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I. Problem Review

Based on peptide expression mechanism,
with the purpose of delivering speci-
fied therapeutic molecules to certain po-

sition of the cell, biological molecular target-
ing systems are developed. In our experiment,
two methods are introduced, each of which
takes different RNA elements respectively, in-
cluding the 5-UTRs of Tick-borne encephalitis
virus (TBEV) and the 3-UTR of mouse -Actin
gene.

According to our results, the formal device
performs better the latter one. The 5-UTRs
of TBEV could more precisely localize the tar-
geted mRNA in dendrites of the neuron much
more efficiently than 3’-UTR device and the
control group.

Figure 1: Depth-first diffusion strategy

II. DFF and BFF distribution

Furthermore, some experiment photographs
has shown the difference between the distribu-
tion of the mRNA in the dendrites under each
two circumstances (TBEV and Control). Bio-
logical molecules are localized more depthly
in the dendrite with the 5’-UTR (TBEV) device,

while more widthly by no device. The dif-
ference between two difference is very similar
to comparision the BFS (Breadth-first search)
algorithm and DFS (Depth-first search) algo-
rithm. Therefore, these two diffusion be-
haviour could be vividly named, "Breadth-
first diffusion", and "Depth-first diffusion".

Figure 2: Breadth-first diffusion strategy

Figure1 and figure 2 are simple illustra-
tions of Depth-first diffusion and Breadth-
first diffusion respectively, where orange cir-
cle denotes dendrite node, orange line de-
notes dendrite branch. In addition, red ar-
row means the direction in which biological
molecules diffuse. In these two molecular dif-
fusion pattern could be clearly oringinated,
where in the Depth-first diffusion (abbreviate:
DFD) strategy, moulecules tend to spread into
more branches of the dendrite, while in the
Breadth-first diffusion (abbreviate: BFD) strat-
egy, molecules focus on one certain branch of
the dendrite, and cover a much more further
distance than DFD.

Our experiment results match these two dif-
fusion pattern, however, these two diffusion
could not be described quantitatively. There-
fore, quantitative mathematical methods are
needed in order to establish morphological
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profile for diffusion area in the dendrite.
Therefore, in our model part, two mathe-

matical model including Sholl analysis model
and graph model are developed.

III. Sholl analysis

i. Theoretical description

Sholl analysis is a simple but useful model
for morphological analysis of neurite. [1] It
is oringinally intended for describing the re-
lationship between the spatial position and
the amount of dendrite branches, in the math-
ematical form similar to radial distribution
function (abbreviate: RDF).

Figure 3: Sholl analysis illustration

Based on the photograph of the neurite,
spherical coordinate centering at the cell body
could be established. Then, shells whose ra-
dius vary at proper equal interval, would be
applied on this coordinate. For each shell, the
amount of the intersection between the den-
drite branches and the shell surface would be
calculated.

In the figure3, the realistic neurite is simpli-
fied as nodes and edges. Then, we apply two
shell, (red one and purple one), on this simpli-
fied neurite model. There exist three intersec-
tions on the shell 1 (red shell), and only one
intersection for the shell 2 (purple shell).

If more shells and more intersections are cal-
culated, meaningful curves for branches ver-
sus radius could be derived. In some way, it
could reflect the morphological feature of the
neurite.

However, the aim of our research is slightly
different from its original utility. In our ex-
periment, as for the area where biological
molecules are not delivered, there exist no
fluorescence signal, thus not being shown on
the experiment photograph. Based on this
feature, area where biological molecular dif-
fused could be subtract from the whole neu-
rite. Therefore, applying the Sholl analysis
technique on the fluorescence area, could re-
flects the distribution feature of the biological
molecules.

ii. sholl analysis result

We apply sholl analysis on the neurite with
5’-UTR(TBEV), 3’-UTR and Control Group re-
spectively, where transfer capacities and dif-
ferent patterns of each device could be clearly
oringinated as follow. [2]

ii.1 Transfer capacity

In the figure4 and figure5, the discrete points
denotes the relationship of the shell at dis-
crete interval and the branch-shell intersec-
tions, while the smooth curve is the fitting
curve for these statistics based on polynomial
fitting technique.

f f itting =
n

∑
i

aixi (1)

In the graph below, the TBEV 5’UTR device
shows significant advantage over other two
devices, which drives much more biological
molecules into the dendrites.

ii.2 Diffusion Pattern

Furthermore, different diffusion patterns are
quantitatively described through discribution
based on Sholl Analysis.

Red curve denotes the control group, while
black curve denotes the experiment group
with 5’-UTR (TBEV) device.

Under the 5’-UTR (TBEV) circumstances,
the distribution curve covers much longer
range than the control group. What’s else, the
average intersections of the experiment group
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Figure 4: Transfer Capacity result

Figure 5: Sholl analysis result

is obviously lower than the control group.
In conclusion, red curve (control group) and
black curve (experiment group) meet with
the Breadth-first diffusion strategy, and Depth-
first diffusion strategy respectively.

IV. Graph Edit Distance Method

However, the basic model (oringinated from
Sholl Analysis) has a obvious drawback that it
cannot describe the synapses relationships be-
tween parents and child vertexes and the simi-
larity between different basic models can’t cor-
respond to the similarity of images.

Therefore, we introduced the graph model
,which can further solve this problem. It de-
fine each bifurcation point as a vertex and uses
edge to represent relationship between bifur-

cation points. In a nutshell, the neuron can be
modeled as the mathematical form of "Graph"
or Computer Sicence concept "Network".

A universal Graph can be generally written
as a two-tuple.

g = (V, E) (2)

where, in detail:

• V denotes the set of vertexes
• E denotes the set of edges.

Figure 6: Illustration of the Graph model

In addition, some other properties such as
the weight of the edged (such as wij), or label
map of nodes and edges (such as ϕ(v) : V →
TV and φ(e) : E → TE) be discussed in some
Bioinformatics Problem.

In our neuron Graph model, the network
can be simplified as unweighted Homogenous
network. However, weight could be intro-
duced as the length of the edge in the further
research.

i. GED definition

Graph Edit Distance is an effective metric
og the similarities between different graphs,
based on which similarities between different
neurons can be also calculated. [3]

The general mathematical form of it can be
written as:

GED(g1, g2) = min
(e1,...,ek)∈P(g1,g2)

k

∑
i=1

c(ei) (3)

The GED is the total cost of distortion that
is needed to transform graph g1 to graph g2,
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Figure 7: Illustration of GED

where P(g1, g2) denotes the set of edit opera-
tions including insertions, deletions and sub-
stitutions, and ei is one certain operation. [] In
our model, only the insertions and deletions
are considered because of the absence of the
labels of the nodels and edges.

In another word, it is kind of Error-tolerant
Graph Imorphosim, where two graph g1 =<
V ∪ {ϵ}, E > and g2 =< V′ ∪ {ϵ}, E′ >. {ϵ}
denotes the empty node, just like "vaccum". []

V ∪ {ϵ} of g1 can be mapped into V′ ∪ {ϵ}
of g2.

And mapping function of the edges is:

h(v1 ∈ V ∪ {ϵ}, v2 ∈ V ∪ {ϵ} \ {v1}) (4)

= (v′1 ∈ V′ ∪ {ϵ}, v′2 ∈ V′ ∪ {ϵ} \ {v′1}) (5)

ii. Numerical Results

Based on the evolutionary graph edit distance
algorithm, the GED between three kinds of
neuron graphs. [4]

The raw GED is set [8, 0] and [16, 0].
After iterations, GED can be calculated:

• – GED(TBEV,control) = 0.381
– EC(TBEV,control)=0.813

• – GED(β-actin,control) = 0.235
– EC(β-actin,control)=0.812

• – GED(TBEV,β-actin) = 0.364
– EC(TBEV,β-actin)=0.778

The metric matrix can be derived:

Figure 8: Heat map of the metric matrix
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