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19 SUMMARY:
20  To test the effect of a chemokine on macrophage recruitment in vivo, the whole mount in situ
21  hybridization was used to detect the ectopic expression of the chemokine, and immunostaining
22  was used to label macrophages. Live imaging was used for real-time observation of macrophage
23  migration.
24
25  ABSTRACT:
26  Zebrafish are widely used in basic and biomedical research. Many zebrafish transgenic lines are
27  currently available to label various types of cells. Owing to the transparent embryonic body of
28  zebrafish, it is convenient for us to study the effect of one chemokine on the behavior of a certain
29  type of cells in vivo. Here we provided a workflow to investigate the function of a chemokine on
30  macrophage migration in vivo. We constructed a tissue-specific overexpression plasmid to
31  overexpress IL-34 and injected the plasmid into one-cell stage transgenic fish embryos whose
32 macrophages were specifically labeled by a fluorescent protein. We then used whole mount
33  fluorescent in situ hybridization and immunostaining to detect the pattern of the chemokine
34  expression and the number or location of macrophages. The injected WT embryos were raised
35 to generate a stable transgenic line. Finally, we used confocal live imaging to directly observe
36  macrophage behavior in the stable transgenic fish to study the function of IL-34 on macrophages
37  invivo.
38
39 INTRODUCTION:
40  Zebrafish is a small tropical hard-bones freshwater fish originated in India. Regarding the gene
41  conservation, zebrafish have a similarity of 87% to the human?. It can provide us insights on
42  related subjects of human by studying the gene regulation, protein function and cell behavior
43  such as migration, proliferation et.al in zebrafish. Zebrafish embryo can be used to observe the
44  development of early embryos at different stages after inhibiting pigment. Meanwhile, it takes
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only three months for zebrafish to develop into sexual maturity, then the zebrafish can produce
hundreds of eggs every 4 days. Mini-size, simple breeding, strong reproductive capacity, these
advantages make zebrafish culture very space-saving, conducive to large-scale culture. The
traditional mammalian model mouse has a higher maintenance costs than zebrafish, therefore
limiting the scale of mouse raising. In the aspect of early embryo development, mouse embryo is
difficult to observe in live condition due to the characteristics of mouse embryo development in
the mother womb. On the contrary, zebrafish embryos develop externally and are transparent,
therefore they are easy to observe under a microscope. Furthermore, zebrafish is very easy to
construct a variety of transgenic lines for related gene function research. Currently, various
zebrafish transgenic lines are available to label different types of cells. It is very convenient now
to construct transgenic lines to overexpress chemokines in specific locations and study the
chemokines function on cell behavior in zebrafish.

Here, we provided a workflow to use zebrafish transgenic line to investigate the function of IL-34
on macrophage behavior in vivo?”. Firstly, we constructed a liver-specific overexpression plasmid
of the gene il34 and injected the plasmid into one-cell stage Tg (mpeg1: GFP) fish embryos which
specifically labeled the macrophages by fluorescent protein GFP. Then, we used whole mount
fluorescent in situ hybridization and immunostaining to detect the pattern of the il34 expression
and the number or location of macrophages. The injected WT embryos were raised to generate
a stable transgenic line. In these steps, we established and validated the cytokine-producing line
and visually assessed the effects that can be seen on macrophage distribution. Finally, to
investigate macrophage behavior in response to the cytokine, we used confocal live imaging to
directly observe the macrophage migration to confirm the function of i34 on the macrophage
migration in vivo.

PROTOCOL:
NOTE: All the samples were treated by phenylthiourea(PTU) egg water to inhibit pigment.
1. Generation of Tg (fabp10a:il34) transgenic constructs and fish injection

1.1. Clone the 2.8 kb fabpl0a promoter® and the IL-34 coding regions
(ENSDART00000126460.3) of zebrafish into the pTol2 vector to generate the fabpl0a-il34
construct. Inject the constructs into one-cell stage Tg (mpeg1: GFP) and WT fish embryos together
with the transposase mRNA. Raise the fabp10a-il34 injected WT embryos to adult® and identify
the transgenic founder by in situ hybridization.

NOTE: The injection of the Tol2 construct directly into another transgenic could be problematic if
the other transgenic line is made with the same transposon system. A general practice would be
to make an independent transgenic line and subsequently cross the new line with another
reporter line. This ensures that there will be no effects of the new transgenesis on a previously
inserted transgene.

2. Fluorescent whole mount in situ hybridization (WISH) combine with immunostaining
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2.1. Sample fixation

2.1.1. Collect embryos of transient injection or stable IL-34 transgenic line which crossed with
Tg (mpegl: GFP) at desired stages.

NOTE: For this case, the embryos were collected at 4 d post fertilization (dpf). (If needed) remove
the chorion by syringe.

2.1.2. Fix the embryos with 4% paraformaldehyde (PFA) overnight at 4 °C or 2 h at room
temperature (RT) (about 25 °C).

2.1.3. Wash the embryos with phosphate buffered saline plus Tween 20 (PBST) 3x 5 min.

2.1.4. Dehydrate the embryos separately with 50% methanol in PBST (50% Methanol/PBST) and
100% methanol, 1x 5 min each. Then, change to fresh 100% methanol and store at -20 °C (at least
2 h).

NOTE: The protocol can be paused here.

2.2.  Probe hybridization (Day I)

2.2.1. Rehydrate the embryos in the previous steps separately with 50% methanol in PBST (50%
Methanol/PBST) and 100% methanol, 1x 5 min each. Then wash with PBST 3x 5 min.

2.2.2. Digest the embryos with proteinase K in PBST at RT (final concentration: 10 ug/mL; 1:2000
in PBST).

NOTE: Digestion time depends on the embryos stage: Less than 36 h post fertilization (hpf), no
need; 36 hpf-2 dpf embryo, 3-5 min; 2-3 dpf embryo, 10 min; 3-4 dpf embryo, 15 min; 4-5 dpf
embryo, 15-20 min; 5-6 dpf embryo, 20-27 min; >6 dpf embryo, 25-30 min at RT (about 25 °C).
2.2.3. Discard the digestion solution and perform fixation again with 4% PFA, for 20 min at RT.

2.2.4. Wash the embryos with PBST 2 x 10 min.

2.2.5. Discard the PBST, perform pre-hybridization with heated hybridization buffer (HB buffer)
at 65 °C for 5 min, recycle the HB buffer into the original tube.

2.2.6. Perform pre-hybridization with new heated HB buffer at 65 °C at least 1 h.
2.2.7. Pre-heat the probe® (for this case was an il34 probe, 1 ng/mL) at 65 °C at least 10 min.

Then recycle the HB buffer into the original tube. Perform hybridization with the pre-heated
probe at 65 °C overnight.
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2.3. Antibody treatment (Day Il)

2.3.1. Pre-heat the 50% formamide/2x saline sodium citrate plus Tween 20 (SSCT), 2x SSCT, 0.2x
SSCT at 65 °C.

2.3.2. Recycle the probe into the original tube and store the probe at -20 °C.

2.3.3. Wash the embryos separately with 50% formamide/2x SSCT; 2x SSCT; 0.2x SSCT, 3x 20 min
or 2x 30 min each at 65 °C.

2.3.4. Wash the embryos with PBST 3x 5 min.

2.3.5. Block the samples with 600 pL of blocking buffer (5% filtered fetal bovine serum (FBS) in
PBST) for 1 h at RT.

2.3.6. Add 400 pL of Anti-digoxigenin-HRP antibody solution (1:1000-1:2000 in blocking buffer)
and incubate the embryos at 4 °C overnight. If signals are weak, use 1:500 dilution of antibody.

2.4. Coloring and primary antibody incubating (Day 1)

2.4.1. Remove the antibody; wash the embryos with PBST, 6x 20 min at RT.

2.4.2. Rinse the sample with 30 pL of 1x Plus Amplification Diluent for 5 min at RT.

2.4.3. Discard the diluent by pipetting out; dilute Fluorophore Tyramide Stock Solution (Cyanine
3 Plus Amplification Reagent (Cy3) or Cyanine 5 Plus Amplification Reagent (Cy5), for this case
Cy3 was used) 1:50 in 1x Plus Amplification Diluent to make the Fluorophore Tyramide Working

Solution. Prepare 50-100 pL of working solution for each sample.

2.4.4. Incubate the sample in the Fluorophore Tyramide Working Solution for 5-15 min in dark
at RT. If signals are weak, extend the incubation time to 30 min.

2.4.5. Stop the reaction by changing the working solution with PBST and examine the signals.
2.4.6. Wash the embryos with PBST 3x 10 min at RT.

2.4.7. Incubate the sample with primary antibody at 4 °C overnight. For this case, use the Goat-
Anti-GFP antibody as the primary antibody.

2.5. Secondary antibody staining (Day IV)

2.5.1. Wash the embryos with PBST for 4x 30 min.
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2.5.2. Incubate the embryos with secondary antibody at 4 °C overnight. For this case, use Alexa
488-Anti-Goat antibody as the secondary antibody.

2.6. Take pictures (Day V)

2.6.1. Wash the embryos with PBST 3x 10 min at RT.

2.6.2. Store the embryos in 70% glycerol in dark at 4 °C overnight or -20 °C for longer.

3. Live imaging

3.1. Sample selecting

NOTE: Use the live image to directly observe whether macrophages of Tg (fabp10a: il34; fabp10a:
DsRed; mpeg1: GFP) fish would migrate into the liver under IL-34 induction during 3-3.5 dpf. Here
the Tg (fabp10a-DsRed) transgenic line is used to label the liver region and make it visible, to
facilitate the localization of the liver and to determine whether macrophages migrate into the
liver. Before imaging, use a fluorescence microscope to select the DsRed and GFP double positive
embryos.

3.2.  Fish mounting

3.2.1. Use a metal bath to heat 1 mL of 1% low melting agarose to above 90 °C to completely
melt it.

3.2.2. After the low melting agarose is cooled to body temperature, add 50 pL of 0.2% tricaine,
and uniformly mix tricaine with the agarose.

3.2.3. Move the anesthetized embryos to a small dish mounted with a cover slide on the bottom,
remove the surrounding water, slowly drop the low melting agarose on the embryos, carefully set
the position of the fish before the agarose is solidified, keep the liver area close to the cover slide
on the bottom of the dish.

3.2.4. After the low melting agarose is solidified, carefully cover it with another layer of agarose
to reinforce it.

3.2.5. Place the dish on the confocal microscope carrier table, cover the fish with the E2
solution®®with tricaine and start imaging.

3.3. Software operation of the confocal microscope

3.3.1. Open the ZEN black 2.3 software, install the living cell workbench onto the microscope
carrier table.



221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264

3.3.2. Click Locate | Incubation | Temperature to set the temperature to 29 °C.

3.3.3. Place the dish in the center of the living cell workbench, cover the fish with the E2
solution'® with tricaine.

3.3.4. Click the Acquisition menu, select the required scan mode and lasers in the Smart Setup
menu, then select Z-Stack and Position.

3.3.5. Click the Experiment Designer menu, select Enable Multi Block Experiment, in the first
block, to find the sample under the low magnification, then switch to the high magnification, let
the observed area in the center of the visual field.

3.3.6. Set the position and Z-Stack information, select the appropriate laser intensity, scanning
layers and imaging speed.

3.3.7. Create a new block and repeat the above steps. After setting up all blocks, set the
appropriate number of loops and start recording (Figure 1).

REPRESENTATIVE RESULTS:

The steps involved in the protocol of zebrafish are illustrated in Figure 2. First, we generated the
pBLK-fabp10a-il34-sv40 construct in which i/34 was driven by the fabp10a promoter (Figure 2).
The construct was microinjected into one-cell stage Tg (mpeg1: GFP) zebrafish embryos which
can label macrophages with GFP and WT embryos which were raised to adults to generate
transgenic stable line (Figure 2). The expression of i34 was analyzed by whole mount
fluorescence in situ hybridization (Figure 2 and Figure 3). Macrophages labeled by GFP were
analyzed by immunostaining (Figure 2 and Figure 3). We used live imaging to directly observe
whether macrophages would migrate into the liver under the i34 induction during 3-3.5 dpf
(Figure 2, Figure 4, Supplementary Movie 1 and Supplementary Movie 2).

FIGURE AND TABLE LEGENDS:

Figure 1: Software operation of the confocal microscope live imaging. Open the ZEN black 2.3
software, install the living cell workbench onto the microscope carrier table, then click Locate (A)
| Incubation| Temperature (B) to set the temperature to 29 °C. Place the dish in the center of
the living cell workbench, cover the fish with the E2 solution®® with tricaine. After all of these,
click the Acquisition (C) menu, select the required scan mode and lasers in the Smart Setup (D)
menu, then select Z-Stack and Position (E). Finally, click the Experiment Designer (F) menu, select
the Enable Multi Block Experiment, in the first block, to find the sample under the low
magnification, then switch to the high magnification, let the observed area in the center of the
visual field, set the position and Z-Stack (G and H) information, select the appropriate laser
intensity, scanning layers and imaging speed. Create a new block, and repeat the above steps.
After setting up all blocks, set the appropriate number of loops (I) and start recording.

Figure 2: A workflow to investigate the function of a chemokine on macrophage migration in
vivo. We constructed a tissue-specific (liver) overexpression plasmid to overexpress I1L-34 and
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injected the plasmid into one-cell stage transgenic fish embryos whose macrophages were
specifically labeled by a fluorescent protein (Tg: (mpegl: GFP)). The injected WT embryos were
raised to generate a stable transgenic line. We then used whole mount fluorescent in situ
hybridization and immunostaining to detect the pattern of the gene expression and the number
or location of macrophages of the transient injected embryos or stable line embryos (4 dpf).
Finally, we used confocal live imaging to directly observe macrophage behavior in the stable
transgenic fish (3-3.5 dpf) to study the function of IL-34 on macrophages in vivo.

Figure 3: Fluorescent WISH combine with immunostaining. This figure has been modified from
Jiang et al.'l. A total of 1.8 nL (30 ng/uL) of the pBLK-fabp10a-il34-sv40 construct was
microinjected into one-cell stage Tg (mpeg1: GFP) zebrafish embryos. (A) WISH of i[34 expression
(red) and whole-mount antibody staining of GFP expression (green) in 4 dpf embryo (6X). The
whole body picture of the fish is made up of two separate images taken by confocal and stitched
together in Photoshop. Insets are high magnification (20X) of the corresponding boxed regions
(orange dotted areas). (B) Quantitative analysis of macrophage cell numbers in un-injected and
construct injected embryos’ liver (shown in the white dotted area) and tail region (approximately
between the 13th and 17th somite, shown between two white dotted lines). Data were analyzed
by Mann Whitney U test, ** p < 0.01 compared to control. n = 5, 5 for the 4 dpf injected and
control fish. Bars: 200 um (white line); 50 um (yellow line). (C) WISH of iI34 expression and whole-
mount antibody staining of GFP expression in 4 dpf stable line embryo (6X). The whole body
picture of the fish is made up of two separate images taken by confocal and stitched together in
Photoshop. Insets are high magnification (20X) of the corresponding boxed regions (orange
dotted areas). (D) Quantitative analysis of macrophage cell numbers in Tg (mpeg1: GFP) and Tg
(fabp10a: il34; mpegl: GFP) embryos’ liver (shown in the white dotted area) and tail region
(approximately between the 13th and 17th somite, shown between two white dotted lines).

Figure 4: Confocal live imaging to directly observe macrophage behavior in the stable
transgenic fish. This figure has been modified from Jiang et al.'!. Micrographs of live imaging
show the process of a macrophage (green, labeled by white arrows) passing by the liver (red)
within 28 min in control fish (A) and the process of a macrophage (green, labeled by white
arrows) migrating into the liver (red) within 28 min in IL-34 overexpressing fish (B). Bars: 40 um
(white line).

Supplementary Movie 1. Live imaging showing the process of macrophages (green, labeled by
white arrows) migrating into the liver (red) within 2 h in IL-34 overexpressing fish. Bars: 20 um
(white line). This movie has been republished from Jiang et al.*%.

Supplementary Movie 2. Live imaging showing the process of macrophages (green, labeled by
white arrows) wandering around the liver (red) within 2 h in control fish. Bars: 20 um (white
line). This movie has been republished from Jiang et al.1?.

DISCUSSION:
The protocol described here allows us to investigate the function of a chemokine on the behavior
of macrophage in vivo and the procedure requires some technical expertise. In summary, there
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are several critical steps to avoid complications in the protocol: 1) select a suitable transgenic line
which shows specific and strong transgenic signal to label the cell of interest; 2) select an
appropriate tissue which is accessible for imaging and transgenic gene overexpression; 3) make
a sensitive and specific RNA probe; 4) select an appropriate observation time window to
accurately capture the cell behavior.

In the procedure of whole mount fluorescence in situ hybridization combined with
immunostaining, the RNA probe used to detect gene expression should be sensitive and the
signal need to be strong enough. In order to capture the gene function on cell behavior, a series
of time points should be tested. For example, in observing the effect of il34 on macrophage
migration, although the fabpl0a promoter began to express at 2-3 dpf, macrophages
accumulation in the liver was not obvious at that time. It is only by 4 dpf that the enrichment of
macrophage in the liver becomes apparent. In addition, after in situ hybridization, the signal
intensity of subsequent immunostaining will be affected. For example, comparing with GFP,
DsRed is difficult to color in immunofluorescence staining after in situ hybridization, probably
because of the different protein structures. Generally speaking, the signal intensity of
immunostaining after whole mount fluorescence in situ hybridization would be less than that of
single immunostaining.

In the live imaging step with the confocal microscope, it is necessary to keep the sample close to
the bottom of the dish. When the embryos float in agarose, the working distance of the objective
may be insufficient, also, the agarose between the objective and the sample would affect the
quality of imaging. Besides, the number of samples for imaging at each time should be set
properly. One must make sure that the time span between two scans of each fish would not be
too long to lose the details of cell behavior. So this method is not suitable for tracking cells that
move fast in thick tissues.

In conclusion, this protocol can be used to observe the function of chemokines on the behavior
of a variety of cells such as macrophages, neutrophils, and T-cells. Here, we used IL-34, a recently
identified ligand of CSF-1R function in chemotaxis®’, as an ectopic expressed chemokine to
induce macrophages migration. Most of the existing experimental models of cell chemotaxis are
based on in vitro cell experiments, but the in vitro experiments sometimes are too simple to
model the complex environment in vivo. Also, it is difficult to image the chemo-attraction ability
in vivo when simply look at the in vitro situation. This method utilized the specific advantages of
zebrafish for direct cell behavior observation which is difficult for mice. The current method
allowed us to quickly test the chemokine functions on cell behaviors within several days and
make zebrafish a powerful model to study the molecular and cell biology.
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Name of Material/ Equipment Company Catalog Number Comments/Description
Alexa 488-Anti—Goat antibody Invitroge A11055

Antibody Anti-Digoxigenin—HRP perkinelm NEF832001EA
Goat—Anti—GFP antibody Abcam ab6658
CaCl,. 2H,0 Sigma 21097
Cyanine 3 Plus Amplification Reagent perkinelm NEL745001KT
E2 solution 15 mM NaCl +0.5 mM KC1 +1.0 mM MgS0,+150 MM K
Fetal Bovine Serum(FBS) Life 10099-133
formamide Diamond A100314
glycerol Sigma V900860
heparin sodium Sigma H3149
hybridization buffer (HB) 50% formamide+ 5XSSC+9 mM sodium citrate+50
KC1 Sigma P5405
KH,PO, Sigma P5655
low melting agarose Sigma A9414
methanol GHTECH 1. 17112. 023
methylene blue Sigma M9140

Reagent MgS0, Sigma M2643
Na,HPO, Sigma S5136
NaCl Sigma S5886
NaHCO, Sigma SH761
paraformaldehyde (PFA) Sigma 158127 Suspend 16 g of PFA in 400 ml of 1x PBS, heat a
10X PBS 14.2 g Na,HP0,+80 g NaCl+2 g KC1+ 2.4 g KH,PO, i
phenylthiourea (PTU) Sigma P7629
1 XPlus Amplification Diluent perkinelm NEL745001KT
Proteinase K Fermentas E00492
20X Saline sodium citrate (SSC) 175.3 g NaCl+ 88.2 g sodium citrate in 1 L ddHy
sodium citrate Sigma A5040
tricaine Sigma E10521
tRNA Sigma R6625

Tween20 Sigma P2287
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pBLK-fabpl0a—i134-sv40 For Tg (fabl0a:il34) transgenic line generatior
Plasmid

pBSK-1134 For 7134 probe preparation
Tg (mpegl: GFP) Label macrophages with GFP
Fish 7g (fabplOa: DsRed) Label liver cells with DsRed

Tg (fabl0a:i134) Over—expression IL-34 in liver cells



H2P04 + 50 M NazHPO4 +1.0 mM CaC12 + 0.7 mM NaHCO3

g/ml heparin sodium+ 500 B g/ml tRNA+ 0.1% Tween20

t 60 ° C to dissolve about 30 min. This solution can be prepared in advance and stored at -4 ° C. Caution. Manipulate with mask.
n 1L ddH,0

J, PH 7.0
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ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article:

An ec-lﬂri(, chewokine evaeﬁion mod®l -f» ﬂ;g!p\hj mauopl'oje repwitment iniivd

Author(s):

Ymn\(?ﬂh ]ia\lt’ ) Jia‘“ﬂo d‘e“ ) Jiﬁ Xu

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

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

Standard Access

Item 2: Please select one of the following items:

I:lOpen 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,

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

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 loVE
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.5.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 JoVE 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 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 US51,200 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:
JIN XU
Department:
| Rvasupn 0{" Celd, , velopmontel and mteqvosive Aiology
titution: ! v e
G South Chive.  Unjversivg of Technology
Title: Pyﬁ{@SévY _
Signature: W@ Date: 2919~ 0 (7 2§L

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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Rebuttal Letter

Click here to access/download;Rebuttal Letter;rebuttal letter

6.18.docx

Editorial comments:
The manuscript has been modified and the updated manuscript, 60161_R1.docx, is attached
and located in your Editorial Manager account. Please use the updated version to make your

revisions.

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are

no spelling or grammar issues.

Response: We have proofread the manuscript to correct the spelling and grammar errors.

2. Please highlight complete sentences (not parts of sentences) for filming.

Response: We have highlighted the protocol steps in yellow for the video.

3. Please use a single space between numerical values and their units.

Response: We have modified the format according to the request.

4. Please use greek characters for SI unit prefixed, e.g. use ‘ug’ instead of ‘ug’.

Response: We have modified the format according to the request.

5. Step 2.2.1: Rehydrate what?

Response: In this step, the embryos which have been dehydrated in Step 2.1.4. were
rehydrated. (Line 106)

6. 2.2.2: Digest what?

Response: In this step, the embryos in Step 2.2.1. were digested. (Line 109)

7. 2.3.5: Please write the step in the imperative tense.

Response: We have changed the text accordingly. (Line 141-142)

*
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Supplemental File (Figures, Permissions, etc.) Click here to access/download;Supplemental File (Figures,
Permissions, etc.);Copyright permission.docx

Dear Jiang:

Copyright permission is granted for this request. Please give proper credit to the journal
and to the publisher: Mary Ann Liebert, Inc., New Rochelle, NY.

Kind regards,

Karen Ballen
Manager

From: ZVzVZ <janene950215@163.com>
Sent: Sunday, February 17, 2019 9:50 PM
To: Ballen, Karen <KBallen@liebertpub.com>
Subject: reprint permission requesting
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