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15 SUMMARY:
16  Environmental DNA (eDNA) is typically captured from water samples using alcohol precipitation,
17  filtration, or flocculation. Presented here is an alternative protocol that uses lanthanum chloride
18 to enable collection of dissolved and particulate-bound nucleic acids from water samples
19  containing eukaryotic cells, prokaryotic cells, and virus.
20
21  ABSTRACT:
22 The analysis of environmental DNA (eDNA) has become a widely used approach to problem
23 solving in species management. The detection of cryptic species including invasive and (or)
24 species at risk is the goal, typically accomplished by testing water and sediment for the presence
25  of characteristic DNA signatures. Reliable and efficient procedures for the capture of eDNA are
26  required, especially those that can be performed easily in the field by personnel with limited
27  training and citizen scientists. The capture of eDNA using membrane filtration is widely used
28  currently. This approach has inherent issues that include the choice of filter material and porosity,
29 filter fouling, and time required on site for the process to be performed. Flocculation offers an
30 alternative that can be easily implemented and applied to sampling regimes that strive to cover
31  broad territories in limited time.
32
33  INTRODUCTION:
34  Before the mid-2000s, the term “environmental DNA” was generally used to refer to DNA
35 obtained from water and soil microbes although some use for the detection of human and animal
36 DNA for purposes of fecal source tracking or non-native species detection had begun'?3.
37  Presently, environmental DNA is generally used to describe DNA from cells sloughed from
38 eukaryotic organisms, and the analysis of this DNA has become a widely used management tool.
39 The detection of cryptic species including those that are invasive or species at risk is the goal,
40 typically accomplished by testing water or sediment for the presence of the characteristic DNA
41  signatures of the target species. Studies may focus on a single species of interest using a specific
42  PCR assay (active sampling), or many species may be detected simultaneously using
43  metabarcoding and massively parallel sequencing.

D
SN


https://www.editorialmanager.com/jove/download.aspx?id=1199668&guid=d32e9f0c-6f6b-4db1-97f6-27d643406808&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1199668&guid=d32e9f0c-6f6b-4db1-97f6-27d643406808&scheme=1

45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88

Many improvements in sample collection, sample processing, and data analysis associated with
eDNA research have been made during the last two decades. Early studies employed alcohol
precipitation to capture DNA from water samples3. While tried and true, the need to analyze
large water volumes to increase assay sensitivity make this method unattractive due to the
typical requirement for two volumes of ethanol for each volume of water sample.

Later studies have generally used membrane filtration, rationalizing that eDNA is present in a
continuum of states from cellular-bound to freely dissolved, but that dissolved DNA is subject to
rapid degradation and therefore that cellular-bound DNA represents the most significant
fraction. Filter material and pore size optimization is widely discussed and debated as is the
optimal method(s) for extraction of captured eDNA from the filter®.

A third approach to eDNA capture is flocculation, a process that has been used for centuries to
clarify liquids including, water, beer, and wine. Several studies have used flocculation to capture
virus from natural or potable water sources’*1. These studies have typically used pre-flocculated
skim milk or iron chloride as capture agents. Iron chloride methods typically result in downstream
analysis molecular problems due to PCR reaction inhibition'>'3, Methods using pre-flocculated
skim milk require the advance preparation of the flocculant, pH control, and thus far have only
been applied to the capture of virus’=>.

Recently, flocculation capture of bacteria and virus based on the use of lanthanum (lll) chloride
has been studied'??>. The authors demonstrated that viable pathogens could be collected by this
method as the binding of lanthanum chloride was effective at low concentration (0.2 mM).
Furthermore, lanthanum flocculation is reversible via chelation under mild conditions in contrast
to that of iron chloride.

Thus, flocculation using lanthanum chloride to capture biological particulates is attractive given
that only a small amount of added concentrated flocculating agent is required, no strict pH
control is needed, and sample volumes are scalable from milliliters to gallons. As applied to the
capture of eDNA, cellular, sub-cellular (mitochondria and chloroplasts) as well as dissolved DNA
are readily recovered. Bacteria and virus are collected simultaneously allowing for pathogen
testing and (or) additional ecological studies from a single water sample. A flocculation protocol
using lanthanum chloride is presented that enables collection of dissolved and particulate-bound
nucleic acids from water samples.

PROTOCOL:
1. Decontamination of equipment and flocculation reagent preparation

1.1. Thoroughly wash all bottles, tubing, and other previously used equipment with dishwashing
detergent and hot water.

1.2. Spray all bottles, tubing, and other previously used equipment with 6% citric acid solution to
remove mineral deposits, let stand 20 minutes, and rinse with tap water.
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1.3. Add a solution of 10-fold diluted household bleach (0.5-0.6% final concentration of sodium
hypochlorite) to all bottles (approximately 10% of the container volume), shake, let it stand at
least 1 h, then drain and rinse with tap water until no trace of bleach remains. Then rinse once
with deionized water.

1.4. Dry all bottles.

1.5. Place all collection bottles and caps in a biological safety cabinet and irradiate using
ultraviolet germicidal lamps for 2 h rotating each bottle and cap a quarter turn every half hour.

1.6. Place caps onto bottles and screw down loosely. Weigh each bottle and record its empty
weight on the bottle.

1.7. Prepare a 100 mM solution of lanthanum (lll) chloride heptahydrate by dissolving 3.71 g in
100 mL deionized water. To minimize exposure of the chemical to air, as lanthanum chloride is
hygroscopic, seal the bottle with tape between uses.

CAUTION: Lanthanum chloride carries the signal word warning hazard statement(s). H315 causes
skin irritation. H319 causes serious eye irritation. H335 may cause respiratory irritation. Use

personal protective equipment. See the material’s SDS for further information.

1.8. Prepare a 1 M solution of sodium bicarbonate by dissolving 84.01 g sodium bicarbonate in 1
L deionized water. Filter sterilize and store at room temperature.

2. Sample collection and flocculation

2.1. Collect samples from each site plus one field blank (a sample containing drinking water filled
on site to control for contamination) by filling appropriately sized bottles. Adjust the number of
samples taken according to the experimental design and intended purpose. Do not overfill bottles
beyond the shoulder of the bottle to allow for the expansion if samples are to be frozen.

2.2. Record pertinent metadata including date, time, and GPS location. Label sample containers.

2.3. Add 1 M sodium bicarbonate solution to each sample and field blank. Add 10 mL per 500 mL
sample.

2.4. Cap the bottles and mix.

2.5. Add 100 mM lanthanum chloride to each sample and field blank. Add 1 mL per 500 mL
sample.

2.6. Cap and mix thoroughly. Use electrical tape to secure the cap.
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2.7. Store on ice until returning to the field laboratory, then the samples may either be stored
overnight refrigerated and standing upright to allow the flocs to settle to the bottom of the
container or frozen at -20 °C for shipment to a second laboratory for further processing. Samples
must be frozen standing upright to allow for the liquid expansion and to prevent container
rupture.

3. Processing of flocs

3.1. Thaw frozen samples at room temperature in a cooler or move samples that were not frozen
to a suitable workbench area that includes a peristatic pump and tubing setup for aspiration of
sample supernatants. Ensure that the tubing running through the peristaltic pump discharge into
a large bucket on the floor. The intake should be equipped with a clean, plastic drinking straw for
controlling the intake.

3.2. Use the peristaltic pump to remove the supernatant by using the drinking straw to direct
suction first just below the liquid surface and moving the straw intake down with the liquid level.
Remove the last of the supernatant by carefully moving the intake to rest on the pontil (raised
dimple in the bottom of the bottle). This allows maximum liquid removal while flocs collect
around the periphery (see Figure 1).

[Place Figure 1 here]

3.3. Attach a clean drinking straw and repeat the supernatant removal for each sample.

3.4. Use a clean 20 mL pipette and pipette controller to transfer the floc suspension completely
to a 50 mL centrifuge tube. Use low volume deionized water rinses (approximately 5 mL) to

ensure that any residual flocs are recovered from the sample bottle.

3.5. Adjust all 50 mL tubes to equal volumes with deionized water and collect the flocs by
centrifugation at 2,500 x g for 20 min.

3.6. Pour off the supernatant and make tubes stand inverted on a clean paper towel to drain.

3.7. Resuspend flocs in 1 mL of 0.5 M EDTA, pH 8.0 by vortex mixing and then add 4 mL 1x TE
solution, pH 8.0 and mix again. Transfer the resuspended flocs to a 15 mL conical centrifuge tube,
add 50 pL of 10% linear polyacrylamide and vortex. Add 5 mL 100% isopropanol, mix, and let it
stand on ice for 20 min.

3.8. Centrifuge at 6,000 x g for 20 min to collect DNA and cellular particulates. Pour off
supernatants and let it stand inverted on clean paper towels to drain. Allow to dry slightly, but

do not over dry.

3.9. Begin the floc DNA extraction process using a commercial kit that employs bead beating and
spin column binding with a capacity of 25 ug.
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3.9.1. First, resuspend the flocs in 800 uL of the lysis buffer provided with the kit and completelly
transfer the suspension to a bead beating tube. Bead beat the floc suspension in short durations
with cooling between. Homogenates may be stored frozen at this point or continue with the kit
protocol.

3.9.1. Elute the DNA from the spin column first with 100 pL, then recycle the eluate through the
spin tube.

3.9.1. Finally, elute the residual DNA from the column with an additional 100 uL aliquot of elution
buffer to make a total volume of 200 pL. This maximizes the recovery.

3.10. Collect, prepare, and analyze eDNA to demonstrate the performance of this protocol and
its performance relative to the widely used filtration method.

3.10.1. Prepare reactions that contain 1x gPCR master mix, 25 pg/mL bovine thrombin416, 0.4
UM forward and reverse primers, and 2 uL of template (1% of recovered sample DNA). Construct
standard curves using serial dilutions of purified and quantified PCR amplicons generated using
voucher DNA. Alternatively, targets can be synthesized commercially.

3.10.2. Use a comparative quantification method if no standard is available. For this example,
conduct thermocycling using reaction conditions of 95 °C for 10 min followed by 40 cycles of 95
°Cfor 10s,57 °Cfor 30s,and 72 °Cfor 30 s, although these conditions must be adjusted for other
assays. Analyze the data using the manufacturer's software.

REPRESENTATIVE RESULTS:

Eight 500 mL water samples (450 mL each) taken from an aquarium housing two Eastern painted
turtles (Chrysemys picta picta) were used to prepare eDNA using the described protocol. Another
eight 500 mL water samples were filtered over 47 mm glass fiber filters of 1.5 um porosity
containing no binder and eDNA was extracted using the same extraction method as used for the
flocculation protocol. DNA prepared using both methods was analyzed using quantitative PCR
that targets the mitochondrial control region of the target species and uses forward and reverse
primers specific for the target organism. The target organism for this demonstration was
Chrysemys picta picta and the forward and reverse primers had the sequences (5'-
CGTCCATGTAACAGATGGCGT-3’) and (5’-AAACCACCGTATGCCAGGTT-3’) respectively.

Comparative quantification was used first to demonstrate the reproducibility of the protocol as
no standard curve was required. Eight water samples prepared using the flocculation protocol
were subjected to comparative quantification gPCR and the take-off point (the cycle at which the
second derivative is at 20% of the maximum level) for these reactions was found to be 23.5 with
a mean PCR reaction efficiency of 1.92 (range 1.89-1.93). Mean relative quantification was 1.003
with a 99% confidence interval of 0.88 — 1.12.
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To further demonstrate the robustness of the flocculation protocol, we compared eight 500 mL
water samples containing Eastern painted turtle eDNA that was captured using flocculation with
eight additional 500 mL water samples from which the eDNA was captured using filtration over
1.5 um retention glass fiber filters. This type of filter is widely used for the capture of eDNA.
Material captured by flocculation and (or) filtration was extracted from the settled flocs and from
the filters and analyzed by qPCR as described above except that quantification was performed by
comparison to serially diluted standards (see Figure 2). These results support the high
performance and reproducibility of the method (see Figure 3).

[Figures 2 and 3 here]

FIGURE AND TABLE LEGENDS:

Figure 1: Collection of flocs settled at unit gravity. Flocs containing cellular material and eDNA
are settled at the bottom of the sample bottle and are ready to be recovered after the
supernatant is removed.

Figure 2: Quantification of Eastern painted turtle eDNA by qPCR. 8 flocculant-captured (green
triangles) and 8 filter-captured (red squares) eDNA samples were quantified by gPCR. The black
diamonds indicate the diluted standards used for quantification and are connected by a line of
best fit. The equation describing the line of best fit and coefficient of determination (R?) are
shown. The linearity, efficiency, and reproducibility of the assay are demonstrated.

Figure 3: Comparison of flocculant and filter protocols for capture of eDNA. The efficiency of
eDNA capture by flocculation is shown to be equivalent to eDNA capture by filtration on glass
fiber filters. The boxes are bounded by the 25t an 75 percentiles of the data and error bars
indicate the data range. A line inside the boxes shows the median. Red dots adjacent to the
boxes show the individual determinations of the replicates.

DISCUSSION:

Although this technique is straightforward, some steps are critical to success. The collection and
transfer of the flocs must be done completely so as not to lose DNA. Residual material must be
gathered using strategic rinses. The described protocol uses a commercial DNA extraction kit for
the final processing of flocculated material. Other extraction methods may perform similarly or
may be superior in performance, but modifications of this part of the protocol have not been
exhaustively tested.

The described protocol is useful for sampling strategies that require taking samples from widely
dispersed sites with minimal time differential between samples or when high levels of suspended
sediments would clog filters readily. A disadvantage of this protocol is the requirement for the
transport water samples from the field to a field station for processing on site or shipping to
another laboratory for processing. Filtration methods produce a light weight and compact filter
that carries the bound target material that can be transported and shipped easily. Unfortunately,
on site filtration requires a variable amount of time to be spent at each sampling site dependent
on water conditions. Additionally, filtration requires carrying equipment into the field,
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decontamination of equipment between samples, and specialized training of personnel and is
not generally a process usable for citizen scientists.

The described protocol is simple, and the sample collection portion of the procedure can easily
be performed by field personnel with minimal training, or even by citizen scientists. Future
applications can be envisioned that include bio-surveillance of pathogens, invasive species, and
changes in biodiversity resulting from contaminants or other abiotic factors. Like many protocols,
future modifications and improvements are expected that will broaden its usefulness.
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Table of Materials

Name of Material/ Equipment
0.5M EDTA, pH 8.0
1 x TE Buffer, pH 8.0
15 ml Conical Centrifuge Tubes
16 oz. PET Clear Square Bottles
38/400 Polypropylene Cap with Pressure
Sensitive Liner

50 mL Conical Centrifuge Tubes

6% Citric Acid Solution

Fecal/Soil Microbe Kit

Lanthanum (lll) chloride heptahydrate
Peristaltic DC Pump

Polyacryl Carrier

Sodium Bicarbonate

Click here to access/download;Table of Materials;Floccculation Bill of Materials-

Schill.xlsx

Description and Comments
Available from several commercial sources
Available from several commercial sources
Single use
Reusable with cleaning and decontamination
Leave caps loosely attached until use. Cap tightly to seal pressure
sensitive liner.

Single use

Use to remove mineral deposits from reusable sample bottles.
Use inhibitor removal resin or column

100 mM Stock Solution

Any peristaltic pump will do, or can be syphoned

10% linear polyacrylamide

1 M, filter sterilized and stored at room temperaruture
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William Schill

USGS-Leetown Science Center
11649 Leetown Road
Kearneysville, WV 25430

April 17, 2020

Vineeta Bajaj, Ph.D.
JoVE

Dear Dr. Bajaj:

I have submitted a revised version of my manuscript, JOVE60967R1 “Capture of Environmental
DNA (eDNA) From Water Samples by Flocculation”. Hopefully, I have addressed the concerns
with the submission. | have addressed each of the Editorial and reviewer comments and have
noted the changes by comments added to your letter of April 03, 2020 (below). You should be
aware that as a Federal Government employee, | have no copyright to convey. Thank you for
your consideration.

Sincerely,

W. Bane Schill

USGS- Leetown Science Center
11649 Leetown Road
Kearneysville, WV 25430
Tele: 304.724.4438

FAX: 304.724.4435

email: wschill@usgs.gov

Editorial comments:

Changes to be made by the Author(s):

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there
are no spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and
any errors in the submitted revision may be present in the published version. Done

2. Please format the manuscript as: paragraph Indentation: O for both left and right and
special: none, Line spacings: single. Please include a single line space between each step,
substep and note in the protocol section. Please use Calibri 12 points. Used JoVE Template
3. Please rephrase the Short Abstract/Summary to clearly describe the protocol and its
applications in complete sentences between 10-50 words: “Presented here is a protocol ..."
Done- 46 words including header.

4. Please ensure that the long Abstract is within 150-300 word limit and clearly states the
goal of the protocol. Done- 140 words including header.

5. JoVE cannot publish manuscripts containing commercial language. Please remove all
commercial language from your manuscript and use generic terms instead. All commercial
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products should be sufficiently referenced in the Table of Materials and Reagents.

For example: Comet, Zymo, Whatman™ 934-AH™, Global Life Sciences Solutions USA 193
LLC, Pittsburg, PA, 1X GoTaq® gqPCR® Master Mix, Promega, Madison, WI, Corbett Rotor-
Gene 3000, Qiagen, Germantown, MD, ROTOR-GENE 6.1, build 93, etc. Commercial
references removed and Federal Government required disclaimer added to
Acknowledgements.

6. Please ensure that all text in the protocol section is written in the imperative tense as if
telling someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions
should be described in the imperative tense in complete sentences wherever possible. Avoid
usage of phrases such as “could be,” “should be,” and “would be" throughout the Protocol.
Any text that cannot be written in the imperative tense may be added as a “Note.” Done

7. The Protocol should contain only action items that direct the reader to do something.
Corrected

8. Please ensure that individual steps of the protocol should only contain 2-3 actions
sentences per step. Done

9. Please use complete sentences throughout. Checked

10. Please ensure you answer the "how” question, i.e., how is the step performed? Done
11. 2.1. How do you collect the samples, what is collected? How many sites are studied in
the present experiment? Hmmm, no “sites” were sampled for this report. All samples
used in the demonstration of the protocol were from aquaria.

12. 3.9: Please make substeps. Substeps are indicated.

13. There is a 10-page limit for the Protocol, but there is a 2.75-page limit for filmable
content. Please highlight 2.75 pages or less of the Protocol (including headings and spacing)
that identifies the essential steps of the protocol for the video, i.e., the steps that should be
visualized to tell the most cohesive story of the Protocol. Protocol steps for video
highlighted.

14. Please move the DNA isolation and PCR -details to the protocol section. Done

15. Significance of using Eastern painted turtle DNA primers. Hmmm, turtles were only
used for convenience in the demonstration of the protocol. The target species is
secondary as any species could be substituted. The protocol is about capturing eDNA
not about turtles per se.

16. Please ensure the results are described with respect to your experiment, you performed
an experiment, how did it help you to conclude what you wanted to and how is it in line
with the title. Done

17. Please obtain explicit copyright permission to reuse any figures from a previous
publication. 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].” None used

18. As we are a methods journal, please revise the Discussion to explicitly cover the
following in detail in 3-6 paragraphs with citations: Done

a) Critical steps within the protocol



b) Any modifications and troubleshooting of the technique

¢) Any limitations of the technique

d) The significance with respect to existing methods

e) Any future applications of the technique

19. Each Figure Legend should include a title and a short description of the data presented
in the Figure and relevant symbols. Done

20. Please remove trademark (™) and registered (®) symbols from the Table of Equipment
and Materials. Please sort the table in alphabetical order. Done

Reviewers' comments:

Reviewer #1:

| have reviewed a manuscript entitled "Capture of Environmental DNA (eDNA) From Water
Samples by Flocculation" authored by William Bane Schill. This manuscript describes a new
method for sample processing for environmental DNA studies. | think this method is useful
and provide another option to the researchers. Overall manuscript is well written. | have only
minor concerns on it as listed below.

Line 106: | found some types reagents are available for LaCl3, namely, anhydrous,
hexahydrate, and heptahydrate. Authors used heptahydrate one, and it is better to be
clarified here. The compound “type” used is unambiguous as stated as well as health
and safety warnings etc.

Line 117: Why at least five samples are needed? The number of samples depends on the
purpose. OK, reworded.

Line 192: Nominal pore size of the filter should be added. Diameter and porosity added.
Line 196: More details on the PCR quantification should be provided. For example, what was
used as quantification standards? Added, with the caveat that the qPCR assay is totally
dependent on the targeted organism. The turtle assay is used only for demonstration
of the efficiency of the flocculation protocol. Any organism could be substituted.
Figure added showing the standard curve and reaction parameters.

Line 209: What was 23.5? | could not understand that. Reworded for clarity- 23.5 is the
cycle at which the second derivative is 20% of the maximum level- a parameter
specific to the relative quantification method.

Line 234: "The collection and transfer of the flocs must be done quantitatively ...". What does
"quantitatively" mean here? Does it mean "completely"? Although | am not a native English
speaker, | think the word "quantitatively” here is not easy to understand. Yes,
quantitatively means completely - all occurrences changed.

Figure 2: What is the unit for X- and Y- axis? Figure modified

Figure 3: What is "Picta"? Figure modified

Reviewer #2:



Manuscript Summary:

The manuscript "Capture of Environmental DNA (eDNA) From Water Samples by
Flocculation" is well written and is a useful method for the isolation of DNA from
environmental water samples. This method is likely of great value to others in this discipline
as it addresses a significant procedural hurdle. As written this method is clear and should be
simply adopted by users. The practical nature of this is wonderful. There are a number of
clarifications that should be made within the protocol and it is recommended that a number
of statements are reworded.

Line 26) Rewrite to remove the possessive attribute (species’). ...sediment for the presence
of characteristic DNA signatures unique to the target species. Done

Line 27) there should be a hyphen or comma before ‘especially Done

Line 29-30) Please rewrite to minimize the number of commas. Done

Line 36) change 'generally was' to 'was generally'. Done

Line 41) change 'and (or)' to 'or' Done

Line 42) change 'and (or)' to 'or' Done

Line 43) rewrite as suggested in abstract to remove the possessive Done

Lines 47-48) Suggest rewriting to 'Many improvements in sample collection, processing and
data analysis regarding eDNA research during the last two decades.' Done

PROTOCOL:

Line 89-90) Not sure if it's OK to recommend a brand name cleaner Commercial references
eliminated.

Line 93) While household bleach is easily understood, there are household bleaches of
differing sodium hypochlorite concentrations). Please specify the sodium hypochlorite
concentration for clarification. Done

Line 93-94) write to remove possessive. Done

Line 133) add 'e' to 'tap' - electrical tape Corrected typo

Line 143) change 'unfrozen' to 'thawed' Some samples may never be frozen—clarified.
Line 160) change 'small' to 'low volume' Done

Line 166) add 'a' before ‘clean' Done

Line 166) change 'toweling' to 'towel' Done

Line 170) the volume of chemicals is mentioned but not the starting concentration (linear
polyacrylamide; isopropyl) OK, added.

Line 180 Add a period "." After "cooling" Done

Line 195-196) "designed by the author" is not necessary. OK

Line 234) Rewrite to remove possessive Done

Line 242) Rewrite sentence. 'That is for doing' doesn't make sense as written. Also snapshots
should not be set off in quotes. Avoid the use of jargon. Rewritten

Major Concerns:
NO



Minor Concerns:
NO

Reviewer #3:

Manuscript Summary:

Protocols described here are sufficient for duplication by other researchers. Additionally, the
author is correct in that this approach will help with ease the field collection of water
samples for eDNA analysis. The field process is simple enough to allow citizen science
inclusion.

Major Concerns:
None

Minor Concerns:
None
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Click here to access/download;Author License Agreement
(ALA);Author_License_Agreement_Schill.pdf

ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article:

Capture of Environmental DNA (eDNA) From Water Samples by Flocculation

Author(s):
William B. Schill

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

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

QStandard Access

Item 2: Please select one of the following items:

D Open Access

DThe Author is NOT a United States government employee.

QThe 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.

DThe 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 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
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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.

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

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.



jove

VISUALIZED EXPERIM:

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 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.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR
Name:
William B. Schill
Department:
Fish Health Branch
Institution: .
USGS-Leetown Science Center
Title: Research Chemist
Signature: Williom 8. Schill Date: October 31, 2019

Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Fax the document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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