SmartBLAST: A Tool For Rapid Protein Identification
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Introduction

SmartBLAST is a service that quickly finds closest relatives to a protein query and evaluates the phylogentic
relationship among the query and matched sequences. It does so by finding up to three best matches from
the non-redundant protein database (nr) along with the two best matches from the complete proteomes of
well-studied reference species (landmark dataset). If possible, the two matches from reference species will be
from different organisms. In addition, SmartBLAST presents Conserved Domain Database matches to the
query. A multiple sequence alignment based phylogenetic tree for the matched sequences is also part of the
results presentation. Note that SmartBLAST is under active development and may change with little notice.

Workflow Behind the Service

SmartBLAST uses a combination of BLAST and a multiple sequence alignment algorithm. SmartBLAST
searches the query against the nr protein database with an optimized version of BLAST targeted to find close-
ly related sequences. It also simultaneously searches the landmark dataset (http://bit.ly/2aOVhPO, see
“Search sets”) with BLASTP. Finally, it performs a multiple sequence alignment on the six sequences (the
query plus up to five matched subject sequences) using the COBALT multiple sequence alignment tool. The
multiple sequence alignment and BLASTP serve different but complementary roles: BLASTP identifies data-
base sequences similar to the query and calculates only pairwise similarities between the query and individu-
al database sequences. The COBALT’s multiple alignment compares all sequences to each other and pro-
duces an optimal alignment between all sequences, which is ideal for the presentation of a phylogenetic tree
and shows the relationship among a set of sequences. The optimization of the procedure combined with the
reduced landmark dataset make the SmartBLAST search extremely fast and ideal for initial screening of un-
known protein sequences.

Access to the SmartBLAST Search Page

The BLAST homepage provides a convenient link to SmartBLAST (A) in the “Specialized searches” section.
The actual search page

has a very simple interface | Specialized searches
(B). Paste in a query pro- SmartBLAST Primer-BLAST Global Align cD-search
tein sequence in a sup- @
ported format, SUCh as Find proteins highly similar Design primers specific to Compare two sequences Find conserved domains in
FASTA (C) in the SearCh to your query your PCR template across their entire span your sequence

’ (Needleman-Wunsch)

box and press “Submit” to
initiate a search. Note that SmartBLAST accepts only a single protein sequence as input and will reject input
that consists of multiple protein sequences or nucleotide sequence (D).

SMARTBLAST

<
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W Nucleotide FASTA provided for protein sequence

» NCBI Smart Blast/ @:

W Only one sequence is allowed

bla sip_'

Smart Blast searches a protein query against protein databases
Enter Protein Query Sequence

Enter one protein accession, gi, or FASTA sequence & Clear

>unknown protein

MALLHSARVL SGVASAFHPELAAAASARAS SWHAHVEMGPPOP ILGWT EAYERDTHSKEMNLEVGEAYRDD

NG PYLPSVREAEAQTAAKGLDKEYLPIGELAE FCRASAELALGENSEVVKSGRFVTVOTISGTGALRI
GASFLQRF FKFSROVFLPEPSWEMHTP I FROLGHILGSYRYY DPK TCGFDF TGALEDISKIPEQSVLLLH
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Show results in a new window
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SmartBLAST: For Rapid Protein Identification

The Results Page
SmartBLAST results contain three sections: Summary, Descriptions, and Alignments. The example below (A)
has the Descriptions and Alignments sections closed (B) to emphasize the graphically enriched Summary.

Summary
The Summary presents only the top five matches from different organisms. This succinct set of best hits from

a representative group of organisms allows SmartBLAST to show the relationships among the sequence, in
the form of a phylogenetic tree (C), and the alignment coverage in schematic diagram form (D). This section
also displays the sequence titles (E) and conserved domain(s) identified (F). For input in FASTA format,
SmartBLAST will map it to existing proteins in the database. A successful mapping enables SmartBLAST to
get a descriptive title from the RefSeq entry and assign taxonomic identification (G, as in this example). This
section is highly interactive and it contains embedded popups in the titles, a schematic diagram depiction of
alignments and CDD matches, as well as a link to the Legend.

Conserved Protein Domain Family
AAT like

Entrez [ |coD [ Structure [ Protein [ Help

Aspartate aminotransferase family} This family belongs to pyridoxal phosphate (PLP)-dependent aspartate amino-
transferase superfamily (fold I). idoxal phosphate combines with an alpha-amino acid to form a compound called

a Schiff base or aldimine intermedfate, which depending on the reaction, is the substrate in four kinds of reactions (1)
= B — racemization lredlstr|but|on of enantiomers), ( 3] decarboxylation

Click “more” to see details in the con- Bin reactions depending on the enzyme invg*
served domain record.

Use this link to submit
your feedback to NCBI.

5 Brthe catalytic residue lysine
: 1l A | -Histidinol Phosphate Aminotransferase catalvtic residue

Rolated Drotein

» HCBI/ Smart Blast/ Formatting Results - DRGCCSXUMT ] X
@ Mouseover the identified con- B o o Vm_ .
. . ease. letus know what you thin
& Summary served domain to see the descrip-

tion in the popup.

A concise summary of the three best matches in the SEQUENCE database wo best matches from well-studied
reference species, showing phylogenetic relationships based an multiple sequence all ent and conserved protein domains.
Conserved domains for th .. AAT ke

-n

—®house mouse aspartate aminotransferase ...
ﬂ snub-nosed monkey PREDICTED: aspartate am ..
fuman aspartate aminotransferase ..

—#Bolivian squirre! PREDICTED: aspartate am ..

|4

F o1 { rabbi Your query: PREDICTED: ...
American pika PREDICTED: aspartate am ...
@ See full multiple alignment Legend

Cobalt Results
Descriptions . l

v
.AI' nments Mouseover a link such as “See full multiple
[l alignment” to see a popup. Clicking the link

runs a Cobalt search to generate the full
multiple alignment. Mouseover “Legend” to see the mean-

430 aa protein ing of color codings in the schematic
accessionreflXP_002711597.1 Gl:291300228 depiction of the alignment.

Sequence |dentical proteins I

PREDICTED: aspartate aminotransferase, mitochondrial
[Oryctolagus cuniculus]

A successful mapping allows SmartBLAST to
replace the input FASTA with a RefSeq Query sequence [Jj Bestmatches [ Reference species
protein record with defined taxonomic

identification and descriptive title. Mot aligned to query Gap
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SmartBLAST: For Rapid Protein Identification

The Result Page (cont.)
Descriptions

This section lists the matches found by SmartBLAST in two separate tables. The “Best hits” table (A) contains
only the five database matches displayed in the Summary section. The checkbox color (B) corresponds to the
alignment cartoon to indicate the source of the hit (from the landmark dataset or NR). The “Additional BLAST
Hits” table (C, shown in part) lists additional hits found in NR and the reference dataset. It supplements the
“Best hits” set by expanding the taxonomic coverage and showing additional hits from the same organism that
could represent isoforms, variants, or paralogs.

. . . . . - Available columns
The tables are interactive with configurable columns and have links to specific @ Description
sections of the Alignments as well as links to actual protein records. #Max Score
# Total Score
*ICoverage
Select: All None Selected:1 4IE-value
i Alignments GenPept Sldentt
Description Max | Total| Query| E ident *| ACcession
score score cover value | Restore Defaults || Ok || Cancel |
EDICTED: aspartate aminotransferase, mitochondrial isoform X1 [Ochotona princeps], 875 875 100% 00 96%
PREOUWCTED: senartata aminntrancfaracs mitnnhandrisl [Bhinanithan e cavallanal 040 040 400e:. Q0 G95%
I::I _E|Go to alignment for PREDICTED: aspartate aminotransferase, mitochondrial isoform|X 1 [Ochotona princeps] |
I::I PREDICTED: aspartate aminotransferase, mitochondrial [Saimiri boliviensis boliviensis] 49 540 100% 0.0 95%
Check one or more checkboxes to activate the
GenPce;p:c link fc;r bEatch rePtrlev¢jaI cc)jf thle; protein Customize the column displayed in a
records from the Entrez Protein database. Mouseover a link to see its functions (yellow table by clicking the gear icon, then
popup). Here, click the title to go to its select from the popup.
= Descriptions alignment in Alignments section.

@M@

Select: All Mone Selected:0
it Alignments

i Max | Total| Cue E :
Description y ldent Accession
SCOre SCOMe cover value

[C] PREDICTED: aspartate aminotransferase. mitochondrial isoform X1 [Ochotona princeps] 875 B75 100% 00 96% XP D04583953.
[C] PREDICTED: aspartate aminotransferase, mitochondrial [Rhinopithecus roxelianal 840 240 100% 00 95% XP O

El PREDICTED: aspartate aminotransferase, mitochondrial [Saimiri boliviensis boliviensis] 848 849 100% 00 959% xXP D

D aspartate aminotransferase,mitochondrial [Mus musculus] 847 847 100% OO0 94% MNP 0344551
|:| aspartate aminotransferase. mitochondrial isoform 1 precursor [Homo sapiens] 842 842 100% 00 94% MNP 0020712

© Additional BLAST Hiits

Select: Al None Selected:D

it Alignments o
Description ;;12:9 ;rcout?; ?;f; Ewvalue ldent Accession
PREDICTED: aspartate aminotransferase, mitochendrial [Nannospalax galil) 847 B47 100% 0.0 95% XP O0BB324ES.
aspartate aminctransferase precursor [Mus musculus] 846 846 100% 0.0 0O4% AAB91426.1
PREDICTED: aspartate aminotransferase, mitochondrial [Cavia porcellus] 846 B46 100% 0.0 04% XP D0347
PREDICTED: aspartate aminotransferase, mitochondrial [Ursus maritimus] 845 B45 100% 0.0 95% XP 0087007
PREDICTED: LOW QUALITY PROTEIN: aspartate aminotransferase. mitochondrial-like [Colobus angolensis palliatus] 845 B45 100% 00 95% xP O

PREDICTED: aspartate aminotransferase, mitochendrial [Felis catus] 843 B43 100% 0.0 04% XxP 0O

aspartate aminotransferase, mitochendrial [Canis lupus familiaris] 842 842 100% 0.0 94% NP OO

PREDICTED: aspartate aminotransferase, mitochondrial [Siluropoda melancleuca] 839 B39 100% 0.0 93% XP DO

PREDICTED: aspartate sminotransferase mitochondrisl [Microcebus murinus) 838 838 100% 00 95% XP 0125

PREDICTED: aspartate aminotransferase, mitochondrial isoform X1 [Leptonyehotes weddelil 837 B37 100% 00O 93%

PREDICTED: aspartate aminotransferase, mitochondrial iseform X1 [Odobenus resmarus divergens] 836 836 100% 0.0 93%

PREDICTED: aspartate aminotransferase, mitochondrial [Ceratotherium simum simum] 835 B35 100% 0.0 5%

mitochondrial aspartate aminotransferase [Mus musculus] 842 B42 100% 0.0 94% ., 7265
unnamed protein product [Mus musculus] 838 B3E 100% 00O 93%
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The Results Page (cont.)

Alignments

SmartBLAST: For Rapid Protein Identification

This section (A) provides the detailed alignments between the query and matched database sequences. For
simplicity, we only display two, one is the top match (B) and the second is an alignment to a less closely relat-
ed sequence (C). The horizontal lines (D) separate alignments from different database sequences and arrows
(E) facilitate the navigation among different sections/subsections. The table (F) just above the alignment
sums up the statistics for that alignment. Links under Related Information (G) provide additional information

available for the

matched data- |2 Alignments (A
base sequence

from other NCBI GenPept

resources. B PREDICTED: aspartate aminotransferase, mitochendrial iscform X1 [Ochotona princeps]

Sequence 10: TefiXP 004583863.1] Length: 430 Mumber of Matches: 1

Range 1: 1 to 430 GenPept

¥ Next\

Score Expect Method Identities Positives Gaps Frai]
&75 bits(2260) 0.0() Compositional matrix adjust. 414/430(36%) 424/430(98%) 0/430(0%)

4 Descriptions

Related
Information

Gene-associated gene

Query 1 MAL LHS ARV LSGVASAF HPG LAAAAS ARASSWWMAHY EMGPPDRP ILGVTEAYKRDTNSKKM
MELLHSAR LS + SAFHPGLAL ASARAS HVEMEPPDPILGVTEAYKRDTNSKEKM
sbjct 1 MELLHSARALSALPSAFHPGLAATASARA S SWWARVENGPPOR ILGVTEAYKRDTHSKEM

Query 61 FLGVEAYRDONGEP YWLPSYRKAEAQTACKGLDKEY LPIGGLAEF CRASAE LALGENSEY
MGV GAYRDONGKP YL PSWRKACAQTAAK GLDKEY LPIGGLAEF C+ASAE LALGENSEY
sbjct 61 MLGWGAYRDOMNGIP VWL PSVRIAEAQTAAKGLDKEY LPTGGLAEF CKASAE LALGENSEY

Query 121 WKSGRFVTWQTISGTGALRIGASFLQRFFKFSADVFLPEPSWSHHTPIFRDAGHMQLQSYR
+KSGRFVTVOTISGTGALRIGASF LQRFFK FSROVF LPKPSWGNHTPIFROAGMQLY YR
sbjct 121  LKSGRFVTVQTISGTEALRIGASFLQRFFKFSADVF LPKPSWGNHTPIFRDAGMOLOGYR

Query 181 YYDPKTCOGFDFTGALEDISKIPEQSVLLLHACAHNPTGVDPRPEQWKELATVWEKRNLFA
¥ DPKTCGFDFTGA+EDISKIPEQSVLLLHACAHRPTGVDPRAPEQWEELA VWKK+NLFA
sbjct 181 vYDPKTCGFDFTGAMEDISKIPEQSVLLLHACAHNPTGVDPRPEQWEELAAVVEKKNLEA

Query 241 FFOMAYQGFASGDGDEDAMANRHF IEQEINVCLCQSYAKNMEL YGERVGAF TWICKDADE
FF DMy QGF ASGDGE DHDAWAN RHF TEQSINVC L LGS Y AKNMEL YEERVGAF TVICKDASE
Shjct 241 FRDMAYQGFASGDGDHDAWANRHF IEQGINVCLCQS Y AKMMEL YGERVGAF TWICKDREE

Query 381 AKRVESQLKILIRPMYSNPPIHGARLASTILTSPDLREQWLQEVEGMADRIIGMRTOLVE
AKRVESQLKILIRPMYSNPPHGARLAST ILTHPDLRKQWLQEVEGHADRI IGMRTOLVE
Shjct 381 AKRVESQLKILIRPMYSNPPLMGARLAST ILTTPDLRKQMWLQEVKGHADRI IGMRTQLVS

Query 381 MLKKEGSTHSWOHITDQIGMFCFTGLKPEQWERLTEEFSIYMTKDGRISVAGT SGNWEY
MLEKEGS+HSWOHI TDQIGMFCF TGLKPEQWERL TEEFS IYMT KGRI SVAGWT SGNVEY
Sbjct 351 NLKKEGSSHSWQHITDQIGMFCFTGLKPEQVERLTKEFSIVMTKDGRISVAGWTSGNVEY

Query 421 LAHATHQWTE 438
LAHATHQUTE
shict 421 LAHATHQNTE 438

&8

&8

128

128

1ze

158

4@

a8

a8

268

368

48

4ze

details
Map Viewer-aligned
genomic context

(@]
0]

GenPept

Sequence 1D: TefiNP 274682 .1

Range 1: 2 to 397 GenPept

aromatic amine acid aminctransferase [Neissera meningitidis MC58]

=\
E ) ¥ Next a Previous i Descri»gtiuns

G

Related
Information

Score Expect Method Identities

Query 33 WEHVEMGPPOPT LGVTEAYKRDOTNSKEMN LGVGAYRDDNGKPYVLPSVRKAFAQTAAKGL

92

Positives N Gaps Frame
222 bits(855) 2e-110() Compositional matrix adjust. 174/358(44%) 235/258(80%) 2/258(0%)

Gene-associated gene
detailz

Tdantical Deataing-

Query 137 ALRIGASFLORFFEFSRDV-FLPEPSWGHNHTPIFRDAGMQ-LQSYRYYDPKTCGFDFTGA 194 g to
ALR+ A& FL + #+R+V + E+W WH IF DAG ++5YRY+D DF

Sbjct 138 ﬁ.LR'-.I'AF'.DFLHT—'{QLWUUY\QNI;VNENHHKIF[Dﬁ.GFTTUKS‘l’R‘FHDQNHRELDFKNH 187

.1

P+ NH\IF AG +A\+Y Y\OP T G F + +PE SVL+LH C

+ S+ LYGERWG
sbjct 248 VSNSFSKNLSLYGERWGELSWNCPHEEED

Feedback SR —— \;5.1;\ A while space in the middle line equals zero or negative
Please submit sbict ee isgll:v-:LL:::QN:;vr-d::Rgg.in;u[:::-q:t \ score, equivalent to no conservation

your comments Query 3a3 RLTKEFSI\'I—ITKDGRIS'.".L‘JG'L'TSEN\.'E\-'LA\. A dash (') in the query or SUbjeCt sequences represents a
and feedback to sbict s mLeoreaniosemcusconsiod  gap introduced in order to align the two sequences.

blast-

Sbjct 122 R-AYWSDRTWONHRG ¥
- N\ =\Reading the alignment lines:
A letter in middle line marks an identical match.
' Aplus sign (+) in the middle line equals positive match,
equivalent to a conservative substitution.

help@ncbi.nim.nih.gov
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