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Role of DBMS in BioinformaticsRole of DBMS in Bioinformatics
►► Large Data SetsLarge Data Sets

Growing exponentially!Growing exponentially!

►► Data TypesData Types
Sequences/arrays/3Sequences/arrays/3--D/textD/text

►► Complex QueriesComplex Queries
AdAd--hoc tools todayhoc tools today
Integrated querying done Integrated querying done 
using procedural methodsusing procedural methods

►► Scalability/ParallelismScalability/Parallelism
HomeHome--grown techniques grown techniques 
often used todayoften used today

►► Need: Declarative and Need: Declarative and 
efficient queryingefficient querying Source: Source: GenBankGenBank
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Protein QueryingProtein Querying

►► Protein functionality determined by Protein functionality determined by 
Sequence composition Sequence composition 
Geometric structure Geometric structure 

►► Need to query across Need to query across allall structuresstructures
►► Current methodsCurrent methods

NonNon--declarative tools, often not very declarative tools, often not very 
efficient on large data setsefficient on large data sets
Support querying on only one structureSupport querying on only one structure
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PeriscopePeriscope
Goal: Design, implement, and evaluate a database 
management system for declarative and efficient
querying on all protein structures

Periscope
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RoadmapRoadmap

►► Background and IntroductionBackground and Introduction
►► Primary Structure Sequence MatchingPrimary Structure Sequence Matching
►► Querying on Secondary StructureQuerying on Secondary Structure
►► PiQAPiQA: Integrated Query Algebra: Integrated Query Algebra
►► Summary Summary 
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Sequence MatchingSequence Matching
►► Find similar sequencesFind similar sequences

Given a protein sequence, find Given a protein sequence, find 
homologous matches in the databasehomologous matches in the database
Similarity based on Similarity based on ““local similaritylocal similarity””
A localA local--alignment algorithmalignment algorithm
Operations: Replace, Delete, InsertOperations: Replace, Delete, Insert
Score using a substitution matrixScore using a substitution matrix

THE TRAIN DRIVER’S CABINDatabase:

DRAINQuery:
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Target: … C    A    B    I    N …

Query: … D    R    A    I    N …

Sequence MatchingSequence Matching
►► Find similar sequencesFind similar sequences

Given a protein sequence, find Given a protein sequence, find 
homologous matches in the databasehomologous matches in the database
Similarity based on Similarity based on ““local similaritylocal similarity””
A localA local--alignment algorithmalignment algorithm
Operations: Replace, Delete, InsertOperations: Replace, Delete, Insert
Score using a substitution matrixScore using a substitution matrix
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Score: …+2   -1 +3 -1  +3   +3 …
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Suffix TreesSuffix Trees
►► Compact Patricia Compact Patricia trietrie

Every suffix has a path (to leaf)Every suffix has a path (to leaf)
Every subsequence is a prefix of a pathEvery subsequence is a prefix of a path

A G T A C G C C T A G $Database
0 1 2 3 4 5 6 7 8 9 10 11Position
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►► Size: ~10xSize: ~10x

►► Can find subsequences very fastCan find subsequences very fast
E.g. GTACGE.g. GTACG
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OASISOASIS
►► Search driven by the suffix treeSearch driven by the suffix tree

Fill up the SFill up the S--W columns by traversing W columns by traversing 
down the suffix treedown the suffix tree

►► BestBest--first: expand node in the first: expand node in the 
tree with highest expected scoretree with highest expected score

Expected Score = current score Expected Score = current score 
+ best possible score for + best possible score for 
unconsumed portion of queryunconsumed portion of query

Guarantees Guarantees onlineonline behavior!behavior!

►► Exploits redundancy in the databaseExploits redundancy in the database

1

2 3

4 56 7

OASISOASIS
►► Query: TACGQuery: TACG
►► Unit Edit Distance Matrix: Unit Edit Distance Matrix: Same Symbol Substitution = 1, else Same Symbol Substitution = 1, else --11
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Experimental Setup: ComparisonExperimental Setup: Comparison
►► Data set: Data set: swissprotswissprot

110K proteins, # symbols: 40M, data size: 40MB110K proteins, # symbols: 40M, data size: 40MB

Index Size: 500MB (~12.5 bytes per symbol)Index Size: 500MB (~12.5 bytes per symbol)

►► Workload: 100 queries from Workload: 100 queries from ProClassProClass motif databasemotif database
Short queries Short queries –– lengths 6 lengths 6 -- 56, 56, avgavg lenlen = 16= 16

►► PAM30 scoring matrixPAM30 scoring matrix

►► BLAST parameters  (short query settings, 5BLAST parameters  (short query settings, 5--15 residues)15 residues)
E=20,000, word size = 2E=20,000, word size = 2

►► OASIS: OASIS: minScoreminScore = = 

►► Platform: 1.7GHz Xeon, Linux, 256MB buffer pool, 2K Platform: 1.7GHz Xeon, Linux, 256MB buffer pool, 2K 
page size, clock replacement policypage size, clock replacement policy
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Performance Comparison Sensitivity Comparison

►► OASIS 1OASIS 1--2 orders of magnitude faster 2 orders of magnitude faster 
than Sthan S--W, and usually also faster W, and usually also faster 
than BLASTthan BLAST

►► OASIS retrieved ~ 60% more OASIS retrieved ~ 60% more 
matches than BLASTmatches than BLAST

Lots more in our VLDB’03 paperLots more in our VLDB’03 paper
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RoadmapRoadmap

►► Background and IntroductionBackground and Introduction
►► Primary Structure Sequence MatchingPrimary Structure Sequence Matching
►► Querying on Secondary Structure Querying on Secondary Structure 
►► PiQAPiQA: Integrated Query Algebra: Integrated Query Algebra
►► SummarySummary
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Querying Protein Secondary StructureQuerying Protein Secondary Structure

►► Secondary Structure describes protein foldsSecondary Structure describes protein folds
Beta sheets (e); Alpha helices (h); Loops (l)Beta sheets (e); Alpha helices (h); Loops (l)
Predicted structure; helps determine protein functionPredicted structure; helps determine protein function

►► Data ModelData Model
Sequence of SegmentsSequence of Segments
‘‘h h h l l e e e eh h h l l e e e e’’ <3h>, <2 l>, <4 e><3h>, <2 l>, <4 e>

►► Query LanguageQuery Language
Sequence of regular expression termsSequence of regular expression terms
►► Example: Beta sheet of length 4Example: Beta sheet of length 4--10 followed at some point 10 followed at some point 

by an helix of length 3by an helix of length 3--66
Query: <e 4 10> <? 0 Query: <e 4 10> <? 0 InfInf> <h 3 6> > <h 3 6> 
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Schema and Query EvaluationSchema and Query Evaluation

……hhheehhhee66BB22

……lleeelleee55AA11

……secsec--seqseqlenlennamenameidid

Protein Table 4422ee2244

1133hh2233

3333ee1122

1122ll1111

startstart--posposlenlentypetypeididsegseg--idid

(Derived) Segment TableEvaluation MethodsEvaluation Methods
►► CSP: complex scanCSP: complex scan

►► SSS: scan segment tableSSS: scan segment table

►► ISS: use segment indexISS: use segment index

►► MISS (k): multiple ISSMISS (k): multiple ISS

Scan each protein tuple 
and evaluate query using 
a finite state automata

N-way merge join of k
multiple segment index 

scans + FK join
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Multiple Index Scan Method: Multiple Index Scan Method: MISS(kMISS(k))

Segment
Table

Idx Scan
(type, len)

1

(id, start)

Segment
Table

Idx Scan
(type, len)

2

(id, start)

Idx Scan (id)

Protein
Table

INLJ (id)

k most highly 
selective query 
predicates

Segment
Table

Idx Scan
(type, len)

k

(id, start)

Merge

Merge based on 
protein id and 
ordering constraints

Sort (id, start) Sort (id, start) Sort (id, start)

(id)

CSP
To satisfy other 
query predicates

Query: 
<P1>< P2> … <Pn>
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Query OptimizerQuery Optimizer

►► Chooses best method for given queryChooses best method for given query
►► Optimization:  Optimization:  

Requires estimates of query predicate Requires estimates of query predicate selectivitiesselectivities
and result cardinalityand result cardinality
Cost model: CPU and IOCost model: CPU and IO

►► Estimation: Two types of histograms Estimation: Two types of histograms 
Basic: segment predicate selectivityBasic: segment predicate selectivity
Complex: query selectivityComplex: query selectivity
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Basic HistogramBasic Histogram
►► Estimates selectivity of Estimates selectivity of 

individual query predicatesindividual query predicates
►► 22--D arrayD array

Dimensions : Length, Fold typeDimensions : Length, Fold type
Value: number of each Value: number of each 
<<type,lentype,len> segment> segment

►► ExampleExample
PredPred <e 4 4>, <e 4 4>, EstEst: 52: 52
PredPred <e 2 4>, <e 2 4>, EstEst: 35+45+52: 35+45+52

000011--

0022445050
……

35355252444444

33334545363633

25253535232322

18181010202011
LLEEHHLenLen
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Complex HistogramComplex Histogram
►► Estimates Estimates resultresult cardinalitycardinality
►► FourFour--dimensional structuredimensional structure

Protein id (Protein id (equiequi--width buckets)width buckets)
Start position (Start position (equiequi--width buckets)width buckets)
Length (1 Length (1 –– 50)50)
Type (Type (‘‘ee’’, , ‘‘hh’’, , ‘‘ll’’))

►► Example:  Position [x] [y] [Example:  Position [x] [y] [zz] [] [‘‘ee’’] ] 
holds the number of <holds the number of <ee z zz z> segments whose > segments whose 
starting position is in the range of the starting position is in the range of the yythth bucket bucket 
and whose protein id lies within the and whose protein id lies within the xxthth bucket bucket 
rangerange

Same as in the 
basic histogram
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Complex HistogramComplex Histogram
►► Query: {<P1> <P2>}Query: {<P1> <P2>}

Compute selectivity of query resultCompute selectivity of query result

P1

Start Positions

0 50 100 150 200

P2

Same 
Bucket

Distinct 
Bucket

Protein Sequence

4 Dimensions
- Protein id
- Start pos
- Length
- Type
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Experimental EvaluationExperimental Evaluation
►► Techniques implemented in PeriscopeTechniques implemented in Periscope

Configuration: Using the SHORE storage manager, Configuration: Using the SHORE storage manager, 
64MB buffer pool size, 16K page size64MB buffer pool size, 16K page size

►► Also implemented in a commercial ORDBMSAlso implemented in a commercial ORDBMS
Used type extensibility to create arrayUsed type extensibility to create array--like data types like data types 
for sequences & userfor sequences & user--defined functions for FSMdefined functions for FSM

►► Data Set: PIR Data Set: PIR 
250K protein tuples, 250MB250K protein tuples, 250MB

Segment Table: 10M tuples, 355MBSegment Table: 10M tuples, 355MB

►► Platform: 1.7GHz Xeon, Linux, 40GB SCSI disk Platform: 1.7GHz Xeon, Linux, 40GB SCSI disk 
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Complex Histogram AccuracyComplex Histogram Accuracy
►► Query: {<l 15 Query: {<l 15 1515> <? 0 X> <h 24 > <? 0 X> <h 24 2424>}>}
►► Experiment: Vary Gap PredicateExperiment: Vary Gap Predicate

Histogram Details

Data Set: PIR 
100x100x50x3

Size: 5.8MB

Build time: 22 secs

Estimation time: 20 ms
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Histogram accurate within 80% of the actual result



Query PerformanceQuery Performance

►► Choice of algorithm is criticalChoice of algorithm is critical
►► CSP sensitive to position of CSP sensitive to position of LL predpred..
►► Choice of k in MISS criticalChoice of k in MISS critical

Index ProbeIndex Probe
+ reduce # protein tuples fetched+ reduce # protein tuples fetched
-- probe cost, sorting and mergingprobe cost, sorting and merging

Influenced by query and predicate Influenced by query and predicate 
selectivityselectivity
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►► Query: 9 PredicatesQuery: 9 Predicates
PP1  1  GG1  1  PP2  2  GG2  2  PP3  3  GG3  3  PP4  4  GG4  4  PP55

P=predicate, G=Gap P=predicate, G=Gap predpred..

►► ExptExpt: Vary Selectivity of P: Vary Selectivity of P’’ss
Alternatives: S (0.3%), L (7%)Alternatives: S (0.3%), L (7%)

More details in our 
VLDB’02 paper
More details in our 
VLDB’02 paper
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RoadmapRoadmap

►► Background and IntroductionBackground and Introduction
►► Primary Structure Sequence MatchingPrimary Structure Sequence Matching
►► Querying on Secondary StructureQuerying on Secondary Structure
►► PiQAPiQA: Integrated Query Algebra: Integrated Query Algebra
►► SummarySummary
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PiQAPiQA
►► An algebra in PNF for queries on primary & secondary An algebra in PNF for queries on primary & secondary 

structuresstructures
►► Examples:Examples:

Match the primary sequence Match the primary sequence ““AAANBPPPPSDFAAANBPPPPSDF””, but ignore , but ignore 
mismatch in the segment mismatch in the segment ““NBPPPNBPPP”” if it is on a loopif it is on a loop
((P.pP.p * * ““AAAAAA””)) || ((|| ((P.pP.p * * ““NBPPPNBPPP””) U () U (P.sP.s * <L 5 5>)) || (* <L 5 5>)) || (P.pP.p * * ““PSDFPSDF””))

BLAST: Match nBLAST: Match n--grams + match extension + transitive closuregrams + match extension + transitive closure
Find all occurrences of Find all occurrences of ‘‘TGCTGACTCAGCATGCTGACTCAGCA’’ within 4000 bps within 4000 bps 
upstream of a upstream of a ‘‘CACA’’ with with ‘‘TATATATA’’ 2525--30 bps upstream of the 30 bps upstream of the ‘‘CACA’’
M * M * ‘‘TGCTGACTCAGCATGCTGACTCAGCA’’ || || 39573957 M * M * ‘‘TATATATA’’ ||||2626 M * M * ‘‘CACA’’

TA
TA

TG
C

..A

C
A

PiQLPiQL??

Details in our 
SSDBM’03 paper
Details in our 
SSDBM’03 paper
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RoadmapRoadmap

►► Background and IntroductionBackground and Introduction
►► Primary Structure Sequence MatchingPrimary Structure Sequence Matching
►► Querying on Secondary StructureQuerying on Secondary Structure
►► PiQAPiQA: Integrated Query Algebra: Integrated Query Algebra
►► SummarySummary
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SummarySummary
►► Bioinformatics applications (urgently) need Bioinformatics applications (urgently) need declarativedeclarative

and and efficientefficient query processing toolsquery processing tools
Current procedural methods reminiscent of preCurrent procedural methods reminiscent of pre--relational daysrelational days

►► Database researchers have a lot to contribute!Database researchers have a lot to contribute!
►► Periscope is our effort in this directionPeriscope is our effort in this direction

PiQAPiQA: algebraic framework for querying on primary and : algebraic framework for querying on primary and 
secondary structuressecondary structures
Primary Structure: OASISPrimary Structure: OASIS
Declarative querying on secondary structure: Periscope/PSDeclarative querying on secondary structure: Periscope/PS22

►► Current StatusCurrent Status
OASIS and Periscope/PSOASIS and Periscope/PS22 currently (betacurrently (beta--)deployed at UM)deployed at UM
Under development: Under development: ““PiQAPiQA powered powered PiQLPiQL queries on Periscopequeries on Periscope””

►► http://www.eecs.umich.edu/periscopehttp://www.eecs.umich.edu/periscope


