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Spine Intensity Analysis

Time-Series Annotations

Map Manager is implemented in Igor Pro 6/7 (Wavemetrics) 
and runs on Microsoft Windows and macOS. ImageJ/Fiji1 
macros are provided to convert raw 3D image volumes 
(1-3 color channels) to Tiff for import, including: Zeiss, 
Nikon, Olympus, Bruker, and ScanImage. For spine 
scoring, dendritic segment are traced in ImageJ/Fiji with a 
modified version of Simple Neurite Tracer2. All files are 
saved as text to allow easy import into other programs to 
implement new and customized analysis.
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Future Directions
- Browser based editing (server can be run locally and/or remotely)

- Upload datasets to server for publishing and sharing

- PyMapManager Python package

Searching

Output Reports

Key Features 
- Graphical user interface 
- Curate annotations to approach 100% accuracy 
- Annotation have tags including notes and user types 
- Flexible annotation searching and plotting 
- All image stacks, annotation lists and plots are linked 
- Semi-automatically connect corresponding 
      annotations between time-points 
- Export annotations with text reports for 
      customized analysis

Stack Browser

Annotation List

Derive New Analysis

Work Flow
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Manuscript Layer/
Type

Maps Time-points Segments Annotations % 
Match1 Roth RH (Huganir Lab) II/III 148 1759 370 204,196 77.1

2 Tan H (Huganir Lab) II/III, V 170 1182 489 171,188
3 Lopez Ortega E (Huganir Lab) II/III 47 454 41 21,885
4 Ye Z (Linden Lab) V 71 471 275 21,413 90

Fixed Tissue 512 631 16,438
5 Brill J (Linden Lab) V 16 173 45 18,849 86.8
6 Agarwal A (Bergles Lab) Cell 

bodies
8 111 n/a 9,925 98.7

Totals 460 4662 1851 463,894
Average Match 88.15%
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A R T I C L E S

we mapped individual barrel columns using optical intrinsic signal 
imaging (Fig. 1a,b) and acquired in vivo two-photon images of apical 
dendrites from layer 2/3 neurons both within and outside the mapped 
barrel columns in anesthetized animals10–12. Transfected neurons 
had high expression of SEP-GluA1 in synaptic spines throughout the 
dendritic arbor, with relatively lower expression in dendritic shafts 
(Fig. 1c and Supplementary Videos 1 and 2). The basal expression 
of SEP-GluA1 in spines in vivo had a wide distribution and was cor-
related with spine size (Fig. 1d), consistent with previous findings 
that the number of postsynaptic AMPARs is strongly correlated with 
spine size13,14 and most likely is a determinant of synaptic strength15. 
Interestingly, we observed dramatic differences in SEP-GluA1 expres-
sion in spines within a few micrometers of each other along the same 
dendrite (Fig. 1c). In extreme cases, some spines expressed high levels 
of SEP-GluA1 while neighboring spines had barely detectable levels.

To determine the basal stability of the SEP-GluA1 distribution 
over time, we imaged neurons repeatedly in the absence of sensory 
manipulation. We were able to detect stable expression of both dsRed2 
and SEP-GluA1 in individual spines in the cortex for over 1 month, 
and the relative expression of SEP-GluA1 at specific synapses was 
also maintained over this period (Fig. 2a). Because AMPARs have a 
metabolic half-life of 30–40 h16, the AMPARs imaged at 1 month were 

not the same proteins as those observed at the beginning of the imag-
ing period. This indicates that GluA1 is targeted to specific spines on 
a dendrite and that there is an inherent mechanism to maintain the 
relative amount of surface AMPARs along dendrites throughout many 
rounds of receptor turnover.

Acute whisker stimulation leads to an increase in spine and 
shaft sGluA1 intensity
To examine whether acute sensory stimulation regulates AMPAR traf-
ficking in the mouse barrel cortex, we deflected a single whisker at  
10 Hz for 1 h and took images of the barrel column corresponding to 
the deflected whisker immediately before whisker stimulation and at 
1, 2 and 3 h after whisker stimulation (Fig. 2b). Control animals were 
imaged at the same time points with no whisker stimulation. Studies 
in brain slices have shown that chronic sensory experience can drive 
GluA1 into synapses between layer 4 and layer 2/3 neurons through 
an LTP-like process7,17,18. We monitored surface AMPAR dynam-
ics in vivo and found that acute whisker stimulation led to an ~30% 
average increase in spine sGluA1 intensity in preexisting spines on 
dendrites in the stimulated barrel (Figs. 2 and 3 and Supplementary 
Fig. 3). In contrast, we did not observe a significant change in average 
spine sGluA1 intensity on dendrites of distant unstimulated barrels 
or in control (unstimulated) animals (Fig. 3e). This increase in spine 
sGluA1 intensity following whisker stimulation was rapid, occurring 
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Figure 1 Expression of SEP-GluA1 in layer 2/3 barrel cortex neurons  
in vivo. (a) Time line of experimental design. OIS, optical intrinsic signal 
imaging; 2-P, two-photon. E and P denote embryonic and postnatal  
age, respectively, in days. (b) OIS. Cortical surface blood vessels can  
be imaged with green light (leftmost two panels). 10-Hz deflection of  
the D1 (third panel from left) or B1 (rightmost panel) whisker evokes  
a localized change in reflected red light resulting from the coupling of  
blood flow to neural activity. Inset in second panel from left denotes  
medial-lateral and anterior-posterior orientation. (c) Representative 
images showing expression of dsRed2 (purple) and SEP-GluA1 (green). 
Note the different SEP-GluA1 levels in neighboring spines (arrowheads). 
(d) Histogram of spine sGluA1 intensity before whisker stimulation at 
hour 0 (left). Correlation between spine sGluA1 intensity and spine size 
before whisker stimulation at hour 0 (right). r, Pearson’s linear correlation 
coefficient. P value is from Monte Carlo shuffling. a.u., arbitrary units.
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Figure 2 Acute whisker stimulation led to an increase in spine sGluA1 
intensity in vivo in apical dendrites of layer 2/3 neurons in the barrel  
cortex. (a) Long-term stable expression of SEP-GluA1 (green) and dsRed2 
(purple). Arrows and arrowheads in top and bottom rows mark the  
same spines imaged in different sessions. Day 1 marks the day of the  
first imaging session. (b) Representative time-lapse in vivo two-photon 
images of layer 2/3 pyramidal cell apical tuft dendrites taken with no 
whisker stimulation (Control) or before (Stimulated, 0 h) and after  
1-h-long acute whisker stimulation (Stimulated; 1, 2 and 3 h). 
Arrowheads mark spines, and arrows mark dendritic shafts (overlap  
of SEP-GluA1 and dsRed2 shown in white). Images are single-plane 
median-filtered images that were upscaled and contrast enhanced.

Neuroscience research is increasingly dependent on 3D 
imaging with continual advances in microscopy producing 
progressively larger datasets. A major bottleneck in the 
analysis of 3D image data is its segmentation into discrete 3D 
annotations. This bottleneck is particularly problematic for 
time-series datasets acquired with in vivo two-photon 
microscopy. Map Manager is powerful and easy to use 
software to manually annotate, analyze, and curate 3D image 
time-series annotations. Once a database of annotations is 
created, Map Manager provides a rich set of curation tools 
including searching, plotting, and report generation. A key 
benefit of Map Manager is that large datasets can be 
managed with a focus on quality-control of annotations.
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Linked Interface 
Selecting an annotation in 
one view propagates to all 

other views

Annotation Map Segment Plot

Ye Z (Linden Lab)
Agarwal A


(Bergles Lab)

Zhang Y, Cudmore RH, et al (2015)
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% Load a map 
myMap = mmMap(mapPath='exampleMaps/myExampleMap') 

% Extract annotations 
x = myMap.getMapValues('days', segmentID='All') 
y1 = myMap.getMapValues('bssSum_ch1', segmentID='All') 
y3 = myMap.getMapValues('bssSum_ch3', segmentID='All')  

% Divide channel 1 by channel 3 
myNewStat = y1.val / y3.val 

% Make a Map pool 
for i = 1:numberOfMaps 
mapPath = 'path to current map' 
myMapPool(i) = mmMap(mapPath); 

end 
myStat = 'ubsdSum'; myChannel = 2; 
myPoolStat = doPool(myMapPool, myStat, myChannel)
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Supplementary Figure 3 

Acute whisker stimulation evokes a significant increase in average spine sGluA1 intensity and average shaft sGluA1
intensity, with little effect on average spine size. 

a, Absolute changes in spine structure intensity for control and stimulated animals (0.01 ± 0.005 vs. 0.004 ± 0.005 at hour 1, 0.02 
± 0.006 vs. 0.02 ± 0.006 at hour 2, 0.025 ± 0.007 vs. 0.016 ± 0.007 at hour 3). b, Percent change in spine structure intensity for 
control and stimulated animals with raw data as in Fig. 1c (107.05% ± 1.36% vs. 105.92% ± 1.3% at hour 1, 108.96 ± 1.54% vs. 
111.59% ± 1.5% at hour 2, 112.11% ± 1.68% vs. 110.61% ± 1.81% at hour 3). c, Absolute changes in spine sGluA1 for control 
and stimulated animals ((–0.10 ± 0.04 vs. 0.35 ± 0.05 at hour 1, 0.03 ± 0.05 vs. 0.41 ± 0.05 at hour 2, 0.17 ± 0.06 vs. 0.41 ± 0.05 
at hour 3). d, Percent change in spine sGluA1 intensity for control and stimulated animals with raw data as in Fig. 1e (96.19% ± 
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