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Association Rule Mining

What is Association Rules Mining?

* Given a set of items/attributes, and a set of
objects containing a subset of the items

* Find rules
if I, then |, (sup, conf)
Where
1, |, are sets of items
* 1, I, have good support: P(l; + I,)
* Rule has good confidence: P(l, | I,)
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» User specifies “interestingness”
— Minimum support (minsup)
— Minimum confidence (minconf)
* Find all frequent itemsets (> minsup)
— Exponential Search Space
— Computation and I/O Intensive
» Generate strong rules (> minconf)
— Relatively cheap
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TBNUS
Example &
OID ltems Support ltemsets
1 ACTW 100%(6)
2 CDW 83% (5) C,Cw
3 ACTW 67% (4) |A,D, T, AC, AW,
CD, CT, ACW
- AE DY 50% (3) | AT,DW, TW,
5 |ACDTW ACT, ATW,
6 CDT CDW, CTW,
. ACTW
Maximal Frequent Itemsets
ACTW, CDW
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Maximal Frequent Itemsets

Source: Mohd Zaki
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ACTW

CDW
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ACDW

ACDTW
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CDT

Maximal set
- CDW
Subsets

- CDW (3)
— CD (4)
- CW (5)
- DW (3)
- C(6)

- D)

- W(5)

Example: Sets to Rules

CD=>W,
CW =D,
DW= C,
C=Dw,
D= CWw,
W = CD,

NS

o S

conf =3/4 =75%
conf =3/5=60%
conf = 3/3 = 100%
conf = 3/6 = 50%
conf =3/4 =75%
conf = 3/5 =60%
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Closed Pattern Mining Algorithm ehes

CLOSET, Pei et al. 2000
CARPENTER, Pan et al. 2003
* FPclose*, Grahne & Zhu 2003
GC-growth, Li et al. 2005

= We have efficient algorithms for mining
association rules
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Sources of Errors, koh et al, pBios, 2005

=15 E‘lé

e EnT

e 11 types & 28 subtypes of e Sources of artifacts
data artifacts — Diverse sources of data
— Critical artifacts (Vector Repeated submissions of seqs to db’s
. * Cross-updating of db’s
contaminated Data A )
sequences, duplicates, — Data Annotation
+ Db’s have diff ways for data
sequence structure annotation
ViOlationS) Data entry errors can be introduced
. . Different interpretations
- No_n—cnt:ﬁal artifacts _ Lack of standardized
(misspellings, synohyms) nomenclature
e > 20,000 seq records in Variations in naming
pUbliC Contain artifaCtS Synonyms, homonyms, & abbre?/n
¢ Identification of these - Inadeqluacyhof data quality
artifacts are impt for control mechanisms
Systematic approaches to data
accurate knOWledge cleaning are lacking
discovery
Adapted w/ permission from Judice Koh, Mong Li Lee, & Vladimir Brusic
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] Spelling ermors ]
_nwalid Humerical names
values Fomat \ﬂolation—|: i .
Indersized or [==]
Synonyme owversized names @ NUS
—  Ambiguity E Homonyms/fbbreviations @ W
hizuse of fields
Lrinfommaie CD$ missoding
— ATTRIBUTE — )
- sD:bJZﬁies Sequence entry emor
3 Hidersees Aonotation emor
sequences
Fragments
— “ector contamingted sequences
Dubious records L .
2 acrr.ﬁif;ﬁon Conflicting faztures across C | aSS Ifl Catl O n
AT different database records
o ¢ cnmseirosomsponilssqrmes of Errors
R S = Ower-prediction
T reL:taljir:es { Under-prediction
— Sequence structure
et Fragrmerts
| SINGLE
gg'lL".l?ET.ESE —— Replication of sequence information
Sequence {—— Different wews
— redundancy
L Owerl of the same
MULTIFLE Datz Changes to record not tracked
THEOURCE. .7 e
DATABASE i { Deleted records not propagated
Errorecus data _ Disulfide bridging discrepancies in Entrez
[ transformation and POB
Concatenated value=Adapted w/permision from Judice Koh, Mong Li Lee, & Vladimir Brusic

L— Incompatible
schema

Mis-fielded values
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[—ATTRIBUTE |

—RECORD ——

—SINGLE ——
SOURCE
DATABASE

MULTIPLE
— SOURCE
DATABASE

Invalid i
el ,— Spelling errors

Format violation

Ambiguity
Spelling Errors
sequences
Ve « Usually typo errors
contaminated . 5 .
sequence « Occurs in different fields of the record
— * We identified 569 possible misspelled words affecting up to 20,505 nucleotide records in Entrez.
annotation
error
Wisspellings Corrections Context of the misspellings
Annctaticn GenBank:AAD26534
error Immunoglobin Immunoglobulin nectin-1 [Rattus norvegicus]
TITLE Nectin/PRR: An Immunagloblin-like Cell Adhesion Molecule Recruited
to Cadherin based Adherens Junctions through Interaction with
fadin, a PDZ Domain-containing Protein
Sequence 0i|4590334|gb|AAD26534.1
structure
violation
Patent Database:A76763
Cassete Cassette Sequence 11 from Patent W09315210
oS <1.150
Inote="gene cassete encoding intercalating jun-zipper and
Sequence linker’
redundancy
pata tanmembrane twansmembrane Suiss-Prot:P03385
Provenance Env polyprotein precursor
i DEFINITION Env polyprotein precursor [Contains: Surface protein (SU) (GPTO)
aws Tranmembrane protein (TM) (p15E); R protein].
gi1119478/5p[PO33BSIENV_NMLVMO
Erroneous data
transformation
asociated associated EMBL:V18050
E faecium pbpS gene
TITLE Modification of penicilin-binding protein 5 asociated with high
level ampicilln resistance in Enterococcus faecium
gil1143442]emblX92687 1[EFPBPSG
Incompatible
schema
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[—ATTRIBUTE |

I—RECORD ——

[—SINGLE ———
SOURCE
DATABASE

MULTIPLE
— SOURCE
DATABASE

el Uninformative sequences
values
— Undersized sequences
Ambiguity
Meaningless Seqs
sequence:
Vector Among the 5,146,255 protein records queried using Entrez to the major protein or translated nucleotide
contaminated . .
sequence databases , 3,327 protein sequences are shorter than four residues (as of Sep, 2004).
c « In Nov 2004, the total number of undersized protein sequences increases to 3,350.
ross-
annotation
error
« Among 43,026,887 nucleotide records queried using Entrez to major nucleotide databases, 1,448 records
Annotation contain sequences shorter than six bases (as of Sep, 2004).
error
« In Nov 2004, the total number of undersized nucleotide sequences increases to 1,711.
Sequence
structure 3 N
violation Undersized protein sequences in major databases Undersized nucleotide sequences in major
databases
1200
1015
Sequence g 1000 B DDBJ g
redundancy g w0 WEMBL s 0 DDBJ
4 g
s 600 e (:;r;Bank E D EMBL
s 364 383 °
Data provenance é 400 2 SwissProt E’ B GenBank|
flaws 2 200 OPR g oPD8
2
BIE
1 2 3
Erroneous data Sequence Length Sequence Length

transformation

Incompatible
schema
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[—ATTRIBUTE |

—RECORD ——

—SINGLE ——
SOURCE

DATABASE

MULTIPLE
— SOURCE
DATABASE

Invalid
values

Ambiguity

Dubious
sequences

Vector
contaminated
sequence

Cross-
annotation
error

Annotation
error

Sequence
structure —|
violation

Sequence
redundancy

Data
Provenance
flaws

Erroneous data
transformation

Incompatible

Overlapping intron/exon

£1. .50

Oxerla

505, .59
e
Snubee=l
533..713
Jasne=Taynie
Snumbeesz
714..780 cog
/gene=rayn?®
Snumbersz

71,672

Faene=maynT®
Snubee=3

873..554

antron

exon

exon

intron

Faene=Taynie
Snumbeead
255, . 1180
/gene=rayn?®
Snumbered

incean
inteon

Faene="aynT*
/nurbee=t

Syn7 gene of putative polyketide synthase
intron 5 and exon 6.

pping:

., 1610

Intron/Exons

aglymerase 11 subunit Rt

TEE, . 19498
Juene="rphTe™
/number=1

/codon_stazcel

/preduct="RNA polymerass 11 subunit Rpn7"

fpEOtein_ideTAACEEIIT. 10

Sdb_xref="0T:A091821"7

/reanslarion="HPFFLRELSLTISLEPS YFGPRAUDYLEARLLADVEGTCSCOYG

TIICVLDANTIDIDRGRNVPGOGE AEFEVETRAVLURFFRGEVVELIVTTUNEEGFFA

NIGPLAVFVSSHLYPPONEFDET RIVGTRTDATELFA
TATHREDYLOVL®

1147..1513

/uene="rphTe"
pus XEET inntal

1814, . 1818
Jaene="rphTe™
/omber=2

fevidencesexper imensd

in NCBI TPA record BNOO0507 has overlapping

rpb7+ RNA polymerase Il subunitin GENBANK record AF055916 has overlapping exon 1

and exon 2.
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[—ATTRIBUTE |

I—RECORD ——

—SINGLE
SOURCE
DATABASE

MULTIPLE
— SOURCE
DATABASE

nvalid Replication of sequence information
Different views
Overlapping annotations of the same sequence
Segs w/ Identical Info
Dubious
sequences
« Submission of the same sequence to different databases

Vector « Repeated submission of the same sequence to the same database
contaminated
sequence « Initially submitted by different groups
Cross- « Protein sequences may be translated from duplicate nucleotide sequences
error s asomen sipha bz TICLF. fgi 11600007 |— 1 AN 04T alpha tomm TX13 (o] 1652005

o s “ Venwwr 1O bR e e aan, T oL

e aciisle) - B DITINITION alpha wemin TILS |Buvhus mareansiil.
Annotation ::12" ARGITER
error T

Tt
Sequence s i Mrashnids; Soerpuanes;
structure o Lt srmen:
violation iy pim siphayinin
FTEEE Teeiee 3% (11, WL (20300
i
Sequence — -
redundancy =N S —
i e

Data provenance e
flaws

R & o Svmprery cdpriatn carispmey sisskings wrpTcrerY &= R
Erroneous data " e S S S RGN -
e L ottnts S st ctcsey setsaings e

Raviind Aapest §_ 3003 24

. - - Rrvons: g 8,200

Incompatible hittp:/hwww.nebi.nim.nih.gov/entrez/query.fegizemd=Retri . http:/Awww.ncbi.nlm.nih. yfegi?
schema uids=1 P in&list_uids=1 P!
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Database Cleansing

— Spelling errors

Dictionary

— 1 Synonyms
lookup ynony!

L Homonyms/Abbreviations

— ATTRIBUTE . "
—— Uninformative sequences

— Undersized sequences .
Integrity Format violation T ryl n g 0 U r
constraints

— Misuse of fields

hands on

screening — Vector contaminated sequences

Features do not correspond with sequence d ata

- RECORD  — STe :
Parser Sequence structure violation C | e an S I n g
Schema Concatenated values b I
[ remapping pro el I IS
Mis-fielded values
SINGLE- |
SOURCE

detection
Overlapping annotations of the same sequence

DATABASE Replication of sequence information
—— Duplicate Different views

MULTI-
SOURCE ) Fragments

DATABASE
: Putative features
Comparative
T analysis

Cross-annotation error




Association Rule

Trying.our hands on a data

..... cleansing probtem...
Mining for De- I
duplication

Select matching criteria

S ey _ IiR
Compute similarity scores from known duplicate pairs

|

Generate association rules

}

Detect duplicates using the rules
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INUS
Dataset O e

Entrez (GenBank, GenPept,
SwissProt, DDBJ, PIR, PDB)

scorpion AND (venom OR toxin)/‘ '\serpentes AND venom AND PLA2

Scorpion venom dataset
containing 520 records

Snake PLA2 venom dataset
containing 780 records

Expert annotation ﬂ
251 duplicate pairs

444 duplicate pairs

695 duplicate pairs are collectively identified.
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74
S NUS
Association Rule Mining —

AAG39642 AAG39643 AC0.9 LE1.0 DE1.0 DB1 SP1 RF1.0 PD0O FT1.0 SQ1.0
AAG39642 QIGNG8 ACO.1 LE1.0 DE0.4 DBO SP1 RF1.0 PDO FT0.1 SQ1.0
P00599 PSNJ1IW ACO0.2 LE1.0 DE0.4 DBO SP1 RF1.0 PDO FT1.0 SQ1.0
P01486 NTSREB ACO0.0 LE1.0 DE0.3 DBO SP1 RF1.0 PDO FT1.0 SQ1.0
057385 CAA11159 AC0.1 LE1.0 DE0.5 DB0 SP1 RF0.0 PDO FT0.1 SQ1.0
$32792 P24663 AC0.0 LE1.0 DE0.4 DB0 SP1 RF0.5 PDO FT1.0 SQ1.0
P45629 S53330 AC0.0 LE1.0 DE0.2 DB0 SP1 RF1.0 PDO FT1.0 SQ1.0

Similarity scores
of known
duplicate pairs

Association rule mining ﬂ

LE1.0 PDO SQL.0 (99.7%)
SP1PDO SQ1.0 (97.1%)
SP1 LE1.0 PDO SQ1.0 (96.8%)

Frequent item-set DBOPDO SQLO (93.1%6)
ith DBO LE1.0 PDO SQLO (92.8%)
with support DBO SP1 PD0 SQL.0 (90.4%)

DBO SP1 LE1.0 PD0 SQ1.0 (90.1%)
RF1.0 SP1 LE1.0 PD0 SQ1.0 (47.6%)
RF1.0 DBO LE1.0 PD0 SQ1.0 (44.0%)
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Duplicates detected by association rules '
60
49.4
50
Results o
g — 32.7
'§ 30 ]
P
:
20
10 5 7 = 75 u
3.8 . .
. . 8 2.4
Rule 1. Identical sequences with o = 0. ] . . 0-]
the same sequence length and 5 2 5 » ° © |
- R " e R RS R R
not originated from PDB are « « « « « « «
99.7% likely to be duplicates. Association rules
. :
Rule 2. Identical sequences with
the same sequence length and of Rulel | S(Seq)=1" N(Seq Length)=1" M(PDB)=0 (99.7%)
the same species are 97.1% Rule 2 S(Seq)=1~ M(PDB)=0 * M(Species)=1 (97.1%)
likely to be duplicates.
Rule 3 S(Seq)=1" N(Seq Length)=1 " M(Species)=1* M(PDB)=0 (96.8%)
Rule 3. Identical sequences with Ruled | S(Sea)=1" M(PDB)=0 " M(DB)=0 (93.1%)
the same sequence Iength, of the Rule 5 S(Seq)=1" M(Seq Length)=1~ M(PDB)=0 * M(DB)=0 (92.8%)
Same Species and not O_rlgmated Rule 6 S(Seq)=1" M(Species)=1" M(PDB)=0* M(DB)=0 (90.4%)
from PDB are 96.8% likely to
be duplicates Rule 7 S(Seq)=1" N(Seq Length)=1" M(Species)=1" M(PDB)=0 * M(DB)=0 (90.1%)
Adapted w/permision from Judice Koh, Mong Li Lee, & Vladimir Brusic
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