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Improvement of alignment algorithm

Takumi Nakamura and Keiko Sato

Tokyo University of Science, Department of Information Sciences

Abstract The sequence alignment based on dynamic programming has been done on a
principle to give the shortest difference between two sequences (or the maximum score
between two sequences). We have a lot of the alignment results having the same value
to the difference; however we have not known a criterion which result is most proper.
The alignment result is strongly influenced by the way to define the difference between
two amino acids (resp., nucleotides) and between an amino acid (resp., a nucleotide) and
a gap. Therefore it is important that we decide how to define the difference and find the
proper result for the alignment. In this paper, we define the difference between amino
acids in three ways on the basis of Ramachandran plot, then we combine these methods
with the BLOSUM matrix. That is, we make the difference matrix taking account of the

peptide structure and the frequencies of substitution of amino acids in each position.
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BAEEEEZ WA RT UL X7 54 A MIRLIEERT T4 A FMETIIH 5,
TIARAY MERPSEOEEHEINTLEIZ L BHS. LrL, OB EX DL
TIAAL MERIZ 1 D THERETHD. £ZT, ETCOEETHZRANTET 74 AV
MEROPFT, 12BN E=HERZNVERTHIZ LVHENLL LWERTIITHD & L.

#1 HEHAEYIER

EEPTiES accession numbar ENE EEED sccassion number EWNE
XP 755273 Reperellus fumigatus AF203 BAD23840 Auxis rochel
BAADTA28 Aspergillus oryzas NP 776306 Bos taurus
CAASIZES Botryotinia fuckeliana AABE4T02 Chionodraco rastrospinosus
AALIED3O Glomarslla cingulata AAK43TE] Hemitripterus americanus
cutinese AAZO5012 Monilinia fructicela myeglobin NP 876312 Homo sapiens
CAA4GEE2 Mycosphaereila rabiei NP 038621 Mus musculus
AABDS022 Nactria ipomosan AACED245 Notothenis coriiceps
CAAB1622 Phytophthora capsici AASD2621 Ochotona curzoniae
ARXS5266 Phytophthoras infestans NP 067588 Rattus norvegicus
CABAD3ITZ Fyronopeziza brassices NP 885401 Sus scrofa
AABIZ175 Arabidapsis thalana “AADZ0408 Aplim Eraveolens
P 00011 Canis familiaris AAG1D081 Arabidopsis thaliana
GAB 16954 Ghismydomanas reinhardti CADI0376 Capsicum annuum
CAA25040 Gallus gallus CADB266 Cucumis melo
cytochrome ¢ AARIDBSS Halianthus annuus profilin GAD103TT Lycopersicon esculentum
NP 061820 Hamo sapians CAA57632_ Nicotiana tabacum
CAA25880 Mus musculus CAAG46EE Phlaum pratense
CAA20050 Meurospora crassa AADZD4AN Prunus avium
AASET2BE Pichin pastaris AADZO410 Pyrus communis
BACE54258 Rosellinia necatrix AAB22843 Strongylecantrotus purpuratus
AAL55380 NF 619183 Bardetells pertussls Tohams
NP 2817956 Campylibacter jejuni YP 107688 Burkholderia pseudomallei
CAB72315 Daphnia pulex CAADS01T Clostridium butyricum
YP 050566 Erwinia carotovara CAB41597 Clostridium cellulolyticum
ferritin AADE4ATIA Ixodes scapularis rubredoxin CAADIOTE Clostridium diolis
AAZOTTIE Puccinallia tenuiflars AAKOBOTS Desulfovibrio gigas
AAVTIESTD Salmonella enterica BAATI175 D esulfovibrio vulgaris
YP 041358 Staphylococcus sureus TP 447487 Mothanosphaera stadtmanae
AAB203TE Xenopus lasvis | WP 254037 Froudamonas seruginoss
NP 405350 Yersinia pestis G082 NP §23712 Thermoanasrobacter tengoongensis
AABZEIRE Amia calva NP 21358 Campylbactar jejun
NP 776341 Bos taurus NP 418228 Escherichia coli
NP 001003044 Canis familiaris AABS3I30A Eubacterium acidaminophilum
AATOD451 Gapra hircus NP 003320 Homo sapiens
glucagon CAABBE2T Gallus gallus thioradoxin CAB40B15 Listeris monccytogenes
AAP35458 Homo sapiens CAC30771 Mycobacterium laprae
ICGEERED Mus musculus NP 326538 Mycoplasma pulmanis
AAB28387 Petromyzon marinus NP 446252 Rattus norvegicus
NP 036839 Rattus norvegicus [~ WP 825184 Rhodopireliula baltics
NP 539489 Sus scrofa YP 218808 Salmonella enterica
AAAITOM Cavia porcellus YP 035573 Bacillus lichanifarmis
CAC20109 Danio reric NP 418158 Escherichia coli
INEL Elephantidas YP 248685 Haamophilus influenzae
AAMTEE40 Gaorilla gorilla NP 085835 Lactobacillus johnsonii
insulin INHY Gricetinae ribonuclese P CADE5752 Lactobacillus plantarum
AAA5E1T2 Home sapiens NP 487453 Nostos
AAMIDSE0 Octodon degus YP 376016 Polodicyton luteelum
AMAA1DD33 Oryotolagus cunisulus NP 734811 Streptococous agalactian
| AABBOB25 Ovis aries ZP 00993220 Vibrio splendidus
NP 062002 Rattus norvegicus NP 885270 erlini:_plitil
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RTDT T4 A2 MEROP T, HRBR1IDICEN TR EZITH T LITR L TBL (R2).
Z O TR bTED B LWZERTTHIL, transformational BLOSUM 7% & Ramachandran_3
T50%, 3: TDOHETRELEDERE 0.3%BLO+0.7%Rama_31T5ITh 5.

e, HEEAUNRZEIZOWTRLHBENPD LWERITIIL, TOERTHZERLET
A A2 NOFERD 1 DICN = HEFE LR L, D72 )1 transformational BLOSUM 1751
D 12BN HEELRLTEL (R3).

K2 T4 A MERD 1 Dl T-fER

ER{1 [ =E&5 ERT
Ramachandran_1 56.11%|  Ramachandran_2 56.94% Ramachandran_3 57.17%

0.1%BLO+0.94Rama_1 59.06%| 0.1%BLO+0.9%*Rama 2 | 58.83%| 0.1#BLO+0.9%Rama 3 | 58.61%
0.2+BLO+0.84%Rama_1 56.22% 0.2#BLO+0.8#Rama_2 | 55.94% 0.2#BLO+0.8%Rama3 | 57.22%
0.3*BLO+0.7+Rama_] 55.56% 0.3%*BLO+0.7*Rama 2 | 57.28% 0.3*BLO+0,7%Rama3 | 59.11%
0.4*BLO+0.6%Rama_1 56.22%] 0.4+*BLO+0.6%Rama_2 55.78%| 0.4*BLO+0.6%Rama_3 55.78%
0.5%BLO+0.5%Rama_1 55.784| 0.5%BLO+0.6*Rama 2 | 55.94% 0.5%BLO+0.6*Rama3 | 56.72%
0.64BLO+0.4*¥Rama_l 55.83% 0.6#BLO+0.4*Rama 2 | 56.56%| 0.6+BLO+0.4¥Rama3 | 56.00%
0.7*BLO+0.3*Rama_1 57.11%| 0.7+#BLO+0.3%Rama_2 55.89% 0.7+BLO+0.3%Rama_3 57.94%
0.8%BLO+0.2%Rama_1 56.67%] 0.8%BLO+0.2%Rama_2 55,50%| 0.8%BLO+0.2%Rama_3 56.67%
0.9*BLO+0.1*Rama_{ 57.06%| 0.94BLO+0.1*Rama_2 56.94%| 0.9%BLO+0.1%Rama_3 56.00%
transformationalBLOSUM|  38.89%]

#3 HHF NI ETHRLIEND LWERITHI & transformational BLOSUM 175D 7 7 A
AV MERD 1 oI - TR

AR08 [ER{T TE I EE ) x|
cutinase 0.1*BLO+0.9*%Rama_1 51.67%}transformationalBLOSUM 11.67%
cytochrome ¢ ||0.7%BLO+0.3%Rama_3 84.44%[transformationalBLOSUM | 49.44%

ferritin ~ |l0.3+BLO+0.7*Rama_2 70.56%)transformationalBLOSUM | 24.44%
Iglucagon |{0.1%BLO+0.9%Rama_1 42.78%transformationalBLOSUM | 37.78%
insulin |{0.1*BLO+0.9%Rama_3 57.78%transformationalBLOSUM | 29.44%
myoglobin ||0.7+BLO+0.3*Rama_1 75.56%transformationalBLOSUM | 57.78%

rofilin 1|0.94BLO+0.1%Rama_1 78.33%|transformationalBLOSUM | 61.67%
ribonuclese P ||Ramachandran_3 76.67%transformationalBLOSUM 37.22%

rubredoxin |[0.9%BLO+0.1*Rama 3 64.44%}transformationalBLOSUM | 57.78%
thioredoxin  ||0.1%BLO+0.9%Rama_2 58.89%transformationalBLOSUM | 21.67%
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AREBROFKERH S, 0.3%BLO+0.7*Rama_3 {THIDR N D LWERTHITHS &
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LD LWT TA AL W T ATY ZWIZR 5700, 0.1%BLO+0.9 % Rama_2 1751 &4
AL, ¥ v IR TA3ERE 25 LETAIY XANT, TI4 A2 MERD 1212
TRERIL 62.0%IZ b B, BHF U RIET LT 74 AV MERERTHS &, cytochrome
¢ [ZXf LT 0.9%BLO+0.1*Rama 2 {72 EMAL, Fv v 7T 2EAL% 15 & LT
AT Y XAR, 1 DITRNZRERN ILI%ICL Y, BRbEWERER-oTN5.

TID OREFIX, AW TIER L7222 2175128 BLOSUM 178X VI TWH L5 T
L&EFLTWA. transformationalBLOSUM 1151& F~F v 72 - 7o v b LIERK
L7z ZBTERHE DR EZRITIRHEID LWRERE R VLT VoI, 7 BoE
BORZ VLTI Z T EDONEEEEZBEICANTNENLTHA .
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