N

N

Odorant features differentially modulate beta/gamma
oscillatory patterns in anterior versus posterior piriform
cortex

Emmanuelle Courtiol, Nathalie Buonviso, Philippe Litaudon

» To cite this version:

Emmanuelle Courtiol, Nathalie Buonviso, Philippe Litaudon. Odorant features differentially modulate
beta/gamma oscillatory patterns in anterior versus posterior piriform cortex. Neuroscience, 2019, 409,
pp.26-34. 10.1016/j.neuroscience.2019.04.025 . hal-02998826

HAL Id: hal-02998826
https://hal.science/hal-02998826

Submitted on 12 Nov 2020

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-02998826
https://hal.archives-ouvertes.fr

Title
Odorant features differentially modulate beta/gamma oscillatory patterns in anterior

versus posterior piriform cortex

Authors

Emmanuelle Courtiol!, Nathalie Buonviso?!, Philippe Litaudon®*

Lyon Neuroscience Research Center, “Olfaction: from coding to memory” Team;
CNRS UMR5292 - Inserm U1028 — Université Lyon 1-Université de Lyon, Centre
Hospitalier Le Vinatier - Batiment 462 — Neurocampus, 95 boulevard Pinel, 69675

Bron Cedex, France

* Corresponding author

Philippe Litaudon

Address: Lyon Neuroscience Research Center, “Olfaction: from coding to memory”
Team; CNRS UMR5292 - Inserm U1028 — Université Lyon 1 - Université de Lyon;
Centre Hospitalier Le Vinatier - Batiment 462 — Neurocampus, 95 boulevard Pinel,
69675 Bron Cedex, France

Email address: philippe.litaudon@cnrs.fr



Abbreviations

OB: Olfactory bulb

aPC: anterior piriform cortex
pPC: posterior piriform cortex

LFP: local field potential



Abstract

Oscillatory activity is a prominent characteristic of the olfactory system. We
previously demonstrated that beta and gamma oscillations occurrence in the olfactory
bulb (OB) is modulated by the physical properties of the odorant. However, it remains
unknown whether such odor-related modulation of oscillatory patterns is maintained
in the piriform cortex (PC) and whether those patterns are similar between the
anterior PC (aPC) and posterior PC (pPC). The present study was designed to
analyze how different odorant molecular features can affect the local field potential
(LFP) oscillatory signals in both the aPC and the pPC in anesthetized rats. As
reported in the OB, three oscillatory patterns were observed: standard pattern
(gamma + beta), gamma-only and beta-only patterns. These patterns occurred with
significantly different probabilities in the two PC areas. We observed that odor identity
has a strong influence on the probability of occurrence of LFP beta and gamma
oscillatory activity in the aPC. Thus, some odor coding mechanisms observed in the
OB are retained in the aPC. By contrast, probability of occurrence of different
oscillatory patterns is homogeneous in the pPC with beta-only pattern being the most
prevalent one for all the different odor families. Overall, our results confirmed the
functional heterogeneity of the PC with its anterior part tightly coupled with the OB
and mainly encoding odorant features whereas its posterior part activity is not
correlated with odorant features but probably more involved in associative and multi-

sensory encoding functions.

Keywords: piriform cortex, beta, gamma, odor, molecular features, rat



Introduction

Local field potential (LFP) oscillations are a ubiquitous brain phenomenon observed
across many phyla. Oscillations are proposed to be important for cell assembly
synchronization and binding as well as plasticity (Buzsaki and Draguhn, 2004).
Oscillatory activity is a prominent characteristic of the olfactory system, notably the
olfactory bulb (OB) (Adrian, 1942). This oscillatory activity consists of a slow
modulation related to breathing and fast oscillations, in the beta (15-35 Hz) and
gamma range (40-100 Hz) (Buonviso et al., 2006; Kay et al., 2009; Martin and Ravel,
2014). In the mammalian OB, mitral/tufted cell spikes can phase-lock to LFP
oscillations (Kashiwadani et al., 1999; Lagier et al., 2004; Cenier et al., 2009; David
et al., 2009; Courtiol et al., 2011; Gschwend et al., 2012) and we proposed that beta
and gamma oscillations could subserve the emergence of different cell assemblies
(Cenier et al., 2009). Thus, LFPs could provide a temporal frame, underlying and
pacing the spiking activity.

The next and largest relay of the odorant information is the piriform cortex (PC). The
PC is an heterogeneous structure both from an anatomical and a functional point of
view (Haberly and Price, 1978; Litaudon et al., 1997a, 1997b, 2017). Indeed, the PC
could be divided in two parts, anterior (aPC) and posterior (pPC), differing in their
afferent and efferent connections, spiking activity and potentiation during associative
conditioning (Litaudon and Cattarelli, 1995, 1996; Mouly et al., 2001; Bouret and
Sara, 2002; Litaudon et al., 2003; Sevelinges et al., 2004; Kadohisa and Wilson,
2006; Calu et al., 2007; Roesch et al., 2007). Given its strong bulbar input, the aPC
receives more sensory information than the pPC. Thus, it has been proposed that
aPC encodes the identity / sensory features of the odor while pPC encodes the
associative value of the stimulus (Kadohisa and Wilson, 2006; Calu et al., 2007;
Roesch et al., 2007; Hagiwara et al., 2012).

LFP oscillatory activity (beta and gamma) has also been described in the mammalian
PC (Freeman, 1959; Bressler, 1984; Kay and Freeman, 1998; Chabaud et al., 1999,
2000; Neville and Haberly, 2003; Martin et al., 2004, 2006; Hermer-Vazquez et al.,
2007; Litaudon et al., 2008; Poo and Isaacson, 2009). Importantly, pyramidal cell
spikes can phase-lock to LFP gamma and beta oscillations in the PC (Litaudon et al.,
2008; Poo and Isaacson, 2009). The occurrence of gamma and beta oscillations as
well as their pattern depend on the animal's behavior and can change across
learning (Freeman, 1960; Zibrowski and Vanderwolf, 1997; Martin et al., 2006; Cohen
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et al., 2015). For example, several studies showed that the amplitude of odor induced
beta oscillations increases through learning in rodents (Martin and Ravel, 2014).
Regarding those oscillatory activities, while most studies were performed in the aPC,
very little is known about the pPC. Functionally, gamma oscillations can co-occur in
both the OB and aPC during odorant stimulation and we and others have proposed
that gamma oscillations can allow bulbo-cortical transfer of information (Buonviso et
al., 2003; Litaudon et al., 2008; Mori et al., 2013). In the OB, we have shown that
beta and gamma oscillation occurrence and features are modulated by the physical
properties of the stimulus (Cenier et al., 2008). Therefore, temporal structuring of
bulbar output might also reflect the molecular features of an odor, including both its
chemical family and its more precise identity within the family. However, it remains
unknown whether such odor related modulation of oscillatory patterns is maintained
in the PC and whether those patterns are similar between the aPC and pPC.

Given the strong coupling between OB and aPC, we hypothesized that similar results
could be obtained in the aPC whereas activity in the pPC would be more
homogeneous regarding odor features as pPC is involved in more complex odor task
learning (Litaudon et al., 1997b; Mouly and Gervais, 2002; Sevelinges et al., 2004,
2008). Thus, the present study was designed to analyze 1) the odor-evoked
oscillatory patterns in aPC vs. pPC and 2) how different odorant molecular features

can differentially affect the LFP signal in both the aPC and the pPC.

Experimental procedures

Animals and ethical statement

Animal care procedures were conducted in strict accordance with the European
Community Council guidelines and received approval n° DSV 69387473 from
veterinary services. All efforts were made to minimize pain to the animals.

Twelve Male Wistar rats weighing 250-350 g (Charles River Laboratories, L’Arbresle,
France) were used. Animals were group- housed in polycarbonate cage with food
and water ad libitum under environmental controlled conditions (temperature: 22 *
1-C; humidity: 55 + 10%). They were maintained under a 12 h light-dark cycle (lights
on from 6:00 AM to 6:00 PM).

Preparation and recording apparatus



Experiments were performed on freely breathing, anesthetized rats. Anesthesia was
performed through an intraperitoneal injection of urethane (1.5 g/kg). Supplemental
doses were delivered during experimentation when necessary. Animals were
immobilized with ear and teeth bars in a stereotaxic apparatus, and placed on a
heating pad to maintain constant body temperature. The skull was exposed and a
small bone window was drilled above the aPC and pPC. During the experiment,
respiratory activity was monitored through a homemade airflow sensor placed near
the entrance of the nostril (Roux et al., 2006). Neuronal activity was recorded using a
16-channel silicon neural probe (Neuronexus Technologies). Recording electrodes
were lowered from the dorsal surface in the aPC (1.5<AP<2.5, 3.5<ML<4 relative to
Bregma) and the pPC (-3.5<AP<-2.5, 5.5<ML<6 relative to bregma). Placement of
the deeper probe contact in layer la was determined according to the shape of the
field potential evoked by mitral cell layer electrical stimulation (Litaudon et al., 2003,
2008). The 16 recording points were dispatched linearly along the silicone tip at 100
pm intervals. The extracellular signal was acquired in the full band (0-5000 Hz),
amplified (gain = 1000) and digitalized with a high-speed 16-channels acquisition
device (wavebook 512A and wavebook 10A, I0tech) at 10 kHz sampling rate.
Fourteen channels, along with two channels dedicated to the continuous recording of
respiratory signal and stimulus onset, were connected to the 14 lowest points on the
electrode tip. Note that the two topmost recording points on the electrode were not
used.

Odorant stimulation

Odors (SigmaAldrich, Fluka) were simple aliphatic compounds, varying in features
such as the number of carbons in the main chain (chain length: 5, 6, 7 and 10 C) or
the functional group associated with the chain (alcohol, ester, aldehyde or ketone)
(Table 1). Odors were delivered in front of the animal’s nose, at 18% of the saturated
vapor pressure, through a dilution olfactometer (480 mL/min). Stimuli lasted 5 s and
were separated from each other by at least 2 min. Stimulus onset was triggered on

the respiratory cycle (at the maximum of exhalation).

LFPs analysis



LFP signals were similar across the 10 channels located in the PC and inverted in
layer Il. Thus LFP oscillations were analyzed using the channel located just above

layer Il (layer Ib) where LFP oscillation amplitude was maximal.

Wavelet transform

LFPs were obtained by band-passing the recorded signal at 0.1-200 Hz. Time and
frequency information were obtained using a time-frequency representation based on
continuous wavelet transform; the method has been described in detail by Roux et al.
(Roux et al., 2007). Briefly, the down-sampled LFP signal was convoluted with
Morlet’'s complex wavelets (Kronland-Martinet et al., 1987). Morlet's wavelets stretch
from 5 to 100 Hz with a 0.25 Hz resolution in the frequency domain and a 5 ms

resolution in the temporal domain.

Wavelet ridge extraction

The goal of this study was to analyze the occurrence of LFP oscillations, the
correlation between LFP oscillations and respiration, and oscillation features.
Instantaneous phase and frequency of the oscillatory episodes were obtained using
an algorithmic procedure based on the wavelet ridges extraction method (Roux et al.,
2007). Briefly, we computed the mean and standard deviation (STD) of the time-
frequency representation and defined a threshold as the mean (5 STD) of the time-
frequency energy contained in the pre-stimulus period (between 0 and 5 s). Then, the
coordinates in time and frequency of all local maxima in the beta band (15-35 Hz)
and the gamma band (40-90 Hz) above this threshold were extracted during the
stimulus period. From each maximum, we computed a high time-resolution (0.1 ms)
Morlet's complex wavelet transformation, both forward and backward, following the
line of maximum energy. The computation stopped when the energy fell below the
threshold. Therefore, for each maximum detected on the time frequency map, we
obtained a high time-resolution wavelet ridge defined by its starting and ending times,
its instantaneous frequency and instantaneous phase. Thus, each oscillatory episode
was characterized by the coordinates of its maximum (amplitude, frequency,
respiratory phase) and its wavelet ridge (duration, instantaneous phase and

frequency).

Respiratory signal analysis



In order to take into account the respiratory modulation of odor evoked activity
(Litaudon et al., 2003; Buonviso et al., 2006), data were analyzed as a function of
respiratory phase. Respiratory signal processing presented here was a modified
version of the analysis method described in a previous paper (Roux et al., 2006). The
respiratory cycle was first divided into two periods: inspiration and expiration.
Second, the mean duration of both periods was computed from all recordings. Third,
inspiration and expiration periods of each recording were resized according to this
mean duration, and the total length of the respiratory cycle was normalized to 1.
Thus, this phase representation of the respiratory cycle was used as a normalized
time basis (between 0 and 1) permitting us to analyze results in a standardized data

format across different recordings.

Statistical analysis

Rayleigh test for directionality was used to determine if LFP oscillations were
uniformly distributed (unsynchronized) or non-uniformly distributed (synchronized)
relative to the respiratory cycle (Litaudon et al., 2008). Comparisons of phase
between odors or PC subunits were performed using a Watson F test (this statistical
test is specific for circular data) (Mardia, 1972; Fisher, 1993). Probability of
occurrence of the different oscillatory patterns between odors and PC subunits were
compared using chi-square analysis. Comparison of oscillation features and odds
values between PC areas were performed using one-way Anova.

Results

As described in previous studies (Neville and Haberly, 2003; Litaudon et al., 2008),
odor stimulation in the anesthetized rats evokes transient epochs of LFP fast
oscillations in PC in two distinct frequency bands (Fig. 1). In this study, we analyzed
oscillatory burst features and occurrence of gamma and beta oscillations according to
the PC area and the odor family. A total of 210 recordings were analyzed in this

study. Overall, 710 oscillatory episodes were detected.

Taking into consideration all odorant stimulations, our analysis did not reveal a
difference in the oscillation’s intrinsic features between PC subunits, with the
exception of gamma oscillations which appeared with higher amplitude and an earlier
respiratory phase in the aPC than in the pPC (Table 2).



In spite of this weak difference in their intrinsic features, oscillatory episodes in the
beta and/or gamma ranges occurred with different probabilities in the two PC areas.
As reported in the OB (Cenier et al., 2008), three oscillatory patterns were observed:
standard pattern (gamma + beta), gamma-only pattern (only gamma oscillations) and
beta-only patterns (only beta oscillations). These patterns occurred with significantly
different probabilities in the two PC areas (Chi-square test, p<10%). While odor
stimulation evoked mainly standard patterns in the aPC, it induced more frequently
beta-only patterns in the pPC (Fig. 2). In both PC areas, there were few recordings
(3%) where gamma-only pattern was observed. We then wondered to what extent
such differences in patterns could originate in a differential responsivity to the
different odorants. Figure 3 shows the probability of occurrence for each pattern as a
function of the odorant molecule. It appears clearly from this analysis that, while
different odorants evoked oscillatory patterns with different probabilities in aPC,
probabilities were rather similar in pPC. In order to quantify this observation, we
calculated for each odor an odds value (Cenier et al., 2008) representing the ratio of
the probability for the odor to elicit the standard pattern (gamma+beta) over the
probability to elicit the beta-only pattern. These values are given at the top of each
histogram in figure 3. On average odds value was significantly higher in the aPC
compared to pPC (Anova, p<0.005; Fig. 4). In addition, and as expected from the
probability of occurrence of each pattern (Fig. 3), we observed a difference of
variability in the odds values between aPC and pPC. In the aPC, oscillatory pattern
differed between odors with odds values ranging from 0.33 to 9. For example, an
alcohol with 6 carbons mostly elicits a beta only pattern, with an odds value of 0.33,
while a 5 carbons ester evokes an alternation of both beta and gamma oscillations
with an odds value of 9 (Fig. 3). By contrast, pPC evoked oscillatory activities across
odors were much less variable ranging from 0.12 to 0.67 with most odors inducing
the emergence of beta oscillations only (Fig. 3 and 4).

In our previous study (Cenier et al., 2008), we showed that, in the OB, odds values
correlated well with the vapor pressure (VP) of odorants, particularly when odors
were sorted into sub-groups (alcohols vs esters). We then performed the same
analysis here, in the aPC and pPC. Interestingly, we observed that VP correlated with
odds in aPC (r=0.72, p<0.05; Fig. 5A) while such a correlation was not found in the
pPC (r=0.44, p=0.196; Fig 5B). When odors are sorted into sub-groups (alcohol and
ester groups), we found that, in the aPC, VP and odds values were strongly
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correlated for esters (r=0.96, p<0.05) but no correlation was found for alcohols
(r=0.58, p=0.42) (Fig. 5C,D). It thus seemed that, in the aPC but not in pPC, odds
values were at least partly determined by VP. Nevertheless, VP cannot account for
all the odds values as for example, EO7 and AO6 have similar VP (124 and 91 Pa,
respectively) but elicited dissimilar patterns of oscillations (odds values, 4 and 0.33
respectively) (Fig. 3). The opposite case is illustrated in Figure 3. Despite having very
dissimilar VP (29 and 469 Pa) two odors (AO7 and DO7, respectively) elicit very
similar oscillatory patterns, confirmed by their close odds values (1.25 and 1.67

respectively).

Discussion

In the olfactory system, different authors have demonstrated the importance of
oscillatory LFP activity, especially in the insect (Stopfer et al., 1997; Perez-Orive et
al., 2002). For example, pharmacological desynchronization in honeybees impairs
fine discrimination in a behavioral paradigm (Stopfer et al., 1997), demonstrating the
functional relevance of oscillatory synchronization. In mammals, a number of works
describe the oscillatory activity in the first olfactory brain relay. However much less is
known about the PC, especially the difference between aPC and pPC, while this
structure is highly heterogeneous (Litaudon et al., 1997a; Haberly, 2001). The aim of
this study was to determine the difference of oscillatory patterns in the aPC vs pPC
as a function of the odorant families.

As previously described in the aPC (Litaudon et al., 2008), odors evoked LFP
oscillations both in the beta and gamma frequency bands. We observed that while
the intrinsic characteristics (frequency, amplitude, respiratory phase) of those
oscillations differed only weakly between the two PC areas, their probability of
occurrence strongly differed between aPC and pPC. Notably, the most frequent
pattern in the aPC was the standard one (beta + gamma) while it was mostly the
beta-only pattern in the pPC. The origin of fast oscillations in the PC is not known. It
has been proposed that gamma oscillations originate from the OB, are transmitted to
the PC via the lateral olfactory tract (Bressler and Freeman, 1980; Neville and
Haberly, 2003; Matrtin et al., 2004) and are maintained through local inhibitory circuits
in the PC (Luna and Schoppa, 2008).

Relative to beta oscillations, their emergence requires an intact OB-PC network
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(Neville and Haberly, 2003; Martin et al., 2004, 2006). In addition, a putative
mechanism of oscillatory network formation is phase-lag between neuronal
populations, and it has been demonstrated that two types of inhibitory interneurons in
the aPC fire with a phase-lag in the range of beta oscillation frequency (Suzuki and
Bekkers, 2010) Thus, the global difference of oscillatory patterns between the two PC
areas may be attributed (at least in part) to the anatomical heterogeneity of the PC
circuitry. Indeed, the aPC receives more afferent inputs from the OB than the pPC
whereas the reverse is the case for intrinsic excitatory associational inputs (Haberly
and Price, 1978; Datiche et al., 1996; Haberly, 2001; Nagayama et al., 2010;
Hagiwara et al., 2012; Srinivasan and Stevens, 2018). Moreover, a gradient of
inhibitory circuits has been reported with increasing pyramidal cell inhibition along the
rostro-caudal axis (Loscher et al., 1998; Luna and Pettit, 2010; Franks et al., 2011;
Poo and Isaacson, 2011; Large et al., 2018). Thus, there is a gradient in the balance
between excitatory and inhibitory inputs along the antero-posterior axis. Interestingly,
it has been shown in the medial entorhinal cortex that the expression and power of
fast oscillations (30-100Hz) is determined by the amount and gradient of local
inhibitory circuit along the dorsal-ventral axis (Beed et al., 2013).

Regarding how the odorant features can modulate the LFP oscillations in aPC and
pPC, we observed that odor identity has a strong influence on the probability of
occurrence of gamma and beta oscillations in the aPC. By contrast, probability of
occurrence of different oscillatory patterns is homogeneous in the pPC with the beta-
only pattern being the most prevalent one for all the different odor families. Our
results in the aPC are congruent with our previous study in the OB (Cenier et al.,
2008) showing that the probability of occurrence of beta and gamma oscillations
seemed to vary according to the odor functional group. Moreover, odds values (the
ratio between standard pattern and beta-only pattern occurrence probability) were
correlated with VP which is a good estimator of airborne concentration of odor (Lowry
and Kay, 2007). Thus, as previously reported in aPC (Neville and Haberly, 2003),
odors at high concentrations induced both gamma and beta frequency oscillations,
whereas those at lower concentrations elicited mainly beta oscillations. The
relationship between VP and odds value was nearly linear within the ester family but
contrary to the OB (Cenier et al., 2008) such correlation was not observed within the
alcohol family. Thus, some odor coding mechanisms observed in the OB are only
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partly retained in the anterior PC. The similarity of oscillatory patterns evoked by
different odorant families is not surprising given the strong bulbar afferent input to
aPC (Haberly, 1973; Schwob and Price, 1978) and the functional coupling observed
between the OB and the aPC in both anesthetized (Fontanini and Bower, 2005;
Litaudon et al.,, 2008) and awake rats (Kay and Freeman, 1998; Chabaud et al.,
1999). This observation at the network level also agrees with the single-unit
recordings. Single-unit recordings reveal that aPC neuron activity is more constrained
by odor features than in the pPC (Litaudon et al., 2003; Kadohisa and Wilson, 2006;
Roesch et al., 2007). The aPC can still display some associative features but to a
lesser extent than the pPC (Schoenbaum and Eichenbaum, 1995; Zinyuk et al.,
2001; Kadohisa and Wilson, 2006; Calu et al., 2007; Gire et al., 2013). This can be
put in perspective with our LFP results showing that aPC activity was not an exact
mirror of the OB activity as we did not observed correlation between alcohol VP and
odds values. There are few reports on in-vivo pPC single-unit activity but all of them
point (Kadohisa and Wilson, 2006; Calu et al., 2007) toward the associative feature
of the pPC in which activity can vary with the outcome associated to the odors and be
the site of multisensory integration (Maier et al., 2012). The more integrative activity
in the pPC may be related to the above mentioned recurrent inhibition (Luna and
Morozov, 2012) but also to the different neuromodulatory and afferent/efferent
connections of the pPC (Bouret and Sara, 2002; Chen et al., 2014), notably inputs
coming massively from the basolateral amygdala (Sadrian and Wilson, 2015). Given
these differences, it is also expected that different olfactory conditionings as well as
olfactory task learning can differentially modulate the expression of beta/gamma
oscillations patterns in aPC and pPC (Kay, 2014; Martin and Ravel, 2014). Further
studies combining various odorant families with the acquisition of a behavioral task
will be needed to determine how both factors affect the oscillatory patterns

occurrence in aPC vs pPC.

Interestingly, those results confirm and deepen our understanding of the
heterogeneity and characteristics of the piriform cortex in humans. Indeed, in human
and following several fMRI studies (Gottfried et al., 2002, 2006; Zelano et al., 2007,
Howard et al., 2009; Fournel et al., 2016), a dissociation between aPC and pPC has

been proposed and it has been shown that aPC activity represents the fidelity of
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information arising from the OB while the pPC is more synthetic and associative with
for example the generation of predictive templates (Zelano et al., 2011).

Overall, our results confirmed the functional heterogeneity of the PC. Whereas
activity in its anterior part is tightly coupled with the OB and mainly encodes odorant
features, activity in its posterior part does not correlate with odorant features but is
probably more involved in cognitive functions, such as memory or odor significance
encoding, not involved in this experiment (Litaudon et al.,, 1997b; Haberly, 2001;

Mouly and Gervais, 2002; Sevelinges et al., 2008; Hegoburu et al., 2009).
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Table 1. Panel of odors used in this study

Carbon chain length  Odorant Symbol VP (Pa)
Alcohol
5 Pentanol A05 293
6 Hexanol A06 124
7 Heptanol A07 29
10 Decanol A10 1
Ester
5 Ethyl-valerate EO5 639
6 Ethyl-hexanoate EO6 240
7 Ethyl-heptanoate EO7 91
10 Ethyl-decanoate E10 6
Ketone
7 2-heptanone K07 514
Aldehyde
7 Heptanal D07 469

22



Table 2: Comparison of oscillatory episodes features between PC areas

Oscillation feature Anova with PC area as the main factor
Gamma band

Frequency NS (F1,30=0.48)

Duration NS (F1,80=2.09)

Amplitude p<0.005 (Ant>Post) (F1,80=10.94)

Respiratory phase p<10-3 (earlier in aPC)- Watson F-test
Beta band

Frequency NS (F1,159=0.35)

Duration NS (F1,159=0.69)

Amplitude NS (F1,159=2.53)

Respiratory phase NS- Watson F-test

Oscillation features (frequency, duration, amplitude) were statistically compared
using Anova and respiratory phase was compared using Watson F-test
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Figure 5
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