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Statement of problem. The object of investigation was the pair-wise alignments of
artificial homologous amino acid sequences. One of the sequences was a random
Bernoulli sequence in 20-letter alphabet; the other was obtained from it by random
sequence of mutation and indels; the set of indels determined the “true” alignment of the
sequences. We tried to estimate the ability of the standard alignment procedure to
reconstruct the “true” alignment. The similar problem for the case of alignments of real
homologous proteins have been studied in Sunyaev et al, 2004 [6], where structural
alignments were used as a "true" ones. However, structural alignments only approximate
the alignments based on real evolutionary events. The above model gives an opportunity
to study a situation when a "true" alignment is known exactly [7].

Methods. As the alignment procedure the widely used for global alignment
Needleman-Wunsch algorithm [4] was employed.

The model pairs of sequences were generated in the following way. The first
sequence of each pair was obtained using random number generator. Alphabet included
20 Latin letters, standing for amino acids in single-letter code; all positions were
considered as independent and identically distribute
At the next step the obtained Bernoulli sequence was
modified by introducing substitutions according to Dayhoff model [1,3] with different
pre-defined evolutionary distances (PAM= 60, 100, 200, 300)

Then we have chosen the random number of total deletion lengths D and introduced
randomly the deletions of total length D into each of sequences, see details in the
APPENDIX. [!!! Hamummre 3T0 moApOoOHO —3TOT TEKCT yke ObU1. Eciu TpynHO
nepeBecTH — npunumte mo-pyccku|. Therefore, the final sequences to be aligned are of
equal length.

All numerical experiments were performed with two sets of sequences; one set
consisting of sequences of length 200; the other consisting of sequences of length 500

The numbers of sequences in different

subsets were 100, 1000 and 10000 for initial and modified sequences.

The similarity between two alignments A°1 and A’2 was defined as (see [5]) :
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S(A*1,A%2)=2 CM /(M!'1 +M'22 ),
where M"?1, M'*2 are the numbers of matches in the compared alignments;
C"M is the number of identically aligned residues in the alignments.
If A'1 is “true” alignment and A'’2 is an algorithmic alignment of the same
sequences, we refer to S(A'®1 ,A"2) as reconstruction ability.

Results. Table 1 shows the “most popular” value of reconstruction ability and its
frequency for different evolutionary distances and sequence lengths (A). The column B
gives analogous data for two random alignments

Table 1.

A B
Length of Reconstruction reliability =~ Random alignments similarity
Sequence  PAM Range of The number of Range of The number of
reconstr. alignments, %  reconstr.  alignments, %

60 09-1.0 92 0.1-0.2 39

200 100 09-1.0 52 0.0-0.1 44
200 0.7-0.8 36 0.0-0.1 53

300 0.5-0.6 26 0.0-0.1 54

60 09-1.0 99 0.0-0.1 66

500 100 09-1.0 70 0.0-0.1 77
200 0.7-0.8 48 0.0-0.1 85

300 0.5-0.6 36 0.0-0.1 87

We have also compared another characteristics of “true” and algorithmic
alignment (see Table 2): (1) %id - "sequence identity” value; (2) average length of
indels; (3) the number of indels. Correspondent data are given in the table 2. Evidently,
the %id values of “true” and algorithmic alignments are quite similar; in contrast the
number and
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- length of indels are lower essentially in algorithmic in comparison to "true"
alignments.

Table 2.
Length of PAM ID: Number of indels:  Indel average length:
sequence Alg / True Alg / True Alg / True

Mean value © Mean value © Mean value ©

60 0.9773 0.0281 0.7984 0.1510 1.0424 0.2110

200 100 0.9654 0.0429 0.7271 0.1581 1.0568 0.2497
200 0.9866 0.0886 0.6113 0.1711 1.0315 0.3249

300 1.1145 0.1695 0.5927 0.2016 0.9526 0.3679

60 0.9849 0.0176 0.8418 0.1058 1.0412 0.1501

500 100 0.9760 0.0267 0.7783 0.1153 1.0503 0.1855
200 0.9967 0.0561 0.6927 0.1467 0.9941 0.2439

300 1.1168 0.1053 0.6795 0.1849 0.8926 0.2573
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