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Allen Brain Observatory 

TECHNICAL WHITE PAPER: PHENOTYPIC CHARACTERIZATION OF TRANSGENIC MOUSE LINES 

OVERVIEW 

The Allen Brain Observatory contains data collected via two-photon calcium imaging to quantify neuron activity 

in the mouse neocortex in response to visual stimuli. A Cre/Tet-dependent fluorescent calcium indicator, 

GCaMP6f, was used to register neural activity in the visual cortex of mice exposed to various visual stimuli. 

Calcium influx associated with neural activity results in transient increases in fluorescence of GCaMP6. These 

transgenic strategies drive GCaMP6f expression based on specificity conferred by a Cre driver alone (for 

example, reporter lines Ai148 and Ai162), or based on the cell-type specific expression of Cre recombinase and 

tetracycline-controlled transactivator protein (tTA) under the control of the Camk2a promoter with the Ai93 and 

Ai94 reporters. Overall animal health and breeding observations are described in this document, including: 

 A summary of transgenic line creation strategy   

 Images of GCaMP6 expression based on 2-photon serial tomography, to detect the native baseline 

presence of cells harboring GCaMP6   

 Phenotypic characteristics of transgenic animals, including summaries of growth 

 Technical notes and considerations for animal breeding and health  

 

The following transgenic mouse lines are included:  

 

Under the Transgenic Characterization tab of the Allen Brain Observatory, image data is available to view native 

GCaMP6 fluorescence for each line using 2-photon serial tomography, as performed on animals that have not 

undergone surgery (described in the “Visual Coding Overview” whitepaper in Documentation).   

Transgenic Line Presence in 

cortical layers 

Target cell class Details on 

page 

Cux2-CreERT2; Camk2a-tTA; Ai93 2/3, 4 Excitatory 2 

Emx1-IRES-Cre; Camk2a-tTA; Ai93 2/3, 4, 5 Excitatory 4 

Fezf2-CreER; Ai148 5 Excitatory 6 

Nr5a1-Cre;Camk2a-tTA; Ai93 4 Excitatory 8 

Ntsr1-Cre_GN220; Ai148 6 Excitatory 10 

Pvalb-IRES-Cre; Ai162 2/3, 4, 5 Inhibitory 12 

Rbp4-Cre_KL100; Camk2a-tTA; Ai93 5 Excitatory 14 

Rorb-IRES2-Cre; Camk2a-tTA; Ai93 4 Excitatory 16 

Scnn1a-Tg3-Cre; Camk2a-tTA; Ai93 4 Excitatory 18 

Slc17a7-IRES2-Cre; Camk2a-tTA; Ai93 2/3, 4, 5 Excitatory 20 

Slc17a7-IRES2-Cre; Camk2a-tTA; Ai94 2/3, 4, 5 Excitatory 22 

Sst-IRES-Cre; Ai148 4, 5 Inhibitory 24 

Tlx3-Cre_PL56; Ai148 5 Excitatory 26 

Vip-IRES-Cre; Ai148 2/3, 4 Inhibitory 28 

http://help.brain-map.org/display/observatory/Documentation


TECHNICAL WHITE PAPER  

OCTOBER 2018 v.4 alleninstitute.org 

Allen Brain Observatory: Transgenic Characterization brain-map.org 

page 2 of 32 

Cux2-CreERT2; Camk2a-tTA; Ai93 (TITL-GCaMP6f) 
 

Overview 

Cux2-CreERT2;Camk2a-tTA;Ai93(TITL-GCaMP6f) transgenic mice express a Cre/Tet-dependent, fluorescent 

calcium indicator GCaMP6f, as well as a transgene directing tetracycline-controlled transactivator protein (tTA) 

expression in forebrain excitatory neurons under the Camk2a promoter. Further specificity is regulated by the 

tamoxifen-inducible Cux2 promoter, induction of which results in Cre-mediated expression of GCaMP6f in 

excitatory neurons.  GCaMP6f expression is enriched in cortical layers 2, 3 and 4 and in thalamus, midbrain, 

pons, medulla, and cerebellum.  

Transgene Expression 

Native GCaMP6 expression (green) was imaged using 2P tomography from perfused brains (left, full coronal 
plane; middle, visual cortex). An example field-of-view obtained during calcium imaging is also shown (right). 

 

 

Native gene expression: 
in situ hybridization of Cux2 (NCBI Accession: NM_007804.2) in C57BL/6J 

 http://mouse.brain-map.org/experiment/show/72128748 

in situ hybridization of Camk2a (NCBI Accession: NM_009792.3) in C57BL/6J 
http://mouse.brain-map.org/experiment/show/79490122  

 

Growth and Development 

Mouse weights from this transgenic line collected just prior to surgery (p37-p63) compared to standard 

C57BL/6J growth curves obtained from Jackson Laboratory. 

 

Mean (±SD) Age at surgery (days): 
 Male: 53.24 ± 5.24 

Female: 50 ± 4.46 

   

Mean (±SD) Weight at surgery (g):   
Male: 21.68 ± 1.67 
Female: 18.37 ± 1.05 

 

 
  

http://mouse.brain-map.org/experiment/show/72128748
http://mouse.brain-map.org/experiment/show/79490122
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Technical 

Breeding Considerations: Cux2-CreERT2 is a knock-in allele that replaces the first coding ATG of Cux2 and 

abolishes the gene function. There is no Cre recombinase prior to tamoxifen exposure. Crosses generating 

homozygous tTA animals were avoided due to tTA toxicity causing prenatal lethality. Although the desirable 

genotype for experimental animals was heterozygous for all three transgenes, in some instances, animals 

homozygous for Cre and/or GCaMP6f were included. Despite the fact that Cux2-CreERT2 is a “knock-in” allele 

that abolished Cux2 gene function, heterozygotes and homozygotes have been used for breeding with no 

reported gross defects, although sustained inbreeding of homozygous Cux2-CreERT2 may be contraindicated 

(Gil-Sanz C, 2015). Germline deletion of the Ai93(TITL-GCaMP6f) LoxP-STOP-LoxP cassette is possible when 

crossing a Cux2-CreERT2;Ai93 mouse with a mouse heterozygous for Camk2a-tTA. To avoid germline deletion 

of the stop cassette, breeding sets (pairs and trios) were comprised of either a heterozygous Cux2-CreERT2 

mouse crossed with a heterozygous Camk2a-tTA;homozygous Ai93 mouse or a heterozygous Cux2-CreERT2; 

heterozygous Camk2a-tTA mouse crossed with a homozygous Ai93 mouse.   

Inducible transgene induction procedure: Adult mice (p35) received 5 daily doses of tamoxifen (200mg/kg, oral 

gavage) followed by a week of recovery prior to surgery. 

General observations: No difference was observed between heterozygous and homozygous animals for 

GCaMP6 expression pattern or physiology. 23.5% of 132 mice needed to be re-weighed to meet eligible surgical 

weight (18.3g Male and 15g Female) criteria at p32.  

 

Other Characterization 

Intrinsic signal imaging. Intrinsic signal imaging provides a map of 

retinotopic space that may identify abnormalities in the visual 

pathway. Based on n=39,  higher visual areas (HVA) being used for 

imaging for the Allen Brain Observatory were all present and largely 

targetable based on ability to identify the appropriate retinotopic 

location. Example images of ISI-based functional area maps from 

two Cux2-CreERT2; Camk2a-tTA; Ai93 are shown. 

 

Screening for interictal events. Representative animals from each line were screened for abnormal calcium 

activity such as epileptiform interictal events that may be a consequence of GCaMP6 expression (see Visual 

Coding Overview). The quantification of full FOV calcium events amplitude and width (top) and prominence and 

width of all detected calcium events in a 5 min recording session (bottom; shows  ΔF/F traces for the entire field 

of view) using two photon calcium imaging in 3 animals. Interictal events are typically large and short events 

that showcase whole field large fluctuation (>10 % ΔF/F) in calcium associated with very short transients (<300 

ms prominence).  Interictal events were observed in a small number of pipeline animals (5.1% of animals). 

Separate testing identified a single animal exhibiting interictal events (Steinmetz et al., 2017). 

 

Summary 

No significant issues were observed with these examples except for an infrequent occurrence of interictal 

events.  
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Emx1-IRES-Cre; Camk2a-tTA; Ai93 (TITL-GCaMP6f) 
 

Overview 

Emx1-IRES-Cre;Camk2a-tTA;Ai93 mice have a Cre/Tet-dependent,  fluorescent calcium indicator GCaMP6f, 
as well as a transgene directing tetracycline-controlled transactivator protein (tTA) expression in forebrain 
excitatory neurons.  Further specificity is achieved by the Emx1 promoter, resulting in mice that exhibit 
GCaMP6f in excitatory neurons across layers of cortex as well as in hippocampus.  

  

Transgene Expression 

 

Native GCaMP6 expression (green) was imaged using 2P tomography from perfused brains (left, full coronal 
plane; middle, visual cortex). An example field-of-view obtained during calcium imaging is also shown (right). 

 

 

 

 

 

 

Native reporter expression:  

in situ hybridization of Emx1 (NCBI Accession: XM_132640.3) in C57BL/6J 

http://mouse.brain-map.org/experiment/show/100145374 

 

in situ hybridization of Camk2a (NCBI Accession: NM_009792.3) in C57BL/6J 

http://mouse.brain-map.org/experiment/show/79490122 

 

Growth and Development 

Mouse weights from this transgenic line collected just prior to surgery (p37-p63) compared to standard 

C57BL/6J growth curves obtained from Jackson Laboratory. 

Mean (±SD) Age at surgery (days): 
Male: 45.76 ± 6.67 
Female: 49.55 ± 7.89 
  
Mean (±SD) Weight at surgery (g):   

Male: 21.81 ± 2.14 

Female: 17.13 ± 1.49 

 

 

 

 

  

http://mouse.brain-map.org/experiment/show/100145374
http://mouse.brain-map.org/experiment/show/79490122
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Technical 

Breeding Considerations: Breeding sets (pairs and trios) included only tTA heterozygous animals as animals 
homozygous for the tTA transgenes caused undesirable and/or lethal phenotypes. It is important to note that 
Emx1-IRES-Cre is expressed in mouse germline. Therefore, the mating scheme should avoid combining this 
Cre transgene and the Cre-dependent reporter (containing LoxP-STOP-LoxP cassette) until the last cross, 
which creates the experimental animal. That scheme prevents the exposure of the Cre-dependent reporter to 
Cre recombinase activity in the mouse germline. The exposure of the Cre-dependent reporter to Cre 
recombinase in the germline results in STOP deletion from the LoxP-STOP-LoxP cassette, and subsequent 
expression of the reporter that is not Cre-specific.  

General observations: 39 of 149 mice (26.2%) needed to be re-weighed to meet eligible surgical weight (18.3g 

Male and 15g Female) criteria at p32. Five mice were excluded due to insufficient surgical weight. Five mice 

were excluded due to eye anomalies (e.g., anopthalmia, microphthalmia, or cloudy eyes). Interictal events were 

observed in ~42% of mice as measured at the Allen Institute (Steinmetz et al., 2017).   

 

Other Characterization 

 

Intrinsic signal imaging. Intrinsic signal imaging provides a map of 

retinotopic space that may identify abnormalities in the visual 

pathway. Based on n= 19 higher visual areas (HVA) being used for 

imaging for the Allen Brain Observatory were all present and largely 

targetable based on ability to identify the appropriate retinotopic 

location. Example images of ISI-based functional area maps from 

two Emx1-IRES-Cre;Camk2a-tTA;Ai93 mice are shown. 

 

 

Screening for interictal events. Representative animals from each line were screened for abnormal calcium 

activity such as epileptiform interictal events that may be a consequence of GCaMP6 expression (see Visual 

Coding Overview). The quantification of full FOV calcium events amplitude and width (top) and prominence and 

width of all detected calcium events in a 5 min recording session (bottom; shows  ΔF/F traces for the entire field 

of view) using two photon calcium imaging in 3 animals. Interictal events are typically large and short events 

that showcase whole field large fluctuation (>10 % ΔF/F) in calcium associated with very short transients (<300 

ms prominence).  Mouse A exhibited these abnormal events which are absent from mouse B and C. Animals 

of this line exhibited a high prevalence (42%) of interictal events. 

 

 
 

Summary 

An abnormality observed in this line is the high occurrence of interictal events (42%); all mice are screened for 

interictal events, and excluded from subsequent testing if activity is detected.  
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Fezf2-CreER; Ai148 (TIT2L-GCaMP6f-ICL-tTA2) 
 

Overview 

Fezf2-CreER;Ai148 (TIT2L-GCaMP6f-ICL-tTA2) transgenic mice express a tamoxifen-inducible Cre 
recombinase under the control of the Fezf2 promoter, resulting in expression of Cre/Tet-dependent, fluorescent 
calcium indicator GCaMP6f in layer 5 (and to a lesser extent in layer 6) as well as specific populations in the 
amygdala and hippocampus.  

Transgene Expression 

 

Native GCaMP6 expression (green) was imaged using 2P tomography from perfused brains (left, full coronal 
plane; middle, visual cortex). An example field-of-view obtained during calcium imaging is also shown (right). 
 

 

 

 

 

 

 

 

 

 

 

 

 

Native gene expression: 
in situ hybridization of Fezf2 (NCBI Accession: NM_080433.1) in C57BL/6J 

 http://mouse.brain-map.org/experiment/show/75651163 

 

Growth and Development 

Mouse weights from this transgenic line are collected just prior to surgery (p37-p63), compared to standard 

C57BL/6J growth curves obtained from The Jackson Laboratory. 

 

Mean (±SD) Age at surgery (days): 

Male: 55.5 ± 5.29 

Female: 56.66 ± 5.57 

 

 

Mean (±SD) Weight at surgery (g): 

Male: 23.73 ± 1.29 

Female: 19.73 ± 1.54 

 

 

Technical 

Breeding Considerations: Breeding sets (pairs and 

trios) consisted of crossing a heterozygous Fezf2-

CreER mouse to either a heterozygous or homozygous Ai148 (Ai148(TIT2L-GCaMP6f-ICL-tTA2) mouse.  

http://mouse.brain-map.org/experiment/show/75651163
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Inducible transgene induction procedure: Adult mice (p35) received 5 daily doses of tamoxifen (200mg/kg, oral 

gavage) followed by a week of recovery prior to surgery. 

General observations: 15 of 61 mice (24.6%%) needed to be re-weighed to meet eligible surgical weight 

(18.3g Male and 15g Female) criteria at p32. Three mice were excluded due to insufficient surgical weight. 

Nine mice did not survive Tamoxifen induction. Two mice were excluded due to eye anomalies. 

 

Other Characterization 

 

Intrinsic signal imaging. Intrinsic signal imaging provides a map of 

retinotopic space that may identify abnormalities in the visual 

pathway. Based on n=12,  higher visual areas (HVA) being used for 

imaging for the Allen Brain Observatory were all present and largely 

targetable based on ability to identify the appropriate retinotopic 

location. Example images of ISI-based functional area maps from 

two Fezf2-CreER;Ai148 mice are shown. 

 

Screening for interictal events. Representative animals from each line were screened for abnormal calcium 

activity such as epileptiform interictal events that may be a consequence of GCaMP6 expression (see Visual 

Coding Overview). The quantification of full FOV calcium events amplitude and width (top) and prominence and 

width of all detected calcium events in a 5 min recording session (bottom; shows  ΔF/F traces for the entire field 

of view) using two photon calcium imaging in 3 animals. Interictal events are typically large and short events 

that showcase whole field large fluctuation (>10 % ΔF/F) in calcium associated with very short transients (<300 

ms prominence).  No interictal events were observed. 
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Nr5a1-Cre; CaMK2a-tTA; Ai93 (TITL-GCaMP6f) 
 

Overview 

Nr5a1-Cre;CaMK2a-tTA;Ai93 mice have a Cre/Tet-dependent,  fluorescent calcium indicator GCaMP6f, as well 
as a transgene directing tetracycline-controlled transactivator protein (tTA) expression in forebrain excitatory 
neurons.  Further specificity is achieved by the Nr5a1 promoter in a modified BAC, resulting in mice that exhibit 
GCaMP6f in excitatory neurons in cortical layer 4 as well as in the ventromedial hypothalamus.  

 

Transgene Expression 

Native GCaMP6 expression (green) was imaged using 2P tomography from perfused brains (left, full coronal 
plane; middle, visual cortex). An example field-of-view obtained during calcium imaging is also shown (right).
  

 

 

Native reporter expression:  

in situ hybridization of Nr5a1 (NCBI Accession: NM_139051.2) in C57BL/6J 

http://mouse.brain-map.org/experiment/show/734 

 

in situ hybridization of Camk2a (NCBI Accession: NM_009792.3) in C57BL/6J 

http://mouse.brain-map.org/experiment/show/79490122 

 

Growth and Development 
Mouse weights from this transgenic line collected just prior to surgery (p37-p63) compared to standard 
C57BL/6J growth curves obtained from Jackson Laboratory. 

 

Mean (±SD) Age at surgery (days): 
Male: 49 ± 7.19  
Female: 49.47 ± 6.76 

 

Mean (±SD) Weight at surgery (g): 

Male: 21.75 ± 2.04 

Female: 17.84 ± 1.49 

 
 
  

http://mouse.brain-map.org/experiment/show/734
http://mouse.brain-map.org/experiment/show/79490122
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Technical 

Breeding Considerations: Breeding sets (pairs and trios) were comprised of two breeding schemes. The first 
was crossing a heterozygous Nr5a1-Cre mouse to a Camk2a-tTA;Ai93(TITL-GCaMP6f) mouse that was 
heterozygous for tTA and either heterozygous or homozygous for GCaMP6f. The second option was crossing 
a heterozygous Nr5a1-Cre; heterozygous Camk2a-tTA mouse with a homozygous Ai93(TITL-GCaMP6f) 
mouse.  In some cases, a heterozygous GCaMP6f mouse was used when homozygous GCaMP6f mice were 
unavailable. Crosses generating homozygous Cre and/or tTA were avoided as homozygous Cre and/or tTA 
causes undesirable phenotypes and/or prenatal lethality. To avoid germline deletion of the stop cassette, the 
breeding scheme avoided crossing a mouse consisting of Cre and GCaMP6f (Cre-dependent reporter) to a tTA 
mouse. This scheme would have resulted in the deletion of the LoxP-STOP-LoxP cassette causing expression 
in all cells, independent of Nr5a1-Cre activity.  Nr5a1-Cre is an endogenous bacterial artificial chromosome 
(BAC) transgene. 

General observations: 15 of 51 mice (29.4%) needed to be re-weighed to meet eligible surgical weight (18.3g 

Male and 15g Female) criteria at p32. One mouse was excluded due to insufficient surgical weight. Two mice 

were excluded due to eye anomalies. 

 

Other Characterization 

 

Intrinsic signal imaging. Intrinsic signal imaging provides a map of 

retinotopic space that may identify abnormalities in the visual 

pathway. Based on n=24, higher visual areas (HVA) being used for 

imaging for the Allen Brain Observatory were all present and largely 

targetable based on ability to identify the appropriate retinotopic 

location. Example images of ISI-based functional area maps from 

two Nr5a1-Cre;CaMK2a-tTA;Ai93 mice are shown. 

 

Screening for interictal events. Representative animals from each line were screened for abnormal calcium 

activity such as epileptiform interictal events that may be a consequence of GCaMP6 expression (see Visual 

Coding Overview). The quantification of full FOV calcium events amplitude and width (top) and prominence and 

width of all detected calcium events in a 5 min recording session (bottom; shows  ΔF/F traces for the entire field 

of view) using two photon calcium imaging in 3 animals. Interictal events are typically large and short events 

that showcase whole field large fluctuation (>10 % ΔF/F) in calcium associated with very short transients (<300 

ms prominence).  No interictal events were observed. 
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Ntsr1-Cre_GN220; Ai148 (TIT2L-GCaMP6f-ICL-tTA2) 
 

Overview 

Ntsr1-Cre-GN220;Ai148 (TIT2L-GCaMP6f-ICL-tTA2) transgenic mice express a tamoxifen-inducible Cre 
recombinase under the control of the portion of the Ntsr1 promoter, resulting in expression of Cre/Tet-
dependent, fluorescent calcium indicator GCaMP6f in layer 6.  

Transgene Expression 

 

Native GCaMP6 expression (green) was imaged using 2P tomography from perfused brains (left, full coronal 
plane; middle, visual cortex). An example field-of-view obtained during calcium imaging is also shown (right). 

 

 

 

Native gene expression: 
in situ hybridization of Ntsr1 (NCBI Accession: NM_018766.1) in C57BL/6J 

 http://mouse.brain-map.org/experiment/show/73519704 

 

Growth and Development 

Mouse weights from this transgenic line collected just prior to surgery (p37-p63) compared to standard 

C57BL/6J growth curves obtained from Jackson Laboratory. 

 

Mean (±SD) Age at surgery (days): 

Male: 51.25 ± 7.12 

Female: 48.57 ± 6.37 

Mean (±SD) Weight at surgery (g): 

Male: 22.7 ± 1.51 

Female: 18.31 ± 0.92 

 

  

http://mouse.brain-map.org/experiment/show/73519704
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Technical 

Breeding Considerations: Ntsr1-Cre_GN220 is a BAC transgenic and expressed in the germline. Breeding sets 

included (pairs and trios), crossing heterozygous Ntsr1-Cre_GN220 and either heterozygous or homozygous 

Ai148(TIT2L-GCaMP6f-ICL-tTA2).  

General observations: 7 of 43 mice needed to be re-weighed to meet the eligible surgical weight (18.3g Male 

and 15g Female) criteria at p32. Two mice were excluded due to insufficient weight, and four mice were 

excluded due to eye anomalies. 

 

 

Other Characterization 

 

Intrinsic signal imaging. Intrinsic signal imaging provides a map of 

retinotopic space that may identify abnormalities in the visual 

pathway. Based on n=10, retinotopic metrics for V1 for this line fell 

within the acceptable range for our current pipeline quality 

standards. Higher visual areas (HVA) being used for imaging for the 

Allen Brain Observatory were all present and largely targetable 

based on ability to identify the appropriate retinotopic location. 

Example images of ISI-based functional area maps from two Ntsr1-

Cre_GN220;Ai148 mice are shown. 

 

Screening for interictal events. Representative animals from each line were screened for abnormal calcium 

activity such as epileptiform interictal events that may be a consequence of GCaMP6 expression (see Visual 

Coding Overview). The quantification of full FOV calcium events amplitude and width (top) and prominence and 

width of all detected calcium events in a 5 min recording session (bottom; shows ΔF/F traces for the entire field 

of view) using two photon calcium imaging in 3 animals. Interictal events are typically large and short events 

that showcase whole field large fluctuation (>10 % ΔF/F) in calcium associated with very short transients (<300 

ms prominence).  No interictal events were observed. 
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Pvalb-IRES-Cre; Ai162 (TIT2L-GCaMP6s-ICL-tTA2) 
 

Overview 

Pvalb-IRES-Cre; Ai162 (TIT2L-GCaMP6s-ICL-tTA2) transgenic mice express a Cre/Tet-dependent fluorescent 
calcium indicator GCaMP6s, with specificity provided by Cre expression under control of the parvalbumin 
promoter to achieve Cre-mediated expression of GCaMP6s in inhibitory neurons. The reporter is expressed 
throughout cortex and hippocampus. Calcium influx associated with neural activity results in transient increases 
in fluorescence of GCaMP6s. 

Transgene Expression 

 

Native GCaMP6 expression (green) was imaged using 2P tomography from perfused brains (left, full coronal 
plane; middle, visual cortex). An example field-of-view obtained during calcium imaging is also shown (right). 
 
 

 
 

Native gene expression: 
in situ hybridization of Pvalb (NCBI Accession: x) in C57BL/6J 

 http://mouse.brain-map.org/experiment/show/79556738 

 

Growth and Development 

Mouse weights from this transgenic line collected just prior to surgery (p37-p63) compared to standard 

C57BL/6J growth curves obtained from Jackson Laboratory. 

Mean (±SD) Age at surgery (days): 

Male: 62.6 ± 5.17  

Female: 49 ± 8.09 

Mean (±SD) Weight at surgery (g): 

Male: 23.18 ± 1.19  

Female: 17.18 ± 1.39 
 

 

 

 
  

http://mouse.brain-map.org/experiment/show/79556738
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Technical 

Breeding Considerations: Breeding pairs were comprised of crossing a heterozygous Pvalb-IRES-Cre mouse 

to either a heterozygous or homozygous Ai162(TIT2L-GCaMP6s-ICL-tTA2) mouse. Parvalbumin is expressed 

in male germline and is a knock-in allele. 

General observations: Out of 21 pipeline mice, four had to be re-weighed to meet eligible surgical weight (18.3g 

Male and 15g Female) criteria at p32.  

 

Other Characterization 

 

Intrinsic signal imaging. Intrinsic signal imaging provides a map of 

retinotopic space that may identify abnormalities in the visual 

pathway. Based on n=6,  higher visual areas (HVA) being used for 

imaging for the Allen Brain Observatory were all present and largely 

targetable based on ability to identify the appropriate retinotopic 

location. Example images of ISI-based functional area maps from 

two Pvalb-IRES-Cre; Ai162 mice are shown. 

 

 

Screening for interictal events. Labelling in inhibitory lines was too sparse to assess with confidence the 

presence of interictal events through calcium imaging. Therefore we did not exclude animals based on 

properties of calcium events. 

 

  



TECHNICAL WHITE PAPER  

OCTOBER 2018 v.4 alleninstitute.org 

Allen Brain Observatory: Transgenic Characterization brain-map.org 

page 14 of 32 

Rbp4-Cre_KL100; Camk2a-tTA; Ai93 (TITL-GCaMP6f) 
 

Overview 

Rbp4-Cre_KL100;CaMK2a-tTA;Ai93 mice have a Cre/Tet-dependent, fluorescent calcium indicator GCaMP6f, 
as well as a transgene directing tetracycline-controlled transactivator protein (tTA) expression in forebrain 
excitatory neurons.  Further specificity is achieved by the Rbp4 promotor that results in Cre-mediated 
expression of GCaMP6f in excitatory neurons in cortical layer 5 as well as dentate gyrus.  

 

Transgene Expression 

 

Native GCaMP6 expression (green) was imaged using 2P tomography from perfused brains (left, full coronal 
plane; middle, visual cortex). An example field-of-view obtained during calcium imaging is also shown (right). 

 

 

 

Native gene expression: 
in situ hybridization of Rbp4 (NCBI Accession: NM_011255.1) in C57BL/6J 

 http://mouse.brain-map.org/experiment/show/71016583  

in situ hybridization of Camk2a (NCBI Accession: NM_009792.3) in C57BL/6J 
http://mouse.brain-map.org/experiment/show/79490122  
 

 

Growth and Development 

Mouse weights from this transgenic line collected just prior to surgery (p37-p63) compared to standard 
C57BL/6J growth curves obtained from Jackson Laboratory. 
 
Mean (±SD) Age at surgery (days): 

Male: 50.17 ± 7.33 
Female: 48.48 ± 8.16 

Mean (±SD) Weight at surgery (g): 
Male: 21.54 ± 1.92 
Female: 17.12 ± 1.67 

 

 
  

http://mouse.brain-map.org/experiment/show/71016583
http://mouse.brain-map.org/experiment/show/79490122
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Technical 

Breeding Considerations: Breeding sets (pairs and trios) included heterozygotes of Rbp4-Cre_KL100 and 
Camk2a-tTA with no gross abnormalities reported in offspring. Crosses generating homozygous CRE were 
avoided due to low survivability past p40 and reported eye issues of anophthalmia and microphthalmia. Crosses 
producing homozygous tTA animals were avoided due to tTA toxicity causing prenatal lethality. Rbp4-
Cre_KL100 is endogenous and expresses in the germline. Therefore, germline deletion of the Ai93(TITL-
GCaMP6f) LoxP-STOP-LoxP cassette is possible when crossing a Rbp4-Cre_KL100;Ai93(TITL-GCaMPGf) 
mouse with a mouse heterozygous for Camk2a-tTA. To avoid germline deletion of the stop cassette, breeding 
sets (pairs and trios) were comprised of either a heterozygous  Rbp4-Cre_KL100 mouse crossed with a 
heterozygous Camk2a-tTA;homozygous Ai93(TITL-GCaMP6f) mouse or a heterozygous Rbp4-
Cre_KL100;heterozygous Camk2a-tTA mouse crossed with a homozygous Ai93(TITL-GCaMP6f) mouse.   

General observations:  A small fraction (7.2%) of Rbp4-Cre;CaMK2a-tTA;Ai93 mice exhibited a tremulous  
phenotype and were therefore excluded from the experimental pipeline. 24.5% of 61 mice needed to be re-
weighed to meet eligible surgical weight (18.3g Male and 15g Female) criteria at p32. One mouse was excluded 
due to insufficient weight. 3% of mice exhibited eye anomalies and were thus excluded.  

 

Other Characterization 

 

Intrinsic signal imaging. Intrinsic signal imaging provides a map of 

retinotopic space that may identify abnormalities in the visual 

pathway. Based on n=24,  higher visual areas (HVA) being used for 

imaging for the Allen Brain Observatory were all present and largely 

targetable based on ability to identify the appropriate retinotopic 

location. Example images of ISI-based functional area maps from 

two Rbp4-Cre_KL100;CaMK2a-tTA;Ai93 mice are shown. 

 

Screening for interictal events. Representative animals from each line were screened for abnormal calcium 

activity such as epileptiform interictal events that may be a consequence of GCaMP6 expression (see Visual 

Coding Overview). The quantification of full FOV calcium events amplitude and width (top) and prominence and 

width of all detected calcium events in a 5 min recording session (bottom; shows ΔF/F traces for the entire field 

of view) using two photon calcium imaging in 3 animals. Interictal events are typically large and short events 

that showcase whole field large fluctuation (>10 % ΔF/F) in calcium associated with very short transients (<300 

ms prominence). No interictal events were observed. 

 

Summary 

A small subset of animals display tremulous phenotype. 
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Rorb-IRES2-Cre; Camk2a-tTA; Ai93 (TITL-GCaMP6f) 
 

Overview 

Rorb-IRES2-Cre;CaMK2a-tTA;Ai93 mice have a Cre/Tet-dependent,  fluorescent calcium indicator GCaMP6f, 
as well as a transgene directing tetracycline-controlled transactivator protein (tTA) expression in forebrain 
excitatory neurons.  Further specificity is achieved by the Rorb promotor, which results in Cre-mediated 
expression of GCaMP6f in excitatory neurons in cortical layer 4 (dense patches) and layers 5,6 (sparse) as 
well as in superior colliculus and thalamus.  
 

Transgene Expression 

 

Native GCaMP6 expression (green) was imaged using 2P tomography from perfused brains (left, full coronal 
plane; middle, visual cortex). An example field-of-view obtained during calcium imaging is also shown (right). 

 
 

Native gene expression:  
in situ hybridization of Rorb (NCBI Accession: N M_146095.1) in C57BL/6J 

 http://mouse.brain-map.org/experiment/show/79556597  
 
in situ hybridization of Camk2a (NCBI Accession: NM_009792.3) in C57BL/6J 
http://mouse.brain-map.org/experiment/show/79490122  

  
Growth and Development 
Mouse weights from this transgenic line collected just prior to surgery (p37-p63) compared to standard 
C57BL/6J growth curves obtained from Jackson Laboratory. 

 

Mean (±SD) Age at surgery (days): 
Male: 49.59 ± 6.42 
Female: 49.90 ± 7.85 

 
 
Mean (±SD) Weight at surgery (g):  

Male: 21.14 ± 2.25 
Female: 17.15 ± 1.26 

 
  

http://mouse.brain-map.org/experiment/show/79556597
http://mouse.brain-map.org/experiment/show/79490122
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Technical 

Breeding Considerations: Originally both Rorb-IRES2-Cre heterozygotes and homozygotes were used for 
breeding. Although the desirable genotype for experimental animals was heterozygosity for all three 
transgenes, in some instances animals homozygous for GCaMP6f were included. Animals found to be 
homozygous for Cre were eliminated from the pipeline as these animals exhibited an unusual locomotor 
phenotype of "high stepping". The breeding scheme was changed to only generate heterozygous Cre 
animals. Crosses generating homozygous tTA animals were avoided due to tTA toxicity causing prenatal 
lethality. Germline deletion of the Ai93(TITL-GCaMP6f) LoxP-STOP-LoxP cassette is possible when crossing 
a Rorb-IRES2-Cre;Ai93(TITL-GCaMPGf) mouse with a mouse heterozygous for Camk2a-tTA. To avoid 
germline deletion of the stop cassette, breeding sets (pairs and trios) were comprised of either a 
heterozygous Rorb-IRES2-Cre mouse crossed with a heterozygous Camk2a-tTA;homozygous Ai93(TITL-
GCaMP6f) mouse or a heterozygous Rorb-IRES2-Cre;heterozygousCamk2a-tTA mouse crossed with a 
homozygous Ai93(TITL-GCaMP6f) mouse. Rorb-IRES2-Cre is a knock-in allele at the stop codon of the Rorb 
gene.  

General observations:  2.96 % of 148 mice needed to be re-weighed to meet eligible surgical weight (18.3g 
Male and 15g Female) criteria at p32.  Mice homozygous for Rorb-IRES2-Cre exhibited “high stepping”.  No 
abnormal phenotypes were observed for heterozygous mice. 

Other Characterization 

 

Intrinsic signal imaging. Intrinsic signal imaging provides a map of 

retinotopic space that may identify abnormalities in the visual 

pathway. Based on n=25,  higher visual areas (HVA) being used for 

imaging for the Allen Brain Observatory were all present and largely 

targetable based on ability to identify the appropriate retinotopic 

location. Example images of ISI-based functional area maps from 

two Rorb-IRES2-Cre;CaMK2a-tTA;Ai93 mice are shown. 

 

Screening for interictal events. Representative animals from each 

line were screened for abnormal calcium activity such as epileptiform interictal events that may be a 

consequence of GCaMP6 expression (see Visual Coding Overview). The quantification of full FOV calcium 

events amplitude and width (top) and prominence and width of all detected calcium events in a 5 min recording 

session (bottom; shows  ΔF/F traces for the entire field of view) using two photon calcium imaging in 3 animals. 

Interictal events are typically large and short events that showcase whole field large fluctuation (>10 % ΔF/F) 

in calcium associated with very short transients (<300 ms prominence). Interictal events were observed in 

experimental animals (2.2 % frequency). Data from these animals were excluded. 

 

Summary 

Homozygous Cre animals for this line exhibit “high stepping”. Heterozygous Cre animals were used for breeding 

and experiment al data collection.  
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Scnn1a-Tg3-Cre; Camk2a-tTA; Ai93 (TITL-GCaMP6f) 
 

Overview 

Scnn1a-Tg3-Cre;Camk2a-tTA; Ai93(TITL-GCaMP6f) mice have a Cre/Tet-dependent, fluorescent calcium 
indicator GCaMP6f, and a transgene directing tetracycline-controlled transactivator protein (tTA) expression in 
forebrain excitatory neurons. The Scnn1a promoter confers further specificity, resulting in mice that exhibit 
GCaMP6f in excitatory neurons in cortical layer 4 and in restricted populations within the cortex, thalamus, and 
in cerebellum.  
 

Transgene Expression 

 

Native GCaMP6 expression (green) was imaged using 2P tomography from perfused brains (left, full coronal 
plane; middle, visual cortex). An example field-of-view obtained during calcium imaging is also shown (right). 

 

 

Native gene expression:  
in situ hybridization of Scnn1a (NCBI Accession: NM_011324.1) in C57BL/6J; a 
subset of Scnn1a-positive neurons are represented in Tg3 strain.  

 http://mouse.brain-map.org/experiment/show/70562125  
 
in situ hybridization of Camk2a (NCBI Accession: NM_009792.3) in C57BL/6J 
http://mouse.brain-map.org/experiment/show/79490122  

 
Growth and Development 

Mouse weights from this transgenic line collected just prior to surgery (p37-p63) compared to standard 

C57BL/6J growth curves obtained from Jackson Laboratory. 

 

Mean (±SD) Age at surgery (days):  

Male: 49.87 ± 10.2  

Female: 48.16 ± 3.60 

Mean (±SD) Weight at surgery (g):  

Male: 21.77 ± 2.96  

Female: 17.83 ± 1.67 

 
  

http://mouse.brain-map.org/experiment/show/70562125
http://mouse.brain-map.org/experiment/show/79490122
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Technical 

Breeding Considerations: Breeding sets (pairs and trios) were comprised of two breeding schemes. The first 

was crossing a heterozygous Scnn1a-Tg3-Cre mouse to a Camk2a-tTA;Ai93(TITL-GCaMP6f) mouse that was 

heterozygous for tTA and either heterozygous or homozygous for GCaMP6f. The second scheme was crossing 

a heterozygous Scnn1a-Tg3-Cre; heterozygous Camk2a-tTA mouse crossed with a homozygous Ai93(TITL-

GCaMP6f) mouse.  In some cases, a heterozygous GCaMP6f mouse was used when homozygous GCaMP6f 

mice were unavailable. Crosses generating homozygous Cre and/or tTA were avoided as homozygous Cre 

and/or tTA causes undesirable phenotypes and/or prenatal lethality. To avoid germline deletion of the stop 

cassette, the breeding scheme avoided crossing a mouse consisting of Cre and GCaMP6f (Cre-dependent 

reporter) to a tTA mouse. This scheme could have resulted in the deletion of the LoxP-STOP-LoxP cassette 

causing expression in all cells specific and not specific to Cre. Scnn1a-Tg3-Cre is an endogenous bacterial 

artificial chromosome (BAC) transgene. 

General observations: 25 of 85 mice (29.4%) needed to be re-weighed to meet eligible surgical weight (18.3g 
Male and 15g Female) criteria at p32. Fourteen mice were excluded due to insufficient surgical weight.  

 

Other Characterization 

 

Intrinsic signal imaging. Intrinsic signal imaging provides a map of 

retinotopic space that may identify abnormalities in the visual 

pathway. Based on n=7,  higher visual areas (HVA) being used for 

imaging for the Allen Brain Observatory were all present and largely 

targetable based on ability to identify the appropriate retinotopic 

location. Example images of ISI-based functional area maps from 

two Scnn1a-Tg3-Cre;Camk2a-tTA;Ai93 mice are shown. 

 

Screening for interictal events. Representative animals from each line were screened for abnormal calcium 

activity such as epileptiform interictal events that may be a consequence of GCaMP6 expression (see Visual 

Coding Overview). The quantification of full FOV calcium events amplitude and width (top) and prominence and 

width of all detected calcium events in a 5 min recording session (bottom; shows  ΔF/F traces for the entire field 

of view) using two photon calcium imaging in 3 animals. Interictal events are typically large and short events 

that showcase whole field large fluctuation (>10 % ΔF/F) in calcium associated with very short transients (<300 

ms prominence). No interictal events were observed. 
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Slc17a7-IRES2-Cre; Camk2-tTa; Ai93 (TITL-GCaMP6f) 
 

Overview 

Slc17a7-IRES2-Cre; Camk2a-tTA; Ai93 (TITL-GCaMP6f) transgenic mice express a Cre/Tet-dependent, 
fluorescent calcium indicator GCaMP6f, as well as a transgene directing tetracycline-controlled transactivator 
protein (tTA) expression in forebrain excitatory neurons under control of the Camk2a promoter. Further 
specificity is achieved by the Slc17a7 promoter, resulting in mice expressing GCaMP6f in excitatory neurons 
across all cortical layers.  

Transgene Expression 

 

Native GCaMP6 expression (green) was imaged using 2P tomography from perfused brains (left, full coronal 
plane; middle, visual cortex). An example field-of-view obtained during calcium imaging is also shown (right). 

 

 

Native gene expression: 
in situ hybridization of Slc17a7 (NCBI Accession: x) in C57BL/6J 

 http://mouse.brain-map.org/experiment/show/70436317 

in situ hybridization of Camk2a (NCBI Accession: NM_009792.3) in C57BL/6J 
http://mouse.brain-map.org/experiment/show/79490122  

 
Growth and Development 

Mouse weights from this transgenic line collected just prior to surgery (p37-p63) compared to standard 

C57BL/6J growth curves obtained from Jackson Laboratory. 

Mean (±SD) Age at surgery (days): 
Male: 50.76 ± 10.4 
Female: 52.37 ± 6.63 

 

Mean (±SD) Weight at surgery (g): 
Male: 21.99 ± 1.72 
Female: 18.61 ± 1.35 

 

  

http://mouse.brain-map.org/experiment/show/70436317
http://mouse.brain-map.org/experiment/show/79490122
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Technical 

Breeding Considerations: Breeding sets (pairs and trios) were comprised of crossing a heterozygous Slc17a7-

IRES2-Cre mouse to a Camk2a-tTA;Ai93(TITL-GCaMP6f) mouse that is heterozygous for tTA and homozygous 

for GCaMP6f. Crosses generating homozygous tTA were avoided as tTA toxicity causes embryonic lethality. 

Slc17a7-IRES2-Cre (Vglut1-IRES2-Cre-D) is a knock-in allele at the stop codon of the Slc17a7 gene and 

expresses in the mouse germline. Therefore, the breeding scheme should avoid crossing a mouse consisting 

of Cre and GCaMP6f (Cre-dependent reporter) to a tTA mouse. This scheme would result in the deletion of the 

LoxP-STOP-LoxP cassette causing expression in all cells specific and not specific to Cre. 

General observations: 26.67% of 147 mice needed to be re-weighed to meet eligible surgical weight (18.3g 

Male and 15g Female) criteria at p32.  2% of the mice were excluded from experiments due to eye anomalies.  

 

Other Characterization 

 

Intrinsic signal imaging. Intrinsic signal imaging provides a map of 

retinotopic space that may identify abnormalities in the visual 

pathway. Based on n=27,  higher visual areas (HVA) being used for 

imaging for the Allen Brain Observatory were all present and largely 

targetable based on ability to identify the appropriate retinotopic 

location. Example images of ISI-based functional area maps from 

two Slc17a7-IRES2-Cre;Camk2a-tTA;Ai93 mice are shown. 

 

Screening for interictal events. Representative animals from each line were screened for abnormal calcium 

activity such as epileptiform interictal events that may be a consequence of GCaMP6 expression (see Visual 

Coding Overview). The quantification of full FOV calcium events amplitude and width (top) and prominence and 

width of all detected calcium events in a 5 min recording session (bottom; shows  ΔF/F traces for the entire field 

of view) using two photon calcium imaging in 3 animals. Interictal events are typically large and short events 

that showcase whole field large fluctuation (>10 % ΔF/F) in calcium associated with very short transients (<300 

ms prominence). Interictal events were observed in pipeline animals (8.3 % of animals, example in panel 

A below). Data from these animals was excluded. 
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Slc17a7-IRES2-Cre; Camk2a-tTa; Ai94 (TITL-GCaMP6s) 
 

Overview 

Slc17a7-IRES2-Cre; Camk2a-tTA; Ai94(TITL-GCaMP6s) transgenic mice express a Cre/Tet-dependent, 
fluorescent calcium indicator GCaMP6s, as well as a transgene directing tetracycline-controlled transactivator 
protein (tTA) expression in forebrain excitatory neurons. Further specificity is achieved by the Slc17a7 promoter, 
resulting in mice that express GCaMP6s in excitatory neurons across all layers of cortex.  

Transgene Expression 

 

Native GCaMP6 expression (green) was imaged using 2P tomography from perfused brains (left, full coronal 
plane; middle, visual cortex). An example field-of-view obtained during calcium imaging is also shown (right). 
 

 

 

Native gene expression: 
in situ hybridization of Slc17a7 (NCBI Accession: x) in C57BL/6J 

 http://mouse.brain-map.org/experiment/show/70436317 

in situ hybridization of Camk2a (NCBI Accession: NM_009792.3) in C57BL/6J 
http://mouse.brain-map.org/experiment/show/79490122  

 

Growth and Development 

Mouse weights from this transgenic line collected just prior to surgery (p37-p63) compared to standard 

C57BL/6J growth curves obtained from Jackson Laboratory. 

Mean (±SD) Age at surgery (days):  

Male: 47 ± 6.48  

Female: 48 ± 8.48 

Mean (±SD) Weight at surgery (g):  

Male: 21.57 ± 1.02  

Female: 19.2 ± 1.13 

 

  

http://mouse.brain-map.org/experiment/show/70436317
http://mouse.brain-map.org/experiment/show/79490122
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Technical 

Breeding Considerations: Breeding sets (pairs and trios) were comprised of crossing a heterozygous Slc17a7-

IRES2-Cre mouse to a Camk2a-tTA;Ai94(TITL-GCaMP6s) mouse that is heterozygous for tTA and 

homozygous for GCaMP6f. Crosses generating homozygous tTA were avoided as tTA toxicity causes 

embryonic lethality. Slc17a7-IRES2-Cre (Vglut1-IRES2-Cre-D) is a knock-in allele at the stop codon of the 

Slc17a7 gene and expresses in the mouse germline. Therefore, the breeding scheme should avoid crossing a 

mouse consisting of Cre and GCaMP6s (Cre-dependent reporter) to a tTA mouse. This scheme would result in 

the deletion of the LoxP-STOP-LoxP cassette causing expression in all independent of Cre expression. 

General observations: 21.4% of 14 mice needed to be re-weighed to meet eligible surgical weight (18.3g Male 

and 15g Female) criteria at p32.  

 

Other Characterization 

 

Intrinsic signal imaging. Intrinsic signal imaging provides a map of 

retinotopic space that may identify abnormalities in the visual 

pathway. Based on n=4,  higher visual areas (HVA) being used for 

imaging in the Allen Brain Observatory were all present and largely 

targetable based on ability to identify the appropriate retinotopic 

location. Example images of ISI-based functional area maps from 

two Slc17a7-IRES2-Cre;Camk2a-tTA;Ai94 mice are shown. 

 

Screening for interictal events. Based on experiments and simulation of calcium response profile of GcaMP6s, 

we could not distinguish normal spontaneous activity from abnormal interictal events for the slow GCaMP6. We 

therefore did not exclude animals based on calcium event properties.  
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Sst-IRES-Cre; Ai148 (TIT2L-GCaMP6f-ICL-tTA2) 
 

Overview 

Sst-IRES-CRE; Ai148 (TIT2L-GCaMP6f-ICL-tTA2)  transgenic mice express GCaMP6f in cells expressing Cre 
under control of the Sst promoter, resulting in GCaMP6f expression in scattered cells throughout the brain. 
Localized areas of enrichment include restricted populations in thalamus, amygdala, midbrain, hindbrain, 
cortical subplate, and Purkinje cell layer.  

Transgene Expression 

 

Native GCaMP6 expression (green) was imaged using 2P tomography from perfused brains (left, full coronal 
plane; middle, visual cortex). An example field-of-view obtained during calcium imaging is also shown (right). 
 

 
 

 

Native gene expression: 
in situ hybridization of Sst (NCBI Accession: x) in C57BL/6J 

 http://mouse.brain-map.org/experiment/show/1001 

 

Growth and Development 

Mouse weights from this transgenic line collected just prior to surgery (p37-p63) compared to standard 

C57BL/6J growth curves obtained from Jackson Laboratory. 

Mean (±SD) Age at surgery (days):  
Male: 52.48 ± 6.40  
Female: 51.86 ± 8.14 

 
Mean (±SD) Weight at surgery (g):  

Male: 20.85 ± 1.80   
Female: 16.66 ± 1.50 

 

 

  

http://mouse.brain-map.org/experiment/show/1001
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Technical 

Breeding Considerations: Sst-IRES-Cre is a knock-in allele. Breeding sets (pairs and trios) consisted of crossing 

a heterozygous Sst-IRES-Cre mouse to either a heterozygous or homozygous Ai148(TIT2L-GCaMP6f-ICL-

tTA2). 

General observations: 27 of 96 mice needed to be re-weighed to meet eligible surgical weight (18.3g Male and 

15g Female) criteria at p32; however no mice were excluded due to insufficient weight. Dermatitis appeared in 

some animals around p100 or earlier in the following pattern: on the back of neck, under chin and at base of 

and/or on tail. 15.63% of mice developed either or both dermatitis and rectal prolapse and were excluded. 4% 

of the mice were excluded due to eye anomalies. These health observations should be considered in the 

breeding strategy of this line.  

 

Other Characterization 

 

Intrinsic signal imaging. Intrinsic signal imaging provides a map of 

retinotopic space that may identify abnormalities in the visual 

pathway. Based on n=34,  higher visual areas (HVA) being used for 

imaging for the Allen Brain Observatory were all present and largely 

targetable based on ability to identify the appropriate retinotopic 

location. Example images of ISI-based functional area maps from 

two Sst-IRES-CRE;Ai148 mice are shown. 

 

Screening for interictal events. Labelling in inhibitory lines was too sparse to assess with confidence the 

presence of interictal events through calcium imaging. We therefore did not exclude animals based on calcium 

events properties.  

 

 
Summary 

This line is prone to dermatitis and rectal prolapse; animals require careful monitoring for these health issues.  
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Tlx3-Cre_PL56; Ai148 (TIT2L-GCaMP6f-ICL-tTA2) 
 

Overview 

Tlx3-Cre_PL56; Ai148 (TIT2L-GCaMP6f-ICL-tTA2) transgenic mice express GCaMP6f in cells expressing Cre 
under control of the Tlx3 promoter, resulting in GCaMP6f expression in scattered cells throughout the brain. 
GCaMP6f expression is enriched in layer 5a of cortex and in restricted populations of pons and medulla.  

Transgene Expression 

Native GCaMP6 expression (green) was imaged using 2P tomography from perfused brains (left, full coronal 
plane; middle, visual cortex). An example field-of-view obtained during calcium imaging is also shown (right). 
 

 
 

 

 

Native gene expression: 
in situ hybridization of Tlx3 (NCBI Accession: x) in C57BL/6J 

http://mouse.brain-map.org/experiment/show/71609033 

 

 

Growth and Development 

Mouse weights from this transgenic line collected just prior to surgery (p37-p63) compared to standard 

C57BL/6J growth curves obtained from the Jackson Laboratory. 

Mean (±SD) Age at surgery (days):  

Male: 48.67 ± 7.4  

Female: 45 

 

Mean (±SD) Weight at surgery (g):  

Male: 22.44 ± 2.14   

Female: 15.7 

 

  

http://mouse.brain-map.org/experiment/show/71609033
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Technical 

Breeding Considerations: Tlx3-Cre_PL56 is a Bacterial Artificial Chromosome (BAC) transgene and is 

expressed in the female germline. Breeding sets included (pairs and trios) of crossing a heterozygous Tlx3-

Cre_PL56 mouse to either a heterozygous or homozygous Ai148 (TIT2L-GCaMP6f-ICL-tTA2) mouse. 

General observations:  20% of 49 mice needed to be re-weighed to meet the eligible surgical weight (18.3g 

Male and 15g Female) criteria at p32. No mice were excluded due to insufficient weight. Three mice were 

excluded due to microphthalmia, malocclusion, and hydrocephalus. 

 

Other Characterization 

 

Intrinsic signal imaging. Intrinsic signal imaging provides a map of 

retinotopic space that may identify abnormalities in the visual 

pathway. Based on n=10, higher visual areas (HVA) being used for 

imaging for the Allen Brain Observatory were all present and largely 

targetable based on ability to identify the appropriate retinotopic 

location. Example images of ISI-based functional area maps from 

two Tlx3-Cre_PL56; Ai148 mice are shown. 

 

Screening for interictal events. Representative animals from each line were screened for abnormal calcium 

activity such as epileptiform interictal events that may be a consequence of GCaMP6 expression (see Visual 

Coding Overview). The quantification of full FOV calcium events amplitude and width (top) and prominence and 

width of all detected calcium events in a 5 min recording session (bottom; shows  ΔF/F traces for the entire field 

of view) using two photon calcium imaging in 3 animals. Interictal events are typically large and short events 

that showcase whole field large fluctuation (>10 % ΔF/F) in calcium associated with very short transients (<300 

ms prominence).  No evidence of interictal events were observed.  
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VIP-IRES-Cre; Ai148 (TIT2L-GCaMP6f-ICL-tTA2) 
 

Overview 

Vip-IRES-Cre; Ai148 (TIT2L-GCaMP6f-ICL-tTA2) transgenic mice express GCaMP6f in cells expressing Cre 
under control of the Vip promoter, resulting in GCaMP6f expression in scattered cells throughout the brain. 
GCaMP6f is expressed in scattered cells throughout the brain, with enriched expression in superficial cortical 
layers and restricted populations in hindbrain and midbrain.  

Transgene Expression 

 

Native GCaMP6 expression (green) was imaged using 2P tomography from perfused brains (left, full coronal 
plane; middle, visual cortex). An example field-of-view obtained during calcium imaging is also shown (right). 
 

 

 

Native gene expression: 
in situ hybridization of Vip (NCBI Accession: x) in C57BL/6J 

 http://mouse.brain-map.org/experiment/show/77371835 

 

Growth and Development 

Mouse weights from this transgenic line collected just prior to surgery (p37-p63) compared to standard 

C57BL/6J growth curves obtained from Jackson Laboratory. 

Mean (±SD) Age at surgery (days):  

Male: 47.16 ± 6.43  

Female: 52.88 ± 7.93 

 

Mean (±SD) Weight at surgery (g):  

Male: 21.71 ± 1.76   

Female: 17.1 ± 1.20 

 

  

http://mouse.brain-map.org/experiment/show/77371835
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Technical 

Breeding Considerations: Vip-IRES-Cre is a bacterial artificial chromosome (BAC) transgene. Breeding sets 

(pairs and trios) consisted of crossing a heterozygous Vip-IRES-Cre mouse to either a heterozygous or 

homozygous Ai148(TIT2L-GCaMP6f-ICL-tTA2). 

General observations: 33 of 85 mice needed to be re-weighed to meet eligible surgical weight (18.3g Male and 

15g Female) criteria at p32. One mouse was excluded due to insufficient weight (surgical age cut-off: P63). 

Seven mice were excluded due to eye anomalies (microphthalmia, anophthalmia and/or cloudy eyes).   

 

Other Characterization 

 

Intrinsic signal imaging. Intrinsic signal imaging provides a map of 

retinotopic space that may identify abnormalities in the visual 

pathway. Based on n=25, higher visual areas (HVA) being used for 

imaging for the Allen Brain Observatory were all present and largely 

targetable based on ability to identify the appropriate retinotopic 

location. Example images of ISI-based functional area maps from two 

Vip-IRES-Cre; Ai148 mice are shown. 

 

  

Screening for interictal events. Labelling in inhibitory lines was too sparse to assess with confidence the 

presence of interictal events through calcium imaging. We therefore did not exclude animals based on calcium 

events properties.  
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