*Eliminate Structurally
Characterized Regions
(to what threshold?)

*Decide if going for
typical or atypical
(feasibllity), lots of low-
hanging v. a little high-up
fruit. Then refine, rank...

Rank based on
phylogenetic
distribution

*Rank based on
membership in interesting
expression cluster
(yeast)

*Rank based membership
In phenotypes cluster
(essential, assoc. with
cold sensitivity, &c)

Not Discussed

Structure Prediction --

Tal’ Et solve structures

predicted to be

m interesting

Strategies

Relationship to
disease (human
homologs, pathogens)

Yale

Bioinformatics gemiG—_—
Group

(Saccharomyces cerevisiae

Server Home
Cluster Profile
Sequence Search
Yeast Resources
Gerstein Lab
Snyder Lab
Yale University

Cluster Analysis Server

The Cluster Analysis Server is designed to provide graphical
views of statistical data gathered through analyses of the

S. cerevisiae genome.

Multiple views are available for each combination of data sets,
which may be selected by following the Cluster Profile link.

prototype: bioinfo.mbb.yale.edu/genome
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What Parts of the Genome are
Structurally Uncharacterized?
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How well are we doing?
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MJ

Focus on Typical or

Atypical Proteins?

ABS. [ms K I CQWNFLGAPSRHMEDTYV

Typical: MT
(Edwards,
Arrowsmith)

Name | Soluble =all-g + all-a
PDB

A 8.40% 6.8% 9.2%
C 1.72% 1.6% 1.4%
D 5.91% 5.9% 5.8%
E 6.29% 5.2% 7.3%
F 3.94% 4.2% 4.2%
G 7.79% 8.4% 6.4%
H 2.19% 2.1% 2.2%
| 5.54% 5.4% 5.1%
K 6.02% 5.6% 6.5%
L 8.37% 7.3% 9.6%
M 2.15% 1.7% 2.4%
N 4.57% 5.3% 4.4%
P 4.70% 5.1% 4.4%
Q 3.73% 3.5% 4.2%
R 4.78% 4.2% 5.4%
S 5.97% 7.2% 5.7%
T 5.87% 7.2% 5.2%
\Y 6.96% 7.6% 5.7%
W 1.46% 1.7% 1.5%
Y 3.64% 3.8% 3.5%
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ld# EC SC HI SS HP MJ MPMG total Fam.PDB Rep. Struc. Name
46 23 40 202Ny 183 1xel - NAD(P)-binding Rossmann Fold

20 69 17 19 17 179Ky 132 1gky -
37 28 18 16 157wy 160 1f xd -
36 13 22 146 x4 399 1byb -

«=xwen | Rank Based on Phylogenetic
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Functional category number

Function

Average correlation

# ORFs

01

METABOLISM

0.1001

1005

01.01

amino-acid metabolism

0.1488

199

01.01.01

amino-acid biosynthesis

0.239

114

01.01.04

0.23

32

regulation of amino-acid metabolism

Cluster Yeast ORFs ©

MIPS YFC: 66 bottom classes, 10 top classes
Average correlation of uncharacterized genes is 0.16
Similar to Botstein analysis.

MIPS Functional
Category

e.g., "Phosphate
Metabolism"

(=

Transcripton
Profile

based on Expression

Level, Changes In

Expression, Other whole

L]

||

||
01
01.01
01.01.01
01.01.04

genome data... Rank

based on cluster

u
]
= = = Functional category number |Function Average correlation |[# ORFs
= = = METABOLISM 0.1001 1005
=z |2 | 2 mim . amino-acid metabolism 0.1488 199
= = = amino-acid biosynthesis 0.239)] 114
= = o regulation of amino-acid metabolism 0.23] 32
01.01.07 amino-acid transport 0.1198 23
Y AROT 1 1. 0oL 0.3 01.01.10 amino-acid degradation 0.0524 36
- 01.01.99 other amino-acid metabolism activities 0.2205 4
YRRESZC 1 0.y 01.02 nitrogen and sulphur metabolism 0.1869 73
01.02.01 nitrogen and sulphur utilization 0.0726 37
Y RREOSIC 0.3 oM 1. 01.02.04 regulation of nitrogen and sulphur utilization 0.3715 28
| 01.02.07 nitrogen and sulphur transport 0.2829 8
1 01.03 nucleotide metabolism 0.1708 134
™ -.‘., 01.03.01 purine-ribonucleotide metabolism 0.3639 42
Fs 01.03.04 pyrimidine-ribonucleotide metabolism 0.176 28
L 01.03.07 deoxyribonucleotide metabolism 0.1095 12
01.03.10 metabolism of cyclic and unusual nucleotides 0.2848 8
01.03.13 regulation of nucleotide metabolism 0.2696 1
i T 7 R 01.03.16 polynucleotide degradation 0.2461
Correlation Coefficient Matrix (Pearson Coefficient) DLies Moo d panpr_____ DL
01.03.99 other nucleotide-metabolism activities -0.0328|
01.04 phosphate metabolism 0.134: 31
01.04.01 phosphate utilization 0.1 13
01.04.04 regulation of phosphate utilization 99| 8
01.04.07 phosphate transport .0724 10,
01.05 carbohydrate metabolism 0.0779 409
Ave rag E' CG rrelati Dn Cueffic ient 01.05.01 carbohydrate utilization 0.075 256
|’ 01.05.04 regulation of carbohydrate utilization 0.1174 120

for Group of Genes
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Composition of Genome vs. Transcriptome

>onlF)y | XY n(F) G(F) Nen(F) (Y Y en(F) T(F) D(F)
il § F orfi arfé F orfl
Feature F is Mumber of Ala | Mumber of Eenome Number of Ala | Mumber of Transcriplome | Relative
Amino acids, | Inyeast amino acids In | composition of | welighted by amino aclds composition of | enrichment of
in particular yeast Ala in yeast expression weighled by Ala in yeast Ala in
Ala expression transcriplome
Spec. Num. 141890 | 2574876 5.5% 347807 | 4758441 7.3% 32.7%
Feature Fis Mumber of Murnber of Genome Mumber of Mumber of Transcriplome | Relative
Folds, in TIM-barrel maiches wilh compasition of | TIKM-barrel matches with composition of | enrichment of
particular the | fold malches all falds in Ti-barrel fold malches all folds Tih-barrel TIM-barrel
TiM-barrel in yeast veast genome | fold matches weighted by weighied by fold matches matches in
[3.1) gename exXpression expression franscriplome
#pec, Num, 65 1560 4.2% 389 4709 8.3% 97.8%
Genome Transcriptome 50%
Composition Composition
40% - — Samson 2
2 VGA
S % - SAGE-L £y
EREmm 7 o 4
Church-heat 3
20% 7 ® Church-gal NS l

X

XX

10% -

® Church-alpha

0%
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Transcriptome Enrichment

-20%

-30%

D H Q Y

P M W E T

Amino Acid
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Transcriptome Enrichment
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YPD + 8mM caffeine

Caff

Cycloheximide hypersensitivity: YPD + 0.08 ? g/ml
cycloheximide at 30°C

Cyc

White/ red color on YPD

W/R

YPGlycerol

YPG

Calcofluor hypersensitivity: YPD + 12 ? g/ml calcofluor at

30°C

Calc®

YPD + 46 ? g/ml hygromycin at 30°C

Hyg

YPD + 0.003% SDS

SDS

Benomyl hypersensitivity: YPD + 10 ? g/ml benomyl

Ben®

YPD + 5-bromo-4-chloro-3-indolyl phosphate 37°C

BCIP

YPD + 0.001% methylene blue at 30°C

MB

Benomyl resistance: YPD + 20 ? g/ml benomyl

Ben®

YPD at 37°C

YPD?'

YPD + 2 mM EGTA

EGTA

YPD + 0.008% MMS

MMS

YPD + 75 mM hydroxyurea

HU

YPD at 11°C  (COLD) vypp#
alcofluor resistance: + .7 ? g/ml calcofluor ai R
3(‘:0"'(: fl t YPD + 66.7 ? g/ml calcofl t Cal c

Cycloheximide resistance: YPD + 0.3 ? g/ml
cycloheximide

Cyc

Hyperhaploid invasive growth mutants

HHIG

YPD + 0.9 M NacCl

NacCl

M Snyder

920TddA

Affected
by Another
Condition

J6001VA

MTOHAA
9620TOA

2600dINA
MTZ0d3A

Whole Genome
Phenotype Profiles

N\
1
1 . . .
] Transposon insertions into (almost)
S each yeast gene to see how yeast is
= affected in 20 conditions. Generates a
o phenotype pattern vector, which can
> . . .
® be treated similarly to expression
1
: data
V
YPD + 8mM caffeine Caﬂ:
gyc\ohex\‘mlde at30°C YPor 008 7gm Cycs
White/ red color on YPD W/R
YPGlycerol YPG
g;!zoﬂuur hypersensitivity: YPD + 12 ? g/ml calcofluor at CaIcS
YPD + 46 ? g/ml hygromycin at 30°C Hyg
YPD +0.003% SDS SDS
Benomyl ity: YPD + 10 ? g/ml benomyl Ben S
YPD + 5-by 4<chl indolyl phosphate 37°C BCIP
1 YPD +0.001% methylene blue at 30°C M B
Benomyl resistance: YPD + 20 ? g/ml benomyl! B en R
YPD at37°C YPD37
YPD +2mM EGTA EGTA
-E YPD +0.008% MMS MMS
YPD + 75 mM hydroxyurea H U
— [YPDat11°C (COLD) YPD"
g;!zoﬂuur resistance: YPD + 66.7 2 g/ml calcofluor at Calc R
gyy;l;:w:):m:: resistance: YPD + 0.3 2 g/ml Cch
Hyperhaploid invasive growth mutants HHIG
YPD +0.9 M NaCl NaCI

Affected
by Cold

Clustering Conditions
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~Ph notype Clusters - Netscape
Fie Edt “iew Go Communicator Help

i rﬁ@ i il i ¢ Phenotype ORF Clustering

k-means
clustering
of ORFs
based on
“phenotype
patterns,”
J  cross-ref.
| to MIPs

-
_: Functional
= Classes

|»

in cluster

28 ORFs

20 Conditions

ccccc

VQEE_Z 11114112311113421121 2.45e-01 TJROT4W 99 UNCL
. S, e, i
Sl £l S Ea A

Cluster showing cold
phenotype
(containing genes
most necessary in
cold) is enriched in
metabolic functions

Metabolism
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*Eliminate Structurally
Characterized Regions
(to what threshold?)

*Decide if going for
typical or atypical
(feasibllity), lots of low-
hanging v. a little high-up
fruit. Then refine, rank...

Rank based on
phylogenetic
distribution

*Rank based on
membership in interesting
expression cluster
(yeast)

*Rank based membership
In phenotypes cluster
(essential, assoc. with
cold sensitivity, &c)

Not Discussed

Structure Prediction --

Tal’ Et solve structures

predicted to be

m interesting

Strategies

Relationship to
disease (human
homologs, pathogens)

Yale

Bioinformatics gemiG—_—
Group

(Saccharomyces cerevisiae

Server Home
Cluster Profile
Sequence Search
Yeast Resources
Gerstein Lab
Snyder Lab
Yale University

Cluster Analysis Server

The Cluster Analysis Server is designed to provide graphical
views of statistical data gathered through analyses of the

S. cerevisiae genome.

Multiple views are available for each combination of data sets,
which may be selected by following the Cluster Profile link.

prototype: bioinfo.mbb.yale.edu/genome
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Integrated
Database

yeast E. coli

Rank
& o
—|®

7] =3 o=

|8 ) 212121213219

N 5| |2 AEEERRIE]

2|8 HREREHEEHEEEEE
Fold 2l e ol 15| |6lololololalale
TIM barrel o/ B 1byb 4.2 8.3 +08| 5 1 1
P-loop NTP hydrolases o/ B 1gky 5.8 5.2 -11) 3 2 4
Ferredoxin like off 1f xd 3.9 3.4 -14] 6 3 [ &]
Rossmann fold o/ B 1xel 3.3 3.3 ol [s] 4 2
7-bladed beta-propeller B 1lnda* 6.4 2.9 -55 2 5 6
aplha-alpha superhelix o 2bct 4.4 2.7 -37, 4 6 -
Thioredoxin fold /B 2trx 1.7 27 +63] |] 5
G3P dehydrogenase-like off  1drwt 0.2 2.7 +1316 - n 12 3
beta grasp B 1igd 06 2.6 +348] [=] [¢] i|e
HSP70 C-term. fragment__| multi_1dky 08 26 +231 [=] [u] ERREBREE
long helices oligomers a lzta 3.8 2.1 -46| D [ 8] o] o] s [ o] 2] 20] =2
Protein kinases (cat. core) | multi 1hcl 68 16 -77| D [ o] o] ] s]s]ie] 7]
alpha/beta hydrolases o/B_2ace 22 09 -0 [0 E LR
Zn2/C6 DNA-bind. dom. sml_1awe 26 03 -89 El El [T T o= o] ]

prototype: bioinfo.mbb.yale.edu/genome

e Typical Structural Genomics
Analyses
¢ Shared and unique folds
» Relating Results Across Genomes

» Coverage of a number of
organisms, biases

¢ Common folds
» Relationship to target selection
(typical vs atypical)
* Integration with other whole

genome data

¢ X-ref expression results, functional
classifications

¢ Importance of selecting an organism for
which there is much of this data

e Implementation issues
¢ Consistent identifier schemes
¢ History, fold and ORF assignments change

13 (c) Mark Gerstein, 1999, Yale, bioinfo.mbb.yale.edu




Comparing Genomes In terms of
Protein Folds

worm "
Folds

i? % siases

yeast E. coli ™M i SC

of 339 ‘
Seguence

QV%V} Families
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Cluster Trees Grouping Initial

Genomes on Basis of Shared Folds

e

Mjan

Mgen
Wpre

Ecol |

M.

Fold Tree “Classic” Tree

Hinf

Boer

D=S/T S = # shared folds
D = shared fold dist. T= total #

D=10/(20+10+30) PEtW. 2 genomes

folds in both

20 Genomes
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Distribution of Folds
In Various Classes

Mgen Man
Mpne Mjan Mpne
. Mpne
&
Mgen Mjan Mgen
Hpyl Scer
Mjan o Soer e
Mgen = Ecol Ecol Syrie
Hinf SY® T, Hinf
Mpne / Y
) " ."f C&'ﬂ o
Hpyl — —
1 } ]
o 'x'm'ﬂ"lllhﬁ J
Hind R
Syne y
an
Ecol Mgen Mpna S Mpna :
Scar 9
Scer
o o e
Hoyl
. Ecol Soer Syne
o OHmf Hint =Y"e (@) OHinf !

! ]

Unusual distribution of all-beta folds
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person protein super-secondary helix individual
A tructure (BB, TM-TM,
t Wh a-t plant fold (1g) structure (BB strand atom

afap,aaa)
Structural (CHO..)

Resolution % Efif.” @f £ i .

Are y @M’&{;
Organisms S, P KRR %
Different? % @%% T g%

im 100A 10A 1A
I T TeISTeTsTel70 TeTe] T Twofis] [2Jis] [Ea]:s[E6] [EAfasfas] [zof -] .
AT \ Practical
. .-:_L‘:-:i:l ...... ...
L W2 Relevance
(human) \ |'-J | L=
(T. pallidum) / \ o (Pathogen only folds
7 as possible targets)
I SIS =TsTel [ Telofwolml [ [ Tl Tels]]
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num.
matches [frac. all
Top-10 Worm Folds in worm | worm
genome | dom. | in | 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 257 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 2071 0.4%
5 5
4] 4]
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: : 3]
Baf unit common in > g
microbial genomes -
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g Ve * -
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= -
2 3

worm = s

O nonEC

30
25
20
15
10
5
ok
< o mBoth

om
¥
<

SML ..

OENZ

— s/\/B
MULTI .

E. col

OnonENZ

<< m 0 o

SwissProt &

HBoth

SML .

MULTI

BOENZ

OnonENZ

HBoth

OENZ

OnonENZ

Integrated Databases:

Cross-reference

Structure Information

MIPS Functional Cat.

SCOP
-
A B =
n
metabolism 1 35 2.3 - 0.8
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2 s | .
transcription 4 2.2 0.5 0.8
s\’;rr:rt]ii:is 5 0.9 0.7 0.3 0.2
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ociitaion 7 0.9 05 0.7 06 04
g ot
bif}:!}‘;’:;is 9 0.9 07 03 0.3 01
transsi(gjzilrion 10 | 1 | | 1 | | 11 | 03 0.7 0.3
apen 1
homiggisctaus 13 05 03 0.4 0.4 0.2

M'PS YFC (Mewes)
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Which Protein Folds are Highly Expressed?

Composition Rank
g
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o|l x| E| 8| B S| |2 |2|e|e|e|B|w|u|w

sl sl sl | = ||l |3 [5l22]2|2]8]8]¢4
Fold Cloelo || ol [Z] |alololololala|v
TIM barrel o/B 1byb 4.2 8.3 +98 5 1 1 11 1 11
P-loop NTP hydrolases o/B 1gky 5.8 5.2 -11 3 2 2 4 4 56 N
Ferredoxin like o 1f xd 39 34 -14] |5 3 BB
Rossmann fold o/B 1xel 3.3 3.3 0 n 4 3 3 2
7-bladed beta-propeller B 1nda* 6.4 2.9 -55 2 ) 4 6 6
aplha-alpha superhelix a 2bct 4.4 2.7 -37 4 6
Thioredoxin fold o/B 2trx 1.7 2.7 +63 14 7 6 2 1S
G3P dehydrogenase-like ofy 1drwf 0.2 2.7 +1316 81 8 S| 3
beta grasp o 1igd 0.6 2.6 +348 36 9 10]21] 9| 18] 21]82]122]120
HSP70 C-term. fragment multi 1dky 0.8 26 +231 31 10 16|17 11|16 12| 48] 25|56
long helices oligomers a 1zta 3.8 2.1 -6 L 7| ]| L8] ]2 s]ao]2n]20]ss]
Protein kinases (cat. core) | multi 1hcl 6.8 1.6 =77 18 191 96|11 fasf13]16] 17
alpha/beta hydrolases o/B 2ace 2.2 0.9 62| o] [s2]| [s]|2s]ee|2n]23]26]26] 26}
Zn2/C6 DNA-bind. dom. sml lawé 2.6 0.3 -89 Lo || [o4]27]s0f32]40]as]30]50}

Top-10
folds in
genome
and tran-
scriptome
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Transcriptome In terms

Composition of

of Broad Structural

Classes
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Broad Categories Const. in = 7y =
Transcriptome over Timecourse, |
Not Specific Genes (or Folds) |« « .«

Brown cDNA microarray expts. not as useful for X-ref.
at individual timepts

- SAGE-S

~ SAGE-L
SAGE-G/M -
Church-heat r

® Church-gal =

® Church-alpha . 1/
Church-a L

— Youn,

Nevertheless, they show same aa composition and

Transcriptome Enrichment

NrZak fold class usage at different timepts. However, top fold
T changes and also specific TM proteins....
Amino Acid
50% Common Yeast Folds (scop) [ Rep. Genome |Expression | Expression
Structure [ pyplication | (aerobic) |(anaerobic)
40% Protein kinases (cat. core)  1hcl
Young .
- || - .- Brown Timepoint 1 Y, NTP Hydrolases with P-loop 1gky 2
< 30% ; !
g —E—Brown Timepoint 7 / Classic Zn finger lard 3 9
§ 20% Ribonuclease H-like motif 2rn2 4 2
S Rossmann Fold 1xel 5 4 3
g 10% Zn2/Cys6 DNA-binding dom. 125d 6 6
(@]
= 7-bladed beta- I 2bbk-H
2 aded beta-propeller 7 8 16
g TIM-barrel 1byb 8 5 6
T -10% like Ferrodoxin 1f xd 9 7 10
= DNA-binding 3-helix bundle  1enh 10 30 36
-20%
GroES-like 1l ep-A 17 10 9
-30% —
NS C L F I D HQYPMWETEKT RVG A
Amino Acid like HSP70, Ct-dom. ldkz- A 22 11 8
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Integrated
Database

yeast E. coli

Rank
& o
—|®

7] =3 o=

|8 ) 212121213219

N 5| |2 AEEERRIE]

2|8 HREREHEEHEEEEE
Fold 2l e ol 15| |6lololololalale
TIM barrel o/ B 1byb 4.2 8.3 +08| 5 1 1
P-loop NTP hydrolases o/ B 1gky 5.8 5.2 -11) 3 2 4
Ferredoxin like off 1f xd 3.9 3.4 -14] 6 3 [ &]
Rossmann fold o/ B 1xel 3.3 3.3 ol [s] 4 2
7-bladed beta-propeller B 1lnda* 6.4 2.9 -55 2 5 6
aplha-alpha superhelix o 2bct 4.4 2.7 -37, 4 6 -
Thioredoxin fold /B 2trx 1.7 27 +63] |] 5
G3P dehydrogenase-like off  1drwt 0.2 2.7 +1316 - n 12 3
beta grasp B 1igd 06 2.6 +348] [=] [¢] i|e
HSP70 C-term. fragment__| multi_1dky 08 26 +231 [=] [u] ERREBREE
long helices oligomers a lzta 3.8 2.1 -46| D [ 8] o] o] s [ o] 2] 20] =2
Protein kinases (cat. core) | multi 1hcl 68 16 -77| D [ o] o] ] s]s]ie] 7]
alpha/beta hydrolases o/B_2ace 22 09 -0 [0 E LR
Zn2/C6 DNA-bind. dom. sml_1awe 26 03 -89 El El [T T o= o] ]

prototype: bioinfo.mbb.yale.edu/genome

e Typical Structural Genomics
Analyses
¢ Shared and unique folds
» Relating Results Across Genomes

» Coverage of a number of
organisms, biases

¢ Common folds
» Relationship to target selection
(typical vs atypical)
* Integration with other whole
genome data

¢ X-ref expression results, functional
classifications

¢ Importance of selecting an organism for
which there is much of this data

e Implementation issues
¢ Consistent identifier schemes
¢ History, fold and ORF assignments change
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