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The goal of this project is to apply a Tensor LSA based classifier to the task of predicting signal peptide cleavage sites, and compare its performance to that of a classical LSA based classifier.

Background / Method \ Results

] Signal Peptide Cleavage sites are detected by classifying each point in N .
PrOteI nS the protein as either be|onging to the Signa| pept|de - thus being before , _ Aceuracy against Numher of Hiden Neurons, for varying Numbers o Bases ,  Aceuracy against Number of Hidden Neurons, for varying Numhers of Bases
the cleavage site - or belonging to the remainder of the protein, and thus
occurring after the cleavage site.

* A protein is made of one or more poly-peptide chains

 Amino acids are joined by covalent bonds to form poly-peptide chains. 085 0esy R
« 20 different amino acids appear in the proteins considered in this project. Points are classified by considering a window of 20 amino acids on either S il R i R 14 i1 T L LTIT+E trlio o
* The type and order of the amino acids in the poly-peptide chain contribute to s:c(file:tar;d eacr; afmklnotamd in this neighbourhood is represented by its osr T 0sp 7::::f ] ::““:
determining the structure and function of the protein. atiinity 1o a Se ot Key 1erms. ] 2 i f i T P11 f i { f i ?ﬁ
* All these amino acids are of similar structure, differentiated by their R In order to allow the consideration this much information Tensor Latent "o | " oss
groups. Semantic Analysis is used to reduce the dimensionality and identify
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Tensor LSA - 40 bazses L=A - 40 bases

underlying structure. This allows the use of a standard neural network to
perform classification.

L=A - 10 bases

Peptide bond / Select \
Proteins  As seen in the graphs above the prediction accuracy grows with the number of
Key Terms
y hidden neurons until the 4th hidden neuron is added, after which it has little effect.
» Tensor LSA shows the best prediction accuracy when used with the 40 most
H H y important bases, with the accuracy being significantly better than the next most
1 | accurate.
e=c Tensor Tensor Space « LSA shows the best prediction accuracy when used with the 40 most important
<’ LS A Representation bases, however the accuracy is not significantly better than the next most
H ] accurate.
v Mean Time Standard Deviation
R Tensor LSA 6064.9 610.4
Projected LSA 16498.8 2678.5
: Neural Network ' '
[Representatlon P-Value 1.13E-09

Times shown are measured in seconds and cover calculation of covariance
matrices, eigen-decomposition, and calculation of basis importance.

Two amino acids joined by a covalent peptide bond. \

Based on the validation results above the settings chosen for both methods were 4

S|g nal Pe pt|d esS | | | /Te n SO r Late nt S e m a ntl C An a I yS | S\ girclj;leﬁordngitatr;c;t?e?ﬁ:ﬁ]sg. :[I;]heeséasgﬁnbgesl.ow show the performance of the methods

* They are a sequence of typically between 15 to 30 amino acids found at

the start of certain proteins. The Tensor Space Model & Tensor Latent Semantic Analysis were developed by Mean Accuracy Standard Deviation

- They act as a 'postcode’ directing the transport of the protein between Cai et al[4], based on the Vector Space Model and Latent Semantic Analysis, to Tensor LSA 0.9146 0.0027
and within cells combat the curse of dimensionality. | SA 0.9217 0.0011

- Once a protein has reached its destination the signal peptide is cleaved When Performing Latent Semantic Analysis on an N dimensional VSM P-Value 5.41E-07
from the protein by the the enzyme signal peptidase. representation the eigen-decomposition of an N by N matrix must be calculated,

. : : : which can be very computationally intensive when the number of dimensions is .
They can be useful in the creation of targeted protein baseFJ drugs. high. CO”CIUSlOnS

* Due to its importance in the development of targeted protein based drugs, . In terms of orediction accuracy Tensor LSA is out performed sliahtlv b
much research is being conducted into predictive analysis of proteins.[1] Tensor Latent Semantic Analysis handles this problem by using a Tensor Space LSA. and th‘i)s difference is si Y]ificant P gntly by
[2][3] Model, where each object is represented by an M by R matrix (where MR = N). ’ 9 '

These Matrices can be approximated by two vectors, and consequently bases can * In terms of computation time Tensor LSA significantly out performs LSA.

be found by performing the eigen-decomposition of two much smaller matrices
(M by M, and R by R).
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