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Lecture - 9b
Conservation score 11

There are 3 different ways to get the frequencies of amino acids; what are 3 different
ways to get the frequencies?

Student: Unweighted.
Unweighted frequency.
Student: Weighted.
Weighted frequency and?
Student: Independent.

Independent counts. So, fine now we have the frequencies, we need to convert these

frequencies into score.

(Refer Slide Time: 00:38)
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So, for example, if we have this sequence this position; so what is the frequency of G at

position number 60?



Student: (Refer Time: 00:45).

10 by 10, right. So, this equal to 1; we take this position; position number 9 and so if you
see there are what is the frequency of these amino acids residues; how many times T

occurs.
Student: (Refer Time: 00:59).
T occurs 7 times.

Student: Alanine.

Alaline one time.

Student: Glycine one time.
Glycine one time.

Student: Serine.

Serine one time, right; so now we convert this into frequencies, right the frequency of
threonine at position 9 this equal to 7 / 10 = 0.7. So, frequency of alanine at position
number 9 equal to 0.1 right and the frequency of glycine at portion number 1 9; this
equal to 0.1 as well as frequency of serine at portion number 9 is equal to 0.1, right to get

the numbers.
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Conservation Index

Entropy based measure

Ce(i)=Z £,(i). In(f,(i)),a=11to 20
Order of a system can be measured with entropy
Measure for sequence variability

Not biased with amino acid composition or similarities among
amino acids
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So, now we convert these frequencies into scores. So, for first we do the entropy based
score. So, here if you see this frequency right at any position I of any specific amino
acids if it a specific position is occupied by a single amino acid right you will get this
fa(i) = 1 right if it is occupied by different amino acid residues f,(i) will be different
depending upon the number of times each amino acid residue right occurs at particular

position if they randomly distributed then the frequency of 0.05.

So, will get 0.05; other frequency, then the frequency we multiplied with the logarithmic
of this frequency right to get the conservation score based on entropy based method here
this is not biased with the amino acid composition or similarities among amino acids,
because we do not give any bias for this. Similarity of amino acids if it is 7 2 2 for the 3
different amino acids present at the position, it does not matter if it is 7 is threonine or 7
is alanine or 7 is tryptophan. If you do not give any weight for any of the amino acids

and there is another method that is called variance based method.

So, here this will consider the frequency of amino acids a same amino acid at the
different positions. For example, here if you see the sequence same amino acids located
different positions. For example: if you see glycine here and if your glycine here and
glycine here and some cases it is highly conserved and some cases with the variable
residues and look at the other residues how far they are variable. So, they compare how

many positions the glycine occurs how many positions they have similar residues and



what is the proportion of these residues they take into consideration when you calculate a
score right.

(Refer Slide Time: 03:29)
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different protein families.
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Now, the equation is f,(i) this is the frequency of amino acid a right in the alignment and
they take the overall frequency there is f, overall frequency of this amino acid a in the

alignment.

So, and then compare this with any particular positions and then use this equation f,(i) -
f, right take the square and finally, summation overall the pairs and then take the square
root then we will get this conservation score here in the frequency either we use
weighted ones or they use the unweighted ones; if use unweighted ones then they get this
equation. So, n,(i) divided by sigma n of i, where i = 1 to | or this is the number of
aligned positions this for unweighted, if you want to go the weighted ones then we give
the weightage delta a,k,i depending upon the weightage you can give this equal to 1 or

this equal to 0. So, what is the advantage of having weightage?

So, here the overall amino acid frequencies which is different from different families; so
in order to if you want to implement if you want to include this information then we need
to give weightage for the different a protein families then you can see which one is
highly conserved compared with the other ones then there is another measure this is

called a sum of pairs method right here.
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Conservation Index

Sum of pairs measure

Cr(i) = {Z Z [f,(i) £,(i) @]2}"5, a=1to20; b=1 to 20
S, amino acid scoring matrix

Conservation score will be higher for the positions occupied
by similar amino acids

Depends on amino acid type
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If you have this sequences you are aligned f,(i) and f,(i), then we give this scoring matrix
and depending upon the aligned residues. So, which scoring matrix, we use we discussed
about 2 matrixes either PAM matrix or BLOSUM matrix. So, we use these numbers a,b

right where a = 1to 20 and b also varies from 1 to 20.

So, we use any scoring matrix and then we give the weightage based on these align
positions and you can calculate the score. So, this also depends upon the amino acid type
if they considered position not the same residues in similar residues are present then we
get high score right. So, the value will be high if the positions are occupied by similar
amino acids if it is completely different amino acids like lysine and alanine then you get
less score compared with the similar amino acids like lysine and arginine; so this way

you get the sum of pairs method, ok.
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Example
Unweighted frequency
Position 3 Position 6
f(L)=10/10=1 f,(A)=8/10=0.8

£,(D)=1/10=0.1
£,(E)=1/10=0.1
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Now, we will see how to obtain the values. So, this is the one example | give 2 different
positions, position number 3 if you take position number 3 it is occupied by leucine, |
will show the sequence right if you take the position number 3 this position what is the

frequency of residues at position number 3.

Student: 10 by 10.

Completely this occupied by.

Student: Leucine.

Leucine right leucine 10 times, if you take the position number 6.
Student: Alanine.

Alanine.

Student: 8 times.

Alanine 8 times.

Student: D 1 time.

D 1 time.



Student: E 1 time.
E 1 time.
So, now you get the frequency. So, f (a) =0.8 f (d) =0.1 and f (e) = 0.1.

(Refer Slide Time: 06:42)
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So, if we take position number 3 a occupied only by leucine and the preference is 10 by
10 this equal to 1. Now we convert these frequencies into score. So, if we take the
entropy based method; so c (i) is score 1 * In(1) = O if you take the position number 6

right the equation is f (i) * In f (i) right, i varies from i = 1 to 20.

So, here we have only 3 amino acids right because 3 residues 1 is the 0.81 is 0.1 and the

0.1. So, another conservation score we calculate ok.
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Conservation Index

Entropy based measure

Cei)=Z £,(i). In(f,(i)),a=11to 20
Order of a system can;measured with entropy
Measure for sequence variability

Not biased with amino acid composition or similarities among
amino acids
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This is the equation or you can this is the equation right 0.8; In (0.8); 0.1 In(0.1) and 0.1
In(0.1), right, this is equal to 0.8 into this is the logarithmic values we substitute the
numbers and finally, we get the conservation score of 0.638 if 20 different amino acids

are distributed randomly then what will be the distribution what will be the score.
Student: 0.05.

0.05 right 0.05 for 1 amino acid 0.05 in to logarithmic of.

Student: 0.05.

0.05; we will get how many after how many times.

Student: 20 times.

20 times we get so multiplied by 20. So, what is logarithmic of 0.05? You get the
numbers and multiplied by 0.05 and get the divide multiplied by 20, then you get the
numbers. If you compare these 2 values; for example this is 0 and this 0.638 which one is

conserved?
Student: O.

Is conserved right, because if you have all the positions occupied by the same residue

then you highly conserved so you can get the 0, but this if you see negative values. If it is



highly variable, then it is going less because you will get more negative values. Now you
can normalize these numbers because here we get the numbers maximum of 0 and

minimum numbers.
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So, you can normalize you can normalize using the equation right see normalization of i
for new positions this is equal to C (i) right conservation of particular residue right C (i)
minus mean of C that is C’ this equal to summation C(i) / n the i = 1 to n number of
sequences aligned in this position right and sigma what is sigma standard deviation how

to get the standard deviation this equal to C (i) - mean of the C right.

So, then we divided by the square right and finally, get the 0.5 this is not square root
right square this C is confuse this is C. So, C (i) - C average you have to square it right
divide by n - 1 and take the square root right we will get this deviation. So, will give the
C (i) - C average divide by sigma, then you will get the normalization then in this case,
you will get the numbers right normalize with this respect to 1. So, you get the negative

value or the positive values right with the respect to this one.

So, now this is the method you can calculate the conservation score.
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And we have several algorithms available to get the score based on all these method
methods for example one of the publicly available method is AL2CO that is alignment to
conservation these accepts the multiple sequence alignment in CLUSTAL format; what
is CLUSTAL format.

Student: identify and then sequence.

(Refer Time: 10:13) identify and the sequence if you see program for multiple sequence
alignment if we give these single sequences and if align using CLUSTAL, then you will
get the output this is the identifier this is the UniProt code UniProt id and here you give
sequence. So, we give this one and there are various ways you can select this is what we
discuss we discussed about the different frequencies either we use independent count or
we use unweighted or give weighted and the conservation score we have different ways
you can use entropy based method and the variance based method and the sum of pairs
method. We discuss one example based on unweighted frequency and entropy based
method. So, just for the verification | put the unweighted frequency and the entropic

based method.

So, here this is the website you can get the AL2CO method to get the conservation. So, if

we click we get the submit button.
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AL2CO alignment conservation server

RESULTS:

¢ The list of positional conservation values i
is her

¢ The alignment with integer conservation indice e

INPUTS:

¢ Input alignment is here.
¢ Input pdb file: none.
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You will get the data right which was asking for the positional conservation or the
alignment with the individual conservation right will get the values or we can classify
into different groups into different numbers. So, we want to check your input this is input
alignment is here if you click on here you will get the input alignment or you can get the

positional conservation here.

(Refer Slide Time: 11:29)
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If you go with a positional conservation this is at the different amino acid residues we

discussed about few positions.



So, remember with positions we discussed.
Student: 3.

3. So, 3is the value of leucine.

Student: (Refer Time: 11:42).

Right we get the 0, right, here this is the value we get is equal to 0. So, it matched with
the number. So, you can see 3 this equal to 0, then we check the position number 6 that is
alanine right if the position number 6 we checked the values, if we get -0.638 here also
we see in this program we get -0.639, then we checked position number 9. So, this is
equal to -0.940 because there is more variable than the position number 6.

So, just | show the sequence if you see position number one 3 is highly conserved 60 is
conserved and position number 6 that is 8 plus 1 plus 1 and position number 9 7 plus 1
plus 1 plus 1. So, it is more variable. So, if you look into the answers. So, you can see the
distribution of these residues based on conservation right you can see this is 0 highest

one and 6 is variable and 9 is again is more variable right. So, you can see the numbers.

So, you can get the numbers into normalized one as | discussed earlier. So, this is
normalized one you can use this equation to normalize the score and get the normalized
values. So, this is the data which we obtained with the weighted matrix if we use the
weighted matrix. If you see here the weighted method right we will get these numbers,
but if you compare these 2 if you have this similar set of sequences because in this case
we use 10 sequences they are from the similar sequences right similar family of
sequences this is why if you see there is a good correlation between this number and this
number Os 0s 0.9; 0.9, 0.6, but you have 0.8. You can see the correlation between the
unweighted and the weighted frequencies if you use completely different sequences then
you can see a difference between the score obtained with the weighted frequencies as

well as the unweighted frequencies.
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Conservation: 399093@91939999396910 99999996966494996999099
sp|P69905| YLSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFP YFPHFDLSHGS AQVKGHG

sp| P69907| MVLSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFPTTKTYFPHFDLSHGS AQVKGHG
sp|PO663S5| MVLSPADKTNVKTAWGKVGAHAGD YGAEALERMFLSFPTTKTYFPHFDLSHGS AQVKDHG ‘
sp|P01958| MVLSAADKTNVKAAWSKVGGHAGEYGAEALERNFLGFPTTKTYFPHFDLSHGS AQVKAHG
sp|P01959| MVLSAADKTNVKAAWSKVGGNAGEFGAEALERMFLGFPTTKTYFPHFDLSHGS AQVKAHG
sp|PO1965| -VLSAADKANVKAAWGKVGGQAGAHGAEALERNFLGFPTTKTYFPHFNLSHGSDQVKAHG |
sp|P01966| MVLSAADKGNVKAAWGKVGGHAAEYGAEALERNFLSFPTTKTYFPHFDLSHGS AQVKGHG |
sp|P60529| -VLSPADKTNIKSTWDKIGGHAGD YGGEALDRTFQSFPTTKTYFPHFDLSPGSAQVKAHG ‘
sp|P01942| MVLSGEDKSNIKAAWGKIGGHGAEYGAEALERMF ASFPTTKTYFPHFDVSHGS AQVKGHG |
sp|P01946| MVLSADDKTNIKNCWGKIGGHGGE YGEEALQRMF AAFPTTKTYFSHIDVSPGSAQVKAHG I
|
\
\

0: variable
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So, now the next aspect is we get some numbers right. So, here we get several numbers
0.00 -0.94 -0.63 and so on how to convert into a numerical scale, because here we get
sequence for each sequence we need to assign some numbers. So, | want to do it between
0 and 9 if you see this highly conserved is 9 right 9 is highly conserved and to see the
variable it is 0, then they automatically normalized and put the numbers for the each
sequence this is the a query sequence. So, | take this as the query one and for this one
they put the numbers here these are the places where it is highly conserved and these are
the region it is very very highly variable right you can see numbers and this numbers you
can use as an input for several predictive algorithms that we will discuss in the later

classes this is one method.

Then there are several methods which can calculate the conservation score right because
why we are concerned about conservation score this will give you the structural
important positions this will give you the functional important positions and these
positions. They try to maintain in different sequences means if you alter these residues it

will have adverse effects.

So, this is a reason why the conservation score is one of the features right for the
predictions second aspect to calculate the conservation score we do not need any
structure information we need only the sequence information if you gather the

information regarding homologous sequences you can calculate the conservation score



from the sequence right getting sequence information that is easy because you have more
number of sequences then structures right how many sequences in the UniProt database

now.
Student: 79.

So, 78 million sequences. So, you have more number of sequences. So, given if you have
homologous sequences you get sufficient number of sequences for the conservation

approximately how many sequence are required to calculate the conservation score.
Student: More than 2.

Right if you get 3 sequences you can get this conservation, but is it reliable or not no
right. So, if you get the reliable values. So, at least we need to have more than 100
sequences if you have more number of sequences we can see the variability if you have
less number of sequences. Now we discuss with 10 sequences many positions here we
get the same residues here if this is the sequence I gave only 10 sequences and if you see
G is same at 60 and same at this position right and you see H is same in the position of
59 its mainly because less number of sequences if you go through 100 sequences the
probability of glycine in all the 100 sequences is very less compared to the probability of

glycine in the 10 sequences, right.

So, if you go with the more number of sequences even if you take 100 sequences and all
the 100 sequences if glycine occupies at 6 positions, then the data is significant you can
say that glycine is very important at position number 60; so in this case to make sure
right for the reliability of your results. So, you should have at least 100 sequences for

calculating the conservation score.
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So, we discussed about AL2CO. So, now, there is another method this is called ConSurf.
So, here it is easy to do that we do not have to give any sequences if the structure is
known right you can give the just the PDB id if we give the identifier of the protein
databank | will discuss about the protein databank in later classes right. So, then
automatically this will get the sequence map to the PDB and it will get the homologous
sequences from the UniProt database and they do the multiple sequence alignment and

finally, we get the score the case of AL2CO what is input.
Student: Multiple sequence.

Multiple sequence alignment; so you have to work take your sequence and get the
similar sequence homologous sequences and you have to do the alignment and you have
to give the multiple sequence alignment as the input in this case if you give your PDB id
it will automatically get the sequence right and find the homologous sequences right and

then align the sequences get the multiple sequence alignment.

And finally, you will get the data. So, it is very simple just to give the id, but there are
several issues; if your PDB id or sequence does not have sufficient number of
homologous sequences you will you do not get any results it will tell you cannot
calculate the conservation, but in the case of AL2CO you know that how many
sequences you get depending upon the sequences if you give, you will get the results that

is the difference between using different servers.
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>2LZM:A|PDBID|CHAIN|SEQUENCE
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So, if we give this id. So, it gets the sequence from UniProt right from this database you
get the sequences and then final it aligns from this one you can see different colors this is
also easy to identify the residues which are highly conserved or which are highly
variable right if you see these colors. So, can you see which residues are highly

conserved which color.
Student: Magenta.

Magenta one right this is L right if you see this is T is a dark, right. So, dark color you
can see this residues are highly conserved easily if you see this picture you can see that
there is residues which are highly conserved and some cases it is highly variable. For
example, if you see this one is occupied with the leucine, glutamic acid, threonine
aspartic acid and valine right there are various residues occupies at this particular
position. So, this will clearly tell you which residues are conserved which residues are

variable.

Then we give the text file this will give complete details.



(Refer Slide Time: 19:04)

POS: The position of the AA in the SEQRES derived sequence.

SEQ: The SEQRES derived sequence in one letter code.

3LATOM: The ATOM derived sequence in three letter code, including the AA's
positions as they appear in the PDB file and the chain identifier.

SCORE: The normalized conservation scores.

COLOR: The color scale representing the conservation scores (9 - conserved, 1 -
variable). ==
MSA DATA: The number of aligned sequences having an amino acid (non-gapped)
from the overall number of sequences at each position. - RESIDUE

VARIETY: The residues variety at each position of the multiple sequence alignment.

POS SEQ 3LATON SCORE COLOR  MSA DATA RESIDUE VARIETY
(normalized)
1 K LYS1:A -0.877 49/50
2 VALZ:A 0.436 ®) 49/50 —STKTV
3 F PHE3:A 0.763 1 50/50 F,Y
4 G GLY4:A 1.212 D 50/50 D I
5 R ARGS: A -0.673 (@) 50/50 Co,®
6 c CYS6:A -0.877 50/50
7 E GLU7: & -0.877 9 50/50
8 L LEUS: A 0.174 g 50/50 L,F,L, 0
9 A ALAS:A -0.877 9 50/50 A
10 i ALA10:A -0.477 g 50/50 A,KR

M Michael Gromiha, NPTEL, Biomfonmatics, Lecture 9

Here this is your sequence. So, you get this is the atom in the PDB file and this is in
normalize score and here they give the color code. So, color code they put the
conservation is 9 and variable has 1. So, numbers varies where from 1 to 9; 9 is for
conserved and 1 is for the variable this is a position in the derived sequence. So, you can

see the data.

So, whether what is the variability first one this mainly by lysine and the second lysine
by lysine. So, that means they are highly conserved and the second one valine is
occupied by different residues isoleucine and lysine, threonine, valine. So, this way the
color code is 3 that mean this is not conserved this is variable. So, here this is occupied
to the lysine. So, it is the color code is nine. So, this highly conserved likewise if we see
the same residues. So, this is highly conserved. So, there are only 2 residues. So, this

conserve the color is 8 very highly variable right. So, you can see the color is one.



(Refer Slide Time: 20:19)
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So, depending upon this variability they give color codes from 1 to 9, right and then you
can see which one is conserved and which residues are variable then make this figure this
is actual 3D structure the how the protein looks like right if we show different colors
right can we see which positions or which location in the residues are conserved and

which residues which positions they are highly variable.
Student: (Refer Time: 20:34).

If you look at this in these regions; so you can see some of them which are interior right
they are highly conserved mainly because the residues are preferred to form the
hydrophobic core. So, interior seeking residues are mainly hydrophobic residues. So, the
variability is only among the hydrophobic residues. So, they prefer to be highly

conserved right some cases mainly in the case of the surface.

So, you can see they are highly variable, they try to interact to other residues right may
be different types of interactions in this case they have the variability to change the
residues among the polar residues or charge residues and so on. So, when you have these
3D structures then also you can see which regions are highly conserved and where are

the variable regions.



So, we get the conservation we will get a picture about this in the sequence level right
which residues maintain to have the same position right in any homologous sequences.

So, we can summarize again. So, what did we discuss today?
Student: Conservation score.

Conservation score, right. So, get the conservation score means you get the sequentially
similar positions right among the homologous sequences the 2 steps the first is to get the
frequency what are the difference ways to get the frequency.

Student: Unweighted.

Unweighted frequency.

Student: Weighted frequency.

Weighted frequency and independent counts to get the score.
Student: Entropy.

Entropy based method.

Student: Variance.

Variance based method and?

Student: Sum.

Sum of pairs method you can get different scores right you can use any of these methods

to get this score. So, what are different algorithms we discuss online sources.

Student: AL2CO.

AL2CO; there is algorithm to conservation what is the input required for the AL2CO?
Student: (Refer Time: 22:16) multiple sequence alignment.

Multiple sequence alignment; so what is the another program we discussed.

Student: ConSurf.



Concept; what is the input for this ConSurf.
Student: pdbid.

pdbid right, it also it is also possible to give your sequences or the alignment right in the
ConSurf also to get the conservation score. Finally, they give the numbers right from the
variable to the conserve maximum 9, they give and the minimum they give 0 or 1. So,
you can see in the PDB where you can see the conserved regions or where you have the
flexible regions.

So, in the next class, then we will extend it right to see the how to construct phylogenetic
trees right if you have the multiple sequence alignment how far the sequences are similar
to each other whether 1 and 3 are similar or 1 and 5 are similar or 2 and 3 are similar. So,
based on these variabilities we will try to construct trees from the tree construction. We
will see what are the residues or which are the sequences right which are similar to each

other which are closely related to each other and so on.

Thank you for your kind attention.



