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Formulation of PROTEIN SEQUENCE ANALYSIS using
Knowledge
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Protein sequence analysis 1s used to predict the structure of protein and to draw the
phylogenic tree of creatures. Muitiple alignment is one of the essential technique for
analyzing the protein sequence. And various algorithms for multiple alignment have heen
developed. But, because such algorithms try to optimize some evaluation function for
multiple alignment, the multiple alignment they produce are not necessarily biologically
optima.

We interviewed experts on multiple alignment and extracted the alignment rules and
biclogical knowledge which they use to make multiple alignment. Based on analysis of

these result, we formulated and constructed multiple alignment system.
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1  Introduoction

Multiple alignment, which is used for similanity analysis of protein, 1s an important techmque for drawing
the phylogenic trees of creatures and for predicting the function and structure of proteins. By simultaneously
aligning the sequences of similar proteins, we can identify the regions of protein sequences that may have
important functions when these sequences are folded into proteins. Also, by simultanecusiy aligning the
same profeins fhmnnglnhi:l, for example) from different species of creatures, we can analyze the siniarity
between sequences belorging to creatures and draw phylogenic trees of creatures.

Because biological expertise is necessary for multiple alignment, biclgists have up to recently produced
mmutltiple alignment by hand. Hewever with the increasing rate of determination of protein scquences, the
number of multiple alignments that biologists must handle has also increased remarkably, And each multiple
alignment has become more difficuit because the number of sequences that must be aligned and the length
of their sequences have increased. This situation has become more burdensome on biclogists Therefore,
computer for use in multiple alignment are now indispensable. And researches have been made to facililale

multiple alignment by computer.

1.1 Review of Multiple Alignmoent

So far, varions multipie alignment algorithms have been developed. These algonithms try Lo optinnge
computationally defined evaluation function and produee computaionaliy optimal or semi-optimal alignment.
T'he evalation function is based on a similanity index between amino acids. The Dayheff scare index [Dayhoff
1978] is one of the similarity indices generally wsed.

Meedleman and Wunsch [Needleman and Wunsch 1870] introduced Dynamic Programming{ DF) into mul-
tiple alignment, With n way NP, the computationally optimal alignment can be produced theoretically.
However, the problem with DP is the incredible length of time it takes to compute. N-way DP takes compu-
taticnal time in the order of the n-th power of the sequence length, Il we align sequences which are short, by
resticting solution space we can align the sequences within the manageabls time[Carrille and Lipman 1958).
Howewver, if we apply the program to practical problem, the program takes extremely long time.

To keep thizs expansion of the computational time manageable, various multiple alignment algorithms have
been developed that can produce sermi-optimal alignment within a limited time. As algorithms with 2 way DP,
tree based algorithms [Tohuson and Dolittle 1986] {Darton 19906) and the iterative improving algorithm|Berger
and Manson 1991][Ishikawa ef ol 1992] were developed. As an iterative improving alignment system without
2 way DP, an alignment by simulated annealing was developed(lshikawa ef al. 1991].

Hecently, with the increased power of the computer, 2 way DP as well as 3 way DP has become available

[Murata 1985] and alignment system based on 3-way DP has been developed [Hirasawa et al 1941

1.2 Meed for Multiple alignment system with Refiner

Today, biclogists use these programs to produce a temporary alignment. However, biclogists must hawve
to refine it to produce the final alignment . They must refine the alignment into a biological meaningful
aligninent by Lhemsclves because the alignments that these programs produce are just computational oplinal

or semi-optimal alignments instead of biologically optimal alignments.

As stated before, the number of alignments that bislogists must handle is also increasing, and the difficulty

of each alignment 15 increasing, Therefore, biologists now feel the need for computer assistance even for



reflining Llemporary alignments. Ard with protein sequence data acenmuolated in databases) reseacchers other
than hiclogy experts now have the chance to make biclogical discoveries merely by analyzing sequence data
Automatic refinement of alignments using hiological know-haw and knowledge 1s also necessary for themn

For knowledge to be used in the refinement phase, the heuristics that binlogists rely on are rather am-
bigueus. However, knowledge on the biclogical meaningful pertion of sequeneces has been accumulated i
databases, one of which is Prosite [Bairoch 19%1], and ancther information has heen published in varions
PApETS.

We have developed an alignment system composed of two modules, namely, fhe aligner and the nfelli-
gent refiner{Hirosawa 1592]. The aligner produces a computationally semi-optimal alignment. Then, the
intelligent refiner refines the product of the aligner to produce the biologically optimal alignment.

To design an intelligent refiner, we interviewed experts on multiple alignment. We base the framework of
the intelligent refiner on anelysis of the way they align sequences and the knowledge they use for alignment.

In this paper, we explain the alignment system with the intelligent refiner. In the second section, we
explain why the alignment with inteiligent refinor is important. In the third section, the alignment system

with the intelligent refiner 15 introduced. Finally, discussion is delivered.

2 Why is an intelligent refiner necessary?

Subsection 2.1 shows that computationally optimal aliznment does not always correspond to biologically
optimal alignment. And subsection 2.2 indicates the possibility that we can make biclogically optimal

alignments from computationally eptimal alignments by using hological knowledge.

4.1  Biological reliability of computationally optunal alignment

lt is hard to define biologically oplimal alignment, because this depends on the sequences to be aligned.
Here, we select some sequences as an example, and we define biologically optimal alignment of the sequences,

Then, we investigale the biological reliability of the computationally optimal alignment.

Drafinition of halagically optimal aligonmenst

To define the biologically optimal alignment, we will use are six sequences of protein called endonuclease
from Hetro-virus and its relatives. “This is shown in Figure 1, and one of its bislogical optimal alignments is

shiown o Figure 2.

17.6 : ILDFHEKLLHPGIQRTTHELFGETYYFPNSOLLIONTI IRECSICNLAKTEHRNTDOMPTETT
M-MulLV : LLDFLHQLTHLSFSKMKALLEASHEFYYMLNRDRTLENITETCKACAQVNASKSAVEQCTR

HTLY ¢ LTOALLITRVLGLSPAELHEFTHCGOTALTLOGAT T TEASNILRSCHACRGCNFOHOMP RGE I
R3V ¢ YADSOATFQAYPLREAKDLHTALEIGPRALSKACNISMOQOQAREYVQTCPHCNSAPALEAGYN
MMTV ¢ ISDPTHEATQAHNTLHHLNAHTLRLLYKI TREQARDIVE ACKOQCVVATPVPHLGYN

SHMEY i LLTALESARESHALMHOFAAALRFUFHLTAEQARELVELCPRCFDWGSAPULGVN

Figure 1 Sequences to be aligned

Thiz set of sequences is {rom endonuclease of retrovirus and its relatives



17.& ¢ mmmmmem L= Femme === HEKLLHPG IR TTK-LF==GET-Y¥ ¥~ FPNSQLLIQNIINECS ICNL- AKT-EHR--N-TDMFTETT

M-MuLY : =====—=LLD-FL-----—-HQ-LTHLSFSKM-KALLERSHSFYYMLNRDRTL-KN T TETCKACAQ-VNA-SKS-~A-VEQGTR-~

HTLV  : LTDALL-ITP-VLOLSPAELHS-FTHCGGTAL-T-LG------ ~=GATTTEA--SNILRSCHACRG - GNPQHIMPRGHI -~ - ~=- -

REV  : VADSQATFQAYPLR-EAKDLHT-ALHIGPRAL-S-KA------- CHISMOGA==REVVOTCPHO-—-NSA~FALEAG-VN--——--

HNTY  : —------ ISD-PIH EATQAHT- LHHLNAHTL~R=LL=====-=YK ITHEQA--HDLVKACKGCVV-ATPYPHL--G-VN---—--

SHRV  : —------ ILT-ALE-SAQESHA-LHHONARAL=R=F(-=-=-=- FHITREQA--REIVKLCPNCPDWGSA-PQL=~G-VN====~~
s s -

Figure 2. Ore of biclogically optimal alignment

The alignment identifies the reverse patiern of the prototype zinc finger

Columns whose elements are identical are marked by 2", These columns are called conserved eolumns.
There are four conserved columns “H"s and “C"s. Soume patterns of conserved columns are known to have
biological meaning and are called motifs. The motil consisting of conserved patterns of *“HXXXH" and
SCXXC" is a reverse prototype motif of the zine finger. “X" in the pattern means any aming acid. Protein
with the zinc finger is onc of those known to have the capability to bind to DNA/RNA sequences. We define
the biologically optimal alignmenta as the alignments that identify the zinc finger pattern.

The homology score (Lhe index that measures the similarity between sequences) of sequences in the align-

ment 1 very low at 20 percent. It indicates that these sequences are difficult to align.

Biological reliability of computationally optimal alignment

We investigated the biological reliability of alignments produced by J-way DF, because the computationally
optimal alignment of three sequences is obtained by J-way DP.

We selected three sequences from these six sequences and aligned the three sequences by J-way DP. Since
there can be 20 triplets of sequences, a corresponding number of alignment were produced. Then, we
investigated whether the alignment corresponds to the biologically optimal alignment.

Of the twenty alignments, only six alignments identified the zinc finger. 1t indicates that biological opimal

alignments don’t neccessary correspond Lo the biological meaningful alignment.

2.2 Possibility of Inference of biologically optimal alignment from computationally optimal

alignment

As shown in 2.1, the computationally optimal alignment doesn't necessarily eorrespond to biological op-
iimal alignment. However, biologists and even computer. scientists with biological knowledge can make
biologically optimal alignment by refining the computationally eptimal or near-optimal alignment.

We will show you an example in which we can make the biclogically optimal alignment by refinement if we
use biological knowledge., The example alignment to be refined i1z produced 3 way DP and 13 computationally
optimal alignment. The sequences to be aligned are the sequences whose biological optimal alignment is
defined in 2.1. The biologically optimal alignment must identify the zinc finger paktern.

Example Alignment

Example alignment (Figure 3)can be refined into & biclogically more optimal alignment if we have biological
knowledge. In the part of the alignment thal corresponds to “HXXH", “H" is not properly aligned but is
rnis&-hridged. Here, mis-bri.dger] means that “H"s mrresponding to the first letier in “HXXH" I:irl the third



sequence) are aligned with “H"s corresponding 1o the last letlers “HEXXH"(in the first and sscond sequences)

If we fix the mis-bridged “H" and refine the alignment, we cannot identify the zinc finger. However, if
we have experience in aligning the scquences of some protein that contains the zine finger, we can guess
the possibility of a mus-bridged “H” and therefore, refine the alignment into an alignment in which the zine

finger iz identified [Figure 43

iT.6 i mmmme—=]LOF==HE=KLL=HPGIQKTTKLF--GET-YY-FPNSOLLIONIINECSICRLAKTEHRNTOMFTETT
M-MULY @ ——————- LLDF-LH]---LTHLAFSEMEALLERSHEFYYHLNRDRTL-ENITETCRACAQVREASHS AVEQG TR~
EEY : VADSQATFOAYPLAEAKDL-HTALHIGPRAL=-SKA-CN-TSMOQA—-REVVITCPHCNSAPALEAGYN-—-——-

{(Evaluation value = 181)

Figure 3 Example Alignment 2

17.6 ettt ILDF-~=-----HEKLLHPGIQKTTELF--GET-YY-FPNSOLLIOK I INECSICNLARTERRE TDMPTRTT
M-MULW : =======LL0F=======[HO-LTHLEFEEMEALLERSHSPY YHLNRDRTL-KN [TETCHACAQVNASKSAVEQGTR -~
REV : VADSQATFOAYPLREAKDLHT ALNIGPRAL--SKA-----CN-ISMQJA--REVVOTCPHCRSAPALEACVE----—-

(Evaluation value = 156)
Figure 4 Biologically more optimal alignment of Example 2

The shove example indicates that we can infer biologicadly optimal alignment from biolegically optimal
alignment. It ks also found that if we use only the evaluation value of the alignment as & measure of the
alignments, we cannot make biologically optimal alignment {In the example, the evaluation value of the

atignment is reduced from 161 to 156 when we refine the alignment),

3 Multiple alignment system with Intelligent Refiner

3.1 Framework of the alignment systein with Intelligent Refiner

Crur system consists of two modules, the aligner and the intelligent refiner (Tigure 3). The aligner produces
a computationally optimal or near-optimal alignment. The alignment i3 made without using biclogical

knowledge.
Aligner Intelligent Retiner
Computationally Biologically
optimal optimal
Sequances| alignment alignment
iteration

Figure 5 Multiple alignmenl syslem wille intelligent refiner



By analyzing the alignment produced by aligner and by consulting biological knowliedge, the intellipent
refiner can roughly understand where the conserved columu regions are and where another conserved column
region may be found in the alignment. The intelligent refiner modifies the alignment in order to increase
hiologically meaningful conserved column region. The modified alignment in one cycle becomes the input to
the next iteration. In each iteration, the intelligent refiner can understand more precisely where the conserved
regions are. Thus, it can gradually identify the conserved column regions to produce the hiologically near-
optimal alignment.

Because we can use any alignment system that can produce a computationally optimal or near-optimal

alignment as the aligner module, we don’t describe the aligner. In the following subsection, only the intelligent

refiner 1s explained.

3.2 Intelligent refiner
We designed the intelligent refiner by analyzing the knowledge used by experts on multiple alignment. The

program of intelligent refiner 15 writlen in Prolog and KL1. The structure and function of the intelligent

aligner is explaimed below.

3.2.1  Frumework of intelligent vefiner

The overall framewark of the intelhgent refiner 15 shown I Figure §. The 'mt.v]ligeu'. refliner 1s l:urnp-usud
of @ control module, refinement rule base and biological knowledge dase. The control module iteratively
modifies Lthe alignment by calling refinement rules m the refinement rule base to produce a bislogically

optimal alignment. Refinement rules consult with biological knowledge base when neccessary.

Control Module

l call l call

Refinement Rule Base

consult
L

Biological Knowledge Base

Figure 6 Framework of Intr:]i'lsr:nt Refiner

Biological knowledge base

In our system, biological knowledge is written in Prolog svntax. In the biological knowledge base, the
biclogical knowledge we extracted from the database, Prosite [Bairoch 1551] and so on, are contained,
Prozite is the database in which knowledge on motifs and related knowledge is written in natural language.

Besides the knowledge we store, biologists can easily input their own knowledge into the biclogical database,
hecanse Prolog has a syntax similar to natural language.

We show a portion of the bialogical knowledge in Figure 7. The syntax and meanings are explained below.
motif ig a predicate that tells us the meamng of the motif in the third argument. The expression of the motif



15 similar to that emploved in Prosite. When its first argument 15 name, the second argument means the
nome of the motif, for example, zine finger[{1)]. When its first argument is protein, the second argument
means the name of the protein that contains the motif, for example, kinase[{2),(3).{4)].

The predicate upper _concept expresses the hierarchical relationship of protein. For example, serine.threonine
kinasz is ane class of kinase[{5)], and tyrosine kinase is another class of kinase[{6)].

Expression (11) is a rule which means that even il we don’t know the motif of a protein, we can infer it if

we know the motif of the protein which is the upper concept of the protein we are focusing on,

motif(nane, zinc_finger{reverse), *'H-X(3,5)-H-K{10,25)-C-X(3,5)-C""}. (1)
motif (pretein, kinase,'*[LIV]=G=X=0=[F¥]=-[SG]=X-{LIV]'"). {2
metif(protein, kinasg{tyrnﬂjne}."[Li'i'H.F'fC]-I-[HT]-I-D—[LI\"J‘IFT]-E—I(?]“H‘[LI‘UHFC] [apry, (3}
motifiprotein, kinaselserine,threoninel,

O LIVHFYCI-2-[8¥] =20 [LIVKFY ] -RETA-L (2)-N-[LIVMFCI (20 '), (4}
upper_conceptikinase(serine, threonine), kinase}. {8}
upper_concept (kinase(tyrosine}, kinase). ()
motif (protein,Protein,Motif) :-

upper_cencept (Pratein, UpperProtein), motif (protein,Upper¥rotein, Hotifd, (71

Figure 7 Biological knowledge base

3.2.2 Hefinement rule base

We extracted more than fiftcen rules from alignment experts. OF these, ten tules are currently wsed in the

intelligent refiner.
The rules are expressed using the 1F-THEN rule. Here we show representative five rules are shown in
Figure 8. The rules will be cxplained using examples later. In the rules, several routines are called. But,

since thetr funciions are clear from the context, we will not explain the routines further.

Ttule 1 [sz2 Figurs 9)
IF An half conserved column ¢ , in which more than the specificd percentage(e.g. B0 %) of whose elements are identical
amino acids (z,], is found, AED
Iin the sequence that doesn't have x, in the column, r; are songht within specified distance from o, {checked by
search Toutinse 1].

THEN The madified alignment is produced in the consiraint that the found =, is aligned in the column ¢ [done by
modification routine], When plural alternatives are generated. the modified alignment whoer svaluation value

is the highest is selected,
Foule 2 {see Figure 10)

IF Sequences in the alignment are grouped in to twe groups, g and g, according to similarities between the sequences
[checked by grouping routine]. AFD
Fattemns of conserved columns (p; and py} in each group of alignment (o and o, | are found LB

Comman sub-pattern (p,,] is found in the both patterns (p; and p;) (done by search routine 2]

THEN &, and o, are aligned in the constraint that pi; ina, and pyy in a; are aligned (dose by nodification rautinag).

Figure &to he continuerd) Hepresentative mles in refinement rule base



Rule 3 (32¢ Figure 11}
IF Dhscoversd conserved column pattern p eontains seme part of an meotif m, stored in the bislogical knowledge base
{done by motif chack Toutine).

THEM the Motif finding routine is called to identiflv the sther pasi of the motif,

Rula 4 (see Figure 11)
IF An motif (that metidf.finding reutine teys to identify ) in the biclogical knewledge base have twa aming acids, =,
and =, of same kind of amino acid = A¥D
The motif has ro other conserved aminn acids between 7, and r, 4D
There are & hall conserved colunm of ¢, of = and & conserved column of o of r in the alignment (done by

metif-finding routine).
THEN Kedification routine is called Lo produce alignment in the constraint that r, . (belonging to the the sequence
se that doesn't hawe x in the hall conserved column ¢, ) is aligned in the half conserved column 2y
Rule 5
IF A motif (v} is identified i the alignment AED
The protein that has the matif {m;) have another motif m; (checked by knovledge.consulting reucine)

THEN the motif finding soutine is called Lo identifly the motif m;

Figure & Representative rules in refinement rule hase

Example application of Refincmoent rules

Five refinement rules are explained using exmaples.
Rule 1 and Rule 2

Figure § is an example of application of Rule 1. By search routine 1 a half conserved column of “A”
(there is an exception in the first sequence) is found (*" in Figure 9 signifies any character) and in the
first sequence, an “A" iz found in the neighborhood of the half conserved column. Then, Rule 1 1s fired.
The modification routine is called to produce a conserved column of “A” {computational optimal or

semi-opitmal alignment is produced in the constraint that all “A™ should be aligned in a column).

S S S S
[ b .
____________ R S =» S N
- S | S S
..... A e Ao
L [

Figure 9 Example application of Rule 1

“." means any characier

Figure 10 shows an example of the application of Rule 2. Here, the sequences are decomposed into two
groups, the first three sequences and the last three sequences according to similarities of the sequences
{checked by grouping routine)

By search routine 1, it is found that a conserved column pattern *AP” is found in both groups. Then,
Rule 2 is fired. The modification reutine is called to produce a conserved column of "AP” that extends
all sequences,



___________ AP e [N 1
____________ ) [ 1
_______________ AF s =z WP _
_______________ AP _ . e B P e
1 — S . ¥ R ——

Figure 10 Example application of Ruie 2
The sequences can be deeemposed into twe groups, the first three sequences

and the laszt three sequences, accordicg Lo Lhe similarities between the sequences

The temporary alignment produced by Hule 1 or Rule 2 is sent to the evaluation routine with the current
alignment {the most biologically optimal alignment at the Lime). In the routine, the current alignment and
the temporary alignment are evaluated by consulting with the biological knowledge hase. Then, the new

current alignment is selected.

Kule 3 and Rule 4
An example application of Rule 3 and Rule 4 iz explained with the use of Figure 11, The motif check

routine identifies that the conserved column of "CXXNC" is the latter part of gine finger {reverse type) motif
SH-N(35)-H-X(10,25)-C-X{2,5)-C" by consulting the knowledge {1} in the biclogical database. Then, rule
Jis fired. The motif finding routine finds the half conserved patiern of “HXXXH" in which the the latter
column of "H" is hall conserved. Then, rule 4 bs fired. The modification routine makes the alignment
which has a conserved column pattern of “1[-X(3)-I1-X[15}-C-X{3)-C"

S TR - PR TR N R, N I N I
I Ho_ . H oo ...  __ | T | C..C___
,,,,,, W H __ & _©T___ L U TN : R U
e B H . C___C___ [ . L
NN S . N N - M MG C___

ain C___C MW .G C

Figure 11 Example application of Rule 3 and Ruie 4

Rule 5

The example application of Rule § is explained by using the sequences belonging to a protein called
tyrosine kinase. When the rule is applied, the knowledge (2)(3){6)(7) in the biclogical knowledge base
are consulted. ‘

If motif *[LIVMFYC]X-[HY]-X-D-[LIVMF YL K-X{2)-N-[LIVMFC](3)" is identified in the alignment, the
knowledge consulting routine finds that it is the motif of tyrosine kinase (knowledge (3) in the biclogical
database). Then, other motifs belonging to tyrosine kinase are sought in the biolegical knowledge base. Here,
corresponding motifs are not stored explicitly in the biological database. However, using the inference rule
(knowledge (7)), and the knowledge that kinase is the upper concept of tyrosine kinase (knovledge (6))
and knowledge on motifl of kinase {kneuledge(2)), it is derived that tyresine kinase alen has a motif “[LIV]-
G-X-G-[FY}-[SG]-X-[LIV]".

Then, Rule § is fired, and the Motif finding routine is called to identify “[LIV]-G-X-G-[FY]-[SG]-X-
[LIV]".



4 Ttesult

Because of the Limitation of space in this paper, we can't show examples. However, we applicd the
intelligent refiner to several examples and succesded. For example, alignment in figure 3 can be refined to

the alignment that catches the zine finger. The reader who are interested in the examples of application

should consult cur recent paper[Hirosawa ef. a/ 18992].

5 Discussion

1. [Barcon and Anderson ; Butler ef al. 1990} demployed divide-and-conquer strategy to multipie align-
ment. Their algorithm interatively find conserved amino acids and pinning these amino acids in the

alignment, then, find another conserved amino acids in both sides of the pinned region of the alignment.

The program has two weak points. One is that, because the program is applied to the sequences that
are not aligned, it often produces spurious conserved columns. The other is that once some spurious

conserved column is produced, the spuricus conserved column is fixed and is never revised.

The alignment system with intelligent refiner solves the problem as follows to make the reliability of

the alignment the system produces higher.

s QOur system, firstly, generates computationally near-optimal alignment and the system refines
the computationally near-optimal alignment using knowledge. The computationally near-optimal
alignment doesn’t necessarily correspond to the biclogical oplimal alignment. However, we can
get information on where the possible conserved columas are. Then, we can gradually increase
the reliability of the infarmation by iteratively refining the alignment.

* Because we have knowledge of the motif in the biological knowledge base, aur system can identify
the meotif with high reliability. For example, with biclogical knowledge, the spurious column
conserved of “L” in the 19th column in the alignment in Figure 3 is remedied to securely identify
the motif.

» Because we have alignment rules that break spurious conserved column [e.g rule 4}, the risk that

the alignment is trapped by spurious conserved columns iz reduced.

2. Conceptually, it i1s better to input computationally optimal or near-optimal alignments into the intel-
ligent refiner. However, it is possible for biclogists to input the alignment roughly made by the hand
or the alignment produced by the tree base algorithm. Although, the quality of the alignment that the
intelligent refiner produces when the biologists use these alignments as input is worse than the case
when the computationally optimal alignment is uscd as input, the quality of the resultant alignment

is telerable for practical use.

3. The alignment system with intelligent refiner is not only for biologists but also for compuler scientists.
By analyzing the resultant alignment produced by the intelligent refiner which contains plenty of
biological knowledge and refinement rules. the possibility of making biclogical discoveries will be open.

4. There are refinement rules that we extracted from biclogists but we haven't incorporated into the
intelligent refiner yet. One af the knowledge is on the alignments that biologists don't faver.

Onme class of these unfavored alignments is the alignment with islands phenomenen. The phenomenon

is shown in Figure 12 (left}, every amino acid is expressed by “X” or “0)", There is an island composed



of amino acids in au ocean composed of gap letters “=". The island is composed of amino acids from the
sequence § ~ 4. Alignment experts think that the oeean of gaps should be reduced to make compact
alignment like alignment on the right of the fignre. We are now investigating how to recognize the

phenomenon and how to remedy it

5. Since the intelligent refiner is still at a pnimitive level, we must continue research Lo improve the power
of the system. The guality of the produced alignment i« determined by the amount and quality of
biological knowledge and refinement rules. We mmust increase the biologieal knowledge and extract
effective rules more [rom experts on multiple alignment to improve the intelligent refiner.

Segquencel: EREARAKAA N -—-0-==XNAKEAXX TEXEXNNRXMOAXANLLLE
Seguence: EEXEREXEXE--000-—--- AXRXX LIXEXAXAXXOO00-XXXNE
Saguenced: EXXAXAXTAE--0000-—=~KXEXE = EEXENXXAANO000ELERL
Saquenced. EARENEXEAA - ~=--000--EXXXX REXZAXEXEX-000XXXXE
Sequenceb: EANXRXRIN AL === e LEXXX AXXXAREXAXXXE-EXXXE

Figure 12 An example of unfavored alignment Island phenomencn and its remedied alignment.
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