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Relational Databases

« Databases make program data persistent

e RDB’s turn formless data in a number of structured

tables
¢ Ways of joining together tables to give various views of the data

Adafator: An frfroduchion Tr

] S Olvects sevialized o a
P

Appl ication .-___.-""f
__jecn -

- - —
g [—| 06 ot
G
T, || 1] Oiwecss sioifad imio
= Adaptoe-081 |- —E-—-| RCEWS rows and columns

Figure 1 1-1. Adapior modules 2



(C) M Gerstein, 1998 http://bioinfo.mbb.yale.edu/course

Unstructured
Data

This type of “membership” analysis has been performed previously in terms of
the occurrence of sequence motifs, families, functions, and biochemical pathways. Starting from
the most basic units, genomes have been compared in terms of the relative frequencies of short
oligonucleotide and oligopeptide “words” (Blaisdell et al., 1996; Karlin & Burge, 1995; Karlin et
al., 1992; Karlin et al., 1996). The degree of gene duplication in a number of genomes has been
ascertained (Brenner et al., 1995; Koonin et al., 1996b; Riley & Labedan, 1997; Wolfe & Shields,
1997; Gerstein, 1997; Tamames et al., 1997). Other analyses have looked at how many highly
conserved sequence families in one organism are present in another (Green et al., 1993; Koonin et
al., 1995; Tatusov et al., 1997; Ouzounis et al., 1995a,b; Clayton et al., 1997). Finally, if sequences
can be related to specific functions and pathways, one can see whether homologous sequences in
two organisms truly have the same role (ortholog vs. paralog) and whether particular pathways are
present or absent in different organisms (Karp et al., 1996a; Karp et al., 1996b; Koonin et al.,
1996a; Mushegian & Koonin, 1996; Tatusov et al., 1996, 1997). This work has yielded many
interesting conclusions in terms of pathways that are modified or absent in certain organisms. For
instance, the essential citric acid cycle is found to be highly modified in H. influenzae
(Fleischmann et al., 1995; Tatusov et al., 1996). Furthermore, identifying pathways and proteins
unique to certain microbes may prove useful for developing drugs (e.g. antibiotics against bacteria,
Tatusov et al., 1997). In some genome annotation systems, attempts have been made to integrate a
variety of membership analyses and perform them on a large scale in a highly automated fashion
(Bork et al., 1992a; Bork et al., 1992b; Scharf et al., 1994; Casari et al., 1995; Ouzounis et al.,
1995a; Gaasterland & Sensen, 1996).
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did_ fids
d2rs51 1. 002. 007
Stru Ctured dlinr __ 1.010.002
dlpyi bl 1.007. 030
dldxtd_1.001. 001
Data d181l __ 1.004. 002
gid_ TrgStrt TrgStop did lefTDa_ 1. 002 044
HI 0299 119 135 d193l __ d293q_1 1. 001. 031
Hoots 56 125 dissod dletb2  1.002.003
Hotes 20 7 e dlguhal 1.001.031
H 1
Mooy 2 1o giggjf: dihrc__ 1.001. 003
HI 1309 35 52 dlal o_3 d150| c_ 1.004.002
Hisse 23 s diam2 didnf __ 1.007.035
358 218 0 dlal 2
Hoio 20 24 diam d1l19__ 1.004. 002
Hosr 11 14 diane dlyrnc_ 1.010.002
H 0361 285 205  dlans__ dlapl d_ 1.001. 004
H 0835 100 106 dlans__ dlndab2 1 003 004
d2rmai _ 1. 002. 036
fid_ bestrep N.m nsp N _scop objnane
1. 001. 001 diflp__ 8 340 G obin-1i ke
1. 001. 002 dihdj __ 4 33 Long al pha-hairpin
1. 001. 003 dlctj 9 78 Cytochrone c
1. 001. 004 dlenh__ 18 76 DNA- bi ndi ng 3- helical bundle
1. 001. 005 didtr 2 1 3 D phtheria toxin repressor (DtxR) dineriz
1. 001. 006 ditns__ 1 2 Mi transposase, DNA-bi nding domain
1.001. 007 d2spca_ 1 2 Spectrin repeat unit
1.001. 008 dlbdd 1 4 | mmunogl obul i n-bi ndi ng protein A nodul es
1.001. 009 dlbal 1 5 Peri pheral subunit-binding domain of 2-o0x
1.001. 010 d2erl 3 5 Pr ot ozoan pheronone proteins
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SOQL

 SIMPLE Language for Building and Querying Tables
« CREATE atable

 INSERT values into it

« SELECT various entries from it (tuples, rows)

« UPDATE the values

 Example: How Many Globin Folds
are there in E. coli versus Yeast?
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matches table

gid_

H 0299
HI 0572
HI 0989
HI 0988
Hl 0154
H 1633
H 0349
H 1309
HI 0589
H 1358
HI 1358
HI 0460
HI 1386
H 0421
HI 0361
HI 0835

TrgStrt TrgStop did

119
180
56
106
2

2

1
35
8
239
218
20
139
11
285
100

135
240
125
458
76
432
183
52
25
444
410
24
147
14
295
106

d193l
dlaba_
dlaco_1
dlaco_2
dlacp__
dladea_
dlaky
dlalo_3
dlalo_3
dlang_2
dlany_2
dlans_
dlans_
dlans_
dlans_
dlans__

score
3.1
0. 0032
0. 0049
4. 4e-14
1. 2e-23
0
7. 6e- 36
1.1
1.8
0. 002
0. 00037
1.8

©mow
NN~ W
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create table

mat ches(
gi d char 255,

# CGCenone_ I D
TrgStrt int,

# Start of

# Match Iin Gene
TrgStop int,

# End of Match

# 1 n CGene
di d char 255,

# | D NMat chi ng
# Structure

score real
# e-val ue
# of Match
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matches table 2

gid_

H 0299
HI 0572
HI 0989
HI 0988
Hl 0154
H 1633
H 0349
H 1309
HI 0589
H 1358
HI 1358
HI 0460
HI 1386
H 0421
HI 0361
HI 0835

TrgStrt TrgStop did

119
180
56
106
2

2

1
35
8
239
218
20
139
11
285
100

135
240
125
458
76
432
183
52
25
444
410
24
147
14
295
106

d193l
dlaba_
dlaco_1
dlaco_2
dlacp__
dladea_
dlaky
dlalo_3
dlalo_3
dlang_2
dlany_2
dlans_
dlans_
dlans_
dlans_
dlans__

score
3.1
0. 0032
0. 0049
4. 4e-14
1. 2e-23
0
7. 6e- 36
1.1
1.8
0. 002
0. 00037
1.8

©mow
NN~ W
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l nsert into
mat ches
(gid, TrgStrt,

TrgSt op, did,

score)

val ues

(H 0299, 119, 135,
d193l , 3.1)
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structures table
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create table

did_

d2rs51
diinmr
dlpyi bl
dldxtd_
di8il
dlvnoa_
d2gsqg_1
dlet b2_
dlguhal
dihrc_
d150l c_
dldnf
dil 19
dlyrnc_
dlapl d_
dindab?2
d2rmai _

PEEEEEPEEPREEREEERERERERER

002.
010.
007.
001.
004.
002.
001.
002.
001.
001.
004.
007.
004.
010.
001.
003.
002.

007
002
030
001
002
044
031
003
031
003
002
035
002
002
004
004
036

structures(
di d char 255,

# | D Mat chi ng

# Structure
fid char 255,

# ID of fold that
# structure has
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create table

f ol ds(
fid char 255,

folds table v ol d 1D
bestrep char 255,
N hlx int,
N beta iInt,
# nunber of helices & sheets
nane char 255
# nanme of fold

)

fid_ bestrep N hlx N _beta nane

1.001. 001 diflp__ 8 0 d obin-1ike

1. 001. 002 dihdj __ 4 0 Long al pha-hairpin

1. 001. 003 dlctj 9 0 Cytochrone c

1. 001. 004 dlenh__ 2 0 DNA- bi ndi ng 3- helical bundle

1. 001. 005 didtr 2 1 3 D phtheria toxin repressor (DtxR) dineriz
1. 001. 006 ditns__ 1 2 Mi transposase, DNA-bi nding domain

1.001. 007 d2spca_ O 2 Spectrin repeat unit

1.001. 008 dlbdd__ O 4 | mmunogl obul i n-bi ndi ng protein A nodul es

1.001. 009 dlbal O 5 Peri pheral subunit-binding domain of 2-o0x
1.001. 010 d2erl 3 5 Pr ot ozoan pheronone proteins

10
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Table
Interpretation

HI Gene
HI Gene
HI Gene
HI Gene
HI Gene
HI Gene
HI Gene

[ EEIN

http://bioinfo.mbb.yale.edu/course

[ strB |

[ strB |

[ strB |

HI Gene
HI Gene

oo -l m o om R~ L R —

[ EEIN |_strA |

| [ suB | suB | suB | |

HI Gene

e
[}

Match Table: Ways Structures A, B, and C can match Hl
Genome

Structures Folds
Structures have a limited EIN & 1 % no
number of folds, which e Vv
have various N
U Em Q) R
characteristics - Wy ade
) *
@ .

5 11
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Structure of a Table

key key

[ ) ROW Table attr-a attr-b attr-c attr-d attr-e attr-f
O Entity, Tuple, Instance o e
tuple-3 a3 b3 c3 d3 e3 f3
[ ) tuple-4 4 b4 4 d4 4 f4
Column T2 T T N N
. tuple-6 6 b6 6 dé
<> F|9|d tﬁEIZ? :7 b7 27 d7 f7
. . tuple-8 8 b8 8 ds 8 8
O Attribute of an Entity wpes @ bs oo a0 les 19
. ) tuple-10 al0 b10 c10 d1o0 f10
¢ dimension tuple-11 a1l b11 cl1 di1 ell f11
tuple-12  al12 b12 cl2 di2 el2 f12
tuple-13 13 b13 13 di3 13 f13
i Key tﬁglg-m 214 b14 214 di4 214 f14
¢ Certain Attributes (or
combination of attributes) can
uniquely identify an object,
these are keys
 NULL

¢ Variant Records
12
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What is a Key?

tabl e matches(gid, TrgStrt, TrgStop, did, score)
table structures(did, fid)
table folds(fid, bestrep, N hlx, N beta, nanme)

gid -> many matches

gid, TrgStrt -> unique match (one tuple)
thus, primary key gid, TrgStrt

gid, TrgStop -> unique match as well
fid -> many did’s, but did -> one fid
thus, primary key did

one-to-one between fid and name

13
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S Q L key key
Tahle attr-a attr-h attr-c attr-d attr-e attr-f
SeIeCt On tuple-1 al bi e d1 el 1
tuple-2 aZ i c2 d2 =) 2
= tuple-a aa fa c3 d3 ga fa
a S N q I e tuple-4 24 b4 c4 d4 &4 4
A/ tuple-5 ab b5 ch ds eh o
tuple-6 ab bé cb d6
Tab | e wple7 | a7 b7 c7 d7 77
tuple-B ab b cB dg el i=
tuple-9 ad a2} c9 d9 e o
tuple-10 [ a10 S 10 d10 | f10
tuple-11 all h11 c11 d11 el f11
tuple-12 alz? h12 ¢12 d12 g1z 12
tuple-13 al3 h13 ¢13 d13 e13 f13
tuple-14 ald b14 c14 d14 e14 f14

e Select {columns} from {a table}

where {row-selection is true}

 projection of a selection
e Sort result on a attribute
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gid_ TrgStrt TrgStop did score

H 0299 119 135 4193l 3.1

H 0572 180 240 dlaba__  0.0032

H 0989 56 125 dlaco 1 0.0049

H 0349 1 183 dlaky _ 7.6e-36

SQL Select on a H 1309 35 52 dial 0_3 1.1
H 0589 8 25 dlal 0_3 1.8

. H 1358 239 444 dlang_2 0. 002
Slnqle Table H 0016 1 173 didar 2  2e-07

Y 7 H 0016 179 274 didar_1  8.5e-06

H 0016 399 476 didar_4 0.00031

Exam ple H 0460 20 24 dlans__ 1.8

H 1386 139 147 dlans__ 3.3

H 0421 11 14 dlans__ 6. 4

H 0361 285 295 dlans__ 8.2

H 0835 100 106 dlans__ 9.7

« Select * from matches where gid= HIO016

H 0016 1 173 didar_2 2e- 07
H 0016 179 274 dldar _1 8. 5e- 06
H 0016 399 476 dldar_4 0. 00031

e Select * from matches where gid= HI0O016 and

TrgStrt=179
H 0016 179 274 dldar 1 8. 5e- 06

15
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gid_ TrgStrt TrgStop did score

H 0299 119 135 4193l 3.1

H 0572 180 240 dlaba__  0.0032

H 0989 56 125 dlaco 1  0.0049

H 0349 1 183 dlaky__  7.6e-36

SQL Select on a H 1309 35 52 dial 0_3 1.1
H 0589 8 25 dlal o_3 1.8

. H 1358 239 444 dlanmg 2 0.002
Slnqle Table H 0016 1 173 didar 2  2e-07

— ) H 0016 179 274 didar_1  8.5e-06

H 0016 399 476 didar_4  0.00031

Example 2 H 0460 20 24 dlans 1.8

H 1386 139 147 dlans__ 3.3

H 0421 11 14 dlans__ 6.4

H 0361 285 295 dlans__ 8.2

H 0835 100 106 dlans__ 9.7

e Select did from matches where score < 0.0001

dlaky ,dldar 2,dldar 1

H 0349 1 183 dlaky _ 7.6e-36
10016 1 173 didar 2 2e- 07
H 0016 179 274 didar 1  8.5e-06

16
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fid

PRPRRPRPRPRPRPRPRPRPRPPR

. 002.
. 010.
. 007.
. 001.
. 004.
. 002.
001.
. 002.
. 001.
. 001.

004.

. 007.

007
002
030
001
002
044
031
003
031
003
002
035

(DtxR) dineriz

did_
d2rs51
. gid_ TrgStrt TrgStop did score d1i nr
H 0299 119 135 d193l 3.1 LT
\] OIns H 0572 180 240 dlaba__  0.0032 dipyi bl
H 0989 56 125 dlaco 1  0.0049 dldxtd_
HI 0988 106 458 dlaco 2 4. de- 14 disil __
H 0154 2 76 dlacp__ 1.2e-23 dlvnoa_
H 1633 2 432 dladea_ 0 d2gsq 1
H 0349 1 183 dlaky 7. 6e- 36 dlet b2
H 1309 35 52 dlal o_3 1.1 T
H 0589 8 25 dlal 0_3 1.8 dlguhal
H 1358 239 444 dlang 2 0. 002 dlhrc__
H 1358 218 410 dlany 2  0.00037 d150l c_
H 0460 20 24 dlans 1.8 didnf
H 1386 139 147 dlans__ 3.3 21119
H 0421 11 14 dlans__ 6. 4 diyr nc
HI 0361 285 295 dlans__ 82 | dlans
HI 0835 100 106 dlans__ 9.7 .
d2r mai |
bestrep N hlx N _beta nane
diflp__ 8 0 d obin-1ike
dihdj __ 4 0 Long al pha-hairpin
dlctj 9 0 Cytochrone c
dlenh__ 2 0 DNA- bi ndi ng 3- helical bundl e
didtr_2 1 3 D phtheria toxin repr
ditns__ 1 2 M transposase; - bi ndi ng domai n
d2spca_ O 2 Tn repeat unit
dlbdd—b | mmunogl obul i n-bi ndi ng protein A nodul es
digkt 4 3 Neurotoxin 11 (ATX II1)
d2erl 3 5 Pr ot ozoan pheronone proteins

17
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SOL Select on Multiple Tables

e Select *
from matches, structures, folds
where
matches.gid = HI0361
and matches.did=structures.did
and structures.fid = folds.fid

e Returns

matches | structures | folds
HI0361,285,295,dlans__ ,8.2 |dlans_ ,1.007.008 | 1.007.008,d1gkt ,4, 3,Neurotoxin IlI ...

e Select score,name from matches, structures, folds
where gid = HI0O361and matches.did=structures.did
and structures.fid = folds.fid

8.2, Neurotoxin IlI ...

18
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. structures
Foreign Key matches
did_ fid
d2rs51_ 1.002. 007
gid_ TrgStrt TrgStop did score dii nr 1. 010. 002
H 0299 119 135 d193 3.1 ey
H 0572 180 240 dlaba__  0.0032 dlpyi bl 1.007.030
H 0989 56 125 dlaco 1 0.0049 dldxtd_ 1.001.001
H 0988 106 458 dlaco 2 4. de- 14 d181l __ 1.004. 002
H 0154 2 76 dlacp__ 1.2e-23 dlvnoa_ 1. 002. 044
H 1633 2 432 dladea_ 0 d2gsqg_1 1.001.031
H 0349 1 183 dlaky 7. 6e- 36 dletb?2 1.002.003
o ooog o2 > e 1.1 dlguhal 1.001.031
alo_3 1.8
H 1358 239 444 dlang 2 0. 002 dlhrc__ 1.001.003
HI 1358 218 410 dlany 2 0. 00037 d150l c_ 1.004. 002
H 0460 20 24 dlans 1.8 didnf _ 1.007.035
H 1386 139 147 dlans__ 3.3 211719 . 1. 004. 002
H 0421 11 14 dlans_ 6. 4 dlyr I'IE_ 5. 010. 002
H 0361 285 295 dlans 8.2 -
e dlans 1 007.008
H 0835 100 106 dlans_ 9.7 d2rmai _ 1. 002. 036

matches.did is a (foreign) key in the structures table --

l.e. looks up exactly one structure.

19
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Selection as Array Lookup

« Same for a fold identifier from a structure id
¢ $fid=$structure{$did}
¢ (perl pseudo-code)

« Same for matches and folds tables, but this time arrays
return multiple values and have multiple field keys
¢ ($bestrep, $N_hlx, $N_beta, $name) = $folds{$fid}
¢ ($TrgStop,$did,$score)=$match{$gid,$TrgStrt}

 Joining as a double-lookup

0 $did = 1mbd___
($bestrep, SN_hlix, $N_beta, $name) = $folds{ $structures{$did} }

¢ Select bestrep,N_hIx,N_beta,name from structures, folds where
structures.fid = folds.fid and structures.did = 1mbd___

20
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key key

Table 1 /|gid TrgStrt  |TrgStop |did Table 2 [did fid
& tuple-1  [HI001 12 200[dTmbd__ tuple-i |d1ifig 1 |1.007.008
tuple-2  [HI002 15 231[dThhba_ tuple-i |dfifg 1 [1.007.006
SeIeCt tuple-3  [HI0O02 100 343[d1Ifg_1 tuplesi |d1Ifg_1 [1.007.006
tuple-4  [HI003 12 a0[d1Ifg_1 tuple-i |d1Ifg_1 |1.007.006
tuple-5  [HIDOS 200 260 1mba__ tuple-i |d1ifg 1 [1.007.008
O n tuple-5  |HI023 300 450[d2ubx__ tuple-i |d1ifg 1 |1.007.008
—_— tuple-7  |HI045 2 2a[d2img__ tuple-i |d1ifig 1 [1.007.006
I - I tuple-1  [HI001 12 200[dTmbd__ tuple-ii |d1mba__ [1.003.002
|\/|U tID e tuple-2  [HI002 15 231|d1hhba_ tuple-ii |d1mba__ [1.003.002
tuple-3  [HI002 100 243 |d1ifg_1 tuple-ii  |d1mba__ [1.003.002
TabIeS tuple-4  |HI003 12 a0[d11fg_1 tuple-ii  |d1mba__ |1.003.002
tuple-5  [HIDOS 200 T ) d1mba__ tuple-ii |d1mba__
tuple-6  [HI023 300 450[d2ubx__ tuple-ii  |d1mba__ [1.003.002
tuple-7  [HI045 2 89[d2img__ tuple-ii |d1mba__ [1.003.002

» Select {columns} from {huge cross-product of
tables} where {row-selection is true}

¢ cross-product T(1) x T(2) builds a huge virtual table where
every row of T(1) is paired with every row of T(2). Then
perform selection on this.

e Select fid from matches,structures where
gid=HIO009 and matches.did = structures.did

21
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Cross Product A x B

A(1) = Row 1 of Table A
A(2) = Row 2 of Table A
A(l) = Row | of Table A

A has N rows
and C columns

B(1) = Row 1 of Table B
B(2) = Row 2 of Table B
B(i) = Row i of Table B

B has M rows
and K columns

AXB=

A X B has

N X M rows
and

C+K columns

http://bioinfo.mbb.yale.edu/course

A(1)B(1)
A(1)B(2)
A(1)B(3)

A(1)B(M)
A(2)B(1)
A(2)B(2)
A(2)B(3)

A(2)B(M)
A(N)B(1)
A(N)B(2)
A(N)B(3)

A(N)B(M)

22
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oL s boamer

ER-dilagrams = <=

- B IO
C “_"i} C.EE‘L

Figure 2.23  E-R diagram with accounf as a re]atinn.r.hip gat.

» Korth & Silberschatz
¢ branch <=> matches (gid-start +++ did)
¢ customer <=> folds (fid +++)

¢ linked by
account <=> structures (did fid)

23
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Aggregate Functions--
Statistics on Attributes

o Query Statistics
¢ select gid, count (distinct did) from matches
¢ select max(N_hlx) from folds where N_beta =0

« How many matches to globins in the E. coli genome

o Complex Query by nesting selections
¢ E <= select fid from folds where name contains “globin”
¢ D <= select did from structures where fid in F

¢ N <= select count(distinct gid, TrgStrt) from matches
where did in D and score < .01

24
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fid

PRPRRPRPRPRPRPRPRPRPRPPR

. 002.
. 010.
. 007.
. 001.
. 004.
. 002.
001.
. 002.
. 001.
. 001.

004.

. 007.

007
002
030
001
002
044
031
003
031
003
002
035

(DtxR) dineriz

did_
d2rs51
. gid_ TrgStrt TrgStop did score d1i nr
H 0299 119 135 d193l 3.1 LT
\] OIns H 0572 180 240 dlaba__  0.0032 dipyi bl
H 0989 56 125 dlaco 1  0.0049 dldxtd_
HI 0988 106 458 dlaco 2 4. de- 14 disil __
H 0154 2 76 dlacp__ 1.2e-23 dlvnoa_
H 1633 2 432 dladea_ 0 d2gsq 1
H 0349 1 183 dlaky 7. 6e- 36 dlet b2
H 1309 35 52 dlal o_3 1.1 T
H 0589 8 25 dlal 0_3 1.8 dlguhal
H 1358 239 444 dlang 2 0. 002 dlhrc__
H 1358 218 410 dlany 2  0.00037 d150l c_
H 0460 20 24 dlans 1.8 didnf
H 1386 139 147 dlans__ 3.3 21119
H 0421 11 14 dlans__ 6. 4 diyr nc
HI 0361 285 295 dlans__ 82 | dlans
HI 0835 100 106 dlans__ 9.7 .
d2r mai |
bestrep N hlx N _beta nane
diflp__ 8 0 d obin-1ike
dihdj __ 4 0 Long al pha-hairpin
dlctj 9 0 Cytochrone c
dlenh__ 2 0 DNA- bi ndi ng 3- helical bundl e
didtr_2 1 3 D phtheria toxin repr
ditns__ 1 2 M transposase; - bi ndi ng domai n
d2spca_ O 2 Tn repeat unit
dlbdd—b | mmunogl obul i n-bi ndi ng protein A nodul es
digkt 4 3 Neurotoxin 11 (ATX II1)
d2erl 3 5 Pr ot ozoan pheronone proteins

25
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gid_

HI 0299
HI 0572
HI 0989
HI 0988
H 0154
H 1633
H 0349
H 1309
Hl 0589
HI 1358
HI 1358
HI 0460
HI 1386
H 0421
H 0361
HI 0835

http://bioinfo.mbb.yale.edu/course

Join Gives Unnormalized Table

Joining Two or More Tables with a Select Query
Gives a New, “Bigger” Table

119
180
56
106
2

2

1
35
8
239
218
20
139
11
285
100

135
240
125
458
76
432
183
52
25
444
410
24
147
14
295
106

TrgStrt TrgStop did

d193l
dlaba_
dlaco_1
dlaco_2
dlacp__
dladea_
dlaky
dlalo_3
dlalo_3
dlang_2
dlany_2
dlans_
dlans_
dlans_
dlans__
dlans__

Score

3.

1

0. 0032
0. 0049

4. 4e-14
1. 2e-23

7. 6e-36
1
1

0

1
8

0. 002

0. 00037
1

© X oW
NN AW

8

fid

RPRRPRRPRPRPRRPRPRPRRPRPRPRRERR

. 010.
. 002.
. 001.
. 001.
. 001.
. 010.
. 001.
. 007.
. 002.
. 004.
. 002.
. 007.
. 007.
. 007.
. 007.
. 007.

002
045
031
031
031
002
031
008
045
002
044
008
008
008
008
008

ArPArDAPAAPPNORFRPPFPPMAODOOWOWOOOWLEO

WWWWWhrArWNWONOOONNDN

N _hl x N _beta nane

Spectrin repeat unit
Mi transposase, DNA-bi ndi ng domai n
G obin-1i ke

G obin-1i ke

G obin-11i ke

Spectrin repeat unit

G obin-11i ke

Neurotoxin Il (ATX 1I11)

Mu transposase, DNA-bi ndi ng domai n
D phtheria toxin repressor (DixR)
I mmunogl obul i n-bi nding protein A

Neurotoxin 11l (ATX I11)
Neurotoxin 11l (ATX I11)
Neurotoxin 1l (ATX I11)
Neurotoxin Il (ATX 1I11)
Neurotoxin Il (ATX 1I11)

26
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 What if Want to update Fold
1.007.008 to be “Neurotoxin IV"?
i ] ¢ Many Updates
Normalization . So Good if Previously Normalized
Into Separate Tables

¢ Eliminate Redundancy
¢ Allow Consistent Updating

gid_ TrgStrt TrgStop did score fid N _hl x N _beta nane

H 0299 119 135 d193l 3.1 1.010.002 0O 2 Spectrin repeat unit

HI 0572 180 240 dlaba__ 0.0032 1.002.045 1 2 Mi transposase, DNA-bi ndi ng domai n
HI 0989 56 125 dlaco_1 0.0049 1.001.031 8 0 A obin-1i ke

HI 0988 106 458 dlaco_2 4.4e-14 1.001.031 8 0 A obin-1i ke

Hl 0154 2 76 dlacp__ 1.2e-23 1.001.031 8 0 d obi n-1ise

H 1633 2 432 dladea_ 0 1.010.002 O 2 Spectri/ repeat unit

HI 0349 1 183 dlaky__ 7.6e-36 1.001.031 8 0 A obin like

HI 1309 35 52 dlal o_3 1.1 1.007.008 4 3 Neurotoxin 111 (AT 1I1)

H 0589 8 25 dlalo_3 1.8 1.002.045 1 2 Mu traisposase, DMA-binding domain
H 1358 239 444 dlanmg_2 0.002 1.004.002 1 3 D pht heré,a toxi psrepressor (Dt xR)
H 1358 218 410 dlany_2 0.00037 1.002.044 O 4 I mmunogl obuiin-bi nding protein A
H 0460 20 24 dlans__ 1.8 1.007.008 4 3 Neurotoxin Il (ATX I11)

H 1386 139 147 dlans__ 3.3 1.007.008 4 3 Neurotoxin Il (ATX I11)

H 0421 11 14 dlans__ 6.4 1.007.008 4 3 Neurotoxin 11l (ATX I11)

HI 0361 285 295 dlans___ 8.2 1.007.008 4 3 Neurotoxin 11l (ATX I11) 27

HI 0835 100 106 dlans___ 9.7 1.007.008 4 3 Neurotoxin Il (ATX I11)
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Normalization Example

normalized o)

Nane
Charl es
Mar k
Jane
Jef f
Jack

Cty Ar ea- Code Phone- Nunber

NY 212 345- 6789
SF 415 236- 8982
NY 212 567- 2345
SF 415 435- 3535
Bost on 617 234-9988

Normalized
Nane Cty Phone- Nunber
Charles NY 345- 6789
Mar k SF 236- 8982
Jane NY 567- 2345
Jef f SF 435- 3535
Jack Bost on 234-9988

Cty Ar ea- Code

NY 212
SF 415
Bost on 617

28



(C) M Gerstein, 1998

http://bioinfo.mbb.yale.edu/course

did_ fid
N I d d2rs51 1. 002. 007
Orma- Ize gid_ TrgStrt TrgStop did score diinr __ 1.010.002
H 0299 119 135 d193l 3.1 dlpyi b1 1.007. 030
Tables H 0572 180 240 glaba__ 0.0032 | d1dxtd 1.001.001
HI 0989 56 125 laco_1 0. 0049 -
HI 0988 106 458 dlaco 2 4. 4e-14 digll __ 1.004.002
H 0154 2 76 dlacp__ 1.2e-23 | dlvmoa_ 1.002.044
H 1633 2 432 dladea_ 0 d2gsq_1 1.001. 031
H 0349 1 183 dlaky 7. 6e-36 dlet b2 _ 1.002. 003
Th eory of H 1309 35 52 dlal 0_3 1.1 dlguhal 1.001.031
. . H 0589 8 25 dlal o_3 1.8 dihrc 1. 001. 003
Normalization |23 239 44 dlamg 2 0.002 | 4150/ 1.004. 002
H 1358 218 410 dlany_2 0. 00037 -
H 0460 20 24 dlans_ 1.8 dldnf __ 1.007.035
H 1386 139 147 dlans__ 3.3 dil'19__ 1.004. 002
H 0421 11 14 dlans__ 6. 4 dlyrnc_ 1.010. 002
H 0361 285 295 dlans__ 8.2 dlans__ 1.007.008
HI 0835 100 106 dlans__ 9.7 d2rmai 1. 002. 036
fid_ bestrep N hlx N _beta nane
1.001. 001 diflp__ 8 0 d obin-1ike
1. 001. 002 dihdj __ 4 0 Long al pha-hairpin
1. 001. 003 dlctj 9 0 Cytochrone c
1. 001. 004 dlenh__ 2 0 DNA- bi ndi ng 3- helical bundle
1. 001. 005 didtr 2 1 3 D phtheria toxin repressor (DtxR) dineriz
1. 001. 006 ditns__ 1 2 Mi transposase, DNA-bi nding domain
1.001. 007 d2spca_ O 2 Spectrin repeat unit
1.001. 008 dlbdd__ O 4 | mmunogl obul i n-bi ndi ng protein A nodul es
1. 007. 008 digkt __ 4 3 Neurotoxin 11l (ATX II11)
1.001. 010 d2erl 3 5 Pr ot ozoan pheronone proteins

29
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Query Optimization

e Get at the Data Quickly!!
e Indexes

« Hash Function Reproduce the Effect of Indexes
¢ Rapidly Associate a Bucket with Each Key

« Joining 10 tables, which to do first?
¢ Joining is slow so store some tables in unnormalized form
o Speed vs Memory

30
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Indexes Speed oo | 7 oo [ Jom T
Derwrien _—%- [Decrermiiomm um Jobarosey =
A Mares — - Durwnten | 100 | Pesersom E ]
C C e S S Prrryridige — Mfianus s || Smith B
Bedword — Perryridge ,ird Hagex L]
Reend BRI \ B Peeryridge | 20 | Williams )
C,_ Perryradge | 218 | Lyle o
Redwood iz Larciogy g
O n e Fasuisad Hill s Turner o
. § Index
C-— Brighton | 217 | Green 750
CZ Downtown | 101 | Johnson | 500 | bucket 1
- Downtown | 110 | Peterson | 600 ]
C__ ; i Cireen
C-— Mianus 215 | Smith 700 o
S [ Peryridge | 102 | Hayes | 400 i |7 m _
q— Perryridge 201 Williams _‘90_0—] Smilk — Brighlon NT | Green =0 I
— | Perryridge | 218 | Lyle 700 o 8 \ Derwraown | 101 | Johnson | 500
é—- Redwood 222 | Lindsay | 700
— - I Dhrwentonen | 100 | Petersan | 600
Round Hill | 305 | Turner 350
o — Mianus 715 | Smigh 7
Mermvmdge | 102 Hayis A0
N O bucket 3 | Perryridge | 201 | Willams 'il:ﬂ-
In d eX DO u b I e . Perryridge | 218 | Lyle o
I d Bedwood | 22| Lindsay | 700
n eX B H-Hn:-u:I-IiII .‘t‘b_l Tufnes | %60
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Simple Data Types  [Complex Data Types
Simple
Structure Data int: 1,24 struct A {pointer-list + char}
chars: hello, text method Am acts on A
DE Simple File Chject DE (O0ODE)
File wathunstructured  [Complex data and methods
text stored in a file
Fersistent data from C++
program with an "image”
datatype and method for
Example |Your login file comparing images
Felational Felational Database |Ohject Relational DE
Structure VWhat (ROE) (ORDE)
Fows and columns contain
complex ohjects and
Fows and columns  [methods are defined to
Arrays of |contain ints and chars [handle them
Cuery
Lang. Sl 2L
A guery can ask for all
names containing first [A query can ask for all
names stored at images that look like one
Ex. Cluery | T0FM stored at 10FPM

http://bioinfo.mbb.yale.edu/course

Object

Databases

JZS)CQ{—

C u:‘\'ﬁ\
 |d 4=
3 1 jet

‘\('/
~7, @
]l c e
& lorkn
‘ Al I A
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Forms & reports [user views]

e Reports are the result of running a succession of
selects queries on a database, joining together a
number of tables, and then pasting the results
together

 Forms are the same but they are editable

 Forms and Reports represent particular views of the
data

¢ For instance, one can be keyed on gene id listing all the structures
matching a gene and the other could be keyed on structure id listing
all the gene matching a given structure

33
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Example Report: Motions Database

LR g _ B - -

Maotion in Calmedulin | =)

B i ew G Qeesssis el

T owl Peiwey f Fesaw T i e ekt TR
Database of
Macromolecular Movements

"
5

willh Assacinle] Toals
for Gesmetric Analysis

Thie i beidl e Bemeds Thae ool @i pivdd i mel ol et bcnlss. patacnl sl 16
ot ] v Saascoiad wll o e 8 vl of es enofteeans beela e sl saakyais

- Report on

Th B shwaboss 10 sroassd wowsd o @odbebeeal oloo el isa sl (6 8 2en ol of leogs
e, o mlanaied ¥ ook vieasd ool lene el pesdfaasd aldesakeas (B seaaal

.
oy L Ry eE k] mbdsewlaas el o basdag Albe wrmlslda e & sckaamiy or ooers 000 ( :al m O d u I I n
i iy

] Sewnirmses |

IE — Ee———

Thes melisles heeivmn G caliibdmg vodimess, palecs, ase, imgles, dl hidmic

...

Theevor e e ginlben®s ol g oo puislien s ms v I sl i e ikl o v e e v o
cipen mmEbd koo Biptoey thesl ]| iebape late Bots eon i N peslen ceal Ve eyl @
areve Tas i bides pifmasidyo ald VESL @ity VERIL gy

oo i lasia

b puwtiondlog o §olbani dad ofed g0 lev il ol sisiemi ahadil thie bt e ji vaibabile I vea e
b ekl i ol O el G e, [l deiaiaed el by ik palel vole el 1 vl e
ciyguets Fuinp, vod e enssamagel oo gosdaed feopy o sldepeins H ven s is ok

2 r A

" Sl ai o
it T e Dirsa o i S
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Example Report: Motions Database

CREATE TABLE cl asses (

e 18 e O Beimey e (e Ll S h cl aSZ__&;EnIO;]%R( 10) y
Meritom im L nlin == new s
Report -I---I-- AT C ema cl ass_nanme CHAR(80)
e )
i i | CR!EATE TABLE cl assifications (
ShOWS . S, B e | CREATE TABLE rel ations ( I d_ cHar(10),
information, | -~ - ; d_owy ) ClBss_num GHRL0)
: . - i 0 , i
i i R CFEATE TALE |11k
m erg I n g s . Al . coment CHAR(512) I _ CHAR(10),
s i =i e e el e sec e ) url _ CHAR(150),
et e e e e T S CREATE TABLE si ngl | hilit_text CHAR(100),
together B g e i d CHAR(lOS)' notevals { iher text CHAR(500).

flag CHAR(5)

many tables | Z=sm=smemin g oo,

)
CREATE TABLE nanes (

. . - el o e conment CHAR(500) I d 10
with variable | = = ) _ CHAR(10),
S — T . CREATE TABLE structures ( seq_num.n INT,
1 ; ; name CHAR(255)
amounts of | 1 d_ curio). )
e L : pdb_i d_ CHAR(8),
. . S e ] nane_short CHAR(50), CREATE TABLE refs (
f e : ININIE ' N i d
INTOrmation. i e chai n CHAR(1), _ CHaR(10),
Bk T S name_| ong CHAR(100) medl i ne_| | NT,
= R - . ) endnote_l I NT,
Form Sa.m e L il CREATE TABLE val ue_nanes ( flag_n INT
T e abbrev_ CHAR(15), ) o
b ut al I oOWS - : | name CHAR( 50) QQEQTE TABLE descriptions (
entr |_h___| CREATE TABLE endnote refs ( Inual | NT(lO),
. T num | | NT, = :
y ! | name CHAR(512) ) prose CHAR(5000)

)
35
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Example Report: Motions Database

Motion in Calmodulin [cm] == 9

Classification

Enowm Domain Motion, Hinge Mechanism [D-h-2]

(Links
0 Closed i3

(Links to FDE, Entrez, SCOF, Core=2trochirss, WELIL - lines, and VERML —tubhes).
0 Cloged is 1CDL : mammelian, recomb., X-ray

(Links to FDE, Entrez, SCOP, Core—Strnetiees, WELIL - lines, ahd VERML —tithes).
O Closed {eonf Z) i 2BRN : fly, NME, clased writh 2nd peptide

(Links to FDE. Entrez, SCOF. Core-Struchres, ¥RLL - lines, and VEMI—tubes),
0 Opends ICLL : bnataan, 2-ray, refined

(Links to EDE. Entrez, S3COP, Cote-Structures, WRELL - lnes. and VEML-tibag), i
0 Openis 4CLN Fl7, =-ray e

(Links to FDE, Entrez, SC0F, Cote=structures, WERL - lnes, and VERML-—tubes),

Description

o Basically, this hinge motion imwolves long helix splitting into 2 helices (inclined at ~100 degress) with
strarxd in between,

0 The unligared form of calmodulin contains tem globtnlar domains, cormected b a long helix. BMAE and
M-ray soruetaras of lgated calmodulin shewsr the molacule binding to pepride halices with differen
saguences and the o dotmaing clegsing around the pantide far enough to meks contaer with each other, In
thiz maticn, the long interdomaln teliz, which (s Enown o have cnly marg inal stab ity in selution,
partly unfolds to break into two helical segments cormected by a-d-residie hinge region in an extendsd
conformation, The angle betwesn the s=zes of the ter helical segments is ~100 degress. As there iz an
arditional twist around the helis axes, the total rotation of one domain relatiwe to the ather i3 upurards of
180 deorees Clalmedhitlin can hired nentides writh different serienoes heeaae nf Fleribiltr in the side

Structures: Variable Number Per ID (Var. Num. of
Phone Num. per Person), Foreign Key into PDB 36
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Example Report: Motions Database

0 Annotarion Lavel (1.1 =T

0 Domeain 1 (residus selaction) =2 - 80

o0 Domain 2 (residue selection) = §1 - 147

O Lecgtion of a Hings (regidue selection) = 72 — #2 (dolnw, Zbbm)

O Mawimum CA displacement (&) = B0 (AfTer sieve-fitting on domain-1)
O Wezimum Fotazion (deprees) = 148,02

o Mumbeat of Inter—dotnain commeaction: = 1

& Number of hingss = 1

2 Mumber of Zignificant Torsion Angle Changes = 18 [Greater than 20 degrees)

$sth = $dbh- >query(" SELECT val ue_nanes. nane,
singl e_val s. val , si ngl e_val s. conment
"FROM val ue_nanes, single_vals "
"WHERE single_vals.id_ ="'$id AND
si ngl e_val s. nane_ = val ue_nanes. abbrev_ "
"ORDER BY val ue_nanes. nane");

$rows = $st h->nunr ows;

if ($rows > 0) {
&Print Head("Particul ar val ues descri bing notion");
for ($i=0; $i<$rows; $i++) {
@al ues = $st h->fetchrow,
Pri nt Si ngl eval s( @al ues) ;

}

}

Single Values:
Joining Two
Tables and
lterating in Perl

37



(C) M Gerstein, 1998 http://bioinfo.mbb.yale.edu/course

Example Report: Motions Database

References
O W E eadnr /4 ad F A Quiocha (15528, Target enzvme recognition by Calmodulin 2.4 -_':_:'-_-:_ 1
atructure of f eptice Comples. Sclenos, 257 1251-1255, il
(Wedline- 141 923907 16: Heport or Entrez ciporh) x

{Wedline- 11 97263004 Feport cr Entrez sxport)
O W E Deador, & R WMeans and F A Quiocha (1953, IModulation of calmadulin plasticity in malecular
tecognition on the besis of ¥-ray stractures. Sclence, 262 1718-1721, ||
(Medline-1UT 94082290: Eeport or Entrez axport) '
L Stryer (1925, Biochetnistry, Mew York, W H Freeman and Cotip sy,

_pumn name
Aspartate Ami no Transferase (AAT)
Acetyl chol i nest erase

Bact eri or hodopsi n (bR)

Cal nodul i n
medl i ne_| endnot e_| REferenceS:
0 1007 . - .
00204303 \ 593 Join Two Lists (Pro_teln Names
03203004~ gie and References) with a Table
073 Containing Key for each List (a

Relation: protein has reference.)

S Subramaniam M Gerstein, D Cesterhelt and R H Hender

R Henderson, J MBaldwin, T A Ceska, F Zenlin, E Beckm SELECT endnote_refs.name, refs.medline_|
MK Glson, TP Straatsma, JA A McCanmmon, D R Ripol |, _ . -
647 WE Meador, A R Means and F A Qui ocho (1992). Target e FROM endnote_refs,refs WHERE refs.id_ =
648 M lkura, GMCore, AMGonenborn, G Zhu, C B Klee an ! ! —
649 B-H Ch, J Pandit, CH Kang, K N kaido, S Gokcen, G F-L cm AND refs.endnote_l

endnote_refs.num_| 38
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Example Report: Motions Database

Data and Graphics

yusbormation Matnx The fD]]D‘-:-.rmg JxA matrix [1 .

C=cloged - for my).

i N ol ¢ 5 o - 4
I JUE JR J

ba o s & 5
".*;ﬂjl'&- q-{;?:r:l ¥ &H K jf_:, s Ijq;f
rdc, 1,:-'31;:':. l'-'l:_!'d:::. -H‘“-l"j"lf::- ‘*-4!{-' )

16] n:urlents the opered form so that the axis of —

; D‘higes+ Atom DE‘-.rlatl C‘mlum.nsare IEﬁ]IIE!Ctl'i."E'l}? residus, phi-0J, p:al—Cl
aidechain-rotamer— 0, phi-C, psi-C. rotamer—C, dphi, dpsi, dCA (after doing & fif (O=open-Eorm,

o s ] e .

< e

Graphics:

How to Store
Complex Data?
(File Pointers,
BLOBS, OODB)

39
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Packing Based Classification

Number Size Mechanism
Known of of Examples #
Forms Motion Motion
~ Hinge TIM, LDH, TG
Shear Insulin
Unclassifiabl¢ MS2 Coat 3
Hinge LF, ADK, CM pI§
Shear CS, TrpR, AATERS]
[2 forms]| |Domain | [Refold Serpin, RT 3
Special Ig elbow 1
Unclassifiable TBP, EF-tu 3
[[Allosteric PFK, Hb, GP 4
[Subunit | [Non-allosterig¢ Ig VL-VH 2
[ | [Unclassifiabld
~ Hinge
Shear
Unclassifiable bR 1
Refold
Hinge LF~TF,SBP 10
|1 form | [Domain | EaEES HK~PGK,HSP 4
Special
Unclassifiablg¢ Myosin 4
[[Allosteric
[Subunit | [Non-allosterig
| [Unclassifiable PCNA, GroEL 3

N

Interfaces
[\ e Hinge
RRRRR
Shear Motion Hinge Motion

40
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Packing Based =
Classification: u— 1L

NN

Interfaces

Shear Nl
Mechanism P

Involves Many /i "L

Small Motions pUTAY |

across a 1/
Continuously
Maintained
Interface

Hinge v Shear

Shear Motion Hinge Motion

Shear

Hinge Mechanism involves absence of
steric constraints, esp. at hinge

Perpendicular \ (
\ / 41
Parallel
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Simple Forms Example: Links Page

Add your own link:
http://bioinfo.mbb.yale.edu/ius/?Mlval=links&page=course

42
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Aspects of Forms:
Transactions and Security

e Transactions
¢ Genome Centers and United Airlines!

0 Log each entry and enable UNDO

o Security
¢ Only certain users can modify certain fields

43
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Large-scale Example: Census DB

e 9 Genome Comparison
e 1437 Relational Tables
o 442 Mb

e Simple ASCII Layout

a4
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Molecular Biology Information:
Whole Genomes

« The Revolution Driving Everything
FIeiSChmann, R. D., Adams, M. D., White, O., Clayton, R. A., Kirkness, E. F.,

Kerlavage, A. R., Bult, C. J., Tomb, J. F., Dougherty, B. A., Merrick, J. M., McKenney, K.,
Sutton, G., Fitzhugh, W., Fields, C., Gocayne, J. D., Scott, J., Shirley, R., Liu, L. I., Glodek, A.,
Kelley, J. M., Weidman, J. F., Phillips, C. A., Spriggs, T., Hedblom, E., Cotton, M. D.,
Utterback, T. R., Hanna, M. C., Nguyen, D. T., Saudek, D. M., Brandon, R. C., Fine, L. D.,
Fritchman, J. L., Fuhrmann, J. L., Geoghagen, N. S. M., Gnehm, C. L., McDonald, L. A., Small,

K. V., Fraser, C. M., Smith, H. O. &Ve nte r, J.C. (1995) "Whole-genome
random sequencing and assembly of H ae mOph | | US influenzae rd."
Science zeo. 496-512.

(Picture adapted from TIGR website,
http://www.tigr.org)

 Integrative Data
1995, HI (bacteria): 1.6 Mb & 1600 genes done
1997, yeast: 13 Mb & ~6000 genes for yeast
1998: 14 completed genomes!

1998, worm: 75 of 100 Mb done
with 13 K genes so far

2003, human: 3 Gb & 100 K genes... 45




(C) M Gerstein, 1998 http://bioinfo.mbb.yale.edu/course

Explonential Growth of Data Matched
by Development of Computer
Technology

Internet

e CPU vs Disk & Net Hosts

¢ As important as the

increase in computer
speed has been, the
ability to store large 1
amounts of N
information on
computers is even
more crucial
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Major Application |I:
Overall Genome Characterization

e Overall Occurrence of a ke
Certain Feature in the ' |
Genome e G
0 e.g. how many kinases in Yeast R —

e Compare Organisms and
Tissues

¢ Expression levels in Cancerous vs o
Normal Tissues

e Databases, Statistics
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bacteria (HI)

(Clock figures, yeast v. Synechocystis,
adapted from GeneQuiz Web Page, Sander Group, EBI)
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47
archaeon (MJ) eukaryote (SC)
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Fold Library

http://bioinfo.mbb.yale.edu/course

Biology (~1000) -- Limited Number of Folds

(Chothia’s 1000 folds, Surveys of the “Parts List of Shapes”, Which folds in
Which Organisms?, Statistical rather than mathematical conclusions, Database)

Physics (~10)

(12 matter particles, 18 SM const.,, CODATA,

mathematical relationships, in the head)
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Chemistry (~100)

(112 elements, http://mwanal.lanl.gov/
CST/imagemap/periodic/periodic.html,
trends, on paper)

Periodic Table
of the Elements
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Folds
Shared Folds In HI

Genomes are a/f3
« Compare Genomes against
Fold Library @
¢ HI (bacteria, ~1700 ORFs)
¢ MJ (archeon, ~1700)
¢ SC (eukaryote, ~6200) MJ v sSC

¢ EC, MP, MG, HP, SS as well.
135 of ~300 known folds in all 3
(106 HI vs. 54 MJ, PDB bias) HI

* 45 shared by all, and 38 of ‘

a/B-Folds

Seq. Families
49
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. esentative
Nm in Qass Fold Narre ReprStmdure
gerome (PDB selection)
Top-10in a eukaryotic genome (SC)
& o3 Protein kinases (catalytic core) lirk
49 o/ P-Hoop containing NTPhydrolases  1gky
3H o Rossmann Fold 20hx A 175- 324
31 o TiMbarre 1ti mA
25  oB Rbonudease Hlike 2rn2
18 S (assicznc finger 1zaa C
14 o3 Uoiquitin conjugating enzyme laak
W h at are th e 12 B GoESlike lacy L: 109-211
10 o/ Thioredoxinriike 1trx
9 o/ Thiamin-binding Fold 1pvd A 2-181

Most Common B e o

Top-11 in a eubacterial genome (HI)

- 18 o/ Rossmann Fold 20hx A 175324
F O S I n t e 13 o/ P-loop containing NTP hydrolases  1gky

12 o/ Havodoxindike 3chy
10 of TMbare 1ti mA
G ’) 10 o Feredoiniie 1fxd
enOI I les . 10 o/f Ribonuclease Hike 2rn2
6 o/ Periplasmic binding proteinike 11 1sbp
5 off Periplasiicbinding proteintike | 20ri
5 oy LikeQassll aaRS synthetases Isry A 111-421
4 B OBfod Ipyp
4 o/ Thiamin-binding Fold Ipvd A 2-181
How many of these are Topiman achee germe ()
19 o3 Feredoxinlike 1f xd
S h are d ? 10 o/ Ploop containing NTPhydrolases  1gky
7 o TMbare 1ti mA
6 o Rossmann Fold 20hx A 175- 324
5 o Hstonefod Intx
4 o/ Thiamin-binding Fold 1pvd A 2-181
4 o3 Havodoxindike 3chy
4 B Reductaselelongation factor conmon: 1ef g A 283- 403
3 o ATP-gasp 1bnc A 115-330
3  of PLP-dependent transferases 1dka
3 o ATPpyrophoshatases 1gp A 208- 404 30
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5 Folds in Top-10 All 3 Genomes

All share a/f3 structure with repeated R.H. Baf3 units
connecting adjacent strands or nearly so (18+4+2 of 24)
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P-loop! Flavodoxin Rossmann!| ThiaminL TIM|
Hydrolase Like Fold Binding Barrel 51
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TM-helix “prediction”

e TM prediction (KD, GES). 2606 1 -
Count number with 2 peaks, N
3 peaks, &c. - Dyt (SO
* Yeast has more mem. prots., Rcemn D
esp. 2-TMs

15% 1

* No preference for particular
supersecondary structures:
7-TM’s

10% A

Frequency in Genome
(as a fraction of total number of sequences)

5% 1

0% +H
1 2 3 4 5 6 7 8 9 10 11 12 13 14

Number of TM Helices

52
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Propensity
keaimoe) == Each a.a. has o)
e, . 2° Structure
helix helix strand dlfferent = .
propensity for Prediction
ol a1 15 o4 Iocal_structure
s| 06 -11 -09 [1 Different Fraction of
K| +88 -15 -04 - residues
| 31 -12 -1.3 Com_posmons Predicted
w| 19 11 10 [1 Different tobein... |strand| helix
" T 2% Local Structure Avg | 17%| 39%
T -1.2 -06 -14 SD 1% 2%
Y| +07 -12 -16 However’ bulk =
E +8.2 -1.2 -0.2 . .
6| 10 o0 +12 prediction of 2° EC 17%]  39%
P| +02 +3.0 >3.0 I al 16% 41%
c| 20 -11 -08 StrUC.. gives same HP 15% 42%
N| +48 10 .05 fractlon of a and [3 NG 17%|  39%
V) B0 08 98 In the genomes MJ 19%|  37%
R | +12. -1. -04
D| +02 -10 +08 (by element, half a, MP 17%| 39%
M| -34 -14 -09 half B) SC 17% 34%
L| 28 -16 -05 SS 16% 38%
F 3.7 -1.0 -1.1 53
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Supersecondary structure words

http://bioinfo.mbb.yale.edu/course

* Look at super-secondary
patterns (“words” such as aa
or Bap) in predictions

« Compare observed freq. with
expected freq.

odds = f(ap)/f(a)f(P)
(Freq. Words, Karlin)
 Find
HI more aa, aaa, aood ...

SC more 33, BBB, BRPRPP...
MJ more afaf, Bapa ...

Super- | Maximum Relative Abundance
Secondary | Difference (Odds Ratio)

Structure |between 3

"Word" | Genomes|[ HI MI | sc PDB
BB 2604 0.96  1.06 1.24 | 1.22
aa 15% 0.97 0.85 0.83 0.85
ap 1099 1.09 1.09 0.99 0.95
Ba 74 0.98 1.00 0.93 0.99
BRB 419 0.96 1.15 1.46 | 1.62
oaa 199 1.01 0.83 0. 84 0.92
afa 18% 1.04 1.03 0.87 1.16
aaf 15% 1.03 0.97 0. 89 0.70
BaB 1294 1.15 1.24 1.10 1.19
Baa 11% 0.93 0. 87 0.83 0.78
BBa 9% 0.90 0.94 0.99 0.82
app 694 0.97 0.98 1.03 0.80
BBBB 549 1.03 1.35 1.78 2.28
aaaa 299 1.10 0. 82 0.89 1.18
BRBa 25% 0.85 0.94 1.10 0.98
BaBa 239 1.11  1.18  0.94 | 1.48
aBap 2194 1.21 1.23  0.99 | 1.39
aBoa 2194 1.00 0.95 0.81 1.00
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Complex Data Example:
Encoding Trees iIn RDBs

ode Name
Organism
Bacteria

ode Parent N
1
2
3 Archea
4
)
6

0

Eukarya
Metazoa
Plants

N
1
2
3
4
5
6

WWE PR
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RDBs Everywhere: Internet Mall
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| NODE

120462
120463
120464
120465
120466
108224
108227
108228
108229
108230
108231
108232

91903

http://bioinfo.mbb.yale.edu/course

RDBs Everywhere: File System

SI ZE PERM SS| ON

1 drwxr-xr-x
1 drwxr-Xxr-x

514 -rwr--r--

19 -rwr--r--
514 -rwr--r--
507 -rwr--r--

94 -rwWr--r--
19 -rwr--r--
106 -rwr--r--
106 -rwr--r--
7 -TWr--r1--
7 -TWr--r1--
1 drwxr-xr-x

NRPRRPRRPRRRPRRRERRRLRNO

USER

GROUP

gerstei
gerstei
gerstei
gerstei
gerstei
gerstei
gerstei
gerstei
gerstei
gerstei
gerstei
gerstei
gerstei

USER: PASSWD: Ul D: @ D: COMVENT: DI R SHELL

ftp:*:14:50: FTP User:/hone/ftp:
nobody: *: 99: 99: Nobody: /:
m m : cwsZr AMNBAXvU: 106: 100: M chael

nbgnbg: VOCPWKAG nmo3E: 5515: 165: 1 ogs into nbg,,,,:/ul/ nbg:/bin/tcsh
nbgl0: VOCPWKAG. np3E: 5516: 165: al t ernat e account for

| ocal : : 502: 20: Local
| ogi n::503: 20: Hyper

53 33300303533 05335 35

BYTES

1024
1024
525335
18469
525372
518822
54775
19131
108345
108354
6962
6967
1024

MVM DD- - YEAR NANME

Feb
Jan
Nov
Nov
Nov
Nov
Jan
Nov
Nov
Jan
Jan
Jan
Nov

12
30
10
10
10
10
30
11
16
28
30
30
19

1997 .

./ hi-tbl

./hi-tbl/id gorss.tb
./hi-tbl/id_kytedool.tbl
./hi-tbl/id_seq.tbl
.Inm-tbl/id gorss.tb

./ m-tbl/id_abcode.tbl
.Im-tbl/id_kytedool . tbl

./ m-tbl/word_stats.tbl.bak
.Inm-tbl/word_stats.tbl
.Im-tbl/hist_seqlen.thbl
JIm-tbl/hist_numH res.thbl
./ po-tDbl

1997
1996
1996
1996
1996
1997
1996
1996
1997
1997
1997
1996

find -Is
letc/passwd

Levitt (linux):/ul/mm:/bin/tcsh
dabushne: Er R3hu4q0t O7Y: 108: 100: Dave: / ul/ dabushne: / bi n/tcsh
nbg: VOCPWKAG np3E: 5514: 165: Mark Ger st ei n, 432A, BASS, 2- 6105, : /u0/ nbg: / bi n/tcsh

I nstal |l ed Packages:/ul/local:/bin/tcsh
Logi n: / u0/ 1 ogi n: /u0/ 1 ogi n/ hyper -1 ogi n. pl

nmbg: / home/ nbgl10: / bi n/tcsh
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