INTRODUCTION OF DNA
INTO LIVING CELLS
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Transformation—the uptake of DNA by
bacterial cells
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Selection for transformed cells
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Identification of recombinants
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Colonies on ampicillin medium
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The role of the lacZ’™ gene
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Introduction of phage DNA into bacterial cells

* Transfection

Equivalent to transformation. The purified phage DNA, or recombinant phage molecule, is
mixed with competent E. coli cells and DNA uptake induced by heat shock.

* |n vitro packaging of cloning vectors
« Cos mutation -> cannot replicate but protein synthesis is on

A single-strain packaging system A two-strain packaging system
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Introduction of phage DNA into bacterial cells
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Identification of recombinant phages

* Insertional inactivation of a lacZ' gene carried
by the phage vector.

* Insertional inactivation of the A cl gene

» Selection using the Spi phenotype

» Selection on the basis of A genome size

Insertional activation of the lacZ’ gene

Agar + X-gal + IPTG

Clear plaque = recombinant

Insertional activation of the A cl gene
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Introduction of DNA into mammalian cells
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Method
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Introduction of DNA into mammalian cells

 Cultured animal cells, which usually lack cell walls, are easily
transformed, especially if the DNA is precipitated onto the cell
surface with calcium phosphate.

Calcium phosphate
solution

DNA precipitated
onto the cell surface

 or enclosed in liposomes that fuse with the cell membrane.

Animal cell




Introduction of DNA into mammalian cells

Reagent

RNAI

Co-delivery

CRISPR-Cas9

Cell type(s)

Adherent or suspension

Lipofectamine 2000

&7

Common and easy-to-transfect cell types

Adherent and suspension

DNEDNEENE| 2
>

Lipofectamine 3000 - é‘; y é Workhorse (HelLa) through to hard-to-transfect (cancer cells) Adherent

. . __—.) = CHO cells and some primary fibroblast, epithelial and neuronal
Lipofectamine LTX ; é_ i é cells (MEF, HMEC and E18 cells) Adherent
Lipofectamine RNAIMAX :T- é-j Ses"tasblished cell lines, hard-to-transfect cells, primary cells, stem Adherent
Lipofectamine MessengerMAX -__' Neuronal cells, primary cells Adherent

. . 2 Tested in over 20 cell types including iPSC, mESC, N2A, CHO,
Lipofectamine CRISPRMAX s A549, HCT116, HeLa, HEK293 and several others Adherent
Neon Electroporation { = é'_-? /A - Suspension

Invivofectamine 3.0

&7

In vivo delivery to liver following tail vein injection




Introduction of DNA into mammalian cells

o | Seed cells to be 70-90%
§ 1 TR confluent at transfection
Dilute Lipofectamine® LTX
2 [o]|6]|6|6 Reagent in Opti-MEM®
VU U Medium
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Introduction of DNA into mammalian cells

Decision tree—payload by cell type
Easy Difficult Very difficult

Workhorse Difficult-to- Primary cells
cells transfect cells and neurons

Lipofectamine 3000 reagent

Lipofectamine Stem reagent

Stem cells Mouse and rat

Cell type

Plasmid DNA

Cas9, GFP, luciferase, shRNA Neon Transfection System

Lipofectamine 2000 reagent

. Lipofectamine RNAIMAX reagent
RNAI - .

siRNA, miRNA Neon Transfection System

Lipofectamine MessengerMAX reagent

MmRNA

Cas9 mRNA, GFP mRNA

Lipofectamine Stem reagent
Neon Transfection System

Lipofectamine CRISPRMAX reagent

Lipofectamine Stem reagent

Cas9 protein

gRNA/Cas9 protein

Virus
Lentivirus
. Invivofectamine 3.0
siRNA/mRNA

Products are listed in order of recommendation for each payload based on effectiveness, ease of use, and cost.

Neon Transfection System

Lipofectamine 3000 reagent




Introduction of DNA into mammalian cells




Introduction of DNA into mammalian cells

Cell type

Blood/Immune
Blood/Immune
Blood/Immune
Blood/Immune
Blood/Immune
Blood/Immune
Blood/Immune
Blood/Immune
Blood/Immune
Blood/Immune
Blood/Immune
Blood/Immune
Blood/Immune
Blood/Immune
Blood/Immune
Blood/Immune
Blood/Immune
Blood/Immune
Blood/Immune
Blood/Immune
Blood/Immune
Blood/Immune
Blood/Immune
Blood/Immune
Blood/Immune
Blood/Immune
Blood/Immune
Blood/Immune
Blood/Immune
Blood/Immune
Blood/Immune
Blood/Immune

Species
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Mouse
Mouse
Mouse
Mouse
Mouse
Mouse
Mouse
Mouse

Cell line

BC-1 cells
BJAB cells
CCRF-CEM cells
Dendritic cells
HEL 92.1.7
HL-60 cells

IM-9 cells

Jiyoye cells
Jurkat cells
K-562 cells

KG-1 cells

LCL cells
Macrophage cells
NAMALWA cells
NK-92

PBMC cells

Raiji cells
Ramos cells
RPMI8226 cells
RS4-11 cells
SCID.adh cells
SKW6.4 cells
T-cells

U-937 cells
BW5147 (T200-A)5.2 cells
EL4 cells

M1 cells
MPC-11 cells
P815 cells
Ramos cells
RAW 264.7 cells
RBL-2H3 cells

Cell type
Connective tissue
Connective tissue
Connective tissue
Connective tissue
Connective tissue
Connective tissue
Connective tissue
Connective tissue
Connective tissue
Connective tissue
Connective tissue
Connective tissue
Connective tissue
Connective tissue
Connective tissue
Connective tissue
Connective tissue
Endothelial cells
Endothelial cells
Endothelial cells

Species
Horse
Human
Human
Human
Human
Human
Human
Human
Human
Human
Monkey
Monkey
Mouse
Mouse
Mouse
Mouse
Mouse
Human
Human
Mouse

Cell line

Embryonic dermal fibroblast cells (NBL-6)

BJ cells

HOS cells

HT-1080 cells

IMR-90 cells

MH7A cells

Neonatal dermal fibroblast cells, Gibco
Saos-2 cells

U-2 OS cells

WI-38 cells

COS-7 cells

Vero cells

3T3-L1 cells

Embryonic fibroblast cells (MEF)
L-929 cells

NIH-3T3 cells

PA317 cells

Endothelial cells, Gibco

HUVEC cells

b-END.3 cells



https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.81618.file.dat/bc-1-lymphoma.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.23606.file.dat/bjab-blood.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.15592.file.dat/ccrf-cem-blood.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.56287.file.dat/dendritic-blood.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.74529.file.dat/hel%2092.1.7-blood.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.55142.file.dat/hl-60-blood.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.3890.file.dat/im-9-blood.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.46997.file.dat/jiyoye-blood.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.97686.file.dat/jurkat-microporation.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.73680.file.dat/k-562-kidney.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.86375.file.dat/kg-1a-blood.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.33973.file.dat/lcl-blood.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.45924.file.dat/macrophage.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.38220.file.dat/namalwa-blood.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.6848.file.dat/nk-92-blood.pdf
https://www.thermofisher.com/content/dam/LifeTech/global/life-sciences/Cell%20analysis/pdf/Neon%20protocol.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.55691.file.dat/raji-blood.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.70490.file.dat/ramos%20(human)-blood.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.37342.file.dat/rpmi%208226-blood.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.37312.file.dat/rs411-bone%20marrow.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.74535.file.dat/scid%20adh-thymocyte.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.19951.file.dat/skw6.4-blood.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.28643.file.dat/human-t-cells-microporation.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.77441.file.dat/u-937-blood.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.98398.file.dat/bw5147%20(t200-a)5.2-blood.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.13651.file.dat/el4-blood.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.14965.file.dat/m1-myeloblast-macrophage-like.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.3690.file.dat/mpc-11-blood.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.22612.file.dat/p815-mastrocytoma.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.10270.file.dat/ramos%20(mouse)-blood.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.60470.file.dat/raw%20264.7-blood.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.54937.file.dat/rbl2h3-blood.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.28287.file.dat/e.%20derm%20(nbl-6)-skin.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.2232.file.dat/bj-dermal%20(foreskin).pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.98157.file.dat/hos-bone.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.17324.file.dat/ht-1080-bone.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.4972.file.dat/imr-90-lung.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.85219.file.dat/mh7a-knee%20joint.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.40547.file.dat/dermal-fibroblasts-cascade-biologics.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.28167.file.dat/saos-2-bone.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.52678.file.dat/u-2%20os-bone.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.50508.file.dat/wi-38-lung.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.87918.file.dat/cos-7-kidney.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.43596.file.dat/vero-kidney.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.34348.file.dat/3t3-l1-adipose.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.71910.file.dat/mouse%20embryonic%20fibroblasts%20(mef)-embryo.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.61408.file.dat/l-929.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.36037.file.dat/nih-3t3-embryo.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.19578.file.dat/pa317-embryo.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.96926.file.dat/endothelial-cells-cascade-biologics.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.27321.file.dat/huvec-vein.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.67653.file.dat/b-end.3-brain.pdf

Introduction of DNA into mammalian cells

Cell type

Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells

Species
Canine
Hamster
Hamster, Chinese
Hamster, Chinese
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human

Cell line
MDCK cells
BHK-21 cells

CHO DG44 cells

CHO-K1 cells
253J cells
293A cells
A-431 cells
A549 cells
ARO cells
ARPE-19 cells
BEAS-2B cells
BT-20 cells
BxPC-3 cells
C-33 A cells
Calu-3 cells

ChangX-31 cells
COLO 201 cells

DU 145 cells
FRO cells
G-361 cells
HCC1937 cells
HCT 116 cells
HCT15 cells
HEK 293 cells

HelLa cells (ATCC)

Hep G2 cells

Hep3B cells
HN3 cells

Hs-578T cells
HT-29 cells

Cell type

Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells
Epithelial cells

Species
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Mouse
Mouse
Rat
Rat
Rat
Rat

Cell line
J82 cells
LNCaP cells

Mammary epithelial cells, Gibco

MCEF7 cells
MCEF-ADR cells

MDA-MB-231 cells

MEWO cells
NCI-H23 cells
NCI-H69 cells
NPA cells
PANC-1 cells
PC-3 cells
RKO cells
RT4 cells
SK-BR-3 cells
SK-HEP-1 cells
SK-OV-3 cells
SNU-387 cells
SW480 cells
T24 cells
T-47D cells
TSU-Pr1 cells
WiDr cells

F9 cells

P19 cells
GH3 cells
H-4-1I-E cells
NRK cells
PC-12 cells


https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.32315.file.dat/mdck-kidney.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.31247.file.dat/bhk-21-kidney.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.25403.file.dat/cho%20dg44-ovary.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.56923.file.dat/cho-k1-ovary.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.29176.file.dat/253j-bladder.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.22278.file.dat/293a-kidney.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.95832.file.dat/a-431-dermal.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.43800.file.dat/a549-lung.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.33715.file.dat/aro-thyroid.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.11643.file.dat/arpe-19-eye.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.31434.file.dat/beas-2b-lung.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.11692.file.dat/bt-20-breast.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.20014.file.dat/bxpc-3-pancreas.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.71324.file.dat/c-33%20a-cervix.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.7792.file.dat/calu-3-lung.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.51682.file.dat/changx-31-liver.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.87804.file.dat/colo%20201-colon.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.78167.file.dat/du%20145-prostate.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.91661.file.dat/fro-thyroid.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.1356.file.dat/g-361-dermal.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.80064.file.dat/hcc1937-breast.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.10000.file.dat/hct-116-colon.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.28217.file.dat/hct-15-colon.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.61129.file.dat/hek%20293-kidney.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.0780.file.dat/hela-cervix.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.49123.file.dat/hep%20g2%20(hepatocellular%20carcinoma)-liver.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.58403.file.dat/hep3b%20(hepatocellular%20carcinoma)-liver.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.36759.file.dat/hn3-head%20and%20neck.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.87214.file.dat/hs-578t-breast.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.24873.file.dat/ht-29-colon.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.29474.file.dat/j82-bladder.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.43027.file.dat/lncap-prostate.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.31741.file.dat/mammary-epithelial-cells-cascade-biologics.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.68222.file.dat/mcf7-breast.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.82086.file.dat/mcf-adr-breast.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.21409.file.dat/mda-mb-231-breast.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.78672.file.dat/mewo-skin.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.37037.file.dat/nci-h23-lung.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.7495.file.dat/nci-h69-lung.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.28784.file.dat/npa-thyroid.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.26548.file.dat/panc-1-pancreas.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.19867.file.dat/pc-3-prostate.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.75703.file.dat/rko-colon.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.25704.file.dat/rt4-bladder.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.98313.file.dat/sk-br-3-breast.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.67746.file.dat/sk-hep-1-liver.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.84590.file.dat/sk-ov-3-ovary.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.43266.file.dat/snu-387-liver.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.83967.file.dat/sw480-colon.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.74782.file.dat/t24-bladder.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.80344.file.dat/t-47d-breast.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.21795.file.dat/tsu-pr1-bladder.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.7817.file.dat/widr-colon.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.82300.file.dat/f9-embryo.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.38388.file.dat/p19-embryo.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.67059.file.dat/gh3-pituitary%20gland.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.63391.file.dat/h-4-ii-e-liver.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.97995.file.dat/nrk-kidney.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.12584.file.dat/pc-12-adrenal%20gland.pdf

Introduction of DNA into mammalian cells

Cell type Species Cell line

iPSC reprogramming Fibroblast Fibroblast (iPSC), fibroblast, CD34+
Muscle cells Human  Aortic smooth muscle cells, Gibco
Muscle cells Mouse C2C12 cells

Muscle cells Rat Cardiomyocyte cells

Muscle cells Rat L6 cells

Neural/Glial cells Human  SH-SY5Y cells
Neural/Glial cells Human  SK-N-MC cells
Neural/Glial cells Human  T98G cells
Neural/Glial cells Human  U-87 MG cells
Neural/Glial cells Mouse Glial cells
Neural/Glial cells Mouse GT1-1 cells
Neural/Glial cells Mouse GT1-7 cells

Neural/Glial cells Rat Astrocyte cells

Neural/Glial cells Rat C6 glial cells

Neural/Glial cells Rat F-11 cells

Neural/Glial cells Rat Glial precursor cells, Gibco
Neural/Glial cells Rat HiB5 cells

Neural/Glial cells Rat Primary cortical neuron cells, Gibco
Neural/Glial cells Rat Primary hippocampal neuron cells, Gibco
Neural/Glial cells Rat SCN2.2 cells

Secretory cells Human  SV40 MES 13 cells

Secretory cells Human  SW-13 cells

Stem cells Human  Adipose-derived stem cells (ADSC)
Stem cells Human BGO1V embryonic stem cells

Stem cells Human H9 embryonic stem cells

Stem cells Human  Mesenchymal stem cells (hMSC)
Stem cells Human  Neural stem cells, Gibco

Stem cells Mouse Embryonic stem cells

Stem cells Rat Neural stem cells, Gibco



https://tools.thermofisher.com/content/sfs/manuals/episomal_iPSC_reprogramming_vectors_man.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.11634.file.dat/smooth-muscle-cells-cascade-biologics.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.42869.file.dat/c2c12-muscle.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.73594.file.dat/rat-cardiomyocytes-microporation.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.10305.file.dat/l6-skeletal%20muscle.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.4158.file.dat/sh-sy5y-brain.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.50748.file.dat/sk-n-mc-brain.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.30237.file.dat/t98g-brain.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.80909.file.dat/u-87%20mg-brain.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.20193.file.dat/glial-brain.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.83656.file.dat/gt1-1-brain.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.46213.file.dat/gt1-7-brain.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.80837.file.dat/astrocyte-brain%20neuron.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.59244.file.dat/c6%20glial-brain.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.13788.file.dat/f-11-brain.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.87138.file.dat/glial-precursor-cells-gibco.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.69650.file.dat/hib5-brain.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.54690.file.dat/primary%20rat%20cortical%20cells-brain.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.9609.file.dat/primary%20rat%20hippocampal-brain.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.58428.file.dat/scn2.2-brain.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.62521.file.dat/sv40%20mes%2013-kidney.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.36123.file.dat/sw-13-brain.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.59430.file.dat/human%20adipose-derived%20stem%20cells%20(adsc)-lipoaspirate.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.93214.file.dat/bgo1v%20human%20embryonic%20stem%20cells-blastocyst.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.86282.file.dat/h9%20human%20embryonic%20stem%20cells-blastocyst.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.79302.file.dat/mesenchymal%20stem%20cell%20(hmsc)-bone%20marrow.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.26300.file.dat/human%20neural%20stem%20cells%20(nsc)-es%20cells.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.27415.file.dat/mouse%20embryonic%20stem%20cells-blastocyst.pdf
https://www.thermofisher.com/content/dam/LifeTech/migration/en/filelibrary/cell-culture/neon-protocols.par.71700.file.dat/neural-stem-cells-rat-gibco.pdf
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Introduction of DNA into mammalian cells
 Adenoviruses, up to 8 kb to be cloned.

* Papillomaviruses, gives permanently transformed mouse cell
line.

 Adeno-associated virus (AAV), integrates into same location
on human chromosome 19.

* Retroviruses, most commonly used vector in gene therapy.



Gene cloning without a vector
* Microinjection

Multiple copies of the cloned DNA




