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Instructor Preparation

Gibson Assembly Primer Design Using Benchling Assembly Wizard
1. Sign into Benchling or create an account if you do not already have an account.

2. Determine the DNA template source for your gene insert(s), such as genomic DNA,
plasmid, synthetic DNA, etc.

NOTE: For genes that will be amplified from complex genomic DNA templates, it is
advised to first determine unique binding sites for primers within the genomic DNA
template that are specific for the gene(s) of interest, using the National Center for
Biotechnology Information (NCBI) Basic Local Alignment Search Tool (BLAST)?, as
detailed in the following sub-steps. For simple templates such as plasmids or
synthetic DNA, you may proceed to step 3.

A. Retrieve genome sequence from the National Center for Biotechnology
Information database, using the GenBank accession number. Use accession
number LT607413.1 for this example.

m National Library of Medicine

National Center for Biotechnology Information

Search NCBI LT607413.1 x m

Results found in 4 databases

NUCLEOTIDE SEQUENCE

Micromonospora echinospora strain DSM 43816 genome assembly, chromosome: | R

Micromonospora echinospora
7,775,586 bp genomic sequence
LT607413.1

FASTA

Literature Genes Proteins

Bookshelf Conserved Domains 0

Identical Protein Groups @

Protein 0

Gene
MeSH GEO DataSets

NLM Catalog GEO Profiles

o o o o

PubMed PopSe Protein Family Models 0

o o o o o

PubMed Central Structure 0

B. Find the location and size of your gene of interest within the genome, using your
browser’s ‘Find’ function and the gene name, or the ‘Highlight Sequence Features’
tool; for example, the putative polyketide hydroxylase: 7698152..7699780, 1629
nucleotides.


https://benchling.com/signin/welcome
https://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastn&BLAST_SPEC=GeoBlast&PAGE_TYPE=BlastSearch
https://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastn&BLAST_SPEC=GeoBlast&PAGE_TYPE=BlastSearch
https://www.ncbi.nlm.nih.gov/
https://www.ncbi.nlm.nih.gov/

/i, Warning: Cannot highlight feature because no sequence is shown. Show the sequence

« 63690f6449 , ) LT607413:1segment lDetaﬂsE\ l Display: FASTA GenBank Help X

CDS v | Eeature |«

gene
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Highlight the feature with the NBCI tool:

GenBank: LT607413.1
FASTA  Graphics

Goto @

Locus
DEFINITION

ACCESSION
VERSION
DBLINK

KEYWORDS
SOURCE
ORGANISM

REFERENCE
AUTHORS
TITLE
JOURNAL

FEATURES
source

gene

Customize view -

Basic Features
O Al features

LT607413 7775586 bp  DNA circular BCT 15-AUG-2016 ® Gene, RNA, and CDS features only
Micromonospora echinospora strain DSM 43816 genome assembly, . .

i Display options
chromosome: I.
LT607413 O Show sequence
LT607413.1 O Show reverse complement
BioProject: PRIEB14516 (O Show gap features

BioSample: SANNG4488361 [Update View
Micromonospora echinospora
Micromonospora echinospora

Bacteria; Actinomycetota; Actinomycetes; Micromonosporales; Analyze this sequence -
Micromonosporaceae; Micromonospora. Run BLAST
Varghese,Neha. and Submissions,Spin. Pick Primers
Direct Submission
Submitted (20-JUN-2016) DOE - JOINT GENOME INSTITUTE, 2800 Mitchell Highlight Sequence Features
Drive, Walnut Creek, CA 94598, USA
Location/Qualifiers
1..7775586 7698152. .7699780
Micromonospora echinospora” /locus_tag="GA0@70618_6613"
genomic DNA" /codon_start=1
DSH 43816" /trans]_table= 11
/type_material="type strain of Micromonospora echinospora” /product="putative polyketide hydroxylase"
/db_xref="taxon:1877" /protein_id=" SCF42099.1 "
/chromosome= /translation="MYDETTPVLIVGGGWGLSTSLFLSAHGVRSVLVERHPGTATHP
<1..231 RANGHYPRTLELYRSVGLTDATYAESAGFAGHVLNGKVESLTGRETHMSRIPDEEDVS
/locus_tag="GA0070618_0001" DISPIERLVSLPQDRIEPLVLDRAYELGADIRFGAELVDLAQDDEGVTATVADRKTGT
<1..231 RRTIRAEYLVAADGTHSPIRERLGIRRHGRGVVRHQMSTLFRADL TGPLAGRRFAICQ
/locus_tag="GA0070618_0001" VENDRVEGILGHDDSLGQGTLIVTYHPEKGERPEDF TDERCVELVRAAVGVPDLEVGL
/note="partial gene; VAERFTDGRIFL THDAHNLAWKLHAVLT
manually curated"” GSASPTLL TVMTQAGLRLATRGGFAT! LMVTFGYVYD
/codon_start=1 TRTAALVDPROL RLDGKRISTLDL
Jtrans]_table=11 FGRRPVLLL( TAAAKRLGVDLDVHRIGADL YGUTAQGA

VLVRPDGFVCWRSPADAEPTESTVERVLTALLHP"

Or use the find function:

7698152..7699780 )
/locus_tag="GA@O70618_6613" polyketide hydroxylase n ~ovyo X
7698152..7699780

/locus_tag="GAGO70618_6613" ]
/codon_start=1

/trans]_table=11

/product="putative polyketide hydroxylase"
/protein_id
/translation="MYDETTPVLIVGGGVVGLSTSLFLSAHGVRSVLVERHPGTAIHP
RAWGWYPRTLELYRSVGLTDAIYAESAGFAGHVLNGKVESLTGREIHMSRIPDEEDVS
DISPIERLVSLPQDRIEPLVLDRAYELGADIRFGAELVDLAQDDEGVTATVADRKTGT
RRTIRAEYLVAADGTHSPIRERLGIRRHGRGVVRHQMSILFRADLTGPLAGRRFAICQ
VENDRVEGILGHDDSLGQGTLIVTYHPEKGERPEDFTDERCVELVRAAVGVPDLEVGL
RSVMPWEMGALVAERFTDGRIFLVGDAAHVVPPVGGYGANTGIHDAHNLAWKLHAVLT
GSASPTLLASYDAERHPVGVTVMTQAGLRLATRGGFATPEQKAAVRDTLMVTFGYVYD
SSAVVAEPGDTVPAAPPGPGGIRTAALVDPRQLGGRPGTRAPHVWLRLDGKRISTLDL
FGRRPVLLLGSAGEPWRAAATAAAKRLGVDLDVHRIGADLVEDDRPWHDTYGVTAQGA
VLVRPDGFVCWRSPADAEPTESTVERVLTALLHP"

CF42099.1"

C. Open the ‘Pick Primers’ tool.

a. In the ‘Range’ boxes, enter the desired location of your gene specific

primers relative to the retrieved gene location in the genome. For example,
to design a forward primer that will amplify the 5’ end of the gene including
the start codon, enter the gene start site minus 100 nucleotides in the
‘From’ box, and the gene start site plus 20 nucleotides in the ‘To’ box (ex.
7698052 and 7698172, respectively).
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GenBank ~ Send to: »

A\ Duetothe large size of this record, sequence and annotated features are not shown. Use the "Customize view" panel to change the display.

Micromonospora echinospora strain DSM 43816 genome assembly, chromosome:

GenBank: LT607413.1
EASTA  Graphics

Goto: (¥

LOoCuS LT607413 7775586 bp DNA circular BCT 15-AUG-2016

DEFINITION Micromonospora echinospora strain DSM 43816 genome assembly,
chromosome: I.

ACCESSION LT607413

VERSION LT607413.1

DBLINK BioProject: PRJEB14516
BioSample: SAMN@4488361

KEYWORDS

SOURCE Micromonospora echinospora

ORGANISM Micromonospora echinospora

Bacteria; Actinomycetota; Actinomycetes; Micromonosporales;
Micromonosporaceae; Micromonospora.
REFERENCE 1

AUTHORS  Varghese,Neha. and Submissions,Spin.
TITLE Direct Submission
JOURNAL Submitted (20-JUN-2016) DOE - JOINT GENOME INSTITUTE, 2800 Mitchell

Drive, Walnut Creek, CA 94598, USA

Change region shown =

@ Whole sequence
O Selected region

from: begin to: lend

Update View |

Customize view =)

Basic Features

O Al features

® Gene, RNA, and CDS features only
Display options

O Show sequence

O Show reverse complement

O Show gap features

Update View |

Analyze this sequence
Run BLAST

Pick Primers’

Highlight Sequence Features

NOTE: If gene of interest is to be cloned into an expression vector, it is recommended
to be more stringent on the placement of the forward primer to ensure that the gene
start codon will be near a ribosomal binding site within the expression vector
backbone. For example, enter the gene start site minus 15 nucleotides in the ‘From’
box, and the gene start site plus 20 nucleotides in the ‘To’ box (ex. 7698137 and

7698172, respectively).

b. For the reverse primer, enter the gene stop site minus 20 nucleotides in
the ‘From’ box, and the gene stop site plus 100 nucleotides in the ‘To’ box

(ex. 7699760 and 7699880, respectively).

Primers for target on one template

Primers common for a group of sequences

Retrieve recent results  Publication  Tips for finding specific primers

PCR Template
Enter accession, gi, or FASTA sequence (A refseq record is preferred) @ Range @
[T607413.1

0
Forward primer| 7698137 7698172

P Reverse primer | 7699760 7699880

Or, upload FASTA file

| Choose File | No file chosen

Primer Parameters

Use my own forward primer [>)
(5->3" on plus strand) ‘ ‘ =)
Use my own reverse primer (5 ‘ ‘g
>3' on minus strand)
Min Max
PCR product size 1629 [ 1820
# of primers to return 10
Min opt Max Max Ty, difference
Primer melting [570 [e00 | [e30 | [3 |©

(Tm)

Exon/intron selection A refseq mRNA sequence as PCR template input is required for options in the section @

v e

Exon junction span | No preference

Exon junction match Min 5' match  Min 3'match  Max 3' match
7 | [ ] [ ]

Minimal and maximal number of bases that must anneal to exons at the 5' or 3' side of the junction @

Intron inclusion () Primer pair must be separated by at least one intron on the corresponding genomic DNA @

Intron length range Min Max

(10000 ] @

Note: Parameter values that differ from the default are highlighted in yellow

(Csave search ) (Reset page )
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Under ‘Primer Parameters’, adjust the PCR product size to match the
desired gene size. The minimum product size should be no smaller than
the gene of interest (ex. 1629 nucleotides), and the max should be no larger
than the gene size plus 200 nucleotides (ex. 1829 nucleotides), based on
the primer binding ranges.
Under ‘Primer Pair Specificity Checking Parameters, select ‘Custom’
Database, and paste the GenBank accession number into the text box. Also
ensure that the organism number corresponding to your genome is pre-
filled (for example, 1877 can be selected from the auto-populated
dropdown menu when Micromonospora echinospora is typed into the
organism box).
Click ‘Get primers.’

Note: Parameter values that differ from the default are highlighted in yellow

Primer Pair Sp
Specificity check
Search mode

Database

Exclusion
Organism

Entrez query (optional)

Primer specificity stringency

Max target amplicon size

Allow splice variants

m&

Checking P:

Enable search for primer pairs specific to the intended PCR template @
(2]

\ Custom (use your own sequence accession, assembly accession, et v/ \ (2]

Enter sequence accession, FASTA sequence or assembly accession Clear

LT607413.1

Or, upload flle" Choose File | No file chosen

(] Exclude predicted Refseq transcripts (accession with XM, XR prefix) (] Exclude sample (2]
[1877 | (Add organism
Enter an organism name (or organism group name such as enterobacteriaceae, rodents), taxonomy id or select from the suggestion list as you type. @

Primer must have at least[ 2 v_| total mismatches to unintended targets, including
atleast| 2 v |mismatches withinthelast| 5 v |bpsatthe3'end. @

Ignore targets that have or more mismatches to the primer. @

la000 2]

[ Allow primer to amplify mRNA splice variants (requires refseq mRNA sequence as PCR template input) @

("] show resuits in a new window B2 Use new graphic view @

Note: Parameter values that differ from the default are highlighted in yellow

D. Examine the results under the ‘Graphical view of primer pairs’ and ensure that the
entire gene is amplified with the primer pairs produced. In other words, ensure
that the primer amplifies the entire gene from start to stop codon.
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Primer-BLAST Results &

Input PCR template LT607413.1 Micromonospora echinospora strain DSM 43816 genome assembly, chromosome: I

Range 7698137 - 7699880

echinospora

Other reports > Search Summary.

& 11607413.1 v | Find: yiaopla @ i == T

3 |7697.900 7698 K |7 fTi 398,200 7,695,300 |7.698,400 |7.698.500 [7.698,600 [7.698,700 [7.698,800 [7,698.960 (7,699 K

Specificity of primers Primer pairs)are specific to input template as no other targets were found in selected database: Custom (Organism limited to Micromonospora

== Graphical view of primer pairs

7.699.100 |7.699.200 [7,699,300 [7,699.400 [7,699.500 7,699,600 [7.699,708 [7.699,800 |7.699,900 |7,700 K

A Toolsv | fFTacks» & 7~

LT607413.1: 7.7M..7.7M (2,266 nt)

> [7697.500 [7698K _|7.696100 |7.698.200 |7.698.300 |7.696.460 |7.698.500 [7.698.600 [7.698,700 [7.698,.800 [7.698.560

sssss
se12 GROD70618.5613
> SCF42899)1 scrazie7.1 IR
(0) Primer pairs for 5ob bGazaf7qU0J0LEISREIESz4CEHKTENGREG oux
&
4
&
=
P
]
o
=
P
<2
7.699K _|7.699.160 [7.699,200 |7.695,300 [7.699.400 [7.699.500 [7.699.608 [7.699.768 |7.699.808 |7.699.960 |7.7e8 K |7.78¢

" ¥ Tracks shown: 3/5

NOTE: See how primers include the entire gene sequence (red region in template,

example gene GA0070618_6613).

E. Under ‘Detailed Primer Reports’, view products on intended targets and on
potentially unintended templates for each primer pair. Unintended templates are
areas with similar sequences in other regions of the genome and can cause non-
specific annealing during PCR. Choose a primer pair that has the fewest number
of potentially unintended products.

= Detailed primer reports

Select format: Download primer pairs

Primer pair 1

Sequence (5'->3") Template strand Length
20

Start

Stop

Tm GC%

Self complementarity

Self 3' complementarity

Forward primer CGGGAGGAGTCACTCGTGTA Plus 7698137 7698156 60.68 60.00 7.00 2.00
Reverse primer AGGGGACCCTTCCTCATCAA Minus 20 7699858 7699839 59.88 55.00 6.00 1.00
Product length 1722
Products on intended targets
>LT607413.1 Micromonospora echinospora strain DSM 43816 genome assembly, chromosome: |
product length = 1722
Forward primer 1 CGGGAGGAGTCACTCGTGTA 20
Template 7698137 ..iiiiiiiiiiianananns 7698156
Reverse primer 1 AGGGGACCCTTCCTCATCAA 20
Template 7699858 ....iiiiiiiianiaaenns 7699839
Primer pair 2

Sequence (5'->3") Template strand Length Start Stop Tm GC% Self complementarity Self 3' complementarity
Forward primer TCGTGTACGACGAGACAACA Plus 20 7698150 7698169 59.06 50.00 8.00 2.00
Reverse primer CAGGGGACCCTTCCTCATCA Minus 20 7699859 7699840 60.62 60.00 6.00 2.00
Product length 1710

Products on intended targets
>LT607413.1 Micromonospora echinospora strain DSM 43816 genome assembly, chromosome: |

product length = 1710
Forward primer 1 TCGTGTACGACGAGACAACA 20
Template 7698150 ....iiiiiiiiiineaans 7698169

Reverse primer 1 CAGGGGACCCTTCCTCATCA 20
Template 7699859 iiiiiiiiiiiiiacnenes 7699840

NOTE: If many potentially unintended products arise for all primer pairs, this will be
indicated at the top of the page. See the ‘help on specific primers’ link for hints on how
to adjust search parameters to yield more specific primers.



Improving Student Outcomes with an Adaptable Molecular Cloning Course-Based
Undergraduate Research Experience

Instructor Manual
F. Record the nucleotide position for the 5’ end of each primer—they will determine

the boundaries of the sequence you will retrieve for the following steps (ex.
Primer pair 1: 7698137 and 7699858).

G. At the top of the primer result page, click on the link to the accession number for
your genome template sequence. Then, in the ‘Change Region Shown’ boxes, enter
the nucleotide positions recorded in the previous step. Then click ‘Update View.’

Primer-BLAST Results @

Input PCR template LT607413.1digromonospora echinospora strain DSM 43816 genome assembly, chromosome: I
Range 7698137 - 7

Specificity of primers  Primer pairs)ale specific to input template as no other targets were found in selected database: Custom (Organism limited to Micromonospora
echinospora

Other reports > Search Summary

GenBank ~ Send to: »

Change region shown =

A\ Due to the large size of this record, sequence and annotated features are not shown. Use the "Customize view" panel to change the display. O Whole sequence

® Selected region

Micromonospora echinospora strain DSM 43816 genome assembly, chromosome: fom 7698137 |to
|

[ Update View |
GenBank: LT607413.1
FASTA  Graphics i i
Customize view =
Locus LT607413 7775586 bp  DNA circular BCT 15-AUG-2016 .
DEFINITION Micromonospora echinospora strain DSM 43816 genome assembly, /stu: Features
chromosome: I. O All features
ACCESSION  LT607413 ® Gene, RNA, and CDS features only
VERSION LT607413.1 Display options
DBLINK BioProject: PRIEB14516 ) Show sequence
BioSample: SAMNG4488361 O Sy reverse complement
KEYWORDS . O Show gap features
SOURCE Micromonospora echinospora
ORGANISM Micromonospora echinospora Update View

Bacteria; Actinomycetota; Actinomycetes; Micromonosporales;

H. Once the page updates with your desired region, you will now download a DNA
sequence file of the desired sequence from the genome, that begins and ends with
unique primer binding sites. (If the gene sequence is not displayed, click ‘Show
Sequence’ in the Customize view box.) Click on ‘Send To’ in the upper right corner,
then choose ‘File’ as the destination, and then click Create File. Choose a file type

from the drop-down menu. This will automatically prompt a download of the DNA
sequence file.

Nucleotide [Nucleotide v  search

Advanced Help
GenBank ~ Send to

R’ “T = = 7" shown )
@ showing 1.72kb region from base 7698137 to 7699858 @ Complete Record | &
- O Coding Sequences
£\ Due to the large size of this record, sequence and annotated features are not shown. Use the "Customize view" par [ L
) Gene Features to. 7699858
Micromonospora echinospora strain DSM 43816 genome assemb  choose Destination [ Update View
| @File O Clipboard
O Collections O Analysis Tool
GenBank: LT607413.1 ’ b R
FASTA  Grapt
Graphics Download 1 item |
Goto: @ Format
o find CDS features only
Locus LT607413 1722 bp DNA linear BCT 15-AUG-2016 Summary B
DEFINITION Microme spora echinospora strain DSM 43816 genome assembly, GenBank fce
. GenBank (full) & complement
ACCESSION FASTA
htures
VERSION TASNA r
DBLINK XML [ Update View
" i INSDSeq XML —
KEYWORDS N TinySeq XML
SOURCE ;eature TaEIe‘ -
ORGANISM a G[‘:CLE‘:‘SWH IS Analyze this sequence
Actinomycetes; Micromonosporales; pet=n Run BLAST
sporaceae: Micromonospora.
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3. Retrieve DNA sequences of your gene insert(s) and vector (for example, see polyketide
hydroxylase gene sequence and pUC19 sequence in the Supplementary Material). Import
your desired insert sequence(s) and desired vector sequence into Benchling, each as a
new DNA sequence file. Open each imported sequence that you wish to include in your
Gibson Assembly reaction.

< C = benchling.com/edito (

Projects / TLN-052

JOVE Manuscript2024 5 = 0 L+

Your workspace is empty!
Use the navigation bar on the left to
open or create data.

NOTE: You may import DNA sequence files in several formats, including GenBank and
FASTA. You may also import a sequence directly from a database with an accession
number or paste in a nucleotide sequence copied from another file or viewer.

. >
JOVEMEBEEIARI | | Create DNA/ RNA sequence

Q e.

Type » T Filters

S CREATENEW  UPLOADFILES  IMPORT FROM DATABASE ~ SELECT CHROMOSOMAL REGION

Upload any DNA flle (Genbank, FASTA, ApE, Genelous, SnapGene, SeqBullder v15 or below, etc) to make a Benchling sequence. Drag In multiple at once!
polyketide_hydroxylase_
Last modified just now Nucleotide type* Set folder

puC19 DNA RNA W JoVE Manuscript 2024

Lest modified just now
or choose a file

ck here.

O v v O show errors only
o
O polyketide_nydroxylase_ OPEN SEQUENCE JOVE MANUSCRIPT 2024
o
O pucte DEFINITION OPEN SEQUENCE JOVE MANUSCRIPT 2024
ORGANISM SOURCE

4. At the bottom of your screen, locate the Assembly Wizard tool. Click Assembly Wizard,
then select Create New Assembly.
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- + CreatePDF &+ Q n

JoVE Manuscript 2024 - —

BssSI

cgecacctetgacttgagegtcgatttttgtgatgcteg
gegetggagactgaactcgeagetaaaaacactacgageagte

T T T T T T T T
60 50 200 228 240 50 s 300

ssssss

caggtttcccga g ascgeasttastgtgagttagotcactoattagg caggctttacactttatgcttccggctegtatattgtatagaat:

BASES 2686

From the options provided, select Gibson and click Start to begin the assembly.

5.

llyketide-hydroxylase-gene-insert X puc1d

NEEMARY  Pick Assembly Strategy

O Digest and Ligate

@ Glbson Ecgcacgag
Becetecte

O Goiden Gate

© We encourage you to try the new
The new combinatorial assembly tool offers a more flexible and visual experience for designing
consuuct

combinatorial assembly tool here

ctotga Becttttge
1gagacty Eggaaaacg
| —

In the vector sequence window, select all bases you want to include in your assembly
from the vector backbone. Start your selection at the nucleotide position you want at the
3’ end of your gene insert (ex. position 657 of pUC19) and select all remaining nucleotides
to be included (ex. through position 656 to include entire pUC19 sequence). Once
selected, click the ‘Backbone’ tab at the bottom of the screen, and then click ‘Set
Fragment'.

NOTE: You may want to toggle between the ‘Sequence Map’ and ‘Plasmid’ views of the
vector to select all desired bases of a circular template.

NOTE: Alternatively, if you plan to prepare the vector fragment via restriction digest
(instead of PCR) for Gibson Assembly, you may linearize the backbone sequence with
a restriction enzyme cut site (for ex. Xbal). To do so, click the cut site, hold Shift, and
click the cut site again. Then click Set Fragment to set the backbone. Be aware that
vector specific primers will not be generated by Benchling if you linearize the
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backbone with a restriction enzyme in the Assembly Wizard.

Projects / TLN-05220 polyketide-hydroxylase-gene-nsert X puct9

- > |+
JoVE Manuscript 2024 & [ =/ PASMD  FELEANTITENS  METAONTA  DESCRPTON  LIEARMAP
—o—+ com comsror @@
Type v T Filters
W13 rev 5
M13/pUC Reverse h
CAP binding site [ Tac promoter [Tac operator Wi3 . .rse
Q source ~
T T T T T T T
puci9 80 500 520 540 560 580 600

L

ast

e
e}

Yoar
accatgat tcga tt =
tggtactaatgcggt tegaacgtacggacgtecagetegeatet gectcgagettaagt ttgeagcactgacecttt gettgaats tg
2 4 6 8 10 12 14| 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 &
T MJNT P SJERH A CJR)S T[EWENDIP RUVIP S S N S JEJA VIVIL)Q JRIRIDIW JEIN P G WOT QJEDN RULIA A H P P JED
lacz-alpha
B M13/pUC Forward e
M3 Forward
MeS M3 fud
source
T T T T T T T T
620 640 660 ) 700 720 2 760 E
SET FRAGMENT OVERALL ASSEMBLY
© A backbone of Insert Is unset JOVE Example
bai - XBal
T %
Backbore @ @ Insert + Hide Preview
BASES 2686 START G657 ENDG56 LENGTH2686 GC5063%  MELTING TEMP 804 °C ASSEMBLY «  SPLIT WORKSPACE

6. In the insert sequence window, select all the insert's bases you want to include in the
assembly (for the polyketide hydroxylase ex. select full sequence in file). Once selected,
click the ‘Insert’ tab at the bottom of the screen, and then click ‘Set Fragment'.

Projects / TLN-05220
JoVE Manuscript 2024 -

-gene-in puct9

ron e s s
-t com comeror 8+ @

4
Type » = Filters [(GGGAGGAGTCACTCGTGTACGACGAGACAACACCAGTACTGATCGTC TGGGGCTCTCCACCTCCCTGTTCCTGTCCGCGCACGGCGTCCGGTCOGTCCTCETCRAACGCCACCCGRGCACCGCCATCCACCCCCROGECT
[ CCCTCCTCAGTGAGCACATGCTGCTCTGTTGTGGTCATGACTAGCAGCCCCCACCCCACCACCCCGAGAGGTGGAGGGACAAGGACAGGCGCGTGCCGCAGGCCAGCCAGGAGCAGCTTGCGGTGGECCOGTGGCGGT GCGE 5
Putative Polyketide Hydroxylase

LINEARMAP  DE

roxylase-gene-insert

) tlnP fo...P 2022

ftes ago

1

T T T T T T
20 40 60 £ 100 120 140

puct9
Lest modified 29 minutes ago
o (] o
GGGGCTGGTACCCGCGCACCCTGGAGCTGTACCGCTCCGTCGGGCTCACCGACGCGATCTACGCCGAGAGCGCCGGCTTCGCCGGGCACGTCCTCAACGGCAAGGTCGAGTCGCTGACCGGCCGGGAGATCCACATGTCCCGGATCCCCGACGA
CCCCGACCATGEGCGCGTGGGACCTCRACATGRCGAGGCAGCCCGAGTGGCTGCGCTAGAT GCGGCTCTCGCGGCCGAAGCGRCCCGTGCAGGAGTTGCCGTTCCAGCTCAGCGACTGGCCGECCCTCTAGGTGTACAGGGCCTAGGGECTGCT _
Putative Polyketide Hydroxylase =
T T T T T T T T
160 180 200 220 240 260 280 300 &
GGAGGACGTCAGCGACATCAGCCCGATCGAACGACTGGTCTCGCTCCCCCAGGACCGGATCGAACCGCTGGTCCTGGACCGEECCTACGAGCTGGGCGCCGACATCCGCTTCGGTGCGAGCTGGTCGACCTCGCCCAGGACGACGAGGGCGTC o

CCTCCTGCAGTCGCTGTAGTCGEGCTAGCTTGCTGACCAGAGCGAGGGEGTCCTGECCTAGCTTGGCGACCAGGACCTGGCCCGGATGCTCGACCCGCGGCTGTAGGCGAAGCCACGCC TCGACCAGCTGRAGCGGGTCCTGCTGCTCCCGCAG
Putative Polyketide Hydroxylase

T T T T T T T T
320 340 360 380 400 420 440 460

ACCGCCACCGTCGCGGACCGGAAGACCGGGACCCGGCGGACCATCCGEGCGEAGTACCTGGTCGCCGCGGACGECACGCACAGCCCGATCCGGGAACGGCTCGGCATCCGECGGCACGECCGEEGCGTGGTCCGCCACCAGATGAGCATCCTGT °

SET FRAGMENT OVERALL ASSEMBLY
© A backbone or Insert Is unset JOVE Example
tE; [
puct9 e
sert W
27kb I < 2 e @ + Hide Preview
BASEST722  START1 END1722 LENGTH1722 GC7323%  MELTING TEMP 896 °C ASSEMBLY o SPLIT WORKSPACE

7. If you have multiple gene inserts (not applicable in this example), click the ‘+’ button on
the right side of the Assembly Wizard. In the insert sequence window, select all the
insert's bases you want to include in the assembly. Once selected, click the ‘Insert’ tab at
the bottom of the screen, and then click ‘Set Fragment'.
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8. Once all fragments are set, rename the assembly to your desired plasmid name and press
Assemble on the right of the Assembly Wizard. Select the desired folder location for both
the Sequence Folder and Primer Folder. Press Create to assemble the recombinant
plasmid sequence.

9. Open the assembled plasmid and click ‘Assembly History’ to view a basic plasmid map
and an overview of the sequences from which it was derived. Ensure that the nucleotide
positions for each fragment match your desired design.
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10. In the ‘Assembly Parameters’ tab, you can view names of the primers designed for your
assembly. Note that there will be two primers designed for each insert (a forward and a
reverse), and the primer names will be derived from the titles of your DNA sequence files.
Also ensure that primer melting temperatures and suggested annealing temperatures are
compatible in this window.

NOTE: If primer melting temperatures or annealing temperatures are not ideal, you
can manually adjust primer sequences (ex. removing nucleotides to reduce melting
temperature) within the primer sequence files. You can also click on ‘Re-open’ and
adjust the primer settings by clicking the Enzyme/Primer Settings button next to the
‘Assemble’ button’ in the Assembly Wizard. Then repeat the Assembly step and re-
examine primer sequences.
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Adjust primer design parameters here:
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NOTE: If you plan to clone a library of plasmids with many different genes cloned into
the same vector backbone, you can utilize the same primer pair for your vector in
each case. To do so, manually remove all the nucleotides from the vector primers that
would install the overhangs that are specific to the insert. These nucleotides would
be found at the 5’ end of the primer. (See Supplementary Material, Representative
Primers.) After removal, ensure that primer melting temperatures and annealing
temperatures are compatible.

NOTE: If you plan to clone a library of plasmids with many different genes cloned into
the same vector backbone, it is advised that all insert primer pairs have very similar
melting temperatures and annealing temperatures. This will reduce the need for
annealing temperature optimization of every pair and enables all student PCR
reactions to be cycled at the same time using the same thermocycler program.

11. Once primer design is complete for desired plasmids, click ‘Finalize’ in the Assembly
Wizard.
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Experimental Preparation

1.

Order your primers from a DNA synthesis company and retrieve samples of your DNA
templates for insert(s) and vector.

Test both insert- and vector-specific primer pairs for optimal annealing temperatures
using a gradient PCR experiment with your DNA templates. PCR conditions should be
modified based on the DNA polymerase used in the reaction; the New England Biolabs
website can serve an excellent resource for PCR thermocycler methods and other
troubleshooting. In the initial screen, test the Benchling recommended annealing
temperatures *+ 3 °C. Move onto step 3 once successful PCR conditions are determined.

Prepare aliquoted solutions of primers (10 uM) and DNA templates (1-100 ng/uL).

Make digital sequences of primers and DNA templates available to students on a course
web page. Students can download sequences from the course website and upload the
sequences into a sequence analysis tool. We recommend the free web-based tool
Benchling for in silico work.

In two iterations of the course where students were ligating two linear fragments (one
insert and a vector), we utilized a ‘homemade’ Gibson Assembly Master Mix? instead of a
commercially available MasterMix. If you would like to prepare a homemade MasterMix,
follow the recipe in Table 1 and reference the notes on the following page.

Table 1. Recipes for ‘homemade’ Gibson buffer and Gibson Assembly MasterMix?2.

4X Gibson Buffer

(4000 puL) [Stock] Vol./Amount [Final]
Tris-HCI (pH 7.5) 1M 2000 pL 500 mM
PEG-8000 | e 1lg 25.0% (w/v)
MgCl: 1M 200 pL 50 mM
DTT 1M 200 pL 50 mM
dNTPs 10 mM 400 pL 1 mM
NAD+ 100 mM 200 pL 5 mM
Water 1000 pL

2X Master Mix

(1250 pL) [Stock] Vol (uL) [Final]
Taq ligase 40 U/uL 250 8 U/uL
T5 exonuclease 10 U/pL 5 0.04 U/pL
Phusion polymerase 2U/uL 31.25 0.05 U/pL
Gibson Buffer 4X 625 2X
Water 338.75
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NOTES: First prepare the 4X Gibson buffer, then the 2X MasterMix in the Gibson Buffer.
Aliquot into 50 pL volumes and freeze at =20 °C for use in Experiment B. For projects in
which >2 linear fragments will be combined, we recommend using a commercially
available MasterMix to improve cloning outcomes3.

Instruction Notes

Lecture Day 1

1.

Instruct students to predict PCR amplicon size and sequence from DNA template and
primer sequences using Benchling. Challenge students to think about how primers are
incorporated into PCR amplicons, including the bases that are not homologous to the
template (i.e. the overhangs). To gauge understanding, have students submit the size of
each expected amplicon and/or its sequence.

NOTE: You can quickly grade sequences by comparing student submissions to the
expected amplicons using the sequence alignment tool in Benchling.

Ask students to design PCR reaction recipes and a thermocycling program for each of the
amplicons to be used in the Gibson Assembly reaction of interest. Facilitate
determination of theoretical primer annealing temperatures from the primer sequences,
and extension times based on expected amplicon size and the polymerase manufacturer’s
information.

Assess student understanding with a paper worksheet and/or online assignment for
grading before the next class period (See Experiment A Planning Worksheet).

Experiment A, Day 1

1.

2.

5.

Give feedback on students' PCR reaction recipes and thermocycling programs before
supplying reagents for PCR reactions.

Provide students with solutions of DNA templates (1-100 ng/uL), both forward and
reverse primers (10 pM), nuclease-free water, and DNA Polymerase either as a 2X
MasterMix containing dNTPs and buffer or as separate solutions.

Instruct students to pipette their PCR reaction recipes according to pre-determined
recipes and place them directly in the thermocycler or in a PCR tube holder for transport.
Before the next lab meeting, cycle the PCR reactions according to polymerase
manufacturer’s instructions using the optimal annealing temperature from the PCR
screen and extension times that were previously determined (Experiment Preparation,
Step 2). Store between 4 °C and -20 °C until the following meeting.

Ask students to summarize their expectations of a successful experiment before the next
meeting.
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Experiment A, Day 2

1.

Assess the outcomes of PCR experiments through agarose gel electrophoresis. Have
students prepare agarose gels, considering agarose percentage for optimal resolution of
amplicon size, and stain with GelRed. Students will load PCR reactions onto gels (usually
5 pL of a 25 pL reaction) and run gels, agreeing on what voltage and running time will be
utilized for the group.

While the gel is running: If the PCR template was a plasmid, direct students to perform a
Dpnl restriction digest at 37 °C on the remainder of their PCR reactions to ensure that
circular DNA templates are degraded and are not transformed into E. coli in the
subsequent experiment.

Help students image their gels and analyze results according to their expected amplicon
sizes. Discuss the expectations and/or results for a successful or failed PCR reaction.
Students should select their successful PCR reactions to purify in the next step.

Instruct students to purify the selected PCR reactions from previous the step once the
Dpnl digest is complete (i.e. after 1-2 h) using a commercially available kit. Instruct
students to measure concentration of purified products on a Nanodrop instrument and
discuss the meanings of each value provided by the measurement (A260, A260/280, etc.).
Challenge students to calculate a recipe for Gibson Assembly reaction with purified
insert(s) and vector for the next laboratory meeting. These calculations will be
dependent on insert(s) and vector concentration, volume available, and DNA fragment
size. Provide an online calculator to convert concentrations from the Nanodrop
instrument to molar concentrations to assist students in calculating appropriate
volumes. Provide instructions for diluting vector and insert solutions, ensuring no less
than 1 pL of any solution is pipetted for accuracy (See Experiment B Planning
Worksheet).

Experiment B, Day 1

1.
2.

3.

Assess Gibson Assembly recipes prepared by students.

Once recipes are approved, provide Gibson Assembly Master Mix and instruct students
to pipette their Gibson Assembly reactions according to approved recipes.

Ensure all reactions incubate at 50 °C for 15 minutes.

Oversee students perform transformation of commercial chemically competent cells
with 2 pL of Gibson Assembly reaction. After transformation, ensure students perform
rescue and outgrowth in 950 pL of SOC media, in the absence of antibiotics.

After outgrowth, direct students to plate 100 pL of cell suspension on LB agar plates
containing the appropriate antibiotic for selection, depending on the vector backbone
utilized. Have students prepare serial dilutions in LB (104, 10-5, 10-¢) for calculating
transformation efficiency, label plates with student information, and return the
remaining cell suspension to the 37 °C incubator.

Incubate all transformant plates at 37 °C overnight (12-16 h).

The following day, evaluate the plates. If any selection plates lack colony forming units
(CFUs), inoculate additional plates (with appropriate antibiotic) with the remaining cell
suspension and incubate overnight at 37 °C. Store all plates containing CFUs at 4 °C until
the following class period.
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Experiment B, Day 2

1. Direct students to count CFUs on all plates and calculate transformation efficiency.

2. Instruct students to select CFUs from plates containing antibiotic and inoculate 5 mL of
LB media (with appropriate concentration of respective antibiotic) from up to 4 CFUs.

3. Ensure cultures are incubated overnight at 37 °C and store at 4 °C until the next class
period.

Lecture Day 2

1. Challenge students to design a diagnostic screen to determine successful cloning of
plasmid of interest. This includes directing students to perform an in silico Gibson
Assembly on Benchling and to design either a restriction digest or PCR screen to
determine if they have successfully cloned the plasmid of interest.

2. Provide a worksheet for students to summarize the design of their diagnostic screen,

including incubation times and temperatures, and expected outcomes for agarose gel
electrophoresis. The designed experiment should include both positive and negative
controls (See Experiment C Planning Worksheet.)

Experiment C, Day 1

1.

Have students isolate plasmid DNA from the previously inoculated liquid cultures using
a commercially available plasmid DNA miniprep kit and have students measure
concentration of purified products on a Nanodrop instrument.

Consult with students and provide feedback before students set up their screen.
Incubate restriction digest and/or PCR reactions at appropriate temperatures and store
at —20 °C until the next class period.

Experiment C, Day 2

1. Direct students to perform agarose gel electrophoresis and provide insight as students
analyze their restriction digest and/or PCR results.
2. Keep any plasmids that match the expectations for successful clones and confirm the
sequence by DNA sequencing by your preferred vendor. We recommend full plasmid
sequencing by plasmidsaurus.
3. Have students consider the identity of any undesired or ambiguous screening results,
such as re-circularized vector, and whether the screening experiment was successful
based on their positive and negative controls. Keep the plasmids that had uncertain
screening results as backups for further screening or DNA sequencing analyses.
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