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LAY ABSTRACT

The immune system has been linked to mental health, therefore understanding
how it interacts with the brain is critical. T cells do not normally enter brain tissue but
affect brain structure. Examining microglia — the brain’s immune cell — in mice without T
cells revealed number and density differences in stress-associated brain areas.
Research on gut bacteria-brain communication uses germ free (GF) mice, which live in
sterile conditions. GF mice behave differently than controls, so neuroanatomy was
mapped to identify regions most reactive to bacteria, and a timeline for microbe-
associated neurodevelopmental changes was made. Mice without T cells seem less
anxious than normal mice. Different immune cell varieties were collected from T cell
deficient mice across puberty to identify immune-brain connections that might become
compromised in neurodevelopmental disorders. Identifying changes in immune cells
surrounding adolescence and linking to behaviour may reveal how immune-brain

communication contributes to the onset of mental health disorders.



ABSTRACT

Immune-brain communication is a critical component of the microbiome-gut-brain
axis, and an important topic for today’s neuroscientists. Recent behavioural studies
revealed that mice lacking the b and d chains of the T cell receptor (TCRb-/-d-/-) —
which are functionally deficient in T cells — showed reduced anxiety-like behaviour on
approach/avoidance tests. Therefore, in order to contribute to the knowledge of how the
adaptive immune system participates in neurodevelopment, this thesis examines
adaptive immune influence on the brain and behaviour: the impact of T cell deletion on
microglia, myeloid cells in the blood, and behaviour, and of microbiota manipulation on
neuroanatomy. The first study examined microglia number and density in adult TCRb-/-
d-/- mice and showed increased numbers of microglia in the basolateral amygdala, and
evidence of regional reductions in microglial density in TCRb-/-d-/- mice. Mice
completely lacking microbiomes (Germ free - GF), are generally recognized to be
deficient in mature lymphocytes. To determine how the microbiome impacts brain
development, structural brain imaging was used to identify volume changes in
neuroanatomy both globally, and regionally in stress circuitry. GF mice had smaller total
brain volumes, and larger cortex but smaller hippocampus volumes, relative to total
brain volume. Two models of recolonization indicate roles for the microbiome in
postnatal brain volume development and contributed to identifying regional volumes that
remain susceptible to postnatal microbiota influence. To understand how T cell deletion
impacts peripheral immunophenotype, the final study investigated circulating myeloid
cell numbers before and after puberty, alongside approach-avoidance behaviour tasks.

Results indicate that TCRb-/~-d-/- mice have higher monocyte and lower neutrophil



numbers compared to controls, and lack typical maturation of population heterogeneity
and monocyte subtype observed in controls. Overall, this thesis demonstrates that the
adaptive immune system is essential for typical neurodevelopment and contributes to

efforts to identify the potential neuroimmune basis of neurodevelopmental disorders.
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Chapter 1

General Introduction



Neuroimmunology studies the connections and communications between the
immune system and the brain. From a neuroscience perspective, the birth of
“neuroimmunology” can be traced back to two seminal papers published in 1987
(Berkenbosch et al., 1987; Sapolsky et al., 1987). The following paradigm shift
challenged the philosophies of both neuroscience and immunology. Until the early
2000s, the majority of research suggested that under healthy homeostatic conditions,
the immune and nervous systems did not communicate due to the “immune privilege” of
the central nervous system (CNS). It was hypothesized that immune impact on the brain
and spinal cord was detrimental to neural function (Quan and Banks, 2007). Due to this
predominant view, the majority of research surrounding immune-brain communication
was dedicated to stroke conditions, spinal cord injury or multiple sclerosis. Conditions
where immune cells access the CNS parenchyma cause some degree of injury to the
CNS (Quan and Banks, 2007). However, molecules thought to be unique to the immune
system are present and functional in the brain. In fact, the brain and immune system
share neurotransmitters and their receptors, cytokines and chemokines and their
receptors, integrins, and cell adhesion molecules.

Microglia, the innate immune cells of the brain and the spinal cord, were initially
thought to be dormant in the healthy brain and activated only in response to insults such
as infection or traumatic injury (Gehrmann et al., 1995; Kreutzberg, 1995; Soltys et al.,
2001). In the past two decades, the importance of microglia to brain function has
expanded with pivotal work demonstrating that microglia actively survey the entire
parenchymal space every hour, even under unchallenged conditions (Davalos et al.,

2005; Nimmerjahn et al., 2005; Paolicelli et al., 2011). Microglia are now known to have



highly motile processes even in their most ramified state, which contact all types of
parenchymal cells and play critical roles in maintaining brain homeostasis as well as
responding to illness and injury in the CNS.

The peripheral immune system is composed of two main branches: the innate
and adaptive immune systems. The cells that make up the innate immune system
include monocytes — the macrophage of the blood —, neutrophils, other granulocytes
that release histamine particles in response to challenge, dendritic cells, and other
tissue-specific macrophages, including microglia in the CNS. Primarily, the innate
immune system’s function is to respond quickly and non-specifically to pattern
recognition receptors (PRRs) — primarily pathogen-associated molecular patterns
(PAMPs) or damage-associated molecular patterns (DAMPs) — through recognition of
surface toll-like receptors (TLRs), or NOD-like receptors (NLRs) in the cytoplasm
(Janeway’s Immunobiology 8" edition). In TLR signaling, recognition leads to dimer or
oligomerization of TLR proteins, followed by interactions between Toll-IL1 receptor (TIR)
domains in the cytoplasmic tail of each TLR chain (Janeway’s Immunobiology 8%
edition). The important universal adaptor, myeloid differentiation primary response 88
(MyD88), allows these receptor interactions to stimulate inflammatory responses, by
either activating mitogen-activated protein kinases (MAPKSs), or interacting with these
TIR domains and recruiting the serine-threonine kinase IL1 receptor-associated kinase
(IRAK) to the receptor tails, where it self-phosphorylates (Kawai and Akira, 2007,
Takeda and Akira, 2004). Tumor necrosis factor receptor (TNFR)-associated factor 6
(TRAFG) then associates with the activated IRAK, which triggers one of many possible

TLR-dependent cascades. These cascades either lead to c-Jun N-terminal kinase (JNK)



signaling or nuclear factor k-light-chain-enhancer of activated B cells (NF-kB), both of
which end up in transcription regulation changes specific to the antigen which was
initially recognized (Kawai and Akira, 2007, Takeda and Akira, 2004). NLR activation
likewise activates NF-kB, causing transcriptional changes resulting in the same
inflammatory outcomes as TLR activation, just originating by pattern recognition in the
cytoplasm (Janeway’s Immunobiology 8" edition). Alternatively, there is also a MyD88-
independent pathway that can be induced when TLR4 is activated by
lipopolysaccharide (LPS) or double-stranded ribonucleic acid (dAsRNA) activation of
TLR3. The transcription factor interferon regulatory factor 3 (IRF3) is activated, induces
interferon b (IFNb), which then activates signal transducer and activator of transcription
1 (STAT1) and results in transcriptional changes (Takeda and Akira, 2004).
Transcriptional changes resulting from PRR activation result in the upregulation of
genes encoding pro-inflammatory cytokines, and co-stimulatory molecules on antigen
presenting cells, allowing them to communicate with T cells (Kawai and Akira, 2007).
The activation of these signaling cascades in response to an immune stimulus is
referred to as the innate immune response. NLR signaling in the gut and brain has been
associated with behaviour regulation (Pusceddu et al., 2019).

The adaptive immune system functions to recognize specific antigens and
coordinate the most appropriate immune responses for each pathogen type. This
response is accomplished through interactions with the professional antigen presenting
cells (pAPCs) of the innate immune system and the production of antibodies and
complement (Janeway’s Immunobiology 8™ edition). The other key roles of the adaptive

immune system are in self-regulation of immune responses and creating immune



memory — where long-lived cells are prepared to respond quickly should the organism
be re-exposed to an infectious agent (Janeway et al., 2005). T lymphocytes - widely
known as T cells, B cells, and Natural Killer (NK) cells compose the adaptive immune
system. T cells are an important part of the adaptive immune system, responding to
epitopes presented by pAPCs to coordinate immune responses to specific pathogens,
and also being critical holders of immune memory (Janeway’s Immunobiology 8™
edition). T cells produce and respond to many signaling molecules, including cytokines
and chemokines, and express many different types of receptors and cellular adhesion
molecules, allowing them to communicate with almost every cell type (Janeway et al.,
2005). B cells make antibodies critical for antigen-specific humoral immune responses,
and NK cells, NK T cells and some CD8+ T cells, destroy host cells infected with
viruses.

It is now widely accepted within the scientific community that the immune system
communicates with the nervous system during healthy homeostatic conditions and in
disease states. However, the immune system is specialized within the CNS and
therefore it functions differently than it does in the periphery. The CNS is protected from
many of the insults in the periphery by the blood brain barrier (BBB) (Kadry et al., 2020).
The BBB primarily comprises endothelial cell tight junctions and astrocyte end feet,
which prevent large and hydrophobic molecules from entering the CNS. This barrier
also excludes the majority of immune cells from the circulation and lymphatic systems
from entering the brain tissue, as well as some immune molecules. Within the brain
parenchyma, microglia are the predominant immune cells. They constantly sample the

extracellular fluid, phagocytose cellular debris, and interact with other parenchymal cells



to monitor for signs of infection. Under homeostatic conditions, microglia also play
critical roles in synaptic pruning, developmental processes, neuroprotection, and
metabolism (Tremblay, 2011; Tremblay et al., 2011). The ability of these dynamic cells
to communicate with both neural and immune cells make them a good candidate to
confer messages from the adaptive immune system necessary for the normal
development of the brain.

Research indicating important roles for microglia in healthy homeostatic
conditions has been growing. However, understanding how microglia confer messages
from the periphery to the CNS is still in its infancy. To fill this gap, work in rats described
regional differences in microglia number and morphology that changed over postnatal
development, including sex differences across development persisting to adulthood in
parts of the brain implicated in stress circuitry (Lenz et al., 2013; Schwarz and Bilbo,
2012). Microglia express several important surface receptors that allow them to respond
to both neural and immune signaling (reviewed in Prinz and Priller 2014, Grabert 2016,
Bottcher 2019). One important pathway described by which microglia may respond to T
cell communication from the brain periphery is via interleukin 4 (IL4) signaling (reviewed
in Gadani 2012). Microglia respond to IL4, a helper T cell cytokine, by adopting a more
neuroprotective phenotype, upregulating expression of major histocompatibility complex
2 (MHCII) through activation of the STAT signaling cascade, and decreasing
transcription of tumour necrosis factor a (TNFa), a key pro-inflammatory cytokine
(Butovsky 2005). These IL4-stimulated microglia support neurogenesis, promote neuron
survival, and induce differentiation of neural stem cells (Butovsky 2006). IL4 knock out

mice have impaired performance on the Morris Water Maze (MWM) task for spatial



learning and memory, a finding that has been associated with meningeal helper T cell
production of IL4 and interferon c (IFN¢) (Derecki 2010). Indeed, evidence suggests that
in the absence of these important signals from the peripheral immune system and gut
microbiota, microglia fail to reach maturity in both morphology and gene expression
(Erny et al., 2015; Thion and Garel, 2018; Thion et al., 2018a; Thion et al., 2018b).
Trillions of microbes, mainly bacteria, but also archaea, yeasts, helminth
parasites, viruses, and protozoa are found in the gut (Eckburg et al., 2005; Gaci et al.,
2014; Lankelma et al., 2015; Scarpellini et al., 2015; Williamson et al., 2016). Scholarly
investigation across biomedical research areas has revealed that these microorganisms
play an essential role in the functioning of our normal physiology. They are both
commensal and symbiotic with the host, having a significant impact on health and
disease. Evidence has shown that the relationship between the gut microbiome and its
host influences the innate and adaptive immune system, the regulation of various
metabolic pathways, and the physiology of the gut (Backhed et al., 2015; Erny et al.,
2015; Mayer et al., 2014; Murphy et al., 2010; Turnbaugh et al., 2007; Zhang et al.,
2013). In the past decade, the role of the microbiome, and in particular, gut microbiota,
in brain function has moved to the forefront of neuroscience research (Cryan et al.,
2019). In 2004, a pivotal study by Sudo and colleagues demonstrated the importance of
microbes in stress reactivity (Sudo et al., 2004). Germ-free (GF) mice, lacking all
commensal bacteria, in comparison to conventionally housed mice, exhibited
exaggerated levels of corticosterone and adrenocorticotropic hormone (ACTH) following
restraint stress (Sudo et al., 2004). These findings indicated that presence of microbiota

is important for the proper functioning of the hypothalamic pituitary adrenal (HPA) axis



(Sudo et al., 2004). Since then, the use of GF mice and other manipulations of gut
microbiota have been used to explore the role of microbiota in brain function and
behaviour (Cryan et al., 2019; Luczynski et al., 2016). Signaling pathways between the
gut microbiota and the brain include neural pathways such as the vagus nerve, immune,
and humoral pathways. Gut microbiota influence host metabolism through local
interactions, peripheral systems, and bidirectional communication with the liver (Cryan
et al., 2019; Foster, 2016; Foster and McVey Neufeld, 2013; Foster et al., 2017). In the
absence of microbiota, as in GF conditions, the immune system is unable to develop
completely; in particular, the adaptive immune system requires these microbe-based
signals in order to allow for complete development of mature T and B cells (Zhao and
Elson, 2018).

The immune system plays an important role in the communication between the
brain and the gut (Bengmark, 2013). The HPA axis, the autonomic and enteric nervous
systems interact with the immune system (Bateman et al., 1989; Genton and Kudsk,
2003; Hori et al., 1995; Leonard, 2005; Nance and Sanders, 2007). The gut itself is an
important immune organ that provides a vital defensive barrier between externally
derived pathogens and the internal biological environment. Gut-associated lymphoid
tissues form the largest immune organ of the human body, comprising more than 70%
of the total immune system (Vighi et al., 2008). The links between microbiota-immune
communication are now a key consideration in efforts to understand mechanisms of
immune-brain communication in animal studies and in clinical research.

In the early 2000s, a thorough investigation of sex differences in numbers of all

major circulating immune cell types between 30 strains of mice commonly used in



biomedical research was reported, making a substantial contribution to
immunophenotyping research (Petkova et al., 2008). In C57BL/6 mice, used in all three
studies making up this thesis work as well as the majority of biomedical research using
transgenic mice, there were no sex differences in numbers of granulocytes, eosinophils,
monocytes, lymphocytes, or the major lymphocyte types: B cells, cluster of
differentiation 4 (CD4)+ T cells, CD8+ T cells, or NK cells (Petkova et al., 2008). Of
note, C57BL/6 mice have among the highest lymphocyte numbers, lower than average
monocyte numbers, and the lowest numbers of granulocytes out of all 30 strains
immunophenotyped as part of the study (Petkova et al., 2008). Among lymphocyte
categories, C57BL/6 mice had average numbers of CD8+ T cells and NK cells, but more
B cells and less CD4+ T cells than average (Petkova et al., 2008). These strain
differences in immunophenotype may contribute to some of the variation between
behaviour studies in different laboratories and support the idea that peripheral immune
cells may provide a temporal readout of environmental factors that could also affect
immune signaling to the brain. Mouse models with broad immunodeficiencies,
especially those with no adaptive immune cells, were reported to perform differently on
major behavioural tests compared to wild type (WT) controls, suggesting a role for
adaptive immune cells in behaviour (Rilett and Foster, 2014). Evidence from athymic
nude mice that are T cell deficient suggests that T cells may be predominantly
responsible for the changes observed in mice with broader adaptive
immunodeficiencies due to both behaviour and brain structure changes (Diamond et al.,
1986; Pan et al., 2018). In addition, mouse models of specific CD8+ and CD4+ T cell

deficiencies show behaviour changes, but no gross neuroanatomical or cytokine



changes (Rattazzi et al., 2013). A seminal observation, in 2004, demonstrated that
mice with adaptive immune system deficiencies performed worse than WT on spatial
learning in the Morris Water Maze (MWM) (Kipnis et al., 2004). Based on these studies,
it was concluded that T cells affect cognition, a surprising and impactful discovery. As a
direct result, multiple laboratories investigated roles for T cells in neurogenesis, which
led to the additional conclusion that while T cells are unlikely to enter the brain
parenchyma under healthy conditions, they are able to influence brain function at the
cellular level (Wolf et al., 2009; Ziv et al., 2006). This body of information collectively
established the relationship between adaptive immune signals and the CNS, which is
critical for healthy function.

Research using immunodeficient mouse models has provided evidence that the
immune system is essential for brain development under homeostatic conditions.
Further, research using models of adaptive immune deficiency, including V(D)J
recombination activation gene (RAG) 1 and RAGZ2 knock-out mice, and severe
combined immunodeficiency (SCID) mice, has demonstrated that B and T cells impact
behaviour. Behavioural tests where immunodeficient mice perform in an atypical
manner include the Morris Water Maze, the light dark test, marble burying test, nestlet
shredding test, predator odor exposure test, novel object recognition test, social
interaction test, sucrose preference test, elevated plus maze, and open field (Clark et
al., 2014; Clark et al., 2016; Clark et al., 2018; Cushman et al., 2003; Rattazzi et al.,
2013; Smith et al., 2014). In addition, targeted knockdown of RAG1 in the amygdala
impaired contextual fear memory on the classical fear conditioning task (Castro-Perez

et al., 2016). A model of premature immunosenescence in mice, characterized by fewer
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lymphocytes, demonstrated higher stress reactivity, increased anxiety-like behaviour,
lower motor activity and neuromuscular coordination compared to controls (De la
Fuente et al., 1998; Viveros et al., 2001). There is also a considerable body of research
identifying neurobiological differences in mice with adaptive immune deficiencies
including: increased microglia number in SCID mice (Lorke et al., 2008), decreased
hippocampal neurogenesis and brain derived neurotrophic factor (BDNF) levels in
RAGZ2-/- mice (Wolf et al., 2009), increased hippocampal BDNF levels in RAG2-/- mice
(Clark et al., 2014), decreased expression of cFos, an immediate early gene suggesting
neural activity, in the hippocampus and increased serum corticosterone (Smith et al.,
2014), less responsive microglia to immune challenge in RAG2-/- mice (Clark et al.,
2015), and smaller brains in non-obese diabetic (NOD)/SCID mice compared to controls
(Sajja et al., 2016). Studies have also shown that T cells specifically play important roles
in brain development. For example, work using athymic nude mice, which have very
small numbers of functional T cells (lkehara et al., 1984), has shown some volume
decreases in cortical thickness of the frontal lobe in female nude mice (Diamond et al.,
1986) and deficiencies in microglia surface receptor expression and function (Pan et al.,
2018). T cell receptor (TCR) double knock out (TCRB-/-0-/-) mice, deficient in all mature
T cells by genetic deletion of the b and d chains of the TCR, also have behavioural
differences on approach-avoidance tests (Mombaerts et al., 1992; Rilett et al., 2015).
Interestingly, a rare human fetus found to have nude/SCID mutations was found to have
the complete absence of a corpus callosum, but no other major CNS structural changes

(Amorosi et al., 2010), while another individual with a mutation resulting in SCID had
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global neurological abnormalities including microcephaly, specifically in the
hippocampus and cortex (Woodbine et al., 2013).

Several studies have demonstrated the role of T cells and microglia in
neurodevelopmental disorders such as Rett Syndrome (RS) and autism spectrum
disorder (ASD) (Ashwood et al., 2011; Cronk et al., 2015; Estes and McAllister, 2015;
Filiano et al., 2015; Li et al., 2014; Prinz and Priller, 2014; Vargas et al., 2005). Altered
T cell phenotypes were observed in human patients with ASD, type 1 helper T cell (Th1)
cytokines correlated with symptom severity, and Th2 cytokines correlated with cognitive
function (Ashwood et al., 2011). Furthermore, there is evidence that mutations in
MECP2 (methyl CpG binding protein 2) lead to impaired T cell function in RS.
Regulatory T cells express a signaling molecule that MECP2 regulates. Therefore
mutations causing RS may cause dysregulation in the adaptive immune system (Li et
al., 2014). As in forkhead box P3 (Foxp3) in regulatory T cells, MECP2 is believed to
regulate genes necessary for control of microglia and macrophage immune responses,
leading to microglial dysfunction in RS (Cronk et al., 2015). One study observed an
increased area of immunostaining for microglial cell markers in the cerebellar grey and
white matter in brain tissue of ASD patients compared to controls (Vargas et al., 2005).
They also found increased pro-inflammatory cytokine and chemokine levels in these
patients (Vargas et al., 2005).

The influences of peripheral immune cells on the healthy CNS have also been
recognized. Mice with deficiencies in adaptive immune cells have altered behaviour,
with deficits in learning and memory (Brynskikh et al., 2008) and reduced anxiety-like

behaviours (Neufeld et al., 2011; Rilett et al., 2015). While bidirectional communication
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between the brain and periphery is now accepted, more investigation is required to
determine the mechanisms involved. Our laboratory has considered the role of T cells in
behaviour and brain structure (Rilett et al., 2015; Sankar et al., 2012). Changes in
anxiety-like behaviour and fear memory are observed in TCRB-/-6-/- mice (Rilett et al.,
2015). Ex vivo structural magnetic resonance imaging (MRI) revealed genotype and
sex-by-genotype differences in the volume of several brain regions believed to be part
of this circuitry in TCRB-/-6-/-mice compared to WT (Rilett et al., 2015). Evidence
suggests that T cell related neural effects may be mediated by microglia (Xie et al.,
2015). Understanding the impact of T cell deficiency on the brain may allow us to make

connections between peripheral immune dysfunction and brain function.

Hypothesis

Bidirectional and continuous communication between the immune system and
the brain is essential to neuronal development, excitability, neuroplasticity, and
neurotransmission. The central hypothesis that guides this thesis project is that a lack of
peripheral immune regulation and alterations in peripheral immune function are

underlying mechanisms contributing neurodevelopmental behavioural impairments.

Specific Aims
1. To determine the impact of T cell deficiency on microglia in stress circuitry in
adult mice.
2. To determine the impact of T cell deficiency on peripheral myeloid cell

populations from pre-puberty to adulthood.
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3. To determine the neuroanatomical changes at the global level, and specifically in
stress circuitry, associated with manipulations of the microbiota during postnatal

development.
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CHAPTER LINK — Manuscript #1

There is ample evidence supporting that manipulations of the adaptive immune system
result in changes to a number of different behaviour domains in healthy animals. Previous work
identified a number of neuroanatomical changes in T cell deficient mice in regions that are part
of the brain’s stress circuitry — regions that are involved in many of the affected behaviours.
Research suggests that T cells do not reside in the brain parenchyma under these homeostatic
conditions, necessitating communication across the blood brain barrier to create behaviour
changes. Previous work (reviewed in this chapter) observed sex differences in microglia number
in the cortex, hippocampus, and amygdala of rats across postnatal development and into
adulthood. Given that T cells signal via various cytokines and chemokines that microglia can
receive and respond to (and vice versa), we decided to quantify microglia in the absence of T
cells, to determine whether the loss of T cell signaling led to persistent changes in microglia
number or density in regions with known volume changes and that are implicated in anxiety-like

behaviour.
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Abstract

The adaptive immune system affects risk of psychiatric illness, brain structure,
and behaviour. Recent research suggests a role for microglia in communicating
changes from T cells to neurons. Brain tissue from adult mice functionally deficient of T
cells due to genetic knockout of the 3 and & chains of the T cell receptor (TCRB-/-6-/-)
and wild type (WT) mice was stained with the microglial marker Iba1, followed by
densitometry analysis and cell counts. Genotype effects indicated increased Iba1+
microglia number in the basolateral amygdala in TCRB-/-6-/- mice. Male TCRB-/-6-/-
mice showed reduced microglial density in the hippocampus and female TCRB-/-6-/-
mice showed reduced microglial density in the prefrontal cortex in comparison to their
sex-matched WT counterparts. This study provides evidence that T lymphocytes
influence the number and density of resident microglia in central nervous system stress

circuitry.
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Introduction

Animal and clinical studies provide evidence that adaptive immunity may play an
important role in modulating the risk of psychiatric illness, including anxiety disorders
(Atanackovic et al., 2004; Guo et al., 2015; Masi et al., 2015; Neufeld et al., 2011; Rilett
et al., 2015). In general, mice with adaptive immune deficits show behavioural
differences in comparison to wild type (WT) mice in exploratory, anxiety-like, and activity
measures (Brynskikh et al., 2008; Clark et al., 2016; Kipnis et al., 2004; Rattazzi et al.,
2013; Rilett, et al., 2015; Sankar et al., 2012; Wolf et al., 2009; Ziv et al., 2006).
Understanding the molecular changes underlying these behavioural differences is an
important topic in neuroimmunology.

The importance of adaptive immunity to neuroanatomy is evident in the body of
literature describing work on immunocompromised mice. For example, germ free (GF)
mice do not develop complete adaptive immune systems due to their lack of bacteria in
the gut and are typically considered to have reduced and immature T cell populations
(Round and Mazmanian, 2009). GF mice have also been shown to have increased
amygdala and hippocampus volumes, compared to conventionally housed mice, an
observation that was associated with changes in dendritic morphology (Luczynski et al.,
2016). Additional brain volume differences have been reported, especially in white
matter regions, in GF mice prior to puberty (Lu et al., 2018). Brain volume differences in
mice lacking all functional T cells due to knock out of T cell receptor 3 and & chains
(TCRpB-/-6-/-) have been reported (Rilett, et al., 2015). Several stress-related brain
regions including the prefrontal cortex (PFC), bed nucleus of the stria terminalis (BST),

basolateral amygdala (BLA), paraventricular nucleus of the hypothalamus (PVN),
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hippocampus (HIP), periaqueductal grey (PAG), and dorsal raphe nucleus (DR),
showed genotype differences or genotype and sex interactions between TCRB-/-0-/-
and WT mice (Rilett, et al., 2015). In addition, TCRB-/-6-/- mice have increased baseline
plasma corticosterone and an exaggerated changes in gene expression in CNS stress
circuitry in response to repeated restraint stress (Rilett et al., 2020). To date, it is not
clear whether the long-term changes in brain structure and function are reflective of
underlying changes in neuronal cells or glial cells.

Microglia play critical roles in brain development, structure, and behaviour in
physiological conditions. Interestingly, T lymphocytes are known to regulate microglia
function (Garber et al., 2019; Xie et al., 2015), and severe combined immunodeficiency
mice that lack both mature T and B lymphocytes have been shown to have increased
microglia density (Lorke et al., 2008), whereas athymic nude mice lacking mature T
lymphocytes were shown to have no difference in microglia number in the brainstem
(Pan et al., 2018). The current work utilized T cell deficient mice, lacking all functional T
cells, as a result of double knock-out of the 3 and & chains of the T-cell receptor (TCR
B-/-6-/-) to examine the impact of loss of T cells on microglia number and density in key

stress brain regions in male and female T cell deficient mice and WT mice.

Experimental Procedues
Animals

Mice lacking T cells due to a genetic knockout of the T cell receptor  and d chains
(TCRB-/-6-/-) on a C57BI/6 background (Mombaerts et al., 1994) and C57BI/6 (WT)

mice were obtained from Dr. Andrew MacPherson at McMaster University and were
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bred in-house. Mice were housed in a specific pathogen free environment with a 12-
hour light/dark cycle and access to food and water ad libitum. All experiments were
completed in accordance with the guidelines set out by the Canadian Council on Animal
Care and were approved by the McMaster Animal Research Ethics Board.
Tissue Preparation.

Male and female WT and TCRB-/-6-/- mice (n=6) were perfused transcardially at
11 weeks of age, beginning with a 30-minute flush with phosphate buffered saline
(PBS), pH 7.4 (Bioshop, Burlington, ON) and heparin (Sandoz Canada Inc.,
Boucherville QC), followed by a 30-minute fixation with 4% paraformaldehyde (PFA) in
PBS, pH 7.4 (Alfa Aesar, Ward Hill MA) at a rate of 1 ml/min. One male and one female
mice from 6 litters were included in the experiment. Brains were removed, post-fixed in
PFA overnight, and then transferred to PBS. Brains were sent to Neuroscience
Associates (Knoxville, TN), where they were treated overnight with 20% glycerol and
2% dimethylsulfoxide. All 24 brains were embedded in a gelatin matrix using
MultiBrain™ Technology (NeuroScience Associates, Knoxville, TN). The gelatin block
was cryoprotected with sucrose and fixed with 4% PFA before being rapidly frozen in
isopentane at -70°C. The block was coronally sectioned at 36 ym on an AO 860 sliding
microtome, and sections were placed in Antigen Preserve solution (50% PBS pH 7.0,
50% Ethylene glycol, 1% Polyvinyl Pyrrolidone) and kept at -20°C until
immunohistochemistry.
Immunohistochemistry.

Free-floating immunohistochemistry was performed on every 8" section using

anti-lba1 antibody (Rabbit anti-mouse Iba1, 1:15000, Wako Chemicals). Endogenous
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peroxidases were quenched with 0.9% hydrogen peroxide in 0.02%Triton X in Tris-
buffered saline (TBS) before the sections were blocked with serum and then washed in
TBS containing Triton X100 (0.1%). Sections were incubated in primary antibody
overnight at room temperature, then rinsed with TBS before incubation in biotinylated
secondary antibody (Vecta Elite Goat anti-Rabbit concentration). Avidin-biotin-
horseradish peroxidase complex (Vectastain elite ABC kit, Vector, Burlingame, CA) was
then applied for 30 mins before rinsing and treatment with diaminobenzidine
tetrahydrochloride and hydrogen peroxide. Sections were mounted on gelatin-subbed
slides, air-dried, dehydrated in alcohol, cleared in xylene and cover slipped.
Image Analysis and Densitometry

Slide images were analyzed on a Macintosh computer using the NIH Image
program (developed at the U.S. National Institutes of Health and available on the
Internet at http://rsb.info.nih.gov/nih-image). Matched tissue sections across animals
were selected at low magnification and images collected at higher magnification. One
left and right image was collected for each brain region analysed, except for DR, where
a single midline image was collected. Two blinded, independent observers defined the
threshold for Iba1+ stained signal pixels by determining the optical density of cell-poor
areas within the grey scale digitized images. The number of pixels and mean signal
intensity above this determined background was then computed (Density Slice function;
NIH image). A measure of % Iba1+ signal area in mm?was obtained by dividing the
previously computed number of stained pixels by the total number of pixels on the
image and multiplying by the total histological area of the image. An Iba1+ integrated

density value was then calculated by multiplying the % Iba1+ signal area and the Iba1+
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mean signal area intensity. For brain regions with bilateral symmetry, values from the
left and right hemispheres of the mouse brain were averaged to obtain a single Iba1+
integrated density value per brain region of interest for each mouse.
Quantification of Iba1-positive cells

Brain regions examined included the prefrontal cortex (PFC, Bregma 2.10 mm),
dorsal and ventral bed nucleus of stria terminalis (BST, Bregma 0.38 mm),
paraventricular nucleus of the hypothalamus (PVN, Bregma -0.70 mm), basolateral
amydgala (BLA, Bregma -1.22 mm), CA1 region of the hippocampus (HIP, Bregma -
1.94 mm), periaqueductal gray (PAG, Bregma -4.36 mm), and dorsal raphe (DR,
Bregma -4.48 mm) (Paxinos and Franklin, 2001). Immunostaining was observed with a
40x objective using a Zeiss Axioskop 2 Plus microscope and photographed using the
AxioCam MRc microscope camera. One left and right image was collected for each
brain region analysed, except for DR, where a single midline image was collected.
Using AxioVision microscope automated software, microglia were quantified by
threshold analysis. Thresholds were set to soma quantification, and all regions smaller
than 21um? were excluded. Artifacts were manually removed by the scorer, and the
program was visually quality controlled by three blind observers, and microglia cell
counts were averag
Data Analysis

GraphPad Prism 9.1.2 (La Jolla, CA) was used for statistical analysis and to

create graphs. Microglia density data was analyzed by ANOVA with region, genotype,
and sex as factors. Microglia cell count data was analyzed by ANOVA with sex and

genotype as factors. Posthoc analysis was conducted using Bonferroni’s multiple
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comparisons test. A p-value of <0.05 was considered significant.

Results
Densitometry Analysis of Iba1+ Staining

To assess the impact of loss of functional T cells on microglial density, the
expression of the microglia marker, Iba1, was quantified across several stress-related
brain regions (Fig. 2-1A). Omnibus analysis of Iba1+ integrated density revealed main
effects of region (F[6, 112] = 19.13, p <0.05), genotype (F(1, 112) = 9.23, p<0.05),
interaction between genotype and region (F[6, 112] = 3.04, p<0.05), and interaction
between genotype and sex (F[6, 112] = 4.87, p<0.05). Post-hoc analysis showed
reduced Iba1+ integrated density in the PFC in female TCRB-/-0-/- mice compared to
female WT mice (p=0.045; Fig 2-1B) and there was also a reduction in Iba1+ integrated
density of male TCRB-/-6-/- mice relative to sex-matched WT mice in the HIP (p=0.013;
Fig 2-1B).
TCRpB-/-6-/- mice have more Iba1+ microglial cells in the BLA

Representative images of Iba1+ immunostaining for each brain region and the
number of Iba1+ microglia cells are shown in Fig. 2-22. No sex differences in microglial
number were observed; however, a significant difference in microglia number was found
in the BLA (p=0.046, 95% CI [0.5142-57.073]), where more microglia were found in
TCRp-/-6-/- mice. No differences in microglia number or morphology related to the
impact of TCRB-/-6-/- genotype and sex were found in other brain regions (Fig 2).
Additionaly, all microglia observed in this study had a ramified morphology. No

amoeboid microglia were observed.
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Fig. 2-1. Immunohistochemical analysis of microglia density in WT and TCRB-/-5-
/- mice. To assess the impact of loss of functional T cells on microglial density, the
expression of the microglia marker, Iba1, was quantified across several stress-related
brain regions (A). Reduced Iba1 density in the PFC was observed in female TCRB-/-6-/-
mice compared to female WT mice and male TCRB-/-6-/- mice showed reduced Iba1
density relative to sex-matched WT mice in the HIP (B). Data shown are mean +/- SEM,

statistically significant differences are indicated by *p<0.05.
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interest: prefrontal cortex, dorsal bed nucleus stria terminalis, ventral bed nucleus stria
terminalis, paraventricular nucleus of the hypothalams, basolateral amygdala,
hippocampus, periaqueductal grey, and dorsal raphe. A significant genotype difference
was observed in the basolateral amygdalat, where more Iba1+ microglial cells were
found in T cell deficient mice. No significant sex differences were observed in any of the
regions investigated (Male e, Female o). Data shown are mean +/- SEM, statistically

significant differences are indicated by *p<0.05

Discussion

Microglia, the immune cell of the brain and spinal cord, have been shown to have
necessary homeostatic functions, as well as roles to mitigate responses to injury and
infection in the central nervous system (CNS) (Belfiore et al., 2019; Bernier et al., 2020;
Thion and Garel, 2018). Regardless of the location of T cells in respect to the CNS, be it
in the parenchyma or surrounding tissues, substantial evidence supports T cell
communication to microglial cells (Table 1). Admittedly there is some controversy over
whether T cells from the periphery enter the brain parenchyma in homeostatic
conditions, with some of the more recent publications indicating that small numbers
exist in the parenchyma very transiently (Pasciuto et al., 2020; Song et al., 2016). Still, it
has been well established that these adaptive immune cells are in close proximity to
microglia and other parenchymal cells that express the necessary receptors for
bidirectional communication with the adaptive immune system, in the CNS lymphatic
vessels, the choroid plexus, blood vessels and perivascular spaces, and in

circumventricular organs. The discovery of CNS lymphatic vessels in 2015 has led to
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Table 2-1. Key studies examining T cell impact on microglia

Conditions Strain Model Design Communication Outcome Reference
Type
Homeostatic Human Co-culture Cell to cell T cells induce microglia (Chabot et
contact to secrete 11-10 in a al., 1999)
contact-dependent
manner (CD40-CD40L,
CD28-CTLA4-B7, and
CD23-CD11b/c)
C57Bl/6, CD40-/- Experimental Cell to cell Cell contact between T (Ponomarev
B10.PL Autoimmune contact cells and microglia is et al., 2007)
Encephalomye- (CD40/CD40L essential for microglia to
litis (EAE) interaction) reach their maximally
activated state.

BALB/c DO11.10 Neurantigen Cell to cell Th1 cells induced (Aloisi et al.,
TCR stimulation contact microglia expression of 2000)
transgenic (MHCII/Ag - TCR  costimulatory markers
mice interaction), (MHCII, CD40, and

cytokine (IFNy, CD54)

GM-CSF) GM-CSF from T cells
stimulate microglia to
induce T cell proliferation

C57Bl/6, OTIlI RAG/- Culture, Cell to cell In the absence of T cells, (Pasciuto, et

SJL/J TCRa-/-, cultured brain contact, microglia are unable to al., 2020)
MHCII/-, slice seeded cytokines differentiate from an
anti-CD4 immature embryonic
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depleting

antibodies

with CD4+ T

cells

state to a mature adult
phenotype. This was
reversible with T cell

transfer to deficient

animals.

C57Bl/6  Foxn-/- Athymic (nude) Cytokine No difference was (Pan, et al.,
Cx3cr1-/- mice (T cell observed in microglia 2018)
Ccr2-/- deficient) number in the brain stem
Ccr2-/-, of nude mice.

Ccl5-/- An increased percentage
of amoeboid microglia
was observed compared
to control.
A functional deficit was
determined including
altered gene expression
profile, decreased
cytokine release and
decreased phagocytosis.

C57Bl/6  Control Aged (18-22 Cytokine Increased CD8+ T cell (Ritzel et al.,
month) (TNF-a) numbers correlate with 2016)
compared to increased microglia
adult (8-12 number and decreased
week old) microglia size

SJL/, I112rb1-/-, GM-CSF-/- Cytokines T cells induce microglia (Codarri et

C57BI/6  1112rb2-/-, T cell transfer to adopt an activated al., 2011)

Ifng-/-,

phenotype upon release

of GM-CSF
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Csf2-/-,
Csf2rb-/-,

RorcGFP/GFP

1117a-/-

BALB/c  nu/nu Athymic mice
(Athymic) (T cell

deficient)

Soluble factors

Neonatal and adult (Htain et al.,
athymic mice have large  1995)
decreases in microglia

number. Microglia in T

cell deficient mice did not

show any major

morphological changes.

C57BI/6  Control Exercise

enrichment

Soluble factors

No difference in number  (Olah et al.,
or morphology of 2009)
microglia in exercise

enriched mice was

determined, even though

increases in T cell-

induced neurogenesis

have been described in

this model.

C57BI/6  Control Culture

Soluble factors

Gene expression profiles  (Prajeeth et
in microglia were al., 2014)
affected by exposure to

Th1 cell-conditioned

medium. Microglia were

induced to adopt a more

activated phenotype,

while Th17 cells were
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unable to induce a

notable change.

C57BI/6  Control

Culture

Soluble factors

Microglia exposed to Th1
cell- conditioned medium
express an entirely
different transcriptional
profile. Many of the
pathways most affected
are associated with T
cell activation or

signaling cascades.

(Prajeeth et

al., 2018)

Pathology

C57BI/6 Bone marrow

transfer

MPTP

challenge

Cell to cell

contact

Infiltrating T cells
contacted
phagocytic, MHCII

expressing microglia

(Depboylu et

al., 2012)

SJL/J Control

Neurantigen-
primed T cell

transfer

Cell to cell

contact

T cells from female, but
not male, mice are able
to activate microglia to
produce reactive oxygen
species. Castrated male
T cells behaved like T
cells from females, and
either of these were able
to activate microglia from

male mice.

(Dasgupta et

al., 2005)

30



C57BIl/6  IFNg-/- T cell Cell to cell T cells induce microglia (Herz et al.,
immunotherapy contact, to express 2015)
chemokine CD11c, MHCI, MHCI]I,
CXCL9, and CCL5.
C57BI/6  N-o-syn Culture Cell to cell Regulatory T cells (Reynolds et
stimulation contact, cytokine  induce microglia to al., 2009)
express an altered gene
expression profile,
largely influencing
microglia to adopt an
anti-inflammatory
phenotype. Phagocytosis
was increased after Treg
exposure, suggesting a
functional change in
microglia.
B10.PL  Transgenic Organotypic Cell to cell T cells induce microglia (Gimsa et al.,
mice carrying  brain slices contact, to become 2000)
a TCR for exposed to cytokine activated and adopt a
MBP peptide T cells (TNF-a) more amoeboid
Ac1-11 morphology.
SJL/J Control Adoptive T cell  Cytokine Lesion-associated T (Grebing et
transfer cells induce microgliato  al., 2016)
release cytokines
C57Bl/6, GM-CSF-/- EAE Cytokine T cells use GM-CSF to (Ponomareyv,
B10.PL (GM-CSF) activate to microglia to et al., 2007)

attract more T cells and

induce their proliferation
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C57Bl/6  mSOD1-/- Culture Cytokine (IL4) T-reg cells increased (Zhao et al.,
microglia release of 2012)

reactive oxygen species

the current understanding that T cells, among other circulating immune cells, reside in
a space adjacent to brain tissue (Louveau et al., 2015). Recently, it was shown that
meningeal TCRyd cells mediate behaviour through signaling to the CNS (Alves De Lima
et al., 2020).

Peripheral T cells contribute to synaptic pruning via their action on microglial
maturation in the postnatal mouse brain (Pasciuto et al., 2020). This report shows that
TCR B-/-6-/- mice have reduced microglia density in the prefrontal cortex and
hippocampus, as well as increased number of microglia in the basolateral amygdala, in
adult mice. Studies evaluating microglial number have reported no differences in brain
stems of T cell deficient nude mice (Pan, et al., 2018) or in the hippocampus (Olah, et
al., 2009). Notably, an increased percentage of amoeboid microglia was recently
reported in nude mice compared to controls, and functional deficit in cytokine response
to lipopolysaccaride and phagocytosis (Pan, et al., 2018). Changes in microglial
morphology do not directly relate to functional changes that may be mediated by T cells.
A finding lending an explanation to the contradictions in the reports are partially
explained by studies showing transcriptional profiles of microglia could be influenced by
T cells, regardless of their effect on microglia number or morphology. Cultured microglia
exposed to conditioned medium from Th1 cells expressed a large number of

differentially expressed genes, often associated with microglia activation, inflammation,
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phagocytosis, and cell to cell communication (Prajeeth, et al., 2018; Prajeeth, et al.,
2014). Microglia were found to down-regulate genes associated with cholesterol
biosynthesis, which may be associated with cytoskeleton modifications, thereby
resulting in morphological changes. T cells were also found to be differentially able to
induce these microglia phenotypic changes, demonstrating that exposure to Th1, but
not Th17, conditioned medium is able to activate microglia to express inflammatory
transcripts and increased phagocytosis (Prajeeth, et al., 2014). Regulatory T cells were
similarly found to affect microglia transcriptional, inducing microglia to adopt an anti-
inflammatory phenotype in diseased conditions (Reynolds, et al., 2009). Furthermore, a
large study recently profiled microglia transcription across the life span in T cell deficient
and control mice, and found that in the absence of T cells, microglia were unable to
differentiate to adopt a mature phenotype (Pasciuto, et al., 2020). This robust finding
was rescued by transfer of T cells to deficient animals, and replicated by anti-CD4
antibodies delivered to WT mice (Pasciuto, et al., 2020). Further investigation into the
potential for functional changes to microglia based on this compelling transcriptomic
evidence is needed in T cell deficient mice, with special attention paid to the differences

between current models of T cell deficiency and their impact on the findings.

Substantial research that demonstrates the ability of helper T cells to stimulate
microglia to upregulate surface marker expression and cytokine secretion under specific
conditions in vitro, demonstrating mechanisms for T cells to cause functional changes in
microglia without necessarily affecting cell number. A number of studies have

investigated the mechanisms of T cell-microglia communication in vitro, which can be a
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helpful tool with the caveat that microglia respond to culture conditions, so morphology
and functional findings especially require confirmation in in vivo conditions. IFNy, a
major Th1 cytokine, causes microglia to upregulate the expression of MHC II, CD40,
and ICAM-1, secrete IL-2, IL-4, IFNy, and induce T cell proliferation (Aloisi et al., 1998)
Neither TNF- a or IL-1 3 were able to induce microglia with the same result (Aloisi, et
al., 1998). Likewise, Th1 cells can induce microglia to express MHC Il, CD40, and
CD54 upon MHC II/Ag - TCR interaction; consequently affecting their ability to
communicate with other immune cells (Aloisi, et al., 2000). A number of immune cells
residing in the meningeal space are capable of secreting GM-CSF, which is also able to
stimulate microglia to activate Th1 cells, but without upregulating MHC Il and CD40 on
their surface, contrary to IFNy (Aloisi, et al., 2000; Codarri, et al., 2011; Ponomareyv, et
al., 2007).

One possible reason for the limited observed differences in microglial number or
density in the target brain regions is that brain volume changes previously observed in
this mouse model resulted from structural modifications to neurons, resulting from
functional changes in microglia to prune synapses and secrete trophic factors (Rilett, et
al., 2015). Brain region volume differences in GF mice have been measured by
immunohistochemistry that were largely due to axonal and dendritic arborization rather
than cell number in either neuron or glial populations (Luczynski, et al., 2016).
Additionally, brain volume measured by MR, as is typical in human neuroscience
research, has been demonstrated to be affected by a number of factors including
hydration, time of day of measurement, medications, hypertension and type 2 diabetes

(Reviewed in Dieleman et al. , 2017). This, in combination with research indicating
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synaptic pruning deficits in immature microglia from T cell deficient mice, and impaired
phagocytic capacity identified in many studies of T cell manipulation, increases the
likelihood that we might observe structural change in neurons resulting from microglia
impairment in the absence of T cell signals (Pan, et al., 2018; Pasciuto, et al., 2020;
Reynolds, et al., 2009). Future studies investigating neuronal morphology and number
are merited to determine the underlying cause of MRI volume differences in T cell
deficient mice in the absence of changes in microglial number.

In this study, we observed increases in microglia cell number in the BLA of T cell
deficient mice. Likewise, mice deficient in B and T cells were found to have more
microglia than control animals, with increased microglial cell density reported in the
motor cortex, hippocampus, fimbria of the hippocampus, facial nucleus, and cerebellum
(Lorke, et al., 2008). No differences were reported in the number of Iba1+ cells between
TLRA4-/- or TLR4+/- mice compared to controls, suggesting that TLR4 signalingto T
cells is not necessarily part of the mechanism for increased microglia number in the
BLA of TCRB-/-0-/- mice (Bolton et al., 2017). Research in T cell deficient nude mice
showed a significant decrease in microglia number, comparable to this study’s
observation of reduced Iba1+ staining density in the PFC of female TCRB-/-6-/- mice
and the hippocampus of male TCRB-/-0-/- mice, which may represent some
concordance with the nude mouse model (Htain, et al., 1995). Similarly, mice lacking all
B and T cells were found to have reduced numbers of Iba1+ microglia in the

hypothalamus (Clark et al., 2015).
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Notably, the microglial density differences observed in this study were sex-
specific. Dasgupta et al observed a functional difference in the ability of T cells from
female and male animals to activate microglia (Dasgupta, et al., 2005), suggesting that
sex-by-genotype effects on microglia might arise from T cell deficiency. One limitation to
the findings of the study concerns the species of model organism employed. In the
seminal work by Schwartz et al., a sex difference in microglia number and morphology
in the CA1 region of the hippocampus in rats (Schwarz et al., 2012), has been
replicated in both rats (Lenz et al., 2013) and mice (Guneykaya et al., 2018; Mouton et
al., 2002). While an increased number of microglial cells was found in the brains of
adult female rats, no difference was observed in mice in the present study and several
other recent publications (Bolton, et al., 2017; Doyle et al., 2017; Hanamsagar et al.,
2017; Nelson et al., 2017; Perez-Pouchoulen et al., 2015; Posillico et al., 2015). In
addition, this study examined adult mice and alterations in immune-brain interactions

earlier in postnatal development could impact microglial density and function.

Conclusion

In conclusion, we quantified microglia and Iba1 staining density in 8 brain regions
and identified genotype effects in microglia number in the BLA. TCRB-/-0-/- mice have
more microglia in the BLA compared to WT controls, however no genotype- or sex-by-
genotype effects in microglial cell count were observed elsewhere. T cell deficient
females were found to have reduced Iba1+ density in the PFC; similarly, TCRB-/-0-/-
males had reduced Iba1+ density in the CA1 region of the hippocampus. We present

here a systematic evaluation of microglia number and density by two unbiased methods
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in 8 brain regions often investigated in neuroimmunology research due to their roles in
stress circuitry. By using TCRB-/-0-/- mice, a model of selective T cell-mediated
immunodeficiency, we differentiate T cell- specific effects on microglia from the
cumulative effects of the depletion of all adaptive immune cells, adding to the body of
immune-brain research. Future studies should investigate T cell-microglia
communication, specifically in the BLA, PFC, and HIP, to identify the effects of
microglial density on their function, and investigate functional and neuronal features in

the stress circuitry of immunodeficient mice.
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CHAPTER LINK - Manuscript #2

In the previous chapter, it was demonstrated that the loss of T cells results in an
increased number of microglia in the basolateral amygdala of adult mice, and that there
were sex-by-genotype effects in microglial staining density in multiple brain regions.
Earlier findings from the ongoing collaboration of Dr. Jane Foster with Dr. Jacob
Ellegood and Dr. Jason Lerch at the Mouse Imaging Centre at the Hospital for Sick
Children identified a number of neuroanatomical changes in T cell deficient mice in
regions that are part of the brain’s stress circuitry. GF mice completely lack microbiota,
and as a result have underdeveloped adaptive immune systems and deficits in mature T
and B cells. A substantial body of research has identified that GF mice perform
unusually on a wide variety of behavioural tasks, including anxiety-like, exploratory,
locomotor, cognitive, and social behaviours (reviewed in this chapter). This study
investigates the neuroanatomy of GF compared to conventionally housed SPF mice.
Past work from a number of laboratories has suggested that conventionalization of GF
mice in adulthood with microbes from control animals does not correct the observed
behaviour abnormalities, therefore the neuroanatomy of GF mice recolonized at

weaning (5w) was also examined in adulthood.
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Abstract

Several lines of evidence demonstrate that microbiota influence brain
development. Using high resolution ex vivo MRI, this study examined the impact of
microbiota status on brain volume and revealed microbiota-related differences that sex-
and brain region-dependent. Cortical and hippocampal regions demonstrate increased
sensitivity to microbiota status during the first 5 weeks of postnatal life, effects that were
greater in male GF mice. Conventionalization of GF mice at puberty did not normalize
brain volume changes. These data add to the existing literature and highlight the need
to focus more attention on early life microbiota-brain axis mechanisms in order to

understand the regulatory role of the microbiome in brain development.
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Introduction

Studies linking the microbiome to behaviour and brain function utilize germ-free
(GF) mice. GF mice lack all commensal microbes and were first generated by cesarean
section delivery under sterile conditions (Gustafsson et al., 1957). GF mice have since
provided a useful animal model for researchers to identify systems that are influenced
by commensal microbiota (Luczynski et al., 2016). In a seminal paper in 2004, GF mice
were shown to have an exaggerated response to immobilization stress (Sudo et al.,
2004). Since then, research has shown that GF mice have reduced anxiety-like
behaviour, measured by various approach-avoidance tasks (Chen et al., 2017; Clarke et
al., 2013; Diaz Heijtz, 2016; Diaz Heijtz et al., 2011; Huo et al., 2017; Neufeld et al.,
2011a; Neufeld et al., 2011b). Additional microbiota-related behaviours include learning
and memory (Gareau et al., 2011; Hoban et al., 2017b), activity (Campos et al., 2016;
Diaz Heijtz et al., 2011; Huo et al., 2017), grooming behaviour (Desbonnet et al., 2014),
and social behaviour (Arentsen et al., 2015; Buffington et al., 2016; Desbonnet et al.,
2014). Notably, conventionalization of GF mice during early postnatal life has been
shown to restore the behavioural phenotype to varying degrees, depending on the
timing of reconstitution of the microbiome, and the behaviour outcome considered
(Clarke et al., 2013; Diaz Heijtz et al., 2011; Foster and McVey Neufeld, 2013; Neufeld
et al., 2011a; Neufeld et al., 2011b)

In parallel with behavioural studies, accumulating evidence of molecular
differences in GF mice compared to conventionally housed mice including monoamines,
neurotrophic factors, orexigenic and anorexigenic peptides, amino acids, and

metabolites. Targeted analysis of expression of RNA and microRNAs as well as
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examination of microglia, myelination, and neurogenesis show that many CNS systems
are influenced by microbiota-brain communication (Arentsen et al., 2017; Chen et al.,
2017; Diaz Heijtz et al., 2011; Erny et al., 2015; Hoban et al., 2017a; Hoban et al.,
2017b; Hoban et al., 2016; Kawase et al., 2017; Moloney et al., 2017; Neufeld et al.,
2011b; Ogbonnaya et al., 2015; Schele et al., 2013; Stilling et al., 2015; Swann et al.,
2017; Thion et al., 2017). Both neuronal and glial changes have been reported in GF
mice. Neuroanatomical differences in GF mice include increased amygdala and
hippocampus volumes that were associated with increased dendritic arborization and
spine density in the same regions (Luczynski et al., 2016). An increased number of
cortical microglia was observered in GF mice in parallel with an immature morphological
microglial phenotype, including longer processes with more branch points, compared to
control mice (Erny et al., 2015). Using magnetic resonance imaging (MRI) in GF mice
compared to controls, widespread regional volume differences were observed, including
decreased myelination in white matter regions and fiber tracts of these GF mice,
suggesting less mature myelination patterns in the absence of microbiota (Lu et al.,
2018).

The current study examined the impact of microbiota colonization status on brain
volume using ex vivo high resolution structural MRI (7 Tesla) in C57BI/6 mice. Brain
volume was studied in specific pathogen-free (SPF), germ-free (GF), and altered
Schaedler flora (ASF) colonized gnotobiotic C57BI/6 female and male adult mice.
Conventionalization of germ-free mice at 5 weeks of age (GF/SPF) was used to test the
hypothesis that microbiota-host communication in the pre-pubertal period is critical to

neuroanatomical development. The resulting ex vivo imaging data collected in young
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adulthood revealed long-term changes in brain volume in GF and GF/SPF mice that
were more pronounced in male mice compared to female mice. These data complement
previous findings that suggest early postnatal life is a critical period for microbiota-host

interactions on neurodevelopment.

Experimental Procedures

Animals. SPF, GF, and ASF C57BI/6 mice were bred in-house. All animals were
exposed to a 12-hour light/dark cycle and were given access to food and water ad
libitum. ASF colonized offspring were derived from GF females, who were introduced to
an ASF environment prior to conception. ASF colonized mice were housed in ultraclean
conditions using ventilated racks. GF mice were conventionalized at 5 weeks of age, to
generate GF/SPF mice, by exposure to fresh SPF bedding material, and housed in the
same room as SPF mice. All experiments were completed in accordance with the
guidelines set out by the Canadian Council on Animal Care and were approved by the
McMaster Animal Research Ethics Board.

Tissue Preparation. Female and male mice were perfused transcardially at 9 weeks of
age, beginning with a 30-minute flush with phosphate buffered saline (PBS) and heparin
(1U/mL, Sandoz Canada Inc., Boucherville QC), followed by a 30-minute fixation with
4% paraformaldehyde (PFA) (Alfa Aesar, Ward Hill MA) and 2 mM Prohance
(Gadolinum contrast agent required for the MRI imaging, Bracco Diagnostics, NJ, USA)
in PBS at a rate of 1 ml/min. After perfusion skulls were removed and stored overnight

at 4°C in 4% paraformaldehyde containing 2 mM Prohance before being transferred to a
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0.1M phosphate buffered solution containing 0.02% sodium azide and 2mM Prohance

for storage at 4°C until imaging.

MRI Imaging. A multi-channel 7.0 Tesla MRI scanner (Agilent Inc., Palo Alto, CA) was
used to image the brains within their skulls. Sixteen custom-built solenoid coils were used
to image the brains in parallel (Bock et al., 2005; Lerch et al., 2011).

Anatomical Scan. In order to detect volumetric changes, a T2- weighted, 3-D fast spin-
echo MRI sequence was used with the following parameters: a cylindrical acquisition of
k-space, a TR of 350 ms, and TEs of 12 ms per echo for 6 echoes, field-of-view equaled
to 20 x 20 x 25 mm? and matrix size equaled to 504 x 504 x 630. Our parameters output
an image with 0.040 mm isotropic voxels. The total imaging time was ~14 hours (Spencer
Noakes et al., 2017).

MRI Registration and Analysis. To visualize and compare any changes in the mouse
brains the images are linearly (6 followed by 12 parameter) and non-linearly registered
together. Registrations were performed with a combination of mni_autoreg tools (Collins
et al.,, 1994) and ANTS (advanced normalization tools) (Avants et al., 2008; Avants et
al., 2011). After registration, all scans are resampled with the appropriate transform and
averaged to create a population atlas representing the average anatomy of the study
sample. The registration creates deformation fields that are required to bring the images
into alignment with each other in an unbiased fashion. To calculate volumes, the
deformations needed to take each individual mouse's anatomy into this final atlas space
are analyzed (Lerch et al., 2008; Nieman et al., 2006). The Jacobian determinants of
the deformation fields are then calculated as measures of volume at each voxel.
Significant regional volume differences can then be calculated by warping a pre-existing
classified MRI atlas onto the population atlas, which allows for the volume of 182
different segmented structures encompassing cortical lobes, large white matter

structures (i.e. corpus callosum), ventricles, cerebellum, brain stem, and olfactory bulbs
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(Dorr et al., 2008; Richards et al., 2011; Steadman et al., 2013; Ullmann et al., 2013) to
be assessed in all brains. Further, these measurements can be examined on a voxel-
wise basis in order to localize the differences found within regions or across the brain.
Multiple comparisons in this study were controlled for using the False Discovery Rate

(FDR) (Genovese et al., 2002).

Results
Absolute and relative volume differences were observed in GF mice

Brain volume differences between GF and SPF adult male and female mice,
were assessed by absolute volume, measured in mm?3, and relative volume, measured
as a percentage of the total brain volume. The coronal view of both absolute differences
and relative differences is shown in Figure 3-1. Brain regions that were larger in SPF
mice are visualized in shades of pink and brain regions that were smaller in SPF mice
are visualized in shades of blue. The total brain volume of GF mice was significantly
reduced in comparison to SPF mice as visualized by the extensive shaded pink regions
in Figure 3-1A left panel and graphically in Figure 3-1B. Absolute volume difference for
all brain regions are listed in Supplemental Table 3-1. In male GF mice, 174 of 182
segmented regions were significantly smaller compared to male SPF mice (FDR<0.05).
In female GF mice, 146 of 182 segmented regions were significantly smaller compared
to female SPF mice (FDR<0.05). Relative differences in brain volume are visualized in
the right panel of Figure 3-1A. Several brain regions showed significant differences
between GF and SPF mice including isocortex, hippocampus, and cerebellum (Figure

3-1, Supplemental Table 3-1).
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Figure 3-1. Fly through of coronal slices in the brain highlighting the voxel-wise
significant absolute volume (left panel-A) and relative volume (right panel-A)
differences between male and female germ-free (GF) and specific pathogen free
(SPF) mice. Orange/red highlighted regions were significantly larger in SPF mice
compared to GF mice and blue highlighted regions were significantly smaller in SPF
mice. All changes highlighted were significant at an FDR value of <5%. Total brain
volume in GF mice was significantly reduced compared to SPF mice (B). Relative
volume differences were observed in isocortex (C), hippocampus (D), cerebellum (E),

and fibre tracts (F). * shows FDR values <5%.

Increased relative volume of isocortex was observed in both male (FDR <0.05)
and female (FDR=0.06) GF mice compared to SPF mice. More specifically, cingulate
cortex: area 24b’, retrospenial area, dorsal part, ectorhinal area, secondary
somatomotor area, posterior parietal association areas, somatosensoary areas, as well
as some visual areas were significantly increased in male GF mice compared to male
SPF mice (Supplemental Table 3-1). While 4 subregions of isocortex showed increase
brain volume with FDR<10% in female GF mice, no differences reached FDR<5%
(Supplemental Table 3-1). Relative hippocampal volume was reduced in both male and
female GF mice (FDR<0.05; Figure 3-1C, 3-1D). Similar to the observations noted
above for isocortex, hippocampal subregions including CA1, CA2, CA3, and dentate
gyrus showed significantly reduced volume (FDR<0.05 in male GF mice compared to
male SPF mice, whereas only the dentate gyrus, granule layer was significant

(FDR<0.05) in female GF mice compared to female SPF mice (Supplemental Table 3-
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1). The cerebellum was smaller in male GF mice compared to male SPF mice
(FDR=0.07), but not significantly different between female GF and SPF mice (Figure 3-
1E). Fibre tract volume was also reduced in male (FDR<0.05) and female GF
(FDR=0.07) mice compared to SPF mice. Overall, in addition to the differences noted
above, a greater number of brain regions showed relative volume differences in male
GF mice compared to female GF mice (Supplemental Table 3-1), revealing a
microbiota-brain sex difference in adult GF mice.
Colonization of GF mice at 5 weeks of age did not normalize brain volume

A visual flythrough of absolute and relative differences between SPF and other
housing conditions is provided in Figure 3-2. ASF conventionalized gnotobiotic mice had
no total brain volume differences observed between both female and male SPF and
ASF mice (Figure 3-3). GF conventionalization at 5 weeks of age (GF/SPF) with SPF
microbiota did not normalize total brain volume. Total brain volume remained
significantly reduced in GF/SPF mice compared to SPF mice for both female and male
mice (Figure 3-3). To note, male GF/SPF mice showed a reduced total brain volume
compared to SPF male mice, however it was significantly larger than male GF mice.
Similar to GF mice, the relative brain volume of isocortex was significantly increased in
GF/SPF male mice compared to SPF mice (Figure 3-3). A significant increase was also
observed in female GF/SPF female mice compared to female SPF mice. Fibre tract
volume was significantly reduced in both female and male GF/SPF mice (Figure 3).
These data demonstrate that normal brain development requires gut microbiota prior to

5 weeks of age. Further, introduction of gut microbiota, and related host immune and
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Figure 3-2. Fly through of coronal slices in the brain highlighting the voxel-wise
significant differences in absolute and relative volume between housing
conditions. Left panel - differences between altered Schaedler flora (ASF ) and specific
pathogen free (SPF) mice, middle panel — differences between germ-free (GF) and SPF
mice, right panel — differences between conventionalized GF (GFSPF) and SPF mice.

Orange/red highlighted regions were significantly larger in SPF mice compared to GF
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mice and blue highlighted regions were significantly smaller in SPF mice. All changes
highlighted were significant at an FDR value of <5%.

metabolic changes are not sufficient to normalize brain volume differences observed in

GF mice.
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Figure 3-3. Brain volume differences based on microbiota status.
Conventionalization of GF mice at birth with Altered Schaedler’s Flora (ASF) normalized
total brain volume in female (A) and male (B) mice. Similarly, no relative brain volume
differences were observed in isocortex or fibre tracts between SPF and ASF female
(C,E) and male (D, F) mice. Total brain volume of female and male mice
conventionalized at 5 weeks of age (GF/SPF) was reduced compared to SPF mice (A,
B). In addition, GF/SPF showed reduced isocortex and fibre tract relative brain volume
(C-F). * shows FDR values <5% compared to sex-matched SPF mice; V shows FDR

values <5% compared to sex-matched GF mice.

Absence of microbiota affected hippocampal volume to a greater extent in male GF
mice

Sex differences in the impact of microbiota status was further investigated in
subregions of the hippocampus (Figure 4). Microbiota status had a greater impact on
male mice than female mice. No sigificant differences in relative volume were observed
across groups (SPF, GF, ASF, GF/SPF) in hippocampal CA1, CA2, or CA3 regions. A
reduced hippocampal volume was observed in female GF (FDR=0.08) and GF/SPF
female mice (FDR<0.05) (Figure 4). Reduced relative volume in all hippocampal
subregions were observed in male GF/SPF mice compared to male SPF mice, similar to
male GF mice. No differences were observed in hypothalamic volume across groups for
either male or female mice (Figure 4). These data further demonstrate an increased

sensitivity of male mice to microbiota status compared to female mice.
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Figure 3-4. Hippocampal regional differences based on microbiota status. Female
mice showed no significant differences in relative volume of CA1 (A), CA2 (D), and CA3
(F) subregions. Smaller volume in the dentate gyrus was observed in GF and GF/SPF
female mice compared to SPF female mice (H). Conventionalization of GF mice at birth
with Altered Schaedler’s Flora (ASF) normalized hippocampal subregions volumes in
male mice (B, E, G). Significant smaller volumes were observed in GF and GF/SPF
male mice compared to SPF male mice in CA1 (B), CA2 (E), CA3 (G), and DG (1)
subregions. No differences in hypothalamus were observed (J,K). * shows FDR values
<5% compared to sex-matched SPF mice; V shows FDR values <5% compared to sex-

matched GF mice.

Discussion

In healthy mice, gut microbiota composition and diversity increases during the
first 4 weeks of postnatal life and several lines of evidence demonstrate that microbiota
are essential to normal brain development. The maturation and diversification of the gut
microbiota during postnatal life is coincident with a critical window during which
microbiota-brain communication may impact the developmental trajectory of the brain.
Here we show that microbiota are important for normal brain development as GF mice
had significant differences in brain volume that were both brain region- and sex-
dependent. GF status had a greater impact on male mice compared to female mice, in
particular, all hippocampal subregions were reduced in volume in male GF mice, where
as only the dentate granuale region was reduced in female GF mice. Not surprisingly,

conventionalization of GF mice at 5 weeks of age was not able to normalize brain
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volume measured at 9 weeks of age, confirming that microbe-host communication in the
first few weeks of life are critical to neurodevelopment and that investigations aimed at
understanding microbe-host mechanisms pre-puberty are needed.

A myriad of brain-related differences in GF mice have been reported (Cryan et
al., 2019), however, only a small group of studies have included both male and female
mice. A couple recent studies that included male and female mice have revealed sex-
dependent microbiota-related differences in microglia and in neurogenesis (Scott et al.,
2020; Thion et al., 2018). Increased microglial density and immature microglial
morphology have been reported in adult GF mice (Erny et al., 2015). Developmentally
regulated sex differences in microglial gene expression have also been reported, such
that male GF mice were more susceptible to the absence of microbiota early in brain
development with higher numbers of differentially expressed genes (embryonically),
whereas adult female GF mice showed more differentially expressed genes, compared
to adult female SPF mice (Thion et al., 2018). Interestingly, a significant decrease in
expression of immune-related genes in female GF mice was noted, suggesting that
microbiota may influence sex differences in immune activation (Thion et al., 2018). The
current anatomical work also demonstrated an increased sensitivity of male mice to the
absence of microbiota during the first 5 weeks of life, however, functional changes in
gene expression in the current study were not considered.

Using doublecortin labelling to examine immature neurons and BrdU staining to
examine cell proliferation in the dentate gyrus of the hippocampus, a disrupted
trajectory of hippocampal neurogenesis was revealed in GF mice compared to SPF

mice (Scott et al., 2020). In normally housed male mice, the total number of proliferating
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and immature cells decreased over postnatal development (4, 8, 12 weeks), whereas
GF male mice had reduced neurogenesis at 4 weeks of age compared to SPF male
mice. In contrast, female GF mice showed increased neurogenesis at 8 weeks of age
compared to female SPF mice, suggesting that microbiota influence the trajectory of
hippocampal maturation in a sex-dependent manner (Scott et al., 2020). Further, in
male mice, reduced neurogenesis was associated with reduced hippocampal functional
connectivity in GF mice compared to SPF mice, demonstrating that microbiota-related
changes can influence brain function (Scott et al., 2020). This observation is further
supported by recent findings using resting-state functional MRI to examine functional
connectivity in GF and normally colonized male mice (Aswendt et al., 2021).
Specifically, a higher and more variable functional connectivity was observed in adult
male GF mice compared to SPF mice (Aswendt et al., 2021). These data and the
current results highlight key microbiota-sensitive regions including the hippocampus and
cortical regions.

The hypothalamic-pituitary-adrenal (HPA) stress axis undergoes significant
postnatal development and refinement throughout early life. During this period,
environmental factors play a key role in shaping the trajectory of development and thus
ultimate long-term function of the stress axis. GF mice show marked HPA axis
hyperreactivity following exposure to stress in adulthood (Sudo et al., 2004). While no
brain volume differences were observed for the hypothalamus in GF male or female
mice compared to SPF mice, reduced volumes observed in the hippocampal regions in
GF mice could impact HPA negative feedback circuits and contribute to the observed

exaggerated stress reactivity. Moreover, it is possible that alterations in the functional
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aspects of stress circuitry could underlie behavioural differences observed in GF mice.
Notably, corticosterone levels in GF mice were recently shown to influence social
activity in adult GF mice, via microbiota regulation of glucocorticoid receptors and
central stress circuitry (Wu et al., 2021).

The observation that conventionalization of GF mice (GF/SPF) at 5 weeks of age
did not normalize brain structure differences observed in GF mice demonstrates the
importance of the role of microbiota-brain signaling in brain development pre-puberty.
This is consistent with the observation that conventionalization of GF mice at 5 weeks of
age did not normalize hippocampal differential expression or the related reduced
anxiety and depressive-like behaviour in male and female BALB/c mice (Pan et al.,
2019; Zhou et al., 2020). In contrast, analysis of differential hippocampal proteins
between SPF and GF mice revealed that approximately 50% of protein levels
normalized in GF mice conventionalized at 5 weeks of age (Rao et al., 2021). The
mosaic picture that is emerging across studies is that microbiota-brain interactions are
influenced by age, sex, and brain system. For example, conventionalization of GF mice
at birth was also reported to normalize deficits in fear-related extinction learning,
however, normalization of the molecular changes were not observed in that study,
suggesting that the in utero period is an important developmental window during which
maternal microbiota may influence outcomes in the offspring (Chu et al., 2019;
Jasarevic and Bale, 2019). Further, it is established that serotonergic systems differ
between GF and SPF mice (Clarke et al., 2013; Neufeld et al., 2011b; van de Wouw et
al., 2019) and in response to acute stress microbiota modulate serotonergic responses

in both gastrointestinal and CNS systems in a sex-dependent manner (Lyte et al.,
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2020). Interestingly, GF mice showed increased prevalence of post-translationally
edited isoforms of the serotonergic SHT2c receptor in the amygdala, hypothalamus,
prefrontal cortex, and striatum, which was partially corrected when GF mice were
conventionalized at weaning (postnatal day 21) (van de Wouw et al., 2019). Notably,
antibiotic depletion of microbiota in adult mice did not alter the 5HT2c isoforms
reiterating the importance of microbiota regulation of brain systems earlier in
development (van de Wouw et al., 2019).

Overall, an extended body of evidence is accumulating that demonstrates that
microbiota are important to brain development. Using high resolution ex vivo MR, this
study revealed microbiota-related differences that sex- and brain region-dependent. As
in previous studies, cortical and hippocampal regions demonstrate increased sensitivity
to microbiota status during the first 5 weeks of postnatal life. Conventionalization of GF
mice at puberty was not able to normalize the majority of brain volume changes,
comparable to findings in other behavioural and brain systems previously reported.
Focusing more attention on early life microbiota-brain axis mechanisms is an important

next step in understanding the regulatory role of the microbiome in brain development.
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Absolute Volumes Absolute Volumes

Male Female

GF SPF Relative Volun GF

Mean SD Mean SD %Diff Effect P-Value FDR FDR Mean SD
Total Brain Volume 343.89 19.74 415.13 20.16 -17.16 -3.53 0.00 0.00 ** 1.00 357.61 29.36
\—-Basic cell groups and regions 307.67 16.97 368.12 17.94 -16.42 -3.37 0.00 0.00 ** 0.00 ** 320.14 24.71
1 |—Cerebrum 194.18 9.88 230.36 11.92 -15.71 -3.03 0.00 0.00 ** 0.03 * 201.01 17.19
\ | 1—Cerebral cortex 162.07 8.11 191.37 9.66 -15.31 -3.03 0.00 0.00 ** 0.02 * 168.44 14.37
i 1 | |-Cortical subplate 10.38 0.51 12.38 0.54 -16.15 -3.67 0.00 0.00 ** 1.00 10.39 0.77
i 1 | | |—Cortical subplate-other 7.52 0.42 9.03 0.37 -16.74 -4.12 0.00 0.00 ** 1.00 7.47 0.55
i1 1 1 i~Claustrum 0.85 0.07 0.99 0.09 -13.79 -1.60 0.00 0.00 ** 1.00 0.87 0.12
11 1 1 | |—Claustrum-other 0.27 0.02 0.31 0.02 -10.92 -1.52 0.00 0.01 * 1.00 0.27 0.04
1V 1 1 | |—Claustrum: dorsal part 0.17 0.02 0.21 0.03 -15.77 -1.27 0.00 0.03 * 1.00 0.18 0.03
1 1 1} °-—Claustrum: ventral part 0.41 0.04 0.48 0.04 -14.77 -1.58 0.00 0.00 ** 1.00 0.41 0.05
i 1 1 | °~Endopiriform nucleus 2.01 0.08 2.36 0.13 -14.87 -2.76 0.00 0.00 ** 1.00 2.04 0.14
Vo \—-Endopiriform nucleus, dorsal part 1.55 0.06 1.84 0.11 -15.53 -2.54 0.00 0.00 ** 1.00 1.57 0.12
. | |--Dorsal nucleus of the endopiriform 1.13 0.04 1.34 0.09 -16.13 -2.45 0.00 0.00 ** 1.00 1.13 0.09
Pl | °~Intermediate nucleus of the endopiriform claustrum 0.43 0.02 0.50 0.03 -13.91 -2.10 0.00 0.00 ** 1.00 0.44 0.03
Vo °-Endopiriform nucleus, ventral part 0.45 0.03 0.52 0.04 -12.50 -1.80 0.00 0.00 ** 1.00 0.47 0.04
1 | | °—Cortical plate 151.70 7.69 179.00 9.26 -15.25 -2.95 0.00 0.00 ** 0.02 * 158.06 13.64
. i-Olfactory areas 31.79 1.70 36.66 1.78 -13.30 -2.74 0.00 0.00 ** 1.00 32.35 2.54
- | |-Olfactory areas-other 1.97 0.10 2.29 0.11 -14.03 -3.04 0.00 0.00 ** 1.00 1.99 0.16
- | |-Postpiriform transition area 0.84 0.06 1.01 0.04 -16.86 -3.88 0.00 0.00 ** 1.00 0.88 0.07
- | |-Piriform area 8.89 0.56 10.73 0.35 -17.09 -5.28 0.00 0.00 ** 1.00 9.43 0.66
. | | |—Cortex-amygdala transition zones 0.66 0.11 0.76 0.04 -12.68 -2.24 0.00 0.01 ** 1.00 0.70 0.07
. \ | °-Piriform cortex 8.23 0.47 9.97 0.32 -17.43 -5.47 0.00 0.00 ** 1.00 8.73 0.61
- | |-Taenia tecta 0.98 0.03 1.12 0.07 -12.27 -1.84 0.00 0.00 ** 1.00 1.02 0.09
- | | I-Taenia tecta, dorsal part 0.87 0.03 1.00 0.07 -13.18 -1.96 0.00 0.00 ** 1.00 0.90 0.09
. \ | °-Taenia tecta, ventral part 0.11 0.01 0.12 0.01 -4.57 -0.46 0.24 1.00 0.46 0.11 0.01
- i\ |—Cortical amygdalar area 1.64 0.10 1.90 0.11 -13.39 -2.32 0.00 0.00 ** 1.00 1.67 0.08
Vo \ | °—Cortical amygdalar area, posterior part 1.64 0.10 1.90 0.11 -13.39 -2.32 0.00 0.00 ** 1.00 1.67 0.08
Vo N i—Cortical amygdalar area, posterior part, lateral zone 0.70 0.05 0.81 0.05 -13.30 2.1 0.00 0.00 ** 1.00 0.71 0.05
Vo N °-Cortical amygdalar area, posterior part, medial zone 0.94 0.07 1.09 0.07 -13.46 -2.06 0.00 0.00 ** 1.00 0.96 0.06
[ | |—-Piriform-amygdalar area 0.33 0.02 0.40 0.02 -17.39 -3.26 0.00 0.00 ** 0.34 0.36 0.03
Vo | 1-Main olfactory bulb 14.52 0.98 16.42 1.20 -11.56 -1.58 0.00 0.00 ** 1.00 14.43 1.63
Vo I | |-Main olfactory bulb, glomerular layer 3.64 0.29 4.18 0.33 -12.79 -1.61 0.00 0.00 ** 1.00 3.63 0.52
Vi I | 1-Main olfactory bulb, outer plexiform layer 5.39 0.36 6.06 0.41 -11.02 -1.61 0.00 0.01 ** 0.71 5.45 0.49
Vo I | |-Main olfactory bulb, mitral layer 0.82 0.06 0.89 0.11 -8.64 -0.72 0.05 0.61 1.00 0.77 0.16
Vo I | 1-Main olfactory bulb, inner plexiform layer 0.72 0.06 0.82 0.10 -11.92 -0.96 0.01 0.13 1.00 0.69 0.15
Vo 1 | °-~Main olfactory bulb, granule layer 3.94 0.26 4.46 0.30 -11.66 -1.73 0.00 0.00 ** 1.00 3.89 0.41
N | |—Accessory olfactory bulb 0.70 0.04 0.74 0.05 -4.88 -0.71 0.06 0.51 1.00 0.66 0.07
Vo I | |-Accessory olfactory bulb, glomerular layer 0.49 0.02 0.50 0.03 -0.68 -0.10 0.79 1.00 0.27 0.47 0.04
. | | °—Accessory olfactory bulb, granular layer 0.21 0.01 0.24 0.02 -13.56 -1.76 0.00 0.00 ** 1.00 0.20 0.03
- | °~Anterior olfactory nucleus 1.92 0.08 2.07 0.12 -7.50 -1.35 0.00 0.00 ** 0.86 1.92 0.17
. -Hippocampal formation 31.27 1.97 38.71 1.69 -19.22 -4.41 0.00 0.00 ** 0.00 ** 31.99 2.64
- | |-Retrohippocampal region 14.39 0.88 17.31 0.77 -16.90 -3.79 0.00 0.00 ** 0.85 14.83 0.97
- 1 1 |--Subiculum 4.53 0.30 5.41 0.34 -16.19 -2.55 0.00 0.00 ** 1.00 4.63 0.47
. \ | | |-pre-para subiculum 1.88 0.15 2.19 0.20 -14.30 -1.58 0.00 0.00 ** 1.00 1.95 0.22
. V1 1| °-—subiculum 2.65 0.15 3.22 0.17 -17.47 -3.34 0.00 0.00 ** 0.80 2.68 0.26
. \ | °-Entorhinal area 9.86 0.61 11.91 0.50 -17.22 -4.10 0.00 0.00 ** 0.75 10.20 0.59
. . \-Entorhinal area, medial part, dorsal zone 4.77 0.33 5.85 0.34 -18.51 -3.19 0.00 0.00 ** 0.18 5.03 0.33
. N \—-Entorhinal area, lateral part 4.51 0.29 5.37 0.17 -16.06 -5.07 0.00 0.00 ** 1.00 4.57 0.38
T N i |-Dorsal intermediate entorhinal cortex 1.46 0.09 1.73 0.06 -15.81 -4.98 0.00 0.00 ** 1.00 1.47 0.12
T N i |-Dorsolateral entorhinal cortex 2.09 0.15 2.53 0.12 -17.23 -3.76 0.00 0.00 ** 1.00 2.1 0.21
Vo N | °~Ventral intermediate entorhinal cortex 0.95 0.06 1.1 0.04 -13.76 -3.39 0.00 0.00 ** 1.00 0.98 0.07
Vo N °~-Entorhinal area, medial part, ventral zone 0.58 0.04 0.69 0.03 -15.39 -3.39 0.00 0.00 ** 1.00 0.61 0.05
Vo | °~Hippocampal region 16.88 1.12 21.40 1.06 -21.10 -4.26 0.00 0.00 ** 0.00 ** 17.16 1.78
Vo | \-Ammon's hom 12.30 0.77 15.58 0.75 -21.05 -4.40 0.00 0.00 ** 0.00 ** 12.44 1.31
Vo H | |-Field CA1 6.48 0.40 8.15 0.45 -20.51 -3.75 0.00 0.00 ** 0.00 ** 6.56 0.67
Vi 1 I | |-Field CA1, stratum oriens 1.68 0.15 2.14 0.15 -21.39 -2.96 0.00 0.00 ** 0.46 1.68 0.22
Vi ! \ | |-Field CA1, stratum lacunosum-moleculare 1.89 0.11 2.38 0.13 -20.36 -3.62 0.00 0.00 ** 0.00 ** 1.93 0.18
Vo | I | |-Field CA1, stratum radiatum 2.05 0.11 2.57 0.15 -19.95 -3.40 0.00 0.00 ** 0.00 ** 2.09 0.19
Vi 1 1 | °-Field CA1, pyramidal layer 0.85 0.06 1.06 0.06 -20.44 -3.49 0.00 0.00 ** 0.01 * 0.85 0.09
Vo 1 | |-Field CA2 0.94 0.06 1.16 0.06 -19.27 -3.49 0.00 0.00 ** 0.01 ** 0.95 0.10
Vi 1 1 | |-Field CA2, pyramidal layer 0.16 0.01 0.20 0.01 -19.75 -3.30 0.00 0.00 ** 0.01 ** 0.17 0.02
Vo H 1 | |-Field CA2, stratum oriens 0.41 0.03 0.50 0.02 -18.23 -4.03 0.00 0.00 ** 0.04 * 0.41 0.05
Vo H 1 | °-Field CA2, stratum radiatum 0.36 0.02 0.46 0.04 -20.20 -2.35 0.00 0.00 ** 0.18 0.38 0.04
. H | °-Field CA3 4.89 0.34 6.27 0.32 -22.09 -4.39 0.00 0.00 ** 0.00 ** 4.93 0.55
. H H \~Field CA3, pyramidal layer 0.87 0.06 1.1 0.05 -21.66 -4.37 0.00 0.00 ** 0.01 ** 0.87 0.10
. H H 1 1—-CA3Py Inner 0.11 0.01 0.14 0.01 -22.73 -4.18 0.00 0.00 ** 0.00 ** 0.11 0.01
. H H | °-CA3Py Outer 0.76 0.06 0.96 0.05 -21.50 -4.12 0.00 0.00 ** 0.02 * 0.75 0.09
. H H \—Field CA3, stratum oriens 2.07 0.15 2.74 0.18 -24.32 -3.74 0.00 0.00 ** 0.00 ** 2.08 0.24
. H H \—Field CA3, stratum radiatum 1.44 0.09 1.80 0.09 -20.02 -3.85 0.00 0.00 ** 0.44 1.47 0.16
. H H °~Field CA3, stratum lucidum 0.51 0.03 0.63 0.03 -19.05 -3.67 0.00 0.00 ** 1.00 0.51 0.06
- H °~-Dentate gyrus 4.58 0.39 5.81 0.41 -21.24 -3.02 0.00 0.00 ** 0.01 ** 4.72 0.50
. H \—Dentate gyrus, molecular layer 3.18 0.26 4.01 0.28 -20.53 -2.95 0.00 0.00 ** 0.02 * 3.29 0.35
. H °--Dentate gyrus, granule cell layer 1.40 0.13 1.81 0.13 -22.82 -3.15 0.00 0.00 ** 0.00 ** 1.43 0.16
T H \-GrDG 0.96 0.09 1.23 0.09 -22.43 -3.08 0.00 0.00 ** 0.00 ** 0.98 0.11
Vo H °~-PoDG 0.44 0.04 0.58 0.04 -23.64 -3.25 0.00 0.00 ** 0.00 ** 0.45 0.05
P °—Isocortex 88.64 4.53 103.62 6.34 -14.46 -2.36 0.00 0.00 ** 0.00 ** 93.72 8.63
Vo \—Anterior cingulate area 4.02 0.28 4.72 0.33 -14.98 -2.12 0.00 0.00 ** 1.00 4.21 0.45
Vo | I-Anterior cingulate area, ventral part 2.38 0.16 2.76 0.21 -13.75 -1.80 0.00 0.00 ** 1.00 2.46 0.27
Vo i\ | |-Cingulate cortex: area 24a 1.65 0.13 1.97 0.17 -16.36 -1.87 0.00 0.00 ** 1.00 1.72 0.21
Vi i | °-Cingulate cortex: area 24a' 0.73 0.05 0.79 0.06 -7.25 -1.02 0.02 0.10 - 1.00 0.74 0.07
Vi | °~Anterior cingulate area, dorsal part 1.64 0.14 1.96 0.16 -16.71 -2.10 0.00 0.00 ** 0.67 1.75 0.20
Vo | \-Cingulate cortex: area 24b 1.16 0.12 1.41 0.13 -17.62 -1.93 0.00 0.00 ** 1.00 1.24 0.16
Vo ! °-Cingulate cortex: area 24b' 0.48 0.03 0.56 0.04 -14.40 -1.85 0.00 0.00 ** 0.01 * 0.52 0.06
N \~Infralimbic area 0.43 0.04 0.57 0.08 -24.16 -1.80 0.00 0.00 ** 0.78 0.44 0.05
N |\~-Retrosplenial area 4.86 0.36 5.62 0.52 -13.50 -1.46 0.00 0.00 ** 0.06 - 5.08 0.52
Vo | |-Retrosplenial area, ventral part 2.60 0.21 2.94 0.28 -11.51 -1.23 0.00 0.00 ** 0.46 2.69 0.28
. | | |-Cingulate cortex: area 29a 0.58 0.05 0.68 0.08 -14.96 -1.30 0.00 0.00 ** 1.00 0.59 0.07
. | | |-Cingulate cortex: area 29b 0.35 0.04 0.39 0.05 -8.49 -0.62 0.11 0.48 0.96 0.35 0.05
. | | °-Cingulate cortex: area 29¢c 1.67 0.12 1.88 0.16 -10.89 -1.27 0.00 0.00 ** 0.52 1.74 0.18
- | °-Retrosplenial area, dorsal part 2.26 0.17 2.68 0.27 -15.67 -1.57 0.00 0.00 ** 0.02 * 2.40 0.26
- |~Prelimbic area 2.22 0.16 2.46 0.17 -9.76 -1.42 0.00 0.02 * 0.38 2.30 0.25
- \-Auditory areas 3.86 0.25 4.67 0.32 -17.53 -2.55 0.00 0.00 ** 0.99 4.03 0.40
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| |-Primary auditory area
| |-Dorsal auditory area
| °-~Ventral auditory area
\—Agranular insular area
| °-Agranularinsular area, dorsal part
\—Ectorhinal area
| |—-Ectorhinal cortex
| °~Insular region: not subdivided
\-Somatomotor areas
|\ |—-Primary motor area
| | |-Frontal cortex: area 3
| | °~Primary motor cortex
| °-Secondary motor area
\—Frontal pole, cerebral cortex
\—-Orbital area
| |-Orbital area, lateral part
| |-Orbital area, medial part
| °-Orbital area, ventrolateral part
\—-Posterior parietal association areas
| |-Lateral parietal association cortex
| |-Medial parietal association cortex
| |-Parietal cortex: posterior area: rostral part
| °-Secondary visual cortex: mediomedial area
\—-Perirhinal area
\-Somatosensory areas
| |-Primary somatosensory area
| \—-Primary somatosensory area-other
| \—Primary somatosensory area, barrel field
| \—Primary somatosensory area, trunk
| | |-Primary somatosensory cortex: dysgranular zone
! | |—-Primary somatosensory cortex: shoulder region
! | °~Primary somatosensory cortex: trunk region
! \—-Primary somatosensory area, upper limb
! \—-Primary somatosensory area, lower limb
! \—-Primary somatosensory area, mouth
| °--Primary somatosensory area, nose
| °-Supplemental somatosensory area
\~Temporal association areas
°-Visual areas
\--Primary visual area
\--Lateral visual area
\-posteromedial visual area
\--Anterolateral visual area
°~-Anteromedial visual area
—-Cerebral nuclei
\-Pallidum
\--Pallidum, ventral region
\--Pallidum, caudal region
| °-Bed nuclei of the stria terminalis
\--Pallidum, dorsal region
°—-Pallidum, medial region
°--Medial septal complex
—Striatum
\--Striatum ventral region
| 1-Fundus of striatum
I 1-Nucleus accumbens
1 °-Olfactory tubercle
\—-Lateral septal complex
\—Striatum dorsal region
| °~-Caudoputamen
°-Striatum-like amygdalar nuclei
°~Medial amygdalar nucleus

I
i
1
i
1
i
1
i
1
i
1
i
1
i
1
i
1
i
1
I
o

S

-Brain stem

1-Midbrain
\-Midbrain, sensory related
1\ |-Inferior colliculus
| °-Superior colliculus, sensory related
\-Midbrain, behavioral state related
| °-Midbrain raphe nuclei
| °-Interpeduncular nucleus
\-Midbrain-other
°--Midbrain, motor related
°-Periaqueductal gray
-Hindbrain
\-Medulla
| |-Medulla, sensory related
1 | °—Dorsal column nuclei
| °—Cuneate nucleus
|\ 1~Medulla, motor related
1
1
1
1

1
1
1
1
1
1
1
1
i
H 1\ °—Inferior olivary complex
H °~Medulla-other
1 °-Pons
| \-Pons-other
! 1-Pons, behavioral state related
| | °-Pontine reticular nucleus
| °-Pons, sensory related
| °--Superior olivary complex
°~Interbrain
\-Hypothalamus
| |-Hypothalamus-other
| °~Hypothalamic medial zone
| \~-Mammillary body
| °--Medial preoptic nucleus
°~Thalamus
—Cerebellum
\—Cerebellar cortex

1.24
117
1.44
0.85
0.85
8.24
2.08
6.16
11.43
6.23
0.54
5.69
5.20

5.76
3.07
1.47
1.22
1.90
0.17
0.30
0.08
1.35
1.97
26.43
21.35
3.44
7.63
0.78
0.25
0.13
0.39
2.85
1.91
0.46
4.29

2.32
7.95
1.76
1.62
1.60
2.18
0.80
32.11
8.14
3.93
0.99
0.99
2.23
0.99
0.99
23.97
5.68
0.11
3.00
2.57
2.24
15.21
15.21
0.84
0.84
79.91
23.38
10.39
4.04
6.35
0.21
0.21
0.21
9.88
2.90
2.90
35.08
21.32
0.21
0.21
0.21
0.30
0.30
20.81
13.76
12.60
0.59
0.59
0.57
0.57
21.45
8.37
7.86
0.50
0.37
0.13
13.08
33.58
32.69

0.08
0.08
0.10
0.03
0.03
0.64
0.16
0.50
0.59
0.31
0.03
0.29
0.29
0.21
0.33
0.16
0.09
0.10
0.12
0.02
0.04
0.01
0.07
0.15
1.51
1.16
0.17
0.41
0.07
0.03
0.01
0.04
0.25
0.19
0.03
0.23

0.19
0.39
0.10
0.10
0.08
0.13
0.05
1.86
0.49
0.23
0.08
0.08
0.16
0.07
0.07
1.38
0.36
0.01
0.17
0.31
0.17
0.95
0.95
0.06
0.06
4.60
1.48
0.65
0.26
0.42
0.02
0.02
0.02
0.66
0.19
0.19
1.98
1.26
0.03
0.03
0.03
0.04
0.04
1.22
0.76
0.69
0.06
0.06
0.04
0.04
1.32
0.47
0.45
0.04
0.04
0.01
0.92
3.26
3.19

1.51
1.40
1.77
0.89
0.89
9.71
2.54
7.18
13.45
7.50
0.63
6.87
5.95
6.75
6.60
3.36
1.77
1.47
2.24
0.21
0.38
0.10
1.54
2.41
31.21
25.33
4.06
8.76
0.97
0.32
0.16
0.48
3.63
2.42
0.58
4.91
5.88
2.84
9.47
2.16
1.93
1.79
2.68
0.91
38.99
9.73
4.56
1.24
1.24
2.80
1.13
1.13
29.26
6.63
0.13
3.59
2.91
2.86
18.81
18.81
0.96
0.96
94.68
27.88
12.28
4.85
7.44
0.25
0.25
0.25
11.79
3.55
3.55
41.18
24.76
0.24
0.24
0.24
0.32
0.32
24.20
16.42
15.08
0.70
0.70

0.64
25.62
9.90
9.32
0.58
0.43
0.15
16.72
43.07
41.92

0.12
0.10
0.12
0.05
0.05
0.61
0.19
0.46
0.65
0.36
0.04
0.34
0.33

0.38
0.21
0.11
0.09
0.19
0.02
0.04
0.01
0.14
0.12
2.19
1.73
0.24
0.70
0.07
0.02
0.02
0.04
0.27
0.22
0.04
0.30
0.55
0.20
0.97
0.23
0.21
0.20
0.27
0.10
2.37
0.57
0.28
0.09
0.09
0.20
0.06
0.06
1.83
0.37
0.01
0.21
0.29
0.19
1.43
1.43
0.05
0.05
4.88
1.88
0.92
0.36
0.59
0.02
0.02
0.02
0.78
0.21
0.21
2.01
1.37
0.04
0.04
0.04
0.03
0.03
1.33
0.76
0.69
0.06
0.06

0.05
1.46
0.48
0.46
0.04
0.03
0.01
1.07
1.66
1.63

0.00
0.00
0.00
0.08
0.08
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.04
0.04
0.04
0.19
0.19
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
1.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.01
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.05
0.05
0.05
0.69
0.69
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

o
=}
=3

0.01 **
0.06 -

oo
o o
3

o
o
o
*
*

o
o
N

1.30
1.23
1.50
0.91
0.91
8.59
2.18
6.41
11.98
6.61
0.58
6.04
5.36

5.98
3.12
1.58
1.28
2.01
0.19
0.32
0.08
1.41
2.06
28.52
23.11
3.64
8.23
0.86
0.28
0.15
0.44
3.18
2.13
0.50
4.56
5.41
2.42
8.44
1.92
1.71
1.69
2.29
0.83
32.57
8.12
3.93
0.94
0.94
2.27
0.99
0.99
24.44
5.82
0.11
3.01
2.70
2.24
15.59
15.59
0.80
0.80
82.65
23.77
10.68
4.31
6.37
0.21
0.21
0.21
9.93
2.94
2.94
36.99
22.78
0.23
0.23
0.23
0.27
0.27
22.28
14.20
12.97
0.64
0.64
0.59
0.59
21.89
8.40
7.88
0.52
0.40
0.12
13.49
36.47
35.57
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0.12
0.11
0.17
0.11
0.11
1.00
0.32
0.68
1.10
0.57
0.06
0.52
0.56
0.41
0.59
0.29
0.16
0.16
0.21
0.02
0.04
0.02
0.14
0.30
2.82
2.14
0.37
0.68
0.09
0.04
0.02
0.04
0.33
0.23
0.06
0.50
0.77
0.29
0.71
0.15
0.13
0.17
0.22
0.11
2.93
0.73
0.31
0.10
0.10
0.26
0.08
0.08
2.20
0.40
0.01
0.28
0.32
0.27
1.59
1.59
0.06
0.06
4.83
2.05
0.80
0.37
0.67
0.02
0.02
0.02
1.05
0.26
0.26
2.56
2.39
0.06
0.06
0.06
0.09
0.09
2.47
0.83
0.73
0.08
0.08
0.05
0.05
2.32
0.71
0.67
0.05
0.05
0.02
1.69
3.84
3.75



\-Vermal regions
1 I-Lingula (1)
1 |—Central lobule
1 |—-Culmen
i | 1—Culmen-other
\ | °~Lobules IV-V
1 |-Declive (VI)
i |-Folium-tuber vermis (VII)
 |-Pyramus (VIII)
i 1-Uvula (IX)
| °~Nodulus (X)
°--Hemispheric regions
1--Simple lobule
\-Ansiform lobule
1 1—-Crus 1
1 °-Crus 2
\--Paramedian lobule
1--Copula pyramidis
\--Flocculus
°~Paraflocculus
—-Cerebellar nuclei
\-Dentate nucleus
\—Interposed nucleus
°--Fastigial nucleus

—fiber tracts

\—-cranial nerves
|--olfactory nerve

\—anterior commissure, olfactory limb
°-lateral olfactory tract, general

\—-facial nerve
\—dorsal roots

o

—cervicothalamic tract
°~medial lemniscus

—-optic nerve

1
i
o

°—-optic tract
—oculomotor nerve
°--posterior commissure

—medial forebrain bundle system
--cerebrum related

o

-anterior commissure, temporal limb

\—fornix system

| |~fimbria

1 °—dorsal fomnix

|-stria terminalis

°-cingulum bundle
—hypothalamus related
\—epithalamus related

|-fasciculus retroflexus

\-habenular commissure

°-—stria medullaris
-—-mammillary related

°~mammilothalmic tract

[

—cerebellum related fiber tracts
\—-cerebellar peduncles

o

\—inferior cerebellar peduncle

\—middle cerebellar peduncle

°--superior cerebelar peduncles
—arbor vitae

i—trunk of arbor vita

~lobule 1-2 white matter

i—lobule 3 white matter

i~trunk of lobules 1-3 white matter

—lobules 4-5 white matter

\—lobules 6-7 white matter

—lobule 8 white matter

—trunk of lobules 6-8 white matter

—lobule 9 white matter

-lobule 10 white matter

\-anterior lobule white matter

i--simple lobule white matter

—crus 1 white matter

—trunk of simple and crus 1 white matter

i—crus 2 white matter

\-paramedian lobule

\—trunk of crus 2 and paramedian white matter

\—copula white matter

\—paraflocculus white matter

°~flocculus white matter

—lateral forebrain bundle system

I--corticospinal tract

\—cerebal peduncle

\—corticospinal tract-other

°—internal capsule
—corpus callosum

°—-extrapyramidal fiber systems

o

—rubrospinal tract
°--ventral tegmental decussation

-ventricular systems
\—cerebral aqueduct
\—fourth ventricle
\—lateral ventricle

|--lateral ventricle-other

13

-subependymal zone

°~third ventricle

14.09
1.34
1.45
4.31
3.09
1.22
1.93
0.69
1.09
2.20
1.08

18.60
3.74

3.21
3.04
3.13
1.84
0.75
2.88
0.89
0.25
0.32
0.32
32.02
5.27
1.97
0.78
1.19
0.16
1.91
1.91
1.91
1.13
1.13
0.09

4.92
4.03
0.29
2.53
2.08
0.46
0.61
0.60
0.88
0.70
0.18
0.02
0.50
0.18
0.18
8.09
2.15
0.58
0.83
0.75
5.94
2.88
0.06
0.13
0.10
0.36
0.47
0.09
0.07
0.20
0.06
0.06
0.25
0.24
0.11
0.19
0.09
0.25
0.05
0.23
0.04
13.64
4.94
1.48
1.36
2.10
8.70
0.10

0.10
4.20
0.33
0.65
2.26
2.22
0.04
0.95

1.31
0.09
0.15
0.36
0.27
0.10
0.24
0.10
0.16
0.24
0.12
1.95
0.39

0.37
0.36
0.40
0.19
0.08
0.34
0.09
0.02
0.03
0.03
2.43
0.34
0.13
0.06
0.08
0.01
0.13
0.13
0.13
0.09
0.09
0.01

0.42
0.36
0.03
0.25
0.22
0.04
0.04
0.06
0.06
0.05
0.01
0.00
0.03
0.02
0.02
0.72
0.17
0.05
0.08
0.06
0.56
0.26
0.01
0.02
0.01
0.04
0.05
0.03
0.01
0.02
0.01
0.01
0.04
0.04
0.02
0.03
0.02
0.03
0.01
0.03
0.01
1.02
0.35
0.13
0.10
0.14
0.67
0.01
0.01
0.01
0.47
0.03
0.04
0.38
0.38
0.00
0.08

18.40
1.78
2.1
5.65
4.03
1.62
2.37
0.90
1.54
2.72
1.32

23.52
4.64
8.11
4.29
3.82
3.97
2.33
0.96
3.50
1.15
0.32
0.41
0.42

41.01
6.33
2.34
0.97
1.36
0.20
2.30
2.30
2.30
1.36
1.36
0.13

6.53
5.44
0.37
3.47
2.87
0.60
0.78
0.82
1.09
0.86
0.22
0.03
0.61
0.24
0.24
10.49
2.74
0.74
1.08
0.92
7.75
3.64
0.08
0.19
0.13
0.50
0.60
0.14
0.10
0.27
0.08
0.09
0.34
0.35
0.13
0.26
0.13
0.30
0.07
0.29
0.06
17.55
6.11
1.89
1.57
2.65
11.44
0.12
0.12
0.12
5.99
0.43
0.78
3.58
3.53
0.05
1.19

0.79
0.19
0.17
0.26
0.18
0.10
0.16
0.11
0.12
0.15
0.06
0.87
0.20

0.21
0.19
0.22
0.14
0.06
0.31
0.05
0.02
0.02
0.02
2.26
0.31
0.13
0.06
0.08
0.01
0.12
0.12
0.12
0.08
0.08
0.01

0.46
0.40
0.02
0.29
0.26
0.04
0.06
0.08
0.07
0.05
0.01
0.00
0.04
0.02
0.02
0.46
0.15
0.04
0.07
0.07
0.33
0.16
0.01
0.02
0.01
0.03
0.04
0.01
0.01
0.01
0.01
0.01
0.02
0.02
0.01
0.01
0.01
0.02
0.00
0.03
0.01
1.16
0.35
0.11
0.10
0.19
0.84
0.01

0.01
0.50
0.04
0.04
0.52
0.52
0.00
0.05

-23.41
-24.58
-31.23
-23.77
-23.43
-24.63
-18.83
-22.99
-29.16
-19.27
-18.12
-20.94
-19.43
-22.94
-25.21
-20.40
-21.16
-21.16
-21.77
-17.70
-22.03
-21.23
-21.82
-22.83
-21.93
-16.70
-15.73
-19.67
-12.92
-19.61
-17.02
-17.02
-17.02
-16.64
-16.64
-24.90
-24.90
-24.74
-25.82
-20.89
-26.94
-27.58
-23.90
-22.15
-26.76
-19.35
-18.31
-17.57
-33.06
-17.91
-23.09
-23.09
-22.84
-21.39
-22.47
-22.74
-18.93
-23.35
-20.70
-30.13
-33.38
-26.04
-27.20
-22.08
-34.11
-32.59
-25.92
-26.20
-31.60
-25.53
-31.36
-18.10
-26.92
-29.39
-16.91
-23.66
-19.61
-24.01
-22.27
-19.13
-21.50
-13.45
-20.82
-23.94
-14.87
-14.87
-14.87
-29.95
-23.26
-16.21
-37.02
-37.27
-19.80
-20.12

-5.44
-2.31
-4.00
-5.24
-5.23
-3.92
-2.73
-1.96
-3.61
-3.46
-3.72
-5.64
-4.56

-5.20
-4.04
-3.83
-3.42
-3.50
-1.99
-4.67
-4.31
-4.17
-4.72
-3.98
-3.42
-2.87
-3.28
-2.27
-3.74
-3.24
-3.24
-3.24
-2.90
-2.90
-3.04
-3.04
-3.51
-3.51
-3.69
-3.27
-3.04
-3.67
-3.13
-2.63
-3.07
-3.13
-2.76
-3.23
-2.87
-2.72
-2.72
-5.16
-4.00
-3.81
-3.29
-2.67
-5.43
-4.61
-1.91
-3.94
-2.87
-4.82
-3.29
-4.94
-4.53
-5.54
-2.45
-4.00
-4.27
-6.55
-2.56
-5.10
-3.00
-2.75
-3.79
-2.25
-2.00
-3.37
-3.31
-3.71
-2.17
-2.91
-3.27
-2.49
-2.49
-2.49
-3.57
-2.70
-3.33
-2.54
-2.53
-2.49
-4.52

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.01
1.00
0.23
0.00
0.00
0.32
1.00
1.00
0.26
0.71
1.00
0.53
1.00
0.07
0.01
0.62
0.07

*

*

*k

*

*

*

*

15.53
1.49
1.65
4.64
3.33
1.31
2.12
0.78
1.22
2.42
1.22

20.03
4.17

3.48
3.20
3.47
2.00
0.80
2.90
0.91
0.25
0.32
0.33
33.18
5.28
1.96
0.79
1.17
0.16
1.93
1.93
1.93
1.13
1.13
0.10

5.05
4.15
0.29
2.61
2.15
0.46
0.62
0.63
0.90
0.71
0.18
0.02
0.51
0.19
0.19
8.59
2.27
0.61
0.90
0.76
6.32
3.07
0.06
0.13
0.10
0.37
0.51
0.11
0.08
0.22
0.06
0.06
0.27
0.26
0.11
0.20
0.11
0.26
0.06
0.23
0.05
14.16
5.06
1.52
1.39
2.15
9.09
0.10
0.10
0.10
4.28
0.34
0.72
2.25
2.20
0.04
0.98
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1.57
0.15
0.39
0.44
0.31
0.14
0.49
0.25
0.29
0.23
0.14
2.22
0.46

0.35
0.62
0.52
0.28
0.08
0.49
0.12
0.04
0.04
0.04
4.27
0.67
0.23
0.11
0.13
0.02
0.32
0.32
0.32
0.11
0.11
0.01

0.67
0.58
0.04
0.38
0.33
0.06
0.08
0.09
0.10
0.08
0.02
0.00
0.06
0.02
0.02
1.18
0.29
0.09
0.13
0.09
0.90
0.25
0.01
0.03
0.02
0.09
0.16
0.03
0.02
0.05
0.02
0.02
0.06
0.07
0.03
0.06
0.03
0.06
0.01
0.06
0.01
1.78
0.69
0.19
0.25
0.28
1.11
0.01

0.01
0.55
0.05
0.11
0.42
0.41
0.01
0.14



SPF

Mean
404.98
359.40
224.62
186.47
11.85
8.60
0.93
0.30
0.18
0.44
2.33
1.79
1.30
0.49
0.53
174.62
35.68

10.67

15.80

4.53

SD

17.82
15.78
10.58
8.77
0.57
0.36
0.12
0.03
0.03

0.15
0.12
0.11
0.03
0.05
8.28
1.46
0.12
0.06
0.78
0.06
0.73
0.04
0.04
0.01
0.08
0.08
0.04
0.06
0.02
0.48
0.14
0.24
0.04
0.04
0.14
0.04
0.03
0.01
0.09
1.19
0.55
0.19
0.08
0.15
0.45
0.24
0.27
0.09
0.13
0.06
0.03
0.77
0.63
0.36
0.16
0.09
0.09
0.05
0.03
0.01
0.02
0.02
0.27
0.06
0.00
0.05
0.12
0.08
0.04
0.19
0.13
0.06
0.04
0.02
6.17
0.33
0.17
0.14
0.06
0.19
0.15
0.05
0.04
0.22
0.11
0.04
0.02
0.08
0.14
0.20
0.35

%Diff
-11.70
-10.92
-10.51

-9.67
-12.35
-13.07

-6.21

-12.16
-10.09

-8.22

-3.79
-17.29

-4.97
-13.82
-12.18
-10.60

-8.11
-12.33
-12.88
-12.86
-13.32
-14.10
-13.67
-11.32

-9.58
-15.20
-15.10
-14.14
-14.39
-13.80
-14.13
-14.41
-15.31
-14.96
-14.57
-16.25
-16.31
-16.14
-17.41
-15.94
-18.71
-13.53
-14.16
-15.45
-14.48
-17.61
-17.12
-18.65

-7.96

-8.25

-9.17
-10.30

-6.45

-6.93

-7.78

-4.84
-20.17

-9.05

-7.31
-10.76

-9.61

-5.58
-10.92

-5.86
-11.14

Effect
-2.66
-2.49
-2.23
-2.05
-2.55
-3.16
-0.50

P-Value
0.00
0.00
0.00
0.00
0.00
0.00
0.20
0.03
0.81
0.20
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.02
0.03
0.09
0.00
0.00
0.00
0.00
0.00
0.00
0.02
0.01
0.06
0.03
0.00
0.01
0.20
0.00
0.06
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.02
0.01
0.01
0.04
0.09
0.09
0.21
0.00
0.00
0.01
0.00
0.01
0.05
0.00
0.11
0.00

FDR

0.00
0.00
0.00
0.00
0.00
0.00
0.83
0.12
1.00

0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.07
0.00
0.22
0.23
1.00
0.02
0.02
0.04
0.04
0.01
0.02
0.10

0.30
0.11
0.00
0.04
1.00
0.00
0.44
0.00
0.00
0.00
0.03
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.02
0.06
0.04
0.04
0.18
0.38

1.00
0.00
0.01
0.06
0.01
0.23
0.26
0.01
0.64
0.00

*

*

*

*

Absolute Volumes

Male

Relative Volu GFSPF

FDR

1.00
0.08
0.77
0.30
1.00
1.00
0.29

Mean
376.87
336.45
212.11
177.40

11.26
8.15
0.93
0.29
0.19
0.45
2.18
1.69
1.23
0.46
0.50

166.14

33.85
2.06
0.92
9.82
0.72
9.10
1.04
0.92
0.12
1.76
1.76
0.75
1.01
0.39

15.17
3.80
5.66
0.83
0.75
4.13
0.70
0.49
0.21
2.00

33.73

15.50
4.86
2.02
2.84

10.64
5.14
4.86
1.53
2.29
1.04
0.63

18.23

13.28
6.96
1.79
2.04
2.21
0.91
1.01
0.17
0.43
0.40
5.32
0.93
0.12
0.81
2.25
1.58
0.55
4.95
3.43
1.51
1.03
0.48

98.56
4.46
2.57
1.77
0.80
1.88
1.31
0.57
0.48
5.45
2.86
0.64
0.37
1.85
2.58
2.42
4.28

SD

14.31
12.11
6.98
5.17
0.65
0.47
0.10
0.03
0.03
0.05
0.14
0.12
0.10
0.03
0.03
4.67
1.03
0.11
0.05
0.42
0.05
0.40
0.06
0.06
0.01
0.08
0.08
0.04
0.06
0.03
0.46
0.13
0.17
0.06
0.06
0.20
0.03
0.02
0.01
0.09
1.07
0.53
0.16
0.11
0.13
0.46
0.26
0.24
0.09
0.10
0.05
0.03
0.77
0.68
0.35
0.15
0.09
0.08
0.05
0.05
0.01
0.03
0.02
0.33
0.06
0.01
0.05
0.15
0.11
0.03
0.17
0.12
0.05
0.03
0.02
3.38
0.28
0.19
0.15
0.06
0.15
0.14
0.04
0.05
0.15
0.13
0.04
0.04
0.08
0.07
0.21
0.25

SPF

Mean
415.13
368.12
230.36
191.37
12.38
9.03
0.99
0.31
0.21

2.36
1.84
1.34
0.50
0.52
179.00
36.66
2.29
1.01
10.73
0.76
9.97
1.12
1.00
0.12
1.90
1.90
0.81
1.09
0.40
16.42
4.18
6.06
0.89
0.82
4.46
0.74
0.50
0.24
2.07
38.71
17.31
5.41
2.19
3.22
11.91
5.85
5.37
1.73
2.53
1.1
0.69
21.40
15.58
8.15
2.14
2.38
2.57
1.06
1.16
0.20
0.50
0.46
6.27
1.1
0.14
0.96
2.74
1.80
0.63
5.81
4.01
1.81
1.23
0.58
103.62
4.72
2.76
1.97
0.79
1.96
1.41
0.56
0.57
5.62
2.94
0.68
0.39
1.88
2.68
2.46
4.67

SD

20.16
17.94
11.92
9.66
0.54
0.37
0.09
0.02
0.03
0.04
0.13
0.11
0.09
0.03
0.04
9.26
1.78
0.11
0.04
0.35
0.04
0.32
0.07
0.07
0.01
0.11
0.11
0.05
0.07
0.02
1.20
0.33
0.41
0.11
0.10
0.30
0.05
0.03
0.02
0.12
1.69
0.77
0.34
0.20
0.17
0.50
0.34
0.17
0.06
0.12
0.04
0.03
1.06
0.75
0.45
0.15
0.13
0.15
0.06
0.06
0.01
0.02
0.04
0.32
0.05
0.01
0.05
0.18
0.09
0.03
0.41
0.28
0.13
0.09
0.04
6.34
0.33
0.21
0.17
0.06
0.16

0.04
0.08
0.52
0.28
0.08
0.05
0.16
0.27
0.17
0.32

%Diff
-9.22
-8.60
-7.92
-7.30
-9.00
-9.75
-6.16
-6.50
-6.47
-5.80
-7.31
-8.35
-8.54
-7.82
-3.62
-7.18
-7.67
-9.83
-8.98
-8.51
-5.83
-8.71
-7.23
-8.28

1.62
-7.28
-7.28
-7.22
-7.32
-2.62
-7.61
-9.09
-6.55
-7.30
-8.59
-7.54
-4.70
-1.39

-11.54
-3.48
-12.88
-10.49
-10.09
-7.67
-11.75
-10.67
-12.06
-9.52
-11.57
-9.48
-6.42

Effect
-1.90
-1.77
-1.53
-1.45
-2.05
-2.40
-0.72
-0.90
-0.52
-0.62

P-Value
0.00
0.00
0.00
0.00
0.00
0.00
0.10
0.04
0.23
0.13
0.00
0.00
0.00
0.00
0.16
0.00
0.00
0.00
0.00
0.00
0.03
0.00
0.01
0.00
0.64
0.00
0.00
0.00
0.00
0.30
0.00
0.00
0.00
0.07
0.04
0.00
0.05
0.54
0.00
0.09
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.02
0.04
0.02
0.00
0.57
0.20
0.08
0.36
0.00
0.27
0.38
0.18
0.48
0.55
0.23
0.57
0.00

FDR

0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.64

0.37

1.00

0.87

0.01 *
0.01 **
0.01 *
0.03 *
0.84

0.01 **
0.01 **
0.00 **
0.00 **
0.00 **
0.73

0.00 **
0.04 *
0.01 *
1.00

0.04 *
0.04 *
0.11

0.05 *
1.00

0.12

0.07 -
0.27

0.97

0.56

0.10 -
0.58

1.00

0.00 **
0.44

0.00 **
0.00 **
0.00 **
0.04 *
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.06 -
0.01 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.00 **
0.26

0.12

0.04 *

1.00
1.00

1.00

1.00
1.00
0.79
1.00
1.00
1.00
1.00
0.02 *

Relative Volumes

FDR

1.00
0.00 **
0.03 *
0.02
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
0.02
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
0.46
1.00
1.00
1.00
1.00
0.34
1.00
1.00
0.71
1.00
1.00
1.00
1.00
0.27
1.00
0.86
0.00 **
0.85
1.00
1.00
0.80
0.75
0.18
1.00
1.00
1.00
1.00
1.00
0.00 **
0.00 **
0.00 **
0.46
0.00 **
0.00 **
0.01 *
0.01 **
0.01 **
0.04 *
0.18
0.00 **
0.01 **
0.00 **
0.02 *
0.00 **
0.44
1.00
0.01 **
0.02 *
0.00 **
0.00 **
0.00 **
0.00 **
1.00
1.00
1.00
1.00
0.67
1.00
0.01 *
0.78
0.06 -
0.46
1.00
0.96
0.52
0.02 *
0.38
0.99

*

*

Supplemental Table 3-4



1.46
1.38
1.70
0.90
0.90
9.34
2.46
6.89
13.11
7.32
0.63
6.69
5.78
6.71
6.45
3.30
1.72
1.43
2.25
0.21
0.36
0.10
1.57
2.43
30.83
25.10
4.04
8.67
0.97
0.32
0.16
0.48
3.58
2.38
0.57
4.90
5.73
2.76
9.35
2.16
1.88
1.78
2.61
0.91
38.15
9.45
4.45
1.12
1.12
2.76
1.13
1.13
28.70
6.58
0.12
3.52
2.94
2.75
18.46
18.46
0.90
0.90
92.17
26.53
11.70
4.71
6.98
0.24
0.24
0.24
11.27
3.33
3.33
40.79
24.58
0.26
0.26
0.26
0.31
0.31
24.01
16.21
14.81
0.73
0.73
0.67
0.67
24.85
9.65
9.06
0.60
0.45
0.14
15.20
42.61
41.50

0.11
0.09
0.16
0.11
0.11
0.83
0.15
0.69
0.89
0.45
0.06
0.40
0.46

0.47
0.27
0.14
0.08
0.11
0.02
0.04
0.01
0.07
0.19
2.23
1.68
0.34
0.59
0.08
0.03
0.01
0.04
0.27
0.20
0.05
0.32
0.72
0.17
0.51
0.14
0.13
0.12
0.15
0.06
2.01
0.46
0.20
0.09
0.09
0.19
0.05
0.05
1.57
0.30
0.01
0.18
0.30
0.17
1.27
1.27
0.05
0.05
4.05
1.66
0.69
0.22
0.50
0.01
0.01
0.01
0.78
0.20
0.20
1.57
1.05
0.05
0.05
0.05
0.03
0.03
1.01
0.65
0.62
0.05
0.05
0.04
0.04
1.57
0.46
0.44
0.04
0.03
0.01
1.18
2.10
2.06

-11.11
-10.88
-11.37
1.13
1.13
-8.04
-11.25
-6.90
-8.64
-9.73
-8.97
-9.80
-7.25

-7.32

-5.44

-8.01
-10.84
-10.80

-9.96
-11.75
-17.44
-10.27
-15.00

-7.51

-7.92

-9.85

-5.09
-10.52
-13.49
-11.59

-8.13
-11.04
-10.20
-12.19

-6.95

-5.72
-12.42

-9.70
-11.41

-9.00

-5.26
-12.42

-7.90
-14.63
-14.04
-11.66
-16.07
-16.07
-17.74
-12.39
-12.39
-14.82
-11.60

-8.36
-14.41

-8.37
-18.73
-15.57
-15.57
-11.03
-11.03
-10.33
-10.41

-8.70

-8.47

-8.86
-10.49
-10.49
-10.49
-11.83
-11.57
-11.57

-9.33

-7.32
-13.30
-13.30
-13.30
-13.30
-13.30

-7.18
-12.37
-12.40
-12.61
-12.61
-11.41
-11.41
-11.90
-12.96
-13.00
-12.40
-12.27
-12.82
-11.22
-14.40
-14.30

0.00
0.00
0.00
0.81
0.81
0.04
0.01
0.08
0.01
0.00
0.02
0.00
0.04
0.70
0.03
0.10
0.02
0.00
0.00
0.01
0.01
0.00
0.00
0.00
0.02
0.01
0.01
0.08
0.00
0.00
0.01
0.01
0.00
0.01
0.00
0.04
0.25
0.00
0.00
0.00
0.00
0.11
0.00
0.03
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.02
0.00
0.04
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.08
0.08
0.08
0.09
0.09
0.02
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.01
1.00
1.00
0.14
0.01
0.35
0.02
0.00
0.04
0.01
0.15

0.05
0.38
0.06
0.00
0.00
0.04
0.03
0.00
0.01
0.00
0.08
0.04
0.01
0.40
0.01
0.01
0.03
0.08
0.01
0.04
0.01
0.20

0.00
0.01
0.00
0.01
0.81
0.00
0.24
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.09
0.00
0.15
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.04
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.04
0.16
0.16
0.16
0.14
0.14
0.06
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.01
0.00
0.00

*

*

*

*

1.36
1.30
1.62
0.91
0.91
9.24
2.39
6.85
12.99
7.08
0.61
6.47
5.91

6.01
3.16
1.56
1.30
2.15
0.20
0.35
0.09
1.50
2.23
29.74
23.99
3.87
8.41
0.91
0.29
0.16
0.46
3.33
2.25
0.52
4.69
5.75
2.65
8.90
2.00
1.80
1.77
2.43
0.90
34.71
8.78
4.21
1.10
1.10
2.43
1.04
1.04
25.93
6.05
0.12
3.16
2.77
2.48
16.49
16.49
0.91
0.91
86.64
25.36
11.25
4.44
6.80
0.23
0.23
0.23
10.70
3.18
3.18
37.82
22.83
0.22
0.22
0.22
0.32
0.32
22.29
14.99
13.72
0.65
0.65
0.62
0.62
23.46
9.17
8.61
0.56
0.42
0.14
14.29
37.69
36.68

0.08
0.07
0.11
0.03
0.03
0.74
0.13
0.65
0.52
0.30
0.02
0.30
0.27

0.36
0.19
0.09
0.09
0.07
0.02
0.03
0.01
0.05
0.08
1.42
1.08
0.16
0.39
0.06
0.02
0.01
0.04
0.23
0.21
0.04
0.22
0.55
0.15
0.17
0.10
0.05
0.06
0.08
0.06
1.99
0.48
0.21
0.10
0.10
0.17
0.04
0.04
1.56
0.24
0.01
0.21
0.25
0.20
1.27
1.27
0.07
0.07
4.56
1.73
0.73
0.20
0.55
0.02
0.02
0.02
0.78
0.24
0.24
1.77
1.07
0.03
0.03
0.03
0.03
0.03
1.04
0.80
0.76
0.04
0.04

0.03
1.49
0.47
0.45
0.04
0.03
0.01
1.12
1.70
1.65

1.51
1.40
1.77
0.89
0.89
9.71
2.54
7.18
13.45
7.50
0.63
6.87
5.95
6.75
6.60
3.36
1.77
1.47
2.24
0.21
0.38
0.10
1.54
2.41
31.21
25.33
4.06
8.76
0.97
0.32
0.16
0.48
3.63
242
0.58
4.91

2.84
9.47
2.16
1.93
1.79
2.68
0.91
38.99
9.73
4.56
1.24
1.24
2.80
1.13
1.13
29.26
6.63
0.13
3.59
2.91
2.86
18.81
18.81
0.96
0.96
94.68
27.88
12.28
4.85
7.44
0.25
0.25
0.25
11.79
3.55
3.55
41.18
24.76
0.24
0.24
0.24
0.32
0.32
24.20
16.42
15.08
0.70
0.70
0.64
0.64
25.62
9.90
9.32
0.58
0.43
0.15
15.72
43.07
41.92

0.12
0.10
0.12
0.05
0.05
0.61
0.19
0.46
0.65
0.36
0.04
0.34
0.33

0.38
0.21
0.11
0.09
0.19
0.02
0.04
0.01
0.14
0.12
2.19
1.73
0.24
0.70
0.07
0.02
0.02
0.04
0.27
0.22
0.04
0.30
0.55
0.20
0.97
0.23
0.21
0.20
0.27
0.10
2.37
0.57
0.28
0.09
0.09
0.20
0.06
0.06
1.83
0.37
0.01
0.21
0.29
0.19
1.43
1.43
0.05
0.05
4.88
1.88
0.92
0.36
0.59
0.02
0.02
0.02
0.78
0.21
0.21
2.01
1.37
0.04
0.04
0.04
0.03
0.03
1.33
0.76
0.69
0.06
0.06

0.05
1.46
0.48
0.46
0.04
0.03
0.01
1.07
1.66
1.63

-11.24

-10.99

-11.39
-11.39
-13.18
-7.41
-7.41
-11.39
-8.74
-5.52
-11.99
-4.85
-13.49
-12.36
-12.36

0.00
0.01
0.00
0.21
0.21
0.08
0.03
0.13
0.05
0.00
0.06
0.00
0.69
0.47
0.00
0.02
0.00
0.00
0.15
0.13
0.07
0.03
0.34
0.00
0.05
0.03
0.03
0.14
0.03
0.00
0.36
0.14
0.01
0.05
0.00
0.05
0.55
0.01
0.06
0.05
0.05
0.69
0.01
0.73
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.04
0.00
0.19
0.00
0.00
0.00
0.08
0.08
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.19
0.19
0.19
0.85
0.85
0.00
0.00
0.00
0.02
0.02
0.24
0.24
0.00
0.00
0.00
0.09
0.18
0.15
0.00
0.00
0.00

*

*

*

1.00
0.12
1.00
0.07 -
0.07 -
0.01 **
0.01 **
0.03 *
0.22
1.00
1.00
1.00
0.01 *
0.08 -
1.00
0.54
1.00
1.00
0.01 **
0.73
0.52
1.00
0.01
1.00
0.01 **
0.06 -
0.07 -
0.07 -
1.00
1.00
1.00
1.00
1.00
0.46
1.00
0.01 *
0.00 **
0.04 *
0.07 -
0.86
0.50
0.04 *
0.44
0.01 **
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
0.27
1.00
1.00
0.38
1.00
1.00
1.00
1.00
1.00
1.00
0.27
0.76
0.38
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
0.86
0.86
1.00
1.00
1.00
1.00
1.00
1.00
1.00
0.07 -
0.08 -

*
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18.11
1.71
1.95
5.39
3.88
1.52
2.45
0.95
1.58
2.76
1.31

23.40
4.63

4.27
3.82
3.98
2.40
0.94
3.36
1.1
0.31
0.39
0.40
39.75
6.11
2.23
0.93
1.30
0.20
2.27
2.27
2.27
1.29
1.29
0.12
0.12
6.24
5.18
0.35
3.30
2.73
0.57
0.75
0.79
1.05
0.83
0.21
0.03
0.59
0.23
0.23
10.33
2.72
0.74
1.09
0.89
7.61
3.54
0.08
0.18
0.13
0.48
0.62
0.14
0.10
0.27
0.07
0.08
0.34
0.35
0.13
0.25
0.13
0.30
0.07
0.28
0.06
16.96
6.03
1.86
1.58
2.58
10.93
0.11
0.11
0.11
5.83
0.43
0.76
3.43
3.38
0.05
1.21

0.86
0.17
0.14
0.26
0.23
0.07
0.22
0.14
0.11
0.14
0.08
1.26
0.29

0.25
0.25
0.31
0.17
0.06
0.34
0.07
0.02
0.03
0.03
1.93
0.25
0.10
0.06
0.04
0.01
0.10
0.10
0.10
0.07
0.07
0.01

0.41
0.35
0.02
0.24
0.20
0.05
0.05
0.05
0.07
0.05
0.02
0.00
0.04
0.02
0.02
0.46
0.12
0.04
0.06
0.06
0.36
0.19
0.01
0.02
0.01
0.03
0.05
0.01
0.01
0.01
0.01
0.01
0.02
0.02
0.01
0.02
0.01
0.02
0.00
0.02
0.00
0.93
0.33
0.10
0.08
0.19
0.64
0.01

0.01
0.35
0.03
0.04
0.33
0.33
0.00
0.10

-14.20
-13.01
-15.06
-14.00
-14.25
-13.35
-13.72
-18.07
-22.90
-12.37

-6.76
-14.38

-9.77
-17.46
-18.47
-16.34
-12.90
-16.61
-14.12
-13.53
-18.02
-18.00
-17.52
-18.52
-16.51
-13.49
-11.83
-15.05

-9.54
-19.03
-14.98
-14.98
-14.98
-12.45
-12.45
-18.04
-18.04
-19.05
-19.94
-16.83
-20.94
-21.22
-19.60
-16.49
-20.45
-14.65
-14.17
-13.01
-32.93
-13.66
-16.40
-16.40
-16.80
-16.48
-17.79
-17.49
-14.13
-16.92
-13.39
-19.05
-27.62
-19.19
-22.88
-18.08
-24.00
-24.54
-19.11
-16.04
-20.70
-21.75
-24.70
-18.13
-19.21
-17.55
-13.85
-15.96
-16.42
-15.69
-16.52
-15.96
-18.10
-11.84
-16.95
-16.83
-12.74
-12.74
-12.74
-26.51
-20.02

-5.77
-34.44
-34.74
-12.69
-19.48

0.00
0.00
0.01
0.00
0.00
0.00
0.02
0.03
0.00
0.00
0.04
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.02
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.01
0.02
0.01
0.01
0.01
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00

0.00
0.00
0.00
0.16
0.00
0.00
0.01
0.00

0.00
0.01
0.03
0.00
0.00
0.00
0.02
0.04
0.00
0.00
0.16
0.00
0.03

0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.02
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.03
0.00
0.00
0.00
0.00
0.00
0.03
0.02
0.02
0.02
0.02
0.00
0.00
0.00
0.02
0.00
0.00
0.00

0.00
0.00
0.00
0.54
0.00
0.00
0.01
0.00

*

15.95
1.58
1.74
4.75
3.35
1.40
2.15
0.80
1.30
2.40
1.23

20.73
4.32

3.62
3.26
3.47
212
0.84
3.1
1.01
0.28
0.36
0.37
35.52
5.70
2.10
0.84
1.26
0.18
2.10
2.10
2.10
1.22
1.22
0.10

5.53
4.56
0.32
2.89
2.38
0.51
0.68
0.68
0.97
0.76
0.19
0.02
0.55
0.21
0.21
9.12
2.40
0.65
0.94
0.82
6.72
3.25
0.07
0.15
0.11
0.40
0.53
0.11
0.08
0.23
0.07
0.07
0.30
0.28
0.12
0.20
0.10
0.28
0.06
0.25
0.05
15.06
5.48
1.63
1.53
2.33
9.58
0.11
0.11
0.11
4.91
0.41
0.74
2.68
2.64
0.05
1.07

0.67
0.15
0.20
0.20
0.13
0.09
0.16
0.11
0.11
0.17
0.07
1.05
0.21

0.19
0.20
0.13
0.15
0.06
0.33
0.08
0.02
0.03
0.03
1.85
0.26
0.10
0.05
0.06
0.01
0.10
0.10
0.10
0.08
0.08
0.01

0.40
0.34
0.02
0.25
0.21
0.04
0.05
0.04
0.06
0.04
0.01
0.00
0.03
0.02
0.02
0.45
0.11
0.04
0.06
0.06
0.35
0.20
0.01
0.02
0.01
0.02
0.05
0.01
0.01
0.02
0.01
0.01
0.02
0.02
0.01
0.01
0.01
0.02
0.00
0.03
0.00
0.84
0.30
0.08
0.08
0.17
0.57
0.01

0.01
0.46
0.04
0.04
0.45
0.45
0.00
0.06

18.40
1.78
2.1
5.65
4.03
1.62
2.37
0.90
1.54
272
1.32

23.52
4.64
8.11
4.29
3.82
3.97
2.33
0.96
3.50
1.15
0.32
0.41
0.42

41.01
6.33
2.34
0.97
1.36
0.20
2.30
2.30
2.30
1.36
1.36
0.13

6.53
5.44
0.37
3.47
2.87
0.60
0.78
0.82
1.09
0.86
0.22
0.03
0.61
0.24
0.24
10.49
2.74
0.74
1.08
0.92
7.75
3.64
0.08
0.19
0.13
0.50
0.60
0.14
0.10
0.27
0.08
0.09
0.34
0.35
0.13
0.26
0.13
0.30
0.07
0.29
0.06
17.55
6.11
1.89
1.57
2.65
11.44
0.12
0.12
0.12
5.99
0.43
0.78
3.58
3.53
0.05
1.19

0.79
0.19
0.17
0.26
0.18
0.10
0.16
0.11
0.12
0.15
0.06
0.87
0.20

0.21
0.19
0.22
0.14
0.06
0.31
0.05
0.02
0.02
0.02
2.26
0.31
0.13
0.06
0.08
0.01
0.12
0.12
0.12
0.08
0.08
0.01

0.46
0.40
0.02
0.29
0.26
0.04
0.06
0.08
0.07
0.05
0.01
0.00
0.04
0.02
0.02
0.46
0.15
0.04
0.07
0.07
0.33
0.16
0.01
0.02
0.01
0.03
0.04
0.01
0.01
0.01
0.01
0.01
0.02
0.02
0.01
0.01
0.01
0.02
0.00
0.03
0.01
1.16
0.35
0.11
0.10
0.19
0.84
0.01
0.01
0.01
0.50
0.04
0.04
0.52
0.52
0.00
0.05

-13.34
-11.23
-17.53
-15.97
-16.93
-13.58

-9.42
-11.11
-15.95
-11.71

-7.04
-11.86

-6.90
-15.19
-15.68
-14.64
-12.69

-9.07
-13.29
-11.27
-11.82
-11.57
-12.26
-11.57
-13.40

-9.91
-10.22
-13.78

-11.66

0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.02
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.03
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.21
0.00
0.00
0.00

0.00
0.00
0.11
0.02
0.00
0.00
0.00
0.00

0.00
0.05
0.00
0.00
0.00
0.00
0.01
0.06
0.00
0.00
0.04
0.00
0.04

0.00
0.00
0.00
0.01
0.00
0.03
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.03
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.08
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.32
0.00
0.00
0.00
0.01
0.00
0.00
0.08
0.00
0.00
0.03
0.00
0.00
0.00
1.00
0.00
0.00
0.02
0.02
0.02
0.00
0.80
0.36
0.00
0.00
0.01
0.00

0.01 *
1.00
0.23

0.00 **
0.32
1.00
1.00
0.26
0.71
1.00
0.53
1.00

*

0.01
0.62
0.07 -
1.00
0.99
1.00
1.00
1.00
1.00
1.00
0.00 **
0.87
1.00
0.03 *
1.00
0.06 -
1.00
1.00
1.00
1.00
1.00
0.13

*

0.04
0.04 *
0.19

0.08 -
0.14
0.03
1.00

*

0.34
0.29
0.71
0.00 **
1.00
1.00
1.00

0.02 *
0.04
0.07 -
1.00
0.03
1.00
1.00
1.00
0.80

*

*

0.75
0.39
0.00 **
0.07 -
1.00
0.07 -
1.00

1.00
0.00 **
0.01 **
1.00
1.00
1.00
1.00
0.01 *
1.00
0.01 **
0.08 -
1.00
0.00 **
1.00
1.00
1.00
0.27
1.00
1.00
0.32
0.32
1.00
1.00
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Absolute Volumes Absolute Volumes

Female Male
GFSPF SPF Relative Volume: GFSPF GF
Mean SD Mean SD %Diff Effect P-Value FDR FDR Mean SD Mean SD %Diff Effect P-Value FDR
363.18 28.46 404.98 17.82 -10.32 -2.35 0.00 0.00 ** 1.00 376.87 14.31 343.89 19.74 9.59 1.67 0.00 0.01 **
324.55 24.53 359.40 15.78 -9.70 -2.21 0.00 0.00 ** 0.29 336.45 12.11 307.67 16.97 9.35 1.70 0.00 0.01 **
204.94 14.23 224.62 10.58 -8.76 -1.86 0.00 0.00 ** 0.28 212.11 6.98 194.18 9.88 9.23 1.81 0.00 0.01 *
171.37 11.78 186.47 8.77 -8.10 -1.72 0.00 0.01 * 0.19 177.40 517 162.07 8.11 9.46 1.89 0.00 0.01 *
10.87 0.82 11.85 0.57 -8.28 -1.71 0.00 0.01 ** 1.00 11.26 0.65 10.38 0.51 8.53 1.74 0.00 0.02 *
7.81 0.63 8.60 0.36 -9.10 -2.20 0.00 0.00 ** 1.00 8.15 0.47 7.52 0.42 8.40 1.49 0.00 0.02 *
0.90 0.06 0.93 0.12 -2.99 -0.24 0.48 1.00 0.15 0.93 0.10 0.85 0.07 8.85 1.05 0.06 0.40
0.28 0.02 0.30 0.03 -6.22 -0.67 0.07 0.78 0.88 0.29 0.03 0.27 0.02 4.96 0.76 0.18 1.00
0.19 0.02 0.18 0.03 0.76 0.04 0.90 1.00 0.18 0.19 0.03 0.17 0.02 11.04 0.79 0.13 0.66
0.43 0.03 0.44 0.06 -2.35 -0.18 0.59 1.00 0.13 0.45 0.05 0.41 0.04 10.53 1.20 0.03 0.25
2.15 0.17 2.33 0.15 -7.36 -1.18 0.01 0.05 * 1.00 2.18 0.14 2.01 0.08 8.87 2.36 0.00 0.03 *
1.65 0.12 1.79 0.12 -7.95 -1.14 0.01 0.04 * 1.00 1.69 0.12 1.55 0.06 8.50 2.33 0.01 0.08 -
1.20 0.09 1.30 0.11 -7.74 -0.95 0.02 0.09 - 1.00 1.23 0.10 1.13 0.04 9.05 2.28 0.01 0.08 -
0.45 0.04 0.49 0.03 -8.49 -1.55 0.01 0.04 * 1.00 0.46 0.03 0.43 0.02 7.07 1.91 0.01 0.28
0.50 0.06 0.53 0.05 -5.39 -0.56 0.20 0.85 1.00 0.50 0.03 0.45 0.03 10.15 1.37 0.00 0.02 *
160.50 11.04 174.62 8.28 -8.09 -1.71 0.00 0.01 * 0.19 166.14 4.67 151.70 7.69 9.52 1.88 0.00 0.01 *
33.04 2.50 35.68 1.46 -7.39 -1.81 0.00 0.03 * 1.00 33.85 1.03 31.79 1.70 6.48 1.21 0.00 0.16
2.00 0.12 2.19 0.12 -8.88 -1.58 0.00 0.01 ** 1.00 2.06 0.11 1.97 0.10 4.88 0.95 0.04 0.37
0.91 0.08 1.00 0.06 -9.09 -1.62 0.00 0.01 * 1.00 0.92 0.05 0.84 0.06 9.47 1.40 0.00 0.02 *
9.65 1.09 10.67 0.78 -9.59 -1.31 0.01 0.01 * 1.00 9.82 0.42 8.89 0.56 10.36 1.66 0.00 0.01 **
0.69 0.11 0.77 0.06 -10.63 -1.42 0.02 0.05 * 1.00 0.72 0.05 0.66 0.11 7.85 0.49 0.15 0.55
8.96 0.98 9.90 0.73 -9.51 -1.30 0.01 0.01 * 1.00 9.10 0.40 8.23 0.47 10.56 1.85 0.00 0.01 **
1.02 0.08 1.08 0.04 -6.02 -1.70 0.01 0.35 1.00 1.04 0.06 0.98 0.03 5.75 1.64 0.02 0.44
0.90 0.07 0.97 0.04 -6.59 -1.61 0.01 0.30 1.00 0.92 0.06 0.87 0.03 5.65 1.70 0.03 0.50
0.12 0.01 0.12 0.01 -1.41 -0.27 0.66 1.00 1.00 0.12 0.01 0.11 0.01 6.49 0.79 0.07 0.79
1.63 0.13 1.80 0.08 -9.51 -2.06 0.00 0.00 ** 1.00 1.76 0.08 1.64 0.10 7.06 1.20 0.01 0.22
1.63 0.13 1.80 0.08 -9.51 -2.06 0.00 0.00 ** 1.00 1.76 0.08 1.64 0.10 7.06 1.20 0.01 0.22
0.70 0.06 0.77 0.04 -8.81 -1.78 0.00 0.01 * 1.00 0.75 0.04 0.70 0.05 7.02 0.98 0.02 0.41
0.93 0.08 1.03 0.06 -10.02 -1.85 0.00 0.00 ** 1.00 1.01 0.06 0.94 0.07 7.09 0.92 0.02 0.25
0.38 0.03 0.39 0.02 -3.78 -0.76 0.13 1.00 1.00 0.39 0.03 0.33 0.02 17.88 2.53 0.00 0.00 **
14.79 1.06 15.80 0.48 -6.34 -2.08 0.00 0.25 0.29 15.17 0.46 14.52 0.98 4.47 0.66 0.05 1.00
3.69 0.30 3.97 0.14 -6.99 -2.00 0.00 0.39 1.00 3.80 0.13 3.64 0.29 4.24 0.53 0.11 1.00
5.58 0.41 5.86 0.24 -4.68 -1.12 0.04 0.67 0.02 * 5.66 0.17 5.39 0.36 5.03 0.76 0.03 1.00
0.80 0.07 0.86 0.04 -6.41 -1.35 0.01 1.00 1.00 0.83 0.06 0.82 0.06 1.47 0.18 0.65 1.00
0.72 0.07 0.79 0.04 -7.74 -1.41 0.01 0.93 1.00 0.75 0.06 0.72 0.06 3.78 0.49 0.26 1.00
3.99 0.28 4.33 0.14 -7.73 -2.48 0.00 0.07 - 1.00 4.13 0.20 3.94 0.26 4.66 0.71 0.07 1.00
0.68 0.05 0.72 0.04 -6.63 -1.14 0.01 0.21 1.00 0.70 0.03 0.70 0.04 0.19 0.04 0.93 1.00
0.47 0.03 0.49 0.03 -2.75 -0.46 0.27 1.00 0.78 0.49 0.02 0.49 0.02 -0.72 -0.14 0.72 1.00
0.20 0.02 0.24 0.01 -14.58 -2.36 0.00 0.00 ** 1.00 0.21 0.01 0.21 0.01 2.34 0.39 0.37 1.00
1.99 0.19 2.02 0.09 -1.24 -0.26 0.66 1.00 0.19 2.00 0.09 1.92 0.08 4.35 1.02 0.04 0.34
32.23 2.51 37.12 1.19 -13.18 -4.10 0.00 0.00 ** 0.00 ** 33.73 1.07 31.27 1.97 7.86 1.25 0.00 0.02 *
14.93 1.15 16.89 0.55 -11.57 -3.52 0.00 0.00 ** 0.45 15.50 0.53 14.39 0.88 7.72 1.26 0.00 0.04 *
4.61 0.40 5.18 0.19 -10.97 -2.97 0.00 0.00 ** 1.00 4.86 0.16 4.53 0.30 7.27 1.10 0.00 0.09 -
1.91 0.18 2.12 0.08 -9.94 -2.55 0.00 0.01 ** 1.00 2.02 0.11 1.88 0.15 7.74 0.94 0.02 0.20
2.70 0.24 3.06 0.15 -11.69 -2.37 0.00 0.00 ** 1.00 2.84 0.13 2.65 0.15 6.93 1.19 0.01 0.13
10.32 0.77 11.71 0.45 -11.84 -3.05 0.00 0.00 ** 0.31 10.64 0.46 9.86 0.61 7.92 1.29 0.00 0.04 *
4.97 0.42 5.77 0.24 -13.93 -3.36 0.00 0.00 ** 0.04 * 5.14 0.26 4.77 0.33 7.91 1.15 0.01 0.08 -
4.75 0.33 5.27 0.27 -9.85 -1.94 0.00 0.00 ** 1.00 4.86 0.24 4.51 0.29 7.79 1.21 0.01 0.08 -
1.53 0.11 1.71 0.09 -10.48 -1.96 0.00 0.00 ** 1.00 1.53 0.09 1.46 0.09 5.04 0.78 0.09 0.66
2.20 0.17 2.45 0.13 -9.94 -1.86 0.00 0.00 ** 1.00 2.29 0.10 2.09 0.15 9.37 1.29 0.00 0.05 *
1.01 0.08 1.1 0.06 -8.69 -1.51 0.00 0.03 * 1.00 1.04 0.05 0.95 0.06 8.51 1.37 0.00 0.05 -
0.61 0.05 0.67 0.03 -9.46 -1.86 0.00 0.02 * 1.00 0.63 0.03 0.58 0.04 9.06 1.49 0.00 0.03 *
17.29 1.49 20.23 0.77 -14.53 -3.82 0.00 0.00 ** 0.03 * 18.23 0.77 16.88 1.12 7.98 1.20 0.00 0.03 *
12.59 1.13 14.65 0.63 -14.08 -3.25 0.00 0.00 ** 0.20 13.28 0.68 12.30 0.77 7.96 1.27 0.00 0.03 *
6.56 0.58 7.64 0.36 -14.06 -2.98 0.00 0.00 ** 0.38 6.96 0.35 6.48 0.40 7.39 1.19 0.01 0.07 -
1.67 0.19 1.96 0.16 -15.22 -1.83 0.00 0.00 ** 1.00 1.79 0.15 1.68 0.15 6.32 0.73 0.10 0.79
1.94 0.15 2.24 0.09 -13.37 -3.19 0.00 0.00 ** 0.19 2.04 0.09 1.89 0.11 7.95 1.36 0.00 0.03 *
2.10 0.17 2.43 0.09 -13.49 -3.53 0.00 0.00 ** 0.19 2.21 0.08 2.05 0.11 7.76 1.48 0.00 0.03 *
0.85 0.08 1.00 0.05 -14.71 -3.21 0.00 0.00 ** 1.00 0.91 0.05 0.85 0.06 7.34 1.08 0.01 0.15
0.95 0.10 1.13 0.03 -16.10 -5.21 0.00 0.00 ** 0.17 1.01 0.05 0.94 0.06 7.75 1.19 0.00 0.04 *
0.16 0.02 0.19 0.01 -16.07 -4.54 0.00 0.00 ** 0.20 0.17 0.01 0.16 0.01 7.99 1.40 0.00 0.04 *
0.40 0.05 0.48 0.02 -17.26 -3.35 0.00 0.00 ** 0.84 0.43 0.03 0.41 0.03 5.41 0.64 0.10 0.46
0.38 0.04 0.45 0.02 -14.86 -3.05 0.00 0.00 ** 0.30 0.40 0.02 0.36 0.02 10.30 1.55 0.00 0.05 *
5.08 0.47 5.89 0.27 -13.71 -3.03 0.00 0.00 ** 1.00 5.32 0.33 4.89 0.34 8.75 1.27 0.01 0.04 *
0.89 0.08 1.03 0.06 -14.07 -2.60 0.00 0.00 ** 1.00 0.93 0.06 0.87 0.06 7.64 1.03 0.02 0.14
0.12 0.01 0.14 0.00 -15.29 -4.58 0.00 0.00 ** 0.13 0.12 0.01 0.11 0.01 9.41 1.04 0.01 0.03 *
0.77 0.07 0.90 0.05 -13.88 -2.32 0.00 0.00 ** 1.00 0.81 0.05 0.76 0.06 7.38 0.98 0.03 0.20
2.15 0.22 2.56 0.12 -15.95 -3.52 0.00 0.00 ** 0.42 2.25 0.15 2.07 0.15 8.59 1.18 0.01 0.16
1.51 0.14 1.70 0.08 -11.02 -2.41 0.00 0.00 ** 1.00 1.58 0.11 1.44 0.09 9.90 1.53 0.00 0.02 *
0.53 0.05 0.59 0.04 -11.07 -1.81 0.00 0.05 - 1.00 0.55 0.03 0.51 0.03 8.04 1.19 0.01 0.41
4.71 0.38 5.58 0.19 -15.72 -4.67 0.00 0.00 ** 0.01 ** 4.95 0.17 4.58 0.39 8.04 0.94 0.01 0.08 -
3.27 0.26 3.84 0.13 -14.97 -4.47 0.00 0.00 ** 0.02 * 3.43 0.12 3.18 0.26 7.90 0.96 0.01 0.08 -
1.44 0.12 1.74 0.06 -17.36 -4.86 0.00 0.00 ** 0.00 ** 1.51 0.05 1.40 0.13 8.36 0.88 0.01 0.09 -
0.98 0.08 1.18 0.04 -17.17 -4.92 0.00 0.00 ** 0.00 ** 1.03 0.03 0.96 0.09 8.20 0.86 0.01 0.10 -
0.46 0.04 0.56 0.02 -17.76 -4.53 0.00 0.00 ** 0.01 * 0.48 0.02 0.44 0.04 8.69 0.92 0.01 0.08 -
95.24 6.51 101.82 6.17 -6.47 -1.07 0.01 0.14 0.03 * 98.56 3.38 88.64 4.53 11.20 2.19 0.00 0.01 **
4.29 0.34 4.59 0.33 -6.67 -0.94 0.03 0.30 1.00 4.46 0.28 4.02 0.28 11.01 1.58 0.00 0.01 *
2.46 0.20 2.71 0.17 -9.03 -1.41 0.00 0.07 - 1.00 2.57 0.19 2.38 0.16 8.1 1.23 0.02 0.08 -
1.70 0.17 1.91 0.14 -11.42 -1.54 0.00 0.03 * 1.00 1.77 0.15 1.65 0.13 7.44 0.92 0.05 0.25
0.77 0.05 0.79 0.06 -3.25 -0.44 0.25 1.00 1.00 0.80 0.06 0.73 0.05 9.63 1.37 0.01 0.05 -
1.82 0.16 1.89 0.19 -3.29 -0.33 0.39 1.00 0.27 1.88 0.15 1.64 0.14 15.22 1.74 0.00 0.01 **
1.27 0.13 1.34 0.15 -5.00 -0.44 0.25 1.00 1.00 1.31 0.14 1.16 0.12 13.32 1.29 0.01 0.03 *
0.55 0.05 0.55 0.05 0.91 0.10 0.81 1.00 0.03 * 0.57 0.04 0.48 0.03 19.85 3.17 0.00 0.00 **
0.46 0.04 0.55 0.04 -15.58 -2.01 0.00 0.00 ** 0.84 0.48 0.05 0.43 0.04 9.96 1.13 0.03 0.38
5.24 0.42 5.59 0.22 -6.14 -1.56 0.01 0.20 0.51 5.45 0.15 4.86 0.36 12.00 1.61 0.00 0.02 *
2.76 0.20 2.90 0.11 -4.74 -1.28 0.04 0.67 0.68 2.86 0.13 2.60 0.21 10.02 1.26 0.00 0.05 *
0.61 0.05 0.67 0.04 -8.54 -1.34 0.00 0.07 - 1.00 0.64 0.04 0.58 0.05 11.61 1.23 0.00 0.06 -
0.36 0.06 0.39 0.02 -7.55 -1.72 0.07 0.78 1.00 0.37 0.04 0.35 0.04 5.70 0.51 0.22 1.00
1.79 0.11 1.84 0.08 -2.78 -0.66 0.18 1.00 0.45 1.85 0.08 1.67 0.12 10.38 1.44 0.00 0.03 *
2.48 0.24 2.69 0.14 -7.65 -1.44 0.01 0.15 1.00 2.58 0.07 2.26 0.17 14.29 1.89 0.00 0.01 *
2.30 0.17 2.44 0.20 -5.69 -0.68 0.08 0.87 1.00 2.42 0.21 2.22 0.16 8.93 1.25 0.02 0.14
417 0.30 4.53 0.35 -7.95 -1.02 0.01 0.07 - 1.00 4.28 0.25 3.86 0.25 11.10 1.72 0.00 0.03 *
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1.32 0.12 1.46 0.11 -9.34 -1.19 0.01 0.03 * 1.00 1.36 0.08 1.24 0.08 9.88 1.53 0.00 0.07 -
1.27 0.10 1.38 0.09 -7.70 -1.18 0.01 0.05 * 1.00 1.30 0.07 1.17 0.08 10.82 1.66 0.00 0.03 *
1.58 0.10 1.70 0.16 -6.97 -0.75 0.04 0.30 0.58 1.62 0.11 1.44 0.10 12.36 1.73 0.00 0.03 *
0.94 0.10 0.90 0.11 3.70 0.30 0.45 1.00 0.19 0.91 0.03 0.85 0.03 6.26 1.60 0.00 0.25
0.94 0.10 0.90 0.11 3.70 0.30 0.45 1.00 0.19 0.91 0.03 0.85 0.03 6.26 1.60 0.00 0.25
8.91 0.61 9.34 0.83 -4.61 -0.52 0.16 1.00 0.05 * 9.24 0.74 8.24 0.64 12.14 1.57 0.00 0.03 *
2.26 0.21 2.46 0.15 -7.76 -1.24 0.01 0.23 0.63 2.39 0.13 2.08 0.16 14.80 1.95 0.00 0.01 **
6.65 0.46 6.89 0.69 -3.49 -0.35 0.32 1.00 0.05 * 6.85 0.65 6.16 0.50 11.24 1.37 0.01 0.08 -
12.48 1.00 13.11 0.89 -4.75 -0.70 0.11 0.69 0.18 12.99 0.52 11.43 0.59 13.60 2.63 0.00 0.00 **
6.83 0.64 7.32 0.45 -6.79 -1.10 0.03 0.14 1.00 7.08 0.30 6.23 0.31 13.64 2.78 0.00 0.00 **
0.60 0.05 0.63 0.06 -5.16 -0.51 0.18 0.85 0.77 0.61 0.02 0.54 0.03 11.48 2.06 0.00 0.01 *
6.23 0.59 6.69 0.40 -6.94 -1.17 0.02 0.14 1.00 6.47 0.30 5.69 0.29 13.85 2.73 0.00 0.00 **
5.66 0.43 5.78 0.46 217 -0.27 0.49 1.00 0.03 * 5.91 0.27 5.20 0.29 13.54 2.39 0.00 0.01 **
6.66 0.35 6.71 0.39 -0.74 -0.13 0.74 1.00 0.29 6.66 0.20 6.39 0.21 4.15 1.28 0.01 0.71
5.87 0.35 6.45 0.47 -8.98 -1.23 0.00 0.02 * 1.00 6.01 0.36 5.76 0.33 4.37 0.76 0.11 0.83
3.1 0.21 3.30 0.27 -5.71 -0.71 0.06 0.41 0.45 3.16 0.19 3.07 0.16 2.88 0.55 0.27 1.00
1.52 0.10 1.72 0.14 -11.83 -1.46 0.00 0.00 ** 1.00 1.56 0.09 1.47 0.09 6.15 1.04 0.03 0.41
1.25 0.08 1.43 0.08 -13.06 -2.35 0.00 0.00 ** 1.00 1.30 0.09 1.22 0.10 5.99 0.75 0.08 0.40
2.05 0.19 2.25 0.11 -8.77 -1.72 0.00 0.05 * 1.00 2.15 0.07 1.90 0.12 12.96 2.07 0.00 0.01 *
0.19 0.02 0.21 0.02 -8.54 -1.02 0.03 0.17 1.00 0.20 0.02 0.17 0.02 17.79 1.63 0.00 0.01 *
0.33 0.04 0.36 0.04 -8.95 -0.81 0.05 0.24 1.00 0.35 0.03 0.30 0.04 16.34 1.30 0.00 0.02 *
0.09 0.01 0.10 0.01 -8.02 -1.01 0.04 0.65 0.77 0.09 0.01 0.08 0.01 17.08 1.73 0.00 0.01 **
1.44 0.13 1.57 0.07 -8.80 -1.89 0.00 0.05 - 1.00 1.50 0.05 1.35 0.07 11.34 2.32 0.00 0.04 *
2.17 0.16 243 0.19 -10.39 -1.30 0.00 0.02 * 1.00 2.23 0.08 1.97 0.15 13.66 1.80 0.00 0.01 **
28.57 2.18 30.83 2.23 -7.33 -1.01 0.02 0.15 0.27 29.74 1.42 26.43 1.51 12.50 2.19 0.00 0.02 *
22.98 1.82 25.10 1.68 -8.45 -1.26 0.01 0.04 * 1.00 23.99 1.08 21.35 1.16 12.34 2.27 0.00 0.01 *
3.71 0.22 4.04 0.34 -8.03 -0.94 0.01 0.06 - 1.00 3.87 0.16 3.44 0.17 12.38 2.49 0.00 0.01 **
8.07 0.59 8.67 0.59 -7.00 -1.03 0.02 0.13 1.00 8.41 0.39 7.63 0.41 10.34 1.90 0.00 0.04 *
0.88 0.09 0.97 0.08 -8.98 -1.15 0.01 0.07 - 1.00 0.91 0.06 0.78 0.07 16.85 1.88 0.00 0.00 **
0.28 0.03 0.32 0.03 -14.24 -1.55 0.00 0.01 ** 1.00 0.29 0.02 0.25 0.03 15.97 1.48 0.00 0.01 **
0.15 0.02 0.16 0.01 -7.37 -0.92 0.04 0.53 1.00 0.16 0.01 0.13 0.01 18.70 2.1 0.00 0.01 **
0.45 0.05 0.48 0.04 -5.96 -0.71 0.11 0.51 1.00 0.46 0.04 0.39 0.04 16.79 1.88 0.00 0.01 **
3.16 0.35 3.58 0.27 -11.70 -1.56 0.00 0.01 * 1.00 3.33 0.23 2.85 0.25 16.76 1.88 0.00 0.00 **
2.13 0.24 2.38 0.20 -10.54 -1.26 0.01 0.06 - 1.00 2.25 0.21 1.91 0.19 18.04 1.79 0.00 0.01 **
0.50 0.04 0.57 0.05 -12.09 -1.37 0.00 0.02 * 1.00 0.52 0.04 0.46 0.03 13.31 2.16 0.00 0.01 *
4.54 0.38 4.90 0.32 -7.42 -1.13 0.01 0.21 0.45 4.69 0.22 4.29 0.23 9.46 1.74 0.00 0.17
5.59 0.52 5.73 0.72 -2.45 -0.20 0.59 1.00 0.03 * 5.75 0.55 5.08 0.49 13.16 1.36 0.01 0.11
2.55 0.24 2.76 0.17 -7.62 -1.20 0.02 0.14 1.00 2.65 0.15 2.32 0.19 14.46 1.80 0.00 0.01 **
8.56 0.73 9.35 0.51 -8.40 -1.53 0.00 0.04 * 1.00 8.90 0.17 7.95 0.39 11.98 2.46 0.00 0.03 *
1.92 0.21 2.16 0.14 -11.22 -1.77 0.00 0.01 * 1.00 2.00 0.10 1.76 0.10 13.94 2.39 0.00 0.04 *
1.75 0.14 1.88 0.13 -6.74 -0.98 0.02 0.18 1.00 1.80 0.05 1.62 0.10 11.21 1.75 0.00 0.05 *
1.69 0.14 1.78 0.12 -4.92 -0.71 0.10 1.00 1.00 1.77 0.06 1.60 0.08 10.59 217 0.00 0.08 -
2.35 0.21 2.61 0.15 -10.02 -1.78 0.00 0.01 ** 1.00 2.43 0.08 2.18 0.13 11.75 1.92 0.00 0.04 *
0.84 0.09 0.91 0.06 -7.34 -1.16 0.03 0.44 1.00 0.90 0.06 0.80 0.05 12.62 1.89 0.00 0.05 -
33.57 2.64 38.15 2.01 -12.00 -2.28 0.00 0.00 ** 1.00 34.71 1.99 32.11 1.86 8.09 1.40 0.01 0.06 -
8.35 0.67 9.45 0.46 -11.65 -2.40 0.00 0.00 ** 1.00 8.78 0.48 8.14 0.49 7.89 1.31 0.01 0.05 -
4.02 0.31 4.45 0.20 -9.65 -2.18 0.00 0.00 ** 1.00 4.21 0.21 3.93 0.23 6.95 1.18 0.01 0.14
0.98 0.10 1.12 0.09 -12.49 -1.64 0.00 0.00 ** 1.00 1.10 0.10 0.99 0.08 11.27 1.38 0.01 0.03 *
0.98 0.10 1.12 0.09 -12.49 -1.64 0.00 0.00 ** 1.00 1.10 0.10 0.99 0.08 11.27 1.38 0.01 0.03 *
2.34 0.25 2.76 0.19 -15.25 -2.25 0.00 0.00 ** 1.00 2.43 0.17 2.23 0.16 9.09 1.29 0.01 0.08 -
1.02 0.06 1.13 0.05 -9.94 -2.14 0.00 0.00 ** 1.00 1.04 0.04 0.99 0.07 5.52 0.84 0.03 0.20
1.02 0.06 1.13 0.05 -9.94 -2.14 0.00 0.00 ** 1.00 1.04 0.04 0.99 0.07 5.52 0.84 0.03 0.20
25.22 1.98 28.70 1.57 -12.11 -2.21 0.00 0.00 ** 1.00 25.93 1.56 23.97 1.38 8.15 1.42 0.01 0.07 -
5.84 0.33 6.58 0.30 -11.34 -2.46 0.00 0.00 ** 1.00 6.05 0.24 5.68 0.36 6.43 1.03 0.01 0.17
0.11 0.01 0.12 0.01 -6.85 -0.83 0.04 0.35 0.45 0.12 0.01 0.11 0.01 6.54 1.20 0.02 0.52
3.05 0.19 3.52 0.18 -13.22 -2.56 0.00 0.00 ** 0.99 3.16 0.21 3.00 0.17 5.40 0.95 0.06 0.53
2.67 0.26 2.94 0.30 -9.28 -0.92 0.02 0.13 1.00 2.77 0.25 2.57 0.31 7.64 0.63 0.11 0.51
2.35 0.20 2.75 0.17 -14.58 -2.31 0.00 0.00 ** 0.84 2.48 0.20 2.24 0.17 10.52 1.40 0.01 0.03 *
16.20 1.54 18.46 1.27 -12.23 -1.77 0.00 0.00 ** 1.00 16.49 1.27 15.21 0.95 8.45 1.35 0.02 0.14
16.20 1.54 18.46 1.27 -12.23 -1.77 0.00 0.00 ** 1.00 16.49 1.27 15.21 0.95 8.45 1.35 0.02 0.14
0.83 0.10 0.90 0.05 -7.78 -1.47 0.02 0.07 - 1.00 0.91 0.07 0.84 0.06 8.21 1.24 0.02 0.10
0.83 0.10 0.90 0.05 -7.78 -1.47 0.02 0.07 - 1.00 0.91 0.07 0.84 0.06 8.21 1.24 0.02 0.10
82.95 7.65 92.17 4.05 -10.00 -2.28 0.00 0.00 ** 1.00 86.64 4.56 79.91 4.60 8.43 1.46 0.00 0.02 *
24.05 2.33 26.53 1.66 -9.36 -1.49 0.00 0.01 * 1.00 25.36 1.73 23.38 1.48 8.47 1.34 0.01 0.07 -
10.71 1.06 11.70 0.69 -8.42 -1.43 0.01 0.03 * 1.00 11.25 0.73 10.39 0.65 8.27 1.32 0.01 0.12
4.29 0.40 4.71 0.22 -8.92 -1.91 0.00 0.02 * 1.00 4.44 0.20 4.04 0.26 10.03 1.55 0.00 0.03 *
6.42 0.67 6.98 0.50 -8.09 -1.12 0.02 0.13 0.38 6.80 0.55 6.35 0.42 7.15 1.07 0.05 0.35
0.21 0.02 0.24 0.01 -11.88 -1.93 0.00 0.00 ** 1.00 0.23 0.02 0.21 0.02 9.72 1.27 0.01 0.03 *
0.21 0.02 0.24 0.01 -11.88 -1.93 0.00 0.00 ** 1.00 0.23 0.02 0.21 0.02 9.72 1.27 0.01 0.03 *
0.21 0.02 0.24 0.01 -11.88 -1.93 0.00 0.00 ** 1.00 0.23 0.02 0.21 0.02 9.72 1.27 0.01 0.03 *
10.08 0.98 11.27 0.78 -10.49 -1.51 0.00 0.01 ** 1.00 10.70 0.78 9.88 0.66 8.32 1.25 0.02 0.07 -
3.04 0.29 3.33 0.20 -8.63 -1.40 0.01 0.02 * 1.00 3.18 0.24 2.90 0.19 9.61 1.46 0.01 0.03 *
3.04 0.29 3.33 0.20 -8.63 -1.40 0.01 0.02 * 1.00 3.18 0.24 2.90 0.19 9.61 1.46 0.01 0.03 *
36.48 3.41 40.79 1.57 -10.57 -2.75 0.00 0.00 ** 0.84 37.82 1.77 35.08 1.98 7.82 1.38 0.00 0.02 *
22.15 2.15 24.58 1.05 -9.91 -2.32 0.00 0.01 ** 1.00 22.83 1.07 21.32 1.26 7.06 1.19 0.01 0.04 *
0.23 0.03 0.26 0.05 -13.59 -0.78 0.03 0.20 1.00 0.22 0.03 0.21 0.03 5.79 0.49 0.30 1.00
0.23 0.03 0.26 0.05 -13.59 -0.78 0.03 0.20 1.00 0.22 0.03 0.21 0.03 5.79 0.49 0.30 1.00
0.23 0.03 0.26 0.05 -13.59 -0.78 0.03 0.20 1.00 0.22 0.03 0.21 0.03 5.79 0.49 0.30 1.00
0.30 0.02 0.31 0.03 -5.15 -0.61 0.13 1.00 1.00 0.32 0.03 0.30 0.04 5.26 0.43 0.25 1.00
0.30 0.02 0.31 0.03 -5.15 -0.61 0.13 1.00 1.00 0.32 0.03 0.30 0.04 5.26 0.43 0.25 1.00
21.62 2.1 24.01 1.01 -9.93 -2.36 0.00 0.01 ** 1.00 22.29 1.04 20.81 1.22 7.10 1.21 0.01 0.04 *
14.33 1.29 16.21 0.65 -11.59 -2.89 0.00 0.00 ** 0.82 14.99 0.80 13.76 0.76 8.99 1.62 0.00 0.01 **
13.09 1.19 14.81 0.62 -11.60 -2.75 0.00 0.00 ** 0.84 13.72 0.76 12.60 0.69 8.95 1.63 0.00 0.01 **
0.64 0.08 0.73 0.05 -12.10 -1.65 0.00 0.01 ** 1.00 0.65 0.04 0.59 0.06 10.48 0.98 0.01 0.08 -
0.64 0.08 0.73 0.05 -12.10 -1.65 0.00 0.01 ** 1.00 0.65 0.04 0.59 0.06 10.48 0.98 0.01 0.08 -
0.59 0.04 0.67 0.04 -10.75 -1.66 0.00 0.00 ** 1.00 0.62 0.03 0.57 0.04 8.52 1.29 0.00 0.07 -
0.59 0.04 0.67 0.04 -10.75 -1.66 0.00 0.00 ** 1.00 0.62 0.03 0.57 0.04 8.52 1.29 0.00 0.07 -
22.42 2.03 24.85 1.57 -9.76 -1.55 0.00 0.01 * 1.00 23.46 1.49 21.45 1.32 9.40 1.53 0.00 0.02 *
8.76 0.64 9.65 0.46 -9.31 -1.96 0.00 0.00 ** 1.00 9.17 0.47 8.37 0.47 9.62 1.69 0.00 0.01 **
8.21 0.59 9.06 0.44 -9.35 -1.92 0.00 0.00 ** 1.00 8.61 0.45 7.86 0.45 9.50 1.66 0.00 0.01 **
0.54 0.06 0.60 0.04 -8.75 -1.38 0.01 0.05 * 1.00 0.56 0.04 0.50 0.04 11.50 1.62 0.00 0.01 *
0.42 0.06 0.45 0.03 -8.52 -1.16 0.04 0.23 1.00 0.42 0.03 0.37 0.04 11.33 1.04 0.01 0.08 -
0.13 0.01 0.14 0.01 -9.47 -1.43 0.01 0.07 - 1.00 0.14 0.01 0.13 0.01 12.00 1.31 0.00 0.03 *
13.67 1.46 15.20 1.18 -10.04 -1.29 0.01 0.03 * 1.00 14.29 1.12 13.08 0.92 9.26 1.32 0.01 0.06 -
36.66 3.50 42.61 2.10 -13.96 -2.84 0.00 0.00 ** 0.88 37.69 1.70 33.58 3.26 12.23 1.26 0.00 0.00 **
35.71 3.42 41.50 2.06 -13.96 -2.81 0.00 0.00 ** 0.88 36.68 1.65 32.69 3.19 12.21 1.25 0.00 0.01 **
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15.47 1.54 18.11 0.86 -14.58 -3.09 0.00 0.00 ** 0.33 15.95 0.67 14.09 1.31 13.16 1.42 0.00 0.00 **

1.56 0.20 1.71 0.17 -8.90 -0.90 0.05 0.18 1.00 1.58 0.15 1.34 0.09 17.71 2.61 0.00 0.04 *
1.57 0.27 1.95 0.14 -19.26 -2.67 0.00 0.01 ** 0.78 1.74 0.20 1.45 0.15 19.93 1.94 0.00 0.01 **
4.59 0.46 5.39 0.26 -14.97 -3.09 0.00 0.00 ** 0.25 4.75 0.20 4.31 0.36 10.23 1.23 0.00 0.01 *
3.24 0.33 3.88 0.23 -16.40 -2.79 0.00 0.00 ** 0.08 - 3.35 0.13 3.09 0.27 8.49 0.98 0.01 0.05 *
1.34 0.16 1.52 0.07 -11.32 -2.50 0.00 0.01 ** 1.00 1.40 0.09 1.22 0.10 14.66 1.81 0.00 0.01 **
2.18 0.27 2.45 0.22 -11.04 -1.25 0.01 0.14 1.00 2.15 0.16 1.93 0.24 11.60 0.93 0.02 0.03 *
0.79 0.14 0.95 0.14 -17.61 -1.20 0.01 0.07 - 1.00 0.80 0.11 0.69 0.10 15.42 1.07 0.03 0.08 -
1.24 0.20 1.58 0.11 -21.51 -3.17 0.00 0.00 ** 1.00 1.30 0.11 1.09 0.16 18.65 1.28 0.00 0.01 **
2.36 0.29 2.76 0.14 -14.33 -2.79 0.00 0.00 ** 1.00 2.40 0.17 2.20 0.24 9.36 0.85 0.03 0.11
1.17 0.10 1.31 0.08 -10.08 -1.68 0.00 0.02 * 1.00 1.23 0.07 1.08 0.12 13.53 1.26 0.00 0.01 **
20.24 1.90 23.40 1.26 -13.48 -2.50 0.00 0.00 ** 1.00 20.73 1.05 18.60 1.95 11.49 1.09 0.00 0.01 **
4.12 0.46 4.63 0.29 -10.88 -1.75 0.00 0.02 * 1.00 4.32 0.21 3.74 0.39 15.56 1.49 0.00 0.00 **
6.84 0.58 8.09 0.48 -15.50 -2.61 0.00 0.00 ** 1.00 6.88 0.37 6.25 0.73 10.06 0.86 0.02 0.05 -
3.55 0.31 4.27 0.25 -16.77 -2.89 0.00 0.00 ** 0.11 3.62 0.19 3.21 0.37 12.74 1.10 0.00 0.01 **
3.29 0.29 3.82 0.25 -14.08 -2.18 0.00 0.01 ** 1.00 3.26 0.20 3.04 0.36 7.24 0.61 0.09 0.43
3.50 0.42 3.98 0.31 -12.03 -1.56 0.00 0.02 * 1.00 3.47 0.13 3.13 0.40 10.74 0.84 0.01 0.02 *
2.12 0.25 2.40 0.17 -11.45 -1.59 0.00 0.02 * 1.00 212 0.15 1.84 0.19 15.34 1.49 0.00 0.01 **
0.80 0.09 0.94 0.06 -14.32 -2.34 0.00 0.00 ** 1.00 0.84 0.06 0.75 0.08 10.84 1.00 0.02 0.04 *
2.85 0.33 3.36 0.34 -15.17 -1.49 0.00 0.01 ** 1.00 3.1 0.33 2.88 0.34 7.81 0.66 0.13 0.79
0.95 0.10 1.1 0.07 -13.84 -2.10 0.00 0.00 ** 1.00 1.01 0.08 0.89 0.09 13.10 1.32 0.00 0.01 **
0.27 0.03 0.31 0.02 -13.62 -1.87 0.00 0.00 ** 1.00 0.28 0.02 0.25 0.02 12.26 1.24 0.00 0.01 **
0.34 0.04 0.39 0.03 -13.54 -1.97 0.00 0.00 ** 1.00 0.36 0.03 0.32 0.03 12.23 1.21 0.01 0.02 *
0.35 0.04 0.40 0.03 -14.30 -2.26 0.00 0.00 ** 1.00 0.37 0.03 0.32 0.03 14.60 1.47 0.00 0.01 **
33.96 3.43 39.75 1.93 -14.56 -3.00 0.00 0.00 ** 1.00 35.52 1.85 32.02 2.43 10.92 1.44 0.00 0.01 **
5.45 0.47 6.11 0.25 -10.66 -2.56 0.00 0.00 ** 1.00 5.70 0.26 5.27 0.34 8.15 1.25 0.00 0.02 *
2.02 0.16 2.23 0.10 -9.20 -2.04 0.00 0.03 * 1.00 2.10 0.10 1.97 0.13 6.53 0.96 0.02 0.18
0.81 0.08 0.93 0.06 -13.11 -1.93 0.00 0.00 ** 1.00 0.84 0.05 0.78 0.06 7.33 0.98 0.02 0.11
1.22 0.08 1.30 0.04 -6.41 -1.90 0.00 0.24 1.00 1.26 0.06 1.19 0.08 6.01 0.87 0.03 0.43
0.17 0.02 0.20 0.01 -15.49 -3.34 0.00 0.00 ** 1.00 0.18 0.01 0.16 0.01 9.89 1.41 0.00 0.01 *
2.02 0.20 2.27 0.10 -11.05 -2.50 0.00 0.02 * 1.00 2.10 0.10 1.91 0.13 9.87 1.49 0.00 0.01 **
2.02 0.20 2.27 0.10 -11.05 -2.50 0.00 0.02 * 1.00 2.10 0.10 1.91 0.13 9.87 1.49 0.00 0.01 **
2.02 0.20 2.27 0.10 -11.05 -2.50 0.00 0.02 * 1.00 2.10 0.10 1.91 0.13 9.87 1.49 0.00 0.01 **
1.14 0.11 1.29 0.07 -11.28 -2.07 0.00 0.00 ** 1.00 1.22 0.08 1.13 0.09 7.63 0.95 0.03 0.09 -
1.14 0.11 1.29 0.07 -11.28 -2.07 0.00 0.00 ** 1.00 1.22 0.08 1.13 0.09 7.63 0.95 0.03 0.09 -
0.10 0.01 0.12 0.01 -16.02 -1.63 0.00 0.00 ** 1.00 0.10 0.01 0.09 0.01 10.05 0.94 0.05 0.18
0.10 0.01 0.12 0.01 -16.02 -1.63 0.00 0.00 ** 1.00 0.10 0.01 0.09 0.01 10.05 0.94 0.05 0.18
5.20 0.58 6.24 0.41 -16.61 -2.51 0.00 0.00 ** 0.41 5.53 0.40 4.92 0.42 12.49 1.46 0.00 0.01 *
4.28 0.50 5.18 0.35 -17.43 -2.60 0.00 0.00 ** 0.31 4.56 0.34 4.03 0.36 13.13 1.47 0.00 0.01 *
0.30 0.04 0.35 0.02 -14.67 -2.64 0.00 0.00 ** 1.00 0.32 0.02 0.29 0.03 9.33 0.95 0.02 0.05 *
2.69 0.33 3.30 0.24 -18.56 -2.51 0.00 0.00 ** 0.29 2.89 0.25 2.53 0.25 14.00 1.41 0.00 0.02 *
2.21 0.28 2.73 0.20 -18.98 -2.55 0.00 0.00 ** 0.33 2.38 0.21 2.08 0.22 14.56 1.39 0.00 0.03 *
0.48 0.05 0.57 0.05 -16.53 -2.05 0.00 0.00 ** 0.45 0.51 0.04 0.46 0.04 11.47 1.45 0.01 0.02 *
0.64 0.07 0.75 0.05 -13.63 -2.01 0.00 0.00 ** 1.00 0.68 0.05 0.61 0.04 12.20 1.88 0.00 0.02 *
0.65 0.07 0.79 0.05 -17.51 -2.76 0.00 0.00 ** 0.84 0.68 0.04 0.60 0.06 12.24 1.23 0.00 0.05 *
0.92 0.09 1.05 0.07 -12.61 -1.87 0.00 0.00 ** 1.00 0.97 0.06 0.88 0.06 9.54 1.35 0.00 0.02 *
0.73 0.07 0.83 0.05 -12.23 -1.96 0.00 0.00 ** 1.00 0.76 0.04 0.70 0.05 8.77 1.30 0.01 0.02 *
0.19 0.02 0.21 0.02 -10.01 -1.20 0.00 0.01 * 1.00 0.19 0.01 0.18 0.01 6.99 0.90 0.05 0.18
0.02 0.00 0.03 0.00 -26.62 -1.72 0.00 0.00 ** 0.03 * 0.02 0.00 0.02 0.00 14.81 0.87 0.03 0.14
0.52 0.05 0.59 0.04 -12.31 -1.86 0.00 0.00 ** 1.00 0.55 0.03 0.50 0.03 9.19 1.38 0.00 0.02 *
0.20 0.02 0.23 0.02 -14.00 -1.45 0.00 0.00 ** 1.00 0.21 0.02 0.18 0.02 12.51 1.41 0.01 0.02 *
0.20 0.02 0.23 0.02 -14.00 -1.45 0.00 0.00 ** 1.00 0.21 0.02 0.18 0.02 12.51 1.41 0.01 0.02 *
8.80 0.82 10.33 0.46 -14.76 -3.30 0.00 0.00 ** 1.00 9.12 0.45 8.09 0.72 12.72 1.42 0.00 0.00 **
2.32 0.21 2.72 0.12 -14.58 -3.27 0.00 0.00 ** 0.84 2.40 0.11 2.15 0.17 11.61 1.44 0.00 0.00 **
0.62 0.05 0.74 0.04 -15.64 -2.84 0.00 0.00 ** 0.88 0.65 0.04 0.58 0.05 11.73 1.31 0.00 0.01 **
0.92 0.10 1.09 0.06 -15.36 -2.70 0.00 0.00 ** 1.00 0.94 0.06 0.83 0.08 12.61 1.26 0.00 0.01 **
0.77 0.08 0.89 0.06 -12.73 -1.85 0.00 0.00 ** 1.00 0.82 0.06 0.75 0.06 10.41 1.32 0.01 0.03 *
6.48 0.61 7.61 0.36 -14.82 -3.13 0.00 0.00 ** 1.00 6.72 0.35 5.94 0.56 13.12 1.39 0.00 0.00 **
3.12 0.30 3.54 0.19 -12.10 -2.27 0.00 0.00 ** 1.00 3.25 0.20 2.88 0.26 12.81 1.42 0.00 0.00 **
0.07 0.01 0.08 0.01 -13.00 -1.04 0.02 0.30 1.00 0.07 0.01 0.06 0.01 19.84 1.75 0.00 0.30
0.13 0.03 0.18 0.02 -26.11 -2.73 0.00 0.01 ** 1.00 0.15 0.02 0.13 0.02 19.12 1.55 0.01 0.25
0.11 0.01 0.13 0.01 -15.74 -2.23 0.00 0.00 ** 1.00 0.11 0.01 0.10 0.01 16.14 1.84 0.00 0.01 *
0.38 0.05 0.48 0.03 -21.35 -3.73 0.00 0.00 ** 1.00 0.40 0.02 0.36 0.04 10.47 1.02 0.01 0.08 -
0.54 0.06 0.62 0.05 -13.08 -1.60 0.00 0.15 1.00 0.53 0.05 0.47 0.05 12.77 1.13 0.01 0.03 *
0.11 0.02 0.14 0.01 -25.66 -4.41 0.00 0.00 ** 1.00 0.11 0.01 0.09 0.03 24.36 0.83 0.02 0.02 *
0.08 0.01 0.10 0.01 -25.62 -3.55 0.00 0.00 ** 0.14 0.08 0.01 0.07 0.01 11.05 0.72 0.05 0.26
0.22 0.03 0.27 0.01 -18.61 -5.43 0.00 0.00 ** 1.00 0.23 0.02 0.20 0.02 14.15 1.24 0.01 0.01 *
0.07 0.01 0.07 0.01 -11.06 -1.60 0.01 0.38 0.88 0.07 0.01 0.06 0.01 24.39 1.87 0.00 0.01 **
0.07 0.01 0.08 0.01 -15.36 -2.34 0.00 0.03 * 1.00 0.07 0.01 0.06 0.01 17.27 1.61 0.00 0.02 *
0.28 0.04 0.34 0.02 -18.69 -3.07 0.00 0.00 ** 1.00 0.30 0.02 0.25 0.04 18.66 1.28 0.00 0.01 **
0.27 0.04 0.35 0.02 -22.71 -3.78 0.00 0.00 ** 1.00 0.28 0.02 0.24 0.04 16.20 1.10 0.00 0.01 **
0.13 0.01 0.13 0.01 -3.87 -0.58 0.23 1.00 1.00 0.12 0.01 0.11 0.02 9.92 0.64 0.05 0.10
0.20 0.02 0.25 0.02 -21.48 -2.62 0.00 0.00 ** 1.00 0.20 0.01 0.19 0.03 4.66 0.27 0.39 1.00
0.10 0.02 0.13 0.01 -20.36 -1.78 0.00 0.01 * 1.00 0.10 0.01 0.09 0.02 10.54 0.52 0.10 0.41
0.29 0.03 0.30 0.02 -5.21 -0.80 0.15 1.00 0.68 0.28 0.02 0.25 0.03 11.83 0.86 0.01 0.02 *
0.06 0.01 0.07 0.00 -11.17 -1.80 0.00 0.25 1.00 0.06 0.00 0.05 0.01 16.31 1.29 0.00 0.01 **
0.23 0.03 0.28 0.02 -16.10 -1.88 0.00 0.03 * 1.00 0.25 0.03 0.23 0.03 7.07 0.54 0.18 1.00
0.05 0.01 0.06 0.00 -13.91 -1.90 0.00 0.07 - 1.00 0.05 0.00 0.04 0.01 17.01 0.94 0.01 0.03 *
14.40 1.59 16.96 0.93 -15.11 -2.76 0.00 0.00 ** 1.00 15.06 0.84 13.64 1.02 10.39 1.39 0.00 0.02 *
5.28 0.57 6.03 0.33 -12.31 -2.26 0.00 0.00 ** 1.00 5.48 0.30 4.94 0.35 10.91 1.53 0.00 0.01 **
1.57 0.15 1.86 0.10 -15.84 -2.91 0.00 0.00 ** 0.12 1.63 0.08 1.48 0.13 9.90 1.17 0.00 0.01 *
1.50 0.18 1.58 0.08 -5.40 -1.10 0.11 1.00 0.35 1.53 0.08 1.36 0.10 12.24 1.66 0.00 0.00 **
2.22 0.26 2.58 0.19 -14.01 -1.91 0.00 0.00 ** 1.00 2.33 0.17 2.10 0.14 10.76 1.60 0.00 0.03 *
9.1 1.02 10.93 0.64 -16.65 -2.85 0.00 0.00 ** 0.31 9.58 0.57 8.70 0.67 10.09 1.30 0.00 0.04 *
0.10 0.01 0.11 0.01 -12.15 -1.52 0.00 0.01 * 1.00 0.11 0.01 0.10 0.01 7.34 0.89 0.07 0.29
0.10 0.01 0.11 0.01 -12.15 -1.52 0.00 0.01 * 1.00 0.11 0.01 0.10 0.01 7.34 0.89 0.07 0.29
0.10 0.01 0.11 0.01 -12.15 -1.52 0.00 0.01 * 1.00 0.11 0.01 0.10 0.01 7.34 0.89 0.07 0.29
4.67 0.80 5.83 0.35 -19.98 -3.28 0.00 0.00 ** 0.50 4.91 0.46 4.20 0.47 16.91 1.50 0.00 0.04 *
0.42 0.08 0.43 0.03 -3.02 -0.38 0.56 1.00 0.88 * 0.41 0.04 0.33 0.03 22.60 2.44 0.00 0.01 **
0.75 0.05 0.76 0.04 -1.29 -0.26 0.57 1.00 1.00 0.74 0.04 0.65 0.04 13.51 2.07 0.00 0.01 **
2.46 0.59 3.43 0.33 -28.27 -2.97 0.00 0.00 ** 0.31 2.68 0.45 2.26 0.38 18.84 1.12 0.03 0.36
2.41 0.59 3.38 0.33 -28.52 -2.96 0.00 0.00 ** 0.31 2.64 0.45 2.22 0.38 18.99 1.1 0.03 0.37
0.04 0.00 0.05 0.00 -10.84 -1.21 0.00 0.05 - 1.00 0.05 0.00 0.04 0.00 10.52 1.16 0.02 0.20
1.04 0.12 1.21 0.10 -14.35 -1.77 0.00 0.00 ** 1.00 1.07 0.06 0.95 0.08 12.69 1.48 0.00 0.00 **
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Absolute Volumes Absolute Volumes

Female Relative Volumes Male
Relative Volume GFSPF GF ASF GF
FDR Mean SD Mean SD %Diff Effect P-Value FDR FDR Mean SD Mean SD %Diff Effect
0.79 363.18 28.46 357.61 29.36 1.56 0.19 0.64 1.00 1.00 407.57 15.09 343.89 19.74 18.52 3.23
1.00 324.55 24.53 320.14 24.71 1.38 0.18 0.67 1.00 1.00 360.43 13.42 307.67 16.97 17.15 3.1
1.00 204.94 14.23 201.01 17.19 1.95 0.23 0.55 1.00 1.00 225.66 9.83 194.18 9.88 16.21 3.19
1.00 171.37 11.78 168.44 14.37 1.74 0.20 0.60 1.00 1.00 188.00 9.06 162.07 8.11 16.00 3.20
1.00 10.87 0.82 10.39 0.77 4.64 0.63 0.15 1.00 1.00 12.24 0.49 10.38 0.51 17.92 3.65
1.00 7.81 0.63 7.47 0.55 4.56 0.62 0.17 1.00 1.00 9.02 0.43 7.52 0.42 19.94 3.54
1.00 0.90 0.06 0.87 0.12 3.43 0.26 0.45 1.00 1.00 0.90 0.07 0.85 0.07 5.97 0.71
1.00 0.28 0.02 0.27 0.04 3.14 0.25 0.48 1.00 1.00 0.28 0.02 0.27 0.02 3.42 0.53
1.00 0.19 0.02 0.18 0.03 2.39 0.15 0.68 1.00 1.00 0.18 0.02 0.17 0.02 3.97 0.28
1.00 0.43 0.03 0.41 0.05 4.09 0.32 0.36 1.00 1.00 0.44 0.04 0.41 0.04 8.54 0.97
1.00 2.15 0.17 2.04 0.14 5.42 0.81 0.09 1.00 1.00 2.32 0.07 2.01 0.08 15.45 4.11
1.00 1.65 0.12 1.57 0.12 5.23 0.67 0.11 1.00 1.00 1.80 0.07 1.55 0.06 15.97 4.37
1.00 1.20 0.09 1.13 0.09 6.63 0.79 0.06 1.00 1.00 1.32 0.05 1.13 0.04 17.15 4.32
1.00 0.45 0.04 0.44 0.03 1.64 0.21 0.65 1.00 1.00 0.48 0.02 0.43 0.02 12.87 3.47
1.00 0.50 0.06 0.47 0.04 6.06 0.78 0.16 1.00 1.00 0.51 0.02 0.45 0.03 13.62 1.84
1.00 160.50 11.04 158.06 13.64 1.55 0.18 0.64 1.00 1.00 175.76 8.71 151.70 7.69 15.87 3.13
1.00 33.04 2.50 32.35 2.54 2.14 0.27 0.51 1.00 1.00 36.65 2.27 31.79 1.70 15.29 2.86
1.00 2.00 0.12 1.99 0.16 0.37 0.05 0.90 1.00 1.00 2.27 0.06 1.97 0.10 15.46 3.00
1.00 0.91 0.08 0.88 0.07 3.24 0.43 0.34 1.00 1.00 0.96 0.07 0.84 0.06 14.70 2.18
1.00 9.65 1.09 9.43 0.66 2.32 0.33 0.55 1.00 1.00 10.70 0.74 8.89 0.56 20.28 3.24
1.00 0.69 0.11 0.70 0.07 -1.33 -0.14 0.80 1.00 1.00 0.81 0.09 0.66 0.11 21.67 1.37
1.00 8.96 0.98 8.73 0.61 2.62 0.37 0.50 1.00 1.00 9.89 0.65 8.23 0.47 20.17 3.53
1.00 1.02 0.08 1.02 0.09 0.20 0.02 0.96 1.00 1.00 1.12 0.03 0.98 0.03 14.52 4.13
1.00 0.90 0.07 0.90 0.09 -0.14 -0.01 0.97 1.00 1.00 0.99 0.02 0.87 0.03 13.73 4.12
1.00 0.12 0.01 0.11 0.01 2.87 0.38 0.47 1.00 1.00 0.14 0.01 0.11 0.01 20.62 2.52
1.00 1.63 0.13 1.67 0.08 -2.35 -0.49 0.39 1.00 1.00 1.95 0.24 1.64 0.10 18.57 3.15
1.00 1.63 0.13 1.67 0.08 -2.35 -0.49 0.39 1.00 1.00 1.95 0.24 1.64 0.10 18.57 3.15
1.00 0.70 0.06 0.71 0.05 -1.61 -0.25 0.60 1.00 1.00 0.81 0.11 0.70 0.05 15.81 2.20
1.00 0.93 0.08 0.96 0.06 -2.90 -0.49 0.35 1.00 1.00 1.14 0.14 0.94 0.07 20.63 2.66
1.00 0.38 0.03 0.36 0.03 5.64 0.63 0.12 1.00 1.00 0.39 0.04 0.33 0.02 18.96 2.68
1.00 14.79 1.06 14.43 1.63 2.54 0.23 0.53 1.00 1.00 16.42 1.56 14.52 0.98 13.09 1.95
1.00 3.69 0.30 3.63 0.52 1.76 0.12 0.72 1.00 1.00 4.32 0.33 3.64 0.29 18.71 2.35
1.00 5.58 0.41 5.45 0.49 2.51 0.28 0.47 1.00 1.00 6.02 0.61 5.39 0.36 11.63 1.76
1.00 0.80 0.07 0.77 0.16 3.80 0.18 0.58 1.00 1.00 0.91 0.14 0.82 0.06 10.73 1.35
1.00 0.72 0.07 0.69 0.15 5.03 0.23 0.49 1.00 1.00 0.79 0.12 0.72 0.06 9.66 1.25
1.00 3.99 0.28 3.89 0.41 2.62 0.25 0.49 1.00 1.00 4.38 0.42 3.94 0.26 11.04 1.69
1.00 0.68 0.05 0.66 0.07 1.73 0.17 0.64 1.00 1.00 0.74 0.07 0.70 0.04 6.25 1.23
1.00 0.47 0.03 0.47 0.04 1.09 0.11 0.75 1.00 1.00 0.52 0.05 0.49 0.02 4.96 0.98
1.00 0.20 0.02 0.20 0.03 3.27 0.26 0.50 1.00 1.00 0.23 0.02 0.21 0.01 9.31 1.56
1.00 1.99 0.19 1.92 0.17 3.93 0.45 0.31 1.00 1.00 2.09 0.08 1.92 0.08 9.16 2.15
1.00 32.23 2.51 31.99 2.64 0.74 0.09 0.82 1.00 1.00 37.96 1.06 31.27 1.97 21.39 3.39
1.00 14.93 1.15 14.83 0.97 0.69 0.11 0.81 1.00 1.00 17.19 0.69 14.39 0.88 19.45 3.18
1.00 4.61 0.40 4.63 0.47 -0.41 -0.04 0.92 1.00 1.00 5.32 0.18 4.53 0.30 17.36 2.63
1.00 1.91 0.18 1.95 0.22 -1.99 -0.18 0.64 1.00 1.00 2.22 0.06 1.88 0.15 18.26 2.22
1.00 2.70 0.24 2.68 0.26 0.73 0.07 0.85 1.00 1.00 3.10 0.16 2.65 0.15 16.72 2.88
1.00 10.32 0.77 10.20 0.59 1.19 0.21 0.67 1.00 1.00 11.87 0.64 9.86 0.61 20.42 3.32
1.00 4.97 0.42 5.03 0.33 -1.23 -0.19 0.69 1.00 1.00 5.96 0.26 4.77 0.33 24.98 3.62
1.00 4.75 0.33 4.57 0.38 4.00 0.47 0.23 1.00 1.00 5.23 0.35 4.51 0.29 16.01 2.49
1.00 1.53 0.11 1.47 0.12 4.22 0.51 0.20 1.00 1.00 1.66 0.13 1.46 0.09 13.69 2.1
1.00 2.20 0.17 2.1 0.21 4.32 0.44 0.25 1.00 1.00 2.52 0.16 2.09 0.15 20.34 2.80
1.00 1.01 0.08 0.98 0.07 2.97 0.41 0.36 1.00 1.00 1.05 0.07 0.95 0.06 10.03 1.61
1.00 0.61 0.05 0.61 0.05 0.13 0.01 0.97 1.00 1.00 0.68 0.03 0.58 0.04 17.26 2.84
1.00 17.29 1.49 17.16 1.78 0.79 0.08 0.84 1.00 1.00 20.77 0.49 16.88 1.12 23.04 3.48
1.00 12.59 1.13 12.44 1.31 1.21 0.11 0.77 1.00 1.00 15.17 0.35 12.30 0.77 23.32 3.71
1.00 6.56 0.58 6.56 0.67 0.09 0.01 0.98 1.00 1.00 7.62 0.27 6.48 0.40 17.69 2.86
1.00 1.67 0.19 1.68 0.22 -0.97 -0.07 0.85 1.00 1.00 1.94 0.10 1.68 0.15 15.17 1.74
1.00 1.94 0.15 1.93 0.18 0.49 0.05 0.89 1.00 1.00 2.22 0.07 1.89 0.11 17.44 2.98
1.00 2.10 0.17 2.09 0.19 0.74 0.08 0.84 1.00 1.00 2.46 0.08 2.05 0.11 19.83 3.77
1.00 0.85 0.08 0.85 0.09 -0.35 -0.03 0.94 1.00 1.00 1.00 0.04 0.85 0.06 18.11 2.67
1.00 0.95 0.10 0.95 0.10 -0.93 -0.09 0.83 1.00 1.00 1.19 0.05 0.94 0.06 26.64 4.08
1.00 0.16 0.02 0.17 0.02 -1.31 -0.13 0.75 1.00 1.00 0.20 0.01 0.16 0.01 24.95 4.38
1.00 0.40 0.05 0.41 0.05 -3.14 -0.27 0.54 1.00 1.00 0.50 0.03 0.41 0.03 20.68 2.46
1.00 0.38 0.04 0.38 0.04 1.65 0.16 0.69 1.00 1.00 0.49 0.03 0.36 0.02 34.14 5.13
1.00 5.08 0.47 4.93 0.55 3.1 0.28 0.48 1.00 1.00 6.36 0.11 4.89 0.34 30.13 4.37
1.00 0.89 0.08 0.87 0.10 2.47 0.22 0.57 1.00 1.00 1.10 0.02 0.87 0.06 26.64 3.60
1.00 0.12 0.01 0.11 0.01 2.56 0.25 0.54 1.00 1.00 0.15 0.00 0.11 0.01 32.92 3.63
1.00 0.77 0.07 0.75 0.09 2.46 0.21 0.59 1.00 1.00 0.95 0.02 0.76 0.06 25.71 3.43
1.00 2.15 0.22 2.08 0.24 3.39 0.29 0.46 1.00 1.00 2.95 0.14 2.07 0.15 42.15 5.81
1.00 1.51 0.14 1.47 0.16 2.91 0.27 0.49 1.00 1.00 1.76 0.05 1.44 0.09 22.20 3.43
1.00 0.53 0.05 0.51 0.06 3.61 0.29 0.44 1.00 1.00 0.55 0.05 0.51 0.03 9.47 1.40
1.00 4.71 0.38 4.72 0.50 -0.32 -0.03 0.94 1.00 1.00 5.60 0.16 4.58 0.39 22.29 2.60
1.00 3.27 0.26 3.29 0.35 -0.58 -0.06 0.88 1.00 1.00 3.86 0.12 3.18 0.26 21.27 2.57
1.00 1.44 0.12 1.43 0.16 0.30 0.03 0.94 1.00 1.00 1.74 0.04 1.40 0.13 24.63 2.60
1.00 0.98 0.08 0.98 0.11 -0.07 -0.01 0.99 1.00 1.00 1.18 0.03 0.96 0.09 23.83 2.50
1.00 0.46 0.04 0.45 0.05 1.09 0.10 0.80 1.00 1.00 0.56 0.01 0.44 0.04 26.35 2.79
1.00 95.24 6.51 93.72 8.63 1.61 0.18 0.64 1.00 1.00 101.15 5.77 88.64 4.53 14.12 2.76
1.00 4.29 0.34 4.21 0.45 1.72 0.16 0.66 1.00 1.00 4.43 0.18 4.02 0.28 10.26 1.48
1.00 2.46 0.20 2.46 0.27 0.16 0.01 0.97 1.00 1.00 2.61 0.12 2.38 0.16 9.66 1.46
1.00 1.70 0.17 1.72 0.21 -1.25 -0.10 0.79 1.00 1.00 1.85 0.06 1.65 0.13 12.14 1.51
1.00 0.77 0.05 0.74 0.07 3.42 0.37 0.32 1.00 1.00 0.76 0.08 0.73 0.05 4.08 0.58
1.00 1.82 0.16 1.75 0.20 3.91 0.34 0.38 1.00 1.00 1.82 0.09 1.64 0.14 11.13 1.27
1.00 1.27 0.13 1.24 0.16 3.01 0.24 0.54 1.00 1.00 1.27 0.06 1.16 0.12 9.42 0.91
0.79 0.55 0.05 0.52 0.06 6.04 0.55 0.18 1.00 1.00 0.55 0.04 0.48 0.03 15.32 2.45
1.00 0.46 0.04 0.44 0.05 5.75 0.51 0.20 1.00 1.00 0.52 0.03 0.43 0.04 18.86 2.13
1.00 5.24 0.42 5.08 0.52 3.20 0.31 0.42 1.00 1.00 5.55 0.34 4.86 0.36 14.16 1.91
1.00 2.76 0.20 2.69 0.28 2.77 0.27 0.47 1.00 1.00 2.88 0.22 2.60 0.21 10.72 1.35
1.00 0.61 0.05 0.59 0.07 2.49 0.22 0.55 1.00 1.00 0.65 0.04 0.58 0.05 12.71 1.34
1.00 0.36 0.06 0.35 0.05 2.28 0.17 0.71 1.00 1.00 0.40 0.03 0.35 0.04 11.90 1.06
1.00 1.79 0.11 1.74 0.18 2.97 0.29 0.42 1.00 1.00 1.84 0.17 1.67 0.12 9.79 1.36
1.00 2.48 0.24 2.40 0.26 3.67 0.33 0.41 1.00 1.00 2.67 0.13 2.26 0.17 18.12 2.40
1.00 2.30 0.17 2.30 0.25 0.18 0.02 0.96 1.00 1.00 2.34 0.15 2.22 0.16 5.25 0.74
1.00 4.17 0.30 4.03 0.40 3.58 0.36 0.34 1.00 1.00 4.51 0.34 3.86 0.25 17.04 2.64
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1.32
1.27
1.58
0.94
0.94
8.91
2.26
6.65
12.48
6.83
0.60
6.23
5.66

5.87
3.11
1.52
1.25
2.05
0.19
0.33
0.09
1.44
2.17
28.57
22.98
3.71
8.07
0.88
0.28
0.15
0.45
3.16
2.13
0.50
4.54
5.59
2.55
8.56
1.92
1.75
1.69
2.35
0.84
33.57
8.35
4.02
0.98
0.98
2.34
1.02
1.02
25.22
5.84
0.11
3.05
2.67
2.35
16.20
16.20
0.83
0.83
82.95
24.05
10.71
4.29
6.42
0.21
0.21
0.21
10.08
3.04
3.04
36.48
22.15
0.23
0.23
0.23
0.30
0.30
21.62
14.33
13.09
0.64
0.64

0.59
22.42
8.76
8.21
0.54
0.42
0.13
13.67
36.66
35.71

0.12
0.10
0.10
0.10
0.10
0.61
0.21
0.46
1.00
0.64
0.05
0.59
0.43

0.35
0.21
0.10
0.08
0.19
0.02
0.04
0.01
0.13
0.16
2.18
1.82
0.22
0.59
0.09
0.03
0.02
0.05
0.35
0.24
0.04
0.38

0.24
0.73
0.21
0.14
0.14
0.21
0.09
2.64
0.67
0.31
0.10
0.10
0.25
0.06
0.06
1.98
0.33
0.01
0.19
0.26
0.20
1.54
1.54
0.10
0.10
7.65
2.33
1.06
0.40
0.67
0.02
0.02
0.02
0.98
0.29
0.29
3.41
2.15
0.03
0.03
0.03
0.02
0.02
2.1
1.29
1.19
0.08
0.08

0.04
2.03
0.64
0.59
0.06
0.06
0.01
1.46
3.50
3.42

1.30
1.23
1.50
0.91
0.91
8.59
2.18
6.41
11.98
6.61
0.58
6.04
5.36

5.98
3.12
1.58
1.28
2.01
0.19
0.32
0.08
1.41
2.06
28.52
23.11
3.64
8.23
0.86
0.28
0.15
0.44
3.18
2.13
0.50
4.56
5.41
2.42
8.44
1.92
1.71
1.69
2.29
0.83
32.57
8.12
3.93
0.94
0.94
2.27
0.99
0.99
24.44
5.82
0.11
3.01
2.70
2.24
15.59
15.59
0.80
0.80
82.65
23.77
10.68
4.31
6.37
0.21
0.21
0.21
9.93
2.94
2.94
36.99
22.78
0.23
0.23
0.23
0.27
0.27
22.28
14.20
12.97
0.64
0.64
0.59
0.59
21.89
8.40
7.88
0.52
0.40
0.12
13.49
36.47
35.57

0.12
0.11
0.17
0.11
0.11
1.00
0.32
0.68
1.10
0.57
0.06
0.52
0.56
0.41
0.59
0.29
0.16
0.16
0.21
0.02
0.04
0.02
0.14
0.30
2.82
2.14
0.37
0.68
0.09
0.04
0.02
0.04
0.33
0.23
0.06
0.50
0.77
0.29
0.71
0.15
0.13
0.17
0.22
0.11
2.93
0.73
0.31
0.10
0.10
0.26
0.08
0.08
2.20
0.40
0.01
0.28
0.32
0.27
1.59
1.59
0.06
0.06
4.83
2.05
0.80
0.37
0.67
0.02
0.02
0.02
1.05
0.26
0.26
2.56
2.39
0.06
0.06
0.06
0.09
0.09
2.47
0.83
0.73
0.08
0.08

0.05
2.32
0.71
0.67
0.05
0.05
0.02
1.69
3.84
3.75

0.21
0.38
0.43
0.22
0.22
0.32
0.27
0.34
0.46
0.38
0.42
0.37
0.53
-0.26
-0.18
-0.03
-0.41
-0.20
0.22
0.14
0.27
0.49
0.16
0.37
0.02
-0.06
0.20
-0.24
0.16
-0.06
0.30
0.30
-0.07
-0.04
0.01
-0.05
0.24
0.45
0.17
0.03
0.33
0.03
0.29
0.05
0.34
0.31
0.29
0.39
0.39
0.27
0.35
0.35
0.35
0.04
0.17
0.15
-0.08
0.42
0.39
0.39
0.46
0.46
0.06
0.14
0.04
-0.06
0.08
-0.16
-0.16
-0.16
0.14
0.37
0.37
-0.20
-0.27
-0.01
-0.01
-0.01
0.29
0.29
-0.27
0.15
0.16
0.05
0.05

0.08
0.23
0.50
0.50
0.43
0.37
0.29
0.11
0.05
0.04

0.60
0.32
0.23
0.60
0.60
0.36
0.46
0.34
0.25
0.39
0.30
0.41
0.17
0.50
0.61
0.93
0.25
0.56
0.59
0.74
0.51
0.16
0.69
0.28
0.96
0.87
0.57
0.53
0.69
0.87
0.41
0.55
0.87
0.93
0.98
0.90
0.50
0.24
0.68
0.96
0.45
0.93
0.48
0.90
0.39
0.44
0.49
0.35
0.35
0.51
0.35
0.35
0.38
0.91
0.66
0.68
0.83
0.26
0.35
0.35
0.39
0.39
0.91
0.76
0.93
0.89
0.85
0.69
0.69
0.69
0.72
0.39
0.39
0.68
0.50
0.97
0.97
0.97
0.36
0.36
0.49
0.77
0.77
0.91
0.91

0.83
0.56
0.22
0.22
0.35
0.44
0.46
0.79
0.90
0.93

A a4 a4 4 3 4 3 3 4 4 3 3 4 3 4 3 4 3 4 3 A 4 3 A A

A A a3 a3 a3 3 3 4 a3 A

1.46
1.36
1.69
0.94
0.94
9.76
2.54
7.22
13.18
7.35
0.66
6.69
5.83

6.24
3.23
1.61
1.40
2.19
0.20
0.34
0.09
1.55
2.50
30.13
24.49
4.04
8.47
0.88
0.28
0.15
0.45
3.45
2.26
0.53
4.85
5.64
2.73
9.18
2.06
1.89
1.80
2.55
0.88
37.66
9.53
4.53
1.20
1.20
2.66
1.13
1.13
28.14
6.68
0.12
3.40
3.16
2.79
17.68
17.68
0.99
0.99
92.41
26.17
11.56
4.66
6.90
0.24
0.24
0.24
11.05
3.31
3.31
41.65
25.45
0.27
0.27
0.27
0.33
0.33
24.85
16.20
14.69
0.82
0.82

0.69
24.58
9.86
9.24
0.62
0.47
0.15
14.72
42.36
41.27

0.11
0.08
0.16
0.11
0.11
0.60
0.15
0.46
0.79
0.46
0.05
0.42
0.37

0.28
0.22
0.06
0.04
0.15
0.02
0.04
0.01
0.09
0.22
2.44
1.94
0.30
0.64
0.06
0.02
0.02
0.03
0.30
0.21
0.05
0.47
0.57
0.18
0.44
0.09
0.09
0.11
0.15
0.08
0.94
0.21
0.17
0.04
0.04
0.12
0.05
0.05
0.78
0.30
0.01
0.08
0.31
0.10
0.76
0.76
0.08
0.08
2.77
0.93
0.45
0.14
0.35
0.01
0.01
0.01
0.35
0.14
0.14
0.86
0.56
0.02
0.02
0.02
0.03
0.03
0.53
0.33
0.35
0.07
0.07

0.04
1.31
0.30
0.25
0.05
0.05
0.01
1.18
2.04
2.04

1.24
117
1.44
0.85
0.85
8.24
2.08
6.16
11.43
6.23
0.54
5.69
5.20

5.76
3.07
1.47
1.22
1.90
0.17
0.30
0.08
1.35
1.97
26.43
21.35
3.44
7.63
0.78
0.25
0.13
0.39
2.85
1.91
0.46
4.29

2.32
7.95
1.76
1.62
1.60
2.18
0.80
32.11
8.14
3.93
0.99
0.99
2.23
0.99
0.99
23.97
5.68
0.11
3.00
2.57
2.24
15.21
15.21
0.84
0.84
79.91
23.38
10.39
4.04
6.35
0.21
0.21
0.21
9.88
2.90
2.90
35.08
21.32
0.21
0.21
0.21
0.30
0.30
20.81
13.76
12.60
0.59
0.59
0.57
0.57
21.45
8.37
7.86
0.50
0.37
0.13
13.08
33.58
32.69

0.08
0.08
0.10
0.03
0.03
0.64
0.16
0.50
0.59
0.31
0.03
0.29
0.29
0.21
0.33
0.16
0.09
0.10
0.12
0.02
0.04
0.01
0.07
0.15
1.51
1.16
0.17
0.41
0.07
0.03
0.01
0.04
0.25
0.19
0.03
0.23

0.19
0.39
0.10
0.10
0.08
0.13
0.05
1.86
0.49
0.23
0.08
0.08
0.16
0.07
0.07
1.38
0.36
0.01
0.17
0.31
0.17
0.95
0.95
0.06
0.06
4.60
1.48
0.65
0.26
0.42
0.02
0.02
0.02
0.66
0.19
0.19
1.98
1.26
0.03
0.03
0.03
0.04
0.04
1.22
0.76
0.69
0.06
0.06
0.04
0.04
1.32
0.47
0.45
0.04
0.04
0.01
0.92
3.26
3.19

17.91
16.10
17.04
10.07
10.07
18.44
21.93
17.26
15.29
18.00
20.90
17.72
12.05

8.88

8.41

5.28

9.89
14.47
15.08
18.51
13.85
14.68
14.94
27.08
13.98
14.72
17.43
11.13
13.45
12.58
11.31
14.73
21.13
18.44
16.56
13.05
10.87
17.69
15.47
17.14
16.74
12.39
17.28
10.48
17.28
17.06
15.19
22.04
22.04
19.43
14.16
14.16
17.36
17.49

6.15
13.37
22.80
24.62
16.25
16.25
17.21
17.21
15.65
11.97
11.30
15.45

8.66
16.72
16.72
16.72
11.90
14.27
14.27
18.74
19.36
27.18
27.18
27.18
10.83
10.83
19.41
17.77
16.64
39.66
39.66
20.29
20.29
14.59
17.82
17.50
22.83
24.90
16.74
12.53
26.13
26.26
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2.77
2.48
2.39
2.57
2.57
2.38
2.89
2.1
2.96
3.66
3.75
3.50
2.13
2.74
1.45
1.00
1.68
1.80
2.41
1.70
1.10
1.49
3.05
3.57
2.45
2.71
3.50
2.05
1.50
117
1.28
1.65
2.38
1.83
2.69
2.40
1.12
2.20
3.18
2.94
2.62
2.54
2.82
1.57
2.99
2.83
2.58
2.70
2.70
2.75
2.15
2.15
3.02
2.79
1.13
2.36
1.87
3.28
2.59
2.59
2.60
2.60
272
1.89
1.80
2.39
1.30
2.19
2.19
2.19
1.78
2.17
2.17
3.32
3.27
2.29
2.29
2.29
0.89
0.89
3.31
3.21
3.03
3.71
3.71
3.07
3.07
2.38
3.14
3.05
3.22
2.29
1.83
1.79
2.70
2.69



15.47
1.56
1.57
4.59
3.24
1.34
2.18
0.79
1.24
2.36
117

20.24
4.12

3.55
3.29
3.50
212
0.80
2.85
0.95
0.27
0.34
0.35
33.96
5.45
2.02
0.81
1.22
0.17
2.02
2.02
2.02
1.14
1.14
0.10

5.20
4.28
0.30
2.69
2.21
0.48
0.64
0.65
0.92
0.73
0.19
0.02
0.52
0.20
0.20
8.80
2.32
0.62
0.92
0.77
6.48
3.12
0.07
0.13
0.11
0.38
0.54
0.11
0.08
0.22
0.07
0.07
0.28
0.27
0.13
0.20
0.10
0.29
0.06
0.23
0.05
14.40
5.28
1.57
1.50
2.22
9.1
0.10

0.10
4.67
0.42
0.75
2.46
2.41
0.04
1.04

1.54
0.20
0.27
0.46
0.33
0.16
0.27
0.14
0.20
0.29
0.10
1.90
0.46

0.31
0.29
0.42
0.25
0.09
0.33
0.10
0.03
0.04
0.04
3.43
0.47
0.16
0.08
0.08
0.02
0.20
0.20
0.20
0.11
0.11
0.01

0.58
0.50
0.04
0.33
0.28
0.05
0.07
0.07
0.09
0.07
0.02
0.00
0.05
0.02
0.02
0.82
0.21
0.05
0.10
0.08
0.61
0.30
0.01
0.03
0.01
0.05
0.06
0.02
0.01
0.03
0.01
0.01
0.04
0.04
0.01
0.02
0.02
0.03
0.01
0.03
0.01
1.59
0.57
0.15
0.18
0.26
1.02
0.01

0.01
0.80
0.08
0.05
0.59
0.59
0.00
0.12

15.53
1.49
1.65
4.64
3.33
1.31
2.12
0.78
1.22
2.42
1.22

20.03
4.17

3.48
3.20
3.47
2.00
0.80
2.90
0.91
0.25
0.32
0.33
33.18
5.28
1.96
0.79
1.17
0.16
1.93
1.93
1.93
1.13
1.13
0.10

5.05
4.15
0.29
2.61
2.15
0.46
0.62
0.63
0.90
0.71
0.18
0.02
0.51
0.19
0.19
8.59
2.27
0.61
0.90
0.76
6.32
3.07
0.06
0.13
0.10
0.37
0.51
0.11
0.08
0.22
0.06
0.06
0.27
0.26
0.11
0.20
0.11
0.26
0.06
0.23
0.05
14.16
5.06
1.52
1.39
2.15
9.09
0.10
0.10
0.10
4.28
0.34
0.72
2.25
2.20
0.04
0.98

1.57
0.15
0.39
0.44
0.31
0.14
0.49
0.25
0.29
0.23
0.14
2.22
0.46

0.35
0.62
0.52
0.28
0.08
0.49
0.12
0.04
0.04
0.04
4.27
0.67
0.23
0.11
0.13
0.02
0.32
0.32
0.32
0.11
0.11
0.01

0.67
0.58
0.04
0.38
0.33
0.06
0.08
0.09
0.10
0.08
0.02
0.00
0.06
0.02
0.02
1.18
0.29
0.09
0.13
0.09
0.90
0.25
0.01
0.03
0.02
0.09
0.16
0.03
0.02
0.05
0.02
0.02
0.06
0.07
0.03
0.06
0.03
0.06
0.01
0.06
0.01
1.78
0.69
0.19
0.25
0.28
1.11
0.01

0.01
0.55
0.05
0.11
0.42
0.41
0.01
0.14

-0.44
4.72
-4.95
-1.13
-2.50
2.34
3.1
0.55
1.81
-2.24
-3.56
1.05
-1.22

2.08
2.70
0.99
6.20
-0.23
-1.89
5.10
5.35
4.83
5.18
2.34
3.26
2.98
2.28
3.46
4.37
4.62
4.62
4.62
1.34
1.34
2.47
2.47
3.01
3.14
2.60
3.01
2.83
3.82
3.42
3.69
2.39
2.26
3.44
9.42
1.57
2.86
2.86
2.46
2.27
2.62
2.58
1.63
2.53
1.49
7.47
2.08
4.27
1.98
6.11
-2.18
-1.43
0.62
5.94
6.73
3.91
2.65
17.41
-2.82
-3.42
10.03
5.70
0.39
2.1
1.70
4.34
2.76
7.31
3.55
0.22
0.67
0.67
0.67
8.88
21.26
4.75
9.40
9.54
2.1
6.38

-0.04
0.47
-0.21
-0.12
-0.27
0.22
0.14
0.02
0.08
-0.24
-0.31
0.09
-0.11

0.21
0.14
0.07
0.45
-0.02
-0.11
0.40
0.39
0.36
0.45
0.18
0.26
0.25
0.16
0.32
0.32
0.28
0.28
0.28
0.13
0.13
0.19

0.23
0.23
0.20
0.21
0.19
0.32
0.28
0.25
0.22
0.21
0.33
0.52
0.14
0.25
0.25
0.18
0.18
0.18
0.18
0.13
0.18
0.18
0.38
0.09
0.25
0.08
0.19
-0.07
-0.06
0.03
0.23
0.28
0.17
0.09
0.66
-0.10
-0.12
0.45
0.25
0.02
0.13
0.13
0.32
0.23
0.41
0.27
0.02
0.06

0.06
0.69
1.44
0.30
0.50
0.51
0.14
0.45

0.91
0.34
0.57
0.78
0.53
0.63
0.69
0.96
0.83
0.61
0.40
0.81
0.79

0.60
0.67
0.86
0.27
0.96
0.75
0.31
0.31
0.35
0.29
0.63
0.48
0.49
0.66
0.37
0.41
0.43
0.43
0.43
0.74
0.74
0.63

0.56
0.56
0.62
0.60
0.63
0.45
0.49
0.50
0.58
0.60
0.40
0.19
0.72
0.54
0.54
0.62
0.63
0.60
0.62
0.73
0.62
0.69
0.35
0.84
0.51
0.80
0.55
0.83
0.86
0.93
0.50
0.43
0.63
0.78
0.05
0.77
0.73
0.20
0.45
0.96
0.74
0.73
0.41
0.56
0.27
0.50
0.96
0.89

0.89
0.18
0.01
0.36
0.32
0.32
0.67
0.26

17.64
1.70
1.67
5.26
3.71
1.56
2.36
1.00
1.57
2.75
1.32

23.63
4.66

4.24
3.86
4.05
2.47
1.02
3.34
1.09
0.31
0.39
0.39
39.90
6.30
2.27
0.93
1.34
0.20
2.34
2.34
2.34
1.37
1.37
0.12
0.12
6.48
5.43
0.37
3.54
2.98
0.56
0.76
0.76
1.06
0.84
0.20
0.03
0.61
0.22
0.22
10.20
2.81
0.75
1.19
0.87
7.38
3.53
0.07
0.15
0.12
0.43
0.57
0.13
0.09
0.26
0.07
0.08
0.32
0.33
0.12
0.24
0.13
0.31
0.07
0.29
0.06
16.81
6.13
1.89
1.65
2.59
10.68
0.11
0.11
0.11
7.24
0.48
0.87
4.55
4.51
0.05
1.32

0.67
0.08
0.09
0.22
0.16
0.10
0.13
0.11
0.14
0.20
0.08
1.44
0.25

0.20
0.35
0.21
0.20
0.03
0.34
0.03
0.01
0.01
0.02
1.67
0.22
0.13
0.03
0.10
0.01
0.06
0.06
0.06
0.05
0.05
0.01

0.26
0.22
0.02
0.13
0.11
0.03
0.05
0.06
0.05
0.04
0.01
0.00
0.03
0.01
0.01
0.33
0.07
0.03
0.06
0.02
0.26
0.10
0.01
0.01
0.00
0.02
0.04
0.01
0.01
0.02
0.00
0.01
0.02
0.02
0.01
0.03
0.01
0.02
0.01
0.03
0.00
0.96
0.31
0.09
0.09
0.18
0.65
0.01

0.01
0.77
0.07
0.07
0.69
0.68
0.00
0.06

14.09
1.34
1.45
4.31
3.09
1.22
1.93
0.69
1.09
2.20
1.08

18.60
3.74

3.21
3.04
3.13
1.84
0.75
2.88
0.89
0.25
0.32
0.32
32.02
5.27
1.97
0.78
1.19
0.16
1.91
1.91
1.91
1.13
1.13
0.09

4.92
4.03
0.29
2.53
2.08
0.46
0.61
0.60
0.88
0.70
0.18
0.02
0.50
0.18
0.18
8.09
2.15
0.58
0.83
0.75
5.94
2.88
0.06
0.13
0.10
0.36
0.47
0.09
0.07
0.20
0.06
0.06
0.25
0.24
0.11
0.19
0.09
0.25
0.05
0.23
0.04
13.64
4.94
1.48
1.36
2.10
8.70
0.10

0.10
4.20
0.33
0.65
2.26
2.22
0.04
0.95

1.31
0.09
0.15
0.36
0.27
0.10
0.24
0.10
0.16
0.24
0.12
1.95
0.39

0.37
0.36
0.40
0.19
0.08
0.34
0.09
0.02
0.03
0.03
2.43
0.34
0.13
0.06
0.08
0.01
0.13
0.13
0.13
0.09
0.09
0.01

0.42
0.36
0.03
0.25
0.22
0.04
0.04
0.06
0.06
0.05
0.01
0.00
0.03
0.02
0.02
0.72
0.17
0.05
0.08
0.06
0.56
0.26
0.01
0.02
0.01
0.04
0.05
0.03
0.01
0.02
0.01
0.01
0.04
0.04
0.02
0.03
0.02
0.03
0.01
0.03
0.01
1.02
0.35
0.13
0.10
0.14
0.67
0.01

0.01
0.47
0.03
0.04
0.38
0.38
0.00
0.08

25.19
26.82
15.19
22.22
20.01
27.81
22.60
44.36
43.70
25.31
21.78
27.07
24.54
29.54
32.10
26.84
29.39
34.44
34.71
15.80
21.47
23.15
21.93
19.72
24.61
19.53
15.19
18.32
13.12
24.69
22.39
22.39
22.39
21.30
21.30
21.77
21.77
31.90
34.55
25.49
39.70
43.35
23.15
25.15
26.73
19.81
20.28
12.64
74.18
21.07
18.02
18.02
26.00
30.64
30.70
43.62
16.14
24.32
22.48
25.32
18.16
21.19
20.37
22.16
44.40
36.61
29.93
21.34
34.07
27.00
36.88
8.28
28.80
40.29
23.04
30.26
22.26
40.72
23.20
24.00
27.71
21.19
23.21
22.75
12.29
12.29
12.29
72.40
45.48
33.53
101.78
103.39
13.93
38.91
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2.72
3.96
1.48
2.68
2.30
3.43
1.81
3.09
3.00
2.29
2.03
2.58
2.35
2.54
2.77
2.25
2.31
3.35
3.19
1.34
2.16
2.34
2.17
1.98
3.24
3.00
2.22
2.46
1.91
3.53
3.37
3.37
3.37
2.65
2.65
2.03

3.74
3.86
2.61
4.01
4.13
2.93
3.87
2.68
2.81
3.00
1.62
4.34
3.16
2.03
2.03
2.91
3.80
3.44
4.36
2.05
2.58
2.49
2.24
1.47
2.42
1.98
1.96
1.51
2.40
2.61
1.63
3.17
1.86
2.50
0.54
1.69
1.98
1.68
2.39
1.71
2.25
3.1
3.37
3.27
2.88
3.45
2.94
1.50
1.50
1.50
6.41
4.91
5.14
6.06
6.07
1.54
4.53



P-Value
0.00
0.00
0.00
0.00
0.00
0.00
0.18
0.36
0.56
0.08
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.02
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.01
0.00
0.02
0.10
0.13
0.02
0.11
0.21
0.03
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.03
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.00
0.37
0.01
0.06
0.00
0.00
0.00
0.02
0.01
0.05
0.04
0.00
0.17
0.00

FDR

0.00
0.00
0.00
0.00
0.00
0.00
1.00
1.00
1.00

0.00
0.00
0.00
0.02
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.04
0.00

0.87
1.00
0.10
0.59
1.00
0.27
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.04
0.00
0.00
0.00
0.00
0.02
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.42
0.00
0.00
0.00
0.00
0.00
0.00
0.04
0.07
0.03
1.00
0.10
0.44
0.01
0.02
0.01
0.08
0.08
0.47
0.10
0.00
1.00
0.00

Absolute Volumes

Female

Relative Volun ASF

FDR

0.01
0.00
0.05
0.21
1.00
0.88
0.08
0.01
0.49
0.33
1.00
1.00
1.00
0.51

*k

o

*

*

*

*

*

Mean
415.49
368.41
232.86
194.77

12.28
8.92
0.94
0.29
0.19
0.45
2.38
1.86
1.35
0.51
0.52

182.53

37.02
2.25
1.03

11.02
0.86

10.17
1.13
1.00
0.14
1.94
1.94
0.86
1.08
0.42

16.44
4.32
6.07
0.89
0.79
4.37
0.75
0.52
0.23
2.05

38.30

17.62
5.37
2.24
3.13

12.26
6.08
5.49
1.77
2.60
1.13
0.68

20.67

15.11
7.65
1.98
2.22
2.44
1.01
1.20
0.21
0.50
0.49
6.26
1.04
0.14
0.90
2.88
1.77
0.56
5.56
3.85
1.72
1.17
0.55

107.22
4.51
2.62
1.84
0.77
1.90
1.34
0.56
0.51
5.87
3.05
0.67
0.41
1.97
2.82
2.52
4.78

SD

15.47
15.17
11.06
9.57
0.46
0.21
0.12
0.03
0.03
0.06
0.18
0.15
0.12
0.04
0.05
9.23
1.83
0.12
0.06
0.50
0.04
0.49
0.08
0.08
0.01
0.12
0.12
0.05
0.07
0.03
1.18
0.22

0.08
0.08
0.40
0.06
0.04
0.02
0.11
1.26
1.16
0.32
0.12
0.25
0.99
0.59
0.37
0.08
0.19
0.12
0.08
0.92
0.72
0.56
0.18
0.13
0.18
0.09
0.08
0.01
0.01
0.07
0.38
0.09
0.01
0.09
0.30
0.17
0.10
0.27
0.17
0.11
0.07
0.03
6.83
0.43
0.21
0.18
0.04
0.23
0.19
0.05
0.05
0.37
0.27
0.07
0.04
0.17
0.22
0.36
0.25

GF
Mean

357.61
320.14
201.01
168.44
10.39
7.47
0.87
0.27
0.18
0.41
2.04
1.57
1.13
0.44
0.47
158.06
32.35
1.99
0.88
9.43
0.70
8.73
1.02
0.90
0.11
1.67
1.67
0.71
0.96
0.36
14.43
3.63
5.45
0.77
0.69
3.89
0.66
0.47
0.20
1.92
31.99
14.83
4.63
1.95
2.68
10.20
5.03
4.57
1.47
2.1
0.98
0.61
17.16
12.44
6.56
1.68
1.93
2.09
0.85
0.95
0.17
0.41
0.38
4.93
0.87
0.11
0.75
2.08
1.47
0.51
4.72
3.29
1.43
0.98
0.45
93.72
4.21
2.46
1.72
0.74
1.75
1.24
0.52
0.44
5.08
2.69
0.59
0.35
1.74
2.40
2.30
4.03

SD

29.36
24.71
17.19
14.37
0.77
0.55
0.12
0.04
0.03

0.14
0.12
0.09
0.03
0.04
13.64
2.54
0.16
0.07
0.66
0.07
0.61
0.09
0.09
0.01
0.08
0.08
0.05
0.06
0.03
1.63
0.52

0.16
0.15
0.41
0.07
0.04
0.03
0.17
2.64
0.97
0.47
0.22
0.26
0.59
0.33
0.38
0.12
0.21
0.07
0.05
1.78
1.31
0.67
0.22
0.18
0.19
0.09
0.10
0.02
0.05
0.04
0.55
0.10
0.01
0.09
0.24
0.16
0.06
0.50
0.35
0.16
0.11
0.05
8.63
0.45
0.27
0.21
0.07
0.20

0.06
0.05
0.52
0.28
0.07
0.05
0.18
0.26
0.25
0.40

%Diff
16.19
15.08
15.84
15.63
17.79
19.33

7.66

7.32

4.16

9.41
16.48
18.61
19.64
15.97

9.43
15.48
14.45
12.77
16.46
16.93
22.50
16.49
11.25
10.26
19.09
16.05
16.05
20.08
13.04
18.88
13.96
19.23
11.46
14.82
14.26
12.34
12.11
10.37
16.26

6.95
19.72
18.83
15.94
15.09
16.56
20.14
20.85
20.29
20.33
22.90
14.64
13.02
20.48
21.48
16.64
17.67
14.70
16.97
18.17
25.72
26.03
21.79
29.89
27.10
20.11
24.54
19.44
38.50
20.77
10.52
17.87
17.00
19.86
19.37
20.92
14.40

7.09

6.43

7.28

4.45

8.03

8.08

7.91
17.28
15.42
13.36
12.97
16.13
12.93
17.73

9.67
18.57

Effect

1.97
1.95
1.85
1.83
2.40
2.61
0.58
0.57
0.25
0.74
2.45
2.40
2.34
2.06
1.22
1.79
1.84
1.62
2.21
2.41
2.42
2.35
1.24
1.00
2.50
3.35
3.35
3.07
2.19
2.10
1.24
1.35
1.27
0.71
0.65
1.17
1.18
1.09
1.27
0.79
2.39
2.87
1.58
1.34
1.70
3.50
3.21
2.41
2.47
2.32
2.02
1.47
1.97
2.04
1.63
1.34
1.59
1.83
1.64
2.52
2.67
1.84
2.97
2.41
1.76
2.41
1.63
3.33
1.96
0.86
1.67
1.61
1.78
1.74
1.86
1.56
0.67
0.58
0.59
0.48
0.70

0.73
1.52
1.49
1.29
1.17
1.18
1.26
1.61
0.89
1.88

P-Value
0.00
0.00
0.00
0.00
0.00
0.00
0.27
0.24
0.63
0.17
0.00
0.00
0.00
0.00
0.05
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.02
0.05
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.02
0.12
0.16
0.03
0.02
0.04
0.01
0.10
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.02
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.16
0.00
0.00
0.00
0.00
0.00
0.00
0.19
0.23
0.23
0.29
0.19
0.24
0.15
0.01
0.00
0.02
0.03
0.02
0.02
0.00
0.13
0.00

FDR

0.00
0.00
0.00
0.00
0.00
0.00
1.00
1.00
1.00

0.00
0.00
0.00
0.00
0.37
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.05
0.12
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.00

0.26
0.37
0.02
0.03
0.07
0.01
0.43
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.44
0.00
0.00
0.00
0.00
0.00
0.00
0.70
1.00
1.00
1.00
0.77

0.77
0.01
0.00
0.01
0.03
0.11
0.01
0.00
0.35
0.00

Relative Volumes

FDR

0.01
0.26
1.00
1.00
1.00
0.70
0.42
0.44
0.44

"k
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0.00
0.00
0.00
0.04
0.04
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.01
0.11
0.00
0.00
0.00
0.01
0.05
0.02
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.03
0.06
0.01
0.00
0.00
0.00
0.01
0.06
0.00
0.00
0.00
0.00
0.00
0.00
0.02
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.04
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.02
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.08
0.08
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.00

0.00
0.00
0.00
0.04
0.04
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.02

0.11
0.93
0.09
0.00
0.01
0.02
0.12
0.04
0.01
0.00
0.01
0.00
0.00
0.06
0.02
0.07
0.26
0.02
0.00
0.01
0.00
0.06
0.55
0.00
0.01
0.02
0.00
0.07
0.00
0.32
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.04
0.00
0.31
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.15
0.15
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.00

1.00
0.13
1.00
1.00
1.00
0.69
1.00
0.83
1.00
1.00
1.00
1.00
1.00

*

0.01
0.00 **
0.48
1.00
0.41
1.00
0.33
1.00
1.00
0.61
0.05 -
0.48
1.00
0.28
1.00
1.00
1.00
1.00
1.00
0.88
1.00
0.06 -

0.40
0.31
1.00
1.00
1.00
0.06 -
0.12
0.38
1.00
1.00
1.00
1.00
1.00
1.00
1.00
0.28
1.00
0.01
0.05 *
0.69
1.00
0.05 *
0.05 *
1.00
1.00
1.00
0.00 **
0.00 **
0.14
0.00 **
1.00
1.00
1.00

*

1.00
1.00
0.33
0.28

0.05 *
0.05
1.00
1.00
0.29
1.00
1.00
0.00 **
0.00 **

*

1.00
0.16
1.00
1.00
0.14
0.30
1.00
0.05 -
0.05 *
0.05 *

1.55
1.44
1.79
0.96
0.96
10.08
2.61
7.47
14.12
7.96
0.70
7.27
6.16
7.39
6.44
3.37
1.67
1.40
2.36
0.22
0.38
0.11
1.65
2.55
32.64
26.41
4.35
9.14
1.02
0.33
0.17
0.52
3.65
2.50
0.58
5.16

2.85
9.64
2.14
1.93
1.95
2.63
0.98
38.10
9.48
4.47
1.13
1.13
2.74
1.14
1.14
28.61
6.63
0.12
3.41
3.10
2.71
18.33
18.33
0.94
0.94
92.88
26.28
11.66
4.75
6.92
0.24
0.24
0.24
11.09
3.29
3.29
41.50
25.02
0.25
0.25
0.25
0.33
0.33
24.44
16.48
14.98
0.82
0.82

0.68
25.10
9.74
9.1
0.62
0.49
0.13
15.37
42.66
41.57

0.09
0.05
0.11
0.06
0.06
0.98
0.24
0.77
1.00
0.65
0.02
0.64
0.44

0.49
0.24
0.15
0.10
0.20
0.02
0.04
0.01
0.15
0.16
2.32
1.91
0.20
0.65
0.08
0.03
0.02
0.04
0.39
0.25
0.06
0.39

0.26
0.86
0.18
0.16
0.26
0.20
0.12
2.09
0.45
0.17
0.09
0.09
0.23
0.03
0.03
1.69
0.24
0.01
0.18
0.26
0.14
1.53
1.53
0.06
0.06
3.93
1.52
0.64
0.14
0.52
0.01
0.01
0.01
0.68
0.21
0.21
1.00
0.64
0.02
0.02
0.02
0.02
0.02
0.65
0.41
0.44
0.03
0.03
0.03
0.03
1.66
0.35
0.36
0.04
0.04
0.01
1.33
1.28
1.25

1.30
1.23
1.50
0.91
0.91
8.59
2.18
6.41
11.98
6.61
0.58
6.04
5.36

5.98
3.12
1.58
1.28
2.01
0.19
0.32
0.08
1.41
2.06
28.52
23.11
3.64
8.23
0.86
0.28
0.15
0.44
3.18
2.13
0.50
4.56
5.41
2.42
8.44
1.92
1.71
1.69
2.29
0.83
32.57
8.12
3.93
0.94
0.94
2.27
0.99
0.99
24.44
5.82
0.11
3.01
2.70
2.24
15.59
156.59
0.80
0.80
82.65
23.77
10.68
4.31
6.37
0.21
0.21
0.21
9.93
2.94
2.94
36.99
22.78
0.23
0.23
0.23
0.27
0.27
22.28
14.20
12.97
0.64
0.64

0.59
21.89
8.40
7.88
0.52
0.40
0.12
13.49
36.47
35.57

0.12
0.11
0.17
0.11
0.11
1.00
0.32
0.68
1.10
0.57
0.06
0.52
0.56
0.41
0.59
0.29
0.16
0.16
0.21
0.02
0.04
0.02
0.14
0.30
2.82
2.14
0.37
0.68
0.09
0.04
0.02
0.04
0.33
0.23
0.06
0.50
0.77
0.29
0.71
0.15
0.13
0.17
0.22
0.11
2.93
0.73
0.31
0.10
0.10
0.26
0.08
0.08
2.20
0.40
0.01
0.28
0.32
0.27
1.59
1.59
0.06
0.06
4.83
2.05
0.80
0.37
0.67
0.02
0.02
0.02
1.05
0.26
0.26
2.56
2.39
0.06
0.06
0.06
0.09
0.09
2.47
0.83
0.73
0.08
0.08

0.05
2.32
0.71
0.67
0.05
0.05
0.02
1.69
3.84
3.75

19.46
16.72
19.31

5.66

5.66
17.33
19.55
16.57
17.90
20.42
20.50
20.41
14.80

7.78

8.17

5.46

9.69
17.70
18.95
19.70
28.71
16.44
23.46
14.46
14.26
19.48
11.04
18.27
16.67
19.21
18.97
14.81
17.09
16.04
13.24
15.33
17.94
14.19
11.61
12.70
15.63
15.02
18.02
16.97
16.72
13.73
20.28
20.28
21.07
15.25
15.25
17.05
13.98
10.88
13.15
15.03
21.27
17.58
17.58
17.28
17.28
12.38
10.56

9.19
10.02

8.63
11.45
11.45
11.45
11.61
11.93
11.93
12.19

9.81
10.61
10.61
10.61
20.56
20.56

9.67
16.02
15.46
27.48
27.48
15.97
15.97
14.66
15.87
15.62
19.62
23.51

7.04
13.91
16.97
16.87

2.04
1.80
1.67
0.49
0.49
1.49
1.33
1.55
1.95
2.36
2.07
2.37
1.43
1.50
0.78
0.89
0.54
0.76
1.68
1.63
1.70
1.23
1.60
1.60
1.46
1.54
1.94
1.34
1.71
1.18
1.20
2.37
1.41
1.60
1.25
1.22
1.08
1.49
1.69
1.50
1.67
1.53
1.59
1.42
1.89
1.86
1.72
1.86
1.86
1.86
1.91
1.91
1.89
2.01
1.12
1.40
1.27
1.74
1.72
1.72
2.20
2.20
2.12
1.22
1.23
1.16
0.82
1.16
1.16
1.16
1.10
1.33
1.33
1.76
0.94
0.42
0.42
0.42
0.64
0.64
0.87
2.76
2.73
2.24
2.24
1.79
1.79
1.38
1.88
1.85
2.02
2.02
0.53
1.1
1.61
1.60

0.00
0.00
0.00
0.28
0.28
0.01
0.01
0.01
0.00
0.00
0.00
0.00
0.01

0.11
0.08
0.28
0.10
0.00
0.00
0.00
0.01
0.00
0.00
0.01
0.01
0.00
0.01
0.00
0.02
0.02
0.00
0.01
0.01
0.02
0.02

0.01
0.01
0.01
0.01
0.02
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.03
0.01
0.02
0.00
0.00
0.00
0.00
0.00
0.00
0.02
0.02
0.01
0.10
0.02
0.02
0.02
0.03
0.01
0.01
0.00
0.04
0.33
0.33
0.33
0.14
0.14
0.05
0.00
0.00
0.00
0.00

0.00
0.01
0.00
0.00
0.00
0.00
0.26
0.03
0.00
0.00

0.00
0.00
0.00
1.00
1.00
0.01
0.00
0.01
0.00
0.00
0.00
0.00
0.01

0.28
0.27
1.00
0.12
0.00
0.00
0.01
0.00
0.00
0.00
0.01
0.01
0.00
0.03
0.00
0.03
0.01
0.00
0.03
0.02
0.03
0.03

0.00
0.01
0.09
0.02
0.01
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.15
0.01
0.03
0.00
0.00
0.00
0.00
0.00
0.00
0.06
0.11
0.06
0.38
0.04
0.04
0.04
0.06
0.02
0.02
0.00
0.06
1.00
1.00
1.00
0.13
0.13
0.08
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
1.00
0.03
0.00
0.00
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0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.02
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.24
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.10
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.07
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.21
0.58
0.00
0.00
0.00
0.00
0.00
0.00
0.03
0.00
0.00
0.00
0.49
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.03

0.03
0.00
0.00
0.00
0.00
0.00
0.10
0.00

*

*

*

*

*

*

*
¥

17.65
1.57
1.80
5.29
3.76
1.52
2.44
1.00
1.57
2.69
1.29

23.92
4.70

4.31
3.95
4.15
243
0.97
3.41
1.10
0.31
0.39
0.40
40.48
6.30
2.27
0.92
1.34
0.21
2.34
2.34
2.34
1.36
1.36
0.12
0.12
6.44
5.38
0.37
3.48
2.91
0.56
0.77
0.76
1.06
0.84
0.21
0.03
0.60
0.22
0.22
10.39
2.81
0.74
1.19
0.88
7.57
3.58
0.07
0.17
0.12
0.46
0.60
0.13
0.10
0.27
0.07
0.08
0.33
0.34
0.12
0.26
0.14
0.32
0.07
0.29
0.06
17.25
6.28
1.92
1.67
2.70
10.96
0.11
0.11
0.11
6.60
0.45
0.81
4.02
3.98
0.04
1.32

0.66
0.16
0.13
0.28
0.19
0.10
0.08
0.12
0.13
0.05
0.10
1.14
0.35

0.23
0.29
0.16
0.12
0.04
0.31
0.06
0.02
0.02
0.02
1.34
0.25
0.14
0.06
0.09
0.01
0.07
0.07
0.07
0.07
0.07
0.01

0.28
0.23
0.02
0.18
0.18
0.03
0.04
0.05
0.06
0.04
0.01
0.00
0.03
0.02
0.02
0.26
0.04
0.01
0.03
0.06
0.22
0.13
0.01
0.01
0.01
0.03
0.03
0.00
0.01
0.01
0.01
0.01
0.02
0.01
0.00
0.02
0.01
0.02
0.00
0.03
0.00
0.75
0.31
0.07
0.13
0.17
0.49
0.01
0.01
0.01
1.25
0.04
0.06
1.14
1.14
0.00
0.10

15.53
1.49
1.65
4.64
3.33
1.31
2.12
0.78
1.22
2.42
1.22

20.03
4.17

3.48
3.20
3.47
2.00
0.80
2.90
0.91
0.25
0.32
0.33
33.18
5.28
1.96
0.79
1.17
0.16
1.93
1.93
1.93
1.13
1.13
0.10
0.10
5.05
4.15
0.29
2.61
2.15
0.46
0.62
0.63
0.90
0.71
0.18
0.02
0.51
0.19
0.19
8.59
2.27
0.61
0.90
0.76
6.32
3.07
0.06
0.13
0.10
0.37
0.51
0.11
0.08
0.22
0.06
0.06
0.27
0.26
0.11
0.20
0.11
0.26
0.06
0.23
0.05
14.16
5.06
1.52
1.39
2.15
9.09
0.10

0.10
4.28
0.34
0.72
2.25
2.20
0.04
0.98

1.57
0.15
0.39
0.44
0.31
0.14
0.49
0.25
0.29
0.23
0.14
2.22
0.46

0.35
0.62
0.52
0.28
0.08
0.49
0.12
0.04
0.04
0.04
4.27
0.67
0.23
0.11
0.13
0.02
0.32
0.32
0.32
0.11
0.11
0.01

0.67
0.58
0.04
0.38
0.33
0.06
0.08
0.09
0.10
0.08
0.02
0.00
0.06
0.02
0.02
1.18
0.29
0.09
0.13
0.09
0.90
0.25
0.01
0.03
0.02
0.09
0.16
0.03
0.02
0.05
0.02
0.02
0.06
0.07
0.03
0.06
0.03
0.06
0.01
0.06
0.01
1.78
0.69
0.19
0.25
0.28
1.1
0.01

0.01
0.55
0.05
0.11
0.42
0.41
0.01
0.14

13.63
5.57
9.18

13.94

13.16

15.93

15.08

27.36

29.38

11.39
5.65

19.39

12.49

23.65

23.93

23.34

19.64

21.54

20.20

17.49

21.00

21.70

20.55

20.91

22.00

19.18

15.46

17.12

14.35

28.95

21.22

21.22

21.22

20.74

20.74

19.42

19.42

27.50

29.59

26.33

33.30

35.52

22.85

23.99

21.27

17.89

17.90

14.28

67.57

17.31

17.84

17.84

20.87

23.95

22.15

32.51

15.26

19.76

16.77
3.46

30.17

13.37

23.85

19.11

22.66

27.11

21.23

13.03

26.35

23.69

29.12

15.41

27.77

26.18

22.21

18.46

24.37

23.40

21.82

24.06

25.88

19.52

25.72

20.57

14.61

14.61

14.61

54.09

31.35

13.18

79.03

80.38
7.38

34.86

1.35
0.55
0.39
1.47
1.41
1.47
0.66
0.86
1.23
1.20
0.50
1.75
1.14
1.74
2.37
1.21
1.32
1.55
2.07
1.04
1.65
1.57
1.53
1.83
1.71
1.51
1.30
1.23
1.34
2.09
1.27
1.27
1.27
2.09
2.09
1.47
1.47
2.07
2.13
2.06
2.29
2.35
1.89
1.95
1.46
1.65
1.65
1.36
3.73
1.55
1.58
1.58
1.52
1.89
1.56
2.30
1.24
1.40
2.02
0.18
1.31
0.79
1.02
0.61
0.75
1.18
1.03
0.50
1.08
1.06
1.04
0.59
0.96
0.90
1.00
0.81
0.95
1.46
1.73
1.77
2.12
1.10
1.99
1.69
1.29
1.29
1.29
4.19
2.12
0.84
4.23
4.27
0.49
2.44

0.01
0.29
0.37
0.00
0.01
0.01
0.13
0.06
0.01
0.01
0.29
0.00
0.03

0.00
0.01
0.01
0.00
0.00
0.03
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.01
0.00
0.01
0.01
0.01
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.70
0.01
0.09
0.03
0.16
0.09
0.01
0.02
0.27
0.02
0.02
0.02
0.18
0.04
0.05
0.03
0.07
0.04
0.00
0.00
0.00
0.00
0.02
0.00
0.00
0.01

0.01
0.00
0.00
0.07
0.00
0.00
0.29
0.00

0.01
1.00
1.00
0.00
0.01
0.01
0.16
0.05
0.00
0.14
1.00
0.00
0.06

0.00
0.00
0.00
0.00
0.00
0.04
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.01

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.01
0.01
0.00
0.00
0.00
0.00
0.01
0.00
0.00
1.00
0.11
0.23
0.01
0.16
0.17
0.00
0.02
0.80
0.01
0.02
0.01
0.22
0.01
0.04
0.01
0.13
0.03
0.02
0.00
0.00
0.00
0.01
0.00
0.00
0.04

0.04
0.00
0.00
0.04
0.00
0.00
1.00
0.00

*
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CHAPTER LINK — Manuscript #3

In the previous chapter, a significant reduction in total brain volume is described,
resulting from the total absence of microbiome in GF mice. To further emphasize the
importance of early postnatal development on neuroanatomy, changes were observed
in GF mice that were not corrected with recolonization at 5w. Also highlighting the
importance of microbiota-immune-brain communication on neurodevelopment, mice
with a limited ASF microbiome develop neuroanatomy comparable to control animals.
The following study was performed to quantify behaviour in TCRB-/-6-/- mice from pre-
puberty to adulthood in a number of different domains. As part of a new collaboration
between Dr. Jane Foster and Dr. Dawn Bowdish, this study also examines how the lack
of T cells impacts the innate immune system from pre-puberty to adulthood — at the time

of known behavioural phenotypes.
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Abstract

Recent studies have revealed that mice with adaptive immune deficiencies
perform different from controls on almost all rodent behaviour tasks. Specifically, T cell
deficient mice lacking the B and & chains of the T cell receptor (TCRB-/-6-/-) showed
reduced anxiety-like behaviour in several approach/avoidance behavioural tests.
Research from our laboratory also indicates the relevance of early life immune function
to later behavioural outcomes, as mice challenged with lipopolysaccharide in the first
week of life demonstrated sex-specific alteration in both the temporal emergence and
phenotypic expression of anxiety-related and exploratory behaviours. This study
examines peripheral immune cells and behaviour in adolescence and adulthood in wild
type (WT) and TCRpB-/-6-/- mice. Behaviour was assessed using the elevated plus maze
(EPM) at postnatal day 28 (P28, pre-puberty in mice), marble burying at P42, open field
at P56, and fear conditioning at week 16. Both male and female TCRB-/-6-/- mice
showed increased exploratory behaviour in the EPM and reduced anxiety-like
behaviour. Increased locomotor activity was observed in the open field in TCRB-/-6-/-
mice. Genotype and sex-by-genotype effects were observed in both cued and
contextual fear conditioning in TCRB-/-0-/- mice. The behavioural differences observed
in T cell deficient mice pre-puberty mirror previous findings in adult mice, suggesting
that T cells influence the central nervous system early in development. Results of
immunophenotyping analysis shows decreased neutrophil numbers in both male and
female TCRB-/-0-/- mice at 8 weeks, and atypical developmental trajectories in

peripheral immune cell populations. This study indicates that loss of T cells impacts a
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broad spectrum of behaviour, including before puberty, and influences populations of

innate immune cells in the peripheral blood.

96



Introduction

Mood disorders and mental health conditions are associated with immune factors
in clinical populations, bringing widespread attention to the rapidly growing field of
immune-brain communication research. Evidence that the adaptive immune system,
and in particular T lymphocytes, affect brain function, neuroanatomy, and behaviour is
evident in preclinical and clinical research (Alves de Lima et al., 2020; Pasciuto et al.,
2020; Rilett and Foster, 2014). Lack of all functional T cells, due to a double genetic
knockout of the T Cell Receptor 3 and & chains (TCRB-/-6-/-) (Mombaerts et al., 1994),
impacted brain function and behaviour (Caspani et al., 2021; Rilett et al., 2015; Rilett et
al., 2020). Interestingly, TCRB-/-6-/- mice were found to have decreased anxiety-like
behaviour in several approach avoidance tests. In parallel, ex vivo structural magnetic
resonance imaging (MRI) showed sex-, genotype-, and sex-by-genotype differences in
the volume of several brain regions in TCRB-/-6-/- mice compared to wild type (C57BI/6,
WT) (Rilett et al., 2015). Specifically, the volume of the amygdala was larger, and the
hippocampus was smaller in TCRB-/-0-/- mice compared to WT mice. Female TCRB-/-6-
/- mice had larger periaqueductal grey (PAG) volumes than WT female mice and had
larger dorsal raphe (DR) volumes than either male TCRpB-/-6-/- or female WT mice.
Voxel wise analysis revealed TCRB-/-6-/- females had smaller hypothalamus volumes
than WT female mice, whereas TCRB-/-6-/- males had larger volumes than WT male

mice (Rilett et al., 2015).

In addition to T cells, evidence suggesting a role for monocytes in conferring
messages from the peripheral immune system to the central nervous system (CNS) is

building. Ly6C" monocytes from the bone marrow and spleen have been linked to
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anxiety-like behaviour in chronically stressed mice (McKim et al., 2016; Wohleb et al.,
2013) and have also been implicated in mechanisms of antibiotic-induced decreases in
hippocampal neurogenesis (Mohle et al., 2016). Peripheral monocytes are known to
respond to T cell cytokines and chemokines in both homeostatic and inflammatory
conditions. The present study investigated circulating myeloid cell populations pre- and
post-puberty in T cell deficient mice. In parallel, the behavioural phenotype was
measured to determine whether immune and behavioural changes resulting from the

absence of T cells are related.

Experimental Procedures
Animals

Mice lacking T cells due to a genetic knockout of the T cell receptor  and
chains on a C57BI/6 background (Mombaerts et al., 1994) and C57BI/6 (WT) mice were
bred in-house. Mice were housed in a specific pathogen free environment with a 12-
hour light/dark cycle and access to food and water ad libitum. All experiments were
completed in accordance with the guidelines set out by the Canadian Council on Animal

Care and were approved by the McMaster Animal Research Ethics Board.

Behaviour

Animals were handled daily for 2 minutes one week prior to each behaviour task,
and weighed weekly. All behaviour experiments were carried out in low light during the
active phase of the 12-hour light cycle. Behavioural tests included elevated plus maze

(4 w), marble burying (6 w), open field (8 w), and fear conditioning (12 w).
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Elevated Plus Maze (EPM)

An automated EPM (Sidor et al., 2010) was used to examine anxiety-like
behaviour at 4 weeks of age. This standard approach-avoidance test involves a maze
with 4 perpendicular arms (35.5 cm long, 5 cm wide), shaped like a plus sign. The maze
surface is elevated 66 cm over the floor, and two of the opposing arms, the closed
arms, are surrounded by 15.2 cm high opaque plexiglass walls, while the two open
arms have no walls preventing mice from looking over the edge. Mice were transported
to the non-colony room and habituated for 30 min in low light. Each mouse was placed
in the center of the maze (5 cm x 5 cm area) and behaviour was recorded for 5 min,

before returning them to their home cage.

Marble burying

Marble burying was completed at 6 weeks of age. Marble burying measures
spontaneous behaviour in rodents and was used to measure repetitive behaviours in
mice. A cage was filled with 5 cm deep bedding and 18 glass marbles were evenly
distributed on the surface of the bedding approximately 4 cm apart. A test mouse was
left in the cage for 30 min. The behaviour was videotaped and the number of marbles

buried (to 2/3 depth) was counted by 2 blinded observers.

Open Field Test

Behaviour in the open field was measured at 8 weeks of age using the Kinder
Scientific Smart Cage Rack System consisting of a 24 cm wide x 45 cm long x 24 cm
high cage system, with 22 infrared beams (7 X & 15 Y) and a rearing option (22

additional beams). Mice were tested in a non-colony behaviour room and were
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habituated to the room for 1 hour prior to open field testing. Testing occurred in low
light. Behaviours were recorded for 60 min (6 mice in parallel units), using Kinder

Scientific Motor Monitor software (Poway, CA).

Fear Conditioning

This 2-day test was conducted at 12 weeks of age and consists of a learning trial (day

1) and 2 testing trials (day 2).

DAY 1 (learning trial) - Animals were placed in the enclosure and given 2 minutes to
habituate. At the end of the 2 minutes, recorded movement was started. At 180 seconds
mice were presented with an 85dB tone for 30 seconds and then received a 2 second
0.36-0.40mA foot shock. The mouse was removed to its home cage 120 seconds after

the foot shock (with food) for 24 hours.

DAY 2 (cued learning test) — 24 hours after the learning phase, animals were placed in
an enclosure that has a different context (white wall insert with black floor over grids)
from the enclosure that they received the shock in on the previous day. They were
presented with the identical 85dB tone from the previous day. Movement was recorded
for 5 minutes prior to, during and after the presentation of the tone. This assessed the
ability of the animal to remember the tone and pair it with the shock from the previous

day.

DAY 2 (context learning test) - Learning and memory fear-conditioning (Context phase)
Approximately one hour after the cue phase, inserts were removed and animals were

placed back into the identical enclosure that they received the shock in on the previous
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day. Movement was recorded for 5 minutes to assess the ability of the animal to

remember the context and pair it with the shock from the previous day.

Behavioural data analysis

Behavioural data were analyzed by analysis of variance (ANOVA) with sex,
genotype, and time when appropriate followed by Tukey’s multiple comparisons test.
Statistical analyses were conducted in Prism 9.3.1 for MacOS (GraphPad Software, Inc;

La Jolla, CA).

Tissue Collection and Processing

Blood

Blood was collected retro-orbitally under isofluorane anesthetic from female and
male WT and TCR B-/-6-/- mice (n=18, 22, 18, and 18 respectively) at 4 w and 8 w of
age. 100 pL of blood was collected into a heparinized tube and kept on ice until

processed for flow cytometry.

Flow Cytometry

Antibodies were directly applied to 100 pL blood, followed by a 40 min incubation
at 4°C. Unstained and isotype controls were prepared by replacing antibody with
fluorescence-activated cell sorting (FACS) buffer or isotype antibodies for each
fluorophore, respectively. The antibody panel included C - chemokine receptor type — 2
(CCR2) (PE; R&D Systems, Minneapolis, MA, USA), F4/80 (APC), lymphocyte antigen
6 complex (Ly6C) (FITC), lymphocyte common antigen (CD45) (eFluor 450), cluster of
differentiation factor 11b (CD11b) (PE-Cy7), and CD3, CD19, NK1.1 (Alexa Fluor 700)

from eBioscience (San Diego, CA, USA)). This was followed by a 10 min incubation in
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1X Fix/Lyse Buffer (eBioscience), and centrifugation at 2000rpm for 10 minutes at 4°C.

Cell pellets were washed in cold phosphate buffered saline (PBS) and re-suspended in

isotonic FACS wash buffer (0.5% (w/v) bovine serum albumin (BSA), 5mM EDTA (pH

7.4-7.6), 2mM NaN3). Samples were stored in the dark in FACS buffer overnight at 4°C

and run the following day on an LSRII flow cytometer (BD Biosciences, Franklin Lake,

NJ, USA), with a target 200000 events recorded.

Analysis of flow cytometry

Analysis was completed with FlowdJo 9 software (Treestar, Ashland, OR, USA) as

shown in Fig. 4-1. GraphPad Prism 6 (La Jolla, CA) was used for statistical analysis and

to create graphs. Data were analyzed by 2-way ANOVA with sex and genotype as

factors, and post-hoc analysis using Tukey’s Test was completed when appropriate. A

p-value of <0.05 was considered significant.
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Figure 4-1. Gating strategy for flow cytometry analysis.
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Results

Reduced anxiety-like behaviour phenotype was observed in T cell deficient mice pre-

puberty

Previous work showed that adult TCRB-/~-6-/- mice and other models of T cell and
adaptive immune deficiency demonstrated a consistent behavioural phenotype of
reduced anxiety-like behaviour compared to WT controls (Cushman et al., 2003; Rilett
et al., 2015). Three-way repeated measures ANOVA showed a significant main effect of
EPM zone (F[2,249]=4311, p<0.0001) and a significant Zone by Genotype interaction
(F[2,249]=26.0, p<0.0001). Both male and female TCRfB-/-0-/- mice spent more time in
the intersection compared to WT mice, as well as an increased number of open arm

entries (Fig. 2). No difference in closed arm entries were observed.
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Figure 4-2. Reduced anxiety-like behaviour measured in the elevated plus maze
(EPM) in T cell deficient mice. At 4 weeks of age, both male and female TCRB-/-0-/-
mice spent less time in the intersection (grey triangles) of the EPM compared to sex-

matched WT mice (A). No difference in closed arm time (black square) or open arm
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time (open white circles) was observed. The total number of open arm entries was

significantly higher in TCRB-/-6-/- mice (B).
No genotype differences were observed in marble burying at 6 weeks of age

Three-way repeated measures ANOVA (sex, genotype, time) showed a
significant main effect of time (F[2.97,207.9)=152.3, p<0.0001) and a significant time x
sex interaction (F[4, 280]=3.93, p=0.004), however, posthoc analysis showed no

difference by genotype or sex at each time point (Fig. 3).
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Figure 4-3. Marble burying in WT (A) and TCRpB-/-6-/- (B) mice. No genotype
differences were observed in repetitive behaviour measured by number of marbles

buried in 30 mins.
Activity in the open field is increased in T cell deficient mice in early adulthood

How a mouse explores the open field can be used to examine many different
behaviours. The total distance a mouse travels over the testing period can be used to

determine activity levels, and rearing can be used to quantify exploratory behaviour.
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During a 30 min testing period, a main effect of genotype was observed for distance
travelled in the open field (F[1,80]=21.1, p<0.0001). T cell deficient mice showed
increased locomotor activity in the open field compared to WT. No significant sex and

genotype matched differences were observed for rearing in the open field (Fig. 4).

5000 - * *
B — —
< 4500 - I
(D)
(&)
& 4000 -
»
z T
T 3500
2
3000

WTF TCRF WTM TCRM

Figure 4-4. T cell deficient mice had increased locomotor activity in the open field.
Both male and female TCRB-/-6-/- mice travelled a greater total distance in the open

field. *p<0.05
T cell deficient mice showed sex and genotype differences in fear conditioning

Three-way repeated measures ANOVA revealed a significant main effect of time
(F[9.8, 739]=84.7, p<0.0001) and genotype (F[1,77]=7.95, p=0.006) on distance
travelled during day 1 fear conditioning learning trial, as well as a significant time x
genotype interaction (F[19, 1433]=1.64, p=0.04). Male WT mice were more active prior
to and following the cue and shock compared to male TCRB-/-6-/- mice (Fig. 5). No

differences in behaviour were observed on day 1 for female mice.
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Three-way repeated measures ANOVA (time, sex, genotype) revealed a
significant main effect of time (F[13.2, 920.4]=18.5, p<0.00001) and genotype
(F[1,70]=33.4, p<0.00001) on distance travelled during the cued learning test on day 2.
Significant interactions included time x genotype, time x sex, and time x genotype x sex.
Several significant genotype differences were observed in male mice, and less in
female mice (Fig. 5). Differences in contextual learning were present as immobility time
during the 6 min trial and was also examined at 1 min intervals through the trial (Fig. 5).
A significant main effect of sex (F[1,75]=6.0, p=0.017) and genotype (F[1,75]=5.92,
p=0.017) was observed for immobility time, where female TCRS-/-0-/- mice had lower
immobility time than female WT mice and male TCRB-/-0-/- mice. A significant main
effect of genotype (F[1, 360]=44.8, p<0.00001) and a significant time x genotype
interaction (F[4,360]=2.55, p=0.039) for distance travelled during the contextual learning
trial with WT male mice showed increased activity during the first 2 minutes of the

contextual learning trial and no differences between female mice (Fig. 5).
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Figure 4-5. Fear conditioning in WT and TCRpB-/-6-/- mice. Distance travelled during
day 1 learning trial in female (A) and male (B) mice. Distance travelled during the cued
test in female (C) and male (D) mice. Total immobility time during contextual test (E), as

well as distance travelled during the contextual text in female (F) and male (G) mice.
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T cell deletion impacts numbers of blood myeloid cells

T cells are known to play critical roles in orchestrating immune responses and
maintaining immune tone in peripheral tissues. To determine what impact T cell deletion
has on peripheral immune phenotypes, myeloid cell numbers were quantified in blood
from 4- and 8-week-old mice. When comparing monocyte numbers relative to total
myeloid cell number, in TCRB-/-6-/- and WT mice, a significant main effect of genotype
(F[1,73]=13.4, p=0.0005 and age (F[1,65]=117.9, p<0.0001) was observed. Posthoc
analysis revealed a significant decrease in monocyte numbers from 4 to 8 weeks of age
for both sexes and both genotypes (Fig. 6). Density plots for monocytes at 4 weeks and
8 weeks of age (Fig. 6) showed a high level of variability at 4 weeks of age in both WT
and TCRB-/-6-/- mice, that was reduced in 8-week-old WT mice, whereas 8-week-old

TCRB-/-6-/- mice were more variable.

Neutrophils are the predominant cell type in the myeloid cell compartment and
are also known to respond to T cell signaling. In order to determine what impact T cells
may have on neutrophil numbers over early life, we quantified CD45+CD3-CD19-NK1.1-
CD11b+SSCM cell numbers as a percentage of total myeloid cells in blood collected at 4
and 8 weeks. A significant main effect of genotype (F[1,77]=21.7, p<0.0002) and age
(F[1,69]=117.2, p<0.0001) was found. Posthoc analysis revealed a significant change in
neutrophil numbers from 4 to 8 weeks of age for both sexes and both genotypes (Fig.
6). Density plots for neutrophils at 4 week and 8 weeks of age (Fig. 6) showed a high
level of variability at 8 weeks of age in TCRB-/-0-/- mice compared to WT mice. At 8
weeks of age, male and female TCRB-/-0-/- mice had significantly more neutrophils than

WT mice.
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Figure 4-6. Immune phenotype at 4 and 8 weeks of age in WT and TCRB-/-6-/-
mice. Monocyte density plots for WT and TCRB-/-6-/- mice at 4 weeks (A) and 8 weeks
(B) of age. Number of monocytes at 4 weeks and 8 weeks of age in males (C) and
females (D). Neutrophil density plots for WT and TCRB-/-6-/- mice at 4 weeks (E) and 8
weeks (F) of age. Number of monocytes at 4 weeks and 8 weeks of age in males (G)

and females (H). *p<0.05

Discussion

The mechanisms for T cell impact on brain development, structure, and
behaviour remain unknown. Here, we demonstrate that the low anxiety-like behaviour
and high exploratory behaviour and activity levels previously observed in T cell deficient
adults are present pre-puberty, and we aim to establish target systems in which
mechanisms for these brain changes may occur. To do so, we investigated how loss of
T cells affects the immune phenotype, reporting a decrease in neutrophil numbers and
increased variability in immune phenotype in TCRB-/-6-/- mice that was present pre-
puberty and persisted to adulthood. We also report no behaviour differences in the
marble burying task, and sex- and sex-by-genotype differences in cued and contextual
fear conditioning, which indicate impaired fear memory in T cell deficient mice

compared to controls.

Importantly, work from our lab demonstrated that mice specifically lacking all
mature T cells via a double mutation in T cell receptor genes recapitulated the reduction

in anxiety-like behaviour often observed in immunodeficient mice, but uMT-/- mice that
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were selectively deficient in B cells did not (Rilett et al., 2015). These TCRB-/-0-/- mice
also had neuroanatomical changes in stress circuitry, including genotype- and sex-by-
genotype effects, demonstrating that T cells impact brain structure and the resulting
behaviour even though they do not appear to reside in the brain parenchyma in

significant numbers under homeostatic conditions (Rilett et al., 2015).

TCRpB-/-6-/- mice have a robust reduced anxiety-like behaviour phenotype that is
similar to what we have observed in adults in previous research (Rilett et al., 2015),
which we show here to be measurable by week 4 and persist throughout adulthood.
These findings agree with past research using a variety of models of adaptive immune
deficiency in demonstrating a role for the adaptive immune system, and T cells in
particular, in the development of anxiety-like behaviour (Cushman 2003, McGowan
2011, Sankar 2012, Rattazzi 2013, Clark 2014, Brachman 2015, Clark 2015, Desbonnet

2015, Arensten 2018, Nadeen 2019).

A study that focused on restoring cluster of differentiation 4 (CD4+) T cells to
recombination activating gene 1 knockout (RAG7-/-) mice reverted the observed
repetitive and anxiety-like behaviours, but stopped short of identifying the related
mechanism, as they found no differences in corticosterone, serum cytokines, or brain
structure between groups (Rattazzi et al., 2013). The rescue of repetitive behaviour on
the marble burying task is interesting in the context of the present work, as TCRB-/-0-/-
mice do not have any significant difference in marble burying compared to WT (Rattazzi
et al., 2013). This suggests that differences in the model of adaptive immunodeficiency
may affect behaviour outcomes, either through CNS RAG1 expression, or the

manipulation of both B and T cell populations in RAG7-/- mice (Fang et al., 2013;
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Mombaerts et al., 1992). It has also been demonstrated that CD8+ T cells are
necessary to confer neural and behavioural effects of environmental enrichment,
however, no mechanism for T cell-brain communication was determined, as genes
controlling T cell function at the choroid plexus were not changed in the experimental

group (Zarif et al., 2018).

By measuring the impact of T cell depletion on both behaviour and circulating
innate immune cell numbers at pre- and post-puberty time points, we were able to
determine whether myeloid cells in the blood are likely to affect approach-avoidance
behaviour in mice. While profiles of blood myeloid cells are affected by the absence of T
cells, with neutrophil numbers decreased in adult TCRB-/-0-/- mice, in this study we did
not find correlation between immune cell numbers and behaviour outcomes. There is
promise for further research investigating Ly6C'°CCR2'° monocytes and EPM poke
arounds at pre-puberty time points. Likewise, further investigation into potential roles for
Ly6CMNCCR2" monocytes in affecting distance travelled in the periphery of the open field
is merited. Previous work indicates that individual differences in immune outcomes may

correspond with relevant behaviour outcomes (Hodes, 2013).

The data presented here suggest that T cells influence behaviour at the earliest
stages of postnatal development, as evidenced by behaviour changes on approach-
avoidance tasks at P28, before puberty. Recent evidence suggests that behaviour
changes in TCRB-/-0-/- mice can be detected as early as P14, with delays in righting
reflex development compared to controls (Francella pers commun, in preparation).
Taken together, these findings suggest that changes in innate immune cell numbers in

the periphery would be most likely to precede behavioural changes, and future research
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investigating circulating innate immune cell levels in the first few weeks of postnatal life

is merited.

Alternative mechanisms by which T cells communicate with the CNS through
local interactions with innate immune cells and their precursors, may present additional
avenues through which immune-brain communication in early life can be detected.
Recent work suggests that cdT cells in the meninges affect anxiety-like and exploratory
behaviour on the EPM and open field test (Alves de Lima et al., 2020). Delivery of anti-
cdT cell antibodies was sufficient to eliminate the behaviour phenotype, and the authors
determined that the cdT cell impact on behaviour is dependent on IL-17A (Alves de
Lima et al., 2020). The presence of these behaviour changes in early life suggests that
the biological changes that occur over puberty are not necessary for the behaviours to

manifest.

Because T cells modulate neutrophil generation and release from precursors
through interleukin 17-A (IL-17A) and granulocyte monocyte colony stimulating factor
(GM-CSF), there remains a possibility that neutrophils may be involved in this immune-
brain communication mechanism, at a local rather than systemic level (Lieschke et al.,
1994). One way in which this may occur is via a recently described pathway by which
motor circuits cause a widespread efflux of neutrophils from the bone marrow to
peripheral tissues via chemokine attraction in response to acute stress (Poller et al.,
2022). Additionally, in response to corticosterone signaling cues from the
paraventricular nucleus of the hypothalamus, monocytes return to the bone marrow

from the blood and other immune tissues (Poller et al., 2022).
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Mice subjected to stressors have been shown to have peripheral monocytes from
the bone marrow or spleen recruited to the brain (Wohleb 2013, McKim 2015). This was
found to correlate with the increased levels of anxiety-like behaviour recorded after
stress exposure (McKim et al., 2016; Wohleb et al., 2013). Recently, Ly6C" monocytes
have been associated with novel object recognition and have been found to be part of a

communication pathway between gut microbes and brain function (Mohle et al., 2016).

Likewise, T cell communication to myeloid precursors and monocytes has
recently been determined to play an important role in immune-brain communication at
the dural sinuses, additional evidence for immune-brain communication in a highly
localized region (Rustenhoven et al., 2021). Under homeostatic conditions, glymphatic
processes flush extracellular fluid through the brain parenchyma and into the
cerebrospinal fluid (CSF), where antigen presenting cells (APCs) reside. These APCs
then present proteins and antigens from the CSF to T cells monitoring the brain
perimeters, which reside in higher numbers in the dural sinuses (Rustenhoven et al.,
2021). Recently, tiny channels through the skull bone have been discovered, revealing
a physical connection for the CSF to access bone marrow in the skull, where myeloid
precursors reside, and recruit them directly to the brain meninges via the CSF, where
they are likely to interact with T cells (Mazzitelli et al., 2022). Furthermore, research
suggests that peripheral T cells responding to chemotactic signals concentrate at the
choroid plexus, where they communicate with parenchymal cells and influence microglia
activation and adult neurogenesis (Qi et al., 2016). While this is a compelling body of
evidence in support of intensive immune-brain communication in the CNS and brain

surroundings, immune communication that affects behaviour is likely to also be
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localised to the gut mucosal tissue, which is the location of the vast majority of immune
cells in both mice and humans. Future research should also identify T cell influence on
the innate immune cells and microbiota in the gut as another critical location of immune-

brain communication.
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Summary of Findings

T cells have long been studied as a principal component of the adaptive immune
system, where they communicate with immune and non-immune cells alike. These
lymphocytes are able to access the interface of the brain and periphery and to
communicate with all cell types. For this reason, a body of research has been rapidly
growing, demonstrating that T cells are a key component of the microbiota-immune-
brain axis. This thesis addresses gaps in the current literature relating to when T cells
affect neurodevelopment, how the loss of T cells affects innate immune cell populations
in the CNS and periphery, and how manipulating the microbiome at important times in
early life immune-brain communication affects brain structure.
This thesis examined the importance of T cells to brain function using T cell deficient
mice. We examined this topic from a number of perspectives, to explore the diverse
ways T cells communicate with various cells and systems. These include measuring
microglia, brain structure, behaviour, and innate immune cells in the blood. The central
hypothesis was that T cells impact brain development and behaviour as well as
peripheral and central innate immune cell populations as part of their role in the
microbiome-gut-brain axis. To test this hypothesis, two T cell deficient mouse models
were used: TCRB-/~-0-/- mice, which lack all mature T cells by genetic knockout of genes
encoding the T cell receptor, and GF mice, which have underdeveloped adaptive
immune systems due to the absence of microbiota signals during critical times in
development.

The first study examined the effect of T cell deficiency on the brain. Aloss of T

cells led to an increased number of microglia in the BLA of adult mice, and sex-specific
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decreases in microglia density in the PFC and HIP. These findings demonstrate that
loss of T cells cause lasting changes in microglia in key components of the brain’s
stress circuitry that persist until adulthood. Associating these specific cellular changes
with brain regions known to have volume differences in T cell deficient mice and that are
also implicated in the behaviours that are impacted by adaptive immune deficiency is an
important first step in determining cellular mechanisms for immune-brain
communication. Building on these findings, study two demonstrated that loss of
microbiota in GF mice results in widespread impacts on brain volume. Specifically, we
found a profound reduction in total brain volume in GF mice that is not corrected by
recolonization at 5 weeks. This work also revealed sensitivity of the cortex and
hippocampus to microbe manipulation, and sex differences in the number of regions
with relative volume changes in GF mice. Combining the findings from study one and
two we established the early postnatal window as a critical time for microbiota-immune-
brain communication to influence stress circuitry. Lastly, study three addressed the
effects of T cell deletion on behaviour and on the developmental trajectory of peripheral
myeloid cells. Importantly, we established behavioural phenotypes common to T cell
deficient mice are present before puberty, suggesting that T cells affect behaviour in the
earliest parts of development. In addition, we report the developmental trajectory of
monocyte and neutrophil populations across puberty, describing a maturation in WT
mice that is absent or delayed in the absence of T cells.

Combined, the results of these studies provide a multifaceted and thorough
examination of the impacts a loss of T cells has on the developing microbiota-immune-

brain axis. This work demonstrates that the impacts of T cell deficiency on microglia in
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the CNS last until adulthood. These findings reveal adaptive immunodeficiency, and
widespread neuroanatomical changes associated with the absence of microbes in GF
mice. The neurobiological impacts of microbiota-immune-brain axis inputs and
manipulations reveal an early postnatal timeline for their ability to aid brain
development. Additionally, this work recapitulates prior findings of reduced anxiety-like
behaviour in the TCRB-/-6-/- mouse before puberty, indicating that T cells affect
behaviour early in development. These phenotypes are present long before the
maturation of immunological and microbiota systems.

This thesis contributes novel findings addressing gaps in the literature on the role
of T cells in microbiota-immune-brain communication at the level of the peripheral
immune system the brain behaviour. Ideally, this work will allow for researchers to
design future experiments at times where T cells are most likely to be actively
influencing neurobiology. Future work translating the understanding of how peripheral
immune cells mature should also reduce heterogeneity in clinical trials targeting
pathology with known immune-brain components, such as neurodevelopmental and
mood disorders. In this chapter, | will broaden the context of these findings to related
published literature. Further, | will discuss the location, timing, and mechanisms for T
cell communication with the brain. Finally, | will tie key themes of this work to relevant

clinical research on immune impacts on mental health.

T cell impacts on CNS development in early postnatal life

Nervous system and gut microbiome development occur in distinct locations but

with overlapping time frames. This means that the nervous system is undergoing critical
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developmental stages during times of change in the gut microbiome (Borre et al., 2014).
Research from our laboratory group reveals that behaviour changes in T cell deficient
mice are present from the earliest stages of postnatal life, with detection of delayed
righting reflex development from P4. Work from this thesis confirms that reduced
anxiety-like behaviour was observed at P28 and persists to adulthood (Rilett et al.,
2015). Detecting behaviour changes this early in development suggests that loss of T
cells affects neurodevelopment in utero or in the earliest stages of postnatal life and is
“locked in” after this point.

The findings presented in study 2 of this thesis suggest that microbiota status
has its largest impact on brain development in the first few weeks of postnatal life, as
the in utero environment is largely sterile. The impact of microbiota depletion and
manipulation on neuroanatomy is most prominent in the first 5 weeks of postnatal life;
the time between when the neonate is born, acquiring its first microbiome, and puberty.
This is evidenced by the inability to rescue typical brain structure or total brain volume
through recolonization of GF mice with a conventional microbiome at 5 weeks
(Thompson et al., submitted). Importantly, while still smaller than control animals,
recolonization after 5 weeks increased total brain volume compared to GF in males
only, suggesting that susceptibility to developmental effects of microbial signals may be
different between the sexes (Thompson et al., submitted).

While studies have examined many aspects of behaviour in GF mice, it is
increasingly important to determine changes at the brain level in GF mice. Few studies
have done this to date. One key study investigated amygdala and hippocampus

volumes and their relation to neuron morphology in GF mice using histological methods
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(Luczynski et al., 2016) which may differ from ex vivo MRI, and another MRI study of
GF mice compared brain volumes before and after puberty (Lu et al., 2018). These
researchers identified increased volume in the basal lateral amygdala, central
amygdala, and lateral amygdala in GF mice compared to controls (Luczynski et al.,
2016). In study two of this thesis, relative hippocampal volume was decreased in both
male and female mice (FDR<0.05), with CA1, CA2, CA3, and dentate gyrus subregions
having significantly reduced volumes in GF males, but only the granule layer of the
dentate gyrus having significantly decreased volume in GF females. In contrast, past
work describes increased hippocampal and CA2/CA3 subregion volume, but no
differences were reported in CA1 or the DG (Luczynski et al., 2016). This may partially
due to breeding pairs being used and male and female data collapsed, whereas the
work presented in this thesis suggests sex differences in hippocampus volume changes
resulting from microbiome manipulation (Luczynski et al., 2016). Also, in contrast to our
findings, this histological approach identified no difference in total brain volume in GF
mice, although whole brain measurements excluded the cerebellum and olfactory bulb
(Luczynski et al., 2016). This exclusion may explain the differences in brain volume
results, as the cerebellum and olfactory bulb were included in this thesis. Likewise,
while this study did not report the age of their animals, using older animals could have
had an effect on this finding, as it is possible that GF mice have a delay in brain
development that is reduced once the GF mice reach full maturity (Luczynski et al.,
2016).

No differences were found in dendrite length in adult BLA neurons between GF

and conventionally housed mice, however a reduction in dendrite length in the
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hippocampus in GF mice may indicate region-specific delays in maturation of neuron
morphology in GF animals compared to controls (Luczynski et al., 2016). Pyramidal
neurons in the prefrontal cortex undergo a period of dendrite growth in early postnatal
development, between P3 and P21, during which time the length of dendrites increases
13-fold (Ryan et al., 2016). Reconstruction of basolateral amygdala neurons indicated a
similar rapid extension of dendrites between P7 and P28 (Ryan et al., 2016). This is
supported by transcriptomic evidence demonstrating that GF status impacts differential
exon usage in several genes associated with neuron structure, with few differences
between GF mice and GF mice recolonized at P21 in this regard (Stilling et al., 2015).
Further support for structural changes to neurons in GF mice includes the finding of
increased synaptic protein levels of PSD95 and synaptophysin in the striatum, but not
PFC or HIP, of male GF mice (Diaz Heijtz et al., 2011). The findings presented in this
dissertation, in combination with evidence from the literature, leads to the possibility of
neuron morphological changes, specifically in dendritic and axonal arborization, that
may be impacted by T cell-microglia signaling in early life. Many of the neuroanatomical
changes and behaviours affected by adaptive immune deficiency are related to stress
circuitry — which is also where we report changes in microglia number and density.
Future research should investigate neuronal morphology in T cell deficient mice in
regions associated with microglia differences and stress circuitry to determine whether
neuron structure is responsible for the neuroanatomical changes observed in T cell
deficient mice (Rilett et al., 2015).

Important work from other research groups lends support to microbe-immune

influence on the developing brain being at its peak during the first few weeks of
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postnatal life. A study that examined brain development from the day of birth — PO — to
P3 found that neural and neuroimmune factors are drastically affected by microbial
status (Castillo-Ruiz et al., 2018). GF mice were found to have considerably decreased
pro-inflammatory cytokines compared to conventionally housed controls (Castillo-Ruiz
et al., 2018). Neuronal cell death was found to be changed in GF mice compared to
controls in sub-regions that are implicated in stress circuitry and metabolism. These
changes include increased numbers of dying cells in the PVN and CA1 of the HIP.
However, the opposite effect was observed in the arcuate nucleus (ARC), where GF
mice had fewer dying neurons than controls (Castillo-Ruiz et al., 2018). Reports of
inconsistent impacts of microbiome manipulation between brain regions agrees with the
findings presented in study 2 of this thesis, showing microbiome status has varying
effects on the development of different brain regions.

Alternatively, some evidence suggests that microbe signaling may affect brain
development even earlier, as by embryonic day 18.5, layer V somatosensory cortex
thickness was already larger in GF fetuses compared to control, which agrees with our
finding of increased relative volume in the cortex of GF mice (Thion et al., 2018a).
These findings clearly support an impact of maternal microbiome status on the
development of the brain in utero, likely through signal transmission across the placenta
during gestation. Recent work investigating fetal brain development in dams with
microbiome manipulations describes deficiencies in axon growth in the thalamocortical
pathway in the absence of a typical maternal microbiome (Vuong et al., 2020). A
number of microbiome-specific metabolites were identified that were present in both the

maternal serum and fetal brain in the controls, but not GF or antibiotic-treated animals
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(Vuong et al., 2020). From there, the researchers discovered that recovering these
metabolites in the microbiome-depleted animals corrected the deficiencies in axon
development in the fetal brains, supporting the idea that the maternal microbiome plays
critical roles in providing the metabolites necessary for typical in utero brain
development (Vuong et al., 2020).

In relation to microglia, GF mice were found to have more Iba1+ microglia than
controls in the PVN, HIP, and ARC, which has also been suggested in other brain
regions, including the cortex, corpus callosum, HIP, olfactory bulb, and cerebellum
(Castillo-Ruiz et al., 2018; Erny et al., 2015). GF mice were found to have an increase in
microglial cell density in the PVN (Castillo-Ruiz et al., 2018), which is in the opposite
direction as our findings of decreased microglial density in the PFC and HIP of adult T
cell deficient mice in study 1 of this thesis. Also, in agreement with previous research in
adult mice, an increase in microglial cell size in the PVN of neonatal GF mice was found
in this work (Castillo-Ruiz et al., 2018). Increased microglial size has been suggested,
along with increased arborization, to be a sign of delayed maturity in microglial cells of
immunodeficient mouse models (Castillo-Ruiz et al., 2018; Erny et al., 2015). Similarly,
microglia harvested from early embryos of GF dams were found to have minor
transcriptional differences from those harvested from the early embryos of control dams
(Thion et al., 2018a). However, embryos harvested at E18.5 — just before birth — had
microglia with widespread transcriptional changes in males, but not females, of GF
dams (Thion et al., 2018a). These differences in expression were predominantly in
genes involved in translation and metabolism. Microglia from adult female GF mice had

broad transcriptional changes compared to control mice — mainly decreased expression
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of genes involved with adaptive immune responses and increased expression of genes
involved with transcription regulation. Microglia from adult GF males had a much
smaller number of genes with transcriptional changes (Thion et al., 2018a). Embryos
from GF dams also had increased microglia density in the 3 brain regions studied, and
at E18.5, male GF embryos had more microglia but not females, whereas at P20, pre-
puberty, microglia density was increased in GF females only (Thion et al., 2018a).
Examination of adult SPF mice subjected to 1 week of antibiotic treatment revealed
minor transcriptomic changes in microglia that differed from those found in GF mice,
with no microglia density or morphological differences (Thion et al., 2018a). This
suggests a sex-by-GF status interaction in microglia development, both transcriptionally
and in cell density, that is no longer susceptible to microbiome manipulation later in
adulthood (Thion et al., 2018a).

In study 2 of this thesis, we examine the impacts of the absence of microbiota in
the first 5 weeks of postnatal life. Mice with microbiome depletion post-weaning had
recognition memory deficits and reduced anxiety-like behaviour, suggesting that some
behaviour remains susceptible to the effects of microbiome manipulation post-weaning
(Desbonnet et al., 2015). We found that hippocampal structure remains susceptible to
the effects of microbial manipulation post-weaning in recolonized GF mice, which was
supported by the finding of reduced hippocampal BDNF mRNA expression in mice
treated with antibiotics post-weaning (Desbonnet et al., 2015). This may suggest that
trophic factor expression may change in response to altered microbial signaling, and
lead to differences in cell structure or survival that result in neuroanatomical changes.

Evidence that behaviour can be affected by microbiome depletion post-weaning
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includes the finding that male mice treated with antibiotics to deplete their gut
microbiomes in adulthood had impaired recognition memory on the novel object
recognition test, but spatial memory was not impaired (Frohlich et al., 2016).
Microbiome depletion in adulthood was associated with decreased expression of tight
junction proteins in the hippocampus, but increased expression in the amygdala, and
decreased BDNF levels in the HIP, HYP, and PFC (Frohlich et al., 2016). NMDAR2B
and SLC6A4 mRNA expression were increased in the amygdala in antibiotic treated
animals, but were unchanged in the PFC, HIP, or HYP (Frohlich et al., 2016). These
studies demonstrate that some aspects of the developing brain remain susceptible to
the influences of microbiome depletion later in life, despite having a more developed
adaptive immune system due to presence of a microbiome in early postnatal life.
Additional support for the idea that immune brain communication pre-puberty is a
primary driving force influencing brain and behaviour are reports showing that restoring
microbe-immune-brain communication in adulthood is insufficient to rescue behaviour
and brain outcomes. For example, male rats exposed to antibiotic-mediated microbiome
depletion in adulthood had no differences in anxiety-like behaviour compared to controls
on the EPM or OF (Hoban et al., 2016). These results indicate that anxiety-like
behaviour is not susceptible to the effects of microbiota depletion in adult rats, and that
this behaviour is established earlier in postnatal brain development (Hoban et al., 2016).
This finding supports the evidence presented in study 2 of this thesis, where we report
that the majority of brain changes associated with microbiome status are not rescued by

recolonization at weaning.
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Seminal work indicating behavioural differences and HPA axis dysregulation in
GF animals included an investigation into the effects of recolonization on HPA axis
development (Sudo et al., 2004). While recolonization of young adult GF mice partially
corrected the HPA axis dysregulation previously observed, it was noted that
recolonization of older GF adult mice had no effect on HPA axis responses to stress
(Sudo et al., 2004). The results of this study suggest that the developmental timing of
recolonization matters to behaviour and brain function, supporting our finding that
recolonization at week 5 was insufficient to rescue the majority of neuroanatomical
changes caused by GF status (Sudo et al., 2004). Further highlighting the importance
of recolonization timing, recolonization of GF mice at P1 corrected behaviours on the
EPM (Luk et al., 2018). An interesting sex-by-GF status interaction was noted in the OF,
where only female mice recolonized with a complex murine microbiome demonstrated
rescue of hyperactive phenotype observed in the OF in GF and T cell deficient mice
(Luk et al., 2018).

In study 3 of this thesis, changes to the developmental trajectories of innate
immune cells in the peripheral blood in T cell deficient mice compared to controls were
considered. Mice without T cells have high between-subject variation that does not
decrease over puberty, unlike controls. In the same way, evidence shows that T cell
deficient mice have different microbiome maturation trajectories over early postnatal life,
including microbiome richness (alpha diversity), which causes TCRB-/-6-/- mice to
cluster separately from controls on measures of microbiome structure and composition
(Caspani et al., 2022). Closer examination of T cell deficient mice revealed some taxa to

be in increased abundance, while others were decreased compared to controls in both
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cecal and fecal samples (Caspani et al., 2022). The microbiomes of control mice at P17
were significantly different than those at P24, P28, and P84, indicating an important
maturation step during weaning between P17 and P24 (Caspani et al., 2022). This is
important in the context of this dissertation because it supports key developmental
processes in the microbiome before P35, and also indicates atypical developmentin T
cell deficient mice. Notably, the evidence suggests that this developmental step is
impacted by the loss of T cells, as the microbiomes of TCRB-/-6-/- mice at P17 are
similar to those of older mice at P24, P28, and P84 (Caspani et al., 2022). This effect
was mirrored in the cortex and hippocampus metabolomes, where the same differences
in maturation trajectory were identified across weaning in control mice but were absent
in T cell deficient mice (Caspani et al., 2022). The metabolic profiles of cecal and colon
contents of T cell deficient mice also showed marked differences compared to control
mice across early life (Caspani et al., 2022). Important differences include decreased
abundance of the short chain fatty acid (SCFA) butyrate, and higher levels of 5-
aminovalerate, an important metabolite, which have been implicated in gut barrier
function and lysine metabolism (Caspani et al., 2022). Among the most important
differences in brain metabolite development between T cell deficient and control mice
both major inhibitory neurotransmitters and two other metabolites were found to
increase drastically over postnatal life in TCRB-/-6-/- mice, whereas levels were
consistent in controls (Caspani et al., 2022). These changes in developmental trajectory
of microbes and metabolites mirrors the findings described in circulating innate immune
cells in study 3 of this dissertation, with differences between TCRB-/-6-/- mice and

controls appearing after puberty (Caspani et al., 2022). Future work should identify how
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metabolites from the gut influence populations of immune cells in the blood, specifically
monocytes and neutrophils, in the absence of T cells, considering that there is a
substantial body of research describing SCFA modifications to surface receptor
expression and chemotaxis of neutrophils and monocytes, so future work should identify
how these metabolites affect innate immune cell populations in the blood in the absence
of T cells (Vinolo et al., 2011).

Increases in 5HT and 5HIAA levels in the hippocampus of male GF mice are not
rescued with colonization at weaning, despite rescue of tryptophan availability in the
plasma and kynurenine/tryptophan ratio in recolonized mice (Clarke et al., 2013).
MicroRNAs (miRNAs) have been suggested to be a possible mediator of these signals,
and evidence supports increased levels in GF mice that are normalized with
colonization (Moloney et al., 2017). Together with the changes in brain metabolomic
development trajectory over P17 — P24 in control mice, this suggests that the metabolic
changes associated with microbiome manipulation and adaptive immune deficiency
occur in the first three weeks of postnatal life (Castillo-Ruiz et al., 2018; Clarke et al.,

2013).

Conclusions

In this dissertation, | have extended the current body of knowledge related to how
loss of T cells impact brain development, and how microbiome manipulation impacts
brain development in the early postnatal period. My results show that T cell deficient
mice have sex-by-genotype effects in microglial cell density in the PFC and HIP, two

regions implicated in stress circuitry, and the behaviour phenotypes reported in mice
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with adaptive immune deficiency. | have shown that the absence of microbiome in GF
mice impacts brain development and volume by ex vivo MRI, and that recolonization at
5 weeks is insufficient to rescue the majority of volume changes observed in GF mice.
My results show that ASF mice, which have a limited microbiome that is sufficient for
adaptive immune system development, have few changes compared to SPF mice,
indicating the importance of adaptive immune signals on neurodevelopment. Finally, |
have measured behaviour in T cell deficient mice from pre-puberty to adulthood and
determined that T cell deficient mice have an altered developmental trajectory of
peripheral blood neutrophils. Altogether, this research suggests the importance of the
first few weeks of postnatal life in microbiome-immune-brain signaling for healthy

neurodevelopment.

Future Directions

Scientific interest in determining treatment targets for neurodevelopmental
disorders has matched growing diagnostic rates. Immune cells and proteins are
promising research targets recently identified for mechanisms of neurodevelopmental
disorders. Widespread attention underscores the growing interest in, and significance
of, the recognized need for mechanistic studies regarding how these immune factors
contribute to neurodevelopment. In spite of the now well-documented problem, there is
still a critical need to determine exactly when these mechanisms occur, and whether
there is a critical window for immune interactions to affect behaviour. Understanding
mechanisms for microbiome-immune-brain communication in the first few weeks of

postnatal life will allow researchers developing new immune-based biomarkers and
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treatments to plan their studies and interventions at times when there is a much greater
probability of a positive outcome. Ideally, a better understanding of microbiome-
immune-brain communication in early life will lead to the development of assays with
greater accuracy for disease prediction or patient stratification in clinical trials. Research
following up on the studies described in this dissertation to manipulate myeloid cells in
pre-puberty and adult animals is also warranted as it may identify whether there are
critical periods for peripheral immune cell communication with the developing nervous

system.
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