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Abstract— Even as the modern protein sequencing technology is 
uncovering great amount of new protein, such data are futile 
without knowledge of the functions the protein sequences encode. 
To overcome the limitation of experimental analysis, utilizing 
Support Vector Machine and kernel methods for functional 
prediction of unannotated protein has become a promising topic 
of research in the field of computational biology, inducing many 
researchers to develop kernels with improved accuracy and 
efficiency. In this paper, we assigned the Gaussian, Polynomial, 
and Normal kernels to each Sensu Stricto, Sensu Lato, and 
Petite-Negative groups of the Saccharomyces fungus species, for 
which the kernel showed the greatest accuracy in protein 
sequence classification. From the result we discovered the 
sequential shapes of the proteins and detected similarities of the 
structural linearity among the proteins species belonging in the 
same group. The resulting data allow us to provide an important 
categorization of kernels that will predict protein function with 
the greatest accuracy depending on the group of the 
Saccharomyces the protein belongs for future researches using 
sequential analysis for prediction. into which you can type your 
own text. 
 

Keywords— Support Vector Machine, Kernel methods, Protein  
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I. INTRODUCTION 
As the advancement in genome sequencing technologies 

continues to uncover great amount of new proteins, using 
machine learning for characterization of proteins has 
effectively taken off the burden experimentally analyzing and 
classifying thousands of new data. Such breakthrough is 
significant in that knowing the functions of proteins provide 
the basis of new drug development and advanced biological 
researches. Introduced by Vapnik in 1995 and 1998, SVM and 
Kernel functions were shown to be more effective in solving 
prediction problems than previous methods of classification 
such as the Markov chain models or neural networks [1]. 
Besides comparing the accuracies and functionality of the 
basic kernel functions such as the Linear, Polynomial, and 
Gaussian kernels for protein sub cellular localization and 
similar tasks [1] [2], much effort was put into designing and 
utilizing more suitable kernels for various problems. 
Researchers showed improvement in protein recognition when 

integrating multiple data sources through fusion of various 
kernels, each of which can process data set that encodes a 
particular aspect of similarity between proteins such as gene 
expression or protein-protein interaction data [3]. Borgwardt 
[4] showed increase in prediction accuracy for protein 
function using similar methodology, achieved through graph 
kernels and hyperkernel to include specific nodal information 
of sequences. The work of Sharan [5] gives an overview on 
the types of computational approaches previous researchers 
took to improve prediction results for protein functions. 

The fundamental basis of protein function prediction is 
analyzing the sequential and structural similarities of the 
proteins [6], and in this paper we strive to provide a guideline 
that will make future works of protein classification more 
efficient. Based on the research of Cliften [7] and Kellis [8] 
that explored the similarities among the Saccharomyces 
species in the Sensu Stricto group through sequential analysis, 
we predict that the proteins in the same Saccharomyces 
groups would have similar sequential shapes. Because 
proteins in different groups are likely to be different in the 
shape of the sequences, we attempt to find the kernels that will 
produce greatest accuracy when classifying protein sequences 
of each groups, and the result will guide researchers to be 
more effective in deciding which kernel to utilize for protein 
function prediction, so long as they are informed of which 
group the protein in hand belongs to. 

 
 

Figure 1.  This chart shows the homology of different species in the 
Saccharomyces fungus 
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In this experiment, we will analyze protein sequences of 7 
species that belong in 3 distinct groups: Sensu Stricto 
(Saccharomyces Cerevisiae, Saccharomyces Paradoxus, 
Saccharomyces Mikatae), Sensu Lato (Saccharomyces 
Castellii, Saccharomyces Servazzii, Saccharomyces Exiguus), 
and Petite-Negative (Saccharomyces Kluyveri). The 
categorization is explained in Figure 1. 

We chose Saccharomyces (yeast) because although this 
genus has been researched for decades as a model organism 
and can provide us with abundant data, it is still at the center 
of interest in the scientific community while scientists 
struggle to classify the remaining 2/3 of discovered proteins. 

II. MATERIALS & METHODS. 

A. Support Vector Machines and Kernel Methods 
Support Vector Machine is a supervised learning algorithm 

which learns a linear classifier from given data. The concept 
of SVM is to map the training data in the input space onto a 
higher-dimensional vector space, called a feature space F , 
and achieve linear classification in such space. The map ߮: ߯ ՜ ݔ  ,ܨ ՜ ܺ ൌ׷ ߮ሺݔሻ is used. In the feature space, the 
SVM constructs a hyper plane defined as w்ݔ ൅ ܾ ൌ 0  
(Figure.2) with the greatest margin and classifies the data with 
the corresponding decision function ݂ሺݔሻ ൌ sgnሺݓۃ, ۄݔ ൅ܾሻ ൌ sgnሺݔ்ݓ ൅ ܾሻ. This function is the most basic Normal 
Kernel. 

 

Figure 2.  The hyperplane, margin, and support vectors (black and white 
circles) are signified in the picture. 

Generally for data that are not linearly separable, the 
generalization error becomes too huge when the hard margin 
classifiers try to correctly classify all outliers, even after 
transforming the data into a higher-dimension feature space 
using kernels. The soft margin classifier that allow some 
vectors to be misclassified or violate the margin is far more 
commonly used in experiments dealing with real data because 
it is much more practical and produces realistic results.  

Given the data set ܦ ൌ  ቄݔ௡, ௡ݔ | ௡ݕ א   ܴௗ , ௡ݕ ,ሼെ1 א  1ሽൟ௡ୀଵே
with input vector x  in d dimensional space, all 

labeled as either 1 or -1, the optimization problem for 
maximum margin ሺw்ݔ ൅ ܾ ൐ 1, w்ݔ ൅ ܾ ൏ െ1ሻ is:  min௪,௕,క ଵଶ ௡ݔ்ݓ ൅ܥ ∑ ௡ே௡ୀଵߦ                                                                                   ሺ1ሻ  
Subject to ݕ௡ሺݔ்ݓ௡ ൅ ܾሻ ൒ 1 െ ߦ௡,     ሺ݊ ൌ 1, … , ܰሻ 

௡ߦ ൒ 0 w א ܴௗ, ܾ א ܴ, ߦ א ܴே    
where vector w  is the weight vector and scalar b the bias, 
both of which are known as primal variables. ξ is the slack 
that quantifies the violation of the margin, and C  a trade-off 
parameter that defines the relative importance of maximizing 
the margin and minimizing the total violation.  

By turning the equation into Lagrange formation, solving it 
using Quadratic Programming, and simplifying it into dual 
form, we arrive at the solution using Quadratic Programming: α ൌ ,ଵߙ  … , ேߙ  ՜ w ൌ ∑ ௡ே௡ୀଵݔ௡ݕ௡ߙ          (2) 

Taking into consideration the KKT condition: for 
n =1,...,N ௡ݔ்ݓ௡ሺݕ௡ሺߙ    ൅ ܾሻ െ 1ሻ ൌ 0          (3) 
 
the margin support vectors that satisfy the margin, satisfying ݕ௡ሺݔ்ݓ௡ ൅ ܾሻ ൌ 1 when 0 ൑ ௡ߙ ൑ ௡ߦ and ܥ ൌ 0, and the 
non-margin support vectors that may violate the margin, 
satisfying ݕ௡ሺݔ்ݓ௡ ൅ ܾሻ ൏ 1  when ߙ௡ ൌ ܥ  and  ߦ௡ ൐ 0 
are all considered as acceptable parts of the SVM.  

Kernel functions are the tools used to transform the 
hyperplane into a higher dimensional, even infinite, space that 
can best execute the task when the given set of training data is 
not linearly separable. Defined as  Kሺx, xᇱሻ ൌ׷ ,ݔۃ ۄᇱݔ ൌφሺxሻ்߮ሺݔᇱሻ,they are convenient because by replacing the dot 
products involved in computing the decision function with 
kernel functions, as shown in the following, ݂ሺݔሻ ൌ sgnሺݓۃ, ۄݔ ൅ ܾሻ ൌ sgn ൭෍ ௡ேߙ௡ݕ

௡ୀଵ ,ݔۃ ۄ௡ݔ ൅ ܾ൱
ൌ sgn ൭෍ ௡ேߙ௡ݕ

௡ୀଵ ,ሻݔሺ߮ۃ ߮ሺݔ௡ሻۄ   ൅ ܾ൱
ൌ ෍ ௡ேߙ௡ݕ

௡  ୀଵ ݇ሺݔ, ௡ሻݔ ൅ ܾ                  ሺ4ሻ 

                                      
the kernels make it possible to describe the high-dimensional 
space and the hyper plane in terms of the training data in the 
input vector space χ . This makes attempting to understand or 
compute the solution in terms of the vectors in the infinite 
space is unnecessary in solving the problem. Only the 
validation of the kernel is prerequisite, which is possible 
through mathematical proof.  

Along with the soft margin classifier, the kernel functions 
are frequently used when dealing with a non-linear 
classification problem. The kernel functions that are used in 
this paper will be explained in depth in the following sections, 
which are the Polynomial and the Gaussian kernels. [9][10] 

B. Polynomial Kernel  
Polynomial kernel is the fundamental model of a kernel 

that can raise the feature space to dimension ݀ for separation 
by the hyper kernel of ݀ െ 1  dimension. By using 
polynomial kernel, we can create a hyperplane or vector space 
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which linearly separates data and is usefu
data is linearly non-separable. The poly
defined as: 

,ሺxܭ  yሻ ൌ ሺݕ்ݔ ൅ ܿሻௗ , ሺሼݔ, ሽݕ א ܴ௞, ݀൐ 0, ܾ݁݉ݑ݊ ݈ܽݎݑݐܽ݊ ݏ݅ ݀
                                   

Constant ܿ  trades off the exponents 
response to low-order terms in the polynom
represents the dimensions that the kernel e
space into. 

When the value of ܿ  is zero, the
homogeneous ( ܭሺݔ, ሻݕ ൌ ሺݕ்ݔሻௗ ), for w
exponents for each nonzero term are all e
carry a trade off parameter. There is also a 
polynomial kernel, which is more frequen
homogenous kernel in actual data sortingφሺxሻ contains monomials whose exponent
to d and this kernel contains the trade off co
homogenous kernel is defined as:  ሺݕ்ݔ ൅ ܿሻௗ ൌ ൫ݔଵݕଵ ൅ ڮ ൅ ௞ݕ௞ݔ ൅ൌ  ෍ ቆ ݀݊ଵ,…,݊௞ቇ௡೔ஹ଴,∑ ௡೔ୀௗೖశభ೔సభ

.  .  .ଵ௡భݕଵ௡భݔ ଵݕଵ௡ೖݔ
ܿ೙ೖశభమ ܿ೙ೖశభమ       

Thus, the entries of the vector φሺxሻ are: 
 ߮ሺݔሻ ൌ ቆටቀ ௗ௡భ,…,௡ೖቁ ଵ௡భݔ … .௞௡ೖݔ ܿ೙ೖశభమ ቇ௡೔ஹ଴,∑
 

For instance, if we let d=k=2: ሺx்ݕ ൅ ܿሻଶ ൌ ଵଶݕଵଶݔ ൅ ଶݕଵݕଶݔଵݔ2 ൅ ଶଶݕଶଶݔ ൅2ܿݔଶݕଶ ൅ ܿ ൌ ߮ሺݔሻ்߮ሺݕሻ, 
where φሺݔሻ ൌ ൫ݔଵଶ, ,ଶଶݔ ,ଶݔଵݔ2√ ,ଵݔ2ܿ√ √2ܿ
we have mapped  φሺݔሻ  from ܴଶ  to ܴ଺
hyperplane that satisfies ߮ሺݔሻ்߮ሺݔሻ െ ܾ
correspond to conics shape at ܴଶ  field. ݔ௞ሻௗ ൌ ∑ ቀ ௗ௡భ,…,௡ೖቁ௡೔ஹ଴,∑ ௡೔ୀௗ೔ .  .  .ଵ௡భݔ ௞௡ೖݔ , 
the multinomial coefficient following  ሺௗା௞ିଵሻ!ௗ!ሺ௞ିଵሻ!  (Binomial coefficient) This coe
possible to estimate the dimension of v
where x א ܴ௞. 

Figure 3.  This figure shows a case in which the polyn
separate the non-linearly separable data in the ܴଶ f

hyperplane on ܴଷ field. φ ׷  ܴଶ ՜ ܴଷ, ሺݔଵ, ଶሻݔ ՜ ሺݖଵ, ,ଶݖ ଷሻݖ ൌ׷ ൫ݔଵଶ

ul when the set of 
ynomial kernel is 

 ሻ                  ሺ5ሻݎ݁
  
of high-order in 

mial equation and ݀ 
expands the vector 

e kernel becomes 
which the sums of 
equal and thus not 
non-homogeneous 

ntly used than the 
. The feature map 

ts is lower or equal 
onstant c. The non-൅ √ܿ√ܿ൯ௗ
ଵ௡ೖ.                  ሺ6ሻ 

   

∑ ௡೔ୀௗೖశభ೔సభ         (7) 

൅ ଵݕଵݔ2ܿ ൅ܿݔଶ, √ܿ൯, ଺   space and the ܾ ൌ 0  in ܴ଺  will 
Since ሺݔଵ ൅ ڮ ൅

we can calculate ൫ௗା௞ିଵௗ ൯൫ௗା௞ିଵ௞ିଵ ൯ ൌ
efficient makes it 
vector space φሺxሻ 

 
nomial kernel is used to 
field a by creating the 

ଶ, ,ଶଶݔ  ଶ൯ݔଵݔ2√

C. Gaussian Kernel 
Gaussian function kernel is d
,ݔሺܭ  ᇱሻݔ ൌ exp ቆെ ԡݔ െ ଶߪᇱԡଶ2ݔ ቇ ൌ expሺെγԡݔ െ ᇱԡଶሻݔ , ቀ

 
As shown above, Gaussian ke
between two distinct vectors.
similarity, Gaussian kernel show
of different sets of data can be s

The role of the variables σ 
example: consider that the value

,ݔሺܭ  :ᇱݔ ሻߪ ՜ ቄ0   if x ്1   if x ൌ
 

This exemplifies a case in whi
similarity measure. An imp
Gaussian kernel is that it is inf
all kinds of complex data to be 
them into the feature space w
example, the left figure in Figu
boundary of the dataset. Ho
automatically draws a non-linea
in the input space, which corre
the feature space.  

Figure 4.  (Left) green dot represent
negative. (Right) non-linear bound

which are the Polynomial an

D. Implementation  

In our experiment, we used 
MIPS yeast database (mips.
/proj/yeast/) and Saccharo
(www.yeastgenome.org). By sa
ORF (Open Reading Frame: pa
functional protein) data from W
Louis and MIT for each Saccha
2 ORFs in each species that had
the MIPS database. (cf. YEL0
transporters.)  

For actual implementation of
accuracy of the kernels, we ut
which is often used in large-sca
to use the SVM machine, we ch
binarized the sequences of ORF
other as negative data, since we
We used 10-fold cross validat
testing 1) and trained the ker

efined as: 

ቀ ߛ ൌ ଵଶఙమቁ            (8) 

ernel depends on the distance 
 By considering distance as 
ws us how similarity measures 
seen through certain pattern.  

can be seen in the following 
e of σ ՜ 0 ് xԢൌ xԢ                 (9) 

ich Gaussian kernel is used as 
portant characteristic of the 
finite dimensional. This allows 
linearly separable by mapping 

with infinite dimensions. For 
ure 4 appears to have no linear 
owever, the Gaussian kernel 
ar boundary around the dataset 
sponds to a linear boundary in 

 
ts positive values and red represents 
dary of the dataset with ઻ ൌ ૚૙૙  
nd the Gaussian kernels. [9][10] 

input data extracted from the 
Helmholtz-muenchen.de/genre 

omyces Genome Database 
ampling from SGD, we found 

art of sequence that renders one 
Washington University of Saint 
aromyces species. We selected 
d similar function according to 
064c and YBL089w: cellular 

f the experiment comparing the 
tilized the SVMlight software, 
ale SVM classification. In order 
hanged the form of our data and 
Fs, one as positive data and the 
e are comparing two sequences. 
tion data (training 9 data and 
rnels provided by SVMlight: 
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Normal, Polynomial, and Gaussian. The 
programmed to implicitly select the values 
and d) so that the greatest accuracy woul
each classification. We divided the sequenc
and 9 consecutive amino acids (referre
windows) which would include diffe
information regarding the compositions an
different results in the experiments.  

III. RESULTS & DATA  

TABLE 1. THE AVERAGE VALUES (ହW ା ଻W ା ଽWଷ ) OF
THREE KERNELS ARE SHOWN. 

 
We analyzed and compared the class

measures of each kernel function in order 
sequential shape of proteins in each group 
most suitable kernel for the classification ta
each Saccharomyces species. As predictio
than 70%  generally has small significan
efficacy of the kernel, as some data in th
analysis of the data was done in a relative s
the differences of the accuracies. Furtherm
measures for one specific window for whic
showed significant drop or increase we
comparing the kernel functionalities and
biased result induced by the characteristic o
was divided.  

TABLE 2. THE CHART CATEGORIZES TP, FP, FN
COMPUTES THESE VALUES AND RETURNS THE PRED

MEASURE, GIVEN AS ۯ ൌ ۼ܂ା۾ା۴۾܂ۼ܂ା۾܂

As seen in Table 1, the Polynomial and N
preformed similarly in classifying seque

Polynomial Gaussian 
Cerevisiae 68.47% 51.85% 
Paradoxus 76.62% 67.36% 
Mikatae 69.08% 59.56% 
Castellii 62.67% 70.37% 
Servazzii  58.06% 58.06% 
Exiguus  79.36% 52.38% 
Kluyveri 57.24% 56.67% 

20
30

40

50

60

70
80

90

kernels were pre-
of the variables (σ 

ld be achieved for 
es up by every 5, 7, 

ed to as different 
erent amount of 
nd naturally entail 

F THE ACCURACIES FOR 

sification accuracy 
to characterize the 
and determine the 

ask of sequences in 
n accuracy of less 

nce in showing the 
he Table I are, the 
sense by comparing 
more, the accuracy 
ch all three kernels 
ere disregarded in 
d interpreted as a 
of the sequence that 

, TN. THE PROGRAM 
DICTION ACCURACY ۼۼା۴ۼ 

 

Normal kernels both 
ence data of  S. 

Cerevisiae proteins, showing th
separable just as much as they a
low percentages show that the
classified by either kernels. 
accuracy of 100% for the Nor
experimentation, a high value 
allows us to conclude that S. 
may be dominantly linear in sh
some non-linear features. For t
Paradoxus, the small difference
measures of the Polynomial and
and the accuracy measures o
kernels being the same for all th
However the the high accuracy 
highly probable that such sequ
degree. For S. Mikatae prot
measures for all three kernels w
Polynomial and Normal the sa
divided sequences, as shown ݀ ൌ 1  and ߪ ൌ 0  for Polyn
respectively, and thus a linear k
fit for classification. The low m
for 9 Window further corrobo
S.Mikatae sequences are linea
able to make a somewhat blunt 
since all the protein sequences o
group were considerably well 
they are likely to be linear in
certainly have varying degrees 
high accuracies of the multi-dim

The protein sequences of S. 
Exiguus in the Sensu Lato grou
linear tendencies. For S. Castell
for which the accuracies of a
dropped were disregarded for 
However the consistently high
non-linear kernels of nearly 
windows lead us to the conclu
will most likely be non-line
measures for classification of 
non-linear kernels are less distin
even being the same across all 
the results of S. Mikatae in t
accuracy measures by the Pol
were the same for all three wind
relatively higher for the non
Windows. Thus we can conclud
this species of proteins could be
in Table VIII, the Polynomial a
same for the classification of 
Window. Nonetheless, the Polyn
than the Normal kernel in the 5 
accuracy, and overall produced
measure higher than that of th
suggest that S. Exiguus include 
not likely to be linear, contrar
Sensu Stricto overall seem to do

Normal 
64.81% 
65.65% 
69.08% 
58.97% 
50.86% 
74.60% 
66.67% 

Polynomial

Gaussian

Normal

hat the sequences are linearly 
are non-linaerly separable. The 
e sequences are not perfectly 

However the classification 
rmal kernel in the 9 Window 
which can not be overlooked, 
Cerevisiae protein sequences 

hape, although they may have 
the sequences of proteins of S. 
e between the average accuracy 
d Normal kernel of only 10.9% 
of the Gaussian and Normal 
hree windows signify linearity. 
of Polynomial kernel makes it 

uences are non-linear to some 
tein sequences, the accuracy 

were same for two windows and 
ame across all three types of 
in Table 5. This means that 

nomial and Gaussain kernel, 
kernel was judged to be the best 
measure by the Gaussain kernel 
orates the conclusion that the 
ar in shape. Overall, we were 
yet justified generalization that 

of the species in the Sensu Lato 
classified by Normal kernels, 

n shape, although they could 
of non-linearity as some of the 

mensional kernels attest. 
Castellii, S. Seravazzii, and S. 

up displayed slightly more non-
lii, the results of the 9 Window 
all three kernels significantly 
reasons previously explained. 

h accuracy measures for both 
84.00% for the other two 

usion that the protein sequence 
ear in shape. The accuracy 
S. Servazzii by the linear and 
nct, with the 9 Window results 
three kernels. However, unlike 
the first group, for which the 
lynomial and Normal kernels 
dows, those of S. Servazzii are 
n-linear kernels in 5 and 7 
de that the sequential shape of 
e slightly non-linear. As shown 
and Normal kernels scored the 

S. Exiguus in both 7 and 9 
nomial kernel performed better 
Window with a 14.29% higher 

d a credible average accuracy 
he Normal kernel. The results 
protein sequences that may are 

ry to what all three species in 
o. 
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The protein sequences of S. Kluyveri species in the Petite-
Negative group are also likely to be more non-linear than 
linear, since the Gaussian and Polynomial kernel both scored 
over 70% for 5 and 7 window and higher than the Normal 
kernel. The significant drop in the measures for the higher-
dimensional kernels in the 9 window experiment that brought 
down the average accuracy measures for those kernels was 
overlooked. In the context of all 7 types of sequences 
analyzed in this paper, the Sensu Lato group protein 
sequences seemed to be non-linear in an intermediate degree 
between those of Sensu Stricto and Petite-Negative. 

 
1) Sequences Classification Result of Protein in Sensu Stricto 
Group 

 

TABLE 3. COMPARISON CHART OF ACCURACY FOR S. CEREVISIAE, USING 3 
KERNEL METHODS AND 3 DIFFERENT WINDOWS. 

 5Window 7Window 9Window 
Polynomial 61.11% 64.29% 80.00% 
Gaussian 55.56% 50.00% 50.00% 
Normal 44.44% 50.00% 100.00% 

 

 

TABLE 4.  COMPARISON CHART OF ACCURACY FOR S. PARADOXUS, USING 
3 KERNEL METHODS AND 3 DIFFERENT WINDOWS. 

  5Window 7Window 9Window 
Polynomial 68.75% 83.33% 77.78% 
Gaussian 68.75% 66.67% 66.67% 
Normal 68.75% 66.67% 66.67% 

 

 

TABLE 5. COMPARISON CHART OF ACCURACY FOR S. MIKATAE, USING 3 
KERNEL METHODS AND 3 DIFFERENT WINDOWS. 

  5Window 7Window 9Window 
Polynomial 61.54% 60.00% 85.71% 
Gaussian 61.54% 60.00% 57.14% 
Normal 61.54% 60.00% 85.71% 

 
2) Sequence Classification Result of Protein in Sensu Lato 
Group 

 

TABLE 6. COMPARISON CHART OF ACCURACY FOR S. CASTELLII, USING 3 
KERNEL METHODS AND 3 DIFFERENT WINDOWS. 

 5Window 7Window 9Window 
Polynomial 84.00% 84.00% 20.00% 
Gaussian 83.33% 83.33% 44.44% 
Normal 76.92% 76.92% 23.08% 

 

 

TABLE 7. COMPARISON CHART OF ACCURACY FOR S. SERVAZZII USING 3 
KERNEL METHODS AND 3 DIFFERENT WINDOWS 

5Window 7Window 9Window 
Polynomial 54.55% 62.50% 57.14% 
Gaussian 54.55% 62.50% 57.14% 
Normal 45.45% 50.00% 57.14% 

 

 

TABLE 8. COMPARISON CHART OF ACCURACY FOR S. EXIGUUS USING 3 
KERNEL METHODS AND 3 DIFFERENT WINDOWS. 

5Window 7Window 9Window 
Polynomial 71.43% 83.33% 83.33% 
Gaussian 57.14% 50.00% 50.00% 
Normal 57.14% 83.33% 83.33% 
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3) Sequence Classification Result of Protein
Negative Group 

TABLE 9. COMPARISON CHART OF ACCURACY FOR
KERNEL METHODS AND 3 DIFFERENT WINDOWS. 

 5Window 7Window 
Polynomial 71.43% 71.43% 
Gaussian 70.00% 70.00% 
Normal 66.67% 66.67% 

 

IV.  DISCUSSION & FUTURE W

As previously explained in the RESULT
our data result for the proteins of 7 differ
used to make evidence-based deduction abo
protein sequences. Based on previous resea
comparing the sequential alignment and sim
sequences of various species in the same gr
the experiment to compare the spatial shape
and characterized the sequences not only w
also in terms of different groups. The e
showed that, firstly, the Sacchromyces p
groups may have evolved from the same
distinct sequential shapes. The clear distin
Sensu Stricto, Sensu Lato, and Petite-Negat
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