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The genes highly expressed in the Harderian gland formed a network with 

significantly more interactions than expected (p=6.6e-16). STRING identified two significant 

(FDR<0.05) KEGG pathways associated with these genes including Neuroactive ligand-

receptor interaction (04080) and Tight junction (04530). Specific clusters of interest from the 

large network included Wnt genes (Figure 6-4A), GABA genes (Figure 6-4B), Heat shock 

proteins (Figure 6-4C), and G-protein coupled receptors (GPCR) (Figure 6-4D). 

 

Figure 6-4: Network of genes highly expressed in the Harderian gland. Network generated by STRING. Edge 
thickness represents the confidence or strength of data support. A high confidence (0.700) cut-off was used to 
generate the network and all unconnected nodes were removed. Node color was based on MCL clustering 
(inflation parameter = 3). The high number of nodes and edges led to a large network. From that network four 
clusters of interest (A-D) were chosen to display. 
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A total of 48 miRNAs were highly expressed in the Harderian gland (Table 6-3), 

representing 39% of the miRNAs identified in this analysis. As the library construction kit 

used in this study employs a poly-A-tail selection, the reads that mapped to miRNA were 

likely from pre-processed miRNA. The correlation between the abundance of precursor 

miRNA and mature miRNA is dependent on the tissue and miRNA (Lee et al., 2008). It is 

possible that trace amounts of mature miRNA remained after poly-A-tail selection, but 

because the same kit was used for all tissues analyzed in this study, we assume no bias 

amongst tissues. It is also possible that reads belonging to the miRNA target sequence in 

regulated genes were incorrectly mapped to the miRNA itself.  However, since reads that 

mapped to multiple places in the genome were removed, this is less likely. 

Table 6-3: miRNAs highly expressed in the Harderian gland 
miRNA Accessiona miRNA Accessiona 
gga-mir-1b MI0001254 gga-mir-451 MI0004995 
gga-let-7f MI0001233 gga-mir-454 MI0006984 
gga-let-7j MI0001262 gga-mir-1592 MI0007319 
gga-let-7a-1 MI0001234 gga-mir-1640 MI0007372 
gga-mir-29b-2 MI0001266 gga-mir-1684b MI0022501 
gga-mir-29c MI0001265 gga-mir-1737 MI0007476 
gga-mir-30c-2 MI0001205 gga-mir-1764 MI0007506 
gga-mir-30d MI0001198 gga-mir-1772 MI0007515 
gga-mir-34c MI0001261 gga-mir-1773 MI0007516 
gga-mir-101-2 MI0007558 gga-mir-1800 MI0007544 
gga-mir-130a MI0001241 gga-mir-1812 MI0007557 
gga-mir-130b MI0001239 gga-mir-2126 MI0010731 
gga-mir-133a-2 MI0001248 gga-mir-6546 MI0022362 
gga-mir-133b MI0001206 gga-mir-6580 MI0022399 
gga-mir-133c MI0001255 gga-mir-6606 MI0022425 
gga-mir-138-2 MI0001228 gga-mir-6609 MI0022428 
gga-mir-144 MI0004996 gga-mir-6614 MI0022433 
gga-mir-193b MI0003698 gga-mir-6653 MI0022473 
gga-mir-200b MI0001250 gga-mir-6663 MI0022483 
gga-mir-214 MI0008208 gga-mir-6668 MI0022488 
gga-mir-221 MI0001178 gga-mir-6677 MI0022497 
gga-mir-301a MI0001240 gga-mir-6701 MI0022523 
gga-mir-365b MI0022403 gga-mir-6704 MI0022526 
gga-mir-365-2 MI0003704 gga-mir-7474 MI0024147 
asource mIRBase 
 

Discussion 

The immune related genes that were highly expressed in the Harderian gland are of 

particular interest because they show how the homeostatic state is different compared to the 
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bursa, spleen, and thymus. GPCR related genes, functions, and pathways were represented in 

every functional analysis. Every GPCR is activated by a specific ligand, which results in 

downstream signaling events. Glutamate is the ligand for several GPCRs identified as highly 

expressed in the Harderian gland, and IPA identified Glutamate Receptor Signaling as an 

impacted pathway. Glutamate is an amino acid that functions as a neuro-immuno-transmitter 

(Ganor and Levite, 2012). Glutamate can impact the immune system in several ways, i.e. 

affecting T cell survival, calcium levels, and cytokine expression levels (Ganor and Levite, 

2012). Also, T cells, B cells, macrophages, and dendritic cells, express high levels of 

glutamate receptors (Ganor and Levite, 2012). The neurotransmitter GABA also acts as an 

immunomodulator (Jin et al., 2013). The genes highly expressed in the Harderian gland 

significantly impacted the GABA Receptor Signaling pathway and GABA receptors were 

represented in the network generated by STRING. GABA signaling can impact chemotaxis, 

phagocytosis, and cytokine secretion in immune cells (Jin et al., 2013). It is known there is a 

strong link between the central nervous system and the immune system (Black, 1994). The 

utilization of these neurotransmitters and their receptors in the Harderian gland compared to 

other immune tissues may be due to the focal role of local immunity in the Harderian gland, 

whereas, the other immune tissues in the current study are generally more important to 

systemic immunity. 

Another GPCR, FZD1, is the receptor for Wnt proteins. Several Wnt genes were 

identified as highly expressed in the Harderian gland and were represented in the network 

analysis. The Wnt pathway is tightly regulated, as it is involved in development, cell 

differentiation, and the immune response (Staal et al., 2008). The miRNA mir-301a, has been 

shown to be activated by the Wnt pathway in glioma cells (Yue et al., 2016). Let-7 is also 
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