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SUMMARY:  20 
This protocol presents how to live image and analyze the shoot apical meristems from different 21 
plant species using laser scanning confocal microscopy.  22 
 23 
ABSTRACT:  24 
The shoot apical meristem (SAM) functions as a conserved stem cell reservoir and it generates 25 
almost all aboveground tissues during the postembryonic development. The activity and 26 
morphology of SAMs determine important agronomic traits, such as shoot architecture, size and 27 
number of reproductive organs, and most importantly, grain yield. Here, we provide a detailed 28 
protocol for analyzing both the surface morphology and the internal cellular structure of the 29 
living SAMs from different species through laser scanning confocal microscope. The whole 30 
procedure from the sample preparation to the acquisition of high resolution three-dimensional 31 
(3D) images can be accomplished within as short as 20 minutes. We demonstrate that this 32 
protocol is highly efficient for studying not only the inflorescence SAMs of the model species but 33 
also the vegetative meristems from different crops, providing a simple but powerful tool to study 34 
the organization and development of meristems across different plant species.  35 
 36 
INTRODUCTION:  37 
The plant meristem contains a pool of undifferentiated stem cells and continuously sustains the 38 
plant organ growth and development1. During the postembryonic development, almost all 39 
aboveground tissues of a plant are derived from the shoot apical meristem (SAM). In crops, the 40 
activity and size of the SAM and its derived floral meristems are tightly associated with many 41 
agronomic traits such as shoot architecture, fruit production, and seed yield. For example, in 42 
tomato, an enlarged SAM causes an increase in the shoot and inflorescence branching, and thus 43 
results in generating extra flower and fruit organs2. In maize, an increase in SAM size leads to a 44 
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higher seed number and total yield3,4. In soybean, the meristem indeterminacy is also closely 45 
associated with the shoot architecture and yield5.  46 
 47 
The morphology and anatomy of SAMs can be characterized by several different methods, 48 
including histological sectioning/staining and scanning electron microscopy (SEM)6, both of which 49 
have greatly advanced the meristem research through providing either the sectional view or a 50 
three-dimensional (3D) surface view of SAMs. However, both methods are time consuming, 51 
involving several experimental steps from the sample preparation to the data acquisition, and 52 
these methods mainly depend on fixed samples. Recent advances in laser scanning confocal 53 
microscopy technique have overcome these limitations and provide us with a powerful tool to 54 
investigate the cellular structure and developmental process of plant tissues and organs7,8. 55 
Through optical rather than physical tissue sectioning, confocal microscopy allows the collection 56 
of a series of z-stack images and the subsequent 3D reconstruction of the sample through image 57 
analysis software. 58 
 59 
Here, we describe an efficient procedure for investigating both inside and surface structures of 60 
the living SAMs from different plant species using laser scanning confocal microscopy, which 61 
potentially allows researchers to accomplish all the experimental process within as short as 20 62 
minutes. Different from other published methods for live confocal imaging of Arabidopsis 63 
inflorescence SAMs9-15 and Arabidopsis flowers12-13, here we demonstrate that this protocol is 64 
highly efficient for studying not only the inflorescence meristems of the model species but also 65 
the vegetative shoot apical meristems from different crops, such as tomato and soybean. This 66 
method does not rely on transgenic fluorescent markers, and potentially can be applied to study 67 
the shoot meristems from many different species and cultivars. In addition, we also introduce 68 
the simple image processing steps for viewing and analyzing different SAMs in 3D. Taken 69 
together, this simple method will facilitate researchers better understanding both the structure 70 
and developmental process of the meristems from both model organisms and crops.  71 
 72 
PROTOCOL: 73 
 74 
1. Media and imaging dishes preparation  75 
 76 
1.1 MS plates: add 0.5x Murashige & Skoog MS medium, 1% Agar into deionized water and 77 
then adjust pH to 5.8 using potassium hydroxide solution (Optional: Add 1% sucrose for the long-78 
term plant growing). Autoclave and pour plates.  79 
 80 
1.2 Imaging dishes: Fill plastic Petri dishes (6 cm wide, 1.5 cm depth) to 0.5-8 cm with 1.5% 81 
molten agarose.  82 
 83 
2. Plant growth 84 
 85 
2.1 Arabidopsis growth 86 
 87 
2.1.1 Sow sterilized seeds on MS plates and place plates under 4 °C for two days. Then, move 88 



 

MS plates to a short day (8 h light/ 16 h dark), at 22 °C for two weeks. 89 
 90 
2.1.2 Transplant seedlings to soil and grow them in a short day (8 h light/ 16 h dark) at 22 °C for 91 
four weeks.  92 
 93 
2.1.3 Transfer plants to continuous light, at 22 °C to induce the transition from the vegetative 94 
to the reproductive stage and for imaging the inflorescence shoot apical meristems. 95 
 96 
2.2 Tomato and soybean growth 97 
 98 
2.2.1 Incubate the seeds with wet filter paper under 28 °C till they germinate.  99 
 100 
2.2.2 Transplant seedlings to soil and grow them in a long day (16 h light/ 8 h dark) at 25 °C for 101 
one week or longer for imaging the vegetative shoot apical meristems. 102 
 103 
3. Dissection of the shoot apex 104 
 105 
3.1 Dissection of the inflorescence shoot apex 106 
 107 
3.1.1 Cut the inflorescence shoot apex together with 1-2 cm main stem from the bolted 108 
Arabidopsis plants with a razor blade. Hold the basal part of the main stem and remove as many 109 
older flower organs as possible from the main stem by dissecting out the peduncles with forceps. 110 
 111 
CAUTION: Avoid cutting fingers when using a razor blade. Dispose of the used razor blades to a 112 
proper sharps’ container.  113 
 114 
3.1.2 Hold the attached stem of the shoot apex with forceps or fingers in the field of the 115 
stereomicroscope, continue removing the rest of flowers till nearly the whole SAM can be viewed 116 
from the eyepieces. Remove peduncles clearly at the junction of the main stem.  117 
 118 
3.2 Dissection of the vegetative shoot apex 119 
 120 
3.2.1 To view the vegetative SAMs from either tomato or soybean, dissect out the cotyledons, 121 
leaves, and roots from the plants.  122 
 123 
3.2.2 Hold the hypocotyls of the plants under the stereomicroscope and further dissect out the 124 
leaf primordia covering the vegetative SAMs using jewelry forceps. 125 
 126 
4. Staining  127 
 128 
4.1 To directly visualize cells in SAMs, use freshly prepared propidium iodide (PI) solution to 129 
stain cell walls. Dissolve PI powder in sterile, deionized water, make 1mL PI staining solution at 130 
the concentration of 1 mg/mL and store the PI solution in microcentrifuge tube covered with 131 
aluminum foil. 132 



 

 133 
4.2 Pipette 50 µL PI solution in a clean and empty petri dish and dip the whole dissected shoot 134 
apex into dye for 2 min. Rinse the stained shoot apex twice in sterile, deionized water. During the 135 
staining process, immerse the whole inflorescence SAM or vegetative SAM into the PI solution to 136 
achieve the uniform staining. 137 
 138 
5. Image collection  139 
 140 
NOTE: For this method, all the SAMs are imaged using an upright confocal microscope and with 141 
a 20x water-dipping lens. As described in other protocols9,12-13,15, it is also feasible to image SAMs 142 
using an inverted microscope. In addition, the live imaging can be achieved using different brands 143 
of confocal microscopes, with the same sample preparation steps. In this study, the imaging steps 144 
are described in detail as an example. 145 
 146 
5.1 Pierce a hole at the center of an imaging dish using forceps and stick the stained shoot 147 
apex upright in the medium.  148 
 149 
5.2 Fill the imaging dish with sterile, deionized water to completely immerse the sample. 150 
Viewing from the stereo microscope, pipette up and down to remove air bubbles trapped around 151 
the meristem. Then, adjust the angle of the stem in the agar to make sure that the SAM is fully 152 
visible from directly above. 153 
 154 
5.3 Place the imaging dish on the sample stage of the confocal microscope. Lower water-155 
dipping lens and raise the microscope sample stage to let the tip of lens dip into the water.  156 
 157 
5.4 Open the confocal microscope software and locate the SAM in the brightfield in the 158 
eyepieces. Move the SAM sample right below the objective lens through adjusting the XY 159 
controller, then focus on the SAM from eyepieces through cautiously adjusting the Z controller. 160 
 161 
5.5 Operate the acquisition function in the confocal microscope software (see Table of 162 
Materials), start the Live mode to view the sample from the computer screen, and set up all 163 
parameters for the laser scanning experiment.   164 
 165 
5.5.1 When adjusting the parameters, use Range Indicator function to define whether the 166 
signal is saturated or not.  167 
 168 
5.5.2 Optionally, apply the Reuse function to reload all the parameter settings from the 169 
selected confocal file.  170 
 171 
NOTE: Suggested imaging parameters: Laser line (excitation): 515nm or 561nm; Emission 570-172 
650nm; pinhole: 1 airy unit (AU); Gain: 600-750, scan mode: Frame; Frame size: either 512 X 512 173 
or 1024 X 1024; scanning speed: from 7 to Max; Scanning direction: bi-direction; Averaging 174 
number: 2-4; Averaging method: mean; Bit depth: 16 Bit; Scanning Interval: 0.5-1 µM. Further, 175 
optimize all these parameters based on the nature of different plant samples and the specific 176 



 

imaging needs.  177 
 178 
6. Image processing  179 
 180 
6.1 For visualizing optical orthogonal and transverse section views, use the same commercial 181 
software for the imaging acquisition. Open the original confocal file, click ortho menu, select 182 
ortho. Then select either x position, y position and z position of the image, and save the images 183 
as the tiff files. 184 
 185 
6.1.1  Optionally select 3D distance function to define the physical distance between two 186 
points that have been selected from the stack of the confocal images.  187 
 188 
6.1.2 Alternatively, use Fiji/Image J, the open resource image processing package to visualize 189 
the orthogonal and transverse section views.  190 
 191 
6.1.3 Open the original confocal file with Fiji, click image menu, select Stacks and then select 192 
Orthogonal views.  193 
 194 
6.1.4 Select XY, YZ, and XZ planes in the middle position and save as Tiff format images.  195 
 196 
6.2 For visualizing a 3D transparent projection, use the same software.  197 
 198 
6.2.1  Open the original confocal file, click 3D menu, and select Transparent to generate a 3D 199 
projection view.  200 
 201 
6.2.2 Optionally click 3D menu, select Appearance, and then select Transparency to adjust 202 
three parameters of the projection including Threshold, Ramp and Maximum for the 203 
transparency of the 3D image. 204 
 205 
6.2.3 Click 3D menu, select Appearance, and select Light to adjust the brightness of the 3D 206 
image.  207 
 208 
6.2.4 Export the projected images and save them as the Tiff files.  209 
 210 
6.3 For visualizing a 3D maximum intensity projection, open the confocal files with the same 211 
software, and click the 3D menu.  212 
 213 
6.3.1 Select 3D menu and select Maximum.  214 
 215 
6.3.2 Alternatively, use Fiji/Image J to visualize a 3D maximum intensity projection.  216 
 217 
6.3.3 Open the original confocal file with Fiji, click Image menu and select stacks.  218 
 219 
6.3.4 Select 3D project and save as Tiff format images. 220 



 

 221 
6.4 For visualizing the depth coding view of the 3D images, use the same software. 222 
 223 
6.4.1 Click 3D menu and select Appearance.  224 
 225 
6.4.2 Select Special and select Depth Coding. 226 
 227 
6.4.3 Alternatively, use Fiji/Image J to visualize the depth coding view.  228 
 229 
6.4.4 Open the confocal files, click image menu, select Hyperstack.  230 
 231 
6.4.5 Select Temporal-Color code and save as Tiff format images.  232 
 233 
NOTE: The depth coding z-stack also can be achieved through the plugin Z Code Stack for Fiji. 234 
 235 
6.5 For visualizing the 3D rotation view as shown (Movie 1 and Movie 2), use the same 236 
software (See the Table of Materials).  237 
 238 
6.5.1 Open the confocal files, click 3D menu, and select Series.  239 
 240 
6.5.2 Select Render series, and select one of the four options including Turn around x, Turn 241 
around y, Start and end, and Position list.  242 
 243 
6.5.3 Save the render series as the AVI files.  244 
 245 
6.5.4 Alternatively, use Fiji/Image J to visualize the 3D rotation view.  246 
 247 
6.5.5 Open the original confocal file with Fiji, click Image menu, and select Stacks.  248 
 249 
6.5.6 Select 3D project and save as AVI format videos. 250 
 251 
REPRESENTATIVE RESULTS:  252 
To evaluate the efficiency of our protocol and to explore the morphology of the meristems from 253 
different species, we have performed the confocal live imaging experiments on the inflorescence 254 
meristem from Arabidopsis and the vegetative meristems from both tomato and soybean. In this 255 
study, Arabidopsis ecotype Landsberg erecta, tomato cultivar Micro-Tom and soybean cultivar 256 
Williams 82 have been used as examples.  257 
 258 
Seen from the orthogonal section through the middle of the Arabidopsis SAM, it is clear that PI 259 
was able to stain the horizontal walls from almost all the cells at the multiple cell layers (Figure 260 
1A).  Shown from one transverse section through the corpus of the inflorescence SAM, the cells 261 
from the XY plane are also clearly imaged (Figure 1B). In the 3D projection view, the inflorescence 262 
meristem forms a dome like structure and is surrounded by the developing flower primordia, 263 
where the cells are also stained and imaged (Figure 1 C-D) (Movie 1).  264 



 

 265 
Seen from the orthogonal section through the middle of the tomato SAM, it is clear that PI was 266 
able to stain the horizontal walls from cells at the multiple cell layers, although the PI signal from 267 
the deep interior region is slightly lower. From one transverse section through the deep layers of 268 
the vegetative SAM, the cells from the XY planes are also clearly imaged, and the boundary 269 
formed between the vegetative meristem and leaf primordia is also imaged (Figure 2B). The 3D 270 
project view can further provide a comprehensive view of the shape and organization of the 271 
vegetative meristem from tomato (Figure 2C-D) (Movie 2).  272 
 273 
In the orthogonal view through the middle of the soybean SAM, we can see the dome-like 274 
vegetative meristem and its derived new leaf primordia (Figure 3A). In the 3D projection view, 275 
both the soybean vegetative meristem and the tomato vegetative meristem form the dome like 276 
structure, however, the shape of the soybean vegetative meristem is different from that of the 277 
tomato meristem, and the organization and patterns of the leaf primordia surrounding these two 278 
SAMs are distinct (Figure 3B-C).  279 
 280 
FIGURE AND TABLE LEGENDS:  281 
Figure 1: Live imaging and analyzing the inflorescence SAM of Arabidopsis. A and B. optical 282 
orthogonal (Orth) and transverse (Trans) section views of middle plane of the same SAM, PI stain 283 
(purple). C. a 3D projection of the same SAM, PI stain (gray). D. depth color coding of the 3D 284 
projection, with blue indicating the top surface layer and red representing the deepest layer. Cell 285 
walls were stained with propidium iodide (PI). Scale bars: 20 µm (A, B); 50 µm (C, D). 286 
  287 
Figure 2: Live imaging and analyzing the vegetative SAM of tomato. A and B. optical orthogonal 288 
(Orth) and transverse (Trans) section views of middle plane of the same SAM. C. a 3D projection 289 
of the same SAM. D. depth color coding of the 3D projection, with blue indicating the top surface 290 
layer and red representing the deepest layer. Cell walls were stained with propidium iodide (PI). 291 
Scale bars: 20 µm (A, B); 50 µm (C, D). 292 
 293 
Figure 3: Live imaging and analyzing the vegetative SAM of soybean. A. an optical orthogonal 294 
(Orth) section view of the middle plane of the vegetative SAM. B. a 3D projection of the same 295 
SAM. C. depth color coding of the 3D projection, with blue indicating the top surface layer and 296 
red representing the deepest layer. Cell walls were stained with propidium iodide (PI). Scale bars: 297 
20 µm (A); 50 µm (B, C). Arrow: leaf primordium. 298 
 299 
Video 1: 3D rotation of the Arabidopsis inflorescence meristem in Figure 1.   300 
 301 
Video 2: 3D rotation of the tomato vegetative meristem in Figure 2.  302 
 303 
DISCUSSION: 304 
Here, we describe a simple imaging method that can be applied to the study of shoot apical 305 
meristems from different plants with minor modification, opening a new avenue to study the 306 
meristem regulation at both vegetative and reproductive stages in model plants and crops. In 307 
contrast to the SEM and histological staining methods, this protocol can help reveal both surface 308 



 

view and internal cellular structures of the SAMs, without the need for labor-intensive sample 309 
fixation and/or tissue sectioning steps. This protocol is also compatible to the established imaging 310 
method for the fluorescence based reporters in the SAMs, potentially providing a good cellular 311 
resolution which allows us to obtain a 3D view of expression patterns of key genes and proteins 312 
in the SAM16-19. In addition, the associated image processing procedure described here will be 313 
able to greatly help researchers analyze and compare the SAMs from different species in 3D, 314 
advancing both evolutionary-developmental biology studies and agricultural research.  315 
 316 
There are a few critical steps in this simple protocol. First, sample preparation and dissection. A 317 
plant SAM is usually hidden by the developing primordia and young organs at the shoot tip, and 318 
it cannot be directly imaged under a confocal microscope. To image the vegetative SAM, it is 319 
necessary to remove all the leaves and older leaf primordia that cover on top of the SAM using 320 
fine jewelry forceps. To image the inflorescence SAM, it is necessary to carefully remove all the 321 
young flowers to expose the SAM, also using fine jewelry forceps. 322 
 323 
Second, the live cell staining using the PI solution. In this protocol, we use freshly prepared PI 324 
solution (1 mg/mL) to stain cell walls to directly visualize live SAMs, which is fast, efficient, and 325 
easy to perform. Although the PI solution can be stored at 4 °C for several weeks, a freshly 326 
prepared solution usually gives the best staining result for the shoot apical meristems. Although 327 
PI mainly does not cross the membrane of living cells and it stains intact cells with the clear 328 
cellular outline, it can easily penetrate the damaged/dead cells and strongly stain the nuclei and 329 
other internal membrane systems in those damaged areas, potentially affecting the quality of 330 
the confocal images. Thus, it will be essential to avoid any physical damages while preparing the 331 
SAM samples for the staining and live imaging. On the other hand, PI at a high concentration 332 
shows a toxic effect to plant cells, and thus, FM4-64 can be used as a substitute for PI to stain the 333 
living SAM cells9. However, FM4-64 labels plasma membrane, which may potentially be taken up 334 
into cell interior through endocytosis, making it challenging to stain the samples with high cellular 335 
resolution.  336 
 337 
Third, imaging acquisition. 1). High numerical apertures (NA), the water-dipping lens is critical for 338 
the live imaging of the SAMs. Water has a higher index of refraction than air and the high NA of 339 
the objective lens helps collect signal photons scattered through deep cell layers of SAMs. 2). The 340 
settings of laser power (watts or watts per surface) can be highly variable between different 341 
confocal microscopes. Higher laser power may allow better signal collection but leads to more 342 
photodamage/ photobleaching on the samples. There are trade-offs between resolution, 343 
bleaching and imaging time. In general, selecting a larger frame size leads to better XY resolution 344 
but more imaging time, and selecting a smaller scanning interval leads to a better Z resolution 345 
but also more imaging time. Longer imaging time potentially causes more photodamage/ 346 
photobleaching 347 
 348 
With this method, sometimes it may not be easy to observe cellular details in deeper tissue 349 
layers, likely due to the limitation of the confocal detection and the inefficient PI staining in the 350 
internal tissues. Based on our experiences, increasing the concentration of PI solution and/or the 351 
staining time can help get a better stain. Alternatively, the modifications to the staining 352 



 

procedure can be made. For example, the modified pseudo-Schiff propidium iodide (mPS-PI) 353 
method works well for the fixed tissues20. And it is still necessary to find alternative dyes with 354 
better staining for the living tissues in the future. In addition, it is also interesting to test whether 355 
the method described here can be generally applied to the study of SAMs from all the other 356 
flowering plants, considering the fact that some plant species have special cellular contents or 357 
different cell wall compositions. 358 
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Use as making MS plates

Use as imaging dishes

1 mg/mL solution in water, to stain the cell walls

For cutting shoot apex from plants

Image acquisition software
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Item   1   (check   one   box):   The   Author   elects   to   have   the   Materials   be   made   available   (as   described   at

http://www.jove.com/author) via:    ill  standard Access     H  Open Access

Item 2  (check one box):

l`t_`:

H
The Author is NOT a  United States government employee.

The  Author  is  a  United  States  government  employee  and  the  Materials  were  prepared  in  the
course of his or her duties as a  United States government employee.

H The Author is a  United  States government employee  but the  Materials were  NOT prepared  in  the
course of his or her duties as a  United States government employee.

ARTICLE AND VIDEO  LICENSE AGREEMENT

1.    Defined  Terms.    As  used  in  this  Article  and  Vldeo  License

AAgreement,   the   following   terms   shall    have   the   following
meanings:  "Agreement"  means  this  Article  and  Vldeo  License
AAgreement;  "Ai.ticle"  means  the  article  specified  on  the  last

page  of  this  Agreement,   including  any  associated   materials
such as texts, figures, tables,  artwork, abstracts, or summaries
contained   therein;   "Author"   means   the   author   who   is   a
signatory to this Agreement;  "Collective Work"  means a work,
such  as a  periodical  issue,  anthology or encyclopedia,  in  which

the Materials in their entirety in  unmodified form, along with a
number   of   other   contributions,   constituting   separate   and
independent   works    in   themselves,    are   assembled    into    a
collective whole;  "CRC License"  means the  Creative  Commons
Attribution-Non       Commercial-No       Derivs       3.0       unported
AAgreement,  the  terms  and  conditions  of  which  can  be  found
at:                                http ://creativecommons.o rg/licenses/by-nc-
nd/3.0/legalcode;   "Derivati`re   Work"   means   a   work   based
upon   the   Materials   or   upon   the   Materials   and   other   pre-
eexisting  works,   such   as   a  translation,   musical  arrangement,
dramatization,  fictionalization,  motion  picture  version,  sound
recording,  art  reproduction, abridgment,  condensation, or any
other form  in which the  Materials may be recast, transformed,
or  adapted;  "Institution"  means  the  institution,  listed  on  the
last   page   of   this   Agreement,    by   which   the   Author   was
employed  at the time  of the  creation  of the  Materials;  "JoVE"
means  MyJove  Corporation,  a  Massachusetts  corporation  and
the   publ.isher    Of   The   Journal    of   Visualized    Experiments;
"Materials"  means  the  Article  and  /  or  the  Vldeo;  "Parties"

means the Author and JoVE; "Video"  means any video(s) made
by the Author,  alone  or  in  conjunction  with  any other  parties,
or    by   JoVE    or    its    affiliates    or    agents,    individually    or    in

collaboration     with     the     Author     or     any     other     parties,
incorporating all or any  portion of the Article, and  in which the
Author may or may not appear.

612542.6

2.   Backgrouncl.   The  Author,  who  is the  author of the  Article,
in  order  to  ensure  the  dissemination  and   protection  of  the
Article,  desires to  have the JoVE  publish  the Article  and  create

and  transmit  videos  based  on  the  Article.    In  furtherance  of
such goals, the Parties desire to  memorialize in this Agreement
the respective rights of each  Party in and to the Article and the
Video.

3.   Grant of Rights  in Article.   In  consideration of JoVE agreeing

to   publish   the   Article,   the   Author   hereby   grants   to   JoVE,
subject to  Sections 4 and  7  below,  the  exclusive,  royalty-free,

perpetual    (for   the   full   term    of   copyright    in   the   Article,
including    any    extensions    thereto)    license    (a)    to    publish,

reproduce,  distribute,  display and store the Article  in all forms,

formats    and    media    whether    now    known    or    hereafter
developed   (including  without   limitation   in   print,   digital   and

electronic  form)  throughout  the  world,   (b)  to  translate  the
Article  into other languages, create adaptations, summaries or
extracts  of  the  Article  or  other  Derivative  Works  (including,
without  limitation, the  Video)  or  Collective  Works  based  on  all

or any  portion  of the  Article  and  exercise  all  of the  rights  set
forth     in     (a)     above     in     such     translations,     adaptations,
summaries, extracts,  Derivative Works or Collective Works and

(c)   to   license   others   to   do   any   or  all   of  the   above.     The
foregoing  rights  may  be  exercised  in  all  media  and  formats,
whether   now   known   or   hereafter  devised,   and   include  the
right  to  make  such  modifications  as  are  technically  necessary
to exercise the rights in other media and formats.   If the "Open
Access"  box  has  been  checked  in  Item  1  above,  JoVE  and  the
Author  hereby  grant to  the  public  all  such  rights  in  the  Article

as  provided  in,  but subject to  all  limitations  and  requirements
set forth  in, the CRC License.
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4.       Retention    of   Rights   in    Article.       Notwithstanding   the

exclusive   license   granted   to   JoVE   in   Section   3   above,   the
Author   shall,   with   respect   to   the   Article,   retain   the   non-
exclusive  right  to  use  all  or  part  of  the  Article  for  the  non-
commercial    purpose    of   giving    lectures,    presentations    or
teaching  classes,   and  to   post  a  copy  of  the  Article  on  the
lnstitution's website or the Author's  personal  website,  in  each
case  provided that a  link to the Article  on  the JoVE  website  is

provided   and    notice   of   JoVE's   copyright   in   the   Article   is
included.   All  non{opyright  intellectual  property  rights  in  and

to  the  Article,   such   as   patent   rights,   shall   remain   with  the
Author.

5.   Grant of Rights  in Vldeo -Standard Access.   This Section  5

applies if the  "Standard Access"  box has  been  checked  in  Item
1  above  or  if  no  box  has  been  checked  in  Item  1  above.    In
consideration    of    JoVE    agreeing    to     produce,    display    or
otherwise     assist     with     the     Video,     the     Author     hereby
acknowledges  and  agrees  that,  Subject  to  Section  7  below,
JoVE  is and shall  be the sole and exclusive owner of all  rights of

any  nature,  including,  without  limitation,  all  copyrights,  in  and

to  the   Video.     To   the   extent  that,   by   law,   the   Author   is
deemed,  now  or at  any time  in  the  future,  to  have  any  rights
of any  nature  in  or to the  Video,  the  Author  hereby  disclaims
all such  rights and transfers all such  rights to JoVE.

6.    Grant  of  Rights  in  video  -ODen  Access.    This  Section  6
applies  only  if  the  "Open  Access"   box  has  been  checked  in
Item  1  above.    In  consideration  of JoVE  agreeing  to  produce,
display or otherwise  assist with  the  Video,  the  Author  hereby

grants   to   JoVE,   subject  to   Section   7   below,   the   exclusive,
royalty-free,   perpetual  (for  the  full  term  of  copyright  in  the
Article,  including any extensions thereto)  license (a) to  publish,

reproduce,  distribute,  display and  store the  Video  in  all  forms,

formats    and    media    whether    now    known    or    hereafter
developed   (including  without   limitation   in   print,   digital   and

electronic  form)  throughout  the  world,   (b)  to  translate  the
Vldeo  into  other  languages,  create  adaptations,  summaries or
extracts  of the  Video  or  other  Derivative  Works  or  Collective
Works based on all or any portion of the Video and exercise all

of   the   rights   set   forth   in   (a)   above   in   such   translations,
adaptations,     summaries,     extracts,     Derivative     Works     or
Collective  Works  and  (c)  to  license  others  to  do  any  or  all  of
the above.   The foregoing rights  may  be exercised  in  all  media
and  formats,  whether  now  known  or  hereafter  devised,  and
include the  right to  make such  modifications as are technically
necessary  to  exercise  the  rights  in  other  media  and  formats.
For  any  video  to  which  this  Section  6  is  applicable,  JoVE  and

the  Author  hereby  grant  to  the  public  all  such  rights  in  the
Vldeo   as    provided    in,    but   subject   to    all    limitations    and

requirements set forth in, the CRC License.

7.    Government  EmDlovees.    If the  Author  is  a  United  States

government  employee  and  the  Article  was   prepared   in  the
course  of  his  or  her  duties  as  a   United  States  government
employee,   as   indicated   in   Item   2   above,   and   any   of  the
licenses or grants granted  by the Author hereunder exceed the
scope of the  17  U.S.C.  403, then the  rights granted  hereunder
shall  be  limited  to  the  maximum  rights  permitted  under  such
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statute.    In  such  case,  all  provisions  contained  herein  that  are
not  in  conflict  with  such  statute  shall  remain  in  full  force  and

effect,  and  all  provisions  contained  herein  that  do  so  conflict
shall  be  deemed  to  be  amended  so  as to  provide to JoVE  the
maximum  rights permissible within such statute.

8.     Likeness,   Privaov.   Personalitv.    The  Author  hereby  grants

JoVE   the   right   to   use   the   Author's   name,   voice,   likeness,

picture,  photograph, image,  biography and performance in any
way,    commercial    or    otherwise,    in    connection    with    the
Materials  and  the  sale,   promotion   and   distribution  thereof.
The  Author  hereby  waives  any  and  all  rights  he  or  she  may
have,   relating   to   his   or   her   appearance   in   the   Video   or
otherwise    relating   to   the    Materials,    under   all    applicable

privacy,  likeness,  personality or similar laws.

9.    Author  Warranties.    The  Author  represents  and  warrants
that the  Article  is  original,  that  it  has  not  been  published,  that
the copyright interest is owned  by the Author (or,  if more than
one  author  is  listed  at  the   beginning  of  this  Agreement,   by
such authors collectively)  and  has  not been  assigned,  licensed,
or   otherwise   transferred   to   any   other   party.   The   Author
represents and  warrants that the  author(s)  listed  at the top of
this Agreement are the only authors of the  Materials.   If more
than  one  author  is  listed  at the  top  of this  Agreement  and  if
any  such  author  has  not  entered  into  a  separate  Article  and
Video  License  Agreement  with  JoVE  relating to  the  Materials,
the Author represents and warrants that the Author has  been
authorized  by  each  of the  other  such  authors  to  execute  this
Agreement  on  his  or  her  behalf  and  to  bind  him  or  her  with
respect to the terms of this Agreement as if each of them had
been  a  party  hereto  as  an  Author.  The  Author  warrants  that
the     use,      reproduction,     distribution,      public     or     private

performance   or   display,   and/or   modification   of   all   or   any
portion  of the  Materials does  not and  will  not violate,  infringe
and/or   misappropriate   the   patent,   trademark,   intellectual

property   or   other   rights   of   any   third   party.      The   Author
represents   and   warrants   that   it   has   and   will   continue   to
comply     with     all     government,      institutional     and     other
regulations,     including,    without     limitation    all     institutional,

laboratory,   hospital,   ethical,   human   and   animal   treatment,

privacy,  and  all  other  rules,  regulations,  laws,  procedures  or
guidelines,  applicable  to  the  Materials,  and  that  all   research
involving  human  and  animal  subjects  has   been  approved   by

the Author's relevant institutional  review board.

10.   JoVE  Discretion.    If the  Author  requests  the  assistance  of

JoVE  in  producing the Video  in the Author's facility, the Author
shall  ensure  that  the  presence  of JoVE  employees,  agents  or
independent  contractors   is  in   accordance  with  the   relevant
regulations   of  the   Author's   institution.      If   more   than   one

author is  listed  at the  beginning of this Agreement, JoVE  may,
in  its  sole  discretion,  elect  not take  any action  with  respect to
the   Article    until   such   time   as    it   has   received   complete,
executed   Article   and   Video   License   Agreements  from   each
such  author.   JoVE  reserves  the  right,  in  its  absolute  and  sole
discretion  and  without  giving  any  reason  therefore,  to  accept
or   decline    any   work   submitted    to   JoVE.       JoVE    and    its
employees,   agents   and   independent  contractors  shall   have
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full,  unfettered  access to the  facilities  of the  Author or of the
Author's  institution  as  necessary to  make  the  Vldeo,  whether
actually  published  or  not.    JoVE  has  sole  discretion  as  to  the

method   of   making   and   publishing   the   Materials,   including,

without  limitation,  to  all  decisions  regarding  editing,  lighting,

filming,  timing  of  publication,  if  any,   length,  quality,  content

and the  like.

11.     Indemnification.    The  Author  agrees  to   indemnify  JoVE

and/or its successors and  assigns from  and  against any and  all
claims,  costs,  and  expenses,  including  attomey's  fees,  arising
out  of  any  breach  of  any  warranty  or  other  representations
contained  herein.   The Author further agrees to indemnify and
hold  harmless JoVE from  and  against  any and  all  claims,  costs,

and   expenses,   including  attorney's  fees,   resulting  from   the
breach   by   the   Author   of   any   representation   or   warranty
contained  herein  or from  allegations  or  instances  of violation
of  intellectual  property  rights,  damage  to  the  Author's  or the
Author's     institution's     facilities,     fraud,     libel,     defamation,

research, equipment, experiments,  property damage,  personal
injury,  violations  of  institutional,  laboratory,  hospital,  ethical,

human     and    animal    treatment,     privaey    or    other    rules,
regulations,    laws,    procedures    or   guidelines,    liabilities    and

other losses  or damages  related  in  any way to the  submission
of  work  to  JoVE,  making  of  videos  by  JoVE,  or  publication  in

JoVE  or  elsewhere  by  JoVE.    The  Author  shall  be  responsible
for,  and  shall   hold  JoVE  harmless  from,  damages  caused  by
lack  of  sterilization,   lack  of  cleanliness  or   by  contamination

due to the  making of a video  by JoVE its employees, agents or
independent    contractors.        All    sterilization,    cleanliness    or

decontamination  procedures  shall  be  solely  the  responsibility

of   the   Author   and    shall    be    undertaken    at   the   Author's
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expense.     All   indemnifications   provided   herein   shall   include

JoVE's   attorney's   fees   and   costs   related   to   said   losses   or
damages.     Such   indemnification   and   holding   harmless   shall

include  such  losses  or  damages  incurred  by,  or  in  connection

with,   acts   or   omissions   of  JoVE,   its   employees,   agents   or
independent contractors.

12.    Ee£±.    To  cover  the  cost  incurred  for  publication,  JoVE
must  receive  payment  before  production  and  publication  the
Materials.   Payment  is  due  in  21  days  of  invoice.  Should  the
Materials  not  be  published  due  to  an  editorial  or  production

decision,    these    funds    will    be    returned    to    the    Author.
Withdrawal  by  the  Author  of  any  submitted  Materials  after
final   peer   review  approval   will   result   in   a   US$1,200  fee  to

cover pre-production expenses incurred by JoVE.  If payment is
not   received   by  the   completion   of  filming,   production   and

publication of the  Materials will  be suspended  until  payment is
received.

13.       Transfer.   Governing   Law.       This   Agreement   may   be

assigned   by  JoVE  and   shall   inure  to  the   benefits  of  any  of
JoVE's   successors   and   assignees.     This   Agreement   shall   be

governed    and    construed     by    the    internal     laws    of    the
Commonwealth  of Massachusetts without giving effect to  any
conflict of  law  provision  thereunder.   This Agreement  may  be
executed  in  counterparts,  each  of  which  shall  be  deemed  an
original,  but all  of which together shall  be  deemed  to  me  one
and  the  same  agreement.    A  signed  copy  of  this  Agreement
delivered   by  facsimile,   e-mail   or  other   means   of  electronic
transmission  shall  be  deemed to  have the same  legal  effect as
delivery of an original signed copy of this Agreement.

A signed copy of this document must be sent with all  new submissions. Only one Agreement required per submission.
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1. The editor has formatted the manuscript to match the journal's style. Please 

retain the same. 

 

Response: Thanks. We maintain the format of the revised manuscript. 

 

2. Please address all the specific comments marked in the manuscript. 

 

Response: Thanks for the helpful comments. We have addressed all the comments in 

the revised manuscript and the newly uploaded figures. 

 

3. Once done, please ensure that the highlight is no more than 2.75 pages including 

headings and spacings. 

 

Response: Thanks. We have confirmed the highlighted part.   

 

4. Please include all relevant details that are required to perform the step in the 

highlighting. For example: If step 2.5 is highlighted for filming and the details of how 

to perform the step are given in steps 2.5.1 and 2.5.2, then the sub-steps where the 

details are provided must be highlighted  
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