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i. Chapter title: Visualizing protein associations in living Arabidopsis embryo. 

ii. Summary: 

Protein–protein interactions (PPI) are essential for a plethora of biological processes. These interactions 

can be visualized and quantified with spatial resolution using Förster resonance energy transfer (FRET) 

measured by Fluorescence Lifetime Imaging Microscopy (FLIM) technology. Currently, FRET-FLIM is 

routinely used in cell biology and it is has become a powerful tool to map protein interactions in native 

environments. However, implementing this technology in living multicellular organism remains 

challenging, especially when dealing with developing plant embryos where tissues are confined in 

multiple cell layers preventing direct imaging. In this chapter, we describe a step by step protocol for 

studying PPI using FRET-FLIM of the two transcription factors SCARECROW and SHORTROOT in 

Arabidopsis embryos. We provide a detailed description from embryo isolation to data analysis and 

representation.  

iii. Keywords: 

FRET-FLIM, protein interactions, embryo, SCR-SHR, Fluorescence lifetime. 

 

  



 
 

1. Introduction 

Development is a complex process where the resulting body consists of different organs having distinct 

tissue types that are built up of specialized cells with different functions within the body. In plants, where 

cells cannot migrate, the final organ architecture relies primarily on cells acquiring proper cell fate 

through a combination of positional information and mobile transcriptional regulators. This molecular 

interplay takes place already after fertilization where proper embryo patterning entirely depends on 

precise cell division [1]. Studying protein-protein interactions (PPI) is fundamental to understand a 

plethora of cellular processes. However, despite the recent advances in single-cell and single-molecule 

techniques [2,3], detecting transient cell-specific PPI is still challenging, particularly in plant embryos. 

Meanwhile, the implementation of imaging techniques like Förster resonance energy transfer (FRET)[4] 

revealed associations within living plants [5-14] and in different developmental contexts [4]. 

In this chapter, we aim to provide a step by step protocol to visualize single-cell PPI in living Arabidopsis 

embryos from collecting material and dissecting embryos to acquiring FLIM data and performing FRET 

analysis as follows: 

1- Embryo dissection and mounting 

2- Live imaging and data acquisition  

3- Data processing and presentation 

4 -Notes/troubleshooting 

As an example, we measure PPI between the developmental regulators SHORT-ROOT (SHR) and 

SCARECROW (SCR) [15-17] in heart-stage embryos. We have previously demonstrated that the cell fate 

determinant SHR associates with its downstream targets SCR and the BIRD protein JACKDAW (JKD) 

[18] to form ternary complexes with cell-type-dependent configuration to activate cell-type-specific target 

gene expression [19]. SHR and SCR have also been shown to physically associate during embryogenesis 

[4]. 
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2. Materials: 

1. Growth chamber 

2. Transgenic plants containing protein pairs of interest fused to suitable fluorophores 

3. Fine tweezers  

4. Fine syringe needle 

5. Double-sided tape 

6. Pap pen 

7. Microscope Slides 

8. Cover glass (25×50 mm, #1.5, 170 μm thickness; see Note 1) 

9. Stereo dissecting microscope (for example, ZEISS Stemi 508) 

10. 5% (w/v) glucose solution 

11. Erhythrosin 

12. Rhodamin110 

13. Sterile miliQ water 

14. Confocal laser microscope equipped with FLIM detectors and a FCS objective, we used the Zeiss 

LSM 780 additionally equipped with a PicoQuant HydraHarp 400: Multichannel Picosecond Event Timer 

& TCSPC (Time-Correlated Single Photon Counting) and a Tau SPAD detector module. A C-

Apochromat 40x/1.2 W Corr M27 lens (cover glass thickness = 140 ~ 190 μm) was used for imaging. 

SymPhoTime 64 software or any FLIM acquisition software 
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3. Methods  

Prior to implementing this approach, one should optimize the conditions for FLIM detection as described 

in Long et al., 2018. In addition, we advise to use samples from the same generation, fluorescence of 

donor-only and/or donor-acceptor pair should be checked in the previous generation, and always have 

wild-type (WT) plants without fluorescent reporter grown in sync with your FRET samples as a control. 

3.1 Establishing plant material 

Plants are grown until flowering, usually 3-5 weeks after germination; during this period, plants must be 

kept healthy (see Note 2). 

Siliques are chosen depending on the developmental stage of interest.  

3.2 Embryo dissection 

Put double-sided tape on a flat surface (such as bottom of petri-dish) and put the siliques onto the tape 

(Figure 1a, see Note 3 and Note 4). Put only one to two siliques at the time to avoid embryo desiccation.  

For better imaging without the obscuring tissues surrounding the embryo within the embryo sac, embryos 

should be taken out from the embryo sac as follow: 

1. With a pap pen, draw a small circle on a microscope slide and add a drop (approximately 

35 µl) of freshly made 5% glucose solution (see Note 5). 

2. Using a fine tweezer, open the valves by either making a line incision next to the replum 

or removing the replum (Figure 1b). 

3. Collect the ovules and put them in the drop of glucose solution on the prepared slide in 

step 1. 

4. Proceed to open the ovules and extract the embryos by making an incision on one side of 

the ovule with a fine needle and pushing from the other side with fine tweezers until the embryo 



 
 

flows out into the solution (Figure 1c-f). Extract at least 50 ovules per slide. Note: Incision should 

be made away from the micropylar end of the embryo sac to prevent damaging the embryo. 

Prepare only one slide of embryos at a time to ensure sample viability (see Note 6). 

5. Once a sufficient amount of embryos has been dissected, gently put a cover glass on top 

and check the embryos using a stereomicroscope or an upright microscope.  

6. Mark the position of the embryos with permanent marker pen on the bottom of the slide 

to facilitate finding them during imaging (see Note 7). 

 

Figure 1: Isolation of embryo from siliques. a, required tools; b, open silique; c and, ovules dissected 
from the silique on a drop of glucose; e, embryo isolation; f, slide containing isolated embryos. 

3.3 Checking Fluorescence intensity 

We advise to acquire a confocal image showing donor expressing embryos as well as co-localization of 

the FRET-pair at the same embryonic stage (example Figure 2 a-d). It is important to check the signal 

intensity before starting the experiment. Make sure that you have homozygous lines. 



 
 

Use the signal-to-noise ratio (SNR) as an indicator for the minimal level of expression required for FLIM 

measurements.  

3.4 Confocal imaging 

Selected embryos are first imaged on the confocal using the Zen software. In this study, we used embryos 

co-expressing pSHR:SYFP2:SHR (YFP-SHR) and pSCR::SCR:mRFP (SCR-mRFP) (donor-acceptor pair), 

YFP-SHR alone (donor-only) and WT embryos with only background fluorescence (Figure 2a-d), all of 

which are critical for the measurements. 

YFP tagged proteins were excited by a 514 nm laser and detected at 520-560 nm with a 458/514 beam 

splitter while red fluorescent proteins were excited at 543 nm and detected at 600–660 nm with  a 

488/543/633 beam splitter. Note: Reduced laser power is desired for imaging to prevent photobleaching 



 
 

prior to FLIM measurements. 

 

Figure 2: Measuring SHR-SCR interaction in embryo using FRET-FLIM. a-d, confocal image showing 
co-localisation of donor (SHR, Yellow) and acceptor (SCR, red) a, is an overlay of transmission, yellow 
and red channels, b, yellow channel, c, red channel, d transmission channel .e, schematic representation of 
a heart stage embryo. Colours represent different cell types. Quiescent center, QC; cortex and endodermis 
initial (CEI); endodermis (EN); vasculature (Vas). f,g; heat maps showing life time images of donor only 
(f) and FRET sample (g). Color bar represents life time YFP fluorescence intensity  (ns); h, box plot 
displaying fluorescence lifetime in donor only (τD) and donor and acceptor (τDA) measured in different cell 
types; Tukey’s whiskers; n, number of nuclei measured. i, Bar chart displaying lifetime reduction (Δτ); 
error bars are standard error of mean (SEM); circles are p-values between τD and τDA; dashed line marks 
the critical value of p = 0.01. Quiescent center (QC); cortex and endodermis initial (CEI); endodermis cell 
1-3 (EN1, EN2, EN3); vasculature (Vas). 

3.5 Instrument calibration 



 
 

Before initiating every FLIM experiment, the confocal volume must be calibrated by fluorescence 

correlation spectroscopy (FCS) measurements with a calibration dye [20], 

https://www.tcspc.com/doku.php/howto:calibrate_the_confocal_volume_for_fcs_using_the_fcs_calibrati

on_script.  

We use Rhodamine 110 and Erythrosine B (see Note 8). 

It is important to use ultrapure sterile water to avoid detecting background fluorescence originated from 

contaminants.  

1. Prepare saturated solutions of Rhodamin 110 and Erythrosine B quenched with KI (potassium 

iodide, see Note 9).  

2. Having a short lifetime, Erythrosin B can be used to record the instrument response function 

(IRF). 

3. Put one droplet of around 50 µl each of rhodamine 110, erythrosine B and water on a coverslip 

(water is used to measure background fluorescence). 

4. For excitation of YFP we used 485 nm with a repetition rate of 32 MHz and emission from 519 

nm to 549 nm.  

5. To facilitate data recording, we advise to create a digital lab journal (see Note 10, Supplementary 

Materials). In this chapter, we will also provide an example lab journal which can be used as a 

template for future measurements. 

3.5 Instrument response function (IRF) 

The IRF can be directly measured from the FCS data recorded using Erhythosine B, which is critical for 

the correct FLIM analysis (see Note 11).  

Measuring the IRF/fitting should be done as described in 

https://www.picoquant.com/images/uploads/downloads/calibrate_the_confocal_volume_using_the_fcs-

calibration-script_step_by_step.pdf. 

https://www.tcspc.com/doku.php/howto:calibrate_the_confocal_volume_for_fcs_using_the_fcs_calibration_script
https://www.tcspc.com/doku.php/howto:calibrate_the_confocal_volume_for_fcs_using_the_fcs_calibration_script
https://www.picoquant.com/images/uploads/downloads/calibrate_the_confocal_volume_using_the_fcs-calibration-script_step_by_step.pdf
https://www.picoquant.com/images/uploads/downloads/calibrate_the_confocal_volume_using_the_fcs-calibration-script_step_by_step.pdf


 
 

The following tutorial from PicoQuant can also be followed: 

https://www.youtube.com/watch?v=K_dyVx-l_tY 

In the case of not being able to measure the IRF directly, an estimation for the analysis of your IRF can be 

deduced using the FLIM analysis software. 

3.6 FLIM imaging 

After choosing the desired focal plane and cropping to the region of interest, change the light path to the 

FLIM detector. We used a 485 nm excitation by linearly polarized diode laser (LDH-D-C-485) for YFP-

SHR fluorescence with the following setting: 

Scanning frequency/Repetition rate of 32 MHz. 

Pixel dwell time: 12.6 μs/pixel 

Resolution: 0.1 μm/pixel 

Dimension: 25.6 × 25.6 μm (256 × 256), 60 frames. 

Excitation power: 1 μW at objective lens 

Fluorescence detection was performed using a Tau SPAD detector module (PicoQuant). 

Record data set from donor-only sample, in our case YFP-SHR (see Note 12).  

In addition to recording the YFP lifetime, data from the acceptor channel should also be recorded. In this 

experiment we recorded 10 frame using a 561 nm continuous wave laser after recording the YFP channel 

 

3.6.1 Data fitting: 

 

For fitting of the acquired data the manufacturers’ software can be used (e.g. SymphoTime by PicoQuant, 

www. picoquant.de) or any other software that is suitable. In our case, we have used the AnI-3SF 

https://www.youtube.com/watch?v=K_dyVx-l_tY


 
 

software package from the C.A.M. Seidel lab (http://www.mpc.uni-duesseldorf.de/en/software/software-

package.html). Below we describe the detailed protocol how to use the software. 

 

1. Choose an image sample clearly focused from your lab protocol file. 

2. Start AnI-3SF (Fig. 3). 

 

Figure 3: The AnI-3SF software 

3. Click on the “select microscope tab” on the right (red circle). 

http://www.mpc.uni-duesseldorf.de/en/software/software-package.html
http://www.mpc.uni-duesseldorf.de/en/software/software-package.html


 
 

4. Choose data type  TCSPC data/raster scanning (Fig. 4) 

Figure 4: Data import  

 

5. Choose any data file from measuring day to import (red square) and press the button “get 

parameters from file” (red button) (make sure that you have chosen the right setup, e.g. PQ PTU 

file format) (Fig. 4, red circle). Then press OK. 

Choose “Zeiss LSM, line markers” from drop down menu (Fig. 5). 



 
 

 

Figure 5: Zeiss LSM line markers  

6. Go to the tab “Main” on the right (red ellipse; Fig. 5). 



 
 

 

Figure 6: Loading and size adjustment of an image file 

7. Load an image file (Fig. 6, (1))  

8. Click on the black rectangle to adjust the size of the image correctly (Fig. 6, (2)). 

9. Go to the tab “fit settings” on the right (Fig. 7, red circle).  



 
 

 

Figure 7: Fit settings 

10.  Load IRF file (Fig. 8, (1)) and press “set as IRF” (important!). 

11. Load background file (water file; Fig. 8, (2)). 



 
 

 

Figure 8: IRF and background file 

12. Load thick file (Rhodamine 110 measurement; Fig. 8, (3)) and another window will open up (Fig. 

9).  



 
 

 

Figure 9: Pop-up window 

13. Set TAC channels from 5 to 220 and press ok (Fig. 9. elipse). 

14. Choose the appropriate fitting model to describe the decay of the lifetime histogram (Fig. 10, (1)). 

Here, we selected fit no. 23, which corresponds to a model with mono-exponential decay for 

donor-only as well as FRET samples. For details see [11]. 

15. Adjust the channel number for the correct width of the IRF in “Faltungsende” (Fig. 10, (2)). 

16. Define the minimum photon number per pixel, at least 100 photons for a mono-exponential decay 

model Fig. 10, (3)). 

17. Then click on the “Main” tab on the right (Fig. 10, (4)). 



 
 

 

Figure 10: Setting the decay model 

 

18. Click on the slider to calculate the fluorescence lifetime for every pixel of the image (Fig. 11, 

(1)).  



 
 

 

Figure 11: Fluorescence life time calculation 

19.  Go to File  Save  Analyzed Data ACSII for Margarita  Chose directory. In the chosen 

directory all data will be saved and are ready to be loaded into Margarita for quantification (see 

3.6.2). 

3.6.2 Cell type specific fluorescence lifetime quantification 

Cell type specific fluorescence lifetime distribution should be measured to get meaningful comparison 

between donor and donor-acceptor samples. 

Depending on the system used, the analysis is done according to the software provided by the 

manufacturer, like SymphoTime by PicoQuant (www.picoquant.com). 

http://www.picoquant.com/


 
 

In this experiment we used Margarita software available at (http://www.mpc.uni-

duesseldorf.de/en/software/software-package.html) developed in Prof. C.A.M Seidel group (see Note 13). 

Below we described a detailed analysis using this software. 

Before starting the analysis, scroll through your lab journal and select the image to be analyzed. 

1. Choose an image sample clearly focused. 

2. Import image using File > Import ASCII function (Fig. 12) 

 

Figure 12: File import in Margarita 

http://www.mpc.uni-duesseldorf.de/en/software/software-package.html
http://www.mpc.uni-duesseldorf.de/en/software/software-package.html


 
 

3.  Fluorescence life-time calculation Choose your folder from the margarita directory and import 

the ht3 file. Import the yellow channel first, then the red channel. Select the image of interest, set 

the display as X pixel in field X and Y pixel in field Y, then a window containing your sample 

will open). To change the displayed heat-map data, select photon number for YFP fluorescence 

intensity or tau for YFP fluorescence lifetime in weighting field (Fig. 13). 

 
Figure 13: Changing the display heat map data 

  

4. After the 100-photon-per-pixel background subtraction, nuclear areas were selected based on 

their morphology. Select the nuclei of interest by dragging the blue and red crosshairs to crop to 

the nucleus (Fig. 14, see Note 14). 



 
 

 
Figure 14: Selection of nuclei 

  

5. Save the data in a new folder and open the channel (Fig. 15). 



 
 

 

Figure 15: Fluorescence life-time calculation 

 

6. On the X/Y icons assign X= tau (green) and Y =Sg/Sr (i.e. signal ratio between Green and red). 

Change the bin values as marked in the above image with 100 maximum at the Y axis and 1.5~4 

at the X axis and save the histogram. 

7. When finished measuring, clear all data, and start measuring the next sample. 



 
 

8. For each measurement/per nuclear, the data obtained in pixels represent cellular fluorescence 

lifetimes. The obtained pixels were computed by least-square fitting the Gaussian peaks of each 

cells' lifetime distributions. 

9. Copy the life time values into an excel file. 

10. For each cell type, lifetimes at the same cell position were pooled from independent 

measurements.  

11. Calculate the means of the obtained values from the donor-only and the FRET samples. 

12. Calculate the reduction of the lifetime (Δτ) between donor only and the FRET samples 

corresponding to each cell position (Δτ= τD- τDA). 

13.  Preform a Student's t-test with critical value of p < 0.01 to evaluate the significances, between 

donor-only and FRET samples at specific cell positions. 

3.6.3 Fluorescence intensity image 

Data can be represented as a fluorescence intensity image where color distribution of the FLIM image is 

applied automatically. The resulting image then represents the fluorescence lifetime values of all 

individual pixels. For both donor and FRET samples, images are displayed as a false color-coded 

fluorescence lifetime image (Figure 2f and d). The color range of the fluorescence lifetime can be set, in 

this example the limits were ranging from red (long life time, 3.2 ns) to dark blue (low life time, 2.4ns). In 

the case of strong interaction, this representation allows a visual comparison between donor-alone versus 

donor-acceptor samples. However, this representation is not quantitative.  

 

3.6.4. Representation of lifetime reduction  

To visually assess the distributions of the measured fluorescence lifetime, τD and τDA can be plotted in box 

plots (Fig. 2h). Box plots can be readily generated by open source software like RStudio 

(https://www.rstudio.com/) or free online box plot generators like BoxPlotR 

(http://shiny.chemgrid.org/boxplotr/). The following procedure is dedicated to BoxPlotR (see Note 15). 

https://www.rstudio.com/
http://shiny.chemgrid.org/boxplotr/


 
 

1. In the Data Upload tab, choose Upload file or Paste data. Make sure the first row of data depicts 

column headers, and choose the correct Delimiter (e.g. pasted Excel spreadsheet often uses Tab 

delimiter). A spreadsheet will be generated on the webpage upon successful data upload (see 

Note 16). 

2. In the Data visualization tab, a Tukey box plot is displayed by default, where the box represents 

the distribution between the first and third quartiles (Q1 and Q3) of the data and the line in the box 

marks the median. The Tukey whiskers marks the closest data points within the 1.5× interquartile 

range (IQR = Q3 – Q1) from Q1 and Q3, and the circles depict Tukey’s outliers.  

3. Modify the plot display (data representations like adding average, whisker definition, number of 

data points and aesthetics like dimension, color, label, etc.) using the toolbox on the left of the 

webpage until satisfied. 

4. Download the boxplot and save the Box plot statistics spreadsheet. 

5. The mean Δτ (and FRET efficiency E = Δτ / τD) can also be plotted in bar charts (Fig. 2i). Error 

bars representing propagated standard error of mean (SEM or 𝜎𝜎�̅�𝑥) can be calculated as: 

𝜎𝜎∆𝜏𝜏���� = ��𝜎𝜎𝜏𝜏D�����
2 + �𝜎𝜎𝜏𝜏DA�������

2 

or 

𝜎𝜎𝐸𝐸� = 𝐸𝐸��
𝜎𝜎𝜏𝜏D����
𝜏𝜏D
�
2

+ �
𝜎𝜎𝜏𝜏DA������

𝜏𝜏DA
�
2
 

where SEM of τD and τDA is retrieved from the standard deviation s divided by the square root of 

the number of data points n: 

𝜎𝜎𝜏𝜏� = 𝑠𝑠𝜏𝜏 �𝑛𝑛𝜏𝜏⁄  

6. The p-value from Student’s t-test (or other tests that do not require near-normal distribution, like 

Wilcoxon-Mann-Whitney test or Kolmogorov-Smirnov test) between τD and τDA can also be 

plotted on the secondary axis of the bar chart (Fig. 2i). 

  



 
 

4 Notes: 

1: Cover glass thickness should match the requirement of the objective lenses for optimal photon 

collection.  

2: make sure that the plants are healthy as stress can affect embryo development and influence 

fluorescence levels as well as PPI.  

 

3: Double sided tape can be put either on the back of an empty petri dish or on top of a slide (Figure 1a). 

4: It is important to use double sided tape to avoid movement of the silique. This will facilitate silique 

opening and embryo isolation. 

5: The use of a pap pen is to keep the embryos within a limited area on the slide and to avoid embryo 

dispersal to facilitate finding them. 

6: If using 5%glucose, embryos should be visualized immediately after isolation, optimally within 20 min 

and cannot be kept for hours or overnight for imaging. Experiments that would require longer acquisition 

time and time lapse imaging (reference), modifications should be implemented as embryos should be then 

mounted in special media (reference). 

7: It is important to check the signal intensity before starting the experiment. If possible, use a fluorescent 

(stereo) microscope with good sensitivity to check fluorescence levels per embryo. We found that this can 

significantly increase the FLIM measurement efficiency. Make sure that you have homozygous lines to 

ensure homogenous expression.  

8: Solutions can be kept up to one month at 4°C. 

9: The instrument must be calibrated for every measuring day and the IRF should be measured before 

initiating embryo preparation. 



 
 

10: Create a document file where all the measurements including the calibration should be recorded in 

order to retrieve the measurement settings including laser power, number of frames and objective used 

during the measurements. This will ensure consistency between experiments. 

11: For FLIM acquisition we used a confocal laser scanning microscope (Zeiss LSM 780) equipped with 

a single-photon counting device with picosecond time resolution.  

12: For reliable fitting of fluorescence lifetime, photon count per pixel should be at least ~1000. Adjust 

excitation intensity and time series length to harvest sufficient photons with minimal photobleaching and 

focal drift. 

 

13: Measure at least 40 samples per experiment and repeat the experiment at least 3 times. 

During each experiments the setting should not be altered, the image size, laser power, number of frame, 

pixel time should be kept the same for all the samples and between donor and FLIM samples. 

 

14: We noticed strong effects of shorter lifetimes at the periphery of embryonic nuclei, e.g. in the form of  

“green halo” as shown in the above screenshot. Since this “halo” is also prominent in donor-only samples 

where no FRET-induced lifetime reduction occurs, we concluded that the rings surrounding embryonic 

nuclei are largely contributed by low-lifetime background inteference, therefore they should not be 

included for analysis.  

15: BoxPlotR considers the first row of the spreadsheet as column header by default, even if data points 

were entered (in such case, a letter X is added in front of the number on the plot). 

 

16. Box plots can also be created by commonly used spreadsheet software like Microsoft Excel by 

following online tutorials (examples like https://support.office.com/en-us/article/create-a-box-plot-

https://support.office.com/en-us/article/create-a-box-plot-10204530-8cdf-40fe-a711-2eb9785e510f


 
 

10204530-8cdf-40fe-a711-2eb9785e510f or http://www.real-statistics.com/descriptive-statistics/box-

plots-with-outliers/). 

Problems and considerations to take into account: 

- Avoid bleaching by using low laser power. Laser power at the objective should not 

exceed 1-2 µW, 

- Samples may move during image acquisition making it difficult to acquire focused 

samples, this can be caused either by having samples mounted in excessive liquid. Focal drift can 

also cause this problem. Using an isolation table and an incubation chamber can help alleviating 

this problem. 

- Low expressed proteins have low photon counts which will increase the background 

contribution. The low lifetime caused by the high autofluorescene in the embryo will cause false 

positive. An increase of frame number to accumulate more photon could be a solution. 
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Figure legends 

 

Figure 1: Isolation of embryo from siliques. a, required tools; b, open silique; c and, ovules dissected 

from the silique on a drop of glucose; e, embryo isolation; f, slide containing isolated embryos. 

Figure 2: Measuring SHR-SCR interaction in embryo using FRET-FLIM.a-d, confocal image showing 

co-localisation of donor (SHR, Yellow) and acceptor (SCR, red) a, is an overlay of transmission, yellow 

and red channels, b, yellow channel, c, red channel, d transmission channel .e, schematic representation of 

a heart stage embryo. Colours represent different cell types. Quiescent center, QC; cortex and endodermis 

initial (CEI); endodermis (EN); vasculature (Vas). f,g; heat maps showing life time images of donor only 

(f) and FRET sample (g). Color bar represents life time YFP fluorescence intensity  (ns); h, box plot 

displaying fluorescence lifetime in donor only (τD) and donor and acceptor (τDA) measured in different cell 

types; Tukey’s whiskers; n, number of nuclei measured. i, Bar chart displaying lifetime reduction (Δτ); 

error bars are standard error of mean (SEM); circles are p-values between τD and τDA; dashed line marks 

the critical value of p = 0.01. Quiescent center (QC); cortex and endodermis initial (CEI); endodermis cell 

1-3 (EN1, EN2, EN3); vasculature (Vas). 

Figure 3: The AnI-3SF software 

Figure 4: Data import  

Figure 5: Zeiss LSM line markers  

Figure 6: Loading and size adjustment of an image file 

Figure 7: Fit settings 

Figure 8: IRF and background file 

Figure 9: Pop-up window 

Figure 10: Setting the decay model 

Figure 11: Fluorescence life time calculation 



 
 

Figure 12: File import in Margarita 

Figure 13: Changing the display heat map data 

Figure 14: Selection of nuclei 

Figure 15: Fluorescence life-time calculation 

 

  



 
 

Supplementary Materials 

Lab journal Protocol – Imaging  

 

 

Instrument: LSM 780   Session: SHR_SCR embryo Date 

 

 

 

Laser 

settings power @ obj. 

comment output power 

software 

opt. 

attenuation 
cw 

pulsed                      

__40__MHz 

485 60.00% 0  22.1 uW  

      

488 5.00%   12 uW  

Detectors 
settings 

scanner 
filter 1 filter 2 detector voltage, pinhole  

1  534/30  bs485/640+  

2  534/30     

3 607/75      

4 607/75      

  



 
 

calibration 

 
Count rates (kHz) @ detector 

comment 
1 2 3 4 

dyeRh110 111 110 35 37 488 cw 5% MBS 488, ph36.7 um,  

 69 66 20 21 
485 32MHz MBS 485/640+, ph36.7 um, 

att0 

Erythrosin 134 219 107 182 
485 32MHz MBS 485/640+, ph36.7 um, 

att0 

Dark/H2O 0.08 0.13 0.53 1.8 
485 32MHz MBS 485/640+, ph36.7 um, 

att0 

  



 
 

 

Imaging 

 

sample:  

pixel time  12.61 us/px 

repetition time 32 MHz 

 

Image No. LSM-image Comment, image, size, count rates, attenuation., other 

256x256, 12.61 us/px, 60 frames, att 0, 534/30, 4x zoom, 40x FCS objective,  

 

01_SYSHR_wt_Y.ht3 

 pSHR::SYFP:SHR 

Yellow channel 



 
 

01_SYSHR_wt_R.ht3 

 Red Channel 

002_SYSHR_SCR_wt_Y.ht3  

pSHR::SYFP:SHR/ 

pSCR::SCR:mRFP 

Yellow channel 

002_SYSHR_SCR_wt_R.ht3  

pSHR::SYFP:SHR/ 

pSCR::SCR:mRFP 

red channel 

 


