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23  SUMMARY:
24 This protocol allows for the preparation of transverse sections of cereal seeds (e.g., rice) for the
25 analysis of endosperm and starch granule morphology using scanning electron microscopy.
26
27  ABSTRACT:
28  Starch granules (SGs) exhibit different morphologies depending on the plant species, especially
29 in the endosperm of the Poaceae family. Endosperm phenotyping can be used to classify
30 genotypes based on SG morphotype using scanning electron microscopic (SEM) analysis. SGs can
31  be visualized using SEM by slicing through the kernel (pericarp, aleurone layers, and endosperm)
32  and exposing the organellar contents. Current methods require the rice kernel to be embedded
33 in plastic resin and sectioned using a microtome or embedded in a truncated pipette tip and
34  sectioned by hand using a razor blade. The former method requires specialized equipment and
35 is time-consuming, while the latter introduces a new host of problems depending on rice
36  genotype. Chalky rice varieties, particularly, pose a problem for this type of sectioning due to the
37  friable nature of their endosperm tissue. Presented here is a technique for preparing translucent
38 and chalky rice kernel sections for microscopy, requiring only pipette tips and a scalpel blade.
39  Preparing the sections within the confines of a pipette tip prevents rice kernel endosperm from
40  shattering (for translucent or ‘vitreous’ phenotypes) and crumbling (for chalky phenotypes).
41  Using this technique, endosperm cell patterning and the structure of intact SGs can be observed.
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INTRODUCTION:

Starch granules (SGs) exhibit different morphologies depending on the plant species, especially
in the endosperm of the Poaceae family2. Endosperm phenotyping can be used to classify
genotypes based on SG phenotype using scanning electron microscopic analysis. SGs can be
visualized using scanning electron microscopy (SEM) by slicing the kernel and prying away the
endosperm cell walls?.

The purpose of this technique is to easily prepare transverse rice kernel sections solely for the
rapid SEM analysis. The development of this technique was motivated by the necessity for a rapid
cross sectioning approach whereby samples are prepared for SEM microscopy immediately
before visualization using minimal equipment.

This technique involves the insertion of the husked rice kernel into the pipette tip for complete
immobilization. This is particularly important when cross-sectioning chalky rice kernel
phenotypes, which are friable and easily crumble under pressure3. Chalkiness is an undesirable
quality in rice since it affects the appearance of the kernel and is easily broken during polishing
and milling3. Chalkiness presents as an opaque area in a cross-section of the kernel that can be
observed by the naked eye; at the microscopic level, chalkiness is characterized by small, loosely
packed starch granules. Causes of chalkiness can be genetic** or environmental®’.

Cereal seed cross sections have traditionally been prepared using chemical fixing methods and
sectioning following sample embedding into paraffin wax or another solid matrix*2-1°, In 2010,
the Matsushima method was introduced as a way to avoid complicated and time-consuming rice
kernel sample preparation®. This method involved the insertion of the husked rice kernel into a
truncated pipette tip. The tip is held stationary by a block trimmer, and thin, partial endosperm
sections are harvested using a hand-held razor blade. Another rapid technique developed in 2016
allowed for thin whole sectioning of a wide variety of dry seeds, including chalky varieties'°.
These methods motivated the development of the rapid technique presented here.

This new technique is appropriate for researchers who want to obtain intact transverse cross
sections of rice kernels for endosperm phenotyping and starch morphology analysis using SEM.

This protocol represents an adaptation of the Matsushima truncated pipette tip method?, with
several notable modifications: (1) kernels are not imbibed at any point of the technique; (2)
neither a block trimmer nor an ultramicrotome are required to prepare the sections. A wild type
‘translucent’ cultivar (Oryza sativa L. ssp. japonica cv. Nipponbare) and a mutagenized ‘chalky’
line of Nipponbare (ssg1, substandard starch grain1)* were examined in this study. These two
cultivars were selected for the analysis here to demonstrate the technical and visual differences
in processing translucent- and chalky-type rice sections.

PROTOCOL:

1. Preparation of transverse rice section
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1.1.  De-husk dry, intact kernels as shown in Figure 1A.

1.1.1. Loosen the husks and dehull rice kernels by grinding the kernels between two flat rubber
stoppers. Remove the husked rice kernels from the panicle, if necessary.

1.1.2. Place a single kernel onto a flat rubber stopper on a work bench (Figure 1B). Ensure that
this stopper remains stationary.

1.1.3. Use a second flat rubber stopper (Figure 1C) to abrade the kernel by twisting it in against
the first rubber stopper, using sufficient pressure (Figure 1D). Remove husks from the kernel,
taking care not to shatter the endosperm. Remove any remaining husk using fine forceps. A de-
husked kernel is shown in Figure 1E.

1.2.  Usingfine forceps, insert an individual husked kernel into a plastic pipette tip (250 uL size,
one seed/tip) (Figure 1F). Ensure that the embryo end of the kernel should be facing towards the
(conical) end of the pipette tip (Figure 1G).

NOTE: Inserting the kernel this way ensures that the kernel will fit as snugly as possible into the
pipette tip as the kernel is narrower towards its proximal end.

1.3. Insert a second 250 uL pipette tip to force the kernel into the pipette tip and to keep the
kernel immobile during sectioning, taking care not to damage the kernel or bend the second
pipette tip (Figure 1H). The proper ‘telescope’ assemblage is indicated in Figure 1l.

1.4. Laythe pipette tip assemblage flat on a work bench and hold in place by hand (Figure 1J).
With the other hand, use a sharp scalpel blade (No. 20) to slice through the center of the kernel
and cut the end of the pipette tip off (Figure 1K). Using scalpel cut 1 mm thick sections of the rice
kernel (Figure 1L).

NOTE: The kernel section is tightly enclosed within an annulus of plastic (Figure 1M). Mean
section thickness for three exemplar genotypes are found in Table 1. Sections significantly
thinner than 1 mm will shatter or crumble. It is important to note from what part of the kernel
each section originates if this experiment is being performed on several varieties of rice for
comparison, as starch morphology does vary throughout the endosperm??,

2. Reflected light microscopy of transverse rice sections

2.1.  Use fine forceps to place the transverse rice sections (prepared in section 1) on a black
piece of heavy gauge black paper.

2.2.  Obtain light images of transverse sections of Nipponbare using a stereomicroscope with
mounted goosenecks for oblique illumination, as shown in Figure 1N-S.

2.3.  Observe endosperm morphology under at least 10x magnification.
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NOTE: Any epilight source is preferable to bright field microscopy as sections obtained using this
technique are not thin enough for the light to pass through.

3. Scanning electron microscopy of transverse rice sections

3.1. Place the samples onto a carbon disk stuck to an aluminum stub and placed onto a charge
reduction sample holder. Remove the plastic ring using fine forceps from the pipette tip mount
to prevent the plastic from entering the vacuum apparatus of the SEM.

NOTE: Images of endosperm cells, SGs, and subgranules are obtained using a desktop SEM
machine that does not require samples to be sputter coated.

3.2.  Obtain the images using a high sensitivity multi-mode backscatter electron (BSE) detector
at 10 kV.

REPRESENTATIVE RESULTS:

Wild type Nipponbare (Figure 2A) and ssgl1 sections (Figure 2B) were examined under three
magnifications: 260x, 920x, and 4200x. This technique allows for the preparation of sections of
sufficient quality to observe the entire endosperm cell (Figure 3A), compound starch granules
(Figure 3B), and individual subgranules (Figure 3C). Husked kernels take longer to process than
polished kernels as the dry hulls need to be removed by abrasion before sectioning. Chalky
kernels also take longer to process than polished translucent kernels, as care must be taken to
not shatter the kernel during sectioning. A properly prepared rice section should be
approximately 0.9 mm thick (Table 1) with minimal to no shattering of the endosperm (Figure
1N) and intact pericarp and aleurone layers (Figure 10). Improper placement of the scalpel on
the pipette tip when sectioning can lead to ‘chipped’ sections (Figure 1P). Similarly, bright field
images of optimal transverse sections of ssg1 (Figure 1Q) demonstrated intact endosperm,
pericarp, and aleurone layers intact and available for visualization (Figure 1R). A broken chalky
kernel section (Figure 1S) may still be useable for visualization if the only purpose is to observe
SGs, but endosperm cell pattern will not be visible. A broken section may be difficult to handle
for analysis. More shearing of endosperm cell walls was observed in wild type Nipponbare, as the
cells are more tightly packed and less friable than the ssg1 kernels. No shearing of endosperm
cells was observed in the ssg1 sections and compound starch granules are intact.

Figure S1 demonstrates the reliability of results using the ‘telescope’ technique to section rice
kernels. Rice lines identified as translucent kernel producers — wild type Resistant Starch (RS)
hybrid line Xieyou 7954 (Oryza sativa L. ssp. indica)?'* (Figure S1A) and cobalt-generated mutant
RS111'31> (Figure S1B) produced sections through which light was visible using a
stereomicroscope. The corresponding SEM images revealed that these lines produce the ‘normal’
rice endosperm phenotype: tightly packed, polyhedral starch granules. Chalky kernel producers,
commercial variety Yi-Tang'® (Figure S1C) and RS43, a mutant of RS111%° (Figure S1D), exhibited
white, opaque kernel sections. The corresponding SEM images displayed markedly different
morphology compared to the wild type translucent RS background line: starch granules were
round and loosely packed. Wild type Xiushui 11 (Oryza sativa L. ssp. japonica) (Figure S1E) and
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its mutant, KMD1 (Kemingdao1l), which express the Cry1Ab gene to inhibit insect predation’°

(Figure S1F) exhibited sections and endosperm morphotypes similar to the translucent RS lines.

The technique presented here is optimal for preparing samples of chalky-type rice kernels for
phenotypic analysis, but also provides advantages for sectioning translucent rice kernel
phenotypes?’: slicing the samples using pressure from above reduces risk of shattering of the
endosperm and dislocation. Samples can easily be prepared within seconds (Table 2). Multiple
genotypes were analyzed using this technique to test its efficacy (Table 3). As shown in Figure
S2, this technique can be applied to seeds of other species. The model monocot Brachypodium
distachyon produces very hard seeds containing only B-granule starch?!, which lack puroindoline
A, a protein that confers softness to starch granules??. It was still possible to obtain an intact
transverse section (Figure S2A). Obtaining an intact transverse section from soft white winter
wheat (SWWW) was challenging but can be performed (Figure S2B). SWWW seeds are high in
puroindoline A and large when compared to B. distachyon seeds and rice kernels. These seeds
crumble frequently when sectioning using the telescope assemblage.

FIGURE AND TABLE LEGENDS:

Table 1: Rice genotypes examined in this study.
Table 2: Mean sample preparation time.

Table 3: Mean kernel section thickness.

Figure 1: Preparation of transverse rice sections. (A) Wild type Nipponbare kernel with intact
husk. (B). Kernel placed on a flat four-inch diameter rubber stopper. (C) Husks were removed by
grinding the kernel between two apposing rubber stoppers. (D) Husk has been separated from
the rice kernel. (E) Close-up of husked rice kernel. Embryo end is indicated. (F) Insertion of kernel
into pipette tip using fine forceps. (G) Kernel was lodged into the distal end of the pipette tip. (H)
Insertion of the second pipette tip to immobilize the kernel for sectioning (the ‘telescope’
assemblage). (1) The rice kernel was fitted snugly into the distal end of the pipette tip. (J)
Sectioning of the rice kernel within the assemblage. (K) Close-up of the section cut. (L) A section
of the kernel enclosed by the plastic annulus. (M) Close-up of the transverse section. (N)
Transverse section of wild type Nipponbare. (O) Close-up of the endosperm within the wild type
Nipponbare section. (P) Poor, suboptimal section of wild type Nipponbare kernel. (Q) Transverse
section of Nipponbare mutant ssg1*. (R) Close-up of the endosperm within the ssg1 section. (S)
Poor, suboptimal section of ssg1. Bar (panels A, N-S) = 1 mm. Whole rice kernel and sections
were imaged using a stereomicroscope with a digital zoom camera and gooseneck lights.

Figure 2: SEM images of transverse kernel sections. (A) Wild type Nipponbare, a translucent
cultivar. The compound starch granules were cemented tightly to one another; (B) Nipponbare
mutant ssg14, a chalky phenotype. The compound starch granules were loosely packed and lack
the cementitious nature of wild type Nipponbare starch morphotype. Magnification from left to
right: 260x, 920x, and 4200x. Bar length is indicated in panels.
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Figure 3: SEM microscopic anatomy of a transverse kernel section of Xiushui 11. (A) A single
endosperm cell is outlined in red. 260x magnification. (B) A compound starch granule is outlined
in red. 920x magnification. (C) Multiple starch subgranules are outlined in red. 2250x
magnification. Bar lengths are indicated in the panels.

SUPPLEMENTARY FILES:

Figure S1: Transverse sections of other rice genotypes prepared for SEM using this technique.
(A) Resistant Starch (RS) Xieyou 79542, (B) RS111, a high-RS transparent mutant of 7954%3. (C)
RS4, a chalky mutant of RS111%. (D) Yi-Tang, a commercial variety of high amylose rice'®. (E)
Xiushui 11. (F) KMD1 (Kemingdao1)'”-1°, 10x magnification for bright field images. White bar =1
mm. 2250x magnification for SEM images. Bar lengths are indicated in the panels.

Figure S2: Technique is useful for other seeds. (A) Transverse section of false purple brome
(Brachypodium distachyon L. accession Bd21) seed. (B) Transverse section of soft white winter
wheat (Triticum aestivum L. cv. Augusta) seed. Bright field, 20x magnification. Bar = 1 mm.

DISCUSSION:

The technique presented here represents a fast, simple, and keen approach towards preparing
transverse rice cross sections for desktop SEM visualization. This sectioning technique allows for
the rapid observation of endosperm structure, endosperm cell shape, size, and pattern,
compound granules, and starch morphology. For the purposes of endosperm phenotyping and
germplasm screening, it is critical to obtain an entire cross section of the rice kernel*?3?4, It is
paramount to insert the kernel entirely within the pipette tip to prevent the pressure of the
scalpel blade from forcing the endosperm to crumble or shatter. Provided the ‘telescope’
assemblage is properly constructed, samples can be prepared for visualization within 15 seconds
(Table 2) employing materials already in hand in a typical laboratory setting. This technique is
applicable to the cross-sectioning of any ellipsoidal seed approximately four millimetres in
diameter at its widest point. Seeds of the model grass Brachypodium distachyon (Figure S2A) can
be similarly sectioned but do not stay enclosed within the annulus. Larger seeds, like wheat,
fracture easily and require care when sectioning (Figure S2B).

However, there are several limitations to the technique presented here. Sections obtained using
this technique are not thin enough for the light to pass through which prohibits the use of this
technique for transmitted-light based microscopic approaches like bright field (500 um maximum
sample thickness for rice kernel sections?®) and transmission electron microscopy (TEM) (500 nm
maximum sample thickness?®). The use of a pipette tip as the sectioning ‘matrix’ also limits the
size of seed that can be sectioned using this technique. Further troubleshooting would be
required to adapt this technique for species highly dissimilar from rice, and the size of the ‘matrix’
is limited by the size of pipette tips available for purchase.

Another distinct advantage that this technique provides is the quality of samples that can be
produced from chalky phenotype rice kernels. It is worth noting that even the Matsushima study
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conceded that it was difficult to obtain cross sections using that particular method for chalky
phenotypes?, as replicated in this study for the purpose of comparison (Figure 1S). In their case,
it became necessary to chemically fix their chalky rice samples and embed them in resin for
sectioning. The new technique, in conjunction with desktop SEM imaging, allows the researcher
to easily prepare transverse sections of rice kernels for microscopy with more consistency than
without immobilization support (Table 3).

In the new era of phenomics and metabolomics, it is important to monitor mutagenized lines and
transposon-tagged libraries to better understand the function and importance of starch in seeds.
Additionally, the International Rice Genebank holds over 130 000 rice accessions?’. A rapid seed
phenotyping technique like the one presented here would expedite classification and sampling
for nutritional quality?®. Lastly, this technique may be useful in the light of encroaching climate
change impacts. Seasonal high-temperature stress during grain-filling had already been identified
as a major cause of chalkiness®, but recent studies have implicated rising global temperatures in
increasing chalkiness of rice yields”?°. Such expedited endosperm phenotyping may help provide
a broad agricultural image of the effect of increasing global temperatures.
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Table 1

Table 1: Mean kernel section thickness.

Click here to access/download;Table;Table_1 IA.xIlsx ¥

Genotype

Mean section width (ium) using telescope assemblage

Mean section width (um) sectioning freehand

Nipponbare (husked)

971.7+152.4%°

1059.571+394.2%°

Xieyou 7954

825.1+128.3°

1306.187+179.1°

RS4

910.6+165.0°°

1126.694+395.3%°

Means followed by the same letters are not significantly different at P < 0.01 using a one-way analysis of variance (ANOVA) and Tukey’s test (n = 10). Statistical

analyses were performed using JMP 15 software.
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Table 2

Table 2: Mean sample preparation time.

Genotype Mean time (s)*
Nipponbare (husked) 14.7+1.36°
Xieyou 7954 9.81+0.98°
RS4 11.941.28°

*Using the telescope assemblage.

Means followed by the same letters are not significantly different at P < 0.01 using
a one-way analysis of variance (ANOVA) and Tukey’s test (n = 10). Statistical
analyses were performed using JMP 15 software.
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Table 3

Table 3: Rice genotypes examined in this study.
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Genotype Background Quality
Nipponbare Wild type Translucent
Substandard starch grainl (ssg1) Nipponbare Chalky
Resistant Starch (RS) Xieyou 7954 Wild type Translucent
RS111 Xieyou 7954 Translucent
RS4 RS111 Chalky
Yi-Tang, ‘New Life’, Lujuren brand Xieyou 7954 Chalky
Xiushui 11 Wild type Translucent
Kemingdaol (KMD1) Xiushui 11 Translucent
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Name of Material / Equipment Company Catalog Number Comments/Description
JMP 15 SAS N/A N/A
Leit Adhesive Carbon Tabs 12 mm (Pack of 100) Agar Scientific AGG3347N N/A
Phenom Pro Desktop SEM Thermo Scientific PHENOM-PRO N/A
Pipette Tips RC UNV 250 pL Rainin 17001116 N/A
SEM Pin Stub @12.7 Diameter Top, Standard Pin, Aluminium Micro to Nano 10-002012-50 N/A
Shandon Microdissecting Fine Tips Thumb Forceps, Fine Tips, 12.7 cm Thermo Scientific 3120019 N/A
Shandon Scalpel Blade No. 20, Sterile, 4.5 cm Thermo Scientific 28618256 N/A
Shandon Stainless-Steel Scalpel Blade Handle Thermo Scientific 5334 N/A

Zeiss V20 Discovery Stereomicroscope Zeiss N/A N/A
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Responses to editor’s comments

1. Please reference tables in order, so table 1 will be referred before table 2 and 3. (so maybe make
this table as 1). Done, all three (3) Tables are now in the revised order, Thanks!

2. Brightfield? No. Bright field microscopy involves the image being illuminated from below and observed
from above. We illuminated the image from above.

3. Please include the panels as well. N-S? Change effected, thanks for the good suggestion.

4. How is this done? Using fine forceps to carefully lift the plastic ring (annulus) away from the sample.
The clarification has been made.

5. Please move this part to the results section and reference Figure S1 before Figure S2. Please change
the number of the citations accordingly both in the text and in the reference section. Done.

6. Are different panels reprinted from different publications? If yes, we will need reprint permission
for all these. Explicit permission can be expressed in the form of a letter from the editor or a link to
the editorial policy that allows re-prints. Please upload this information as a .doc or .docx file to
your Editorial Manager account. The Figure must be cited appropriately in the Figure Legend, i.e.
“This figure has been modified from [citation].” No, all these original photographs have been taken
expressly for this manuscript. We took these images ourselves in our own laboratories. These panels are
unique, novel, and have never appeared elsewhere.

7. Please remove trademark (™) and registered (®) symbols from the Table of Equipment and
Materials. Please sort the tables in alphabetical order. Done, good idea!

8. As we are a methods journal, please revise the Discussion to explicitly cover the following in detail

in 3-6 paragraphs with citations:

a) Critical steps within the protocol

b) Any modifications and troubleshooting of the technique

c¢) Any limitations of the technique

d) The significance with respect to existing methods

e) Any future applications of the technique

Presently it is missing b and c.
We have now addressed these limitations, e.g. that seed size is a limiting factor for the success of this technique,
but we have also expanded on the limitations in any case, to be sure, as follows: “However, there are several
limitations to the technique presented here. Sections obtained using this technique are not thin enough for light to
pass through which prohibits the use of this technique for transmitted-light based microscopic approaches like
bright field (500 um maximum sample thickness for rice kernel sections?®) and transmission electron microscopy
(TEM) (500 nm maximum sample thickness?®). The use of a pipette tip as the sectioning ‘matrix’ also limits the
size of seed that can be sectioned using this technique. Further troubleshooting would be required to adapt this
technique for species highly dissimilar from rice (e.g. Nicotiana benthamiana), and the size of the ‘matrix’ is
limited by the size of pipette tips available for purchase.”
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ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article:

Simple Transverse Sectioning of Mature Rice (Oryza sativa L.) Kernels for SEM
Imaging Using Pipette Tips as Immobilization Support

Author(s):

Jordan Demone, Ryo Matsushima, lllimar Altosaar WM/L/

ltem 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:

D Standard Access

Item 2: Please select one of the following items:

Open Access

The Author is NOT a United States government employee.

DThe 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.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” 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 Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing 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 Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “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.

2. Background. 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.

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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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
Institution’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-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video — 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 — Open 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 Video 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
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. 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

ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such 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. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JoOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. 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.
10. 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.

11. 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
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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
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
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.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’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, privacy 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

ARTICLE AND VIDEO LICENSE AGREEMENT

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 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.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication of 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.

14. 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.
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