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Several paradigms for rodent models of the cognitive and negative endophenotypes found in schizophrenic patients have been proposed. However, significant efforts are needed in order to study the pathophysiology of schizophrenia-related positive symptoms. Recently, it has been shown that these positive symptoms can be studied in rats by using representation-mediated learning. This learning measure the accuracy of mental representations of reality, also called 'reality testing'.

Alterations in 'reality testing' performance can be an indication of an impairment in perception which is a clear hallmark of positive psychotic-like states. Thus, we describe here a mouse task adapted from previous findings based on a sensory preconditioning task. With this task, associations made between different neutral stimuli (e.g., an odor and a taste) and subsequent selective devaluation of one of these stimuli have allowed us to study mental sensory representations. Thus, the interest of this task is that it can be used to model positive psychotic-like states in mice, as recently described.

[Background] The presence of positive symptoms, such as delusions or hallucinations, is a key feature of a psychotic-like state (American Psychiatric Association, 2000 and 2013; [START_REF] Tandon | Definition of psychotic disorders in the DSM-5 too radical, too conservative, or just right![END_REF] and represents a major challenge to rodent models [START_REF] Wong | Schizophrenia: from phenomenology to neurobiology[END_REF][START_REF] Van Den Buuse | Importance of animal models in schizophrenia research[END_REF][START_REF] Mouri | Phencyclidine animal models of schizophrenia: approaches from abnormality of glutamatergic neurotransmission and neurodevelopment[END_REF][START_REF] Jones | Animal models of schizophrenia[END_REF] . Indeed, these symptoms are often neglected due to the lack of suitable animal models [START_REF] Jones | Animal models of schizophrenia[END_REF]Rubino and[START_REF] Rubino | Cannabis abuse in adolescence and the risk of psychosis: a brief review of the preclinical evidence[END_REF]2016). Psychotogenic drug-induced hyperlocomotion in rodents has long been considered an acceptable approximation of positive symptoms of drug-induced psychotic-like states [START_REF] Wong | Schizophrenia: from phenomenology to neurobiology[END_REF]; van den [START_REF] Van Den Buuse | Importance of animal models in schizophrenia research[END_REF][START_REF] Mouri | Phencyclidine animal models of schizophrenia: approaches from abnormality of glutamatergic neurotransmission and neurodevelopment[END_REF][START_REF] Jones | Animal models of schizophrenia[END_REF] . However, locomotor activity cannot be used to study the mismatch between perception and reality that is the hallmark of positive psychotic-like states [START_REF] Wong | Schizophrenia: from phenomenology to neurobiology[END_REF]; van den [START_REF] Van Den Buuse | Importance of animal models in schizophrenia research[END_REF]. For instance, the 'Diagnostic and Statistical Manual of Mental Disorders' (DSM V) defines delusions as 'erroneous beliefs that usually involve a misinterpretation of perception or experiences' (American Psychiatric Association, 2013). To overcome this methodological limitation, recent studies have used behavioral procedures in rodents designed to measure the accuracy of mental representations of reality, also called 'reality testing' [START_REF] Mcdannald | Toward a model of impaired reality testing in rats[END_REF][START_REF] Mcdannald | Impaired reality testing in an animal model of schizophrenia[END_REF][START_REF] Kim | Impaired reality testing in mice lacking phospholipase Cβ1: observed by persistent representation-mediated taste aversion[END_REF] . Alterations in 'reality testing' performance can be an indication of an impairment in perception which, as we mentioned before, might lead to positive psychotic-like states such as delusions. Thus, we adapt these previous protocols Note: It is important that the bottles be assembled before starting the experiment (Figure 1). 2. Mice are water deprived 24 h before the first day of the protocol. This water deprivation lasts for the full duration of the protocol and mice weight is also controlled (maintained at around 85-90% of original).

Materials and Reagents

3. All animals receive 1-h access to water (using the drinking bottles, Figure 1). The bottle is weighed before and after this period in order to precisely quantify how much the animals drink in each session. This procedure is repeated during three consecutive days as a habituation period.

Notes: a. If a mouse does not drink more than 1 ml in one hour, it is given access to the bottle for one extra hour. This is particularly important the first day when animals are not yet habituated.

b. The position of the bottle is changed every day (right or left, see Figure 2). The height and angle of the bottles is maintained throughout the protocol. 5. During the following 6 days, animals undergo the devaluation phase (Figure 3) whereby O1 is devaluated to become the conditioned stimulus (CS+). On days 1, 3 and 5 of this phase, animals receive 1-h access to O2 followed by an intraperitoneal (i.p.) injection of saline (CS-), whereas on days 2, 4 and 6, they receive 1-h access to O1 immediately followed by an i.p. injection of the emetic agent LiCl (0.3 M, 1% b.w. i.e., 10 ml/kg) (CS+) in order to induce gastric malaise.

Notes: a. To assess taste-mediated odor aversion, the devaluation phase pairing is performed using the tastes. T2 is associated with a saline injection (CS-) whereas T1 is associated with a LiCl injection (CS+).

b. The position of the bottles is changed for each pairing (right or left, see Figure 2). The height and angle of the bottles is maintained throughout the protocol.

c. The LiCl injection is performed just after removal o f the bottles. A few minutes after injection, animals are observed to experience dizziness and greatly reduced locomotion.

d. Odor or taste solutions are prepared anew every 2-3 days and all bottles are thoroughly cleaned at the end of this phase. [START_REF] Mcdannald | Impaired reality testing in an animal model of schizophrenia[END_REF]. Animals are given one day for recovery in which they receive water for 1 h.

Note:

The position of the water bottle is opposite that of the last pairing.

7. On the next day, mediated aversion is assessed using a 1-h two-choice test where two different bottles are presented at the same time (Figure 4). Mediated aversion is always evaluated on the first day of tests with a choice between the mCS+ and the mCS-. The placement of each bottle is counterbalanced to avoid any position bias in task performance. In order to make the animal aware of the choice, perform a 'forced sampling' procedure following these steps: (i) both bottles are presented at the same time, (ii) when the animal drink from one bottle this bottle is removed, (iii) time is allowed for the mouse to drink from the remaining bottle, (iv) the second bottle is removed and, finally, (v) both bottles are re-introduced simultaneously, as seen in this image, in order for the two-choice test to be performed. 8. On the second day, direct aversion is evaluated using a two-choice test between the CS+ and CS-with a procedure identical to that described for the mediated aversion test.

Data analysis

Aversion was revealed by lower consumption of mCS+ than mCS-(mediated aversion) or of CS+ 2. All sessions of the experimental protocol were performed in the morning (from 9 AM to 1 PM).

3. In order to avoid any olfactory contamination between bottles, 3 different bottles were used: some bottles were exclusively used for banana odor or the mixture of banana odor with a taste, either sucrose or maltodextrin (banana bottles), others only for almond odors or the mixture of almond odor with a taste (almond bottles) and the remaining bottles were used for water or taste alone (water/taste bottles). Bedding was changed at the start of the protocol and after the preconditioning phase, some hours after the last session.

4. The task was tested in several mice lines. We found similar results between the C57/BL6N mice and the wild-type animals produced in our institute.

Recipes

Banana solution (0.05%)

To each 100 ml of water, we added 50 μl of isoamyl acetate. In order to prepare this solution, we put the necessary quantity of water in a container, to which we added the previously calculated quantity of odor. The solution was then mixed until the odor dissolved 2. Almond solution (0.01%)

To each 100 ml of water, we added 10 μl of benzaldehyde. In order to prepare this solution, we put the necessary quantity of water in a container, to which we added the previously calculated quantity of odor. The solution was then mixed until the odor dissolved

Maltodextrin solution (5%)

To each 100 ml of water, we added 5 g of maltodextrin. In order to prepare this solution, we put the necessary quantity of water in a container, to which we added the previously calculated quantity of taste. The solution was then mixed until the powder dissolved

Sucrose solution (5%)

To each 100 ml of water, we added 5 g of sucrose. In order to prepare this solution, we put the necessary quantity of water in a container, to which we added the previously calculated quantity of taste. The solution was then mixed until the powder dissolved 5. Combined odor-taste solution Following the same quantities as above, we weighed out the required quantity of sucrose or maltodextrin, to which we added the necessary quantity of water and, finally, odor. The solution was then thoroughly mixed until full dissolution and transparency had been achieved

LiCl (3 M)

We weighed out 0.627 g of the LiCl powder and added it to 50 ml of physiological saline. The solution was then mixed thoroughly until the powder dissolved
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 11 Sucrose solution (5%) (see Recipes) 12. Combined odor-taste solution (see Recipes) 13. LiCl (3 M) (see Recipes) Note: Any psychotogenic drug (e.g., amphetamine or cannabinoids) can be used as a positive control for the test, as previously shown (Busquets-Garcia et al., 2017). Equipment 1. 50-ml drinking tubes (Conical Centrifuge Tube, Thermo Fisher Scientific, Rochester, USA) 2. Standard balance 3. Standard individual plexiglas cage for each mouse 4. Metal tube (TD-100, 2.5" straight ball point tube, stainless steel, Ancare, New York, USA) 5. Rubber plug with 25 mm diameter hole (Thermo Fisher Scientific, Rochester, USA)

Figure 1 .Procedure 1 .

 11 Figure 1. Drinking bottles used in the protocol. The bottles are carefully put together, as shown in the image. Note that the metal tube must pass through the rubber plug and all possible leakage must be avoided.

Figure 2 .

 2 Figure 2. Position of the bottles. The position of the bottles is changed during the protocol (see Procedure) in order to habituate the mice to drink from both positions. However, bottles must be maintained at the same height and angle throughout the protocol. Note that food is distributed in both sides of the metal grid.

Figure 3 .

 3 Figure 3. Simple representation of the behavioural paradigm. Schema of the protocol used to assess odor-mediated taste aversion (top) and taste-mediated odor aversion (bottom). For a more detailed schema refer to Busquets-Garcia et al., 2017. Before preconditioning, all animals receive 1-h access to water during three consecutive days as water habituation. Next, conduct the odor-taste pairings phase, which consists of 6 odor-taste pairings (Busquets-Garcia et al., 2017). Each pairing lasts two days: the first day, animals receive 1-h access to a flavored solution containing a novel taste (T1) and a novel odorant (O1) in order to pair T1 with O1. On day two, animals receive whichever taste and odor have not been presented the previous day, i.e., T2 and O2. On the following days, animals enter the conditioning (or devaluation) phase where either O1 (top) or T1 (bottom) is devaluated. On days 1, 3 and 5 of this phase, animals receive 1-h access to O2 (top) or T2 (bottom) immediately followed by an intraperitoneal (i.p.) injection of saline, whereas on days 2, 4 and 6, they receive 1-h access to O1 (top) or T1 (bottom) immediately followed by an i.p. injection of the visceral malaise-inducing drug lithium chloride (LiCl, 0.3 M, 1% b.w.). After this conditioning, animals are given one day for recovery in which they receive water during 1 h. O n the next 2 days, mediated and direct aversions are assessed using a 1-h two-choice test (top and bottom). Mediated aversion is evaluated in Test 1 by means of a choice between the mediated CS+ (mCS+: consisting of the taste [top] or odor [bottom] stimulus which has been previously associated with the LiCl-paired CS odor or taste, respectively) and the mediated CS-(mCS-: consisting of the taste [top] or odor [bottom] stimulus which has been previously associated with the saline-paired CS odor or taste, respectively). If, on the same day,

From

  our experience, control animals with intermediate training (3 pairings) during preconditioning develop mediated aversion. Notably, if the training sessions are increased (6 or 9 pairings), the animals do not present mediated aversion (see Busquets-Garcia et al., 2017 for further information). Notes: a. To assess taste-mediated odor aversion, this two-choice test is carried out using the two different odor bottles. b. At the beginning of this test session, a 'forced sampling' procedure is used to ensure that the mice sample both fluids. Both bottles are presented: when the mouse has licked one of the bottles, this bottle is removed until the mouse licks the second bottle. When this has happened, the second bottle is also removed. Finally, both bottles are then presented www.bio-protocol.org/e2358 Vol 7, Iss 12, Jun 20, 2017 DOI:10.21769/BioProtoc.2358 simultaneously. The order of presentation of the bottles during forced sampling is counterbalanced to avoid any order bias.

Figure 4 .

 4 Figure 4. Two-choice test. During the two-choice test two bottles (i.e., tastes or odors) are made available for duration of one hour. In order to make the animal aware of the choice,

Notes 1 .

 1 than CS-(direct aversion) (Soria-Gomez et al., 2015; Busquets-Garcia et al., 2017). Data were presented as absolute liquid intake and an aversion index was calculated using the following formula: (CS--CS+)/(CS+ + CS-) for direct aversion or (mCS--mCS+)/(mCS+ + mCS-) for mediated aversion, respectively. www.bio-protocol.org/e2358 Vol 7, Iss 12, Jun 20, 2017 DOI:10.21769/BioProtoc.2358 All animals were housed in individual cages for at least 5 days before the experiment.
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