
HAL Id: inria-00073785
https://inria.hal.science/inria-00073785

Submitted on 24 May 2006

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

BlastMultAl, a Blast Extension for Similarity Searching
with Alignment Graphs

Pierre Nicodème

To cite this version:
Pierre Nicodème. BlastMultAl, a Blast Extension for Similarity Searching with Alignment Graphs.
[Research Report] RR-2911, INRIA. 1996. �inria-00073785�

https://inria.hal.science/inria-00073785
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

appor t  


de  r ech er ch e 


1 9 9 6 


�����������
	������
�����������������
�
�����
�����
���
�����������
��� ����!�	����"���
	��
�����
����!�	��

# $
%'&�(*) +,$�(*- $
./% # $
%'&�( 0�12(30546&87�9'4 :�9<;
&=7
> 7"$
%';�7�("? &�05%';A@=B67
4DC E 7�(*B %'$"7�CF4G> 054H( CI;�%�JKB6&

L"MONQPRP�N*��MTSVUXWZYNQ[\N

]_^a`cb�d
d
egfhMOikjmlnlgo

L
����pq�����r�r��s



���������
	 ���
��������� ���������������������
�����  !�#"$�
�&% �&���'"(�
��)
�*�+�'"(,(-��&��. /0�1��- �#�2��.���% �3���4.#"5�768-���9

:(;=<?>�>�<A@�;=BDC
EF<HGI<HJ

KML?NPORQTSVUTO1WYXkN WXN[Z S PRM]\ N+^\i N[_'[\N[`bahUhW�UTc�dhP�UhS NPZ=Z�MOi&e�Z�MO[\M]fg^ PRMh`ji+knfhNQP�MON[Z UTcF^Yd P�U
`RNQM Sq[ f2fh`RM]d&fONl^mfOMhenih[\N i�`
_�M]`=a�^'ZRN[`'n W&^m`o^m\p^TZRNRq Umcld P�U
`RNQMOi�Z�Nrkgf NQi S N[Zrs�UgP�Z�MO[\M]fg^ PRMh`ji#knfhNQPRM NPZ\UTct^�dhP�U1`�NQMOi�ZRNRknfhNQi S N'_�M]`=a�^'ZRN[`�UTc
dhPRU
`�N M i#^TfOM]egi [\NQiu`=ZrvFXkN f&Z�NM^3P�N[dhPRN[Z�N i�`w^T`RM UnikUTc [ f2fh`RM]d&fON�^TfOM]egi [\NQiu`=ZF^mZ�^TfOM]egih[3NQiu`jxjegPo^md&a&Zrv
� Ug[�dp^ PRMhZRUgi&Z
_�M]`=a�W�Mzy NQPRNQiu`\Swfg^TZbZ�M S[^Tf [\NP`=ahUhWuZ M]Zq[I^nW�N
vr��a MhZ ihN[_,[\N[`bahUhW#^Tf]fOUT_�Z�`=ahN�W�N[`RNmSw`�MOUni UmcFZ�f&\2`=fON+Z�MO[\M]fg^ PRMh`RM N[Z
_�ahM Sba{^ P�Nqi U
`|c Ugf i W�\�i�`=ahNqU1`=ahN P�[3N[`=a UXW}ZRv��j`�aV^TZ�WXM PRNmSw`�^Td2d&fOMTSP^T`�MOUni&Z�c UnP�Z�MO[\M]fg^ PRM]`�MON[Z�kgf NQP=i�MOi&e+_�M]`=a3`bahNW&^m`o^T\V^TZ�N UTc~d P�U
`RNQMOirW�Ug[+^ MOi&Z L"PRU ��Ug['v

���[�����?� �Y�w�~���
���+�Y�����M�~�l�Y�~�P�M���+�����[�������'�M�Y���[�����F���Y�F�����Y���+�
���r���P�[�����w�3��F���(�$� �|¡t�
�¢�+�¤£(�������¥�|���#¦b���[�[£¥�Y�
� �
����§

¨�©ª NP«�¬­©ª W���Unf&Z W�®NmS P�M]¯nUgi&Z�fhihN
i Ugf&¯nN[f]f N�[�®N[`bahUhW�NqW�N
PRNmSbahNQP S=a N W�N
ZRM [3M]f°^ P�M]`&®NPZ W!± fhiI^mfOMhenihNQ[3NQiu`
[ f&f]`�M]d&fON�W�NdhPRU
`&®N M i N[ZF^r¯gNmS f i\NQi&ZRNQ[M\&fON
n f ihNF\p^mZ�N�W�N�W�Unihi�®NQNPZoq�W�N�Z&®NRknfhNQi S NPZFdhPRU
`&®N M°knfhNPZRs�Ugf�W�N�P�N S=a NQP SbahN*WXNFZ�MO[3Mhfg^ P�M]`&®N[ZW!± fhihN5Z&®NRknfhNQi S Ntd P�U
`&®NQMgknfhN�^r¯gNmS�f i N i&Z�NQ[M\2f NqW!±²^mf M]enihNQ[\N i�`bZ
[ f&f]`�M]d&fON[Z W�N�dhPRU
`&®N M i N[ZRv ��Ugf2Z
S Ug[�dp^ PRUgi&Z
S NP`=`�N
^Td2dhP�UhSbahN�^r¯gNmS
WXN[Z~^md&dhP�UhSbahN[Z
Swfg^mZ=Z�MgknfhN[Zrvc� NP`=`�N ihUnf&¯gN[f]fON"[�®N[`bahUhW�N?d NQP�[3N[`!fg^�W�®N[`RNmSw`�MOUni W�NHZ�MO[\M]fg^ PRMh`&®N[ZVZ�f&\&`RM]f NPZ
knfhM�i N�ZRUgiu`�dp^TZ�[3MhZRN[Z NQi�®N[¯�MTWXNQi S N�dV^ P�fON[ZF^ f2`�P�NPZ�[�®N[`bahUhW�N[ZR³ N[f]fON�^ W�N[Z�^md&d&fOM S[^T`RMOUgi&Z�W�MOP�NmS´`�N[Z|d UnfhP�NwyZNmSw`�f NQPW�N[Z�P�NmSbahN P SbahN[Z*WXN�ZRMO[\M]fg^ P�M]`&®N[ZD^r¯gN SFfg^5\p^TZRN*W�NqW�Un[I^ MOihNPZDdhPRU
`&®NQMgkgf N[Z
L"P�U���Ug[7v

µw¶?·m¸º¹D»j¼w¹j¼[½[»j¾b·M¸º¹F½�¿jÀP¸ºÁTÂ�Ã�ÀR»jÄ(À[Å�ÆjÇ�È�ÆÊÉÌËÊÇD½PÂÍ¸ºÀRÁu½wÎ�ÆÊÁ1¹jÂÍ¸ºÂjÏ
Âj¼
ÀPÅ~ÆÍÁTÅgÀR»jÐ�½PÂÍ¸º¾w¹F½[Á1ÑMÉDÏ1ÂjÀRÐ�½PÂÍ¸º¾o¹
È�¼w¹j¼[½[»j¾b·�ÒbÓ&ÆjÇDÈ�É
ËÊÇ�½[ÂÍ¸ºÀrÁ�½´Î�ÆÍÁ
¹jÂÍ¸ºÂjÏ1Âj¼MÀ[Å�ÉDÔr»jÀRÁ1ÀRÐ|¸º¾[½´Î*È�¼w¹j¼[½P»j¾=·�ÒbÓ?½PÁ
Ñ3Âj·1¼ÖÕ2ÆÊ×ØÎh½PÙuÀR»=½PÂjÀr»jÚÛË&ÜÝ ¾oÀPÎº¼MÞVÀ[ÎºÚTÂj¼w¾=·1ÁT¸ºßTÏu¼[Òbà�¸ºÂ�Ã?½P¹Fáu½[»jÂÍ¸h½´Î²ÎºÚ¹jÏ
á1áuÀR»jÂj¼wÑYÙTÚ5Âj·
¼Fâ�È Ý â�Ôr»=½[ÁTÂ�Ç?À1ã?ä[åRærç[è1ãéRêHë
ìpí}î&ïºð1ñ&ò�ó5ô!î&í&õ÷ö}ø1ð!ùpúbû�üDújê�ýbüþíVøuÿ��&ö�� øuí��2î
ð ù��!ý����
	���
��&ö���ñ&ö&ó����������Vî
�
� ømö��



���������
	��
�����������������������
�������
����� �
! �#"$����%&������"����(')���*��",+�-
���
.0/1����-2�3����.#�
%����4�5. ",��6
-7�98

:8�[�F�����<; �[���Y�>=�l���

����������x���UhS[knfhN i S Ugf P=`Rs
��Ug[+^ MOihN�W�N#?
U1fOf S NR^ f7@BA jDCFE
x � Nq��ahN[Z�iV^ri � NmW�NHGIx��hPw^ i S N

^ i W� �JI ®�
S U
fON*L U1fhiu`RNmSbahihMgknfhN
shlhjnjmsFA
x L�^Tfg^ M]ZRNR^ fr� NmW�NHGYx � Po^ i S N
��x [+^ M]fJK�L"MONQPRP�N
v ��M S UhW�N [\NDL�MOihP�Mg^2v c P�"N[fJK
EBErxwn jrqÍxMEgl2v oFE&vNCgo2v Cnl
�V^�G�K
EBE xon jRqÍxMEgl2v oBE&vNCFE&v EFO

PRQTSVUXW(YVZ 9\[R[^]

KML?N[OrQTSpUmO
XkN W�NPZ S PRMh\ NY^3ihN[_<[\N[`bahUhW�UTcDd P�UhS N[ZbZ�MOi&e3ZRM [3M]f°^ P�M]`jiYknfhNQPRM NPZqUTc�^�dhPRU
`RNQM Sq[ f&f]`RMhd2f N�^mf M]enih[\NQiu`
_�Mh`ba7^MZRN[`(n W&^m`o^m\p^TZRNRq�UTcDdhPRU
`RNQMOi3Z�NRknfhN i S N[Zrs"UgPFZRMO[\M]fg^ P�M]`jiMknfhNQP�MON[Z�Umc�^MdhPRU
`RNQMOi3Z�NRknfhN i S NY_�M]`ba
^YZRN[`qUmc�dhPRU
`RNQMOi{^mf M]enih[\NQiu`bZRv�XkN f&ZRNY^\PRN[dhPRN[Z�NQiu`w^T`�MOUni�UTc [ f&f]`�M]d&fON�^TfOM]egih[3NQiu`=Z�^mZ�^TfOM]egih[3NQiu`jx
egPo^md&a&Zrv � Un[Ydp^ P�M]Z�Uni&Z�_�M]`=a5W�MzyZNQP�NQiu`\Swfg^mZ=Z�M S[^mf�[\N[`bahUhWuZ MhZ [+^gW�N1vk��ahM]Z*i N[_ [3N[`=a UXW�^Tf]fOUT_�Z
`=ahN*WXN[`�NmS´`�MOUgirUmc?Z�f&\&`bfON�Z�MO[\M]fg^ PRM]`�MON[Z?_�ahM Sba3^ PRNqihU
`�c Ugfhi W�\ui+`=ahN U
`=a NQP
[3N[`=ahUhWuZrv
�j`�ap^mZ�W�MOPRNmSw`
^Td&d&fOM S[^m`�MOUgi&ZHc UnPDZRM [3M]f°^ P�M]`�MON[Z�kgf NQP=i�MOi&eM_�M]`=a�`=ahN*W2^T`o^m\p^TZRN�UTc~d P�U
`RNQMOirW�Ug[+^ MOi&Z L"PRU ��Ug['v

_ ` �������Y���Y���~�[�¥�
a�b�ced5fgd�ceh<i(ced�ckjmlXfnd�ceh<o�l�j(p�c�qrd�qtsXu(qts�v�j�wmcelxcBuVy#b�jmz{j}|~j(im��z�cep�b�j�u�s�fF|�|rj�h�p�b�c�uRcepxcBv�p�qrjmd�j��
s�qrz
q�|tf�l�qrp�qrcBs�p�j�s�cB�m��ced�v�cBs�h#b�jRs�cXo�lxjmo�cel�pHq~cBs�f�l�c{��d�uRcelDsHp�j^j�uV����q~d�u(qrd�i�sH��v�b�f�s�qrz
q�|�f}l�qrp�����cep�h3ceced
fgd�ceh<o�l�j(p�c�qrd�f}d�u�f�s�cB�m��ced�v�c�qrd�f�o�lxjmp�c�qrd5u�f�p�f���fms�c�j���pxced�i�qrwmcBs�qrz{o�jmlxpDf�dRp
qrd�s�qrimb^p�s�q~dRp�j�p�b�c
�J��d�v�p�qrjmd�fF|My�z{cepDf}��j�|�qtv�y�jml�s�p�l���v�px��lDfF|�o�l�jmo,cel�p�qrcBs�j}��p�b�c{d�ceh�o�l�jmp�c�qrd
�>��q~z�q�|tf�lHq~pHq~cBs�s�cBf�lDvxbRqrd�ikp�jRj�|ts
f�l�c�p�b�cel�c��Jjml�c�j���iml�cBf}p3qrz{o�jmlxpDf�d�v�c��Jjml#�Rqrj�|rjmi}q�sHpDse�3a�c�zXf� mc4qrd�p�bRqts3qrdRp�l�j�uR��v�p�qrjmd�f
��l�qrc���l�cew(qrceh�j��
p�b�c�zXfFqrdkfF|�qrimd�z{cedRp¡fF|rimj(l�qrp�b�zXse¢�h3c�uRcBs�v�lHq~�,c
p�b�ced£p�b�c�j(��¤�cBv�pHq~w(cBs3j��¥jm��l d�ceh¦fF|rimj(l�qrp�b�zk�
d
§Rd ¨�©MªF«m¬
­m©�®�¯T° ±£¯T®(²�³
­m¬
´¶µ�·
¸ jmz{j�|rjmi�qrcBs>z{cep�b�j�u�s£l�c�|r��jmd�p�b�c�s�f}z{c�o�l�qrd�vxq~oR|rcBs�h b�ced�b�f�d�u(|�qrd�i1¹�º#»¼s�cB�(��ced�v�cBskj(l£o�l�jmp�c�qrd
s�cB�(��ced�v�cBsey�fF|ro�b�f��,cep�s�qr½ec���c�qrd�i�¾���j(l¿¹�º »Àf�d�u�ÁmÂg��j(l£o�l�jmp�c�qrd�se¢�b�j�h�cew(celBy#c�Ã¿vxqrcedRp�s�qrz
q�|tf�l�qrp��
zXf�pxl�qtv�cBs7f}l�cXfFw\fFq�|tf��R|rc��Jjml�o�l�jmp�c�qrd�se¢*p�b�ce��z{cBfmsH��l�c{p�b�c{o�lxjm��f��Rq�|�q~p���j��Äs�����s�p�qrp���pHq~j(d�j��Äf�d�f�z
qrd�jmÅ
fmvxqtu��R��f�d�jmp�b�cel
jmd�ckuR��l�qrd�i��Rqrj�|rjmi�qtvefF|�cewmj�|r��p�qrjmd
¢3p�b�cel�c�qts�d�j�u(q~lxcBv�pXcB�(�Rqrw\fF|rced�v�c���j(lX¹�º#»
��a�c
v�jmd�s�qtuRcel4�Jl�jmzÆd�j�h�jmd£jmdR|r�£o�l�j(p�c�qrd�se�
Ç ¶?·m¸º¹D»j¼w¹j¼[½[»j¾b·M¸º¹F½�¿jÀP¸ºÁTÂ�Ã�ÀR»jÄ(À[Å�ÆjÇ�È�ÆÊÉÌËÊÇD½PÂÍ¸ºÀRÁu½wÎ�ÆÊÁ1¹jÂÍ¸ºÂjÏ
Âj¼
ÀPÅ~ÆÍÁTÅgÀR»jÐ�½PÂÍ¸º¾w¹F½[Á1ÑMÉDÏ1ÂjÀRÐ�½PÂÍ¸º¾o¹
È�¼w¹j¼[½[»j¾b·�ÒbÓ&ÆjÇDÈ�ÉËÊÇ�½[ÂÍ¸ºÀrÁ�½´Î�ÆÍÁ
¹jÂÍ¸ºÂjÏ1Âj¼MÀ[Å�ÉDÔr»jÀRÁ1ÀRÐ|¸º¾[½´Î*È�¼w¹j¼[½P»j¾=·�ÒbÓ?½PÁ
Ñ3Âj·1¼�Îh½PÙuÀR»=½PÂjÀR»jÚ#Õ2ÆÊ×�Ë ÜÝ ¾oÀPÎº¼MÞVÀ[ÎºÚTÂj¼w¾=·1ÁT¸ºßTÏu¼[Òbà�¸ºÂ�Ã?½P¹Fáu½[»jÂÍ¸h½´Î²ÎºÚ¹jÏ
á1áuÀR»jÂj¼wÑYÙTÚ5Âj·
¼Fâ�È Ý â�Ôr»=½[ÁTÂ�Ç?À1ã?ä[åRærç[è1ã

È



�
��������� ���
	���
�����
������������������! "��
$#%���
a�c�l�c��Jcel3p�j�a�f�p�cel�zXf}dX�,j^jm '& ÁmÂ)(,��jml3f
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qtv�o�l�jmimlDf}z{z
qrd�i�q�s�jmdR|r��uRjmd�c���j(l7i(cep�p�qrd�i
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