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SUMMARY

Computational prediction of evolutionary relationship for genes and proteins remains a fundamental problem in biology.
Multiple sequence alignment plays avery important role in the evol utionary relationship prediction. The quality measurement
isthe most crucial issue in the multiple sequence alignment. An appropriate scoring function, high residue identity and degree
of divergence lead to more accurate and reliable multiple sequence alignments. Using two scoring matrices, Blosum and PAM
series of substitution and similarity matrices, sequence analysis tools for identifying evolutionary relationships to GA200x2,
the semi-dwarf protein of rice have been selected. The quality of alignment produced by various scoring matrices featuresthe
parameters that are important for the selection of right matrix for any alignment tool. We also show that the quality of any
alignment and the homol ogous sequences produced by BLAST has more predictive power in identifying evolutionary conserved
residues for the semi-dwarf protein. This was made evident by the conserved residue pattern observed for homologous
sequences scanned by BLAST (Blosum80) resulted in 18 conserved residues by multiple sequence analysis in comparison

with FASTA and WU-Blast2 that showed 11 and 12 conserved residues, respectively using the scoring matrix PAM 120.
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he semidwarfing gene in rice (sd-1) is one of the

most important genes deployed in modern rice
breeding. Its recessive character results in a shortened
culm with improved lodging resistance and a greater
harvest index, allowing for the increased use of nitrogen
fertilizers. The sd-1 genewasfirst identified in the Chinese
variety Dee-geo-woo-gen (DGWG), and was crossed in
the early 1960swith Peta(tall) to devel op the semidwarf
cultivar IR8, which produced recordyiel dsthroughout Asia
and formed the basis for the development of new high-
yielding, semidwarf plant types (IRRI, 1967). Plant
architecture refers to the collection of all important
agronomic characters which determines the grain
production. Inrice it ismainly affected by plant height,
tillering and panicle morphology (Wang et al., 2005). In
rice, short stature plants were developed by altering the
plant architecture. Short staturein rice was devel oped by
a recessive semidwarfgene sd-1, responsible for high
yielding varieties (Nagano et al., 2005). The sd-1 gene
codesfor the oxidase enzymeinvolvedinthebiosynthesis
of gibberellins, Gibberellin-20 oxidase-2(GA200x2).
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GA200x2 is tightly linked to the sd-1 locus of rice
chromosome 1. Semidwarfing geneinhibitsthe elongation
of lower internodeswhich makesriceresistant oto lodging
(Ogi et al.,1993). The short stature of IR8 is due to a
mutation in the plant’s sd1 gene, encoding an oxidase
enzymeinvolved inthebiosynthesisof gibberellin, aplant
growth hormone (Sasaki et al., 2002). Ga200x2 catalyses
the conversion of GA, to GA,. DGWG sd-1 mutants
have 383 bp del etion in genomic sequence which encode
a non-functional protein in an indica semidwarf IR8
(Monna et al., 2002). However, a substitution of Leu-
266 that ishighly conserved residue resulted in the loss of
function in japonica semidwarf. Rice represents
enormous gene pool for improvement of rice cultivarsas
well as other crops which show significant similarity to
rice genome. By making the use of sequence similarity/
homol ogy genetic relationships among cereal crops can
be established (Ishii et al., 1996). Comparative genomic
analysisrevealed that the sdw1/denso gene that controls
plant height, yield and quality has located in the syntenic
region of the rice semidwarf gene sd1 on chromosome 1
(Jiaet al., 2009).

Protein sequences contain valuable information to
predict structure and function of gene product. The
comparison of two setsis afundamental task that infers
about how two sequences may be related functionally
and genetically. The simultaneousalignment of amino acid
sequencesis now amajor tool in molecular biology. The
advent of large genome projects led to an explosion of
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sequence data in public databases. Modern genome
annotation and analysis tools rely heavily on accurate
multiple alignments. The role of multiple sequence
alignments in such systems has changed simply
transferring annotation from one sequence to another to
agenome wide perspective (Timo et al., 2002).

Multiplealignmentsare used to find diagnogtic pattern
to characterize protein families to detect homology
between new sequences and existing families of
sequences to help and predict the function of new
sequences and an essential preclude to molecular
evolutionary analysis (Altschul, 1993). Therefore, al
methods capabl e of handling larger problemsin practical
timescales make use of heuristics. Currently, the most
widely used approach isto exploit thefact that homol ogous
sequences are evolutionary related. One can build up a
multiple alignment progressively by a series of pairwise
alignmentsfoll owing the branching order in aphylogenetic
tree (Feng et al., 1987). Pairwise alignment of very
closely related sequences can be obtained accurately by
using awiderange of parameter valueslike gap penalities
and weight matrix and the sequences of different degree
of divergenece (Barton et al.,1987).

Numerous sequence alignment tools has been
developed such as FASTA (Pearson et al., 1988), WU-
Blast2 (Altschul et al., 1990) and BLAST (Altschul et
al., 1997) to identify the sequentia pattern of similar and
identical residues over a family of proteins to identify
homologues or distant evolutionary relationships.
Considering this fact we represent the selection of
sequence analysis tools for GA200x2 protein sequence
taken from SWISS-PROT (http://expasy.org) sequence
database (ID POC5H5.1) to find homologous and
ancestral sequencesthat have similar or related functions/
seguences.

MATERIALS AND METHODS

Application of sequence analysis tools to evaluate
the scoring matrices that were employed in BLAST
(Blastp), FASTA (fasta3), WU-Blast2 (WU-Blast2
protein) and clustal (Higginset al., 1994) are highlighted.
FASTA is a two-step algorithm (Pearson et al., 1988).
Thefirst step isaword search with a specific word size
which finds regions in a two-dimensional table that are
likely to correspond to highly similar segments of two
sequences. The second step is a Smith-Waterman
alignment (Smith et al., 1981) centered on the diagonals
that correspond to thealignment of highly similar sequence
segments. FASTA is a heuristic approach to Smith-
Waterman algorithm. The heuristicsused by FASTA allow
it to run much faster than the Smith-Waterman algorithm
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(Pearson, 1991). WU-Blast2 stands for Washington
University Basic Local Alignment Search Tool Version
2.0 (http://www.ebi.ac.uk/blast2). The emphasis of this
tool isto find regions of sequence similarity or homol ogy
at afaster speed, with minimum loss of sensitivity. This
will yield functional and evolutionary cluesabout structure
and function of query sequence. WU-Blast2 isa gapped
version of BLASt alowing for gapped alignments and
statistics. The BLAST (Altschul et al., 1997) uses a
word-based heuristic similar to FASTAthrough Maximal
Segment Pairs algorithm. Blast do not allow gaps and
have a valuable property that their statistics is more
significant (Karlinet al., 1990). POC5H5.1, aGibberellin-
20 oxidase-2 sequence from Oryza sativa indica from
SWISS-PROT database was sel ected. Programs FASTA
and WU-Blast2 from European Bioinformatics Institute
(http://mww.ebi .ac.uk), BLAST from Nationa Centrefor
Biotechnology Information (http://www.ncbi.nim.nih.gov)
and Clustal from EBI were used as sequence analysis
tools.

The scoring matrices for all the three sequence
analysistoolswere compared and the common matrices
among them were identified and sel ected. Five matrices
that are common among the three tool s like Blosum 50,
62, 80 and PAM 120, 250 matriceswere selected to study
FASTA and WU-Blast2 whereas Blosum 45, 62, 80 and
PAM 30, 70 were selected for NCBI BLAST. POC5H5.1
(389 amino acid length) sequence was scanned against
Uni-Prot Knowledge-Base database for similar and
identical residues. The methodology isdivided intothree
parts. First, the raw sequence scanned against FASTA
with 5 scoring matrices and the per cent identity residues
were tabulated. The same procedure was followed for
WU-Blast2 and BLAST programs. Second, the
parameters like %identity, scores (E-score, bit score, %
positives) and amino acid overlaps were compared with
respect to the highest and lowest hits in FASTA, WU-
Blast2 and BLAST. Third, of all the 5 scoring matrices,
the best parameters is evaluated from each tool and
highest score from highest hits and lowest hits are
identified and subjected to multiple sequence alignment
through ClustalX,. For al scoring matrices and tools
default options are retained.

RESULTS AND DISCUSSION

A search against a protein database yielded severa
alignmentsusing five scoring matricesand the scoresalong
with amino acid overlaps accompanying these alignments
are used to distinguish sequences related to degree of
divergence. Five similarity matrices are used to identify
the degree of evolutionary divergence. The output of each
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scoring matrix for FASTA, WU-Blast2 and BLAST were
giveninTable 1, 2 and 3, respectively.

Maximum per cent identity using five scoring
matrices for FASTA was 100% with
GAOX2_ORY SJ)(Gibberellin-20 oxidase2 protein from
(Oryza sativa japonica) for all matrices and a minimum
of 22.8 identity observed with ASCL1 RAT (Achaete-
scute homolog 1 from rat)for Blosum50. Comparatively
40.5% ishaving highest identity from lowest hitsobserved
for IRAK1 BOVIN (Interleukin-1 receptor associated
protein) when Blosum80 and PAM 120 is employed as a
scoring matrix. On an average, about 104 protein
sequences have shown identity varying from amaximum
of 100% to a minimum of 22.8% with five scoring
matrices. A maximum of 389 residue overlap and a
minimum of 42 residue overlap observed for five scoring
matrices using FASTA and the % similarity and the E-
valueranges for highest and lowest hits for FASTA are
presented in Table 1.

Per cent identity for WU-Blast2 showed
GAOX2_ORYSJ for mgjor % identity with POC5H5.1
with all scoring matrices. SEPS METM7 (O-
phosphaoseryl-tRNA(Cys) synthetase) showed the lowest
% identity for PAM250 matrix with 118% identity.
Interestingly the number of similar proteins varied with
different matrices. A highest of 249-250 similar aligned
protein sequences was resulted when Blosum 50 80 and
PAM 250 were observed in contrast with 103 and 99
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similar sequences with Blosum62 and PAM 120,
respectively. The %positives, scores and E-val ue ranges
for highest and lowest hits for WU-Blast2 using five
scoring matrices have been shown in Table 2.

NCBI blastp results obtained with different scoring
matricesare givenin Table 3. A maximum of 100% identity
observed for all matriceswhere PAM 30 and 70 replaced
against PAM 120 and 250 in above two cases. PAM 30
showed a100% identity for GAOX2_ORY SJwith|owest
47% limit for VP13B_MOUSE (Vacuolar protein sorting-
associated protein 13B). An average of about 95 hits
observed when NCBI Blast is used for sd-1 sequences
analysis. A maximum of 389 residue overlap and a
minimum of 18 residue overlap observed for five scoring
matrices. E-value and bit score ranges for highest and
lowest hits are presented in Table 3.

Theresult from PAM 120 matrix with both FASTA
and WU-Blast2 are comparabl e asthe maximum per cent
identity for both the tools resulted in 100% and 91%,
respectively with GAOX2_ORY SJasamaximum hit and
the minimum hit resulted inthe 40.5% identity in FASTA
and 30% identity in WU-Blast2. Whereasusing BLAST,
18 residues is the lowest residue overlap resulted from
Blosum 80 matrix.Therefore based on the statistics given
inTablel, 2and 3, PAM 120 matrix for both FASTA and
WU-Blast2 and Blosum 80 matrix from BLAST results
were selected to study multiple sequence alignments by
ClustaX2.

Table 1 : Comparison of scoring matrices scanned against FASTA showing per cent identity with corresponding parametersi.e. %

identity, % similarity, overlap residues, E-value and homolog protein id in observed highest and lowest hits

FASTA (Highest hits)

FASTA (Lowest hits)

Sr. . No. of

No. Marix hits ide:f;ity simiol/;rity overlap vaI;Je Swiss-Prot id idezzity simrl/;rity overlap vaI;Je Swiss-Prot id

1. Blosum50 112 100.0 100.0 389 3.5e-161 GAOX2 ORYS] 228 54.0 189 7.6 ASCL1 RAT

2. Blosum62 106 100.0 100.0 389 4.8e-201 GAOX2 ORYSJ 36.8 61.4 57 9.5 TATB_PSEF5
3. Blosumg80 109 100.0 100.0 389 0 GAOX2_ORYSJ 405 54.8 42 9.6 IRAK1 BOVIN
4. PAM120 91 100.0 100.0 389 0 GAOX2 ORYSJ 405 66.7 42 8 IRAK1 BOVIN
5 PAM250 106 100.0 100.0 389 1.4e-117 GAOX2 ORYS]) 241 63.0 108 10 COBS CLOAB

Table 2 : Comparison of scoring matrices scanned against WU-Blast2 showing percent identity with corresponding parametersi.e.

%identity, % positives, Score, E-value and homolog protein id in observed Highest and L owest hits

No WUBLAST-2 (Highest hits) WUBLAST-2 (Lowest hits)
No. Matrix c.)f % % Score E-value Swiss-Protid . % % Score E-value Swiss-Protid
hits identity positives identity positives
1. Blosum50 249 88 88 2247 3.0e-221 GAOX2_ORYSJ 20 37 116 0.026 FAT2_SCHPO
2. Blosum62 103 91 91 1743 2.0e-179 GAOX2_ORYSJ 29 50 56 89 RPON_METKA
3. Blosum80 250 88 88 2843 5.4e-272 GAOX2_ORYSJ 27 42 138 0.0026 KIF1A_AEDAE
4.  PAM120 99 91 91 1745 5.9e-210 GAOX2_ORYSJ 30 63 70 6.2 COBS CLOAB
5. PAM250 250 88 88 1701 6.6e-161 GAOX2 ORYSJ 18 48 131 0.0012 SEPS METM7Y
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Table 3 : Comparison of scoring matrices scanned against BLAST (Blastp)

showing percent identity with corresponding
parametersi.e. %identity, Bit Score, overlap residues, E-value and homolog protein id in observed Highest and L owest
hitsin each matrix

S Metri No. of y — BLAST (Highest hits) — — BLAST (Lowest hits)

No. hits i den(;i ty score overlap E-value  Swiss-Protid i den(;i ty Score overlap E-value Swiss-Protid
1 Blosum45 102 1000 829 389 00 GAOX2 ORYSI] 22 318 19 6.4 TRA2_ECOLX
2. Blosum62 101 1000 793 389 00 GAOX2 ORYSJ] 52 335 18 22 DEOC_RHORT
3. Blosum80 102 1000 828 389 00 GAOX2 ORYSI] 54 34.0 18 25 DEOC_RHORT
4. PAM30 80 1000 819 389 00 GAOX2 ORYSI 47 325 18 9.4 VP13B_MOUSE
5. PAM70 94 1000 799 389 0.0 GAOX2 ORYS] 51 32.0 18 9.6 DEOC_RHORT

Clustal X2 default matrix is Gonnet250scoring matrix
that uses an iterative classical distance measures to
estimate an alignment of proteins (Gonnet et al., 1992).
Out of 91 hits obtained from FASTA with PAM 120, 99
hitsobtained from WU-Blast2 with Pam 120 scoring matrix
and 102 hitsfrom BLAST with Blosum 80 scoring matrix,
we screened the hits by selecting those sequences with
% identity greater than or equal to 30. Theninthe second
round of screening only the crop specieswere kept. After
the screening process only 44, 41 and 21 sequences
remained in the hits for FASTA (PAM120), WU-Blast2
(PAM120) and BLAST (Blosum80) programs.

A multiple sequence alignment was done with
Clustal X2 for the 21 hitsresulted from BLAST program
(Blosum80). All sequences were downloaded from
SWISS PROT in fastaformat and subjected to multiple
sequence alignment al ong with the query sequence. The
program was run with the default parameterslikeavalue
of 10 for gap open penalty and a value of 0.2 as gap
extension penalty. Gaps are represented by “-” symbol.
Consensus symbol were given underneath the alignments.
Any alignment denoting the symbol “*” means that the
residue in that column isidentical in all sequences and
the symbol “:”” means that the conserved substitutions have
been observed while *“.” means that the semi-conserved
substitutions have been observed (http://www.ebi.ac.uk/
clustalw). From the output result given in Fig. 1, there
are a total of 18 residues with “*” which represented
identical residues from all the aligned sequences and a
total of 22 residues with “:” which represented conserved

substitutions and 12 residues with “.” which represented
semi-conserved substitutions. Thisfeatureistaken asthe
criteriato evaluate the different methods applied toalign
GA200x2 protein using five scoring matrices against
FASTA, WU-Blast2 and BLAST tools.

Similarly multiple sequence alignment was done for
44 hits resulted from FASTA with PAM 120 matrix. The
parameters were set as stated earlier. From the output,
there are only 11 residues that represented identical
feature of aligned sequences, which show a poor
evolutionary relationship. About 12 residues represented
conserved substitutions and 9 residues represented semi-
conserved substitutions. The same procedure applied for
aligning the sequences of 41 hits from WU-Blast2 with
Pam 120 matrix. Theresult showed 12 conserved residues
for aligned sequences and 16 conserved substitution
residueswith 6 semi-conserved substitution residues. The
relevant data was presented in Table 4.

Therefore, from the above given data, it is evident
that applying different scoring matrices for 3 sequence
alignment tool sresulted in evalustion of one scoring matrix
that showed a better multiple sequence alignment with
Clustal X 2.

Conclusion:

In order to use any sequence alignment tool with
different scoring matrices, one must have to quantify
scoring matricesthat may likely to conserve the physical
and chemical properties necessary to maintain the
structure and function of the protein. Multiple sequence

Comparison of alignment toolsagainst scoring matrix using CluatlX2 multiple sequence analysis usin
GONNET250matrix. (No. of hits represent the no. of j
represents conserved substitutions residues and

represents aligned identical residues: ‘:’
conserved substitutions)

“’represents semi

ClustalX2
Sr. No. Alignment tool Scoring matrix No. of hits x : .
1 FASTA PAM 120 44 11 12 9
2. WU-Blast2 PAM 120 41 12 16
3. BLAST Blosum 80 21 18 22 12
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sp|P10967.1|ACCH3_ SO PR-VEESYDEMSELKA! KAGVEELVDSEITEVPQIFVLPPEDRAKE - - - CEFHFVFPVIDLOGIDE 68
4|sp|Q84MB3.1 |ACCHL M SLPQVARLDRSTLLER -FTGVFGELIDAGITEIPSIFRAPPATLTSPEKPPSSSDFSIPTIDLEGEET 72
6|8p|Q39110.2 |GROX1_ -MAVSFVTTSPEE- - EDKPELE -PLIFNPSMLHLQAN - - IPNQFIHW P - SINVLELDVPL - IDLGNLLS - 71
7|sp|@39111.1 |GAOXZ_ -MAILCETTSPAEE-EHEPKCEOLE SPLIFNPSLLNLOSQ- - IPNQFIW KP-SIDIPELHVPF-IDLS----- 69
8|sp @39112.1|GA0X3  -MAFECIATVPQI s8 - ---IFDAFLLNQHSHH-IPQQFVH KP - SEDVQPLQVPL -IDLAGFLSE 69
1(sp|004705.1|GAOLD_ ------- MVUQP- - cmm e o cemmmeooaoo VFDAAVLSERAD- - IPSQFIW SPTPDAAEELHVPL-IDIGEMLSE 50
6|sp|004707.1|GROLA_ ------- MVURP---cccmmmcmmcceaoan VFDAAVLSGRSD- - IPSQFIH SPTPODAAREELHVPL-INIGGMLSE 50
5 spionﬂos.l GAOLB_ ------- MVQP- - - cm e cememeaoao VFDRAVLSERAD- - IPSQFIW SPTPDAREELHVPL-IDIGEMLSE 50
1|8p|P93771.2 |GROX]_ ----MSMVVQQEQE-----c-cccauonn VVFDARVLSEQTE- - IPSQFIWPAEESEESVAVEELEVAL-IDVE- - -AG 54
87 |Bp|D'DE35HS 1|GROX2 MVAEEPIPPQPHQPCPMDSTAR - -IAAPARAAVCDLRMEPEIPECFVHPNEDAR - PASARELDMPY -VDVEVLRDE 74
5|sp|@39103.2|G30X1_ -MPAM FREHP-------e-cmoen- LPESHIPDFTSLRELPDSYEH - - TPEDDLLF - SAAPSPP-ATEENIPLL 60
5(8p|Q9ZT84.2 (G30X2  -MSETLSDVFRSHP------c--cooaoo MPPDFESL- - -PD - ~TPFDDLLF-SAS--- - - RASDETLPLI 53
0|sp|Q9C971.1|G30X4_ -MPHLAEEICIBN-------cemeccmccm e e LESLQTLPESFIWFKLTAADSLLRPSSAVSFD -AVEESIDVI 52
6(5p|@31411.1(G3021  -MPIPSHLSEDPR-------c--ccoecomoaononan FOFRAARRVPETHAWPELHDHPVVDESEAE- - - -@EFPDRVEVV 52
7(8p|031410.1 (53022 -MPEPAHLSEDPR-------c--ccoeoaooaacno FOFRAARRVPETHAWPGLHDHPVVDESEAR - - - -BEFDAVEVV 52
8|sp|Q3T409.1 (23023 -MPEPAHLSKDPH- - - ----c--c-mmoom e -EFOFRARRRVPETHAWPELHDHPVVDESAAE - - - -BEPDAVEVV 52
7|ep|Q95818.1 |FL3H B -MAPBI----------cc-ccmmcomaoaaaooao ELAGESKLNSEFVE RPEVAYNVFSDEIP-VISLAGIDD 48
Bp|P28038.1|FL3H HOR -MAPVSMETFL--------cc--comaoaoanaonoas EAWGEATLRPSFVR RPEVAHDRFSDAVP - LISLEGIDE 53
|sp|Q%6330.1|FLS1 AR -MEVERVQDISSSS---------ccomccoccaoannonx LLTERIPLEFIR QPAITTFREPTPAIFVVDLSDFDE 53
66| 8P |A2Z1IWY .1 |ACCOL ----comcmm oo ccemaoaaooo MAPTSTFPVINMELLAGERRP- - - - - - - - o cc o eem oo 21
9|sp|QY9CET4.1|G20XT_ -MABQPPFETN-----------om oo FCSIFE8SFENSTSESNTHNTSTIIQTSEIKLPVIDLSHLESE 51
. - LI L ® .
sp|P10967.1|ACCH3_S0O PIKHIIIVDK\F @IPTSVLDRTLOGTRQFFEQDH 146
4|sp|QE4MB3.1|ACCHL ESITRRSLVEKI KWEFFQ (el LEmIDﬂIREPIEQDQ 148
6|sp Q39110.2 |GROX1_ pssumsnu ACEFH GIs HE¥TSRFFOMPLS] 146
7|sp Q39111.1|GAOX2_ SQDSTLUEAPRVIAEACTFH msnsnx HRLMESFFOMPLA 144
8|sp|Q39112.1|GAOX3I_ 5cm an.vsxu'r H GVDESLLSRAYLEMDSFFEAPAC 144
1|sp 004705.1|EA01D_ TRLV R GID HRCVDNFFTMELP 125
6|sp 004707.1|GRO1A_ TRLV i\ @ID HRCVDNFFTMELP 125
5|sp|004706.1|GAOLE_ BPRATAEVTRLVGEA GID HRCVDAFFTMELP 125
3|sp P23771.2 |GAOX1_ --AERSSVVRQVEEACERH GIEAALLEEAHRCMDAFFTLE 127
87 | sp | POCSHS . 1| GAOXZ GLRRAAAQVARACATH EVDAALARAALDGASDFFRLE 5 149
5|8p|Q39103.2|c30X1_ @LDHPD-ATNQIGHACRTWEA GVPLELLOBIEFLTESLFELPVQR [ r 134
5|sp|Q9zT84.2 |@l0X2  BLSDIH-VATLVEHACTTWEAFQITRHEVPSRLLOBIEFLI@SLFRLEPVORELE 4 127
0|sp|Q9c971.1|c30oK4  BLSNPD-VITLIGHASKTHWEAFQL IESLSKTLFDMPSERK 126
6|sp|Q3Td411.1|G3021 PC-BRAERVAL AGVEAATIGEMFALFASER 126
7|sp|Q31410.1|@3022_ DPC-AAEAVAL ARVEAATAGMFALPACHS 126
B|sp|Q31409.1(63023_ [@MRDPF-RAEAVEL VRVERATAGMFALPASEF e 126
7|sp|Q9s818.1|FL3H A VDEKREEICRQIVEACENWGLIFQ TRLARDFFALPPE ?Dmsaum--uan 5 123
Bp|P28033 1|FL3H HOR A--RRAQIRDRVAAACEDWEIF TRLAREFFALFA DMS@EKE - - @EFT 126
|sp|Q96330.1|FLS1_AR ES5----- VRRAVVEASEEWGLF LIRRLODVEREFFELFPSS YT 125
66 | 5p|A2Z1WY.1|ACCOL ------ ARMEQLDEACENWGFF DEVEKMIFDHYFRVE ge
9|sp|Q9C6T4.1|G20X7_ EEVERERCVEQMVAAAREWGFFQ FEMMLLEEEFELFDQEFS 127
sp|P10967.1|ACCH3_SO FPTECGEELIDFSKOVEELGF LLSEGLELD 205
4|sp|Q84MB3.1 |ACCHL f SEEVMFLEKLLFELLSEALGLN 207
6|=p|@39110.2 | GROXL _ CEAMSSLSLET LavK 216
7|sp|Q39111.1 |GROXZ CEAMSSLSLE LEVH 214
8(8p|Q39112.1|GROXI_ EAMNTLSLEL LEVE 215
1|sp|004705.1|GRAOLD_ SRLESLE Lave 193
6|5p | 004707.1 |GAOLA SRLSLEL Lava 193
5 spioo-ﬁos.l GROLB_ SRLELE Lave 193
1|sp|P93771.2 |cA0K]_ R SRLSL ESLEIVED- - --RR 203
87 |Ep|P005ES 1|GROXZ | KELSLT LGVE 218
5|8p|Q39103.2|c30x1_ ¥ EEEMEELASKLMWLALNSLEVSEED 201
5|sp|Q9ZT84.2 |G30K2_ {EEEMQFLAAFLMWFALESLAVEEKD 194
0|sp|Q9CY9T71.1|G30X4 EFLASRLLYCILGSLEAVT 196
6|8p|{Q3Tdil.1|cl021_ EREMRALAD LFLVALELT 198
7|8p|Q31410.1(G3022_ E RALAD LFLVALGLT 198
8|sp|Q31409.1(C3023_ § RALAD LFLVALGLT 198
7|sp|Q9s818.1|FL3HE A (¥SERLMSLAC SEAMGLE 186
Sp|P28038.1|FL3H_HOR R, 1 [R¥ SERLMGLSCNLMGVLSEAMGLE 189
|ep|Q96330.1|FLS1 AR EKAWVDHLFHRIWPPSCVN VHVKFLSETLLGILSDELELKR 189
66 |8p|A2Z1WS9.1|ACCO1l -LDWESEFFVRHLPESHIA------------ DIFLODDYRRLMERFAARLETLAERLLDLLCENLELERG - - -ELTRAF 152
9|sp|Q9CEI4.1|G20X7_ [Q¥SVSEAFEIILSEVSRIS-------------- DRNNLRTIVETEVOEIARVAOMICEILERQVHVS------- SE¥F 185
* -
5p|P10967.1|ACCHI SO EDEMDCFH-LFCSC] VLH- -QNEWVDVPFIPGELVVNIGHFLOL 281
4|8p|Q84MB3.1|ACCH]l  KD-MDCTHELLLLE LLQL 283
6|sp|@39110.2 [GAOX]1 REFFEEND-SIME ITGOTFMA = 292
7|sp|Q39111.1 |GAOX2Z REFFEEND-SIMR IGHOTFMA 290
8(sp|Q39112.1 (cAOX3 KEFFEDSD-SIFR IGHTFMA 291
1|(sp|004705.1|GA01D  RRFFEEND-SIME IGHTFMA 269
6|sp|004707.1 |GAOLA_ RRFFEGND-SIMR IGHTFMA 269
5|sp|004706.1|CAOLE_ RRFFEGND-SIMR ICGHTFMA 269
3|sp|P93771.2 |GAOX] _ RRFFQRND-SIME TFMA 279
87 |sp|POCSHS.1|GROX2 REFFADSS-SIMRC IGHTFMA 294
5|sp|@39103.2|G30X]1_ SSDLNWAQ-AALQ : s DLE-M LFEI 278
5|sp|Q9zT84.2 |c3l0X2  NSDFQETQ-AVIQ R SLOVFREDVE-H LLEI 271
0|sp|Q9c971.1|cloX4  FKSESKVER-EAIR ¥ ESG-M IGHLFETI 273
6|sp|@31411.1 (53021 HEKIAETMT-ATMH : FIF LOLFREGPDRW LEQT 276
7|sp|Q31410.1 (53022 QEKIAETMT-ATMH ¥ F LFREGPDRH LFQLI 276
8|sp|Q31409.1 (23023 QKIAETMT-ATMH ; : E LQLFREGPDRWV] g LFQT 276
7|sp Q98818.1|FL3E A TNACVDMD-QKE ¥ NEKTHIT F HEHF 264
Sp|P28038.1|FL3IH_HOR AKACVDMD-(QF GEERWIT HEHF 267
|sp|Q96330.1|FLS1 AR EGLGEEMAEYMME mirnuizps.wnﬂx QILR 266
66|sp|322.1w9 1|ACCOl REPAGAPT-FETEV EWVDVPFMRES QLEV 229
Al amlafnAcTa 2 LAansweT TurT T e oEr e ArAsETRETT T AT TR - T nEa
Fig. 1 contd...
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Contd... Fig. 1
::* = * -
2|P10967.1|ACCHI 50 LENDRYLE Igﬂnvasiuhzmcrraﬂhpgqssx @PITELLSEDNP - - PE¥ RATT TSYLENRELDETSALS 358
Sp|Q84MB3 .1 |RCCHL 1 LANVAGPRISVACFFSSYLMANPRVEGPINEILSEEND - -PRYRDTTITEYARFYRSKGFDETSELL 361
sp|Q39110.2 |GAOX1 RYKS VUNSESERKSLAFFLC- - - PEEBRVVTEP DESITS--R pnF&wsurLerqxﬂgnanumTLq 367
Sp|Q39111.1 |GRAOXZ J o VVNRESARESMAFFLC- - -BK EPPSDILEEMET - -RE¥PDFIWSMFLEFTQFHYRADVNTLD 365
Sp|Q39112.1 |GAOX3 _iga:vvﬂszn RETFAFFLC- - -PK KPPEBLVNEVESEERKY PDFIWSMFLEFTQRHYRADMNTLD 368
sp|004705.1 |GAOLD_ VVHSREVPRESLAFFLC- - -PE APPETLVDARNP - -RAYPDFIWRSLLDFTQFHYRADMETLE 344
sp|o04707.1|GRO1A_ .:g;:vvﬁsnv ESLAFFLC- - -PE APPETLVDASNP - -RAYPDFIWRSLLDFTQRHERADMKTLE = 344
sp|004706.1 |GRO1E_ VVNSKVPRESLAFFLC- - -BE APPGETLVDAANP - - RAYPDFIWRSLLDFTQEKHYRADMKTLE 344
Sp|P93771.2 [GROX1 VVNMSTAPRRELAFFLC- - -PE RPPEBLVDDHEP - - RVY PDFIWRALLDFTQRHYRADMRLFQ 354
| p | POCSHS . 1| GROXZ RAVVNQRRERRSLAFFLC- - -PREDRVVRPPE- - -SAATE - - QY PFDFTWABLMRFTQREYRADIRTLD 366
8p|Q39103.2|@30X1_ RVNQTRARLSVAFLWG- - - PQSBIKISPVPKLVSPVES - - PLYQSVIWEEYLRTKATEFNEALSMIR 353
Sp|Q9ZTB84.2 |G30XK2 L:;axrpnv RVNHVRSRF LW - - - PPSHIMISPLPKLVDPLQS - - PLYPSLIWKQYLATRATHFNQSLEIIR 346
Sp|Q9c971.1|eloxd_ LEM IP RAKVNHTRSRISIAYLWGE- - PAGDVQIAPISKLIGPAED - - SLYRSITWKEYLQIKYEVFDEAMDAIR 349
sp|Q31411.1(cl021_ L VVNRDSDRISLGEFLG- - - PPAHVEVAPL @-TP--AAYRAVIWPEYMGVREEKAFTTEASALE 350
sp|Q31410.1|g3022_ nrtﬁlp YHI vvﬁnnsnﬁrﬁn IFLG - - - PPAHVEVAPLREALAG - TP - - AAY RAVIW GVREKAFTTGASALE 350
Sp|Q31409.1|c3023 VYHE ¥FLG- - -PPAHVEVAPL @-TP- -AAYRAVIWFEYMGVREKAFTTEASALE 350
sp|Q95818.1 |FL3H A [VYPLEVREGEKAI - - -LEEPITFAEMYFREMGRDLELARLEE 338
2| P28038.1|FL3H HOR RVWPLAVREGEEPI- - - LEERITF IRREMERDLDLRKREE 341
5p|Q96330.1|FLS1_AR FVFLE- - - PPREKIVEPLEELTCDDNF - - PKFKPFAFKDYS YRELNKLPLD - - - - - 336
5| sp |A2Z1W9.1|ACCOl Innrgn---pc VISPAPALVKEEEA-VVAYPEFVFEDYMFLYVREEFERKEEFRF 305
|sp|QOCEI4.1|G20XT SIAFFVC----------- PYLETEIDCFGYPFEYRRFEFREYEEQSEHDVEETGDEVE 330
o|PLO967.1|ACCHI SO RERI------ccooccoocccmcccoaooos 363
Sp|Q84MB3 .1 |RCCHL  [WLEI----c--eccmcmmmmcmcmmoomeeo o 165
8p|Q39110.2 [GAOX]l AFSDWETE- - -PI-----m-comocmmoomeemee 77
Sp|039111.1 |GA0X2  SFSHWVITHNNPI------cc-cccooaooocanooo 78
85p|Q39112.1(GA0X3 EFSIWLKNRRSF--cc-ccccomooaooanaooo 80
Sp|004705.1 (GAOLD  WFSSWIVQQQQP----QPARE---------cooo-- 161
sp|004707.1(GAOLA  VWFSSWIVQQOQQEQLALQPAMT- - - 165
sp 004706.1 |SA01E  VFSSWIVQOQQGQLLPPLASH--- 165
p|P93771.2 |GAOX1 AFSOWLNHERHL----QPTIES-- 372
|sp|PDCSHS 1|GAOXZ AFTRWLAPPAADAARTAQVEANE- ------------ 189
5p|Q39103.2|G30X1 HEREE-------o o oo oo 158
Sp|Q9ZTB84.2 [G30KZ  H---occmmmmmmicmcmccememeeeo s 347
8p|Q9C971.1 |E30K4 WWNPTH-----c-ccmommmcmcmocomemeooe 155
Sp|Q31411.1(c3021_ MVAISEDNDAANDTDDEISS- ----c--cocanoo- 70
8p Q31410.1 (3022 MVAISTDNDAANHTDDLISS------------oo-- 370
8p|Q31409.1(c3023  MVAISED-DAANDTDDLIES- ----c--c-c-no-- 169
8p|Q95818.1 |FL3H A LAKEERDHKEVD--------n-=u--au GIFA 158
2|P2B038.1|FLIE_HOR QARDQLMQQQLOLQOQOAVARAPMPEAT ILA 377
Bp|Q96330.1|FLSL AR ---c---c--mcmmcmmmcmccmecmeeoao 336
5| 8p|A2Z1WS.1|ACCOl EAFESMETETSNRIAIA-- - ----—--oooooo_— 122
|Bp|QYCET4.1|G20XT_ LERFLI-------------ommmmmmmmmon 136

Fig. 1:

ClustalX2 output format for BLAST hits representing conserved residues(*), conserved substitutions(:) and semi-

conserved substitutions(.)

alignment employing combined PAM 120 scoring matrices
of FASTA and WU-Blast2 yielded gapped, linear and
organized alignments with homol ogous sequences. The
study represented selection of parameters and overlap
residues for different scoring matrices that resulted in
better explanation and understanding of evolutionary
rel ationshipswith semidwarf protein of rice. Thequality
of alignments produced by BLAST reveals clear
evolutionary rel ationship when compared with FASTA and
WU-Blast2. The conserved residue pattern observed for

homol ogous sequences scanned by BLAST (Blosum80)
resulted in 21 conserved residues by ClustalX multiple
sequence analysis in comparison with WU-Blast2
(PAM120) and FASTA (PAM120) that showed 12 and
11 conserved residues, respectively. The results suggests
that selection of correct matrix for proper sequence
analysis plays a magjor role in identifying an organized
alignment pattern for predicting functional and
evolutionary biology.
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