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Virtual Step-by-Step Cloning Procedure

Same procedure as done in lab sessions 3 + 4 :

1) Digest plasmid backbone

2) Digest PCR product (insert)

3) Ligate insert + linearized plasmid (will be used in lab 6)

In the lab you do all steps individually and keep intermediate products, this allows you to
go back - one step at a time- in case of problems/ mistakes. This saves time compared
to starting from scratch.

This Benchling exercise is designed in the same way- one step, one file.

Benchling provides an ‘Assembly Wizard’ for cloning without intermediate
steps. We are not using it for the exercise- it is for andvanced users!



Basic Benchling
Functions




Tools Used in Lab3

explore all buttons to see what they are used for
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To Change the Window Layout

] >
close projects §

split
workplace




To Change the Window Layout

sequence map

=
” - 7




Explore Useful Display Functions

use two fingers to zoom/ rotate

= zoom in/ out sequence

= zoom in/ out plasmid

= rotate map



Benchling Help : How to + Videos



Save Plasmid Sequences




Virtual Cloning Using Benchling Lab 3

copy to... !=

v'open shared files

v pcDNA6/myc-HIS version A

v pcDNA6/myc-HIS version B

v'create new project folder

for each exercise

v'copy shared sequence file

to the corresponding folder


https://benchling.com/s/seq-x24s9O5nwOVudqyEPUXD?m=slm-MEVq0ePtN9LgThEjt3wO
https://benchling.com/s/seq-AhysDeeZJQ1QuP79I8qW?m=slm-BHofK4jRQCbLshSYSbf2

Copy to New Project Folder

note you can only work on sequences you own, not on shared sequences

[ create... P [ copy to... P
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Exercise 1
Create plasmid backbone

in plasmid pcDNAG/myc-His A:

Find multiple cloning site (MCS)
Find restiction sites BamHI and Xhol
Run virtual digest

Create new DNA file with digested
plasmid fragment




Find Annotation for Multiple Cloning Site

Options:
1) in annotation tool
2) in sequence view

3) in plasmid view

Q

Q




Help: if too Many Restriction Sites Visible

in sequence in plasmid

N\ N\




Help: if too Many Restriction Sites Visible

with this setting you see only the selected restriction sites

2 brand ‘NEB’

| .

3 ‘None except...’

;




Find Restriction Sites ’

digest tool

ES

v'in digest tool

vfind enzyme

v'search or scroll list find enzyme

v'select enzymes click to select F
v’ BamH|

v’ Xhol

enzymes selected

v'run digest

i run digest




Digest Results Shown as 2 Aternative Views,
Choose What You Like Best

A) Digest ! B) Virtual Digest
—




Select Digested Fragment in Table:

‘Digest’ Tab

—— ~ digested fragment

click on row to select ]




Select Digested Fragment in Table:

‘Virtual Digest’ Tab

Virtual Digest

%click on band to select

digested fragment

]




From Selected Fragment: Create New DNA

Create

New DNA

window opens:
copy with default
parameters

]

yd
v




The Digested Fragment is Linear and 5070 bp Long ~

| linear
| 5070

l 5070



Rename Digested Fragment:
Linearized pcDNAG/myc-His A [977-920] digest BamHI and Xhol

click on ‘i’
change nar@ —\/_



Plasmid backbone is
ready!




Exercise 1
Create insert

Find Amy2 mRNA sequence on NCBI
Create New DNA

Annotate CDS

Attach primer pair

Create PCR product

Digest PCR product




How to Import
Sequences

= there are muliple ways how to import

= Option I: copy sequence from NCBI, annotate manually
 used for this manual
* helps you to learn how to find information on NCBI

= Option Il: import annotated sequence from NCBI
* has many more annotations than we need
* prevents errors in annotations
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Option I
CBI website : Search Nucleotide Sequence

http WWW. anI



https://www.ncbi.nlm.nih.gov/

NCBI website : Find Amy2 mRNA-
Contains 3’UTR, CDS, 5’UTR

click FASTA
format

Name (first line)
+ nucleotide
sequence




In Benchling: Create New DNA Sequence

&N

EREREN



Copy + Paste Name and Sequence
(from Fasta File in NCBI)

&N

2




New DNA: Amy2 Nucleotide Sequence

sequence l name l

still empty here: let’s
translate the CDS!




NCBI website : Find Am

click ‘back’
from Fasta
sequence

click on CDS L

https://www.ncbi.nlm.nih.gov

18..1544
/gene="Amy2a5"

/gene_synonym="1810008N23Rik; Amy-2; Amy2; mAmy2-2"
/EC_number="3.2.1.1"

/note="amylase 2a5, pancreatic; pancreatic alpha-amylase;
PA; 1,4-alpha-D-glucan glucanohydrolase; amylase 2,
pancreatic"

/codon_start=1

/product="pancreatic alpha-amylase precursor"
/protein_id="NP_001036176.1"

/db_xref="CCDS:CCDS17775.1"

/db_xref="GeneID:109959"

/db_xref="MGI:MGI:88020"
/translation="MKFVLLLSLIGFCWAQYDPHTSDGRTAIVHLFEWRWVDIAKECE
RYLAPKGFGGVQVSPPNENVVVHNPSRPWWERYQPISYKICTRSGNEDEFRDMVTRCN
NVGVRIYVDAVINHMCGAGNPAGTSSTCGSYLNPNNREFPAVPYSAWDFNDNKCNGEL
DNYNDAYQVRNCRLTGLLDLALEKDYVRTKVADYMNHLIDIGVAGFRLDAAKHMWPGD
IKAVLDKLHNLNTKWFSQGSRPFIFQEVIDLGGEAIKGSEYFGNGRVTEFKYGAKLGT
VIRKWNGEKMSYLKNWGEGWGLVPSDRALVFVDNHDNQRGHGAGGSSILTFWDARMYK
MAVGFMLAHPYGFTRVMSSYRWNRNFQNGKDQNDWIGPPNNNGVTKEVTINADTTCGN
DWVCEHRWRQIRNMVAFRNVVNGQPFSNWWDNNSNQVAFSRGNRGFIVFNNDDWALSA
TLQTGLPAGTYCDVISGDKVDGNCTGLRVNVGSDGKAHFSISNSAEDPFIAIHADSKL

y2 Coding Sequence (CDS) -

i

[EICEl LN [LEEatg aagttcgttc tgctgctttc cctcattggg ttctgctgag
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E

721 [JLELLEET
Vi iWaaggtagtga gtactttgga
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901
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f'riWtggctgtcgg atttatgttg gctcatcctt atggattcac aagagtaatg tcaagttacc
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https://www.ncbi.nlm.nih.gov/

Select Amy2 CDS (Nucleotide 18-1544)

to select move cursor

\I_‘

START 18 i l END 1544




Create Amy2 Translation (Nucleotide 18-1544)
1 createwl

2 translation 3 forward
4 name l

5 save l




Amy2 Translation (Nucleotide 18-1544)

amino acid sequence

“\\515\

nanEixJ

save l




View Amy2 STOP Codon (1544)

STOP l

= D PJEIT AT HADSKL =

I | T I | T
1,490 1,500 1,510 1,520 1,530 1,540
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Option lI:
Import from Database with Annotations

&N

EREREN



Import from Database with Annotations

Q

&N




Default Annotations Amy2:

translate CDS

I\



Primers exercise 1

name

Mm-Amy2_for

Mm-Amy2_rev

sequence

CAGGATCCACCATGAAGTTCGTTCTGCTGCTTTC

GGCTCGAGTTCATACAATTTTGAGTCAGCATGGATTG

3'location

40

1519

overhang

11

39



Create Primers

I primers tool I

create primers J»

manual i:




Create Primer Pair

select primer pair

copy/ paste sequences

J’location

—

overhang

————1
——1 1]
\

select resticion site

copy/ paste names

save [
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Primer Pair: 3’Location and Overhang

were it binds to the template

4

non-complementary part




Create PCR Product

primer pair attached

create PCR product




Create PCR Product Including Primers Sequences

what gets copied

copy




PCR Product with Overhangs

overhang

change name here
PCR...

*

1549 bp

l click on ¥’



In PCR: Manually select sequence between BamHI + Xhol
(Altemmative: Run digest, create new DNA)

7

lost by digest

after digest
1539 bp
1

46



Copy selected sequence between BamHI + Xhol

! copy

DNA

include
annotations




The insert is ready!




Exercise 1
Combine insert and
plasmid

ligate digested insert Amy2 PCR

product and digested plasmid
pcDNAG/myc-His A using BamHI and
Xhol with copy/ paste

annotate recombinant fusion protein




Paste into Linearized Plasmid Backbone File at
Position 1 (BamHI cut site

1 open file

2 put cursor at position ‘1’

myc-His.. m-Amy2_Notl_R Mm_Amy2_Notl... Amy2 CDS frame... Amy2 CDS frame.. Template NM_0... O Linearized pc Amy2_CDS"fram.. Mm_Amy2_Hind.
— I
+ Copy  CreatePDF &~ Q - + Create PDF &+ Q n
CGAGTCTAGAGGGCCCTTCGAACAAAAACTCATCTCAGAAGAGGATCTGAATATGCATACCGGTCATCATCACCATCACCATTGAGTTTAAA
GCTCAGATCTCCCGGGAAGCTTGTTTTTGAGTAGAGTCTTCTCCTAGACTTATACGTATGGCCAGTAGTAGTGGTAGTGGTAACTCAAATTT Linearized pcDNA6/myc-His A [977-920] BamHI Xhol (5070 bp) i
[ MycTag > 6xHis Tag T T T by
+ WS 500 1,000 1,50 2,000 2,50 3,000 3,50 4,000 4,500 5,00
P
T T T T T T T T T " . . =
! 10 2 30 0 s0 0 70 s % g " <Coldn ) < AmR ] < 4
CCCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGL ©
GGGCGACTAGTCGGAGCTGACACGGAAGATCAACGGTCE
s GATCCACCATGAAGTTCGTTCTGCTGCTTTCCCTC
T T T T
100 110 120 130
+
CCACTGTCCTTTCCTAATAAAATGAGGARATTGCATCGC
'
GGTGACAGGAAAGGATTATTTTACTCCTTTAACGTAGCE o You're about to paste a sequence that e

T T T T
190 200 210 220 i 0

anslation, O

AGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGE
TCCCCCTCCTAACCCTTCTGTTATCGTCCGTACGACCCC
T

T T T
280 200 300 310

GGTATCCCCACGCGCCCTGTAGCGGCGCATTAAGCGCGE
CCATAGGGGTGOGCGEGACATCRCCOCGTANTTCRCSC  ENITER 0 insert 1539 bases at position 1.

T T T
380 EE) 400 410

ESC to cancel.
CCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGT

> F1ori S

T T T T T T T T T
470 480 %0 560 510 520 530 540 550

TTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGATTAGGGTGATGGTTCACGTAGTGGGCCATCGCCCTGATAGACGGTTTTTCGCCCTT
AATCACGAAATGCCGTGGAGCTGGGGTTTTTTGAACTAATCCCACTACCAAGTGCATCACCCGGTAGCGGGACTATCTGCCAAAAAGCGGGAA
> F1ori >

T T T T T T T T T
560 570 580 590 600 610 620 630 640 650

TGACGTTGGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGGAACAACACTCAACCCTATCTCGGTCTATTCTTTTGATTTATAAG
ACTGCAACCTCAGGTGCAAGAAATTATCACCTGAGAACAAGGTTTGACCTTGTTGTGAGTTGGGATAGAGCCAGATAAGAAAACTAAATATTC

u > F1 ori
T T T T

BASES 5070 ASSEMBLY WIZARD ~  SPLIT WORKSPACE




Make Circular + Change Name

6609 bp

click on ‘i’
change nar@

update l



Virtual Cloning Completed



Translate Recombinant Protein
Amy2-CDS-myc-His including STOP codon

@ W




Annotate Recombinant Protein
Amy2-CDS-myc-His including STOP codon

N Ey Y




Annotate Recombinant Protein
Amy2-CDS-myc-His including STOP codon

recombinant
Amy2-CDS-myc-HIS

—Z—

recombinant Amy2-CDS-myc-HIS
translation

for clarity you may keep only
and delete translation Amy2 CDS




Recombinant Protein Amy2-CDS-myc-His
Check Tag Translation and STOP codon

; STOP




The recombinant
plasmid is ready:
virtual cloning
completed!




Files You Created

(as orientation only- you might have more or less files, names could be different)
Do a clean-up/ rename files - next semester you will need them again
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Exercise 2

Follow steps of Exercise 1

plasmid: pcDNAG6/myc-His version B

insert: copy Amy2 mRNA file (no not
download again from NCBI)

primers exercise 2




Copy Sequence File in Your Project Folder

careful: do not mix up A and B version of the plamid- different reading frames!

versio&



Steps for Plasmid Backbone
(same as for exercise 1)

v'find restriction enzymes Hindlll and Notl
v'virtual digest

v'create new DNA with digested linearized

fragment (plasmid backbone)



Primers exercise 2

name

sequence

Mm_Amy2 Hindlll_ F - CGAAGCTTACCATGAAGTTCGTTCTGCTGCTTTC

Mm_Amy2_ Notl_R

ATGCGGCCGCCCATACAATTTTGAGTCAGCATGGATTGC

3'location

40

1518

overhang

11

11

62



Attach New Primer Pairs to Amy2 Nucleotide Sequence

(use mRNA sequence you imported in exercise 1)

(

use primers exercise 2
this image is from exercise 1!
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Steps for Insert and Ligation
(same as for exercise 1)

v'attach primer pair
v'create PCR product
v'copy digested PCR product into digested plasmid backbone

v‘annotate + translate recombinant protein (from START to
STOP codon)

v'check sequence of tags and location of stop codon

64



Calvin & Hobbes
by Bill Waterson




