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* DNA cloning and recombinant DNA (video) | Khan Academy



https://www.khanacademy.org/science/ap-biology/gene-expression-and-regulation/biotechnology/v/dna-cloning-and-recombinant-dna

Cloning

Steps:

1) amplification, restriction and ligation
2) transformation

3) selection

4) ...
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Cloning of desired products (gene

,manual design” Forward primer
Reverse primer (sequence ,reverse complement”)

- Specific (cloning CDS, promotor sequence anal Ve
- plasmid of choice (( |

>NM 000903.2:192-1016 Homo sapiens NAD(P)H quinone dehydrogenase 1
(NQO1), transcript variant 1, mRNA
ATGGTCGGCAGAAGAGCACTGATCGTACTGGCTCACTCAGAGAGGACGTCCTTCAACTATGCCATGAAGG
AGGCTGCTGCAGCGGCTTTGAAGAAGAAAGGATGGGAGGTGGTGGAGTCGGACCTCTATGCCATGAACTT
CAATCCCATCATTTCCAGAAAGGACATCACAGGTAAACTGAAGGACCCTGCGAACTTTCAGTATCCTGCC
GAGTCTGTTCTGGCTTATAAAGAAGGCCATCTGAGCCCAGATATTGTGGCTGAACAAAAGAAGCTGGAAG
CCGCAGACCTTGTGATATTCCAGTTCCCCCTGCAGTGGTTTGGAGTCCCTGCCATTCTGAAAGGCTGGTT
TGAGCGAGTGTTCATAGGAGAGTTTGCTTACACTTACGCTGCCATGTATGACAAAGGACCCTTCCGGAGT
AAGAAGGCAGTGCTTTCCATCACCACTGGTGGCAGTGGCTCCATGTACTCTCTGCAAGGGATCCACGGGG
ACATGAATGTCATTCTCTGGCCAATTCAGAGTGGCATTCTGCATTTCTGTGGCTTCCAAGTCTTAGAACC
TCAACTGACATATAGCATTGGGCACACTCCAGCAGACGCCCGAATTCAAATCCTGGAAGGATGGAAGAAA
CGCCTGGAGAATATTTGGGATGAGACACCACTGTATTTTGCTCCAAGCAGCCTCTTTGACCTAAACTTCC
AGGCAGGATTCTTAATGAAAAAAGAGGTACAGGATGAGGAGAAAAACAAGAAATTTGGCCTTTCTGTGGG
CCATCACTTGGGCAAGTCCATCCCAACTGACAACCAGATCAAAGCTAGAAAATGA




Cloning

- Specific (cloning CDS, promotor sequence analysis, 3'UTR...)

— plasmid of choice

LacR binding site

puUC18

2686 bps

Plac

Hindlll
Sphl
Shbfl

—_

MCS (multiple cloning site)

Hincll el EcliXal
o —Bsl gy Ecommt T Eeaau  EcoR
BNPUC sequencing prisses {30}, Wmer 300 pingiiii  Pael Sdal—BESL_ Lo xhal  Bambi Smal MPU - Saci Xapi 455
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§'G TAA AAC GAG GGG CAG TGC CAA GCT TGG ATG CCT GCA GGT CGA CTC TAG AGG ATC CCC GGG TAC CGA GCT CGA ATT CGT

3'CATT TIG CTG CCG GTC ACG GTT CGA ACG TAC GGA CGT CCA GCT GAG ATC TEE TAG GGG CCC ATG GCT CGA GCT TAA GCA
LacZ &—Wal wval Ala Leu Ala Ser Ala His Arg Cys Thr Ser Glu Leu Pro Asp Gly Pro Val Ser Ser Ser Asn Thr

AAT CAT GGT CAT AGC TGT TTC CTG ¥

TTAGTA CCA GTA TGE ACA AAG GAC 5
lie Mot Thr Mel

W EpUC reverse sequencing primer () 1T asee

— Recognition sites for restriction endonucleases



Cloning
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- Specific (cloning CDS, promotor sequence analysis, 3'UTR...)
— plasmid of choice
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—> primers with RE target sites overhangs —

— 1) restriction analysis of a sequence

>NM 000903.2:192-1016 Homo sapiens NAD(P)H quinone dehydrogenase 1
(NQO1), transcript variant 1, mRNA
ATGGTCGGCAGAAGAGCACTGATCGTACTGGCTCACTCAGAGAGGACGTCCTTCAACTATGCCATGAAGG
AGGCTGCTGCAGCGGCTTTGAAGAAGAAAGGATGGGAGGTGGTGGAGTCGGACCTCTATGCCATGAACTT
CAATCCCATCATTTCCAGAAAGGACATCACAGGTAAACTGAAGGACCCTGCGAACTTTCAGTATCCTGCC
GAGTCTGTTCTGGCTTATAAAGAAGGCCATCTGAGCCCAGATATTGTGGCTGAACAAAAGAAGCTGGAAG
CCGCAGACCTTGTGATATTCCAGTTCCCCCTGCAGTGGTTTGGAGTCCCTGCCATTCTGAAAGGCTGGTT
TGAGCGAGTGTTCATAGGAGAGTTTGCTTACACTTACGCTGCCATGTATGACAAAGGACCCTTCCGGAGT
AAGAAGGCAGTGCTTTCCATCACCACTGGTGGCAGTGGCTCCATGTACTCTCTGCAAGGGATCCACGGGG
ACATGAATGTCATTCTCTGGCCAATTCAGAGTGGCATTCTGCATTTCTGTGGCTTCCAAGTCTTAGAACC
TCAACTGACATATAGCATTGGGCACACTCCAGCAGACGCCCGAATTCAAATCCTGGAAGGATGGAAGAAA
CGCCTGGAGAATATTTGGGATGAGACACCACTGTATTTTGCTCCAAGCAGCCTCTTTGACCTAAACTTCC
AGGCAGGATTCTTAATGAAAAAAGAGGTACAGGATGAGGAGAAAAACAAGAAATTTGGCCTTTCTGTGGG
CCATCACTTGGGCAAGTCCATCCCAACTGACAACCAGATCAAAGCTAGAAAATGA




Cloning-Restriction analysis

SMS

Format Conversion
-Combine FASTA

-EMBL to FASTA

-EMBL Feature Extractor
-EMBL Trans Extractor
-Filter DNA

-Filter Protein

-GenBank to FASTA
-GenBank Feature Extractor
-GenBank Trans Extractor
-One to Three

-Range Extractor DNA
-Range Extractor Protein
-Reverse Complement
-Split Codons

-Split FASTA

-Three to One

-Window Extractor DNA
-Window Extractor Protein

Sequence Analysis

-Codon Plot

-Codon Usage

-CpG Islands

-DNA Molecular Weight
-DNA Pattern Find
-DNA Stats

-Fuzzy Search DNA
-Fuzzy Search Protein
-Ident and Sim

-Multi Rev Trans
-Mutate for Digest
-ORF Finder

-Pairwise Align Codons
-Pairwise Align DNA
-Pairwise Align Protein
-PCR Primer Stats
-PCR Products

-Protein GRAVY
-Protein Isoelectric Point
-Protein Molecular Weight
-Protein Pattern Find
-Protein Stats
-Restriction Digest
-Restriction Summary
-Reverse Translate

Sequence Manipulation Suite:

Restriction Summary

Restriction Summary accepts a DNA sequence and returns the number and
determine whether or not an enzyme cuts a particular segment of DNA.

Paste the raw sequence or one or more FASTA sequences into the text ared

>sample seguence
ctaaattgtaagcgttaatattttgttaaaattcgegttaaatttttgttaaatcagetca /™
ttttttaaccaataggccgaaatcggcaaaatcccttataaatcaaaagaatagaccgaga
tagggttgagtgttgttccagtttggaacaagagtccactattaaagaacgtggactccaa
cgtcaaagggcgaaaaaccgtctatcagggcgatggcccactacgtgaaccatcaccctaa y
tcaagttttttggggtcgaggtgccgtaaagecactaaatcggaaccctaaagggagcccec

Please check the browser compatibility page before using this program.
| Submit || Clear H Reset ‘

+ Treat sequences as molecules.

*This page requires JavaScript. See browser compatibility.
*You can mirror this page or use it off-line.

Fri Jun 17 16:17:06 2016
Valid XHTML 1.0; Valid G55

Restriction Summary results

cuts once

cuts twice

Results for linear 2961 residue sequence "sample sequence” starting "ctaaattgta”
Site: Positions:

Aatl agg|cct none

Aatll gacgt|c none

Acc16l tgc|geca 480, 2269

Accll cglcg 36, 412, 432, 456, 622, 624, 664, 795, 1001, 1003, 1201, 1782, 2112, 2605, 2937
Acclll ticcgga none

Acll aa|cgtt 2273, 2646

Acvl cac|gtg none

Afal gt|ac 758, 2527

Afel agc]get none

Aflll c|ttaag none

Agel alccggt none

Ahll a|ctagt 684

Alw441 g|tgcac 1468, 2714

58, 315, 530, 656, 722, 764, 819, 914, 978, 1096, 1322, 1412, 1458, 1715, 2236, 2336,

Alul ag|ct 2399
Aor51HI agc|gct none

Apal gggcclc 754

Apall gltgcac 1468, 2714
Ascl aalcacace none
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Analyze your sequence for presence of RE target |gm"
- check REs from multiple cloning site g |Xbal
2 BamHl
fie Aval
i K= Smal
weea  Gm o |Xmal
B Kot Acctdl
pmp PUCS = |Kpnl
2686 bps el EEI‘I"
Ecod3k
Sacl
Apol
EcoRl




Cloning-Fragment analysis

= restriction simulation (what can be expected on the agarose gel after separation

nothing
" Aatl agg|cct
Program SMS: ,Restriction digest hatll gacgle
Acc16l tgc|gea
. . . Accll cg|cg
S M S Sequence Manipulation Suite: Acalll tjcogga
Restriction Digest Acll aalcgtt
Format Conversion Restriction Digest cleaves a DNA sequence in a virtual restriction d Acvl caclglg ir three restriction enzymes. The resulting fragments are sorted by size, and they are given a
*E%’Eitﬂ:@gg\ title specifying their length, their position in the original sequence, aAfal gtjac ‘hat produced them. You can digest linear or circular molecules, and even a mixture of
EMBL Feature Extractor molecules (by entering more than one sequence in FASTA format). Afel agc|gct st to determine the fragment sizes you will see when you perform a digest in the lab.
-EMBL Trans Extractor Aﬂ" Clttaag
E:H:F E,':?e,n I_’_a_tgjﬁe_ t_rle__ raw sequence or one or more FASTA sequences into the Agel alccggt t limit is 100,000,000 characters.

-GenBank to FASTA
e E et car | CGCCTGGAGAATATTTGGGATGAGACACCACTGTATTTTGCTCCAAGCAGCCTCTTT Ahll alctagt

-genEtlagr}; Trans Extractor GACCTAAACTTCC Alw441 gltgcac
-One to ree
‘Range Extractor DNA AGGCAGGATTCTTAATGAAAAAAGAGGTACAGGATGAGGAGAARAACAAGAARTTTG Ajyl aglct
isgcg;gxéorarmre;:nl?m GCCTTTCTGTGGG Aor51HI agelget

v CCATCACTTGGGCAAGTCCATCCCAACTGACAACCAGAT CAAAGCTAGAAAATGA
Sl FASTA. Apal gggeele
Spli
-Three to One . Apall g|tgcac
Window Extractor DNA | Submit H Clear H Reset ‘ paLlgltg
-Window Extracter Protein Ascl gglcgogee
%ﬁdq;eg&eAna!ysrs « Treat sequences as| linear ~ | nolecules. Asel at|taat -
-Codon Usage + Digest with |Alul agl; Jinear  |nd | nothing ~ | and | nothing ~].
-CpG Islands b
-DNA Molecular Weight I . < circular ] S
_DNA Patiern Find This page requires Javal < oo o0wser compatibility.
-DNA Stats *You can mirror this page or use it off-line.

-Fuzzy Search DNA
-Fuzzy Search Protein
-ldent and Sim

-Multi Rev Trans
“Mutate for Digest Mon Nov 6 02:56:29 2017

“ORF Finder Valid XHTML 1.0; Valid CSS

-Pairwise Align Codons
-Pairwise Align DNA
-Pairwise Align Protein
-PCR Primer Stats

-PCR Products

-Protein GRAVY

-Protein Isoelectric Point
-Protein Molecular Weight
-Protein Pattern Find
-Protein Stats
-Restriction Digest
-Restriction Summary

new window | home | citation




Cloning-Fragment analysis

Marker A

NQO1:CDS-restiction summary

>MM_000803.3:122-846 Homo sapiens NAD(P)H quinone dehydrogenase 1 (NQO1),

transcript variant 1, mRNA

ATGGTCGGCAGAAGAGCACTGATCGTACTGGCTCACT CAGAGAGGACGTCCTTCARCTATGCCATGRAGS
BGGCTGCTGCAGCGECTTIGARGAAGARAGGAT GGEAGGTGETEGAGTCGGACCTCTATGCCATGRRCTT
CARTCCCATCATTTCCAGRRAGGACATCACAGGTARACT GAAGGRACCCTGCGAACTTTCAGTATCCTGCC
GAGTCTGT TCTGECTTATARAGARGGCCATCTEAGCCCAGATATTGTGGCTGRACARARGAAGCTGEALG
CCGCAGACCTTGTGATATTCCAGTTCCCCCTGCAGTGETITGGAGTCCCTGCCATTCTGARRGGCTEETT
TGRGCGAGTGTTCATAGGAGAGT TTGCTTACACTTACGCTGCCATGTATGACRRRGGACCCTTCCGREAGT
BAGARGGCAGTGCTTTCCATCACCACTGETGECAGTGECTCCATGTACTCTCTGCALGGGATCCACEEEE
ACATGARTGTCATTCTCTEGCCART TCAGAGTGGCAT TCTGCATTTCTGTGECTTCCARGTCTTAGRACT
TCAACTGACATATAGCATTGGECACACTCCAGCAGACGCCCGAATTCARATCCTGGARGGATGEARGARA
CGCCTGGAGRATATTTGGEATGAGACACCACTGTATT TTGCTCCRAGCAGCCTCTTTGACCTARRCTTCC
LGGCAGGATTCTTAATGAALALAGAGGTACAGGATGAGGAGAAARACAAGAARTTTGGCCTTTCTGTEEE
CCRTCACTTGEGCAAGTCCATCCCARCTGACAACCAGAT CARAGCTAGRARATGE

Hpall c|cgg 415

EcoRI g|aatic

603

Alul ag|ct

274, 815

NQO1:CDS-restiction digest

Restriction Digest

Restriction Digest cleaves a DNA sequence in a virtual restriction digest, with one, two, or
title specifying their length, their position in the original sequence, and the enzyme sites th
molecules (by entering more than one sequence in FASTA format). Use Restriction Digest

Paste the raw sequence or one or more FASTA sequences into the text area below. Input

CGCCTGGAGAATATTTGGGATGAGACACCACTGTATTTTGCTCCAAGCAGCCTCTTT =
GACCTAAACTTCC
AGGCAGGATTCTTAATGAAAAAAGAGGTACAGGATGAGGAGAAAAACAAGAAATTTG
GCCTTTCTGTGGG
CCATCACTTGGGCAAGTCCATCCCAACTGACAACCAGATCAAAGCTAGAAAATGA -

Submit || Clear H Reset ‘

« Treat sequences as |linear | molecules.
« Digest with [Hpall c|cgg + and| nothing

~ | and [ nothing V.

>414 bp linear fragment from linear parent NM 000903.3:122-94¢6
ATGGTCGGCAGAAGAGCACTGATCGTACTGGCTCACTCAGAGAGGACGTCCTTCAACTAT
GCCATGAAGGAGGCTGCTGCAGCGGCTTTGAAGAAGAARGGATGGGAGGTGGTGGAGTCG
GACCTCTATGCCATGAACTTCAATCCCATCATTTCCAGARAGGACATCACAGGTAAACTG
AAGGACCCTGCGAACTTTCAGTATCCTGCCGAGTCTGTTCTGGCTTATAAAGAAGGCCAT
CTGAGCCCAGATATTGTGGCTGARCARAAAGAAGCTGGAAGCCGCAGACCTTGTGATATTC
CAGTTCCCCCTGCAGTGGTTTGGAGTCCCTGCCATTCTGARAAGGCTGGTTTGAGCGAGT G
TTCATAGGAGAGTTTGCTTACACTTACGCTGCCATGTATGACAAAGGACCCTTC

»411 bp linear fragment from linear parent NM 000903.3:122-946
CGGAGTAAGAAGGCAGTGCTTTCCATCACCACTGGTGGCAGTGGCTCCATGTACTCTCTG
CAAGGGATCCACGGGGACATGAATGTCATTCTCTGGCCAATTCAGAGTGGCATTCTGCAT
TTCTGTGGCTTCCAAGTCTTAGAACCTCAACTGACATATAGCATTGGGCACACTCCAGCA
GACGCCCGAATTCARATCCTGGAAGGATGGAAGARACGCCTGGAGARATATTTGGGATGAG
ACACCACTGTATTTTGCTCCAAGCAGCCTCTTTGACCTARACTTCCAGGCAGGATTCTTA
ATGAAARAARGAGGTACAGGATGAGGAGAAARACAAGARATTTGGCCTTTCTGTGGGCCAT
CACTTGGGCAAGTCCATCCCAACTGACAACCAGATCARAGCTAGARAATGA

A: 414+ 411nt

1,200bp

1,000 bp
900 bp
800 bp
700 bp
600bp
500 bp

400bp
300bp
200bp

100bp

EcoRl

>602 bp linear fragment from linear parent NM 000903.3:122-94¢
ATGGTCGGCAGAAGAGCACTGATCGTACTGGCTCACTCAGAGAGGACGTCCTTCAACTAT
GCCATGAAGGAGGCTGCTGCAGCGGCTTTGAAGAAGARAGGATGGGAGGTGGTGGAGTCG
GACCTCTATGCCATGAACTTCAATCCCATCATTTCCAGAAAGGACATCACAGGTAAACTG
AAGGACCCTGCGAACTTTCAGTATCCTGCCGAGTCTGTTCTGGCTTATAAAGAAGGCCAT
CTGAGCCCAGATATTGTGGCTGAACAAAAGAAGCTGGAAGCCGCAGACCTTGTGATATTC
CAGTTCCCCCTGCAGTGGTTTGGAGTCCCTGCCATTCTGARAGGCTGGTTTGAGCGAGTG
TTCATAGGAGAGTTTGCTTACACTTACGCTGCCATGTATGACAAAGGACCCTTCCGGAGT
AAGAAGGCAGTGCTTTCCATCACCACTGGTGGCAGTGGCTCCATGTACTCTCTGCAAGGG
ATCCACGGGGACATGAATGTCATTCTCTGGCCAATTCAGAGTGGCATTCTGCATTTCTGT
GGCTTCCAAGTCTTAGAACCTCAACTGACATATAGCATTGGGCACACTCCAGCAGACGCC
CG

>223 bp linear fragment from linear parent MM 000903.3:122-94¢&
AATTCARATCCTGGAAGGATGGAAGAAACGCCTGGAGAARTATTTGGGATGAGACACCACT
GTATTTTGCTCCAAGCAGCCTCTTTGACCTARAACTTCCAGGCAGGATTCTYAATGARARA
AGAGGTACAGGATGAGGAGRARAACAAGAAATTTGGCCTTTCTGTGGGCCATCACTTGGG
CAAGTCCATCCCAACTGACAACCAGATCAAAGCTAGARRATGA

223nt

B: 602+

NQO1:CDS (825nt NQO1:CDS (825nt




Cloning-Fragment analysis

NQO1:CDS-restiction digest

>MM_000803.3:122-846 Homo sapiens NAD(P)H quinone dehydrogenase 1 (NQO1),

transcript variant 1, mRNA

ATGGTCGGCAGAAGAGCACTGATCGTACTGGCTCACT CAGAGAGGACGTCCTTCARCTATGCCATGRAGS
BGGCTGCTGCAGCGECTTIGARGAAGARAGGAT GGEAGGTGETEGAGTCGGACCTCTATGCCATGRRCTT
CARTCCCATCATTTCCAGRRAGGACATCACAGGTARACT GAAGGRACCCTGCGAACTTTCAGTATCCTGCC
GAGTCTGT TCTGECTTATARAGARGGCCATCTEAGCCCAGATATTGTGGCTGRACARARGAAGCTGEALG
CCGCAGACCTTGTGATATTCCAGTTCCCCCTGCAGTGETITGGAGTCCCTGCCATTCTGARRGGCTEETT
TGRGCGAGTGTTCATAGGAGAGT TTGCTTACACTTACGCTGCCATGTATGACRRRGGACCCTTCCGREAGT
BAGARGGCAGTGCTTTCCATCACCACTGETGECAGTGECTCCATGTACTCTCTGCALGGGATCCACEEEE
ACATGARTGTCATTCTCTEGCCART TCAGAGTGGCAT TCTGCATTTCTGTGECTTCCARGTCTTAGRACT
TCAACTGACATATAGCATTGGECACACTCCAGCAGACGCCCGAATTCARATCCTGGARGGATGEARGARA
CGCCTGGAGRATATTTGGEATGAGACACCACTGTATT TTGCTCCRAGCAGCCTCTTTGACCTARRCTTCC
LGGCAGGATTCTTAATGAALALAGAGGTACAGGATGAGGAGAAARACAAGAARTTTGGCCTTTCTGTEEE
CCRTCACTTGEGCAAGTCCATCCCARCTGACAACCAGAT CARAGCTAGRARATGE

« Treat sequences as |linear v | molecules.

« Digest with | EcoRlI g|aattc

v |and | Hpall c|cgg

Hpall c|cgg

415

EcoRI g|aatic

603

Alul ag|ct

274, 815

v | and | nothing

h's

>414 bp linear fragment from linear parent NM 000903.3:122-946
ATGGTCGGCAGAAGAGCACTGATCGTACTGGCTCACTCAGAGAGGACGTCCTTCAACTAT
GCCATGAAGGAGGCTGCTGCAGCGGCTTTGAAGAAGAAAGGATGGGAGGTGGTGGAGTCG
GACCTCTATGCCATGRAACTTCAATCCCATCATTTCCAGAAAGGACATCACAGGTARACTG
ARGGACCCTGCGAACTTTCAGTATCCTGCCGAGTCTGTTCTGGCTTATARAGARGGCCAT
CTGAGCCCAGATATTGTGGCTGAACAARAGARAGCTGGAAGCCGCAGACCTTGTGATATTC
CAGTTCCCCCTGCAGTGGTTTGGAGTCCCTGCCATTCTGARAAGGCTGGTTTGAGCGAGTG
TTCATAGGAGAGTTTGCTTACACTTACGCTGCCATGTATGACAAAGGACCCTTC

>223 bp linear fragment from linear parent NM 000503.3:122-946
ARTTCAARATCCTGGAAGGATGGARGARARCGCCTGGAGAATATTTGGGATGAGACACCACT
GTATTTTGCTCCAAGCAGCCTCTTTGACCTARACTTCCAGGCAGGATTCTTAATGAARLA
AGAGGTACAGGATGAGGAGRAAAANCAAGAAATTTGGCCTTTCTGTGGGCCATCACTTGGG
CAAGTCCATCCCAACTGACAACCAGATCARAGCTAGAARATGA

>188 bp linear fragment from linear parent NM 000903.3:122-946
CGGAGTAAGAAGGCAGTGCTTTCCATCACCACTGGTGGCAGTGGCTCCATGTACTCTCTG
CRAAGGGATCCACGGGGACATGAATGTCATTCTCTGGCCAATTCAGAGTGGCATTCTGCAT
TTCTGTGGCTTCCAAGTCTTAGARACCTCAACTGACATATAGCATTGGGCACACTCCAGCA
GACGCCCG

Hpall EcoRI

C: 414+ 188+ | 223nt
N :CDS (825nt

1,200 bp

1,000 bp
900 bp
800 bp
700 bp
600 bp
500 b

400bp
300 bp
200 bp

100 bp

samples

L
Marker A B C




Cloning-Fragment analysis

NQO1:CDS-restiction digest

>MM_000803.3:122-846 Homo sapiens NAD(P)H quinone dehydrogenase 1 (NQO1),

transcript variant 1, mRNA

ATGGTCGGCAGAAGAGCACTGATCGTACTGGCTCACT CAGAGAGGACGTCCTTCARCTATGCCATGRAGS
BGGCTGCTGCAGCGECTTIGARGAAGARAGGAT GGEAGGTGETEGAGTCGGACCTCTATGCCATGRRCTT
CARTCCCATCATTTCCAGRRAGGACATCACAGGTARACT GAAGGRACCCTGCGAACTTTCAGTATCCTGCC
GAGTCTGT TCTGECTTATARAGARGGCCATCTEAGCCCAGATATTGTGGCTGRACARARGAAGCTGEALG
CCGCAGACCTTGTGATATTCCAGTTCCCCCTGCAGTGETITGGAGTCCCTGCCATTCTGARRGGCTEETT
TGRGCGAGTGTTCATAGGAGAGT TTGCTTACACTTACGCTGCCATGTATGACRRRGGACCCTTCCGREAGT
BAGARGGCAGTGCTTTCCATCACCACTGETGECAGTGECTCCATGTACTCTCTGCALGGGATCCACEEEE
ACATGARTGTCATTCTCTEGCCART TCAGAGTGGCAT TCTGCATTTCTGTGECTTCCARGTCTTAGRACT
TCAACTGACATATAGCATTGGECACACTCCAGCAGACGCCCGAATTCARATCCTGGARGGATGEARGARA
CGCCTGGAGRATATTTGGEATGAGACACCACTGTATT TTGCTCCRAGCAGCCTCTTTGACCTARRCTTCC
LGGCAGGATTCTTAATGAALALAGAGGTACAGGATGAGGAGAAARACAAGAARTTTGGCCTTTCTGTEEE
CCRTCACTTGEGCAAGTCCATCCCARCTGACAACCAGAT CARAGCTAGRARATGE

415

Hpall c|cgg

EcoRI g|aatic

603

Alul ag|ct

274,815 —

Restriction Digest

Restriction Digest cleaves a DNA sequence in a virtual restriction digest, with one, two, or
title specifying their length, their position in the original sequence, and the enzyme sites th
molecules (by entering more than one sequence in FASTA format). Use Restriction Digest

Paste the raw sequence or one or more FASTA sequences into the text area below. Input
CGCCTGGAGAATATTTGGGATGAGACACCACTGTATTTTGCTCCAAGCAGCCTCTTT =

GACCTAAACTTCC

AGGCAGGATTCTTAATGAAAAAAGAGGTACAGGATGAGGAGAAAAACAAGAAATTTG

GCCTTTCTGTGGG

CCATCACTTGGGCAAGTCCATCCCAACTGACAACCAGATCAAAGCTAGAAAATGA  ~

Submit H Clear H Reset |

« Treat sequences as | linear v | molecules.
« Digest with [ Alul ag]ct | and [ nothing

~| and | nothing ~].

>541 bp linear fragment from linear parent NM 000903.3:122-946

CTGGAAGCCGCAGACCTTGTGATATTCCAGTTCCCCCTGCAGTGGTTTGGAGTCCCTGCC
ATTCTGAAAGGCTGGTTTGAGCGAGTGTTCATAGGAGAGTTTGCTTACACTTACGCTGCC
ATGTATGACAAAGGACCCTTCCGGAGTAAGAAGGCAGTGCTTTCCATCACCACTGGTGGT
AGTGGCTCCATGTACTCTCTGCARGGGATCCACGGGGACATGAATGTCATTCTCTGGCCA
ATTCAGAGTGGCATTCTGCATTTCTGTGGCTTCCAAGTCTTAGAACCTCAACTGACATAT
AGCATTGGGCACACTCCAGCAGACGCCCGAATTCARATCCTGGRAAGGATGGARAGRARACGC
CTGGAGAATATTTGGGATGAGACACCACTGTATTTTGCTCCAAGCAGCCTCTTTGACCTA
AACTTCCAGGCAGGATTCTTAATGAAAAAAGAGGTACAGGATGAGGAGARARRCARAGARA
TTTGGCCTTTCTGTGGGCCATCACTTGGGCARGTCCATCCCAACTGACAACCAGATCARAL
G

>273 bp linear fragment from linear parent NM 000903.3:122-946

ATGGTCCGCAGAAGAGCACTGAT CGTACTGGCTCACTCAGAGAGGACGTCCTTCARCTAT
GCCATGAAGGAGGCTGCTGCAGCGGCTTTGARGAAGARAGGATGGGAGETGGTGGAGTCG
GACCTCTATGCCATGAACTTCAATCCCATCATTTCCAGRAAGGACATCACAGGTARACTG
AMGGACCCTGCGAACTTTCAGTATCCTGCCGAGTCTGTTCTGGCTTATARAGAAGGCCAT
CTGAGCCCAGATATTGTGGCTGAACRARAGARG

>1A bp Al r fragment from linear t,NM 000903.3:12 6 1
AL+ 541+ - Int

S (82

1,200 bp

1,000 bp
900 bp
800 bp
700 bp
600 bp

500 bp

400 bp
300 bp
2006p

100 bp

Marker

A




Cloning-Fragment analysis

NQO1:CDS-restiction digest

>MM_000803.3:122-846 Homo sapiens NAD(P)H quinone dehydrogenase 1 (NQO1),

transcript variant 1, mRNA

ATGGTCGGCAGAAGAGCACTGATCGTACTGGCTCACT CAGAGAGGACGTCCTTCARCTATGCCATGRAGS
BGGCTGCTGCAGCGECTTIGARGAAGARAGGAT GGEAGGTGETEGAGTCGGACCTCTATGCCATGRRCTT
CARTCCCATCATTTCCAGRRAGGACATCACAGGTARACT GAAGGRACCCTGCGAACTTTCAGTATCCTGCC
GAGTCTGT TCTGECTTATARAGARGGCCATCTEAGCCCAGATATTGTGGCTGRACARARGAAGCTGEALG
CCGCAGACCTTGTGATATTCCAGTTCCCCCTGCAGTGETITGGAGTCCCTGCCATTCTGARRGGCTEETT
TGRGCGAGTGTTCATAGGAGAGT TTGCTTACACTTACGCTGCCATGTATGACRRRGGACCCTTCCGREAGT
BAGARGGCAGTGCTTTCCATCACCACTGETGECAGTGECTCCATGTACTCTCTGCALGGGATCCACEEEE
ACATGARTGTCATTCTCTEGCCART TCAGAGTGGCAT TCTGCATTTCTGTGECTTCCARGTCTTAGRACT
TCAACTGACATATAGCATTGGECACACTCCAGCAGACGCCCGAATTCARATCCTGGARGGATGEARGARA
CGCCTGGAGRATATTTGGEATGAGACACCACTGTATT TTGCTCCRAGCAGCCTCTTTGACCTARRCTTCC
LGGCAGGATTCTTAATGAALALAGAGGTACAGGATGAGGAGAAARACAAGAARTTTGGCCTTTCTGTEEE
CCRTCACTTGEGCAAGTCCATCCCARCTGACAACCAGAT CARAGCTAGRARATGE

« Digest with | EcoRI g|aattc

415

Hpall c|cgg

EcoRI g|aatic

603

Alul ag|ct

274, 815

« Treat sequences as |linear v |molecules.

v |and | Hpall c|cgg

v | and |Alul ag|ct

>273 bp linear fragment from linear parent NM 000903.3:122-946
ATGGTCGGCAGAAGAGCACTGATCGTACTGGCTCACTCAGAGAGGACGTCCTTCAACTAT
GCCATGAAGGAGGCTGCTGCAGCGGCTTTGAAGAAGAAAGGATGGGAGGTGGETGGAGTCG
GACCTCTATGCCATGAACTTCAATCCCATCATTTCCAGAAAGGACATCACAGGTAAACTG
AAGGACCCTGCGAACTTTCAGTATCCTGCCGAGTCTGTTCTGGCTTATARAGAAGGCCAT
CTGAGCCCAGATATTGTGGCTGAACARARAAGAAG

>212 bp linear fragment from linear parent NM 000903.3:122-94¢
AATTCARAATCCTGGAAGGATGGAAGAAACGCCTGGAGAATATTTGGGATGAGACACCACT
GTATTTTGCTCCAAGCAGCCTCTTTGACCTARACTTCCAGGCAGGATTCTTAATGARARA
AGAGGTACAGGATGAGGAGAARAACAAGARAATTTGGCCTTTCTGTGGGCCATCACTTGGG
CAAGTCCATCCCAACTGACAACCAGATCAAAG

>188 bp linear fragment from linear parent NM 000903.3:122-94¢
CGGAGTARGRAGGCAGTGCTTTCCATCACCACTGCTGGCAGTGGCTCCATGTACTCTCTG
CRAGGGATCCACGGGGACATGRAATGTCATTCTCTGGCCRARATTCAGAGTGGCATTCTGCAT
TTCTGTGGCTTCCARGTCTTAGRACCTCARCTGACATATAGCATTGGGCACACTCCAGCA
GACGCCCG

>141 bp linear fragment from linear parent NM 000803.3:122-%46
CTGGAAGCCGCAGACCTTGTGATATTCCAGT TCCCCCTGCAGTEGTTTGRAGTCCCTGCC
ATTCTGRAAGGCTGGTTTGAGCGAGTGTTCATAGGAGAGTTTGCTTACACTTACGCTGCC
ATGTATGACAAAGGACCCTTC

>11 bp linear fragment from linear parent NM 000903.3:122-946 t
CTAGAAAATGA

Hpall EcoRI

Alul

141+, 188+

212+

Alul

A

1,200 bp

1,000 bp
900 b
800 bp
700 bp
600 bp
500 bp

400 bp
300 bp
200 bp

100bp

11nt

Marker

A

samples
B




Practical part

- Using Restriction summary find RE which cuts you
sequence 1x and another that cuts 2x

- simulate restriction in Restriction Digest what will you see
on the gel after such digestion?



FELEEEEEEE e

cloning - specific

— primers includes site for REs

1) restriction summary (to avoid enzymes that would cut your sequence)

Hind 1l
Kpn |
Sac |
BamH |

| I §§§§g§g| = E —_——
o ) 258558552858
]
e S Q8K 0HOE&EaS
* TILIIRLESIRIR
2 “
o 7
w 9 .
: pYESZ z 1) Restriction summary:
» asd KD § Hindlll ajagctt none
§
%% Sacl gagct|c none

’l EcoRI glaatic 603 X
Xhol c|tcgag none




Specific gene detection

Primers:  anywhere along the sequence !

MmRNA NQO1

- short amplicon (product): 200 - 500nt

but: must be specific for tested organism - BLAST




Specific gene detection

Gene detection
* Specificity matters! (Primer BLAST!)

= NCBI

Resources ¥] How To [

Sign in to NCBI

Nucleotide Nucleotide V||| =D
Advanced
GenBank - Sendto: -

Homo sapiens NAD(P)H quinone dehydrogenase 1 (NQO1), transcript variant 1,
mRNA

NCBI Reference Sequence: NM_000903.2
EASTA  Graphics

Help

Change region shown v

Customize view =

Analyze this sequence
Run BLAST

Go to: (%)
LOCUS NM 000503 2601 bp mRINA linear PRI Z25-MAR-Z018
DEFINITICH Homo =apiens NAD(P)H gquinone dehydrogenase 1 (NQO1l), tranacript
variant 1, mBNA.
ACCESSICON NM 0008903
VERSION WM _000803.2
EEYWORDS RefSedq.
SOURCE Homo =sapiens (human)
ORGANISM Homo sapiens
Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomis
Mammalia; Eutheria; Euarchontoglires; Primates; Haplorrhini:
Catarrhini; Hominidaes; Homo.
REFERENCE 1  (bases 1 to 2801)
LUTHORS Cheng X, Liu F, Liu H, Wang G and Hao H.
TITLE Enhanced glycometabolism as a mechanism of NQO1l potentiated growth

of NSCLC rewealed by metabolomic profiling
31-36 (2018}

JOURNAL
PUEMED
REMARE

Bicchem. Res. Commun.
29291405

GeneRIF:

Bicphys. 4588 (1),

Taken together, we proposed that NQC1l could potentiate

NSCLC cell proliferaticn by enhancing cellular glycometabolism, and

Highlight Sequence Features
Find in this Sequence

Show in Genome Data Viewer

Articles about the NQO1 gene —

Redox modulation of NQO1.
[PLoS One. 2018]

Enhanced glycometabolism as a mechanism of
NQO1 po [Biochem Biophys Res Commun. 2018]

RNA-binding activity of TRIM25 is mediated by its
PRY/SPRY domain and is requil [EMC Biol. 2017]

Seeall...




Specific gene detection

Gene detection
* Specificity matters! (Primer BLAST!)

» NCBI/ Primer-BLAST: Finding primers specific to your PCR template (using Primer3 and BLAST).

q

Retrieve recent results  Publication  Tips for finding specific primers

To

[ o e

Resetpage Save search parameters
PCR Template
Enter accession, gi, or FASTA sequence (A refseq record is preferred) @ Clear Range
HM 000803.2 From
Forward primer | |
Reverse primer[ |
Or, upload FASTA file Biochce
Primer Parameters
Use my own forward primer | | @ Clear
(5'-=23" on plus strand) ‘
Use my own reverse primer | | @ Clear
(5'->3" on minus strand)
Min Max
PCR product size [70 | [1000
# of primers to return
Min Opt Max Max Tm difference
Primer melting temperatures |57_0 | |GD_0 | |63_0 | |3 9@

(Tm)

Exon/intron selection

Exon junction span

Exon junction match

A refseq mRNA sequence as PCR template input is required for options in the section

[No preference v e

Exon at 5" side

[7 [

Exon at 3' side

[ ]




Specific gene detection

Gene detection
* Specificity matters! (Primer BLAST!)

» NCBI/ Primer-BLAST: Finding primers specific to your PCR template (using Primer3 and BLAST).
Reset page Save search parameters Retrieve recent results Publication  Tips for finding specific primers

PCR Template
Enter accession, gi, or FASTA sequence (A refseq record is preferred) ®) Clear Range
MM 000903.2 From To
Forward primer[1%6 | | lw x| when CDS displayed
Reverse primer | | [0 ]

Or, upload FASTA file Prochazet...

Primer Parameters

Use my own forward primer | | @ Ciear
(5'->3" on plus strand) :
Use my own reverse primer | |.g, Clear
s oo ; A
Min Max
PCR product size [200 |  [s00 |
# of primers to return 10
Min Opt Max Max T, difference
Primer melting temperatures |5;.r_0 | |50_0 | |53_0 | |3 @

(Tm)

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

Exon junction span [No preference v]e

Exon iunction match Evnn at 8" cidda Evnn aft 2 cida



Specific gene detection

Gene detection
* Specificity matters! (Primer BLAST!)

Note: Parameter values that differ from the default are highlighted in yellow
Primer Pair Specificity Checking Parameters

Specificity check Enable search for primer pairs specific to the intended PCR template ¢

Search mode @
Database ﬁ| Refseq MRNA vie

Exclusion

[ ] Exclude predicted Refseq transcripts (accession with XM, XR prefix) ] Exelude uncultured/environmental sample sequences

Organism (9606 Only human sequences

Enter an organism name (or organism group name such as enterobactdiaceae, rod ), taxonomy id or select from the suggestion list as you type. @

Add more organisms
Entrez query (optional) |

@
Primer must have at least total mismatches to unintended targets, including

at least mismatches within the last bps atthe 3’ end. &
Ignore targets that have or more mismatches to the primer. &

Primer specificity stringency

Allow splice variants '¢ Allow primer fo amplify mRNA splice varianis (requires refseq mRNA sequence as PCR template input) ¢

' Get Primers

| D Show results in a new window El Use new graphic view g

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




Specific gene detection

Gene detection
* Specificity matters! (Primer BLAST!)

» NCBI/ Primer-BLAST : results: Job id=DwXQRHukdgxRNmAzbVNEARdIVTM6W04uOw more...

Input PCR pl NM 000903.2 Homo sapiens NAD(P)H guinone dehydrogenase 1 (NQO1), transcript variant 1, mRNA
Range 196 - 1016
ﬁ Specificity of primers Primer pairs are specific to input template as no other targets were found in selected database: Refseq mRNA (Organism limited to Homo sapiens)
Other reports B Search Summary

©Graphical view of primer pairs

= NM_000903.2 * | Find: v Q@ a I @ i =
|00 |ise Template 250 300 350 400 450 500 550 600 50 700

Genes SL R N

HF_B88s94.1

7@

el

5@

a6

S50

2 Tools ~

1K

= | BFTeds @ 7 -
1,050 1,100

exon
Primer pairs for job DwEORHukdgxRNmAzbVNEARAIVIMEWD4ulw | *
Frimer 1 % %
Primet & % % Primer 2 % %
Friner 3 —
Primer 4 B —_—
Primer & % ,%
Primer 7 ——

Friner & s —

Frimer 3 %

Primer 18 g g
[18a 158 |28@ |25 |3e@ [3s@ |428 |4s@ |so@ |55 |5 |es@ |7e8 |7se e 8s@ @@ ) 1K 1,858 1188

NM_000903.2: 72..1.1K (1.1Kbp)

% # Tracks shown: 3/12




Specific gene detection

Gene detection
* Specificity matters! (Primer BLAST!)

©Detailed primer reports

Primer pair 1

Sequence (5'->3") Template strand Length Start Stop m GC% Self complementarity Self 3' complementarity
Forward primer GCCGAGTCTGTTCTGGCTTA Plus 20 399 418 59.75 55.00 3.00 2.00
Reverse primer GTGGATCCCTTGCAGAGAGT Minus 20 67T 658 59.09 55.00 6.00 2.00

ﬁ Product length 279

Products on intended target
=MNM_000903.2 Homo sapiens NAD(P)H quinone dehydrogenase 1 (NQO1), transcript variant 1, mRNA

product length = 279

Forward primer 1 GCCGAGTCTGTTCTGECTTA 20
Template I 418
Reverse primer 1 GTEGATCCCTTGCAGRAGRGT 20
Template L 658

Products on allowed transcript variants
>NM_001025434 1 Homo sapiens NAD(P)H quinone dehydrogenase 1 (NQO1), transcript variant 3, mRNA

product length = 165

Forward primer 1 GCCGAGTCTGTTCTGECTTA 20
Template 399 e e 418
Reverse primer 1 GTGGATCCCTTGCAGRAGRAGT 20

Template = 3 544



Practical part....

Design primers specific to your sequence
using ,,pick primers” (and BLAST).



Verity primers positions

(Hw) Align the primers designed by the program (Pick primers) with your CDS and mRNA




Homework 8

Work with ,,your” nucleotide sequence.

Find primers for the detection of your gene that would be specific (other transcript variants

1)
allowed)
Align them in multalin (CDS,mRNA, F and R)
3) Find out if and how many times cut your CDS following REs: EcoRlI, Xbal, Ncol
4)  Find out a RE that cuts just once and simulate the restriction digest of your CDS, what will be the

products.
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