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Abstract: Superior Colliculus (SC) plays a vital role in visual target selection and attention shifting; it also an important 

structure in studying the central nervous system. However, the cytoarchitecture and connectivity of the SC in mouse brain have 

not been explicitly explored. In this paper, to investigate the structural delineations and of connectivity SC, we first delineated the 

morphology of the SC by Nissl stain, and further explored different genes expressed in the SC. It demonstrates that gene Tpd52l1 

is densely expressed in the SC, which helps describe the borders of the SC. In addition, we explore the connectivity of Superior 

Colliculus (validating the projections from other structures to SC and examining the projections from SC to other structure). The 

anterograde and retrograde projection circuitries between SC and IC are particularly addressed, which indicates that the SC is 

involved in the visual, auditory and other somatosensory physiological activities. 
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1. Introduction 

The SC (Superior Colliculus) is a superstructure of the 

mammalian midbrain quadrigeminal body [1-2]. It is also 

known as the optic tectum, or simply “tectum” in vertebrates. 

The SC is a relay nucleus in the mammalian visual pathway 

and the primary target of the primary visual projection. It is 

not only an important reflex center of the visual pathway, but 

also involved in many physiological activities, such as 

auditory, somatosensory and other activities [3-5]. Therefore, 

the SC is considered to be an essential structure in the study of 

the central nervous system. 

The SC is structurally divided into seven layers in 

mammals: the zonal layer (ZO), superficial gray layer (SGR), 

optic layer (OP), intermediate gray layer (IGR), intermediate 

white layer (IW), deep gray layer (DGR), and deep white 

layer (DW) (figure 1). The ZO, SGR and OP are three 

superficial layers (SL) which receive most of the afferent 

fibers from the retina and the visual cortex and are mainly 

involved in visual information formation. While IGR, IW, 

DGR, and DW are four deep layers (DL), which receive visual 

projections from cortical and subcortical regions, they also 

receive auditory and somatosensory projections. At the same 

time, it also issues motion instructions and controls the eyes 

and ears and head toward the significant stimuli in animals 

[6-9]. Therefore, the SC is considered recognized as a visual 

motor integration center of the central nervous system. The 

superficial layers receive direct visual inputs, but the deep 

layers receive indirect visual inputs [10-11]. The superficial 

layer and deep layer cells in morphology differ with respect to 

two main points: the superficial layer cells have short and 

dense but not overlapping dendrites, similar to the structure 

found in the perception of the neurons, with significant 

differences compared to the relatively long and overlapping 

neuronal dendrites in the deep layer. The second is that the 

difference of superficial layer neurons in cell size is not as 

significant as deep layer neurons [12]. 

The origin of the superior colliculus fibers is complex, 

there are many studies about this, and the afferent fiber 

mainly of SC can be classified into two categories. One is 

related to the visual function of the nucleus, called visual 

structure, and the other is independent of the visual 

function of nuclei, called non-visual structure. There are 

several different types of projections in visual and 

non-visual structures. The projections of visual structure 

include the projection from the retina to SC (retinal 
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ganglion cells projecting to the superior colliculus are one 

of the largest sources of afferent fibers in the superior 

colliculus [13-15], the projection from the visual cortex to 

SC (in mammals, the visual cortex is generally divided into 

the primary visual area (area 17), the secondary visual area 

(area 18) and the third area (area 19). The primary visual 

area is mainly reacted to the contrast of retina graphics and 

movements, secondary visual area and the third area is 

processed, analyzed and integrated the visual information 

[16-17]. The lateral geniculate nucleus is a relay station of 

the visual pathway in the thalamus, the projection from 

lateral geniculate nucleus to SC is composed of several 

layers of cells and fibers. The projections of the non-visual 

structure include the projection from parabigeminal 

nucleus (Pbg) to SC, the projection from Substantia nigra 

(Sn) to SC, the projection from Inferior colliculus (IC) to 

SC and the projection from the dorsal nucleus of the lateral 

lemniscus (Dll) to SC [18-19]. The projections from the 

efferent fibers include the projection from the SC to the 

lateral geniculate nucleus (LGN), the projection from the 

SC to Pbg, and the projection from the SC to the auditory 

cortex [20-22]. Additionally, the superior colliculus also 

sends fibers to the nucleus of the Sn, the anterior tectum, 

the superior nucleus of the thalamus, the nucleus of the 

thalamus, and other structures. Moreover, there is a 

complex fiber connection between both sides of the 

colliculus. 

The purpose of this study is two-fold. First, the study aims 

to investigate the structural delineations of SC, especially the 

sub-regions which can reflect the functions. Secondly, this 

paper validates the projections from other structures to SC and 

examines the projections from SC to other structures. The 

hypothesis is that gene expression in the SC can also be found 

in other structures to illustrate the role the current gene. In 

addition, the other hypothesis is the projections of SC can 

demonstrate the connectivity between SC and different 

structures. 

2. Method 

To delineate the cytoarchitecture of SC, two public online 

sources are used: the Allen Brain Atlas (ABA) and the 

Mouse Connectome Project [23]. The brainmaps.org website 

is more used to explore sub-regions and the gene expression 

in the SC, and mouseconnectome.org website is used to find 

connectivity information about SC. 

2.1. Nissl Staining 

Based on the Allen Brain Atlas, six coronal slices (83, 86, 

88, 91, 94 and 103) and one sagittal slice representative 

images have been selected to illustrate the different regions 

in the SC. 

2.2. Gene Expression 

Because not all the listed gene in the ABA can be clearly 

observed in the SC, eight representative genes (Gabrr1, 

Tpd52l1, LOC433228, Mgll, Lats2, Dgkh, Cpne5 and 

LOC433258) are selected. 

2.3. Connectivity 

Both the ABA and the mouseconnectome website are used 

to explore the connectivity, and several tracers are used 

including AAV, Ctb555, PHAL and fg tracer. 

3. Results and Discussion 

3.1. Cytoarchitecture 

 

Figure 1. The location and sub-regions of the SC (Coronal view, atlas 

image 90). SC has different sub-regions (include the seven layers: ZO layer, 

SGR layer, OP layer, IGR layer, IW layer, DGR layer, and DW layer). 

 

Figure 2. The location and sub-regions of the SC (Sagittal view, atlas image 

15). 

As noted from figure 1 and figure 2, the different regions 

of the SC in the coronal view can be clearly distinguished. In 

addition to the seven layers in the SC, it shows that the SC 

can be divided into sensory related (SCs), motor related 

(SCm) and two fiber tracts (brachium of the superior 

colliculus (bsc) and superior colliculus commissure (csc)). 

The sensory related structures in SC can be subdivided into 

ZO layer, SGR layer and OP layer, which are also called 

superficial layers. The motor related structures in SC can 

also be classified in to IGR layer, IW layer, DGR layer, and 

DW layer, which are also called deep layers. 
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3.1.1. Nissl Staining 

Table 1. Cytoarchitecture of the Superior Colliculus from Nissl stain 

(Macaca mulatta) overlay on the ABA. 

Coronal  
Slice  

83  

 

Coronal  

Slice 

86 

 

Coronal  

Slice  

88  

 

Coronal  

Slice  
91 

 

Coronal  

Slice  

94  

 

Coronal  

Slice  

103  

 

Sagittal  
Slice  

16  

 

Table 1 shows the location and cytoarchitecture of SC. Six 

Coronal slices (83, 86, 88, 91, 94 and 103) and one sagittal 

slice representative images have been selected to illustrate 

the different regions in the SC. Each slice contains two 

images; the left is named SC sub-regions and the right is the 

corresponding Nissl stain images. The purple highlight on 

the right Nissl stain images is the region which can be 

identified easily. In addition, the manual delineated lines are 

the boundaries between different sub-regions. The Nissl stain 

in slice 83 can hardly distinguish the different sub-regions in 

the SC; the slice 86 and 88 can easily find the ZO layer in the 

superficial layers; the slice 91, 94 and 103 can identify more 

regions, especially slice 94, which can substantially identify 

all the sub-regions in the SC. It is impossible to identify the 

seven sub-regions in the sagittal slice 16, since these 

sub-regions in SCs and SCm are completely compacted with 

each other. 

The superior colliculus is not a homogenous structure. The 

superficial layers (ZO, SGR and OP) receive information 

from visual systems, while the deep layers (IGR, IW, DGR, 

and DW layer) receive visual, auditory, somatosensory 

signal from cortex, and inputs from the frontal eyes fields. 

Therefore, the SC is almost multimodal and associational 

[10-24]. As shown in the six slices, the superficial layers are 

significantly different from the deep layers. The area of deep 

layers is obviously larger than the superficial layers, in that 

they are more pronounced with a higher cell density in the 

deep layer compared to the superficial layers. These two 

layers can be divided by the OP layer which is a slender 

region. The deep layers are compacted below the OP layer. 

The sub-regions in SC are actually difficult to distinguish 

either the superficial layers or the deep layers; only small 

number of Nissl stain image can be identified, for example, 

slice 83 is difficult to identify the seven layers in the SC. 

Besides, two sub-regions (bsc and csc) are not further 

explored, since these two fibers tracts are not the region of 

interests (ROIs). In the slice 86 and 88, the first layer ZO can 

be facile identified, since this layer is just below the 

Retrosplenial area (RSP). The OP and DW layers have 

relatively low cell density than the other 5 layers. In addition, 

SGR has the highest number of the cell density among these 

regions. 

3.1.2. Gene Expression 

Table 2 illustrates the distinctively expressed gene in the 

SC. Eight genes have been selected to show the differentiation 

in the SC. There are 21 genes in the mouse.brain-map.org, but 

some of the gene expression is not visible in the images, so 

eight representative genes (Gabrr1, Tpd52l1, LOC433228, 

Mgll, Lats2, Dgkh, Cpne5 and LOC433258) are selected. 

Four genes (Tpd52l1, Dgkh, Cpne5 and LOC433258) are 

densely expressed within the SC, and the other four genes are 

sparsely expressed in the SC. 
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Table 2. Gene expression of the SC (Macaca mulatta), the left column is the expressed gene and three different slices about that gene in the SC region. 

Gabrr1 Slice: 39, 

41 and 43  

    

Tpd52l1 Slice: 71, 

74 and 80  

   

LOC433228 

Slice:70,75 and 77  

   

Mgll Slice:36, 39 

and 42  

   

Lats2 Slice:37,39, 

and 40  

   

Dgkh Slice: 37,39 

and 41 

   

Cpne5 Slice: 54, 56 

and 61  

   

LOC433258 Slice: 

34, 36 and 39 

   

 

The name of Tpd52l1 gene is tumor protein D52-like 1, it 

also can be found to be highly expressed in thalamus, and it is 

a protein coding gene. As shown in table 2, the Tpd52l1gene 

has a number of dense black dots in the IGR layer, which 

means that there may be more cell proliferation in IGR layer 

[25]. The name of Dgkh gene is diacylglycerol kinase Eta. It is 

also a protein coding gene which encodes for the 

diacylglycerol kinase (DGK) enzyme and is densely 

expressed in the OP layer (table 2), and densely expressed in 

several structures (Isocortex, Olfactory areas, Hippocampal 

formation, Cortical subplate, Striatum, Thalamus, Midbrain 

and Cerebellum). It has been observed that the DGKH gene is 

associated with several complex diseases include Bipolar 

Disorder and Schizophrenia. Therefore, there are some 
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changes in the structures that the DHKH expressed when the 

disease symptoms are manifested [26]. The name of Cpne5 

gene is copine V, it is one of the genes which encodes the 

calcium-dependent protein, a protein that can regulate 

molecular events and play role in calcium-mediated 

intracellular processes and the formation of the dendrites 

(RefSeq, Sep 2015). The gene Cpne5 is expressed in the OP 

layer and can also be found in other structures (Isocortex, 

Olfactory areas, Hippocampal formation, cortical subplate, 

and Pallidum) which have calcium-dependent protein. The 

name of LOC433258 is attractin-like 1. It is highly expressed 

in OP and SGR layers, and can also be found in other 

structures including Isocortex, Olfactory areas, Hippocampal 

formation, Cortical subplate, Thalamus, Midbrain. For the 

other four genes (Gabrr1, LOC433228, Mgll and Lats2) that 

are sparsely expressed in the SC also play an important role in 

the protein expression. For example, the Gabrr1 

(gamma-aminobutyric acid (GABA) C receptor, subunit rho 

1), a locus for GABA receptor subunit encoding, has been 

identified to be slightly expressed in the superficial layers. 

GABA is the major inhibitory neurotransmitter in the 

mammalian brain. On the whole, the superior colliculus has a 

relative higher volume of GABA, while the GABA volume in 

SGS layer is highest in the central nervous system. GABAc 

receptors are first found in the retina, but in a few of the brain 

regions that contain this receptor, SGS is the most strongly 

labeled [28]. 

There are still thirteen genes expressed in the SC which are 

not as specifically explored as the above eight genes, but these 

thirteen genes are also play a role in the SC, this research does 

not cover these genes. 

3.2. Connectivity 

 

Figure 3. The anterograde projections are from the SC to different regions of 

the mouse brain using mouseconnectome. org. It used the Ctb555 and phal as 

the tracers. The left image is composed of injection sites in the SC to other 

structures, and the right image is the zoom in (100% larger) projected 

structures (PAG: Periaqueductal Gray, RN: Red Nucleus, CLI: Central 

linear nucleus raphe). 

Table 3 illustrates the anterograde projection from SC to 

other regions based on the Allen Brain Atlas. The left column 

displays the projection structures, and the right column shows 

the four different slices overlaid on the ABA. There are six 

representative projections are shown in the table 3, and more 

projections are described on connectivity. brain-map. org. 

The sensory related SC (superficial layers) can project to 

motor related SC (deep layers), retrosplenial area (RSPv, 

ventral part), retrosplenial area (RSPd, dorsal part), and 

inferior colliculus (IC). The motor related SC (deep layers) 

can project to SCs, IC, RSP, Midbrain reticular nucleus 

(MRN), periaqueductal gray (PAG), anterior pretectal nucleus 

(APN), nucleus of the optic tract (NOT), olivary pretectal 

nucleus (OP), posterior pretectal nucleus (PPT), subiculum 

(SUB), postsubiculum (POST, more in appendix figure 1), 

posteromedial visual area (VISpm) and presubiculum (PRE). 

Figure 3 is an example of two anterograde projections 

which projected from the SC to PAG and RN/CLI. In previous 

studies, there are more projections from SC to other regions. 

The SC can project to lateral geniculate nucleus (LGN). 

Hughes et al., 1984 observed that superior colliculus projected 

to the LGN, and the projection cells of the SC were mainly 

labelled in superficial layer (ⅠandⅡ, ZO and SGR), some of 

the labeled cells were located in the layer Ⅲ  (OP) [29]. 

Several studies showed that the projection from the superior 

colliculus to the lateral geniculate nucleus is relatively simple 

and direct [30-32]. The nerve impulse of parabigeminal 

nucleus (Pbg) mainly comes from the superficial layer of SC. 

Baleydier et al 1979 injected HRP into the Pbg of the cat, they 

found that there were more than 60% in the deep layers of the 

SC, 30% in the IGR layer, and there were about 10% of the 

cells in the superficial layer. In the experiments, it was 

confirmed that the SC had fibers connecting directly to Pbg 

[33]. It has been mentioned that the function of the SC is 

complex, and it is also involved in the physiological activities 

of hearing, somatosensory and other activities. The common 

projection site is IC [34-35]. 

Table 3. The projection from SC to other structures using AAV tracer based 

on ABA. 

SCs  

 →  
SCm  

 

SCs  →SCm 
and RSP  

 

SCm →IC 

 

SCm →MRN  
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SCm →PAG  

SCm→APN,NO, 
TOP, PPT 

 

Figure 4. The retrograde projections from other regions to the SC using the 

fg tracer. 

As shown in figure 4, the left image is composed of 

injection sites from other structures to the SC, and the right 

image is the zoom in (100% larger) projected structures. 

These two representative projections are used the fg tracer. 

The yellow dots illustrate that the projections from PSPv and 

PBG are relatively obvious. In addition, there are more small 

structures, which can also project to SC are not mentioned in 

the figure 4, such as Red Nucleus (RN), PAG, IC, Primary 

visual area (VIS), Midbrain reticular nucleus (MBN), RL, Sn, 

Pbg, Rostral linear nucleus raphe (RLN), and Central linear 

nucleus raphe (CLI). 

There are more projections from other regions that are 

explored in the past studies. Several studies inferred that the 

retina can project to SC, since the projection from the retina to 

SC is one of the largest sources of afferent fibers in the SC 

[36-37]. The visual cortex (including the area of 17, the area 

of the 18, and the area of the 19) is mainly projected into the 

visual layer and the IGR layer of the SC and most of them are 

projected to the layer ⅣandⅤ(IGR and IW) [38-39]. There is 

a fiber linkage between the Pbg and the SC, which means Pbg 

can project to the SC and the SC can also project to the Pgb. 

Bickford et al., 1992 studied the projection from SNr to SC by 

HRP combining with GABA immunohistochemistry, 

suggested that the projection from SNR to the SC is 

GABA-ergic neurons [18]. The IC is an important relay 

nucleus and auditory reflex center in the auditory system and 

it is usually divided into three parts: the central, peripheral and 

central nuclei. SC and IC are collectively known as the 

Corpora Quadrigemina (CQ), and the pathway of the SC and 

IC is relatively important (appendix figure 2 showed the 

scheme of the anterograde and retrograde projection 

circuitries between SC and IC). The SC can project into the 

SC, and the IC can also project into the deep layers of the SC, 

which indicates that in addition to being responsible for visual 

stimulation, the SC are responsible for auditory and other 

sensory stimulation [41-43]. 

4. Strengths and Weaknesses 

The strength of this paper is that it delineates for the first 

time the sub-regions of the SC using Nissl stain, gene 

expression and the different tracers based on the two online 

sources. However, there are still some weaknesses in this 

study. Firstly, this study relies on the ABA too much, and 

some of the information may not complete since the ABA is 

still not fully complete, thus it still requires more information. 

For example, the connectivity of SC with other structures has 

not been fully described in the atlas. Furthermore, the 

resolution of some images is still not high enough, and it is 

difficult to distinguish different layers. For example, it is hard 

to find the seven layers of SC in Nissl stain images. Future 

studies should concentrate on the connectivity of SC (the 

connectivity of SC is limited by the sources, especially in the 

mouseconnectome website, where only two structures can be 

found). There are actually more projections related to SC 

which are not delineated in the sources, but past studies show 

these projections. It may also be ideal to further explore the 

Tpd52l1gene in the SC, since it is densely expressed in the SC, 

so may play a greater role in the SC than expected. 

5. Conclusion 

The Superior Colliculus plays an important role in visual 

target selection and attention shifting (both overt and covert 

attention). In this study, it addresses the cytoarchitecure and 

connectivity of the SC in mouse brain. This study 

demonstrated that gene Tpd52l1 is densely expressed in the 

SC, which helps delineate the borders of the SC. In addition, 

the anterograde and retrograde projection circuitries between 

SC and IC are particularly addressed, which indicated that the 

SC is involved in the visual, auditory and other somatosensory 

physiological activities. However, this study does not clarify 

the entire complexity of the SC. For future work, we will 

investigate more genes which is expressed in SC, and explore 

more connectivities of the SC. 

Appendix 

 

Figure 5. The projection from the SC to the POST. 
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Figure 6. The projections involved in the IC and the SC (dorsal view of the 

surface of the corpora quadrigemina). 1: Intrinsic projections of the SC, 2: 

Intrinsic projections of the SC, 3: Projections from the SC to the IC, 4: 

Projections from the IC to the SC, 5: Commissural projections of the SC, 6: 

Commissural projections of the IC. For easy understanding, some of the 

contralateral SC/ IC projections are not shown in this scheme [44]. 
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