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Abstract _ o ‘
A nultiple alignment methodology that can produce high quality alignment is extremely

important for predicting the structure of unknown proteins. Nearly all the methodologies
developed so far have employed 2-way alignment only. Though these methods are fast,
the alignments they produce lose reliability as the similarity of sequences reduces.

We developed the MASCOT multiple alignment system. MASCOT can sustain the re-
iahility of alignment even when the similarity of sequences is low. MASCOT achieves
high-quality alignment by employving 3-way alignment in addition to 2-way alignment.
The resultant alignments are refined by Simulated Annealing to futher guality . We alsa
use a cluster analvsis of sequences to produce highly reliable alignments.

1 Introduction

The similarity analyvsis of protein sequences by the use of multiple alignment 15 an impor-
tant technique for predicting the function and structure of proteins for drawing phyloge-
netic trees of creatures. Until recentlv, multiple alignment was produced by hiologists.
However with the mereasing rate of determination of protein sequences, computer assi
tance in multiple alignment is becoming indispensable.

It is well-known that once a similarity index hetween amino acids 1s given, the multiple
alignient problem can be solved theoretically by Dyvoanue Programming (DFP) ( Neevdle-
tan and Wunsel 19707, Noway DP ean align o sequences simultaneously and can derive
the optimal alignment of these sequences,

One problem with DI is the incredible computational time it requires. N way DP
takes computational time in the order of The n-th power ol the sequence length - To keep
thig expansion of computational tine manageable, nearly all multiple alignment systems
developed so far emplov 2-wav DF as a base and combine the results of 2-way DFP to
produce multiple alignment {Barton, 1990).

This class of alignment methods s good hecause of the small computational time
required. but this i= not sufficient to produce an alignment of sequences when similarity
15 low,

To produce multiple alignments of high-quality with small increases in computational
time, we songht another class of alignment scheme : a mulbiple alignment svstem based on
Jwav DP. We named it MASCO'L { Multiple Alignment Svstern developed by 10°0°]'). The
characteristics of MASCOT are { )Production of wiial aligiment with core alignment by
the use of 3-way DI (2} He fine neend of iitial alignment gy the use of Simulated Annealing.
(310 uster analysis of sequences using triplet of sequences as a nnl.

Each module of MASCOT 15 described Ine the WL (Nakajima et al., 1939} parallel
logic language and is executed on the Multi PST (Nakajima of al.. 1989) parallel inference
machine.  Though MASCOT requires more compitation than conventional alignment
systerns due to the use of Joway DP. parallel execution by the parallel inference machine
{Ishikawa of al 1991a) can eeduce Lhe total time,

In this paper, an overview of MASCO| s introduced in the 2nd chapter. Then three
features of MASCOT are explained in the 3rd and the bh and the Sth chapters. Finally, in
the Gith chapter. an example of MASCOT application to retro-viral sequences are shown.



2 Multiple Alignment System MASCOT

MASCOT is composed of four kinds of modules, namely, (1}*Cluster Analysis”, (2)"Intra-
cluster Alignment”,(3)“Inter-cluster Alignment™ and (4)“Evaluation of Alignment” (upper
part of Fig.1). We will explain hriefly the structure of MASCOT as a whole.

Multiple alignment is the problem of aligning similar residues of many sequences in the
same column. Usually similarity of two sequences to be focused among the sequences are
different. Some pairs of sequences have high similarity while others have low similarity.
When sequences of low similarity are aligned forcibly. the resulting alignment is often
unreliable. The general strategy taken so far has heen to group sequences according to
similarity, aud to align sequences in the order of their similarity (Barton, 1990).

MASCOT also uses this strategy. Firstlv, in “Cluster Analvsis™. sequences are grouped
inte plural clusters according to their similarity. Secondly. in “lntra-cluster Alignment”.
sequences belonging to the same cluster are aligned. Thirdly. in “Inter-cluster Alignment”,
the resultant alignments of individual clusters are combined to produce alignment ol the
whole. Finally, in “Evaluation of Alignment™. the resultant alignments are evaluated.
Both the order of intra-cluster alignment and that of inter-cluster alignment are decided
in “Cluster Analvsis™(See Chapter 5.

“lutra-cluster Alignment”(lower part of Fig.1} uses strategy of fwe phase alignment
(Hirosawa ¢f al., 1991). In the first phase inial alignment is produced by considering a
few strongly-similar sequences. Lo the second phase, each initial alignment is refined by
considering all sequences.

It is not practical 1o align sequences refinedly due to the problem of computational
time. Therefore some of the multiple alignment systems firstlv developed so far align
roughlv. and then refine this rough initial alignment manually or by the use of a computer
(Barton. 1900}, Unless the quality of the initial alignment is above a certain level, the
refinement phase doesn’t work effectively and this strategy fails.

To make two phase alignment effective. MASCOT has adopted an initial alignment
scherne based on 3-way DP (See Chapter 3). And, in the relinement phase, we adopted
Simulated Annealing that is an effective stochastic optimization method{See Chapter 4).

“lnter-cluster Alignment™{upper part of Iig. |} combines intra-cluster alignment to
align all sequences given 1o MASCOT. In “Inter-cluster Alignment™. P between groups
ol sequences is executed iteratively,

if there are plural alignments when “luter-cluster Alignment” has finished, *Evaluation
of Alignment” selects the most reliable alignments and show them to the nsers. There
are two cascs when plural multiple alignments are produced. One case is when some
stage of MASCOT produces equivalently evaluated alignments. The other case is when
we adopt a strategy to retain plural candidates of these multiple alignments which are
evaluated highly. The latter strategv is taken becanse the valuation index based on
DayhofT Score{Davhoff et al.. 1978) adpopted by MASCOT is not absolute. In other
words. it is necessary to consull biological knowledge to evaluate alignments properly in
this case.

“Evaluation of Alignment” evaluates alignments comprehensively using biological knowl
edge. For example. the length and the number of conserved rf*gians in alignment and
whether the conserved regions contain biological meaningful motifs are evaluated. MAS-



COT 15 experimentally equipped with a motif dictionary angd already discoverd informa-
tion can be reflected 1n the multiple alignment.

3 Generation of Initial Alignment based on 3-way
DP

To produce an initial alignment, MASCOT firstly makes a core alignment composed of
a few sequences hased on J-way [P and then attaches other sequences one by one. The
sequences selected as core sequences must be the most similar sequences. The selection
of care sequences and the order in which sequences are attached is decided by “Cluster
Analvsis™{See Chapter 5).

The quality of alignment using a core aligninent depends on the reliability of the core
alignment. The number of core sequences shonld not he small. Aligning these sequences
using DF simultaneousty 13 one ways to correctly make core alignment. Due to the
restrictions of compniational time, however, praticallv implementable DP 15 up to 3-way
[P 1o consideration of this, we have decided to sellect four core sequences and to combine
two alignments produced by 3-wav DI to make core alignment.

Soway DF mwrging method is the name of the method that combine two alignments
produced by 3-wav DP (Ishikawa ef al. 1991a; Hirosawa ef al, 19911 We will explain this
method using a small size example(Fig.2). Fig.2 shows the steps from two multiple align-
ments of threr sequences by 3oway DE (Step 0) to a core alignment of four sequences( Step
3).

[n Step 1. algnment of HTLV-2 and BLEV included in the alignment of {HTLV-1.
HTIN 2. BIN } and that included in the alignment of {HTIV-2, BLV. HIV} are compared
and consistent regions are searched for. In the figure, the consistent regions are marked

‘.7 s a gap introduced to

“1'. and fthe anconsistent regions are marked ‘0°. Here
ahgn consistent regions. In inconsistent region. alignment of the part of the sequences of
ITTINV-2 and BLY s [SLL,VHL] in the upper alignment, but is [=SLL,VHL-] in the lower
alignment. It indicates contradiction.

In Srep 2. four sequences {HTLV-1, HTLV-2, BLV. HIV) are aligned by a simple
procedure in consistent regions and by a complex procedure in inconsistent regions. In
the consistent vegion of on left side of the alignment [LLOAT,VLGAT,LLEAT,FL--L] is
constructed by simply combining [LLQAT ,VLQAT ,LLEAI] (from the upper alignment) and
[VLOQAT,LLEAT ,FL--L]} (from the lower alignment). In the right hand consistent region.,
the same procedure is executed.

In the inconsistent region in the middle where the upper alignment s [AHL,SLL,VHL]
and the lower alignment is [-SLL,VHL=-,-KLA]. four kinds of alignment are computed
by DF between two groups of sequences and the aligniment of the highest evaluation is
selected as the alignment of the inconsistent region.

{1} [AHL,SLL,VHL] {from the upper alignment ) and [<KLA] (from the lower alignment)
(it} [AHL,SLL] {from the upper alignment) and [VHEL=,=KLA] (from the lower alignment )

{i11) [AHL,VHL] (from the upper alignment) and [=SLL,~KLAJ (from the lower alignment )



{iv} [AHL] {from the upper alignment) and [-SLL,VHL-,-KLA] (from the lower align-
ment )

In this example. alignments (i) and (i1} are the same, that is [AHL-,SLL-,VHL-,-KLA].
Because this alignment is evaluated as the best, we select it as the alignment for the
inconsistent region and we get the result shown in Step 2. The final alignment is produced
by exchanging .’ wirh =" {Step 3).

Now that we have finished core alignmenl, all we have to do is to attach remaming
sequences one by one in the order decided by “Cluster Analysis™. In this version of
MASCOT. DP is used to attach each sequence. When we finish attaching all remaining
sequences, the alignment we have is initial alignment.

It is not often the case. but sometime the attachment of a sequence to the result of
F-way DP may have better evaluation than the alignment by 3-way DP merging method.
This possibility is also checked by MASCOT and the higher evaluated one is selected as
the core alignment.

4 Refinement of alignment by Simulated Annealing

Initial alignment generated by MASCOT s of higher quality than that generated by
conventional alignment systems. However. MASCOT improves the guality further by
emploving Simmlated Annealing (SA) (Kirkpatrick of al.,1933) . We believe high guality
alignment 1= necessary to extract monf information from alignment.

SA is @ stochastic algoritlun to search for the optimal answer, when evaluation ol an
answer is defined by some measure, SA introduces Lhe notion of temperature to prevent
the searchier of answer from being trapped near a local minitmum in the search space.
At low temperalures, the search i= basically only permitted in the direction in whicl the
evaluation value increases. While at high temperatures the search is also permitted in the
ditection that evaluation valne decreases. SA can search for the globally optimal answer
by gradually reducing temperature. This means that a temperature cooling schedule is
necessary and important. At higher temperatures, the searcher can move to the viciuity
of the glohally aptimal answer and then in the lower temperature, The globally optimal
answer iz sought in the small search space.

We formulated the problem of multiple alignment within the scheme of SA ([shikawa !
al.. 1991hy With SAL it is theoretically possible to start searching the optimal alignment
from any initial alignment. However, this takes excessive amount of computational time
even when the size of the problem is normal. Therefore, 1t is effective to apply SA to
half-aligned alignments (Tshikawa ef al.. 1991h).

To start SA from a half-aligned state, it is necessary Lo reduce the temperature grad-
wallv from moderate temperature. This means that it is imporant to have a cooling
schedule suitable to the size and nature of sequences to be aligned. MASCOT copes
with this problem by using femperature parallel SA (Kimura and Taki 1990} thal assigns
different temperatures to individual processors of parallel machine. In the scheme of tem
perature parallel SA. cach processor searches for the optimal answer respectively at the
temperature assigned to it. Each processor exchanges its answer with the processor with
the acdjacent temperature in a probabilistic manner. The exchange is executed at some



regular intervals. Consequently, the best answer at the moment (semi-optimal answer) is
found in the processor of the lowest temperature.

In this way. temperature parallel SA generates semi-optimal answers without requiring
a cooling schedule, If we continue this SA infinitely, the optimal answer could be obtained
with an appropriate cooling schedule. However when a half-aligned alignment 1s supplied
ta SA, the optimal answer 1s produced quickly with high probahility,

5 Cluster Analysis

MASCOT produces multiple aligniment based on 3 way DP. However, to produce high
quality multiple alignment. a highly reliable alignment of three sequences must be selected
A method for evaluating reliability of alignment of three sequences is necessary.

In contrast to the cluster analvsis invented so far to make alignment, MASCOT makes
cluster analyvsis by using an index of the similarity of three sequences in stead of that be-
tween two sequences. MASCOT uses the result of analysis based on this index throughout
the process of alignment: selection of the core of cluster. deciding of the order of attach-
ment. and deciding the order in which to cowbine clusters.

We introduce index B{1j.k) which corresponds to the similarity of sequence 1. sequence
J. and sequence k. This index 15 calculated as follows. Firstly S{p.g). the similarity index
hetween sequence p and sequence . is caleulated. In this version of MASCOT. Sip.q)
15 the evaluation of the alignment of sequence p and sequence ¢ obtained by DP. Then
Rii).k] s computed by summation of S(1.j). S().k) and S(k.i) (We are investigating the
teasibility of weighted summation of S(p.).). Because an alignment of similar sequences
generally produces a reliable alignment. Ri1,j.k) can be regarded as the reliability of the
alignment of these three sequences obteined by DF.

After Hi1j.k) of all of the triplet {i.).k} is calculated, these triplet is sorted into a hist
i deceeasing order of R{i,j.k}. Then, all the preparation for clustering is completed.

The clustering is iteration in three steps. The first step is to fetch one triplet from the
top of the list. The second step is to check whether the three sequences in the triplel are
e luded in some cluster or not. The third is to do the following:

(1) If none of three sequences are registered in any cluster : Make a new cluster.
and register this triplet as the core of the cluster. We call this core registration.

{2) If two sequences of the triplet are registered in a cluster and the remaining
sequence is not registered in any cluster : Register the unregistered sequence
in the eluster where the other two are registered. We call this attachment requstration.
The special case is that the eluster has three sequences onlv. In that case, MASCOT
doesn’t attachment-register the sequence. but core-register the sequence in addition
to the three sequences that are already core-registered.

(3) If two sequences of the triplet are registered in a cluster and the remaining
sequence is registered in another cluster : Register the combining of these two
clusters. We call this combining registration.

(4) Otherwise : Do nothing and discard the triplet.



Naturally the first triplet of the list falls into (1) and is core-registered becanse there
i< no clister at the beginning, Succeeding triplets fall into (1) or (2) with high probabil-
itv. And some clusters are generated by core registration and are developed while some
are penerated by altachment registration. The history of core-registration and attach-
ment registration is transmitfed to “Intra-cluster Alignment”™. There core registration
information is used in core alignmen! and attachment registration information is used in
attachment of alignment.

When a few sequences are left unregistered. triplets corresponding to (3) begin to
appear. Combining registration information produced by (3) is transmitted to “Inter-
cluster Alignment” where clusters are combined as prescribed i the information.  [If
sequences to he attached appeared after some execation of “Inter-cluster Alignment”,
Lhese sequences will be attached 1o clusters that are already inter cluster aligned.

6 An Example of Application of MASCOT

Sixteen protein sequences corresponding to endonuclease of retro-virus are aligned by
MASCOT. These sequences are obtained from database PIR. The results ol “Cluster
Analvsis™ are shown in Fig.3 and the aligniment according to this cluster analysis is shown
in Fig.4. Each tiny circle in Fig.3 represents some sequence. Rectangles in Fig.3 indi-
cate core aligninent. oblongs inside a cluster indicate attachment-alignment. and oblongs
ontside cluster indicate intra-ciuster alignisent.

Firstly. sequences were divided into three clusters by Cluster Aualysis™, Secondly,
each sequences belonging the same cluster are aligned by “Intra-cluster Alignment”.
Thangh an initial alignment of Cluster 1 didn’t ehange by | honr refinement with SA. the
initial aligniments of Cluster 2 and Cluster 3 were reflined.

Thirdly. alignments of Cluster 2 and Cluster 3 were combined by “luter-cluster Align-
ment”. Finally, the resultant alignment and the alignment of Cluster | were combined.
The sequences of Cluster | are sequences of lentivirinae and almost all sequences of Cluster
2 and Cluster 3 are sequences of ancovirinae, This indicates that clustering was effective.

This alignment result shows that the core alignment of each cluster has some clear
sequence pattern and the alignment of all sequences of the cluster has vagne but discernible
patterns. We think this observation indicates the eflectiveness of the strategy where the
first step is to make reliable core alignment and the second <tep is to attach the remaining
SO IETICRS.

All that 16 aligned seqnences have a molil of *'H H c o c' It can be
regarded as some class of Zine Finger motif. [0 s well known that proteins with Zine
Finger can have the function to hind DNAC The ability of AMASCOT to detect such a
biologically important portion of protein shows the possibility that MASCOT can be
developed to predict the functions and structure of nnknown proteins,

7 Discussion

As indicaled before, the result of alignment(Fig.4) shows clear consensus patterns in core
alignments and vague but discernible patterns in the alignment of each cluster. We think



that it is promising wav to compare this kinds of pattern information with known motif
information so that integrated information can be useful when attachment-alignment and
intra-cluster alignment are performed.

We are now investigating how to use knowledge engineering to realize such an extension

of MASCOT.

& Summary

Firstly, an overview of multiple alignment svstem of protein, MASCOT, was introduced.
Secondly, three characteristics of MASCOT, namely, (1) Generation of Initial Alignment
by using 3-way DP to wake the core of alignment, (2) Refinement of alignment by Simu-
lated Annealing, (3) Cluster analvsis of sequence by using triplets of sequences as units.
Finally, an example of application of MASCOT to retro-viral sequences was shown and
the identification of biologically important portion of sequences was indicated.
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Fig.1. Mubiple Alignment Svstem MASCOT @ Firstly, sequences are grouped into clusters by
Cluster Analysis, Seeandly, the sequences belongs to same eluster are aligned by Intra-Cluster Alignment.
Thirdly. elusters are combined by Intra Cluster Alignemnt. Finally, resultant alignments are evaluated
by consulting motil dictionary 1o select optimal alignment.

In Inter-Cluster Alignment . two-phase abgnment s employed. In the first phase. an inital alignment
1 penerated based on Soway NP In the second phase. the alignment is refined by Siinolated Annealing



Step0  HTLV-1 : LLOQATAHLGEFSYINT Stepl HTLV-1 : LLOATAHL.GE.PSY.INT

HTLV-2 : VLOAISLLGKPLHINT HTLV-2 : VLOAISLL.GK.PLH.INT
BLV : LLEAIVHLGRFKKLNT BLV : LLEAIVHL.GR.PKK.LNT

s =" 1111100001811111111
HTLV-2 : VLOQAI-SLLGK-PLH-TNT HTLV-2 : VLQAI-SLLGK-PLH-INT
ELV : LLEATVHL-GR-PKK-LNT BLV : LLEAIVHL-GR-PEK-LNT
HIV : FL--L-KLAGRWPVKTIHT HIV : FL--L-KLAGRWPVKTIHT

Step2  MTLV-1 : LLOAIAHL.GK. PSY_INT Stepd HTLV-1 : LLQATAHL-GK-PSY-INT
HTLV-2 : VLOQAISLL.GK.PLH.INT {Result) HTLV-2 : VLQAISLL-GE-PLH-INT
BLV : LLEAIVHL.GR.PEK.LNT BLV : LLEAIVHL-GR-PEK-LNT
HIV : FL--L-KLAGRWPVETIHT HIV 1 FL-=L-KLAGRWPVKTIHT

Fig.2. Generation of Core Alignment by 3-way DF Merging Method : By using J-way merging
method, rore alignment of 4 sequences is generated by combing two Foway alignment produced by 3
way DP. Two alignments have Lwo commeon sequences, namely, HTLV-2 and BLV(Step 0). In Step L by
comparing two aligninents of theee 2 sequence, the alignments are dedided into consistent regions {marked
by 173 andd inconsistent regions (marked by 07 In Step 2 and Step J. core alignment 15 ronstructed by
using the imformation of the consistent regions and the inconsistent reglons.
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<Clusteri>

HIV=2 : AHKGIGG--NQEVDH-L=-VSQGI-RQVLF-L----- EK-IE-PAQEEHEKYHS---NVKELSHK-----

S1Vmad: AHKGIGG--NQEIDH-L-VSQGI-RQVLF-L----- EX-IE-PAQEEHSKYHS-—--NIKELVFK-----

SIVagm: AHEGIGG--NEEIDE-L-VSKGI-RRVLF=L===== EK-IE-ELNEKHERYHN===NWENLADT=====

HIV-1 : AHEKGIGG--NEQVDK-L-VSAGI-RKILF-L----- DG-ID-KAQDEHEKYHS - - -NWRAMASD--=-~

EIAV : ERK-I----SQRGDEGF-GSTGV-----FWV----~- EN-I0=-EAQDEHENWHT-=-SPEKILARN====~=
ahKgIGG N D 1 W¥sGir 1F L I AQ H yH n

<Clustaeris

SREV-1 : AHSGLPG-PTAHGNQ=-K-A-D=LATE--T-VASNINTN-LE-CAQWAHTLHHL---NAQTLEKLM--=-~
MPMV @ AHSGLPG-PIAQGNQ=R=A=D-LATE=-=I-VASNINTN-LE-SAQNAHTLHHL---NAQTLRLM-----

MMTV . GHTGLPG-PLAQGNA-Y-4-DSL-TR--I-L-----TA-LE-SAQESHALHHQ---NAAALRFQ--==-
IAPH18: AHSGLPG-PMSLGND-L-A-D-KATK--L-VATALSTH-AQ-A4KEFHKRFHV=---TAETLRRA----~
HTLV=2: SHTHLED-FISTFKE-Y-T-D3L-=--=-I-LAP-L-VP-L--TPQGLHGLTHC---NOQRAL-V5-----
HTLV-1: SHTNLFD-FISRLNA-L-T-DAL----- L-I----- TPVLOQLSPAELHSFTHC---GQTALTLg=----
H glPg P EN a b t a H H a L

<Clusteri>

ARV : GYWVFQGEPVMP-D{-F-VFE-=------ L-L----- DE-L======= HRLTHLGYQKMEAL-LDRGESE
RadMLV: GYWVFQGKPVMP-D{-F-VYFE-------L-L---=-D3=-L=-=====-~- HRETHLGYQEMEAL-LDRGESPE
M-MULV: KYWVYQGKFVMP-IH)-F-TFE-------L-L-----DF-L------- HQLTHLSFSKMEAL-LERSHSP
BLY ; SHSS-ASHPIASLNN-Y-VDG-----—-L-L------P-LE-TPEQWHKLTH--CNS-RAL-SRWPNFPH
FoamyV: VSRP-ECGUKIIP-PQ-5-DROKT===== VeL===== QA=-======== HNLAHTG--REATL-LKIAN--

P 1L 1 H LtH al.

{Clusterls

HIV-2 : =F---GIPNLVARQ---IWNSCAQCQQ-======-=-~- KG-EA-1-HGQVRAELGT-WQ---MDCTH=-LEG
SIVmad: -F---GLPRLVAKG---IVDTCDECHO---=====- KG=EA=T=HGQVKSDLGT=-WO---MDOTH-LEG
SIVagm: =¥==-=GLPQIVAKE-=--IVAMCPKCQI~-------- KG-EP-V-HGOQVDASPGT-WO---MDCTH=LEE
HIV-1 : -F---NLPPVVAKE---IVASCDEKCQL----====~ KG=-EA-M-HGQVDOSPGI-WO---LDCTH-LEG
EIAV @ =¥===KIPLTVAKQ=-=-=-TTQECPHCTE========= 0G=-5G-P-AGCVMASFNH-WQ---ADCTH-LDN

1F W& Iv ¢ @ kG = hiigV g WO DCTH Le

<Clusterz?s

SEV-1 : -F---NIPREQARQ=---TVRQCPICATYLPVPH-L--G-VN-P-RGLL--PHNMI-WO---MDVTH-YSE
MPMY : -F---NIPREQARQ---IVEQCPICVTYLPVPH-L--G-VN-P-RGLF--PNMI-WG---MDVTH-YSE
MMTV : -F---HITREQARE===TVELCPNCPDWGHAPG=-L--G-VN-F-RGLK--PREVL-WQ---MOVTH-VSE

I4PH18: -F---ALSRKEARE---IVTQCONCCEFLPTPH-M--G-IN-P-RGIR-=-PLQM-W(---MDVTH-IFS
HTLV=2: =-F-=--GATFREAKS---LVQTCHTCQTINSQHE-MPRG-¥T-R-RGLL--PNHI-WQ---GDVTH-Y-K

HTLV-1: ----- GATTTEASN---TLRSCHACRGGNPOHG-MPRG-HI-R-RGLL--PNHI-W(---GDITH-FK-
F r Ar v ¢ ¢ p G mnop RG F WG  mDvTH

<Clusteri>

AKV  : YY---MLKRD--KTLOYVADSCTVCAQVNASKAKIGAG-VR-V-RGHR--PGSH-WE---IDFTE-VKP

RadMLV: YY---MLNRD--KTLOQYVADSCTVCAQVNASKAKIGAG=-VR=V=RCHR==PGTH=-WE==~IDFTE-VKF
M=MULV: YY==-=MLNRD=--RTLENTTETCKACAQVNASKSAVEQG-TR-V-RGHR--PGTH-WE---IDFTE-IKF

BLY ¢ ----- TSAWD-PRS---PATLCETCOKLNPT----GGGKMRTIGRG-W--APNHIWQ---ADITH-YK-
FoamyV: LYWWPNMRKDVVKQL----GRCAQCLITNASNK--ASG-PI-L-RPDR--PQKF-FDKFFIDYIGPLPP
D cc N G Rg how Dt k

Fig.4. Example of Alignment wsing MASCOT 2 This fignee shows the result ol alignment of

sorme portion of cetre-viral sequences of endonuclease. Al the sequenecs were obilained from PR The
upper four sequences of eacl cluster constitute core sequences. Consensus resiloes are milicated below
thi ;-_||'|E|11r1|:-|1: of cach rlasicer . The LI EC A letters dq‘-ﬁign.ﬂlv TONES s [-|'!1'|’.III_I;'|I':"III'I all SO HCTECS (Jflllt"
cluster and the lowercase lerters designate conzensis ARong rore sequeness only
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