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(Viral Transfection)
same principles, but only short-term insertion of genes into cells at
injection site
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Pronuclear Microinjection

tandem integration of multiple copies continues for 2-3
cell divisions
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Homologous Recombination in Es cells
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Transgenic Facilities

Mouse Models re » Animal Care Services » University of Florida
< o Q@ @ acsufledu [
'U' Animal Care Services
University of Florida

Emergencies | Fa Contact Info

Home  Mouse Models Core

Anestesia & Surgica Mouse Models Core
Services i . .
Since April 2009 ACS has produced 272* Transgenic Founders.
Portable Rodent Anesthesia * Number as of December 2012
Cart Rental
3
Rodent Anesthesia Machine
Rental Click on links below to access service request forms and service descriptions
USDA Covered Species
Surgica Faciity Transgenic Mice Creation
Biomedical Science Rodent We willinject your transgene expression construct DNA into zygote pronuclei to produce Transgenic Mice by gene
Surgical Suite: transfer
(Guarantee: 30 live births per transgene construct]
Biomedical Science Buikding
X-ray Irradiator Knockout/Knockin Mice Generation
We willinject your targeted embryonic stem cells into blastocysts to produce Knockout or Knockin Mice
Kodak In Vivo Multispectral (Guarantee: 40 blastocyst injections per ES cell ling]
Imaging System FX
Sperm Cryopreservation
Other Imaging Systems We will cryopreserve sperm collected from two of vour transqenic and/or KO males. Session fee includes one qualit

Integration

Copy number
Chromosomal position
Activation by nearby enhancers
Silencing by chromatin inactivation
Assessment of Lines
(e.g. thy1-R18 expression)




thy1-R18 expression lines

Reporter Genes
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B-galactosidase (lacZ) & X-Gal
Jelly Fish GFP et al.
BrainBow

Genetically Engineered Calcium Indicators

lacZ: beta-galactosidase
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Converts X-Gal to blue pigment
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Normal gene:
# Keratin protein
hair, skin, nails

— 7

keratin promoter keratin coding region

Inject additional “transgene”:

—~ 7/

keratin promoter Green Fluorescent Protein
coding region

GFP
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Oculomotor nerve

w— | Dentate gyrus
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Three-dimensional digital reconstruction of Cerebellar flocculus (341 axons

and 93 granule cells: 160 mm2 3 65 mm).

Livet Nature 450 (2007) 56
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GECI: Genetically Encoded Calcium Indicators
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Excitation of CFP with 440 nm light (blue arrows) results in cyan (cyan arrows) and yellow (green arrows) FRET
fluorescence. Binding of Ca2+ (red circles) to a calcium-binding domain (such as the calmodulin (CaM)- M13
complex shown here) increases the efficacy of FRET between CFP and YFP51,52,54 and therefore increases the
fluorescence ratio (R) between these two fluorescent proteins. Traces on the right show, for a representative of
this indicator class (YC2.60), the change of R (AR, normalized to baseline, Rp) when a pyramidal neuron
generates 1 (black), 2 (cyan), 5 (blue), 10 (green) or 20 (red) action potentials (APs). The horizontal bars of
corresponding colours indicate the time of AP firing.

Nature Review Neurosci.13 (2012) 687
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Stimulation
electrode

Al Cerebellar granule cells. Aa | This shows immunohistochemical staining against the

genetically encoded calcium indicator GCaMP2. GCaMP2 expression (brown) in the granule cells of the cerebellar cortex
of mice is under the control of the regulatory sequences of the gene KCNC1. The image shows the molecular layer (ml),
Purkinje cell layer (P) and the granule cell layer (g; arrowheads point at granule cell bodies and arrow points at their
axons (the parallel fibres). Ab,c | This shows a transmission image of a transverse cerebellar slice (Ab) and change in
GCaMP2 (Ac) fluorescence (AF/F, indicating a transient elevation of parallel fibre calcium concentration) induced by
stimulation of the molecular layer (10 stimuli delivered at 100 Hz). Asterisk indicates tip of stimulation electrode.

23

Knock-in as Knock-out

Knock-In Antisense gene
IL-1 & MAOA knockout

thy1-R18 & 14-3-3
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Inadvertent landing of transgene in MAOA gene
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MAOA RNA of Tg8 mice (A) Representation of the Tg8 gene encoding MAOA between exons 1 and 8 (the
gene for MAOA probably has 15 exons) and structure of the four species of MAOA RNA detected by RT-PCR.
Cases, Science 268 (1995)1763

25

Lack of MAOA -> Aggression

D
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Latency to first attack (min)

Latency to first biting attack in resident intruder test.

“recently a family has been described in which a point mutation in the gene
encoding MAOA abolishes MAOA catalytic activity and is associated with
impulsive aggression (Brunner Science 262 (1993)578)."
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R18 Peptide as 14-3-3 antagonist
7 genes for 7 isqfgems of 14-3-3 in mammals

14-3-3 1433

4
TORC

PP1 < PKA —— AMPK [> calcineurin
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Neural Specific Promoters

Neuron-Specific Enolase

Thy-1-YFP example

Cell-Type specific Promoters
Pet-1 in serotonergic cells
Catecholamine specific
CaMKil for forebrain

SIRT in VMH
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Cell-Specific Promoters

Neurons

NSE (neuron specific enolase)
Thy-1 (THYmocyte differentiation antigen 1, a GPI

anchored cell surface protein, present on T-

lymphocytes and neurons)
CAMKII (CamKinase ll, restricted to forebrain)

Interneurons
paralbumin

Glia
S100, GFAP

Cell-Type specific Promoters

Pet-1 in serotonergic cells
Catecholamine specific
CAMKI! for forebrain
SIRT in VMH
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Neuron Specific Enolase

Tabled Localization of NNE and NSE in nervous tissue

Table 3 NSE levels in various human tissucs NNE NSE
i Glial cells
ng NSE/mg soluble protcin Astrocytes ;
o + -
Brain (rat and human) 4000-21,000 Radial glial cells b4
Peripheral nervous system 200-1200 Ependymal cells +
Adrenal medulla 900 Tanocytes + -
Pincal gland 8500 Neurons
Pituitary Cerebellum
antcrior 1300 Stellate basket cells ¥ 4
posterior 3400 Purkinic cels A
Liver <10 Golgi type 1T 4+
Muscle D Granule cells ++
Suscle = Deep cercbellar neurons PR
Scrum (human) 412 .
Spinal fluid (human) 3 Non-pyramidal neurons - P
CA 3 pyramids + 4+ 4
Dentate granule cells + 4
CA 1 and 2 ncurons t +
Cortex
Non-pyramidal neurons - 44
Superfcial pyramids M
Deep pyramids T
. . . Thalamus
Protypical characteristics Retila ncurons - e
Sensory relay neurons - +
f | f Subcortical nuclei
OT neural specitic gene Compacta neurons (sigra) ;
Reticular neurons (nigra) I
Striatal neurons ;
Pallidal ncurons - ++ 4+

Marangos Ann. Rev. Neurosci. 1987.10: 269-95
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thy1-YFP

expressed in only ~50% of neurons

31

2
thy1-YFP 3
visualizing cortical dendritic spines in vivo
33

Kang, Cell 106 (2001) 771-783
An Important Role of Neural Activity-Dependent CaMKIV
Signaling in the Consolidation of Long-Term Memory

aCp-FLAG-dnCaMKIV-SV40
aCaMKIl promoter should limit expression to forebrain
dominant negative CaMKIV should inhibit endogenous CaMKIV activity
FLAG provides a detectable protein tag
SV40 provides detectable mRNA tag

H

1
! i SV40 | Sva0| _
oCp FLAG-dnCaMKIV | ) I oA

$ = Sall, H = Hindlll

aCp-FLAG-dnCaMKIV-SV40 intron-SV40 pA, where aCp is the 8.5 kb DNA
fragment derived from the 5’ flanking region of the aCaMKIl gene and FLAG-
dnCaMKIV encodes an epitope tag fused to the amino terminus of dnCaMKIV.

We produced ten transgenic founders (C57BL/6) and chose three lines, C7, C15,

and C34, carrying approximately 15, 2, and 1 copies of the transgene, respectively.




mRNA Verification of Transgene
Northern Blot: SV40 mRNA detected in (3) transgenic lines

In Situ Hybridization: SV40 mRNA expression in line C34 limited to forebrain (mostly
hippocampus and cortex)

dnCaMKIV aCaMKil
T 1 T 1
C7 CI5 C34 wr C7 CI5 C34 wr

oy -24kb

34

Protein Verification of Transgene

Western Blot: dnCaMKIV flag & protein (slightly larger band) detected

Enzyme Activity: dnCaMKIV expression in line C34 inhibits endogenous CaMKIV activity
(induced by KCI depolarization); CaMKII unaffected.

E F

wr e CaMKIv CaMKil

g

~ FLAG

M CaMKIV

- aCaMKIl
—

»
8

% Increase in Activity
8
o

Basal KCI Basal KCI
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Effect of Transgene on Signaling

wr c34 wr c34 wr c34
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(B) Immunoblot analysis of hippocampal extracts from wild-type and C34
transgenic slices stimulated with KCI, glutamate (Glu), or forskolin (Fosk). The blots
were probed with anti-pCREB, anti-CREB, or anti-c-Fos antibodies, respectively.
(C) Quantification of average pCREB and c-Fos immunoreactivity obtained from
three independent experiments. *p < 0.05 for C34 versus control group.
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Effect of Transgene on Behavior

(E) The activity histogram representing the total occupancy by wild-type and transgenic
mice during the last probe test. Each pixel represents 4 x 4 cm2 space. The wild-type mic|
are more accurate than the transgenic mice in searching the previous platform location

(black circle).

Conditional Transgenics

Tetracycline

Tamoxifen
Ecdysone insect steroid hormone

CRE-Lox

(Viral Transfection)
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TetOn and TetOff

Tetracycline-controlled transcriptional activation

[

cell specific promoter El 0
. "OFF" state (-Dox) "ON" state (+Dox)
(2
0 Trangrip(ion . = Transcription
l—’
tet(0)7  min CMV BMP, tet(0)7  min CMV BMP,

Doxycycline (tet analog) in drinking water activates
transgene in cells expressing Tet Activator protein
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Steroid regulated transgene expression

~

S steroid receptor .
© green-fluorescent protein
5 —f—— —— 3’

coding region =
jellyfish fluorescent protein

Use non-endogenous steroids, such as
tamoxifen or ecdysone (insect) hormone
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CRE-LOX: Cell-specific gene deletion

Cre (Cyclization recombination) recombinase enzyme cuts out
DNA that falls between two Lox sites.

Cause deletion of a target gene in specific cells:

Put Lox sites around target gene
(present in all copies of the gene in every cell in the body.)

Insert Cre gene under control of a cell-specific promoter
(transgene will be present in all cells of the body,
but Cre protein will only be expressed in specific cells).

Expression of Cre in specific cells will cause target gene to be
cut out of genome, but only in the specific cells.
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A B c
Inversion Translocation Deletion
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Figure 2. The outcome of a Cre-lox recombination is determined by the
orientation and location of flanking loxP sites. (A) If the loxP sites are oriented in
opposite directions, Cre recombinase mediates the inversion of the floxed
segment. (B) If the loxP sites are located on different chromosomes (trans
arrangement), Cre recombinase mediates a chromosomal translocation. (C) If the
loxP sites are oriented in the same direction on a chromosome segment (cis
arrangement), Cre recombinase mediates a deletion of the floxed segment.

http://cre jax.org/introduction.html
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Cre Expression Strain

Cre Mouse

j

F, Generation

Cre gene codes for Cre recombinase enzyme.

Placed under control of a specific gene promoter, e.g. TH
Expressed in cells that express that gene, e.g. catecholamine cells.
Cre enzyme has no effect on its own.

Matthias Zepper , Wikipedia
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Floxed Target Gene Strain

LoxP (Floxed) Mouse

*.

Stop Stop

loxPg Target gene loxP, L

Lox sites inserted next to target gene (e.g. MAPK).
Lox sites have no effect on their own.
Normal expression of target gene.

Matthias Zepper , Wikipedia
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Cre x Floxed Mouse

g Cre Mouse LoxP (Floxed) Mouse
=1 ~N— N—
2 : X ;
(]
c stop Stop
()
o loxP® Target gene S ioxr® ecrp
o
w
Cre LoxP Mouse
Cells with active Cre recombinase N 77; Cells lacking active Cre recombinase.
c °
.8
=i o
® E stop
loxP® “Target gene W iox® —ecrp
o rget o
(=
()
Q
-
w
Original gene function s disrupted, Original gene function is untouched.
a reporter gene is transcribed
instead.

Only cells expressing Cre have target gene deleted

stop

stop
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floxed target gene
e.g. MAPK, expressed everywhere

camk

MAPK deleted, but only in CRE-
expressing cells

—
mapk X VATR_Jrox™

—
mapk =

R
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d Test in vitro
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Jax Cre / Floxed Mice

eeeo Available Cre strains - The Jackson Laboratory A

[sl2](0) (=) () (@) wesaxors

\/x The Jackson Genetics and
Laboratory your health
Leading the search

for tomorrow's cures

Courses JAX® Mice
and education and resources and Services

« Back to genetic resource science. Home > Research and resources > Genetic resource science > Cre expression

In this secti ] .
n ihis section Available JAX Cre strains

News.
gaCissource home) The Jackson Laboratory offers over 300 cre tool strains. TR AT
Cre-lox
» Introduction to Cre-lox technology.
Listed by promoter, including site of expression: + Combating the challenge of off-target
+ Available JAX Cre strains Cre effects In research

+ Cre expression data Research Tools: Cre-lox System
+ Cre Recombinase Expression
Supporting onctonal mouse
b G e A T T e g s
> oD + Cre-Recombinase Expression: Inducible Chracnzation esouce, Nat Commun.
» loxP-flanked Sequences 2012 Nov 20;3: lé“ ol

Related publication
+ Cre strains for neurobiology.

» loxP-flanked Sequences: Test/Reporter

Related technology: FLP-FRT system

+ FLP Recombinase Expression

» FLP Recombinase Expression: Germline/Embryonic Expression
» FLP Recombinase Expression: Inducible

» FRT-flanked Sequences

» FRT-flanked Sequences: Test/Reporter

©2013 The 3ackson Laboratory | Home | ite map | Terms of usa | Privacy policy

Leqding the search for tamarrow's ous

Cre Lines

JAX Mice Database - EXPRESSION
= 0| [2] [Q] (@] [ jaxmicejax.org c

re expression is directed to calretinin interneurons in the brain and cortex by the endogenous Calb2
promoter/enhancer elements.

013730 B6(Cg)-Calb2tm21(cre/ERT2)Zjh/3 Calb2, calbindin 2 (mouse) Cryopreserved -
Following tamoxifen administration, Cre recombinase activity is observed in calretinin positive interneurons in
005359 B6.Cg-Tg(Camk2a-cre)T29-15t/3 Camk2a, calcium/calmodulin-dependent  Repository- Live

protein kinase I1 alpha (mouse)

forebrain; pyramidal cell layer

012362 B6; ibs/3 Live

Camk2a, calci

protein kinase II alpha (mouse)
Cami2a-CreERT2 transgene directs reporter gene expression in sparse populations of neurons in the cortex,
hippocampus, striatum, and other structures in the absence of tamoxifen. Following tamoxifen administration,
reporter gene expression is turned on in widespread populations of nurons in the same regions listed above,
resembiing the expression pattern of the endogenous Camk2a gene. Tissues other than brain were not
examined in homozygous mice.

018966 BEN.

Camk2a, calci I Under

protein kinase II alpha (mouse) Development -
Now Accepting
Orders
forebrain; pyramidal cell layer

016097 C57BL/6-Tg(Carl-cre)5Fit/3 Car1, carbonic anhydrase 1 (mouse) Cryopreserved -

mice express Cre recombinase in the tissues of the large intestine (cecum, proxmial and distal colon).

009615 STOCK Tg(Cartpt-cre)1Aibs/3 Cartpt, CART prepropeptide (mouse)

Hemizygous Cart-Tg1-Cre mice are viable and fertile, with cre expression directed to cortex, hippocampus,
and cerebellum by the Cartpt promoter/enhancer regions within the BAC transgene.
011086 C57BL/6-Tg(Cck-cre)CKres/3 Cek, cholecystokinin (mouse) Cryopreserved -
Ready for

Floxed Lines

JAX Mice Database - EXPRESSION

O [2] Q][] jaxmicejax.org 3
I o | JAX Mice Database - EXPRESSION [+ T
Foxn1, forkhead box Ni (mouse) 012941 B6.129(SIL)-Foxn1tmi-0msu/y Cryopreserved
- Ready for
recovery
Fth1, ferritin heavy chain 1 (mouse) 018063 B6.129-Fth1tmi-iLck/3 Repository-
Live
Fz04, frizzled homolog 4 (Drosophila) 011078 B6;129-Fzd4tm2iat/3 Cryopreserved
- Ready for
recovery
Fzds, frizzled homolog 5 (Drosophila) 008620 B6;129-Fzd5tm2Nat/ Cryopreserved
(mouse) - Ready for
recovery
Gabral, gamma-aminobutyric acid 004318 B6.129(FVB)-Gabra1'm10e/3 ) Cryopreserved
(GABA) A receptor, subunit alpha 1 - Ready for
(mouse) recovery
Gabra4, gamma-aminobutyric acid 006874 B6.129-Gabradtm1.26eh/3 Cryopreserved
(GABA) A receptor, subunit alpha 4 - Ready for
(mouse) recovery
Gabrbs, i icacid 008310 B6; Cryopreserved
(GABA) A receptor, subunit beta 3 - Ready for
(mouse) recovery
Gabrg2, gamma-aminobutyric acid 016830 STOCK Gabrg2‘m2Lusc/3 Repository-
(GABA) A receptor, subunit gamma 2 Live
(mouse)
Gaint1, UDP-N-acetyl-alpha-D- 006895 B6.129-Galnt1tmJxm 3 Cryopreserved
galactosamine:polypeptide N- - Ready for
acetylgalactosaminyltransferase 1 recovery
(mouse)
Gaint13, UDP-N-acetyl-alpha-D- 006896 B6.129-Galnt13tm13xm /3 Cryopreserved
galactosamine:polypeptide N- - Ready for
acetylgalactosaminyltransferase 13 recovery

(mouse)




Injection of Transgenes in Vector
(not in germline chromosomes)

a Inutero electroporation

Enhancer/  Indicator
promoter _. gene
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ATG " pA Neocortical
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Combine Cre-Lox with Viral Vectors

d Cre-loxP system: indicator and driver mice

Cre driver mouse

<D c»IE o

x CRE> ==
o~ STOP _ Indicator gene
&Sy ©
Indicator mouse carrying indicator gene in
Cre-dependent configuration

e Combining Cre-driver mice and viral vectors

Indicator
STOP gene

\

AV

Cre driver mouse

A2

\ injection

White matter
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Optogenetics

Channelrhodopsins

Rhodopsins from microalgae and eubacteria that
mediate phototaxis for photosynthesis

light -> increased Na+ influx

light -> incresed Cl- influx

Photoactivated Cyclases
light -> increased cAMP

LITE

light -> increased transcription
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Channelrhodopsins

Ccro Na* @ Ca* @ H'© K'®

Major classes of single-component optogenetic tools include cation-permeable
channels for membrane depolarization (such as channelrhodopsins (ChRs)),
chloride pumps (for example, halorhodopsin (NpHR)) and proton pumps (such as
bacteriorhodopsin or proteorhodopsin (BR/PR)) for membrane hyperpolarization.

Tye Nature Reviews Neuroscience 13 (2012) 251
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Fiber optics

to activate channelrhodopsins in vivo

Optogenetics Starter Kits

- Complete Fiber Optics Kit for Optogenetics
470 nm LED Light Source
©1.25 mm or @2.5 mm Ferrule Fiber Optic Cannulae and Cables
Patch Cable with Optional Rotary Joint

()
0GKi -

G2.5 mm Fermules
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Halassa, Cell 158 (2014) 808-821
State-Dependent Architecture of Thalamic Reticular Subnetworks

VGAT (vesicular GABA transporter) expressed in thalamic reticular nucleus (TRN),
but not other thalamic neurons.

AAV-VGAT-CRE

(Adeno-Associated Virus with VGAT promoter-CRE recombinase)

injected into TRN cell bodies, for expression of CRE recombinase in VGAT-
positive neurons (but doesn’t do anything on its own).

RG-LV-ChR2

(Retrogradely-transported Lentivirus with floxed channelrhodopsin 2)

chimeric with other viruses for retrograde transport; injected into visual thalamus
targets of TRN neurons, transported back along axon to cell body in TRN;

Result:
ChR2 only expressed in VGAT-CRE containing neurons which project to visual
thalamus.
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Figure 4. Optogenetic Tagging of TRN Neurons Based on Their Thalamic Targets

(A) Cartoon depiction of optogenetic tagging of visually connected TRN neurons in
mice. A RG-LV containing a Cre-dependent ChR2-EYFP is injected into the visual
thalamus of a VGAT-Cre mouse. Two to 4 weeks later, ChR2 is robustly expressed in
visually connected TRN.

Halassa, Cell 158 (2014) 808-821
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(G) Example brain sections showing electrolytic lesions of electrode tips for visually connectg
TRN preparation. Confocal image on the right shows electrode tips (white asterisk) near
neurons expressing ChR2-EYFP (yellow arrowheads).

Halassa, Cell 158 (2014) 808-821
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(D) Peri-stimulus time histograms (PSTHs) from two visual-tagged TRN neurons,
showing optogenetic drive with short-latency responses (top) and visual drive with
longer-latency responses (bottom).
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Real-time activation of ChR2 induces aversion

a Vglut2vBNST-VTA::ChR2 b
No stimulation 20-Hz stimulation
15 1 - Vglut2vBNST-VTA::ChR2
T Stimulation + antagonist
473-nm laser
-
"
g 10
> Vglut2"BNSTVTA: control
K No stimulation 20-Hz stimulation
o
5
0

Photostimulation of Vglut2vBNST-VTA::ChR2 mice resulted
in a significant avoidance of a stimulation-paired chamber

Jennings Nature 496 (2013) 224
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LITE: Light Inducible Transcriptional Effector System

Inactive LITE

Targeted locus

Targeted gene
TALE binding site

Active LITE
Transcription
complex

Activated transcription
Targeted locus I_'iu

rgeted gene
TALE binding site

TALE: transcription-activator- like effector proteins, contain
repetitive amino-acid sequences that recognize single DNA
nucleotides or nucleotide triplets

CRY2: light-sensitive photoreceptor cryptochrome 2 Konermann, Nature 500 (2013) 472
N&V, Nature 500 (2013) 406-8
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LITE: Light Inducible Transcriptional Effector System

D o5 Light on Lightoff ¢ Light on Light off
o o

e e

3 3

220 =20
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S s 5 s

Q Qo
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3 9 - —_— - — 2

L2 0o 4 8 12 16 20 24 2

Stimulation time (h) _ Time post-stimulation (h)

Konermann, Nature 500 (2013) 472
N&V, Nature 500 (2013) 406-8
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Profile of Transgenic Mouse

What is promoter, expressed transgene, and reporter?
What is predicted spatial expression pattern?

What is actual expression pattern?

Is expression limited to a specific cell-type?

What are the controls (endogenous or exogenous) of
transgene expression?

What is temporal pattern of expression? Is expression
conditional or constitutive?

What is effect of background strain?
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Caveats of Transgenic Models
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