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SUMMARY:  21 

Here, we present protocols for the preparation of acute brain slices containing the lateral 22 

geniculate nucleus and the electrophysiological investigation of retinogeniculate and 23 

corticogeniculate synapses function. This protocol provides an efficient way to study synapses 24 

with the high-release and low-release probability in the same acute brain slices. 25 

 26 

ABSTRACT: 27 

The lateral geniculate nucleus is the first relay station for the visual information. Relay neurons 28 

of this thalamic nucleus integrate input from retinal ganglion cells and project it to the visual 29 

cortex. In addition, relay neurons receive top-down excitation from the cortex. The two main 30 

excitatory inputs to the relay neurons differ in several aspects. Each relay neuron receives input 31 

from only a few retinogeniculate synapses, which are large terminals with many release sites. 32 

This is reflected by the comparably strong excitation, the relay neurons receive, from retinal 33 

ganglion cells. Corticogeniculate synapses, in contrast, are simpler with few release sites and 34 

weaker synaptic strength. The two synapses also differ in their synaptic short-term plasticity. 35 

Retinogeniculate synapses have a high release probability and consequently display a short-term 36 

depression. In contrast, corticogeniculate synapses have a low release probability. 37 

Corticogeniculate fibers traverse the reticular thalamic nuclei before entering the lateral 38 

geniculate nucleus. The different locations of the reticular thalamic nucleus (rostrally from the 39 

lateral geniculate nucleus) and optic tract (ventro-laterally from the lateral geniculate nucleus) 40 

allow stimulating corticogeniculate or retinogeniculate synapses separately with extracellular 41 

stimulation electrodes. This makes the lateral geniculate nucleus an ideal brain area where two 42 

excitatory synapses with very different properties impinging onto the same cell type, can be 43 

studied simultaneously. Here, we describe a method to investigate the recording from relay 44 

Manuscript Click here to access/download;Manuscript;59680_R2.docx

mailto:engelhardt@uni-mainz.de
https://www.editorialmanager.com/jove/download.aspx?id=1002088&guid=8cdd7c2e-d820-4169-84c6-e130ad4f9190&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1002088&guid=8cdd7c2e-d820-4169-84c6-e130ad4f9190&scheme=1


   

neurons and to perform detailed analysis of the retinogeniculate and corticogeniculate synapse 45 

function in acute brain slices. The article contains a step-by-step protocol for the generation of 46 

acute brain slices of the lateral geniculate nucleus and steps for recording activity from relay 47 

neurons by stimulating the optic tract and corticogeniculate fibers separately. 48 

  49 

INTRODUCTION: 50 

Relay neurons of the lateral geniculate nucleus integrate and relay visual information to the visual 51 

cortex. These neurons receive excitatory input from ganglion cells via retinogeniculate synapses, 52 

which provide the main excitatory drive for relay neurons. In addition, relay neurons receive 53 

excitatory inputs from cortical neurons via corticogeniculate synapses. Moreover, relay neurons 54 

receive inhibitory inputs from local interneurons and GABAergic neurons of the nucleus 55 

reticularis thalami1. The nucleus reticularis thalami is present like a shield between thalamus and 56 

cortex such that fibers projecting from cortex to thalamus and in the opposite direction must go 57 

through the nucleus reticularis thalami2. 58 

 59 

Retinogeniculate inputs and corticogeniculate inputs display distinct synaptic properties3-8. 60 

Retinogeniculate inputs form large terminals with multiple release sites9,10. In contrast, 61 

corticogeniculate inputs display small terminals with single release sites7. In addition, 62 

retinogeniculate synapses efficiently drive action potentials of relay neurons despite constituting 63 

only 5−10% of all synapses on relay neurons3,8,11. Corticogeniculate synapses, on the other hand, 64 

serve as a modulator of retinogeniculate transmissions by controlling the membrane potential of 65 

relay neurons12,13. 66 

 67 

These two main excitatory inputs to relay neurons are also functionally different. One prominent 68 

difference is the short-term depression of retinogeniculate synapses and the short-term 69 

facilitation of corticogeniculate synapses3,5,8. Short-term plasticity refers to a phenomenon in 70 

which synaptic strength changes when the synapse is repeatedly active within a time period of 71 

few milliseconds to several seconds. Synaptic release probability is an important factor 72 

underlying short-term plasticity. Synapses, with a low initial release probability, display short-73 

term facilitation due to the buildup of Ca2+ in the presynapse and consequently an increase in the 74 

release probability is observed upon repeated activity. In contrast, synapses with high release 75 

probability usually display short-term depression due to the depletion of ready-releasable 76 

vesicles14. In addition, desensitization of postsynaptic receptors contributes to the short-term 77 

plasticity in some high-release probability synapses8,15. High release probability and 78 

desensitization of α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptors 79 

contribute to the prominent short-term depression of retinogeniculate synapses. In contrast, 80 

low-release probability underlies the short-term facilitation of corticogeniculate synapses. 81 

 82 

In mice, the optic tract enters the dorsal lateral geniculate nucleus (dLGN) from the caudolateral 83 

site, whereas corticogeniculate fibers enter the dLGN rostroventrally. The distance between the 84 

two inputs allows for the investigation of the individual properties of two very different excitatory 85 

inputs impinging onto the same cell. Here, we build on and improve a previously described 86 

dissection method in which retinogeniculate and corticogeniculate fibers are preserved in acute 87 

brain slices3. We, then, describe the electrophysiological investigation of relay neurons and 88 



   

stimulation of retinogeniculate and corticogeniculate fibers with extracellular stimulation 89 

electrodes. Finally, we provide a protocol for the filling of relay neurons with biocytin and 90 

subsequent anatomical analysis. 91 

 92 

PROTOCOL: 93 

All the experiments were approved by the Governmental Supervisory Panel on Animal 94 

Experiments of Rhineland-Palatinate. 95 

 96 

1. Solutions 97 

 98 

1.1. Dissection solution 99 

 100 

1.1.1. To reduce excitotoxicity, prepare a choline-based solution to be used during the dissection 101 

as presented here (in mM): 87 NaCl, 2.5 KCl, 37.5 choline chloride, 25 NaHCO3, 1.25 NaH2PO4, 0.5 102 

CaCl2, 7 MgCl2, and 25 glucose. Prepare the dissection solution less than 1 week before the 103 

experiment. 104 

 105 

1.2. Recording solution 106 

 107 

1.2.1. Prepare an artificial cerebral spinal fluid (ACSF) solution containing (in mM): 125 NaCl, 25 108 

NaHCO3, 1.25 NaH2PO4, 2.5 KCl, 2 CaCl2, 1 MgCl2, and 25 glucose. Add 50 µM D-APV and 10 μM 109 

SR 95531 hydrobromide to block N-methyl-D-aspartate (NMDA) and GABAA receptors, 110 

respectively. 111 

 112 

1.3. Intracellular solution  113 

 114 

1.3.1. Prepare an intracellular solution containing (in mM): 35 Cs-gluconate, 100 CsCl, 10 HEPES, 115 

10 EGTA, and 0.1 D-600 (methoxyverapamil hydrochloride). Adjust the pH to 7.3 with CsOH. Filter, 116 

aliquot, and store the stock solution at -20 °C until use. 117 

  118 

2. Dissection  119 

 120 

2.1. Prepare two slice chambers, of which one is filled with 100 mL of the dissection solution and 121 

the other with 100 mL of recording solution. Place the two beakers into a water bath (37 °C) and 122 

bubble the solutions with carbogen for at least 15 min before the dissection. 123 

 124 

2.2. Fill a plastic beaker with 250 mL of near ice-cold (but not frozen) dissection solution. Bubble 125 

with carbogen at least 15 min before use. 126 

 127 

2.3. Fill a plastic Petri dish (100 mm x 20 mm), in which the brain dissection will be performed, 128 

with the cold dissection solution. Place a piece of filter paper into the Petri dish. 129 

 130 

2.4. Cool down the dissection chamber of the vibratome. 131 

 132 



   

2.5. Anesthetize a mouse with 2.5% isoflurane, e.g., in the mouse cage. As soon as the mouse 133 

does not respond to a tail pinch, decapitate the mouse near the cervical medulla and immerse 134 

the head into the ice-cold dissection solution in the base of the Petri dish. 135 

 136 

2.6. Cut the skin of the head from caudal to nasal and keep it laterally with fingers to expose the 137 

skull. To take out the forebrain, first cut the skull along with the posterior-anterior midline, and 138 

then cut two more times through the coronal suture and lambdoid suture (Figure 1A).  139 

 140 

2.7. Remove the skull between the coronal suture and lambdoid suture such that the cerebrum 141 

is exposed. Cut the olfactory bulb and separate the forebrain from the midbrain with a fine blade 142 

(Figure 1B). Remove the brain from the skull with a thin spatula and place it onto the filter paper 143 

in the lid of the Petri dish.  144 

 145 

NOTE: Steps 2.6 and 2.7 should be performed as fast as possible to reduce cell death. 146 

 147 

2.8. To preserve the integrity of the sensory and cortical inputs to the dLGN in the brain slice, 148 

separate the two hemispheres with a parasagittal cut with an angle of 3−5° (Figure 1C,D). Dry the 149 

mediolateral planes of the two hemispheres by placing them on the filter paper and then glue 150 

them onto the cutting stage with an angle of 10−25° from the horizontal plane (Figure 1E). 151 

  152 

2.9. Place the stage in the center of the metal buffer tray and gently pour the rest of the ice-cold 153 

dissection solution into the buffer tray. Perform this step carefully since a strong pour might 154 

remove the pasted brain (Figure 1F). 155 

 156 

2.10. Place the buffer tray into the ice-filled tray, which helps to maintain the low temperature 157 

during dissection. Cut 250 µm slices with a razor blade at a speed of 0.1 mm/s and an amplitude 158 

of 1 mm. 159 

 160 

2.11. Keep slices in the holding chamber filled with oxygenated dissection solution at 34 °C for 161 

around 30 min and then allow the slices to recover in the recording solution at 34 °C for another 162 

30 min. 163 

 164 

2.12. After recovery, remove the slice holding chamber from the water bath and keep slices at 165 

room temperature (RT) until used in experiments. 166 

 167 

3. Electrophysiology 168 

 169 

3.1. Pull pipettes using borosilicate glass capillaries and a filament puller. Maintain the resistance 170 

of recording pipettes at 3−4 MΩ. Pull stimulating pipettes using the same protocol but break the 171 

tip slightly after pulling to increase the diameter. Fill recording pipettes with the intracellular 172 

solution and biocytin, while fill stimulating pipettes with the recording solution. 173 

 174 



   

3.2. Place the slices into the recording chamber and continuously perfuse the slices with 175 

oxygenated recording solution at RT. Check all the slices and select the ones that display an intact 176 

optic tract. 177 

  178 

3.3. Visualize the slice and cells with an upright microscope equipped with infrared differential 179 

interference contrast (IR-DIC) video microscopy. 180 

 181 

NOTE: Relay neurons are differentiated from interneurons by their larger soma size and more 182 

primary dendrites (branches emerging from the soma). Interneurons display bipolar morphology 183 

with a smaller soma. 184 

 185 

3.4. Place the stimulating pipette onto the slice before patching the cell with the recording 186 

pipette. To investigate retinogeniculate synapses, place the stimulating pipette directly onto the 187 

optic tract, where the axon fibers from retinal ganglion cells are bundled (Figure 2A). To analyze 188 

corticogeniculate synapses, place the stimulating electrode on the nucleus reticularis thalami, 189 

which is rostroventrally adjacent to the dLGN (Figure 2B). 190 

 191 

3.5. Once the recording pipette is immersed into the recording solution, apply a 5 mV voltage 192 

step to monitor the pipette resistance. Set the holding potential to 0 mV and cancel the offset 193 

potential so that the holding current is 0 pA. 194 

 195 

3.6. Approach the cell with the recording pipette while applying positive pressure. When the 196 

pipette is in direct contact to the cell membrane, release the positive pressure, and set the 197 

holding potential to -70 mV. Apply a slight negative pressure to allow the cell membrane to attach 198 

to the glass pipette such that a gigaohm seal forms (resistance >1 GΩ). Compensate the pipette 199 

capacitance and open the cell by application of negative pressure pulses. 200 

  201 

3.7. To investigate the synaptic function, apply 0.1 ms current pulses (ca. 30 µA) via the 202 

stimulation pipette. If no synaptic responses are observed, the stimulating pipettes may have to 203 

be replaced. Be careful during placing the stimulating pipettes to a different position such that 204 

the recorded cell is not lost.  205 

 206 

NOTE: In the example recordings shown in Figure 2, synaptic short-term plasticity was 207 

investigated by stimulating the optic tract or corticogeniculate fibers twice with 30 ms inter-208 

stimulus intervals. The paired-pulse ratio (PPR) was calculated by dividing the amplitude of the 209 

second excitatory postsynaptic current (EPSC) by that of the first EPSC (EPSC2/EPSC1). Each 210 

stimulation protocol was repeated 20 times. The EPSC amplitude was measured from average 211 

currents of the 20 sweeps. The time interval between each repetition was least 5 s to avoid short-212 

term plasticity induced by the repetitions. 213 

 214 

3.8. Monitor the series resistance continuously by applying a 5-mV voltage step. Only use the 215 

cells with the series resistance smaller than 20 MΩ for analysis. 216 

 217 

4. Biocytin labeling 218 



   

 219 

4.1. Maintain the whole-cell configuration for at least 5 min to allow the diffusion of biocytin into 220 

the distal dendrites. 221 

  222 

4.2. After recording, gently remove the pipette from the cell so that the soma is not destroyed.  223 

 224 

NOTE: If more than one cell is recorded on one slice, their somas should be sufficiently away from 225 

their neighboring cells. Ensure that the dendrites from different cells do not interfere with each 226 

other during imaging. 227 

 228 

4.3. Prepare a 24-well cell culture plate. Fill each well with 300 µL of 4% paraformaldehyde (PFA). 229 

Take care to not contaminate anything with PFA that will be in contact with the slices to be 230 

recorded. 231 

 232 

4.4. Transfer the slices from the recording chamber to the PFA-containing plate with a rubber 233 

pipette and fix the slices overnight. Ensure that the pipette is always prevented from PFA 234 

contamination. 235 

 236 

CAUTION: Always wear gloves and use a chemical hood when manipulating PFA. 237 

 238 

4.5. After fixing slices overnight in PFA, replace PFA with phosphate-buffered saline (PBS). Store 239 

the slices in PBS at 4 °C for future processing (less than 2 weeks). 240 

 241 

4.6. Wash the slices with fresh PBS 3 times (10 min each wash). 242 

  243 

4.7. Block nonspecific binding sites by incubating the slices in the blocking solution (0.2% non-244 

ionic surfactant and 5% bovine serum albumin in PBS) for 2 h at RT on an orbital shaker. 245 

  246 

4.8. Discard the blocking solution. Incubate the slices with streptavidin-Alexa 568 diluted into the 247 

blocking solution (1:1000) at 4 °C overnight on an orbital shaker. 248 

 249 

4.9. Discard the antibody solution and wash slices 3 times with PBS for 10 min at RT on an orbital 250 

shaker. Wash the slices with tap water before mounting. 251 

 252 

4.10. Put the slices from one mouse on one glass slide. Ensure that the stained cells are present 253 

on the top surface of the slices. Absorb the water around the slices with tissues and then leave 254 

the slices to dry for approximately 15 min. 255 

  256 

4.11. Apply two drops of mounting medium on each slice. Mount a coverslip on the slide without 257 

producing air bubbles. 258 

 259 

4.12. Store the labeled slices at 4 °C after visualization with a confocal microscope. 260 

 261 

5. Cellular imaging and reconstruction 262 



   

 263 

5.1. Scan slices with a confocal microscope and use the associated software for analysis. 264 

 265 

5.2. Excite the fluorescence at 561 nm. 266 

 267 

5.3. Image the slices with 0.7 numerical aperture (NA), oil-immersion objective. 268 

 269 

5.4. Adjust the targeted cell in the middle of the view and apply a 2.5-times magnification. 270 

 271 

5.5. Render the Z-stack datasets to scan the whole neuron with the following parameters: format 272 

= 2550 x 2550 pixels, scan frequency = 400 Hz, z number = 40. Voxel size was around 0.1211 x 273 

0.1211 x 1.8463 µm3. 274 

 275 

5.6. Semi-automatically trace the neurons using a neuronal reconstruction software (e.g., 276 

NeuronStudio). An example of a 3D traced relay neuron is shown in Figure 3B.  277 

 278 

REPRESENTATIVE RESULTS: 279 

The slice preparation of dLGN containing the retinogeniculate and corticogeniculate pathways is 280 

shown under a 4x objective (Figure 2). Axons of retinal ganglion cells bundle together in the optic 281 

tract (Figure 2). The stimulating pipette was placed on the optic tract to induce retinogeniculate 282 

synapse-mediated current (Figure 2A) and on nucleus reticularis thalami to induce 283 

corticogeniculate synapses-mediated current (Figure 2B), respectively. Of note, axons from 284 

cortical neurons to LGN neurons projects from the cortex to thalamus traverse the nucleus 285 

reticularis thalami. Corticogenicluate synapses can, therefore, be activated by stimulation in the 286 

nucleus reticularis thalami. 287 

 288 

The paired-pulse ratio of AMPA receptor-mediated EPSCs is below 1 when stimulating the optic 289 

tract with 30 ms inter-stimulus interval, but above 1 when stimulating corticogeniculate fibers 290 

with the same inter-stimulus interval (Figure 2C,D). The paired-pulse depression of 291 

retinogeniculate synapses is due to a high vesicle release probability and desensitization of 292 

postsynaptic AMPA receptors. The paired-pulse facilitation of corticogeniculate synapses is 293 

consistent with a low vesicle release probability16. 294 

  295 

Figure 3A shows IR-DIC image showing the soma of a dLGN relay neuron along with the tip of the 296 

patch pipette. Biocytin staining enables us to gain a view of the recorded neuron. Different from 297 

interneurons, which have bipolar morphology, relay neurons have multipolar dendritic arbors 298 

(Figure 3B) containing more than 3 primary dendrites8,17. Three-dimensional (3D) reconstruction 299 

of a biocytin-labeled relay neuron was then generated which shows a radially symmetric dendritic 300 

architecture (Figure 3C). 301 

  302 

FIGURE LEGENDS: 303 

 304 

Figure 1: Schemes representing the dissection protocol. (A) Horizontal view of the mouse skull, 305 

showing the position of the initial cuts. The first cut was performed along with the sagittal suture, 306 



   

followed by another two cuts along with the coronal suture and lambdoid suture, respectively. 307 

Dashed lines represent the incisions. (B) Sagittal view of the whole brain. Dashed lines indicate 308 

that the cerebrum is isolated from the olfactory bulb and midbrain. (C-D) These panels show the 309 

first cutting angle to separate the two hemispheres from horizontal (C) and coronal (D) view, 310 

respectively. (E) Coronal view of one hemisphere on the cutting stage. Dashed lines indicate the 311 

slicing direction. l, m, d, and v represent the lateral, medial, dorsal and ventral aspects, 312 

respectively, for the hemisphere in panels D and E. (F) Diagram of the dissection chamber with 313 

two hemispheres on the cutting stage. The dashed arrow indicates the moving direction of the 314 

cutting blade. a, p, and d represent the anterior, posterior, and dorsal aspects of the left 315 

hemisphere, respectively. (G) Scheme representing a properly cut slice with a relatively large part 316 

of the dLGN and intact preservation of the optic tract. dLGN, dorsal lateral geniculate nucleus; 317 

vLGN, ventral lateral nucleus; OT, olfactory bulb; NRT, nucleus reticularis thalami. Panels C, D and 318 

G have been modified from Figure 1 of Turner and Salt3.  319 

 320 

Figure 2: Slice preparation of dLGN containing the retinogeniculate and corticogeniculate 321 

pathways and example recordings. (A-B) These panels show a dLGN slice with preservation of 322 

retinogeniculate and corticogeniculate inputs. The stimulation electrode was placed on the optic 323 

tract to activate retinogeniculate synapses (A) and on the nucleus reticularis thalami to activate 324 

corticogeniculate synapses (B). (C) AMPA receptor-mediated EPSCs in response to stimulation of 325 

the optic tract twice with 30 ms inter-stimulus interval. (D) Corticogeniculate synapse-mediated 326 

currents with 30 ms inter-stimulus interval. The stimulation artifacts were removed for clarity.  327 

 328 

Figure 3: Morphological analysis of a relay neuron. (A) IR-DIC image showing the soma of a dLGN 329 

relay neuron with the tip of the patch pipette. (B) Confocal image of a relay neuron labeled with 330 

biocytin and visualized with streptavidin-Alexa 568. (C) Three-dimensional (3D) reconstruction of 331 

the same neuron, showing a radially symmetric dendritic architecture. 332 

 333 

DISCUSSION: 334 

We describe an improved protocol based on a previously published method3, which allows for 335 

the investigation of the high probability of release retinogeniculate synapses and low probability 336 

of release corticogeniculate synapses from the same slice. This is of great importance since these 337 

two inputs interact with each other to modulate the visual signal transmission: retinogeniculate 338 

inputs are the main excitatory drive of relay neurons, whereas corticothalamic inputs function as 339 

a modulator, which influences the gain of retinogeniculate transmission by affecting the state of 340 

relay neurons. As expected, we observed that retinogeniculate and corticogeniculate synapses 341 

display different short-term plasticity due to the difference in their release probabilities. 342 

Additionally, AMPA receptor desensitization also contributes to the strong depression in 343 

retinogeniculate synapses9,15,16. We have recently shown that short-term depression is 344 

modulated by CKAMP4416, an AMPA receptor auxiliary protein of the CKAMP family that slows 345 

the recovery from desensitization of AMPA receptors18-20. Furthermore, retinogeniculate 346 

synapse-mediated current amplitudes are higher than those of corticogeniculate synapse-347 

mediated currents under the same stimulating strength, consistent with the large 348 

retinogeniculate synapses with multiple releasing sites, and relatively small corticogeniculate 349 

synapses7,21. 350 



   

 351 

The slicing protocol is essentially the same as the one developed by Turner and Salt3. Some 352 

modifications that were based on our experience improved slice quality. Similar to Hauser et al.22, 353 

we used a choline-based instead of a sucrose-based dissection solution. Recovery after dissection 354 

was done at 34 °C in the cutting solution for 30 min and then in the recording solution for another 355 

30 min and not at room temperature. Slices were slightly thinner (250 µm instead of 400 µm). 356 

We dissected brains using a wedge with an angle of 10−25°, which facilitates and increases the 357 

reliability of the slicing procedure. 358 

 359 

Recording and stimulation conditions for the investigation of relay neuron synapse function are 360 

essentially the same as previously described by Chen and Regehr8. Activation of optic tract fibers 361 

usually elicits large currents and can be in the range of several nA when all retinogeniculate 362 

synapses on one relay neurons are activated23. To prevent series resistance errors, especially 363 

when investigating the maximal current by activating all retinogeniculate synapses on one relay 364 

neurons, Chen and Regehr used recording low resistance pipettes (<2 MΩ). However, to 365 

investigate synaptic short-term plasticity, it suffices to activate one or few retinal ganglion cell 366 

axons, which elicits currents that are in the range of 34−579 pA (unpublished results, Chen et al.). 367 

Smaller pipettes with a resistance between 3−4 MΩ can, therefore, be used when investigating 368 

retinogeniculate synapse function using weak stimulation of the optic tract. Activation of 369 

corticogeniculate synapses elicits relatively small currents16. Series resistance errors are, 370 

therefore, a smaller problem when investigating corticogeniculate synapse function. 371 

 372 

We here show that stimulation of retinogeniculate and corticogeniculate synapses can be used 373 

to investigate short-term plasticity of AMPA receptor-mediated currents. The same protocol can 374 

be applied to record NMDA receptor-mediated current24. In fact, one of the first indications that 375 

AMPA receptor desensitization contributes to the short-term plasticity in retinogeniculate 376 

synapses came from experiments in which paired-pulse ratios of AMPA receptor-mediated 377 

currents were compared with paired-pulse ratios of NMDA receptor-mediated currents. 378 

Corticogeniculate synapses were stimulated by positioning the stimulation pipette in the nucleus 379 

reticularis thalami because axons of cortical neurons that excite dLGN relay neurons travel across 380 

this thalamic nucleus. The same stimulation position can be used to study inhibitory synaptic 381 

currents in the dLGN as shown for example by Govindaiah and Cox25. 382 

  383 

Relay neurons express GABAA and GABAB receptors. The release of GABA activates synaptic 384 

GABAA receptors. GABAB receptors, which are extrasynaptically localized, are activated when 385 

nucleus reticularis thalami are strongly activated for example during burst firing26-28. Spillover of 386 

GABA, which is usually restricted due to GABA uptake by astrocytes, can activate during intense 387 

synapse activation the extrasynaptic GABAB receptors27,28. We did not block GABAB receptors 388 

because stimulation intensity and frequency were comparably low. However, when investigating 389 

corticogeniculate synapse function using intense stimulation protocols it might be preferable to 390 

add GABAB receptors. 391 

 392 

Recordings of dLGN relay neurons can readily be performed when using slices that are 393 

approximately 2 mm medial from the lateral surface of the brain (start collecting approximately 394 



   

the 8th of the 250 µm slices during the cutting procedure). In some slices, not both inputs to a 395 

given relay neuron can be detected because one of the two pathways are severed close to the 396 

relay neuron. In this case, it is usually still possible to investigate retinogeniculate and 397 

corticogeniculate synapses in the same slice by selecting different relay neurons for each input. 398 

To record retinogeniculate synapse mediated current, ventrally located relay neurons are 399 

selected since the optic tract fibers to these cells are more likely preserved than in the dorsally 400 

located relay neurons. In contrast, corticogeniculate inputs are more likely preserved onto relay 401 

neurons that are located dorsally in the dLGN. 402 

 403 

Slice quality determines the reliability of the data. Based on our experience, the following 404 

parameters are essential to ensure good slice quality. Cooling and oxygenation are important 405 

factors during the dissection procedure. The head of the mouse must be kept in cold solution 406 

immediately after the decapitation of the mouse. When taking the brain out of the skull, it should 407 

be immersed in ice-cold solution every 3 to 4 s in order to reduce cell death. Similarly, the slicing 408 

procedure should be performed at around 4 °C. Moreover, dissection solution and recording 409 

solution must be oxygenated at least 15 min before use to maintain sufficient oxygen 410 

concentration. In addition, blocking sodium channels can efficiently reduce the neuron activity. 411 

Therefore, a dissection solution containing 37.5 mmol choline was used. 412 

 413 

Relay neurons display low-threshold spikes, which are generated by the transient Ca2+ current29. 414 

To block voltage gated Ca2+-channels, we added D-600 (methoxyverapamil) to the intracellular 415 

solution. D-600 should not be used if the purpose of the study is to investigate low-threshold 416 

spikes in relay neurons. The precision of whole-cell voltage clamp recordings is affected by space 417 

clamp errors. This technical problem is more relevant for inputs that are far away from the 418 

recording electrode (thus for distal synapses)30,31. To minimize the impact of the space clamp 419 

error, we used a Cs+-based instead of a K+-based intracellular solution. Channels that are K+ 420 

permeable (e.g., leak channels) are usually Cs+ impermeable32. Thus, the use of a Cs+-based 421 

intracellular solution increases the impedance of the cell. 422 

 423 

Stable patch clamp recording depends on the selection of healthy cells. Neurons with round soma 424 

shape, dark color or swollen soma should be avoided. Furthermore, relay neurons are 425 

distinguished from the local interneurons by their larger soma size and more elaborate primary 426 

dendritic arbors. Therefore, we selected cells that have bigger soma size (bigger than 15 μm in 427 

diameter) and non-bipolar morphology. The example cell shown in Figure 3B has a symmetrical 428 

dendritic architecture and can, therefore, be classified as relay neuron resembling Y-neurons that 429 

are for example found in the cat LGN17. 430 

 431 

Series resistance should be as small as possible and maintained constant. Moreover, since the 432 

inputs from two directions are preserved in one slice, it is important to get rid of the interference 433 

between the two inputs. To avoid activating corticogeniculate fibers when recording 434 

retinogeniculate synapse-mediated currents or vice versa, the stimulating pipette should not be 435 

placed into the dLGN and the distance between stimulating and recording pipette should be as 436 

far as possible. In addition, the long distance between stimulating and recording pipettes requires 437 

relatively intact axon preservation. Therefore, a proper cutting angle must be selected for the 438 



   

dissection. In general, only one or two slices with preservation of two inputs can be obtained 439 

from each hemisphere.  440 

 441 
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Name of Material/ Equipment Company Catalog Number Comments/Description

Amplifier 

HEKA 

Elektronik

EPC 10 USB 

Double patch 

clamp amplifier

Biocytin Sigma-Aldrich B4261-250MG

CaCl2 EMSURE 1.02382.1000

choline chloride Sigma-Aldrich C1879-1KG

Confocal Laser Scanning Microscope

Leica 

Microsystems TCS SP5

CsCl EMSURE 1.02038.0100

Cs-gluconate Self-prepared Since there was no commercial Cs-gluconate, we prepared it by ourselves 

D-600 Sigma-Aldrich M5644-50MG methoxyverapamil hydrochloride

D-APV Biotrend BN0085-100

NMDA-receptor 

antagonist

Digital camera for microscope Olympus XM10

EGTA SERVA 11290.02

Forene Abbvie 2594.00.00 isoflurane

Glucose Sigma-Aldrich 49159-1KG

HEPES ROTH 9105.2

High Current Stimulus Isolator

World 

Precision 

Instruments A385

KCl EMSURE 1.04936.1000

MgCl2 EMSURE 1.05833.0250

Micromanipulators

Luigs & 

Neumann SM7

Miroscope Olympus BX51

mounting medium 

ThermoFisher 

Scientific P36930 Prolong Gold Invitrogen

NaCl ROTH 3957.1
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NaH2PO4 EMSURE 1.06346.1000

NaHCO3 EMSURE 1.06329.1000

Pipette Hilgenberg 1807502

Puller Sutter P-1000

razor blade Personna 60-0138

Semiautomatic Vibratome

Leica  

Biosystems VT1200S

SR 95531 hydrobromide Biotrend AOB5680-10

GABAA-receptor 

antagonist 



Since there was no commercial Cs-gluconate, we prepared it by ourselves 
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Dear Dr. Steindel,  

In your mail you asked us to address the editorial and peer review comments and to send a 

revised version of our manuscript. Below you find the point-by-point responses to your and to 

the reviewer’s comments 

We thank the reviewers and you for your time and effort, and we hope that the new 

version will find the reviewers’ approval. 

 

Response to editor 

1. 2.5: What concentration of isoflurane is used here? 

We added the information of isoflurane concentration (2.5%) in line 111.  

Figures: 

1. Figure 2: Please include a scale bar in A and B. Please also adjust the font of ‘100 pA’ 

in panel C to match with panel D. 

We added the scale bar in Figure 2 A and B. We also adjusted the font of ‘100 pA’ in panel C. 

Table of Materials: 

1. Please ensure the Table of Materials has information on all materials and equipment 

used, especially those mentioned in the Protocol. 

We added the information of all materials and equipment in the file of table of materials. 

 

Response to referees 

We would like to thank both Reviewers for their critical comments and thoughtful suggestions, 

since these comments lead to an essential improvement of the manuscript. We elaborated the 

introduction and discussion to address both Reviewers’ concerns. 

 

Point-by-point response: 

Reviewer #1: 

Manuscript Summary: 

The lateral geniculate nucleus (LGN) with its bottom up and top down inputs is a very 

interesting structure to study the corticofugal modulation of sensory inputs. This is well 

described in the abstract of the manuscript. 
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Letter;jove_rebuttal_Chen.docx
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Major Concerns: 

It will not be clear to the readers why stimulation at the location of the NRT is a useful 

approach to activate corticofugal fibers projecting to the LGN. Many may know about the 

NRT-LGN circuitry. Therefore (a) the connectivity between VC - NRT - LGN should be 

more precisely addressed.  

We thank Reviewer 1 for the pertinent suggestion about a precise introduction of VC - NRT – 

LGN circuit. Indeed, many readers might not know that cortiogeniculate fibers also pass NRT, 

and it is therefore peculiar for them why we positioned the stimulation pipette in the NRT to 

stimulate corticogeniculate synapses. To avoid this ambiguity, we described the neuronal circuit 

of VC - NRT – LGN in the introduction of the manuscript (Line 47-54). In the same context, as 

suggested by Reviewer 2, the same preparation can also be used to study inhibitory input from 

NRT to thalamus. This point was discussed in line 305-308. 

In this context (b) the rationale behind the application of the GABAa-Blocker should be 

made clear: the main impact of NRT on LGN is mediated via GABAa receptors but there 

is also a small conribution of GABAb - is it negligible? Useful additional references 

would be for a) Guido et al., J Neurophysiol 120: 211-225, 2018 and for b) Fogerson and 

Huguenard, Neuron 92: 687-7054, 2016 

Indeed, GABAA receptors and GABAB receptors exist in relay neurons. However, GABAB 

receptors are mainly located extrasynaptically, which are activated only by strong NRT neuron 

firing (Jacobsen et al. 2001; Kulik, A. et al. 2002). However, in our protocol, stimulation was 

applied every 5 seconds at relatively low intensity, which should not be able to activate GABAB 

receptors. Therefore, we think that the influence of GABAB receptors can be negligible. This 

issue was discussed in line 309-316. 

Minor Concerns: 

There are no further concerns. 

 

Reviewer #2:  

We very much appreciate Reviewer 2’s detailed evaluation and criticisms. Reviewer 2 correctly 

pointed out several factual errors and typos we made. We are grateful and corrected all of them. 

Moreover, we replenished the citations as advised by him/her. In addition, we also agree with 

his/her suggestion that the difference between previously published protocol and ours should be 

addressed. 

 

The authors should clearly state in the introduction or discussion how their modified 

method differs from the Turner and Salt description of the preparation. Aside from using 

a wedge platform, is anything else altered in the cutting protocol? They should also 



mention in the legend of Figure 1 that panels C,D and F are modified from Figure 1 of 

Turner and Salt 1998. 

Our protocol for the dLGN preparation is indeed a modified version of the one established by 

Turner and Salt in 1998. In the new manuscript (line 280-286) we discussed modifications such 

as in cutting solution, mounting of hemispheres for cutting, slice thickness. We now cited Turner 

and Salt 1998 in Figure 1. 

 

Similarly, they should describe how their method of patch clamp recordings and 

stimulation of the retinogeniculate synapse differs from the methods described by Chen 

and Regehr 2001. 

We indeed used a similar stimulation protocol as Chen and Regehr. The main difference is the 

pipette resistance. To reduce series resistance error, they used pipettes with resistances below 

2 MΩ. Very low resistance pipettes were not required for an investigation of short-term plasticity 

of retinogeniculate and corticogeniculate synapses, as it is usually possible to elicit EPSCs with 

relatively small amplitudes (34-579 pA, our observation) with recruitment of few axons. Very low 

resistance pipettes would certainly be necessary for an investigation of e.g. the maximal AMPA 

receptor current amplitude that a relay neuron receives and the quantification of the fiber 

fraction (as done for example be by Chen and Regehr). This issue was discussed in line 287-

298. 

Major Concerns: 

Factual errors 

Line 28 of Abstract: Retinal ganglion cells receive in addition top-down excitation from 

the cortex.: Should be "relay neurons" instead of "Retinal ganglion cells" 

"Retinal ganglion cells" was changed to "Relay neurons" (see line 26). 

Line 270: "retinogeniculate synapse-mediated current amplitudes are higher than that of 

retinogeniculate synapse-mediated currents under same stimulating strength, consistent 

with the large": The second "retinogeniculate" should be "corticogeniculate" synapse 

"retinogeniculate" was changed to "corticogeniculate"(see line 277).  

 

Citations: 

Line 50: "the two inputs…" needs citation which should include: Turner and Salt 1998 

among others including studies in cat and other species. 

We now cited Turner and Salt, 1998; Chen and Regehr, 2000; Lindstrom and Wrobel, 1990; 

Granseth et al., 2002; Hamos et al.,1985; Kielland et al.,2009 (see line 55). 



Line 53: this first sentence needs citations which should include: Budisantoso et al, 2012 

and Morgan et al, 2016 Cell 165:192 

We now cited Budisantoso et al., 2012 and Morgan et al., 2016 (see line 51). 

Line 56: Corticogeniculate synapses… needs citations 

We now cited Steriade, Jones, and McCormick, 1997 and Wang et al., 2006 (see line 56). 

Line 60: One prominent difference…": needs citations which should include Turner and 

Salt 1998 

We now cited Turner and Salt, 1998; Chen and Regehr, 2000; and Granseth et al., 2002 (see 

line 64). 

Line 68: In addition, desensitization… : citation #2 never touches upon AMPAR 

desensitization, cite Chen, Blitz and Regehr, 2002. 

We now referenced the correct paper: Chen, Blitz and Regehr, 2002 (see line 72). 

Line 267: "the strong depression in retinogeniculate synapse": Chen, Blitz and Regehr 

2002 should be cited.  

We now cited Chen, Blitz and Regehr, 2002 (see line 274). 

 

Clarification needed: 

Cutting Methods: 

1. Specify what type of cutting blade you use 

We used razor blade for dissection. The information has been added in line 132.  

2. Are the two hemispheres mounted on the same wedge? If so, it would be helpful to 

diagram the arrangement of the two hemispheres on the wedge. 

We indeed mounted two hemispheres on the same wedge, and we agree that it is helpful to 

present such procedure. The additional figure diagramming two hemispheres was shown in 

Figure 2. 

Electrophysiology 

1. For the retinogeniculate synapse, recording pipette resistances of 3-4 MOhm are too 

high. Since the synaptic currents can range in the 10's of nA in amplitude, the pipet 

resistance should be less than 2 MOhms to avoid significant series resistance error. 

See above our response to comment 2 of reviewer 2. An explanation of when low resistance 

pipettes are necessary has been added.  



2. Figure 2C, D: where are the stimulus artifacts? The example trace of retinogeniculate 

AMPAR currents shows a PPR that is significantly higher than previously published 

studies, including the last author's work. A more appropriate trace should be used. 

Stimulus artifacts are blanked for clarity, and we agree that the example trace here is less 

representative. A better example trace is now shown in Figure 3 

3. While the authors record only from AMPAR from this prep, it should be noted that the 

prep can be used to study NMDAR as well as inhibitory synaptic currents 

We discussed this point in line 299-305. 

 

Figure legends: 

Figure 1: A. Please label sagittal, coronal and lamboid sutures 

sagittal, coronal and lamboid sutures were labeled as shown in Figure 1A  

B. this is not a horizontal view, it is a sagittal view. 

"horizontal" was changed to "sagittal" 

D. Would be helpful to also label lateral, medial, ventral, dorsal to match with E. 

"lateral", "medial", "ventral", "dorsal" were labeled in Figure 1D 

E. label angle of the wedge with 10-25 degrees 

The angle of the wedge (10-25 degrees) was labeled in Figure 1E 

 

Text: 

Line 36: "The optic tract enters the lateral geniculate distant from the cortical input.", this 

sentence is not clear. Perhaps the authors mean "lateral" rather than "distant". 

We described the different locations of optic tract and reticular thalamic nuclei more precisely in 

line 34-40.  

Line 259: "This protocol describes a method which allows the investigation of high-

released retinogeniculate synapses and low-released corticogeniculate synapses from 

the same slice." Please change "high-released" and "low-released" to "high probability 

of release" and "low probability of release" to make it clearer for the readers. 

high-released" and "low-released" were changed to "high probability of release" and "low 

probability of release" respectively (see line 266). 



 

Minor Concerns: 

Spelling errors (not a complete list): 

General: "angel" should be "angle" in line 122 and many other sentences 

"angel" were changed to "angle" (see line 125, 127, 285 and 358). 

General: "scull" should be "skull" 

"scull" were changed to "skull" (see line 116, 118, 120, 237 and 330). 

Line 154: dL'GN 

 ' is removed (see line 157). 

Line 264: w 

"w" was changed to "we" (see line 271). 

Line 308: lager 

"lager" is changed to "larger" (see line 150 and Line 347). 



Dear Dr. Cao, 

 

We thank you for your careful reading of the manuscript and helpful comments. We have 

made revisions according to your comments, as described below. 

 

l. 

Response to editor 

 

1. Please note that the editor has formatted the manuscript to match the journal's style. 

Please retain the same. The updated manuscript is attached and please use this version 

to incorporate the changes that are requested. 

We retained the same style as formatted by the editor to match the journal`s style. 

 

2. Please address specific comments marked in the attached manuscript. Please turn on 

Track Changes to keep track of the changes you make to the manuscript. 

 

We addressed all the comments proposed by the editor. The detailed response is listed as 

follows: 

 

We rephrased the sentence “In contrast, corticogeniuclate synapses facilitate, consistent 

with their low release probability” (See line 38).   

 

We replaced Trinton X1000 with a more generic term (non-ionic surfactant) (see Line 
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editor.docx
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245).   

 

We cited Figure 3 in the last paragraph of “representative results” section (see line 300 

and 302). 

 

We uploaded the copyright information in the Editorial Management account.  

 

We added the title of Figure 3 (see line 330). 

 

We now cited Turner and Salt, 1998 (see line 335). 

 

We rephrased the sentence “To prevent series resistance errors especially when…” (see 

line 362-365) 

 

“In some slices, not both inputs to a given relay neuron can be detected because one of 

the two pathways is severed close to the relay neuron.” This means that we sever 

axons/inputs/pathways during slicing procedure. This cut is sometimes close to the cell of 

interest. We could replace severed with cut but that does not increase accuracy. 

 

3. Please add more details to section 5 (particularly for reconstruction). There should be 

enough detail in each step to supplement the actions seen in the video so that viewers 

can easily replicate the protocol. Please ensure you answer the “how” question, i.e., how 



is the step performed? Alternatively, add references to published material specifying how 

to perform the protocol action. 

 

Our idea was to not take a video of this part, because it would be rather boring (use of a 

confocal, reconstruction using Neurostudio). However, we could of course also film that. 

We added a more detailed information that should help perform these experiments. 

 

4. References: Please do not abbreviate journal titles. 

 

We now used the full journal name in the reference section.  
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TERMS AND CONDITIONS
This copyrighted material is owned by or exclusively licensed to John Wiley & Sons, Inc. or
one of its group companies (each a "Wiley Company") or a society for whom a Wiley
Company has exclusive publishing rights in relation to a particular journal (collectively
"WILEY"). By clicking "accept" in connection with completing this licensing transaction,
you agree that the following terms and conditions apply to this transaction (along with the
billing and payment terms and conditions established by the Copyright Clearance Center
Inc., ("CCC's Billing and Payment terms and conditions"), at the time that you opened your
RightsLink account (these are available at any time at http://myaccount.copyright.com).
 
 
Terms and Conditions

 1. The materials you have requested permission to reproduce (the "Materials") are protected
by copyright.
2.You are hereby granted a personal, non-exclusive, non-sublicensable, non-transferable,
worldwide, limited license to reproduce the Materials for the purpose specified in the
licensing process. This license is for a one-time use only with a maximum distribution equal
to the number that you identified in the licensing process. Any form of republication granted
by this license must be completed within two years of the date of the grant of this license
(although copies prepared before may be distributed thereafter). The Materials shall not be
used in any other manner or for any other purpose. Permission is granted subject to an
appropriate acknowledgement given to the author, title of the material/book/journal and the
publisher. You shall also duplicate the copyright notice that appears in the Wiley publication
in your use of the Material. Permission is also granted on the understanding that nowhere in
the text is a previously published source acknowledged for all or part of this Material. Any
third party material is expressly excluded from this permission.
3. With respect to the Materials, all rights are reserved. Except as expressly granted by the
terms of the license, no part of the Materials may be copied, modified, adapted (except for
minor reformatting required by the new Publication), translated, reproduced, transferred or
distributed, in any form or by any means, and no derivative works may be made based on the
Materials without the prior permission of the respective copyright owner. You may not alter,
remove or suppress in any manner any copyright, trademark or other notices displayed by
the Materials. You may not license, rent, sell, loan, lease, pledge, offer as security, transfer or
assign the Materials, or any of the rights granted to you hereunder to any other person.
4. The Materials and all of the intellectual property rights therein shall at all times remain the
exclusive property of John Wiley & Sons Inc or one of its related companies (WILEY) or
their respective licensors, and your interest therein is only that of having possession of and
the right to reproduce the Materials pursuant to Section 2 herein during the continuance of
this Agreement. You agree that you own no right, title or interest in or to the Materials or
any of the intellectual property rights therein. You shall have no rights hereunder other than
the license as provided for above in Section 2. No right, license or interest to any trademark,
trade name, service mark or other branding ("Marks") of WILEY or its licensors is granted
hereunder, and you agree that you shall not assert any such right, license or interest with
respect thereto.
5. NEITHER WILEY NOR ITS LICENSORS MAKES ANY WARRANTY OR
REPRESENTATION OF ANY KIND TO YOU OR ANY THIRD PARTY, EXPRESS,
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IMPLIED OR STATUTORY, WITH RESPECT TO THE MATERIALS OR THE
ACCURACY OF ANY INFORMATION CONTAINED IN THE MATERIALS,
INCLUDING, WITHOUT LIMITATION, ANY IMPLIED WARRANTY OF
MERCHANTABILITY, ACCURACY, SATISFACTORY QUALITY, FITNESS FOR A
PARTICULAR PURPOSE, USABILITY, INTEGRATION OR NON-INFRINGEMENT
AND ALL SUCH WARRANTIES ARE HEREBY EXCLUDED BY WILEY AND ITS
LICENSORS AND WAIVED BY YOU.
6. WILEY shall have the right to terminate this Agreement immediately upon breach of this
Agreement by you.
7. You shall indemnify, defend and hold harmless WILEY, its Licensors and their respective
directors, officers, agents and employees, from and against any actual or threatened claims,
demands, causes of action or proceedings arising from any breach of this Agreement by you.
8. IN NO EVENT SHALL WILEY OR ITS LICENSORS BE LIABLE TO YOU OR ANY
OTHER PARTY OR ANY OTHER PERSON OR ENTITY FOR ANY SPECIAL,
CONSEQUENTIAL, INCIDENTAL, INDIRECT, EXEMPLARY OR PUNITIVE
DAMAGES, HOWEVER CAUSED, ARISING OUT OF OR IN CONNECTION WITH
THE DOWNLOADING, PROVISIONING, VIEWING OR USE OF THE MATERIALS
REGARDLESS OF THE FORM OF ACTION, WHETHER FOR BREACH OF
CONTRACT, BREACH OF WARRANTY, TORT, NEGLIGENCE, INFRINGEMENT OR
OTHERWISE (INCLUDING, WITHOUT LIMITATION, DAMAGES BASED ON LOSS
OF PROFITS, DATA, FILES, USE, BUSINESS OPPORTUNITY OR CLAIMS OF THIRD
PARTIES), AND WHETHER OR NOT THE PARTY HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES. THIS LIMITATION SHALL APPLY
NOTWITHSTANDING ANY FAILURE OF ESSENTIAL PURPOSE OF ANY LIMITED
REMEDY PROVIDED HEREIN.
9. Should any provision of this Agreement be held by a court of competent jurisdiction to be
illegal, invalid, or unenforceable, that provision shall be deemed amended to achieve as
nearly as possible the same economic effect as the original provision, and the legality,
validity and enforceability of the remaining provisions of this Agreement shall not be
affected or impaired thereby.
10. The failure of either party to enforce any term or condition of this Agreement shall not
constitute a waiver of either party's right to enforce each and every term and condition of
this Agreement. No breach under this agreement shall be deemed waived or excused by
either party unless such waiver or consent is in writing signed by the party granting such
waiver or consent. The waiver by or consent of a party to a breach of any provision of this
Agreement shall not operate or be construed as a waiver of or consent to any other or
subsequent breach by such other party.
11. This Agreement may not be assigned (including by operation of law or otherwise) by
you without WILEY's prior written consent.
12. Any fee required for this permission shall be non-refundable after thirty (30) days from
receipt
13. These terms and conditions together with CCC's Billing and Payment terms and
conditions (which are incorporated herein) form the entire agreement between you and
WILEY concerning this licensing transaction and (in the absence of fraud) supersedes all
prior agreements and representations of the parties, oral or written. This Agreement may not
be amended except in writing signed by both parties. This Agreement shall be binding upon
and inure to the benefit of the parties' successors, legal representatives, and authorized
assigns.
14. In the event of any conflict between your obligations established by these terms and
conditions and those established by CCC's Billing and Payment terms and conditions, these
terms and conditions shall prevail.
15. WILEY expressly reserves all rights not specifically granted in the combination of (i) the
license details provided by you and accepted in the course of this licensing transaction, (ii)
these terms and conditions and (iii) CCC's Billing and Payment terms and conditions.
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16. This Agreement will be void if the Type of Use, Format, Circulation, or Requestor Type
was misrepresented during the licensing process.
17. This Agreement shall be governed by and construed in accordance with the laws of the
State of New York, USA, without regards to such state's conflict of law rules. Any legal
action, suit or proceeding arising out of or relating to these Terms and Conditions or the
breach thereof shall be instituted in a court of competent jurisdiction in New York County in
the State of New York in the United States of America and each party hereby consents and
submits to the personal jurisdiction of such court, waives any objection to venue in such
court and consents to service of process by registered or certified mail, return receipt
requested, at the last known address of such party.
Wiley Open Access Terms and Conditions
Wiley publishes Open Access articles in both its Wiley Open Access Journals program
[http://www.wileyopenaccess.com/view/index.html] and as Online Open articles in its
subscription journals. The majority of Wiley Open Access Journals have adopted the
Creative Commons Attribution License (CC BY) which permits the unrestricted use,
distribution, reproduction, adaptation and commercial exploitation of the article in any
medium. No permission is required to use the article in this way provided that the article is
properly cited and other license terms are observed. A small number of Wiley Open Access
journals have retained the Creative Commons Attribution Non Commercial License (CC
BY-NC), which permits use, distribution and reproduction in any medium, provided the
original work is properly cited and is not used for commercial purposes.
Online Open articles - Authors selecting Online Open are, unless particular exceptions
apply, offered a choice of Creative Commons licenses. They may therefore select from the
CC BY, the CC BY-NC and the Attribution-NoDerivatives (CC BY-NC-ND). The CC BY-
NC-ND is more restrictive than the CC BY-NC as it does not permit adaptations or
modifications without rights holder consent.
Wiley Open Access articles are protected by copyright and are posted to repositories and
websites in accordance with the terms of the applicable Creative Commons license
referenced on the article. At the time of deposit, Wiley Open Access articles include all
changes made during peer review, copyediting, and publishing. Repositories and websites
that host the article are responsible for incorporating any publisher-supplied amendments or
retractions issued subsequently.

 Wiley Open Access articles are also available without charge on Wiley's publishing
platform, Wiley Online Library or any successor sites.
Conditions applicable to all Wiley Open Access articles:

The authors' moral rights must not be compromised. These rights include the right of
"paternity" (also known as "attribution" - the right for the author to be identified as
such) and "integrity" (the right for the author not to have the work altered in such a
way that the author's reputation or integrity may be damaged). 

  
Where content in the article is identified as belonging to a third party, it is the
obligation of the user to ensure that any reuse complies with the copyright policies of
the owner of that content. 

  
If article content is copied, downloaded or otherwise reused for research and other
purposes as permitted, a link to the appropriate bibliographic citation (authors, journal,
article title, volume, issue, page numbers, DOI and the link to the definitive published
version on Wiley Online Library) should be maintained. Copyright notices and
disclaimers must not be deleted.

 Creative Commons licenses are copyright licenses and do not confer any other
rights, including but not limited to trademark or patent rights.
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Any translations, for which a prior translation agreement with Wiley has not been
agreed, must prominently display the statement: "This is an unofficial translation of an
article that appeared in a Wiley publication. The publisher has not endorsed this
translation." 

  
Conditions applicable to non-commercial licenses (CC BY-NC and CC BY-NC-
ND)
For non-commercial and non-promotional purposes individual non-commercial users
may access, download, copy, display and redistribute to colleagues Wiley Open
Access articles. In addition, articles adopting the CC BY-NC may be adapted,
translated, and text- and data-mined subject to the conditions above.
Use by commercial "for-profit" organizations
Use of non-commercial Wiley Open Access articles for commercial, promotional, or
marketing purposes requires further explicit permission from Wiley and will be
subject to a fee. Commercial purposes include:

Copying or downloading of articles, or linking to such articles for further
redistribution, sale or licensing; 
 
Copying, downloading or posting by a site or service that incorporates
advertising with such content; 
 
The inclusion or incorporation of article content in other works or services
(other than normal quotations with an appropriate citation) that is then available
for sale or licensing, for a fee (for example, a compilation produced for
marketing purposes, inclusion in a sales pack) 
 
Use of article content (other than normal quotations with appropriate citation)
by for-profit organizations for promotional purposes 
 
Linking to article content in e-mails redistributed for promotional, marketing or
educational purposes; 
 
Use for the purposes of monetary reward by means of sale, resale, license, loan,
transfer or other form of commercial exploitation such as marketing products 
 
Print reprints of Wiley Open Access articles can be purchased from:
corporatesales@wiley.com 
 
The modification or adaptation for any purpose of an article referencing the CC
BY-NC-ND License requires consent which can be requested from
RightsLink@wiley.com .
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YOU HAVE READ AND FULLY UNDERSTAND EACH OF THE
SECTIONS OF AND PROVISIONS SET FORTH IN THIS AGREEMENT
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ACCEPT ALL OF YOUR OBLIGATIONS AS SET FORTH IN THIS
AGREEMENT.
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Questions? customercare@copyright.com or +1-855-239-3415 (toll free in the US) or
+1-978-646-2777.
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