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1 Introduction

This toolbox is written in MATLAB( language and performs different types of sequence comparison based in some distance definitions between frequencies of L‑words or L‑tuples. The metrics reviewed and implemented here do not use alignment methods.

For each sequence and each chosen sub-sequence of length L, a vector of counts is extracted. These will be the vectors used to calculate the distances between the sequences and the sample probabilities distributions of the L-words present.

All types of texts and alphabets can be used: DNA (example in this manual), Proteins, Natural Languages texts (example on-line).

Important Note: MATLAB( Statistical Toolbox is used in some functions.

2 description of measures and references

· Euclidean distance

[1] – introduction to the idea of comparing sequences by calculating simple Euclidean distance between word frequencies.

· Standardized Euclidean distance

· Mahalanobis distance

[2] – concept is extended to other statistical based distances

(Dissimilarity measures based on distances between frequencies of words)

· Kullback-Leibler discrepancy

[3] – information theory based discrepancy between sample distribution of L‑words: Kullback-Leibler ‘distance’.

· Cosine distance

[4] [5] – distance is a function of the cosine of the angle between the vectors in n-dimensional space.

· Kolmogorov Complexity

[6] – compare previously compressed sequences – not implemented.

· USM-based discrepancy

[7] - generalization to non specified word length, i.e., word‑length free comparison 

Other references (see also paper – not yet available!):

[8] – compare performance of different methods

[9] – optimal methods (until now!) for DNA compression

PROBLEMS ENCOUNTRED

For long sequences, crossd.m doesn’t have enough memory available (on PC). Possible solution: work on a bigger computer or don’t calculate all pairs, extract only until some conclusions can be drawn ->Sequential Analysis + Bootstrap methods

Mahalanobis distance brings some problems on the inversion of covariance matrices that are almost singular: pseudoinverses used instead. Also the formula presented in the reference and implemented here is not totally correct (must wait until next version…).

Singular value decomposition (SVD) was not necessary when calculating cosine-based distances. It will only make sense when a large number of sequences is being compared (future version).
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3 User’s Manual

File with sequences; must be in FASTA/USM format:

>>ref

>ref1

seq1

...

>refn

seqn

Example: clfa.txt
Create structed variable nas with all the information about the sequences, given the resolutions wanted for the calculations, i.e., subsequences lengths L (vector):

>>nas=nasc(‘file.txt’, L, opt) %does all functions 

or preferably to see what’s happening…

>>nas=cgcria(‘file.txt’);

>>nas=freqseq(nas, L);

>>nas=overlap(nas);

>>nas=word_var(nas);

>>nas=word_cov(nas);

>>nas=distance(nas,1);

>>plotdistance(nas,0);

>>classif(nas,3,2,1,1);
>>nas=crossd(nas);

Note: preferably include length 1 in vector L

Extended example:

» clf=cgcria('clfa.txt')

clf = 

ref: 'clfa'

% file reference >>ref

refs: {1x7 cell  }
% sequence names >refs.

seq: {1x7 cell  }
% 4 sequences will be analyzed

tp: 'acgt'

% symbols present in the sequences

num: [1x7 struct]
% recode sequences with numbers from tp order

cgrs: [1x7 struct]
% usm coordinates: forward (fwd) and backward(bkw)

» clf=freqseq(clf,1:6)
%will perform 1 to 6 word length %calculations

clf = 

[…/]

counts: {1x6 cell  } 
% counts each word found

freqs: {1x6 cell  }
% normalize counts

L: [1 2 3 4 5 6]
% resolutions used

words: {1x6 cell  }
% for each word length , lists all words found –char array

clf.words{i}(j, : ) -> jth word found of L(i) resolution

clf.counts{i}(j, k) -> number of j words of length L(i) found on the kth sequence

» clf.words{2}

ans =

ga

at

tt

tc

ca

ag

gc

aa

gt

tg

ac

ct

cg

cc

gg

ta

» clf.counts{2}
% each row->see corresponding word in clf.words{2};

% each column=one sequence

ans =

    67   112   112   103   142    97   112

    37    64    64    59    87    62    64

    27    48    48    44    66    47    48

    46    76    76    70   100    70    76

    42    71    71    66   100    71    71

    51    86    86    80   127    91    86

    16    26    26    25    39    29    26

     5     5     5     5    10    10     5

    11    16    16    14    27    21    16

    13    20    20    18    28    21    20

    28    46    46    42    47    28    46

    18    29    29    27    34    22    29

    29    47    47    43    52    34    47

     8    16    16    14    18    10    16

     8     8     8     7     3     3     8

     7    13    13    12    19    13    13
» clf=overlap(clf)

clf = 

[…/]

overlap: {1x6 cell  }

clf.overlap { i }(j,k) -> relative to words of length L(i). If jth word has first k symbols equal to last k, then overlap=1; otherwise is 0. k=1…L-1.

» clf.overlap{2}
%see clf.words{2}

ans =

     0

     0

     1


%this word (tt) has last symbol equal to first one

     0

     0

     0

     0

     1

     0

     0

     0

     0

     0

     1

     1

     0

» clf.words{2}(clf.overlap{2},:)

ans =

tt

aa

cc

gg

» clf.words{4}(clf.overlap{4}(:,1),:)
%which 4-word have overlap capability 1

ans =

cagc

agca

tgat

cgac

acaa

atga

ttct

tagt

ctcc

agaa

atca

gtag

» clf=word_var(clf)

clf=

[…/]

var: {1x6 cell  }

clf.var{ i } (w,j) -> resolution L( i ) , word w in row, seq j in column- represents variance of counts for each word in each sequence

» clf.var{2}
%variance of each word (row) for each sequence 1-7 (column)

ans =

   20.9805   34.6914   34.6914   31.9492   45.6602   31.9492   34.6914

   20.9805   34.6914   34.6914   31.9492   45.6602   31.9492   34.6914

   33.8555   56.0039   56.0039   51.5742   73.7227   51.5742   56.0039

   20.9805   34.6914   34.6914   31.9492   45.6602   31.9492   34.6914

   20.9805   34.6914   34.6914   31.9492   45.6602   31.9492   34.6914

   20.9805   34.6914   34.6914   31.9492   45.6602   31.9492   34.6914

   20.9805   34.6914   34.6914   31.9492   45.6602   31.9492   34.6914

   33.8555   56.0039   56.0039   51.5742   73.7227   51.5742   56.0039

   20.9805   34.6914   34.6914   31.9492   45.6602   31.9492   34.6914

   20.9805   34.6914   34.6914   31.9492   45.6602   31.9492   34.6914

   20.9805   34.6914   34.6914   31.9492   45.6602   31.9492   34.6914

   20.9805   34.6914   34.6914   31.9492   45.6602   31.9492   34.6914

   20.9805   34.6914   34.6914   31.9492   45.6602   31.9492   34.6914

   33.8555   56.0039   56.0039   51.5742   73.7227   51.5742   56.0039

   33.8555   56.0039   56.0039   51.5742   73.7227   51.5742   56.0039

   20.9805   34.6914   34.6914   31.9492   45.6602   31.9492   34.6914
words with overlap capability 1 have more variance (can appear more often)

clf.var{1} is simply variance of binomial distribution (if L(1)=1), np(1-p).

» clf=word_cov(clf)

Word length:1

Word length:2


Seq: 1


Seq: 2


Seq: 3


Seq: 4


Seq: 5


Seq: 6


Seq: 7

Word length:3


Seq: 1


Seq: 2


Seq: 3


Seq: 4


Seq: 5


Seq: 6


Seq: 7

Word length:4


Seq: 1


Seq: 2


Seq: 3


Seq: 4


Seq: 5


Seq: 6


Seq: 7

Word length:5


Seq: 1


Seq: 2


Seq: 3


Seq: 4


Seq: 5


Seq: 6


Seq: 7

Word length:6


Seq: 1


Seq: 2


Seq: 3


Seq: 4


Seq: 5


Seq: 6


Seq: 7

clf = 

[…/]

            cov: {1x6 cell  }

clf.cov{i}{j}(m,t) is covariance between mth and tth word (ith resolution) in jth sequence
Important note: apparently the formulas of covariance are not correct in the paper. It seems that there is a discrepancy between covariance and variance, that is not yet corrected. If alphabet length is high (for example with natural languages texts), this function may take a LOT of time, so it is not advisable to calculate Mahalanobis distance in this case.

» clf=distance(clf,1)

Word length 1

Word length 2

Word length 3

Word length 4

Word length 5

Word length 6

clf = 

[…/]

         euclid: {1x6 cell  }

      stdeuclid: {1x6 cell  }

       kullback: {1x6 cell  }

            cos: {1x6 cell  }

    mahalanobis: {1x6 cell  }

» clf=distance(clf,0)
%will not calculate mahalanobis distance

clf.* {i}(j,k) -> for ith resolution is corresponding distance between sequences jth and kth

Kullback-Leibler discrepancy is not symmetric.

Note: sliding window not yet implemented because sequences lengths are similar. Wrong Mahalanobis distance due to inaccuracy of covariance matrix (formula of this distance is correct but uses pseudo inverse matrices).

» plotdistance(clf)

(see figures in attachment ‘plotdistance figures.doc’)

>>classif(clf, r, optdist, optclust, optcombi)

(see figures in attachment ‘classif figures.doc’)

Classification of sequences by Cluster Analysis based on the rth resolution chosen.

· Options (not required):

optdist: distance to be used in dissimilarity matrix


1 – Euclidean


2 – Standard Euclidean


3 – Kullback-Leibler


4 – Mahalanobis


5 – Cosine 

optclust: linkage in cluster analysis


1 – average


2 – single


3 – complete


4 – centroid 


5 – ward 

optcombi: combined distance


0 – plots only simple distance


1 – plot all resolutions combined distance

example:

» classif(clf,2)

Word length:2

y =

         0    0.0133    0.0133    0.0140    0.0358    0.0452    0.0133

    0.0133         0         0    0.0032    0.0298    0.0416         0

    0.0133         0         0    0.0032    0.0298    0.0416         0

    0.0140    0.0032    0.0032         0    0.0283    0.0400    0.0032

    0.0358    0.0298    0.0298    0.0283         0    0.0135    0.0298

    0.0452    0.0416    0.0416    0.0400    0.0135         0    0.0416

    0.0133         0         0    0.0032    0.0298    0.0416         0

dist =

Euclidean Distance

z =

    2.0000    3.0000         0

    8.0000    7.0000         0

    9.0000    4.0000    0.0032

    1.0000   10.0000    0.0135

    5.0000    6.0000    0.0135

   11.0000   12.0000    0.0363

average linkage used

c =

    0.9646
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Euclidean Distance r=2


» classif(clf,2,3,1,1)

Word length:2

y =

         0    0.0065    0.0065    0.0068    0.0363    0.0390    0.0065

    0.0058         0         0    0.0002    0.0191    0.0297         0

    0.0058         0         0    0.0002    0.0191    0.0297         0

    0.0060    0.0002    0.0002         0    0.0172    0.0274    0.0002

    0.0247    0.0160    0.0160    0.0146         0    0.0042    0.0160

    0.0314    0.0287    0.0287    0.0265    0.0043         0    0.0287

    0.0058         0         0    0.0002    0.0191    0.0297         0

dist =

Kullback-Leibler

z =

    2.0000    3.0000         0

    8.0000    7.0000         0

    9.0000    4.0000    0.0002

    5.0000    6.0000    0.0042

    1.0000   10.0000    0.0066

   12.0000   11.0000    0.0262

average linkage used

c =

    0.9139

z =

    2.0000    3.0000         0

    8.0000    7.0000         0

    9.0000    4.0000    0.0000

    5.0000    6.0000    0.0036

    1.0000   10.0000    0.0080

   12.0000   11.0000       Inf

average linkage used

c =

   NaN
see ‘classif figures.doc’ for dendrograms.

» clf=crossd(clf)
%some memory problems in PC – run in Ulysses

%!!! total variable is ~74Gb memory!

clf = 

[…/]

         crossd: {6x7 cell  }

clf.crossd{ i ,j }(m,n) -> comparison between seq i and j, mth symbol of i with nth of j

» size(clf.crossd{1,2})

ans =

   414   684

%seq 1 has 414 symbols; seq 2 has 684

4 Programer’s manual

Functions used with comments

NOTE: cgcria.m and called functions (cgle.m, cgtp.m, cgcode.m, cgcgr0.m, cgcgr1.m) already in USM Toolbox (Jonas Almeida). Extensions created that are not used afterwards: *.num and *.cgrs (optimize code in future version).

Uses MATLAB( Statistical Toolbox.

function nas=nasc(txt,L,opt)

% NASC non aligned sequence comparision Toolbox

%

% function nas=nasc(txt,L)

% Complete function to perform non-aligned sequence comparison.

% txt -> text file with FASTA/USM format data

% L -> vector with word lengths

% opt -> 1 (def.) mahalanobis distance, 0 -> mahal. will not be calculated.

% 

% nas -> struct variable. Example: clf = 

%

%              ref: 'clfa'

%           refs: {1x7 cell  }

%            seq: {1x7 cell  }

%             tp: 'acgt'

%            num: [1x7 struct]

%           cgrs: [1x7 struct]

%         counts: {1x6 cell  }

%          freqs: {1x6 cell  }

%              L: [1 2 3 4 5 6]

%          words: {1x6 cell  }

%        overlap: {1x6 cell  }

%            var: {1x6 cell  }

%            cov: {1x6 cell  }

%         euclid: {1x6 cell  }

%      stdeuclid: {1x6 cell  }

%       kullback: {1x6 cell  }

%    mahalanobis: {1x6 cell  }

%            cov: {1x6 cell  }

%

% Calls: cgcria(txt); freqseq(nas,L); overlap(nas); nas=word_var(nas); nas=word_cov(nas);nas=distance(nas)

% See report for details about fields and help of functions called

% use plotdistance(nas) and classif(nas,+options) to see results

% Susana Vinga, 8 Mar 2002, 12Mar02; 5Abr02; 24Mai02

if nargin==2

   opt=1

%default: do mahalanobis distance

end

fprintf('Functions running\n\tcgcria\n');

nas=cgcria(txt);

fprintf('\tfreqseq\n');

nas=freqseq(nas,L);

fprintf('\toverlap\n');

nas=overlap(nas);

fprintf('\tword_var\n');

nas=word_var(nas);

fprintf('\tword_cov\n');

nas=word_cov(nas);

fprintf('\tdistance\n');

nas=distance(nas,opt);

function nas=freqseq(nas,L)

% FREQSEQ subsequences or L words counts and frequencies of sequences - NASC

%

% function nas=freqseq(nas,L)

% Adds new fields to struct nas: words, counts and freqs

% Identifies all the unique segments

% of length L and stores its frequency

%

% Input arguments:

%   x: struct nas (.ref, .refs, .seq) 

%   L: vector of lengths, for example L=1:5

%

% Output arguments: nas.* - { 1x(number of sequences) cell} where * is:

%
nas.counts{i}(:,j) - word counts of j.ith sequence, ith word length 

%
nas.freqs{i}(:,j) - word frequence of j.ith sequence, ith word length 

%
nas.words{i} - char array: each row is a different word

%
nas.L{i} - word length of ith resolution

%

% v1.0: Jonas Almeida Nov 29 - 2001

% Adapted to Non Aligned Sequence Comparison: Susana Vinga, 4 Mar 2002

% Updated v2.0: Susana Vinga, 5 Mar 2002 - correction and comments; 12Mar02 - more comments and new field L;5Abr02

[s,t]=size(nas.seq); % t -  number of sequences

b=length(L); % b - resolutions i.e. possible word lengths

for ww=1:b %for each word length

   seq=[];% seq - data base: each row one word of the same length


for j=1:t   % for all sequences



x=nas.seq{j};




n=length(x); % length of sequence j



if L(ww)>n

   

 warning('resolution decreased to the sequence length'); %avoied in practice

   
 
L(ww)=n;



end



%seq=[seq;x(1:1+L-1)];



[p,q]=size(seq);   % p - actual number of words in data base



c{j}=zeros(p,1);
% c{j} cell - counts for j-ith sequence



for i=1:n-L(ww)+1


% runs all sequence, position i

   

 seqi=x(i:i+L(ww)-1);
% current word

  
  

 ii=strmatch(seqi,seq,'exact');
% ii: position (row number) where word begins<->strcmp

  
 
 
 if isempty(ii) % if sequence not already in the database
   

     seq=[seq;seqi];

% each row is a word

      

  c{j}=[c{j};1];

   

 else




% word already in data base
    

 

c{j}(ii)=c{j}(ii)+1;

   

 end



end


f{j}=c{j}./sum(c{j});


 %  nas.counts{j}=c{j};   %each column has counts


  %  nas.freqs{j}=f;


 end  %...of all sequences


 [p,q]=size(seq);% f - total number of words in data base after all sequence

 w{ww}=seq;
%w - cell with ww-ith words - char array


 %!!!ATENTION!!! to assign a char array to a struct cell, the only way is to assign an intermediate step, i.e.

 % to stuct field should be assign the COMPLETE cell!


  %counts=zeros(f,t);

 %freqs=zeros(f,t);

    for j=1:t %create matrix of all counts, with zeros were word is absent

%       xaxa=[c{j};zeros(p-length(c{j}),1)]

    counts(:,j)=[c{j};zeros(p-length(c{j}),1)];


    freqs(:,j)=[f{j};zeros(p-length(f{j}),1)];


 end

 nas.counts{ww}=counts;
clear counts;
%matrix created is cell content

    nas.freqs{ww}=freqs; clear freqs;

 end   
 nas.L=L;

 nas.words=w;

function nas=overlap(nas)

% OVERLAP capability of words
- NASC

%

% function nas=overlap(nas)

% Calculates for each word in data base its Overlap Capability Qk

% Qk = 1 if k first characters == last k; 0 otherwise.

% nas.words {1xn cell} of s

% nas.overlap will be of the same size

% Qk is important to calculate variances of frequencies of words for calculation of Mahalanobis distance

% Non-Aligned Sequence Comparison Toolbox

% Susana Vinga, 7Mar02; 12Mar02; 5Abr02

r=length(nas.words);
%number of different resolutions

Q=[];

for i=1:r
%for all resolution i

   w=nas.words{i};

   [s,L]=size(w);
%s: num of words; L:num of characters for ith resolution-word length

   for j=1:s
%for all words present - rows

      for k=1:L-1

         Q(j,k)=strcmp(w(j,1:k),w(j,L-k+1:L));

      end

   end

   nas.overlap{i}=Q;

   clear Q;

end
function nas=word_var(nas)

% WORD_VAR variances of subsequence counts of words - NASC

%

% function nas=word_var(nas)

% Adds fiels .var with variances of counts for each resolution, sequence and word

% var(counts)=lPn(1-lPn)+Pn^2(l-n+1)(l-n)+2Pn*sum[(l-k)PkQn-k]_1^n-1

% options for virtual pool (not yet implemented:

% 1 -> p=1/a with a number of symbols

% 2 -> typical of specie considered

% 3 -> sample data

% Reference: Uses same notation as paper "Wu et al. A Measure of DNA Sequence Dissimilariy...Biometrics 53" #48

%

% Susana Vinga, v0.0, 26Mar02; 5Abr02

a=length(nas.tp);
%number of symbols in alphabet

for i=1:length(nas.L)
%for each resolution i (in L)

     L=sum(nas.counts{i});
%vector with number of counted words for each sequence and resolution -> l do artigo

     n=nas.L(i);
%word length

     % L+n-1 -> sequence length

     Pn=(1/a)^n;
%independence and uniform model of base comparision

     varN1=(L*Pn).*(1-L*Pn)+Pn^2*(L-n+1).*(L-n);
%vector length seq: equal part vs. variational part

 
  %second part of variance. If n=1 is 0 -> simple binomial variance (confirmed)

     if n==1

        varNtot{i}=kron(ones(length(nas.words{i}),1),varN1);

     else

     

% n>1

     

for j=1:length(nas.seq)
%for each sequence j (in seq)

      
   Lk=L(j)-1:-1:L(j)-n+1;
%in sum (see paper)

         
for p=1:n-1

            
Pk(p)=(1/a)^p;

   
      end

      
   for w=1:length(nas.words{i}) %n-1=length(nas.overlap{i})
for each word!

         
   Qnk=nas.overlap{i}(w,n-1:-1:1);
%already inverted Qn-1 ... Q1 overlaps

               varN2=2*Pn*sum(Lk.*Pk.*Qnk);

              
varNtot{i}(w,j)=varN1(j)+varN2;

        
 
end

          end

       end

end

nas.var=varNtot;

%clf.counts{i}
%row corresponds to row in clf.words{i}; col to each sequence

%clf.freqs{i} same thing but with relative frequencies (divide by total)

%v=
function nas=word_cov(nas)

% WORD_COV covariances of subsequence counts of words - NASC

%

% function nas=word_cov(nas)

% Adds fiels .cov with covariances of counts for each resolution, sequence and word

% cov{i}{j}(m,t) : covariance for ith resolution of words present in jth sequence - cov between mth and t.th words

% options for virtual pool (not yet implemented:

% 1 -> p=1/a with a number of symbols (only implemented here)

% 2 -> typical of specie considered

% 3 -> sample data

% Reference: Uses same notation as paper "Wu et al. A Measure of DNA Sequence Dissimilariy...Biometrics 53" #48

%

% Susana Vinga, v0.0, 1Abr02; 2Abr; 4Abr; 5Abr02

%

% ALL SEQUENCES are considered to have the same SIGMA-pooled variance used in distance.m

a=length(nas.tp);
%number of symbols in alphabet

for i=1:length(nas.L)
%***for each resolution i (in L)

     L=sum(nas.counts{i});
%line vector with number of counted words for each sequence and resolution -> l do artigo

     n=nas.L(i);
%word length

     disp( strcat('Word length: ',num2str(n)) );

     % L+n-1 -> sequence length - VECTOR!!

     w=nas.words{i};

     ww=length(w);
%number of different words

     Pn=(1/a)^n;
%independence and uniform model of base comparision

     Rn=(1/a)^n;

     %***compare all words (common to all sequences)

     for m=1:ww

        for t=1:ww

           for cap=1:n-1

              %strcmp( w(m,1:cap) , w(t,n-cap+1:n) )

              C{i}(cap,m,t)=strcmp( w(m,n-cap+1:n) , w(t,1:cap) );
%inversão devido a incompatibilidade *com 3Dmatrix

           end

        end

     end

     % C{i}(m,t,cap) for resolution i, compare word m and t for cap sovraposition/overlap


% este erro poderia ser corrigido com a função RESHAPE or SQUEEZE

  
 if n==1
%variance and covariance of a symbol -> multinomial/binomial: valid only for Rn=Pn=1/a
        %cov{i}=kron(ones(length(nas.words{i}),1),varN1);

        %cov{i}=1;

        for j=1:length(nas.seq)
%***for each sequence j (in seq)
           cov{i}{j}=L(j).*( (1/a)*eye(ww)-(1/a)^2*ones(ww) );

        end

     else
% n>1

        for j=1:length(nas.seq)
%***for each sequence j (in seq)
           
fprintf( ['\tSeq: ',num2str(j),'\n'] )





%disp( strcat('    Seq: ',num2str(j)) );
%not \t, \n          

            Lk=L(j)-1:-1:L(j)-n+1;
%(l-k) in sum (see paper); **dim=n-1
         
for p=1:n-1

               Pk(p)=(1/a)^p;

%Pk; ***dim=n-1

               Rk(p)=(1/a)^p;

%Rk
            end

            for m=1:ww

               for t=1:ww

            
%compare word j and m - overlap capability

            
c1=C{i}(n-1:-1:1,m,t); %vector to sum mt ***dim=n-1

               c2=C{i}(n-1:-1:1,t,m); %sum tm
               %alternativ: reshape(c1,1,?) or squeeze(c1)

          

soma1=sum(Lk.*Pk.*c1');

            
soma2=sum(Lk.*Rk.*c2');

               cov{i}{j}(m,t)=(L(j)-n+1)*(L(j)-n)*Pn*Rn+Rn*soma1+Pn*soma2-L(j)^2*Pn*Rn;

      %***ERROR: diag(cov) is different of var!!!  check formulas.***





%control                  
            %   if (i==4)&(j==1)&(m==34)&(t==40)

            %   
Lk

            %   
Pk
            %   
Rk

            %     c1

            %     c2
        
   %  
C{i}(:,34,40)

            % 
   soma1

            %

soma2
          
%

cov{i}{j}(34,40)

            %

cov{i}{j}(40,34)

            %end
         

end

            end

        end

      end
   end

%%%pooled variance implemented in classif.m

nas.cov=cov;
%nas.cov{i}{j}(m,t) is covariance between m.th and t.th word (ith resolution) in jth sequence
%clf.counts{i}
%row corresponds to row in clf.words{i}; col to each sequence
%clf.freqs{i} same thing but with relative frequencies (divide by total)

function nas=distance(nas,opt)

% DISTANCE euclidean, std euclidean, mahalanobis (opt), kullback and cosine distances between sequences - NASC

%

% function nas=distance(nas,opt)

% adds fields: nas.euclid, nas.stdeuclid, nas.mahalanobis, nas.kullback

% nas.*{i}(j,k) -> *-distance (for ith resolution) between jth and kth sequence

% Susana Vinga, Mar02

% 12Mar02: comments and euclid

% Add std.euclidean -> 26Mar02

% Add Mahalanobis distance, chage counts to freqs -> 4Abr02

% Chage inverse to pseudoinverse in mahal.dist. (also for symbols) -> 5Abr02: better results.

% New option: if opt=1 (default) do Mahalanobis, otherwise don't do this distance -> 12Abr02

% Default distance function, add cosine metric (Stuart#55) -> 24Mai02

% comments - 16abr03

if nargin==1

   opt=1

%default: do

end

dim=2;
% euclidean norm or distance

ww=length(nas.words)
% how many resolutions

%ww=3 test lower dimensions

for i=1:ww
%for resolution i

   disp( ['Word length ',num2str(nas.L(i))] );

   c=nas.counts{i}; %columns - sequences; rows - words -> use frequencies instead of counts

   f=nas.freqs{i};


   [p,q]=size(c);
% p - num of words; q - num of sequences

   L=sum(nas.counts{i});
%line vector with number of counted words for each sequence and resolution -> l do artigo

   %compare all possible pairs

   euclid=zeros(q,q);

   stdeuclid=zeros(q,q);

   kullback=zeros(q,q);

   if opt

      mahalanobis=zeros(q,q);

   end

   mcos=zeros(q,q);
%matrix of coseno distance

   %alternatively of teoric covariance, use sample cov.:

   %covari=cov(c');
%covariance defined for matrices where row=observation(sequence), columns=variable(n.words)

   for j=1:q

      for k=1:q

         if k>j

            euclid(j,k)=norm(f(:,j)-f(:,k),dim);

            stdeuclid(j,k)=norm( f(:,j)./nas.var{i}(:,j)-f(:,k)./nas.var{i}(:,k),dim);
%divide by std deviation -> use freqs instead of counts

            kullback(j,k)=h_rel(f(:,j),f(:,k));%verificar
            
%if i~=1
-> do also for symbols

            
%nas.cov{i}{j} covariance btw counts resol.i seq.j
            
if opt

   
         
n1=L(j);

               
n2=L(k);

          
   
%sigma pooled=((n1-1)*S1+(n2-2)*S2)/(n1+n2-2)

               
SIGMA= ( (n1-1)*nas.cov{i}{j} + (n2-1)*nas.cov{i}{k} )/(n1+n2-1) ;

              

%use PSEUDOINVERSE(sigma) because is nearly singular
               
mahalanobis(j,k)=(f(:,j)-f(:,k))'*pinv(SIGMA)*(f(:,j)-f(:,k));


               end

            t=ang(f(:,j),f(:,k));
%angle between vectors
            mcos(j,k)=-log( (1+cos(t))/2 );
%dissimilarity on Stuart et al.

            %end
         elseif k<j

            kullback(j,k)=h_rel(f(:,j),f(:,k));
%is not symmetric
         end        

      end

   end
   nas.euclid{i}=euclid+euclid';
%symmetric matrix

   nas.stdeuclid{i}=stdeuclid+stdeuclid';

   nas.kullback{i}=kullback;

   nas.cos{i}=mcos+mcos';

   if opt

      nas.mahalanobis{i}=mahalanobis+mahalanobis';

   end
end %...for all resolutions i
function plotdistance(nas,opt)

% PLOTDISTANCE plot euclidean, std euclid, mahalanobis, cosine and kullback distance between sequences - NASC

%

% function plotdistance(nas,opt)

% Plots euclidean, std euclid. mahal. and kullback-leibler distances between all sequences in nas

% opt=0 (default) don't print to file; 1-print figures to files euclid, kull, stdeuclid, mahal

% Susana Vinga, v0.0 12Mar02

% $v1.1, 26Mar02, adds option: print to file

% 4Abr02 (add mahal.dist.); 5Abr02; 24May02

% duvidas: how to have a general title in a subplot?

% como distinguir +inf de numeros elevados? (kullback)

if nargin==1

   opt=0;
%don't print to file (only to screen)

end

s=length(nas.L);
%s number of subplots

n=ceil(sqrt(s)*2^(-1/4));


%number of rows

m=ceil(s/n);


%number of colums

%**EUCLIDEAN**

figure;

title('Euclidean distance')
%não funciona

for i=1:s

   subplot(n,m,i);

   imagesc(nas.euclid{i});

   colorbar;

   title(['Euclidean Word length -> ',num2str(nas.L(i))]);

end

if opt

   print -dpcx256 euclid
%print to file euclid.m and euclid.mat

end

%**STANDARD EUCLIDEAN**

figure;

for i=1:s

   subplot(n,m,i);

   imagesc(nas.stdeuclid{i});

   colorbar;

   title(['Standard Euclidean distance: Word length -> ',num2str(nas.L(i))]);

end
if opt

   print -dpcx256 stdeucl
%print to file euclid.m and euclid.mat

end
%**KULLBACK-LEIBLER**

figure;

title('Kullback-Leibler discrepancy');

for i=1:s

   subplot(n,m,i);

   imagesc(nas.kullback{i});

   colorbar;

   title(['Kullback Word length -> ',num2str(nas.L(i))]);

end

if opt

   print -dpcx256 kull
%print to file euclid.m and euclid.mat
end

%**MAHALANOBIS**
if isfield(nas,'mahalanobis')
% mahalanobis distance was calculated previously

   figure;

   title('Mahalanobis distance');

   for i=1:s

      subplot(n,m,i);

      imagesc(nas.mahalanobis{i});

      colorbar;

      title(['Mahalanobis distance Word length -> ',num2str(nas.L(i))]);

   end
   if opt

      print -dpcx256 mahal
%print to file euclid.m and euclid.mat

   end
end

%**COSINE**
figure;

title('Cosine distance');

for i=1:s

   subplot(n,m,i);

   imagesc(nas.cos{i});

   colorbar;

   title(['Cosine Word length -> ',num2str(nas.L(i))]);

end

if opt

   print -dpcx256 cos
%print to file euclid.m and euclid.mat

end

%***ADD after doing crossd.m first to create nas.crossd

% while not implemented use plotdistance_usm instead
%figure;

%usm=nas.usm.normax; %not yet symmetric

%usm=usm+usm';

%imagesc(usm);

%colorbar;

%title(['USM-based distance: norm max'])
function classif(nas,r,optdist,optclust,optcombi)

% CLASSIF plot dendrogram-euclidean, std euclidean, mahalanobis,kullback-leibler,cosine distance; linkage – NASC

%

% function classif(nas,r,optdist,optclust,optcombi)

% Classify and plot dendrogram of nas with r resolution

% ***Inputs:***

% nas -> object after distance.m

% r -> resolution

% **options:**

% optdist=1 euclidean distance; 2-std.euclidean; 3-kullback; 4-mahalanobis; 5-cosine

% optclust=1 ('average'), 2-single; 3-complete; 4-centroid; 5-ward

% optcombi=0 (simple distances); otherwise plot also combined chosen distance sum(s^2)_(n=1)^L

%

% (Based on function graphdendro 14Nov01)

% Susana Vinga - $v0.0 - 26Mar02 (not tested and only with euclidean)

% $v0.1 - 1Abr02; $v0.2 - 4Abr02 (mahalanobis%optcluster) $5Abr02

% Include cosine metric -> 24Mai02 ; put ; 16abr03

if nargin<3

   optdist=1;
%default: euclidean distance

end

if nargin<4

   optclust=1;
%default: average linkage

end

if nargin<5

   optcombi=0;

end

if (optdist==4) & ~isfield(nas,'mahalanobis')

   warning('Mahalanobis distance was not calculated!');

   return;

end

n=nas.L(r);

disp( strcat('Word length: ', num2str(n)) )

switch optdist

case 1

   y=nas.euclid{r};
%matrix of dissimilarity

   dist='Euclidean Distance'
   ext='euclid';

%extension

case 2

   y=nas.stdeuclid{r};

   dist='Standard Euclidean Distance'

   ext='stdeuclid';

case 3

   y=nas.kullback{r};

   dist='Kullback-Leibler'

   ext='kullback';

case 4

   y=nas.mahalanobis{r};

   dist='Mahalanobis Distance'
   ext='mahalanobis';

case 5

   y=nas.cos{r};

   dist='Cosine Distance '

   ext='cos';

otherwise
   disp('Distance option not valid');

   return

end
switch optclust

case 1

   clust='average';

case 2

   clust='single';

case 3

   clust='complete';

case 4

   clust='centroid';

case 5

   clust='ward';

otherwise

   disp('Linkage type not valid')

   return
end

y=isquareform(y);

z=linkage(y,clust)

disp(strcat(clust,' linkage used'))

c=cophenet(z,y)

d=dendrogram(z);

title(strcat(dist,' r=',num2str(r)))

if optcombi

%plot also combined distance
   y=0;

   d=eval( ['nas.' ext] );
%choosen distance 

   for i=1:length(nas.L)

      y=y+d{i}.^2;

   end

   figure;

   imagesc(y);colorbar;title([dist ' combined'])

   y=isquareform(y);

   z=linkage(y,clust)

   disp(strcat(clust,' linkage used'));

   c=cophenet(z,y)

   d=dendrogram(z);

   title( strcat(dist,' Combined distance') )

end

%print -dmfile euclid

%print -dpcx256 <filename>

%Additional..

%******1-testar subplot*********

%for i=1:m   %for each resolution
 %  y=sym(x(:,:,i))

  % y=isquareform(y)

   %z=linkage(y,'average')
   %c=cophenet(z,y)

   %subplot(t,1,i)

   %d=dendrogram(z)
   %legend(strcat('c=',num2str(c)))

%end

function nas=crossd(nas)

% CROSSD crosstabulation of distances between sequences - NASC

%

% function nas=crossd(nas)

% Adds new field to nas

% nas.crossd{i,j}: cell with total homology (with sobredetermination) btwn seq i and j

% fwd+bck coordinates

% NOTE: USM coordinates already created! funtion cgcria

% Non Aligned Sequence Comparision Toolbox - NASC

% $v0.0, Susana Vinga, 6 Mar 2002

% $v0.1, 7 Mar 2002; v0.2, 12Mar02 more comments; 5Abr02

LIMIT=1e-308;
%if diference is less than limit, then LIMIT is taken to calculate logarithm

q=length(nas.cgrs);
% q - number of sequences

[s,t]=size(nas.cgrs(1).cgr);
% s - number of symbols in the 1st.sequence; t - 2*(number of uu)

t2=t/2;

for i=1:q

   for j=1:q

      if i<j
%distances (i,j)=(j,i)

         %***distance between sequences ith and jth***

         % extract USM coordinates of sequences i and j

         seqi_f=nas.cgrs(i).cgr(:,1:t2);
%i.th sequence coordinates: each row, one symbol forward coord.

         seqi_b=nas.cgrs(i).cgr(:,t2+1:end); % " -backward coordinates

         seqj_f=nas.cgrs(j).cgr(:,1:t2);

         seqj_b=nas.cgrs(j).cgr(:,t2+1:end);

         disp(strcat('Comparing sequences ',num2str(i),' with ',num2str(j)));

         % compare all symbols with all symbols

         for k=1:length(seqi_f)

            for l=1:length(seqj_f)

         
     dist_f=-log2(max (LIMIT, max(abs(seqi_f(k,:)-seqj_f(l,:)))) );

                 dist_b=-log2(max (LIMIT, max(abs(seqi_b(k,:)-seqj_b(l,:)))) );

                 dist(k,l)=dist_f+dist_b;
%total homology btwn k.th symbol (ith.seq) and l.th (jth)

            end

         end

         nas.crossd{i,j}=dist;
%cell {i,j} is matrix of all crossed distances

         clear dist;

      end
%...distances between ith and jth (i<j)

   end

end

function v=isquareform(m)

%ISQUAREFORM inverse of squareform.m extracts superior diagonal

% function v=isquareform(m)

% Transforms a symmetric matrix into the vector or the superior diagonal, from (1,2)->(1,j)->(2,1)->...

% v is the vector to use in linkage.m (statistical toolbox)

% Inverse of function squareform

% Susana 7/nov/01

% $Rev. 16/nov/01

% Alternative version: created by Francisco Pinto, frpinto@itqb.unl.pt, Jan.2003

% Included in NASC: Susana Vinga, svinga@itqb.unl.pt, 2003-02-24

m=m';   %now take lower diag

b=tril(ones(size(m)),-1);

v=m(find(b))';

