Structural Genomics:

Surveys of a Finite Parts List

Mark Gerstein

H Hegyi, J Lin, B Stenger,
N Echols, P Bertone, J Qian,
L Regan, S Balasubramanian,
V Alexandrov, G Montelione,
A Edwards, C Wilson, Y Kluger,
C Arrowsmith, A Drawid,
R Jansen, D Greenbaum,
S Teichmann, P Harrison

Talk at DIMACS, 15 Dec. 2000

(c) Mark Gerstein, 2000, Yale, bioinfo.mbb.yale.edu

1




1995

Bacteria,
1.6 Mb,

~1600 genes
[Science 269: 496]

1997

Eukaryote,
13 Mb,

~6K genes
[Nature 387: 1]

1998

Animal,
~100 Mb,

~20K genes
[Science 282:
1945]

20007?

Human,

~3 Gb,

~100K
genes [?77]
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highlight
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World of Structures is even more Finite,
providing a valuable simplification
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Ei % 1.2, ranstrigtion factor binding(15)

(1.3 cell eycle reguistr(10)
o 131, eyein(10)
'Eq ti 3.1.1. G1/5-specific cyclin2)
1.3.1.2, G2w-specific cyelin
U 14, chaperong(51)
Ei l Y f' 1.5, motor protein(26)
E 16, 3t binding21)

(1.7, defensedmmunity protein(20)

(18 enzyme(1057)
-18.1. apha alpha-rehalose-phasphate synthase (UDH
- 18.2 lpha-1 3-mannasykglycoprotein beta-1 2-N-ac

+18.3. alpha-N-acety-neuraminide ajpha-2,8-lalyitrang
184, alpha-ketoacid detydrogenase
185 alpha-methylacy-CoA racemase
18,6, beta-1,3-galactosyh-O-glyeosykalyeoprotein betd
-1.8.7. beta-1 A-mannosyhgiytoprotein beta-1 4-Neacef
188, beta-N-atetyiglucosaming glycopeptide beta-1 4
189, beta-alanyk-dopamine hydrolase(1)

-1 8.10. beta-alay-dopaming synthase(1)
1811, beta-carotene 15,15-dioxygenase
18.12. beta-galactosamide alpha-2,6-slalyitransferase]
18.13. beta-galactoside alpha-2 3-slatytransferase
18,14, beta-Ureldopropionase
-18.18. gamma-glutarmylcyclotransferase
-18.16. gammagutamyt transferase(1)
18,17, 1-atylolyceroh-phosphate O-atylransferase
1.8.18. 1-pyrroline-S-carbaxlate dehydrogenase

Same logic for pathways, functions,
sequence families, blocks, maotifs....

Global Surveys of a
Finite Set of Parts from
Many Perspectives

[y

o

Functions picture from www. fruitfly.org/~suzi (Ashburner); Pathways picture from,
ecocyc.pangeasystems.com/ecocyc (Karp, Riley). Related resources: COGS, ProDom,
Pfam, Blocks, Domo, WIT, CATH, Scop....
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A Parts List Approach to Bike Maintenance
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A Parts List Approach to Bike Maintenance

How many roles
can these play?
How flexible and
adaptable are they
mechanically?

What are the

shared parts (bolt,

nut, washer,

bearing), unique Where are

parts ( the parts
)? What are located?

the common parts - Which parts

- types of parts interact?

(nuts & washers)?

5 (c) Mark Gerstein, 2000, Yale, bioinfo.mbb.yale.edu




Comparative Genomics:
Surveys of a Finite Parts List

1 Using Folds to Interpret

Genomes. Fold Library background. Shared
and/or unique parts. Venn Diagram, Fold tree with
all-b diff. Ortholog tree. Horizontal Transfer. Commor,
Parts: Top-10 folds with bab. Common Y -fold.

2 Tricky Issues 2Expt. SG. extent of

fold assignment (MG, 65%, 98). Predictions. Biases.
NESG.org Construct DB. Datamining this w/ decision
trees. Selecting weird MG CD targets.

3 Folds & Functions. Roles/part? How

o i

1]

A 1

many folds/func? 331 of ~20K combinations. Mostly = : R R XX

1 func/fold, but some versatile scaffolds -- TIM most . :
versatile. Similar for interactions. Func. Divergence H Hegyl, J Lin, B Stenger,

vs. Seq. & stuc. Diverg. N Echols, P Bertone, J Qian,

4 Using Folds to Interpret
Expression Data. Top-10 parts in other

terms. Enriched in transcriptome: VGA, ab folds,

L Regan, S Balasubramanian,
V Alexandrov, G Montelione,

energy, synthesis, Cytoplasmic, TIM fold. Depleted: A Edwards, C Wilson, Y Kluger,
NS, long, TMs, transport, transcription, Nuclear, Leu- . .
zip fold. Bayesian localizer. C Arrowsmlth, A Drand,

5 Tricky Issues: Relating R Jansen, D Greenbaum,
Expression to Function. expression S Teichmann, P Harrison
relates to structure & localization but to function, . .
globally? Weak relation to protein-protein b | O | nfo ] m b b yal eed u
interactions.




Fold Library vs.
Other Fundamental Data structures

Parts List Database; Statistical, rather than mathematical relationships and conclusions

5 6
s in Molecular Biology 10
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Physics Chemistry Finance Politics

FGorFI3 g~ E 8 7o)
o
~

(Large than physics and chemistry, Similar to Finance (Exact Finite Number of Objects (3,056 on NYSE by 1/98), descrip. by Standardized Statistics (even
abbrevs, INTC) and groups (sectors)) Smaller than Social Surveys, Indefinite Number of People, Not Well Defined Vocabulary and statistics.

(c) Mark Gerstein, 2000, Yale, bioinfo.mbb.yale.edu
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Hb The Parts List: A Library of Known Folds

Fusing into a

L—1 Alignment _
of Individual Single Core
Structures Structure
Template \
( b
P<.000001
Mb
¥ ThNs
Statistics _ G
to Establish "<
Relation-
ships
(P-values)

8 (c) Mark Gerstein, 2000, Yale, bioinfo.m
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At What Structural Resolution
Are Organisms Different?

person protein super-secondary  helix  individual
plant fold (Ig)  structure (bb,TM- strand atom
TM, abab,aaa) (C,H,0..)

1m 100A 10A 1A

(c) Mark Gerstein, 2000, Yale, bioinfo.mbb.yale.edu
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Practical Relevance of Structural Genomics

N I 3 0 7 IBI%.I.LN.,..“Z ] V. —el (PathOgen
STTINNNCH e only folds as

e possible

targets)

(T. pallidum)

Siza
i

B T T Te il 1 Telolmolaa] T 1 |12E ;14|15|...|

* OspA protein
a in Lyme-disease
spirochete B. burgdorferi

a previously identified as
the antigen for vaccine

a has novel fold (C
Lawson)

11 (c) Mark Gerstein, 2000, Yale, bioinfo.mbb.yale.edu




Shared

Folds

E. coli

worm

[\
?%?

of 339

yeast

12 (c) Mark Gerstein, 2000, Yale, bioinfo.mbb.yale.edu




Shared worm

Folds

E. coli

5

of 339

yeast

T.pallidum

E. coli

yeast

T.pallidum

$

Metazo
(194)

?

®
Chordate
(181)

Eukaryotes Eubacteria
(229) (202)
’ “

{124}

other (virus)
(78)

&

13 (c) Mark Gerstein, 2000, Yale, bioinfo.mbb.yale.edu

other eukaryotes
(151)

___\‘
s Arthropods
. (105)

other metazoa
(126)
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Cluster Trees Grouping

Initial

Genomes on Basis of Shared Folds

Mpne Mjan
Mjan \ e

Mgen

lgen IJ

Ipne T II.’
e
i\ Syne
/"’ Y

o
Ecol - Hpyl

Hinr

Hpyl

Syne Fold

Tree

Scer _
“Classic”

Tree

Ecol

Hinf

Cele

D=S/T S = # shared folds

D = shared fold dist.
betw. 2 genomes

T=total #

D=10/(20+10+30) folds in both

20 Genomes

(c) Mark Gerstein, 2000, Yale, bioinfo.mbb.yale.edu
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Distribution of Folds in Various Classes

Mpne Mian | e Moen
Mpne
Hpyl
Eccl Scer
Hinf Syne wp| @
o+B\ p
Mgen_Mpne
Scer
Mijan
o Hey!
@ Hinf Hinf SYne
O

Mjan

1

Unusual distribution of all-beta folds

15 (c) Mark Gerstein, 2000, Yale, bioinfo.mbb.yale.edu




Mpne

Fold Tree Compare with Ortholog

Mgen

Occurrence Trees, another
“partial- proteome” tree

(based on COGs scheme of Koonin & Lipman, similar approaches by Dujon, Bork, &c.)

Scer B. Mpne C.
i Mgen Scer Mjan
in
Mjan om— @ —>
Ortholog g Mpne
T Mpne H Scer " Hoyl
ree Mgen Ecol £ & syne ﬂ Ecol 1 syne
- -
Mpneyqgen| D- s Mjan
Mjan Mgen
Mpne
“"‘Jr|I1r Eur% m Ecol/*Syne

i . Hinl

%:MHWI H:'?fpyi EE =

E. Coenzyme Met. (H) F. Transcription (J)




Compare with trees
on spectrum of
“levels”: single-gene r L
trees, whole-genome 1 ribosomal

. protein
composition trees
Mpne
Mgen Syne
Syne _—Ecol
. Hi Ortholog
Mpne 'I. Tree
Scer__ (
Scer—. T~
Hinf ——Hpyl
Hpyl Mpne- <y
Scar gt p / “Classic
Hinf Hger Mgen Tree
Mjan
A. Di-Nucleotide B. Amino Acid
Fold
Tree AA & di-NT Composition Trees

(S Karlin)

(c) Mark Gerstein, 2000, Yale, bioinfo.mbb.yale.edu
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COMPLEMENTARY PATTERN

Specific Patterns

[ T T 1]

ENEE

SINGLE CLADE (COMPLEMENTS)

BT [ [ T

LATERALG

ENE TRANSFER

B [T T TT]

of Fold Usage:

Horizontal

Transfer

GENE LOSS
e y=
=2 3"5 g gﬁt‘am domain ECDP Fl.llll:liol'l Swissprot | Function
1.86.1 |d1aoral ;ldeh'fde FerOR C domain AOR_PYRFU ALDEHYDE:FERREDOXIN OXIDOREDUCTASE
4.941 |d1aora2 |Aldehyde FerOR N' domain AOR_PYRFU ALDEHYDE:FERREDOXIN OXIDOREDUCTASE
o s 3.1.10 |dSrubat |[RuBisCo, C' domain RBL_NITVU RUBISCO LARGE SUBUNIT
. 1.101.1 |dSesma_|Chorismate mutase Il CHMU_ARATH |CHORISMATE MUTASE (EC 5.4.99.5)
- . 1.37.1 |d1rec__ |EF-hand TPC2_DROME |TROPONINC
. 21.5 |disuh__|Cadherin CAD5 HUMAN |VASCULAR ENDOTHELIAL-CADHERIN
. . 2451 |dleal__ |Lipocalins PGHD_HUMAN |PROSTAGLANDIN-H2
- 371 |d2bnh__|Leucine-rich repeats RINI_PIG RIBONUCLEASE INHIBITOR
. 4.70.1 |d1axx__ |Cytochrome b5 NIA1_MAIZE NITRATE REDUCTASE (EC 1.6.6.1)
= 141121 d1tn|'l= Tyrosing hydroxylase T!"H'l=l'll..lm TYROSINE 3-HYDROXYLASE (EC 1.14.16.2)

18 (c) Mark Gerstein, 2000, Yale, bioinfo.mbb.yale.edu




Common Folds in Genome, Varies Betw. Genomes

Depends on comparison num.

Eneth(:d, DB, sf?ms'llv foIQs, &c matches lfrac. all

new top superfamilies via y - .

Blast, Intersection of top-10 to TO p _10 WO 'm FO I d S Inworm | worm _ _

get shared and common) genome dom. N IN
class (N) (F) |EC?|SC?

Ig B 830 1.7%
Knottins SML 565 1.1%
Protein kinases (cat. core) MULT 4721 0.9%
C-type lectin-like A+B 322 0.6%
corticoid recep. (DNA-bind dom.) | SML 276] 0.5%
Ligand-bind dom. nuc. receptor A 2571 0.5%
alpha-alpha superhelix A 2471 0.5%
- C2H2 Zn finger SML 239 0.5%
| P-loop NTP Hydrolase A/B 235] 0.5%
’ __& Ferrodoxin A+B 207|] 0.4%

M. gertitalium B. subtiis E. coli M T A fuilgidus E-boytatng
= r -y r clmitioid Sl il Hank Superfamily §
Fank Supertarrily ¥ *'-"-':5"1 arnily L Supertarnily L Hank Supariamily y Suparamily i P-loop
. -loop g
5. {oop hydrol i ; ﬂ Fuing . ! P-loc ’ 1 b 243
1 A P-loog hydrolase &0 A hydrotyase 173 IA Poop hydrolase 181 1 Ilg.-d'l.?r::w a3 I|,v_1--.?r;a¢w 118 A hydrolyase
SAM mathyl- Rassmann = Rossmann e Phosphats- Rosaran 3 Brofein kinase 122
2 'O transterase 18 ® dimain 185 ® demiain 158 2 [ ] L-ndn: basrel G4 @ doman 104 z x .
Rossmann s Fhasghate- Phasphate- . Rasemant ’ Phasphals- . 3 CSSTRnn a0
3 ® domain 13 L hinding barmal ™ L hirding bamal G4 3 ® PR, 53 & bndngphb:rr:l 56 ® domain
Class | AMA-birding &
4 synthatass 12 ‘ PLP-ranslerase 44 ‘ PLP-tianslerase 38 4 Farmadoing 4B Famedoeing 40 4 damain 78
: Clazs Il i . Flike darmimi . SAM methyl- & SAM methyl- g AU minthy |
5 pyrithatase 11 & cCheYike domain 36 & CheYlike domain 38 5 o Iranf:r.u:.; 17 Irmfw:la:,f 24 5 i larae &3
Muslesie asid SAM rethyd- = Ribshuciease H- -
8 binding dom. 11 P g o Famedoxine a5 & ’ PLP-transferases 15 ’ PLP-transferases 18 B lika 57
Tatal ORFs 479 4268 4268 | [Tonal ORE: 1860 za0n | |Total ORFs 5218
wilh Commen 105 485 458 | Jwith Common 252 309 wilh Common 560
Superamilies {22%) {113} {113 | |Supedamilies Hd%%) (13%] ] 1Sup-erfamilies &%)
Eubacteria Archaea Yeast

(c) Mark Gerstein, 2000, Yale, bioinfo.mbb.yale.edu
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—— — J'IIIHT-CLES'_ MATURE VO 336 3 ROVEMBER 1963

CO m m O n y A pepﬁi njl-ode"l of a protein folding

. intermediate
S h are d F O I d S " Terrence G. Qas & Peter 5, Kim

‘Whitehead Institute for Biomedical Research, Nine Cambridge Center, Cambridgs, Massachisens 02142, UsA
Drepartment of Biology, Massachusens Institule of Technology, Cambridge, Massachusents 02133, USA

Ir ig difficalt tor deeerming the structures of prorein folding intermediates because folding i o Righi]
disuiphide-bonded peptide pair, designed o peimic the fest erecind intermediate in the folding af &
infiikitar, contzing secondary and tertiary struciyre similar to thar found in the native prosein. )
circumuent the problem of cosperativity and persir chaeqererizatian of structures of folding intern

336: 42

All share a/b structure with repeated

R.H. bab units connecting adjacent
strands or nearly so (18+4+2 of 24)

HI, MJ, SC
VS scop
1.32

P-loop Flavodoxin Rossmann Thiamin TIM-
hydrolase like Fold Binding barrel

20 (c) Mark Gerstein, 2000, Yale, bioinfo.mbb.yale.edu




Pseudogenomics: Surveying “Dead” Parts

15Mb chromoscome II Example. of
a potential
Y G with
frameshift in
~ 15Mb chromosome I mid-domain

pseudogene fragment on worm chromosocme II

ETI-'.ETE'—.]'."IG FGODVVVDLFSILDSGLVARAHXVLODIFEFFAS
EREMVTIFSHAPHGPHOAPHYCAQFDNSAATVEV

a paralog with the homologous segment highlighted (from chromosome I)
(W09C3.6, serine/threonine protein phosphatase PP1)

MTHPHDWHLHE RLLNVGMSGGRLTTSVNEQELQTCCAVAKSVFASQASLLEVEPPIIVC
GDIHGQYSDLLRIFDENGFPPDVNFLFLGDYVDRGRONIETICLMLCFRIKYPENFFMLR
GNHECPAINRVYGFYEECNRRYKSTRLWSIFQDTFNWMPLCGLIGSRILCMHGGLSPHLY
TLDOLROLPRPODPPNPSIGIDLLWADPDOWVEGWOANINeRE A S e einliyiF i ees) ARl
DLVARAHOVVODGYEFFASEEMVTIFSAPHYCGOFDNSAATHMEV DA SN AN b 40y
SMRRG

(Our def'n: Y G = obvious homolog to known protein with frameshift or stop in mid-domain)

21 (c) Mark Gerstein, 2000, Yale, bioinfo.mbb.yale.edu




Folds in Pseudogenes

17Mb chromosome IV

% g}' 13Mb chromosome III

H—

15Mb chromogome II

~ 15Mb chromosome I

paeudogene fragment on worm chromosome II

ETKETSNGFGQBV?HDLFSILDSGLVﬁRAHKVLQDIFEFFAS
KEMVTIFSHAPHSPHSAPHYCAQFDNSAATVEV

21Mb chromoscme V

Y G identification pipeline
to Summary of Pseudogenes
In worm

G=19K G =8K Y G=4K (2K)
\ I /

a paralog with the homologous segment highlighted (from chromosome I)
(W09C3.6, serine/threonine protein phosphatase PP1)

niTAPHDVDNLMSRLLNVGHSGGRLTTSVNEQELQTCCAV&KSVFASQASLLEVEPPEVC
GDIHGQYSDLLRIFDENGFPPDVNFLFLGDYVDRGRONIETICLMLCFEIKYPENFFMLR
GNHECPAINRVYGFYEECNRRYKSTRLWSIFQDTFNWMPLCGLIGSRILCMHGGLEPHLY
TLDOLROLPRPODPPNPSIGIDLLWADPDOWVEGWOAN I gYeeisiialF Vsl ai=} ansh1
DLVARAHOVVODGYEFFASKEMVTIFSAPHY CGOFDNSAATMEV B A sdvgtb g 4:0y 4
SMRRG

Example of a potential Y G with
frameshift in mid-domain

Category Total number | Nymber | Genes )Gmher for | Genes in
fof genes genes in paralog
with EST paralog families
mhtch families with EST

with EST match as
match percentage
\ / of Category
Genes Total 18,576 (G) 7,82 13,417 (Gg) | 72%
g
Singletons 5913 //2.?88 47% ---
Pseudogenes | Total IR MvG) T | 997 26% 2,729 T2%
and (¥Ge) (¥Gr)
pseudogene o otetons | 637 (17%of | 233 | 36%
fragments ¥G)
Intronic 1,155 (30% of 351 30% 704 61%

pseudogenes * | wg)




Most Common Worm “Pseudofolds” #1

G Rank | ¥G Fold Representative | G Rank | G Fold Representative
[H“mhgr Rank Domain, SCOP ["umhnr Rank Domain, SCOP
matches) 1.3% Number, [| matches) 1.3%9 Number,
Description Description
dlajw__ a d21bd__
2.1 g 1.55
(769) Immuno- (246) B Muc. receptor
globulin ligand-binding
domain
E dldec__ 34 dlal7__
7.3 1.91
(535) Knottin (243) Alpha/alpha
superhelix
‘E d3lck 17 dlsp2
5.1 7.31
(434) Protein (227) Classic
kinase zinc finger
E n ditsg__ 20 didai__
4.105 3.29
(302) C-type (215) P-loop NTP
lectin hydrolase
E dlzfo 13 dzawd
1.33 4.34
(274) Glucocorticoid || (197) Ferredoxin
receptor DNA-
binding dom.

(c) Mark Gerstein, 2000, Yale, bioinfo.mbb.yale.edu
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Most Common Worm “Pseudofolds” #2

Y G
Rank Rank
{(Number
matches) E
(39)
(32)
I3

(27)

11
(25)

63
(23)

Fold

Representative || WG G
Domain, SCOP

1.39 Number, Eﬂl;” Rank
Description matches)

ditsg E
4.105

C-type lectin || (18)

dlajw
2.1
Immuno-
globulin

(17)

d3lck__
5.1

Protein
kinase

(13)

dlcvl
3.56
Alpha/beta-
hydrolase

(13)

58

-:ilak:::_
4.93

DNAse-| fold

(13)

19

Fold

Representative
Domain, SCOP
1.9 Number,
Description

dldac_
7.3
Knottin

dlzfo

7.33
Glucocorticoid
receptor DNA-
binding dom.

d21bd
1.95

Nuc. receptor
ligand-binding
domain

dlbus
7.14
Ovomucoid
PCIl inhibitor
fold

dZ2bnh

3.7
Lew-rich, right-
handed

p/a. superhelix

(c) Mark Gerstein, 2000, Yale, bioinfo.mbb.yale.edu
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29%
(max)

Pseudogene

Distribution
on
Chomo-
somes

E ~50% YG In

terminal 3Mb vs
~30% G

25 (c) Mark Gerstein, 2000, Yale, bioinfo.mbb.yale.edu




G

Num. genes in family

family

Decayed Lines of Genes?

Pseudogenes vs. Genes for each family

250 :
B0280.8
o E
200 |-y e " 2 o BO33a7 T
©B0213.7 :
150 .......................................

) All families

@
| B0205.7

100 ...a;...._...._...... -

EST & Paralog families only
— Ratio for all families
Ratio for EST/Paralog families

D1022.6 has

1/ 90 dead

o)
s fragments of
] : itself — a
’ " 05;231.2 disused line
D FOTA11.4 ° : Of ChemO'
e ¢ : F36H9. |j1|:]22ﬁ C50C3.8
L - Lem--O05550i-0Crmirn-o- 2| receptors?
0 20 40 60 80 E 100

Num. pseudogenes in family ¥ G
family

90

(c) Mark Gerstein, 2000, Yale, bioinfo.mbb.yale.edu
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Pseudogenes vs. Genes for each family

B0280.8
o

Completely Dead

o} All families
EST & Paralog families only

100

20

———— Ratio for all families

@
. BO205.7

O ' FO7A114 |

ees Engd‘l_t - Ratio for EST/Paralog families
AC3.2
acs1 @ :
o ‘ ' :
' (8]
' ‘o OB€3281'2 Co5c8.8
o © o :

i ' < ' F36H9.1 01022.6 C50C3.8)
R0 Bolp— L o —op — — iy — 2120
. : va‘QRBEu 4

Families

0 20 40 60 80 100
family ¢
Rank Number Organism of PR%‘[nO”I\;IAP Notes on representative
matches | closest match* | (epresentative
#1 7 Kk kkkkk Yeast YJA7_YEAST Hypothetical protein in yeast
#2 = | 5 omee Human XPDMOUSE ;rgfs gﬁrﬂ&?ﬁ?&?ﬁ? protein
#2 = | § FHxxx Cow CPSA BOVIN ](Calctei\ﬁage and polyadenylation specificity
H#H4 = 4 *xxk Fro 9 THB_RANCA Thyroid hormone receptor beta
#4 = | 4 *xxx Human SEX_HUMAN SEX gene
H#H4 = 4 **** Fly MDR1_RAT Multidrug resistance protein 1
#7 = | 3 **x Vaccinia virus YVFB_VACCC Hypothetical vaccinia virus protein
#7 = 3 *k% Fly VHRP_VACCC Host range protein from vaccinia
H#HT7 = | 3 *** Human IF4V_TOBAC Eukaryotic initiation factor 4A
#7 = | 3 *** E. CO“ ACRR_ECOLI Acrab operon repressor

(c) Mark Gerstein, 2000, Yale, bioinfo.mbb.yale.edu
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Amino Acid Composition of Pseudogenes is

PG Difference

Midway between Proteins and Random

0.06 +

0.04 +

0.02 +

. (|W-P|+|P-R|)}/P
—a— YWormpep18
—&— Random
— Fseudngenes

LI SFKVNTRAEGYPDQCHM*

W

12%

1 10%
1 8%
T 6%
1 4%

T 2%

0%

Amino Acid Composition

(c) Mark Gerstein, 2000, Yale, bioinfo.mbb.yale.edu
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Comparative Genomics:
Surveys of a Finite Parts List

1 Using Folds to Interpret

Genomes. Fold Library background. Shared
and/or unique parts. Venn Diagram, Fold tree with
all-b diff. Ortholog tree. Horizontal Transfer. Commor,
Parts: Top-10 folds with bab. Common Y -fold.

* Tricky Issues 2EXxpt. SG. Extent of

fold assignment (MG, 65%, 98). Predictions. Biases.
NESG.org Construct DB. Datamining this w/ decision
trees. Selecting weird MG CD targets.

e Folds & Functions. Roles/part? How

o i

1]

A 1

many folds/func? 331 of ~20K combinations. Mostly = : R R XX

1 func/fold, but some versatile scaffolds -- TIM most . :
versatile. Similar for interactions. Func. Divergence H Hegyl, J Lin, B Stenger,

vs. Seq. & stuc. Diverg. N Echols, P Bertone, J Qian,

4 Using Folds to Interpret
Expression Data. Top-10 parts in other

terms. Enriched in transcriptome: VGA, ab folds,

L Regan, S Balasubramanian,
V Alexandrov, G Montelione,

energy, synthesis, Cytoplasmic, TIM fold. Depleted: A Edwards, C Wilson, Y Kluger,
NS, long, TMs, transport, transcription, Nuclear, Leu- . .
zip fold. Bayesian localizer. C Arrowsmlth, A Drand,

5 Tricky Issues: Relating R Jansen, D Greenbaum,
Expression to Function. expression S Teichmann, P Harrison
relates to structure & localization but to function, . .
globally? Weak relation to protein-protein b | O | nfo ] m b b yal eed u
interactions.




The Obvious Problem:
Incomplete Coverage
of the Genome by
Known Folds

Structurally Uncharacterized (186)

|

Known
Structure

-“h"‘-.

orig. '97

link low
ol

- [z 115 [ Good

1 PDB Match (152) TM helix (30) Coiled-Coll
Low Complexity Region (116) Linker Region (5) All-alpha or All-beta Region

Predlctlon

100%

90%

I
mi' 1 Status of

60%

M. gen.

@&
=
- at end
Ly
b

%&‘(@fﬁm ﬁ\‘*ﬁ’

%éﬁ nﬁ\

0%

80% ——

30% -

end of
‘98 10% -

-— Fraction of the MG Genome
(by residue) with Structural
Annotation over Time

______4 Known Struct.

Good TMs, Low-complexity Regions

U U U U U U U U U U U U U U U U U U U U U U U U
74 76 78 80 82 84 86 88 90 92 94 96 98




Bias Problem ® Prediction, Experimental

Structural Genomics

« Known Structures are Incomplete,
Biased Sample from Genome, so...

a Resample

a Solve Structures
a Predict Structures !

= @he New Jork Times

Clinton Urges Congress o Allow New Method
of Census Connting

Same
Sampling
Issues with
US Census!!

31 (c) Mark Gerstein, 2000, Yale, bioinfo.mbb.yale.edu




TM-helix
“prediction”

« TM prediction (KD, GES).
Count number with
2 peaks, 3 peaks, &c.

« Similar conclusions to others:
von Heijne, Rost, Jones, &c.

Divide Predictions into sure
and marginal
(Boyd & Beckwith'’s criteria)

12.0%
"""""" worm
R 10.0% A yeast
o —E. coli
O 8.0% A
()
2500 1 5
S 6.0%
o
S
G 4.0% A
©
T
2000 A 2.0% 1
0O marginal 0.0% ——
L? [ 1 2 5 6 7 8 9 10 11 12 13 14 15 16 17
o sure Number of TM helices
O 1500 -
e
oy 100 | —
o 1 I 1 I | -
=
N —~~
S} § """""""" FIT
@ 1000 1 e i
o e —=—SC
S $ 10 —
2 % o —— M)
g ——— H| i
500 s u
> - MP
c 1 = =
g S —— MG B
9] X Y| AY T
% A "{r —u#—EC ||
0 R N i
& \ ) ——SS
12 3 45 6 7 8 91011121314 1516 17 1819 2 o1 \ 2N\ i
g ' A . - HP E
Number of TM helices per ORF 2 a =
(]
T £

0.01

10 100
Number of TM Helices

(c) Mark Gerstein, 2000, Yale, bioinfo.mbb.yale.edu
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2° Structure
Prediction

» Bulk prediction of 2° struc. in genomes
« Same fraction of a and b (by element,

half each)

» Both overall and only for unknown

soluble proteins.

Structurally Uncharacterized (186)

=72 A1 5 T T - 15

Coiled-Caoll

B : 4EE
8l  PDB Match (152) TM helix (30)
Low Complexity Region (116) 4 Linker Region (5) E

e Diff From PDB:

31% helical and 21% strand.

 Related results: Frishman

All-alpha or All-beta Region

Fraction of
residues
Predicted
tobein.. |strand| helix
Avg 17%| 39%
SD 1% 2%
EC 17% 39%
HI 16% 41%
HP 15% 42%
MG 17% 39%
MJ 19% 37%
MP 17% 39%
SC 17% 34%
SS 16% 38%

Not expected

(c) Mark Gerstein, 2000, Yale, bioinfo.mbb.yale.edu
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Different
Amino Acid
Composition

Should Give
Different 2°
Structure

Each a.a. has different
propensity for local
structure

->

Different Compositions (K
from 4.4 in ECto 10.4in
MJ, Q too)

->

Different Local Structure
(but compensation?)

Propensities from Regan
(beta) and Baldwin (alpha)

SrOd4<<MTOUZNI->O0ZI0X

EC

Amino Acid Composition

HI

SS

55 45 51
40 49 4.0
44 46 5.6
951 8.2 | 85

SC

4.5
6.1
3.9

5.5

HP

MP

MG MJ

3.5
5.9
3.7
6.8

3.5
6.2
5.4
6.7

3.1
7.5
4.7
5.6

1.6

3.8
5.3

5.5

14

5.8

2.8 . .

44 37 51 43 33 35 30 34
74 66 74 50 58 55 46 6.3
39 45 40 45 54 56 61 4.2
57 65 6.0 65 69 57 57|87
29 31 29 34 37 32 32 44
71 67 6.7 56 56 65 61 6.9
54 52 55 59 44 60 54 40
51 50 50 58 48 50 49 55
10.6]10.5( 114 9.6 [11.2]10.3|10.7| 9.5

15

11

total propensity
-1.00 -1.02 -0.96 -1.00 -1.05 -1.03 -1.05 -1.01
-0.27 -0.33 -0.26 -0.36 -0.37 -0.38 -0.42 -0.36

a
b

1.6

Propensity
(kcal/mole)

TM-hlx helix strand

8.8 -1.5
-2 -1.1
12.3 -1.9
4.8 -1
4.1 -1.3
-1.6 -1.9
-3.1 -1.2
3 -1.1
-0.6 -1.1
-3.4 -1.4
0.2 3
-1 0
-3.7 -1
8.2 -1.2
0.7 -1.2
-2.6 -0.8
-1.2 -0.6
9.2 -1
-2.8 -1.6
-1.9 -1.1

-0.4
-0.8
-0.4
-0.5
-0.4
0
-1.3
-0.4
-0.9
-0.9
>3.0
1.2
-1.1
-0.2
-1.6
-0.9
-1.4
0.9
-0.5
-1
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nesg.org

G Montelione

tham Home Page

e ——— ——

Tk wpdubrd £ 000

| Coright 000 by HlortReant St tural Genomies Corsortinm. Al Rights Resoraed

Northeast Structural
Genomics Consortium

—— —

—— —

—— —————

A pilos projest in strocturel genomics focused on smell proteins from eukaryotic
model organizoms. In thiz project vargers will be prisvinzed dynsmically based on

* representative structures selected to provide coverage of structore
space
* hypotheses genersred from “protein-relationship™ maps {p:gnwmqus}

* complementary date prowvided by functionel genomic snalyaig
* feagiblity

Thee peoject will explore the complementsry agpects of X-ray cryarallography snd
HME spectroscopy for high-throughput stoactare deberomn amon.

& [7300% ] [Open the address book

Columbia, Cornell, Yale, Rutgers, Toronto....

35 (c) Mark Gerstein, 2000, Yale, bioinfo.mbb.yale.edu




Ellipticity

ORFID|_Length | Source | Cloned |Expression|Fraction at 37°C| Purification |2” StructurelThermal meitd Minimal | _Essential

9 262 EC Yos ++ 1B Sol (01mM IP1G H Mo | Yes No

17 1?_5 MG Yas I IB IB H No No Mo

56 277 EC Yes - . - - . Yes Yes

134 100 EC Yes + Sol Sol H Yas No Yes

208 196 MG Yes + |B8+50l Sol H Yes No No

221 154 EC Yas ++ 1B+30l Sal ' H+C No* Yes Yes

240 202 BS Yes ++ 1B+50l Sol H Yas No Yes

206 129 MG Yes +H [} Sol (25°C) H Yes No No

332 239 EC Yasg o 1B+Sol Sol H Yas Yeg Yes

352 166 BS Yes ++ B Sol (30°C) H Yas No NO

360 i B3 Yes = B0l S0l GC Yes No Yes

448 50 BS Yes ++ 15+50 Sal C . Yes Yes

448 50 EC Yos ++ 1B+S0l Sol C Yes Yes

461 425 BS No - - - - Na Yas

M.gen. CD results
= . S5
" go]
- QY
- fafe, ] .‘. ) X 9
. - 1l I 1T g & N g
. | . 240-BS || 352-BS |} - 134-EC{| - 332.EC| | <
. norma e A - - | 2
25 s T 5 f f & it =~ I ] _,_/'j o
_Z\ 0 0 40 00 24 2240 e 20 240 200 220 240 o)
a0 1 1 ] I i I 1 'G = g iy i —Q—
10 ) - - s &a no 8- 208-MG 296-MG 009-EC1{ )™ 017-MG %
o T T T T .9— [ '_ (k- >
=r 1k i L | o
oyl S il A O (L |k
L - F "--"'\-\___,f. I .'»..ﬂ""'"""".-. "'wn""""'""# ~N
- - MR - AL R - -
0 21 250 10 230 250 210 20 50 200 20 240 .G%
% = e »
no I I Ielt ;T. o :‘i ol /_'—n-'ﬂ- B ’/-""ﬂ—-'—.m g
4 y 1t i ; # X
£ 369-88 |} .~~"221-EC /" 448-EC o s =
=30 = - 1 '. £ - * E
- ] F - '-..._,.“‘ L'."
Az -n'r*.wwm"ﬁw- = . . S A AT L . IR AP, A R e ©
e i et 200 20 240 T 230 260 20 200 280 M0 2w 28 -
_" ] 1 ] 1 T__> 8
0 2 S 80 8 100 wa\f3|ength (n m)




Progress Database

HESGC Project Summary - Netscape
Fils Edt Yiew Go Communicator Help

S [=] E3

v 2 A D e b d

" Bookmarks & Locaion: [ntp: /7bioinfo5 mbb. yale. sdu/nesge/constiuct/cgibin/summany.cgi

ra —~
| |e§€[!
Northeast Structural Genomics Consortiom

Project Progress Summary

Select the database entries to display: Advanced Form

j Attribute: | Tertiary Structure -

Target Organism: IAny Organism

Homolog Orgamsm: | Any Organism ¥
Laboratory: | Any Laboratory ¥
Tnstitution: |Any Institution =

Create Table Display: [Reduced ¥

| 7 what's Rrelsted

Thete are 14 entries which have either X-ray or NME tertiary structure, excluding restricted access and test entries.

Download Sequences
] e 5
WR64Tt - Cele -
IT1 - Ddthe T 0152
112 - Mbe  MIOIZ
113 - Mbe M0
114 - Mbe  MIOISO
115 - Mbe M1

108 lek M  mld3
II0  leif  Mie  mlélS
1 - Mibe  mh0040
1 - M mel689
Im - Mie  meliBd

Pe D8 g o [ewsarss b
(A Y A el :
E I-E-q'\-h

nesiele

Database Statistics

Tompvmy s ol Wad, 10 ol 008

Eapmesary of Tarwny

T T A
. ; ] W q 3 o

L T

id¥d dda S @

N T o T N T e o e L ) =] 1wt Pt

| Construct Database
{ Record for TT15

| Lotk cdea d

Crvated i 14.21-2000
Laksrwary: Axormmh

Ml 3.3 -20000
Tneviiwwior: Toronie:

| oBrm. pmEE Turget Dvpasisems Thrmrestricophicos: (ke
P Hienelug Crgasline: Ha

g

| s B B Fraes: 0 Esi 0

: Varto= pat 16t Tag: B (M a-tmramad

| Bequens werinen: s

| Due e 04312000

| Chondaic  pemmrorms

37 (c) Mark Gerstein, 2000, Yale, bioinfo.mbb.yale.edu
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Characterizing the Low-hanging Fruit for

Experimental Structural Genomics

Insoluble Soluble HE‘::?IE

* Retrospective Decision-Tree
» Analysis of the Suitabllity of
500 M. thermo. proteins for X-
ray/NMR work

e Based on results of Toronto
Proteomics Group

(C Arrowsmith, A Edwards)

T £ o o G o For example, proteins that
R = e‘ﬂ'ffm’d B fulfill the following sequence
e ' of four rules are likely to be
| g insoluble: (1) have a
A § hydrophobic stretch -- a long
Ural Genomics Consortian region (>20 residues) with

A pilot project in structural genomics focused on small ave rage hyd I’OphObICIty IeSS

bl proteins from eukaryotic model organisms. In this

T ‘ 1 "Bl project targets will be prioritized dynamically based on: than -0.85 kcal/mole (on the

network [ ::Ia:::n;hasedanmmiamlgemm results GES Scale); (2) GIn
B e ey o composition <4%: (3)
E‘;sf:jam will sxphr:nt“ge"mplsmnlaw as&uﬁl‘?ng- ASp+ Glu com position < 17%,
throughput structure determination. and (4) aromat|c CompOS|t|0n

>7.5%. Conversely, proteins
that do not have a
hydrophobic stretch and have
= less than 27% of their

11 residues in "low-complexity"

regions are very likely to be
soluble.

(c) Mark Gerstein, 2000, Yale, bioinfo.mbb.yale.edu
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Comparative Genomics:
Surveys of a Finite Parts List

1 Using Folds to Interpret

Genomes. Fold Library background. Shared
and/or unique parts. Venn Diagram, Fold tree with
all-b diff. Ortholog tree. Horizontal Transfer. Commor,
Parts: Top-10 folds with bab. Common Y -fold.

2 Tricky Issues 2Expt. SG. extent of

fold assignment (MG, 65%, 98). Predictions. Biases.
NESG.org Construct DB. Datamining this w/ decision
trees. Selecting weird MG CD targets.

3 Folds & Functions. Roles/part? How

o i

1]

A 1

many folds/func? 331 of ~20K combinations. Mostly = : R R XX

1 func/fold, but some versatile scaffolds -- TIM most . :
versatile. Similar for interactions. Func. Divergence H Hegyl, J Lin, B Stenger,

VS. Seq & Struc. Diverg. N EChOIS, P Bertone’ J Qlan’

4 Using Folds to Interpret
Expression Data. Top-10 parts in other

terms. Enriched in transcriptome: VGA, ab folds,

L Regan, S Balasubramanian,
S Teichmann, G Montelione,

energy, synthesis, Cytoplasmic, TIM fold. Depleted: A Edwards, C Wilson, Y Kluger,
NS, long, TMs, transport, transcription, Nuclear, Leu- . .
zip fold. Bayesian localizer. C Arrowsmlth, A Drand,

5 Tricky Issues: Relating R Jansen, D Greenbaum,
Expression to Function. expression S Teichmann, P Harrison
relates to structure & localization but to function, . .
globally? Weak relation to protein-protein b | O | nfo ] m b b yal eed u
interactions.




Adding Structure to

Functional Genomics,

Function to Structural

Genomics

Structure

JN

Folds v.
Genomes

Why Structure?

Do we really need it?

Seq.
Based

Function

e.g. EcoCyc,
ENZYME,
GenProtEC,

COGs, MIPS

Analysis --

Most
Highly
Conserved

Precisely
Defined
Modules

Clearer
than Seq.

N

U Func.

Link to
Chemistry,
Drugs

0 T || B
& el 2 | [
- = By . © 5L £

RMSD

(c) Mark Gerstein, 2000, Yale, bioinfo.mbb.yale.edu
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[ R ol

b Ll GeaProtel i gana 1l protrome dotebom ooy
] e e = A .
A Natural Syslem of Gene Families ‘" T
mra om na e Irim
Bchema of GenProtEC
= *_‘.'!J] Complete Genomes | T 8 ) Thir duahase can bt Fuoed o dees logicd kyer u I l C I O I l a
P ¥ we . Hemend inmre = i
B Bl Vem Forwior Dok Hew J GLIERY LAYER
e -.; o —llﬂ ﬂ 2.4 '\5."" Bzl thind ; kg el Pl et et o P - - -
T 1 e ——————T -
";"”"- Pl .,ﬂ Fumnctbonal annotation o EEe—— G
E Fachome e ot L o =
+ K Moy ey i
#* U [rATE———— e e R Dewmiptian a
+ o Mo b ek e s e nge sl Jric seting
(3 Theropdarem pesamny » Browstapn
& gt byar]
= Details Laye
md kerasre
= ENZYME
This SSTERA COMEHE

Wekbar WWabus

(cross-org.,

o teaplais Blos i

(SwissProt

o and thewr JElS .

. GenProtEC
just conserved, .

NCBI (E. coli, Riley)

Koonin/Lipman)

Bairoch/

Apweiler,
just enzymes,
H | = 273 | oy vesrskech o Tl Bookmarks & Locator [Hite /v mips brachen mpg de/ =] @07 Whats Relaied CrOSS_Org .)

Wolcomes to MIPS - Netscape o] =|
Fie E& View Go Communcaler Help

1 |2 110 | Lpid menabckmn -
=l
- ] D o v
muwnich information center
for protein sequences
¥ Gene Ontolony
Gane Crivlogy A .
function cellular_component process I SO .
= =] [=] » Yeast
tunstien cellular_compeonent process ¥ Arabldopsis
1.1, nucieic 2cid binding(724) 1.1, extracefiulan(71) 1.1. cell growth and mantenance( » Human
1.1.1. DNA binding(350) 1.1.1. fidrinogen?) 1.1.1. metabalism(9aT)
1.1.1.1. DNA hellcase(19) 1.1.1.1. fbrincgen aiha chain 1.1.1.1, carbohydrate metabol " -International er
1.1.1.1.1. ATP gependent D 1.9.1.2 Hbrinagen beta chain 1.1.1.1.1. potysacehande me PIR-Internationa
1.1.1.2, mitachondrial DNA heli 1.4,1.3. fibrinogen gamma chad 1.1.1.1.1.1. glycogen met b Protfam .
1.1.1.3. AT DNA bindingi2) 1.1.2. endraceduiar maleix1 T} 1.1.0.1.9.1.1. ghycogen » Pedant
1.1.1.4, pent DNA binding 1.4.2.1. memiwane attack comy] 1.4.9.1.4.9.1.1. giyood WISS ro
1.1.1.5. chramatin binding(24) 1.9.2.1.1. membrane sitack 1.4.1.1.1.1.2. giyeogen ¥ Sequence DB Acce
1.4.1.5 1, laminichramatin bi 1.1.2.1.2. membrane silack 7.9.1.1.7.9.2.1. giyooy ¥ About MIPS 1
1.1.1 6. aamaged DNA BINAIngE 19.2.2 COlpens) 1.1.1.1.1.2 stareh metatil An n Otatl On
1.1.1.7. ONa repair prateing11))_| 1.1.2.2.1. callagen type Xv | | 1.1.1.1.1.2.1. starchcat)_| ¥ Publications
1.1.1.7.1. DNA repas enzying = 1.1.2.2.2. fiorilar cotagen( 3§~ 14112 metal~] omprehansivn database mhich s

WIT, KEGG
(just pathways)

TIGR EGAD
(human ESTS)

“Fly” =—— | MIPS/PeEDANT

R S (fly, Ashburner) (yeast, Mewes)
now extended to

GO (cross-org.)

4 Hexd hexokinase

41 (c) Mark Gerstein, 2000, Yale, bioinfo.mbb.yale.edu




A Simple Scheme for Functionally
Classifying Protein Structures

All of SCOP entries

Y

1 3 1 3
Oxido- Hydrolases Meta- Cell
reductases bolism structure
11 15 31 34 1.2 11 3.1 38
Acting on| |Acting on | |Actingon | | Acting on Nucleotide Carb. Nucleus| [ Extracel.
~ _ ester peptide .
CH-OH CH-NH bonds A metab. metab. matrix
i l ] i 5 L
1 !I. 1 | | l3_Il 1 ,_i ' a I
1. 11 1.1.1 3.8.2
NQEDaFr’Id Caég?é}/"‘: Polysach Extracel.
hydro- metab. matrix
acceptor lases glyco-
protein
1111 1.1.1.3 3.1.1.1 3.1.1.8 1.1.1.2 1.1.1.1 3.8.2.1 3.8.2.2
Alcohol Homo Carboxyl Choline Starch Glycogen Fibro- Tenascin
serine .
deefrw‘);(;reo dehydro esterase lesterase metab. metab. nectin
9 genase
<> Precise functional similarity @® General similarity @ Functional class similarity

Focus on Pairs with Precise (1.1.1.*) and Broad (1.*) Similarity

A Combined
Scheme,
merging
ENZYME +
FLY, with some
annotation from
MIPS,
GenProtEC, &
manual
additions for
proteins not in
either (e.g. 1g’s)

Also: COGs

f




Fold-Function

Combinations #1
Many Functions on the

Same Fold
-- e.g. the TIM-barrel

at what degree of divergence?
Sequence Diverg. (%ID, P

seq)

Structural Diverg. (RMS, P,,)
Functional Diverg. (%SameFunc)

5 ISOmerase

xylose isomerase
1clxi

—

1 OXidoreductase
{ aldose raduclase
2acs

3 HYdrolase

adenosine deaminasa

Tikw

Compare large number of pairs of sequences that have same fold but different functions.

89%

—

»

—>

~20% i

Human
Chick
E coli
E coli
B ster.
E coli
Yeast
Rat

Photobact.

TP Isomerase
TP Isomerase
TP Isomerase
PRA Isomerase

Xylose Isomerase 5.3.1.5

Aldolase
Enolase

K-channel B-sub. NON-ENZ

Flavoprotein?

5.3.1.1
5.3.1.1
5.3.1.1
5.3.1.24

4.1.3.3
4.2.1.11

NON-ENZ

Same
Exact
Func.
Both
Class 5
Completely
Different
Same
Exact
Func.




—y o Relationship
90 )
£ &) . . . .
»% 2 of Similarity In
70 .E s D i
« 33l Sequence &
50 %‘g E )
©fs S Structure to
30 E’% N th t .
- o
o3 S atin
2 . =
0§ Function :
50 40 30 20 10 0 _Z*
e G5 | similarit 2
b NE::;iyinn:siTiti same Functional Class %I D E
—ik—— Enzymes with same Functional Class 2 100 =
- - ¥ - - Nonenzymes with same Precise Function 0 @ §
- - o - - Enzymes with same Precise Function LCJ 80 C_:é %
>_
3 .55 ¢
See at what %ID have diff. g [ A MPsclas © gc
function (both broad & precise). 3 _;_Z';Z :teEC(':S‘*CZZC a5
Use 4 func. classifications -- S D 0 8 |3
ENZYME, FLY (+extra), MIPS, ' 10 “g E
0 »© =
©

GenProtEC 100 80 60 40 20 0
% sequence identity %I D

44




50

%SamekFunc

20
10

85883888

30 20 10 0
%ID
.1’4‘_' "
0.5 1 1.5 2

10(
90
80
70
60
50
40
30
20
10

%SamekFunc

=

RMS C" separation (50% trim) R I\

NS

Relationship of
Similarity In
Seqguence &

Structure to that In

%SamekFunc

Function |l

Percent identity quite successful vs.
structure sim. or statistical scores

-!—WP*—IFP%*L 150
b B 90
80
70
60
50
" 40
e 30
X 20
10

.'j..--

»x

(c) Mark Gerstein, 2000, Yale, bioinfo.mbb.yale.edu
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Fold-Function

Combinations #2

Many Functions on the

Same Fold
-- e.g. the TIM-barrel

ISOmerase
xylose isomerase

oA X
% = F
o A . F
: " X \3-\ xo‘ e ; "
: - o

T
-
- —

1 OXidoreductase
aldose reduclase
2acs

3 HYdrolase
adenosine deaminasa

Two Different Folds
Catalyze the Same
Reaction -- e.g.
Carbonic Anhydrases
(4.2.1.1)

46 (c) Mark Gerstein, 2000, Yale, bioinfo.mbb.yale.edu




Fold-Function
Combinations

A B

~20K (=92x229) Possible,
331 Observed

229 Folds

AB A+B MULTI SML

MOMENZ N [ I |/ | [ N N N AN O O 0T Y [
; o T |

]
L I
C ox - ]
-9 i I [ ]
-
o O i
c & '
L:LS EI\ TRAN -
o S ]
_'c:5 LIIJ .
C L] L]
; O HYD < 2 T
N < '
C 4+ '
LLI B
H LY = LR ¢
(@)) .
50 -
!.
LG - I

47 (c) Mark Gerstein, 2000, Yale, bioinfo.mbb.yale.edu




Most Versatile Functions

Sort table rows....
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Glycosidases, carboxy-lyases, phosphoric monoester hydrolases, linear

Top-4 Most Versatile Functions
monoester hydrolases (3.2.1, 4.2.1 3.1.3, 3.5.1)

6|

2]

7]3.24
714.2.1
6]3.1.3
6]3.5.1
5[1.11.1
5[1.9.3
5|2.7.1
5|3.6.1
5[4.1.1
4/1.14.13
4|2.4.2
412,51
41311
4)3.2.2
3[1.1.1
3|1.3.1
3]1.6.99

Top Multifold Functions ®




Number of Folds with Given Number of

Most Versatile Folds — Relation to Interactions

Functions

Interactions

175

B

Rossmann

Ferredoxin

1]
]

16

10

13

75

=
%29

Alpha-beta
Hydrolase

TIM Similar results
barrel Martin et al.
(1998)
17 2223
1 1
P-loop NTP

Hydrolase The number of

interactions for
each fold = the
number of
other folds it is
found to
contact in the
PDB

49 (c) Mark Gerstein, 2000, Yale, bioinfo.mbb.yale.edu




Fold-Function

Combinations

Cross-
Tabulation
Summary

NOHEND

" '
E i

Diagram /

O

[ Similar analysis in Martin et al. (1998), Structure 6: 875 ]

B A/B A+B MULTI SML sum
NONENZ 34 30 14 4 26 136
OX 13 5 17 3 4 5 47
TRAN 3 3 16 /v's/ \ 5 35
HYD 4 11 30 18 \ 4 67
LY 2 3 137 5 \ 23
1ISO 1 2 7 4 \2 16
LIG 1 2 3 1 7
sum 57/55’ 99 69 %o 31l 331
SCOP
- = _
A B AB A+B 3 =
1 E m
NONENZ| 71 5.7 71 n| 28 | [ o7 |
OX 35 21 n 2.1 0.7 0.7
E TRAN 0.7 n 14 1.4 0.7
E HYD | 28 | | 28 | 6.4 57 14
=
| Ly
ISO 0.7 1.4 07
LIG 1.4 14




Compare Classifications a

nd Genomes

SCOP
Compare 1 Structure- A 5 am aw B ¥
. = [77]
anctlon Cross-Tab for e
leferent Genomes and x | =mE=E ~ -
Different Functional & W TRAN | o
Structural Classifications E HYD
for the Yeast Genome “| v
ISO 07 14 07
LIG 14 14
O nonENZ WO r m EinEC

MIPS Functional Cat.

CAT H (Thornton)

ENZYME

CATH

A B AB
NONENZ 0
OX 5.1 10
TRAN 13
HYD s
LY 13
ISO 13
LIG

MlPS YFC (Mewes)

sScop
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(c) Mark Gerstein, 2000, Yale, bioinfo.mbb.yale.edu
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Different Structure Function
Relationships for Most Ancient Proteins

SCOP

SCOP
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Comparative Genomics:
Surveys of a Finite Parts List

1 Using Folds to Interpret

Genomes. Fold Library background. Shared
and/or unique parts. Venn Diagram, Fold tree with
all-b diff. Ortholog tree. Horizontal Transfer. Commor,
Parts: Top-10 folds with bab. Common Y -fold.

* Tricky Issues 2EXxpt. SG. Extent of

fold assignment (MG, 65%, 98). Predictions. Biases.
NESG.org Construct DB. Datamining this w/ decision
trees. Selecting weird MG CD targets.

e Folds & Functions. Roles/part? How

o i

1]

A 1

many folds/func? 331 of ~20K combinations. Mostly = : R R XX

1 func/fold, but some versatile scaffolds -- TIM most . :
versatile. Similar for interactions. Func. Divergence H Hegyl, J Lin, B Stenger,

vs. Seq. & stuc. Diverg. N Echols, P Bertone, J Qian,

4 Using Folds to Interpret
Expression Data. Top-10 parts in other

terms. Enriched in transcriptome: VGA, ab folds,

L Regan, S Balasubramanian,
V Alexandrov, G Montelione,

energy, synthesis, Cytoplasmic, TIM fold. Depleted: A Edwards, C Wilson, Y Kluger,
NS, long, TMs, transport, transcription, Nuclear, Leu- . .
zip fold. Bayesian localizer. C Arrowsmlth, A Drand,

5 Tricky Issues: Relating R Jansen, D Greenbaum,
Expression to Function. expression S Teichmann, P Harrison
relates to structure & localization but to function, . .
globally? Weak relation to protein-protein b | O | nfo ] m b b yal eed u
interactions.
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Gyt oy Gy Gene Expression
BRI Datasets: the
Transcriptome

Yeast Expression Data in Academia:
levels for all 6000 genes!
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2y, Common Parts: the Transcriptorn
D, o) O alts. tne 1 ranscriptome
Composition Rank
g
Q
< S $ & -
0 = 8 = AR s
218 | 8| & 0 S| EE 22|92 @
ol 5| 8|4 S| |2| |8|c|e|e|e|uluwu
215 s | & | s | |8 |3 [522|22]8]8]¢2
Fold 2 | o U = o ol 1> |nlololo|lo|lvla]o
TIM barrel a/b 1byb 4.2 8.3  +98 ) 1 1 1 1 11
P-loop NTP hydrolases a’b 1gky 5.8 5.2 -11] | E 2 2 4 ) 6 Y
Ferredoxin like ab 1f xd 3.9 3.4 -14] | LS 3 n 10
Rossmann fold a'b 1xel 3.3 3.3 o . ﬂ 4 3 3 2
7-bladed beta-propeller b 1nda* 6.4 2.9 -55| _ W 5 4 6 7
aplha-alpha superhelix a 2bct 4.4 2.7 -37] _ A 6
Thioredoxin fold alb 2trx 1.7 27  +63] |1« 7 6 2
G3P dehydrogenase-like ab  1drwt 0.2 2.7 +1316 81 8 5
beta grasp ab 1igd 0.6 26 +348] ;] 9 10f21] 9] 18| 21] 82 [122] 120
HSP70 C-term. fragment multi 1dky 0.8 26 +231] 4] = 10 16|17 11| 16| 12] 28| 25] 56
1
Leu-zipper a lzta 3.8 2.1 -46] = I 7 | I 15| | 8 | 14| 21| 15| 19| 21| 20| 33|
Protein kinases (cat. core) | multi 1hcl 6.8 1.6 77 = 18 191 9| 16|11 15| 13| 18] 17
alpha/beta hydrolases a'b 2ace 2.2 0.9 62| = | 10] I 32| [30] 25] 26| 20 [ 23] 26| 26] 26|
Zn2/C6 DNA-bind. dom. sml lawé 2.6 0.3 -89| - | 9 I I 75| I 94| 27| 50| 32| 40| 48| 39| 5o|
Feature Fis Number of Number of Genome Number of Number of Transcriptome | Relative
Folds, in TIM-barrel matches with composition of | TIM-barrel matches with composition of | enrichment of
particular the | fold matches all folds in TiM-barrel fold matches all folds TIM-barrel TIM-barrel
TIM-barrel in yeast yeast genome | fold matches weighted by weighted by fold matches matches in
{3.1) gehome expression expression franscriptome
Spec. Num. 65 1560 4.2% 389 4709 8.3% 97.8%




Freq.

Change

=
[¥]
@ 2
E = w
2 Z|§|®
@ b= w = E I:IQ:I
E| v w | 22| = o
| g S|ElE51¢8ll =
o | O al&2|8|° )
Fold of Q|- O 10 |o|u o
Protein kinases (cat. cora) 15 1p38 '
B-propeller 2 1mda
P-loop NTP hydrolases ] laky
o-a superhelix 4 2bet
TIM-barrel 5 1bvh ./
Ferredoxin-like 6 1fxd
Rossmann fold 8 1xel .""f
Ribonucleotide reductase (R1) 1rle
ATPase dom. of HSPS0 lahé6
Homing endonuclease-like lafh
Aminoacid dehydrogenases; dim. dom. 1hup {
DNA topo | (N-term) lois
DNA clamp 2pol
Metallothiongin 1mhu
FPhosphoenolpyruvate carboxykinase lavl
Citrate synthase lcsh
M-carbamoylsarcosine amidohydrolase 1nba

TEP-like

1bvl

5'-3' exonuclease itfr
ce/ex toroid lgai
Cyclin-like 1vin

ATPase domain of GroEL laon
Head domain of GrpE 1dkg
HSPT0 (C-term) 1dkz

Folds

that

> change

a lot
in

ﬂequency

are
not

commaon

Chanqging

Folds



Composition of Genome vs. Transcriptom

Transcriptome Enrichment

PRACSENIIDIACD) G(F) Sen(F) > en(F) T(F) D(F)
otf i F oorfi orfé Foorfi
Feature Fis Number of Ala | Number of Genome Number of Ala | Number of Transcriptome | Relative
Amino acids, | in yeast amino acids in | composition of | weighted hy amino acids composition of | enrichment of
in particular yeast Ala in yeast expression weighted by Ala in yeast Alain
Ala expression transcriptome
Spoe:hum, 141890 | 2574876 5.5% 347807 | 4758441 7.3% 32.7%
Feature Fis MNumber of Number of Genome Number of MNMumber of Transcriptome | Relative
Folds, in TIM-barrel matches with composition of | TIM-barrel matches with composition of | enrichment of
particular the | fold matches all folds in TIM-barrel fold matches all folds TiM-barrel TIM-barrel
TiM-barrel in yeast yeast genome | fold matches weighted by weighted by fold matches matches in
{3.1) genome expression expression transcriptome
Spec. Num. 65 1560 4.2% 389 4709 8.3% 97.8%
o
50% OHolstege et al. (9)
= Jelinsky et al. (11)
40% | | Roth et al., mating type a (10)
€ Roth et al., mating type alpha (10)
0 | |© Roth et al., galactose {10)
30% < Roth et al., heat shock {10}
@ SAGE, G2/M phase (1)
20% O SAGE, log phase (1)
NS —_— O SAGE, S phase (1)
10”"{0 é Genome Transcriptome
Composition Composition
[ e |
0% b mﬁg@%% | o
[ o 4 4 8§ 9§ |
-10% i |
ot VGA - =
XX
-30%

N & C L F |

DHQYPMWETI KRVYVYGA Amino Acid

(c) Mark Gerstein, 2000, Yale, bioinfo.mbb.yale.edu
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Relation between Length & Expression

Max Expression (e.g. transcripts/cell) ~ (Length)-2/3

Shorter proteins can be more highly expressed

10000
— Fit
— Maximum Lengths
AN d
1000 ++ -+ AN .
< '"k““‘%. it
2 vVl D6 _
EIC) :. [’_:‘_,"4:f J “k
100 VN ‘ ﬂ 1AL
‘
10
1.0 10.0 100.0

Expression Level

(c) Mark Gerstein, 2000, Yale, bioinfo.mbb.yale.edu
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Composition of Transcriptome In terms of
Functional Classes

6 D U 0/0 OHolstege et al. (9)
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Composition of Transcriptome In

= Jelinsky et al. (11)
# Roth et al., mating type a (10)

e mmwescol {@FMS Of Broad Structural Classes

& Roth et al., heat shock (10)
@ SAGE, G2/M phase (1) 1 00%

O SAGE, log phase (1)
OSAGE, S phase (1) 80%
0
Membrane (TM) Protein 60% i
+ 60% 40%
c
GE’ 40% T 20% §
< ? !l Nno/s —1
g 20% 8 ‘*‘ 14-22% U /0 — 8
O 0% . -20%
(«D]
5_20% § -40%
Z-40% i % i ox -60%
(&) .
2oon (B J . 80% ab protein -
© -100%
F—-80%

SML A B MULTI A/B A+B
1 2 1318 3 10-12 5 6-9 4 Soluble -

| | _ Fold Class
# TM helices in yeast protein of Soluble
Proteins

60 (c) Mark Gerstein, 2000, Yale, bioinfo.mbb.yale.edu




Relating the Transcriptome to Cellular
Protein Abundance (Translatome)

Gene set
A
"1\

rnl"'

Sﬁ.bund SGE n Enrichments

g MR
o ,-Ei 0ok
Y w [ | @ 5
, N AP Doeasais Siaail, [ B0l

Translatome
+ 0%

(protein population)

4 x Y
| \<' '
RE, 5 e §{ | W . \ W=t
NP =
Transcriptome 1'- \ ,lt.',/ o A(F, [Wmrna: Scenls [1, Saenl)

(mMRMA population)
= 1 . .
Genome/Proteome \ What is
o Proteome?
1(F, [ 1, Sgen]) Protein

{protein complement in the genome)
complement in

2D-gel electrophoresis Data sets: Futcher (71), Jenome or
Aebersold (156), scaled set with 171 proteins cellular protein
population?

New effect is dealing with gene selection bias



MRNA and protein abundance related, roughly

~150 protein
abundance
values from
merging
results of 2D
gel expts. of
Aebersold &
Futcher

i
]
(-]
o

h

® P
‘3 O 2-DE #1 < ’f e
Q :
2 ® 2-DE #2 (scaled) o /M
2 @ Combined ®
‘© 100
— o //
9o ¥
ko »
@
£
s 10 -
3
c
=
)
©
£
3
E_‘! 1 L # :
0.1 1 10 100 1000

MRNA expression level [copies/cell]

MRNA values for same 150 genes from merging and
scaling 6 yeast expressions

k Gerstein, 2000, Yale, bioinfo.mbb.yale.edu




Amino Acid Enrichment

Protein

Enrichment
i
[
==

L]
=

20%-

20% =

40%

NCSLFQIDYHMWPETREKYGA
Amino acid

Simple story is translatome is

enriched in same way as
transcriptome

Weights

- Mﬂﬂ: [Wmﬂm* SGﬂ'\]: [1* SGM]}
< ﬁ[aas [wﬂlll'ldl EEm]+ [1- Eﬁm]}
< Alaa, [Wyeul, Spaal: [1 Senl)

Gene set

'S ~

S,nﬁl.t:pu SGen

Wabund

WmRNA

63 (c) Mark Gerstein, 2000, Yale, bioinfo.mbb.yale.edu




Enrichment

Amino Acid Enrichment —

Complexities
.ﬁ{a&p WmRNA, SGH'I]: 1: SGH'I]}
i+ A{EE, W abund, Eﬁhl,l'u:l l[1! sﬁhﬂ’ﬂ]}
O A(8a, [Wmana: Sasond], [1, Stbund))
& A(aa, [Wavund, Sasund], [Wmrna, Sabund])
(
Wabund
LWMONAFEPRKIHDTYSGVC 2/ lw
Amino Acid £
1
\

64 (c) Mark Gerstein, 2000, Yale, bioinfo.mbb.yale.edu




Expression Level is Related to Localization

Absolute expression

iy

Nucleus
Eimmﬂ | 14.4 0.26 0.71 l
cell cycle
and
diauxic shift 1.7 0.28 0.46

Endoplasmic Membrane
Reticulum
3.2 0.26 0.45 24 027 0.5
Mitochondria
Extracellular Golgi ‘ |
r } 2.0 024 0.57
7.5 0.69 0.76 2.8 0.27 0.40

65 (c) Mark Gerstein, 2000, Yale, bioinfo.mbb.yale.edu




Distributions of
Expression Levels

] i ;
._T_| | .I__I :
=_¢E$_

Cyto- Extra= ER Plasma- Golgi  Mito- Mem-  Nu-
plasm cellular mam. chondria brane cleus

Subcellular localization

(c) Mark Gerstein, 2000, Yale, bioinfo.mbb.yale.edu
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~06000 yeast genes

with expression levels

but only ~2000 with localization....

I-.!-lutliln: - :I. & '.I, .
insight
T " Functional

genormics -

insight review articles

Genomics, gene expression and
DNA arrays

David J. Lockhart & Elizabeth A. Winzeler

Genomics Institute of the Wovartis Reseavch Foundation, 3115 Mevryfield Row, San Diggo, California 92121, USA

Experimental genomics in combination with the growing body of sequence information promise to
revolutionize the way cells and cellular processes are studied. Information on genomic sequence can be used
experimentally with high-density DNA arrays that allow complex mixtures of RNA and DNA to be interrogated
in a parallel and quantitative fashion. DNA arrays can be used for many different purposes, most prominently
fo measure levels of gene expression (messenger RNA abundance) for tens of thousands of genes
simultaneously. Measurements of gene expression and other applications of arrays embody much of what is
implied by the term {genomics); they are broad in scope, large in scale, and take advantage of all available
sequence information for experimental design and data interpretation in pursuit of biological understanding.

67 (c) Mark Gerstein, 2000, Yale, bioinfo.mbb.yale.edu




Bayesian

System for

Localizing
Proteins

'IIER_I_"

Represent localization of each
protein by the state vector P(loc)
and each feature by the feature
vector P(feature|loc). Use Bayes
rule to update.

Feature Vects

=

State Vects

P(featurelloc) Prm(loc)

s Initial Prior
P(NLS=true | loc) K

Nuc Pm(nuc)

ER :
Cyt Y =
v Posterior

—1 >

T P..(loc | NLS=true)

p(NLS=true | nuc) \

Pm(nuc | NLS=true)
= p(NLS=true | nuc) . ppinuc) | Z

18 Features: Expression Level
(absolute and fluctuations), signal
seq., KDEL, NLS, Essential?, aa
composition

(c) Mark Gerstein, 2000, Yale, bioinfo.mbb.yale.edu
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Bayesian

System for

Localizing
Proteins

'IIER_I_"

Represent localization of each
protein by the state vector P(loc)
and each feature by the feature
vector P(feature|loc). Use Bayes
rule to update.

Feature Vects

| State Vects
P(featurel|loc)

>
Pn(loc)

Initial Prior
P(NLS=true | loc) - R

10 Nuc Pm{nHC)
- ER .
: Cyt T "
. v Posterior
| I %

T P..(loc | NLS=true)

p(NLS=true | nuc) \

Pm(nuc | NLS=true)
= p(NLS=true | nuc) . ppinuc) | Z

_’

P(mRNA expr=high | loc)

2 N
E B M

: >

- _Pn(loc | mRNA expr = high)
+ O
P(pl > 9| loc)

ﬁ I \ Final Result
L] v

_’
@Pm(loc | pl > 9)

(c) Mark Gerstein, 2000, Yale, bioinfo.mbb.yale.edu
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E 88
o) a0 -
ReSUItS on € 0 7 82 74 75
- T 91 63
Testing Data 8w o
- 50

i 39
O 40
E 20 . a2
| -
O 20

Localization Annotated as Predicted O 10 -
X 0 . . . .

C N M T E TOTAL
Compartments

YPD
2143

Individual proteins: 75%
with cross-validation

Carefully clean training dataset to avoid circular logic

(c) Mark Gerstein, 2000, Yale, bioinfo.mbk

Testing, training data, Priors: ~2000 proteins from

Swiss-Prot High Quality  ypp miPs, swissProt, Snyder Lab

704

70




E [1342]
Results on

Testing Data #2

Compartment
Populations. Like QM, VB 169 163
directly sum state vectors
to get population. Gives
96% pop. similarity.

Overall —»
Compartment N in: compart. pop. vector N
Population Vector State vectors of prc out: localized-1342 expected

- 3

S -+ - -+
N(L) = PyL)+ P, + P; +..+ P, ..+ Pgooo

=

o,

Normal "sum"
of protein
localizations

Thresholding
state vectors

x_,f‘

i oY

71 (c) Mark Gerstein, 2000, Yale, bioinfo.mbb.yale.edu




Extrapolation to Compartment
Populations of Whole Yeast Genome.:

~4000 predicted + ~2000 known

7%
219 [6042]

29%

34%

9%

72 (c) Mark Gerstein, 2000, Yale, bioinfo.mbb.yale.edu




Comparative Genomics:
Surveys of a Finite Parts List

1 Using Folds to Interpret

Genomes. Fold Library background. Shared
and/or unique parts. Venn Diagram, Fold tree with
all-b diff. Ortholog tree. Horizontal Transfer. Commor,
Parts: Top-10 folds with bab. Common Y -fold.

* Tricky Issues 2EXxpt. SG. Extent of

fold assignment (MG, 65%, 98). Predictions. Biases.
NESG.org Construct DB. Datamining this w/ decision
trees. Selecting weird MG CD targets.

e Folds & Functions. Roles/part? How

o i

1]

A 1

many folds/func? 331 of ~20K combinations. Mostly = : R R XX

1 func/fold, but some versatile scaffolds -- TIM most . :
versatile. Similar for interactions. Func. Divergence H Hegyl, J Lin, B Stenger,

vs. Seq. & stuc. Diverg. N Echols, P Bertone, J Qian,

4 Using Folds to Interpret
Expression Data. Top-10 parts in other

terms. Enriched in transcriptome: VGA, ab folds,

L Regan, S Balasubramanian,
V Alexandrov, G Montelione,

energy, synthesis, Cytoplasmic, TIM fold. Depleted: A Edwards, C Wilson, Y Kluger,
NS, long, TMs, transport, transcription, Nuclear, Leu- . .
zip fold. Bayesian localizer. C Arrowsmlth, A Drand,

5 Tricky Issues: Relating R Jansen, D Greenbaum,
Expression to Function. expression S Teichmann, P Harrison
relates to structure & localization but to function, . .
globally? Weak relation to protein-protein b | O | nfo ] m b b yal eed u
interactions.




Expression
profiles &
distance matrix

SOM, k-means Hierarchical ~ SVM

Ty o' 7 L
&
il (supervised learning)
e Clustering of expression profiles
e Grouping functionally related genes together (?) ( ..

» Botstein (Eisen), Lander, Haussler, and
Church groups, Eisenberg

[

... Protein Function?

— ET_TT Do Expression
\_/é; ~ Clusters Relate to

Can they predict

£
\
O Function .

) functions?

/
O
Relate to
=)

Internal |:> Siernal
analysis -
i information

=~
=
=
—
i

T
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Transcnipton
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/_
MIPS Functional YAROT ... Tr’“v;

g Expression Correlations,
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Sample for Diauxic shift Expt. (Brown), 05
EX. Ryyg6-3 = \
[ R(gene-1,gene-3) + R(gene-1,gene-4) 0.0 ' ! '
+ -1.0 08 -06 -04 02 00 02 04 06 08 10

R(gene-S.gene-7)1/3 Average correlation coefficient R,



Transcnipton
ORF Profile
’i_ - —
MIPS Functional AR .. Tf’“*ﬂ

Distributions of Gene

R P e N Expression Correlations,

¢.g., "Phosphate [t .
Metabolism" L T’_:h‘* fo r AI I P OSS I b I e G e n e
L | |
[ | L | n
. Groupings 2
s ?;, e B ,
Jilk **T7 P-value for 'f\
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™25 -
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Experiment Correlation:

g Glycogen, trehalose
! metabaolism

E 73 % ) o 5
o - ¢ i
g6 &6 3£ 2= ¢ Experiment
° 8 ® E g ks “ 2 ! 3 @ ") c
5 '= -
Cell growth, di- , 7 >8 =8 3% &3 WayS
vision & DNA syn. " i *H ¢ 22 g2 o b~ . . f . ;
) =
/ Respiration — Slaniiicant o
; ;
F

- | Sometimes
0.9 21 Slgnlflcant
(depends

Cellular organization

Glycolysis

LY

Cell rescue, defense,

Gluconeogenesis

=
-

MIPS category

E. death - s
o | Intraceliular _ o ) 2 | |
0 \ Glyoxylate cycle [ 16 | 07 30 23
‘g' transport k. " - el O n eX t .
E lonic homeostasis _ o 0.8 EE E:r::s:‘p e 0.8 0 0.6 O
20 tabeli . \ i v
o etabolism o 0 ‘ Fermentation - [ 22 I
= ilitati N Other energy N ever A
Transport facilitation i} 0 \ i ddar o7 0.1 0.1 0.2 Q
LS generation activities v e S . . f . t—Q
L
Signal transduction 25 01 06 1 Beta-oxidation of 05 04 G 02 I g n I I C an E
G fatty acids 5 o . E M
Unclassifield 2.3 ] 0
] | ] | ]
s | oo B - | Based on Distributions
]
Protein destination 03 0.2 0.6

P
=)

ororosns | “ Correlation of

Frautim‘mfsl nlﬁnanl roups - -

oo v 1ol Egtablished Functional
Shift ation group

MIPS 1 63% 81% 12% 13% 16

MIPS 2 50% 63% 17% 13% 10;

[MiPS 3 23%] 33%] _ 5%| _ 4%| 73 Categorles’ COmDUter

I‘Ilﬂl“gvH
I:Em level) | 40%| 80%| 20%| 0% 10

e o o Clusterings

BO% 25

(c) Mark Gerstein, 2000, Yale, bioinf
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o
.
o
/
0
-1.0 -0.5 0.0 0.5 1.0

Correlation coefficient

between selected expression
timecourses in CDC28 expt. (Davis)

ti

Protein-Proteln

Interactions &
Expression

Use same formalism to assess .
how closely related expression

mecourses to sets of known p-p 6\‘

interactions

Sets of interactions

Random (cell (all pairs)
cycle CDC28) (control)

O physical
—e—genetic (from MIPS)

= Y2H (Uetz et al.)

—C— Large ribosomal
subunit

(strong interaction, clearly diff.)

(c) Mark Gerstein, 2000, Yale, bioinfo.mbb.yale.edu
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Interacting proteins
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Large
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DIP

Y2H

J

s

for

Sets of Interacting Proteins 6\
/ Relation of P-P Interactions

Nucleusvs.  All
cytoplasm transcripts

to Abs. Expression Level

(c) Mark Gerstein, 2000, Yale, bioinfo.mbb.yale.edu
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Can we define FUNCTION well Fold, Localization,

enough to relate to expression?

Problems defining function:

Multi-functionality: 2 functions/protein (also 2 proteins/function)

Conflating of Roles: molecular action, cellular role, phenotypic
manifestation.

Non-systematic Terminology:

‘suppressor-of-white-apricot’ & ‘darkener-of-apricot’

______

P

GBNPIOLEC E. <ol genome ond

- (cross-org.,

just conserved,
NCBI
Koonin/Lipman)

Functional
Classification

ENZYME

mmmmm

1“Fly

.......

(SwissProt
Bairoch/
Apweiler,

just enzymes,
Cross-org.)

nnnnnn

—{ (fly, Ashburner)

—{ now extended to

=) GO (cross-org.)

xxxxxxxxxx

(yeast, Mewes)

MIPS/pepanT |

Also:

Other
SwissProt
Annotation

WIT, KEGG
(just pathways)

TIGR EGAD

(human ESTSs)

l 24 (c) Mark Gerstein, 2000, Yale, bioinfo.mbb.yale.edu l

Interactions &

Regulation are
attributes of proteins that

are much more clearly
defined

L1 ER+'II'

80 (c) Mark Gerstein, 2000, Yale, bioinfo.mbb.yale.edu




YPD + 8mM caffeine Ca.ff W h |
Cycloheximide h itivity: YPD + 0.08 2g/ml S O e GenOIlle
Sycloheximide at s0c o Cyc
White/ red color on YPD W/R .
YPG Phenotype Profiles
Calcofluor hypersensitivity: YPD + 12 ?g/ml calcofluor at Cal CS .
30°C
YPD + 46 ?g/ml hygromycin at 30°C Hyg . . .
SDS Transposon insertions into (almost)
Benomyl hypersensitivity: YPD + 10 ?g/ml benomyl B enS g eaCh ye aSt g e n e to See h OW ye ast IS
YPD + 5-b -4-chloro-3-indolyl ph h 37°C —_
* S-bromo-4-chloro-3indy| phosphate BCIP =~ affected in 20 conditions. Generates a
YPD + 0.001% methylene blue at 30°C M B —_— -
| o phenotype pattern vector, which can
Benomyl resistance: YPD + 20 ?g/ml benomyl B en R S . . .
YPDY ®  be treated similarly to expression
YPD + 2 mM EGTA EGTA data
YPD +0.008% MMS M MS YPD + 8mM caffeine Caff
YPD + 75 mM hydroxyurea H U ;domm‘de hypers YPD +0.08 2g/ml CyCS
White/ red color on YPD
YPD at 11°C (COLD) YPD™ oo
ggolccofluor resistance: YPD + 66.7 ?g/ml calcofluor at Cal C R ;?;‘é“"”“’ Typersensitvity: YPD + 12 2g/ml calcofluor at Cal CS
Cveloheximid = YPD 703 20m R YPD + 46 2g/ml hygromycin at 30°C H
c)},cﬁooheex)i(méiee resistance ' o CyC YPD + 0.003% SDS Ség
Hyperhaploid invasive growth mutants H H IG B Benomyl ftivity: YPD + 10 2g/ml benomyl Bens
YPD + 0.9 M NaCl YPD + 5-bromo-4-chloro-3-indolyl phosphate 37°C BCIP
N aCI YPD +0.001% methylene blue at 30°C M B
< < -< < -< < ] Benomyl resistance: YPD + 20 2g/ml benomyl B enR
% ljz % p Z ITI YPD at 37°C YPD37
H O o o g g YPD +2mMEGTA EGTA
O O l_\ I\) O N YPD +0.008% MMS
P ©s ©F B MMS
M S d (g} o o (@) E YPD + 75 mM hydroxyurea HU
ny e I' YPD at 11°C  (COLD) YPD"
Ca:lcoﬂumr resistance: YPD + 66.7 ?g/ml calcofluor at Cal c R
Cyclluhhex\m\ge resistance: YPD + 0.3 2g/ml Cch
cycloheximide
Hyperhaploid invasive growth mutants H H IG
YPD +0.9 M NaCl NaCl

Affected
Affected . .
by Another et Clustering Conditions

Condition

(c) Mark Gerstein, 2000, Yale, bioinfo.mbb.yale.edu
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Phenotype ORF Clusters from Transposon EXpt.

3 Phenotype Clusters - Netscape

Fie Edt “iew Go Communicator Help Transposon |nsert|0ns
: I | YPD11 = into (almost) each

; - s H yeast gene to see how
G z 1 3 . .

o i -a 2k yeast is affected in 20
= conditions. Generates
|

g Apd | L= ~ v F a phenotype pattern

cott o e vector, which can be

|

treated similarly to
expression data

|
- - k-means
- clustering of
ORFs based on
-: “phenotype
L patterns,” cross-

’_I ref. to MIPs
Vi ERERE Ehe 20 Cond |t|0nS Functional

28 ORFs
in cluster

Trana ID Scores
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. e ..[_...._ ........ s N ___;]rl
,@ == | Documert: Dare = = e R, 4

Calff 1502

=

EGTA ggize s 2124 HHIG 185

Cluster showing cold
phenotype (containing genes

. most necessary in cold) is
Metabolism enriched in metabolic functions

g

>

PG s4i08 Caks 149 WiR Q066 S0E 1940278 Hya 2078511
O METABOLISH EMERGY

M Snyder,
n A Kumar
DCELLGRO'u"u"I’H, DIISION AND DMNA SYMTHESIS O TtrRanscRIPTION COId ]
B FROTEIN SYWTHESIS O PROTEIN DESTINATION
O
1]
O

B TRANSPORT FACILITATION INTRACELLULAR TRANSPORT
B CELLULAR BIOGENESIS SIGNAL TRANSDUCTION e a_ .
[ CELL RESCUE, DEFENSE, CELL DEATH AND AGEING

IOMIC HOMEGSTASIS "ulu"FI D‘| | ES:'IES
B CELLULAR ORGANIZATION

(c) Mark Gerstein, 2000, Yale, bioinfo.mbb.yale.edu
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Comparative Genomics:
Surveys of a Finite Parts List

1 Using Folds to Interpret

Genomes. Fold Library background. Shared
and/or unique parts. Venn Diagram, Fold tree with
all-b diff. Ortholog tree. Horizontal Transfer. Commor,
Parts: Top-10 folds with bab. Common Y -fold.

* Tricky Issues 2EXxpt. SG. Extent of

fold assignment (MG, 65%, 98). Predictions. Biases.
NESG.org Construct DB. Datamining this w/ decision
trees. Selecting weird MG CD targets.

e Folds & Functions. Roles/part? How

o i

1]

A 1

many folds/func? 331 of ~20K combinations. Mostly = : R R XX

1 func/fold, but some versatile scaffolds -- TIM most . :
versatile. Similar for interactions. Func. Divergence H Hegyl, J Lin, B Stenger,

vs. Seq. & stuc. Diverg. N Echols, P Bertone, J Qian,

4 Using Folds to Interpret
Expression Data. Top-10 parts in other

terms. Enriched in transcriptome: VGA, ab folds,

L Regan, S Balasubramanian,
V Alexandrov, G Montelione,

energy, synthesis, Cytoplasmic, TIM fold. Depleted: A Edwards, C Wilson, Y Kluger,
NS, long, TMs, transport, transcription, Nuclear, Leu- . .
zip fold. Bayesian localizer. C Arrowsmlth, A Drand,

5 Tricky Issues: Relating R Jansen, D Greenbaum,
Expression to Function. expression S Teichmann, P Harrison
relates to structure & localization but to function, . .
globally? Weak relation to protein-protein b | O | nfo ] m b b yal eed u
interactions.
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PartsList
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Surveying a Finite PartsList from
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Comparative Genomics:
Surveys of a Finite Parts List

1 Using Folds to Interpret

Genomes. Fold Library background. Shared
and/or unique parts. Venn Diagram, Fold tree with
all-b diff. Ortholog tree. Horizontal Transfer. Commor,
Parts: Top-10 folds with bab. Common Y -fold.

* Tricky Issues 2EXxpt. SG. Extent of

fold assignment (MG, 65%, 98). Predictions. Biases.
NESG.org Construct DB. Datamining this w/ decision
trees. Selecting weird MG CD targets.

e Folds & Functions. Roles/part? How

o i

1]

A 1

many folds/func? 331 of ~20K combinations. Mostly = : R R XX

1 func/fold, but some versatile scaffolds -- TIM most . :
versatile. Similar for interactions. Func. Divergence H Hegyl, J Lin, B Stenger,

vs. Seq. & stuc. Diverg. N Echols, P Bertone, J Qian,

4 Using Folds to Interpret
Expression Data. Top-10 parts in other

terms. Enriched in transcriptome: VGA, ab folds,

L Regan, S Balasubramanian,
V Alexandrov, G Montelione,

energy, synthesis, Cytoplasmic, TIM fold. Depleted: A Edwards, C Wilson, Y Kluger,
NS, long, TMs, transport, transcription, Nuclear, Leu- . .
zip fold. Bayesian localizer. C Arrowsmlth, A Drand,

5 Tricky Issues: Relating R Jansen, D Greenbaum,
Expression to Function. expression S Teichmann, P Harrison
relates to structure & localization but to function, . .
globally? Weak relation to protein-protein b | O | nfo ] m b b yal eed u
interactions.




