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ABSTRACT OF THE THESIS 

 

Molecular identity of premotor neuron using Translating Ribosome Affinity Purification    
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             We have considered a new approach of combined developmental and cell-type 

markers as a means to identify potential pre-motor nuclei. Rather, we would like to 

leverage our skills with identified muscles for different motor actions and attempt to use 

targeted injections and retrograde viral transport as a gateway. In collaboration with Fan 

Wang and Ian Wickersham , we made use of a G-deleted rabies virus to be transported  
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from a specific  muscle, via an intra-muscular injection, to motor nucleus. Motoneurons 

are transformed to produce the rabies coat-protein G (by one of the two methods described 

below), which enables the G-deleted rabies virus to move across one more synapse into 

pre-motor neurons, after which the virus cannot further spread. In the past, the gene for G 

was replaced by one for a fluorescent protein (Wickersham et al., 2007) so that 

motoneurons and specific pre-motoneurons were labeled (Takatoh et al., 2013). We plan 

to use this approach with visually-guide laser dissection, In addition we will further use G-

deleted rabies with the gene for G replaced for one that codes for a fusion protein that 

consists of the L10 unit of the ribosome and eGFP, i.e., SAD-DG-RV-EGFP-L10. This 

will allow us to grossly isolate the region of the labeled pre-motoneurons and use 

translating ribosome affinity purification (TRAP) (Heiman et al., 2014) with antibodies to 

eGFP to pull down the ribosomes and thus the associated mRNA. In both cases, we will 

harvest the mRNA, which originates only from premotor neurons of interest, as well as 

harvest cells from neighboring non-labeled regions as null controls. We then follow 

standard procedures to build a library and send the samples for deep sequencing (RNA-

seq). In the end, we hope to find a few genes that define the premotor nuclei for each motor 

action. These can be used subsequently to direct specific modulation of cell function.  
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CHAPTER 1: INTRODUCTION 

1.1 Background 

I would like to begin this thesis by discussing following figure. As we know most muscle 

excitation is caused by associated neuronal activity, in this case, facial muscles are excited 

by innervating motor neurons. These motor neurons are in turn excited by premotor 

neurons.  

 

 

Our aim is to establish molecular identity of these premotor neurons controlling orofacial 

muscle group. To achieve this we are required to find difference in gene expression level 

of premotor neurons to its neighboring neurons.   Our first requirement is to label and 

isolate these premotor neurons. Wickersham et al., [1][2] and Callaway et al [6] and have 

shown an unique and effective technique for monosynaptic circuit tracing using G-deleted 

Rabies (ΔG-RV/RV-dG) with tag such as green fluorescent protein attached to it as seen 

in figure 1.2. From our experiments, we have found that it takes approximately 4 days post 

Figure 1.1 Anatomy of muscle group, motor and premotor neuron 
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injection (at muscle) for effective retrograde transport and labelling of motor neurons using 

ΔG-RV-EGFP.   

 

 

1.2 Labeling premotor neurons 

Once the motor neurons are traced and labelled, next step is to go one step further and reach 

premotor neuron. Takatoh et al., [3] and Sreenivasan et. al., [4] have shown we can co-

inject HSV-G as a mixture with dG-RV-EGFP to label premotor neurons associated with 

muscle group.   Figure 1.3 is a schematic showing strategy to label motor and premotor 

neurons using RV-dG+HSV-G.  

 

Figure 1.2 Monosynaptic tracing of circuit using dG-RV-EGFP 



3 
 

 

  

 

Using helper virus HSV-RabiesG along with RV-dG (ratio 1:2, volume 1-2ul) we were 

also able to label motor and premotor neurons as shown in figure 1.4. 

 

 

 

 

 

 

 

Figure 1.3 Schematic showing strategy to label motor and 
premotor neurons using  RV-dG + HSV-G 

Figure 1.4 A. Muscle injection site B. Coronal section 
showing motor and premotor neurons    
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1.3 Translating Ribosome Affinity Purification (TRAP)  

1.3.1 Overview 

TRAP [5] uses both cell type specific genetic targeting of transgene expression and 

indirect targeting of mRNA. To indirectly tag mRNAs, integration of affinity tag such as 

green fluorescent protein(EGFP), on the L10a (large ribosomal protein). By tagging 

ribosomes with EGFP we not only can visualize cell in tissue, but tagged L10a can used 

affinity purified with antibody against EGFP. “If ribosomes are maintained on the mRNAs 

that they are translating upon tissue harvest, purification of the cell-type-specific tagged 

ribosomes will also yield cell-type-specific translated mRNAs”[5]. 

 

We can then purify translated mRNAs and analyzed further by any of the methods 

of analyze RNA expression, includes RNA sequencing, qPCR, Northern blot or 

microarray. 

Figure 1.5 Translating Ribosome Affinity Purification 
(TRAP)  
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1.3.2 Advantages of TRAP 

 Major advantage of TRAP is that it does not require dissociation or fixation of 

tissue, or to require extraction of individual cell from tissue. This advantage provides 

higher sensitivity than other methods. In addition labeling of cell type with EGFP allows 

for visualization in electrophysiological or immunohistochemical studies.   Another 

advantage versus other gene expression methods is that it provides translated mRNA 

content of the cell, that closely match the protein content, which in turn will provide the 

total RNA gene expression profile.  

1.4 TRAP using viral tracing 

To advantage to both the methods mentioned above we used a custom made G-deleted 

Rabies (RV-dG-EGFP-L10a) along with helper virus HSV-hef1a-RabiesG as shown in 

below schematic 1.5 

 

Chapter 3 describes detailed protocols and methods for Translating Ribosome Affinity 

Purification (TRAP) using viral tracing.

Figure 1.6 Translating Ribosome Affinity Purification 
(TRAP) using rabies viral tracing  
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CHAPTER 4: EXPERIMENTAL DESIGN AND QUALITY CONTROL 

4.1 Introduction 

Following experiments shows the iterative steps in which TRAP experimental parameters 

were modified such as sample(brain) volume, with inclusion of negative control 

Eukaryotes have 80S ribosome   (S : Svedberg unit) 

       -- small subunit 40S : (18S rna + proteins) 

       -- large subunit 60S : (28S, 5.8S, 5S rna + proteins) 

Ratio of 28S:18S is  approximately 2 

RIN: RNA Integrity number  

   --automatically assigns an integrity number to total RNA sample 

   -- sample integrity is determined by entire electrophoretic trace 

If RIN > 7, RNA Seq can be performed 

 

4.2 Parameters of Experiment 1 and electrophoretic trace  

For my first TRAP experiment, three cortical brain samples HR1, HR2, HR3 infected with 

RV-dG-EGFP-L10a were harvested at P11, 7days post injection. Figure 4.1 shows 

electrophoretic trace for total RNA obtained through TRAP protocol as mentioned in 

chapter 3. Purification of immunoprecipitated RNA was done using Agilent nano prep kit. 
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Table 4.1 shows the ratio of 28S/18S, RIN number as well as concentration of total RNA 

in each sample. All the above tissues were immediately preserved post dissection in RNA 

later. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

28S/18S 
(area) 

2.5 6.4 - 

Conc [pg/ul] 1220 2690 240 

RIN 
5.4 

RIN 
2.6 

RIN 
7.1 

EL         HR1      HR2   HR3 

Figure 4.1 Electrophoretic gel result from TRAP experiment 1 

Table 4.1 QC and quantitative result from TRAP experiment 1 
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Initial interpretation of above electrophoretic trace shows degraded RNA/ 28S band.  

4.3 Parameters of Experiment 2 and electrophoretic trace  

For my second TRAP experiment, five cortical brain samples HR1, HR2, HR3, HR4, HR5 

infected with RV-dG-EGFP-L10a were harvested at P11, 7days post injection. For HR6 is 

whole brain stem harvested from p11 mice in which RV-dG-EGFP-L10a was injected into 

mystical pad at p4. Figure 4.2 shows electrophoretic trace for total RNA obtained through 

TRAP protocol as mentioned in chapter 3. Purification of immunoprecipitated RNA was 

done using Agilent nano prep kit. Table 4.2 shows the ratio of 28S/18S, RIN number as 

well as concentration of total RNA in each sample. All the above tissues were immediately 

preserved post dissection in RNA later. 

 

Figure 4.2 Electrophoretic gel result from TRAP experiment 2 
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4.3.1 Brief interpretation 

Above RIN number indicates slightly contaminated RNA. Initial interpretation of above 

electrophoretic trace shows degraded RNA, smudged 28S band. Ideal ratio of 28S/18S 

should be around 2.3 to 2.6. 

4.4 Parameters of Experiment 3 and electrophoretic trace  

For third TRAP experiment, 9 brain samples were used as follows 

- HR1 with 3 negative control brain stem processed with glass homogenizer. 

- HR2 with 2 brain stem harvested from p11 mice in which RV-dG-EGFP-L10a was 

injected into mystical pad at p4, tissue is processed with glass homogenizer. 

- HR3 with 3  brain stem harvested from p11 mice in which RV-dG-EGFP-L10a was 

injected into mystical pad at p4, tissue is processed with glass homogenizer. 

- HR4 with 3 negative control brain stem processed with glass homogenizer. 

Table 4.2 QC and quantitative result from TRAP experiment 2 
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- HR5with 2 brain stem harvested from p11 mice in which RV-dG-EGFP-L10a was 

injected into mystical pad at p4, tissue is processed with glass homogenizer. 

 

 

 

- HR6 with 3  brain stem harvested from p11 mice in which RV-dG-EGFP-L10a was 

injected into mystical pad at p4, tissue is processed with glass homogenizer. 

- HR7 with 2 negative control brain stem processed with glass homogenizer. 

Figure 4.3 Electrophoretic gel result from TRAP experiment 3 
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- HR8 with 2 cortical brain samples infected with RV-dG-EGFP-L10a were 

harvested at P11, 7days post injection(P4). Tissue is processed with glass 

homogenizer 

 

 

Table 4.3 QC and quantitative result from TRAP experiment 3 
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- HR9 with 2 cortical brain samples infected with RV-dG-EGFP-L10a were 

harvested at P11, 7days post injection(P4). Tissue is processed with RNase free 

disposable homogenizer 

Figure 4.3 shows electrophoretic trace for total RNA obtained through TRAP protocol as 

mentioned in chapter 3. Purification of immunoprecipitated RNA was done using Agilent 

nano prep kit. Table 4.3 shows the ratio of 28S/18S, RIN number as well as concentration 

of total RNA in each sample. All the above tissues were immediately preserved post 

dissection in RNA later. 

 

4.4.1 Brief interpretation 

Above RIN number indicates highly contaminated RNA. Initial interpretation of above 

electrophoretic trace shows degraded RNA, smudged 28S band. Ideal ratio of 28S/18S 

should be around 2.3 to 2.6. 

4.5 Parameters of Experiment 4 and electrophoretic trace  

For  fourth TRAP experiment, 7 samples were used as follows 

- HR1 is a single negative control brain cortex processed with glass homogenizer. 

- HR2 is 3 brain stem harvested from p11 mice in which RV-dG-EGFP-L10a was 

injected into mystical pad at p4, tissue is processed with glass homogenizer. 
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- HR3 is single cortical brain samples infected with RV-dG-EGFP-L10a were 

harvested at P11, 7days post injection(P4). Tissue is processed with glass 

homogenizer 

- HR4 is a single negative control brain cortex processed with glass homogenizer. 

- HR5 is 4 brain stem harvested from p11 mice in which RV-dG-EGFP-L10a was 

injected into mystical pad at p4, tissue is processed with glass homogenizer. 

 

 

 

- HR6 is single cortical brain samples infected with RV-dG-EGFP-L10a were 

harvested at P11, 7days post injection(P4). Tissue is processed with glass 

homogenizer 

- HR7 is a single negative control brain cortex processed with glass homogenizer. 

Figure 4.4 Electrophoretic gel result from TRAP experiment 4 
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Figure 4.4 shows electrophoretic trace for total RNA obtained through TRAP protocol as 

mentioned in chapter 3. Purification of immunoprecipitated RNA was done using Agilent 

nano prep kit. Table 4.4 shows the ratio of 28S/18S, RIN number as well as concentration 

of total RNA in each sample. All the above tissues were immediately preserved post 

dissection in RNA later. 

 

 

 

4.5.1 Brief interpretation 

Above RIN number indicates highly contaminated RNA. Initial interpretation of above 

electrophoretic trace shows degraded RNA, smudged 28S band. Ideal ratio of 28S/18S 

should be around 2.3 to 2.6. 

Table 4.4 QC and quantitative result from TRAP experiment 4 
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4.6 Parameters of Experiment 5 and electrophoretic trace  

For  fifth TRAP experiment, 4 samples were used as follows 

- HR1 is 3 brain stem harvested from p11 mice in which RV-dG-EGFP-L10a was 

injected into mystical pad at p4, tissue is processed with glass homogenizer. 

 

 

Figure 4.5 Electrophoretic gel result from TRAP experiment 5 

Table 4.5 QC and quantitative result from TRAP experiment 5 
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- HR2 is single cortical brain samples infected with RV-dG-EGFP-L10a were 

harvested at P11, 7days post injection(P4). Tissue is processed with glass 

homogenizer 

- HR3 is a single negative control brain cortex processed with glass homogenizer. 

- HR4 is single cortical brain samples infected with RV-dG-EGFP-L10a were 

harvested at P11, 7days post injection(P4). Tissue is processed with RNase free 

disposable homogenizer 

Figure 4.5 shows electrophoretic trace for total RNA obtained through TRAP protocol as 

mentioned in chapter 3. Purification of immunoprecipitated RNA was done using Agilent 

nano prep kit. Table 4.5 shows the ratio of 28S/18S, RIN number as well as concentration 

of total RNA in each sample. All the above tissues were immediately preserved post 

dissection in RNA later. Above RIN number indicates highly contaminated RNA. Initial 

interpretation of above electrophoretic trace shows degraded RNA, smudged 28S band. 

Ideal ratio of 28S/18S should be around 2.3 to 2.6. 

 

4.7 Parameters of Experiment 6 and electrophoretic trace  

For sixth TRAP experiment, 6 samples were used as follows 

- HR1 is 3 brain stem harvested from p11 mice in which RV-dG-EGFP-L10a was 

injected into mystical pad at p4, tissue is processed with RNase free disposable 

homogenizer. 
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- HR2 is 2 brain stem harvested from p11 mice in which RV-dG-EGFP-L10a was 

injected into mystical pad at p4, tissue is processed with RNase free disposable 

homogenizer. 

 

 

- HR3 is a single negative control brain cortex processed with RNase free disposable 

homogenizer 

- HR4 is single cortical brain samples infected with RV-dG-EGFP-L10a were 

harvested at P11, 7days post injection(P4). Tissue is processed with RNase free 

disposable homogenizer 

 

Figure 4.6 Electrophoretic gel result from TRAP experiment 6 
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- HR5 is single cortical brain samples infected with RV-dG-EGFP-L10a were 

harvested at P11, 7days post injection(P4). Tissue is processed with RNase free 

disposable homogenizer 

- HR6 is a single negative control brain cortex processed with RNase free disposable 

homogenizer. 

Figure 4.6 shows electrophoretic trace for total RNA obtained through TRAP protocol 

as mentioned in chapter 3. Purification of immunoprecipitated RNA was done using 

Agilent nano prep kit. Table 4.6 shows the ratio of 28S/18S, RIN number as well as 

concentration of total RNA in each sample. All the above tissues were immediately 

preserved post dissection in RNA later. 

4.8 Parameters of Experiment 7 and electrophoretic trace  

For  seventh TRAP experiment, 6 samples were used as follows 

Table 4.6 QC and quantitative result from TRAP experiment 6 
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- HR1 is a single cortical brain samples infected with RV-dG-EGFP-L10a were 

harvested at P11, 7days post injection(P4). Tissue is processed with RNase free 

disposable homogenizer 

 

 

 

 

- HR2 is a single cortical brain samples infected with RV-dG-EGFP-L10a were 

harvested at P11, 7days post injection(P4). Tissue is processed with RNase free 

disposable homogenizer 

 

Figure 4.7 Electrophoretic gel result from TRAP experiment 7 
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- HR3 is a single negative control brain cortex processed with RNase free disposable 

homogenizer 

- HR4 is single cortical brain samples infected with RV-dG-EGFP-L10a were 

harvested at P11, 7days post injection(P4). Tissue is processed with RNase free 

disposable homogenizer 

- HR3 is a single negative control brain cortex processed with RNase free disposable 

homogenizer 

- HR4 is single cortical brain samples infected with RV-dG-EGFP-L10a were 

harvested at P11, 7days post injection(P4). Tissue is processed with RNase free 

disposable homogenizer 

Table 4.7 QC and quantitative result from TRAP experiment 7 
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Figure 4.7 shows electrophoretic trace for total RNA obtained through TRAP protocol as 

mentioned in chapter 3. Purification of immunoprecipitated RNA was done using Agilent 

nano prep kit. Table 4.7 shows the ratio of 28S/18S, RIN number as well as concentration 

of total RNA in each sample. All the above tissues were immediately preserved post 

dissection in liquid nitrogen. 

 

4.8.1 Brief interpretation 

Above RIN number indicates good integrity of total RNA. Initial interpretation of above 

electrophoretic trace shows good quality RNA, discrete 28S band. Ideal ratio of 28S/18S 

should be around 2.3 to 2.6. Using liquid nitrogen for tissue preservation improved RNA 

quality significantly, however high background RNA decreases signal to noise ratio. 

 

4.9 Parameters of Experiment 8 and electrophoretic trace  

For this TRAP experiment, 9 brain samples were used as follows 

- HR1 is a single brain stem harvested from p11 mice in which RV-dG-EGFP-L10a 

was injected into mystical pad at p4, tissue is processed with RNase free disposable 

homogenizer. 

- HR2 is 2 brain stem harvested from p11 mice in which RV-dG-EGFP-L10a was 

injected into mystical pad at p4, tissue is processed with RNase free disposable 

homogenizer. 
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- HR3 with 2 negative control brain stem processed with RNase free disposable 

homogenizer. 

- HR4 is 2 brain stem harvested from p11 mice in which RV-dG-EGFP-L10a was 

injected into mystical pad at p4, tissue is processed with RNase free disposable 

homogenizer. 

- HR5 with 2 negative control brain stem processed with RNase free disposable 

homogenizer. 

 

 

Figure 4.8 Electrophoretic gel result from TRAP experiment 8 
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- HR6 is 3 brain stem harvested from p11 mice in which RV-dG-EGFP-L10a was 

injected into mystical pad at p4, tissue is processed with RNase free disposable 

homogenizer. 

- HR7 with 3 negative control brain stem processed with RNase free disposable 

homogenizer. 

Table 4.8 QC and quantitative result from TRAP experiment 8 
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- HR8 is 3 brain stem harvested from p11 mice in which RV-dG-EGFP-L10a was 

injected into mystical pad at p4, tissue is processed with RNase free disposable 

homogenizer. 

- HR9 with 3 negative control brain stem processed with RNase free disposable 

homogenizer. 

Figure 4.8 shows electrophoretic trace for total RNA obtained through TRAP protocol as 

mentioned in chapter 3. Purification of immunoprecipitated RNA was done using Agilent 

nano prep kit. Table 4.8 shows the ratio of 28S/18S, RIN number as well as concentration 

of total RNA in each sample. All the above tissues were immediately preserved post 

dissection in liquid nitrogen. 45ul of affinity matrix was used to process each sample.  

Above RIN number indicates good integrity of total RNA. Initial interpretation of above 

electrophoretic trace shows good quality RNA, discrete 28S band. Ideal ratio of 28S/18S 

should be around 2.3 to 2.6. Using liquid nitrogen for tissue preservation improved RNA 

quality significantly, however high background RNA decreases signal to noise ratio. HR2-

HR5 shows very low concentration of RNA and no discrete 28S/18S band most likely due 

to post purification degradation and handling.
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CHAPTER 5: TRAP EXPERIMENT AND RNA SEQUENCING 

5.1 Overview 

From above mentioned experiments and with iterative changes of parameters and 

protocols, following TRAP experiment was performed. One of the important change from 

previous experiments was in the washing steps of the immunoprecipitation, during washing 

step careful pipetting of magnetic beads without introducing bubbles. Introduction of 

bubbles causes wear and tear of antibody attachment to magnetic beads. This increases 

signal to noise ratio by decreasing background noise.  

5.2 Final TRAP experiment 

For this TRAP experiment, 6 brain samples were used as follows 

- HR1: two brain stems were harvested from p11 mice in which mixture of RV-dG-

EGFP-L10a + HSV-hef1a-Rabies-G in ratio 2:1 (volume ~1-2ul ) was injected into 

mystical pad at p4, tissue is processed with RNase free disposable homogenizer. 

- HR2 with 2 negative control brain stem processed with RNase free disposable 

homogenizer. 

- HR3: three  brain stems were harvested from p11 mice in which mixture of RV-

dG-EGFP-L10a + HSV-hef1a-Rabies-G in ratio 2:1 (volume ~1-2ul ) was injected into 

mystical pad at p4, tissue is processed with RNase free disposable homogenizer. 

- HR4 is 3 negative control brain stem processed with RNase free disposable 

homogenizer. 
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- HR5: four brain stems were harvested from p11 mice in which mixture of RV-dG-

EGFP-L10a + HSV-hef1a-Rabies-G in ratio 2:1 (volume ~1-2ul ) was injected into 

mystical pad at p4, tissue is processed with RNase free disposable homogenizer. 

- HR6 is 4 negative control brain stem processed with RNase free disposable 

homogenizer. 

 

 

Figure 5.1 Electrophoretic gel result from TRAP experiment 9 
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5.3 Analysis  

Figure 5.1 shows electrophoretic trace for total RNA obtained through TRAP protocol as 

mentioned in chapter 3. Purification of immunoprecipitated RNA was done using Agilent 

nano prep kit. Table below shows the ratio of 28S/18S, RIN number as well as 

concentration of total RNA in each sample. All the above tissues were immediately 

preserved post dissection in liquid nitrogen. 45ul of affinity matrix was used to process 

each sample.  Above RIN number indicates good integrity of total RNA. Initial 

interpretation of above electrophoretic trace shows good quality RNA, discrete 28S band. 

Using liquid nitrogen for tissue preservation improved RNA quality significantly. In 

addition low background/ non specific binding was achieved by improvement in washing 

step of immunoprecipitation step of the protocol. 

Table 5.1 QC and quantitative result from TRAP experiment 9 
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5.4 RNA sequencing 

RNA samples HR1, HR3 and HR5 from above experiments were submitted for RNA 

sequencing as per following  library manifest: 

Type of Library : mRNA stranded 

Do you want these libraries sequenced: YES 

Sequencing Platform: 4000  

Type of Run: Single Read (SR) 

Number of Cycles: 75  

Following table and figures show the result of cDNA library results 

 

 

 

 

  

 

Well Conc.[pg/ul] Sample Description 

A2 0.673 HR1 

B2 7.00 HR3 

C2  HR5 

Table 5.2 RNA seq quantitative result from 
TRAP experiment 9 
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Figure 5.2 Library construct electrophoretic gel from RNA seq, TRAP experiment 9 

Figure 5.2 Library construct results from RNA seq, Sample HR1-TRAP 9 
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Figure 5.4 Library construct results from RNA seq, Sample HR3-TRAP 9 

Figure 5.5 Library construct results from RNA seq, Sample HR5-TRAP 9 
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5.5 Conclusion and Future work 

Conclusion 

- Using new ΔG-Rabies-EGP-L10a, L10a is incorporated into ribosomes 

- Using helper virus HSV-Rabies-G, L10a expression and integration to ribosomes 

has been extended to premotor neurons 

- Feasibility of translating RNA pull down using viral transport 

 

Future work 

- Transgenic TRAP animal as positive control  

- Increase the number of brains to be pooled 

- Homogenize brain immediately (no preservation) 
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