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Abstract

Regeneration after injury occurs in axons that lie in the peripheral nervous system but it fails
in the central nervous system limiting functional recovery. Despite recent progress, to date we
ignore the molecular identity of peripheral versus central projecting axons that might underpin
this differential regenerative ability. To fill this knowledge gap, here we combined axoplasmic
proteomics from sciatic or centrally projecting branches of L4-6 DRG with RNAseq to
compare axonal and cell body responses between a regeneration-incompetent central spinal
versus regeneration-competent peripheral sciatic nerve injury. This allowed identifying for the
first time signalling pathways uniquely represented in peripheral versus central projecting L4-
6 DRG axons, including prior and subsequent to an injury. Next, RNAseq and proteomics
network and pathway analysis suggested AMPK as master regulator controlling axonal
regenerative signalling pathways. AMPK immunoprecipitation followed by mass spectrometry
from DRG suggested that the 26S proteasome and the 26S regulatory subunit PSMCS5 are
preferentially bound to AMPKa for proteosomal degradation following sciatic axotomy.
Mechanistically, we found that phosphorylation of proteosomal subunit PSMCS5 and injury
activated CaMKlla are required for AMPKal degradation after sciatic injury. Moreover,
ubiquitin E3 ligase Trim28 regulates AMPKal expression. Finally, conditional deletion of
AMPKal promotes multiple regenerative signals, axonal regeneration and functional recovery
of sensory axons across the injured spinal cord, suggesting inhibition of AMPK as novel

regenerative target following spinal injury.



1. Introduction

In adult mammalian central nervous system (CNS), axons do not spontaneously regenerate
after injury, which contributes to extremely limited functional recovery after trauma. In
contrast, adult peripheral nervous system (PNS) axons can regenerate following functional
recovery after peripheral nerve injury. Studies by Aguayo and his colleagues demonstrated that
some injured mature CNS axons can regrow into the grafted permissive peripheral nerve
(Benfey and Aguayo, 1982; David and Aguayo, 1981; Richardson et al., 1984; Richardson et
al., 1980). This research revealed that the PNS environment is permissive but the CNS
environment is inhibitory for the axon growth. Based on this hypothesis, numerous studies
have focused on searching molecules and signaling mechanisms of the extrinsic inhibitory
environment for axon regrowth. As a consequence, a number of inhibitory factors including of
molecules associated with glial scar, specific protein in myelin debris and even axonal
components have been found in CNS (Case and Tessier-Lavigne, 2005; Schwab and
Strittmatter, 2014; Silver et al., 2015). While later studies suggested that removing or blocking
of extrinsic inhibitory molecules activity resulted in some types of axons regrowth, however,
in most cases, these treatments were not sufficient for the axon regeneration. Meanwhile,
Tuszynski group found that implanted human induced pluripotent stem cells (iPSCs) can
survive and differentiate into neurons and glia and are shown extending axons throughout white
and grey matter with new synapses formation after spinal cord injury (Lu et al., 2012) (Lu et
al., 2014). These studies also serve as a proof that neurons with high growth capacity can
regrow in the injured CNS despite the presence of inhibitory environment. Therefore, the
intrinsic regenerative capacity decline following development more likely contributes to the

regeneration failure in the adult CNS after injury.
1.1 Axon Regeneration in the Peripheral Nervous System

1.1.1 Anatomy of Peripheral Nerve

The peripheral nervous system consists of three types of cells: neuronal, glial, and stromal cells.
Nerves are formed from various combinations of motor, sensory, and autonomic neurons.
Efferent neurons (motor and autonomic) receive signals through their dendrites from central

nervous system neurons, mainly using the neurotransmitter acetylcholine among others.



Afferent (sensory) neurons receive their signals through their dendrites from specialized cell
types, such as Dorsal Root Ganglion (DRG) for nociception, mechanoreception and
proprioception. These signals are sent to the CNS to provide sensory information to the brain

or interneurons in the spinal cord when a reflex response is necessary (Menorca et al., 2013).

Besides neurons, non-neuronal cells play a key role in the maintenance and function of
peripheral nerve. Schwann cells form a layer of myelin enveloping the myelinated axons and
provide trophic support through releasing important neurotrophins such as Nerve Growth
Factor (NGF) (Taniuchi et al., 1988). The myelin sheath is laid down in small segments which
are called internodes and each segment is formed by one Schwann cell. The gap between
segments is termed as the node of Ranvier. Ranvier forms between each individual Schwann
cells that allows the action potentials jump from node of Ranvier to node of Ranvier which is
termed as saltatory conduction that improves the conduction velocity (Figurel)(Hille, 2001;

Salzer, 1997; Vabnick and Shrager, 1998).
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Figure 1. The anatomical diagram of a peripherals nerve. The motor neuron lies in the anterior horn of spinal
cord. Axons extend from the anterior horn cell body and contact with their target muscles. Schwann cells which
are termed as the local support cells form a myelin sheath that is paved in segments called internodes and each

internode is derived from one Schwann cell. The gap between internode is called node of Ranvier (Tsao et al.,
2012).

1.1.2 Peripheral Nervous System Regeneration

Adult PNS neurons are able to regenerate after injury, which serves as a useful model to study
how the regenerative program is initiated after injury. After peripheral nerve injury, the axon
is divided into two segments: the proximal part which contacts the cell body and the distal part
of the axon, which is disconnected from the cell body, which undergoes Wallerian degeneration.
Schwann cells divide and initiate to phagocytize myelin and axonal debris on their own before
the recruitment of macrophages that complete the destruction and phagocytosis of all debris
(Fu and Gordon, 1997; Sulaiman and Gordon, 2003). The proximal part of the axon attached
to the cell body retains intact myelin although the diameter declines. The regenerating axons
sprout form growth cones from the cut end and grow into Schwann cell-lined endoneurial tubes
(Biingner) where they are attracted by neurotrophic factors secreted by Schwann cells.
Meanwhile, the neuronal cell body undergoes chromatolysis that is followed by metabolic
changes and synthesis of proteins required for regeneration which are transported to the growth
cones (Deumens et al., 2010; Navarro et al., 2007). When the regenerated axons reach their
target muscles and sense organs, they make functional connections to restore movement and
sensation (Gordon and Stein, 1982). Following axonal regeneration, Schwann cells
progressively remyelinate axons and the size of nerves return to normal after they make

functional connections with their targets (Gordon and Stein, 1982) (Figure 2).
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Figure 2. A schematic diagram of peripheral nervous regeneration. After injury, a retrograde signal is sent
to the cell body and growth associated gene are upregulated. The distal part of axons and myelin sheath begin to
degenerate. After, macrophages are recruited to the injury site and clear myelin debris and Schwann cells start to
proliferate, meanwhile, neuron cell body undergoes the process of chromatolysis. This process involves breakup
of the endoplasmic reticulum; the nucleus’s displacement and the transcription changes which switch the gene
expression pattern from axon maintenance to protein synthesis. Then, the new formed proteins which are
necessary for regrowth are transported to the axon sprout tip of growth corn and Schwann cells line up in bands
of Biingner which facilitates the sprouting of the new nerve branches from the proximal injured axon terminus.
However, if reinnervation is delayed, Schwann cells tubes will degenerate and target muscle becomes atrophy.
(Scheib and Hoke, 2013).

1.1.3 Summary of cell intrinsic mechanisms of axonal regeneration in the PNS

Previous studies have revealed that in order to initiate a regenerative response to the injury in
the PNS, neurons must shift their physiology from synaptic transmission and maintenance of
their structure to axon growth (Benowitz and Yin, 2007). A series of molecular responses take
place in response to injury for successful nerve regeneration and functional recovery (Figure

3). Extracellular calcium enters into the axoplasm as one of the first signals caused by injury.



Injury induced calcium influx into axoplasm activates cCAMP and PKA thereby promoting
growth cone formation, local protein synthesis and resealing of the axonal membrane (Chierzi
et al., 2005; Kamber et al., 2009; Krause et al., 1994). The intracellular calcium wave
propagates back to the cell body, which leads to HDACS nuclear export, activating the pro-
regenerative transcriptional program (Cho et al., 2013). Following calcium mediated signaling,
a retrograde injury signaling including ERK, JNK, STATS3 transports to the neuronal cell body
(Ben-Yaakov et al., 2012; Cavalli et al., 2005; Perlson et al., 2005). This process is mediated
by importin and dynein proteins (Hanz et al., 2003; Schnapp and Reese, 1989; Yudin et al.,
2008). Afterwards, a number of RAGs (regeneration associated genes) such as GAP-43, CAP-
23, Argl, IL6, SPRR1A are synthesized in the cell body and anterogradely transported to the
injury site (Bomze et al., 2001; Bonilla et al., 2002; Cao et al., 2006; Deng et al., 2009)

activating the pro-regenerative program and axonal regrowth.
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Figure 3. The response of a PNS neuron after injury. After injury, in the injury site, local calcium influx
activates cCAMP, PKA and DLK-1 to initiate local protein synthesis, gowth cone formation and reseal the injured
axon membrane. In cell body, the back-propagated calcium induces HDACS nuclear export to activate the
regenerative programme. After, the retrograde signalling including ERK, JUK, STAT?3 transports into cell body,
which will induced a number of RAGs sythesis (Mar et al., 2014).

1.2 Dorsal Root Ganglion (DRG) - an experimental model for axonal regeneration

Dorsal root ganglion (DRG) neurons are pseudo-unipolar since they possess one peripheral
branch innervating targets such as skin and muscles and one central branch extending into
spinal cord conveying sensory information into the dorsal column to relay the sensory signal
to the brain. Based on their location, DRGs are grouped into cervical, thoracic and lumbar
DRGs. DRG contains a diverse group of sensory neurons that can be classified into three types

based on their soma size and the status of the myelination of their axons: larger diameter (>



45um in diameter) with heavily myelinated fibers (Ao and A), which project to the dorsal
column nuclei and deeper spinal cord layers, medium diameter (15-45um in diameter) with
thinly myelinated fibers (Ad) and unmyelinated C fibers which project to the superficial layers
of the spinal cord (Caspary and Anderson, 2003; Mantyh, 2006; Todd, 2002). These fibers that
arise from DRG neurons are involved in detecting and relaying sensory information including
mechanoreception and proprioception (Aa and A), nociception (Ad and C) such as thermal,

chemical stimuli (D'mello and Dickenson, 2008) (Figure 4).
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Figure 4. Schematic of Dorsal Root Ganglion (DRG). Afferent neurons’ cell bodies are in dorsal root ganglion
( DRG). The sensory information is transmited from peripheral tissues to spinal cord and brain via DRG. Specially,
nociception including thermal, chemical and mechanical stimuli projects to the superficial layer of the spinal cord,
in contrast, the non-noxious sensation including light touch, vibration and proprioceptive stimuli projects into

dorsal column nuclei and deeper spinal cord layer (Mantyh, 2006).

The DRG peripheral branches can regenerate while the central branches do not after an injury

(Ramon y Cajal, 1991). A peripheral injury prior to the spinal cord injury (called conditioning



lesion) will allow the central branch to regain some regrowth ability (Neumann and Woolf,
1999; Richardson and Issa, 1984). Therefore, the DRG system is a good model to investigate
the mechanisms that modulate axon regeneration after injury thereby helping to develop

strategies to promote axonal regeneration after the central nervous system injury.

Sensory neurons extending into the sciatic nerve are located in L4-L6 DRGs. Sciatic nerve
injury can be easily performed, normally at mid-thigh level. The central projection of the same
neurons can be injured at the same distance from the cell body by a dorsal column crush or
dorsal hemi-section injury as a spinal cord injury model. These injury models will allow us to
compare the cell responses in the same neurons after peripheral and central injuries with
different extrinsic environments but with the same cell body. This allows investigating

signaling pathways that are activated or repressed to initiate or block the regenerative program.

1.3 Axon Regeneration in the Central Nervous System

1.3.1 Central Nervous System Regeneration

Previous research by Aguayo and colleagues proved that the adult mammalian CNS neurons
that cannot regenerate are capable of growing into the permissive environment of a peripheral
nerve graft (Benfey and Aguayo, 1982; David and Aguayo, 1981; Richardson et al., 1984;
Richardson et al., 1980). This finding suggested that the environment is an important factor for
CNS axonal regeneration. There are two classic types of CNS barriers to regeneration, extrinsic
and neuronal intrinsic. The extrinsic inhibitors include the myelin-associated inhibitors (Berry,
1982; Schwab and Caroni, 1988a; Schwab and Thoenen, 1985) and the chondroitin sulfate
proteoglycans (CSPGs) (Morgenstern et al., 2002). Besides the inhibitory extrinsic
environment, limited intrinsic growth ability is another pivotal factor for limited CNS axonal

regeneration (Liu et al., 2011).

1.3.2 The structure differences between peripheral and central nervous system neurons

Better understanding of the differences between peripheral and central nervous system after
injury will give us more detailed information about regeneration failure of the CNS. The
nervous system is mainly composed of neurons and glia cells. Schwann cells are glia cells in
the PNS, whereas oligodendrocytes, astrocytes and microglia are glia cells in the CNS. In the
PNS, Schwann cells form myelin sheath and myelinate one internode in one axon. In contrast,
each oligodendrocyte can myelinate several axons and several internodes per axon in CNS.

Moreover, Schwann cells are surrounded by the basal lamina which is not found in CNS axons



(Poliak and Peles, 2003)(Figure 5). Lack of the basal lamina surrounding the axons may
contribute to the regenerative failure in CNS as the basal lamina is not only rich in extracellular
matrix proteins promotes axon growth, such as laminin and collagen IV (Ard et al., 1987;
Bunge et al., 1986; Cornbrooks et al., 1983) but may also shelters the axons from inhibitory
molecules (Hoke, 2006).
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Figure 5. The structure of myelinated axons in PNS and CNS. Schwann cells in PNS and oligodendrocytes in

CNS form myelin sheath around axons. Schwann cells myelinate one internode in one axon in PNS, whereas

oligodendrocytes can myelinate different axons and several internodes per axon in CNS. (Poliak and Peles, 2003)

The peripheral branch of DRG neurons terminates in sensory receptors while the central branch
enters into the spinal cord and the two lie at the interface between the central and the peripheral
nervous system. DRG central axons must pass through the dorsal root entry zone (DREZ) to
enter into the spinal cord, transitioning between a permissive and a non-permissive

regenerative environment. Schwann cells that promote regeneration in the PNS, are juxtaposed



by oligodendrocytes in the CNS when DRG central branch axons pass through the DREZ and

astrocytes are supportive glia cells (Figure 6).
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Figure 6. Glia organization of peripheral and central branches of DRG at dorsal root entry zone (DREZ).

Peripheral to the DREZ, sheathes are formed by Schwann cells (Pink) enveloped in endoneurial tubes, central to
it, myelin sheaths are formed by oligodendrocytes (Red) and the supporting tissues are astrocytic (Blue) (Tang et
al., 2012b).

1.3.3 Extrinsic inhibitors of the CNS regeneration

1.3.3.1 Myelin-associated inhibitors

Myelin associated inhibitors are expressed by oligodendrocytes that are components of CNS
myelin. Myelin in the CNS was first found as a major source of inhibition for axon outgrowth
over 30 years ago (Schwab and Thoenen, 1985). With the development of subsequent studies
which mainly focused on looking for individual molecules, myelin-associated glycoprotein
(MAG) (McKerracher et al., 1994), Nogo-A (Chen et al., 2000; GrandPre et al., 2000),
oligodentrocyte myelin glycoprotein (OMgp) (Kottis et al., 2002),
SemaphorindD(Sema4D)(Moreau-Fauvarque et al., 2003) and ephrin-B3 (Benson et al., 2005)

were identified.
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However, Nogo-A that is highly expressed by CNS oligodendrocytes is the best-characterized
member of MAIs. Nogo is a member of Reticulon family of membrane proteins. There are at
least 3 isoforms of Nogo family: Nogo-A, -B and -C. Structure-function analyses found two
inhibitory domains: a Nogo-66 amino acid loop which is a common part in these isoforms and
interacts with the NgR1 receptor on the neuronal membrane (Fournier et al., 2001) and a
fragment (called Nogo-/A20) in the amino terminal of extracellular domain, only found in
Nogo-A. Both inhibitory domains are associated with neurite outgrowth inhibition (Chen et al.,
2000; Fournier et al., 2001; Oertle et al., 2003; Simmons and Walsh, 2000). Later research
revealed that genetic deletion of Nogo-A promotes corticospinal and raphe spinal tract
regeneration and functional recovery after spinal cord injury (Dimou et al., 2006; Kim et al.,
2003; Simonen et al., 2003; Zheng et al., 2003). An anti-Nogo antibody treatment for SCI is in

currently in phase 2 clinical trials.

MAG was the first described myelin inhibitor (McKerracher et al., 1994). But interestingly,
while MAG inhibits postnatal neurons neurite outgrowth, it promotes axonal growth of
embryonic and newborn neurons and this promotion role will sharply change to inhibition at
postnatal day 3 (DeBellard et al., 1996; Johnson et al., 1989; Turnley and Bartlett, 1998), which
suggests that this protein seems to be bifunctional. So far, there is no evidence showing that
MAG knockout promotes cortical spinal tract or optic nerve regeneration after injury (Bartsch
et al., 1995), suggesting that MAG is not as important as Nogo-A in inhibiting axonal
regeneration in the adult CNS.

OMgp is a GPI (glycosylphosphatidylinositol)-anchored protein expressed not only in
oligodendrocytes but also in neurons CNS (Habib et al., 1998). In vitro experiments found that
OMgp participates in growth cone collapse and inhibits neurite outgrowth through its

interaction with the Nogo receptor-NgR (Kottis et al., 2002; Wang et al., 2002).

In addition to these three myelin components, Semaphorin4D and ephrin-B3 are also found in
CNS myelin as inhibitors for axon growth in the adult. Semaphorin4D is selectively expressed
in myelinating oligodendrocytes and its expression can be upregulated by injury (Moreau-
Fauvarque et al., 2003). Semaphorin4D- deficient mice show improved motor behavior than
wild-type (Yukawa et al., 2009). Ephrin-B3 is also expressed in postnatal myelinating
oligodendrocytes, it functions as a midline repellant for the corticospinal tract axons during

development and is a myelin-based inhibitor for neurite outgrowth (Benson et al., 2005).
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1.3.3.2 The glial scar and CSPGs

Reactive astrocytes are the main cellular response to spinal cord injury. The astrocytic response
to injury is referred as gliosis which includes: proliferation and hypertrophy. But in most injury
types, the amount of glial cells proliferation is relatively small. The main reaction to injury is
hypertrophy with increased production of GFAP (glial fibrillary acidic protein) (Eng, 1985)
other intermediate filament proteins, such as vimentin (Yang et al., 1994). The reactive
astrocytes form an extremely dense physical wall at the lesion site which inhibits axonal
regeneration while it can also provide partial support to regrowing axons (Anderson et al.,

2016).

Chondroitin sulphate proteoglycans (CSPGs) are known to be upregulated in the glia scar in
the brain and spinal cord of mature animals after injury when they are secreted very rapidly
(within 24 hours) and can persist for many months (Jones et al., 2003; McKeon et al., 1999;
Tang et al., 2003). Reactive astrocytes have been regarded as the main source of CSPGs around
the lesion. Previous in vitro experiments indicated that CSPGs inhibited neurite outgrowth
(Canning et al., 1993; Dou and Levine, 1994; McKeon et al., 1991; Smith-Thomas et al., 1994)
and CSPGs in the glia scar are inhibitors for axon growth in vivo (McKeon et al., 1999). Several
studies showed that local application of ChABC which is a bacterial enzyme and can digest
CSPGs, promoted dorsal column and corticospinal tract regeneration (Bradbury et al., 2002b)
including promoting recovery of respiratory pathways (Alilain et al., 2011). However, applying
ChABC to SCI patients has a number of limitations such as incomplete digestion ability of
CSPGs, the enzyme activity can only last for a short time at body temperature and it cannot
cross the blood-brain barrier. Several CSPGs receptors have been found, including: LAR
phosphatase, PTPc, Nogo receptors 1 and 3 (NR1 and NR3) (Dickendesher et al., 2012; Fisher
etal., 2011; Shen et al., 2009). Previous research reported that LAR, NR1 and NR3 participate
in CSPGs suppression of neuronal outgrowth (Dickendesher et al., 2012) (Fisher et al., 2011).
Recent studies found that systemic delivery of a mimetic peptide of the PTPc wedge domain
restored serotonergic innervation caudal to the spinal cord lesion and promoted functional

recovery of both locomotion and urinary system (Lang et al., 2015).

1.3.4 Inflammation

Another extrinsic factor influencing CNS regeneration is inflammation. In mammals, the acute
inflammatory response takes place after CNS trauma. Firstly, microglia cells become activated

and migrate to the injury site and then start to produce all kinds of pro- and anti-inflammatory
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cytokines (Czeh, 2011). Moreover, macrophages and neutrophils from the periphery infiltrate
the injury site and then together with microglia/macrophages and astrocytes facilitate the
formation of the glia scar (Benowitz and Yin, 2010; Lee-Liu et al., 2013). Alternatively, the
microglia/macrophages have also been deemed to exert beneficial effect at the lesion site, such
as phagocytosis of myelin debris and protection against glutamate excitotoxicity. Therefore,
the role of neuroinflammation is controversial. It has been proposed that the phenotypic
differences of macrophages determined by the spinal microenvironment (Stout and Suttles,
2004) affect their role in repair after spinal cord injury (Gensel and Zhang, 2015). Pro-
inflammatory macrophages M1 (classical activation) and anti-inflammatory macrophages M2
(alternative activation) are regarded as the two main macrophage subsets at the injury site and
have been shown to have a neurotoxic and regeneration-promoting role respectively. As
reported, both M1 (CD68 positive) and M2 (arginase-1 positive) exist in the lesion center
during the first week after SCI, but only M1 persist until day-28 after injury in mice (Kigerl et
al., 2009). Moreover, a transit from M1 to M2 induced by transplanted stem cells in the injury
spinal cord prevents the secondary tissue damage (neuronal loss, axon retraction and
demylination) and promotes regrowth (Busch et al., 2011; Cusimano et al., 2012). Furthermore,
the acute inflammation in cell body of the axotomised neurons after spinal cord injury cannot
be overlooked. Recent research revealed that overexpression of chemokine CCL2 in DRGs
mobilizes M2-like macrophages and promotes sensory axonal regeneration in rat (Kwon et al.,

2015).

1.3.5 Intrinsic regeneration mechanisms in CNS

The regenerative capacity of CNS neurons declines during development. Thus, one hypothesis
proposes that the loss of regenerative ability is partially due to neurons transitioning from a
growing (embryonic) to phase where they have to communicate via synaptic activity (mature).
Gene screening approaches found that several Kriippel-like transcription factors (KLFs) are
developmentally regulated, such as KLF4 and KLF6 /7 that inhibit or promote axon
regeneration respectively (Blackmore et al., 2012; Moore et al., 2009). Recently, Calcium
Channel Subunit 0262 (Cacna2d2) was found as a developmental regulated protein which
inhibits axon growth. Pharmacological inhibition of Cacnad2 enhances axon regeneration in

adult mice after spinal cord injury (Tedeschi et al., 2016).

Many studies in peripheral DRG neurons identified a series of RAGs which are activated by
peripheral injury, but not by the damage of their central axons, such as CAP23, GAP-43,
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SPRR1A (Bosse et al., 2006; Bosse et al., 2001; Schmitt et al., 2003; Skene and Willard, 1981).
In addition, transcription-dependent gene expression changes have been found after peripheral
but not after central branch injury of sensory DRG neurons (Bareyre and Schwab, 2003;
Costigan et al., 2002; Hoffman, 2010; Xiao et al., 2002). Importantly, conditioning lesion
upregulates the pro-growth transcription factors including c-Jun, ATF3, HIF-1a, SOX11,
Smadl, Stat3, cAMP and arginase-1 (Cho et al., 2015; Enes et al., 2010; Hannila and Filbin,
2008; Hoffman, 2010). All of these genes can be used as potential modulators for CNS
regeneration. The classical transcriptional pathways, which are involved in peripheral nerve

regeneration, are shown in Figure 7.

After peripheral nerve injury, the upregulation of cAMP leads to the activation of PKA, which
phosphorylates CREB (Gao et al., 2004; Hannila and Filbin, 2008; Qiu et al., 2002; Teng and
Tang, 2006). Overexpression of constitutively active CREB promotes axonal regeneration of
dorsal column axons (Gao et al., 2004). The phosphorylation of CREB upregulates Arginase-
1, which in turn promotes the polyamines synthesis, which is reported to effect axonal growth
(Abe et al., 1997; Dornay et al., 1986). Later studies have identified daidzein as a novel
activator of Arginase-1 that can promote regeneration via a cAMP-independent pathway (Ma
et al., 2010).

Peripheral Nerve Injury
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Figure 7. A diagram of transcriptional pathways involved in peripheral nerve regeneration. After peripheral
nerve injury, activated transcriptional factors and co-factors translocate into nucleus and drive their targets
regeneration-associated genes expression (Tedeschi, 2011).

While upregulation of c-Jun has been shown to be critical for regeneration in several injury
models (Herdegen et al., 1991; Jenkins and Hunt, 1991; Lindwall and Kanje, 2005), its deletion
impairs axon regeneration and results in cell death after peripheral nerve injury in mice
(Raivich et al., 2004). c-Jun is activated by JNK-dependent phosphorylation. After injury,
JNKs can be activated and retrogradely transported in to cell body, inducing c-Jun
phosphorylation and translocation into the nucleus. Furthermore, c-Jun has been reported to
regulate the expression of PNS regeneration associated genes, such as CD44, Galanin, and a7b-
1 integrin (Herdegen et al., 1997; Lindwall and Kanje, 2005; Raivich et al., 2004; Teng and
Tang, 2006).

Similarly to c-Jun, peripheral axonal injury induces the transcription factor 3 (ATF3) activation
via phosphorylation, which doesn’t occur after central axonal injury (Tsujino et al., 2000).
While constitutive overexpression of ATF3 in DRG neurons promotes peripheral axonal
regeneration to a similar extent as that of a conditioning lesion, ATF3 overexpression is not
sufficient to overcome the inhibitory effects of myelin or promotes axonal regeneration after
spinal cord injury (Seijffers et al., 2007). Facial nerve regeneration and the neurite growth of
adult DRG neurons are decreased in ATF3 mutant mice and a number of ATF3 regulated
RAGs (vasoactive intestinal peptide (Vip), Ngf, Grp, Gal, Pacap) are found by transcriptomics
analysis (Gey et al., 2016). After peripheral axotomy, Hsp27, one of the identified of ATF3
target gene in neurons, is upregulated in DRG, dorsal horn and motor neurons of spinal cord
(Costigan et al., 1998). Moreover, Hsp27 has been reported to promote axonal growth and
motor function recovery after peripheral never injury in mice (Ma et al., 2011). Notably, ATF3
transgenic mice show upregulated SPRR1A (well-known RAG) expression in non-injured
DRG neurons (Seijffers et al., 2007). Network analysis revealed that ATF3 interacts with some
transcription factors that are known involved in axonal regeneration including members of AP1
(Fos, c-Jun, Jundl, Junb) and NF-xB (Gilchrist et al., 2006). But the mechanism of how these

interactions affect transcription after peripheral nerve injury is still unknown.

In addition, ATF3 has been predicted to interact with HDACs (Gilchrist et al., 2006) to regulate
gene transcription via chromatin remodeling, although the function of this interaction is unclear

and deserves further research in neurons.
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The JAK-STAT signaling is a main transduction pathway of cytokines and growth factors,
which participates in many biological processes including cell proliferation, inflammation,
axon regeneration, and apoptosis. STAT3 is activated by JAK family proteins via
phosphorylation by ligand-receptor coupling. IL6 cytokine family, such as IL6, LIF, CTNF,
are the main cytokines that regulate STAT3 activity (Heinrich et al., 1998). Importantly,
peripheral injury induced phosphorylated STAT3 in axons that intrinsically regulates
peripheral axon regeneration by regulating its target genes expression, such as SPRRIA,

p21/Cipl/Wafl (Bellido et al., 1998; Chin et al., 1996; Lee et al., 2004; Smith et al., 2011).

After peripheral injury, the tumor suppressor p53 is activated by acetylation on its C-terminal
domain and acetylated p53 is required for axonal regeneration (Di Giovanni et al., 2006;
Tedeschi et al., 2009). Moreover, acetylated p53 forms a transcriptional complex with
CBP/p300 and PCAF occupying the promoter of Coronin 1b, Rab13 and GAP43 that are
necessary for axonal regeneration (Di Giovanni et al., 2006; Gaub et al., 2010; Tedeschi et al.,
2009). Another p53 post-translational modification is phosphorylation, which is required
during neurite outgrowth and growth cone remodeling. Phosphorylated p53 has been reported
to inhibit Rho kinase (ROCK) activity at the growth cone and to reduce growth cone collapse
(Qin et al., 2009). In addition, the p53 acetylation at lysine 320 by PCAF increases its binding
with the promoter of e p21Cipl/Wafl (Liu et al., 1999). Similarly to GAP-43, p21Cipl/Wafl
is upregulated following peripheral axotomy (Bonilla et al., 2002) and it has been shown to
regulate growth cone remodeling via inhibiting ROCK activity (Tanaka et al., 2002).
Furthermore, recent research in our lab found that conditional deletion or pharmacological
inhibition of MDM4 to disrupt the interaction of MDM2/p53 promotes optic nerve regeneration
and cortical spinal tract sprouting after injury. However, double deletion of MDM4-p53 or
inhibition of MDM2 in p53 null mice abolishes this regenerative phenotype, which prove that
this phenotype depends upon p53 (Joshi et al., 2015).

Gene expression profiling analysis revealed that Smadl is upregulated by sciatic nerve
axotomy in DRGs (Zou et al., 2009). Smads are the intracellular mediators of BMP signaling
and intraganglionic injection of BMP2/4 induce Smadl phosphorylation and nuclear
translocation (Zou et al., 2009). Moreover, AAV-mediated activation of Smad1-BMP signaling
pathway increases the intrinsic growth ability of adult DRG neurons in vitro and promotes
sensory axonal regeneration in vivo (Parikh et al., 2011). Importantly, previous studies have
shown that Smadl and Smad4 activated by BMP to interact with coactivator CBP/p300 to
activate transcription (Feng et al., 1998; Pouponnot et al., 1998).
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Several studies have shown that epigenetic changes such as histone modifications also regulate
axonal regeneration. Histone deacetylase 5 (HDACS) nuclear export induced by injury was
found to be required for axonal regeneration in DRG neurons by enhancing histone acetylation
and a pro-regenerative program (Cho et al.,, 2013). Overexpression of the histone
acetyltransferase P300 was also found to promote optic nerve regeneration (Gaub et al., 2011).
Furthermore, the histone acetyltransferase p300/CBP-associated factor (PCAF) which
promotes the acetylation of H3K9 at the promoters of well-known RAGs such as GAP-43,
Galanin and BDNF is necessary for the conditioning lesion induced regeneration (Puttagunta

et al., 2014).

Recent research found that ten-eleven translocation methylcytosine dioxygenases 3 (Tet3) and
5-hydroxymethylcytosine (ShmC) are upregulated following sciatic nerve injury in DRG
neurons and Tet3 is required for sciatic nerve regeneration by regulating ATF3, Smadl, STAT3

(Weng et al., 2017).

1.5 Hypothesis

While axonal regeneration and partial functional recovery in the injured PNS occur, axonal
regeneration fails in the CNS such as after a spinal cord injury (SCI), strongly contributing to
unsuccessful functional recovery. The bipolar sensory fiber tracts belonging to the dorsal root
ganglia (DRQ) system extending one branch in the periphery and one into the spinal cord
represent an ideal model to directly compare the differential regenerative ability of PNS vs
CNS axons within a single cell body. Although only leading to limited axonal regeneration
beyond the lesion site, the gold standard for regeneration of sensory fibers across the injured
spinal cord remains the conditioning lesion of L4-L6 DRG peripheral sciatic nerve preceding
a spinal cord injury. However, despite recent progress in the molecular understanding of the
conditioning effect, we are still uncovering the nature of these contrasting molecular signatures
associated with successful PNS versus failed CNS regeneration, limiting the identification of
effective targets for nerve regeneration and functional recovery. We hypothesize that key
axonal signaling following peripheral but not central axonal injury regulates pathways that
control the regenerative phenotype. These axonal signals together with changes in gene
expression might modulate long-term regenerative reprogramming. Therefore, we believe that
the combined investigation of protein as well as gene expression changes in the “DRG-axonal
signaling unit” after central versus peripheral nerve injury will be critical to identify

regenerative pathways.
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1.6 Experimental Strategy

To this end we planned to perform combined RNAseq from DRG and proteomics from sciatic
axoplasm in mice following an equidistant sciatic or spinal cord (dorsal column) axotomy to
investigate differential molecular responses associated with regeneration versus regenerative
failure. Then integrated bioinformatics analysis of the RNAseq and proteomics data was done
to identify candidate central nodes that are involved in axonal regeneration in peripheral branch
but not in the central branch. Finally, specific pathways were investigated in spinal cord injury

models to assess their ability to control axonal regeneration.

18



2. Methods
Animals

All animal procedures used for this study were performed in accordance to The Animal Welfare
Act and the guidelines of the University of Tiibingen. Three mouse germ-lines were used for
this study: C57BL6/J (Charles River Laboratories), Prkaal® (Stock No: 014141) and Prkaa2"
(Stock No: 014142) mice (purchased from The Jackson Laboratory). Equal number of male

and female animals were used for all the experiments.

AAVs

AAV-GFP and AAV-Cre-GFP were purchased from SignaGen Laboratories.

Chemical reagents

Compound C was purchased from Sigma (866405-64-3). Bortezomib was obtained from
Selleckchem (PS-341). KN-93 and KN-92 phosphate were purchased from MedChem Express
(HY-15465B, HY-15517A).

Plasmids

The PSMC5 WT, phospho-dead (S120A) phospho-mimetic (S120D) and CaMKII phospho-
mimetic (T286D) plasmids were obtained from Prof. Gentry Patrick, University of California,
San Diego. The blank vector, CaMKII WT and phospho-dead (T286A) plasmids were
purchased from Addgene.

siRNA

The control siRNA (sc-37007), PSMC5 siRNA (SC-76604) and Trim28 siRNA (sc-38551)
were purchased from Santa Cruz.

Axoplasm preparation for Proteomics

Axplasm preparation was done in Hertie Institute, University of Tiibingen.

6-8-week old mice were performed with bilateral sciatic nerve axotomy or sham injury. The
axotomy injury was applied about 1.5cm distally to the L4-L6 DRG neurons. 24h later, animals
were sacrificed and the proximal nerve segments were collected in 500 pL 0.2X PBS on ice

and then processed for the axoplasm extraction as described previously (Rishal et al., 2010).

19



Briefly, nerve fascicles were separated carefully by using fine forceps, then once they became
cloudy, they were transferred to a fresh eppendorf tube containing 500 pL 0.2X PBS for
incubation at room temperature for 2 hours. After 2h incubation, the fascicles were washed 3
times using the same solution by transferring them from one eppendorf tube to one eppendorf
tube following 5 min shaking every time. After that, removing the fluid as much as possible by
putting the fascicles to a new empty eppendorf tube, then the axoplasm was extracted by using
300 uL 1X PSB for 30 min incubation at room temperature with subsequent centrifugation at
10,000 x g for 10 min at 4°C. Protease (Roche, catalog number: 04693116001) and phosphatase
inhibitors (Roche, catalog number: 04906837001) were added into all solutions used in the
purification procedure. Finally, purified axoplasm was concentrated by centrifugation at 4,000
x g for 30 min at 4°C using the Amicon Pro Affinity Concentrator (Millipore, ACS500312),
afterwards, 500 pL denaturation buffer (6M urea, 2M thiourea in 10mM Tris pH 8.0 was added
into the same concentrator for buffer exchange. After centrifugation at 4,000 x g for 2h at 4°C,

the total volume was concentrated to about 30 puL for future Mass Spectrometry analysis.

15 mice were used for each group and biological triplicated were performed with each
condition. As for the central part of axoplasm collection and purification, we used the same

number of mice and protocol as we did for the peripheral part.

Mass Spectrometry Sample Preparation

Samples preparation was carried out in the Proteomics Core Facility, Institute of Molecular

Biology, Johannes Gutenberg University of Mainz.

Samples were boiled at 70°C for 10 minutes in 1x NuPAGE LDS Sample Buffer (Life
technologies) containing 100mM DTT and separated on a 10% NuPAGE Bis-Tris gel (Life
technologies) for 10 or 20 minutes at 180V in MES running buffer (Life technologies). After
fixation in 7% acetic acid containing 40% methanol and subsequently staining for 30 minutes
using Colloidal Blue staining kit (Life technologies) protein lane was excised from the gel (for
the axoplasm proteome analysis samples was separated in six slices), chopped and destained
(50% ethanol in 25 mM NH4HCO;) for 15 minutes rotating at room temperature and
dehydrated for 10 minutes rotating in 100% acetonitrile. Vacuum dried samples were
rehydrated and reduced for 60 minutes in reduction buffer (10mM DTT in 50mM NH4HCO3
pH 8.0) at 56°C and subsequently alkylated in 50 mM iodoacetamide in 50mM NHsHCO3 pH
8.0 for 45 minutes at room temperature in the dark. Dehydrated and vacuum dried samples

were trypsin digested (1pg trypsin/sample in 50mM Triethylammonium bicarbonate buffer pH
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8.0) at 37°C over night. Stepwise peptide extraction was done as follows: twice extraction
solution (30% acetonitrile) and 100% acetonitrile for 15 minutes at 25°C shaking at 1,400 rpm.
Reductive methylation for quantification was performed as described in (Hsu et al., 2003).
After purification and desalted using C18 stage tips (Rappsilber et al., 2007) 3.5 uL peptides
were loaded and separated on C18 column (New Objective) with 75 um inner diameter self-
packed with 1.9um Reprosil beads (Dr. Maisch) which was mounted to an EasyLC1000 HPLC
(Thermo).

Mass Spectrometry Measurement and Data Analysis

MS and data analysis were perpormed in the Proteomics Core Facility, Institute of Molecular
Biology, Johannes Gutenberg University of Mainz. Reversed-phase chromatography gradient
(Buffer A: 0.1% formic acid, Buffer B: 80% acetonitrile and 0.1% formic acid, Gradient: 0-67
min 0-22% Buffer B, 67-88 min 22-40% Buffer B, 89-92 min 40-95% Buffer B) was applied
and peptides eluted and directly sprayed into a Q Exactive Plus mass spectrometer from
Thermo operating in positive scan mode with a full scan resolution of 70,000; AGC target
3x10%; max IT = 20ms; Scan range 300 - 1650 m/z and a Top10 MSMS method. Normalized
collision energy was set to 25 and MSMS scan mode operated with resolution of 17,000; AGC
target 1x10°; max IT = 120 ms.

Database search was performed using MaxQuant Version 1.5.2.8 (Cox and Mann, 2008)
against Mus Musculus Ensembl database (release-81; 3rd July 2015; 53819 entries) for
Axoplasmn proteome analysis and Mouse Uniprot database (downloaded 8th of January 2015;
83,429 entries) for AMPK immunoprecipitation analysis, with Trypsin/P as digestion enzyme
allowing 2 missed cleavages. As settings the following was applied: variable modification:
Acetyl (Protein N-term); Oxidation (M), fixed modifications: Carbamidomethyl (C), FDR of

1% on peptide and protein level was applied.

As light label: DimethylLysO and DimethylNterO and heavy label: DimethylLys4 and

DimethylNter4 were set with max. 3 labeled amino acids.

Proteins with at least two peptides (one of them unique) were considered as identified. Proteins
matching reverse database or common contamination list as well as proteins with peptides only
identified by peptides with modification were filtered out. Normalized MaxQuant ratios were

used for further analysis.
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Statistical calculation and visual presentation was done in R version 3.3.1 (2016-06-21) (Team,

2016). Package “biomaRt* was used to convert Ensemble identifiers into gene names.

AMPKao Immunoprecipitation(IP) for Mass Spectrometry

The preparation of AMPKa IP samples for MS was done in Hertie Institute, University of
Tiibingen.

Adult mice were performed with bilateral sciatic nerve axotomy or sham injury. 6h later, L4-
L6 DRG neurons were harvested and lysed in IP lysis buffer (25mM TrissHCI1 pH 7.4, 150mM
NaCl, 1% NP-40, ImM EDTA, 5% glycerol) containing cocktail of protease and phosphatase
inhibitors on ice for 30min. After centrifuging at 12,000 x g for 10 min at 4°C, protein

concentration was measured by BCA protein assay kit (Thermo Fisher, 23227).

1.2 mg protein per group was used for the AMPKo immunoprecipitation experiment. 5 ug
AMPKa antibody (Abcam, ab80039) was added into each sample for overnight incubation at
4°C on a rotary device. And normal rabbit IgG immunoprecipitation was applied as the
negative control. On the secondary day, 50 pL protein A Dynabeads was washed 2 times with
500 pL IP lysis buffer and incubated with the protein and AMPKa antibody mixed solution for
1h at 4°C. After, the nonspecific proteins were separated by the Magna Grip Rack (Millipore,
20-400). The Dynabeads complex were washed 3 times with 1ml IP lysis buffer. Then
Dynabeads were re-suspended by 30 uL 1XSDS loading buffer containing reducing agent and
mixed gently. After boiled 10min at 70°C, the SDS loading buffer was separated from the
beads mixture and collected for the future mass spectrometry analysis. All samples were

prepared with biological duplicates.
RNA-seq

The DRG samples for RNAseq were prepared in Division of Brain Sciences, Department of
Medicine, Imperial College London. Sequencing was done at Imperial MRC Genomic Facility.
Sciatic L4-L6 DRGs (3 biological replicates, 2 mice/condition) were extracted 24h after injury
and collected in RNAlater (Qiagen) to prevent RNA degradation. RNA extraction and library
preparation were performed as previously reported (Hervera et al.) Briefly, tissue was crushed
in RLT Lysis buffer (Qiagen), and RNA was isolated with RNeasy mini kit and DNase on
column digestion (Qiagen) following manufacturer’s guidelines. RNA quality was assessed
with Agilent 2100 Bioanalyzer (Agilent). RNA with RIN factor above 7.5 was used for library

preparation. cDNA libraries for each sample were generated using the TruSeq stranded mRNA
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Sample Preparation Kit A (Illumina, San Diego CA) according to the low-sample TruSeq RNA
Sample Preparation Guide protocol. Libraries were verified using a DNA chip on the Agilent
2100 Bioanalyzer (Agilent) with clean elution profiles at the size peak of about 260 bp,
quantified using Qbit (ThermoFisher) and multiplexed for Illumina HiSeq 2000 sequencing,

using 100-cycle, single end sequencing.

Bioinformatics analysis

For creating modified vulcano plots normalized ratio of triplicates were averaged and standard
deviation calculated. Those ones which were up- or down-regulated 1.5-fold in 2 out of 3
replicates were plotted against the —logl0O standard deviation. Plottings were done using

function “ggplot” provided in package “ggplot2”.

Gene Ontology (GO) and KEGG Pathway analysis were performed using DAVID
(https://david.ncifcrf.gov/) and setting all the expressed genes/proteins in our dataset as

background.

Protein-protein interaction network were visualized using Cytoscape
(http://www.cytoscape.org/). The AMPK interaction network was produced by generating a
protein-protein interaction network using String (https://string-db.org/), integrating all genes
assigned to significantly enriched pathways in the combined (Proteomics and RNAseq) KEGG
analysis (p< 0.05). Genes were jointly organized in a circular layout according to their KEGG

affiliation by using Cytoscape.

Western Blot analysis

The bilateral L4-L6 DRG neurons were collected in 1xPBS and lysed in RIPA buffer at
different time points after sciatic nerve axotomy. All the buffers used in the above steps contain
protease and phosphatase inhibitors. Protein samples from all conditions were loaded on 10%
SDS-PAGE gel and transferred on the nitrocellulose membrane (Thermo Fisher, IB301001)
using the iBlot® Gel Transfer Device (Thermo Fisher, IBIO0O1EU). The membrane was
blocked with 5% milk for 1h at RT and incubated with primary antibodies diluted with 5%
milk overnight at 4°C followed by incubation of HRP-conjugated Amersham ECL Rabbit IgG
(GE Healthcare Life Sciences, NA934, 1: 2000) or Amersham ECL Mouse IgG (GE Healthcare
Life Sciences, NA931, 1: 2000) on the second day.

For the F11 cell lysate used in this experiment, we followed the similar protocol as we did for

the DRG tissue. Cells were washed 2 times with cold 1X PBS and lysed in RIPA buffer after
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siRNA and plasmid transfection at 48h. Collected protein samples were used for the following

steps as we mentioned above.

The primary antibodies used for this experiment are: anti-AMPKal (Abcam, ab32047, 1: 500),
anti-AMPKo2 (Abcam, ab3760, 1: 500), anti-phospho-AMPKa (Cell Signaling Technology,
#2535, 1: 1000), anti-PSMCS5 (Abcam, ab178681, 1: 5000), anti-phospho-CaMKII (Cell
Signaling Technology, #3361, 1: 1000), anti-CaMKII a (Thermo Fisher, MA1-048, 1: 1000),
anti-GAPDH (Cell Signaling Technology, #2118S, 1: 10000), anti-Trim28 ( Abcam, ab10484,
1: 500).

AMPK Activity Assay

Adult mice were performed with bilateral sciatic nerve axotomy or sham injury. 24h later, L4-
L6 DRG neurons were collected and then lysed in lysis buffer (25mM TriseHCl pH 7.4,
150mM NaCl, 1% NP-40, ImM EDTA, 5% glycerol) containing cocktail of protease (Roche,
catalog number: 04693116001) and phosphatase inhibitors (Roche, catalog number:
04906837001). 1ug DRG protein was used for the activity assay by using the CycLex® AMPK
Kinase Assay Kit (MBL, CY-1182) according to the manufacture’s protocol. Measurement

was performed in biological triplicates.

Dorsal Root Ganglion (DRG) culture and Electroporation

Adult mice (6-8weeks) were used for this experiment. DRGs were dissected and collected in
HBSS on ice. Collected DRGs after centrifugation were digested in a solution of Dispasell
10mg/ml (Sigma) and Collagenase II 20mg/ml (sigma) in DMEM GlutaMAX Supplement at
37°C for 35 min. Then DRG tissues were transferred in DRG media (10% FBS, 2% B27 in
DMEM/F12, GlutaMAX Supplement) and mechanically dissociated into cell suspension by
gentle trituration with a fire-polished sigmacote coated pipette. After cell counting, DRG cells
were spun down and re-suspended in DRG culture media (1% Penicillin/Streptomycin, 2%
B27 in DMEM/F12, GlutaMAX Supplement). Cells were plated 3,000-5,000 per laminin pre-
coated coverslip (laminin 2.4 pg/ pL (1.2 mg/mL, millipore) or myelin 1.3 pg/cm?). For neurite
outgrowth analysis, the culture plate was put into the incubator (37°C, 5% CO.) for 18-24h.

For electroporation experiment, dissociated cells were spun down after counting at 800g for
Smin. During this period, the transfection solution was prepared by mixing the Lonza
nucleofector solution with GFP (0.4 pg), siRNA (6 pmol) or DNA (3-4 pg) to a final volume

of 20 uL for each transfection. Then the nucleofector solution was gently mixed with cell pellet
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and transferred to the electroporation cuvette. After electroporation, pre-warmed DRG culture
media was added into cuvette and cells were plated on coverslip. The culture plate was put into

the incubator (37°C, 5% CO>) for 36-48h.

DRG neurite length analysis

Cultured DRG neurons were fixed using 4%PFA for 20min at room temperature. Cell were
stained with different antibodies based on different experimental purpose. Immunofluoresence
pictures were taken at 10X magnification using a CDD camera (Axiocam MRm, Zeiss). The
neurite length of cultured DRG cells was measured by using Neurite J plugin for Image J

software (Image J) with at least 200 cells per condition. All analyses were performed in blind.

Immunocytochemistry

Cultured DRG cells were fixed with 4%PFA for 20min at room temperature and washed with
PBS for 3 times. Then cells were treated with 0.25% TritonX-100 for 10 min following with
washing once with PBS. After, cells were incubated with primary and Alexa Fluor secondary
antibodies at room temperature in lh successively. All coverslips were mounted with
VECTASHIELD anti-fade mounting medium. The primary antibodies used in this study are:
anti-BIII Tubulin (Promega, G712A, 1: 1000), anti-lIITubulin (BioLegend, 802001, 1: 1000),
anti-GFP (Abcam, ab13970, 1: 500), anti-PSMC5 (Abcam, ab178681, 1: 200), anti-Trim28
(Abcam, ab10484, 1: 400).

Immunohistochemistry

Mice were anaesthetized and perfused with 4% PFA in PBS. DRGs and spinal cords were
dissected and post-fixed in PFA on ice for 2h and then cryoprotected in 30% sucrose for 72h
at 4°C. The DRGs and spinal cords were sectioned in 10pum and 18um thickness respectively.
The slides were block with 5%NGS with 0.3% TritonX-100 and then incubated with primary
antibodies at 4°C overnight. In the next day, slides were washed with PBST for 3 times and
then incubated with Alexa Fluor secondary antibodies for 1h followed by PBST washing. All
slides were mounted with VECTASHIELD anti-fade mounting medium. The primary
antibodies used in this study are: anti-GFAP (Millipore, AB5804, 1:500), anti-AMPKal
(Abcam, ab32047, 1:100), anti-Neurofilament 200 (Sigma, N5389, 1:400), anti-GFP (Abcam,
ab13970, 1:500), anti-p-ACC (Cell Signaling, 11818, 1:100), anti-c-Jun (Cell Signaling, 91658,
1:100), anti-p-ERK (Cell Signaling, 4370, 1:100).
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Cell Culture and Transfections

F11 cells were cultured in DMEM GlutaMAX supplement with 10% FBS, 2 mM L-Glutamine
and1% Penicillin/Streptomycin. The day before transfection, cells were seeded into 24-well
plate and the cell confluency was 70%-90% at the time of transfection. The siRNA and
plasmids transfection were performed using Lipofectamine RNAIMAX (Thermo Fisher) and
Lipofectamine 3000 (Thermo Fisher) respectively, according to the manufacture’s protocol.

After 48-72h incubation, cells were harvested for the Western Blot analysis.

RNA Isolation and Reverse Transcription

Bilateral L4-L6 DRG neurons were harvested in RN Alater Stabilitation Solution and total RNA
was extracted according to the manufacture’s protocol of the Rneasy Mini Kit from QIAGEN.
RNA quality was assessed by measuring the ratio of absorbance at 260 nm and 280 nm using
a NanoDrop 2000 spectrometer (Thermo Fisher). The reverse transcription was performed
using SuperScript™ II Reverse Transcriptase (Thermo Fisher), according to the manufacture’s

protocol.

Quantitative real-time PCR

qRT-PCR was performed using KAPA SYBR® FAST qPCR kit (Sigma, KK4601) in Applied
Biosystems® 7500 Real-Time PCR System. The gene expression level was normalized by the

housekeeping gene GAPDH. Primers used in qPCR were as follows:

Gene name Forward 5°-3° Reverse 5°-3’

AMPKal AGAACATTCGGAGCCTTGACG AGGATCTGCTGGAACAGACGG
Lgals TCAAACCTGGGGAATGTCTC ATGCACACCTCTGTGATGCT
Myc TGAGCCCCTAGTGCTGCAT AGCCCGACTCCGACCTCTT
BDNF AGTCTCCAGGACAGCAAAGC TCGTCAGACCTCTCGAACCT
P53 AGAGACCGCCGTACAGAAGA CTGTAGCATGGGCATCCTTT
NGF GGGAGCGCATCGAGTTTTG TACGCTATGCACCTCACTGC
c-Jun TGGTGTGGTGTTTCTTAAGGC CCTGCTTTGAGAATCAACAGC
IGF-1 ACCGAGGGGCTTTTACTTCA TGGCTCACCTTTCCTTCTCC

Gal GTGACCCTGTCAGCCACTCT GGTCTCCTTTCCTCCACCTC

P21 CGGTGGAACTTTGACTTCGT AGAGTGCAAGACAGCGACAA
Sprrla CCCCTCAACTGTCACTCCAT CAGGAGCCCCTTGAAGATGAG
IL6 GAGGATACCACTCCCAACAGACC | AAGTGCATCATCGTTGTTCATACA
CCL2 GCAGGTCCCTGTCATGCTTC CAGGTGAGTGGGGCGTTAA

Fos GAAACGGAGAATCCGAAGGG CTCAGGGTCGTTGAGAAGGG
Argl CTCCAAGCCAAAGTCCTTAGAG AGGAGGTGTCATTAGGGACATC
ATF3 CTTCCCCAGTGGAGCCAATC CCTGGCCTGGATGTTGAAGC
HIF1la CTGCACGGGCCATATTCATG AGCGGCCCAAAAGTTCTTCC
HDACS5 TAGTCTCCGCTGGGTTTGATG ATTGACGCTGGGCTTTTGC
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CXCL12 GTCAGCCTGAGCTACCGATG TTCTTCAGCCGTGCAACAATC

GAPDH TCAACAGCAACTCCCACTCTTCCA | ACCCTGTTGCTGTAGCCGTATTCA

Peripheral nerve crush

Mice were anaesthetized with xylazine (10 mg/kg of body weight) and ketamine (100 mg/kg
of bodyweight). After shaving, the sciatic nerve was exposed at the middle thigh level and
crushed 15 seconds using #2 forceps (Dumont, FST). L4-L6 DRGs were isolated for different

experiments at different time points.

Viral injections and Dorsal column crush

Four-week old AMPKal (prkaal)” and AMPKa2 (prkaa2)”™ mice were anaesthetized with
xylazine (10 mg/kg of body weight) and ketamine (100 mg/kg of bodyweight) and the bilateral
sciatic nerves were injected with 2 pLL AAV-GFP or AAV-Cre-GFP using a Hamilton syringe
attached with a glass-pulled micropipette.

Four weeks after AAV injection, mice were performed with T9 dorsal column crush. Specially,
a T9-T10 laminectomy was performed and a dorsal column crush lesion was made to a depth

of 0.5mm for 5s with forceps (Dumont #5, FST).

Dextran tracing

In order to retrogradely label ascending regenerative axons of dorsal column, four weeks after
injury (5 days before sacrificing mice), 2 uL of dextran (Thermo Fisher, D34679) was injected

Into sciatic nerve.

Evaluation of the dorsal column regenerating axons

Sagittal spinal cord sections were stained with GFAP and then mounted with VECTASHIELD
anti-fade mounting medium. At least three sections with dextran tracing of each mouse were
quantified for the analysis. The number of regenerating axons at different distances to the
lesion center was normalized to the number of dextran labeled axons at 600 um caudal to the
lesion center. Coronal section of spinal cord at Imm rostral to the lesion was used to certify
that the dextran positive axons pass through the lesion center were the regenerated axons but

not spared ones.

Manual Von Frey tests

27



Mice were treated with sciatic nerve injection of AAV-GFP or AAV-Cre-GFP for four weeks
before surgery. The first Von Frey test was taken on one day before the surgery as the baseline
and the following tests were taken on day 1, 3, 7, 14, 21, 28, 35 after injury. Mice were put on
the test chamber 30min for the acclimation before starting behavior tests. The mechanical
sensitivity was determined by probing the plantar surface of the hind paw with the calibrated
von Frey filaments that range from 0.4g to 4g. In order to give the sensory receptors enough
time to back to baseline, the interval time was at least 30 seconds between each trial. A quick
hind paw withdraw was considered as a positive response. Five trials were taken for each
mouse and three values with the least deviating were selected to calculate the average. The

threshold was determined as the lowest level of monofilament.

Grid walk

The grid walk test was performed at day 0, +1, +7 and +35 days after dorsal column crush.
Mice were put on a metal grid (50 cm x 5 cm) placed between two 40cm vertical high wood
blocks. A foot slip was counted when the hind paws protruded through the grid. One valid run

was selected when mouse run through the full length of the grid.

Three times of valid run were used to calculate the average foot slips per run.

Hargreaves tests

Hargreaves test was performed as described previously (Schildhaus et al., 2014). Briefly, mice
were put on a glass floor and separated by plastic chambers. Mice were given 30 minutes for
the acclimation. The thermal heat stimuli (infrared radiation source, intensity=80) was
carefully put under the plantar surface of the hind paw no more than 12 seconds. The hind paw
withdrawal time was recorded automatically. Five trials were taken on each paw and average

was calculated with the longest and shortest time removed.

Statistical Analysis

All statistical analyses were performed using Graphpad Prism 6.0 (Graphpad Software Inc., La

Jolla, CA). All data are presented as group mean = SEM unless otherwise noted.
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3. Results

3.1 L4-6 DRG RNAseq and proteomics from sciatic or central projecting branches of
DRG axoplasm following sciatic versus spinal injury identify AMPK as a signaling hub

Our initial experiments aimed to systematically investigate previously unknown axonal
signalling pathways associated with differential regenerative vs non-regenerative axonal injury
in the DRG system. To this end, we performed protein mass spectrometry from axoplasmic
extracts of L4-6 DRG peripheral sciatic nerve and L4-6 DRG central branches following sciatic
axotomy or spinal dorsal column axotomy respectively (see cartoon, Figure 8). In parallel
experiments, we carried out RNAseq from DRG ex vivo following the same dual injury
paradigm. In fact, the combination of axoplasmic proteomics and DRG transcriptomics would
allow the identification of axonal and soma post-injury signalling pathways within the “DRG

axonal signalling unit” that may be relevant for the regeneration programme.

A 1. Coronal plane B | Axoplasm Mass spec |
DCA &
> Peripheral Central
> sciatic nerve L4-L6 axons
Dorsal columns
T9 L46DRGs ./ i1 | sham | | sna | | tem || bca |
/&
SNA L | - | L4-L6 DRG | | L4-L6 DRG |
L4-65) > \  Spinal cord
Sciatic nerve | RNAseq |
2. 3. Samples were collected 24h after injury
L4-L6 DRG-RNAseq | | Axoplasm Mass Spec -biological triplicate-

Figure 8. Schematic of experimental diagram
(A) Diagram of sciatic nerve and T9 dorsal column axotomy.

(B) Schematic diagram of experimental paradigm.

First, we measured the expression of axoplasmic proteins comparing peripheral vs central L4-
6 DRG projections in the mock control (without injury). This would allow the detection of
possible molecular differences in the two compartments, prior of the injury. Interestingly, the
peripheral and central axonal projections seemed to have a very distinct molecular profile
(Figure 9A) with 821 and 563 proteins being enriched in the peripheral and central projections,
respectively (Figure 9B and Supplementary file 1). Importantly, functional classification of
these protein groups showed that peripheral nerve proteins are involved in cytoplasmic

carbohydrates and amino acid and vitamin metabolism (Figure 9C and Supplementary file 6)
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while the central branch proteins include proteins involved in energy production, mitochondrial
metabolism (mainly TCA cycle), protein folding, cytoskeleton regulation (Figure 9D and
Supplementary file 7). This might suggest for the first time that the peripheral and central DRG
branch represent two very different compartments, relying on different metabolic regulation

for energy production.
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Figure 9. The peripheral and central axonal projections have a very distinct molecular profile without
lesion

(A) Vulcano plot of the differentially expressed proteins in the axoplasmic extract from central (Lam) branch vs
peripheral (Sham) nerve. The average ratio is plotted against the standard deviation (SD). The dashed red lines
represent log2 threshold=0.58. The grey dots represent proteins with a concordance of at least 2 replicates out of
3.

(B) Histogram shows the number of differentially expressed proteins in the axoplasmic extract from central (Lam)
branch vs peripheral (Sham) nerve.

(C-D) Histograms show the first 5 ranked GO categories (BP: Biological Process; MF: Molecular Function; CC:

Cellular Component, p-value < 0.01) of the proteins enriched in the peripheral branch and central branch.
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Therefore, not surprisingly, when we compared proteomics expression data of injured
peripheral vs central axons to their respective control, we found a very distinct injury response.
While injury-responsive proteins in the sciatic nerve were numerous, differential protein
expression in central axons was more modest (Figure 10A-C and Supplementary file 2, 3).
Functional classification of the differential expressed proteins showed that injury-responsive
proteins in the sciatic were mainly belonged to functional classes representing transcription,
translation, response to injury and nucleotide binding process (Figure 10D and Supplementary
file 8). However, represented functional classes of differential protein expression in central

axons included regulation of translation and mitochondrial structure (Figure 10D and

Supplementary file 8).
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Figure 10. Injuries to the peripheral and central branch of DRG elicit different response

(A-B) Vulcano plots of the differentially expressed proteins in the axoplasmic extract from peripheral nerve after
sciatic nerve axotomy (SNA) vs Sham (control injury) and from the central branch’s axoplasmic extract after
dorsal column axotomy (DCA) vs Lam (control injury). The average ratio is plotted against the standard deviation
(SD). The dashed red lines represent log2 threshold=0.58. The grey dots represent proteins with a concordance of
at least 2 replicates out of 3.

(C) Histogram shows the number of differentially expressed proteins in both peripheral and central branch
axoplasm and genes in L4-L6 DRGs following sciatic nerve and dorsal dorsal column axotomy.

(D) Gene ontology analysis of differentially expressed proteins elicited by SNA and DNA. Differentially
expressed proteins were selected with cut off log (FC) > 0.58 (Blue) or log (FC) < -0.58 (Black). Gene ontology
was performed by DAVID. Only enriched GO items with p-value< 0.01 were selected.

In line with proteomics analysis, RNAseq data revealed a similarly highly unique post-injury
pattern of gene expression in DRG between sciatic and dorsal column axotomies (Figure 10C
and Supplementary file 4, 5). Protein-protein interaction network of the differentially expressed
proteins in the peripheral axoplasm after nerve injury (Figure 11A) revealed that proteins are
highly interconnected, with a higher prevalence for proteins involved in
transcription/translation and metabolic regulation, and the protein AMPK seems to be a central
node in such networks. On the contrary, proteins differentially expressed after DCA do not

seem to be organized in relevant functional networks (Figure 11B).
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Figure 11. Protein network analysis shows that AMPK seems as the hub protein in the network after SNA
(A-B) Protein-protein interaction network of the differentially expressed proteins after SNA and DCA visualized
with Cytoscape. The nodes represent different proteins, while edges represent interaction score. Node color

represents Gene Ontology annotation of the proteins.
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In order to have a better understanding of the signalling pathways within the “DRG axonal
signalling unit” that may be relevant for the regeneration programme, we decided to combine
the axoplasmic proteomics and DRG transcriptomics. The KEEG pathway analysis of the
combined dataset after SNA revealed enrichment of proteins were involved in actin regulation,
ribosome components, insulin signalling pathway and other metabolic pathways (Figure 12A
and Supplementary file 9), while after DCA proteins mainly involved in amino acid

metabolism were regulated (Figure 12B and Supplementary file 10).
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Figure 12. Combined KEEG pathways following SNA and DCA in both axoplasm and DRG
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Histograms show the enriched KEGG pathways (p-value < 0.1) of the differentially expressed genes and proteins,
in DRG and axoplasm respectively, after SNA (A) or DCA (B).

Moreover, we performed protein-protein interaction network using the all genes assigned to
significantly enriched in the combined (RNAseq and proteomics) KEGG pathways (p-value <
0.1) after SNA. Data showed that AMPK controls many signaling pathways that are involved

in axonal regeneration (Figure 13).
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Figurel3. Cytoscape visualization of the protein network under AMPK control after SNA

Protein-protein interaction network was analyzed by String and visualized by Cytoscape. The nodes represent
different proteins, while Edges represent protein interaction score according to String database. Genes were jointly
organized in a circular layout according to their KEGG affiliation by using Cytoscape. Red nodes represent the
four AMPK subunits.

Importantly, while AMPKa mRNA level did not change in DRGs after SNA and DCA, our
proteomics data revealed that the protein level of AMPKa was significantly reduced in the
axoplasm following SNA but not DCA which is validated by peripheral axoplasm WB (Figure
14), suggesting that down-regulation of AMPK signaling via AMPKa degradation may play a
role in the differential regenerative response to central vs peripheral injury. The validation of
AMPK expression in axoplasm of central branch after DCA will be performed in further

experiments.
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Figure 14. AMPKa protein expression is downregulated in axoplasm after SNA but does not change after
DCA

(A). Table shows the AMPKa protein (in axoplasm) and mRNA (in DRG) changes following SNA and DCA at
24h.

(B). Immunoblot shows AMPKal expression in axoplasm under sham and SNA at 24h.

(C). Quantification of (B). n=3 independents experiments. The relative protein expression level is normalized by

GAPDH following versus Sham. Values represent means = SEM (*p < 0.05; paired t test).

3.2 AMPKaual expression, phosphorylation and activity are downregulated following SNA

Next, we aimed to establish the expression levels of AMPKal and AMPKa2 following central
dorsal column axotomy (DCA) versus peripheral sciatic nerve axotomy (SNA) in DRG.
Immunoblots revealed that the expression of AMPKal but not a2 is reduced following SNA
but not DCA (Figure 15A-D). The expression of the overall active phosphorylated AMPKa
(pAMPKu) is also reduced following SNA in a similar tendency as AMPKal (Figure 15A-B),
suggesting that sciatic axotomy is followed by inhibition of AMPKal protein expression rather
than specific changes in phosphorylation. However, the p-AMPKa antibody recognizes both
phosphorylated AMPKal and AMPKa2, so the reduced level of p-AMPKa observed in WB is
not totally the same as AMPKal reduction level. Importantly, we found by
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immunohistochemistry that AMPKal expression was inhibited specifically in DRG neurons

following SNA (Figure 15E-F). An extra immunostaining experiment will be done aimed to

evaluate AMPKal reduction in different type of DRG neurons. In order to detect whether

AMPK activity was affected by SNA, we measured AMPK activity from DRG ex vivo

subsequently to SNA and found that it is significantly reduced (Figure 15G), in line with the

inhibition of AMPKal and p-AMPKa protein expression. Also, the activity assay cannot

distinguish AMPKoal and AMPKa2 as they have the same phosphorylation site, so the reduced

level of AMPK activity is not the same as AMPKal degradation level after SNA.
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Figure 15. DRG immunoblotting and immunostaining show that AMPKal is downregulated after SNA

(A) Immunoblot shows AMPKal; AMPKa2 and p-AMPKa expression under sham and SNA at different time

points.
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(B) Quantification of AMPKal; AMPKo2 and p-AMPKa expression of (A). n=3 independent experiments. The
relative expression level of each protein at different time point is normalized by GAPDH following versus Sham.
Values represent means + SEM (*p < 0.05; ***p < 0.001; ****p < 0.0001; ns: no significant; Two-Way ANOVA
followed by Bonferroni test).

(C) Immunoblot shows AMPKal; AMPKa2 and p-AMPKa expression under lam and DCA at different time
points.

(D) Quantification of AMPKal; AMPKa2 and p-AMPKa expression of (B). n=3 independent experiments. The
relative expression level of each protein at different time point is normalized by GAPDH following versus Lam.
Values represent means + SEM (ns: no significant; Two-Way ANOVA followed by Bonferroni test).

(E) Representative fluorescence images of immunostaining for AMPKal; neurofilament 200 (NF-200) and DAPI
in DRG neurons under Sham and 24h SNA. Scale Bar, 50 um.

(F) Quantification of AMPKal expression level of (C). n=3 mice, 9 DRGs in total of each group. Values represent
means = SEM (****p < (0.0001; paired t test).

(G) AMPK activity assay in DRG neurons. n = 3 independent experiments. The assay was performed with samples

under sham and 24h SNA. Values represent means = SEM (*p < 0.05; paired t test).

3.3 Pharmacological inhibition of AMPK promotes DRG regenerative growth

Next, to investigate whether AMPK inhibits axon growth, we used the AMPK inhibitor
compound C (an ATP competitor) in cultured DRG neurons. We found that pharmacological
inhibition of AMPK activity with compound C (10nM) significantly enhanced neurite
outgrowth in cultured DRG neurons on both PDL/laminin growth permissive and myelin
inhibiting substrates (Figure16A-B). It has been reported that AMPK regulates cell growth via
suppression the mammalian target of rapamycin complex1 (mTORCI1) pathway (Shaw, 2009).
To confirm whether treatment of compound C activates mTOR signalling, we tested the
phosphorylation of ribosomal protein S6 kinase (p70S6K), which is a downstream target of
mTOR (Hay and Sonenberg, 2004). We found that treatment with 10nM compound C
increased p70S6K phosphorylation level at 24h (Figure 16C). Moreover, mTOR pathway has
been reported as an important pathway for axonal regeneration (Park et al., 2008; Sun et al.,
2011). Besides inhibits AMPK activity, compound C is also found to inhibit other kinases (Bain
et al., 2007; Vogt et al., 2011) and play an anti-glioma role in an AMPK-independent manner
(Liu et al., 2014). However, our bioinformatics analysis has predicted that AMPK as a key
node to control multiple regenerative pathways, so we do believe that inhibition of AMPK
activity plays a pivotal role in neurite outgrowth compared with other kinases in our in vitro

experiment.
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Figure 16. AMPK inhibition promotes DRG neurite outgrowth

(A) Representative neurite outgrowth images of cultured DRG neurons at 24h after delivery of vehicle or
compound C (AMPK activity inhibitor). Compound C promotes DRG regenerative growth. Scale Bar, 20 um.
(B) Quantification average neurite length of (A). n=3 independent experiments in triplicate. Values represent
means = SEM (*p < 0.05; ***p < 0.001; Two-Way ANOVA followed by Bonferroni test).

(C) Immunoblot shows that p-S6K and S6K expression in cultured DRG neurons treated with Vehicle or
compound C (10nM).

Together, our data so far suggest that AMPK activity and AMPK signalling pathways are
negatively regulated by regenerative SNA while they remain unresponsive following non-
regenerative DCA. Furthermore, inhibition of AMPK activity promotes DRG regenerative

growth on both growth permissive and inhibitory substrates.

3.4 AMPKo immunoprecipitation followed mass spectrometry identifies differential
AMPK proteosomal degradation

3.4.1 AMPKa forms a preferential protein complex with the proteasome after SNA,
which controls AMPKal expression.

To investigate the molecular mechanisms underpinning the SNA-dependent reduction of
AMPKal protein expression, we performed immunoprecipitation of AMPKa followed by
mass spectrometry from DRG ex vivo following sham or sciatic axotomy at 6h. [gG was used
as the negative control to exclude the non-specifically bound proteins. We found 117 and 91
proteins were immunoprecipitated with AMPKa in sham and after sciatic injury respectively
(Supplementary file 11). To gain functional insight into the differentially expressed protein

profiles, we performed a protein-protein interaction network analysis (using String followed
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by Cytoscape) of proteins identified by AMPKa IP-mass spec. Network analysis of the
AMPKa interactome showed that multiple proteins interacting with AMPKa were proteasomal
and ribosomal proteins (Figure 17). Moreover, SNA was also associated with a strong
reduction in the number of ribosomal proteins bound to AMPKa suggesting a reduction in
AMPK-dependent protein synthesis. Interestingly, we found an increased binding affinity of
AMPKa with several subunits of the 26S proteasome following SNA vs sham (Figure 17 and
Supplementary file 11), which could explain the SNA-dependent reduction in AMPKal

protein expression.
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Figure 17. AMPKa forms a preferential protein complex with the proteasome after SNA

Network analysis of AMPKa protein complexes identified by IP-mass spec after SNA vs Sham. Proteins (log
(FC) > 0.58 and log (FC) < 0.58) were selected and protein network was analyzed by String and visualized by
Cytoscape. The nodes represent different proteins, while edges represent interaction score. Node colour defines
the interaction with AMPK following SNA (red: only binds AMPK after SNA, orange: increased binding after
SNA) and Sham (green: only interacts with AMPK in Sham condition).
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Specially, the proteasome 19S regulatory subunit PSMCS5, also known as RPT6, shows a
putative direct connection with AMPKa and it was therefore predicted to interact with AMPKa.
RPT6 has been reported as the crucial subunit for the proteasome 19S regulatory particle

assemble and proteasome activation (Sokolova et al., 2015).

Together, this allowed us to formulate the hypothesis that SNA-dependent reduction in
AMPKal expression may be mediated by increased proteasome degradation mediated by
increased activity of the 26S proteasome and that the 19S regulatory subunit PSMCS5 could be

a critical component.

3.4.2 AMPK al protein degradation is regulated by proteasome activity

Therefore, to investigate whether the 26S proteasome controls AMPKal protein level, we
performed immunoblotting of AMPKal from DRG neurons in culture and from DRG ex vivo
after in vitro or in vivo delivery of the 26S proteasome inhibitor Bortezomib respectively.
Indeed, Bortezomib administration enhanced AMPKal protein expression both in culture and

ex vivo (Figure 18A-D), suggesting that the 26S proteasome activity affects AMPKal protein
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(A) Immunoblot shows AMPKal expression in cultured DRG cells after incubation with different concentrations
of Bortezomib at 6h.

(B) Quantification of (A). n=3 independent experiments. Relative AMPKal expression level in Bortezomib group
is normalized by GAPDH following versus that in DMSO group. Values represent means £ SEM (¥*p < 0.05;
Owo-Way ANOVA followed by Bonferroni test).

(C) Immunoblot shows AMPKal expression in DRG neurons after intraperitoneal injection of Bortezomib
(Img/kg, 3 times i.p. injections per day) at 24h.

(D) Quantification of (C). n=3 independent experiments. Relative AMPKal expression level is normalized by
GAPDH following versus sham. Values represent means = SEM (*p < 0.05; ns: no significant; Owo-Way
ANOVA followed by Bonferroni test).

3.5 PSMCS forms a protein complex with AMPKal to regulate AMPKal expression

Next, we asked whether PSMC5 forms a protein complex with AMPKa by performing co-
immunoprecipitation experiments and immunoblotting in DRG neurons. In line with our

hypothesis, we found that AMPKa co-immunoprecipitated with PSMCS5 (Figure 19).

IP AMPKa 1gG  Input

| 72 kDa
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- 55 kDa
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Figure 19. Immunoblot of AMPKa IP shows that AMPKa forms a complex with PSMCS
AMPKa IP was followed with AMPKa and PSMC5 immunoblot. IgG was used as control.

In order to confirm that PSMCS5 is required for AMPKal expression, we performed gene
silencing of PSMCS5 by doing transfection with PSMCS5 siRNA or control siRNA in F11 DRG
cell lines and measured AMPKal protein expression by immunoblotting to find that AMPKal
was significantly up-regulated following PSMCS silencing (Figure 20D, E). Next, we
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electroporated primary cultured DRG neurons with the same siRNA against PSMCS5 used in
F11 DRG cell lines to verify whether it would inhibit neurite outgrowth. Indeed, we found that
PSMCS gene silencing inhibited neurite outgrowth in individual GFP positive neurons showing

reduced PSMCS5 expression (Figure 20A-C).
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Figure 20. PSMCS is required for AMPK a1 degradation

(A) Representative neurite outgrowth images of cultured DRG neurons at 36h after electroporation with control
siRNA, PSMCS5 siRNA. Cells were stained with PSMCS5, GFP and DAPI. Scale Bar; 200um. A(i-ii), Scale Bar,
20 pm.

(B) Quantification of PSMC5 expression of (A). n=3 independent experiments in triplicate. Relative PSMC5
expression level is quantified versus control siRNA. Values represent means £ SEM (¥***p < (0.0001; Two- tailed
test).

(C) Quantification average neurite length of (A). n=3 independent experiments in triplicate. Values represent
means = SEM (***p < 0.001; Two- tailed test).

(D) Immunoblot shows PSMC5 and AMPK al expression after transfection with control siRNA and PSMCS5
siRNA in F11 cells.

(E) Quantification of (D). n=3 independent experiments. Relative protein expression level is normalized by
GAPDH following versus control siRNA. Values represent means + SEM (¥**p < 0.001; ****p < 0.0001; Two-
Way ANOVA followed by Bonferroni test).

Since it has been shown that PSMCS5 activation in neurons depends upon phosphorylation at
Serine 120 (S120) by Ca2*/calmodulin-dependent protein kinase II o (CaMKIIa), which is
activated after nerve injury (Bingol et al., 2010), we tested whether PSMC5 S120
phosphorylation would affect AMPKal protein expression levels and DRG neurite outgrowth.
To this end, we transfected F11 DRG cell lines with full length WT PSMCS5, with PSMC5
phospho-mutant S120A, or PSMCS5 phospho-mimetic S120D respectively. Immunblotting
revealed that PSMCS5 S120D only significantly reduced AMPKal protein level, suggesting
that an active PSMCS5 is required to downregulate AMPKal. Likely, in these culture conditions
PSMCS5 remains unphosphorylated since overexpression of WT or PSMC5 S120A do not have
noticeable effects upon AMPKal expression. This led to the prediction that PSMCS5 S120D
would promote DRG neurite outgrowth. Indeed, when we electroporated DRG neurons with
PSMCS WT or S120D, we found that cell expressing PSMC5 S120D but not WT, displayed
enhanced neurite outgrowth (Figure 21A-C). Unfortunately, endogenous PSMC5

phosphorylation cannot be measured since p-specific antibodies are not available.
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Figure 21. Phosphorylation of PSMCS is required for AMPK al degradation
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(A) Representative neurite outgrowth images of cultured DRG neurons at 36h after electroporation with blank
vector, PSMC5 WT and phospho-mimetic (S120D) plasmids. Cells were stained with PSMCS5, GFP and DAPI.
Scale Bar; 200 pm, A(i-iii), Scale Bar; 20 um.

(B) Quantification of PSMC5 expression of (A). n=3 independent experiments in triplicate. Relative PSMC5
expression level is quantified versus empty vector. Values represent means £ SEM (¥***p < 0.0001; One-Way
ANOVA followed by Bonferroni test).

(C) Quantification of average neurite length of (A). n=3 independent experiments in triplicate. Values represent
means = SEM (****p < 0.0001; ns: no significant, One-Way ANOVA followed by Bonferroni test).

(D) Immunoblot shows PSMC5 and AMPK al expression after transfection with blank vector, WT, phospho-
dead (S120A) and phosphor-mimetic (S120D) of PSMCS5 plasmids at 48h in F11 cells.

(E) Quantification of (F). n=3 independent experiments. Relative protein expression level is normalized by
GAPDH following versus empty vector. Values represent means + SEM (****p < 0.0001; ns: no significant,

Two-Way ANOVA followed by Bonferroni test).

3.6 CaMKIla activation is required for SNA-dependent AMPK a1 degradation

Previous studies have revealed that PSMCS5 is phosphorylated at Serine 120 (S120) by
Ca?*/calmodulin-dependent protein kinase II o (CaMKIla), which stimulates proteasome
activation in neurons (Djakovic et al., 2012) and that is known to be activated after nerve injury
(Bingol et al., 2010). Constitutively active T286D mutant (the autophospho-mimic form) of
CaMKIla has been found sufficient to increase proteasome activity and phosphorylation of

RPT6/PSMCS (Djakovic et al., 2009).

Thus, we investigated whether SNA induced AMPK al degradation is mediated by CaMKlIIa
dependent proteasome activation. Adult mice were treated with CaMKII inhibitor KN-93
(12.5mg/kg) or KN-92 (12.5mg/kg), inactive analogue of KN-93, by intraperitoneal injection.
L4-L6 DRG were collected 24h after SNA. Immunoblot showed up-regulated phosphorylation
of CaMKlla by SNA and inhibition of CaMKIla activity blocked SNA induced AMPKal
degradation (Figure 22A-B). Moreover, overexpression of CaMKIla phospho-mimetic
plasmid (T286D) reduced AMPKal expression compared with WT and phospho-dead (T286A)
plasmids in F11 DRG cells in vitro (Figure 22C, D). So, our data suggested that SNA induced
activation of CaMKlla is required for proteasome mediated AMPKal degradation. However,
whether CaMKIla modulate AMPKal expression upon injury in DRG neurons via
phosphorylating PSMCS5 deserves further investigation.
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Figure 22. Phosphorylation of CaMKIla is required for SNA-reduced AMPKal expression

(A) Immunoblot shows AMPKal and p-CaMKIla expression level in L4-L6 DRG neurons after intraperitoneal
injection of CaMKII inhibitor KN-93 (12.5mg/kg) and KN-92 (an inactive derivative of KN-93). The L4-L6 DRG
neurons were collected 24h after SNA.

(B) Quantification protein expression of (A). n=3 independent experiments. Relative protein level is normalized
by GAPDH following versus sham+vehiche. Values represent means £ SEM (¥***p < 0.0001; Two-Way
ANOVA followed by Bonferroni test).

(C) Immunoblot shows CaMKII and AMPKal expression level after transfection with CaMKIlo WT, T286A and
T268D plasmids at 48h in F11 cells.

(D) Quantification of (C). n=3 independent experiments. Relative protein expression level is normalized by
GAPDH following versus WT. Values represent means + SEM ((**p <0.01; ****p <0.0001; Owo-Way ANOVA
followed by Bonferroni test).

3.7 The E3 ligase Trim28 is involved AMPKal degradation in DRG neurons after SNA

Although we found that the proteasome is involved in AMPKal degradation, we have no idea
about the ubiquitination of AMPKal before it undergoes degradation by the proteasome.
Tirm28, an E3 ligase, was reported to contribute to AMPKal degradation in human cancer
cells (Pineda et al., 2015). Therefore, we would like to know whether AMPKal expression in
DRG neurons is also mediated by Trim28. We transfected F11 DRG cells with Trim28 siRNA
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and control siRNA respectively. Indeed, 48h after transfection, we found AMPKal was
upregulated after Trim28 silencing (Figure 23D, E). Next, we electroporated primary cultured
DRG neurons with the same siRNA against Trim28 used in F11 DRG cell lines to verify
whether it would inhibit neurite outgrowth. Indeed, we found that Trim28 gene silencing
inhibited neurite outgrowth in individual GFP positive neurons showing reduced Trim28

expression (Figure 23A-C).
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Figure 23. Trim28 is required for AMPK a1 degradation

(A) Representative neurite outgrowth images of cultured DRG neurons at 36h after electroporation with control
siRNA, Trim28 siRNA. Cells were stained with Trim28, GFP and DAPI. Scale Bar; 200um. A(i-ii), Scale Bar,
20 pm.

(B) Quantification of Trim28 expression of (A). n=3 independent experiments in triplicate. Relative Trim28
expression level is quantified versus control siRNA. Values represent means £ SEM (****p < (0.0001; Two- tailed
test).

(C) Quantification average neurite length of (A). Values represent means = SEM (***p < 0.001; Two- tailed test).
(D) Immunoblot shows Trim28 and AMPK al expression after transfection with control siRNA and PSMCS5
siRNA in F11 cells at 48h.

(E) Quantification of (D). n=3 independent experiments. Relative protein expression level is normalized by
GAPDH following versus control siRNA. Values represent means = SEM (*¥***p < (0.0001; Two-Way ANOVA
followed by Bonferroni test).

However, we didn’t find the direct combination of AMPKal and Trim28 by
immunoprecipitation (data not shown) which means that they may form complex indirectly by
interacting with other adaptor proteins. Due to the ubiquitination is a transient and dynamic
process, the measurement of ubiquitination level of AMPKal in DRG neurons after SNA is

not feasible at a single time point.

3.8 AMPKal deletion promotes axonal regeneration and sensory recovery after SCI

Since bioinformatics analysis of proteomics and RNAseq data as well as experimental evidence
so far suggested that AMPK might be a hub controlling regenerative signalling, we investigated
whether in vivo genetic deletion of AMPKal would enhance axonal regeneration across the
inhibitory spinal cord environment. To this end, we injected the sciatic nerve of adult mice
bilaterally with an AAV-cre-GFP or an AAV-GFP virus to delete AMPKal in L4-L6 DRG
neurons and 4 weeks later we performed a T9 spinal cord dorsal column crush injury. Five days

before sacrificing the animals, at day 28 post-SCI, the axonal tracer dextran was injected in the
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sciatic nerve, showing very highly percentage of expression in GFP positive transfected DRG
(Figure 24F-H), to monitor axonal die-back and regeneration. Data analysis revealed that
AMPKal deletion reversed axonal die-back and promoted significant axonal regeneration past
the lesion site. Interestingly, conditional deletion of AMPKa2 did not affect axonal die-back
or regeneration, suggesting that AMPKal is specifically implicated in the regenerative
phenotype (Figure 24A-C). AMPKal deletion was validated by immunostaining followed with
quantification (Figure 24D, E).
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Figure 24. AMPKal deletion promotes axonal regeneration after SCI

(A) Sample images of longitudinal spinal cord sections 4 weeks after SCI. Dorsal column axons are labeled by
sciatic nerve injected Dextran. Asterisk indicates the lesion center. D; dorsal; V; ventral, C; caudal; R; rostral.
Scale Bar; 200 um. Figure Ai, Fluorescence images of immunostaining for GFAP with Dextran and DAPI of
spinal cord coronal section of AMPKa 11 AAV-Cre-GFP at 8mm rostral to the lesion site showing the absence
of spared dextran™ axons. Scale bar, 500 um.

(B) Quantification of regenerated axons. Blue asterisk indicates AMPKo1"? AAV-Cre-GFP versus AMPKal 1
AAV-GFP; black asterisk indicates AMPKal 7" AAV-Cre-GFP versus AMPKa2 V1 AAV-Cre-GFP. Values
represent means £ SEM (*p < 0.05; **p < 0.01; ***p <0.001; ****p < 0.0001; Two-Way ANOVA followed by
Tukey test; AMPKal 7" AAV-Cre-GFP n=9 mice; AMPKal V! AAV-GFP n=6 mice; AMPKa2 71 AAV-Cre-
GFP n=6 mice).
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(C) Quantification of the distance from the caudal lesion margin to the longest dextran+ axon tips. Values
represent means £ SD (****p < 0.0001; Two-Way ANOVA followed by Tukey test; AMPKal 7" AAV-Cre-GFP
n=9 mice; AMPKal "1 AAV-GFP n=6 mice; AMPKa2 " AAV-Cre-GFP n=6 mice).

(D) Representative images of AMPKal and GFP staining in DRG neurons sections after 4 weeks of AAV-GFP
and AAV-Cre-GFP transfection. Scale bar, 50 um.

(E) Quantification AMPKal level of (D). n=3 mice, 9 DRGs in total of each group. Values represent means =+
SEM (*¥***p< (0.0001; Two-tailed test).

(F) Representative images of DRG neurons section from AAV-Cre-GFP group co-stained with GFP and Dextran.
Scale bar, 50 um.

(G-H) Quantification of percentage of GFP" and Dextran™ / GFP* cells of both AAV-GFP and AAV-Cre-GFP
groups. AAV-GFP, n=13 mice; AAV-Cre-GFP, n=10 mice. Percentage of GFP is calculated on GFP" versus
Tubulin®, percentage of Dextran*/GFP™ is calculated on Dextran®/GFP* versus Tubulin®. Values represent means

+ SEM (ns: no significant; Two-tailed test).

Furthermore, we found that regenerating axons in mice that underwent AMPKal deletion
expressed pre-synaptic markers as shown by Dextran/VGlutl co-labelling, including in close

proximity to NeuN-positive neurons (Figure 25A).

We then asked whether conditional AMPKal deletion in sensory DRG neurons leads to
sensory recovery until 5 weeks after SCI by testing recovery of mechanoception which was
measured by performing Von Frey behaviour test. Sensorimotor test such as the Grid walk was
also employed to discriminate whether recovery was limited to sensory function. Since dorsal
column crush injury is mild compared with dorsal hemisection injury, so the locomotion
impairment is not severe and cannot be detected easily by Grid walk, so the feasible of this
behaviour test for dorsal column crush injury model are differ in different labs (Bradbury et al.,
2002a; Kanagal and Muir, 2007, 2008). Indeed, we observed no effect upon the number of
missteps on the Grid walk (Figure 25B), but we did find that conditional DRG AMPKal
deletion led to significant improvements in mechanoception (Figure 25A). However, we found
no differences in thermal nociception by performing the Hargraves test (Figure 25C) which
indicated that the spinothalamic tract which transmits nociceptive signals to thalamus was

intact after performing dorsal column crush.
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Figure 25. Regenerated axons reform synaptic structure and conditional deletion of AMPKal promotes
sensory functional recovery after SCI

(A) Immunostaining images of longitudinal section of spinal cord following 5 weeks dorsal column crush in
conditional deletion of AMPKal mouse. Section is stained with pre-synaptic marker (VGLUT1) and neuron
nuclear marker (NeuN), regenerated axons are traced by Dextran. A(a), Scale bar, 200 um. A(i-iii), magnifying
images of the box marked areas in A(a), arrows indicate the axons labeled by both Dextran and VGLUT1 in the
close position to neurons marked with NeuN, Scale bar, 50 um.

(B-D) Manual Von Frey, Grid Walk and Hargreaves test after SCI. Values represent means = SEM (***p <0.001;
***%p < 0.0001; ns: no significant; Two-Way ANOVA followed by Bonferroni test; AAV-Cre-GFP n=15 mice;
AAV-GFP n=15 mice).

3.9 L4-6 DRG AMPKal conditional deletion in sensory neurons enhances key
regenerative signaling molecules
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Lastly, given the significant role of AMPKal deletion in DRG neurons on axonal regeneration
and functional recovery, we asked which regenerative signalling pathways are modulated by
AMPKal thereby promote axonal regeneration. To this end, we selected a number of
candidates based upon merging previously published RAGs in DRG after sciatic nerve injury
(Cho et al., 2015; Cho et al., 2013; He and Jin, 2016; Kone et al., 2014; Kwon et al., 2015; Ma
and Willis, 2015), meanwhile the expression of some RAGs are regulate by AMPKal deletion
(Kone et al., 2014). To investigate whether the expression of these genes would depend upon
AMPKal expression in L4-L6 DRG neurons after SCI, we performed quantitative RT-PCR 24
hours following spinal cord injury after 4 weeks of AAV-cre-GFP mediated conditional
deletion of AMPKal by injecting the cre-GFP or control GFP virus in the sciatic nerve of
AMPKal floxed mice. Data analysis revealed that conditionally deleted AMPKal in DRG
display a significant increased expression of a number of key genes belonging to regenerative
signalling pathways including c-jun, p53, BDNF, ATF3, Argl, Fos, myc and IGF-1, while it
had no effect upon HIFla, CXCL12 and HDACS5 (Figure 26). As expected AMPKal
conditional deletion in DRG neurons led to changes in phosphorylation of well-defined protein
targets including pACC and pERK and protein level of c-Jun (Figure 27). Thus, these data
suggest that AMPKal deletion induces multiple regenerative signalling pathways.
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Figure 26. AMPKal regulates the expression of multiple injury-induced RAGs
RT-PCR analysis the expression of some known RAGs 24h after SCI. AAV-GFP and AAV-Cre-GFP viruses are
injected into sciatic nerve 4 weeks before injury. n=3 mice each group. Values represent means = SEM (¥*p <

0.01; ***p < 0.001; ****p < 0.0001; ns: no significant; Two-Way ANOVA followed by Tukey test).
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Figure 27. Immunostaining images show that AMPKal regulates the expression of c-Jun and the
phosphorylation of ERK and ACC

(A) Representative immunofluorescence images of p-ACC, c-Jun, p-ERK level after conditional deletion of
AMPKal in L4-L6 DRG neurons. DRG sections are stained with p-ACC, c-Jun, p-ERK together with GFP and

DAPI. Scale bar, 50 pm.
(B) Quantification of (A). n=3 mice. 9 DRGs in total of each group. Values represent means + SEM (****p <

0.0001; Two-Way ANOVA followed by Bonferroni test).
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4. Discussion

4.1 Combined RNAseq in DRG and axoplasm proteomics bioinformatics analysis reveals
a distinct injury response between peripheral and central axons injuries

Here, we performed combined RNAseq in DRG and axoplasm proteomics following sciatic
nerve and dorsal column axotomy aimed to find the candidate central nodes and signaling
pathways that are involved in axonal regeneration (Figure 8). First, we compared the proteins
expression profile in axoplasm of both the peripheral and central branches prior to injury (Lam
vs Sham). Interestingly, the peripheral and central projections had a very distinct molecular
profile with 821 and 563 proteins were enriched in the axoplasm, respectively (Supplementary
file 1,2). Functional analysis revealed that proteins in peripheral branch were mainly involved
in cytoplasmic carbohydrates, amino acid and vitamin metabolism while proteins in central
branch were mainly involved in energy production, mitochondrial metabolism (mainly TCA
cycle), protein folding, cytoskeleton regulation (Figure 9 and Supplementary file 6,7). After,
we compared the proteins and genes expression profiles in axoplasm and DRG after sciatic
nerve and dorsal column axotomy via comparing with the mock controls. Not surprisingly,
SNA elicited a robust proteins and genes expression changes compared with DCA (Figure
10A-C). Gene ontology analysis showed that differentially expressed proteins in axoplasm
after SNA mainly participated in transcription regulation, cell adhesion, translation regulation
and actin filament based movement, however, differentially expressed proteins after DCA were
mainly involved in translation and mitochondrial structure (Figure 10D and Supplementary file
8). In order to have a better understanding of the signalling pathways in the “DRG axonal
signalling unit” that are involved in axonal regeneration after injury, we did combined RNAseq
and axoplasm proteomics analysis. The KEEG pathway analysis found that SNA enriched
proteins mainly involved in regulation of actin cytoskeleton, metabolic pathways, insulin
signalling pathway and serveral other regenerative pathways, while after DCA proteins were
mainly involved in amino acid metabolism (Figure 12 and Supplementary file 9,10). Together,
our data suggested that peripheral and central branch injury lead to a distinct response both in

axoplasm and DRG.

4.2 AMPK is a novel regulator contributing to axonal regeneration

AMPK is a key energy sensor in cellular metabolism responding to stress signaling by
enhancing catabolism, fatty acid production and glucose transport at the expenses of protein

and fatty acid synthesis (Mihaylova and Shaw, 2011a). In most species, AMPK exists as a
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heterodimer with a catalytic subunit a and two regulatory subunits  and y. In mammals, there
are two genes encoding the catalytic subunit a (ol and a2), two genes encoding 3 (1 and 2)
and three genes encoding y subunit (y1, y2 and y3) (Hardie, 2007). The a subunit contains an
N-terminal catalytic domain that is followed by an auto-inhibitory domain (at least in
vertebrates) and a C-terminal domain that mediates interaction with B and y subunit (Chen et
al., 2013; Hardie and Ashford, 2014; Xiao et al., 2011b). The  subunits have a carbohydrate-
binding module (CBM) that leads AMPK to associate with glycogen particles (Hudson et al.,
2003; Polekhina et al., 2003). The  subunit C-terminal domain (B-CTD) interacts with both a-
CTD and y subunit to form the heterodimer complex. The y subunits have four tandem repeated
sequences which are termed as CBS repeats (numbered as CBS1-CBS4) (Bateman, 1997). And
two repeats assemble to form a Bateman domain (Kemp, 2004), with the ligands ( such as ATP)
binding site in the cleft between the repeats (Ignoul and Eggermont, 2005). The expression
pattern of heterotrimers may differ across species. In human liver, a1B2y1 is the predominant
heterotrimer, but rat and dog liver mainly contain a2B1y1 and alB1y1 respectively (Wu et al.,
2013). In our DRG axoplasm, we found al, a2, $1, B2, y1 and y2 subunits (supplementary file
11), but which AMPK heterotrimer is mainly represented is unknown and it deserves future

research.

When the intracellular ATP level is low, ADP or AMP can bind to the y subunit which leads
to a conformational change that protects the phosphorylation of AMPK (Oakhill et al., 2011;
Xiao et al.,, 2011a). The phosphorylation of Thr172 in o subunit is required for AMPK
activation. AMPK can be activated by two classical pathways: one is LKB1 that is a tumor
suppressor that activates AMPK in response to increased AMP, whereas CAMKK?2 which
seems to involved in AMPK activation in neurons and T cells activates it in response to calcium
increase (Anderson et al., 2008; Hawley et al., 2005; Shaw et al., 2004; Tamas et al., 2006). In
addition, AMPK can be dephosphorylated by phosphatases PP2A, PP2C and PP1 (Garcia-Haro
et al., 2010; Sanders et al., 2007; Tamura and Tsuiki, 1980). Glucose and lipid are the major
source to storage and supply energy in cells. AMPK promotes their breakdown and inhibit their
synthesis and storage (catabolism) thereby increasing ATP level. AMPK has been found to
potentially promote autophagy by inhibiting mTORCI1 thereby it activates ULK1 (Kim et al.,
2011). Besides the effects on cell growth and autophagy, recent studies suggest that AMPK
may control cell polarity and cytoskeletal dynamics (Mirouse and Billaud, 2011).

The catalytic isoforms (a1 and a2) have distinct function and tissue localization although they

are highly homologous. AMPKa?2 appears to selectively localize in nucleus and its activation
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is greatly dependent on AMP both in allosteric and upstream kinase (LKBI) activation
(Sakamoto et al., 2005; Salt et al., 1998; Tzatsos and Tsichlis, 2007). AMPKa is found mainly
in neurons with much lower expression in astrocytes in the adult brain (McCullough et al.,
2005) where the a2 catalytic subunit is the predominant compared to al1(Turnley et al., 1999).
In our DRG models, we found that AMPKal mainly localizes in cytoplasm (Figure 15E).
However, AMPKal has been reported to localize in nucleus under some conditions (Lamia et
al., 2009). Studies has reported that AMPKa2 is induced by hypoxia in human glioma cells
whereas AMPK al does not change (Neurath et al., 2006). Moreover, glucose intolerance and
reduced insulin sensitivity are observed in AMPKa2 (-/-) mice, but no defect is found in
AMPKal (-/-) mice (Viollet et al., 2003a; Viollet et al., 2003b). It has been reported that the
activity of AMPK is reduced in diabetes (Roy Chowdhury et al., 2012). Several studies have
reported that activated AMPK reduces inflammation through inhibition of proinflammatory
cytokine (Sag et al., 2008; Salminen et al., 2011). Administration of AMPK activator-
metformin induces the phosphorylation of AMPK with the reduced expression of inflammatory
cytokines (IL6, TNF-a, CRP) in DRG neurons of diabetic rat and increases motor nerve
conduction velocities (MNCV, that is disturbed in diabetic neuropathy), which indicates that
AMPK signaling plays a protective role in diabetic neuropathy potentially via an anti-
inflammation effect (Hasanvand et al., 2016). However, IL6 has been reported to facilitate
optic nerve regeneration upon informatory stimulation (Leibinger et al., 2013), in line with our

RT-PCR data showing increased IL6 after AMPKal deletion (Figure 26).

AMPK has been reported to promote catabolic and to inhibit anabolic metabolism (Mihaylova
and Shaw, 2011b). After axotomy, injury signals will be retrogradely propagated to the neuron
cell bodies, and neurons with regenerative capacity will shift metabolism status to anabolic
metabolism to support new protein and lipid synthesis for axonal regrowth (He and Jin, 2016),
which further indicates that AMPK signaling might be a negative regulator for axonal
regeneration. In non-neuronal cells, mTOR and c-myc have been reported as the main
regulators of anabolism, by regulating lipid synthesis, ribosome biogenesis, cell growth and
proliferation (Dang, 2013). Indeed, overexpression of c-myc in combination with the activation
of mTOR in RGCs, generates robust axonal regeneration (Belin et al., 2015), which suggests
that modulating neuronal metabolic status is an important way to regulate neuronal intrinsic

regenerative capacity.

Activation of AMPK in cell types other than neurons has been shown to inhibit the activity of

several regenerative TFs including STAT3, CREB, and the histone acetyltransferase p300
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involved in the regeneration programme (Horike et al., 2008; Nerstedt et al., 2010; Yang et al.,
2001). In addition, a recent study found that AMPK can directly phosphorylate kinesin light
chain 2 (KLC2) and inhibit axonal growth through prevention of PI3K localization at the
axonal tip (Mihaylova and Shaw, 2011a). Interestingly, IGF1 signaling, recently shown to
promote axonal regeneration by us and others (Duan et al., 2015; Joshi et al., 2015), is inhibited
by AMPK activation (Ning and Clemmons, 2010). Therefore, these experimental evidences
imply AMPK as a central inhibitory signalling hub for axonal regeneration. Indeed, we found
that AMPK a protein is a central node of signalling pathways in protein networks after SNA
(Figure 11A) and that combined RNAseq and proteomics KEEG pathway analysis showed that
AMPK might control many regenerative pathways (Figure 13). Together, our data reveals that
AMPK ol might be the main catalytic subunit involved in the inhibitory role in axonal
regeneration. In addition, administration of AMPK inhibitor (Compound C) increased neurite
outgrowth of cultured DRG neurons both on permissive and inhibitory substrates (Figure 16).
Compound C (also known as dorsomorphin) a selective and reversible AMPK inhibitor, is
found to induce dopaminergic axonal outgrowth via activating mTOR signaling pathway in an
AMPK dependent way (Wakita et al., 2014). However, it also has been reported to inhibit
BMP signals which are required for embryogenesis in zebrafish (Paul et al., 2008) and to
promote neural differentiation of human induced pluripotent stem cells (iPSCs) (Zhou et al.,
2010). Moreover, compound C is found as an anti-glioma agent in an AMPK-independent way
by activating calpain/cathepsin pathway, inhibiting AKT signaling and mTORCI1/C2 ,
blocking cell cycle (Liu et al., 2014). Therefore, when compound C was used as an AMPK
inhibitor in our neurite outgrowth experiment we cannot exclude that the effects might be
partially independent on the inhibition of AMPK. Experiments with delivery of compound C
in AMPK null neurons will be able to address this question. However, our bioinformatics
analysis and further in vivo axonal regeneration and function recovery data do suggest that

AMPK signals are inhibitory on axonal regeneration in DRG neurons.

4.3 SNA induced AMPK a1 degradation is dependent upon the proteasome

In mammals, the proteasome that is mostly exclusively used as 26S proteasome contains a
catalytic core subunit (CP, also known as 20S subunit) and one or two regulatory subunits (RP,
also known as 19S subunit) which serves as a proteasome activator and recognises the
ubiquitinated proteins to translocate them into the catalytic subunit for degradation (Coux et
al., 1996, DeMartino and Gillette, 2007). Many researches demonstrate that the proteasome is

phosphorylated at many sites in various of physiological and pathological processes although
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the function of proteasome phosphorylation is still unclear (Guo et al., 2017). In order to
understand the mechanisms that modulate AMPKal expression upon SNA, we performed
AMPK immunoprecipitation followed by mass spectrometry. Interestingly, we found an
increased number of subunits of the 26S proteasome co-immunoprecipitating with AMPKa
(Figure 17 and Supplementary file 11), suggesting that the proteasome may contribute to
AMPKa protein expression. Indeed, in vivo and in vitro administration of the proteasome
inhibitor Bortezomib showed increased AMPKal expression (Figure 18). Therefore, we
concluded that the degradation of AMPKal following SNA was likely dependent on
proteasome activity. Since protein network analysis identified PSMCS5 as key connection node
between AMPKa and the 26S proteasome we tested whether PSMCS5 would form a direct
complex with AMPKa (Figure 17). Indeed, AMPKa IP followed by PSMCS5 immunoblot
showed that these two proteins form a protein complex (Figure 19). PSCMS5 has been reported
to be a key 19S regulatory ATPase subunit for proteasome activity by modulating proteasome
assembly (Sokolova et al., 2015). Additionally, PSMCS5 is phosphorylated at Serine 120 (S120)
by CaMKIlIa, which is required for PSMCS5 activation (Schmidt and Finley, 2014). It has been
reported that proteasome redistribution is controlled by neuronal activity (Bingol and Schuman,
2006). Moreover, the lost phosphorylation of PSMCS5 (expression of S120A (phospho-dead)

plasmid) blocks its accumulation at synapses (Djakovic et al., 2012).

Therefore, two hypothesises were proposed based on the previous discoveries and our AMPK
[P MS analysis: 1. Whether peripheral injury induced AMPKal degradation relies on the
phosphorylation of PSMC5-S120? 2. Whether peripheral never injury induced degradation of
AMPKal in axoplasm of peripheral branch and L4-L6 DRG neurons depends on the peripheral
injury stimulated proteasome activation and recruitment, that doesn’t happen in central

projecting axons and L4-L4 DRG neurons after spinal cord injury.

We found that silencing of PSMCS or overexpression of phospho-mimetic plasmid (S120D)
of PSMCS5 blocked or promoted AMPKal degradation with decreased or increased neurite
outgrowth respectively (Figure 20A-C and Figure 21A-C). However, overexpression of WT
PSMCS didn’t reduce AMPKal expression and phospho-dead (S120A) did not affect
AMPKal expression (Figure 21D-E), which indicated that PSMCS5 1is likely not
phosphorylated in our culture conditions. Whether SNA induces phosphorylation of PSMCS is
still unclear and deserves to be investigated. The lack of antibodies that recognise phospho-

PSMCS limits the feasibility of this experiment currently.

60



However, we did not find recruitment of PSMC5 after SNA in L4-L6 DRG neurons at 6h and
24h (data not shown), which suggests that that AMPKal degradation induced after peripheral
axotomy might depend on injury-dependent phosphorylation of PSMCS5.

4.4 Calcium activated CaMKIlla is necessary for SNA induced AMPK al degradation

Injury induced calcium influx into axoplasm and soma is one of the first signals for axonal
regeneration, including the activation of CaMKlIIa (Hasegawa et al., 2009; Tang et al., 2012a).
CaMKIla contains an N-terminal catalytic domain, a regulatory domain (autoinhibitory
domain) followed with a C-terminal association domain. The function of the autoinhibitory
domain is to regulate the activity of this kinase. The autoinhibitory domain comprises
regulatory phosphorylation sites, a calmodulin binding site, substrates binding sites and
interaction sites for anchoring proteins. When the enzyme is inactive, the substrates binding
sites domain binds to the catalytic domain thereby inhibits its activity. This kinase can be
activated by direct binding of Ca®>*/calmodulin (CaM) to its autoinhibitory domain which leads
to the conformational change that exposes the catalytic domain and induces the
phosphorylation of the threonine residue 286 (T286) in the autoinhibitory domain by a
neighbouring subunit. This autophosphorylation can be kept even after disassociation of
Ca?*/calmodulin (CaM) (Hudmon and Schulman, 2002; Irvine et al., 2006). It has been reported
that autophosphorylation of CaMKIla enhances its binding to proteasome and promotes the
proteasome to translocate to dendritic spines in vitro, but this scaffolding function is
independent on CaMKIla kinase activity toward Rpt6-S120 (Bingol et al., 2010), however this
phenomenon maybe differ in vivo. CaMKIla stimulates proteasome activity by
phosphorylating proteasome subunit RPT6 on Serinel20 (Bingol et al, 2010) and
constitutively active T286D mutant (the autophospho-mimic form) of CaMKlIla is sufficient
to increase proteasome activity and phosphorylation of RPT6 (Djakovic et al., 2012; Djakovic
et al., 2009). Therefore, we asked whether peripheral nerve axotomy induced calcium influx
propagating to sciatic nerve and L4-L6 DRGs activates CaMKlIla thereby phosphorylating
PSMCS that promotes proteasome activity to induce AMPKal degradation.

Intraperitoneal administration of Ca*>*/CaM competitor-KN-93 to pharmacological inhibition
of CaMKIla activity was found to block SNA induced AMPKal degradation in DRG neurons
(Figure 22A-B). Moreover, the autophosphorylation of CaMKlla is required for AMPKal
degradation in vitro (Figure 22C, D). However, experiments concerning whether inhibition of

calcium influx back propagating to DRG will affect AMPKal expression after SNA are still
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ongoing. And as mentioned above, PSMCS5 is phosphorylated at serine 120 by CaMKIla, and
whether the modulation of CaMKIIa on AMPK al expression occurs via regulating PSMC5

phosphorylation is unknown and will be investigated in future experiments.

4.5 The E3 ligase Trim28 is involved in AMPKal degradation via ubiquitination-
proteasome system

The ubiquitin-proteasome pathway is the major mode for intracellular protein degradation in
cells (Rock et al., 1994). The majority of proteins that are doomed for degradation will be
marked by a ubiquitin molecule, which provides a recognition signal for the 19S subunit of the
proteasome. The protein ubiquitination process is completed through the participation of three
enzymes: E1 (Ubiquitin-activating enzyme), E2 (Ubiquitin-conjugating enzyme) and E3
(Ubiquitin ligase). It should be noted that the specificity of ubiquitination is determined by the
E3 ligase, which means each E3 enzyme or E3 multiprotein complex is specific to one or a few
corresponding substrate proteins and E2 enzymes (Myung et al., 2001). Previous studies have
revealed that AMPKal degradation in cancer cells is mediated by a cancer specific ubiquitin
ligase MAGE-A3/6-Trim28 protein complex (Pineda et al., 2015). Therefore, we asked
whether in our DRG model, Trim28 is involved in SNA induced AMPKal degradation, since
Trim28 protein expression was found increased in the axoplasm after SNA. Indeed, we found
that AMPKal is upregulated after Trim28 gene silencing in F11 DRG cell lines (Figure 23D,
E). Moreover, cultured DRG cells showed decreased neurite outgrowth after electroporation
with Trim28 siRNA (Figure 23A-C). However, we didn’t find Trim28 protein in our AMPKa
IP MS data and which means that Trim28 maybe doesn’t directly form a protein complex to
regulate AMPKal degradation. This conclusion was also validated by AMPK
immunoprecipitation followed with WB in vitro (data not shown). Possibly the formation of
this protein complex is transient as protein ubiquitination is a dynamic process that cannot be
easily detected by immunoprecipitation at a single time point. This may also explain why the

detection of AMPKal ubiquitination level doesn’t work in our hands due to these limitations.

4.6 Conditional deletion of AMPKal promotes axonal regeneration and functional
recovery after SCI

Finally, we investigated whether inhibition of AMPKa or deletion of AMPKa in DRG neurons
would promote axonal regeneration and functional recovery after SCI in vivo. Since the high
toxicity of compound C and its non-exclusive inhibitory role on AMPK activity, AMPKa

conditional deletion was chosen as an optimal model in our in vivo experiments. We chose
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AMPKal and a2 floxed mice and performed bilateral sciatic injection of AAV1-CAG-GFP or
AAV1-CAG-cre-GFP virus that has very highly transfection efficiency in sensory neurons to
conditional knockout AMPKal or a2 in L4-L6 DRGs 4 weeks before doing a T9-T10 dorsal
column crush. Since AAV5-CMV-Cre-GFP virus has two promoters which significantly
reduced the transfection efficiency in DRG neurons in our pilot experiment, we changed to use
AAV1-CAG-cre-GFP that with a higher transfection efficiency and one promoter. Transfection

efficiency was validated in Figure 24.

Our results showed that conditional deletion of AMPKal but not a2 in L4-L.6 DRGs promoted
axonal regeneration in the dorsal columns where the central branches of L4-L6 proprioceptive
and mechanoceptive neurons project (Figure 24-25). Furthermore, we found that regenerating
axons in mice that underwent AMPKal deletion expressed pre-synaptic markers as shown by
Dextran/VGlutl co-labelling, including in close proximity to NeuN-positive neurons (Figure

25A).

Behavioural test is an important factor to assess the efficacy of the treatment. However,
functional deficits are mild after dorsal column crush, which makes the assessment of
functional recovery after treatment difficult compared with dorsal hemisection injury. In order
to evaluate whether conditional deletion of AMPKal will promote functional recovery, here
we performed Von Frey, Hargreaves and Gird walk for 35 days after injury. Von Frey is often
used to evaluate the degree of the mechanical allodynia and hyperalgesia which are caused by
spinal cord injury or peripheral nerve injury (Christensen et al., 1996; Hogan et al., 2004; Tsuda
etal., 2003). This behavioural test is performed by using different calibrated filaments applying
to the plantar surface of the forelimb or hind paw with a pressure to test the withdrawal response.
However it has been reported that spinal cord injury causes the disconnected mechanoceptive
axon projections in dorsal column and induces tactile hyposensitivity with the higher threshold
of paw withdrawal to the filament stimuli compared with basal level (Bradbury et al., 2002a;

Demjen et al., 2004).

Indeed, we found the same phenomenon after T9 dorsal column crush, but deletion of
AMPKal promoted the mechanoception recovery (Figure 25B). The Hargreaves test is used
to assess thermal pain sensation in rodents such as rats and mice (Hargreaves et al., 1988). As
after dorsal column crush, the spinothalamic tract which transmits nociception to thalamic
should be intact, we didn’t find any behavioural impairment on thermal pain sensation between
AMPKal deletion and control mice after injury (Figure 25D). Grid walk is also a behavioural

test to assess the coordination of the sensory and motor function of forelimb and hind paw. In
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our experiment, we did not see severe functional hind paw deficits after T9 dorsal column crush
by Grid walk test (Figure 25C), which is consistent with that observed in some other

experiments (Kanagal and Muir, 2007) (Kanagal and Muir, 2008).

Since our bioinformatics analysis indicated that AMPK controls many signaling pathways that
are involved in axonal regeneration, we asked which signaling pathways are exactly regulated
by AMPKal deletion in L4-L6 DRG neurons thereby promotes axonal regeneration and
functional recovery after SCI. After 4 weeks of AAV-cre or control AAV-GFP virus infection
to conditional deletion AMPKal in L4-L6 DRG neurons in AMPKoal floxed mice, we
performed RT-PCR after SCI at 24h, our data demonstrated that deletion of AMPKal
upregualted genes that belong to regenerative signaling pathways including c-jun, p53, BDNF,
ATF3, Argl, Fos, myc and IGF-1, while it had no effect upon HIFla, CXCL12 and HDAC5
(Figure 26). Therefore, our data directly indicates that AMPKal plays an inhibitory role in
axonal regeneration by regulating multiply regenerative pathways. AMPK has been found that
to inhibit the p300 by phosphorylation of Ser89 (Zhang et al., 2011) and increased
phosphorylation of JNK and STAT3 was found in Adipose tissue of AMPKal™”" mice
(Mancini et al., 2017), meanwhile increased phosphorylation of ERK was found in our DRG
neurons after deletion of AMPKal.

4.7 A novel mechanism that involved in AMPKal degradation after SNA in DRGs

Here, we propose a potential mechanism that regulated AMPKal degradation via

ubiquitination-proteasome system, which is shown as diagram in Figure 28.
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Figure 28. Mechanism diagram of AMPKal degradation following peripheral nerve injury
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5. Outlook

While the peripheral branches of primary sensory neurons regenerate after injury, the central
branches projecting into the spinal cord fail to regenerate after injury (Ramon y Cajal, 1928).
The regenerative failure in CNS is attributed to inadequate intrinsic growth capacity (Fawcett,
1992) and an inhibitory extrinsic environment (Benfey et al., 1985; Fawcett and Asher, 1999;
Fitch and Silver, 1997; Schwab and Bartholdi, 1996; Schwab and Caroni, 1988b). However,
although progress has been made to promote CNS axonal regeneration to some extent, the
proteins expression profile in the regenerative PNS branches and non-regenerative central

branches and genes expression changes in DRG neurons after injury are still unclear.

Here, our data discovered very distinct axoplasmic proteins expression profiles between
peripheral and central projections of L4-L6 DRG neurons in mock mice. Moreover, our
proteomics and RNAseq data revealed that SNA elicits numerous protein and gene expression
chenges in both axoplasm and DRG neurons, whereas DCA has much more modest effects.
Further, combined proteomics and RNAseq analysis discovered suggested AMPK as a new
inhibitory hub to axonal regeneration. This finding suggests further investigation on the role of
metabolism and related signaling pathways in axonal regeneration. An improved
characterization of AMPK regulation after injury is also required. Additionally, the inhibition
of AMPK in more clinically relevant models of spinal cord injury such as a rat spinal contusion
are required to assess the full potential of AMPK inhibition in regeneration of motor fibers and

in functional recovery.
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Nogo
Sema4D

ChABC
LAR

phosphatase
M2

KLFs
c-Jun
HIF-1a
Smadl
CDh44
Hsp27
Fos

Junb
HDACs

Dorsal root ganglion

Proteasome 26S Subunit,
ATPase 5

Central nervous system
Nerve Growth Factor

Protein kinase A

c-Jun N-terminal kinases
Regeneration associated
genes

brain abundant membrane
attached signal protein 1

Interleukin 6

Delta Like Non-Canonical
Notch Ligand 1

Dorsal root entry zone

Reticulon-4
Semaphorin4D

Chondroitinase ABC
Leukocyte common
antigen-related
phosphatase
Anti-inflammatory
macrophages
Kriippel-like transcription
factors

AP-1 Transcription Factor
Subunit

Hypoxia Inducible Factor 1
Alpha Subunit

SMAD Family Member 1

Phagocytic Glycoprotein 1
Heat shock protein 27
Proto-oncogene c-Fos

Transcription factor jun-B
Histone Deacetylases



LIF

p21/Cipl/Wafl

CBP
Coronin 1b
ROCK
MDM?2

Tet3

LC-MS/MS
HBSS

FBS
qRT-PCR

NF-200
mTORC1

IP
LKBI1

KLC2

IGF1

Leukemia Inhibitory Factor

Cyclin Dependent Kinase
Inhibitor 1A
CREB Binding Protein

Coronin, Actin-Binding
Protein, 1B
Rho kinase

MDM?2 Proto-Oncogene, E3
Ubiquitin Protein Ligase
Ten-eleven translocation
methylcytosine
dioxygenases 3

Liquid chromatography
tandem-mass spectrometry
Hank's Balanced Salt
Solution

Fetal Bovine Serum

Quantitative real-time PCR

Neurofilaments 200

mammalian target of
rapamycin complex 1
Immunoprecipitation

Serine/threonine-protein

kinase STK11
Kinesin light chain 2

Insulin-like growth factor I

CTNF

pS3
PCAF
Rab13
MDM4
BMP

SCI

CaMKII o
NGS
p-ACC
F11

T9
PDL

p70S6K
p300

CAMKK?2

PI3K

Ciliary Neurotrophic
Factor

Tumor Protein P53

P300/CBP-associated
factor

Cell Growth-Inhibiting
Gene 4 Protein
Mdm?2-Like P53-Binding
Protein 3

Bone Morphogenetic
Protein

Spinal cord injury

Ca2+/calmodulin-
dependent protein kinase II
Normal goat serum

Phospho-Acetyl-CoA
Carboxylase

Rat embryonic dorsal root
ganglion

Thoracic vertebrae 9
Poly-D-lysine

ribosomal protein S6
kinase

Histone acetyltransferase
p300
Calcium/calmodulin-
dependent protein kinase
kinase 2
phosphatidylinositide 3-
kinases

8. Supplementary files
Supplementary file 1.

List of enriched proteins in peripheral and central projections without injury.

Label Mean LAMvsSham Label Mean LAMvsSham
Pdhb 6.405268878 Pcbp2 -0.797110789

Sndl 5.387806048 Mob2 -0.797682543

Saal 5.046083423 Marcks -0.798008468

Hlfx 4.246594952 Fbx022 -0.79847883

Eno2 4.157270107 Cttn -0.799101558
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Serpinfl
Crat
BC026585
Fn3k
Thbs1
Gfap
Serpina3a
Pafahlbl
Dpp4
Rpl4
Adam22
Aida
Pa2g4
Dnajcl7
Rplp0
Hsd17b10
Eif2sl
Adh5
Vapb
Lamc3
Aspa
Naa25
Serpine2
Psma6
Capnsl
Acp5
Dbt

Idh2
Gulpl
Krt222
Plcxd3
Vatl
Hadh
Erp44
Suclgl
Ckmtl
NaalO
Tardbp
Yars
Vwal
Actn2
Ldb3
Cyct
Ckmt2
Dmd
Mybpcl

4.144654591
3.8925258
3.840530674
3.778008785
3.741088376
3.718956984
3.688416154
3.550369028
3.493751392
3.387215713
3.374345319
3.345281925
3.341423065
3.265181256
3.258012383
3.120424151
3.115494588
3.1091977
3.067554609
3.062184908
3.057026397
3.036675751
3.018798107
3.000759227
2.977223289
2.907524769
2.895375764
2.86517489
2.864496567
2.853433672
2.848621317
2.837904599
2.833304109
2.801863942
2.784693762
2.781060093
2.773788434
2.746879073
2.719550222
2.700201265
2.689412176
2.662993623
2.662540402
2.648373501
2.632283045
2.618084659

Sncb
Ufcl
Pdlim5
Prkch
Rtkn
Dstn
Stk38l1
Stn
Sec3la
Stat3
Sept6
Gstm?2
Ybx3
Anp32e
Nudt3
Sh3bgrl3
Tbcldl7
Zyx
Ywhag
Efhd2
Sodl1
Ago2
Gipt2
Bolal
Msra
Anxall
Usp7
Pdxdcl
Raplgdsl
Ahsg
Ciapinl
Appll
Tubb2a
Arf3
Clint1
Ighg2c
Aldhla?7
Srp72
Uapl
Dbnl
Ptrf
Faim
Sh3glbl
EmlI2
Gnpdal
Actbl2
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-0.800161939
-0.804805994
-0.807092191
-0.808890624
-0.81046812

-0.81126379

-0.811604033
-0.812334885
-0.815336573
-0.815968067
-0.818367387
-0.820909558
-0.822953409
-0.825831736
-0.826040346
-0.826303137
-0.828538565
-0.830138911
-0.83193229

-0.833513305
-0.834380218
-0.837232324
-0.838356863
-0.840198084
-0.840946607
-0.845975808
-0.847510561
-0.850722426
-0.852074445
-0.854004174
-0.854046999
-0.855940197
-0.860764148
-0.861975785
-0.864375246
-0.869686954
-0.870795959
-0.874895004
-0.877512125
-0.879065085
-0.879574132
-0.87973452

-0.880037244
-0.880507497
-0.882500138
-0.88275674



Hmgb2
Lims2
Setd7
Coro6
Cabpl
Ubal
Rala
Haplnl
Gm8&394
Dlg3
Hmgb3
Nup35
Sept4
Edfl
Txnll
Zfp191
Ralb
Itgbl
Nars
Gnb2l11
Hadhb
Tsgl01
Pir
Eefld
Stxbpl
Eifdal
Napb
Mob4
Ccdc132
Pgk2
Ppp2ca
Pacs2
Hipl
Arpc2
Dhtkd1
Nsfllc
Ubacl
Dtd2
Hspb8
Acadl
Ppplcc
Hdac3
P2rx7
Parva
Vdacl
Sf3a2

2.5728229
2.57238628
2.551676829
2.546231032
2.518631875
2.515830759
2.510061454
2.499604842
2.46117857
2.460292433
2.415670917
2.405167856
2.395083619
2.3404191
2.33878021
2.320914755
2.320528779
2.319135625
2.306172103
2.29996596
2.279785772
2.278602601
2.273291423
2.267708392
2.243133594
2.242444848
2.242164012
2.234748565
2.208571133
2.202343895
2.198302146
2.195947003
2.194297544
2.191864587
2.184141491
2.176744247
2.16650355
2.127093799
2.117498103
2.112964645
2.106605404
2.099355023
2.09004484
2.084893054
2.079268583
2.07538722

Rheb
Eif3m
Strap
Ube2k
Btf314
Gas7
Aifll
Galk2
Cpsfo
Ube2v2
Ciaol
Vps26b
Spg20
Mril
Cops7a
Cdk5
Ngp
Cadps
Ywhae
Psme3
Vin
Wdr44
Nudt9
Micall
Ykt6
Sms
Tbcb
Stubl
Lrp5
Cbfb
Camkl1
Aktl
Csrpl
Purb
Gsttl
Ywhaz
S100al6
Tatdnl
Blmh
Pfn2
Arf5
Pggtlb
Gmds
Psmd12
Copa
1fi47
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-0.883028506
-0.883055528
-0.883228579
-0.884516726
-0.885270453
-0.886711794
-0.888341472
-0.893984044
-0.895065458
-0.897968225
-0.899215349
-0.903735079
-0.904215744
-0.904228894
-0.904277111
-0.906063024
-0.906659554
-0.909243066
-0.909318784
-0.913066659
-0.916470815
-0.917209901
-0.918280365
-0.918937897
-0.920982219
-0.921180218
-0.922597064
-0.926810877
-0.928167893
-0.931060801
-0.93362402

-0.933910012
-0.935635069
-0.936888938
-0.938118934
-0.943849641
-0.944447556
-0.946414364
-0.947203833
-0.947493727
-0.94774088

-0.947995724
-0.950100392
-0.95608161

-0.95758529

-0.959934421



Elavll
Myl10
Hsd17b4
Gnal
Ddahl
Cdc42epl
Thumpd1
Prdx3
Hp
Pdhal
Ide
Ganab
Mdhl
Dtdl

Pf4

Oxrl
Chmp4c
Sod2
Rps2
Atp5d
D10Jhu8le
Lamal
Vasp
Rnhl
Dnajc6
Fermt3
Apoe
Plekhd1
Acatl
Vashl
Cct3
Rpl32
Nfasc
Tbcld10b
Etfb
Otud6b
Wwpl
Etfa
Wasl
Pou2fl
Drp2
Tmodl
Pip4k2b
Pin4
Vdac2
Sarnp

2.073095275
2.069680428
2.062320695
2.056753513
2.052838852
2.049239256
2.042981087
2.033559575
2.023697418
2.010031889
1.999466998
1.989870832
1.974390859
1.963928165
1.956695552
1.952906468
1.946823518
1.933469246
1.930927941
1.930516012
1.930509789
1.927928335
1.923083587
1.920684503
1.919050708
1.913111535
1.908229665
1.882164198
1.881971543
1.879155733
1.864617583
1.863637194
1.863289404
1.862612734
1.850218627
1.848180395
1.833341178
1.826887071
1.816522234
1.805588741
1.798968371
1.790986714
1.788798314
1.788553795
1.786426143
1.785772252

Pepd
Eif2s3x
Psmc2
Rabggta
Avil
Pfdnl
Gabl
Gstm5
Phptl
Tbce
Bid
Cpxm?2
Tubb6
Ppplr2
Tjp3
Stard10
Atp6vld
Cdc3711
Sdc4
Hint1
Arhgefl6
Gmps
Abhd14b
FbxI15
Cdh19
Snapin
Rnf14
Bcatl
Atg4b
Cpnel
Txndc9
Comt
Pealsa
Commd9
Sec24c
Anpep
Gbel
Mdpl
Sarla
Crip2
Rad23b
Myom?2
Diras2
Ifit3
Fnbpl
Tbcldl13
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-0.961442818
-0.964728084
-0.967154174
-0.96887765
-0.969454591
-0.970634012
-0.971204829
-0.972938629
-0.972948284
-0.973088428
-0.974102348
-0.974717458
-0.976255702
-0.977102318
-0.978339654
-0.980048637
-0.980294369
-0.981115428
-0.981256445
-0.981636022
-0.983152025
-0.983810662
-0.983915925
-0.98535334
-0.985439901
-0.988409314
-0.989534011
-0.992026799
-0.992162282
-0.992831192
-0.996830523
-0.999344434
-1.000963629
-1.000997806
-1.002843749
-1.002896515
-1.003537647
-1.004073064
-1.005041775
-1.005640246
-1.006811
-1.009193718
-1.009670752
-1.010066664
-1.013244774
-1.014967313



Sept2
Acaa2
Fga
Gpmo6a
Aars
Dld
Hspdl
Atplbl
Lmnb2
Echl
Mgea5
Psmdl1
Mybbpla
Atpla2
Map7d2
Actrl0
Ppplr7
N4bp2l11
Nebl
Ppib
Macrod2
Pspcl
Got2
Sntbl
Ccdc124
Txndc5
Pdcd10
Ina
Bzw2
Adap2
Sf3al
Pnkp
Map4
Cdhl
Smad4
Ctnnd1
Fkbp3
Hkdc1
Ttc38
Pip1
Dynlt3
Dnajc9
Clgb
Flotl
Gm9833

Sypl

1.783680237
1.780278597
1.778896466
1.777507425
1.773285646
1.758494208
1.754522773
1.749794335
1.747051874
1.743256792
1.73759824

1.725818459
1.72428895

1.722252354
1.713228218
1.71095234

1.708231759
1.705629549
1.70464543

1.700093599
1.698099365
1.698015074
1.696205768
1.694218339
1.692915887
1.692460838
1.691956876
1.681703851
1.677374166
1.664268744
1.65961226

1.651169358
1.645934404
1.643053787
1.642363889
1.629773786
1.629759919
1.628110261
1.624212949
1.620885954
1.618026986
1.613891686
1.611363857
1.60832683

1.606761672
1.590985539

Ankrd13d
Prepl
Néamt2
Txndc17
Txnl
Nubl
Grecl0
Ift22
Cstb
Pzp
Pvalb
Sri
Capzal
Lmnbl
Actnl
Itpa
Gpc4
Tsnax
Nglyl
Ube2z
Tlnl
Gnai2
Nid2
Xpo7
Rbbp9
Osbpl3
Blvrb
Drg2
Gipcl
Nampt
Dhx9
4930533014Rik
Lypla2
Npepps
Lgals3
Gsta4
Stmnl
Hpcall
S100a9
Gnpda2
Ddt
Gng2
Hspa2
Sncg
Sh3bgrl
Myhl14
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-1.016391949
-1.018546604
-1.018780175
-1.019295241
-1.019519989
-1.021371929
-1.024285056
-1.025478663
-1.02930176

-1.030507048
-1.030910157
-1.032738506
-1.036434875
-1.039011963
-1.039921524
-1.040170389
-1.041434316
-1.041523411
-1.041946907
-1.042580648
-1.046243409
-1.046745623
-1.047074366
-1.048224246
-1.048388385
-1.051719209
-1.052509986
-1.055199481
-1.056824672
-1.060127536
-1.060323276
-1.061751888
-1.066307135
-1.067012881
-1.068715147
-1.069099846
-1.069651569
-1.073388445
-1.07398824

-1.075932159
-1.076852852
-1.07781897

-1.080104496
-1.08251634

-1.083509041
-1.083659813



Sultlal
Smarcc2
Naa20
Dnajc8
Decrl
Gm9774
Pacsin2
Fefl3
Gripapl
Cggbpl
Cyb513
Eiflb
Golim4
Hmgn5
Enolb
Serpinhl
Lrre57
Aldh2
Hnrnpal
Lgi3
Bzwl
Hspbl
Gm4978
Ssb
Vapa
Nfib
G3bp2
Ctnna3
Hspel
Sparc
Fam98b
Tsscl
Pelo
Tma7
Cd82
Pitpna
Eifl
Tagln3
Vps36
Dagl
Phf24
Lepl
Eif2a
Dpysl2
Rab5c
Zbed5

1.574816725
1.573024721
1.572632099
1.567043012
1.566438923
1.565588207
1.554921157
1.553652904
1.547369217
1.543964989
1.541260829
1.536251109
1.534187441
1.53304101

1.524138923
1.521877599
1.517801941
1.516112307
1.515717923
1.507931855
1.500706149
1.493727009
1.489979639
1.48654627

1.481399678
1.480995874
1.478339386
1.476357926
1.472784035
1.467673103
1.465505525
1.463793119
1.461508509
1.460413072
1.457853612
1.454044767
1.453990431
1.451020826
1.450356481
1.442536236
1.434213437
1.432569787
1.431105405
1.430882133
1.429958877
1.429825568

Anksl
Pygl
Cmpkl
Stk3
Acol
Igbpl
Thopl
Hrspl2
Tbeldl15
Tgfbi
Gnaol
Gstt2
Arl2
Ube213
Deptor
Brk1
Arl3
Csrp2
Gopdx
Park7
Adsl
Rabgapl
Klkb1
Clicl
Pknl
Rufyl
Pgm3
Ap2ml
Aip
FInb
Mapk14
Ckm
Anp32a
Fhi2
Ighg3
Ttll12
Qprt
Mienl
Dffa
Pts
Psme2b
Chordc1
Acss2
Ppcs
Ywhab
Farsb
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-1.08564613

-1.088313149
-1.092715752
-1.094446863
-1.094984076
-1.096746063
-1.099159868
-1.100172796
-1.10068242

-1.10321987

-1.106389062
-1.10682951

-1.110579521
-1.111029036
-1.115295721
-1.117619643
-1.118012861
-1.118639209
-1.121793668
-1.122936043
-1.124744891
-1.128058622
128191636
131745966
.13438622

.13481638

136147712
.138007908
.138568548
.140336259
.141655888
.142359103
.145290465
.145760002
.150533487
.152689004
152729514
.153364383
.153541796
15371169

157264766
157478447
-1.159808319
-1.16071716

.162499753
.165406138
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Endodl
Mthfdl
Atfl
Dlst
Eif4a3
Fenl
Pdpk1
Fgb
Zfp207
Histlhlc
Eif3c
Sept3
Pdapl
Hdgfrp3
Vatll
Stx7
Cect5
Snrpa
Ckap5
Psmd1
Clqc
Hnrnpu
Pdela
Ndufa4
Dhrsl
Prkabl
Ptbp2
112
Gstk1
Clqa
Dtna
Rpl12
Bud31
Hspa4
Snrpb2
Coll4al
Sept5
2610002MO6Rik
Efnbl
Nefm
Atplb3
Cnripl
Tgm2
Api5
Idh1
Cd200

1.425361953
1.419864337
1.416756812
1.414366929
1.409529987
1.409269935
1.407294791
1.393326233
1.3901172
1.388801036
1.382221788
1.380283291
1.375547048
1.368830637
1.365365046
1.363303091
1.356802666
1.355794574
1.352793145
1.341741865
1.34021021
1.335186679
1.330557939
1.329459092
1.328268695
1.326674412
1.324631002
1.324360404
1.321484398
1.315869361
1.315699852
1.315631778
1.31485834
1.314771857
1.313327775
1.310109661
1.305282071
1.302297258
1.299450613
1.293074525
1.289658845
1.286848107
1.286786248
1.28579534
1.28477234
1.282760899

Csk

Mif
Tubb4a
Gca
Gmfb
Psmd9
Ankfyl
Prune
Sugtl
Psmfl
Acly
Capnl
Nckapl
Cspg4
6430548MO08Rik
Cripl
Acat2
Glrx
Abca9
Prkca
Impact
Igkv1-122
Fthl
Sorbs1
Carhspl
Stam
Agfg?
Rfk
Arhgef10
Serpinb6a
Rpl5
Camkld
Lyplal
Frmd8
Igke
Gmppb
Fkbpla
Dirasl
Mygl
Psmel
Cotll
Eml1
Apexl
Pex5l
Col5a3
Gnb2
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-1.16845824

-1.168847077
-1.168853304
-1.170788084
-1.172921935
-1.175068466
-1.177062797
-1.180837722
-1.187416931
-1.189997418
-1.190860338
-1.193302968
-1.194411274
-1.196332182
-1.198165261
-1.20026332

-1.201823953
-1.204695192
-1.208593139
-1.208621896
-1.213499194
-1.216192942
-1.218131734
-1.221644943
-1.22219472

-1.224765779
-1.229012371
-1.232563563
-1.233507907
-1.233756951
-1.239341491
-1.244924528
-1.245811236
-1.246454187
-1.256160541
-1.258566346
-1.261178066
-1.262667463
-1.266278055
-1.267163052
-1.267365388
-1.268635393
-1.271216534
-1.271772126
-1.271803352
-1.275527651



Hsd17b7
1700080E11Rik
Metapl
Sept9
Nudt21
Gabarapl2
Cops4
Prx

Clta
Mag
mt-Co2
Mé6pr
Aco2
Dnaja2
Slc9a3r2
Hcfc2
Maged1
Sptbn2
Atpda
Nek7
Mpp2
Parvb
Hars
Tepl
Pcnp
Collal
Ptn

Fsdl
Cnpy2
Cacnb3
Rpl27a
Rgcc
Prpsl
Gabarapll
Rps26
Vps52
Slc3a2
Calr
Synl
Itih4
Nrcam
Gm8&973
Duspl5
Tomm34
Uchl5
Matla

1.281323802
1.280785472
1.277778628
1.275753369
1.272351232
1.2635918
1.263465468
1.262260836
1.261214395
1.253858654
1.248395485
1.245554406
1.242785588
1.241223704
1.2333673
1.224533048
1.216927722
1.209313599
1.206645622
1.20499785
1.20158281
1.199306035
.198014558
.196378424
.195714348
.193401397
1922162
.192180318
.189328394
.188703114
.188684787
.182408927
178170941
174340237
.173608525
172825793
.169909881
.168872321
.167061636
.165959264
.161393892
157815647
156136274
.154789595
.150989569

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1.14859592

Ppmlb -1.283302611
Asrgll -1.28332198

Tagln -1.283867004
Prmt5 -1.284489184
Vps4b -1.286011293
Asl -1.286517528
Hnmt -1.28713154

Adk -1.288148445
Ugp2 -1.289032259
Cmpk2 -1.290191954
Nt5c¢ -1.292374333
Atg7 -1.293107996
Rnfl114 -1.295615999
Pfdn5 -1.295712311
Atcay -1.297433556
Cstf2 -1.29885394

Mybph -1.301528394

Atxnl0 -1.302396022
Sh3glb2 -1.304350956
Cbrl -1.304840309
Crlf3 -1.305391959
Etfl -1.305985277
Gukl -1.307195934
Dcunld2 -1.309901806
S100a10 -1.316454191
Lap3 -1.318417595
1700037HO04Rik -1.328579634
Glrx3 -1.331061883
Psmgl -1.333503498
Aldhla3 -1.334676273
Tpm?2 -1.33469301

Gstp2 -1.340571817
Uaplll -1.344487105
Iqgap3 -1.345489551
Snx1 -1.345534773
Aamdc -1.346941802
Aprt -1.350846502
Npepll -1.355452428
Ptpnl1 -1.357068987
Phgdh -1.359497229
Ephx2 -1.359507467
Ppp2r5a -1.361910073
F2 -1.36300613

Nit2 -1.364704145
Mvd -1.367441855
Snx7 -1.368437579
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Syncrip
Eif2s2
Hexa
Spr
Sfpq
Ddx39b
Lrpapl
Caskinl
Colla2
Tppp
Rpll3a-psl
Dyncli2
Hsp90b1
Gjc3
Prph
Npml
Gpmo6b
Lbp
Prnp
Rrbpl
Dynclil
Bceasl
Hist1h2bc
Parp3
Vps51
Stag3
Gnal2
Sowahc
Pdia6
Ubl3
Bicdl
Rpl31
Atp5h
Yaf2
Map7d1
Cd81
Ogdh
Calu
Prkcsh
Ctnnbl1
Rpl28
Nono
Cd93
Fgfl4
Pdia4
Tnxb

.144548657
13552864

.130523682
125055221
.123330095
121310638
121199256
115362817
.104853381
.10266898

1.102068814
1.099166822
1.098603128
1.096653565
1.093993901
1.091275884
1.077914238
1.075024094
1.073061231
1.069339489
1.066337139
1.063775345
1.063629498
1.061177175
1.051116277
1.049703853
1.049523218
1.048575474
1.048443848
1.047801488
1.045740602
1.039561781
1.035540086
1.030247033
1.027866536
1.019754174
1.019635553
1.019243255
1.013509702
1.012343405
1.011945155
1.006196245
1.005470015
1.005427335
1.003983341
1.001584017

1
1
1
1
1
1
1
1
1
1

Dhdh
Adprh
Frzb
Rad23a
Fam188a
Fabp3
Hs1bp3
Atp6vlh
Hspbpl
Tbc1d9
Galk1
Haghl
Nutf2
Nudcd3
Ggt5
Flna
Apip
Nif311
Pefl
Slc2al
Sat2
Lzic
Ighv1-12
Uprt
Bola2
Nudt2
Snca
2700060E02Rik
Capn2
Cops7b
Pgml
Isocl
Tmsb4x
Lxn
Akl
Cntf
Ywhaq
Fscnl
Ttc9
Srsf5
Mtpn
Oplah
Tkt
Acypl
Gk
Uros
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-1.369907437
-1.370957557
-1.376407359
-1.381499486
-1.384447589
-1.391732831
-1.392162147
-1.396909384
-1.398270028
-1.399069499
-1.400699525
-1.403171184
-1.411836346
-1.415627462
-1.421786059
-1.427858647
-1.430675597
-1.430702122
-1.439484258
-1.444036834
-1.447626194
-1.448553657
-1.449749198
-1.456111799
-1.456937278
-1.461244204
-1.461920255
-1.466406653
-1.467901025
-1.476004759
-1.478730146
-1.482595759
-1.483150799
-1.483915612
-1.483958898
-1.485268026
-1.485470723
-1.489009041
-1.490867131
-1.491419791
-1.494782193
-1.501299974
-1.502709812
-1.506041719
-1.509207057
-1.509911714



Wdr82
Mvp
Rps10
Epb4112
Lgals9
Mapllc3a
Rpl34
Alyref
Psmd14
Atll
Sged
Rpl24
Vps53
Cct8
Lampl
Dyncl1li2
Tpil
Ehd4
Rpl23a
Pacsin3
Cltb
Arhgapl7
Adrbk1
Trim28
Adhl
Actrla
Ctnnall
Sh3bgrl2
Mapt
Map6
Ddx6
Atp5f1
Slc44al
C4bp
Stxbp6
Raplb
Brap
Cdh2
Stx12
Pppb6rl
Nmtl
Enah
Thynl
H2-Q7
Rps6
Hint3

0.999902821
0.998554316
0.995883773
0.995285636
0.995163653
0.990419716
0.988382484
0.986687002
0.982528391
0.976808229
0.970352786
0.967553721
0.964605769
0.963293836
0.962074649
0.959803476
0.957058099
0.957047473
0.954583486
0.954319633
0.954306772
0.951283577
0.947602007
0.946851509
0.944522621
0.941335877
0.9376738
0.931582568
0.931026271
0.930327551
0.92489991
0.924521439
0.924480033
0.9236817
0.922511976
0.921175682
0.919325722
0.919135984
0.916226248
0.914021465
0.913018983
0.909352304
0.908411893
0.906972368
0.90571882
0.904000033

Ufml
Nhlrc2
Srp68
Gamt
Rangapl
Cavl
Coll5al
Ndrg4
Acaca
Prkar2a
Prep
Stk39
Gml10116
Hmgcs1
Gnb3
Ppp3cb
Napg
Fnl
Urod
Sgtb
Lactb2
Ubab
Casql
Arihl
Cndp2
Hspg2
Tiprl
Ube2r2
Carnsl
Gdi2
Fam129a
Naalad2
Gsn
Pip4k2a
Gsr
Fabp5
Arhgdia
Fasn
Ighg2b
Asnal
Gngl2
Acyp2
Pgam?2
Atxn3
Setd3
Kle3
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-1.512536001
-1.51300547

-1.513612906
-1.517614405
-1.522198138
-1.53169556

-1.533738744
-1.536910648
-1.53730168

-1.539580583
-1.539882257
-1.541978198
-1.54821268

-1.555936991
-1.563859551
-1.564106489
-1.571967835
-1.572529382
-1.580827516
-1.585910359
-1.590177514
-1.59242108

-1.593300257
-1.599225293
-1.605233351
-1.606069616
-1.607290404
-1.610706443
-1.611159358
-1.614447651
-1.615814174
-1.617930802
-1.623305399
-1.627668347
-1.629010924
-1.639045115
-1.640437019
-1.640742421
-1.645411409
-1.649870246
-1.650450491
-1.654938815
-1.655551182
-1.660784924
-1.661583072
-1.663028495



Mybpc3
Snf8
Dnm3
Mppl
Rpl37a
Amph
Ndrgl
Stx1b
Plcbl
Bsg
Snrpdl
Nefl
Baiap2
Dctn6
Puf60
Gludl
Erp29
Bag3
Palm
Cadm3
Dyncllil
Chmp2a
Ddx5
Gpdl
Rapla
Cat
Eif3i
Tspang
Zc3hl5
Dctn4
Mectsl
Eif4g2
Mapre3
Pdia3
Cect7
Cntn2
Actrlb
Ap2bl
Arhgap44
Pinl
Rab5a
Aimp2
Rcc2
Cct6b
Cd1s1
Farsa

0.902875239
0.898762729
0.896592914
0.893409394
0.889614508
0.886633049
0.884745762
0.883339207
0.881028431
0.879327649
0.877326991
0.870318917
0.86959424

0.868786481
0.867398915
0.866078214
0.861832274
0.859883343
0.852893685
0.852823148
0.851466515
0.848767666
0.848597869
0.848199788
0.848127599
0.844826957
0.844748045
0.843976635
0.840277472
0.836203576
0.829546854
0.825874274
0.823378919
0.822609368
0.818427159
0.817169429
0.815370705
0.811329558
0.809184965
0.804527402
0.802803392
0.802415854
0.800438137
0.796031547
0.79321212

0.791307601

Prdx5
Myh9
Scrn3

Tbc1d10a

Ecml
Kngl
Gpt
Acot7
Tpm2
Ppmlf
Cuta
Gnai3
Myh10
Ppplrlb
Adprhl2
Abcel
Polr3g
Lims1
Nitl
Gda
Gcle
Lcemtl
Myolc
Aldh7al
Cnn3
Ddc
Selo
Arhgdib
Aacs
Des
Capg
Sord
Snx5
Snx2
Padi2
Ugdh
Set
Ppp2r5d
Wdfyl
Echsl
Renbp
Assl
Lgalsl
Eifde
Nt5e
Nedd8
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-1.668091447
-1.668361343
-1.668633838
-1.673965717
-1.678656607
-1.69474862

-1.703498142
-1.706257408
-1.708732678
-1.71038225

-1.712780912
-1.716861936
-1.718807555
-1.723600983
-1.729277128
-1.731408969
-1.732010251
-1.732064885
-1.735803809
-1.737909484
-1.738709013
-1.739317682
-1.739701561
-1.743536009
-1.754816483
-1.759222347
-1.770730919
-1.776769617
-1.778565676
-1.779308953
-1.780450662
-1.782516687
-1.784485439
-1.785514726
-1.785992514
-1.788201573
-1.791927374
-1.797615982
-1.802800016
-1.807879289
-1.81266038

-1.817170239
-1.820885089
-1.822620363
-1.828605297
-1.832785777



Lin7c¢c
Pdcl3
Sema7a
Capza2
Cmtm5
Brskl
Napa
Spinl
Wdr61
Itga7
Aplml
Mapls
Ncl
Tpd52
Kras
Smc3
Tiall
Mthfsd
Usol
Ostf1
Oard1
Cct4
Actn3
Magoh
Elmol
Rtnl
Srl
Dctn3
Strbp
Dctn5
Tppp2
Itgb4
Ptbpl
P4hb
Mdh2
Rps24
Rab2a
Zc2hcla
Eef1b2
Cd9
Dynlrbl
Rdx
Ppal
Olal
Maplb
Sirpa

0.785748643
0.784427926
0.783957296
0.77983629

0.778894976
0.778417461
0.777765529
0.773893654
0.768307101
0.767190623
0.765760998
0.754525034
0.75430731

0.751971354
0.749890364
0.748777311
0.748110293
0.747416164
0.746935537
0.735344729
0.730056719
0.721370886
0.720838221
0.717512823
0.716497101
0.715807647
0.711318261
0.707143739
0.706111645
0.703952818
0.69991094

0.695099451
0.693841677
0.690163948
0.689924178
0.689214901
0.686368178
0.684448888
0.682152206
0.680896116
0.677015453
0.675990555
0.667602603
0.666398991
0.664834308
0.664038475

Pafah1b2
Pnpo
Cfb
Itih2
Ptgr2
Cdkn2c
Adssll
Sael
Tra2a
Arrbl
Pmm1
Sept7
Cbxl1
Anxa7
Ubgqlnl
Mtap
Stambp
Pygm
Akrlal
Ptgrl
Nol3
Uba3
St13
Flot2
Snrpn
Ang
Ubxnl
Atox1
Sh3bpl
Stip1
Pdlim1
Pcbdl
Xpnpepl
Bgn
Sgta
Atg3
Dnajb2
Nans
Anxa2
Tra2b
Swap70
Tsta3
Abi3bp
Selenbpl
C9

Prpsapl
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-1.83387864
-1.83598862
-1.840586664
-1.841333185
-1.841625255
-1.847713804
-1.849543811
-1.849975895
-1.850763996
-1.858827584
-1.859420022
-1.861830004
-1.861843748
-1.864911989
-1.871294724
-1.872116537
-1.872176121
-1.874653097
-1.8781928
-1.878610772
-1.8791024
-1.879967336
-1.897362379
-1.89912999
-1.90262303
-1.916323417
-1.919725375
-1.920163909
-1.922079722
-1.929380913
-1.940932116
-1.952072068
-1.952457321
-1.953585632
-1.954999177
-1.959661991
-1.966686946
-1.970016875
-1.973450771
-1.973881446
-1.989472805
-1.998250343
-2.006210803
-2.006451067
-2.008654056
-2.00947863



Rpl9
Denr
Smcla
Rab35
Fgg
Rtn4
U2af2
Doc2b
Slc44a2
G3bpl
Sbspon
Snx3
Pddcl
Mras
Rps7
Rps20
Rhob
Secl3
Hsphl
Manf
Canx
Abil
Drgl
Fsdll
Hist2h2ab
Cirbp
Cc2d1b
Aplbl
Cdc42ep4
Map2k4
Ndrg3
Hmox1
Sgce
Prkaca
Myll2a
Ppp2chb
Psmb10
Ehd3
Metap2
Cope
Cdv3
Hnrnph3
Grhpr
Ruvbl1
Araf
Rbmxl1

0.660830387
0.659609858
0.659318943
0.657554091
0.655418867
0.65537936

0.653718297
0.651371232
0.650383137
0.646242426
0.643965813
0.642267453
0.641384371
0.639715795
0.636202174
0.63155498

0.628813989
0.626321993
0.607636557
0.600900461
0.598244666
0.588926742
0.586220889
0.585901842
0.574689994
0.57127348

0.566688737
0.563430666
0.56192323

0.540848323
0.53112627

0.529494126
0.526872846
0.509172787
0.502755016
0.499634584
0.497612319
0.434470139
0.425648331
0.408901347
0.37234051

0.371749386
0.358660774
0.354761463
0.353684677
0.340115772

Gstzl
Eif3d
Lipe
Vps26a
Aldhlal
Faml14al
Pnp
S100a8
Adipoq
Bcap31
Papss1
Alad
Armc6
Psmd5
Hnrnpf
Serpinf2
Islr
Gbp7
Ywhah
Ipo5

Cfi

Pptl
Ppp2r2a
Gstol
Naprt
Plg

Ik
Rnase4
Hdhd2
Thbs4
Cops2
Gclm
Galm
Prpsap2
Hrg
Tpmt
Pak3
Fdps
Cbr3
Mtmr6
Hspalb
Twif2
Dcunldl
Prkag3
Prkar2b
Gpcb6
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-2.00995771
-2.016620161
-2.02792102
-2.029377381
-2.03366669
-2.039342118
-2.045442637
-2.048595665
-2.052435234
-2.0556734
-2.064668444
-2.068402814
-2.068663513
-2.070123962
-2.070388997
-2.070878209
-2.071570963
-2.071918141
-2.080077457
-2.088221758
-2.095225005
-2.097096088
-2.101211578
-2.103039776
-2.111985719
-2.118659745
-2.120878393
-2.122533226
-2.131249407
-2.146264536
-2.152974034
-2.158785708
-2.167502625
-2.169098674
-2.175534647
-2.179506168
-2.181031501
-2.197150437
-2.205821702
-2.206731504
-2.211023522
-2.215434065
-2.223065681
-2.227201819
-2.227482185
-2.22768078



Ccdc25
Fn3krp
Paics
Corolc
Pcolce
Pip4k2c
Ybx2
Cops5
Snrpal
Ufd1l
Acot2
Col4al
Stxbpl
Sdcbp
Rpl7
Carkd
Rpl19
Ggpsl
Cfap36
Ahcy
1700009N 14Rik
Corola
Adss
Kif5b
Slc9a3rl
Fam49b
0610037L13Rik
Actr3
Fnta
Gitl
Pycrl
As3mt
Pcbpl
Mpi
Anxa3
Bagl
Arhgef7
Rpl10a
Pklir
Ranbpl
Uchll
Mgll
Ahcyl2
Ptges3
Nsun2
Fkbplb

0.327535463
0.270396949
0.203322125
0.171870242
0.155707829
0.068131497
-0.02785393
-0.045347901
-0.080338542
-0.090178357
-0.105366525
-0.149426946
-0.159825082
-0.207741393
-0.234531078
-0.271891017
-0.272950294
-0.317246852
-0.330940171
-0.338086373
-0.355129284
-0.373469299
-0.380336795
-0.391588064
-0.410386911
-0.421579864
-0.436738844
-0.446737095
-0.46260491
-0.497068848
-0.497569554
-0.502245625
-0.524951823
-0.532678446
-0.53992871
-0.561883924
-0.57002522
-0.581026543
-0.593040592
-0.598129841
-0.608158797
-0.611610537
-0.611770497
-0.612828041
-0.621199878
-0.629100708

Arpin
Scrnl
Ctbpl
Plin3
Vel
Eeflg
Gart
Pgls
Capzb
Apoalbp
Ddbl
Ctps2
2210016F16Rik
Dcexr
Srsf9
Psmc3
Bpntl
Serpinblc
Pls3
Itih3
Pdlim4
Rnpep
Irgq
Pfdn6
Dnpep
Fbln5
Tpm4
Akr7as
Serpinald
Mb
Cryll
Csad
Prkcdbp
Bpgm
Atpbvla
Rilpl1
Gale
Gmpr2
Chat
S100b
Cryz

Th
Pmm?2
Mat2b
Dcps
Cd34
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-2.244080475
-2.24666291
-2.259929559
-2.268722926
-2.270402816
-2.277205311
-2.277217427
-2.281273872
-2.28246393
-2.28695385
-2.296986468
-2.297724966
-2.297856827
-2.302644953
-2.314346054
-2.318782864
-2.321159983
-2.322988169
-2.331940058
-2.339426126
-2.343470012
-2.355439288
-2.357962256
-2.362634193
-2.365517184
-2.369873472
-2.370192512
-2.37901331
-2.38833289
-2.388845248
-2.390356937
-2.392565976
-2.394224638
-2.39811433
-2.400433236
-2.402652785
-2.408165986
-2.410065376
-2.4163804
-2.426471425
-2.439625812
-2.452097027
-2.456024012
-2.469649324
-2.48324249
-2.485179864



Plcb3
Hnrnpce
Syn2
Gm5160
Qdpr
Gpil
Coll8al
Chmp5
Rps21
Cyth3
Ehd2
Ggal
Eif4h
Clip2
Tmod3
Fbxo2
Srm
Nudt5
Plekhbl
Gpcl
Prdx1
Psma4
Myl6
Hprt
Ppplca
Inppl
Gsptl
C3
Bcam
Dock7
Snx4
Prdx2
Tax1bp3
Mvk
Mapre2
Pla2gl6
Dusp3
Arf4
Vars
Cul5
Sumo2
Orml
Cfl1
Wbp2
Tprgl
Dnmll

-0.630739524
-0.633669269
-0.635327977
-0.639505881
-0.641747755
-0.644249282
-0.646191911
-0.649347342
-0.654980487
-0.655742299
-0.655784501
-0.656760036
-0.658337161
-0.660006248
-0.660545914
-0.662152226
-0.670392636
-0.670654878
-0.675371313
-0.676034597
-0.676062772
-0.67670867

-0.677662513
-0.679168368
-0.681129608
-0.682877556
-0.683147771
-0.684000221
-0.68826407

-0.69435709

-0.696817631
-0.696989899
-0.697069221
-0.697686479
-0.698865745
-0.706132867
-0.706168072
-0.706909952
-0.707576425
-0.708451021
-0.710652536
-0.712244124
-0.712616519
-0.712628651
-0.712640846
-0.717729073

4931406C07Rik
Thtpa
Ipo7
Dbi
Serpincl
Echdcl
Gng5
Entpd2
Pter
Ppplcb
Vcan
Dym
Scfdl
Mugl
Ttr
Washl
Inmt
Pafah1b3
Hagh
Uchl3
Ge
Taldol
Psma3
Pgaml
Eif3j1
Eno3
Myh8
Tigar
Mfap5
Impal
Pten
Arhgapl
Ckap4
Rela
Ace
Psmb7
Postn
Trf
Steap3
Hebp2
Crkl
Itih1
Serpina3k
Dpepl
Anxa6
Nqo2
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-2.492947159
-2.495925558
-2.499045587
-2.503076611
-2.510180427
-2.517037159
-2.517070231
-2.51710466
-2.521467974
-2.5305773
-2.540970192
-2.542326595
-2.555656598
-2.560933665
-2.5665438
-2.568898105
-2.573020288
-2.580980741
-2.588026522
-2.601226408
-2.603643796
-2.605108369
-2.609947706
-2.620994789
-2.622583566
-2.642218501
-2.642271992
-2.64646092
-2.647969638
-2.66468704
-2.665244903
-2.673299574
-2.70227066
-2.705710639
-2.7242657
-2.727656753
-2.72819432
-2.740921988
-2.745931489
-2.772436568
-2.784305823
-2.786683356
-2.790968339
-2.794572247
-2.814750852
-2.825110464



Nme2
Lgalsl
Nploc4
Ncdn
Dnajb4
Tnsl
Uba2
Cs
Palmd
Nael
Atp6vigl
Gpcepdl
Ahsal
Rpsa
Pdcd5
Glod4
Arpclb
Rpl3
Ptms
Toml
Pygb
Caspb6
C4b
Ube2t
Pcna
Txnrdl
Tjpl
Pdxk
Fgfl
Cda
Sorbs2
Ube2h
Ncald
Trmt112
Ggct
Lpp
Camk2a
Rpe
Pebpl
AlIB37181
Sntal
Candl
Zfand2b

-0.719149357
-0.720404598
-0.722189686
-0.724064067
-0.725209592
-0.727658014
-0.732729148
-0.734907481
-0.736371986
-0.736773377
-0.739031223
-0.739321302
-0.742761025
-0.743447694
-0.74548411

-0.746522791
-0.747427485
-0.74846067

-0.74944229

-0.751321693
-0.752754835
-0.752979763
-0.757513621
-0.759706676
-0.761121165
-0.762243327
-0.76473743

-0.765309701
-0.768494782
-0.771457086
-0.773542598
-0.773877131
-0.778836213
-0.779030272
-0.780422615
-0.780493229
-0.781226922
-0.789058973
-0.792215542
-0.792561905
-0.795053055
-0.795589594
-0.796171096

Raly
Pgm2l1
Gimap4
Hpx
Twfl
Clic4
S100a6
S100al13
Gbp3
Ubash3b
Serpinalc
Ppp2r4
Nqol
Crot
Pithd1
Crabpl
Aldh9al
Serpinalb
Pgd
Myh4
Ighgl
Bag5
Ddah2
Prosc
Dctn2
Psma7
Wwe2
Ceslf
Enophl
Serpinale
Calb2
Gbp2
Lta4h
Akrlbl10
Gmpr
Iahl
S100a4
S100all
Afm
Fabp4
Akr1b3
Ctsz
Psatl
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-2.837425859
-2.839948606
-2.85586429

-2.877435275
-2.882512429
-2.898768455
-2.909033106
-2.913432244
-2.91774595

-2.926806179
-2.934689146
-2.937792136
-2.963358706
-3.000547924
-3.017935931
-3.041192357
-3.050854003
-3.055312605
-3.066424332
-3.073645626
-3.083689818
-3.128913397
-3.161634543
-3.167174967
-3.195939645
-3.204729678
-3.221641639
-3.236346695
-3.257637974
-3.292056518
-3.32679942

-3.329148743
-3.44311173

-3.572539345
-3.703229907
-3.741288541
-3.749418886
-3.802006546
-3.803279443
-3.811923073
-3.885497896
-3.909115525
-4.342848622



Supplementary file 2.

List of differential expressed axoplasmic proteins in peripheral projection after sciatic

nerve injury.

label
Chil3
Tnc
Argl
Lcn2
Thbs1
Ybx2
Spock?2
Lspl
Serpina3a
Hp

Ctss
Fga
Ckap4
Gap43
Mnda
Earl
Ccl6
Yyl
Fgb
Fgg
Igf2bp2
Hecls1
S100a8
Pglyrpl
Psap
Itih4
Tnxb
Sf3a2
Hmgb2
S100a9
Dpt
Lgals3
Camp
Mlec
Gripapl
Stmn3
Tmpo
Hist1h4;j
Col6a2
F2

Mean_SNAvsSham

2.404548215
1.99395124

1.951169798
1.674484233
1.646028367
1.625433371
1.552934178
1.493529691
1.482191533
1.474782567
1.468814519
1.412295594
1.397721625
1.397500049
1.391751684
1.390334538
1.377701934
1.372105623
1.322363602
1.318352285
1.289466067
1.229659566
1.217185476
1.200531737
1.161912799
1.13910733

1.136248158
1.121362553
1.086697045
1.069502833
1.050745715
1.049309653
1.048756892
1.043906882
1.032654717
1.02888942

1.01932624

1.014203872
1.013942652
1.008527221

label
Gmds
Adssll
Hrspl2
Asrgll
Casql
Cyfipl
Gpil
Ap2a2
Dnajb4
Nqol
Kif27
Pygm
Gart
Flnc
Aspa
Psmd3
Ap2al
Ctps2
Plekhbl
Eif3c
Nckapl
Comt
Egflam
Cadps
Nedd4
Nrdl
Arhgap5
Vwal
Drg2
Acss2
Pygl
Rpl6
Gstml
Copa
Nploc4
Dpepl
Prkca
Cul4b
1fi47
Cdc42bpb
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Mean_SNAvsSham

-0.417442943
-0.425011028
-0.439397905
-0.444696271
-0.450020753
-0.450192524
-0.462188056
-0.468095193
-0.473856501
-0.482536825
-0.487166841
-0.488585629
-0.508584702
-0.509836887
-0.520520221
-0.527661221
-0.528972515
-0.529581985
-0.55610453
-0.557053171
-0.559354609
-0.563083775
-0.565702721
-0.566065245
-0.567587347
-0.573107375
-0.57392594
-0.576207496
-0.580240895
-0.58037249
-0.589828863
-0.594905967
-0.595371442
-0.5989398
-0.604723615
-0.608325256
-0.612696162
-0.613797918
-0.617700183
-0.622003402



Gabpa
H313b
Fermt3
Hmox1
Npc2
Nfyc
Hmgn5
Ldb3
Snrnp70
Aatk
Snap25
Parvb
Stmn2
Col28al
Apoh
Was
Hdac3
Gm4788
Aldh2
Clu
Smarcc2
Atplbl
Al607873
Htatip2
Pspcl
Th

Glgl
Rplpl
Ndrg4
Cd93
Lgals9
Prune2
Mybbpla
Myl9
Ccdc124
Fubp3
Llcam
Srsf4
Serpinfl
Edf1
Cadm4
Ddc
Mxra8
Ctsd
Snx30

App

0.974930708
0.974516045
0.972251213
0.966698884
0.965403336
0.964431707
0.963875406
0.956105724
0.934618536
0.933158495
0.928485909
0.924571104
0.923318088
0.912925174
0.886972764
0.886282435
0.886144734
0.883342725
0.877141838
0.861548829
0.860762214
0.856054656
0.855895646
0.827754796
0.826475351
0.816398018
0.801485186
0.800613231
0.799709203
0.796943497
0.79056729

0.786624887
0.784502204
0.781104695
0.780500626
0.770429037
0.770236832
0.762112374
0.758928472
0.757995429
0.754150865
0.74912618

0.734297852
0.729746061
0.729032393
0.724459377

Glipr2
Myol8a
Wasf2
Xpnpepl
Prdx6
Capg
Srp68
Entpd2
Rps17
Pygb
Hnrnpul2
Rpl23
Naal6
Genlll
Gitl
Dpysl4
Iahl
Cltc
Sf3bl
Iqgap2
Nt5e
Myh14
Chat
Capnl
Steap3
Aldhlal
Rbbp9
Arhgef7
Gbp7
Emll
Ap2ml
Hnrnpu
Ppmlg
Rpsl13
Prkaa2 or 1
Osbpl3
Gsttl
Pgml
Hmgbl
Osbp
Prkacb
Rpl9
Ddx42
Acot2
Ddx17
Prked
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-0.624471862
-0.625515975
-0.626149553
-0.633206247
-0.638213039
-0.638984176
-0.640496609
-0.641636186
-0.642934836
-0.645737178
-0.64801316

-0.649298567
-0.65001008

-0.659035837
-0.661240171
-0.666599506
-0.668523782
-0.668657183
-0.671116792
-0.671139316
-0.67136247

-0.671456626
-0.672827203
-0.672998569
-0.680105542
-0.681400099
-0.688948601
-0.689570354
-0.692127508
-0.692239924
-0.694037232
-0.696882095
-0.697940101
-0.699175513
-0.699273821
-0.699987486
-0.700327016
-0.70220601

-0.718973095
-0.720180025
-0.726436607
-0.728962749
-0.733975633
-0.734838996
-0.735670352
-0.736832675



Kctd8
Dhrs4
Ptpn6
Cfap36
Bicdl
Pdia6
Rab3a
Ccdc92
Ubl7
Rplp2
Syn2
Acatl
Lyz2
Caprinl
Dctn2
U2afl
Apoe
Mcam
Arhgdib
Prnp
Dab2
Cadm3
Doc2b
Plcxd3
Septl1
Ctsb
Ppib
Hnrnpa2bl
Pcna
Dynlrbl
C4bp
Nono
Atfl
Ndrg3
Sod2
Corola
Phf24
Fefl3
Sf3al
Sept6
Cdh2
Ptprf
Fus
Igfbp7
Cntnap2
Psmb10

0.717269556
0.715884031
0.713701561
0.708825425
0.705853425
0.699856589
0.698699632
0.690312461
0.687913434
0.68781822

0.686598361
0.682199646
0.675808151
0.667977736
0.663802949
0.659672191
0.658666732
0.656818688
0.649532688
0.648604837
0.639601103
0.638728895
0.638547859
0.629769622
0.628856214
0.626260182
0.622180269
0.622067923
0.619691305
0.617147852
0.612575161
0.608275533
0.607996002
0.606059634
0.605081028
0.601289098
0.599021764
0.595854666
0.593445637
0.581116069
0.578147304
0.576460883
0.573856399
0.572914769
0.57217722

0.569671752

Fasn
Nubl
Str
Eif3a
Flna
Rtcb
Ttc37
Iqgap3
Ephx2
Acaca
Pgm2l1
Jup
Arhgap35
Hspalb
Hectdl
Rpsl6
Rpll5
Aplml
Rock2
Smcla
Acol
Aplgl
Dnm3
Asapl
Hspg2
Myh9
Rnpep
Rfk
Vps45
Tlnl
Vps53
Cdké6
Rps4x
Gnll
Dhx9
Myh10
Smoc2
Cul3
Itih5
Mink1
Oplah
Cyfip2
Dync1hl
Eprs
Snx2
Abcab
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-0.747674833
-0.750696197
-0.750828308
-0.751318132
-0.751520276
-0.753556178
-0.755652636
-0.759273401
-0.761798491
-0.772875712
-0.781229552
-0.784428061
-0.784751061
-0.785327477
-0.787742437
-0.789124762
-0.791577413
-0.794623665
-0.799139947
-0.801767218
-0.807014272
-0.826756644
-0.828756633
-0.841718177
-0.847285633
-0.853313484
-0.855594723
-0.867326374
-0.878358003
-0.884187253
-0.886328065
-0.890786679
-0.891142805
-0.893269838
-0.894668546
-0.900985837
-0.909723012
-0.911653497
-0.91545379

-0.916735069
-0.921030443
-0.924793134
-0.930419488
-0.935425744
-0.942147937
-0.944190712



Dtd2
Thbd
Ctsc
Btf3
Sf3b2
Lbp
Hspdl
Chil
Col6a3
Dynltlc
Ywhag
Erp44
Psmb8
Calr
Manf
Cdhl
Etfa
Rbbp4
Pa2g4
Hspa5s
Epha2
Hexa
Kcnab2
Trim28
Pafahlbl
Sfpq
Ltf
Ank2
Synl
Hspal4
Sept3
Sept8
AtpSb
Serbpl
Pitpncl
Eno3
Sept9
H2-Q7
Pgam?2
Sept2
Sept5
Calu
Got2
Rpsl5
Agl
Mybpc3

0.569274122
0.565929493
0.556394046
0.555862308
0.552636944
0.550111487
0.547020019
0.546172621
0.535536496
0.533397122
0.531965568
0.528410827
0.524239769
0.523986689
0.523142946
0.511139476
0.510468265
0.500970149
0.497406517
0.49661535
0.490377451
0.490233137
0.488744325
0.488386176
0.48046684
0.466828248
0.447317712
0.440941742
0.417909608
0.394425463
0.390704551
0.343863876
0.31821494
0.313807693
0.308626721
0.278017895
0.264743528
0.243703483
0.237862582
0.202951439
0.064510847
-0.030684751
-0.098802109
-0.272505157
-0.333611938
-0.339623113

Myolc
Usp8
Sec23a
Vars
Gbp9
Dip2c
Rpl18
Rps25
Prepl
Lrrc47
Abca8b
Crabpl
Rabep2
FInb
Snx1
Rpll7
Rpl28
Fabp7
Eftudl
Emc8
Ckmt2
Rps23
Acly
Ddx1
Atp2al
Eif3d
Sec31a
Abca9
Rpl35
Nfl
PIs3
Lars
Chadl
Slc25a4
Rpl35a
Myo5a
Ubash3b
Rpll13a-psl
Rpl7
Ppie
Thrap3
Actbl2
Rpl21
Smad?2
Rpl18a
Hnrnpll
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-0.949209098
-0.951200654
-0.953144496
-0.957636335
-0.959325638
-0.961777763
-0.975585213
-0.991881897
-1.017563503
-1.019070179
-1.025551032
-1.051486422
-1.057320336
-1.058048798
-1.080142955
-1.110512961
-1.121416353
-1.126710444
-1.127139755
-1.134002651
-1.134735849
-1.150415483
-1.154042472
-1.156319819
-1.179758878
-1.180066587
-1.183334972
-1.22662305

-1.255071096
-1.280384509
-1.287506905
-1.296817701
-1.309669058
-1.365891002
-1.458764937
-1.468622648
-1.48385343

-1.485344079
-1.51988083

-1.521660764
-1.547803364
-1.575297706
-1.588313236
-1.594233736
-1.835262064
-1.879071253



Dyncllil -0.344718026 Rpl10 -1.903272086

Vdac2 -0.357493944 Rpl8 -1.988433017

Vps52 -0.380118849 Ttn -2.770178371

Hdgfrp2 -0.391804552 Svip -3.751553019

Myom?2 -0.398311538 Ctsz -4.271892241
Supplementary file 3.

List of differential expressed axoplasmic proteins in central projection after spinal cord
injury.

label Mean DCA vs Lam label Mean DCA vs Lam
Ctsz 3.56540782 Ogdh -0.573661
Tbeldl5 2.6876041 Serpinald -0.5770469
Ablim3 1.83477015 Atplbl -0.6244634
Pcp4ll 1.73488414 Cndp2 -0.6334101
Rpl8 1.46565357 Trim3 -0.6340729
Ccdc43 1.46090522 Lman?2 -0.6407383
Svip 1.11143053 Ckmt2 -0.6418153
Chmpla 1.10587587 Tmpo -0.6566509
Chmp3 0.98574285 Elmol -0.6605454
Alyref 0.81450943 Dazapl -0.6646165
StatSb 0.80208118 Tppp -0.6666419
Psmel 0.77605025 Ezr -0.6679762
Rpl18 0.68402154 Aimpl -0.6703283
Gm4978 0.6435627 Aldh7al -0.6717901
Psmf1 0.62822147 Hspel -0.6770718
Mpz 0.61651559 Ptkl -0.6834427
Rps6 0.61522587 Acp5 -0.7105367
Gnpda2 0.60894839 Spint! -0.7114785
Brec3 0.56178501 Ptgds -0.7168077
Rpl6 0.54904497 Rdx -0.7254503
Rplpl 0.49604171 Slc25a3 -0.7333653
Rps2 0.48431267 Hars -0.7541913
Psme2b 0.48093641 Tra2b -0.7621285
2610002MO6Rik  0.41755158 Dnajbl -0.7735011
Fntb 0.41694713 Gnal2 -0.7739069
S100b 0.29768231 Rnf14 -0.7851447
Dnml 0.0081366 Nsf -0.887002
Hipl -0.2569861 Fermt2 -0.9006933
Cul3 -0.3688945 Gars -0.9041448
Col2al -0.4386275 Ugp2 -0.9143234
Pacs2 -0.4538012 Abat -0.9304452
Epb42 -0.4609538 Pacsin3 -0.9583567
Aco2 -0.4767873 Ccdc50 -0.9654752
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Gnaol
Kctd12b
Ruvbl1
Saal
Sept6
Serpinale
Ltf

-0.4894393
-0.4993833
-0.522961

-0.5267223
-0.5579586
-0.5591164
-0.5708244

Supplementary file 4.

List of differential expressed genes in L4-L.6 DRGs after sciatic nerve injury (SNA vs

sham

Gene Name
Saal
Cd207
Npy
Cckbr
Ankrdl
Fef3
Sprrla
Serpinel
Saa2
Gprl51
Procr
Tmem8&8b
Atf3
Gadd45a
Bambi-psl
Areg
116
Rinl
Serpinblc
Flirt3
Gm5152
Slc6ad
Speerdb
Gfap
Mchrl
Aim2
Soxl11
Semab6a
Chrna5
Plaur
Gm266
Pmaipl

logFC
3.6646
3.6106
3.2743
3.0924
2.8735
2.8517
2.8037
2.7962
2.762
2.7373
2.7119
2.7037
2.6237
2.5958
2.5725
2.5548
2.4861
2.4657
2.4292
2.3221
2.2192
2.1806
2.1109
2.0953
2.0802
2.0233
1.9454
1.9412
1.8928
1.8348
1.8008
1.7775

Ddx6
Dlst
Aldh2
Myl10
Oat
Chidl
Nsdhl

Gene Name
Slc25a40
Dnittip2
Betll
Rabl11fip5
Pdf
Brd2
Bud31
Spsb4
Slc2a3
Pfn2
Zbtb38
Zfand5
Polr3h
Zfp839
Agtrap
Ppplrl8
Alyref
Spefl
Nifk
C2cd2
D11Wsu47e
2610001J05Rik
Zfp874a
Hmgcs1
Sysl
Srsfs
Cnbp
Znhit3
Slc2al
Fgl2
Sf3b6
2010012005Rik
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logFC
0.38037
0.37982
0.3796
0.37921
0.37902
0.3785
0.37796
0.37753
0.3764
0.37638
0.37623
0.37586
0.37584
0.37564
0.37523
0.3745
0.37416
0.37387
0.37358
0.37331
0.37317
0.37317
0.37289
0.37288
0.37274
0.37256
0.37202
0.3716
0.37153
0.37027
0.36985
0.36957

-1.030508

-1.0532864
-1.0835263
-1.1485213
-1.2007672
-1.3843374
-1.7470472

Gene Name
Lpin2
Gpr22

Atp5gl
Sema4b
Ber
Gprl37
Golim4
Kcenip3
Tpgs2
Lgi3
Cntn3
Scnl0a
Top3b
Rabacl
Pfkm
Grbl4
Spg7
Colla2
Unc5c
Pde4dip
Slitrk4
Magil
Cyp2j12
Trim3
Lrrtm2
Mvb12b
Mink]1
Atxn2
AU040320
Pcyox11
Fam173b

Hdgfrp2

logFC
-0.38641
-0.38646
-0.3867
-0.38676
-0.38691
-0.38806
-0.38806
-0.3889
-0.38955
-0.38989
-0.39047
-0.39076
-0.39081
-0.39084
-0.39103
-0.39143
-0.39163
-0.39208
-0.39233
-0.3926
-0.39276
-0.39301
-0.39338
-0.39385
-0.39386
-0.39454
-0.39481
-0.39485
-0.39487
-0.39509
-0.39527
-0.39538



Tchh
Fst
Smim3
Ccl7
Rnd1
Ecell
Igfbp3

A630023A22Rik

Tnfrsf12a
Colec10
Gm12250
Rasll1a
Gm4952
Tmcl
Mcoln2
Ano7
Pla2g2d
Bhlhe22
Steapl
Gm9905
Vash2
Tpbg
Sox9

C230012017Rik

S1fn9
Oacyl
Adcyapl
Cebpd
Cited2
Ccll2
Tuscl
Gal
Lrrcl5
Slamf1
Csfl
Msh6
Uck2
Sectmlb
Triml5
Ccl8
Stmn4
Frat2
Phldal
Itprl
Serpinbla
Saa3

1.775
1.7652
1.7564
1.7491
1.7438

1.74
1.7395
1.7254
1.7246
1.7231
1.6968
1.6966
1.6868
1.6597
1.6567
1.6325

1.624
1.6198
1.5903
1.5889
1.5886
1.5738
1.5646
1.5628
1.5518
1.5485
1.5298
1.5254
1.5251
1.5231
1.5147
1.5088
1.5021

1.502
1.4986
1.4983

1.497
1.4916
1.4811
1.4801
1.4686

1.461
1.4578
1.4564
1.4273
1.4177

Ccdc38
Txnrdl
Nmd3
Chp2
Lsm14b
Slc16al
Rnf181
Gm16731
Tfe3
Rnhl
Zfp687
Nptx2
Lipol
Trmt10c
Chl1
Slc7a5
Tub
Trmt6
Chchd2
Mettl7a3
Tob2
Cd1d1
Snx10
Gcsh
Calcrl
Fastkd3
Zprl
Cyb561dl1
Tmem41b
Zfp46
Clgbp
Ythdf2
Frmd8
Pip1
Sbds
Myola
CIn8
Arf2
Etf1
Hoxb5
Pdcd5
Crebzf
Cspg5
Cnst
Ttyhl
Pla2g3
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0.36936
0.36934
0.36922
0.36858
0.36849
0.36747
0.36721
0.36719
0.36565
0.36458
0.36447
0.36428
0.36302
0.36281
0.36247
0.36218
0.36198
0.36161
0.36154
0.36136
0.3613
0.36091
0.36048
0.36038
0.36021
0.36004
0.35961
0.3595
0.35949
0.3594
0.3588
0.35863
0.35845
0.35839
0.35813
0.35793
0.35792
0.35791
0.35772
0.35709
0.3563
0.35611
0.3561
0.35586
0.35478
0.35471

Mpp2
Entpd6
Naa60
Fmnl1
Rapgef2
Limkl1
Dip2a
Nodl

4930412C18Rik

Wiz
Sorcs3
Ptprs
Toml12
Pla2g6
Fam53b
St3gal5
Plekha6
Igsf8
Dhx30
BC023829
Atpla3
Spire2
Zbtb20
Mcm3ap
Ksrl
Mrpl44
Vpsl8
St8sial
Rusc2
Mrps9
Teskl
Pitpnm?2
Pgbd5
Gnb2
Rgs3
Algl
Agl
Btrc
Stard9
Usp54
Zfp286
Ints3
Chd2
Ubr4
Tepl
Acaa2

-0.39572
-0.39646
-0.39753
-0.39764
-0.39775
-0.39814
-0.39825
-0.39858
-0.39861
-0.39882
-0.39885
-0.39886
-0.39929
-0.3998
-0.39989
-0.39992
-0.40018
-0.40038
-0.40068
-0.40115
-0.40126
-0.40181
-0.40193
-0.40235
-0.40244
-0.40261
-0.40319
-0.40326
-0.4034
-0.40344
-0.40353
-0.40449
-0.40453
-0.405
-0.40515
-0.40594
-0.40601
-0.40647
-0.40752
-0.40757
-0.40776
-0.40785
-0.40785
-0.40806
-0.4087
-0.40902



A930012016Rik
Srxnl
1700084C0O1Rik
Lrrc10b
Lmo7
Star
Satb2
Tifa
Zfp367
Gm4841
Sez61
E130012A19Rik
AWO011738
Mirl7hg
Ol1fr920
Creb314
2310039HO08Rik
Fhadl
ligpl
Dancr
Clqtnf9
Fam227a
Adam8
Jun
Mmpl6
1£i205
Rnf122
Txk
Tkzf4
Haol
BC023105
Ifitl
Timpl
Socs3
ElI3
Shisa9
Mex3a
Rgs20
2810408A11Rik
Col6as
Tmem184a
Spag8
Camkl1
1fi204
Zfp772
Tubb6

1.4166
1.4124
1.408
1.4078
1.4056
1.3918
1.3858
1.3696
1.3586
1.3585
1.3567
1.3509
1.3459
1.3356
1.3349
1.3343
1.3159
1.3059
1.2967
1.2938
1.2866
1.2841
1.2668
1.264
1.2636
1.2578
1.2576
1.2543
1.2526
1.2517
1.2475
1.2388
1.2321
1.2219
1.218
1.2173
1.217
1.2091
1.2035
1.2031
1.1999
1.1842
1.1816
1.1677
1.1662
1.1633

Rab8b
Hoxb9
Rps2
Aphla
Rhov
Nopl4
Dazapl
Csrnp2
Zfand2a
Pgp
Pkd113
Impdh2
Slc39al14
Nip7
Cdk4
Rnfl1
Bbs5
Coll6al
Pdpn
Tsc22d1
Cstf2t
Snipl
Scyl3
Rprm
Lrigl
Ehdl
Tmem167b
Slc37al
Nmi
Gm12352
Pfkfb3
Rnd3
Gm17130
Utp3
Amdl
Arpc2
Hnl
Nudtl6
Tgfa
Cox18
A330050F15Rik
Csnklg3
Insigl
Mat2a
Fam171b
Ifitm3
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0.35454
0.35448
0.35444
0.35422
0.3535
0.35334
0.35333
0.35308
0.35305
0.35247
0.35134
0.34997
0.34988
0.34961
0.34937
0.34912
0.34888
0.34844
0.34831
0.34818
0.34808
0.34777
0.34763
0.3476
0.34754
0.34742
0.34738
0.3473
0.34691
0.34683
0.34672
0.34671
0.34645
0.34633
0.34626
0.34606
0.3458
0.34553
0.34508
0.34464
0.34463
0.34381
0.34352
0.34309
0.34298
0.34239

Mgat4a
Nimlk
Gsn
Focad
TtlIS
Glgl
Pidka
Ank2
Phactrl
Cd97
Mrpl4
Gdpd5
Crip2
Tenml
Dzipl
Pfkl
6430573F11Rik
Cysl
Ncorl
Igsec2
Agk
Nxpe3
Dock3
Clstn3
Map2k2
St5
Kl1hl32
Rbfox3
Fam149a
Rgsll
Hrasls
Ap2al
Ip6k1
Tcn2
Ccem?2
Rasgrpl
Fryl
Elmod3
Fbxw7
Zdhhc8
Acadll
Sema7a
Rnf216
Gramdlb
Fars2
Gpr26

-0.40914
-0.40925
-0.40945
-0.40978
-0.40985
-0.41049
-0.41077
-0.41135
-0.41172
-0.41239
-0.41282
-0.41283
-0.41295
-0.41342
-0.41356
-0.41391
-0.41447
-0.41456
-0.4149
-0.41588
-0.41623
-0.41644
-0.41668
-0.41686
-0.41689
-0.41695
-0.41749
-0.41765
-0.4179
-0.41817
-0.41827
-0.41849
-0.4186
-0.41867
-0.41916
-0.41963
-0.41975
-0.4198
-0.42011
-0.42021
-0.42117
-0.42145
-0.42163
-0.42203
-0.42209
-0.42219



Rassf10
Mstn

Qrfpr

2010003K11Rik

Foxd3
Liph
AA987161
Chacl
Bex4
Ch25h
Gm15035
Sox7
Fosll
Mx1
Gm14273
Arc
Rras2
Tphl

A730056A06Rik

Gm14057
Tubalc
Shh
Snhgl
Csrnpl
Nfil3
Famllla
Itgae
Tmem43
Btnl5-ps
Dnajb3
Mycn
KIf6
Mboat4
Serpinb5
Tmem74b
Rasef
Gm26708
Mx2
Rhoq
Pppl1r36
Glis3
Ketdl1
Mex3d
Uspl8
Slc44as
Exoc312

.1623
.1616
1597
1551
1542
.1536
.1529
.1434
1395
.1368
1363
1347
.1345
1342
1291
1282
.1245
.1229
1.113
1.1124
1.1106
1.1086
1.1076
1.106
1.1029
1.1026
1.0995
1.0931
1.0914
1.0882
1.0834
1.0827
1.0757
1.0754
1.074
1.0704
1.0683
1.0659
1.0606
1.0593
1.0591
1.058
1.0579
1.0578
1.0564
1.0556

Faml136a
Rab31
Miefl

Gas5
Magehl
Spesl
KIf16
Daxx

Ppplrl5b

Mcurl
Bakl
Zxdc

Akirinl

Abhd5

Nufipl

Femlc

Nr2c2ap

Arl6ipl
Rela

Swsap1
Sfipl

Gtf2al

Hspa5s

Rab33b

Rnf44

Pa2g4
Cdyl

Gtpbp2
Pagl

Gm16279
Ddx10
Polrle
Rpl12
Naa25
Pvrl3

Ube2gl
Phf23
Tmx1

Prkab2
Nudt4
Pnrc2
Itgbl
Ahcy

Rasgrf2

Ebp
Ube2el
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0.34146
0.34138
0.34109
0.34078
0.34008
0.33998
0.33997
0.33971
0.33934
0.33897
0.33845
0.33831
0.33824
0.33734
0.33705
0.33668
0.33637
0.33623
0.33569
0.33557
0.33535
0.33507
0.33482
0.33403
0.3334
0.33324
0.33323
0.33275
0.33138
0.33133
0.33049
0.33018
0.32986
0.32961
0.32951
0.32915
0.32893
0.32893
0.32885
0.32817
0.32752
0.32698
0.32632
0.32577
0.32535
0.3253

Ndufv3
Fam126b
Dis312
Ssscal
Ralgapb
Myold
Zmiz2
Ercl
Mpst
Fbxo41
Gas6
Ift172
Gm5069
Fam98c
Fntb
Acaca
Abcb8
Mrpl45
Ptovl
Lrrc49
Med24
Ephx1
Ctnnbl1
Eya3
Ubap2
Abtb2
Fibin
Huwel
Gfodl
Cizl
Fxyd7
Pdcdl11
Tenm?2

B230217012Rik

Gm17029
Fxr2
Slc6al7
Ambral
Mtcll
Tmem150b
Aplbl
Keng5
Frs3
Pkdl
Tcf20
Inadl

-0.42225
-0.42226
-0.42303
-0.42311
-0.42318
-0.42342
-0.42358
-0.42402
-0.42424
-0.42477
-0.42493
-0.42533
-0.42535
-0.42565
-0.42567
-0.42586
-0.42612
-0.42724
-0.42742
-0.42836
-0.42858
-0.42878
-0.42925
-0.42945
-0.42948
-0.42956
-0.42964
-0.42985
-0.42996
-0.43023
-0.43028
-0.43063
-0.4309
-0.43092
-0.43098
-0.43101
-0.43123
-0.43155
-0.43169
-0.43258
-0.43266
-0.43286
-0.43314
-0.43388
-0.43432
-0.43433



Rps19-ps3
5330438D12Rik
Cdtl
Cd14
Cebpb
Mocs3
Slpr2
Higdlb
9230105E05Rik
Duspl
Fegrl
Gm12976
Ifrdl
Myc
Prrl5
Dnalil
Caspb6
2700046G09Rik
Ip6k3
Zbpl
Fam210b
Bhlhe41
Piml
Rsad2
Nts
Arid5a
Ptgdr2
FrmdS8os
Fam60a
Fosl2
Gm16277
Zfp697
Ccdc96
St6galnac4
Sdcl
Gm26617
Gm4425
Tes
Ppplr3d
Cd3eap
Mir22hg
Kank4os
Ets2
Sap30bpos
4930455G09Rik
Gm715

1.0538
1.0533
1.0531
1.0522
1.0519
1.0437
1.039
1.0371
1.0338
1.0337
1.0322
1.0321
1.0316
1.0288
1.0271
1.0225
1.0212
1.0176
1.0164
1.0138
1.0088
1.0055
1.005
1.0045
1.002
0.99339
0.99107
0.98739
0.98527
0.98188
0.97971
0.963
0.96069
0.96012
0.95662
0.95484
0.95342
0.95107
0.95053
0.94932
0.94275
0.94137
0.94047
0.93944
0.93832
0.93512

Jak2
Atf5
Ofdl1
Zbtb33
Samhdl
Rab39
Syt12
2810403A07Rik
Tdg
Sqle
Set
Cars
Caprin2
Anp32b
Tmem79
Srpl4
Tax1bp3
P4ha3
Zfp37
Ddx3x
Cdv3
Gm16973
Itgb8
Fam129b
Taf7
Clicl
Med8
Pex5
Hspal2b
Klhi21
Rchyl
Tysndl
Tyw5
Gm26631
Calml4
Usp38
Nt5e
Dnajc2
Siahla
Rgag4
Bratl
Ypel5
Abcb10
Prr13
Zfp251
Gnai3
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0.32512
0.32453
0.32428
0.32425
0.32418
0.32409
0.32359
0.32347
0.32302
0.32285
0.32274
0.32266
0.32258
0.32196
0.32195
0.32186
0.3216
0.32115
0.32026
0.32017
0.31931
0.31834
0.31809
0.31798
0.31766
0.31762
0.31683
0.31672
0.31669
0.31639
0.31636
0.31559
0.3155
0.3155
0.3154
0.31524
0.31399
0.31389
0.31386
0.3131
0.31183
0.31085
0.31067
0.31064
0.31028
0.31006

Hcertr2
Atpl13a2
Slc19al
Csnklg2
Pigo
EmlI2
Pomtl
Madlll
Lrpl
Sbf2
Lamtor4
Fxyd2
Sfswap
Sh2d3c
Tencl
Srrm?2
Aco2
Rgs8
Acsbgl
Grinl
SlcoSal
Cad
Pigz
Vstm2a
Cntnap4
Prrgl
Stk32c¢
Zswim§
Cryab
Hcen3
Ache
C2cd3
Asicl
Gne
Wdr4
Ap2bl
Exoc4
Trim45
Pigb
Pnpla6
Mgatl
Lrrc16b
Amph
Arhgap24
Hivepl
Sipalll

-0.43461
-0.43489
-0.43502
-0.43526
-0.43547
-0.43593
-0.43636
-0.43637
-0.43668
-0.43679
-0.43694
-0.437
-0.43739
-0.43787
-0.43793
-0.43824
-0.43902
-0.43911
-0.43937
-0.43939
-0.43993
-0.43998
-0.44021
-0.44058
-0.4407
-0.44174
-0.44175
-0.44177
-0.44249
-0.4435
-0.4436
-0.44375
-0.4439
-0.44398
-0.44502
-0.4454
-0.4467
-0.44693
-0.44721
-0.44832
-0.44854
-0.44958
-0.4496
-0.45207
-0.45218
-0.45262



Epb4.114a
Tmem30b
Gm13483
Faml110a
Npylr
Ugdh
Lrtm?2
E230013L22Rik
Lceba
Marcksll
mt-Tt
Zbtb42
Gm20204
Gm14866
Usp27x
Fam181b
Arhgefl5
Aifl
Dnah10
Gm15743
Vef
Slc29a2
Pvr
F630040K05Rik
Gm15655
1700109HO08Rik
Tet3
Gm16093
4632434111Rik
Shisa2
Oasll
Zfp36
Irx3
Mapkbpl
9130230N09Rik
Gm10638
Smad1
Itpke
Midn
Otud1
Sik1
Irgml
Gm16034
Fndc4
Akr1b8
Hmgb3

0.93466
0.93392
0.93354
0.932
0.93182
0.93167
0.93137
0.93085
0.93085
0.92834
0.92795
0.92707
0.92554
0.92378
0.92271
0.92184
0.92168
0.92081
0.91754
0.91754
0.91623
0.91613
0.91407
0.9115
0.90799
0.90372
0.90362
0.90311
0.90176
0.90174
0.90004
0.89981
0.89801
0.89621
0.89404
0.89261
0.89158
0.89069
0.88992
0.88979
0.88807
0.8879
0.88696
0.88579
0.88536
0.88439

Bmil
Ccdcl174
Psma4
Tledl
Suv39hl
Wipfl
Lrrc47
07-Mar
Paklipl
Serinc5
Apexl
Fxyd3
Slc35e3
Srp9
1110rb
Rmnd1
Mienl
Rraga
Fbxwl1l1
Sdccag3
Pfnl
Clpx
Plod3
Slc36a4
Necap2
Snapc2
Goltlb
Drl
Anob
Cdr2
Rwdd2b
Dnajc7
Dcaf10
Grk6
Pdel2
Mé6pr
Eifde2
05-Mar
Abcel
Pigm
Hnrnpf
Pop4
Xbpl

Tmem120a

Pgam5
Dnajb9
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0.3099
0.30966
0.309
0.30899
0.30883
0.30849
0.30844
0.30826
0.3082
0.30816
0.30815
0.30808
0.30743
0.30649
0.30644
0.30596
0.30583
0.30476
0.30387
0.30334
0.30302
0.30272
0.30247
0.30229
0.30166
0.30138
0.30116
0.29942
0.29927
0.29871
0.29833
0.29822
0.29776
0.29766
0.29737
0.29725
0.29702
0.29676
0.29654
0.29562
0.29467
0.29435
0.29425
0.29318
0.29317
0.2927

Tmeml31
Svop
Pacsinl
Dcakd
Abcc5
Caskinl
Abcb4
Carl0
Slc10a7
Iglon5
Nat9
Fchsdl
B3galtl
1700071M16Rik
Atgl01
Depdc5
Mrgprd
Gm11739
Fgf9
Etfb
Gm12371
R3hdm2
Thopl
Med25
Gprcsce
Galnt10
Ccl27a
Corola
Rnf32
Abcd2
Ube2o0
Rxrg
Fam73b
Gprl62
Tesc
Nol4
Ntngl
Arhgap27
Bcel7c
Tabl
Angell
Tceal3
Eepdl
Arhgef4
Ar
Slc6all

-0.45307
-0.45308
-0.45323
-0.45375
-0.45379
-0.45398
-0.45414
-0.45434
-0.45469
-0.45489
-0.45548
-0.45552
-0.45614
-0.4564
-0.45647
-0.45746
-0.45909
-0.45938
-0.45941
-0.45981
-0.46017
-0.46078
-0.46103
-0.46146
-0.46151
-0.46157
-0.46178
-0.4621
-0.4623
-0.46258
-0.46271
-0.46276
-0.46305
-0.46319
-0.46433
-0.46475
-0.46519
-0.46548
-0.46582
-0.466
-0.46623
-0.46715
-0.46745
-0.46748
-0.46778
-0.4686



Gm15050
Tnfrsflb
Tribl
Coil
Srrm4os
Sepnl
Gfral
Sh3bp2
Hoxa4
Lgals3
Tnfrsf10b
Gadd45g
Gprl19
ElI2
Gm14257
Cer5
Cx3ecrl
Tgifl
Lrat
Nabpl
9330160F10Rik
Gm13688
Stx11
Mafb
Kcne3
Tnip2
A130051J06Rik
Gm26643
Ter5
Bachl
Gm11549
Gm16170
Gm3510
Avprla
Fgf4
Fcnb
Gm15756
Galnt6
Gpr3
Gm7534
Pklr
Adamts1
Slc25a24
Cd63
Tm4sfl
Prcl

0.88426
0.88357
0.88318
0.88312
0.87978
0.8771
0.87444
0.87295
0.86968
0.86703
0.86574
0.86463
0.86328
0.86174
0.85961
0.85741
0.85628
0.85623
0.85595
0.85328
0.85151
0.85092
0.85051
0.84996
0.84989
0.84907
0.84903
0.84747
0.83846
0.83659
0.83608
0.83429
0.83429
0.83227
0.83217
0.83109
0.83063
0.83049
0.82853
0.82745
0.82653
0.8262
0.82556
0.82418
0.82295
0.8224

Mrto4
Htra2
0610031J06Rik
Rab23
Cltb
Zrsr2
Tspyll
Larplb
Crot
Gm26649
Zfpa51
Psme?2
U2afl
Pik3cb
Gm14325
Nmel
Sh3glbl
Ldhd
Zc3h7a
Fam76a
Hdgf
lars
Nhp2lI1
Tapbp
Wdr43
Ufdl1l
Exoc5
Akirin2
2410004B18Rik
Mibl
Baspl
Abhd17¢
Tnfrsf21
Ric8
Camk2n2
Cdc42ep2
Moblb
Cinp
Gars
Nsgl
Rbm43
Myolh
KIf13
Csgalnactl
Lrrc8a
Sc5d
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0.29207
0.29147
0.29142
0.29135
0.29111
0.29057
0.28951
0.28897
0.28855
0.28817
0.28808
0.28801
0.28785
0.28777
0.28721
0.28692
0.28655
0.28652
0.28589
0.28584
0.28582
0.28556
0.28542
0.28536
0.28483
0.28476
0.28436
0.28427
0.28406
0.28366
0.28335
0.28207
0.28153
0.28141
0.28101
0.28019
0.2801
0.27971
0.27946
0.2784
0.27794
0.27783
0.27772
0.27713
0.27671
0.27633

Gnal2
Hs3st2
Srprb
Sirt3
Parml
Zfp423
Cadm3
Usp20
Setdla
Brskl
Ttc3
Armc9
Prlr
Vgll4
Mgrnl
Epyc
Dagla
6430571L13Rik
Fbin7
Tpenl
Hdac5
Pgf
Cntfr
Cacng5
Prune2
Ror2
Tdpl
Cacna2d2
Gfra2
Apc2
Nsf
Bmprlb
Cdk2ap2
Plekhfl
Mta3
Tmcob
Clstnl
Ubac2
Dock6
Mrgpra2b
Epb4.1
Larp6
P1d3
PrrxI1
Bcas3
Actn4

-0.46892
-0.46893
-0.46919
-0.4693
-0.46995
-0.4704
-0.47136
-0.4719
-0.47212
-0.47236
-0.47266
-0.47298
-0.47309
-0.47328
-0.47346
-0.47404
-0.47438
-0.47529
-0.47534
-0.47603
-0.47621
-0.47625
-0.47662
-0.47703
-0.47746
-0.4775
-0.47768
-0.47794
-0.47811
-0.47928
-0.47933
-0.4795
-0.47998
-0.4807
-0.48085
-0.48129
-0.48154
-0.4817
-0.48178
-0.48346
-0.4837
-0.48381
-0.48476
-0.48485
-0.48654
-0.48657



Cd44
E130317F20Rik
Gabra5
1fi44
Histlh1ld
Lck
Scpeplos
Cdknla
Scpepl
Mex3b
Dbp
Dusp7
Taslr3
Soat2
Ptpdal
Fos
Ccl2
Fjx1
Itk
Gm20496
Vangl2
Csf2rb2
Gm14446
Cyplbl
Al467606
Rtp4
Wnt5b
Gm9866
Draxin
Gml17711
Il17ra
Incal
Gm13846
Itga7
Fam196a
4833418N0O2Rik
Nripl
Fads3
Tmem98
Hdx
Btg2
Abcal
Casp3
Bdnf
Wispl
Igtp

0.8212
0.8182
0.81817
0.81683
0.81376
0.81376
0.81353
0.8134
0.81303
0.81289
0.81191
0.81183
0.81044
0.81024
0.80828
0.80798
0.80718
0.80648
0.80274
0.80184
0.80105
0.80091
0.80075
0.80058
0.79822
0.79671
0.79619
0.78996
0.7899
0.78878
0.78823
0.78705
0.78666
0.7859
0.78433
0.78335
0.78297
0.78098
0.78044
0.78001
0.77928
0.77891
0.77764
0.77761
0.77696
0.77637

Sgtb
Savl
Serpl
Lasll
Hax1
Ogfr
Stam
Srsf3
Kitl
Csdc2
Osbpl8
Srsf6
Zfp110
Tubb2b
Gnl3

Trp53inp2

Gpsml
Trappc5
Dek
Tspyl2
Bdhl
Pank?2

Trp53inpl

Dvll

Faml15a

Wdr77
Nras
Dhx32
Triapl
Rock2
Stx12
Erc2

Tmem129

Ube2i
Ttc39¢c
Goraspl
Lhfpl2
Zfp954
Ube2d1
Dgkq
Tmecc3
Nbea
Ran
Clic4
Sehll
Fam32a
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0.27632
0.27585
0.27573
0.27558
0.27529
0.27524
0.27497
0.27458
0.27417
0.27261
0.27246
0.27242
0.27197
0.27173
0.27139
0.27122
0.27118
0.27037
0.27002
0.26977
0.26921
0.26905
0.26889
0.26874
0.26848
0.26829
0.26783
0.26768
0.26764
0.2674
0.26723
0.26698
0.26623
0.2659
0.26586
0.2657
0.26551
0.26522
0.26458
0.26445
0.26425
0.26405
0.26392
0.26363
0.2632
0.26283

Ablim2
Gsgll
3110056K07Rik
Epha7
Cachdl
Polrla
Jdp2
Tmc3
Mapre3
Phgdh
Vwa5Sb2
Plekha4
Ppplrl2b
Atp9b
Numal
Aifm3
Rpsl5
Apba2
Pdedd
Phka2
Kcnh7
Strada
Cnpy3
Deafl
Mcrsl
Gml16172
4930452B06Rik
Pias4
Cystml1
Hecwl
Kif19a
Dgkz
Micul
Smarca4
Creb3l1
Pdeda
Kcenjl2
Herc2
Plcb3
Mab2112
Ednra
Tnrc6b
Wasf3
Cnnml
Mertk
Rail

-0.48688
-0.48727
-0.48768
-0.48779
-0.48806
-0.48825
-0.48881
-0.48918
-0.48926
-0.4895
-0.4898
-0.48997
-0.49026
-0.49039
-0.49208
-0.49235
-0.49369
-0.49417
-0.49596
-0.49607
-0.4963
-0.49685
-0.49693
-0.49697
-0.49751
-0.4977
-0.49834
-0.49877
-0.49888
-0.4991
-0.49952
-0.49956
-0.50041
-0.50099
-0.50129
-0.50159
-0.50191
-0.50273
-0.5028
-0.50293
-0.50379
-0.50429
-0.50453
-0.50469
-0.50491
-0.50498



Ccdc60
Myol9
Myadm
Nmnat3
Arll6
Zbtb46
Azinl
Pkib
Mrfapl
Prkcdbp
Pik3cg
Tmem173
Rasdl
Zfp655
Scd4
Msrl
Phox2a

C230021G24Rik

Gprl19
Clec4n
Crem
Adora2b
Atg9b
Ms4a6d
Fbx122

A630052C17Rik

Btgl
Acpt
Eif5
Apln
Gm15706
Gpr85
Pou3fl
Gm12346
Ppplrlsa
Gnpnatl
Odcl
Mesdcl
Bestl
Slc7a3
Fadd
Cish
Zfp3612
Mrgbp
Cbx2
Pde7a

0.77586
0.7742
0.7738

0.77228

0.77016
0.7691

0.76879

0.76863

0.76636

0.76612

0.76585

0.76499

0.76301

0.76197

0.76184

0.75951

0.75951

0.75705

0.75554

0.75336
0.7526

0.75194

0.75189
0.7516

0.74994

0.74964

0.74856

0.74799
0.7465

0.74555
0.7428

0.74268

0.74159

0.73926

0.739

0.73857

0.73854

0.73798

0.73781

0.73633

0.73594

0.73578

0.73438

0.73429

0.73134

0.72986

Eiflad
Faml24a
Ptp4a2
Tbllxrl
Samd10
Snupn
Mex3c
Zfp639
Mrps7
Ctdsp2
Ncehl
Slc17a6
Cmip
Fbx13
Lgi4
Nlgn2
Psmc4
Trim35
Cnot6
Schipl
Fndc3a
Samd8
Hnrnpu
Efnal
Zmat2
Dclk1
Gtpbp4
Psme4
Eif3b
Nusl
Psmd8
Gnal3
Psme3
Glul
Rerl
Tcta
Sdcbp
Ssr3
Adam19
Maplle3b
Thumpd1
Stk16
CopsS5
Fuca2
Zdhhc?2
H2-D1
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0.26254
0.26231
0.26122
0.26086
0.2608
0.26047
0.26
0.25946
0.25942
0.25837
0.25829
0.25808
0.25788
0.25726
0.25703
0.25678
0.25635
0.25598
0.25488
0.25465
0.25384
0.25369
0.25336
0.25319
0.25256
0.25238
0.25213
0.25146
0.25141
0.25136
0.25071
0.25023
0.25019
0.24979
0.24968
0.24915
0.24858
0.2482
0.24814
0.24772
0.24711
0.24709
0.24671
0.24645
0.24466
0.24461

Raplgap
Dpp6
Detl
Cnih2
Chd6

Pik3r2
Pak4
Isl2
Arhgap35
Otoa
Fam20a
Kcnh2
Dos
Olfm2
Robol
Ankl
Kcnn2
Brinp2
Gtf3cl
Mrohl
Luzpl
Eml6
Trrap
Lmiln
Scafl

Tomm40

Ubl7
Krbal
Urgep

Mbp
Mark2

Calhm?2
Fnl
P4htm
Sesn3
Gaa
Ckb
Agap3

Trpcdap

Otud3
Rnf166
Mt3
116
Ndufall
Olfm3
Sptbn5

-0.50512
-0.50547
-0.50579
-0.50612
-0.50623
-0.5063
-0.50658
-0.50732
-0.50749
-0.50821
-0.50824
-0.51064
-0.51144
-0.51205
-0.51213
-0.51216
-0.51226
-0.51239
-0.51246
-0.51319
-0.51373
-0.51419
-0.51467
-0.51533
-0.51536
-0.51537
-0.51541
-0.51567
-0.51691
-0.51732
-0.51864
-0.5194
-0.51946
-0.52081
-0.52087
-0.52136
-0.52155
-0.52188
-0.52191
-0.52242
-0.52313
-0.5236
-0.52383
-0.52387
-0.52423
-0.52445



Gm7340
Parpl6
Gm4285
Plin2
Gem
Gm5531
Galnt3
Kcnmb4os2
Nlrc5
Rsadl
Tmem159
Rrsl
Marcks
Gm12043
Tnik
Trib3
Dok5
Zfp784
Slc26a8
Gnpda2
Aiml
Pxdcl
Gbp3
Rbml15b
Mapk6
KIf10
4930586N03Rik
Hotairm1
I113ral
Dgatl
CSarl
Il1rl
Hr
Heca
Btbd19
Manla
Mir3082
Parp3
Uck2
Gm10762
Fhl3
D3Bwg0562¢
Lat2
Wnt5a
A730085K08Rik
Tmigdl

0.72747
0.72329
0.72174
0.72008
0.71914
0.71762
0.71761
0.71581
0.71479
0.71146
0.71093
0.70989
0.70962
0.7095
0.70875
0.70538
0.7047
0.7045
0.70297
0.70213
0.70051
0.70047
0.69965
0.69779
0.69709
0.69536
0.69465
0.69395
0.69166
0.69139
0.68799
0.68774
0.68744
0.68562
0.68529
0.68479
0.68339
0.68294
0.68033
0.68026
0.68025
0.68009
0.67955
0.67944
0.67884
0.67778

Cebpg
Aen
Epc2

Vstm5

Haus2

Tmem168

Rbpj
Ldlr
Ppplcb
Oxsrl
Psmd12
Lin7c¢c
Bodl

BC017643

Rael
Istl
Cttn

Sec22b
Tiparp
Esfl
K1hl7
Arl6ip5
Vps4b
Dnajb6
Tbcl1d19
Ptpn12
Cnppdl
Mapk14
Tagln2
Plaa
Impact
Rbm18
Sap30bp
Eif5a
Bmprla

Acat2

Kat5
Torlaip2
Cnih4
Ndrg2

Ugcg

Surf4

Ttcl9

Ppefl

Tpm3

Cd59a

115

0.24449
0.24434
0.24425
0.24384
0.24315
0.24272
0.24261
0.2421
0.24166
0.24142
0.24066
0.24027
0.24002
0.23987
0.23947
0.23911
0.23692
0.23691
0.23643
0.23625
0.23586
0.23541
0.23534
0.23513
0.2342
0.23376
0.23338
0.23173
0.23115
0.23108
0.23099
0.23079
0.23054
0.2304
0.23039
0.22916
0.22905
0.22531
0.22461
0.22257
0.22197
0.22166
0.22135
0.21961
0.21891
0.21839

PenxI2
Xylt2
Eya2

Tubgl
Adgb

PodxI2
Esrrg
Rbks
Ncdn

Cc2dla

Tagln3

Nup214
Hsfl
Gm16755
Sf3a2
Srsf4
Rcn3
Gm26840
Stim1

Col9a2
Skor2
Mstlr
Fndc5

B3galt5

Hs3stl
Omg

Lamb2
Nwd2

Myh10
Chd5

Mapk8ip3

Slc27a3
Dclk2
Zmat5

Rasgrp4

Rhbdd3

Slc25a29

Rasgrfl
Hipl

Bcel2ll
Apol8

Gm26673
2810455005Rik
Arhgefl
Atp8a2
Tmem143

-0.5247
-0.52591
-0.52592
-0.52762

-0.5292

-0.5299
-0.53152
-0.53223
-0.53281
-0.53342
-0.53366
-0.53375
-0.53398
-0.53456

-0.5346
-0.53472
-0.53534
-0.53582
-0.53587
-0.53621
-0.53675
-0.53866
-0.53967
-0.54002
-0.54025
-0.54077
-0.54094
-0.54098
-0.54287
-0.54311
-0.54476
-0.54491
-0.54535
-0.54589
-0.54629
-0.54635
-0.54636
-0.54672
-0.54699
-0.54707
-0.54837
-0.54871
-0.54882
-0.54892
-0.54935
-0.54944



Gm9962
Fam107b
Dynlt1f
Gbp2
4930500J02Rik
Acvrl
Zxdb
Pthlh
Gchl
Tepp
Plcdl
Dffb
Mafk
Hnrnpa0
Fkbpl
Slc41a2
Chst2
Irf7
Cmtm3
H2-Q4
Pip5kll
Gm26894
Rhoc
Rccl
Plek2
Bend5
Snhg3
Fam53c
Nt5dc2
Hhipl2
1700016P03Rik
Ube2qg2
Nkainl
Prkabl
Arhgap42
Pigf
Blocls4
B230219D22Rik
Plekhol
Ccdcl162
Carhspl
Gplbb
Gprl33
Ccedc711
Gm24082
Tnfaip6

0.67761
0.67628
0.67494
0.6741
0.67175
0.67114
0.67016
0.6686
0.66841
0.6683
0.66788
0.66659
0.66523
0.66377
0.66276
0.66209
0.66195
0.66176
0.65954
0.65931
0.65926
0.65784
0.65784
0.65783
0.65691
0.65446
0.65412
0.65398
0.65314
0.65101
0.65006
0.65003
0.64897
0.64817
0.6481
0.64802
0.64579
0.64395
0.64355
0.64275
0.64197
0.64189
0.64161
0.64158
0.64149
0.6388

Nudc
Tspanl3
Tpd5212

Rala

Chmp7
Tbc1d20
Cry2
Menl
Naa35s

Rars

Stard4

Atadl

Ppp2chb
Sms
Slc25a46
Asns
Ythdfl
Wdr26
Vps26a

Racl
OrmdI3

Sumo3

Map6
Atp6v0Ob

Arl8a
Zdhhc3

Eif3g
Tmem65

Nek9

Nqo2

Cyhrl
Fam120b

Coa5

Exoc3

Faml14a2

Ldb2

Cbx5

Amz2

Phtfl
Cc2dl1b

Evi5
Rhobtb2

Gyg
Osbpl9
Stoml2

Bad
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0.21769
0.2176
0.21691
0.21683
0.21602
0.21589
0.21543
0.21407
0.21385
0.21277
0.21247
0.21241
0.21099
0.2104
0.21014
0.21001
0.20915
0.20775
0.20452
0.20237
0.20132
0.1978
0.19759
0.19646
0.19447
0.19422
0.19143
0.18997
-0.19648
-0.20037
-0.20471
-0.20474
-0.20544
-0.20548
-0.20894
-0.21048
-0.21112
-0.21213
-0.21373
-0.21519
-0.21721
-0.22097
-0.22257
-0.22366
-0.22413
-0.22523

Fsdl
Dcaf4
Chst12
B3gatl
Pknl
Cablesl
Chrm2
Nup188
Gmpr
Armc6
Ogdh
Ncin
Baiap2l1
Chrna6
Pnpla7
Cox10
Lurapll
Raly
Adapl
Kndcl
Etvl
Hmbhal
Asphd2
Dapk2
Vps72
Myole
Mbd3
Evl
B3gntll
Psd
Polr2f
Tsfm
Uaca
Gm16754
Kif21b
Rps26
Shank1
Slc9as
Ankrd55
Camta2
Ndufa8
Slc25al10
Rhbdf2
Chchd10
Ldhb
Fkbp5

-0.54998
-0.55257
-0.5526
-0.55265
-0.55277
-0.55316
-0.55363
-0.55453
-0.5562
-0.55639
-0.55642
-0.55659
-0.55703
-0.5574
-0.55794
-0.55812
-0.5587
-0.55921
-0.55931
-0.55939
-0.55982
-0.56105
-0.56282
-0.5629
-0.5649
-0.56564
-0.5665
-0.56722
-0.56864
-0.56892
-0.56924
-0.56937
-0.56976
-0.57017
-0.57032
-0.57035
-0.57144
-0.57154
-0.57175
-0.57238
-0.57255
-0.57292
-0.57338
-0.57358
-0.57415
-0.57466



Ggct
Tlcd2
St6galnac?2
Zfp583
Cers6
Egr2
Gm17300
Srrm4
Histlhlc
Ly6a
Abracl
Fam214b
AA414768
Kif22
Tnkl
Gm26880
1700019G17Rik
Glipr2
Gm13033
5430417L22Rik
Rab35
Zfp580
Syt4
Psmb8
Atf4
Gm26879
Adamts8
Atplb2
Parp9
2410006H16Rik
Rnf19b
Gjb2
Gm8&773
Nanosl
1500017E21Rik
Stom
Fcgr2b
Rmnd5b
Wnt7a
Socs2
Erich6
Gm14005
Riok3
Ddx5
Ktnl
Sesn2

0.6385
0.63754
0.63752
0.63748
0.63688
0.63486
0.63442
0.63382
0.63362
0.63292
0.63251

0.6322
0.63177
0.63094
0.62994

0.6292
0.62843

0.6274

0.6268
0.62662
0.62625

0.626
0.62599
0.62533
0.62463
0.62426
0.62274
0.62273
0.62267
0.62182
0.62143
0.62009

0.6193
0.61924
0.61858
0.61599
0.61428
0.61428
0.61367
0.61274

0.6114
0.61099
0.61091
0.61062
0.61057

0.609

Brsk2
Atg4b
Cox15
Hdacl1
Lrp3
Akt2
Mgatdb
Rgll
Nbll
Smarca2
Tubgcp4
Trakl
Ndrg3
Usp25
Btbd3
Lipa
Tmcc2
Ptprf
Rims1
Arsb
Hexa
Dppl0
Opal
Inf2
Gnail
Arhgef9
Sppl3
Atrn
Kcenmbl
Gba2
Nefr
Frmd4a
Ttc7b
Aldh2
Slc35f1
Paqr7
Zdhhc21
Gabrg2
Actr3b
Atg9a
Hjurp
Fam19a2
Tmem?25
Tmem150c
2310022B05Rik
Ppplrlc
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-0.22613
-0.22637
-0.22838
-0.22851
-0.22884
-0.23055
-0.23088
-0.23126
-0.23218
-0.23284
-0.23292
-0.2336
-0.23377
-0.23481
-0.23521
-0.23562
-0.23765
-0.23812
-0.23822
-0.23823
-0.2384
-0.23857
-0.24033
-0.2408
-0.2411
-0.24128
-0.24264
-0.24388
-0.24438
-0.24476
-0.24554
-0.24571
-0.24605
-0.24661
-0.24715
-0.24749
-0.24816
-0.24932
-0.25131
-0.25144
-0.25218
-0.25373
-0.25384
-0.25414
-0.25416
-0.25424

Tmem205
Lingol
Rapgefs
Galnt5
Rbckl
Nup210
Mrgpra3
Arhgefl1
Itgb4
Tbcld31
Aip
Bnc2
Myadml2
Mgp
Prdm10
Syk
Lrrc45
Palm
Mif
Dapk3
Zfp804a
Agap?2
Dtnb
Tmem180
BC005764
D630003M21Rik
Pcx
Gm26702
Hercl
Cdh18
Gria2
Gm15800
Fry
Heatr5a
Hspg2
Heatr5b
Pnkd
Cacnalh
Pcdhl8
Tnk2
Wdtcl
Prrc2a
Oprll
A3galt2
Pppl1r37
Clec2l

-0.57476
-0.57504
-0.57535
-0.57544
-0.57626
-0.57703
-0.57714
-0.57755
-0.57765
-0.5784
-0.57848
-0.57862
-0.57932
-0.57945
-0.57984
-0.58008
-0.58026
-0.58028
-0.58073
-0.58209
-0.58226
-0.58286
-0.58342
-0.58348
-0.58413
-0.58432
-0.58481
-0.58657
-0.58722
-0.58811
-0.58973
-0.58992
-0.59092
-0.59116
-0.59223
-0.59362
-0.59363
-0.59381
-0.59575
-0.59598
-0.59795
-0.5989
-0.59894
-0.60103
-0.60225
-0.6034



Slc4a8
Zc3havl
1700066B19Rik
Ctxn2
Eid2
Ifit2
Gm15522
Phf13
Glyat
1810026J23Rik
Gufl
Gbp6
Stk17b
Hesl
Snhg4
Nfkbiz
1118
D130007C19Rik
Otopl
Z1p28
FIt31
Hsd17b7
Dnasel13
Herc6
Coql0b
Irgm2
E130309F12Rik
Fam8&3h
Clec4al
Bst2
Rap2b
Ggtal
Snhg6
Ktil2
Hoxd8
Pim3
Abhd17b
Sac3dl
Stk32a
Slc39al
Angptl2
Rdh10
Sertadl
Cnbd2
St8sia2
Cfll1

0.60886
0.60879
0.60671
0.60597
0.60585
0.60479
0.60365
0.60318
0.60096
0.59971
0.59917
0.59814
0.59585
0.59499
0.59459
0.59426
0.59292
0.59273
0.59208
0.59154
0.59116
0.59029
0.58935
0.58926
0.58908
0.58907
0.58865
0.58818
0.58792
0.58761
0.58705
0.58667
0.58663
0.58662
0.58658
0.58631
0.58616
0.58596
0.58584
0.58529
0.58514
0.58461
0.58416
0.58346
0.58176
0.58153

Mpdz
Nsmaf
Stripl
Sh3gl2
Ube3c
Igsecl
Dcunld2
Lap3
Hdhd2
Ckmtl
Snx25
Sltm
Tusc5
Bbs2
Clint1
Atgdc
Fbxo021
Susd4
Ccdcl181
Mapk10
Ddx17
Snx27
Adsl
Pck2
Rps6ka2
Ipoll
Tgfblil
Enox1
Chgb
Chnl
Cbx6
Arhgef101
P4hal
Ap3s2
KlIhl5
Pcdhl
Slc25a19
Map7
Snx3
Csmdl
Prkar2b
Uspll
Sec1411
Tvp23a
Pak3
Gm26883
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-0.25446
-0.25481
-0.25523
-0.25597
-0.25618
-0.25737
-0.25836
-0.25872
-0.25912
-0.25953
-0.25988
-0.26026
-0.26042
-0.26212
-0.26233
-0.26239
-0.26274
-0.26308
-0.26394
-0.26476
-0.26592
-0.26604
-0.26672
-0.26686
-0.26728
-0.26729
-0.26737
-0.26753
-0.26761
-0.26802
-0.26826
-0.26833
-0.26867
-0.26874
-0.26883
-0.26892
-0.26899
-0.27006
-0.27026
-0.27045
-0.27075
-0.27081
-0.27129
-0.27144
-0.27247
-0.27311

TIn2
Snd1
Jph3
Smad9
Abhd14a
Gm996
Rdh12
Osbpl10
D130043K22Rik
Lrrn2
Pex6
Tkl
Cep250
Mef2c
Mgst3
Lmnb2
Fam222a
Wipf3
Chchd6
Map3k10
Pcdh7
Dctnl
Wdr25
Kalrn
Pex14
Atp6v0c
Galnt18
Gm26564
Dlgap3
Slc2a8
Fam189al
Otud7a
D930015E06Rik
Cntnap2
Lpcat4
Apoe
6430550D23Rik
Syt3
Panx2
Cntn6
Dnase2a
Grik5
Uqerl0
Tonsl
Cul9
Adck5

-0.60389
-0.60443
-0.60541
-0.60548
-0.60569
-0.60577
-0.60674
-0.60768
-0.60877
-0.60878
-0.60922
-0.60933
-0.6096
-0.61043
-0.61063
-0.61106
-0.61233
-0.61304
-0.6132
-0.61365
-0.61404
-0.61416
-0.6155
-0.61581
-0.6165
-0.61704
-0.61741
-0.6181
-0.61817
-0.62106
-0.62116
-0.62155
-0.62193
-0.62318
-0.62322
-0.62364
-0.62408
-0.62427
-0.62456
-0.62571
-0.62572
-0.62574
-0.62596
-0.62625
-0.62761
-0.62927



Rpso6kal
Gm26778
Tmem158

Gprinl
Ddx28
Rnase4
Map7d1
Oasl2
Acotl
Tle3
Gm16033
Myd88
Cepl120s2
Gprl53
Serpina3i
Psmel
Doc2b
Arfo
Tptl
Eifde
Tmeml154
Fgfrll
Micalll
Surf6
Ccdc172
Rest
Ckap4
Prokr2
Myol0
Omp
Ttpal
Medag
Arxesl
Zfp703
Scai
Mrpl36
Zfp747
Ptma

4833424015Rik

Inhbb
S100al1
Med22
Nr2f2
Eifl
Cxadr
Tpm4

0.58144
0.58127
0.57919
0.57816
0.57776
0.57678
0.57614
0.5758
0.57533
0.57525
0.57499
0.57368
0.57338
0.57088
0.56868
0.56615
0.56577
0.56547
0.5653
0.56524
0.5649
0.56323
0.56258
0.56254
0.5625
0.56233
0.56198
0.5614
0.56007
0.55951
0.55925
0.55895
0.55837
0.55827
0.55725
0.5571
0.55639
0.55612
0.55576
0.5552
0.55495
0.55381
0.55299
0.55152
0.55047
0.5483

9330159F19Rik

Plcd4
Mtx3
Asic3
Lman2l
Cdk5Srap2
Abr
Phtf2
Nfia
Prkeq
Tars2
K1h120
Trappcl0
Ppmll
N28178
Vtila
Mcu
Faah
Ankrd27
Aatk
Nrxn2
Trpc6
Rab3ip
Ehmt2
Itm2c
Numb
Sharpin
Grik4
Eif3k
Lin7a
Anksl
Dnajc6
Gm4980
Potla
MIIt3
Strbp
Vps33a
Prdm12
Mmpl5
Syn2
Nucbl
Tnrc6c
Slc29a4

1700037C18Rik

Ppcdc
Tbeldl
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-0.27315
-0.27316
-0.27339
-0.27398
-0.27405
-0.27475
-0.27511
-0.27627
-0.27651
-0.27694
-0.27748
-0.27784
-0.27832
-0.27871
-0.27893
-0.27998
-0.28016
-0.28028
-0.28032
-0.28048
-0.28074
-0.28092
-0.28102
-0.28211
-0.28297
-0.28335
-0.28358
-0.28377
-0.28388
-0.28393
-0.28423
-0.28471
-0.28472
-0.28472
-0.28489
-0.28505
-0.28517
-0.28522
-0.28545
-0.28581
-0.28597
-0.28641
-0.28655
-0.28697
-0.28714
-0.28776

Map3k13
Mumll1
Rps29
Myhl14
Banp
Colq
Sema3f
Cyp27al
Camklg
Akr7a5
Abhd17a
Zbtb48
Kcenj8
Cactin
Ankrdl1
Pik3r5
Gprl23
Mfge8
Gm12592
Chst8
Ankrd34c
Tmem132e
Tmem109
Spockl
Scrib
Tppp3
Myo5b
Lrrk1
Nrgl
Mast2
Gon4l
Htr4
Gm14290
Apbbl
Zerl
Comp
Fam193b
Trappc9
Hhat
Hdac4
Ints1
1700021J08Rik
Grm4
Gm765
Tjapl
Nell2

-0.63035
-0.63149
-0.63188
-0.63281
-0.63316
-0.63436
-0.63585
-0.636
-0.63669
-0.63783
-0.63845
-0.63932
-0.63982
-0.6407
-0.64071
-0.64292
-0.64295
-0.64381
-0.64544
-0.64554
-0.64709
-0.64718
-0.64722
-0.64776
-0.6489
-0.65123
-0.65134
-0.65181
-0.65225
-0.65261
-0.65272
-0.65689
-0.65757
-0.65801
-0.66084
-0.66163
-0.66265
-0.66367
-0.66445
-0.66552
-0.66572
-0.66605
-0.66652
-0.66685
-0.66695
-0.66707



Zbtb3
Zfp948
Ctul
Rhebll
Cybrdl
Pisd-psl
Irf2bpl
BC022687
Birc5
Pnlip
Them4
Slcla4
Slcla2
Fgfl1
Mapl0
Rora
Kpna2
4933428G20Rik
Cstb
Tecta
Fam150b
Lipt2
Zbed4
Cbln2
Atp8bl
Ypel4
Lrrc19
Sft2d3
4632433K11Rik
Sdf2l1
Plau
Rdh13
Ccdc86
Gimap4
Acyl
Nhlircl
Slc30al
Nox4
Galnt4
CIn5
Maff
Esd
Gdpd3
Trmt13
Cd24a
Ezr

0.54482
0.54479
0.54445
0.54365
0.54333
0.54235
0.54232
0.54213
0.542
0.54193
0.54176
0.54168
0.54104
0.541
0.54063
0.54001
0.53919
0.53904
0.53833
0.53801
0.53753
0.536
0.53516
0.53511
0.53437
0.53337
0.53333
0.53129
0.53089
0.52993
0.52993
0.52908
0.52884
0.52833
0.52792
0.52645
0.52598
0.52563
0.52479
0.52437
0.52319
0.52257
0.52125
0.51965
0.51939
0.51919

Thrsp
Fam168a
Tgfb3
Elp2
Megf8
Pex5l
Pik3cd
Stip1
2900011008Rik
Tceanc2
Sptb
Snph
Bcl7a
Mgat3
Kcnipl
Akt3
Adck?2
Epn2
Cptlc
Abca7
Bai3
Prpf40b
Dcaf8
Abhdo6
Pex11b
Wdr7
Addl
Tmtcl
Akap9
Als2
Poc5
Galm
Cntnl
Cythl
Tbc1d32
Mrrf
Nsdl
Toplmt
Impdhl
Ppp2r4
Cpne4
Kcnip2
Osbpl6
Bcar3
Nudt12
Map3k5
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-0.28787
-0.28825
-0.28887
-0.28925
-0.28933
-0.28957
-0.28977
-0.28999
-0.29026
-0.29078
-0.29086
-0.29089
-0.29168
-0.29168
-0.2923
-0.29235
-0.29249
-0.29283
-0.29291
-0.29363
-0.29375
-0.29405
-0.29426
-0.29462
-0.29473
-0.29477
-0.29482
-0.29488
-0.2949
-0.29495
-0.29547
-0.29556
-0.29648
-0.29727
-0.29738
-0.29768
-0.29786
-0.29798
-0.29851
-0.29856
-0.2986
-0.29869
-0.2993
-0.29947
-0.29955
-0.29955

Tceb2
Ppplrl6a
Arntl
Ttc9b
Zfp341
Hoxb6
Fbp2
Zfpl3
Lin7b
Gprl56
Ankrd13d
Dadl
Slc25a25
Kcnab2
Rpusdl
Pdlim7
Armc2
Sik2
Gm14493
Rpapl
Boc
Slc9al
Gpx2
Sfil
Scnla
Spen
Clrnl
Kctd16
Timm13
Gm20529
111 7rc
Tef711
Ldlrad4
Myl4
Pstpipl
5830417110Rik
Tnxb
Gm53
Genl
Ndufa2
L3mbtll
Calnl
Perml
PenxI3
Bmp6
Ftsj2

-0.66757
-0.66806
-0.66855
-0.67084
-0.67085
-0.67085
-0.67106
-0.67161
-0.67505
-0.67524
-0.67721
-0.6776
-0.67787
-0.67796
-0.67864
-0.67967
-0.68103
-0.68185
-0.682
-0.68235
-0.68492
-0.68565
-0.68566
-0.68566
-0.68597
-0.68608
-0.6884
-0.68928
-0.68953
-0.6903
-0.69097
-0.69148
-0.69234
-0.69336
-0.69345
-0.6947
-0.69478
-0.69494
-0.69613
-0.69737
-0.69851
-0.69926
-0.70058
-0.70189
-0.70212
-0.70475



Pcnx
Eiflb
Podxl
Ferls
Lins
Zik1
Uapl

2310047M10Rik

Rcedl
Arg2
Sdr42el
Golga7
Faml67a
Bazla
Slc6al9
B3galt6
Aaedl
Tcf19
Cirbp
Mcll
Hspa2
Gm9917
Neto2
Znrf3
Sla2
Ankslb
Slc39a6
Gm12841
Pcgfs
Plekha3
Slc23a2
Arxes2
Nfkbia
Elmsanl
C4b
Phfl1d
Micall2
Gprl46
Psmb9
Mtus2
LoxI2
Tmem243
Cenpl
Lcemt2
Mgat2
Spatal3

0.5188
0.5187
0.51779
0.5175
0.51671
0.51647
0.51611
0.51599
0.51541
0.51534
0.51505
0.51387
0.51319
0.5129
0.51237
0.51225
0.51202
0.51195
0.51142
0.51044
0.50813
0.50727
0.50663
0.50591
0.50589
0.50518
0.50482
0.50421
0.50395
0.50371
0.50344
0.50328
0.50259
0.50228
0.50171
0.5014
0.50103
0.50062
0.50049
0.50026
0.49983
0.49728
0.49708
0.49706
0.49661
0.49641

Peakl
Xk

1700021K19Rik

Dmtn
Ppp6r3
Ankrd29
Nfic
Tlel
Dip2c
Jakmipl
Kendl
Map2k5
Rpal
Slc25a38
Dcaf5
Arhgefl7

1810058124Rik

Pde2a
Pknox2
Mgll
Epb4.111
Strm3
Pcdh10
Mlixip
Rab36
Ampd2
Fchsd2
Zfp532
Clip2
Fam185a
Meis2
Plekhd1
Pepd
Dedd
Zfp365
Dbnddl1
Mapre2
Arhgef6
Papss1
Tmccl
Wdsubl
Hk1
Asnal
K1hI22
Fgfrl
Slc25a12
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-0.29966
-0.29967
-0.29971
-0.30038
-0.30061
-0.30098
-0.30103
-0.30119
-0.30119
-0.3012
-0.30144
-0.30146
-0.30182
-0.30214
-0.3023
-0.3025
-0.30266
-0.30274
-0.30279
-0.30313
-0.30319
-0.30333
-0.30341
-0.30415
-0.30435
-0.30555
-0.30623
-0.30624
-0.30687
-0.30708
-0.30775
-0.30805
-0.30846
-0.30849
-0.30866
-0.30903
-0.30908
-0.30939
-0.30987
-0.31012
-0.31019
-0.31022
-0.31121
-0.31228
-0.31251
-0.31307

Lrrnl
Abhd15
Tmem196
Wnk2
Rbm20
Treml2
Clrn2
Gbfl
Gm16551
Htr3b
Lrrc32
Ermn
Mrap2
Mrpsl1
Ddc
Mok
Slitrk3
Gm21992
Insrr
Slc8a2
Aars2
Pclo
Sppl2b
mt-Ta

6030419C18Rik

Shf
Fam221a
Ccm21
Igflr
Arhgap39
Ncor2
Dgkh
Sgsm3
Fam196b
Mastl
Shroom3
Gm13562
Ankrd34a
Ssbp4
SemaSb
Sncaip
Tmem108
Syne4
Acacb

D630044L22Rik

Gal3stl

-0.70498
-0.70604
-0.70658
-0.71085
-0.71096
-0.71213
-0.71333
-0.71414
-0.71422
-0.71432
-0.71492
-0.71718
-0.71801
-0.71826
-0.72174
-0.72361
-0.7253
-0.72574
-0.7273
-0.72764
-0.72928
-0.73053
-0.73062
-0.731
-0.73126
-0.73134
-0.73185
-0.73185
-0.73209
-0.73371
-0.73394
-0.7372
-0.73801
-0.73867
-0.73938
-0.73955
-0.74223
-0.74247
-0.74296
-0.74329
-0.74371
-0.74395
-0.74398
-0.74463
-0.74487
-0.74526



Slc38al
Nfyb
Mrcl

Gm26716
Hs2st1
Tmbiml
Ankrd33b
Gm13889
Nek6
Wsbl

Cyp4fl4

Sphk1
Slc6a8
Hddc3

Gm6548

Tnfaipl

Cd302

Ppp4r4
Pgml

Mob3c

Arhgef2

Slc35f6

Zswim4

H3f3b
Rassf1
Snhg5
Timm8al
Rcanl
Rims4

Mfhasl
Rpl39

Armcx5

Ube2;j2
Blcap

2610524H06Rik
Itgav
Nod2
Nxpe4
Tobl

Kbtbd3
Snx30

Zp629
Hnfla

Slc10a6

Tex40
Neddl

0.49637
0.49596
0.49522
0.49521
0.49452
0.49444
0.49309
0.49287
0.49204
0.49202
0.49199
0.49195
0.49185
0.49157
0.49101
0.48997
0.4899
0.48973
0.48962
0.489
0.48893
0.48873
0.48846
0.48839
0.48823
0.48818
0.48799
0.48691
0.48671
0.48632
0.48614
0.48612
0.48597
0.48574
0.48549
0.48478
0.48457
0.48374
0.48289
0.48262
0.48232
0.48151
0.48122
0.48104
0.48083
0.4807

Neol
Efr3a
Lsamp
Rtn2
Atgloll
Sympk
Lamcl
Rcc2
Gm26518
Llcam
Cmc2
Rab4a
Rell2
Ube3b
Gpbplll
Plec
Rabl6
Whbscrl7
Ctnnd2
Trim37
Katnbl
Utrn
Dpp9
Pcbp3
Tmem178b
1110037F02Rik
Spats2l
Lrba
Prpf8
Scnlla
Gtf2h4
Dok4
Rnf219
Tdrd7
Asb6
Nckipsd
Dlg4
Bcl2
Ablim3
Ncald
Tmem?72
Snrk
Kcns3
Carml
Trpc3
Grikl
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-0.31319
-0.31373
-0.31375
-0.31439
-0.31452
-0.31464
-0.31544
-0.3155
-0.31561
-0.31569
-0.31575
-0.3159
-0.31698
-0.31699
-0.31702
-0.31791
-0.31826
-0.31901
-0.31921
-0.31939
-0.31947
-0.3197
-0.32023
-0.32027
-0.32051
-0.32081
-0.32091
-0.32108
-0.32133
-0.32157
-0.32174
-0.32202
-0.32211
-0.32226
-0.32228
-0.32276
-0.32308
-0.32342
-0.32374
-0.32374
-0.32408
-0.32417
-0.32434
-0.32435
-0.32468
-0.32488

Ephb6
Chpf
Fam69b
Nbas
Unc79
Eps812
Ntrk3
Mgat5
Chodl
Cabinl
Bckdha
Rnf180
Wdfy4
2310067B10Rik
Fchol
Rnf208
Igfbp2
Ndufb7
Btbd2
Gm26517
Hal
Zfp523
Osbpl7
Dst
Fam195a
Pmfbpl
Abhd8
Bambi
Ndufs7
Hp
Inpp35j
Ugqerll
Pdedd
Hhatl
Hs3st6
Isoc2a
Rplpl
NaalO
Rital
Smyd1
Mib2
Sptbn4
Gm10532
Impa2
Gtpbp6
Gm16235

-0.74581
-0.74636
-0.74651
-0.74721
-0.74839
-0.74987
-0.75194
-0.75226
-0.7526
-0.75332
-0.75345
-0.75444
-0.75481
-0.75593
-0.75662
-0.75711
-0.75763
-0.75782
-0.75822
-0.75934
-0.76406
-0.76511
-0.76587
-0.76727
-0.76794
-0.76808
-0.76979
-0.77068
-0.77099
-0.77105
-0.77319
-0.77523
-0.77702
-0.77763
-0.78046
-0.78111
-0.78171
-0.78191
-0.78191
-0.78199
-0.78212
-0.78242
-0.78559
-0.7885
-0.78866
-0.79074



Trafdl
Amotl2
Rbm3
Slc22a23
Plscr2
Cd200
Cxcll2
Pdelc
Gm16740
Fam26e
Ovca2
Cd38
Wbp5
Prosl
Ddx21
Dynll2
Six1
Gm26658
Plp2
Lonrfl
Ankrdl13a
Csf2rb
4930451E10Rik
Irf9
Herc4
Dnajb5
Eafl
Prosc
H2-K1
Dazap2
Fastkd5
Gtf2ird1
Oserl
Ter3
Nat14
Erf
F8a
2310036022Rik
Gnl2
Zfp281
Hbegf
Pfdn4
Eefl1b2
Ppif
Cd274
Cetn4

0.48058
0.48048
0.47805
0.47782
0.4769
0.47662
0.47606
0.47582
0.47581
0.47519
0.47454
0.47365
0.47284
0.47275
0.47206
0.47185
0.47175
0.47154
0.47153
0.47077
0.47074
0.46952
0.46836
0.46759
0.46682
0.46667
0.46571
0.46564
0.46538
0.46512
0.46452
0.46398
0.4635
0.46315
0.46274
0.46239
0.46185
0.46184
0.46147
0.46115
0.46093
0.46062
0.46056
0.46028
0.45993
0.45895

Gamt
Sorll
Tmem63b
Ift122
Kank1
Raplgap2
Cobl
4933411K20Rik
Asic2
1700037H04Rik
Gprl25
Pcytlb
Arhgdia
Maea
Rpsbkel
Myo5a
Zfp142
Plekhm2
Vpsl3a
Ttil
Rere
Kenk2
Wrap73
Sh3bp5l
Bazlb
Kcnsl
Tmem255a
AK5
Them6
Nisch
Slc9a9
Cul7
Mbd5
Slc35¢2
Itgb5
Rtn4rll
Dym
Ift80
Apbal
Anapc5
Slc38al0
Camk2b
Csk
Trib2
Rassf4
Mettl16
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-0.32489
-0.32554
-0.32563
-0.32593
-0.32624
-0.32632
-0.32647
-0.32693
-0.32713
-0.32771
-0.32774
-0.32802
-0.32812
-0.32814
-0.32819
-0.32822
-0.32915
-0.32924
-0.32929
-0.32932
-0.32934
-0.32938
-0.32941
-0.32962
-0.32966
-0.32978
-0.32998
-0.33008
-0.33026
-0.33029
-0.33055
-0.33078
-0.33087
-0.33091
-0.33158
-0.3318
-0.3323
-0.33235
-0.33265
-0.33302
-0.33325
-0.33382
-0.33382
-0.33439
-0.33456
-0.33567

Chrnb3
Plekhh3
Atplal
Irf4
Pou6f2
Cdhl5
Lrp5
Rpusd3
Ccdcl124
Cerl0
Zfp524
3000002C10Rik
Dpf3
Psmg3
Bail
Tfeb
1700040D17Rik
Gm7457
Prrt3
Prr151
Cdh12
Nkain3
Unc5b
8030453022Rik
Chrna?7
Tagap
Rassf6
Cacnale
Gm16083
Crybbl
Dgkg
Map3k7cl
Pou2afl
Kcnh5
Prr12
Cd79a
C8g
Ndufa7
Fn3k
Acta2
1500012K07Rik
Gm5859
Trerfl
Sntal
Rin3
Kirrel3

-0.79304
-0.79595
-0.79764
-0.80018
-0.80018
-0.80155
-0.80247
-0.80504
-0.80601
-0.80658
-0.81124
-0.81259
-0.81414
-0.81641
-0.81678
-0.81858
-0.81999
-0.82176
-0.82186
-0.82196
-0.82322
-0.82355
-0.8256
-0.82809
-0.83072
-0.83109
-0.83882
-0.83921
-0.83977
-0.84061
-0.8407
-0.84118
-0.84606
-0.84695
-0.84773
-0.85109
-0.85296
-0.85332
-0.85716
-0.86287
-0.86377
-0.86869
-0.86869
-0.86985
-0.87276
-0.87378



Slc35g2
Atpbap2
Cnksr3
Slc25a20
Ahr
Zfp667
Nfe212
Raplb
Jund
Polr3d
Cyb561
Vsigl0
Cacna2d1
Rnd2
Nr4al
Sh2b3
Nav2
Hnrnpab
2900026A02Rik
Tubala
Hnrnpdl
Pop5
1110038B12Rik
Sytl2
Kdm2b
Sco2
Emc6
Ptpn2
Sbno2
Hipk4
Glrx5
Litaf
Plekhf2
Tpx2
Encl
Ifih1
Ripk2
Zfp593
Clpl
1700019L03Rik
Tinf2
Bloc1s3
Tomm?22
Spry2
Repinl
Wnt9a

0.45793
0.45786
0.45772
0.45713
0.45702
0.45657
0.45549
0.45541
0.45469
0.45385
0.45324
0.45234
0.45213
0.45211
0.45181
0.45151
0.4493
0.44918
0.44904
0.44876
0.44876
0.44871
0.44868
0.44858
0.44832
0.44782
0.44777
0.44716
0.4471
0.44708
0.44629
0.44604
0.44577
0.44537
0.44454
0.44445
0.4442
0.44336
0.4431
0.44284
0.44284
0.44157
0.44145
0.44133
0.44132
0.44058

Sv2b
Pcdhgce5s
Snrnp200
Lhfpl4
Dync1hl
Hadha
Ppfia3
Zfyve9
Uncl19
Tyrpl
Csrnp3
Cog4
9430015G10Rik
Ifngrl
Trappc8
Clstn2
Smap2
Soga3
Plekhg3
Prex1
Gm7271
Lepl
Map3k4
Ccdc141
Adrbk1
Cgnll
Tmem229b
Cdol
Fbxo31
Sap130
Man2cl
Rgl2
Slc9a3r2
Rrbpl
Arell
Parvb
Kank4
Ptgerl
Ift46
Ppp6r2
Vwag
Gtf2i
Tsenl5
Zhx3
Resdl
Srgap2
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-0.3357
-0.33571
-0.33622
-0.33623
-0.33626
-0.33678
-0.33686
-0.33736
-0.33743
-0.33749
-0.33754
-0.33827
-0.33839

-0.3387
-0.33904

-0.3396
-0.33962

-0.3398
-0.33988
-0.34012
-0.34026
-0.34061
-0.34063
-0.34089
-0.34099
-0.34108
-0.34122
-0.34175

-0.342
-0.34204

-0.3422
-0.34226

-0.3426
-0.34285
-0.34334
-0.34338
-0.34367
-0.34377
-0.34418
-0.34426
-0.34438

-0.3445
-0.34496
-0.34496
-0.34497
-0.34509

Gal3st3
Faml3a
Nr1h3
Cdkl4
Rtndr
Vwec2l
Cpm
Plin4
Grin2d
D930019006Rik
Gm13629
Ragl
9330162012Rik
Ssc5d
Fbxo040
Frmpd1
Gm5581
Vpsl3c
Klrg2
Gm26804
Adcy9
Shd
4930453003Rik
Cidea
Kenk18
Lpar5
Sf3b5
Eefsec
Hrh2
Lrmp
Gm10676
Gm16861
Gcek
Mospd3
Sars2
Zdhhc22
Ankrd9
Vstm2b
Ptk7
Gm15759
Lrrc31
Ccdc64
Bzrapl
Ndst4
Tpgsl
Trappcba

-0.87473
-0.87879
-0.88262
-0.88384
-0.88529
-0.88607
-0.88656
-0.89529
-0.89569
-0.89574
-0.89621
-0.8965
-0.89907
-0.9022
-0.90326
-0.90343
-0.90362
-0.90407
-0.90497
-0.90875
-0.91166
-0.91385
-0.91603
-0.91677
-0.91727
-0.91754
-0.91901
-0.92033
-0.92133
-0.92175
-0.92353
-0.92429
-0.92478
-0.92531
-0.92587
-0.92729
-0.93051
-0.93438
-0.93555
-0.93602
-0.93621
-0.93803
-0.93804
-0.94537
-0.94627
-0.94681



Tmc7
Txnrd3
Pnp
Csnkle
Ufspl
Cldn25
Srsf2
Rpp38
Noxl1
Plekho2
Mospdl
Dynll1
Il4ra
Yeats4
Cdc42sel
Hmgbl
Lactb2
Gcecel
Stat2
Cibl
Arl4c
Ing2
Rdhl1
Mrpl43
Lyrm2
Gprl37b
4732487G21Rik
Gml16153
Jtb
Arvl
Nudcd2
Tgsl
H2-T23
Metapl
Hifla
Cnotl1
Zfp664
Pdcl3
Ptrf
Gent2
Ubxn8
Noc4l
Irf5
Mettl23
Acsl4
Yesl

0.44045
0.44036
0.4396
0.43922
0.43909
0.43884
0.4388
0.43857
0.43739
0.43713
0.43663
0.43657
0.43651
0.43578
0.43568
0.43564
0.435
0.43486
0.43464
0.43449
0.43329
0.43315
0.43307
0.43288
0.4324
0.43165
0.43161
0.4313
0.42982
0.42947
0.42928
0.4289
0.42862
0.42856
0.42833
0.4281
0.42809
0.42803
0.4272
0.42697
0.42689
0.42632
0.42594
0.42548
0.42527
0.42523

Prkca
Gabbr2
Mpnd
Dock10
Fladl
Chga
Sosl
Aldh7al
Fam189a2
Sorbs3
2210018M11Rik
Nfl
Ccser2
Rnf123
Rltpr
Oscpl
Repsl
Unc80
Phrfl
Jarid2
Gpaal
Cep350
Amigo3
Ical
Tro
Ugqercl
Ppargcla
Trappcll
Herc3
Gprl55
Mettl7al
Hivep2
K1hI8
Extl2
Srebf2
Unc45a
Heatr6
Glbl12
Ppplrl3b
Thra
Dab2ip
Tacc2
Pelpl
Haghl
Ctdspl
Fmo5
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-0.34514
-0.34557
-0.34575
-0.34575
-0.34619
-0.34628
-0.34634
-0.34639
-0.34684
-0.34691
-0.34693
-0.34697
-0.34699
-0.34708
-0.34734
-0.34741
-0.34801
-0.34807
-0.34829
-0.34838
-0.34852
-0.34856
-0.34915
-0.34932
-0.34936
-0.3495
-0.34955
-0.35006
-0.3505
-0.35055
-0.35107
-0.35138
-0.35161
-0.35167
-0.35194
-0.35219
-0.35254
-0.3528
-0.35293
-0.35316
-0.35326
-0.35333
-0.35358
-0.35388
-0.35389
-0.35428

Rapgefll -0.94928
Kcenbl -0.95183
D10Bwgl379%¢  -0.95288
Gm17178 -0.95775
Capnl5 -0.9587
Zfp385a -0.95991
Nudtl2o0s -0.96087
Cardl1 -0.96117
Wdrl6 -0.96174
Dscam -0.96396
Unc5a -0.96429
Klc3 -0.96688
Gm17509 -0.96929
Lrfn4 -0.96937
Dgki -0.97806
Scrtl -0.98016
Hif3a -0.98092
Nphp4 -0.9823
Kifcl -0.98729
Ushbpl -0.98934
Foxjl -0.99006
Jag2 -0.99108
Rec8 -0.99135
Slcl6al4 -0.99345
Gm699%4 -0.9936
D6300080O14Rik  -0.99748
Grid2ip -1.0063
Gm26794 -1.0093
Poldl -1.01
Adora2a -1.0142
Papln -1.0151
Ptchd2 -1.0176
Iqcj -1.0184
Eno4 -1.02
Dpys -1.0209
Foxp4 -1.021
1810024B03Rik -1.022
Mpo -1.0231
Gm16845 -1.033
Rhag -1.0381
Abcc8 -1.0388
Chad -1.0427
Actg2 -1.0449
Plcxd3 -1.0527
Slc9a3 -1.0538
AI118078 -1.056



Galns
Mfsd7b
Rhob
Pole3
Elmodl
Ndell
Gm16701
B2m
Mtss1
P2rx5
Tmem?251
Xafl
Ticaml
Maz
Irfl
Hoxc10
Slc11a2
Tmem150a
Txndc15
EIk3
Mthfd2
2700081015Rik
Rcor3
Nop58
Al464131
Arhgap23
Rab24
Dclk3
Cdk17
Eif2ak2
Osbp2
Sat2
Eifla
Hmgnl
Cyth2
Ado
Fam134b
9530027J09Rik
Eps8
Plscr4
Vegfa
Pcbpl
Dnajc25
Zbtb6
Ndstl
Fizl

0.42389
0.42323
0.42298
0.4226
0.42096
0.4199
0.41983
0.41981
0.41956
0.41919
0.41894
0.41868
0.41804
0.41748
0.41718
0.41716
0.41644
0.41637
0.41617
0.4161
0.41593
0.41543
0.41488
0.41472
0.41445
0.41443
0.41408
0.41298
0.41248
0.41205
0.41191
0.41161
0.41142
041111
0.41056
0.41015
0.41012
0.40999
0.40994
0.40985
0.40984
0.40978
0.40977
0.4092
0.40806
0.40799

Myol8a
Atp5d
Rptor

Zfp651

Bckdhb
Pik3r4
Ggal

Mmp24
Tubg2

Chnlosl
Scrnl

Pppb6rl
Fkbp8
Abcb9
Ppfiad
Mprip

Zdhhcl
Pard3
Rims3
Peli3
Plxnd1
Magi3
Aplp2
Def6
Arsg
Htr3a

Arhgef3
Ckap5

Tomm6os
Btbd9

Dynclil
Cnrl
Nedd4
Grin3a

PipSklc
Ano3
Nxpe2
Acinl

Rabl11fip3

Galnt14
Neurl4
Naccl
Gatsl2

Fam8la
Abcgl
Lphn2
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-0.35434
-0.35441
-0.35448
-0.35488
-0.35491
-0.35515
-0.35564
-0.35574
-0.35588
-0.35599
-0.35633
-0.35657
-0.35721
-0.35782
-0.35804
-0.35807
-0.35834
-0.35839
-0.35925
-0.35967
-0.35969
-0.3598
-0.36041
-0.36042
-0.36049
-0.36079
-0.36126
-0.36129
-0.3613
-0.36163
-0.36187
-0.3622
-0.36232
-0.36241
-0.36242
-0.36259
-0.3627
-0.36295
-0.36313
-0.36333
-0.36369
-0.36371
-0.36426
-0.36479
-0.36486
-0.3652

2010300C02Rik
Acapl
Irs3
3425401B19Rik
Rtn4rl2
Cbl
Lct
Kctd19
Gm10543
Bcaslos2
Dok3
Dact2
Esrra
Siah3
Gm14862
B3gnt8
Spib
Gm15337
Eln
Kcnb2
Hspbpl
Itgall
Gabrb2
Tmprss9
Gm13609
4930566F21Rik
Ackr4
Exoc3l
A330008L17Rik
Bncl
Gmo6410
Prtn3
Lrrc24
Gm13425
TIx3
Gm14597
Wifdc2
Vstm?2l
Gm16108
1117re
Ttl9
4932443L11Rik
Alk
Plk5
Scx
1810012K08Rik

-1.0582
-1.0591
-1.0612
-1.0632
-1.0703
-1.0715
-1.0721
-1.0733
-1.0757
-1.0786
-1.0822
-1.0844
-1.0871
-1.0889
-1.0946
-1.0952
-1.0968
-1.1026
-1.1075
-1.1076
-1.1085
-1.1182
-1.1209
-1.1229
-1.1229
-1.1229
-1.1239
-1.127
-1.1319
-1.1327
-1.1462
-1.1616
-1.1619
-1.163
-1.165
-1.1693
-1.1701
-1.1752
-1.1762
-1.1783
-1.1793
-1.1794
-1.1838
-1.1851
-1.188
-1.1883



Pdlim4
Hspbl
Plekha?7
Ccdcl12
Eifdal
Ndnf
Tmed5
H2afx
KIf11
Chst1
Nppb
Arhgap33
A730081D07Rik
Mfap3l
Ppp4rl
Zfp637
Phykpl
Paip2
Plscr3
Slc4lal
Lix1
Shc2
Ehd4
E130218I03Rik
Nsmcel
Bag5
Gm17122
1700025G04Rik
Gorab
Caml
Sfxn3
Stac
Gm17690
Erlinl
B3gntl
0610009E02Rik
Pgrmcl
S100a4
Ext2
Limdl
Gm13563
Trim13
Slc30a4
H1f0
Dhps
Mgl2

0.40789
0.40721
0.40701
0.40641
0.40569
0.40531
0.4043
0.40408
0.40385
0.40338
0.40293
0.40266
0.40081
0.40029
0.39993
0.39967
0.39876
0.39838
0.39764
0.39727
0.39665
0.39611
0.39605
0.39599
0.39567
0.39553
0.39516
0.3949
0.3948
0.3946
0.39416
0.39377
0.39295
0.39269
0.39256
0.39249
0.39235
0.39223
0.39222
0.39186
0.39093
0.39082
0.39041
0.39023
0.39012
0.39009

Rnpep
Amacr
Plsl
Bag6
Slc7a4
Psen2
Sec3la
Tubb5
Slc25a22
Aoxl1
Zmat4
Phlpp1
Manla2
Brinpl
Ncoal
Itfg3
Raverl
Sptbn2
Filip1
Cdh5
Ntrk1
Genlll
Zzefl
Abhd12
Sh3glb2
Scn8a
Ptprd
Lohl2crl
Pcsk7
Abca2
Zbtb40
Pthlr
Wdfy3
Kenj3
Yeats2
Zfyve28
Mdnl
Adra2c
Kcnh6
Bodll
Rnf19a
Htr7
Ethel
Adaml1
Fam193a
Ankrd17
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-0.36562
-0.3657
-0.36574
-0.36582
-0.3663
-0.36644
-0.36689
-0.36747
-0.36752
-0.36774
-0.36786
-0.3681
-0.36818
-0.36842
-0.3687
-0.36902
-0.3693
-0.36963
-0.36966
-0.36967
-0.36979
-0.37003
-0.37006
-0.3701
-0.3714
-0.37142
-0.37152
-0.37198
-0.37218
-0.37262
-0.37267
-0.37368
-0.37388
-0.3739
-0.3742
-0.37452
-0.37454
-0.37455
-0.37482
-0.37616
-0.37623
-0.37635
-0.37645
-0.37685
-0.37691
-0.37745

Ptchdl
Cdho
Wscd2
Prdm6
Ltbp4
Nckap5l
Kenjll
Lrfnl
Igsf21
Bfsp2
Slc16a5
Kl1hl36
D430001F17Rik
Gm11769
Bcl9l
KIhl33
Whrn
Kcna2
Fam78a
Trpv4
Kcenj4
Gm26775
Gm15462
Gm15336
Oprdl
Zfp109
Gm15475
Nrg2
Lrrc4b
Adralb
Gml15411
A230005M16Rik
Grrpl
Ziml
Oprml
Hes5
Gml14164
0610039K 10Rik
4921514A10Rik
Cox16
Dnah6
Gm16538
Rpl36
Lrrc9
Uchll
Gm26788

-1.1906
-1.206
-1.216

-1.2173

-1.2191

-1.2237

-1.2254

-1.2305

-1.2323

-1.2389

-1.2458

-1.2475

-1.2512

-1.2543

-1.2595

-1.2617

-1.2628

-1.2645
-1.268
-1.268

-1.2701

-1.2711

-1.2711
-1.272

-1.2727

-1.2761

-1.2811

-1.2822

-1.2875

-1.2898

-1.2955
-1.298

-1.3073

-1.3201

-1.3214

-1.3302

-1.3322

-1.3332

-1.3359
-1.353

-1.3533

-1.3605

-1.3686

-1.3733

-1.3806

-1.3819



Nop56 0.39002 Cbyl -0.37747 Slc22a6 -1.3835

Reck 0.39 Tfdp2 -0.37773 Gm6981 -1.3902
Epb4.114b 0.38945 Pnpla3 -0.37813 Gm16564 -1.4011
Slitrk2 0.38911 Ppie -0.37829 Tnk2o0s -1.4111
Steap4 0.38905 Rab40c -0.3786 KIf12 -1.4161
Myeov2 0.38899 Cacng? -0.37889 Slc38a4 -1.4245
Abcg?2 0.3882 Frmpd4 -0.37905 Gm26613 -1.4326
Rell 0.38804 Snx11 -0.37946 Fbll1 -1.4488
Yrdc 0.38725 Golgbl -0.37956 Scrn2 -1.4501
Pcsk1 0.38719 Tkt -0.37977 Tmeml121 -1.4776
Nrarp 0.38705 Caskin2 -0.38034 Hlfx -1.5358
Tshzl 0.38696 Ttc21b -0.38048 Gm16159 -1.5359
Htrla 0.38695 Ccdc74a -0.38064 Pcskln -1.5626
Fam19a4 0.38689 Rnf157 -0.38139 Kenk12 -1.5895
Fads1 0.38667 Hsf4 -0.38166 Emilinl -1.6081
Tmtc4 0.38652 Slc36al -0.38175 Gm16240 -1.6105
Atpbvlg2 0.38606 TmO9sf4 -0.38191  4930442H23Rik  -1.6583
Ankrd28 0.38479 Tanc2 -0.38208 Hopxos -1.6665
Ly6cl 0.38396 Chd8 -0.38208 Zbtb16 -1.6684
Panx]1 0.38366 Syt2 -0.38229 Ccdc88b -1.698
Gm26718 0.3835 Mccc2 -0.38233 Gm1667 -1.7607
Ube216 0.38341 Tnrc6a -0.38352 Ccdc85b -1.7793
Fbxo030 0.38322 Ccend3 -0.38396 Proser2 -1.7836
Serpina3n 0.38309 Pwwp2b -0.38411 Ntf3 -1.8287
Rfc5 0.3829 Prkez -0.38463 Clql4 -1.8507
Tsc22d2 0.38198 Pinl -0.38474 Cox6a2 -1.8897
Slbp 0.38165 Itga4 -0.38497 Uchllos -1.9554
Z1p68 0.38142 Ogfrll -0.38526 Hoxa6 -2.0301
Med7 0.38117 Ptprm -0.38539 Gml1175 -2.1226
Idil 0.38106 Nfasc -0.38552 Ckm -2.2338
Otud4 0.38094 Coro2b -0.38616 Dpm3 -2.2467
Elfl 0.38069 Epnl -0.38633 Myh4 -2.2819

A930016022Rik  -2.5567

Supplementary file 5.
List of differential expressed genes in L4-L.6 DRGs after Dorsal column axotomy (DCA
vs Lam)
Gene Name logFC Gene Name logFC Gene Name logFC
Capnll 2.3403 Micul 0.43977 Synpo -0.39355
Trim63 2.0601 Zp821 0.43922 Tox2 -0.3939
Ccdc85b 2.0094 Edfl 0.43697 Ly6a -0.39439
H1fx 1.9972 Btbd2 0.43558 Oasl2 -0.39495
Kenkl12 1.9668 Slc25a29 0.43512 Mettl23 -0.3966
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Rpl36

Uchllos

Etnppl

Hopxos

Adrald
Gm16564

Plin4

Gm11769
Col2al

Slc9a3

Dpm3

Slit3
D430001F17Rik
Chad

Kl1hl36
Gm14597
Gm2895
Capnl5
4921514A10Rik
Pcdhl5
Gm12868
Gm15337
Gm13748
Gm27010
Tmcl

Gm15821
Cyp4fl18
1700003F12Rik
Gm17178
Tbxa2r
Tmem?254b
Park2

Cldn14

Foxsl

Dchsl

Grrpl
6030443J06Rik
4933428G20Rik
Gm17552
Klhl34

Proser2
Slcola6

Neurl2

Pold1

Syngapl

Atf3

1.7032
1.6986
1.669

1.5858
1.5153
1.502

1.4601
1.4313
1.3623
1.268

1.2589
1.2441
1.2393
1.2211
1.2173

1.

1991

1.1987
1.1837
1.1733
1.171

1.1533
1.
1
1
1
1
1

1516

1357
1357
.1229
1211
113

1.

1107

1.0878
1.0829
1.0804
1.0788
1.0763
1.066

1.0623
1.0564
1.0564
1.0525
1.051

1.0407
1.031

1.031

1.0134
1.0062

0.99722
0.99721

Jdp2
Sh3tc2
Hsfl
Rasgrp4
Tagln3
Gprl62
Ambral
Madlll
Prrc2a
Mrpl4
Actn4
Lmfl
Cabinl
Slc22al8
Scafl
Cul9
Cope
Kdm4b
Gmpr
Rplp0
Aspscrl
Pola2
Eif3h
Acbd4
Palm
Psmb3
Galnt16
Fam195b
Ntmtl
Frmpd1
Clec2l
Bcam
Asb6
Apc2
Gitl
Mvb12a
2210018M11Rik
Ccdcl101
Abtbl
Rpl26
Hcen3
Xpob
Dos
Sbf2
Evc2
Polr2e
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0.43402
0.43287
0.43155
0.43138
0.4302

0.42899
0.42871
0.42744
0.42609
0.42581
0.42455
0.4238

0.42166
0.41934
0.4191

0.41853
0.41803
0.41797
0.4161

0.4155

0.41495
0.4147

0.41467
0.41437
0.41432
0.41414
0.41373
0.4137

0.41281
0.41186
0.41183
0.41169
0.4053

0.40402
0.40344
0.40194
0.40015
0.39955
0.39824
0.39772
0.39764
0.39666
0.39634
0.3962

0.39515
0.39424

Laptm5
Irsl
Bhlhe41
Plekha?7
Ubqln2
Tmc7
Clra
Gm9747
Nrep
Rsadl
Cstf2t
Uck2
Cendl
Hnrnpdl
Ado
Tmem261
Hbegf
Ubiadl
Ppapdc2
Gm16551
Cbx8
Rdh10
Fosl2
Fcgr2b
2700081015Rik
Mxd3
Midn
Fbxo27
Thapl1
Rem2
Lum
Pdik11
Rras2
Ctsh
Galns
Tmem173
Mgl2
Ptma
Clsl
Tmem198b
Ttc30b
Sco2
Arxesl
Bloc1s3
C2cd4c
Fizl

-0.39691
-0.39766
-0.39799
-0.39883
-0.40126
-0.4024
-0.40288
-0.4031
-0.40366
-0.40536
-0.40553
-0.406
-0.40693
-0.40706
-0.40919
-0.41157
-0.41188
-0.41217
-0.41283
-0.41434
-0.41957
-0.42265
-0.42398
-0.4243
-0.42611
-0.42624
-0.42708
-0.42919
-0.42958
-0.43163
-0.43325
-0.43387
-0.43441
-0.43528
-0.43574
-0.43647
-0.4402
-0.44022
-0.44435
-0.44626
-0.44662
-0.44714
-0.44783
-0.44822
-0.45174
-0.4518



Ovoll
Gm20529
Chitl

Gcek
4930404N11Rik
Znhit2
Gm16982
Bcaslos2
Trpv4
Bcl9l
Gm7701
A930005H10Rik
Zdhhc22
Atad3aos
Cited1
Hoxb5o0s
Ubtdl
Gm10231
Z{p6520s
Cpnl
Ndufb7
Tnrcl8
Zp524
Klc3
Tpgsl
Ttcl8
Gm11946
AB041806
1125
Bckdha
Trappcba
Bai2
B230206L02Rik
Nlel
Nphp4
Foxp4
Myh7b
Dpepl
Dnah3
Apba3
Gm15991
Meil
Gtpbp6
Gm26596
Aldhl6al
Ankrd9

0.99389
0.99028
0.98729
0.98666
0.98558
0.98295
0.97651
0.96997
0.96804
0.93963
0.92561
0.92306
0.92018
0.91532
0.91351
0.91192
0.91127
0.89297
0.88835
0.88181
0.87947
0.87874
0.87745
0.87469
0.87352
0.86347
0.86227
0.86206
0.85645
0.85535
0.85324
0.8454

0.82888
0.82511
0.82488
0.82395
0.81599
0.81309
0.80648
0.80328
0.79546
0.79505
0.79337
0.7885

0.78155
0.77995

Gnb2
Mpnd
Uaca
St3gal3
Chst12
Tubgl
Ranbp3
Ctcl
Dnal4
Tubgcp2
Tsc22d4
Cxxla
Cnpy3
Lox
Med25
Wdr38
Zswim8
Ppmlg
Gprl19
Asl
Pnpla2
Zfpll
Lrwdl
Gipcl
Fxydl
Ndufb8
Zfand2b
Gm15441
Cern4l
Btbd9
Myhl14
Ankrd13b
Sap130
Slc38a6
Atp5d
Tnipl
Tkt
Ttll11
Tubb5
Spg7
Hyi
Flywchl
Wdr81
Ncaml1
Gm17029
Rnf31

130

0.3937
0.39347
0.39341
0.3924
0.39151
0.39111
0.3908
0.38966
0.38695
0.38693
0.38679
0.38662
0.38634
0.38556
0.38249
0.38242
0.38134
0.38084
0.38073
0.37941
0.37881
0.37754
0.37753
0.37645
0.37548
0.37459
0.37435
0.37331
0.37299
0.37292
0.37285
0.37269
0.3715
0.37124
0.37092
0.36961
0.3692
0.36783
0.36709
0.367
0.36335
0.36329
0.36323
0.36305
0.36281
0.3621

Col6a3
Hipk4
Pou4fl
Ccl6
Lepr
Hspa8
Eid2
Pppl1r26
Zfhx3
Ptprc
Btg2
Pnmal
Cxcll2
Rbm15b
Actb
Pdgfa
Mcll
Cd93
Tgfbi
Hoxb8
Chd3os
Wnt6
Ctul
Col8al
Megfll
Cer2
Cxxc5
Nlrc5
Trim34a
Gm26982
Fgfl1
Mcm3
Gm15884
Igdcc4
Dynll2
Parp3
Hmgn2
Trim30a
Ss18l1
Cdk2
Empl
Nr2f2
H2-Abl
Spata25
Srsf2
Irf2bpl

-0.45441
-0.45635
-0.45674
-0.45723
-0.45759
-0.45906
-0.46121
-0.46175
-0.46223
-0.46232
-0.47441
-0.4776

-0.47893
-0.48347
-0.48428
-0.48432
-0.48472
-0.48692
-0.48916
-0.49031
-0.49056
-0.49331
-0.49372
-0.49556
-0.49635
-0.49789
-0.50034
-0.50155
-0.50255
-0.50462
-0.50556
-0.50654
-0.51033
-0.51098
-0.51191
-0.5125

-0.51443
-0.51578
-0.51758
-0.51847
-0.51982
-0.52063
-0.52303
-0.52349
-0.52349
-0.53154



Kcenj4
Faml71a2
Dyrkl1b
Polr2f
1700021J08Rik
Ccdc57
Gm12592
Ndufa7
Gpr62
Bola2
Ggnbpl
Ugqerll
Ccdcl124
Sntal
Lrp5
Gm2694
Acads

D630003M21Rik

Zbtb49
Lrrc24
Zbtb17
Psd
Cntn5
Pias4
Isoc2a
Gm16861
AKkS8
Exosc5
Ube4bos3
Chchd6
Taflc
Dadl
Tmem1l32a
Gm20650
Ppan
Ndufs7
Ntsr2
1700101111Rik
Fbxl6
Ttc9b
Mif
Sptbn5
Tonsl
Rasll1a
Slc8a2
Fdxr

0.77394
0.76974
0.76565
0.76319
0.76023
0.76001
0.75612
0.75426
0.74798
0.74786
0.74413
0.73978
0.73821
0.73797
0.72794
0.72627
0.71988
0.71585
0.71482
0.71345
0.71038
0.70963
0.70826
0.69922
0.69266
0.68963
0.6798

0.67961
0.6779

0.67556
0.67547
0.67498
0.67204
0.66713
0.66691
0.66645
0.66432
0.66199
0.66189
0.66173
0.65965
0.65926
0.65388
0.65101
0.64992
0.64943

Ggal
Phldb1
Numal
Dcaf6
Rabacl
Secl3
Lmf2
Pik3r2
Itpr3
Ritl
Zdhhcl
Fkbp8
Dtdl
Cripl
Ugqercl
Spire2
Brmsl1
Ctnnbl1
Pomgnt2
Hdac5
Trpcdap
Ints9
Vpsll
Flotl
Vps51
Asnal
Urod
Zdhhc18
Asphd2
Cuedc2
Gsn
Eif2b2
Fbxo42
Cizl
Ankrd54
Stoml1
Tmem222
Golgbl
Katnbl
Prkrip1
Abca2
Arhgef28
Epnl
Tbcld7
Phgdh
Supt5
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0.36139
0.36068
0.36028
0.35475
0.35396
0.35374
0.35356
0.35196
0.35029
0.34837
0.34817
0.34749
0.34695
0.34576
0.345
0.34387
0.34385
0.34337
0.34278
0.34238
0.34206
0.34186
0.34038
0.3398
0.33949
0.33864
0.33654
0.33652
0.33539
0.33511
0.33334
0.33324
0.33014
0.32797
0.32621
0.32587
0.32544
0.32482
0.32184
0.32181
0.32109
0.32102
0.31963
0.319
0.31882
0.31779

Nanosl
Hoxb7
Marcks
Myol9
Repinl
Hnrnpa0
Apoldl
Sdf2l1
Mesdcl
Thbd
Slc13a4
Shh
Aldhla3
Nprl
Nrarp
Flt31
Marcksll
Ankrd34a
Irgml
Padi2
Bcelllb
B3galt2
Pla2gda
Jund
Hoxa$5
Rrsl
Ctss
Sfip4
Col5al
H2afj
Hoxaas2
Pabpnl
Lrrn4cl
Sla
Lrp8os3
Ccem21
1fi44
Sectmlb
Tnkl
Ccdc142
Cd302
Lipt2
KIk5
Egr2
Per2
Esrp2

-0.53273
-0.53399
-0.53902
-0.54138
-0.54312
-0.54313
-0.54493
-0.54756
-0.54934
-0.55078
-0.55145
-0.55216
-0.555
-0.55588
-0.55659
-0.55713
-0.55824
-0.5604
-0.56136
-0.5622
-0.56418
-0.56814
-0.5713
-0.57174
-0.57309
-0.57459
-0.57783
-0.58404
-0.58406
-0.58462
-0.59386
-0.59788
-0.60075
-0.60409
-0.60821
-0.61579
-0.61756
-0.6179
-0.62173
-0.62181
-0.62246
-0.62443
-0.62611
-0.62851
-0.62898
-0.63548



Eps812
Gm20511
Gm11149
Mok
Lrfn2
Gm16754
Ccs

Mksl1
Zfpl3
Erccl
Atp6v0c
Trpm4
Pgls

Mzt2
Rps9
Rpl8
Mill2
9430069107Rik
Grik5
Gpx2
Ptpru
A730011C13Rik
Timm13
Atox1
Ndufal3
Rnf180
Ppplrl6a
Zmat5
Abhd14a
Pex14
Faml163a
Rpsl5
Gm20748
Otud3
Comp
Pnpla7
Tmem219
Dlgap3
Scrib
PodxI2
D030047H15Rik
Rhbdf1
Prodh
Mfsd10
Chial
Khk

0.64798
0.64754
0.64578
0.64498
0.64438
0.63854
0.63825
0.63474
0.63222
0.63218
0.62817
0.62568
0.62507
0.62004
0.61966
0.61946
0.61667
0.61433
0.61411
0.60892
0.60884
0.60762
0.60697
0.60637
0.60304
0.60154
0.60132
0.59987
0.59953
0.59755
0.59736
0.59413
0.594

0.58944
0.58662
0.58637
0.58449
0.58273
0.57712
0.57665
0.57644
0.57466
0.569

0.56846
0.56717
0.56511

Pfkl
Stmn4
Hepacam
Pmm1
4930506C21Rik
Pold4
Rnf121
Man2cl
Noll2
Slc38al0
Prx

Bcan
Pomgntl
Ndufs8
Sarml
Eif3d
Ipol3
Syndig1l
Slc25a38
Stk25
Ddx49
Prpf40b
Sgipl
Mpcl
Cdk5Srap2
Arhgap19
Vwag
Rogdi
Tencl
Ncmap
Sh3glb2
Csdc2
Rabl6
Slc27al
Gabarapll
Scnlb
Arfgapl
Nelfe
Rpl7a
Assl
Vps33a
Wdrl8
Pck2
Nup93
Prkcz
Ndufvl
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0.317
0.31665
0.31564
0.31502
0.31492
0.31351
0.31338
0.31072
0.3102
0.30949
0.30818
0.30785
0.30528
0.30456
0.30407
0.3011
0.30087
0.29756
0.29702
0.29349
0.29208
0.29088
0.28789
0.28671
0.28622
0.28433
0.28385
0.28181
0.27848
0.27724
0.27603
0.27567
0.27449
0.26878
0.26581
0.26539
0.2647
0.26332
0.26198
0.26062
0.25689
0.25135
0.24291
0.24232
0.23493
0.23466

Efnb3
5330438D12Rik
Aifl

Ciita
Slcllal
Ppplr3d
Krt10
Adra2a
Ter5
Hotairm1
Kcengl
Frat2
Mex3b
Pcdhb22
Fut4

Fos
Zfp3612
Tmc5
Blocls4
Perml
Siglecl
Gbp2
AY074887
KI1f2

Ebf2
Igfbp5
Clec4a3
Zfp36
Cebpb
Kpna2-ps
Strc
Shmtl
Tmem8&8b
Egrl
Zfp503
Inhbb
Foxd3
Cpa3
Pou3fl
Dbndd2
Mrfapl
AWO011738
Bmp2
Bmyc
Six5
1700007L15Rik

-0.63562
-0.63575
-0.63844
-0.64193
-0.64367
-0.64725
-0.64869
-0.64968
-0.65064
-0.6557

-0.65927
-0.65969
-0.65973
-0.66071
-0.66193
-0.66274
-0.66341
-0.66482
-0.67034
-0.67371
-0.67381
-0.67527
-0.67575
-0.67645
-0.67951
-0.68182
-0.68538
-0.68841
-0.69136
-0.69339
-0.6975

-0.69752
-0.70887
-0.71401
-0.71427
-0.71452
-0.72228
-0.73212
-0.73493
-0.73539
-0.74016
-0.74223
-0.74633
-0.7486

-0.75271
-0.75336



Prdm10
EmlI2
Cc2dla
Abhd8
Mt3
Kifl19a
Slc29a2
Mgst3
4930556J24Rik
Tmem204
Wrap53
Mast2
Bcat2
Monla
Nme6
Rpl18
Gm11537
Tmem143
Mbp
Arhgap39
Bcel7c
Polr2i
Acacb
Sirt3
Abhd17a
Thopl
Rpusdl
1134
Toml
Wdtcl
Ptovl
Josd2
Tmem205
C630016N16Rik
Arhgefl1
Gm11457
Fars2
Sirt6
Ccem?2
Pcx

Ifrd2
Plekhm2
Zfp444
Stmn2
Denndla
Hmgcs2

0.56088
0.56069
0.55585
0.55575
0.55104
0.54683
0.54461
0.54386
0.54361
0.54063
0.5399

0.53984
0.53527
0.53519
0.53487
0.53486
0.53234
0.52943
0.52887
0.52709
0.52592
0.51903
0.51829
0.51789
0.51776
0.51728
0.51568
0.51504
0.51503
0.51498
0.51372
0.5132

0.51288
0.51216
0.51104
0.50924
0.50659
0.50472
0.50351
0.50268
0.50205
0.50029
0.4985

0.49793
0.49692
0.4965

Rgs3
Grikl
Cull
Spred1
K1h19
Trib2
Fam102b
Hnrnphl
Vapb
Ubqln4
Tmbiml
Iahl
Efnb2
Hnrnpl
Aldh4al
Phf2011
Ehbpll1
1810014B0O1Rik
C530008M17Rik
Gm17122
Slc35f6
Ppplrl5b
Ndufafl
Amdl1
Pcbpl
Tmem100
Rcan2
Stat2
Gm26716
KIf16
Trp53inp2
Rfc5

Ahr
Bri3bp
Tubalb
Tle3
Srd5al
Fastkd3
Tpm4
Atpovlg2
Tysndl
Chchd2
Bola3
Kin
Emc6
Lyn
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0.22743
0.21666
0.2082
-0.20917
-0.20932
-0.22499
-0.22834
-0.23204
-0.23508
-0.23931
-0.2466
-0.24905
-0.25573
-0.26488
-0.26542
-0.26641
-0.27293
-0.27515
-0.27536
-0.27624
-0.2792
-0.27948
-0.28834
-0.28929
-0.29254
-0.29365
-0.29375
-0.30039
-0.30144
-0.30207
-0.30355
-0.3059
-0.30832
-0.31107
-0.31472
-0.31506
-0.31673
-0.31741
-0.31781
-0.31808
-0.31858
-0.32239
-0.32322
-0.33156
-0.33168
-0.33301

Rftnl
Hesl
Gm26532
Ccdc78
D730003115Rik
Pmp2
Plac8

Lrat

Tcf7
2810433D01Rik
Csf2ra
Zbpl

Shb
4930469K 13Rik
Lat2

Ctgf

Il1lrn
Cmal
Cbinl
Ccdc22
Itgal
Cd209a
Gm15506
Scarf2
Gm15035
Dndl

Fhl3
Rgs9bp
Fefr3
Cebpa
2810430111Rik
Cebpd
Smad6
Ccl2
Ttcl6
Tmie
Fam129c
115
Ldlrapl
Oxtr
Hspalb
Foxcl
Tmem30b
Gadl

Wil

Igha

-0.75657
-0.75974
-0.78151
-0.78471
-0.79287
-0.80043
-0.80103
-0.8016

-0.80529
-0.80673
-0.80821
-0.81227
-0.8182

-0.81955
-0.82409
-0.82938
-0.84061
-0.84415
-0.84475
-0.84627
-0.84712
-0.84939
-0.86158
-0.86347
-0.87509
-0.88443
-0.88542
-0.89217
-0.89391
-0.89681
-0.89951
-0.90354
-0.90514
-0.90732
-0.90772
-0.9188

-0.92277
-0.92478
-0.92498
-0.92787
-0.92918
-0.93133
-0.93212
-0.94137
-0.94928
-0.95995



Mapk8ip3
Aars2
Xrccl
Zfp523
Nenf
Mvd
3010026009Rik
Tsfm
Pip5kll
Lamb2
Cyp4£39
Map3k10
Rpl41
Ube2s
Rpl4
Tap2
Tbcld25
Rps18
Bcas3
116
Gpnmb
Smtn
Mastl
Pacsl
Kcnnd
Pidk2a
Tenl
Dctnl
Nrgl
Sorbs3
Smim3
Dis312
Myl6
Hvenl
Ifitm10
Hps4
Prss36
Rims2
Fsdl
Mbd3
Mvk
Zdhhc8
Bcl2ll

0.49579
0.49462
0.49396
0.4936
0.49241
0.49125
0.49061
0.48971
0.48949
0.4886
0.48818
0.48697
0.48554
0.48436
0.48323
0.48258
0.48175
0.48083
0.47921
0.47736
0.46952
0.4684
0.46838
0.46808
0.46401
0.4639
0.46312
0.45883
0.45745
0.45644
0.4549
0.4544
0.45207
0.45111
0.44949
0.44934
0.44825
0.44597
0.4458
0.44367
0.44253
0.44
0.43991

Ctsc
Samd4
Irfl
Yeats4
Hoxb5
Semadg
Arhgefl5
Ndn
Ttpal
Rsrpl
Gm9917
Trim8
Fam217b
Igfbp4
Sfipl
Appl2
Prmt8
D17H6S53E
Litaf
Postn
Gldn

Pgp
Tyw3
Mtss1
Ndufb2
Slpr2
Coll5al
Dolk
Itpripl1
Vegfa
Gm16731
6430571L13Rik
H2afz
Exoc8
Spry4
Nptx1
PIk3

Fgl2
Kencl
Cmtm3
Dab2
Gcecel
Slc39al
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-0.33315
-0.33334
-0.33371
-0.33858
-0.33897
-0.34036
-0.34081
-0.34082
-0.34178
-0.34343
-0.34348
-0.34396
-0.34679
-0.34696
-0.34766
-0.34786
-0.3491

-0.34964
-0.35089
-0.35321
-0.35333
-0.35497
-0.35523
-0.35739
-0.35895
-0.36194
-0.36261
-0.36334
-0.37189
-0.37449
-0.37466
-0.37819
-0.38029
-0.38038
-0.38107
-0.38199
-0.38632
-0.38676
-0.38684
-0.38735
-0.38846
-0.39044
-0.3917

Tmem184a
Gm26892
Wnt4
Edn3
Aoc2
Galnt12
Xlr3b
Itgae
Accsl
Histlh1ld
Stcl
Rph3al
Foxdl
Tspan32
Cxcll14
Aplnr
Gm12319
Oas2

DII3
Fam84a
Rinl
Bhlhe22
Tmem8&6b
Ptgdr2
Cesld

E230013L22Rik

Apln
Prss8
Ip6k3
Asgrl
Foxc2

Ky
Gm14057
Apobec2
Kenk6
Phf19
Tfep2ll
AY036118
Mirl7hg
Mss51
Saa2
Rn7sk

-0.96444
-0.97398
-0.97554
-0.98545
-0.99403
-1.02
-1.0373
-1.0403
-1.0455
-1.059
-1.061
-1.0699
-1.0772
-1.0935
-1.0947
-1.0953
-1.0956
-1.0964
-1.1059
-1.1333
-1.1333
-1.1769
-1.2049
-1.2097
-1.227
-1.2505
-1.2605
-1.2858
-1.2858
-1.2858
-1.3019
-1.3196
-1.3785
-1.3865
-1.3996
-1.4704
-1.4887
-1.4962
-1.5252
-1.5652
-1.9406
-1.9897



Supplementary file 6.

Gene Ontology of the first 5 ranked categories of the proteins enriched in the peripheral

branch (p-value < 0.01).

Category Term -Logl0 (pvalue)
cC cytosol 4.304582
CC extracellular region 3.388346
MF peptidase inhibitor activity 3.482213
MF enzyme inhibitor activity 2.944919
MF intramolecular transferase activity 2.351698
MF carboxylesterase activity 2.006527
MF metallopeptidase activity 2.002999
BP hexose metabolic process 4.825867
BP monosaccharide metabolic process 4.465709
BP vitamin metabolic process 4311108
BP cellular amino acid derivative biosynthetic process 4.38452
BP nitrogen compound biosynthetic process 4.275343

Supplementary file 7.

Gene Ontology of the first 5 ranked categories of the proteins enriched in the central

branch (p-value < 0.01).

Category Term -Logl0 (pvalue)
CcC mitochondrial part 5.989123
CcC mitochondrial membrane 4.953733
CcC intracellular organelle lumen 4.438462
CcC organelle inner membrane 4.434637
CcC endoplasmic reticulum part 4.143938
MF structural molecule activity 2.644809
MF unfolded protein binding 2.356349
MF intramolecular oxidoreductase activity 2.224285
MF protein disulfide isomerase activity 2.224285
BP cellular respiration 2.8366
BP protein folding 2.740285
BP generation of precursor metabolites and energy 2.571205
BP microtubule cytoskeleton organization 2.257202
BP cell division 2.212619
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Supplementary file 8.

Gene Ontology of categories of the proteins upregulated in the peripheral branch after
SNA (p-value < 0.01)

Category Term -Logl0 (pvalue)
MF carbohydrate binding 6.27424547
BP regulation of transcription 4.327572225
BP cell adhesion 4.168192354
BP regulation of RNA metabolic process 3.8333266
CC intracellular organelle lumen 3.787784834
BP regulation of transcription, DNA-dependent 3.767438428
CcC organelle lumen 3.744861958
BP response to wounding 3.585053145
BP transcription 3.065756128
MF sugar binding 2.874116809
BP chemotaxis 2.669738824
cC synapse 2.482311744
BP neuron development 2.170021241
CcC synaptic vesicle 2.12224036

Gene Ontology of categories of the proteins downregulated in the peripheral branch after
SNA (p-value < 0.01)

Category Term -Logl10 (pvalue)
CcC ribosome 6.003346603
BP translation 5.018834692
MF ATP binding 3.710958106
MF structural molecule activity 3.623715062
MF adenyl nucleotide binding 3.533563984
MF nucleoside binding 3.447132452
MF ribonucleotide binding 3.377785599
CcC ribonucleoprotein complex 3.098694438
MF motor activity 3.018773725
BP actin filament-based movement 2.879723719
MF ATPase activity 2.618438721
MF nucleotide binding 2.588477906
CC non-membrane-bounded organelle 2.476584382
BP actin filament-based process 2.456472297
CcC cytosolic ribosome 2.074101517

Gene Ontology of categories of the differentially expressed proteins in the central branch
after DCA (p-value < 0.01)
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Category Term -Logl0 (pvalue)

CC ribosome 3.981381974
MF structural constituent of ribosome 3.854693276
CcC ribonucleoprotein complex 2.699549681
BP regulation of cell cycle 2.285294381
MF structural molecule activity 2.231197496
BP regulation of mitotic cell cycle 2.097281956
CC mitochondrial lumen 2.146758912
CC mitochondrial matrix 2.146758912
Supplementary file 9.

Enriched KEGG pathways (pvalue < 0.1) of the differentially expressed genes and
proteins, in DRG and axoplasm after SNA

Term -Logl10 (pvalue)
Regulation of actin cytoskeleton 2.290923
Arginine and proline metabolism 2.064402
Insulin signaling pathway 1.77654
Neurotrophin signaling pathway 1.456849
Ribosome 1.29397
Starch and sucrose metabolism 1.253727

Fc gamma R-mediated phagocytosis 1.17251

Type 1l diabetes mellitus 1.167008
ABC transporters 1.139686
Jak-STAT signaling pathway 1.121999
Adipocytokine signaling pathway 1.088898
MAPK signaling pathway 1.05904

Pyruvate metabolism 1.026108
Melanoma 1.024136
Apoptosis 1.000132

Supplementary file 10.

Enriched KEGG pathways (pvalue < 0.1) of the differentially expressed genes and
proteins, in DRG and axoplasm after DCA

Term -Logl0 (pvalue)
Ribosome 2.42609
Arginine and proline metabolism 1.897588
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Butanoate metabolism 1.410039
beta-Alanine metabolism 1.241175
Valine, leucine and isoleucine degradation 1.129763

Supplementary file 11.

Protein list of AMPKa IP-mass spec after SNA and Sham compared with IgG

AMPK TP

1.5 fold change
Log2 > 0.58 ,log2 <-0.58

SNA vs IgG
Protein name log2.Ratio.H.L.normalized.forward log2.Ratio.H.L.normalized.reverse
Prkag2 9.42481714 -3.48860888
Ahnak 8.767787198 -8.483968711
Prkagl 8.085233429 -4.493101568
Psmd8 6.645730475 -3.038598927
Psmc6 6.570447751 -4.560574731
Psmc2 6.275714808 -6.176576709
Psmdl11 6.135021758 -3.751484594

Psmd2;Gm5422

6.042972583

-3.224047661

Psmcl 5.819872517 -3.681732913
Psmc5 5.497165246 -3.162169757
Prkab2 5.446984012 -4.279451848
Ppap2b 5.384913231 -2.526493604
Psmd13 5.24587591 -4.549856647
Prkaal 4.462837601 -3.439872024
Psmdl 4.2124137 -2.313512919
Psmd5 4.032806145 -2.321062737
Psmd3 3.994308175 -4.01730024
Psmc4 3.93593114 -5.803735416
Psmd6 3.924479992 -3.560166258
Psmd7 3.808590988 -3.92690918
Prkabl 3.52656966 -1.67134733
Psmd12 3.406672716 -2.719946395
Prkaa2 3.303634645 -4.342444135
Gphn 3.275781841 -2.937657202
Crmpl 3.153708072 -4.005272575

Rbms3;Rbmsl

2.887174302

-5.531289492

Hspa4 2.675183626 -3.331452398
Cpsfl 2.628633634 -4.769964265
Rpl37a 2.610038557 -2.221623189
S100a10 2.600008027 -2.859247516
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Psmc3
Rps4x;Rps4l;Gm15013
Rpl27
Rpsll
Rpsl15a
Rpl10a
Rpl9
Psmd14
Rbfox3;Rbfox2;Rbfox1
Pura
Rps3al;Rps3a
Fxrl
Rplp0;Gm8730
Rpll7

LLRep3;Rps2;Gm18025;Gm
6576,Gm8225;Gm5786;Gm
10653
Rpl30

Rps16
Sdha
Rpl8
Ahnak2
Rpl12;Gm16519
Rpl13
Pabpcl
Rpl23a
Cnp
Purb
Rpsl13
FAM120A
Hist2h4;Hist1h4a
Hspa8
Rps8
Anxa2
Rps3
Hnrnpd
Pcbp2;Pcbp3
Gm9493;Rps7
Upfl
Rpl3;Rp13
Rpsl14;rps14
Rpl27a
Rps18;Gm10260
Elavl2

2.503323291
2.388823247
2.271604956
2.252930296
2.153740494
2.123997204
2.113300436
1.983312871
1.97019104
1.835641165
1.814878504
1.804301423
1.763709007
1.759837596
1.750349241

1.731487392
1.718175283
1.68853847
1.686612577
1.663663412
1.643902355
1.641823444
1.598079306
1.579083579
1.572356136
1.563597463
1.534360472
1.491083454
1.480988873
1.433119698
1.425674135
1.419808529
1.399936681
1.398514552
1.393251437
1.390777727
1.378678078
1.33187716
1.329468079
1.268913416
1.230817842
1.167807495
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-4.053278122
-2.114847378
-2.275786313
-1.833927324
-1.788564097
-1.964939203
-1.486731613
-3.357832636
-2.208494292
-1.593398026
-1.460846153
-1.703454492
-1.773096941
-1.902389203
-1.594530372

-1.975283173
-1.73082319
-1.611843534
-1.896629934
-1.79816543
-1.558431534
-1.716813093
-1.715959736
-1.759649031
-1.391152917
-1.742699665
-1.851625516
-0.954724794
-1.491348241
-1.616215541
-2.687520693
-1.956291542
-1.474773006
-1.973865681
-1.580310105
-1.83933792
-1.045223005
-1.361601738
-1.482452173
-2.174491136
-1.31423025
-1.14963261



Ywhah
Epb4.112;Epb4112
Hspa5s
Hspa9d

Gm10036;Rpl11;Gm5093

Hsp90aal
Slc25a5
Rpl28
Rps19
Hnrnpk;Gm7964
Ywhaq
Prdx1
Eefla2
Serbpl
Ywhag
Dpysl2
Atp5cl
Tpil
Hsp90abl

Protein name
Prkag?

Psmc5

Psmcl

Ahnak

Prkagl
Ppap2b
Rbms3;Rbmsl
Psmc2

Psmc4

Psmc3

Prkab2

Crmpl
Psmd13
Psmd2;Gm5422
Cpsfl

Prkaa2

Psmd7

Rpl27

Rbfox3;Rbfox2;Rbfox1

Psmd5
Rpl27a

1.052137623
1.038646881
1.036116453
1.033581579
0.995520699
0.954717448
0.944708548
0.912113305
0.901108243
0.881194737
0.855591108
0.836004895
0.747859985
0.745108226
0.726918386
0.666574824
0.653426952
0.607484193
0.600079412

SHAM vs IgG

log2.Ratio.H.L.normalized.forward

8.749400182
8.733828833
8.6370233
8.00365845
7.75141016
7.376602952
6.578516105
5.753283616
5.736415462
5.390702074
4.511910749
4.36429227
4.023787614
4.000991512
3.997653714
3.990864122
3.854993017
3.679311189
3.63784206
3.399171094
3.252809222
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-1.329522196
-0.757671884
-1.358158064
-1.184293423
-1.337557489
-0.757745063
-0.625088505
-1.085588556
-1.161136955
-1.134413697
-1.241304538
-1.265726099
-0.859011989
-1.315378721
-1.02414974
-1.124157042
-0.732691935
-0.8633886
-0.677541091

log2.Ratio.H.L.normalized.reverse

-3.062866566
-2.860923485
-2.757598708
-5.722876963
-3.756584388
-3.565810018
-3.738370501
-5.651957988
-4.196911866
-3.694545382
-4.188127866
-2.618207205
-3.552731856
-3.044657435
-2.480115955
-3.734044691
-3.857134382
-2.868700269
-2.522923705
-2.265067152
-2.442614419



Rps24
Pgam5
Psmc6
Psmd4
Rpl18a
Rpl8
Gphn
Psmd1
Prkaal
Rps8
Rpsll
Slc25al

Hist2h4;Hist1h4a

Hspbl
Rpl9
Rps9

Rps4x;Rps4l;Gm15013

Rpl10a
Psmdl1

Rpl3

Ahnak2
Rpl37a

Rpll7

Rpl35a

Psmd6

Anxa2
Rpl6;Gm5428
Rpl24

Rpsl13
Gm9493;Rps7
Rpl28

Rpl5

Rpl23a

Rpl21

Upfl
Rplp0;Gm8730

Rps18;Gm10260
Ddx3y;D1Pas1;Ddx3x

Hspa4
Rps17
Rpl31
Rpl13
Rpl12

3.202809492
3.199845065
3.113667165
3.113400462
3.016425003
2.876133814
2.854813541
2.798423845
2.75332641

2.721438285
2.678545212
2.618778978
2.594978428
2.593282053
2.552622992
2.544707931
2.532840574
2.507058837
2.465870012
2.415569395
2.355495579
2.291190964
2.182755851
2.175588471
2.165107985
2.155813984
2.117528824
2.115832299
2.094573898
2.070354978
2.022154722
2.020057652
1.993819258
1.993348292
1.943546308
1.931456141
1.898982227
1.871883066
1.867856938
1.847676272
1.836489726
1.822934048
1.770490792
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-2.591092533
-2.367061785
-3.096159598
-2.876201392
-0.650747968
-2.494840763
-2.777541628
-2.29938273

-3.163074065
-2.269442641
-2.149248574
-1.627894829
-1.397486109
-2.270973722
-2.347765927
-0.793081765
-2.091786579
-2.39775218

-4.054859788
-2.192776988
-2.410581651
-1.989363364
-1.714775355
-0.898242364
-2.931370459
-2.011529802
-2.384734384
-2.233108062
-2.082224559
-1.812080265
-1.075854496
-2.252157197
-2.160233859
-2.700403651
-1.526992432
-1.768567592
-1.624154275
-0.668661666
-3.166178862
-2.077893512
-2.095419565
-0.685709516
-1.768715064



Hspa8
Hsp90aal
FAM120A
Hspg2
Rpsl14;rps14
Rps3al;Rps3a
Cnp

Rps6

Rpsl15a

Rps2;Gm6576;Gm5786;Gm
18025;LLRep3;Gm8225
Rpsa

Pcbp3
Rpsl6
Gm10036;Rpl11;Gm5093
Rps3
G3bp2
Pabpcl
Pura
Prdx1
Rps19
Ywhah
Rpl30
Prx
Psmd12
Fmrl
Rps5
Ldha
Ywhag

Hbbt1;Hbb-bs;HBB1;Hbb-
bl
Purb

Atp5cl
Tecr
Dpysl2
Hsp90abl
Rpl15;Gm10020
Eefla2
Prkabl
Hnrnpm
Elavl2
Psmd14
Tpil

Fxrl

1.769390919
1.755101219
1.747172537
1.739848103
1.736994448
1.732225777
1.729835517
1.72320904

1.698440756
1.618943383

1.614332928
1.608241513
1.581495871
1.576377015
1.544831552
1.541118304
1.531518705
1.524113838
1.456963812
1.397857712
1.3934162
1.335940529
1.326997465
1.318634995
1.263815654
1.26141046
1.258760107
1.240802778
1.239275826

1.238481171
1.235972083
1.22718656

1.186246986
177407578
173703117
.162467868
.160016608
117096566
.105074594
1.100103022
1.09369538

1.082021269

—_ = e e e
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-1.607220989
-1.17299399

-1.468970444
-0.799570979
-1.713024252
-1.774034124
-1.415576206
-1.415845635
-1.724134745
-1.10547323

-0.634016378
-1.199984361
-1.826130617
-1.756867155
-1.351074441
-1.163817315
-1.235789746
-1.665797879
-1.535749966
-1.503813791
-1.836604321
-1.949143114
-0.855614213
-1.698388943
-1.501973853
-0.997405483
-0.806997899
-0.910528968
-1.388128873

-1.89009122

-1.352584171
-1.354095484
-1.534537424
-1.122208642
-1.323804819
-0.984845019
-3.097887821
-1.683020169
-1.315845549
-2.705005853
-1.911207098
-1.24814213



Hnrnpd

Hspa5s

Hnrnpab

Rps20

Eeflal

Hadha
Rpl14;Rpl14-psl
Rtcb
Hnrnpk;Gm7964
Sdha

Gjal

1.064951812
1.041383179
1.012926174
0.932590365
0.881821213
0.770617647
0.718526026
0.712023431
0.69706208

0.682573297
0.60767356
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-2.121800441
-1.225699982
-0.671669027
-1.246600844
-0.95042499

-0.780165476
-1.40789942

-0.993436265
-0.87450759

-2.106001047
-0.656808243
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