Adventures of a Logician-Engineer:
A Journey Through Logic, Engineering,
Medicine, Biology, and Statistics

Plan

* Understanding query languages

* Engineering data integration systems
* Optimising disease treatments

* Recognizing DNA feature sites

* Discovering reliable patterns
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Understanding Query Languages

Nested Relational Calculus (NRC}

The complex object types are:

s,tu= | bool |b|sxt]| {s}
The expression constructs are:
ey 18 ep:t elsxt
x* s (e1,ea) s x ¢ T els mMpe:t

ey hool ey:s5 e3:s
true : bool false : bool if ey then eq else eg: s
ers ey {s} eg:{s}
T Tl aUa:i(s

er: st eg:qt} e s} €118 eg:s
ey | af € ex} i {s} empty e : bool €] = eg 1 bool
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EINUS
Explanation G

» 1, e stands for the first component of the pair e
Eg: 7 (04,05) =0,

+ U{e,| x € e,} stands for the set obtained by
combining the results of applying the function
f(x) = e, to each element of e,

Eg: U{{x, x+1} | x € {1,2,3}} ={1,2,3,4}
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Examples &=

* Relational projection
T,(R) := U{{ m, x} | x € R}

* Relational selection
o(p)(R) := Uif p(x) then {x} else {} | x € R}

e Cartesian product
®(R,S) :=fU{{(x,y)} [x e R} |y € S}
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ZINUS
Conservative Extension Property~" =

A language £ has conservative extension property if

for every function ¢ definable in 4,
there is an implementation of fin £ such that

for any input ¢ and corresponding output e,

each intermediate data item created
in the course of executing gon ¢to

produce « has nesting complexity no
more than that of cand
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Expressive Power of NRC =

i PI’OpOSItIOﬂ 1 (Tannen, Buneman, Wong, ICDT92)

NRC has the same expressive power as
Schek&Scholl, Thomas&Fischer, etc.

e Theorem 2 (Wong, PODS93)

NRC has the conservative extension property at
all input/output types

e Corollary 3

Every function from flat relations to flat relations
expressible in NRC is expressible in FO(=)
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EEAINUS
Theoretical Reconstruction of SQ‘""‘"‘"’

Expressions of NRC(Q. +. -, —, +. X, =, ng are those of N"RC plus the following

e e Q e @ e @ et e @

e+ e:Q €p-eg: e +e:Q
e Q ex:@ e :Q ea:{s} e1:Q e @
e —eg: Q e | 2f el : @ €] < g bool

Semantics. Z{le; | x € eof} = flo1) + ... + flon), where f is the function f(z) = e
{o1,..., 0q} 1s the set e,
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Example Aggregate Functions <=

e Count the number of records
count(R) :=Z{| 1| x e R [}

e Total the first column
total;(R) :=Z{| m; x | X e R |}

* Average of the first column
ave,(R) :=total,(R) + count(R)

» A totally generic query expressible in SQL but
inexpressible in FO(=)
eqcard(R,S) := count(R) = count(S)
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o huS
Expressive Power of NRC(Q,+,s,—,+,%,=, >°)
* Proposition (iskin, wong, pepL93)
NRC(Q,+,*,—,+,XZ,=, Q) captures “standard” SQL

e Theorem 4 (Libkin, Wong, PODS94)

NRC(Q,+,*,—,+,X,=, 29) has the conservative
extension property at all input/output types

» Corollary 5
Every function from flat relations to flat relations
is expressible in NRC(Q,+,s,—,+,Z,=, 2Q) iff it is also
expressible in SQL
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Bounded Degree Property ——

A language £ has bounded degree property if

for every function ¢, on graphs, definable in £, and
for every number 4,

there is a number ¢ such that
for any graph gwith deg(g) €{ 0, 1, ..., 4},
it is the case that ¢ > card(deg(¢(9)))

That is, £ cannot define a function that produces
complex graphs from simple graphs
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Expressive Power of NRC(Q,+,¢,—,+,%,=, >9)

¢ Theorem 6 (Dong, Libkin, Wong, ICDT97)
NRC(Q,+,*,—,+,XZ,=, 29) has the bounded degree
property

e Corollary 7

— Transitive closure of unordered graphs cannot be
expressed in SQL

— Parity test on cardinality of unordered graphs
cannot be expressed in SQL

— Transitive closure of linear chains cannot be
expressed in SQL
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Engineering Data Integration Systems




Integration: What are the problems NUS

A US DOE *“impossible query”, circa 1993:
For each gene on a given cytogenetic band, find its
non-human homologs.

source  type location remarks
GDB Sybase Baltimore Flat tables
SQL joins

Location info

Entrez ASN.1  Bethesda Nested tables
Keywords
Homolog info
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Integration Solution: Kleisli ——

¢ Nested relational data model

User query Applications
PR OTARES » Self-describing data exchange
format

= ausyon Thin wrappers & lots of them
__- .W;'n;-r per w-anw

=
# " £ -

+t
- G

Cogricht © 2004 by Limsnon Wons

High-level query languages

Buneman, Davidson, Hart, Overton, Wong, VLDB95 ° Powerful query Optimizer
Wong, ICFP00

¢ Open “database” connectivity &
API

¢ Nested relational data store
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Self-Describing ,'E'.-_L_é
Data Exchange Format

semant"c layer system A system B
logical layer object object
rint . arse
. P transmit l P
lexical layer data Streame== == = == »gdata Stream

Logical & lexical layers are important aspects

“Print” & “parse” to move between layers
e “Transmit” to move between systems

Clear separation = generic parsers & “printers”
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GenPept: E.g. of Poor Format e

LOOIS TELTAT GFT aa X BLEC-1299

DEFINITION F-bar domein protedn PefSp - £l yoRay » Deeply nested

MECERSNON  TELFIT

D EFASI51 structure

FERGIOE TALTIT 1 T480651 « NoO separation of

DEANRLE.  pir: leooy TALTIT: . .
cumery: Slegth BV feelght GRS ... logical vs. lexical

EEMQOEDS . |ayers

ORAANISM  Schizosecciatonyeer pombe e Specialized parser

Enlmryota; Fungi; 7
1 {xesidess 1 ta 577
MITROBR  Lyune M., Kood,¥., Bajendress®.8., ...
TITLE  Dirnct Sobaissien
JNAMEL  Solwitted (?7-JIM-1908) to the EABL Dota Litwery

is a must

FEATURES Loratian/Qualifiens
BARLCH 1..57F
Forgsud sw="3c ki coasochaomporn pomhe"
Ao _xref="tGaEon 1006"
Prabein 1..577

fpreduct="F-tor domain pretain Motip"
DEIGIR
1 =rpgrkalk ektgaylaks khfedaltfiv Krisgegagt ..
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NUS
Kleisli’'s Data Exchange Format""*"-'"’""

logical layer lexical layer remarks
Booleans True, false
Numbers 123, 123.123 Positive numbers

~123, ~123,123 Negative numbers
strings “a string” String is inside double quotes
records (#11: vy, ..., #l5: vy) Record is inside round brackets
sets {v1, ..., Vn} Set is inside curly brackets

e Lexical layer matches logical layer

e Mirrors nested relational data model
e Avoids impedance mismatch

e Easier to write wrappers
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BNUS
GenPept: In a Better Format e

(Fedd: T4P0651,

#title: "F-iva domein protein Pef?p - fissiem yeamt",
acceesime: "TLTITV,

fooomon: Miizsion yeast.®,

Forganiem: (fgemes: "Schizoanccharcayces®,

ddescr: "Schizosnccheronycans poabe™),
Cdonno_nawe: "db_xref®, ddoscr: ™taxon 4880731},
(inome: "Protalin®, #etart: D, Fomd: BTH,
#oomo: [{Ranno_nsme: "product” .
Sdescr: "F-box doarin poetels FelZp™)1)},
#apquence: "MHETIVES IREXTYLANRRFENLTFITRTIEQErEPTIR. . - =)

e Boundaries of different nested structures are explicit
e Logical vs. lexical layers no longer mixed up
e Specialized parser no longer needed
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Data Integration Results

Using Kleisli:
— Clear

— Succinct
— Efficient

Handles
— heterogeneity
— complexity

sybase-add (#name:”GDB", ...);
create view L from locus_cyto_location using GDB,;
create view E from object_genbank_eref using GDB;
select

#accn: g.#genbank_ref, #nonhuman-homologs: H
from

Lasc, Easg,

{selectu

from g.#genbank_ref.na-get-homolog-summary as u

where not(u.#title string-islike ""%Human%™) &

not(u.#title string-islike "'%H.sapien%')} as H

where

c#chrom_num ="22” &

g.#object_id = c.#locus_id &

not (H ={});
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Optimising Disease Treatments

New subtype
discovered
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BE & E‘lé
Childhood ALL =

e Major subtypes: T-ALL, The subtypes look similar
E2A-PBX, TEL-AML, BCR-
ABL, MLL genome
rearrangements,
Hyperdiploid>50,

» Diff subtypes respond
differently to same Tx

e Over-intensive Tx * Conventional diagnosis
— Development of — Immunophenotyping
secondary cancers — Cytogenetics
— Reduction of I1Q — Molecular diagnostics
e Under-intensiveTx e Unavailable in most
— Relapse ASEAN countries
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Single-Test Platform of E...._';é
Microarray & Knowledge Discovery

|||||

"~ UONEJauaD

feature integration| | I

nsinka-dass.
of a gocd sgnel

Image credit: Affymetrix
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Signal Selection Basic Idea ""*'"-"“'"

 Choose a signal w/ low intra-class distance
 Choose a signal w/ high inter-class distance
= An invariant of a disease subtype!

Class | Class 2 Class 1 Class 2 Class 1 Class 2
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Multidimensional Scaling Plot E...._l_é
for ALL Subtype Diagnosis

E2A-PB X1

TEL-AMLI

Obtained by performing PCA on the 20 genes chosen for each level

Copyright 2006 © Limsoon Wong



EE &

Gene Expression Profiles for ,'E'.._'“_E
ALL Subtype Diagnosis

Diagnostic ALL BM samples (n=327)
1

=271)

Genes for class
distinction (n

E2A- MLL T-ALL Hyperdiploid >50
PBX1

B
36 26 -lo 0 1o 20 3o
o = std deviation from mean

Impact
Childhood ALL in ASEAN Countrieslf§

(2000 nev cases per vear)
Childhood ALL
Patients Profile
S Hgh

' 0%
— | B Dlew

| minter yoosw
L = el 0%

[lcure rate

Our optimized Tx:

* high intensity to 10%

« intermediate intensity to 40%
* low intensity to 50%

* costs US$100m/yr

e L s e T (T TR ﬁﬂmﬁﬂ

BCR- Novel TEL-AML1
ABL
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INUS
) i

Conventional Tx:

« intermediate intensity to all
= 10% suffers relapse

= 50% suffers side effects
= costs US$150m/yr

eHigh cure rate of 8096
* Less relapse

) * Less side effects
* Save US$51.6m/yr

Yeoh et al, WANCER CELL, 2002
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Recognizing DNA Feature Sites

5 flank

299 HSU27655.1 CAT U27655 Homo sapiens

CGTGTGTGCAGCAGCCTGCAGCTGCCCCAAGCCATGGCTGAACACTGACTCCCAGCTGTG
CCCAGGGCTTCAAAGACTTCTCAGCTTCGAGCATGGCTTTTGGCTGTCAGGGCAGCTGTA
GGAGGCAGATGAGAAGAGGGAGATGGCCTTGGAGGAAGGGAAGGGGCCTGGTGCCGAGGA
CCTCTCCTGGCCAGGAGCTTCCTCCAGGACAAGACCTTCCACCCAACAAGGACTCCCCT
C ettt etcescectscesssesssessessess..  EEEEEEEEEEEEEEEEEEEEEEEEEEE
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

« What makes the second ATG the TIS?
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A Sample cDNA ¥

80
160
240

80
160
240
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Approach &z

e Training data gathering

« Signal generation
— k-grams, distance, domain know-how, ...
» Signal selection
— Entropy, %2, CFS, t-test, domain know-how...

Signal integration
— SVM, ANN, PCL, CART, C4.5, kNN, ...
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MRNA—protein —

Codon 2 [Faret [U c A [E] Last
E [u [en (s o [T v [cs C v
Codon 3 FPhe Ser Tyr Cys &
L Lew | |[Ser Stop (Ochre) |Stop (Umber) [A
codéia Leuw Zer Stop (Amber) [Trp W e
¢ [t [P0 Pl H |4 R U
Tew  |Pre Tis v [
Codon s Lew  |Pre Gin 0 | A
S Leu Pro Gin © v G
Codon 6 [a [me R N U
Tie Thr Aan Ser [
sto T Thr Tys K |4 A
“odon et M Thr Lys Arg G
G [va \/[ala Alas IED Glv
al Ala Asp Gty [
Ribenucleic acid Vel |Ala |G E [e A
al Ala En Gy [
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ZINUS
Amino-Acid Features ——

False TIS

False TIS
(downstream)

(upstream) I'rue TIS

cDNA
sequence

SGGACGGATGACTGOC ... .CTCGATATGGCACCT ... TTGCTAATGACAATA ...

sequence window generation

,,,,,, GGACGG (False) ACTGOC... ~..... GR (False) TA_....
Gabps G9bps 33aa 33aa
a (false) TIS window coding amino acid sequence
<o CTCGAT (Trug)GCACCT. oo LD (True) AP.....
\ﬁ_l
9Gbps Gabps 33aa 33aa

a (true) TIS window amino acid sequence
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Amino-Acid Fel{;l.tures.}!_::..

YV

New feature space (total of 927 features + class label)
42 1-gram amino 882 2-gram amino 3 bio-know- class
acid patterns acid patterns ledge patterns label
UP-A, UP-R, UP-AA, UP-AR, ..., DOWN4-G I'rue,
..... UP-N, DOWN- UP-NN, DOWN-AA, UP3-Aor(, False
A, DOWN-R, ... DOWN-AR, ..., UP-ATG
DOWN-N DOWN-NN (boolean type,
(numeric type) (numeric type) Y or N)
Frequency as values
1,3,5.0,4, ... 6,2,7,0,5, ... N, NN, False
6,5,7,9,.0, .. 2,0,3, 10,0, ... Y. Y. Y, True
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Amino Acid K-grams ._-'E'.-_'“_E
Discovered By Entropy

Leaky scanning
Kozak consensus

Anqiﬁgn -3 // Stop codon

* in-frame upstream

—CT AC. GAG, and GGC

~odqn bias

DOWN- DOWN- TUP-

Fold UP- DOWN- TUP3- DOWN- DOWN- TUP- DOWN-
ATG  STOP  AoG A v

A L D E G
1 1 2 4 3 6 5 8 9 7 10
2 1 2 3 4 5 6 7 8 9 10
3 1 2 3 4 5 6 8 9 7 10
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Validation Results .N..'*E
on Chr X and Chr 21
Our 1 T 1 T
method e L i
Z 06+ -
2 | ATGpr
o 0.4 =
0.2 4
U._ 1 1 1 1

0 0.2 04 0.6 0.8 1

1-gpactfichty iy, Han, Li, wong, 15803

Using top 100 features selected by entropy and trained on
Pedersen & Nielsen’s
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Discovering Reliable Patterns

Cy W
— i—
o
20 28 30 40 50 &0
MINIMUM SURPart thresnoid (%)

Discovering Invariants

e Conservative extension

property
e Bounded degree property Insights of an expert
e Logical layer of self-

describing exchange
formats

» Diagnosis patterns of ALL o ] o
subtypes Identified using existing

+ Signals for protein machine learning methods
translation initiation

¢ Next Goal: Improve
capability of machines to
discover useful invariants
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