteagtgegtectgetgaty pCRISPR—pta
accagggttttgaagtegtgtgactctgaacaactcaacttaagecagtcacgeaggacgactac 2423 bp o
»
DR ~ PLtetO-...omoter «
T T T T T T T
70 30 90 100 110 120 130
PaeR71 lambda t@ terminator
PspXI
BsoBI
¥hol
T1iI =
Aval
BASES 2423 INSERT 174 ASSEMBLY . SPLIT WORKSPACE

7.1 gRNA design
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Open the pta source file.

pCRISPR — pta source

SEQUENCE MAP DESCRIPTION

—_— - = + P v Q

tttcacaccgccagetcagetggegetgetgttttgtaacccgecaaateggegg
aaagtgtggeggtegagtegaccgecacgacaaaacattgggeggtttagecgec

I ! I T T ! I ! T
2,301,83301,24891,24501,85801,85301 ,BpB91,26501,B7801,975

taacgaaagaggataaaccgtgtcccgtattattatgetgatecctaccggaace
attgctttctectatttggdacaggecataataatacgactagggatggecttag

| pta gene »%
pta CDS (phosph...yltransferase) »e

I T T T I T T T T T T
2,301,99801,39502), PBO2 ,PO502 ,P]B02, ) 502,D2802,B2502 , 030

PshAT

agcgteggtetgaccagegteagecttggegtgatecgtgcaatggaacgcaaag
tcgeagecagactggtegeagteggaaccgeactaggeacgttacettgegttte

<@ pta gene »%
3 pta CDS (phosphate acetyltransferase) »S

BASES 3929 INSERT 2302001

2 HR template

Access the HR template design menu.

METADATA DNA FRAGMENT BATCH LINEAR MAP
(O + Create PDF @&~ Q n
pta source (3929 bp) 3¢

2,303,000 2,304,000 2,385,200

pta gene > yfcC gene

pta CDS (pho...ransferase) | yfcC CDS...rotein) -

O]
CRISPR <

Design and analyze guides o

Saved guide analyses

No guide analyses

Design HR template (ssODN)

ASSEMBLY SPLIT WORKSPACE

C

The Hove Nondisk Foundation
Center for Blosustainability

Select the option to create a copy of

the sequence.

Design HR template
Genome ASMS56w1 (Escherichia coli BL21(DE3))
PAM NGG (SpCas9, 3' side)

@ Create a copy of this sequence

O Modify this sequence
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You can introduce the desired modifications to the sequence, but do not remove the gRNA region nor its PAM.
Benchling will look for both of them. The PAM removal will be done by the tool at a later stage.

Delete 30 nt as shown. Insert a stop codon in-frame of the pta CDS.

SEQUENCEMAP  DESCRIPTION METADATA  DNAFRAGMENT BATCH  DESIGN HR TEMPLATE SEQUENCEMAP  DESCRIPTION METADATA ~ DNAFRAGMENT BATCH  DESIGN HR TEMPLATE
- + Copy i ®v Q Settings n —= Copy & ®v Q SwifiEs n
LT e
pid pta gene 5 P pta gene »g
> pta CDS (phosphate acetyltransferase) »% Step 1: Introduce desired edits < = pta DS (phosphate acetyltransferase) 2 Step T: Intreduce desired edits &
T T T T T T T T T T
2,382,130 2,302,148 2,302,150 2,302,160 2,30‘2,‘\7@ z,zaz‘,we 2,302,138 2,302,140 2,302,150 2,3e2,16¢ 2,302,170 2,302,180
Select and type in the sequence map to introduce the changes (e.g. point = Select and type in the sequence map to introduce the changes (e.g. point =
mutations, insertions, deletions) you want to make to the genome. mutations, insertions, deletions) you want to make to the genome.
Eagl AhdI
g Silent mutations to remove the target site will be added in a later step ® Eagl Silent mutations to remove the target site will be added in a later step. @
accacgacggcdgctgaaccgetgaaaatgagetacgtigagggtetgetiteccageaatcagaa
tggtgctgecggkgacttggegacttttactegatgeaactecagacgaaaggtegttagtett o accacgacggegggtetgetitccageaatcagaaagatgtgetgatggaagagategtcgeaaa .
64 66 68 70 72 74 78 80 82 84 Knock-in edits = tggtgetgeeggccagacgaaaggtegttagtetttetacacgactaccttetetageagegttt Knockein edits =
Jta LT & M s S S s m No edits introduced yet T 614 T 66 G -’Se 3 78 E 89 T A 4 Deleted ctgaaccgctgaaaatgagctacgttgaag at 2302199
+ o +
- Next Next
»
> /‘. e - o
= pta gene >3 b
3> pta (DS (phosphate acetyltransferase) »% = pta gene »%
T T T T T T T P pta CDS (phosphate acetyltransferase) »g
2,302,240 T T T T T T
Press 2,302,248
ENTER to delete 30 bases at position 2302198 ‘ tad
agatgtgcetg icgctgaagtegtte
tctacacgac o 14 cancel. gcgacttcagcaag Press BsaAl
86 102 104 .
WPc LV ARDT A SERBR D AVE VvV ctaccacget ENTER foinsert3bases at position 2302198, cccgacacgtasge
pta gatggtecga igggctgtgcatteg
86 ESC to cancel. 102 104
Br T IS
g e
BASES 3929  START 2302198 END 2302227 LENGTH30 GC46.67%  MELTING TEMP 63.3°C ASSEMBLY .  SPLIT WORKSPACE BASES 3899 INSERT 2302198

ASSEMBLY .  SPLIT WORKSPACE

Click Next.

7.2 HR template design
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€@ Benchling will select the region needed to create the HR template. You can adjust the length of the selection.

SEQUENCE MAP DESCRIPTION METADATA DMA FRAGMENT BATCH DESIGN HR TEMPLATE
— = =——— -+ @ Editing disabled beca... Copy Create PDF #%v Q Settings
cagccttggcgtgatccgtgcaatggaacgcaaaggcgttc&ctgag{:gttttcaaacctatcg Step 2- AdeSt HR arms
gtcggaaccgeactaggeacgttacettgegttteegeaagadagactcgeaaaagtitggatage '
20 22 24 26 28 30 32 34 36 38 49
S VvV I R A NNBFE R K JXBV R L BBV F K 3
,pta E - - - m Adjust the region to use as the HR template by clicking and dragging the ends of
the selection on the sequence map.
B A 200 bp region around your mutations has already been selected. At least 50 bp
on each side flanking the mutations is recommended.
b pta gene »%
3w pta CDS (phosphate acetyltransferase) »5

T I T T T T T Template region
2,302,078 2,302,080 2,302,909 2]302,1@@ 2,302,110

2302098 - 2302297 Reset to default
ctcagceccgegtaccggtggegatgegeccgatcagactacgactategtgegigegaactettec
gagtcggegeatggecaccgetacgegggetagtectgatgetgatageacgecacgetitgagaagg

42 44 46 48 50 52 54 56 58 60 62
DOPIRT 6 ¢ ISP IROT T 7 FKBCBISNIS S
pta

Knock-in edits
|2 Deleted gctgaaccgctgaaaatgagctacgt at 2302198
[ gRNA
= ta gene 4 Deleted g at 2302199
3» pta CDS (phosphate acetyltransferase) »5
ETE L= Click Next.

T T T T T T
2,302,130 2,302,140 2,302,150 2,302,160 2,302,170 2,302,180

accacgacggcctaaggtcetgetitccageaatcagaaagatglgetgatggaagagategtege

2 HR template design
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Paste the gRNA sequence: tgcgaactcttccaccacga

SEGUENCE MAP DESCRIPTION

— = ——— 4 @ FEditing disabled because the sequenc__ Copy CreatePDF &~ Q

r Hpall

MspI
BsrFI
BsaWl
Bs1I
SfaNI
Rial
CviQT
BstUL
Fnu4HI Begl
Acil  ngel Hhal
BlpI Taul BspCNI HinP1I BtgZl Cac8l

tctgagegttttcaaacctategeteagecgegtaccggtggegatgcgcccgatcagactacgactategtgegtge
ppactcgcaaaagttiigegatagegagtegecgcatggecaccegctacgegggctagtetgatgetgatageacgeacg
2 3 45 6 7 8 9 1011 1213 14 1516 17 18 19 2@ 21 22 23 24 2526

1
M S XS P FC0 P LBT 6 G DS P EBOIT T T EENALEL

pta
-
=2
pta gene »:
pta CDS (phosphate acetyltransferase) »

T T T T T T
2,301,940 2,301,950 2,301,960 2,301,970 2,301,989301,9%0

Bsu361
HaellI
Phol BceAl Beel

gaactcttccaccacgacggectaaggtctgetttccageaatcagaaagatgtgetgatggaagagatcgicgeaaa
cttgagaaggtggtgctegccggattecagacgaaaggtegttagtctttetacacgactaccttetetageagegttt
27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 5@ 5152

JN S ST T TI9+ ¢ TS s N 0 TS WY
pta

2 HR template

METADATA DMNA FRAGMENT BATCH DESIGN HR TEMPLATE LINEAR MAP

Settings

Step 3: Remove target site

Confirm the mutated bases and click Next to continue. Modify the mutations by clicking on the
synonymous cedons below

Our default suggesti n a ranslatior

I jith no possible silent
ons. In that case, we try 1o

¢ in the guide sequence, selecting codons 1o
keep the CAl close to the original value

| [gcgaadct(ccaccacgal

R A N S S T T T A
Wildtype T gcg aac et tce acc acg acg g
Mutations 2 A GCA AAC AGC AGC ACA ACA ACA G

G GCC AAT AGT AGT ACC ACC ACC G

A GCG TCA TCA ACG ACG ACG G
C GCT TCC TCC ACT ACT ACT G
G TCG TCG
T TCT TCT
Final t gcg aac tct tcc acc acg ACC g
Bases included to complete triplets are colored and the PAM site is colored blue.
Back Next

C

The Hove Nondisk Foundation
Center for Blosustainability

€ The PAM will be removed from

the HR template to prevent
the degradation of the ssODN.

You can choose from several
alternatives, as shown in the
table.

Click Next.
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Step 4: Summary

Knock-in edits

Deleted gctgaaccgctgaaaatgagcetacgt at 2302026

Deleted g at 2302027

v' After the design
process, you can copy
the resulting HR

Guide tgcgaactcttccaccacga template and paste it

onto a new DNA

sequence file to save it.

Template Range 2302098 to 2302297

Original TargetSite ||| cot gcg aac tct tcc acc acg acg

After Site Removal ||| ot gcg aac tct tcc acc acg ACC

Copy the template or its reverse complement to your clipboard.

To design a template for the same knock-in edits but with a different guide, click
here.

7.2 HR template design
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This is the fourth part of the hands-on example.

Creation of Gene knockout

Cllelling) et expression vector using

Sequence

Szelg library CRISPR/Cas9 sl

v' Multisequence alignment

Bonus: How to do consensus alignments

Expected output:
» Alignments using pSEVA6311-phaC-pct540 as template
« Sanger sequencing alignments

* Plasmid sequencing alignment
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You will need the files in the Sequence alignments subfolder.

=+« [ Your Name / Training Files / Z pSEVA63N1-phaC-pct540
4. Sequence a“gnments > PLASMID DESCRIPTION METADATA PLASMID BATCH SEQUENCE MAP
" g
— et = — > i @v Q —= =+ i @v Q N
b
tgtatctcagggtgeattgtgtcatttgttecgtgatatagettetcataageca
Type v = Filters acatagagtcccacgtaacacagtaaacaaggeactatategaagagtatteggt S

106  1@8 110 112 114 116 118 120 122

PV ERONIERA L Qo DL F R D I JARBDK I

FW-seg-1 7642-1261 =
Last modified 6 days ago m P P
_seq- (©]
MID-seq-1 » Propionate-CoA transferase »5
Last modified 6 days ago m
] | | | ] | | | ] | ]

i 5 1@ 15 20 25 38 35 48 45 50 55 =
plasmid-seq =
Last modified 6 days ago 0

pSEVA6311-phaC-pct540
cgtatttacasaggtaggtatcggtactttcattgaccccagaaatggegge
PSEVAG311-phaC-pct540 7955 bp s8ce setage 58 & £ secesce Ae
et e s @ ccgecataaatgtttccatccatagecatgaaagtaactggggtctttaccgecge
astme s 8g 124 126 128 130 132 134 136 138 140
PV F ABK VIS JERIF I D N R JINICENe e
7642-1261
» Propionate-CoA transferase »
I I I I I I I I I I I
6@ 65 78 75 8a 85 =14} 95 100 185 118
NdeI, +3
+8 gtaaagtasatgatattaccaaagaagatattgttgaattggtagagattaaggg @
catttcatttactataategtttctictataacaacttaaccatctctaattcce
BASES 7955 INSERT 1180 ASSEMBLY a SPLIT WORKSPACE

8. Sequence alignments
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® In a real-life scenario, the construct sequences could be sent to sequencing. The results could then
be analyzed using the alignment tool in Benchling.

v There are three alignment options and several alignment programs available:

Create DNA / RNA alignment Pairwise alignment:
Seqguences are compared
o , 0 against a template
Choose input Define parameters .
sequence, creating
Pairwise Multisequence Consensus |nd|V|dua| a“gnment fl|€S

for each non-template seq.

Pairwise Alignment - Make one alignment against the template for each non-template sequence. Hide details»

Template (T) ——— T ——— T

5 S -

T — T

Template(s) 4+ Non-template sequence(s)

Choose an alignment program.

Auto (MAFFT) v Show parameters

Alignments performed via MAFFT v7 (Katoh, Standley 2013).

8.1 Alignment tool
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@ In a real-live scenario, the construct sequence could be sent to sequencing. The results could then
be analysed using the alignment tool in Benchling.

v There are three alignment options and several alignment programs available:

Create DNA / RNA alignment Multisequence alignment:
o o Multiple sequences are
Choose input  Define parameters Compared agaInSt a template
r ‘ sequence, creating a unique
Pairwise Multisequence Consensus alignment file for all the non-

template sequences

Multisequence Alignment - The results will be attached as a single alignment on the template sequence. Hide details~

Template (T) — T
-_—
— .
-
If you'd like to perform a contig alignment (shown below), we recommend selecting the MAFFT “local pairwise” algorithm.
Template (T)
_— '
Template(s) + Non-template sequence(s)

Choose an alignment program.

Auto (MAFFT) v Show parameters

8.1 Alignment tool
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@ In a real-live scenario, the construct sequence could be sent to sequencing. The results could then
be analysed using the alignment tool in Benchling.

v There are three alignment options and several alignment programs available:

Consensus alignment:

Multiple sequences are
@ © compared against each other,
Choose input  Define parameters creating a new sequence from
the consensus region of all
the sequences.

Create DNA / RNA alignment

Pairwise Multisequence Consensus

Consensus Alignment - A new sequence will be created with the consensus of all the selected sequences. Hide details~

% ——————— _ONSENSUS

If you'd like to perform a contig alignment (shown below), we recommend selecting the MAFFT “local pairwise” algorithm.

—

Consensus

Group(s) +

Untitled DNA Consensus AF_1_EF71215631_EF71... AF_2_EF71215632_EF71...

Select destination folder.

8.1 Alignment tool
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f MAFFT - FASTER, LESS PRECISE, CAN REVERSE SEQUENCES I e
ruto v It's possible to choose between
multiple types of MAFFT
6-mer distance algorithms and Crustal Omega
multisequence algorithm to
Local pairwise \2_EF71215632_EF71.. power the a|ignment_
Global pairwise v Some of the key parameters of

these can be changed as needed.
CLUSTAL OMEGA - SLOWER, MORE PRECISE, CANNOT REVERSE SEQUENCES

Multiple (3+) sequence alignment

Auto (MAFFT) ~ Hide parameters
Gap open penalty Gap extension penalty
1.53 v 0 v

Adjust direction

Enabled, quickly v

8.1 Alignment tool
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Open the Sequence alignments folder. Select all the files in the folder. From the Analyze menu,
select Create DNA/RNA Alignment.

=*+ / Your Name / Training Files /

_ <
4. Sequence alignments Saved Searches v
B Typewv T Filters
1-4 of 4 items 4 rows selected Zv H~ L] = B v  Morewv '
Name N Inventory ID Modified Authors Descr Open
FW-seq-1 11702 D Create DNA / RNA Alighment Analyze
MID-seqg-1 11702/2025  Auto-Annotate Refresh
Attach Pri
plasmid-seq No inventory availa... 11/02/2025 ach Frimers
Auto-fill part fields
pSEVAG311-phaC-pct540 No inventory availa... 11/02/2025
Auto-fill translations
o This way of sta rting Auto-fill transcriptions

alignments can be helpful if
you have multiple sequences
tO WOI"k W|th. Codon optimize

Set topology

Remove annotations

8.2 Multisequence alignment
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Create DNA / RNA alignment

Choose input Define parameters

Upload sequence and trace files (.ab1, .ftv, fasta, .gb, and .geneious). RNA uploads are not currently supported.

Choose files
Search for a DNA / RNA sequence.
Create a DNA / RNA sequence from scratch.
MNucleotide type*
DNA RNA
Add
w Sequences
Z FW-seg-1 Z MID-seg-1 & plasmid-seq & pSEVAG6311-phaC-pci540
Cancel Next Click Next.

uence alignm
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Configure the alignments to create two separate ones, as shown, both using pSEVA6311-phaC-pct540

as template.

8.2 Multisequence alignment

Create DNA / RNA alignment

Choose input Define parameters

Pairwise Multisequence Consensus

| Multisequence Alignment - The results will be attached as a single alignment on the template sequence. Show details +

Template(s) + Nontemplate seguence(s)
E pSEVAG3N-phaC-pct540 E FW-seg-1 E MID-seg-1
E pSEVAB311-phaC-pct540 X plasmid-seq

Choose an alignment program.

@ MAFFT (") Clustal Omega
Faster, less precise, can reverse sequences Slower, more preclse, cannot reverse sequences
Auto (MAFFT) W Show parameters
Alignments performed via MAFFT +7 (Katoh, Standley 2013).

Create the

seek alignments.
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Go to the file you used as template and open the Alignments menu. You will find both alignments here.

Z pSEVAG31-phaC-pct540

PLASMID DESCRIPTION

pSEVA6311-phaC-pct540
7955 bp

METADATA SEQUENCE MAP LINEAR MAP 2 Share
Il

tegtatctcaggetgcattgtgteatttgttecgtgatatagetteteataageca
hcatagagtcccacgtaacacagtaaacaaggcactatategaagagtatteggt 8z
106 108 110 112 114 116 118 120 122

DV ERUNIERA L I L F R D I AREDK Iy

7642-1261 =
4 |
i ©
» Propionate-CoA transferase w5
I 4
5 SEQUENCE ALIGNMENTS ==
ggegtattt Create New Alignment &
ccgcataaa
124 126
G Saved Alignments A o Open the
7642-1261 H
FW-seg-1, MID-seg-1 17/02/2025 18:55 al ignments.
:» plasmid-seq 17/02/2025 18:55
.

60 65 70 75 80 85 90 95 @8 185 110

gtaaagtaaatgatattaccaaagaagatattgttgaattggtagagattaaggg

cattteatttartataateotttettetataacaarttaaccatetetaatteoees

8.2 Multisequence alignment
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v" You can now see and browse your resulting alignments.

C

The Hove Nondisk Foundation

Center for Blosustainability

v You may notice the first one includes trace files, which can help you assess the quality of the sequencing and assess

whether the result can be considered accurate.

v The second one is a sequencing file for the whole plasmid. You can assess mismatches and toggle certain view options
to check, for example, for amino acid changes in your CDS.

PLASMID FW-SEQ-1, MID-SEGQ-1 PLASMID-SEQ DESCRIPTION METADATA SEQUENCE MAP LINEAR MAP PLASMID BATCH RESULTS RELEVANT ITEMS
FW-seq-1, MID-seq-1 FinaMismatches ¢ >  AddComment SertByv Exportv ®v Q [RELIEH

Template
E FWD pSEVAG3N-
phaC-pet540 £

v

GTCAAACGCTTTTTCGAAACCGGTGGCAAAAGCCTGCTCGACGGCCTCTCGCACCTGGCCAAGGATCTGGTACACAACGGCGGCATGCCGAGCCAGGTCAACATGGGTG

3,118 3,120 3,130 3,140 3,138 3,160 3,178 3,188 3,188

706 ¢ IS THIDS ¢ WS ISV STSIEMRHEENS 6 ¢ v [P ISTIQUEINND v Gl

290 3,180

v E FWD FW.seq1 B *
Length: 1140
Mismatches: 31
Pairwise Identry.
9732%

séa s7e sta 590 620 10 620 630 640 650 660
v E FWD MIDceq16f *

Length: 1075

Mismatches: 122

Pairwise Identry.

8962%

I ]
1m |l l

1,000 2,000 3,20 4,800 5,202 6,200 7,220

PLASMID  FW-SEQ-1, MID-SEQ-1

plasmid-seq

. Template

E FWD pSEVAG3T-

phaC-pct540 &

PLASMID-SEQ DESCRIPTION ~ METADATA ~ SEQUENCEMAP  LINEARMAP  PLASMIDBATCH  RESULTS  RELEVANTITEMS

IAAAAAAGATTCTTAGAAACAGGCGAACCCAAAAACATTACATATGTTTATTGTGGTTCTCAAGGT AACAGAIGACGGAAGAGGTGCTGAGCACTTTGCTCATGAAGGCCTT

Find Mismatches ¢ Add Comment SortBy v

7,770 7,788 7,738 7,800 7,810 7,828 7,860 7,840 7,850 7,860 7,870

E K R F L ENNNCE YK I LAWY vV v JENEERCRIN N R 0 YR IRAE LD F JA LD E XG0 L |
EKRFLETGEPKNTITYVYCGSOQGHN[R[DGRGAEHTFAHEG.L

K KD S = K Q A NP K T L HMF I ¥V V LKV T H TETE E VY L S TL L MK AF
KK T RN R R QK HE T e IS W R SR xR R R R CT o FA B C ) SE = IR B

Propionate-CoA transferase

~ & REV plasmid-seq
“
Length: 7955
Migmatches: 3
Palrnise Identity.
99.96%

* AAAAAAGATTCTTAGAAACAGGCGAACCCAAAAACATTACATATGTTTATTGTGGTTCTCAAGGTAACAGHGACGGAAGAGGTGCTGAGCACTTTGCTCATGAAGGCCTT

7,770 7,780 7,750 7,400 7,810 7,820 7.4p0 7,840 7,850 7,460 7,670

E KR F L E TG E P KNTITYYVY YCGSQGN|RID GR G AEHFAHEGIL
K K D S )» K Q) A N P K T )L )H )M F I )V )V )L KV T ¥®T E E ¥ L )S T L L M K AF
K/)K I L )R)N)R /R T )Q K H )Y I ,C )L L W,F)S )R )x ) JG@R K R C ) )x AL )C)S = R )P I

1,808 2,000 3,000 4,000 5,808 6,200 7,000
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SEQUENCE MAP DNA CONSENSUS LINEAR MAP DESCRIPTION METADATA RELEVANT ITEMS RESULTS
DNA Consensus Find Mismatches < > Add Comment  SortBy * Exportv @&+ Q n

r_ Consensus 1
XONAConsensus @ |____ gatagaattttggagcttttttccctcctttttttgagecaggagecaatagtagtcggaaagatgagtgcatagatttttegtattttatttegagt COI‘!SGI’ISUS
b RILEL GFSLULFL SRSQ=* = S ER * V HRFFV F Y F E region

IEFWSFFPSFF*AGANSSRKDECIDFSYFISSfragment
;vZREV x e :
AF_2_EF71215632_EF71

215632
(AF_2_EF71215632_EF7
1215632.ab1) &

G]

GACAGGAGCGATAGGAAAAGATAGAATTTTGGAGCTTTTTTCCCTCCTTTTTTTGAGCAGGAGCCAATAGTAGTCGGAAAGATGAGTGCATAGATTTTTCGTATTTTATTTCGAGT
b RIULEVLUFSLLUFILSRSOQ=* xS ER*xV HRTFFVF Y FE &

I EFWSFFPSFF*x AGANSSRIKDTETCTIHDTFSYFTIS S Ana|y56d
~ Z FWD x sequences

AF_1_EF71215631_EF712
15631
(AF_1_EF71215631_EF71
215631.ab1) @

o >

r
Overview
havigation
panel

\_ 200 400 600 800 1,000 1,200 1,400 1,600

BASES 1387 ASSEMBLY WIZARD ~ SPLIT WORKSPACE

8.3 Consensus alignment
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You can jump from
o -one mismatch to the '
DNA Conselnther easily :
Consensus

Z DNA Consensus l'_’:

Find Mismatches

-

L QVLWSSMYK
CKFCGVPCTITHR

tgcaagttctgtggagttccatgtataaggtat

< >

v Yy I L E K L Y DY I L T S CTK Q
Y ryYy = K S F T I I Y * HH V Q NN

v X REV x
AF_2_EF71215632_EF71
215632
(AF_2_EF71215632_EF7
1215632.ab1) &

TGCAAGTTCTGTGGAGTTCCATGTATAAGG

v E FWD *
AF_1_EF71215631_EF712
15631
(AF_1_EF71215631_EF71
215631.ab1) &

TATACATATTAGAAAAGCTTTACGATTATATACTAACATCATGTACAAAACAAT
Y I L E KLY DY I
Y ry = K S F T 1ITI

L TS CTKQ
HHV QNN

Y *

Mismatches from the
consensus sequence are
marked in red.

200 400 00

BASES 1387

START 278 END 281 LENGTH 4 GC 0.00%

7.2 Consensus alignment

MELTING TEMP -837

0?’3""3"‘1"."3"‘ AATTACACE TTACGATTATATACTAACATCATGTACAAAACAA'I

P QL E I.LYDY I L TS CTKQ
G P N * S F T I I Y * HHV Q NN

800 1,000 1,200

“c

nt

atattagaaaagctttacgattatatactaacatcatgtacaaaacaat

qo

The Hove Nondisk Foundation
Center for Blosustainability

You can edit what
elements to visualize

SortBy ~ Export ~

Annotations

Amino Acid Indices

Translations
Reading Frames Ve
Primers

Alignment Axis

Sequence Axis
Trace

DNA

Trace Quality
Quality-based capitalization (20)

Show Compact View

Votes
Row Statistics
Comments

Expanded Mini-Map

ASSEMBLY WIZARD ~

t o B0

.

AL

Translation and
reading frames
visualizations
have some
additional
settings that can
be customized

A

)

E

SPLIT WORKSPACE
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Tips and tricks

Overview:

> You can work in bulk using the expanded view of the workspace
> Re-indexing of sequences when creating alignments.

» Benchling trouble-shooting articles and Help center offers many resources, frequently asked
questions and articles that can help you

o Biosustain learning material: Brilliant Basics: The Molecular Biology Suite - LIMS Help Guides g

9. Tips and tricks



https://help.benchling.com/hc/en-us/sections/10677217985037-Molecular-Biology
https://help.benchling.com/hc/en-us
https://biosustain-dev.atlassian.net/wiki/spaces/LHG/pages/96403457/Brilliant+Basics+The+Molecular+Biology+Suite
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Tips and tricks

Work in bulk using the expanded view

You can use the of the workspace to:
v' Edit, move, archive... entities in bulk

v' Create Multi-sequence alignments, attach and detach primers,
autofill annotations and transcriptions, auto annotate...

Pro TIP: if you access the expanded view from the search,q
you will have access to all your entities, not only the ones
contained in a particular project folder. Also, more filters

will be available

Projects /

RDM_Support -

Type = = Filters

MolBio_training_DNA Consensus
Last modified 16 hours ago

Alignment file 1_circular
Last modified 7 hours ago

Alignment file 2_circular
Last modified 16 hours ago

Alignment file1

Last modified 16 hours ago

Alignment file 2
Last modified 16 hours ago

pBR322_linear
Last modified 18 hours ago

P (Cat) promoter
Last modified 18 hours ago

qo

The Hove Nondisk Foundation
> + Center for Blosustainability
X

R

© © 0 0 o0 o ¢

9. Tips and tricks
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Tips and tricks

Work in bulk using the expanded view

You can use the of the workspace to:

v' Register, edit, move, archive... entities in bulk

Create Add to
request worklist
Projects / Register
RDM_Support Saved Searches v

R Type v = Filters L’: - :—25 - Ll. E _:+ E., - MO re v
1-24 of 24 items
c Name Inventory D Modified Entry Dates Authors Review Stat
MolBio_training_DNA Consensus 31/10/2023 Patricia Brito Diaz
Alignment file 1_circular 01/11/2023 Patricia Brito Diaz
Alignment file 2_circular 31/10/2023 Patricia Brito Diaz
Alignment file1 31/10/2023 Patricia Brito Diaz

9. Tips and tricks



OTU

i

Tips and tricks

Projects /

RDM_Support Saved Searches v

1-24 of 24 items

Name

e 0

MolBio_training_DNA Consensus

(<

Alignment file 1_circular

(<

Alignment file 2_circular

(<

Alignment file1

B

Type v

= Filters

Inventc

Create DNA / RNA Alignment

Auto-Annotate

Attach Primers

Auto-fill part fields

Auto-fill translations

Auto-fill transcriptions

Set topology

Codon optimize

Remove annotations

Detach primers

Unlink parts

Remove translations

Open

Analyze

Bulk edit

Refresh

Diaz

Diaz

Diaz

Diaz

¢
More =

Review Stat

C

The Hove Nondisk Foundation
Center for Blosustainability
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Tips and tricks

Autoindexing when creating alignments

When creating an alignment of circular sequences, Benchling by
default performs an of these sequences.

To change this, after creating the alignment, you will have to
realign the file and unmark the “automatically reindex” box.

Sio_training_. Alignment file 1_c. Untitled DNA Co. Z Alignment file metA-1_fragment Material informati... pBR322_linear P (Cat) promoter P (CAT)_plasmid
Crr1215631_EFT1215631 LINEAR MAP RESULTS RELEVANT ITEMS METADATA DESCRIPTION SEQUENCE MAP 2 Share
EF71215631_EF71215631 Rename Find Mismatches ¢ > Add Comment SortBy = Export = - n
Z Fwo GGTCCCCCCAATTAGAGCTTTACGATTATATACTAACATCATGTACAAAACAATTTAATAATGATCTGTATTGCTGGCTCAATCCACGTAAATTAATGCCTCAGCACTAGTCCTGCAGGGGTAACH o

EF71215631_EF71215631

@ G)P )P )N )*x )S)E )T )T )T )Y )% )H )H )V )0 )N )N )L )T )M )T )C )T )A ;G )S T )H )V )N )% }C )L }S )T )S )P )A )G )V )T

V)PP T )RJAJL JRIL Y )T IN)T )M Y /K )T /T )% 2% )% )S )V )L )L A QS )T p*x )T JN)A S JA L )V )L )0 /G )%

1l

. Z
EF71216631_EF71215631
[
Length: 1088

== m\‘;.» A.,Avmm.t1m.u.mmm.mamM.Mﬂ“«ﬂmUnnmﬂhl‘ﬂﬂmmuﬂmuhuﬂi

GGTCCCCCCAATTAGAGCTTTACGATTATATACTAACATCATGTACAAAACAATTTAATAATGATCTGTATTGCTGGCTCAATCCACGTAAATTAATGCCTCAGCACTAGTCCTGCAGGGGTAACK
I )T )Y )>x )H)H )V Q0 )N N L 2T )M T )C )T )A )G )S )T })H )V )N > ;C )L }S )T )S )P A )G )V )T
RIL)Y )T )N )T )M Y )K )T )T )% )% )% 2S5 )N )L )L )A QS )T /% )T )N )A)S AL )NV L )Q )G )%

&
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Tips and tricks

Autoindexing when creating alignments

Realign DNA / RNA Realign DNA / RNA

Choose Input Deflne parameters o o

Choose Input ~ Define parameters
Upload sequence and trace files (ab1, ftv, fasta, .gb, and .genelous). RNA uploads are not currently supported

Choose files Your realignment must be the same type as your original alignment.

Multlsequence Allgnment - The results will be attached as a single allgnment on the template sequence. Show detalls«
Search for a DNA / RNA sequence.

Template(s) Non-template sequence(s)

Create a DNA / RNA sequence from scratch. E Alignment file 2_circular EF71215631_EF71215631

Nucleotide type®

(DR RNA Choose an alignment program.
GEE @ The fields below are set 1o the values you chose for your most recent alignment. These values may not reflect the selections you made when
you last performed this particular alignment.
s Current segquences If you check this box, Benchling will
Auto (MAFFT) automatically reset the origin of the ~ Show parameters
Sequence Use Latest Version template sequence 1o better
N R _ ‘accommodate the corresponding
Alignments performed via MAFFT |
non-template sequences.
Z Alignment file 2_circular -
[0) Automatically reindex alignment If needed. @
EF71215631_EF71215631
Back Reall
v New sequences
Cancel Next

9. Tips and tricks
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Tips and tricks

Autoindexing when creating alignments

When creating an alignment of circular sequences, Benchling by
default performs an of these sequences.

To change this, after creating the alignment, you will have to
realign the file and unmark the “automatically reindex” box.

Pro TIP:

v You can always re-index a circular plasmid by right-clicking
on any part of the sequence. For linear sequences, the index
can be changed using the “information” tab on the right

panel. e

v Make sure to have your sequences correctly indexed before
performing an alignment to avoid further complications.

9. Tips and tricks

qo

The Hovo Nondésk Foundation
echinomycin binding site conflict +6 EcoNI Center for Biosustainability
BamHI S5all,AccI,HincII,PshAT
Nhel,BmtI, FspAl Eagl,BseYI,Nrul
+3 BstAPI
+2 Bfual

BspMI

tet promoter,+7
+5

+6
AmpR_promoter, +4
+1

+2 StyI,PFIMI
Aval,BsoBI,+4
Acul PpuMI
+1
XmnI Bpul@Il
HineII _ Bsgl

Scal

s AN
/i / T
g |
Tatl i
BtsI,Btsal © Re-Index
G
)

PvuI,BtsI, +1

PstI LT iiCc
BsrDI old_sequence
Asel

+4
XmnI, Pvull
+4
DrdI
PFIFI, Tth111I,BsaAl
bom, +6
BspQI,Earl, Sapl
L-strand Y effector site +2
Acul reporigin AF1III,Pcil,DrdI
BseYI, ALwNI Bcivl
old_sequence, revision according to (17),+1

BsrDI
Bsal
AhdI

+1

Re-index

Enter the desired location for the current base (e.g. enter 100 for the current base 10 become the 100"

base).

Current Locatlon 1504

Cancel
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Questions?

|:> Contact lims_support@biosustain.dtu.dk
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More resources

Benchling provides a learning
platform that offers role-specific
courses that can be taken in a flexible-
pace structure.

https://www.benchling.com/learning-labs

Q

Molecular Biology Tools Foundational Practitioner

ENROLLED

9 courses \ 2h 50m

FREE

8 courses | 2h 45m

10. Resources
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Welcome to Benchling Learning Labs!

The destination to achieve your Benchling learning goals

Course Catalog Get Certified

I8

Practitioner

Essential skills for all Benchling R&D Cloud
users, covering core applications and best
practices.

Py

_J

Developer

Specialized training covering Developer
Platform fundamentals such as APls, Events,
and more.

2

Administrator

Additional training for Benchling
Administrators, covering roles, permissions,
configurations, and more.

@

Consultant

Additional training for consulting partners
covering the Benchling Implementation
Methodology.



https://www.benchling.com/learning-labs
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More resources

Benchling provides some short guides
on main functionalities % Benchling Help Center

How can we help?

https://help.benchling.com/hc/en-us _ .

Popular: archive, schemas, permissions

10. Resources
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