






2 Behaviour

2.1 Definitions

Table 1: Definitions of Behaviour Variables

Experiment Variable Units Description
Elevated Plus Maze EPM total distance cm Total distance (cm) travelled in any arm or central

zone of the EPM
Elevated Plus Maze EPM max speed cm/s Maximum speed (cm/s) travelled in any arm or cen-

tral zone of the EPM
Elevated Plus Maze EPM % time in open percent Percentage of time in the open or closed arms of the

EPM spent in open arms
Elevated Plus Maze EPM time in centre s Total time (s) spent in the central zone of the EPM
Elevated Plus Maze EPM max speed, open vs closed cm/s Di↵erence between the maximum speed (cm/s) ob-

served in the open arms and the closed arms of the
EPM

Open Field/Novel Object OF, NOE total distance log10 cm Total distance travelled (log10 cm) during initial ex-
posure to the open field and in presence of the novel
object

Open Field/Novel Object NOE vs OF distance travelled cm Di↵erence in distance travelled (cm) in presence of
the novel object and during initial exposure to open
field

Rotarod RR naive fall time log10 s Fall time on accelerating rotarod (log10 s), naive per-
formance in session 1

Rotarod RR learning s/trial Learning on rotarod, measured as increase in fall time
per trial (s/trial) in session 1

Rotarod RR memory s Memory on rotarod, measured as excess fall time at
middle of session 2 relative to middle of session 1

Fear Training Fear learning, trial e↵ect percent freezing Fear learning, measured as extra % time freezing be-
fore third trial compared to % time freezing before
first trial

Fear Training Fear learning, tone e↵ect percent freezing Fear learning, measured as increase in % time freez-
ing due to third tone compared to increase in % time
freezing due to first tone

Contextual Memory Contextual memory, mean percent freezing Contextual memory, measured as di↵erence in %
time freezing during first 120 s re-exposure to the
box compared to first 120 s in the box on previous
day

Contextual Memory Contextual memory, change percent freezing Contextual memory, measured as increase in % time
spent freezing from first time bin of 30 s to fourth
bin of 30 s during 120 s re-exposure to the box

Cued Memory Cued memory, mean percent freezing Cued memory, measured as increase in % time spent
freezing during 120 s of tone re-exposure compared
to increase in % time spent freezing during initial
tone on previous day

Cued Memory Cued memory, change percent freezing Cued memory, measured as increase in % time spent
freezing from first time bin of 30 s to fourth bin of
30 s during 120 s re-exposure to the tone
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2.2 Behaviour Overview

Figure 3: Behaviour Overview. Alteration in a repertoire of eight innate and eight learned

behaviour variables is shown. Cohen d e↵ect sizes of the mutation are presented

± SE.

Mutant mice showed little overall behavioural di↵erence from wildtypes, with three of 16 behaviour vari-
ables significantly impacted in these mutants. In the open field/novel object exploration task, two behavioural
variables of two were significantly impacted in mutants. In the contextual memory task, one behavioural
variable, contextual memory change, was significantly decreased in mutants. Elevated plus maze, rotarod,
fear learning and cued memory tasks were una↵ected. Definitions of variables may be found below.

2.3 Elevated Plus Maze - Innate/Instinctive Behaviour

Table 2: Analysis of Innate or Instinctive Variables: mean(SEM) of behaviour scores for

wildtype and mutant males and females, with p-values of di↵erences

Variable Units Wildtype M (n=12) Wildtype F (n=10) Mutant M (n=13) Mutant F (n=12) P(sex x mutation) P(mutation)
EPM total distance cm 906 (107) 930 (109) 910 (68) 785 (52) 0.39 0.45
EPM max speed cm/s 20.2 (2.7) 18.5 (1.5) 21.6 (2.4) 17.9 (1.6) 0.65 0.83
EPM percent time in open % 31.8 (8.4) 45.2 (8) 33.4 (7.6) 56.8 (8.6) 0.55 0.45
EPM time in centre s 133 (14) 143 (12) 141 (11) 176 (12) 0.32 0.12
EPM max speed, open vs closed cm/s -1.1 (3.8) -1.8 (1.7) 0.9 (3.8) -3.4 (2.1) 0.58 0.92

EPM total distance: Total distance (cm) travelled in any arm or central zone of the EPM

EPM max speed: Maximum speed (cm/s) travelled in any arm or central zone of the EPM

EPM percent time in open: Percentage of time in the open or closed arms of the EPM spent in open arms

EPM time in centre: Total time (s) spent in the central zone of the EPM

EPM max speed, open vs closed: Di↵erence between the maximum speed (cm/s) observed in the open arms and the closed

arms of the EPM
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2.4 Open Field & Novel Object Exploration - Innate/Instinctive Behaviour

Table 3: Analysis of Innate or Instinctive Variables: mean(SEM) of behaviour scores for

wildtype and mutant males and females, with p-values of di↵erences

Variable Units Wildtype M (n=12) Wildtype F (n=10) Mutant M (n=13) Mutant F (n=12) P(sex x mutation) P(mutation)
OF, NOE total distance log10 cm 3.33 (0.09) 3.34 (0.1) 3.03 (0.03) 2.99 (0.05) 0.77 5.3e-05 ***
NOE vs OF distance travelled cm -484 (128) -348 (195) -102 (51) -225 (48) 0.26 0.024 *

OF, NOE total distance: Total distance travelled (log10 cm) during initial exposure to the open field and in presence of the

novel object

NOE vs OF distance travelled: Di↵erence in distance travelled (cm) in presence of the novel object and during initial exposure

to open field

2.5 Motor Behaviour - Innate/Instinctive Ability, Learning & Memory

Figure 4: RR histories. Mutant and wildtype (WT) males and females as indicated. Data

represent mean ± SEM.

Table 4: RR analysis: mean(SEM) of behaviour scores for wildtype and mutant males and

females, with p-values of di↵erences

Variable Units Wildtype M (n=12) Wildtype F (n=10) Mutant M (n=13) Mutant F (n=12) P(sex x mutation) P(mutation)
RR naive fall time log10 s 0.95 (0.07) 1.33 (0.1) 1.07 (0.08) 0.96 (0.06) 0.0023 ** 0.15
RR learning s/trial 2 (0.8) -0.3 (0.9) 2.2 (0.9) 1.8 (0.7) 0.25 0.21
RR memory s 7.1 (3.9) 1.2 (1.9) -2.4 (2.7) 5.3 (3.9) 0.045 * 0.35

RR naive fall time: Fall time on accelerating rotarod (log10 s), naive performance in session 1

RR learning: Learning on rotarod, measured as increase in fall time per trial (s/trial) in session 1

RR memory: Memory on rotarod, measured as excess fall time at middle of session 2 relative to middle of session 1
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2.6 Fear Conditioning - Learning & Memory

Figure 5: FC histories. Percent freezing presented as mean ± SEM. TR:N-n, percent time

spent freezing during time interval N < t  n seconds on training day. TE:N-n,

same on testing day.

Table 5: FC analysis: mean(SEM) of behaviour scores for wildtype and mutant males and

females, with p-values of di↵erences

Variable Units Wildtype M (n=12) Wildtype F (n=10) Mutant M (n=13) Mutant F (n=12) P(sex x mutation) P(mutation)
Fear learning, trial e↵ect % freezing 41.5 (9.4) 48 (8.4) 34.2 (6.5) 43.7 (7.5) 0.85 0.46
Fear learning, tone e↵ect % freezing -7.4 (4.7) 1.9 (8.8) -8.3 (4.5) -6.2 (4.8) 0.52 0.46
Contextual memory, mean % freezing 31.2 (6.4) 26.6 (7.3) 14.6 (3.6) 29.9 (5.4) 0.088 0.2
Contextual memory, change % freezing 30.7 (6) 28.9 (6.7) 14.6 (4.6) 21.8 (6.4) 0.45 0.05 *
Cued memory, mean % freezing -0.9 (4.2) 1.7 (4.9) -3.8 (7.8) -7.4 (2.4) 0.56 0.29
Cued memory, change % freezing 1.2 (5.6) -1.1 (9.1) -9 (5.3) -5.5 (10.8) 0.72 0.35

Fear learning, trial e↵ect: Fear learning, measured as extra percent time freezing before third trial compared to percent time

freezing before first trial

Fear learning, tone e↵ect: Fear learning, measured as increase in percent time freezing due to third tone compared to increase in

percent time freezing due to first tone

Contextual memory, mean: Contextual memory, measured as di↵erence in percent time freezing during first 120 s re-exposure to

the box compared to first 120 s in the box on previous day

Contextual memory, change: Contextual memory, measured as increase in percent time spent freezing from first time bin of 30

s to fourth bin of 30 s during 120 s re-exposure to the box

Cued memory, mean: Cued memory, measured as increase in percent time spent freezing during 120 s of tone re-exposure

compared to increase in percent time spent freezing during initial tone on previous day

Cued memory, change: Cued memory, measured as increase in percent time spent freezing from first time bin of 30 s to fourth

bin of 30 s during 120 s re-exposure to the tone
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