
 

 

380 

International Core Journal of Engineering 

ISSN: 2414-1895 

Volume 7 Issue 6, 2021 

DOI: 10.6919/ICJE.202106_7(6).0045 

Comparison of Prediction Errors Systems in Activation Selection, 
Stimuli Preference and Information Input Sources: Dopamine 

Neurons in VTA Versus CA1 Cells 

Huanying He 

School of Life and Health Science, Northeastern University, Shenyang, Liaoning 110819, China. 

 

Abstract 

The Prediction Errors (PE) system is an intricate and frequently used cognition and 
revision system in brains. It has multiple genres of PE systems functioned in different 
areas, each of which might specifically direct one or several certain types of information. 
Before this, research studies based on PE systems are mainly processed respectively, 
however, there is a strong connectivity and intense communication between these 
systems. To figure out if there is a strong cooperation and interlaps between two 
classical type of PE systems: Dopaminergic dependent Reward Prediction Errors (RPE) 
system and CA1 cells dependent PE system. In this paper, I provide an envision and 
precise instruction about how to compare these two PE systems in several aspects 
including activation selection, stimuli preference and information input sources. 
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1. Introduction 

The Prediction Errors (PE) is a phenomenon that neurons compute the difference between the realities 

and predictions. When the predictive information (eg. Goals/Previous experience) is different from 

the actual information, the ‘‘comparator cells’’ will create a novelty signal [1]. There is a simplified 

formula of PE that easily explains the formation of PE [2], [3]: 

Prediction Error value = Actual Outcome (Excitatory Inputs) – Predictive value (Inhibitory Inputs) 

There are two classical systems known for years: Dopaminergic dependent Reward Prediction Errors 

(RPE) system [1], [2] and CA1 cells dependent PE system [3]–[5]. Both systems possess the 

capability to generate novelty signals, but function in different mechanisms. 

Dopaminergic dependent RPE system specifically relies on reward-related information. Thus, 

predictive inputs of dopamine (DA) neurons referring to expectation/goal value to outcomes, will 

exert an inhibitory influence on DA neurons by VTA GABAergic neurons. In this system, the actual 

rewards, which deviates from the predictive rewards, will generate prediction errors. And previous 

research has proved that overall VTA information inputs derived from various locations, including 

Prefrontal Cortex (PFC), Nucleus Accumbens (NAc), Ventral Pallidum (VP), Lateral hypothalamus 

(LH), Subthalamic Nucleus (STh), Pedunculopontine Tegmental Nucleus (PPTg), and Rostromedial 

Tegmental Nucleus (RMTg) [6].  

PE in CA1 cells receives inhibitory predictions from layer II of the Entorhinal Cortex, while the actual 

information comes from the sensory cells in layer III of the Entorhinal Cortex. Also, this PE system 

is known to be related to memory based, so the novelty signal is created when actual outcome is 

diverse from previous experience [3]. It is noted that this system also involved participation of VTA 

DA neurons as one source of dopamine release [4]. Furthermore, studies have proved that the NAc is 

a necessary transmission port in novelty-related DA release loop Hippocampus-Subiculum-NAc-VP-



 

 

381 

International Core Journal of Engineering 

ISSN: 2414-1895 

Volume 7 Issue 6, 2021 

DOI: 10.6919/ICJE.202106_7(6).0045 

VTA. Also, CA1 cells also have inseparable abilities on spatial recognition and memory formation 

or recalling [7]–[9]. Dopamine will enhance these processes by producing transcription factors that 

promote long-term potentiation (LTP) and protein synthesis [10]. However, recent researches have 

given evidence that the major dopamine input of the hippocampus is Locus Coeruleus (LC) [10]–[12].  

Previous studies have clearly described the mechanism of PE formation in these two systems 

separately. However, many nuances between these two systems remain unknown. In addition, current 

studies have not figured out the origins of known information in PE systems. Therefore, to clarify the 

distinct responses and correspondence of information sources between two system, the proposal is 

submitted to utilize comparison to better understand the PE mechanisms in activation selection and 

alternative routes.  

It is designed to use different cues paired with different outcomes to detect the reaction of these two 

sites. During the experiment, the blockage of NAc between VTA and hippocampus is a key step. Due 

to the limited quantity of dopamine from VTA, this proposal presumes that transiently silencing of 

NAc during experiments will not induce vital impairment in the hippocampus. 

Even though resource of information inputs shows redundancy, the certain category of these inputs 

remains unknown. It is proposed to detect the neural activities on potential input regions during the 

PE, so coupling with the retrograde tracing maps of inputs, there is potential to clarify the derivations 

of distinct information in relative PE systems. 

In this paper, it is hypothesized that different conditions will stimulate different PE systems, trigger 

multiple brain districts for information inputs at the same time, and show preference on stimuli.  

2. Methods 

2.1 Mouse Strain Construction 

A mouse strain that can express Cre enzyme both in VTA DA neurons and in CA1 cells will be 

constructed, because Cre enzyme enables vectors with loxP sites to express uniquely under the 

condition of its coexistence. On condition that no mouse strain simultaneously expresses Cre enzyme 

specifically in VTA DA neurons and CA1 cells, the DAT-IRES-Cre+/-(B6.SJL-S1c6a3tm1.1 

(cre)Bkmn/J) strain [13], which expresses Cre enzyme in DA neurons in VTA, will hybridize with 

the B6.Cg-Tg (Camk2a-cre) T29-1Stl/J strain, which expresses Cre enzyme in CA1 cells, and will 

produce the heterozygote that satisfies the needs. The heterozygote mice will be fostered into 3-8 

months old for experiments. And they will be housed in cages and treated in proper conditions. 

2.2 Surgical Procedure 

Surgery will be operated on heterozygote mice to silence NAc, record electrophysiological condition 

or neural activities, and trace input map in VTA and CA1 region. The craniotomy will be carried out 

after the 296 heterozygote mice mentioned above were anesthetized with isoflurane (1–1.5%; flow 

rate, 0.5–0.7 L/min). Flow orientated virus neural tracing vector pAAV-CAG-FLEX-rc [Jaws-KGC-

tdTomato-ER2] (Addgene, Add-gene Plasmid #84446; ~×1012 molecules/μl, ≤2μl) [10] for transient 

silencing of NAc will be injected in the posterior hippocampus. At least one day after each viral 

injection, other surgical procedures can continue[14]. In order to activate the photo-stimulation of a 

light activated inhibitory protein, JAWs protein, a laser-optic fiber compound will be fixated in NAc 

site[10].  

Then, they will be divided into two groups of mice, one group (Group A) will be used in 

electrophysiological tests and the other group (Group B) will be used in the tests of input origins. 

2.2.1 Group A 

Multiple intercellular field electrodes[15], which are linked to voltage, will engender linkage with 

VTA DA neurons or CA1 cells to present their synchronic potential changes. By observing the 

electrophysiological change in these two sites, the prioritization of PE system between the two 

systems and the difference of event preference for a certain system will be clarified. 
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2.2.2 Group B 

Retrograde virus neural tracing vectors pAAV-pCAG-FLEX-EGFP-WPER (Addgene, Addgene viral 

prep #51502-AAVrg; ~×1012molecules/μl, ≤2μl) [13] will be injected in DA neurons (VTA), while 

vectors pAAv-Ef1a-DIO-EYFP (Addgene, Addgene viral prep #27056-AAVrg; ~×1012 molecules/μl, 

≤2μl) in CA1 cells. After 1–4 weeks, the total input map of CA1 cells or VTA DA neurons will come 

into shapes. 

Mice used high-speed volumetric imaging of neuronal activity that can be applied in field test was 

invented by Skocek O, et al. Given by the limited imaging area (700600360nm) which can detect 

the neural activities of more than 800 neurons simultaneously, each mouse in their experimental 

subgroup will be exclusively tested in one of the potential input sites. Firstly, Microinjecting 250nl 

of AAV1-Syn-GCaMP6f-WPRE-SV40 (Penn Vector Core, AV-1-PV2822; ~1012molecules/ml) [16] 

in specific potential input site. After that, the miniature head-mounted light-field microscopes 

adjusted in parameters to match each associate potential input sites, will be attached to the mice for 

the observation of neural activities during experiments [14], [16].  

After the recovery of all surgical procedures around 3–4 weeks, the mice will access into pre-learning 

phase. 

2.3 Pre-learning 

Pre-learning fosters the cognition of certain situations, which is prepared for later exposure in changed 

situations. Here, mice will be trained to pair signals with outcome Odor/Taste/Object in pre-learning. 

Take 2 mice from Group A and 8N mice (N stands for the number of potential input sites) from Group 

B to form an experiment subgroup. Each subgroup will process the experiment seperately. And there 

will be 4 subgroups for 4 categories: odors, tastes, objects, and places. Control group refers to matched 

situations in each subgroup. 

2.3.1 Subgroup of Odor/Taste/Object 

Outcome refers to Odor/Taste/Object. Each outcome will be pair-associated with a different but 

specific signal. Namely, signal a – odor A, signal b – odor B, and so on. And this process all happened 

in cleaned chambers that have no other interference until the mice learn all pair-associations. 

2.3.2 Subgroup of Place 

Outcome refers to the environmental conditions (eg. brightness, directions) of places here. And the 

cleaned chambers will be separated into different small rooms where match the relative condition. 

When signal a is served, the channel to room A will be available. The environments are all the same 

until mice get into the room. Once mice can remember the matched route, this process will be 

terminated. 

2.4 Experiment & Analyses 

In this phase, the electrophysical performance of DA neurons in VTA or CA1 cells, and neural 

activities of inputs will be recorded and analyzed. Matched tests in each subgroup will be viewed as 

controls here. And it can be expected that PE will not be generated during the matched tests.  

2.4.1 Mismatched Tests in Subgroup of Odor/Taste/Object 

Each test will be mismatched. And mismatched experiments can generate many permutations and 

combinations. For example, odor A(outcome) is certain, but different signals b/c/d will be served in 

each mismatched test. 

The first step is to observe which regions, the VTA DA neurons or the CA1 cells, will be activated 

by detecting electrophysiological condition of VTA and CA1 cells. The voltage of intercellular field 

electrodes will reflect the potential change, and the results can testify if a certain category of PE will 

be formed in this region. 

The second step is to compare the preference of outcomes in a certain category. So that by comparing 

the value of PE (the pattern of PE potential change), which is in accord with the potential evoked by 

outcome A (actual information) subtracting the expectation to outcome B/C/D (corresponding to 
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signals b/c/d, predictive information), ranking the priority of outcomes will be feasible. Let’s discuss 

this topic on the hypothesis that odor A(outcome) is certain, mismatched signal b here means the 

expectation to odor B. Supposing that potential value of PE is positive, it means mice prefer odor A 

than odor B, and vice versa. The situation will be analogous to subgroup of taste/object. 

2.4.2 Mismatched tests in Subgroup of Place 

Each test will also be mismatched in a subgroup of place. Because the environment of each room is 

stationary, the change of mismatched experiment will rely on the alternation of signals. Likewise, the 

first observation is to detect whether the PE emerges in this area. In the following observation, the 

same signals will be presented in mismatched channels, and the road will be passable only after the 

signal being displayed. Since the signal and outside environment are the same, the only viable here 

will be different places. Hence, the value of PE here will be equivalent to actual potential arose by 

place B/C/D deducts the predictive value of signal a, which equals to the expectation value to place 

A. Similarly, the precedence level of places will be attested.  

If direction will be considered as a distraction, the pair matched experiment can further be examined 

in a different direction by spinning the chamber. And the consequence of this experiment will prove 

whether the direction will cause an influence. 

2.4.3 Input Observation of VTA and CA1 cells in different sites 

The fluorescence of inputs for VTA DA neurons and CA1 cells can be visualized by using in vivo or 

in vitro fluorescent imaging system after experiments. Processed data from the assorted analyses 

system seeded iterative demixing (SID) of miniature head-mounted light field microscope [16] is a 

paradigm of neural activities for over 800 neurons synchronically during experiments. Combining 

the input maps with the paradigm, the momentary association of input sites with certain information 

on known novel situations will be deducted. 

3. Conclusion 

In this study, the overall aim is to compare two classical types of PE systems in several aspects 

including system selection, stimuli preference and information input sources. Precisely, this proposal 

is to compare if dopaminergic dependent RPE system in VTA and CA1 cells dependent PE system 

will have a distinct or identical response to different stimuli (odor/taste/object/place), and whether 

there is prioritization within a certain sort of stimulus. Furthermore, the research on the relation 

between input sites and information will be included in this experiment. 

Based on the previous studies, the following possible outcomes are proposed. Firstly, the CA1 cells 

possibly show more salience with place information compared to other elements. And DA neurons 

will likely not respond to the spatial change since it might not consider spatial information as rewards 

and have no connectivity with place cells. Secondly, since the multi-inputs demonstrate the 

redundancy of information, it is presumed that both CA1 cells and DA neurons will be likely to 

response to PFC in the same genre of information. However, the preference over information 

categories and the prioritization of a certain kind of stimulus will depend on the actual outcome of 

the experiment. 

The comparison will enhance the understanding of PE systems, so researchers can choose the most 

suitable events as an outcome for future experiments. Moreover, this proposal has provided a method 

to detect what sort of information is projected from certain brain regions. And the spare inputs that 

transmit the same type of information will be testified. For that reason, the alternate loop of PE will 

be attainable if certain brain regions being destroyed. Therefore, a better understanding of alternation 

systems would be available for further researches, which scientists can utilize it without worrying 

about the significant impact that destroy one region might cause. Certainly, this proposal also can 

contribute to many animal models similarly. And thus, it can bring benefits to other research regions 

including animal behaviors, brain tumors and so on. 
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