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 Recap of sequence alignment
o Guilt by association

o Active site/domain discovery
« Key mutation site discovery

o Guilt by other types of association
— Genome phylogenetic profiling
— Protfun
— SVM-Pairwise
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Very Brief Recap of
Sequence Comparison/Alignment
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Motivations for Seq Comparison

« DNA is blue print for living organisms
— Evolution is related to changes in DNA

— By comparing DNA sequences we can infer
evolutionary relationships between the
sequences w/o knowledge of the evolutionary
events themselves

 Foundation for inferring function, active site, and
key mutations
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Sequence Alignment

Indel « Key aspect of seq
Sequence U comparison iIs seq

\ /\ alignment

JHLPACPIQ 1 mdg — mismatch

. * A seq alignment
{ELTEIHI ’HUR maximizes the
/ number of
positions that are in
Sequence V match

agreement in two
sequences
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Sequence Alignment: Poor Example

 Poor seq alighment shows few matched positions
— The two proteins are not likely to be homologous

Alignment by FASTA of the sequences of amicyanin and domain 1 of

ascorbate oxidase
60 70 80 90 100

Amicyanin MPHNVHFVAGVLGEAALKGPMMKKEQAYSLTFTEAGTYDYHCTPHPFMRGEVVVE

Ascorbate Oxidase ILQRGTPWADGTASISQCAINPGETFFYNFTVDNPGTFFYHGHLGMQRSAGLYGSLI
70 80 90 100 110 120

No obvious match between
Amicyanin and Ascorbate Oxidase

Copyright 2006 © Limsoon Wong
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Sequence Alignment: Good Example

 Good alignment usually has clusters of extensive
matched positions

— The two proteins are likely to be homologous
r'}giI134?6?32lrefIHP 108301, 11

114027495 | db] IBABS3762 11
Length = 105

unknown proteln [Mesorhlzoblum lotl]
unknown proteln [Mesorhlzoblum lotl]

acore = 10% bits (262), Expect = le-22
[dentities = &17106 (57%), Posltiwes = 73106 (6B%), Gaps = 17106 (0%

Muery: 1 MEPORLASIATATIFIPMAVPAHAATIE ITMENLY I SFTEVEAKVGDT IRVWVNEDVFAHT Al

ME G L ++ M4 P4 AATIE+T+ LV wF WV AEVGDTI W DV AHT
MEAGAT, TRLEWLAAT AT MALPALALT IEVT IDELVF EPATVEARVGD T [EWWNNDVVAHT A0

good match between
Amicyanin and unknown M. loti protein

Shict: 1
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Multiple Alignment: An Example

e Multiple seq alignment maximizes number of
positions in agreement across several seqgs

 seqgs belonging to same “family” usually have
more conserved positions in a multiple seq

alignment
gi| 126467 FHFTEWPDFGWVEPF TP IGHMLEF LEEVELACHP —— QY AGA TV HC S AGV GRTGTFVWVIDANLD
gi| 2492753 FHFTGWPDHGVPYHATGLLSF IRRVELSNP--P3AGP IV LGRTCYIVIDINLD
gi|462550] THYTOWPDMGVPEYALPVLTFVERESAARN-—-PETGPVIVHC S AGVGRTGTYIVIDSIMLO
gi| 2499751 FHFTEWPDHGVPDTTDLLINFRYLVRDYHEQSPPESPILVHCSAGVGRTGTF IATDRLIY
gi| 1709206 FOF TAWPDHGVPEHPTPFLAFLERRVETCHNP——-PDAGPMWHCS AGVGRTGCF IVIDAMLE
gi| 126471 LEFTEWPDFGVPFTPIGHMLEF LEEVETLNP-—VHAGP IWVHCSAGYVGRTGTF IVIDAMMA
gi| 548626 FHFTGUWPDHGVPYHATGLLEF IRRVELSNP—-P3AGP IWWHCS AGAGRTGCYIVIDIMNLD
gi| 131570 FHFTGUWPDHGVPYHATGLLGFVREOVESESP——-PNAGPL LGRTGCFIVIDINLD
gi| 2144715 FHFTEWPDHGVPDTTDLLINFRYLVRDYMEQIFPPEZPT VGRTGTFIATIDRLIY
Ol R i w

JEEEwRYE OwEEwW O OwW

Conserved sites



Application of
Sequence Comparison:
Guilt-by-Association
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Function Assignment to Protein Seq

SPSTNRKYPPLPVDKLEEE INRRMADDNKLFREEFNALPACP 1QATCEAASKEENKEKNR
YVNILPYDHSRVHLTPVEGVPDSDY INASFINGYQEKNKFIAAQGPKEETVNDFWRMIWE
QNTAT IVMVTNLKERKECKCAQYWPDQGCWTYGNVRVSVEDVTVLVDYTVRKFCIQQVGD
VTNRKPQRLITQFHFTSWPDFGVPFTP IGMLKFLKKVKACNPQYAGAIVVHCSAGVGRTG
TFVVIDAMLDMMHSERKVDVYGFVSRIRAQRCOQMVQTDMQYVFIYQALLEHYLYGDTELE
VT

e How do we attempt to assign a function to a new
protein sequence?

Copyright 2006 © Limsoon Wong
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Guilt-by-Association

« Compare the target sequence T with sequences
S, ..., S, of known function in a database

 Determine which ones amongst S,, ..., S, are the
mostly likely homologs of T

« Then assign to T the same function as these
homologs

 Finally, confirm with suitable wet experiments

Copyright 2006 © Limsoon Wong



Guilt-by-Association

Compare T with seqs of
known function in a db

85 U

&
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Good Sequence Alignment

Poor Sequence Alignment s

* Poor seq alignment shows few matched positions
= The two proteins are not likely to be homologous

Alignment by FASTA of the sequences of amicyanin and domain 1 of
ascorbate oxidase

60 70 80 90 100
Amicyanin MPHNVHFVAGVLGEAALKGPMMKKEQAYSLTFTEAGTYDYHCTPHPFMRGKVVV

Ascorbate Oxidase ILQRGTPWADGTASISQCAINPGETFFYNFTVDNPGTFFYHGHLGMORSAGLYG
70 80 100 110

No obvious match between
Amicyanin ¢ scorbate Oxidase

* Good alignment usually has clusters of
extensive matched positions

= The two proteins are likely to be homologous

M >zil 134767321 ref INP_108301.11  unknown protein [Mesorhizobium loti]
1114027493 1dbj IBAB53762.11  unknown protein [Mesorhizobium loti]
Length = 105

Score = 105 bits (262), Expect

= le-22
Identities =

61/106 (57%), Positives = 73/106 (68%), Gaps = 1/106 (0%)
MEPGRLAS TALA T IFLPMAVPAHAAT [E I TMENLV I SPTEVSAKVGDTIRWWNKDVFAHT 60
MK GL ++ MA PA AATIE+T++ LV 5P ¥ AKVGDTI WVN DV AHT
MKAGAL I RLEVLAALALMAAFP AAAAT IEVT I DKLVF SPATVEAKVGD T IEWVNNDVVAHT 60

Query: |1

Shjet: 1

good match between
Amicyanin and u

wn M. loti protein

Discard this function
as a candidate

Assign to T same
function as homologs

Confirm with suitable
wet experiments

Copyright 2006 © Limsoon Wong




BLAST: How It Works

N US

Altschul et al., IMB, 215:403--410, 1990

« BLAST is one of the most popular tool for doing
“guilt-by-association” sequence homology

search

.

J

find from db segs
with short perfect
matches to query
seq

[ %

find segs with

anking
S alignment

. 4 |
. @ |
@ X
a X
X
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_@ HCBI BLAST - Microsoft Internet Explorer _

File Edit W%iew Favorites Tools  Help m & NUS
@Back v &4 Iﬂ @ _;j /,.__\J Search “Ej:( Favorites 'E‘:i [_':v .:"; e J ﬁ ﬁ ::::-Er;;w.w
Address |@ hktp: f v, nicbi, nlm. ik, gow /BLAS T

Google - v |G| search » @ & g Pk Dheblocked A% check v © Autolink ~ AL

f-_-: NCEI »

Latest news: B December 2005 : BLAST 2.2.13 released

BLAST
About

The Basic Local Alignment Search Tool {BLAST]) finds regions of local similarity between
seguences. The program compares nucleotide ar protein segquences to sequence databases and calculates
the statistical significance of matches. BLAST can be used to infer functional and evalutionary relationships
hetiveen sequences as well as help identify members of gene families.

Nucleotide Protein
o Quickly search for highly similar seguences » Protein-protein BLAST fhlastp)
{rmegablast e Position-specific iterated and pattern-hit
e« Cuickly search for divergent sequences initiated BLAST (PSI- and PHFELAST)
(discontiguous megablast) e Search for shor, nearly exact matches
e Mucleofide-nucleotide BLAST (blastn) e Searchthe consered domain database
e Segarch for shor, nearly exact matches frpsblast)
# Search trace archives with menahblast or « Protein homology by domain architecture
discantiguaus megablast fedart
Translated Genomes
« Translated guery ws. protein database « Human, mouse, rat, chimp, cow, pig, don,
thlast) sheep, cat
= Protein guery vs. franslated database » Chicken, pufferfish, zehbrafish
(thlastn) s Fly, honey bee, other insects
« Translated query vz, translated datahase » Microhes, environmental samples
fthlasto

» Plants, nematodes

« Fungi, protozoa, other eukary otes

52 Window,., - @ nus-ki-novd, .. @ Microsaft P..,

- &l |Ty|:.e to search | 8

-

© Limsoon
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eBack - &4 \ﬂ @ ;j f_j Search ‘HE;:(’ Favorites -E‘jl [_':v .:;_ - _J ﬂ ﬁ

o &
BNUS
Address |E:| hiktp: e, ncbi. i, nib, gow BLAST [Blast , cgit CMD=\Web&L AYOUT=TwoWindowsaAITO_FORMAT=SemiautofaLIGRMENT? w prrvyrima
Google - v| |G| search » @) & g FaeeRank Deblocked A% check - Y Autolir

T ;; nli &
(.:: NCBI pratei:r—pr'otemBLAb l

Mucleotide Frotein Translations

Fetrieve results for an RID

r
NRETWNILFYDHIEVHLTPVEGYPDIDYINASF INGYQEFENEF IALAQGPEEETVHNDFWE m
MIWMEONTAT IVHVTHLEERKECEC AQY TR DOGC W TY GIVEVIVEDV TVLVDYTVREFC
aeatch | IQOVGDYTNREPQRL ITOFHF TSWEPDFGVEPF TP IGHLEF LEEVELCNPOT LG A TWVWHE H
SAGVGRTGTFVVIDANLDMMESEREV DV Y GF VAR IRAQRCOMYOTD MOTVF IVOALLE
[HYLYGDTELE v
det subsequence Feom Ta
Choose database .
Do CD-Search
.
4

Options for advanced blasting

Litnit by entrez _
query ot select fram:| &l organisms M

Commpositional [, _ . ., .1
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Pk - D %] [B] Tu| A search 7 Favorites <) = oy 3 ENUS

Address |£§| http: f fvaa, mebi. nim. nik. gosv/BLAST /Blast. cqi
Google - v| |G| search = @ & g FaoeRank Dlieblocked A% Check = “ Autolink = #J options &

;') NCBI formatting BLAST

Mucleotide Protein Translations

Retrieve results for an RID

Tour request has been successfully subtritted and put mto the Blast Queue.

Query = (302 letters)

Putative conserved domains have heen detected, click on the image helow for detailed results.
1 =11] 100 150 200 250 a0z

s —

The request I 15| 1146357511-10937-664.1195.25334 BLASTCA

CFormatt e

The results are estimated to be ready in 9 seconds but may be done sooner.

Please press "FORDMAT!" when you wish to check your results. Vou may change the formatting options for your result wia the form below and press "FORMAT!" aga
request results of a different search by entering any other walid request ID to see other recent jobs.

Copyright 2006 © Limsoon Wong
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SCcore E
Jequences producing significant alignments: [hit=s)] Value
gi|14193VaE9 | gb| AAKSE103.1|AFS3405]1 1 protein tyrosin phosph. .. 52: e—177
gillagde|sp|P15433 | PTRL HUMAN Protein-tyrosine phosphatase. .. 2I e—177
il 4506303 |ref|NP O0=527.1] protein tyrosine phosphatase, r... EEI e—176
il 227293 | prf| 17013008 protein Tyr phosphatase B2 e—176
gil| 15450369 | ref |NP 543030, 1| protein tyrosine phosphatase, ... EEI e—176
gil 32067 | emb | CALS G377, ]| Lyrosine phosphatase precursor [Ho. .. El! e—176
gil285113 | pir| |JC1285 protein-tyrosine-phosphatase (EC 3.1.... Bl e—-176
il 6981446 |ref |NP O036595.1] protein tyrosine phosphatase, r... Eli e—176
gil 209584313 | pdb | 1¥FO| A Chain A, Receptor Protein Tyrosine Ph. .. 1E e—174
gild2d1la|emb | CAAIEEES . 1] protein-tyrosine phosphatase [Homo. .. 1 e—-174
gil 450553 | gb | AAROG150. 1 | protein tyrosine phosphatase >gi|d... 605 e—-172
gil6eWISSV|ref |NP O33006.1] protein tyrosine phosphatase, r... & - e—-172
gil 453922 |gb | AALTIYIT0. ]| protein tyrosine phosphatase alpha 99 e—170
|

 Thus our example sequence could be a protein
tyrosine phosphatase a (PTPa)

Copyright 2006 © Limsoon Wong
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Example Alignment with PTPa

acore = 632 bits (1629%, Expect = e-1380
Identities = 2047302 (97%), Posltiwves = 2047202 (97%)

Muery: 1 SPETNREYPPLPVDELEEE INEEMADDNEI FREEFNALPACE IQATCEAARITGDICOOE. A0
wP e THNERYPPLPVDELEEE INERMADDNELFREEFNAT PACE IQATCE Ak E
Shict: 202 SPETHEEYPPLFVDELEEE INEFEMADDNELFREEFNALFACF IQATCEAARKEENKEENE 261

guery: 61  YVNILPYDHRRVHLTPYEGVPDEDY INASF INGVOERNEF I AAQGPEEETVNDFWEMIWE 120
TYNILPYDHEEVHLTPVEGYPDEDY INASE INGYQEENEF [ 440GPEEETVNDFWEMIWE
Shict: 262 YWNILPYDHEREVHLTPVEGVYPDEDY INASF INGVQEKNEF [ AA0GPEEETVNDEWEMIWE 221

Guery: 121 QNTATIVMVTHLEERKECKECAQTWPDQGCUTYONYEV SVEDVTVLVDYTVEEFC IQOWSD 130
QN TAT IVMVTHLEEREECEC A WP DO GCWTYGNYEY e VEDVTVLVDY TVEEF C TQOVGD
Shict: 313 QNTATIVMVTHNLEERKEECECAQYWRDQOCUTVENVEVEVEDVTVLVDYTVEEFC IQOVID 381

Muery: 151 VTNEEPQRLITGFHFTEWFDFGVEFTE IGMLEFLEEVEACNE(YAGA T VWHC SAGVERTG 240
VINEEPQRLITOFHF TEWPDFGYPFTE IGMLEFLERVEACNP QY AGA TVVHC S AGYVGRTG
Shict: 3082 VINEEFQELITQFHFTRWFDFGVPFTF IGMLEFLEEVEACNPOYAGA I VVHC BAGVGRTS 441

Duery: 241 TFVVIDAMLDMMHREREVDVYGFVER [EAQRCOMYOTDMOYVE IV)ALL EHYLYGDTELE 200

TEVV I DAMLDMMHREREVDYYGEVER [RAQRCOMYQ TDMOYVE [¥YQALL EHYI ¥GDTELE
Shict: 442 TFVWIDAMLDMMHIEREVDYYGEVERIEAQRCOMY)TDMQYVE IVQALLEHYLYGDTELE 501

Copyright 2006 © Limsoon Wong
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HSPs, E-Value, Bits, & P-Value

* HSPs

— A local alignment without gaps consists simply of
a pair of equal length segments, one from each of
the two sequences being compared.

— A segment pair whose score cannot be improved
by extension or trimming is called high-scoring
segment pairs or HSPs

e E-Value

— For large seq lengths m and n, the stats of HSP
scores are characterized by two params, K and A

— Expected number of HSPs with score > S is given
by E - Kmne_%s Source: NCBI

Copyright 2006 © Limsoon Wong
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HSPs, E-Value, Bit Score, & P-Value

e Bit Score

— “Citing a raw score alone is like citing a distance
without specifying feet, meters, or light years”

— Normalize raw scoreto S'= (AS—-InK) /In 2 to
get "bit score®, which has a standard set of units

— E-value corresponds to bit score as E = mn2—>
 P-Value

— Number of random HSPs with score > S is
described by a Poisson distribution

— Chance of finding no HSPs with score > S is e
= Prob of finding>1suchHSPisP=1-¢eF

Source: NCBI

Copyright 2006 © Limsoon Wong



Guilt-by-Association: Caveats

 Ensure that the effects of database size and
composition have been accounted for

 Ensure that the function of the homology Is not
derived via invalid “transitive assignment”

 Ensure that the target sequence has all the key
features associated with the function, e.g., active
site and/or domain

Copyright 2006 © Limsoon Wong
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Law of Large Numbers

e Supposeyouareinaroom < Q:Whatis the prob that
with 365 other people there is a person in the
room having the same

e Q: Whatis the prob that a birthday as you?

specific person in the « A:l-(364/365)%*=63%
room has the same
birthday as you? « Q: What is the prob that
e A:1/365=0.3% there are two persons in
the room having the same
birthday?
e A:100%

Copyright 2006 © Limsoon Wong



Interpretation of P-value
Seq. comparison progs, e Suppose the P-value of an
e.g. BLAST, often alignment is 10
associate a P-value to
each hit « If database has 107 segs,

then you expect 107 * 10° =
10 seqgs in it that give an

P-value is interpreted as .
equally good alignment

prob that a random seq

has an equally good

alignment — Need to correct for
database size if your seq
comparison prog does not
do that!

Exercise: Name a commonly used method
for correcting p-value for a situation like this

Copyright 2006 © Limsoon Wong
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Lightning Does Strike Twice!

 Roy Sullivan, a former park ranger from Virgina,
was struck by lightning 7 times

— 1942 (lost big-toe nail)
— 1969 (lost eyebrows)
— 1970 (left shoulder seared)
— 1972 (hair set on fire)
— 1973 (hair set on fire & legs seared)
— 1976 (ankle injured)
— 1977 (chest & stomach burned)
« September 1983, he committed suicide

Cartoon: Ron Hipschman
Data: David Hand

Copyright 2006 © Limsoon Wong
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Effect of Seq Compositional Bias

 One fourth of all residues in protein seqs occur in
regions with biased amino acid composition

 Alignments of two such regions achieves high
score purely due to segment composition

 While it is worth noting that two proteins contain
similar low complexity regions, they are best
excluded when constructing alignments

« BLAST employs the SEG algorithm to filter low
complexity regions from proteins before
executing a search

Source: NCBI

Copyright 2006 © Limsoon Wong



Effect of Sequence Length

| Ii [/-sets

|
~Distribution of seq identity vs length
of unrelated proteins

i |
| |
ll |
\ |
- —

HSSP(+3%)
40

sequence identity (I), %

400
sequence length (L) Source: Abagyan & Batalov
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Examples of Invalid Function Assignment:

The IMP Dehydrogenases (IMPDH)

13 entries were found

Unrerety
". WA

EENUS
LA

m | Organism | PIR \ Swiss-Prot/TrEMBL | RefSeq/GenPept
- 4 troothetiont _ gdlflgﬁﬂﬂ masms-j'-ar-g;naphasphate
. - consetved hypothetical protein . . ehydrogenase (gu
NFEO0181857 Methanococcus jannaschi MI0653 ¥653_WETIA Hypothetical protein MI0653 WP 247637 inosine. S-monophosphate
dehyrdrogenase (gual)
G69555 MI0ESS homolog AF0547 22648754 innsine monophosphate
: ALT NAMES: inosine-monophosphate 028411 INOSINE MONOPHOEPHATE dehydrogenase (guabB-1)
NEQU1E7788 | Archaeoglobus filgidus dehydrogenase (guab-1) homolog DEHYDROGENASE (GUAE-1) HP_069651 inositie monophosphate
[tristiomet) debydrogenase (guab-1)
F9514 wvheV homolog 2 22643410 inosine monophosphate
. ALT MAMES: inosine-monophosphate 028162 INOSINE MONOPHOSPHATE debyrdrogenase (guab-2)
NF00188267 \Archaeoglobus fulgidus dehydrogenase (guab-2) homalog DEHYDROGENASE (GUAB-2) HP_070943 inosine monophosphate
[tristiomet) dehydrogenase (guabB-2)
% Z Z ophosphate
e
wrooisse e A\ PDArtial list of IMPdehydrogenase miSNOMers s
- - - - lve
hosphat
D In COIIIp'Gte genomes remaining in some P
=iad Lo
e - nonophosphate
public databases e
anophosphate
LTI LUl J.I.UJ.I.I.LFJUE FLLY I A R AR | .
MEO0414709 Methanothermgb acter AL—T NAMES: inosine-monophosphate 027204 INOEINE-3-MONOPHOSFHATE dehydrogegase lrelatnlad protein ¥
—— thermautotrophicus dehydrogenase relsted protein V [misnomer] DEHYDEROGENASE RELATED PROTEIN ¥ ME_276354 ino sine-S-monophosphate
dehyrdrogenase related protein ¥
DE9035 MI1232 protein homolog MTH126 g2621 166 inosine-S-monophosphate
NE00414811 Ilethanothermobacter ALT MAMES: inosine-5-monophosphate | |[026220 INCSINE-5-MONOPHOSPHATE detrydrogenase related protein VI
= (thermautotrophicus dehydrogenase related protein VII DEHYDROGEN ASE RELATED PROTEIN VII MP 275260 inosine-3-monophosphate
[misriomer] dehyrdrogenase related protein WII
. 22622093 inosine-A-monophosphate
Methanothermobacter Ho2232 MI1 225 related protein MTHII2 (027073 INOSINE-5-MONOPHOSPHATE dehydrogenase related protein [
NEOD414837 . ALT NAMES: inosine-3-monophosphate e e
= [thermautotrophicus dehydrogenase relsted protein IX [misnome] DEHYDEROGEN ASE RELATED FROTEIN [ HEP_2¥6137 inosine-3-monophosphate
dehydrogenase related protein I
2622697 inosine-J-monophosphate
NE00414565 Methanothermobacter %ﬁ;ﬁ;ﬁﬁf_imo —— (027616 INOSINE-5-MONOPHOSPHATE dehydrogenase related protein 3
S~ e droganate selated pmteﬁl " ﬁmmmeﬂ DEHYDROGENASE RELATED PROTEIN X MP_276687 ina smeg cghtzglihte WU
dehydrogenase rel ritein y

Limsoon Wong




IMPDH Domaln StrUCture

dplp PChOCSEY: PDOCOO291,IMP dehydroge e S iEMP reductase signature
ARy PFO04TS: IMP dehydrogenase £ GMP reductase C terminus
oo PFOOST1: CBS domain
= PFO1221: Helixturn-helix
L] PFO157<: IMP dehydrogenase § GMWP reductase N terminus
hdphdp PFO2195: ParB-like nuclease domain
A31997 =
FVSFOO0AR0) ettt et et o Aooioiololok | soloilolololok ro- o1
E70218 .
(SFO00131) ot oo oot s == 404 ‘\
ER4321 . - : - Gl
(SFOD4BAE) YTy e e 184 <,':I IMPDH Misnomer in Methanococcus jannaschii
GEI355 :
(SFO0JG36)  wokeokoloiok  Moloaolotololok 14 N
FEO514 , i - i
(SFODanea) 183 <::| IMPDH Misnomers in Archaeoglobus fulgidus
BEQ407 .
(SFODABSE)  Achcbhordobo AobobAodAook O G

 Typical IMPDHs have 2 IMPDH domains that form
the catalytic core and 2 CBS domains.

« Aless common but functional IMPDH (E70218)
lacks the CBS domains.

« Misnomers show similarity to the CBS domains

Source: Cathy Wu
Copyright 2006 © Limsoon Wong
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Invalid Transitive Assignment
Root of invalid transitive assignment

phosphanhosyl-AMP cyclohydrolase (EC
B::} ™ H70468 ||SFOD1258 051440 (3.5.4.19) / phosphoribosyl- ATP pyrophosphatase | |Aquifex aeclicus
(EC 3.6.1.31) [sirilanty]

phosphoribosyl-AMP cyclohydrolase (EC
M 376963 |SFOD1258 | 039935 3.5.4.19) f phosphonibosvl-ATF pyrophoshatase || Synechocystis sp Prok/gram- |557.0  |5.7e-24 230/ 39,175 (194 | so—
(EC 3.6.1.31) [ surrulanty]

[ T35073 [SF029243 005738 jorobable phosphonbosyl- AMP cyclohydrolase  [Streptomyces coelicolor  Proldgram® 3993 [3.5e-15 (128 42.157 102 | e

phosphorthosyl-AMP cyelohydralase (EC N
3.5.4.19) [ phosphonbosyl- ATP pyrophosphatase
(EI: 3.6.1.31) / lushdinel dehydrogenase (EC

Prolfother [594.3 |4 8e-26 (205 (39086 (197 | S —

7553340 |SFOO1257 001182 Saccharomyces cerevisiae [Euk'fungn (3841 |2.5e-14 79931363 (204 | e—

LL123)
A::} [ Eesas3 |SF029243 005738 ”h;i”];;"h[;;ﬂ ;M]F cyclohyirolase (EC Archaeogiobus fulgidus  |Archae 3968 [48e-15 108 47778 (00 | s
O::} T GA4337 ||SFOD6833 ||030827 ghélsn];!nnbu;r:}-ﬂ_.ﬁ pyrophosphatase (EC Methanococcus jannaschii [Archae 2469 ||1.1e-06 ’;35.342 95

.. B 211 /

phofphorbosyl-ATP pyrophosphatase (EC
3/. 1.31) NMBD603 [similarity]

ihosphorbosyl- ATP pyrophosphat A - B - C == A - C
13.6.1.3 1) MIWLAORDT [surilarity]

phosphonbosyl- AMP cyclohydrols
3.5.4.19) / phosphonbosyl-ATP py
(EC 3.6.1.31) { hishdinol dehydrog
1.1.1.23)

. ./ ] =
M ls-aSS|gnment A (SF029243) C (SF006833)

Of funCtlon NO IMPDH domain, Source: Cathy Wu
Copyright 2006 © Limsoon Wong
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Emerging Pattern

Typical IMPDH Functional IMPDH w/o CBS

dplp PChOCSEYT: PROCOOZ91, IMP dehydrogenase £ G reductase signature = .
e PFOO4TE: IMP dehydrogenase & GMP reductagd C terminus ExerCISe. HOW do you

sodobsd |PFOOSTY: CBS domain . . .
SO |PFOM381: Heliwtum-halix Recognlze th|S kl nd Of
L] FFO157<: IMP dehydrogenase J# Ghp reductase N terminus

qalgdy  PFOZ19S: ParB-like nuclease dopfin problems’)

A31987 A / syl .
(SFODCI30Y ke o o ot ] *7‘*‘ B o1
E70Z12 ol . a04

(SFO00131) St et el

EG4381 , : . : -
(SFODGE0E) — ofcdofcpolod  dalolokiololok 184 <,':I IMPDH Misnomer in Methanococcus jannaschii

209355 s 189 <:I

(SFO04G95) — wololoolojolak  Molololodojolok

(SFO0ABE e . 183 <::| IMPDH Misnomers in Archaeoglobus fulgidus

BEOA0T )
(SFODABSE)  Achcbhordobo AobobAodAook O G

« Most IMPDHs have 2 IMPDH and 2 CBS domains
« Some IMPDH (E70218) lacks CBS domains
= IMPDH domain is the emerging pattern e oty Wo
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Application of
Sequence Comparison:
Active Site/Domain Discovery
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What is a domain

« A domain is acomponent of a protein that is self-
stabilizing and folds independently of the rest of
the protein chain

— Not unique to protein products of one gene; can
appear in a variety of proteins

— Play key role in the biological function of proteins

— Can be "swapped" by genetic engineering betw
one protein and another to make chimeras

« May be composed of one, more than one, or not
any structural motifs (often corresponding to
active sites)

Copyright 2006 © Limsoon Wong
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Discovering Domain and Active Sites

>g1|475902 | emb | CAA83657.1] protein-tyrosine-phosphatase alpha
MDLWFFVLLLGSGLISVGATNVTTEPPTTVPTSTRIPTKAPTAAPDGGTTPRVSSLNVSSPMTTSAPASE
PPTTTATSISPNATTASLNASTPGTSVPTSAPVAISLPPSATPSALLTALPSTEAEMTERNVSATVTTQE
TSSASHNGNSDRRDETP I AVMVALSSLLVIVFI T 1VLYMLRFKKYKQAGSHSNSFRLPNGRTDDAEPQS
MPLLARSPSTNRKYPPLPVDKLEEE INRRIGDDNKLFREEFNALPACP IQATCEAASKEENKEKNRYVNI
LPYDHSRVHLTPVEGVPDSHY INTSFINSYQEKNKF I AAQGPKEETVNDFWRMIWEQNTAT IVMVTNLKE
RKECKCAQYWPDQGCWTYGNIRVSVEDVTVLVDYTVRKFCIQQVGDVTNKKPQRLVTQFHFTSWPDFGVP
FTPIGMLKFLKKVKTCNPQYAGAIVVHCSAGVGRTGTFIVIDAMLDMMHAERKVDVYGFVSR IRAQRCQM
VQTDMQYVFIYQALLEHYLYGDTELEVTSLEIHLQKIYNKVPGTSSNGLEEEFKKLTSIKIQNDKMRTGN
LPANMKKNRVLQI IPYEFNRVI 1PVKRGEENTDYVNASFIDGYRRRTPTCQPRPVQHT IEDFWRMIWEWK
SCSIVMLTELEERGQEKCAQYWPSDGSVSYGD INVELKKEEECESYTVRDLLVTNTRENKSRQIRQFHFH
GWPEVGIPSDGKGMINI IAAVQKQQQQSGNHPMHCHCSAGAGRTGTFCALSTVLERVKAEGILDVFQTVK
SLRLQRPHMVQTLEQYEFCYKVVQEY IDAFSDYANFK

e How do we find the domain and associated active
sites in the protein above?

Copyright 2006 © Limsoon Wong
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In the course of evolution...
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Domain/Active Sites as Emerging Patterns

e How to discover active site and/or domain?

e If you are luck, domain has already been
modelled

— BLAST,
— HMMPFAM, ...

 If you are unlucky, domain not yet modelled
— Find homologous seqgs
— Do multiple alignment of homologous seqgs
— Determine conserved positions
— Emerging patterns relative to background
— Candidate active sites and/or domains

Copyright 2006 © Limsoon Wong
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Lucky Case: Try BLAST
% NCRBI formatting BLAST

Mucleotide Protein Translations

Rettieve results far an BID

Tour request has been successfully subrautted and put mto the Blast Queus.

Query = (807 letters)

Putative conserved domains have been detected, chick on the image helow for detailed results.

1 100 200 300 400 S00 B0 Fn &0z

The request ID is |1146624267-26537-4367 45480860, BLASTQ!
(Format! L esssram
e Justrun BLAST on your protein sequence
 If has known domain, BLAST will highlight it ...

Copyright 2006 © Limsoon Wong
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. And you can navigate

the output for more details
T e about the known domains

Database: cdd.+2.04

ICIil:k on boxes for multiple alignments

1 1om 20n 00 din son =20] Fon S07
-_COC1d ]
Shovws |D|:|main Relatives
Score E
PSSMs producing significant alignments: (bits) value

gnl|CEC | 28929 ¢cd00047, PTP, Protein tyrosine phosphatases (PTP) catalvze th.., 302 9e-83
gnl|CEC | 28929 ¢cd00047, PTPe, Protein tyrosine phosphatases (PTP) catalvze th... 297 2e-81
gnl|CCC | 24216 smartD0124, PTPe, Protein tyrosine phosphatase, catalvtic doma... 303 7e-83
gnl|CCC | 24216 smartD0124, PTPe, Protein tyrosine phosphatase, catalvtic doma... 301 2e-82

Copyright 2006 © Limsoon Wong
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Unlucky Case: Domain/Active Sites
Not Already Modelled

 Find homologous seqs
— Literature search
— BLAST, ...
— It Is better to use distance homologs (why?)
— “Adjust” the seqs if necessary

« Do multiple alignment of homologous seqgs
— Clustalw
— T-Coffee, ...

« Determine conserved positions

Copyright 2006 © Limsoon Wong
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Some Homologs of Our Example Protein

 P18433: Receptor-type tyrosine-protein phosphatase
alpha precursor (R-PTP-OL) 0i|126467|sp|P18433|PTPRA_HUMAN[126467]

o Q15262: Receptor-type tyrosine-protein phosphatase
kappa precursor (R-PTP-K) gi|2499753|sp|Q15262|PTPRK_HUMAN[2499753]

o« P23470: Receptor-type tyrosine-protein phosphatase
gamma precursor (R-PTP-Y) gi|462550|sp|P23470|PTPRG_HUMAN[462550]

o P28828. Receptor-type tyrosine-protein phosphatase
Mu precursor (R-PTP-M) gi|131570|sp|P28828|PTPRM_MOUSE[131570]

 P35822: Receptor-type tyrosine-protein phosphatase
kappa precursor (R-PTP- K) gi|548626|sp|P35822|PTPRK_MOUSE[548626]

Copyright 2006 © Limsoon Wong



_INUS
D AutaoFil E : |

Address ".Gj hittp: v, ebi, ac, ukfclust sl

Gﬂwglﬁ' quence multiple alignment ™ G| search ~ D @ Eﬂ Fﬂﬂankgﬁb'mkﬂd v

L
MALYSIS

Check - ":i AutoLink,

SEQUEMCE A

* Help Index

SIS ELATE Submission Form

* General Help

* Formats Clustal W is a general purpose multiple sequence alignment program for DNA or proteins. |t
produces hiologically meaningful multiple sequence alignments of divergent sequences. It

* Gaps calculates the hest match for the selected sequences, and lines them up so that the identities,

= Matrix similarities and differences can be seen. BEvwalutionary relationships can be seen via viewing

Cladograms or Phylograrns. New users, please read the FAQ.

== Download Software —j—l —_;—l —':.J

* References

* Clustalh® Help

YOLUR EmMAIL ALIGHNMEMNT TITLE RESLILTS ALIGNMEMNT CPU MODE
= Clustal FAQ
* Jalview Help | Sequence Interactive | v full Ml single |
- g ek KTUP WMDY SCORE TYPE TOPDIAG PAIRGAP
MIORD SIZE) LEMGTH
* Alignment
. Guide Trea def || def | » percent | v def | » | def |»
“ el MATR GAP OPEM EMD GAP GAP
GAFS EXTEMNSION DISTAMCES
def v | def |+ def || def | def | w |
QUTPLIT PHYLOGEMNETIC TREE
QUTPLIT QUTPLIT TREE TYFE CORRECT DIST. IGMORE GARS
FORMAT ORDER
aln winumbers | v aligned |v hone | ¥ off | | off | |

Enter or Paste a set of Sequences in any supported format;
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Example Output from ClustalW

Clustal'W

‘a‘. Nucleotde sequUences | for

~uropean Biainformatics Institute

EZI Home

= Help

= General Help
* Formats

= Gaps

= Matrix

* Referencas

ClustalW Help
= ClustsV FAQ
= Jaliew Help

= Soores Table
= Alignment

= Guide Tree

* Colours

Eroups Hervices Submlsslons

Catabases Downloads

SEQU E SIS

ClustalWW Results

Results of search

Number of sequences | §

Alignment score 28831

Sequence format Pearson

Sequence type aa

ClustalW version 1.3

dalView

Cuiput file clustalw-20060505-15354643 cutput
Alignment file clustalw-20060505-15354643.3In
Guide tree file clustalw-20060506- 15354643 dnd
Your input file Clustalw-20080508- 15364843, input

[ SUBMITANOTHERJOB |

T0 S3Ve a resint e right-ci e ink in the sbove fabie and chocse "Save Target As™.
I you cannat see Me Jalview bulton, refoad e PSQe and check your Browser SSMings 1 enabie Javs Appisss.

L

Page 1 of 8

http:/wrww.ebi.ac uk/cgi-bin/clustalw/result Mtool=clustalwdz obid=clustalw-20060503-133 54643 &treendisp=hide & trestype=newdtsortby... 05/03/2006

NUS

atord Uneeiety
of ingapore
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Let’s put In a few more distance homologs

>g1|18859295|ref|NP_571963.1| protein tyrosine
phosphatase, receptor type, A [Danio rerio]

>Q1|7248657|gb|AAF43605.1|AF197944 1 receptor
protein tyrosine phosphatase delta [Xenopus
laevis]

>01|15027042|emb|CAC44759.1| receptor protein-
tyrosine phosphatase sigma [Danio rerio]

>(01|6093855|sp|Q98936|PTPRG_CHICK Receptor-
type tyrosine-protein phosphatase gamma

precursor (Protein-tyrosine phosphatase gamma)
(R-PTP-gamma)

Copyright 2006 © Limsoon Wong



Example Output from ClustalW

Page 1 of §

Clustal'w Results

Results of search
Mumber of sequences | &
Alignment scora 73802
Sequenca format Paarson
Sequenca typa az
ClustalW version 183
dalView
Output file clustahe-20060505- 16575265 ouiput
Alignment file clustalw-20060505-18575265 aln
Guide tree file clustaly-20060505- 16575265 dnd
Your input file clustalw-20060505-16575265.input
Ir SUBMIT ANOTHER JOB ]

To 53ve & result e right-ciick the fle Ik in the Shove fhie and chosse "Save Tarpet 457
I you canngt see the JalView bufton, relosd the page and check your Browser SEMings 10 enahie Javs Applers

Scores Table

Sart by Sequence Mumber

Y

1
1
1
1
1
1
1
1

DD 0D D O 18D T v R e D W O A e LD T O U8 B R

hirp:/fwww ebi.ac uk/cgi-bin/printable f=htp:‘www.ebi.ac uk/cgi-bin'clustalw/result...  06/03/2006
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Multiple Alignment of PTPs
gi| 126467 FHFTEWPDFGVPF TP IGHMLEF LEEVEACHNP —— QY AGATVVHC S AGVGRTGTFWW IDAMLD
gi| 2499753 FHFTGWPDHGYPYHATGLLSF IRRVELSNP—-P3AGP IVVHCS AGAGRTGCYIVIDIMLD
gi|462550] THYTOWPDMGVPEY ALPVLTFVRRS S AARN--PETGPVLVHC S AGVGRTGTY IVIDSMLO
gi| 2499751 FHFTSWPDHGYPDTTDLL INFRYLVERDYMEQSPPESP ILVHC S AGVGRTGTF IATDRLIY
gi| 1709206 FOFTAWPDHGVPEHPTPFLAFLERVETCHP—-PDAGPMVVHCS AGVGRTGCF IVIDANLE
gi| 126471 LHFTSWPDFGVPFTPIGHLEF LEKVETLNP--VHAGP IVVHCSAGYVGRTGTF IVIDAMMA
gi| 548626 FHFTGWPDHGYPYHATGLLSF IRRVELSNP—-P3AGP IVVHCS AGAGRTGCYIVIDIMLD
gi| 131570 FHFTGWPDHGVEPYHATGLLGFVREOVESESP——PNAGPLVVHCS AGAGRTGCF IVIDINLD
gi|=2144715 FHFTSWPDHGYPDTTDLL INFRYLVERDYMEQSPPESP ILVHC S AGVGRTGTF IATDRLIY
_'.‘.' TEE O OEAT . I __'.'.".'.".'.".'.".'.".'.' '.'.".'.".‘.'?.'___ *%

 Notice the PTPs agree with each other on some
positions more than other positions

 These positions are more impt wrt PTPs
 Else they wouldn’t be conserved by evolution
— They are candidate active sites

Copyright 2006 © Limsoon Wong



Application of
Sequence Comparison:
Key Mutation Site Discovery
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ldentifying Key Mutation Sites

K.L.Lim et al., JBC, 273:28986--28993, 1998

Sequence from a typical PTP domain D2

>gi| 00000 PTPA-DZ ///
EEEFEKKLTSIKIQNDEKMRTGNLPANMKKNRVLQIIPYEFNRVIIPVEKRGEENTDYVNASF
IDGYROQKDSYIASQGPLLHTIEDFURHIWEWKSCS IVILTELEERGQEKCAQYWPSDGLV
SYGDITVELKKEEECESYTVRDLLVTNTRENKSRQIRQFHFHGWPEVGIPSDGKGMISII
AAVQKQQQQSGNHP ITVHCSAGAGRTGTFCALSTVLERVKAEGILDVFQTVKSLRLQRPH
MVQTLEQYEFCYKVVQEYIDAFSDYANFK

e Some PTPs have 2 PTP domains

« PTP domain D1 is has much more activity than
PTP domain D2

e Why? And how do you figure that out?

Copyright 2006 © Limsoon Wong
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Emerging Patterns of PTP D1 vs D2

e Collect example PTP D1 sequences
 Collect example PTP D2 sequences
« Make multiple alignment Al of PTP D1
« Make multiple alignment A2 of PTP D2

 Arethere positions conserved in Al that are
violated in A2?

e These are candidate mutations that cause PTP
activity to weaken

 Confirm by wet experiments

Copyright 2006 © Limsoon Wong
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Emerging Patterns of PTP D1 vs D2

T E
D2 < _ This site is consistently conserved in D1,

but is not consistently missing in D2

= It Is not an EP
- - = not a likely cause of D2’s loss of function

D1< Exercise: Why?

This site is consistently conserved in D1,
but is consistently missing in D2
= itisan EP

. "\/';\ absent —> possible cause of D2’s loss of function

f—

x @D rresent

Copyright 2006 © Limsoon Wong
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Key Mutation Site: PTP D1 vs D2
? re? ? ? E

ogi|ooooo)| P [)2 QFHFHGUPEVGIPSDGEGHIS ITAAVOREQOOO-SGNHP ITVHC S AGAGETGTFCALSTVL
gi| 1264677 AAFHFTSWPDFGVPFTP IGHNLEF LEEVEACNP - - Q¥ AGATVVHCS AGVGRTGTFVV IDAML
ogi| 2499753 QFHF TGWPDHGVPYHATGLLEF IREVELSNP--P3AGP TWVVHCS AGAGRTGCYIVID INML
gi|d62550| OYHYTOWPDMGVYPEYALPVLTFVYRESSAARN--PETGPVYLVHCS AGWGRTGTY IVIDSHML
ogi| 2499751 QFHF TSWPDHGVPDTTDLL INFREYLVERDYMEQSPPES P ILVHC S AGVGRTGTFIAIDRLI
ogi| 1709906 [)1<QFQFTAHPDHGHPEHPTPFLAFLRRHKTCNP——PDAGPHHHHCSAGHGRTGCFIHIDAHL
ogi| 126471 QLHFTEWPDFGVPFTPIGHLEFLEEVETLHNP--VHAGP IVVHCS AGVGRTGTF IVIDAMH
ogi| 548626 QFHF TGWPDHGYVPYHATGLLEF IREVELSNP--P3AGP TVVHCS AGAGRTGCYIVID IML
gi| 131570] QFHF TGWPDHGYVP YHATGLLGFYROVESESP-—PHNAGPLVVHC S AGAGRTGCF IVID IML
gi| 2144715 \QFHF TEWPDHGYPDTTDLL INFRYLVEDYMEOSFPESP ILVHCSAGYGETGTF IAIDRELT

* ., w®E_ *_% ] . FEREEE REEE

 Positions marked by “!” and “?” are likely places
responsible for reduced PTP activity

— All PTP D1 agree on them
— All PTP D2 disagree on them

Copyright 2006 © Limsoon Wong
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gi|00000|F [)9 QFHFHGUF

gi|126467] 7 QFHF TSR

gi| 2499753 QF HF TGRS 1
gi| 462550 OYHY TOWPDMGVPETAL
gi|2499751 OFHF TSWPDHGVEDTTD]
gi| 1709906 [)1< OF QF TAWPDHGVFEHETI
gi|1z6471] OLHF TSWPDFGVEFTE It
gi| S45626] OFHF TGWPDHGVE THALT
gi| 151570 OF HF TGWPDHGVE THAT:
gi|z144715 \ OFHF TSWPDHGVEDTTD]

* . '.'.".'.'_ '.'.'_'.'.'

 Positions marked by “!” are even more likely as 3D
modeling predicts they induce large distortion to
structure

Copyright 2006 © Limsoon Wong
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Confirmation by Mutagenesis Expt

« What wet experiments are needed to confirm the
prediction?

— Mutate E — D in D2 and see if there is gain in
PTP activity

— Mutate D — E in D1 and see if there is loss in PTP
activity

Exercise: Why do you need this 2-way expt?

Copyright 2006 © Limsoon Wong



Guilt-by-Association:
What If no homolog of known function is
found?




- 3
Phylogenetic Profiling

Pellegrini et al., PNAS, 96:4285--4288, 1999

 Gene (and hence proteins) with identical patterns
of occurrence across phylatend to function
together

= Even if no homolog with known function is
available, it is still possible to infer function of a
protein

Copyright 2006 © Limsoon Wong



Grenmmes: |
. ___ [ e | !
P2 P P3 '
Pl -
- s P
P,

B. zuhtiliz {BS)

Copyright 2006 © Limsoon Wong

E. coli  (EC] H. influenzae (H1)
‘ ‘ Profile Clusters:
N
- - P 1 0 o
Phylogenetic Profile: |
EC SC BS HI ‘I‘T R
7 110
Pl T
P 1 [ _>
Fi 0 1 1 [Pi 01— Fs 11
P2 1 L
Fa : : : P1 0 | 1
P a1 1 e 0 1 1
F7 i 1 0
M

‘ Conclusion: »2 and P7 ore fumctionally linked ,

Fi and Ph are fenctionally linked

Satnd Uneerety
of ingapore

TNUS
%

Phylogenetic
Profiling:
How it Works
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Phylogenetic Profiling: P-value

The probability of observing by chance z occurrences of genes X and Y in a set
of N lineages, given that X occurs in z lineages and Y in y lineages is

W, * W,

o ()

No. of ways to distribute z

co-occurrences over N N —2 N — 7z
W, ¥

lineage's
/ |14

No. of ways to distribute

where

No. of ways of
distributing X and Y

I
N
8 2
—
*
N
= 2
—

the remainingx—zandy -z over N lineage's
occurrences over the remaining without restriction
N —z lineage's
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Phylogenetic Profiles: Evidence
Pellegrini et al., PNAS, 96:4285--4288, 1999
No. of non- No. No.

homologous  1€1ghbors — neighbors
proteinsin  1n Keyword in random

Keyword group group group
Ribosome bl 197 27
Transcription 36 17 L0
tRNA synthase and ligase 26 11 3
Membrane proteins® 25 89 5
Flagellar 21 89 3
Iron, ferric, and ferntun 19 L) 2
Galactose metabolism I8 RY 2
Molybdoterin and Molvbdenum,
and molybdoterin 12 6 I
Hypothetical 1,084 108,226 8,440

e E. coli proteins grouped based on similar keywords
In SWISS-PROT have similar phylogenetic profiles

Copyright 2006 © Limsoon Wong



fraction of gene pairs

Phylogenetic Profiling: Evidence
Wau et al., Bioinformatics, 19:1524--1530, 2003

> 0.9
A © L
o = 0. hamming distance y y
S s 0 = #lineages X occurs + JdKEGG
8 8 #lineages Y occurs - 0 COG
% 0. )
= c 0O 2 * #lineages X, Y occur
© O -

O O

o=
S 00
E o (D 0
E gy’
S © X 0.
< @ c
> g = O
=g~
T T
c C

S

5 10 15 20 25 30 35
é hamming distance (D)
Proteins having low hamming distance (thus

highly similar phylogenetic profiles) tend to share

common pathways Exercise: Why do proteins having high
hamming distance also have this behaviour?

Copyright 2006 © Limsoon Wong




ﬁNUS
The ProtFun Approach -
Jensen, JMB, 319:1257--1265, 2002
« A protein is not alone é“@e ﬁ .
when performing its He *"*“ E & &
biological function Qﬂa éﬁ % @"&“‘? *‘ﬁ* f
vb? @ e é'@?é\o q’ %F'g,@d\ CP \@5
| -.:Jf e} @* e‘}o '5: i .
* It operates using the same | o OO o l seql

cellular machinery for
modification and sorting
as all other proteins do,
such as glycosylation,
phospharylation, signal
peptide cleavage, ...

 Proteins performing
similar functions should
share some such
“features”

— Perhaps we can predict
protein function by
comparing its “feature”
profile with other proteins?

Copyright 2006 © Limsoon Wong

e These have associated
consensus motifs,
patterns, etc.
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9% -
ProtFun: Evidence

& ﬁ
4.. 1:9{? kgb @& . " & ) &
é‘ 5 @G & il
-a‘* é. ol u‘:‘@ > :;5\ ~ m . o
é @%ﬂ@ 5 { fﬁ&i Gk 530 blnat”IO ns of
51 S features” seem to
gg O o O OO )} Amino acid biosynthesis CharaCterlze some
04 O O O O O O () } Biosynthesis of cofactors .
o5 6 00 @@ }caoneors functional
O @ oo - Cellular processes Categ 0] rl esS
o 00 0Q0 O [ Cmmgmme
O O O O O C:l - Energy metabolism
O & O O O O - Fatty acid metabolism
O OO O O O - Purines and pyrimidines
2 e é e O O - Regulatory functions
0 O © @ @ vcowion
Q OO O O O T Translation
O O o O O O - Transport and binding
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ProtFun: How it Works

St neerety
of hingapore

TINUS
%

 feature

of protein
arious

ion methods

|Ahhriuiatiun | Encoding | Description

|ec |5ing|e valle |E}dincti|:|n coeflicient predicted by ExPASY ProtFaram

|graw |single valle |H3rdr|:|phnhicitg.r predicted by ExPASY ProtParam

|nneg |5ing|e value |Numberufnegatively charged residues counted by ExPASY ProtFaram
|np|:|5 |5ing|e valle |Numherufpnsitively charged residues counted by ExFASY FrotFaram
|ng|~_.f|: |p|:|tential in 4 hins |N-g|ycusylatinn sites predicted by et Gl

||:|glyc |putential-threshnld in10hins |GaINAc O-glycosylations predicted by MetDGlyve

Ipest (fraction in 10 bins \PEST rich regions identified by PESTAind

|ph|:|sET |p|:|tential in10hins |Serine and threonine phosporlations predicted by HetPhos

|ph|:|5‘rr |p|:|tential in 10 hins |Tﬁ,rr|:|sine phosporylations predicted by HetFhos EX[raC1
|p5ipred |he|i}{, sheet, coil in 5 bins |F'redicted secondary structure from FSI-Fred profi |e
|p5|:|rt |2III probahilities |Subce|lu|ar location predtions by FS0ORT H

|seg |fracti|:|n in10 hins |an-c|:|mplexitg.r regions identified by SEG 2iL:g:n\:
|5igna|p |mean5, maxy, logicleavage pos) |5igna| peptide predictions made by SionalF bbb
|tmhmm |inside, outzide, membrane in & hins |Transmembrane helix predictions made by ThiH

Average the output of

Hidden
Category ‘ units ‘ Input features
Amino acid hinsynthesis 30 |E|: psipred psort tmhmim
30 |E|: psipred trmhmm

30 |EE netoghyc psipred psort

30 |graw psipred psort

the 5 component ANNS 20 [ogiye psipred psor
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ProtFun: Example Output

Prion Ad TTHY
Amino acid biosynthesis 0.011 0.011 0.011
Biosynthesis of cofactors 0.C €
Cell envelope (
Cellular processes 0.027 0.027 0.051
Central intermediary metabolism 0.047 0.139 0.059
Energy metabolism 0.029 0.023 0.046
Fatty acid metabolism 0.017 0.017 0.023
Purines and pyrimidines 0.528 0.417 0.153
Regulatory functions 0.013 0.014 0.014
Replication and transcription 0.020 0.029 0.040

Translation
Transport and binding

Enzyme

Non-enzyme

Oxidoreductase (EC 1.—.—.—) 0.07C 0.024
Transterase (EC 2.—.—.—) 0.031 0.208
Hydrolase (EC 3.-.—.—) 0.101 0.090
[somerase (EC 4.—.—.—) 0.020 0.020
Ligase (EC 5.—.—.-) 0.010 0.010
Lyase (EC 6.—.—.—) 0.017 0.078

At the seq level,

041 016 ' .
‘136 0804 0eos > Prion, A4, & TTHY

are dissimilar

ProtFun predicts
them to be cell
envelope-related,
tranport & binding

This Is in agreement
w/ known
functionality of
these proteins
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ProtFun: Performance
1.0 ]
Amino acid biosynthasis ['
Biosynthesis of cofactors '
0.8 Cell envelope
' == Cellular processes

Central intermediary metabaolism
——— Energy metabolism

@ Fatty acid metabolism
® 0.6 | Purines and pyrimidines
£ Regulatory functions
'E Replication and transcription
+1 —— Translation
2 0.4 -~ Transport and binding
2 0.
— !
0.2 |
[ emd T s
Dﬂ.—-’ﬂtﬁp— e e = I I T
0.0 0.2 0.4 0.6 0.8 1.0

Sensitivity
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Training
Data

S1
S2
S3

Feature
Generation

Testing
Data

T1
T2
T3

v

f3, is the local —

Training Features
S; S, S5

fll f12 f13

SVM-Pairwise Framework
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Performance of SVM-Pairwise

Receiver Operating
Characteristic (ROC)

— The area under the
curve derived from
plotting true positives as
a function of false
positives for various
thresholds.

Rate of median False
Positives (RFP)

— The fraction of negative
test examples with a
score better or equals to
the median of the scores
of positive test
examples.
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