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ABSTRACT

The consensus selection is an important process in the primer design system analysing from sets of
protein or nucleotide sequences. An inappropriate consensus can cause poor primers, which can not
properly bind to the DNA template. It is time-consuming for experts to select the most appropriate
consensus from input alignments. Currently. there are many automatic tools to deal with the primer
design problem. But all of them are not compatible and the tool for the complete process has not yet
been available.

To improve the primer design system. this research proposes three consensus selection
algorithms. The first algorithm creates the consensus using DNA backtracking from conserved region.
This method gives the most appropriate consensus with the least or non-degeneracy, but cap only be
used with the protein sequences that had been recorded in GenBank database. The second algorithm
groups the consensus.by conserved regions to calculating consensus score from the number of
degeneracy and consensus length. This algorithm gives high degeneracy consensus with the longest
length. The third algorithm groups the consensus islands from conserved regions by the connection of
low degeneracy characters and calculating consensus score. This algorithm gives high specific
consensus and can be used with unknown protein sequences.

We integrate these algorithms with the alignments and primer design process in order to create
the automatic primer design system that can deal with large protein sequences for designing both PCR
primers and probes. Our system includes decision support and primer analysis tools. The pre-version of
this automatic primer design system (KUPDS) is available at: http://www.kupds.com
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. 1. INTRODUCTION

Primer design is an important process for gene and genome researches. Biologists would design
primers ‘manually or cmploy some tools in bioinformatics to help on the creation. However.
current primer design systems still have limitations. which could be pointed out as follows:

lach process of the existing systems is separated from cach other that cause discontinuous
workflow. Iach tool for cach process is incompatible with the others. The experts. thus. have to learn
how to use cach ool separately by cach condition. The results from difference tools that utilized the
same process could be different. Thercfore. the experts must have skill on working at an appropriate
tool in order to be compatible with that particular tool.

For the multiple sequence alignment process. the experts have to select most appropriate
consensus [rom the results and input them through the translation process in order to translate
the protein code into genetic code and DNA. Currently. the experts have to go through the whole steps
by themselves which is a time-consuming process. especially for selection of the consensus from
the large sct of protein sequences. If the experts select an inappropriate consensus. it will cause
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deficient primers. which can not properly bind to the DNA template. Furthermore, the number of
the consensus’s degeneracy directly effects to the number of the potential primers.

In reality. the experts probably operate each process discontinuously and may take
extended time to finish some process before starting the next process. Thus. this may cause
non-persistency results.

There are several tools had been developed for the primer design system. They could be
categorized into 3 groups. which are the tools for alignment. backtranslation and primer design.

1.1 The multiple sequence alignment tools

The multiple sequence alignment method appeared in 1973 by Sankoft er a/. [1]. They have been
continuously developing into several approaches. such as ClustalW [2]. ClustalX [3]. PROBCONS [4].
Block Maker [5]. and MACAW [6]. Some of the multiple sequence alignment programs can compare
the consensus results. but none of them can automatically select the most appropriate consensus.

1.2 The backtranslation process :

This process is to translate the consensus from protein code to RNA and DNA codes. respectively.
There are some tools available at http:/arbl.cvmbs.colostate.edu/molkit/

and http://www bioinformatics.Vg/sms/ rev_trans.html

1.3 The primer design tools

For the primer design process. there are several tools providing automatic primer design system.
Examples of these tools are CODEHOP [7]. Gene Fisher [8]. DePiCt [9] and Primer Premier [10].
These algorithms do not accept the multiple alignments input. Most of primer design tools do not have
the consensus selection process. They begin the process with the single target nucleotide sequence such
as Primer3 [11]. Web primer [12]. MethPrimer [ 13] and PDA [14]. But some of them begin the process
with the set of nucleotide sequences such as HYDEN [15].

To improve the primer design system. we propose automatic consensus selection algorithms
that integrate the multiple sequence alignments and primer design process. And then create
the automatic primer design system that can deal with large protein sequences for both PCR primers
and probes. Furthermore., we propose the appropriate scoring function that satisfied all conditions ol the

high specific consensus selection algorithm. Our system includes decision support and primer analysis

tools. The pre-version of this automatic primer design system is available at: hitp://www.kupds.com

2. METHODOLOGY

In general. the experts select the most appropriate consensus by comparing all consensus results and
select the longest length from the most conserved region with the least and high degencracy.
To develop the algorithm for the consensus selection. we propose three consensus selection algorithms
which are DNA backtracking. Conserve Block and Island algorithm.

- Protein sequence

exl: -mkgdnwa-1n
ex2: --mglsdwa
ex3: nlcmkdwg

Conserve region

DNA Backtracking l

-~
exl: ---ATGARAGGYGACAACTGGGCT---CTGATHCA(TGTCGTGAC
eRPen s ATGGGTYTCCGACTGGGCTCCGCTGTGYCAQTGTAAA-——-

ex3: AACCTGTGTATHARAGACTGGGCTCTGTGTATHGAQCACTCC--~

The original DNA sequences

Figure 1. DNA backtracking algorithm.
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The first algorithm called the DNA backtracking (Figure 1) that aims to select the most
appropriate consensus with the least or non-degenerate by tracing back to see the original DNA
sequence of each protein sequence from the GenBank database (http:/www.ncbi.nlm.nih.gov). Then
the algorithm builds the consensus by selecting the most matched characters from the original DNA
sequences and the aligned protein sequences. In case that the character of the original DNA sequence
cannot be matched with each other. Codon Usage database (http://www.kazusa.or.jp/codon/) will be
applied. However DNA backtracking can only be used when the DNA sequences of the protein
sequence had been recorded in the GenBank database.

In case that the DNA sequence of the protein can not be found in the database. we propose
to use cither the conserve block or the Island algorithm. These two algorithms can produce consensus
with different number of degeneracy.

The Conserve Block algorithm groups the consensus by conserved region. Each consensus
group is separated by gap “-". Whereas. the Island algorithm groups the consensus from the high
conserved region by connecting the low degeneracy protein. After the consensus grouping process has
linished. we calculate the length of each consensus group and the pre-ranking score follow by the final
score S(i) (see Figure 2).

STEP 1
Calculate the length of each
consensus group, L(i)
vy ON)
STEP 2
Create backtranslation table.
Calculate pre-ranking score P(/)

1 omy

STEP 3
Ranking the score P(i).
Calculate AP and min AP value.
Calculate the final score S(/).

| omlogN)

The complete list of the highest score S(/).

IFigure 2. The consensus selection algorithm step by scoring and ranking mechanism.

Step 1: Grouping the consensus result obtained from the alignment process by the conserved region.

Given:
N is the number of consensus groups.
i is the index of consensus group.

L LGy is the length of consensus sequence in the i" group: determined by the number of characters
of the first consensus sequence from each group.
[.max is the maximum length of consensus sequence over all groups.

Step 2: Calculate pre-ranking score P(i) of each consensus sequence.

The algorithm creates the table called "Backtranslation table" to define backtranslation
degeneracy value and the potential DNA codes (see Table 1). The backtranslation data is the Codon
Usage table which obtain from the database. The Codon codes are filtered based on the percentage of
the matching (Iiquation 1). The codon that passed the criteria is called backtranslation. The expert
defines the threshold value. The system calculates the percentage value from the Freq value in the
Codon Usage table. by considering the maximum Freq (Max) = 100% and the value 0 = 0%.

percent = freg AR (h
M

ax

Afler the filtering process. the backtranslation table contains only DNA codes that has
the percentage value greater than or equal to the threshold value.
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For example. if the expert defines the threshold value to be 50%. and the potential DNA code
from the Codon Usage table 6f the protein code is "P". Given the maximum Freq value = 15.9 to be
100% and given the value 0 to be 0%. Then we calculate the percentage value for the rest of Freq that
will give the result as follow:

fields: [triplet] [frequency: per thousand] ([number]) = [percent from frequency]
CCT &(34)= 100% CCA  14.0(30)=288.05%
CCC 7.5(16)=47.17% CEG: - 22 ="182%

The backtranslation table is as follow:

Table 1. The backtranslation table.

Protein code | Number of degenerate | The potential DNA code
P 1 CCT, CCA

Next. the algorithm fills the backtranslation table by calculating the entire of 20-protein codes.

Given:
MinPrimerLength s the user-defined minimum primer length value. (Delault value is 18)
deg(i) is the backtranslation degeneracy ol each consensus group.
D(i) is deg(i)+1.
P(i) is the score for pre-ranking.
P is P(7) ol any consensus.

Select only the protein consensus group that has 1.(i) = MinPrimerl.ength / 3 to calculate
the value D(i) of each consensus group. And calculate the value P(i) that is the pre-ranking score
of each consensus group by Egs. (2)

L(i)

PiD=————2— e (2)
() | +log, D(i)

Step 3: Calculate the final score S(i) ol each consensus scquence.

Given:
min AP is non-zero smallest difference between P of any two consensus. which is positive.
S() is the final score for ranking.

This step will rank the score P(i) and calculate AP value. the dilference between score I? ol any
two following ranked consensus. Calculate min AP using the AP values of each consensus group.

» Next. the algorithm calculates the seore S(i). that is the final score Irom the score P(/) of cach
consensus group. appending with the consensus group length. In order to select the consensus group
that has least degeneracy with the longest length. we usc Egs. (3)

) i L{i)
minAP - Lo

Table 2. The example of the score calculation and complete list of the highest score.

Rank | L(i) | deg(i) | D(i) | P(i) | delta P S(i)
| 30 2 3| 18.60 207.29
2 40 15 16 | 15.70 2.89 | 175.38
3 41 22 23 | 14.91 0.79 | 166.60
4 40) 20 21| 14.82 0.09 | 165.57
5 30 11 12.|512:57 2.25 | 140.33
Lmax = 41 min AP = 0.09
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After finishing step 3. the complete list of the highest score S(/) is obtained. At this point, the
expert can manually select the preferred consensus or let the system run automatically to give the most
appropriate consensus output. Next. the system translates the protein code to the DNA code using
Backtranslation table and Codon Usage table.

Building the consensus scoring

The purpose of the consensus scoring function is to rank the consensus according to
the degeneracy and length. To define P(i) for pre-ranking. we require the consensus that have the least
degeneracy and the longest length. Therefore. the greater value of P(i) means that the consensus has
less degeneracy and longer length. or simply satisfied the condition “If D(i) < D(j) and L(/) > L(), then
P(i) > P()".

Let deg(i.j) represents degeneracy of /™ character in " consensus and the character degeneracy
can be the integer from 0 to 5. We obtain the following equation:

(i) =(degf,]) + 1) x (deg¢,2) + 1) x (deg.3) + 1) ... x(degl, L(1)+1) ----- (4)

According to the equation. we have 1 < (i) < 6"" and 0 <log, D(i) < L(i).

I'rom the analysis and experiment to find an appropriate P(i). we set

e U
+log, D()

To build S(i). a consensus scoring function., we need to consider the following conditions.

I. Foranyij:1f P(i)>P(j) then S(i)> S()).
2. Forany i j: It P(i)=P(j) and L(7) > L(/). then S(/) > §().

An appropriate equation that satisfied all above conditions is as follow.

S(iy= __{)(f) + L)
minAP  Lipax
The proof of the 1** condition : For any i, j; If P(i) > P(j), then S(i) > S(j).
Let P(i) > P(J). we have P(i)= P(j) >0 and P(i) = P(j)2 min AP

P(' —P ) FAWE r sy, 5
T RO i L(i) L(j))l Lmax> Lmax:

: > —1.
min AP [ max L max L max

Consequently.

L

o PEG) 0w)
Therelore. S =S0U) = T i/ o >V Finally. we get S(i) > S(J).

The proof of the 2" condition : For any i, j; If P(/) = P(j) and L(i) > L(j), then S(i) > 5(j).

BOSBG) g TR IG)

Let P(i)= P(j) and L(i) > L(j) . we will have =™ =" I
max

L A G SR = )
Thspafore =S )=
Iherefore. S(1)=S()) DT E T

>0 Finally. we get S(i) > S(J).
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3. RESULTS AND DISCUSSION

We compare our algorithms with the existing tools in the first experiment using the test set of
128 protein sequences of the Influenza A virus H5NI1 from GenBank Database separated into
12 groups. Each group consists of 7-14 sequences that have various conserve and various lengths.
Table 3 shows the least degeneracy primer obtained from KUPDS (our proposed algorithm) and
CODEHOP. The 1* island is the best island that has the highest score and has the least backtranslation
degeneracy. The 2™ and 3™ islands have the lower score respectively. We convert the Island to be

the IUPAC format in order to show the location of the primer with the direction 5’-3’.

Table 3. The experimental results. The least degeneracy primer of the testing

Group 1: 1* Island with 5°-Primer-3’ 2: 1* Island with 5°-Primer-3’
KUPDS GRATGAARTGGATGATGG GRATGATGATGGGRATG
Island AGRATCAARTGEATGATEECHATGAA iggATGATGATGGGNMGTTYA
CODEHOP CGGATGAAGTGGATGATGGC CCGGCATGATGATGGG
Group 3: I*"Island with 5°-Primer-3’ 4: 1* Island with 5’-Primer-3’
KUPDS GGGRATGGARATGAGRAG TGGARTTYTTYTGGACWA
Leland AARATYAARATGAARRTGGGG GGNMGDATGGARTTYTTYTGGA
S NATGGARATGMGDMGDTGT eva
CODEHOP | GCACCTCCAAGATCAAGATGAARTGGGG gggGCCGGATGGAGTTYTTYTG
Group 5: 1™ Island with 5’-Primer-3’ | 6: 1™ Island with 5’-Primer-3’
KUPDS RAGRGCHATGATGGAYCA GGAYCCHAAYGGRTGGAC
GCATCCHARYGGNTGGACVGAR
ACVGA
Island CARMGDGCKATGATGGAYCAR 6: 2" Island with 5’-Primer-3’
CAYAARATHTTYAARATGGA
RAARG
CODEHOP GCGGGCCATGATGGAYCA EEEQEMGATCTTCMGATGGA
Group 7: 1* Island with 5°-Primer-3’ 8: 1* Island with 5’-Primer-3’
KUPDS GATGTGGGARATHAAYGG GGRATGATGATGGGRATG
Island ATGATGTGGGARATYARYGEGNCCHGAR gg?iﬁmmwGﬂG@GﬂA&Tﬁg
CODEHOP CCTCCTCCATGATGTGGGA CCCGGCATGATGATGGG
Group 9: 1* Island with 5°-Primer-3’ 10: 1** Island with 5’-Primer-3’
KUPDS TYTTYGGRTGGAARGARC TGYGAYGAYCARTGYATG
TAYCAYARRTGYCAYGAYCAR
TAYGATGCKATYAARTGTATGAARACVT | TGYATG
Island TYTTYGENIGGAARGARCCHARRATYAT 10: 3 Island with 5°-Primer-3’
% YAARCCHCATGARAARGGNATY GAYAARATGAAYAARCARTAY
GAR
CODEHOP ATCAAGTGYATGAARAC ACAACATGGTGGACAAGATGAAYAARCA
Group 11: 1* Island with 5°-Primer-3’ 12: 1* Island with 5’-Primer-3’
KUPDS TGATGGARAAYGCHAARC GGRAAYGAYATHTGGATG
Kland YATGAGRACWGARATHATHAGRATGATE | AARGGNTGGGCKTTYGATAAYGGNAAYGAT
2o GARAAYGCHABRGCHGARGAY ATV TGCATEGGNMGDACVATYAAR
CODEHOP giTGCGGACCGAGATCATCMGNATGATG CGACAACGGCAACGACATHTGGATGGG

The experimental results show that the score of the consensus island obtained from our
algorithm can be used to predict the location of the least degeneracy primers.

We found that most of the best islands are located in the area of the conserved block that has
the highest score and they are coincident with the area of the high specific primers. Our proposed
algorithm can predict the location of high specific primers, which makes the calculation much faster.
The expert can easily select the consensus based on the ranking score in order to design the high
specific primer.
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We analyse our consensus scoring function in the second experiment using the test set
which are randomly selected from the database (Figure 3). We obtain 1,000 consensus sequences with
the random number of degeneracy and consensus length.

o 80 100 !

e e
D= = =
v e

Figure 3 The performance analysis of our scoring function.

The experimental results show that our scoring function yields better score distribution.
The score obtained from our function loosely depends on the length of consensus, which means that the
consensus that have the same length can have the different score. Hence our function is more suitable
for the consensus selection criteria.
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Figure 4 The automatic primer design system.

We further develop the current primer design system to be an automatic tool that can provide
the flexible and efficient performance (Figure 4). The experts can start and finish at any process that
they desire, and they can manually or automatically operate with our system. With the intention of
solving the discontinuous workflow problem, we present three consensus selection algorithms and
integrate them with the alignment and the primer design process.

Figure 5-8 demonstrate our primer design system “KUPDS”. Which was implemented based
on the Web-based application.
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Figure 5. The implementation of
the web-based automatic primer design
system “KUPDS”. This figure shows
the entering page to insert the input data.

Figure 6. The multiple sequence alignment
precess. This program will automatically
preview the least degenerate region
of the consensus.
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Figure 7 The backtranslation process.
This program can automatically translate
the protein consensus to the nucleotide

Figure 8 The primer design process.
This program can design degenerate primer.
It can design both PCR primer and probe.

The expert can edit the sequence and specily
more features of the designing. Qur program
includes the primer analysis tool.

sequence using the Codon Usage
database and DNA backtracking.

4. CONCLUSIONS

In this paper. we propose threc new algorihms for the consensus selection algorithms. which are
DNA backtracking. Conserve Block and Island algorithm. Our algorithms have an ability to select
the most appropriate least. high or non-degenerate consensus with the longest length. We also proposc
the new consensus scoring function that has an advantage that it can output the consensus with different
degeneracy and different lengths that match the user requirements. These algorithms have been
implemented as the automatic primer design system. The system can deal with the large sct
of protein sequences and support for both PCR primers and probes. It can support many.
multiple sequence alignment tools and can easily apply to select the high degenerate consensus for
the undiscovered gene research.
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