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Abstract
The efferent (motor) and afferent (sensory) nerves may appear physically similar in structure, however with closer inspection, numerous differences 
could be observed in terms of cellular composition, extracellular matrix or structure. To investigate the reason for the differences, study was 
conducted on the gene expression of the afferent and efferent nerve fibers during the stage of growth and development. Analysis was conducted 
on the afferent and efferent nerve chip data of the mice (data coded GSE113820) from the GEO database. This set of data contained information 
derived from the nervous tissue of C57BL/6 mice. To reduce statistical bias, Weighted Gene Co-Expression Network Analysis (WGCNA) was used 
for the analysis. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis were performed in specific modules 
obtained after WGCNA analysis and the interaction network was constructed. It was found DEmRNAs in the PURPLE module were down regulated 
as the time of development progresses in the efferent nerves, in comparison there were only minor down regulation of the same DEmRNAs in 
the afferent nerves. These DEmRNAs were located in the postsynaptic membrane, cytoplasm and mitochondria, responsible for the function of 
anterograde transport of neurotransmitters and inhibition of apoptosis. The Kcna6 and Agpat4 were found to be the Hub gene of PURPLE module. 
These genes may play an important role during development in maintaining the function of sensory and motor nerves. WGCNA could be a useful 
tool that could help find different gene expressions in different types of nerves during development.
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Introduction 

Segmental peripheral nerve defect often occurs after peripheral nerve 
injury. At present, the ideal bridge for the treatment of segmental nerve defects 
is autologous nerve, because it can work as a natural scaffold to guide axonal 
regeneration. The composition of peripheral nerve often includes motor nerve, 
sensory nerve and sympathetic nerve, with the former two more dominant. There 
are great differences in cell composition, extracellular matrix or structure between 
motor nerve bundle and sensory nerve bundle, motor nerve fiber and sensory 
nerve fiber [1]. This results in different clinical outcome, although with the same 
repair method. We collected the literatures on the repair effect of upper limb 
peripheral nerve injury in the past 20 years for univariate analysis and found that 
even if the injury type, injury degree, injury site and repair method are controlled, 
the results of different nerve injury repair are different [2].

When repairing the peripheral nerve defect, the use of allogeneic nerve at 
the similar sites and segments can accurately match the sensory and motor tracts 
at the defect site of the patient. In theory, better nerve function recovery can 
be achieved than the traditional autologous nerve transplantation when they are 
perfectly matched. However, it is not only difficult to obtain allogeneic nerve of 
the same site and segment in clinical practice, the use of immunosuppression 
medication may be required due to the possibility of immune rejection. This 
problem may be solved by the construction of "personalized" artificial implants. 
The diameter, length, branch structure and branch pattern of the artificial 
implant could be accurately matched anatomically with the receptor, which is 
an important factor for the successful regeneration of nerve fibers after nerve 

injury. Yan L, et al. performed repair of the sciatic nerve defect of SD rats with 
autogenously nerves in different degree of rotation and found that mismatch 
occurs readily during nerve regeneration, which affects the outcome of nerve 
repair [3]. Therefore, it is important to understand and master the distribution of 
sensory and motor nerve bundles in peripheral nerves.

Using the method of peripheral nerve section staining and computer 
recognition of ideal image, we have preliminarily developed the histochemical 
staining and re-staining technology, the pre-inference of nerve bundle 
identification function, the preliminary recognition and segmentation of nerve 
bundle morphology and other technologies, successfully distinguished and 
marked the nerve bundle groups with different functions and through visual 
reconstruction, It was found that the motor and sensory nerves in the mixed 
nerves have the characteristics of regional distribution [4,5].

The gene expression of the sensory and motor nerve fibers has been found 
to be different at different stages of growth and development. In our study, we 
extracted the mouse motor and sensory neurochip data from the GEO (Gene 
Expression Omnibus) database [6] and carried out secondary analysis in order to 
find the characteristic molecules at each stage.

Methods

Acquisition of GEO sequencing results
The data, coded GSE113820, was obtained from the NCBI GEO database 

(http://www.ncbi.nlm.nih.gov/geo). This set of data was derived from the nervous 
tissue of C57BL/6 mice by Wang H, et al. [6]. The study was a DemRNA 
(Differentially expressed mRNA) microarray analysis carried out to examine 
differential gene expression patterns in both efferent and afferent nerve fibers 
at different developmental stages in mice [6]. Differentially expressed is when a 
statistically significant change is observed in the expression level of a gene or 
mRNA under different experimental conditions. When this occurred in the mRNA, 
it is named DemRNA.

The Microarray data include information on the anterior root (efferent nerve, 
EN) and posterior root (afferent nerve, AN) of the spinal cord of mice immediately 
after birth, at post-natal week 1, at week 3 and week 5. Each group has 3 sample 
data sets, a total of 24 sample data. The platform for the chip was Agilent-074809 
Sure Print G3 Mouse GE v2 8x60K microarray (6).
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Five healthy C57 mice, at the age of 5-weeks, weighing approximately 20-25 
g, were selected. This study was approved by the Institutional Animal Care and Use 
Committee (IACUC), Sun Yat-Sen University (No. SYSU-IACUC-2022-001494). 
Efforts were taken to minimize animal suffering during the experiment.

Chip data processing and analysis
The raw microarray data were retrieved, according to the method reported 

by Zhang Y, et al. [7]. A summary of the method is as followed: The GENCODE 
custom chip description file, CDF was downloaded from the BRAINARRAY 
(http://brainarray.mbni.med.umich.edu/Brainarray/Database/CustomCDF/CDF_
download.asp) website. Affymetrix Power tools (APT) software was used to 
perform preprocessing of the data such as background correction, normalization 
and Log2 conversion. Mm10 ensemble 104 annotation script was used for 
annotation.

Data preprocessing and construction of weighted co-ex-
pression network

WGCNA analysis was performed on the DEmRNA from the GSE113820 
dataset to predict its functional entities. WGCNA was designed to identify 
modules of densely interconnected genes by searching for genes with similar 
patterns of connectivity with other genes. This could be summarized as the 
topological overlap between genes [8]. Topological overlap was then calculated 
from the weighted co-expression matrix and turned into a dissimilarity measure 
(1 - topological overlap) for average linkage hierarchical clustering. The dynamic 
tree-cutting algorithm (9) was then used to identify modules of co-expressed 
genes. After all blocks have been processed, a gene was reassigned to another 
module if it is found to have higher connectivity to this other module and modules 
whose Eigen genes were highly correlated were merged [9]. Genes that were not 
assigned to a module are assigned to the grey module (background genes). The 
power β was set to 6 as this was found to be optimal (and also happens to be 
the default setting) and the value of R2 was set as 0.8. The minimum height for 
merging modules was set at 0.2 and the maximum height at which the tree could 
be cut was set to 1. All the other parameters were left at default settings.

The correlations between the modules, the correlations between the modules 
and the samples and the correlations between genes within the modules were 
analyzed.

The featured vector gene of each module was calculated and was classified 
as the first principal component gene (Module Eigen genes character, ME 
character) of each module. ME character represents the overall gene expression 
level in the module. Based on ME character, all modules were clustered and 
a cluster tree diagram was created to analyze the similarity between modules.

Correlation analysis between modules and traits
After the completion of the division of gene modules, the correlation between 

the modules and the traits were analyzed according to the trait information that 
has been set. AN or EN of different ages, including newborn (0w group), 1-week 
after birth (1w group), 3-weeks after birth (3w group) and 5-weeks after birth 
(5w group) were designated as different traits. Therefore, eight traits were set 
according to nerve types and development periods, in the software for analysis: 
AN_0w, AN_1w, AN_3w, AN_5w, EN_0w, EN_1w, EN_3w, EN_5w (AN and EN 
correspond to afferent nerve and efferent nerve respectively; 0w, 1w, 3w, 5w 
correspond to newborn, 1 week, 3 week and 5 week after birth). For example 
AN_1w is the abbreviation for afferent nerve from mice that are 1 week post-
natal. The correlation between the modules and the traits was calculated, these 
were marked as Gene Significance (GS). Using Pearson correlation analysis, a 
heat map regarding the correlation between the module and the trait was created. 
Calculation of the correlation between the gene and the module in each module 
was performed and was marked as kME (module membership). The larger the 
value of kME, the higher the correlation between the gene and the module. 
Combining the results of kME and GS, the genes with the highest value amongst 
the modules (highest correlation) were defined as the hub genes.

Functional analysis of GO/KEGG enrichment of differential 
genes in key modules

According to the previous analysis method performed by the author He B, et 
al. [10], Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes 
(KEGG) Pathway enrichment analysis on key modules were performed for GO 
identification. Based on the information from the database, KEGG pathway 
enrichment analysis was performed for GO identification on the DEmRNA 
corresponding to each gene. The test standard β was set to 0.05. The Enrichment 
factor (EF) was determined for each gene. The EF can be considered as the 
proportion of term genes found in the input list compared to the proportion of total 
term genes found in the background. Therefore the higher the value, the higher 
the chance the gene is of significant function.

Quantitative polymerase chain reaction (qPCR) analysis of 
changes in DEmRNA expression in PURPLE module in mice 
of 5-week old

Harvesting of the afferent/efferent nerves in mice was performed according 
to the surgical procedures described previously [6]. qPCR was performed to 
examine DEmRNA expression in AN or EN which was described in detail in 
previous literature [11]. In brief, AN and EN were digested and re-suspended 
and total RNA was extracted from these cells using TRIzol. The concentration 
and purity of the RNAs were examined using a Nano Drop 2000 and the final 
concentration of the RNAs was adjusted to 200 ng/μl. RNA samples (1 μg) 
were reverse transcribed using the Revert Aid First Strand cDNA Synthesis 
Kit (Thermo, Massachusetts, USA). Appropriate amounts of cDNAs were then 
amplified in a fluorescent quantitative PCR instrument (Step One Plus, Thermo, 
Massachusetts, USA) using Fast Start Universal SYBR Green Master Mix (Roche, 
Basel, Switzerland). The specific steps were performed in accordance with the 
manufacturer’s instructions. Each sample was subjected to three experimental 
repeats. GAPDH expression was used to normalize the expression of mRNAs. 
Primers of these genes are listed in Table 1. The relative expression levels of the 
genes were calculated using the 2-ΔΔCt method (Table 1).

The RT-PCR data are presented as the mean ± SD as described previously 
[11]. SPSS 20.0 software (SPSS, Chicago, IL, USA) was used to analyses 
quantitative RT-PCR results. Statistical analysis was performed with student-t 
test to determine the significant differences between the groups. α<0.05 was 
considered statistically significant.

Results

Data preprocessing and WGCNA network construction
Using WGCNA, through data preprocessing, genes were sorted according 

to the size of their standard deviation, 200 genes with the smallest standard 
deviation were removed from the sample and the 5000 genes with the largest 
standard deviation were selected as candidate for gene analysis. The 5,000 
genes were clustered and a cluster map was constructed (Figure 1A). These 
were performed according to a default function from the WGCNA system. Based 
on the undirected network edge attribute calculation formula, the gene weighted 
correlation was calculated and the soft threshold was determined. The soft 
threshold is a value used to power the correlation of the genes to that threshold. 
This is based on the assumption that by raising the correlation to a power would 
reduce the noise of the correlations in the adjacency matrix. The value of 0.8 was 
chosen as the threshold value of R2 and the corresponding β value was chosen 
as the β value of this study (β=6). By converting the relation matrix into a scale-
free network, a co-expression network was constructed (Figures 1B and Table 2).

Gene module identification
After the completion of the identification of the gene modules, the calculations 

of the following correlations were made and analyzed: 1) between the modules, 
2) between the modules and the samples and 3) between the genes within the 
modules. Thereafter, 1000 genes were randomly selected to create a topological 

Gene Name Forward (5’-3’) Reverse (5’-3’)
GAPDH CCT CGT CCC GTA GAC AAA ATG TGA GGT CAA TGA AGG GGT CGT
KCNA6 GGC GGC TGC TGT AGT AGT GAG A CAG GCG ACC TCC AGA TTG ATA GT
AGPAT4 GTA CCA TCT ACA CCG ACC CGA AG AAG ATC ATT TCC ACG AAG TAC CAC A

Table 1. Primer list of DEmRNA in PURPLE module.

http://brainarray.mbni.med.umich.edu/Brainarray/Database/CustomCDF/CDF_download.asp
http://brainarray.mbni.med.umich.edu/Brainarray/Database/CustomCDF/CDF_download.asp
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Figure 1. Clustering map and soft threshold value of efferent and afferent nerves in mice after birth, (A) Clustering map of different samples and (B) Soft threshold value.

Table 2. Value of the soft threshold determined by weighted correlation between genes.

Power SFT.R.sq Slope Truncated.R.sq Mean.k. Median.k. Max.k.

1 0.715687 1.511871 0.740137 2130.521 2237.493 3080.836

2 0.17487 0.172932 -0.00219 1236.295 1247.815 2283.453

3 0.61077 -0.28677 0.500214 818.7222 762.0514 1820.52

4 0.753125 -0.49368 0.683268 584.4243 489.8655 1510.683

5 0.797874 -0.61289 0.746914 438.0784 328.5998 1286.099

6 0.823926 -0.70592 0.789801 339.9537 227.2553 1114.751

7 0.83689 -0.76538 0.814659 270.7499 161.0536 979.2533

8 0.842443 -0.82279 0.835474 220.0541 116.2561 869.2319

9 0.843645 -0.87117 0.843493 181.7994 85.55528 778.059

10 0.851844 -0.91045 0.863011 152.2368 63.62237 701.2746

12 0.844506 -0.97502 0.875327 110.2754 36.95247 579.2277

14 0.859266 -1.01901 0.904272 82.64476 23.18032 486.8873

16 0.857037 -1.06228 0.910853 63.59445 14.93881 415.9509

18 0.856673 -1.10335 0.920906 49.98462 9.8145 359.341

20 0.854492 -1.13371 0.927054 39.98115 6.6732 313.3203
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overlap heat map (Figure 2A).

Module Eigen gene (ME) is defined as the standardized gene expression 
profile for a given module. ME character represents the overall gene expression 
level in the module. According to the ME character, the correlation heat map 
between modules was drawn (Figure 2B) and cluster analysis was performed 
(Figure 2C). The genes were subcategorized into 18 modules. Genes that were 
not categorized into any of the modules were assigned to the Grey module 
(background genes) (Figure 2).

Module-trait correlation analysis
Using the Pearson correlation statistics method, the correlation between 

genes and traits was analyzed and a heat map of the correlation between the 
gene modules and gene traits was created. Inspection was made regarding 
the correlation between the expression of featured vector gene ME and the 
expression of genes in the entire module (Figure 3A). According to the correlation 
between samples and traits, a heat map was constructed (Figure 3B).

Analysis of gene expression in the module
By comparing the results of WGCNA, it was found in the PURPLE module, 

the afferent and efferent nerves have the greatest differences in gene expression 
at the different stages after birth. From the data, the gene heat map was created 
(Figure 4A).

The PURPLE module consists of 100 different genes. GO analysis of the 
genes indicated (Table 3), the differential genes were mainly enriched in the 
biological process of anterograde dendritic transport of neurotransmitter receptor 
complex (EF=120.64), anterograde dendritic transport (EF=68.94), negative 
regulation of apoptotic process involved in morphogenesis (EF=68.94), negative 
regulation of apoptotic process involved in development (EF=60.32) and dendritic 
transport (EF=60.32). Proteins corresponding to the gene are mainly distributed 

in the postsynaptic density membrane (EF=8.90), cytoplasmic region (EF=4.92), 
mitochondrion (EF=2.32) and protein binding (EF=1.53). When studying 
molecular function, the genes were enriched in the carbohydrate derivative 
binding (EF=2.32) (Table 3 and Figure 4). 

KEGG analysis found that the genes were mainly distributed in the metabolic 
pathways, proteoglycans in cancer, retrograde endocannabinoid signaling, 
dopaminergic synapse and glycerolipid metabolism pathways. According to the 
weight coefficient, a gene interaction network diagram is drawn (Figure 4B, 4C1-3 
and Table 4).

Comparing the ratios of kME and Gene Signature (GS), it was found that the 
Hub genes that positively correlated with the ME trend include Kcna6, Sostdc1, 
Rxrg, Lrrc4b and Erbb3, while the genes negatively correlated with the ME trend 
include Agpat4, Nbl1, Pigs, Aldh7a1 and Igfbp6. From these data, the genes 
that showed the greatest changes were Kcna6 and Agpat4 and their changes in 
each age group were illustrated in Figure 4E. When expression level of KCNA6 
and AGPAT4 was verified using qRT-PCR, it could be verification found that 
expression of both genes between AN and EN showed significant difference 
(Figure 5).

Discussion

A number of studies have provided evidence indicating, differences exist 
between motor and sensory nerves in terms of cellular composition, extracellular 
matrix and cellular structure [12-14]. Qin Y, et al. performed in vitro cultivation 
of high-purity sensory and motor Schwann cells, from which observed the 
expression of nerve growth factor to differ over the duration of development, 
between the two cells. It was observed, the expression pattern of nerve growth 
factor in sensory Schwann cells to be bimodal, with the second peak significantly 
higher than the first peak. While the gene expression pattern of motor Schwann 

Figure 2. Topological overlap heat map, correlation heat map between modules and cluster analysis of efferent/afferent nerves in mice after birth, (A) Heat map of hierarchical 
clustering of pairwise correlations among all samples, branches in the hierarchical clustering dendrograms correspond to modules, (B) Correlation heat map between modules, red 
represented high correlation, blue represented low correlation and (C) Cluster analysis between modules.
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Figure 3. Pearson correlation analysis heat map of efferent/afferent nerves in mice after birth, afferent nerves (AN) or efferent nerves (EN) at different ages, including newborn (0w 
group), 1-week after birth (1w group), 3-week after birth (3w group) and 5-week after birth (5w group) were labeled as different traits, therefore, eight traits were set according to nerve 
types and development periods: AN_0w, AN_1w, AN_3w, AN_5w, EN_0w, EN_1w, EN_3w, EN_5w. (A) Module-trait relationship and (B) Module-sample relationship.

Table 3. GO analysis results of DEmRNAs in PURPLE module.

  GO_Name GO_ID EF p-value Genes

BP

anterograde dendritic transport of 
neurotransmitter receptor complex GO:0098971 120.64 0.010 Kif5c, Kif5b

anterograde dendritic transport GO:0098937 68.94 0.026 Kif5c, Kif5b
negative regulation of apoptotic process 

involved in morphogenesis GO:1902338 68.94 0.026 Bmp7, Tgfbr3

negative regulation of apoptotic process 
involved in development GO:1904746 60.32 0.029 Bmp7, Tgfbr3

dendritic transport GO:0098935 60.32 0.004 Kif5c, Kif5b, Wasf1
postsynaptic density membrane GO:0098839 8.90 0.046 Lrfn4, Lrrc4b, Ptprs, Dagla

C cytoplasmic region GO:0099568 4.92 0.048 Kif5c, Kif5b, Fbxw11, Ppfia3, Spef1, Wasf1

C mitochondrion GO:0005739 2.32 0.045 Dhrs2, Akt2, Rab32, Isca2, Dgat2, Sdhaf4, Fdxr, Aldh7a1, Fundc2, Nol7, Wasf1, Agpat4, 
Echdc2, Ndufs1, Akr1b8, Gpx1,

protein binding GO:0005515 1.53 0.036

Erbb3, Sostdc1, Entpd2, Pih1d1, Akt2, Bcor, Ier5, Cdkn2c, Gstm5, Gnaq, Tspan14, Trio, Tnk2, 
Lrrc4b, Bmp7, Fdxr, Igfbp6, Vgll3, Ppfia3, Pdcd2, Mnt, Ccl11, Efs, Spef1, Ramp2, Mapkap1, 

Nbl1, Fbxw11, Thbs4, Sdc2, Nr2f2, Dgat2, Kif5c, Kif5b, Fign, Ptprs, Syt13, Gpx1, Cd63, Tgfbr3, 
Rab32, Dpysl4, Aldh7a1, Kcnj10, Ugp2, Ncam1, Rxrg, Wasf1

MF carbohydrate derivative binding GO:0097367 2.32 0.029 Erbb3, Entpd2, Akt2, Rab32, Kif5c, Kif5b, Fign, Thbs4, Ptprs, Dhx16, Ddx42, Chkb, Ugp2, 
Tgfbr3, Ncam1, Kcnj10, Tnk2, Bmp7, Gnaq, Trio, Pstk
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Figure 4. Heat map and functional analysis of DEmRNAs in PURPLE module in mice after birth. (A) Heat map of DEmRNAs in PURPLE module, (B) KEGG analysis of DEmRNAs in 
module, (C1-C3) GO analysis of biological process, cell component and molecular function of DEmRNAs in module, (D) Gene interaction network of PURPLE module and (E) KNCA6 
and AGPAT4 expression trends in different nerve types from microarray data.

KEGG terms ID Adjusted  P-Value Genes

Metabolic pathways rno01100 0.028 Entpd2, Agpat4, Dgat2, Gstm5, Gpx1, Ndufs1, ND4L, Pigs, Ugp2, Aldh7a1, Acot1, Chkb, Akr1b8

Proteoglycans in cancer rno05205 0.028 Erbb3, Akt2, Cd63, Lum, Sdc2

Retrograde endocannabinoid signaling rno04723 0.043 Dagla, Ndufs1, ND4L, Gnaq

Dopaminergic synapse rno04728 0.031 Akt2, Kif5c, Kif5b, Gnaq

Glycerolipid metabolism rno00561 0.007 Agpat4, Dgat2, Akr1b8, Aldh7a1

Table 4. KEGG enrichment analysis of DEmRNAs in PURPLE module.
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cells reached its peak on the 6th and 7th day, however its overall level was lower 
than that of sensory Schwann cells [1].

He Q, et al. used the quantitative proteomics technology of iTRAQ coupled 
with 2DLC-MS/MS to obtain the differentially expressed protein profile of 
sensory and motor fibroblasts (Fibroblast, Fbs). Through quantitative analysis, 
148 differentially expressed proteins were obtained, of which 116 were highly 
expressed in Fbs of sensory nerves and 32 were highly expressed in motor 
nerves. Biological function analysis of the differentially expressed proteins from 
the two groups of Fbs, found that the Fbs in the sensory nerves were mainly 
involved in the function of axon guidance, regeneration, endocytosis, pain, 
sensory perception and neuronal synaptic plasticity adjustment. While the Fbs 
from the motor nerves were mainly involved in tissue remodeling, axon guidance, 
regeneration and cytoskeletal organization [12,15]. The study showed that Fbs 
derived from sensory and motor nerves, share both similarities and differences 
in phenotypic traits and biological functions. From the various study presented, 
we can see that cells from the sensory and motor nerve system, share both 
similarities and differences. Although these ideas seem obvious, as both cells 
were from the same origin, however with differences in traits due to their specific 
function. The reasons for such differences remain unknown and should warrant 
investigation. This discovery provides important scientific basis for further 
research on the specific regeneration mechanism of sensory motor nerves 
[6,12,15].

To better understand the difference in gene expression in motor and sensory 
nerves, a search was conducted in the GEO database for chip and sequencing 
data on motor and sensory nerves and database numbered GSE113820 was 
selected. The chip contains data on the afferent and efferent nerve fibers of mice 
at aged 1, 3 and 5 weeks after birth (6). Analysis was required to conduct on 
different gene traits. Due to the large sample size, the WGCNA method was 
adopted [9,16], it is a tool suitable for complex multi-sample data analysis. The 
system enables the calculation of the expression relationship between genes 
and identifies gene sets with similar expression patterns (modules). Analysis 
of the relationship between the gene set and the phenotype of the sample, 
the regulatory network between genes in the gene set was mapped and key 
regulatory genes were identified. The advantage of WGCNA is its ability to 
process the information regarding thousands or tens of thousands of genes or 
the complete gene set of interest and identify genes with the greatest changes 
for further analysis [9,16,17].

There were a number of studies used to identify particular gene relationships 
in the nervous system. However, there are limited reports on the application of 
this method in the identification and analysis of peripheral nerve types. Through 
WGCNA analysis, as illustrated in Figure 3A, it was found that genes from both 
afferent and efferent nerves, in the PURPLE modules illustrated a downward 
trend over a duration after birth. DEmRNAs were down regulated as the time 

of development progresses in the efferent nerves, likewise, a similar trend was 
observed in afferent nerves, although the overall change in trend was relatively 
more mild. These DEmRNAs are mainly located in the postsynaptic membrane, 
cytoplasm and mitochondria, responsible for the function of anterograde transport 
of neurotransmitters and can also inhibit cell apoptosis. The correlation trend of 
the genes with time was of a gradual decline relationship. From this information, 
an assumption could be made, that the majority of the mice's peripheral nervous 
system had been developed pre-natally, with minor post-natal development.

Analysis of the Hub genes of this module (Figure 4), found Kcna6 and Agpat4 
to have the greatest connectivity in the gene interaction network. qRT-PCR 
verification of these 2 genes showed similar trend between AN and EN of 5-week-
old mice as chip data. Potassium voltage-gated channel subfamily A member 
6 (Kcna6) is a member of the voltage-gated potassium channel protein family 
[18,19]. Van P, at al. found that Kcna6 is often related to the hyperexcitability of 
peripheral nerves in the human body [20]. Numerous studies have documented 
the expression of Kcna6 mRNA throughout the mouse nervous system [21-23] 
and, within sensory ganglia. Kcna6 is reported to be the second most abundant 
potassium channel subunit in nociceptive populations [24]. Kcna6 is up regulated 
in rodent and human myelinated primary somatosensory neurons after peripheral 
nerve injury [25,26]. From our study, it is observed, the Kcna6 concentration was 
elevated during the first week after birth for both efferent and afferent nerves. 
This may indicate that Kcna6 may be important in the early development of the 
nervous system. Studies have indicated Kcna6 plays an important role in the 
early development and maintenance of nociception of the peripheral nerves 
[18]. This may also explain, the elevated level of Kcna6 in the afferent nerve in 
comparison to the efferent nerve, after birth.

Acylglycerophosphate acyltransferase 4 (Agpat4) also known as 
lysophosphatidic acid acyltransferase (LPAAT) delta is a class of mitochondrial 
enzymes, one of the five homologs that catalyze the lysophosphatidic acid-
dependent synthesis of phosphatidic acid (PA) [27-29]. Agpat4 is mainly 
expressed in the brain [30,31] and muscles in human [31], In the mouse 
model, Agpat4 are expressed mostly in the central nervous system, abundant 
in the brain stem, cortex, hippocampus, cerebellum and olfactory bulbs [32,33]. 
Bradley RM, et al. found that Agpat4 has an important regulatory effect on the 
expression levels of phosphatidylcholine (PC), phosphatidylethanolamine (PE) 
and phosphatidylinositol (PI) in the brain, its defects could lead to the down-
regulation of NMDA and AMPA receptors in the brain, eventually leading to the 
decline in the ability to learn and memory [34].

A study conducted by Bradley RM and Duncan RE illustrated that soleus 
had a high level of Agpat4. Bradley RM and Duncan RE found Agpat4 played an 
important role in the maintenance of the maximum contractility of skeletal muscle 
and muscle fiber types [31]. From our study, the Agpat4 protein in the efferent 
nerve gradually increased in concentration over time. Likewise, the concentration 

Figure 5. qPCR verification of KCNA6 and AGPAT4 expression in C57 mice of 5-week-old, orange column represents gene expression of efferent nerve (EN) and blue column 
represents gene expression in afferent nerve (AN) *represents p<0.05.
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of Agpat4 in the afferent nerve also increases, but in a more subtle manner. This 
implicates Agpat4 might have a certain influence on the regulation of efferent 
nerves in the maintenance of muscle function such as muscle tension and muscle 
fiber differentiation. As the newborn mice muscle and efferent nerves maintaining 
the muscle develops the concentration of the Agpat4 protein increases. NMDA 
receptors play an important role in the regulation of the release of nociceptive 
neurotransmitters. This may also help to explain the gradual increase of the 
Agpat4 in the afferent nerves that was observed. Subsequent experiments are 
required for further verification.

Conclusion

WGCNA is tool that could help find different gene expression in different 
types of nerve during development. Our study illustrates Kcna6 and Agpat4 may 
play an important role during development in maintaining function of sensory and 
motor nerves.
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