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25 SUMMARY:
26  This article provides a detailed description of a novel mouse judgment bias protocol. Evidence
27  of this olfactory digging task’s sensitivity to affective state is also demonstrated and its utility
28  across diverse research fields is discussed.
29
30 ABSTRACT:
31 Judgment biases (JB) are differences in the way that individuals in positive and negative
32  affective/emotional states interpret ambiguous information. This phenomenon has long been
33  observed in humans, with individuals in positive states responding to ambiguity ‘optimistically’
34  and those in negative states instead showing ‘pessimism’. Researchers aiming to assess animal
35 affect have taken advantage of these differential responses, developing tasks to assess
36 judgment bias as an indicator of affective state. These tasks are becoming increasingly popular
37 across diverse species and fields of research. However, for laboratory mice, the most widely
38 used vertebrates in research and a species heavily relied upon to model affective disorders,
39 only one JB task has been successfully validated as sensitive to changes in affective state. Here,
40 we provide a detailed description of this novel murine JB task, and evidence of its sensitivity to
41  mouse affect. Though refinements are still necessary, assessment of mouse JB opens the door
42  for answering both practical questions regarding mouse welfare, and fundamental questions
43  about the impact of affective state in translational research.
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INTRODUCTION:

Measuring affectively modulated judgment bias (henceforth JB) has proven to be a useful tool
for studying the emotional states of animals. This innovative approach borrows from human
psychology since humans experiencing positive or negative affective states (emotions and
longer-term moods) reliably demonstrate differences in the way they process information®=,
For example, humans experiencing anxiety or depression might interpret neutral facial
expressions as negative, or neutral sentences as threatening®®. It is likely that these biases have
an adaptive value and are therefore conserved across species®’. Researchers aiming to assess
animal affect have cleverly taken advantage of this phenomenon, operationalizing optimism as
the increased expectation of reward in response to neutral or ambiguous cues, and pessimism
as the increased expectation of punishment or reward absence®®. Thus, in an experimental
setting, optimistic and pessimistic responses to ambiguous stimuli can be interpreted as
indicators of positive and negative affect, respectively®1?,

Compared to other indicators of animal affect, JB tasks have the potential to be particularly
valuable tools since they are capable of detecting both the valence and intensity of affective
states'®!l, The ability of JB tasks to detect positive states (e.g., Rygula et al.'?) is especially
useful since most indicators of animal affect are limited to the detection of negative states®3.
During JB tasks, animals are typically trained to respond to a positive discriminative cue
predicting reward (e.g., high-frequency tone) and a negative discriminative cue predicting
punishment (e.g., low-frequency tone), before being presented with an ambiguous cue (e.g.,
intermediate tone)d. If in response to ambiguous cues an animal ‘optimistically’ performs the
trained response for the positive cue (as if expecting reward), this indicates a positive judgment
bias. Alternatively, if animals demonstrate the negative trained response to avoid punishment,
this is indicative of ‘pessimism’ or negative judgment bias.

Since the development of the first successful JB task for animals by Harding and colleagues?,
several JB tasks have been developed for a wide range of species across diverse research fields’.
But despite their increasing popularity, animal JB tasks are often labor-intensive. Moreover,
perhaps because they are methodologically different from the human tasks that inspired them,
they sometimes produce null or counterintuitive results’* and commonly yield only small
treatment effect sizes'®. As a result, JB tasks can be challenging to develop and implement. In
fact, for laboratory mice, the most widely used vertebrates in research®'” and a species heavily
relied upon to model affective disorders®®, only one JB task has been successfully validated as
sensitive to changes in affective state'® despite many attempts over the past decade (see
supplementary material for a summary by Resasco et al.'®). This article describes the recently
validated murine JB task, detailing its biologically relevant design, and highlighting the ways
that this humane task can be applied to test important hypotheses relevant to mouse affect.
Overall, the protocol can be implemented to investigate the affective effects of any variable of
interest on JB in mice. This would include categorical treatment variables as described here
(drug or disease effects, environmental conditions, genetic background, etc.), or relationships
with continuous variables (physiological changes, home cage behaviors, etc.).

PROTOCOL:



89

90

91

92

93

94

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132

Experiments were approved by the University of Guelph’s Animal Care Committee (AUP #3700),
conducted in compliance with Canadian Council on Animal Care guidelines, and reported in
accordance with ARRIVE (Animal Research: Reporting of In Vivo Experiments)?° requirements.

1. Experiment preparation
1.1. Experimental design (see Table 1)

NOTE: This behavioral test is a scent-based Go/Go digging task, in which mice have to dig for
high- or low-value rewards. It uses a rectangular arena (Figure 1) with two arms, in which one
arm is scented while the other one is unscented. As outlined below, mice are trained to
discriminate between positive and negative odor cues before being presented with an
ambiguous odor mixture.

1.1.1. Pseudorandomly assign cages to mint or vanilla positive discriminative stimulus (DS+)
groups as follows.

NOTE: This protocol has only been validated for mice assigned to vanilla DS+ odor mixture (see
Representative Results and Resasco et al.*® for details). However, it is strongly recommended to
conduct pilot tests to confirm that the DS+, DS-, and ambiguous mixtures meet requirements
for valid JB assessment (steps 4.6.3 and 5.3). Thus, the methods outlined here include the
testing of both a vanilla and a mint DS+, to provide an example of a group that successfully
meets requirements for assessment of JB (the vanilla DS+ mice) and a group that fails to do so
(the mint DS+ mice). Prior pilot tests would identify this type of problem in advance.

1.1.2. Mint DS+ mice: for these mice, during arena setup for training (see step 1.4 below), mark
scent dispensers and pots containing a high-value reward with the mint odor cue, and those
containing no reward with the vanilla odor cue.

1.1.3. Vanilla DS+ mice: for these mice, during arena setup for training (see step 1.4 below),
mark scent dispensers and pots containing a high-value reward with the vanilla odor cue, and
those containing no reward with the mint odor cue.

NOTE: This task consists of reinforced training trials and unreinforced test trials. During
unreinforced test trials, no rewards are accessible to the mice (see step 1.4.3 below) and the
ambiguous odor cue for both mint and vanilla DS+ mice is the same 1:1 mint/vanilla mixture.

1.1.4. Pseudorandomly assign cages to left or right scented arm groups (counterbalancing
across DS+ odor groups) as follows.

1.1.5. Left: for these mice, during arena setup for training and testing (see step 1.4 below),
mark the left arm with the appropriate DS+ or DS- odor cue and ensure the right arm is always
unscented (marked only with distilled water).
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1.1.6. Right: for these mice, during arena setup for training and testing (see step 1.4 below),
mark the right arm with the appropriate DS+ or DS- odor cue and ensure the left arm is always
unscented (marked only with distilled water).

1.1.7. Randomly assign each animal a “blind code” as follows.

NOTE: Blinding allows the researcher handling the mice and scoring their behavior to remain
unaware of the animal ID or treatment, avoiding undesirable subjective bias. This is a
mandatory step to comply with the ARRIVE (Animal Research: Reporting of In Vivo Experiments)
guidelines and other reference documents?.

1.1.8. Add a column for blind code in a spreadsheet containing each animal ID and the
corresponding treatment they have been assigned to.

1.1.9. Randomly assign each animal a unique code (e.g., a letter and number combination “A2”)
that is unrelated to cage number or treatment.

NOTE: All randomization should be conducted using a random number generator (e.g.,
Random.org). During this randomization step, counter-balance across treatment, strain, etc.,
where applicable. Let this be done by a research assistant who will remain “unblind” to
treatment throughout experiments. This individual must not collect data during testing, to
avoid biased assessments.

1.1.10. During all data collection, provide the “blind” researcher who is live- and video-scoring
latency to dig and digging duration only with the animal’s blind code to keep the researcher
blind to treatment.

NOTE: Spreadsheets used during data collection will only include the animal’s blind code and
the corresponding latency to dig and digging duration for each trial. At the end of the
experiments, the corresponding animal ID and treatment information can be added to the
spreadsheet, thus “unblinding” researchers for data analyses.

1.2. Material preparation

1.2.1. High-value food rewards: break dried sweetened banana chips into approximately 0.5 cm
x 0.5 cm pieces by hand.

1.2.2. Low-value food rewards: using a cutting board and knife, cut rodent chow (from animals’
regular diet) into approximately 0.125 cm? pieces.

NOTE: Pilot tests to identify high- and low-value rewards should be conducted prior to starting
the task.

1.2.3. Mint and vanilla essences: Using a 1 mL syringe or micropipette, add mint and vanilla
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extract into labeled centrifuge tubes. Dilute extracts 1:4 with distilled water and mix by
inverting several times. Make these daily and invert repeatedly before use to ensure that the
mixtures are fresh and consistent.

1.2.4. Ambiguous odor mixture: after mint and vanilla essences have been diluted, add equal
volumes to a centrifuge tube (creating a 1:1 mixture of the diluted essences). Make these on
the day of testing responses to ambiguous odor mixture, and invert repeatedly before use to
ensure that the mixture is fresh and consistent.

NOTE: Pilot tests to identify appropriate dilutions and intermediate odor mixtures are strongly
encouraged to ensure the utility of ambiguous probes, since intensity may vary between
manufacturers, batches, etc. If multiple ambiguous cues are offered, randomly assign mice to
the near positive, midpoint, near negative test cues. See Discussion for further details.

1.2.5. Cotton pads: cut each circular cotton pad into six equal pieces (allowing them to fit within
the tissue cassettes used as scent dispensers).

NOTE: The number of high- and low-value food rewards, cotton pads, and volumes of odor
mixtures will be dependent on the number of subjects being tested. Please refer to Table 1 for
the number of trials per subject in each phase and Table 2 for the materials required in each
trial type.

1.2.6. Identify the experimental area: Conduct training and testing on a bench in the colony
room or elsewhere. Conduct them under red light during the dark phase when mice are active.

1.3. Pre-training (1 week prior to experiments) for digging in the home cage

1.3.1. For each cage being tested, pour a small amount of corncob bedding into two digging
pots (just enough to cover the bottom of the pot) to help treats remain in the center of the pot
when being buried.

1.3.2. In one pot, place pieces of high-value reward on top of the corncob layer so that each
mouse in the cage can have one piece (e.g., three pieces of banana chips for a cage of three
mice). In the other pot, place pieces of low-value reward on top of the corncob layer so that
each mouse in the cage can have one piece (e.g., three pieces of chow for a cage of three mice).

1.3.3. Slowly pour corncob bedding over the treats in each pot, covering them and filling the
pots to a height of 3 cm.

1.3.4. Simultaneously place one high-value and one low-value pot in each cage for 10 min. After
10 min, remove the pots from all cages.

1.3.5. Discard any corncob and treats remaining in the pot. Wipe all pots thoroughly with 70%
ethanol to prevent animal and cage odors from influencing future trials.
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1.3.6. Repeat steps 1.3.1-1.3.4 once per day for 5 consecutive days.

NOTE: The goal of this phase is to allow all cage mates the opportunity to dig and eat a treat
prior to the onset of formal training. This also facilitates habituation to food rewards.

1.4. Arena set up for training and testing

1.4.1. Place the arena on a workbench under red light. Wipe all components of the arena, the
digging pots, and scent dispensers thoroughly with 70% ethanol to remove dust and any odors
from previous trials.

1.4.2. Prepare the digging pots as follows.
1.4.3. Place the appropriate food rewards into the “inaccessible compartment” (see Figure 1).

NOTE: Rewards included in this compartment are dependent on which treats (if any) are buried
in a given trial (see Table 2). Thus, each pot will always contain one piece of banana chip and
one piece of chow across the two compartments.

1.4.3.1. DS+ odor pots: during reinforced trials, place one piece of chow in the inaccessible
compartment and bury one piece of banana chip in the accessible area of the pot.

1.4.3.2. DS- odor pots: during reinforced trials, place one piece of chow and one piece of
banana chip in the inaccessible compartment. No food rewards will be available in the
accessible area of the pot.

1.4.3.3. Unscented pots: during reinforced trials, place one piece of banana chip in the
inaccessible compartment and bury one piece of chow in the accessible area of the pot.

1.4.3.4. During all unreinforced test trials (positive, negative, and ambiguous), place one piece
of chow and one piece of banana chip in the inaccessible compartment. No food rewards will
be available in the accessible area of the pot.

NOTE: This step is to prevent the scent of the buried treats from revealing which pot is
rewarded. As such, the barrier between the two compartments is perforated to facilitate odor
transmission.

1.4.4. Pour a small amount of corncob bedding into each pot to keep food rewards centered
when being buried. Place one piece of the appropriate food reward (see Table 2) on top of the
corncob layer and slowly pour corncob bedding over the treats, covering them and filling the
pots up to a height of 3 cm.

1.4.5. Using a 1 mL syringe or micropipette, draw up 0.1 mL of the appropriate odor mixture
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(i.e., mint, vanilla, or ambiguous mixtures) or distilled water (see Table 2) and inject it directly
on top of the corncob in a circular motion.

1.4.6. Prepare scent dispensers

1.4.6.1 Place one cotton pad piece in the base of the tissue cassette. Using a 1 mL syringe or
micropipette, draw up 0.1 mL of the appropriate odor mixture (i.e., mint, vanilla, or ambiguous
mixtures) or distilled water (see Table 2) and inject it onto the cotton piece. Cover the tissue
cassette with its lid to enclose the scented cotton and create a scent dispenser.

1.4.7. Place the digging pots at the ends of the arms and scent dispensers at the beginning of
each arm. Insert the removable “door” immediately before the cassette slots to block entry to
the arena arms and create the start compartment (see Figure 1).

NOTE: Digging pots, scent dispensers, and syringes must be clearly labeled and only used for
one scent throughout experiments to avoid unintentional mixing of odor cues (i.e., use a
different set of materials for mint, vanilla, unscented, and ambiguous mixtures throughout).

2. Digging training: 5 days, two positive trials per day (Table 2).
2.1. Fast mice for 1 h prior to training in their home cage by removing food from the hopper.

2.2. Set up the arena for a reinforced positive trial by following the arena setup instructions
above (step 1.4).

2.3. On Day 1 of digging training, place the food rewards on top of the 3 cm corncob bedding
instead of burying them.

2.4. Progressively bury the rewards deeper under the corncob over the following 4 days, until
they are located at the bottom of the 3 cm bedding by Day 5 (i.e., Day 1: on top of corn-cob,
Day 2: buried by a very thin layer of corn-cob, Day 3: buried half-way to the bottom of the pot,
Day 4: buried three-fourth of the way to the bottom of the pot, and Day 5: buried at the
bottom of the pot).

2.5. Move mice from their home cage to an empty transport cage. Place a cue card with the
animal’s blind code on top of the transport cage so that the researcher conducting experiments
remains blind to animal ID and treatment. Carry mice to the experimental area.

NOTE: Steps 2.2 and 2.5 should be completed by a research assistant familiar with the mice.
Subsequent steps during trials will be conducted by a researcher blind to animal ID (and
treatment, if applicable). Always handle mice using cup handling (open hand) or tunnel
handling (with a paper cup or plastic tunnel) to avoid the aversive effects of traditional tail
handling?™.
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2.6. Move mice from the transport cage to the start compartment of the arena. Remove the
start “door”, immediately lower the plexiglass lid over the arena, and start the 5-min trial timer.

NOTE: If multiple mice from the same cage are being tested, this should be done
simultaneously. However, the number of animals being tested at the same time will depend on
the number of blind observers available; ideally, a researcher will observe and handle one
animal at a time, but one individual can observe and handle two animals simultaneously, if
necessary.

2.7. Live-score latency to dig and latency to eat the reward in both arms.

2.7.1. Record latency to dig as the time at which the first occurrence of digging is observed.
Digging is described as a mouse actively pushing or manipulating corncob bedding with the
forepaws and/or muzzle.

2.7.2. Record latency to eat as the time at which the first occurrence of eating is observed.
Eating is described as a mouse consuming a reward while holding it in the forepaws and sitting
on haunches.

2.8. When the trial ends, lift the plexiglass lid, and move the mouse back to its transport cage.
2.9. Discard all corncob bedding and treats left in the pots. Open tissue cassettes and discard
cotton pieces. Wipe all components of the arena and the digging pots and scent the dispensers

thoroughly with 70% ethanol.

2.10. Set up the arena for a second positive trial (step 1.4). Repeat steps 2.6-2.9 for a
reinforced positive trial.

2.11. Return the transport cage to the research assistant so mice can be placed back into their
home cage.

2.12. Repeat steps 2.1-2.11 for 5 consecutive days.
3. Discrimination training: 10 days, four trials per day.

3.1. Set up the arena for a positive or negative trial (see Table 2) following instructions in step
1.4.

3.2. Conduct one positive trial followed by one negative trial on days 1 to 5. On days 6-10,
pseudorandomize the order of trials so that each mouse undergoes two positive and two
negative trials per day.

3.3. Follow instructions in step 2.1 at the beginning of each training day, and then follow steps
2.2-2.10. Repeat until mice have undergone four trials in total.
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3.4. Return the transport cage to the research assistant so mice can be placed back into their
home cage.

3.5. Repeat steps 3.1-3.4 once per day for 10 days in total (i.e., two consecutive 5-day work
weeks, separated by a 2-day weekend).

4. Testing

NOTE: Testing duration is 3-5 days (depending on the time taken for each mouse to meet
learning criteria), five trials per day for the sessions in which positive and negative test trials are
conducted, and three trials per day when the ambiguous test is conducted.

4.1. Fast mice for 1 h prior to training/testing in their home cage by removing food from the
hopper.

4.2. Perform one positive trial and one negative trial in a randomized order (see Table 1) by
following arena setup instructions in step 1.4 and reinforced trial instructions in steps 2.2-2.10.

4.3. Perform one video-recorded unreinforced test trial.

NOTE: The unreinforced trials are identical to reinforced trials, except for the place in which the
rewards are placed. Therefore, in the unreinforced trial, one piece of each high- and low-value
reward are placed in the inaccessible compartment both for the scented and unscented pots.

4.3.1. Conduct one positive or negative test trial for each mouse daily until learning criteria are
met (maximum 4 days; learning criteria is described in step 4.7.3). Ensure to conduct positive
and negative test trials in alternating order across days (e.g., Day 1: positive test, Day 2:
negative test, Day 3: positive test, etc.).

4.3.2. Follow arena setup instructions in step 1.4.

4.3.3. Move mice from the transport cage to the start compartment of the arena. Set up a video
camera on a tripod so that both pots at the ends of arms are in view, and start recording.
Ensure to record the cue card with the animal’s blind code and the trial type (Positive Test or

Negative Test) during video scoring.

4.3.4. Remove the start “door”, immediately lower the plexiglass lid over the arena, and start
the 2 min trial timer.

4.3.5. When the trial ends, stop recording, move the camera to the side, lift the plexiglass lid,
move the mouse back to their transport cage.

4.3.6. Discard all corncob bedding and treats left in the pots. Open tissue cassettes and discard
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cotton pieces. Wipe all components of the arena, the digging pots, and scent dispensers
thoroughly with 70% ethanol.

4.4. Perform one positive trial and one negative trial in a randomized order (see Table 1) by
following arena setup instructions in step 1.4 and reinforced trial instructions in steps 2.2-2.10.

4.5. Return the transport cage to the research assistant so mice can be placed back into their
home cage.

4.6. Once all mice have completed their five daily trials, transfer videos from camera memory
card to a computer for video scoring.

4.7. Score positive and negative test trial videos on the day of testing to assess whether mice
have met learning criteria. Ensure same-day video scoring since animals who meet learning
criteria will undergo ambiguous tests the following day.

4.7.1. Using event recording software or a stopwatch, let the researcher who is blind to
treatment record each mouse’s latency to dig and digging duration in each pot during the first
minute of positive and negative test trials.

4.7.2. Record latency to dig as the time at which the first occurrence of digging is observed.
Digging is described as a mouse actively pushing or manipulating corncob bedding with the
forepaws and/or muzzle. Record digging duration as the total time a mouse spends digging.

4.7.3. Compare digging duration in the scented arm between positive (DS+) and negative (DS-)
trials to determine whether animals can discriminate the task. Consider that the learning
criterion is met if digging duration in the DS+ scented arm is at least double that for the DS-
scented arm during the first minute of testing (with a minimum DS+ digging duration of 3 s).

4.8. Repeat steps 4.1-4.7 daily until mice have met the learning criterion.

4.8.1. Exclude individuals that have not met criterion by day 4 from ambiguous trials (and thus,
judgment bias assessment).

4.9. For mice that have met learning criteria, test responses to the ambiguous odor mixture.

4.9.1. Fast mice for 1 h prior to training/testing in their home cage by removing food from the
hopper.

4.9.2. Perform one positive and one negative trial in a randomized order by following arena
setup instructions in steps 1.4 and reinforced trial instructions in steps 2.2-2.10.

4.9.3. Perform one video-recorded test trial as described in step 4.3 using the ambiguous odor
mixture (see Table 2).

10
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4.10. Score Ambiguous trial videos to assess judgment bias.

4.10.1. Using event recording software or a stopwatch, let a researcher who is blind to
treatment record each mouse’s latency to dig (see step 4.7.2) in each pot during the first 1 min
and 2 min of test trials.

5. Data analysis

NOTE: Exact analyses required will depend on the details of the experimental design. A general
overview is outlined here, but researchers are strongly encouraged to refer to Gygax?? when
planning analyses for animal JB experiments, and to Gaskill and Garner??® when selecting sample
size (since required analyses are often too complex for a priori power analyses).

5.1. “Unblind” the researcher by adding the corresponding animal ID and treatment
information (e.g., enriched or conventional housing; drug or placebo etc.) for each blind code to
the spreadsheet. Ensure that the resulting spreadsheet includes three rows for each animal that
met the learning criteria (i.e., for the positive, negative, and ambiguous test trials) indicating
latencies to dig in the scented arm.

5.2. Run a repeated measures generalized linear mixed model, using preferred statistical
software. Here, the outcome variable will be latency to dig. Ensure that the model includes
Treatment (or continuous variable of interest), Trial Type, and the Treatment x Trial Type
interaction as fixed effects. Include Mouse ID (nested within treatment) as a random effect.
Additional terms included in the model will depend on the experimental design applied.

NOTE: If mice are group-housed (as is appropriate for this social species?*) and cage mates are
tested, then cage nested within treatment (if present) must be included in the model as a
random effect (and Mouse ID must subsequently be nested within the cage).

5.3. Plot the least-square means of latency in each trial type to confirm that the ambiguous cue
presented was interpreted as intermediate (i.e., the latency least-square means estimate for
the ambiguous trial should fall at a midpoint between the positive and negative latencies).
Assess mouse JB only if this requirement is met.

5.4. Assess the simple effect of treatment (or continuous variable of interest) on latency to dig
in the ambiguous trial by investigating the Treatment x Trial Type interaction to determine
whether mice display affect-modulated JB.

[Figure 1 here]

[Table 1 here]

[Table 2 here]
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REPRESENTATIVE RESULTS:

Results presented here reflect relevant findings from Experiment 1 of Resasco et al.*°. Subjects
in this experiment were 18 female C57BL/6NCrl (‘C57’) and 18 Balb/cAnNCrl (‘Balb’) mice.
Animals arrived at the facility at 3-4 weeks of age and were randomly assigned to
environmentally enriched or conventional housing treatments (EH or CH, respectively) in mixed
strain quartets®>. Each cage contained one C57 and one Balb, in addition to two DBA/2NCrl
mice being used in another experiment. Here, the use of female mice allowed group housing of
this social species with environmental enrichment, while avoiding the elevated aggression and
resource guarding that can occur in male mice?® (although note that the task has also been
applied in non-enriched male nude mice®®). CH mice were kept in open-top, transparent
polyethylene cages (27L x 16W x 12H cm; n = 9) with corn cob bedding, two types of nesting
material (crinkled paper strips and cotton nestlets; Figure 2A), and a paper cup ‘shelter’. EH
cages were opaque plastic, measuring 60L x 60W x 30H cm? with one red plexiglass window for
observations (n = 9; Figure 2B,C). These conditions are known to improve welfare: containing
diverse enrichments (as described previously by Nip et al.?’) that mice are motivated to
access?®, and which reduce behaviors indicative of poor welfare (e.g., stereotypic behavior,
aggression, and depression-like inactivity?’~%°. Each EH cage also included an attached ‘annex’
cage (identical to CH cages but containing only bedding), which mice could freely access via the
tunnel (Figure 2C). Annex cages allowed for ease of catching and handling EH mice trained to
enter this attachment for food rewards when a cup full of sweet oat cereal was shaken. Once a
mouse entered the annex cage, the access tunnel could be blocked and mice could be easily
removed from cages using cup or tunnel handling?l. This approach thus avoided stressful
‘chasing’ through complex enriched environments3°. Food and water were available ad libitum
and the colony room was maintained at 21 + 1 °C and 35%—55% relative humidity, on a reverse
12:12 h light cycle (lights off at 06:00 and on at 18:00). Mice were differentially housed for 5
weeks prior to commencement of digging training in the apparatus (see timeline in Figure 2D).

Mice underwent training and testing in the JB task as outlined in the Protocol above. Latency to
dig in the scented arm during the first 1 and 2 min of positive, negative, and ambiguous test
trials was used to test for housing effects on JB. Here, data were analyzed using Generalized
Linear Mixed Models, applying transformations where necessary to meet assumptions of
normality and homogeneity. See Resasco et al.'° for a detailed description of analyses (e.g.,
model selection). Briefly, the repeated measures models always included Trial Type, Housing,
Strain, Trial Type x Housing, DS+ Odor, Trial Type x Strain, Trial Type x DS+ Odor, Trial Type x
Housing x DS+ Odor, Cage (a random effect nested in Housing and DS+ Odor), and Mouse ID (a
random effect nested in Cage, Housing, DS+ Odor and Strain). The simple effects of Housing on
latency were determined from the Trial Type x Housing when calculating the Least Squares
Means3!. Note, two-tailed p-values are reported throughout to demonstrate investigation of
treatment effects, but the original validation work by Resasco et al.’® used one-tailed p-values
where appropriate3? since one specific response was required to validate the task (see Resasco
et al.? for validation discussion).
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Before judgment bias can be assessed in any animal task, it is crucial that two technical criteria
be met: first, animals must successfully discriminate between positive and negative cues (i.e.,
meet learning criteria). For animals meeting this criterion, it must then be demonstrated that
the ambiguous cue is interpreted as intermediate. If either of these is not met, then inferences
cannot be made about judgment bias and corresponding affective states. In this experiment, all
but four C57 mice met learning criteria and one C57 was removed before testing for barbering a
cagemate (n = 31). In both the first 1 and 2 min of testing, Trial Type x DS+ Odor was significant
(1 min: F262 = 5.67, p = 0.006; 2 min: F26; = 5.74, p = 0.005), revealing that Mint DS+ mice
unexpectedly interpreted the ambiguous odor mixtures as positive (as if 100% mint), while
Vanilla DS+ mice treated the same ambiguous odor mixtures as intermediate (Figure 3A,B). This
finding indicated that only Vanilla DS+ mice met the technical requirement of treating the scent
mixture as intermediate between the DS+ and DS-, and thus Mint DS+ mice were excluded from
subsequent JB analyses.

For Vanilla DS+ mice, simple effects of housing were calculated from the Trial Type x Housing
term31. Within this group, Housing influenced digging latencies with CH animals being slower
than EH to dig in ambiguous trials, but not in positive or negative trials. This was true after 1
min (ambiguous: t = 2.27, d.f. = 92.94, p = 0.014, Cohen’s d = 1.148; positive: t = 0.22, d.f. =
92.94, p =0.414, Cohen’s d = 0.110; negative: t = 0.80, d.f. =92.94, p = 0.214, Cohen’s d = 0.404;
see Figure 4A) and after the full 2 min (ambiguous: t = 2.14, d.f. =91.89, p = 0.018, Cohen’s d =
1.083; positive: t = 0.39, d.f. = 91.89, p = 0.348, Cohen’s d = 0.198; negative: t = 0.61, d.f. =
91.89, p = 0.273, Cohen’s d = 0.308; see Figure 4B), even though Trial Type x Housing x DS+
Odor (1 min: F36537 = 0.36, p = 0.7835; 2 min: F36537 = 0.49, p = 0.688) and Trial Type x Housing
(1 min: F262 = 1.66, p = 0.198; 2 min: F262 = 1.41, p = 0.252) did not account for significant
variation. These pessimistic interpretations of ambiguous cues by CH mice reflect negative
judgement biases indicative of negative affect.

[Figure 2 here]
[Figure 3 here]
[Figure 4 here]

FIGURE AND TABLE LEGENDS:

Figure 1: Diagram of experimental apparatus. The JB apparatus includes a rectangular arena
with two arms. Each arm contains a scent dispenser located at the start and a digging pot
placed at the end. Reprinted from reference ° with permission from Elsevier.

Figure 2: Housing treatments and experiment timeline. (A) CH laboratory cage. (B) Overhead
view of EH. (C) Front view of EH with attached ‘annex’ cage to facilitate mouse
catching/handling. (D) Experimental timeline and summary of positive, negative, and
ambiguous training and test trials. DS(+): positive discriminative stimulus, DS(-): negative
discriminative stimulus, AMB: ambiguous mixture (50% vanilla-50% mint), B: banana chip, C:

13
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Rodent diet (‘chow’), X: no food rewards. Reprinted from reference *° with permission from
Elsevier.

Figure 3: Determining whether mice meet requirements for JB assessment. Digging latency
least-square means (tstandard error) during positive, negative, and ambiguous test trials. (A) 1
min digging latency in mice receiving mint (M, n = 15) or vanilla (V, n = 16) as the positive
discriminative stimulus (DS+) (data Box Cox transformed). (B) 2 min digging latency in the same
subjects (data logarithmically transformed). During both time periods, Vanilla DS+ mice met the
technical requirement of interpreting ambiguous cues as intermediate. Mint DS+ mice failed to
do so and were consequentially eliminated from subsequent JB analyses. Reprinted from
reference ° with permission from Elsevier.

Figure 4: Impact of housing treatment on affect-modulated JB. Digging latency least-square
means (tstandard error) during positive, negative and ambiguous test trials. (A) 1 min digging
latency in Vanilla DS+ mice from conventional (CH, n = 7) or enriched (EH, n = 9) housing (data
Box Cox transformed). (B) 2 min digging latency in the same subjects (data logarithmically
transformed). During both time periods, CH animals demonstrated significantly longer latencies
to dig during ambiguous trials than EH conspecifics, indicating negative JB. Reprinted from
reference ° with permission from Elsevier.

Table 1: Summary of experimental design and schedule for training and testing. Number and
order of trials per day for Digging Training, Discrimination Training, and Testing phases in
addition to experimental design details. Reprinted from reference '° with permission from
Elsevier.

Table 2. Summary of trial details. Odor cues and rewards presented in each trial type during
Digging Training, Discrimination Training, and Testing phases. DS(+): positive discriminative
stimulus, DS(-): negative discriminative stimulus, Pos: positive, Neg: negative. Reprinted from
reference 1° with permission from Elsevier. See Supplementary Table S2 in the original article
for the expanded table.

DISCUSSION:

The scent-based digging protocol and results outlined here demonstrate the ability of this novel
JB task to detect changes in mouse affective state. The task thus presents a valuable tool for
diverse fields of research. Similar to any JB task, to assess animal affect it is critical that animals
first learn to discriminate between cues (step 4.7.3) and that the ambiguous stimulus is
interpreted as intermediate (step 5.3). Though simple, meeting these requirements can be
challenging, particularly in laboratory mice for which over 15 past attempts to develop and
implement a mouse JB task have failed®®. Here, multiple components played an essential role in
meeting these technical criteria and contributed to the success and utility of the task.

First, the ethological design of the task promoted successful discrimination learning since both

the discriminative cues and required responses were biologically relevant: mice have
impressive olfactory abilities, making them capable of rapid learning and considerable memory
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spans when presented with odor stimuli®3, and they are naturally driven to perform digging for
general exploration, foraging, and burrow construction?*34. Further, counterbalancing DS+
odors revealed differences in the ways that Vanilla DS+ and Mint DS+ mice interpreted the
ambiguous mixture, confirming that the ambiguous cue was interpreted as intermediate for
Vanilla DS+ mice, but not for Mint DS+ mice. It is therefore recommended to use only Vanilla as
the DS+ for any future work utilizing the extract brands and mouse strains used here.
Importantly, though counterbalancing yielded successful outcomes in the present experiment,
we urge researchers to conduct pilot tests to identify appropriate ambiguous mixtures if
implementing changes, since counterbalancing can sometimes add considerable noise to the
data, increasing the risk of masking treatment effects®.

Even when these essential criteria are met, JB is not always easy to detect, perhaps owing to
the small treatment effect sizes that these experiments commonly yield'>. Thus, to ensure task
sensitivity, a unique Go/Go design is used since this approach has been shown to be more
sensitive to changes in animal affect than Go/No-Go designs in other species'®. However, the
use of an unscented arm containing a low-value reward in all trials differentiates this task from
previous failed attempts to validate a Go/Go JB task for mice36-38, Here, during positive trials
mice choose between a high-value reward in the DS+ arm and a low-value reward in the
unscented arm; and in negative trials, they choose between no reward in the DS-arm and a low-
value reward in the unscented arm. Although this requires mice to learn a more complex task
(i.e., discriminating between cues predicting different values of reward, rather than simply
reward presence or absence), it appears that having a consistent option, where a low-value
reward was always present, may have made training and testing less stressful for mice and
enhanced the learning in mice (with 86% of mice meeting learning criteria). While mice are
often assumed to be challenging to train or unable to learn difficult tasks'®, results here suggest
that their abilities should not be underestimated, and that designing low stress, ethological
tasks may be a more effective approach for detecting changes in affect than simpler tasks or
those with harsher consequences (e.g., involving punishment like air puffs or white light instead
of simply reward absence341).

Finally, to further reduce stressors that might otherwise interfere with treatment effects and
introduce unwanted variability, humane handling methods were implemented?!. Here, mice
were only handled via cup or tunnel methods throughout their lives (including to and from
transport cages and the JB apparatus) to avoid the aversive effects of traditional tail handling?*.
In addition to this, EH animals were trained to voluntarily enter an annex cage for handling,
thus avoiding stressful ‘chasing’ through complex environments. Together, this approach led to
the detection of pessimistic judgment biases in CH mice through longer latencies in response to
ambiguous cues. Future researchers should similarly consider whether aspects of their
treatments of interest, housing, or husbandry practices have the potential to mask treatment
effects or induce floor effects (i.e., where all animals show marked pessimism, negating the
ability of the task to detect more subtle treatment differences) so that these can be prevented
or mitigated.
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Further replication and refinement of this promising task are now needed. To date, this JB task
has only been applied to animals experiencing long-term, low-arousal negative affect (as a
result of restrictive housing or chronic disease®®). It is therefore important that future work
aims to test the sensitivity of this task to acute stressors and high-arousal negative affective
states. Furthermore, maximizing the value of this task would also involve replicate studies
investigating test-retest reliability of individuals to the same, or multiple ambiguous probes. Re-
testing with the same probes would allow researchers to test hypotheses regarding changes in
affect over time, while exposing subjects to a spectrum of ambiguous cues (i.e., near positive,
intermediate, and near negative) could potentially allow for the identification of different types
of negative states (particularly depression- versus anxiety-like conditions)!#?, Additional
validation experiments should also study the value of shorter protocols, as well as potential
differences between strains and sexes (though the original publication does address these
issues, successfully employing a shorter protocol to assess affect in male mice®?). Indeed, this
task could potentially be extended to any rodents intrinsically motivated to make burrows*34*
provided appropriate size modifications are made, and validation is confirmed. Such replication
and refinements are important since no other valid JB tasks have been developed for mice to
date and since JB tasks are sensitive to both the valence and intensity of affective states (as
outlined in the introduction), something that most indicators of animal affect fail to do (e.g.,
hypothalamic-pituitary-adrenal activity can be altered in response to both positive and negative
experiences’*%).

Overall, the development of a mouse JB task represents a promising new tool and opens the
door for great progress in the assessment of mouse affect. Mice are the most widely used
vertebrates in both basic and translational research'’, and this task provides a means to answer
essential questions about the welfare of these tens of millions of animals used globally, as well
as the links between affect and the diseases or conditions they are used to model. Though the
use of this task is not recommended for day-to-day welfare assessment, experimental
investigation of housing and husbandry practices could help identify refinements that promote
mouse welfare and aid in identifying more subtle signs of animal suffering that can be observed
cageside. Given the humane and potentially enriching nature of this task, and the low economic
cost of implementing the protocol, this novel JB task has great utility.
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Table 1
al. .xlsx
Phase: Experimental Design
High Value Reward Banana chip
Low Value Reward Rodent chow
Al DS+ Mint or Vanilla
(counterbalanced)
Mint or Vanilla
DS-
(counterbalanced)
Digging Training 5 days: 2 Pos
Schedul trials/d
Digging Training - < .e = e. rials/day
Digging Trial .
. 5 min
Duration

Discrimination

10 days: 4 trials/d
Training Schedule ays: 4 trials/day

Days 1-5: 4 trials
/day
Trial 1: Pos

Discrimination Trial 2: Ne
. Digging Trial Order ) 8
Training Trial 3: Pos

Trial 4: Neg
Days 6-10: 4 trials
/day*

5 min

Discrimination Trial
Duration

3-5 (dependent on
Testing Schedule time to meet LC) :
5 trials / day
Trials 1 and 2: Pos or
Testing Neg **
Testing Phase Order Trial 3: test trial
Trials 4 and 5: Pos or
Neg**
Test Trial Duration 2 min

* Trials were pseudorandomized so mice always had two Pos and
two Neg trials per day

** Trials were pseudorandomized so mice always had one Pos
and one Neg trial before and after the test trial
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al..xlsx
Trial Details
Scented Arm Unscented Arm
Phase Trial Type Odor Buried |Inaccessible| Odor | Buried |Inaccessible
Cue Reward Reward Cue reward Reward
Pos
Digging and . DS+ Banana Chow Water | Chow Banana
T Training
Discrimination N N = N
. e o] anana
Training . g DS- Water | Chow Banana
Training reward chow
No Banana + No Banana +
Pos Test DS+ Water
reward chow reward chow
No Banana + No Banana +
Neg Test DS- Water
Testing reward chow reward chow
. Mint/
Ambiguous ) No Banana + No Banana +
vanilla Water
Test . reward chow reward chow
mixture
Learning Mice must dig twice as long in the DS+ pot (Pos test) than the DS- pot (Neg
Criterion test), and dig for a minimum of 3 s



https://www.editorialmanager.com/jove/download.aspx?id=1421586&guid=d895a7e8-3a2a-405e-8f41-fa7ca0dd4de5&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1421586&guid=d895a7e8-3a2a-405e-8f41-fa7ca0dd4de5&scheme=1

Table of Materials

Click here to access/download
Table of Materials
R1 MacLellan et al. JoVE_Materials.xlsx


https://www.editorialmanager.com/jove/download.aspx?id=1421587&guid=0553650e-1c7e-461a-87b5-d35da955bc4a&scheme=1

Rebuttal Letter

Click here to access/download;Rebuttal Letter;R1_MacLellan et

al. Responses.docx

We would like to thank the editor and reviewers for their helpful comments and advice. We have
revised our manuscript in response to these, and our point-by-point responses are listed below. All
changes made are also indicated in red text in the supplementary Word file submitted.

Editorial comments:

Editorial Changes

Changes to be made by the Author(s):

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no
spelling or grammar issues.

The manuscript has been carefully proofread.

2. Please ensure that all text in the protocol section is written in the imperative tense as if telling
someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions should be described
in the imperative tense in complete sentences wherever possible. Avoid usage of phrases such as “could
be,” “should be,” and “would be” throughout the Protocol. Any text that cannot be written in the
imperative tense may be added as a “Note.” However, notes should be concise and used sparingly.

All steps of the protocol are now written in the imperative tense and any information that could not
be included in this way has been included as a “Note”.

3. Please use Sl units as much as possible and abbreviate all units: L, mL, uL, cm, kg, etc. Use h, min, s,
for hour, minute, second.

All units are reported in abbreviated Sl format.

4. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols
(™), registered symbols (®), and company names before an instrument or reagent. Please remove all
commercial language from your manuscript and use generic terms instead. All commercial products
should be sufficiently referenced in the Table of Materials.

For example: Allentown Inc, Envigo, Mississauga, Ontario, Canada, CheeriosTM , Harlan® Teklad, Global
Diet 14% protein, SAS®9.4, etc.

Commercial language has been removed from the main text.

5. Please add more details to your protocol steps. Please ensure you answer the “how” question, i.e.,
how is the step performed?

Step 1.1.3.1: This statement is confusing. The code allows the researcher to identify the animal and the
researcher stays blind to the code ID as outlined in 1.1.3.2.?

We have added more detail throughout the protocol, particularly to steps 1.1.3 regarding blinding,
1.4.3 regarding digging pot preparation, 2.8 and 4.6 regarding live- and video-scoring of digging

behavior and 5 regarding data analysis.

Step 1.1.3 noted in the comment now reads:

*
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1.1.3 Randomly assign each animal a “blind code”.

NOTE: Blinding allows the researcher handling the mice and scoring their behavior to remain unaware
of the animal ID or treatment, avoiding undesirable subjective bias. This is a mandatory step to
comply with the ARRIVE guidelines (Animal Research: Reporting of In Vivo Experiments) and other
reference documents?.

1.1.3.1 In a spreadsheet containing each animal ID and the corresponding treatment they have been
assigned to, add a column for blind code.

1.1.3.2 Randomly assign each animal a unique code (e.g. a letter and number combination “A2”) that
is unrelated to cage number or treatment.

NOTE: All randomization should be conducted using a random number generator (e.g. Random.org).
During this randomization step, counterbalance across treatment, strain etc., where applicable.

1.1.3.2.1 Have this done by a research assistant who will remain “unblind” to treatment throughout
experiments. This individual must not collect data during testing, to avoid biased assessments.

1.1.3.3 During all data collection, only provide the “blind” researcher who is live- and video scoring
latency to dig and digging duration with the animal’s blind code, keeping them blind to treatment.

NOTE: Spreadsheets used during data collection will only include the animal’s blind code and the
corresponding latency to dig and digging duration for each trial. At the end of experiments, the
corresponding animal ID and treatment information can be added to the spreadsheet, thus
“unblinding” researchers for data analyses.

6. Please ensure that the highlighted part of the step includes at least one action that is written in
imperative tense.

All highlighted steps now include an action written in the imperative tense.

7. Please include a title and a description of each figure and/or table. All figures and/or tables showing
data must include measurement definitions, scale bars, and error bars (if applicable). Please include all
the Figure and Table Legends together at the end of the Representative Results in the manuscript text.
Figures have now been edited to meet these requirements.

The author instructions state to “Indicate via brackets if figure/table placement at another location in
the text is preferred [Place Figure 1 here].” This was the approach we had followed for Figure 1, Table

1 and Table 2 (to be placed at the end of the Protocol), but this can be changed if required.

8. As we are a methods journal, please also include in the Discussion the following along with citations:
a) Critical steps within the protocol

L 622-628 now reads: The task thus presents a valuable tool for diverse fields of research. Like any JB
task, to assess animal affect it is critical that animals first learn to discriminate between cues (step



4.6.2) and that the ambiguous stimulus is interpreted as intermediate (step 5.3). Though simple,
meeting these requirements can be challenging, particularly in laboratory mice for which over 15 past
attempts to develop and implement a mouse JB task have failed*®. Here, multiple components played
an essential role in meeting these technical criteria, and contributed to the success and utility of the
task.

b) Any limitations of the technique

Limitations of the technique are detailed within L675-693, and specific goals for future work to
replicate and refine this task are discussed (e.g. application in different mouse strains and rodent
species, assessing repeated testing with multiple or repeated ambiguous probes).

c) The significance with respect to existing methods
We have now expanded on this within the discussion.

L645-660 now reads: Thus, to ensure task sensitivity, we used a unique Go/Go design since this
approach has been shown to be more sensitive to changes in animal affect than Go/No-Go designs in
other species®®. However, the use of an unscented arm containing a low value reward in all trials
differentiates this task from previous failed attempts to validate a Go/Go JB task for mice®9- 3538,
Here, during positive trials mice choose between a high value reward in the DS+ arm and a low value
reward in the unscented arm; and in negative trials they choose between no reward in the DS- arm
and a low value reward in the unscented arm. Although this requires mice to learn a more complex
task (i.e. discriminating between cues predicting different values of reward, rather than simply reward
presence or absence), it appears that having a consistent option, where a low value reward was
always present, may have made training and testing less stressful for mice and enhanced learning
(with 86% of mice meeting learning criteria). While mice are often assumed to be challenging to train
or unable to learn difficult tasks, results here suggest that their abilities should not be
underestimated, and that designing low stress, ethological tasks may be a more effective approach for
detecting changes in affect than simpler tasks or those with harsher consequences (e.g. involving
punishment like air puffs or white light instead of simply reward absence®9-3%%),

L689-693 now reads: Such replication and refinements are important since no other valid JB tasks have
been developed for mice to date; and since JB tasks are sensitive to both the valence and intensity of
affective states (as outlined in the introduction), something that most indicators of animal affect fail
to do (e.g., hypothalamic-pituitary-adrenal activity can be altered in response to both positive and
negative experiences” *).

Reviewers' comments:

Reviewer #1:

Manuscript Summary:

The protocol describes a method of evaluation of judgement bias in mice. The procedures are well
described and should be easy to follow.



Major Concerns:
None

Minor Concerns:
| miss indication of statistical significance in Figures 3 and 4. Also, | feel, that statistical considerations
might be a specific paragraph, including power analysis, etc.

Thank you for pointing this out and for the helpful suggestion. Statistical significance is now indicated
in Figure 4. We did not add the statistical significance in Figure 3 because its objective was to confirm
(or visually inspect) that one of the technical criteria (step 5.3) was achieved. This is now made clear in
the title of the figure too, which reads “Figure 3. Determining whether mice meet requirements for JB
assessment.”

We have also included details on data analysis within the protocol. Step 5 (L458-487) now reads:

5 Data analysis:

NOTE: Exact analyses required will depend on the details of the experimental design. A general
overview is outlined here, but researchers are strongly encouraged to refer to Gygax?? when planning
analyses for animal JB experiments and to Gaskill and Garner 2 when selecting sample size (since
required analyses are often too complex for a priori power analyses).

5.1 “Unblind” the researcher by adding the corresponding animal ID and treatment information for
each blind code to the spreadsheet. The resulting spreadsheet will include 3 rows for each animal that
met learning criteria — one for the positive, negative and ambiguous test trial — indicating their
latencies to dig in the scented arm.

5.2 Run a repeated measures generalized linear mixed model using preferred statistical software.
Here, the outcome variable will be latency to dig, and the model must include Treatment (or
continuous variable of interest), Trial Type and the Treatment*Trial Type interaction as fixed effects.
Mouse ID (nested within treatment) must be included as a random effect. Additional terms included in
the model will depend on the experimental design applied.

NOTE: If mice are group housed (as is appropriate for this social species?®) and cage mates are tested,
then cage nested within treatment (if present) must be included in the model as a random effect (and
Mouse ID must subsequently be nested within cage).

5.3 Plot the least square means of latency in each trial type to confirm that the ambiguous cue
presented was interpreted as intermediate (i.e. that the latency least square means estimate for the
ambiguous trial falls at a midpoint between the positive and negative latencies). Mouse JB can only be
assessed if this requirement is met.

5.4 Assess the simple effect of treatment (or continuous variable of interest) on latency to dig in the
ambiguous trial (i.e. investigating the Treatment*Trial Type interaction) to determine whether mice
display affect-modulated JB.



| mostly work with rats, so | am curious whether the protocol is transferable to rats.

Though the task would require validation in rats, we believe that this task could be applied in other
rodent species that are motivated to burrow.

Thus, Line 796-798 now reads: Indeed, this task could potentially be extended to any rodents
intrinsically motivated to make burrows** * provided appropriate size modifications are made, and
validation is confirmed.

Reviewer #2:
The manuscript describes a mouse judgement bias task that has previously been validated by Resasco et
al 2021.

| only have a few minor comments:

* In the Experimental preparation section, the authors describe preparation of positive discriminative
stimulus (DS+) with both vanilla and mint scents. In the Resasco et al. 2021 paper, Mint DS+ mice
interpreted intermediate odor mixtures as positive and not ambiguous. The authors address this issue in
the Discussion (Lines 544 - 548). It would be useful for the reader to highlight this issue in the
Experiment preparation part, in the same way as the authors urge the reader to conduct pilot tests to
identify high and low value rewards prior to starting the task (Line 136).

Thank you for this excellent suggestion! L99-108 now reads:
1.1.1 Pseudorandomly assign cages to mint or vanilla positive discriminative stimulus (DS+) groups:

NOTE: This protocol has only been validated for mice assigned to vanilla DS+ odour mixture (see
Representative Results and Resasco et al.” for details). However, we strongly encourage authors to
conduct pilot tests to confirm that the DS+, DS- and ambiguous mixtures used meet requirements for
valid JB assessment (steps 4.6.2 and 5.3). Thus, the methods outlined here include the testing of both a
vanilla and a mint DS+, to provide an example of a group that successfully meets requirements for
assessment of JB (the vanilla DS+ mice), and a group that fails to do so (the mint DS+ mice).

* In general, many aspects of this paradigm have only been validated in one sex (females) and two
strains of mice (C57BL/6NCrl and Balb/cAnNCrl) and the reader should be encouraged to conduct pilot
studies if using other strains.

Thank you, we have now acknowledged this.

L684-687 now reads Additional validation experiments should also study the value of shorter
protocols, as well as potential differences between stains and sexes (though the original publication
does address these issues, successfully employing a shorter protocol to assess affect in male mice®).

For example, according to the protocol, the mice are fasted for one hour prior to training (Lines 244) and
334). This may have worked in this experiment, but is often not sufficient to motivate mice to perform in
cognitive tasks as the animals will often shift their feeding schedule. It also depends when in the dark



phase the training takes place - mice usually feed at the beginning of the dark phase. These are all minor
details that can affect learning the task. Perhaps it is not the scope of this manuscript but maybe the
authors can direct the reader to other options of food restriction and deprivation commonly used, which
may facilitate discrimination learning resulting in fewer drop outs (Lines 387).

Some exampels here:

Wabhlsten. "Chapter 11 - Motivating Mice", In Wahlsten, Douglas, and John C. Crabbe. "Behavioral
testing." The mouse in biomedical research. Academic Press, 2007. 513-534.

Graulich, Dana Marie, et al. "Looking on the bright side of bias—Validation of an affective bias test for
laboratory mice." Applied Animal Behaviour Science 181 (2016): 173-181.

We understand the reviewer’s concern. However, we believe that the short fasting time is a strength
of this protocol for multiple reasons. First, fasting can alter a number of physiological and behavioral
variables and as a consequence, it is recommended that it be kept to a minimum (Jensen et al 2013).
Indeed, hunger itself might affect appraisal in cognitive bias tasks (Verbeek, Ferguson & Lee, 2014).
Moreover, if mice fasted for longer periods of time are at risk of losing preference for high vs. low
value food rewards (Novak et al. 2016), a critical component of this task (i.e., ensuring animals prefer
the DS+ arm over the unscented arm). Finally, the mice used in these experiments were unlikely to
have shifted their feeding schedule since order of testing was random/opportunistic across days. All in
all, our mice were extremely successful in learning the task, as 31/35 mice met the learning criterion,
and replicate experiments in our lab have shown similarly high success rates (over 80%).



Elsevier permissions

ELSEVIER LICENSE
TERMS AND CONDITIONS

Sep 08, 2021

This Agreement between Aileen Maclellan ("You") and Elsevier ("Elsevier") consists of
your license details and the terms and conditions provided by Elsevier and Copyright
Clearance Center.

License Number 5144400024101

License date Sep 08, 2021

Licensed Content Publisher Elsevier

Licensed Content

Publication Physiology & Behavior

Cancer blues? A promising judgment bias task indicates

Licensed Content Title .. : ;
pessimism in nude mice with tumors

A.Resasco,A. MacLellan,M.A. Ayala,L. Kitchenham,A .M.
Edwards,S. Lam,S. Dejardin,G. Mason

Licensed Content Author
Licensed Content Date Sep 1, 2021
Licensed Content Volume 238

Licensed Content Issue n/a

Licensed Content Pages 1

Start Page 113465

End Page 0

Type of Use reuse in a journal/magazine
Requestor type academic/educational institute
Portion figures/tables/illustrations
Number of . ' g

figures/tables/illustrations

Format electronic

Are you the author of this Yes

Elsevier article?

Will you be translating?  No

An olfactory digging-based task for assessment of judgement

Title of new article .. )
bias in mice

Lead author Aileen MacLellan

Title of targeted journal Journal of Visualized Experiments

Publisher Journal of Visualized Experiments

Expected publication date Mar 2022

Portions Figures 1,2,3,4,5,S1 and Tables 1, S2

Aileen MacLellan
180 College Ave. W.

Requestor Location
Guelph, ON N1G1S54
Canada
Attn: Aileen MacLellan

Publisher Tax ID GB 494 6272 12

Total 0.00 CAD

Terms and Conditions

INTRODUCTION

1. The publisher for this copyrighted material is Elsevier. 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 Copyright Clearance Center, Inc. ("CCC"), at the time that you opened your
Rightslink account and that are available at any time at http://myaccount.copyright.com).

GENERAL TERMS

2. Elsevier hereby grants you permission to reproduce the aforementioned material subject to
the terms and conditions indicated.

3. Acknowledgement: If any part of the material to be used (for example, figures) has
appeared in our publication with credit or acknowledgement to another source, permission
must also be sought from that source. If such permission is not obtained then that material
may not be included in your publication/copies. Suitable acknowledgement to the source
must be made, either as a footnote or in a reference list at the end of your publication, as
follows:

"Reprinted from Publication title, Vol /edition number, Author(s), Title of article / title of
chapter, Pages No., Copyright (Year), with permission from Elsevier [OR APPLICABLE
SOCIETY COPYRIGHT OWNER]." Also Lancet special credit - "Reprinted from The
Lancet, Vol. number, Author(s), Title of article, Pages No., Copyright (Year), with
permission from Elsevier."

4. Reproduction of this material is confined to the purpose and/or media for which
permission is hereby given.

5. Altering/Modifying Material: Not Permitted. However figures and illustrations may be
altered/adapted minimally to serve your work. Any other abbreviations, additions, deletions
and/or any other alterations shall be made only with prior written authorization of Elsevier
Ltd. (Please contact Elsevier’s permissions helpdesk here). No modifications can be made to
any Lancet figures/tables and they must be reproduced in full.

6. If the permission fee for the requested use of our material is waived in this instance,
please be advised that your future requests for Elsevier materials may attract a fee.

7. Reservation of Rights: Publisher reserves all rights not specifically granted in the
combination of (1) 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.

8. License Contingent Upon Payment: While you may exercise the rights licensed
immediately upon issuance of the license at the end of the licensing process for the
transaction, provided that you have disclosed complete and accurate details of your proposed
use, no license is finally effective unless and until full payment is received from you (either
by publisher or by CCC) as provided in CCC's Billing and Payment terms and conditions. If
full payment is not received on a timely basis, then any license preliminarily granted shall be
deemed automatically revoked and shall be void as if never granted. Further, in the event
that you breach any of these terms and conditions or any of CCC's Billing and Payment
terms and conditions, the license is automatically revoked and shall be void as if never
granted. Use of materials as described in a revoked license, as well as any use of the
materials beyond the scope of an unrevoked license, may constitute copyright infringement
and publisher reserves the right to take any and all action to protect its copyright in the
materials.

9. Warranties: Publisher makes no representations or warranties with respect to the licensed
material.

10. Indemnity: You hereby indemnify and agree to hold harmless publisher and CCC, and
their respective officers, directors, employees and agents, from and against any and all
claims arising out of your use of the licensed material other than as specifically authorized
pursuant to this license.

11. No Transfer of License: This license is personal to you and may not be sublicensed,
assigned, or transferred by you to any other person without publisher's written permission.

12. No Amendment Except in Writing: This license may not be amended except in a writing
signed by both parties (or, in the case of publisher, by CCC on publisher's behalf).

13. Objection to Contrary Terms: Publisher hereby objects to any terms contained in any
purchase order, acknowledgment, check endorsement or other writing prepared by you,
which terms are inconsistent with these terms and conditions or CCC's Billing and Payment
terms and conditions. These terms and conditions, together with CCC's Billing and Payment
terms and conditions (which are incorporated herein), comprise the entire agreement
between you and publisher (and CCC) concerning this licensing transaction. 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 control.

14. Revocation: Elsevier or Copyright Clearance Center may deny the permissions described
in this License at their sole discretion, for any reason or no reason, with a full refund payable
to you. Notice of such denial will be made using the contact information provided by you.
Failure to receive such notice will not alter or invalidate the denial. In no event will Elsevier
or Copyright Clearance Center be responsible or liable for any costs, expenses or damage
incurred by you as a result of a denial of your permission request, other than a refund of the
amount(s) paid by you to Elsevier and/or Copyright Clearance Center for denied
permissions.

LIMITED LICENSE
The following terms and conditions apply only to specific license types:

15. Translation: This permission is granted for non-exclusive world English rights only
unless your license was granted for translation rights. If you licensed translation rights you
may only translate this content into the languages you requested. A professional translator
must perform all translations and reproduce the content word for word preserving the
integrity of the article.

16. Posting licensed content on any Website: The following terms and conditions apply as
follows: Licensing material from an Elsevier journal: All content posted to the web site must
maintain the copyright information line on the bottom of each image; A hyper-text must be
included to the Homepage of the journal from which you are licensing at
http://www.sciencedirect.com/science/journal/xxxxx or the Elsevier homepage for books at
http://www.elsevier.com; Central Storage: This license does not include permission for a
scanned version of the material to be stored in a central repository such as that provided by
Heron/XanEdu.

Licensing material from an Elsevier book: A hyper-text link must be included to the Elsevier
homepage at http://www.elsevier.com . All content posted to the web site must maintain the
copyright information line on the bottom of each image.

Posting licensed content on Electronic reserve: In addition to the above the following
clauses are applicable: The web site must be password-protected and made available only to
bona fide students registered on a relevant course. This permission is granted for 1 year only.
You may obtain a new license for future website posting.

17. For journal authors: the following clauses are applicable in addition to the above:
Preprints:

A preprint is an author's own write-up of research results and analysis, it has not been peer-
reviewed, nor has it had any other value added to it by a publisher (such as formatting,
copyright, technical enhancement etc.).

Authors can share their preprints anywhere at any time. Preprints should not be added to or
enhanced in any way in order to appear more like, or to substitute for, the final versions of

articles however authors can update their preprints on arXiv or RePEc with their Accepted

Author Manuscript (see below).

If accepted for publication, we encourage authors to link from the preprint to their formal
publication via its DOI. Millions of researchers have access to the formal publications on
ScienceDirect, and so links will help users to find, access, cite and use the best available
version. Please note that Cell Press, The Lancet and some society-owned have different
preprint policies. Information on these policies is available on the journal homepage.

Accepted Author Manuscripts: An accepted author manuscript is the manuscript of an
article that has been accepted for publication and which typically includes author-
incorporated changes suggested during submission, peer review and editor-author
communications.

Authors can share their accepted author manuscript:

e immediately
via their non-commercial person homepage or blog
by updating a preprint in arXiv or RePEc with the accepted manuscript
via their research institute or institutional repository for internal institutional
uses or as part of an invitation-only research collaboration work-group
directly by providing copies to their students or to research collaborators for
their personal use
o for private scholarly sharing as part of an invitation-only work group on
commercial sites with which Elsevier has an agreement
e After the embargo period
o via non-commercial hosting platforms such as their institutional repository
o via commercial sites with which Elsevier has an agreement

O O O

(¢]

In all cases accepted manuscripts should:

e link to the formal publication via its DOI

e bear a CC-BY-NC-ND license - this is easy to do

e if aggregated with other manuscripts, for example in a repository or other site, be
shared in alignment with our hosting policy not be added to or enhanced in any way to
appear more like, or to substitute for, the published journal article.

Published journal article (JPA): A published journal article (PJA) is the definitive final
record of published research that appears or will appear in the journal and embodies all
value-adding publishing activities including peer review co-ordination, copy-editing,
formatting, (if relevant) pagination and online enrichment.

Policies for sharing publishing journal articles differ for subscription and gold open access
articles:

Subscription Articles: If you are an author, please share a link to your article rather than the
full-text. Millions of researchers have access to the formal publications on ScienceDirect,
and so links will help your users to find, access, cite, and use the best available version.

Theses and dissertations which contain embedded PJAs as part of the formal submission can
be posted publicly by the awarding institution with DOI links back to the formal
publications on ScienceDirect.

If you are affiliated with a library that subscribes to ScienceDirect you have additional
private sharing rights for others' research accessed under that agreement. This includes use
for classroom teaching and internal training at the institution (including use in course packs
and courseware programs), and inclusion of the article for grant funding purposes.

Gold Open Access Articles: May be shared according to the author-selected end-user
license and should contain a CrossMark logo, the end user license, and a DOI link to the
formal publication on ScienceDirect.

Please refer to Elsevier's posting policy for further information.

18. For book authors the following clauses are applicable in addition to the above:

Authors are permitted to place a brief summary of their work online only. You are not
allowed to download and post the published electronic version of your chapter, nor may you
scan the printed edition to create an electronic version. Posting to a repository: Authors are
permitted to post a summary of their chapter only in their institution's repository.

19. Thesis/Dissertation: If your license is for use in a thesis/dissertation your thesis may be
submitted to your institution in either print or electronic form. Should your thesis be
published commercially, please reapply for permission. These requirements include
permission for the Library and Archives of Canada to supply single copies, on demand, of
the complete thesis and include permission for Proquest/UMI to supply single copies, on
demand, of the complete thesis. Should your thesis be published commercially, please
reapply for permission. Theses and dissertations which contain embedded PJAs as part of
the formal submission can be posted publicly by the awarding institution with DOI links
back to the formal publications on ScienceDirect.

Elsevier Open Access Terms and Conditions

You can publish open access with Elsevier in hundreds of open access journals or in nearly
2000 established subscription journals that support open access publishing. Permitted third
party re-use of these open access articles is defined by the author's choice of Creative
Commons user license. See our open access license policy for more information.

Terms & Conditions applicable to all Open Access articles published with Elsevier:

Any reuse of the article must not represent the author as endorsing the adaptation of the
article nor should the article be modified in such a way as to damage the author's honour or
reputation. If any changes have been made, such changes must be clearly indicated.

The author(s) must be appropriately credited and we ask that you include the end user
license and a DOI link to the formal publication on ScienceDirect.

If any part of the material to be used (for example, figures) has appeared in our publication
with credit or acknowledgement to another source it is the responsibility of the user to
ensure their reuse complies with the terms and conditions determined by the rights holder.

Additional Terms & Conditions applicable to each Creative Commons user license:

CC BY: The CC-BY license allows users to copy, to create extracts, abstracts and new
works from the Article, to alter and revise the Article and to make commercial use of the
Article (including reuse and/or resale of the Article by commercial entities), provided the
user gives appropriate credit (with a link to the formal publication through the relevant
DOI), provides a link to the license, indicates if changes were made and the licensor is not
represented as endorsing the use made of the work. The full details of the license are
available at http://creativecommons.org/licenses/by/4.0.

CC BY NC SA: The CC BY-NC-SA license allows users to copy, to create extracts,
abstracts and new works from the Article, to alter and revise the Article, provided this is not
done for commercial purposes, and that the user gives appropriate credit (with a link to the
formal publication through the relevant DOI), provides a link to the license, indicates if
changes were made and the licensor is not represented as endorsing the use made of the
work. Further, any new works must be made available on the same conditions. The full
details of the license are available at http://creativecommons.org/licenses/by-nc-sa/4.0.

CC BY NC ND: The CC BY-NC-ND license allows users to copy and distribute the Article,
provided this is not done for commercial purposes and further does not permit distribution of
the Article if it is changed or edited in any way, and provided the user gives appropriate
credit (with a link to the formal publication through the relevant DOI), provides a link to the
license, and that the licensor is not represented as endorsing the use made of the work. The
full details of the license are available at http://creativecommons.org/licenses/by-nc-nd/4.0.
Any commercial reuse of Open Access articles published with a CC BY NC SA or CC BY
NC ND license requires permission from Elsevier and will be subject to a fee.

Commercial reuse includes:

Associating advertising with the full text of the Article
Charging fees for document delivery or access
Article aggregation

[ ]
[ ]
[ ]
e Systematic distribution via e-mail lists or share buttons

Posting or linking by commercial companies for use by customers of those companies.

20. Other Conditions:

v1.10

Questions? customercare @copyright.com or +1-855-239-3415 (toll free in the US) or
+1-978-646-27717.

Click here to access/download;Supplemental File (Figures, Permissions, etc.);Physiology and Behaviour Permissions.pdf £


https://www.editorialmanager.com/jove/download.aspx?id=1421589&guid=478212e2-8c00-4a40-9b56-78c15e3e938e&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1421589&guid=478212e2-8c00-4a40-9b56-78c15e3e938e&scheme=1

