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SUMMARY: 19 

This protocol for immunofluorescent labeling of both plant virus proteins and vector insect 20 

proteins in excised insect guts can be used to study interactions among virus and vector 21 

insects, insect protein functions and molecular mechanisms underlying virus transmission. 22 

 23 

ABSTRACT: 24 

Most plant viruses in nature are transmitted from one plant to another by hemipteran 25 

insects. A high population density of the vector insects that are highly efficient at virus 26 

transmission plays a key role in virus epidemics in fields. Studying virus-insect vector 27 

interactions can advance our understanding of virus transmission and epidemics with the 28 

aim of designing novel strategies to control plant viruses and their vector insects. 29 

Immunofluorescence labeling has been widely used to analyze interactions between 30 

pathogens and hosts and is used here in the white-backed planthopper (WBPH, Sogatella 31 

furcifera), which efficiently transmits the southern rice black streaked dwarf virus (SRBSDV, 32 

genus Fijivirus, family Reoviridae), to locate the virions and insect proteins in the midgut 33 

epithelial cells. Using laser scanning confocal microscopy, we studied the morphological 34 

characteristics of midgut epithelial cells, cellular localization of insect proteins, and the 35 

colocalization of virions and an insect protein. This protocol can be used to study virus 36 

activities in insects, functions of insect proteins, and interactions between virus and vector 37 

insect. 38 

 39 

INTRODUCTION: 40 

Most described plant viruses are transmitted by insects from the order Hemiptera that 41 

includes aphids, whiteflies, leafhoppers, planthoppers, and thrips1,2. The piercing-sucking 42 

mouthparts of hemipteran insects pierce the plant tissue for feeding and secreting saliva, 43 

concomitantly efficiently transmitting the virus2. Different transmission mechanisms of plant 44 
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viruses by vector insects have been described. These include nonpersistent, semipersistent 45 

and persistent. The persistent type is either non-propagative or propagative3,4, but for both 46 

of these types, the transmitted virus must move throughout the body of the insect. In the 47 

persistent-propagative mode, viruses initially infect and replicate in the epithelial cells of the 48 

insect’s gut, then disseminate into different tissues, and eventually into the salivary glands, 49 

from where they can then be introduced into a plant through the saliva during insect 50 

feeding5,6. Persistent transmitted viruses move through different organs and replicate in 51 

their insect vectors, which requires specific interactions between virus and vector 52 

components at different stages7,8. 53 

 54 

Viral proteins and insect proteins must interact to facilitate critical processes for virus 55 

recognition, infection, replication, or dissemination in the vector insects9,10. Although optical 56 

microscopy can be used to observe cellular structures in insects, it cannot show virion 57 

distribution, cellular localization or colocalization of viral proteins and insect protein, or the 58 

ultrastructure of insect tissues and cells. Immunofluorescence labeling was first performed 59 

by Coons et al. in the phagocytic cells of the mouse by means of labeling specific fluorescein 60 

antibodies, and now it is used widely11. The immunofluorescence technique, also known as 61 

the fluorescence antibody technique, is one of the earliest immunological labeling 62 

techniques developed and is based on the specific binding reaction between the antigen and 63 

the antibody11,12. Known antibodies are first labeled with fluorescein, which is used as a 64 

probe to detect the corresponding antigens in the cells or tissues13,14. After the 65 

fluorescein-labeled antibody binds to the corresponding antigen in cells or tissues, the probe 66 

will emit bright fluorescence when irradiated with excitation wavelengths and viewed with a 67 

fluorescence microscope to localize the antigen15. 68 

 69 

Most vector insects of plant viruses are hemipterans. A higher population density of vector 70 

insects that have a high transmission efficiency for the plant virus can lead to virus 71 

epidemics5. Southern rice black streaked dwarf virus (SRBSDV, genus Fijivirus, family 72 

Reoviridae), one of the most serious pathogens of rice, has rapidly spread throughout 73 

rice-growing areas in East and Southeast Asia, and caused serious yield losses since 201016,17. 74 

Adults and nymphs of the white backed planthopper (WBPH, Sogatella furcifera Horváth) 75 

transmit SRBSDV to rice in a persistent-propagative manner with high efficiency. Field 76 

studies have shown that outbreaks of SRBSDV-induced rice black streaked dwarf disease 77 

usually coincide with mass long-distance migration of WBPHs, a crucial factor in SRBSDV 78 

epidemics7,8,18. Vesicle-associated membrane protein 7 (VAMP7) is a soluble 79 

N-ethylmaleimide-sensitive factor attachment protein receptor (SNARE), which can mediate 80 

the transport of substances via vesicle fusion. VAMP7 interacts with the outer major capsid 81 

protein of SRBSDV in vitro, which indicates that VAMP7 might be closely associated with 82 

virus transmission16. 83 

 84 

In the protocol presented here, we excised the gut from viruliferous WBPH as an example to 85 

label SRBSDV virions and VAMP7 in midgut epithelial cells16. As the initial invasion site of 86 

virus, the midgut epithelium plays vital roles in virus infection, replication, and transmission. 87 

First, we detailed the steps to excise the gut from nymphs and adults of WBPHs. Second, we 88 



 

used specific fluorescein-labeled antibodies to label SRBSDV virions and VAMP7 in gut 89 

epithelial cells. Then we observed epithelial cells and the cellular location of the virions and 90 

VAMP7 via a laser scanning confocal microscope. The results showed that SRBSDV virions 91 

and VAMP7 could colocalize in the cytoplasm of the midgut epithelial cells, suggesting that 92 

the specific function of VAMP7 might be related to dissemination of virions from midgut 93 

epithelial cells. 94 

 95 

PROTOCOL 96 

 97 

1. Nonviruliferous insect rearing 98 

 99 

1.1. Collect WBPHs from rice fields and rear with rice seedlings in 1 L glass beakers covered 100 

with insect-proof net in an incubator at 28 °C with 16 h light and 8 h dark. Because SRBSDV is 101 

not transmitted via eggs, newly hatched nymphs are not viruliferous. 102 

 103 

1.2. With a brush pen, gently brush insects from the beaker rearing insects into a new 104 

beaker of fresh rice seedlings each week until WBPH nymphs have hatched. Continue rearing 105 

these hatched nonviruliferous nymphs to 2- or 3-instar. 106 

 107 

NOTE: Brush carefully to avoid WBPHs flying from the beaker or damaging them. 108 

 109 

2. Virus acquisition and collection of viruliferous insects 110 

 111 

2.1. Transfer nonviruliferous insects from the glass beakers onto fresh SRBSDV-infected rice 112 

plants covered with an insect-proof net for a 2-day virus-acquisition access period (AAP) by 113 

feeding on plants. Then, collect the insects in glass beakers containing fresh rice seedlings. 114 

 115 

2.2. After 2 days, collect the insects from glass beakers with a manual aspirator for dissection 116 

and excision of the gut. 117 

 118 

NOTE: The minimum AAP of SRBSDV is 5 min for both WBPH nymphs and adults, but the 119 

insects should be allowed to feed on fresh SRBSDV-infected rice plants for 2 days to achieve 120 

the acquisition efficiency of up to 80%. 121 

 122 

3. Reagent preparation 123 

 124 

3.1. Dissolve 8.5 g of NaCl, 3.5 g of Na2HPO4·12H2O, and 0.25 g of NaH2PO4 in 1 mL of ddH2O 125 

to prepare 0.01 M solution of phosphate-buffered saline (PBS). 126 

 127 

3.2. Add 4 g of paraformaldehyde to 100 mL of PBS to prepare 4% (m/v) paraformaldehyde 128 

in PBS. 129 

 130 

3.3. Add 2 mL of Triton X-100 into 98 mL of PBS to prepare 2% (v/v) Triton X-100. 131 

 132 



 

4. Dissection of adults and excision of guts 133 

 134 

4.1. Use a pipettor to place 100 μL of PBS on a glass slide. Place the slide on the stage of an 135 

optical microscope. 136 

 137 

4.2. Collect the SRBSDV-infected adults from glass beakers with a manual aspirator and place 138 

them in 1.5 mL tubes. Place the tubes on ice to paralyze insects, and then transfer a 139 

paralyzed adult into the 100 μL of PBS on the slide with the abdomen up. 140 

 141 

NOTE: The insects will be thoroughly paralyzed after 5 min on ice. 142 

 143 

4.3. Use tweezers in one hand to clamp the body, and then remove the head with another 144 

set of tweezers in the other hand. 145 

 146 

4.4. Clamp the sides of the abdomen with one set of tweezers and clamp the ovipositor or 147 

the copulatory organ of the tail with the other set. Then pull away the intersegmental 148 

membrane of one abdominal segment carefully and slowly to expose the gut in the 149 

abdomen. 150 

 151 

4.5. Continue tearing away the membrane and gradually pull out the complete gut from the 152 

abdomen. Gently pull off the tail, which is connected to the end of the gut, to remove the 153 

complete gut. 154 

 155 

NOTE: Pull very carefully or the gut will be damaged. 156 

 157 

4.6. Place excised guts into a 200 μL centrifuge tube, add 200 μL of PBS to the tube, and 158 

gently suck-release the solution with a pipette to wash the guts thoroughly. 159 

 160 

5. Dissection of nymphs and excision of guts 161 

 162 

NOTE: Nymph bodies are more fragile than adult bodies, and the gut is easily damaged when 163 

pulled from the tail. Therefore, the most reliable method to excise the nymph gut is by 164 

pulling from the head. 165 

 166 

5.1. Use a pipettor to place 100 μL of PBS on a glass slide. Place the slide on the stage of an 167 

optical microscope. 168 

 169 

5.2. Collect the SRBSDV-infected nymphs from glass beakers with a manual aspirator and 170 

place them into 1.5 mL tubes. Place the tubes on ice to paralyze insects. Then, transfer a 171 

paralyzed nymph into the 100 μL of buffer on the slide with the abdomen facing up. 172 

 173 

5.3. Use tweezers to detach the tail of the nymph. Then clamp the insect body to fix gently 174 

and use the other pair to clamp the head. Gently pull the head away from the body while 175 

still maintaining its attachment to the gut so that the head is detached from the body, but 176 



 

the gut is still attached to the thorax and abdomen. 177 

 178 

NOTE: After the head is detached, the corpus adiposum of the nymph will flow out, making 179 

the PBS turbid. Remove the turbid PBS solution and change with 100 μL of fresh PBS. 180 

 181 

5.4. With the tweezers still clamping the body, use the other pair to move the head carefully, 182 

and gradually pull out the gut. 183 

 184 

5.5. Gently detach the gut from the head with tweezers, and eventually obtain an intact gut 185 

without damaging the body of the planthopper. 186 

 187 

5.6. Place excised guts into a 200 μL centrifuge tube, add 200 μL of PBS to the tube, and 188 

gently suck-release the solution with a pipette to wash the guts thoroughly. 189 

 190 

NOTE: The excised guts should be cleaned well with PBS to remove any contaminating fat 191 

bodies from the abdominal cavity; they can interfere with the staining protocol. 192 

 193 

6. Labeling protocols for SRBSDV virions and an insect protein 194 

 195 

6.1. Prepare the antibodies and mounting medium used in this assay. Antibodies are 196 

anti-SRBSDV antibody labeled with Dylight 549 (red) against SRBSDV virions18, anti-VAMP7 197 

antibody labeled with Dylight 488 (green) against the insect protein VAMP716,19, Dylight 633 198 

phalloidin (blue), and mounting medium containing 4,6-diamidino-2-phenylindole (DAPI, 199 

blue). 200 

 201 

6.2. Place the freshly excised and PBS-washed WBPH guts immediately in 100 μL of 4% (m/v) 202 

paraformaldehyde in a 200 μL centrifuge tube and hold for 2 h at room temperature. 203 

 204 

NOTE: The freshly excised WBPH guts should not be soaked in PBS for a longer duration, or 205 

the epithelial cells will be damaged. 206 

 207 

6.3. Remove 4% (m/v) paraformaldehyde with a pipettor, and then add 200 μL of PBS into 208 

the 200 μL centrifuge tube. After 10 min, remove PBS using a pipettor to eliminate any 209 

paraformaldehyde. 210 

 211 

6.4. Repeat this PBS wash step twice. 212 

 213 

6.5. Remove the PBS and add 200 μL of nonionic detergent Triton X-100 (2%, v/v). 214 

Permeabilize the samples in the nonionic detergent for 30 min at room temperature. 215 

 216 

6.6. Remove 2% (v/v) Triton X-100 with a pipettor, and then wash away any remaining 217 

detergent with three 10 min washes with 200 μL of PBS (see steps 6.3 and 6.4). 218 

 219 

6.7. Dilute anti-SRBSDV antibody labeled by Dylight 549 (red) and anti-VAMP7 antibody 220 



 

labeled by Dylight 488 (green) 1:50 with 50 μL of bull serum albumin (3%, m/v). 221 

 222 

6.8. Add the diluted antibodies to the tube and incubate samples overnight at 4 °C. 223 

 224 

6.9. Remove the antibody diluent with a pipettor, and then wash away the remaining 225 

antibody diluent with three 10 min washes with 200 μL of PBS. 226 

 227 

6.10. Dilute 1 μL of Dylight 633 phalloidin with 50 μL of PBS. 228 

 229 

6.11. Add 50 μL of diluted phalloidin to the tube and incubate samples for 2 h at room 230 

temperature. 231 

 232 

6.12. Remove the phalloidin diluent with a pipettor, and then wash away the remaining 233 

phalloidin with three 10 min washes with 200 μL of PBS. 234 

 235 

NOTE: Thorough washes are critical to reduce the background and nonspecific binding. 236 

 237 

6.13. Place a drop of mounting medium containing DAPI on a microscope slide and 238 

transfer the guts to the medium. 239 

 240 

NOTE: Gently unfold each gut with tweezers and avoid creating bubbles. There are about 15 241 

guts per slide. 242 

 243 

6.14. Gently place a coverglass over the sample without creating bubbles. 244 

 245 

NOTE: The slide should be held at 4 ˚C in the dark to inhibit fluorescence quenching before 246 

observation with a laser scanning confocal microscope. 247 

 248 

6.15. View all samples with a laser scanning confocal microscope. Capture the images 249 

using blue light and save the files on a computer. 250 

 251 

REPRESENTATIVE RESULTS: 252 

Figure 1 illustrates all steps in this protocol: insect rearing, virus acquisition, excision of the 253 

gut, immunofluorescent labeling, and making the slide. 254 

 255 

Excised WBPH guts from adults were fixed in 4% (m/v) paraformaldehyde, permeabilized 256 

with 2% (v/v) Triton X-100, and then incubated with Dylight 633 phalloidin10,18. The laser 257 

scanning confocal micrograph in Figure 2 shows the three parts of the excised gut after 258 

labelling with phalloidin, and they are the foregut, the midgut, and the hindgut, respectively. 259 

Among these three parts, the midgut is the initial infection site of SRBSDV. The monolayer 260 

epithelial cell structure of the gut facilitates the study of the cellular localization of insect 261 

proteins and colocalization of virus and insect proteins. 262 

 263 

We also excised WBPH guts and incubated them with Dylight 488 (green) labeled 264 



 

anti-VAMP7 antibody and SRBSDV virions with Dylight 549 (red) labeled anti-SRBSDV 265 

antibody, respectively17,18,19. Figure 3 shows VAMP7 in the cytoplasm of WBPH midgut 266 

epithelial cells. VAMP7 and SRBSDV virions were shown to colocalize in the cytoplasm with a 267 

laser scanning confocal microscope, suggesting that VAMP7 may play a role in virus 268 

transmission in vivo. 269 

 270 

FIGURE LEGENDS: 271 

 272 

Figure 1: Overview of steps in rearing insects, excising guts, and labeling protein. 273 

 274 

Figure 2: Morphology of WBPH gut. Fluorescence from Dylight 633 phalloidin (blue, labeling 275 

actin) was viewed with a laser scanning confocal microscope. Scale bar, 200 μm. 276 

 277 

Figure 3: Fluorescence labeling of SRBSDV virions and VAMP7 in WBPH midgut epithelial 278 

cells viewed with a laser scanning confocal microscope. Guts were incubated with 279 

anti-SRBSDV antibody labeled with Dylight 549 (red) and anti-VAMP7 antibody labeled with 280 

Dylight 488 (green). Scale bar, 20 µm. 281 

 282 

DISCUSSION: 283 

For best results, a few key points should be considered. First, a high ratio of viruliferous 284 

insects among the total population is necessary. Although the minimum AAP for SRBSDV by 285 

WBPH nymphs and adults is 5 min17, the insects should be allowed to feed on fresh 286 

SRBSDV-infected rice plants for 2 days to achieve an acquisition efficiency of up to 80%. 287 

Since the SRBSDV virions can be detected in 80% of the midguts18, we excised and labeled 288 

the viruliferous insects at 2 days after a 2-day AAP in this protocol. Second, the guts of adults 289 

and nymphs are connected to the salivary glands in the head and to the ovipositor or 290 

copulatory organ in the tail. Thus, the gut can be carefully excised by means of pulling from 291 

the head or the tail. However, the technician needs to choose an appropriate method for 292 

pulling based on the size of the insect. The adult gut can be pulled in one intact piece from 293 

the tail after its head is removed, whereas the gut of the more fragile nymph is easily broken 294 

when pulled from the tail20. More reliably, the nymph gut can be removed by gently pulling 295 

the head after detaching the gut from its tail. Using these dissection/excision methods, we 296 

can quickly obtain intact guts and preserve the native ultrastructure of the gut epithelial 297 

cells. In addition, other organs and the outer body shell of planthoppers are not destroyed, 298 

thus maintaining the integrity of other tissues and organs such as salivary glands and 299 

hemolymph to explore virus activities and interactions21. 300 

 301 

Even though immunofluorescence labeling is widely used, strong fluorescent signals can be 302 

difficult to obtain without proper labeling protocols, resulting in the costly waste of 303 

experimental materials and time22,23. Before labeling, the excised guts should be cleaned 304 

well with PBS to exclude contaminating fat bodies from the abdominal cavity. The 305 

contaminating fat bodies could prevent antibodies from entering the cell and make the field 306 

of vision unclear when observed with laser scanning confocal microscope. After this cleaning, 307 

the guts should be fixed immediately to preserve cell structure. Ensure that the 308 



 

permeabilization treatment time is not too long to prevent antigen overflow. In addition, 309 

permeabilized guts should be cleaned thoroughly after incubation with luciferin-conjugated 310 

antibodies to reduce the background and nonspecific binding. Before the coverglass is 311 

pressed, gently unfold each gut with tweezers and try to avoid bubbles. When the slide is 312 

ready, it should be stored at 4 ˚C without light to inhibit fluorescence quenching before 313 

observation with a laser scanning confocal microscope24,25. 314 

 315 

Virus transmission by the insect vector is a crucial step in the epidemiology of many plant 316 

virus diseases. Disrupting this transmission is thus an effective strategy against virus 317 

diseases7,8, so elucidating the transmission mechanism of these viruses is of great theoretical 318 

and practical importance. Immunofluorescence is thus very useful for localizing persistently 319 

transmitted plant viruses and studying the function of their proteins in vivo toward 320 

understanding the various steps in virus transmission. In recent years, immunofluorescence 321 

and laser scanning confocal microscopy have been critical tools responsible for 322 

breakthroughs in understanding virus interactions in vector cells and tissues during the 323 

transmission of plant viruses. Using the present protocol, we were able to localize SRBSDV 324 

virions and VAMP7 in the epithelial cells of midguts of adults and nymphs and determine any 325 

colocalization. Phalloidin was used to label actin for viewing the outline of the midgut 326 

epithelial cell membrane, and DAPI was used to labeled the nucleus. The structure of the 327 

WBPH gut and midgut epithelial cells was distinct when viewed with laser scanning confocal 328 

microscopy. This protocol is a reliable method to view the digestive tract anatomy of insects, 329 

localize virions, other pathogens and insect proteins, and study pathogen activities in insects, 330 

insect protein functions, and interactions between pathogens and insect proteins. 331 

 332 
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Name of Material/ Equipment Company Catalog Number

3% Bull serum albumin (BSA) Coolaber SL1331

Cover glass Solarbio YA0771-18*18mm

Dissecting microscope Beitja XTL-7045B1

Laser scanning confocal microscope Zeiss Zeiss LSM880

Microscope slides Solarbio ZBP-7105

Mounting medium with 4'6-diamidino-2-phenylindole (DAPI) Abcam AB104139

Paraformaldehyde Sigma 158127

Phalloidin  Invitrogen A22284

Triton X-100 Amresco 0290C484

Tweezers (5-SA) AsOne 6-7905-40

Table of Materials Click here to access/download;Table of Materials;JoVEMaterials-revised.xls

https://www.editorialmanager.com/jove/download.aspx?id=1313441&guid=e9156135-1591-401a-8397-3c1d44d7f361&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1313441&guid=e9156135-1591-401a-8397-3c1d44d7f361&scheme=1


Comments/Description

Dilute antibodies

For slide making 

For insect dissection

Observe fluorescence signal

For slide making 

Label cell necleus

For tissues fixation

Label actin of midgut epithiels

For tissues permeation

For insect dissection



Dear Prof. Bajaj, 

I am writing in corresponding of manuscript formerly titled as “Immunofluorescent labeling of plant 

virus and insect vector proteins in hemipteran guts” (Manuscript ID JoVE62605R1) reviewed for 

publication in JoVE. 

We have carefully read your decision letter and the comments in the MS. We have revised the MS 

according to your suggestions and responded your comments in the revised MS. The English has 

been checked by Dr. Beth E. Hazen, Willows End Scientific Editing and Writing, Cortland, New 

York, USA. 

Thanks a lot for your careful editing. 

We look forward to hearing from you soon. 

Yours Sincerely, 

Xifeng Wang, Ph. D 

Institute of Plant Protection, CAAS 

Tel: 86-010-62815609 

Fax: 86-010-62815609 

Email: xfwang@ippcaas.cn 
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