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Sequence Comparisons
* Homology searches

e Usually “one-against-one’: BLAST, FASTA

* Allows for comparison of individual sequences against
databases comprised of individual sequences

o Profile searches

» Uses collective characteristics of a family of proteins

» Search can be “one-against-many”:  Pfam, CDD
or “many-against-one’: PSI-BLAST,
DELTA-BLAST

XXX NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Divison :

Profiles, Patterns,
Motifs, and Domains
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Profiles

Numerical representations of multiple sequence alignments
Depend upon patterns or motifs containing conserved residues
Represent the common characteristics of a protein family

Can find similarities between sequences with little or no
sequence identity

Allow for the analysis of distantly related proteins

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Divisior R

Profile Construction

APHIIVATPG
GCEIVIATRG
gzﬁigiéggg o Which residues are seen at each position?

RPHITVATPG o What is the frequency of observed residues?

KPHIIIATPG » Which positions are conserved?
Noomrrae » Where can be introduced?
RPDIVIATEG gaps be introduced:
APHIIVGTPG
APHIIVGTPG
GCHVVIATPG
NQDIVVATTG
2 Position-Specific Scoring Table

OYMHEHPIdHTOO

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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Patterns

Phe
or Tyr

any
amino

Pfam

not Val
or Ala

any two. any
amino amino
acilds acid

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Divisior R

Collection of multiple alignments of protein domains and
conserved protein regions that probably have structural or

functional importance

Each Pfam entry contains:

» Multiple sequence alignment of family members

Protein domain architectures

Species distribution of family members

Information on known protein structures

Links to other protein family databases

Finn et al., Nucleic Acids Res. 42: D222-D230, 2014
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Pfam

o Pfam A

* Based on curated multiple alignments (“seed alignment”™)

» HMMER used to find all detectable protein sequences
belonging to the family (Eddy, 2011)

* Given the method used to construct the alignments, hits are
highly likely to be true positives

o Pfam B

* Automatically generated from database searches

* Deemed “lower quality”, but can be useful when no Pfam A
family is identified

XXXX % NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Division ;

Sequences Used
in Examples

Current Topics in Genome Analysis 2014

http://research.nhgri.nih.gov/
teaching/seq_analysis.shtml

Wesks 2 and 3: Biclogical Sequence Analyss
Protain and Mucleotide Saquances for Analysis
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x detersinizg ceglor Y (Eamo wapiens)
sis, < ¥

BESORREIALL R FAKIE S
WCALLIASPASVLCARY

GATCATEECS! v rroc
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QUICK LINKS
SEQUENCE SEARCH
VIEW A PFAM FAMILY
VIEW A CLAN

VIEW A SEQUENCE
VIEW A STRUCTURE
KEYWORD SEARCH
JUMP TO

Pfam 27.0 (March 2013, 14831 families)

The Pfam database is a large collection of protein families, each rep: by
alignments and hidden Markov models (HMMs). More...

ANALYZE YOUR PROTEIN SEQUENCE FOR PFAM MATCHES
Paste your proteln sequence here to find matching Pfam families.

: O EID

&
This search will use and an E-value of 1.0. You can set your own search parameters and

Parm Home page
i pae poge
W v smcur ik
/ wellcome trust
N Sanger HOME | SEARCH | BROWSE | FTP | HELP | ABOUT
P stitute kayword search @
Pfam 27.0 (March 2013, 14831 families)
The Pfam database |s a large collection of protein families, each rep: by
alignments and hidden Markov models (HMMs). More...
QUICK LINKS  YOU CAN FIND DATA IN PFAM IN VARIOUS WAYS...
SEQUENCE SEARCH  Analyze your protein for Pfam
VIEW A PFAM FAMILY  View Pfam family annotation and alignments
VIEW A CLAN See groups of related families
VIEW A SEQUENCE  Look at the domain of a protein
VIEW A STRUCTURE  Find the domains on a PDB structure
KEYWORD SEARCH  Query Pfam by keywords
ump o [ ) D
Enter any type of accession or 1D to Jump to the cage for a Plam family or can,
UniProt sequence, PDB structure, ecc.
Or view the help pages for more information
Recent Pfam blog®# posts [Hide this
Short-term Pfam position available. (pcsied 7 February 2014)
We have just advertised a 9-month maternity cover position in Pfam. We are looking for a skilled
Bioinformatician to help us take Pfam into its next phase of development as we become more integrated
into the Europ ioi (EMBL-EBI). i skills and experience: Degree
in Science with relevant experience Computer literacy (unix experience) [...]
Join Rfam, see the world# (posted 31 January 2014)
Mam Home page .'l
i pae poge
v rcucach 3 (X RIS
/ wellcome trust
HOME | SEARCH | BROWSE | FTP | HELP | ABOUT ﬁm

perfarm a range of other searches Nere.

[EHide this

Recent Pfam blog® posts
Short-term Pfam position available. & (pested 7 February 2014)

into the Europ I (EMBL-EBI). E: ial k
Join Rfam, see the world( (posted 31 January 2014)

really

in Science with relevant experience Computer literacy (unix experience) [...]

We have just advertised a 9-month maternity cover position in Pfam. We are looking for a skilled
Bloinformatician to help us take Pfam into its next phase of development as we become more Integrated
jol i skills and experience: Degree

Rfam is recruiting! We are currently recruiting an RNA informatician to join our team. We're looking for
i about RNA and who's interested in working with Rfam as we move to

March 12,2014
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Fam awes Pam

SB8
- rmseerme (=]
(@) v rces st vowcr (B coese a)(s) a0
/ wellcome trust
sanger HOME | SEARCH | BROWSE | FTP | HELP | ABOUT nm
Bl stitute Keyword search | ()
- ; -
Search Pfam S Y < ST I

Search for

N scqocncesearcn

Batch search
Find Pfam families within your sequence of interest. Paste your protein or DNA sequence into the box below to have it searched for
Keyword matching Pfam families. MOre...
Domain Seq 0
uence ery_sequence
architecture MAPSQYTSLAPELLLATAIFCLVFWVL TLGOKN?
SGLNTIKOAL YSE:
Taxonomy AL T L e
Q! VENV FPV
LRYLPNPALXRFXNFNDNFVLSLOKT 1
Jump to. PQEXIVNIVNDIFGAGFETVITAIFWSILL X QPRLSDR
RYTSEFV] |STTRDTSLNG!
[enter 107ace m gg!;s;!.wxuu ng; K;’:'tuu f}il:aocxrluomgggfm

Protein sequence options

Cut-off () Gathering threshold

(») Use E-value

PfamBs ./ Note that we scarch only the 20,000 lkargest Plam-B families

—]

)

e T T e

Comments 07 QUesTONS cn the site? Send a mall 1o pfam-help@edl.ac.uk. Our cookle policy.

The Wellcome Trust

e00 Pramm Saquance LawCH retuls «
~ f N
) roam someor e e e Q. (3] alo-|
/ wellcome trust
N Sanger HOME | SEARCH | BROWSE | FTP | HELP | ABOUT om
M cstitute =l Go)
Seq e search results
Show the detailed description of this results page.l
We found 3 Pfam-A matches to your search 1 ifi and 2 ). You did not chcose to search for Pfam-B matches.
paso,

Significant Pfam-A Matches
Show or hide all alignments.

p450 Cytochrome P450
Insignificant Pfam-A Matches
Show or hide all alignments.

Family Description

€067 (coG7)

Sec8_exocyst Specficl

Show the search options and sequence that you submitted.
Retum to the search form to look for Pfam domains on a new sequence.

Golgi complex component 7

Sec8 exocyst complex component

Envelope Alignment HMM HMM | Bit

Start|End Start |End [From To |length|score
41 505 41 500 1 457 463 344.0 1.1e-102

Domain n/

Predicted

E-value active Bhow/hice
sites

alignment

r Envelope |Alignment HMM

|start|End| start|End | From| To length

Family CLO294 188 309 247 296 313 362 766 11.0 0.069 n/a

142 13.3 0.047

Domain CLO295 246 286 249 277 42 70

Comments or questions on the site? Send & mail ta pfam-help@ebi.ac.uk. Our cookie policy.
The Wellcome Trust
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Pam Sequenct AWOR retuts

7
e siseie

Higde the detailed descrption of this results page.

Below are the detalls of the matches that were found. We separate Pfam-A matches Into two tables, the n:h-sAnmmanmmmhmvmnmcm
score Is greater than or equal to the gathering thresnhhold for the Pfam comain. wnmuunotmmunounn-naounuocmmmwmwh

The Pfam graphic beiow shows only the significant matches to your sequence. Clicking on any of the domains In the kmage will take wuuaumdrmmmmmmn.

Pfam does not allow any amino-acid to match mare than one Pfam-A family, unless the overiapping families are part of the same clan, In cases where two members of the same dan match the
same region of a sequence, only one match is show, that with the lowest E-value,

A small of ‘within the Y Pfam families have had their active sites experimentally determined. Using a strict set of rules, cnosen to reduce the rate of false positives, we
transfer experimentally determined active site residue data from & sequence within the same Pfam family to your query saquence. These are shown as "Predicted active sites®. Full cetails of Pfam
active site prediction process can be found In the accomoanying paperd.

For Pfam-A hits we shiow the alignments between your search sequence and the matching HMM. You can show individual alignments by dicing on the "Show® button in each row of the result table,
o you can show all alignments using the kinks sbove each table.

This alignment row for each hit shows the alignment between your sequence and the matching MMM, The alignment fragment includes the following rows:
#HMM:  consensus of the HMM, Capital letters Indicate the most conserved positions

SMATCH: the match between the query sequence and the HMM. A '+ Indicates 8 positive score which can be asa

#pp: pasterior probability. The degree of confidence in each individual aligned residue. 0 means 0-5%, 1 means 5-15% and 50 0n; 9 means 85-95% and a **' means 95-100% posterior
probability

#SEQ:

query sequence. A - Indicate desetions |1 the query 5equence with respect to the HMM. Columns are coloured according to the posterior probablity

o5 [N | 100%
You can bookmark this page and retur to it later, but please use the URL that you can find In the *Search options” section below. Picase note that o/d results may be removed after one week.
We found 3 Pfam-A matches to your search sequence (1 signficant and 2 Insignficant). You did not choose o search for Pfarm-B matches.

ey

Show the search options and sequence that you submitted.
Return to the search form to look for Pfam domeins on & new sequence.

Significant Pfam-A Matches
Show or hide all alignments.

Description

4

12ang. . @ovkKIRILLEELRE
Aogkes T bw Rt 41 K
5389599988 75556 99999988677

voecascivesirikagoepolditotlskanldy e Lirsay
Tow v At 1o Kbek @ 4 bebed o 4 bvig TG

Show or hide all alignments.

X = Entry & Envelope | Alignment HMM 5 Show/hide
wld o type *" | start [ #nd | start  End | From | To valU€ | active sites | alignment

€oG7 Golgi complex component 7 (COGT7) Farnily CL0294 188 309 47 29 313 362

Secs_ex SecB exccyst complex component specific o n

L0295 246 286 249 277 42 70

Commarts of QUAitons 31 The Ete7 $end 3 mal 10 plam-RelpUesac.uk. Our coolde pelicy.
come Trust

®00
-

Paw Famay: pALD PFO006T) j
cﬂ- (=T aQ ﬁ@ﬁ
.sM“ ger MOME | SEARCH | BROWSE | FTP | MELP | ABOUT P‘om

) 3 s 30mGcACAA s PO

Family: p450 (PFO0067) =
383 wrcvecreres
(- TS (5. mmary: Cytochrome P450
Domain organisation
Plam includes annotations and scdtional family information from a range cof different sources. These scurces can be sccessed via the tabs below.
Can
Paso E InterPro
HMM logo u
This tab hoids the annotation information that bs stored In the Aam databiese. As we move to using Wikipedia as our maln source of annctation, the cortents of this tab will be
Trees Grackoally reclaced by the Wikipedia tab.
Curation & model Cytochrome P450
y Cytocheome PS0s ary hasm-thiolate protains [6] ievolved I the oxkiatve Cegradation of varlous compounds. Thay are Farticuiary well kncwn
Interactions

for their roke n the Cegradation o environmental toxins and mutagens. They can be ivided Into 4 Casses, according to the mechod by which
wlactrons from NAD{P)H are delivered to the catalytic site. Sequence conservagion is relatively low witin the family - there are caly 3 absolstely
Structures conserved residues - but their general topography and structural fold are Mighty conserved. The conserved core is composed of & coil termed the
‘maander, a four-heilx bunde, helions J and K, and two sets of beta-sheets, Thuse constitute the haem-tinding loop [with an atsclutely

3ump to... & conseryed cysteine that serves as the Sth ligand for the haem iron), the proton-transfer groove and the sbisolutely conserved EXXR matf in hefix
K. Whie prokaryotic PAS0s are sohbie proteins, most sukasyoti Are associated wih iicrosomal merbranes. e Gurieral eyt
ump to... 0s 508 e
W function is to catalyse regiospect’c and oxdstion of at per

Literature references

1. Graham-lorence S, Amarneh B, White RE, Peterson JA, Simpson ER; , Protein Sai 1995;4:1065-1060.: A three-dimersional model of
aromatase cytochrome P4SD. mauso 75498717 EPMC. TSA9BTL &

2. Degtyarenio KN, Archakow A1, , FEBS Lett 1993;332:1-6.: Molecudar evolution of P4SO ad
systens, PUBMID:: 405421 & EPUC: 8405421 &

3. Neiscn DR, Kemataki T, Waxman DJ, Gus n PP, Estabrook RW, Feyereisen R, Gonza'ez F, Coon MJ, Gunsaius iC, Gotoh O, et &f; ,
DNA Cet Blcl 19 <51 The PASO scpwrfamily: UpCate CN NIW SAGUANCR, GRE Magng, Accesion nurmbers, sary triviel names of
enzymes, and nomendature. PUBMED: 7675494 5! EPMC: 7678454 &

4. Gueogerch #P; , 3 Biol Chem 1991; Reactions and sig of o ymes. PUBMED 203755787
EPMC:2037557

. Nevert DW, Gonzalez FJ; , Avnu Rev Biochem 1987, 56:945-993.: PASO genes: structure, evoiuton, and requistion. PUBMED: 33041505
EPMC:33041508

£

Werck-Rechhart D, Feyeresen R; , Genome Biol 2000;1:REVIEWSI003,: Cytochomes P450: & success story. PUDMED 111782728
EPMC:111782726

External database links

HOMSTRAD: 4507
PANDIT: PFOOD67

PRINTS: 5pcosss
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8 a3 AR aw FTS0057 LT Prabmewwiad L

cI!-c-n. Q

[l o st
N sanger HOME | SEARCH | BROWSE | FTP | MELP | ABOUT
ol
Family: p450 (PFO0067) -
Summary ain organisation
= Below is & fsting of the n which this domain s fourd. More.,
an
Alignments There are 33674 sequences with the architecture: p450
QIINIB_MOUSE [Mus musculus (Mouse)] Protein Cypéfi (534 residues)
HMM logo N— T—
Trees Show o sequences with this architecture.
Curation & model There are 2329 with the P450 x 2
Q73YCS_MYCPA prozain (422 residues)
Spuchee — T e et
Interactions Show 30 secuences with this architecture.
Structures There are 307 with the 11, FAD_binding_1, NAD_binding_1
QEXUI0_ACTPA pretonm 5.0, 50 (1005 residues)
Jump to... ¥ — s - — AN, -~
secuences erchitecture.
[waeriopie
e There are 88 with the pasOx3
QI31R6_IACTO [Sereptomyces sp. KCTC 004187] Cytichrome P-430 (401 residues)
b - A A
Show o sequences with this architecture.
There are 86 with the An.
Q2TWET_ASPOR oryzae (strain ATCC 42149 / RIS 40) (Yetow kofi moid)) s (1147 residoes)
3 -
Show afl secuences with this architecture.
There are 71 with the p450, FAD_binding_6, NAD_binding_1, Fer2
ALUZSS_BURMS [Burkholderia malle! (strain SAVP1)] Cymocheome P4SO (784 residues)
e leun
Show 84 secuences with this srchitecture.
There are 36 with the An, x 2, pASO
QOC299_ASTTN [Aspergihus temeus (strain NIH 2624 / FGSC A1156)) ’ idues)
Shaw ol sequences with this architecture.
There are 19 with the paso, KR
e psecdomalie (strain 1710b)] Cytochreme P4SO family procein (1373 resicses)
Show ai sequences with tls architacture.
There are 13 with the pasOx 4
CINRRS BRAFL Drotein (542 residues)
®o0 o Famay: S0 PFI0067)

sequence catabase.

View options

Jump to... &
[ (S

HOME | SEARCH | BROWSE | FTP

We store a range of ifferent sequence alignments for families. As well as the seed shigrment from which the farviy is bult, we orovide the full alignment, genersted by seerching
the sequence datatase Using the lamily HMM. We akso grasrate alignments using four representative proteomest (RP) sets, the NCA! secusnce database, 4% Gur Metaganamics
Hore.,

We make 3 range of alignments for cach Pram-A family. You can see a cescription of e3ch aBOYS. You €an view these alignments in various ways but picase note that some types of
S¥GAMEnt are never gencrated while cthers may ret be avaratie for all famikes, Mot commonly Becsuse the HIGNMENES 2re oo Iarge to handie.

| MELP | ABOUT

FCanmet gunerste W/reumes algnwens for seeds; na PP a2 avalanie
Key: o/ avniatle, X not geacated, = rct availatle,

Format an alignment

@ (o] ) Q Q Q Q 0

Alignmart:

Download options

March 12,2014
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H Glydine (G)
Proline (P)
Il Small or hyd-ophobic (A,V,LILMFW)
Hycroxyl or amine emino acids (5,TN,Q)
1 Charged amino-adids (D,ER,X)
Histidine or tyrosine (H,Y)

€ Random coll
E Hydrogen tanded beta-strand (extended strand)
B Residue in solsted beta-bridge

T H-bonded turn (3-tum, 4-tum, or 5-turn)
S Bend (five-residue bend centered at residue i)

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Pa Famay: pAYO (0067

Cora Go |

. - =
Family: p450 (PF00067) il .
Sy, s distribution
Domain organisation

Sunburst  Tree
Clan
nments s visuaEsation provides 3 simpie Graphical representation of the distribution of this family acrcss Sceckes. You can find the original
o Interactive tree in the adiacent tad. More., N Sunburst controls ace
ot logo e R
Trees
Curation & model iy
e
Motazos
Crcara
Interactions T
]
Structures LL[:»a-‘a
Nererseis s
Jump to... ¥ Walght segments by...

number of sequences
® number of species

Change the size of the sunburst
—
Cotour assignmaents
B P

cowis [Jeo wamen
[ [ -
.\.w. IR ——

Selections
Aign selectes sequences to HMM
Genarae a FASTAMCrmat e

5 tecs W rewts P pep v
wrdsns. Mese doabls 3op 10 backers
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®00 o Famay: S0 PFI0067)
5 plam 3omeeracah oy 110057 |7 sl ad0. cE- (=T Q
[ wellcome trust
~ sanger HOME | SEARCH | BROWSE | FTP | WELP | ABOUT nm
ol
Family: p450 (PFO0067) - kit ﬁ S g_
3W3 wontecree 39592 secucen 2 2977 secm 3
[ T | s ummary: Cytochrome P450
Domain organisation
Plam includes annotations and scdtional family Information from a range cof different sources. These scurces can be sccessed via the tabs below.
Can
P4SO  Plam  InterPro
HMM logo
This tab hoids the annotation information that Is stored In the Aam datatiese. As we move to using Wikipedia as our main source of annctation, the cortents of this tab will be
Trees Grackoally reclaced by the Wikipedia tab.
Gurstion& model | Cytochrome P4SO
y Cytocheome PESOs ary haem-thiclate protains [6] imvoived In the oxkiatve Cegradation of varlous compounds. Thay are partikuiarly well kncwn
Interactions for their roke 11 the Cegradation o environmental toxins and mutagens. They car: be Civided Into 4 Casses, according to the mechod by which
wiacirons from NAD{P)H are delivered to the catalytiz stie. Sequence conservasion is relatively low witin the family - thare are caly 3 absolutely
Structures conserved residues - but their general Wmmwhwu-rw m,m:mwdm-ucmwud 2 coll termned the
‘muancer’, a four-hallx bundbe, hwiices J and K, and two sets of the Ioop {with an absolusaly
k't 0... ¥ conseryed cysteine that serves as the Sth igand for the haem iron), the roton-transfes graove 2nd the absolutely conserved EXXR mat in hefix
ump to... K. White prokaryotic P4S0s are schbie proteins, most -A.—yucx PAS0s are associated wilh iicrosomal merrbranes. the Gureral enzymali
e @) function is to catalys= regiaspect’ic and ation of at peratures (€]
Literature references
1. Graham-iorence S, Amarneh B, White RE, mu..'rmmﬂ[l, + Protein S 1995,4:1065-1060.: A three-dimersional model of
aromatase cytochrome PAS0. FUSMED: 7549871 & EPMC: 7549871 &
2. Degtyarenio KN, Archakow Al , FEBS Lett 1993;332:1-6.: Molecudar evolution of P4S0 and G e
systems. PUBMID: sc.mzmrmc 04050215
3. Neison DR, Kemataki T, Wexman D), Guergerich FP, Estabrook RW, Feyereisen R, Gonza'ez F, Coon MJ, Gunsaius iC, Gotoh O, et
DRA Col Blcl 199312151, The PASO supwrfamily: Upcate Cn MW SeQuances, Gae Mappng, sccmsion numbars, wary triviel -m-- of
enzymes, and nomendature. PUBMED: 7675494 5! EPMC: 7678454 &
4. Guengerch #P; , 3 Biol Chem 1691;266:10015-10022.: Reactions and significance of Gytochrome P-450 enzymes. PUBMED 20375570
EPMC:2037857 5
§. Nedert DW, Gonzalez FJ; , Annw Rev Bicchem 1987, 56:945-991.: P4S0 genes: structure, evoiution, and requistion. PUBMED: 33041505
EPMC:33041508
6. Werck-Rechhart D, Fevereisen R; , Genome Biol 2000;1:REVIEWS)I00),: Cytochromes P450: & success story. PUDMED: 111782728
EPMC:111782726
External database links
E
i
®00 o Famay: S0 PFI0067)

8 a3 D vy FTS0057 LT Prabew < a3

E ummary: Cytochrome 50

Domain organisation
= Pam INCILGes anmotations and 3caTional family Information from a range of Cifferent sources. Thase SCU7CES Can DY ACCESSEC Via the tabs Delow.
an
P4SO  Plam  InterPro
yRsticno. This tad Fo/s the 2ANOEATION AfOrTaLion tha: I SE0red In the Pam databise. As e Move o Using WIKIpedia as Cur Maln S0urce of aNACTaZion, T Cortents of this @d will by
Trees Gracually reclaced by the Wikipecia tab.
Cuarption & model Cytochrome P450
. Cytachrome 24505 are Rasm-thiolste Proteing (6] Imvoivec I the xIative Ce3radation of various compounds. Thay are cartikuarty well known
Interactions for thex roke I the Cegradation of environmental toxing and Mutagens. ThEY €an bE CIVIES I7£0 4 C3GEes, CCO7AING 1o the MeEnod Ty Whh
electrons from KAD(PJH are Gelivered to the Catalytic site. SeQuence CINZarvation is relstively low within the family - there are cay 3 absokutely
Structures CONGErVEG TesIdUeS « DUt their GEneral tpcgraphy NG StrUCILR folt are MGhYy Conserved. The conserved core is composed of 3 coil tamed the
‘meander’, a four-hellx bundie, Heices 2 and K, and Dwo Sats of beta-sheets. These coniitute the haem-24ading 1509 (with an absolusely
JIIIII to. ~ Mmmtmlmummlywmmtwww),nnmqutmm-mmwwuwnmumm
p to... e prokaryotic PASOS are coiLbie Proteins, MOt eukaryotk PASOS Are ac£0ctated with MICrosomal menbranes. ter gererst
[ G hm:wﬂl( 10 Catalyse regiospectfic and oxidation of a temperatures (6]

Literature references

1. Graham-lorence S, Amarmeh B, White RE, Peterson 34, Simpson El, , Protein Sdi 1995,4:1065-1060.: A three-dimersional model of
Aromatase cytochrome P45, PUSMED: 7549871 &7 EPHC: 75498715

2. Degtyarenko KN, Archakos A1, , FEBS Lett 1993;332:1-.: Molecdar evolution of PASD superfamily and PSO-containing moncoxygease
systens. PUBMED:: ucuz\osmc 84054217

3. Neison DR, Kamataki

T, Waxman D), Guenrgarich FP, Estabrook RW, Feyeresen R, Gonzalez 1, Coon MJ, Gunsalus IC, Gotoh O, st al; ,
-5 wene mapping,

ONA Cet 8icl 195 Sccession nuMbers, earty trivisl names of
enzymes, and PN

4. Guengereh 7P, , J Biol Chem Roactons and sige o P-450 eraymes. PUSMED 20375577
EPMC:203785) 9

5. Nebert DW, Gonzalez FJ, , Anew Rev Biochem 1987, 56 945-3993.: P4S0 genes: structure, evoiution, and regulation. PUBMED:313041505
[PMC:3I04150 %

6. m»n-m.r.;, Fepereisen R; , Genome Biol 2000;1:REVIEWS003,: Cytochromes P450: a sucoess story. PUBMED: 1117827248
EPM 782721
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00 ot

2 mam =l

)5 seoreezam o <5 = c (8 Q)(&) (8 (mD)
a!‘r.mc( PROSITE Horw | Coemer

Home | ScanProsits | Profule | Documents | Downloads | Links | Funcing

m PROSITE documentation PDOC00081

Cytochrome P450 cysteine heme-iron ligand signature

Descrigton  Techrical section  References  Copyright  Miscollanecus.
Description
Oytoctvane PASOY [1.23.£1)

4 high number cf natural mmllm
s steroics, fatly acds, prostaglancis, eukcirienes, etc) s il 4s s, and rmutagens. Based cn sequence simila
P450's have been classi ‘about orty different famibes [4,5) nww—ud‘oomm-nhnmshwiym-
mm:mmmmma«ummm resicues that contains a N-ermiral PASO followed by a reductase comain.

wmmcmmm«oﬂ“w:umwmmmmmnmm
C0OrQIoN S0 ﬁmammm\dmmunw:lmnm spoct'c o

Note:

The term cytochrome' P4S0, whils commonly used, & INCOMect as P4S0 are Not Secon-ransier proteins; the appeopriate name Is P450
Theme- Shickite proteins’.

Exponig) to contact oy emal
Dagtyaranio KN.

Last update:
Decembor 2004 1 Pattern and text rovisod.
Technical section

PROSITE method (with

—[ CYTOCHROME_P450, PS00085; Cylochrome P450 cysteine heme-iron igand signature (PATTERN)}—

Congongus patiom
NNWM-(WWW

C s th hame iron igand

g 10 this class: 992
© detectec by PSO0085: mnm)
o Mwmnmmmmmm)

. mwdm true postive hits:
Custal format, color, mmlumm!m“bmpﬁnmlme
» Retriovo the 50.0nce 6go from the allgnmont
» Taxonomic WMM“WME(S‘“MITYEM ) ontries matching PS00086
-Wllﬂ a1 UnProtkB (Swiss-Prot + TrEMSL) entries matching PS00086
. andior TIEMBL) entries against PS00088
.v«lemmm ¢ of PS00088
» Makching PDB stuctures: 1AKD 18U7 18VY 1C8J .. AL

Conserved Domain Database (CDD)

* Identify conserved domains in a protein sequence

* Incorporates three-dimensional structural information to define
domain boundaries and refine alignments

Source data derived from:

Pfam A (not Pfam B)

Simple Modular Architecture Research Tool (SMART)
COG (orthologous prokaryotic protein families)

KOG (eukaryotic equivalent of COG)

PRK (“protein clusters’ of related protein RefSeq entries)
TIGRFAM

Marchler-Bauer et al., Nucleic Acids Res. 41: D348-D352, 2013
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Conserved Domain Database (CDD)

* (CD-Search performed using RPS-BLAST

* Query sequence is used to search a database of
precalculated position-specific scoring matrices

* Not the same method used by Pfam

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Division of R h

Search against database M: CODv3.11 - 45746 PSSMs &
Expect Value () threshold: 0.010000

Apply low-complexity filter &

Force live search @

Maximum number of hits @ sco

Result mode @Condse (B Standard @ Full (8

Retrieve previous CD-search result
Request 1D: _Retreve |0

References:
11 Marchier-Bouer A et ol. (2011), "COD: & Conserved Domain Dotabase for the functional annotaticn of proteins. *, Nucielc Acids Res.39(D)225-3.
B Marchigr-Bauer A et 3, (2009), "COD: speaific functional annotation with the Conserved Domain Database.”, Nucielc Acids Res.37(0)205-10.
1 Marchler-Bauer A, Bryent SH (2004), "CO-S=arch: protein domain annotations on the fly.”, Nucleic Adids Res.32(W)127-331.

Help | Disclaimer | Write to the Help Desk
NCBI | NLM | NIH
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: 2 & View | Concise Results = ()

Te2added.

Conserved d on
NP_005206.1 deleted In colorectal carcinoma [Momo saplens]

Graphical summary show options »
1 £ 0 £l 1 50 W

Query soq, -

Description Pasmid E-value
i1 mmwm.mm Neogenin: st mmunogiooulin (1g)4ke domakr 143198 no 6.500-50
PN mm:mmum 236020 n 376e-18
N Mw:mmvw—mdh—_mummum- 238020 ™ 117017
HFN Fidronectin type 3 damain: One of three types of - 235020 L] 222016
1PN mmsm«mammamm-m-nhm 238020 no 204e-13
Ik i found in sa.. 43185 yes 103010
-ﬁmqmmnwwam«o:ndmwummummum 239020 ™ 383010
3 domain; One of ree types. - 238020 L 945009
¥lig super famiyjor11963), goman: p: o found inthe I The 26487 o B84eds
I4lig super tamilyfcd 11563, B The 264487 o 1.400-14
[+INeogenin_Clofam06583], Nnowmcm Tris famiy rocresens the C- - 253808 yes 5520143
(o 254352 yes  324e-19
MWM%WL immunogioouin |-set doman; 54352 yes 5.040-19
5 c2 197706 yes 730016
#iIGe2jmmanoo4oe], Immunogiabulin C-2 Type; 197706 yos 1.04008
References:
11 Marchler-Bauer A et ol, (2011), “CDD: & Conserved Domain Database for the functional annotation of proteins. *, Nucleic Acids Res,39(D)225-3.
1 Marchicr-Bauer A et 31, (2009), “COD: 5peaiic functional annotatisn with the Conserved Domain Database.”, Nuclelc Acids Res.37(0)205-10.
1) Marchier-Baver A, Bryant SH (2004), ‘CD-Search: protein domain annctations on the fly.”, Nucleic Acids Res.32(W)327-331.
Help | Disclaimer | Write to the Help Desk
NCOAT L NIM L NG
NCE Concaved Doman Sosnch
& ]

8 w7 N GOvT% o rerotd o>

Conserved d ins on i Te2addod 1 View | Concise Results ¢ 0

NP_005206.1 deleted In colorectal carcinoma [Momo saplens]
Graphical summary

Query soq,

0 o hmnhmhnmmmmﬂmlmwmmﬂumhhm

protein which s ot in in other emoryonic bssues, and may play A ganeral

mhmmm-wl mmwm nmvmm mmlnumnwumwmmc which s deleted
folowed by i fibronectn type I domains, & ransmembrane domain, and an intracaliuiar domain.

Cd Length: 95 Bit Score: 17343 E-value: 6.60e-50
30
1

soquig 6asasLc2d3TezaddctIcdosans iolbl
22

Cdd:eds) QQLPNGSLL QWVAQ 79

seqsly 66d6fc2d397e2addcdIcdetaetdclbl 121 LODSGSTISRTAVAY 136
Cadiedds2z 80 NDSLOSIVIRZARLTV 95

[#IFN3{cd70063], Fitronectin type 3 domain: One of fhree types of intemal repeats found in the plasma . 230020 o 378e-18
[HIFN3{c000063), Foronectin type 3 domain; One of firee types of Internal repeats found In e plasma .. 238020 no 1.17e-17
[FIFN3{ca00063), Fidronectin type 3 domain: One of firee types of intemel ropeats found in he plasma ... 238020 no 222016
mqmquano-dmmdwmum.num 238020 no 204013

143185 yes 10310
mqwmnww:mmummamm-anm 230020 no 363-10
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8 e i 7% 1V GO A Tere 38 GV CEPAIC B Mana

108 witvpe - 20ub3- 143190

Conserved
Domains

First

Source: cd00096

I91_Neogenin: first immuneglobulin (Ig)-like domain in necgenin and related proteins. Neogenin is a cell surface protein which is expressed in the
develoging nervous system of vartebrate embryos in the growing nerve cells. It Is also expressed in other embryanic tissues, and may play a general role in
developmental processes such 35 cell migration, cell-cell recognition, and tissue growth reguiation. Included in this group is the tumor suppressoe protein
DCC, which is deleted in colorectal carcinoma . DCC and neogenin each have four Ig-like domains followed by six fibronectin type 111 domains, &
transmembrane domain, and an Intracellular domain.

G T

Taxonomy: Eutelcostomi

(Ig)-like in and similar proteins

Neogenin: one receptor, many functions, It J Blochem. Call Biol 2007 295) 874678

Superfamily: d11960
BloSystems: 310 links

Aligned: 7 rows

Interactive View
Aligned Rows: | AN 7 rows.
Download Cn30

r— ol surface protein s Comely relatad to
PubMed: 6 links uppressor coloroctal cancee J. Cof Bl 1894 Dec; 127(5)2009-2020
Book: 2 links vy D the magping of ts )
Protein: position 15q22.3-923. Genomics 1997 May 1;41(3)414421
Specific Protein The an saquence s
Related Protein VAXYHOZD = it
Related Structure The immunogiotuln superfamily: an insight on 15 tissuler, species, and fnctional dhvensty. J. Mol Bval 1998
Architectures Apr, 45(4)385400

PSSM-Id: 143199
View PSSM: 105722

| ©d05722 Is part of a hkerarchy of related CO models,

ThresholdBitScone: 148 395 "

ThresholdSetting Gl 146277558 €d05722 Sequence Cluster SUD'fafnuy H"‘%rarChY
Created: 2756207 fm Interactive Display with CDTree | (2
Updated: 17332013 — T

Structure ? e

Evolution of antigen birding recectors. A Rev lnrmuncl 1296, 17.108-147

Use the graphical representation to navigate this hierarchy.
©d05722 is a member of the superfamity ¢/11960.

e

Interactive View
Aligned Rows: | A8 7 rows
Download Cn3D

Reformat Format:

ooy

Interactive Display cd05856  Tg2 FOFRL1=1ike
Display: | Cd03722 sranch : OHING7 . Tek.FUPR
Download COTree @ I -the
cd05731  Tg2L1-CRM_Like
cd05876 g3 L1-CANn
@ LinkOut - more resources cd05732  TyS NCAN=1_Like

bt 2014319 clgw..-,. Q

———— sarmae
s

" — T L2 cd05722_ Tl Weogsain]
@ cos/z3  Igd Neogenin

—{:' o L@ cd05724  Ig2_Robo

B i MO cd05725  1gd.Robo

HOcli5726  Tyd_Robo
H@ cd05727  Ig2_Contactin-2-Like
MO <5728 Tgd_Contactin-2-1ike

©d05869 IS NCAN-1

Compact Hypertext i/ Row Disolay: | All Zrows 3 Color B2s: | 20b | Type Seiection: | top listed sequences 3

g1 62204258 35
gl 110645196
gl 113675978
gl 148277558 30
gi 1169233 41
gi 10720134 20
gi 147903889 41

"o
» o

gi 62204238
gi 110645196
gi 113675978
gi 148277558
gi 1169233

gi 10720134
gi 147903889

1 Marchier-Bauer A et al. (2013), "CDD: conserved domains and protein three-dimensional structure.”, Nucleic Acids Res. 41(D1):D384-52.

1 AKIEWKXDGS FLSL
1. PRIEWKRDOTFLAL.
1. IGIRWLENGVTITE

{1].5KPDEGVYQCY 111
1-LPOGSLLITSVVESK. [ 1] . MXPDEGFYQCV 124
. ISEVESRX DXSDEGFYQCL 101

SPTLEPSDIIA. (2].GSSDRGDYECT 105
RFLSEPSDAVY ] LSNGSLLIQNILESR. [1].EXPDEGLYQCE 118
YPLVEPKDILS . [ }-1PDGSLL MSK. [ 1].NKPDEGYYQCV 96

WPLSEPSDAVY. [S ].LPsGSI QNVVESR. [1].HIPDEGVYQCE 118

] -GTIISRTARLNV 129
] .GSIVSRTARLSV 142

| Disclaimer | Privacy statement | Accessinilty |
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Sequence Comparisons
* Homology searches

e Usually “one-against-one’: BLAST, FASTA

* Allows for comparison of individual sequences against
databases comprised of individual sequences

o Profile searches

» Uses collective characteristics of a family of proteins

» Search can be “one-against-many”:  Pfam, CDD
or “many-against-one’: PSI-BLAST,
DELTA-BLAST

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Divisior R

PSI-BLAST

» Position-Specific Iterated BLAST search

» Used to 1dentify distantly related sequences that are possibly
missed during a standard BLAST search

Easy-to-use version of a profile-based search

e Perform BLAST search against protein database

» Use results to calculate a position-specific scoring matrix

* PSSM replaces query for next round of searches

* May be iterated until no new significant alignments are found

Altschul et al., Nucleic Acids Res. 25: 3389-3402, 1997

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Divisior R
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R —— http://ncbi.nlm.nih.gov/BLAST |

. BLAsT®
7 Home | Racent Resulta || Seved Srstegies || Holp
+ NCEW BLAST Home Your Recert Resufts New!
BLAST finds reglons of simitarity betwoen biological sequonces. mere..
— = ey 2 Al Regerd remiin..,
|m DELTA-BLAST, a more sensitive protein-protein search h.l] !
BLAST Assembled RefSeq Genomes .
Chocse @ species gencme 10 search, of list all genomic BLAST databases. BLAST 22,794 released
5 Human © Orgza sativa © Gallus gaifus A ""'::‘:““"“ o~
° Mouse ° Bos taurus @ Pan troglodytes Mor, 03 Jan 2014 120000 EST
° Rat o Danio rerio o Microdes
= Ars sis thaliana ] ide melanogaster o Apis meliifara (2 Move DIAST nows ;.
Basic BLAST
Crocse a BLAST program 1o min. Tipof the Day
[0 Meee on,
nuclootice bigst | ST 8 nucleotide database using & nuclectide query
Algontyme: bisen, megadlass, diEconizuous megabiast
codole Search protein detabase usng a pr ¥
Ervtsinbisat Algoathrms blasip, psi-blast, phidlast, deita-tiast
blastx | Search protein database usng 3 transiated nucleotide query
lastn | Search translated nucleotide Catabase using  protein query
iastx | Search translated 9 & transtated cusry
Specialized BLAST
Chocse & type of specialized search (or database name n parentesss. |
Maks speciic primers wih Primer-BLAST
Search yrace arehives

Find conserved domalns in your sequence (cds)

Find seque~ces with smiar conserved domain architacture (cda)
S6arch 50quences hat have gene expression profiles (GEC)
Search and T cell receptor (1gBLAST)
Screan sequancs for vector contamination (vecscreen)

Align two (or more) 50quences usng BLAST (bi2seq)

Search protein or nucieotide Wrgsts in PUbChem BicAssay

Search

onsoeneosooan

Constraint Based Protein Myltiple Alignment Too!

M) & Vit s s gov, thaw <

=
Home  Recert Results  Saved Strutegies

» NG BLAST/ blostp suite Standard Protein BLAST

_tiause [ oy | vases | misstn | mosser |

DAY Resat, Bookron
Enter Query Saquence e o
@i(s), or FASTA sequence(s) & Gaw  Querysubaange o
SHP_GEIT 1%, 1 AIgh-mobility grosp box | [Romo sapient |
NCRZPRKPACINSET: VST B EANCE K INE KRS T ECKASADSA Prom

4 To.

Or, upload file Beowse. | N the bncied. -

Enter @ doscriotve tBo ke your BLAST search &)
AJign two of More SeqUeNces i

Choose Search Set
Database + Uniproxka PS
Ooebnd’. Vertetraa (anid T142) Exhde
Y TR BT, T I T U DIPTSR T
Exclude Models OMXP)
Oprionat
Entrez Query
Entier an Enftrez cuory 1o berit search &
Program Selection
Algorithm Blastp (protein-protein BLAST)
© PSIBLAST (Position-Soadific lierated BLAST)
PHLBLAST (Patter Hit Initiated BLAST)

DELTA-BLAST (Domain Ennanced Lockup Time Accelerated BLAST)
Choase a BLAST aigartnm

(UBIASTT)  Sewrch database UniProtKB/Swiss-Prot{swissprot] using PS-BLAST (Position-Specific Nerated BLAST)
¥ Show revsits i 3 new winow

(S Algocithm porameters Note: Parameter values that differ from In yeliow + sign
General Parameters
Max target 500
Select of aigred sequences 1 dsviey &
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Swiss-Prot

* Goal: Provide a single reference sequence for each
protein sequence

» Distinguishing Features

* Non-redundancy

» Ongoing curation by EBI staff and external experts

» Expert annotation includes editing/updates of
Kw  Keyword lines
CcC Comment lines (the “executive summary’”)
ET Feature table

e Distinct accession series
[OPQ]12345

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Diision of Research

Promn BART saaech protein dacasaces vomg 3 ot Guary -:I

» NGBV BLAST/ blastp sulte Standard Protein BLAST
gimsse [ty | wocx | musn | x| — e ——
Enter Query Sequence N o mom, Aesatpess  Bockman
Enter ai(s), or FASTA o Gow  Ouerysubaange 4
CHITIY. 1 Aigh-monilivy qrosp Bow | (Romo sapient] J
DK RIS AT T VO T LA A PCAS B S ARG ERAE S MR Pooms

Or, upload file Bowse | NO T eeced &

Erter a doscriotie b6 ke you BLAST search &
Align Iwo o More SeqUeNces &

Choose Search Set
Ostabase + UNIPronkB! Swnss - Protswissprod) B
o,fm:" Vertearaa (ad TT42) Eckde *

Err orgaréem common name, binomi, or tex &1, Only 20 top o wil be shown. G

Exclude Mode's (XW/XP) | Unauturedienvironmantal sampht $6quances.
Opsionat
Entrez Query
Qosuesh Enter an Entrez cuary to it search &

Program Selection
Aigorithm tiast (protein-protein BLAST)

 PSI-BLAST (Poskion-Soedific lerated BLAST)

PHIBLAST (Patiom Hit Initialed BLAST)

DELTA-BLAST (Domain Ennanced Lodkip Time Accolerated BLAST)
Choase » BLAST aigartnm

_ BLAST Search datsbase UniProtKB/Swiss-Prot{swissprot] using PSBLAST (Position-Specific lterated BLAST)
¥ Show ressits s 3 rew winow

(S Algorithe parameters Note: Parameter values that differ from the default are highlighted in yellow and marked with + sign
General Parameters
Max target 0 @
SEQESON Select the maxirum rumber of aigred sequences 1 deviey 4
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o

oeens L

8 Vst b A gow, S o FROCRAM - SREDAMCE. TV -3 4h G AMRATT S M LOC~Sewrabb ST PAGL~ SartoARY~ >N 0631111 Pigr-smeity grows bea 1 iame s

Search database UniProtKB/Swiss-Prot(swissprot) using PSLBLAST (Pesition-Specific Merated BLAST)

o Show reswits i 3 rew window
S aigonthem parameters Noto: Parameter values that differ trom In yellow + sign
General Parameters
Max target 500
o nigned sequencse % depay &4
o adjust parameiers for shod Input sequences &
I Expect threshold , ¢ °
Word size ]
Maxmatches ina "3
query range
Scoring Parameters
Matrtx ROSUMEZ 1 W
Gap Costs Dxistence 11 Cxtension: 1| 4
st 1@
‘adjustments
Fiters and Masking
Filter + ¥ Low compiety regicns &
Mask Mask for loowup tatle only &
Mask lower c360 olers 4
PSUPHVDELTA BLAST
Upload PSSM Srowse._.| No s ssoced. -
0.00% -
o -
Search database UniProtKB/Swiss-Protiswissprot) using PSKBLAST (Position-Specific Merated BLAST)
o Show reasts @ 8 e wincow |
L4
BUAST 8 3 fegitered Irmdemark of ihe Naianal Larary of Medane
®o00 WCE Bt hP_OIT13.1 hgh-mab ity grove bon 1 Mo .-]
> =z ~ .

NAMC TORMAT~osbONTHEZ

» NCBI BLAST/ blastp suitel Formatting Results - GHNPPAMAG14

]om - to records hing 7T
EgtandRasubmt  Save Seacch Straigies  »Formaing ogtons Download

PSI blast Iteration 1
NP_002119.1 high-mobility group box 1 [Homo

RID GHNPPAMADIS (Expires on 02-23 23:56 pm)

Query ID Ic/|56894 Database Name swissprot

NP_002119.1 Nigh-mobiity group bax 1 [Homo sapiens] sequences.
Molecule type sming scd Program BLAST? 2.2.29+ 5 Citatien
Query Length 215
Other repoets: > Search Summary [Taxonomy redorts] [Distance tree of results] [Muttiple atignment]
[ DELTA-BLAST, a more sensitve protein-peotein search  Se)
EGraphic Summary
S show Conserved Domaina
Putative conserved domains have been detected, click o the image below for detalled results.
-. aw ap

3 » w i e -
b
box NG5 Uk

A BASAA ____AMA______A TMibim sl ARMAAL ___AMA A
Specilic hits HGE-UBE I

T p— ——

n y Sequence &

Mouseovr 1 wiow deflom and scores, ik 1 show algerents

Color key for alignment scores

March 12,2014



NHGRI Current Topics in Genome Analysis
Week 3: Biological Sequence Analysis Il

Select Al None Selected
1§ Asgnmenis T s Sat o
sonct| ves
el ed
L Rechiarw o A1 AtName L8 310 310 78% 2e-106 100% PINI0AD L]
Rochame. £y B1 ArName: AtName: 30 310 78% 20106 100% PEIISAZ o
- Rechare: ArName FMGB) CANE 310 310 78% 2e-108 100% POS4233 L
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) Rechiare; ARNaTY pPACSTINMGEZ BOVIN 252 252 T78% Be84 B86% Py W
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! Bachiore 20A At e FllHING 204 435 435 MU%  te-dt % Qe L4
g Flage Precurecr 416 418 B4% %Se0¢ 20% QuaT) L]
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®o0 NCH B20512) - WP_OGI 11,1 hgh mameity groes box | Brewe.

» NCBY BLAST/ blasip suitel Formatting Results - GHNZIRNHO14
[0 Your search s limited to records matching entrez query: txid7742 [ORGN]. 1
Edtand Resubmit  Save Seacch Stralegies  » Formating ogtons  » Download ‘lmmm Biast mport description

PST blast Iteration 5

(2)- NP_002119.1 high-mobility group box 1 [Homo

RID GHNZIRNHO14 (Expires on 02-24 00:01 em)
Query ID c/|56894 Database Name swissprot
Descrigtion NP_002119.1 Nigh-mobiiy group bax 1 [Homo sapiens] sequences
Molecule type sming scd Program BLAST? 2.2.29+ »Cilatien

| © No new sequences were found above the 0.001 threshold | ]
Other reports: > Search Summeary [Taxccamy redorts] [Distacce tree of tesults] [Mstiple aligament]
(@ DELTA-BLAST. 8 mor sensitive protoin-protein search <)

©Graphic Summary
Distribusion of 177 Blast Hits on the Query Sequence &
s s ot 55 8y @ 77
Color key ror alignment scores
80200 >2200 l
Query
1 40 80 120 160 200 @ 1 77
Check
Statistics

DELTA-BLAST

» Method different from that used by PSI-BLAST

Align the query against conserved domains
derived from CDD

Compute PSSM

Search sequence databases using PSSM as the query

Intended to improve homology detection

Produces high-quality alignments, even at low levels of sequence
similarity

Dependent on homologous relationships captured within CDD

Boratyn et al., Biology Direct 7: 12, 2012

mx NATIONAL HUMAN GENOME RESEARCH INSTITUTE
' Division of Reszarch
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Multiple Sequence Alignment:
A Quick Primer

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Divisior R

Why do multiple sequence alignments?

* Identify conserved regions, patterns, and domains

» Experimental design
* Predicting structure and function

* [dentifying new members of protein families
* Provide basis for:

Predicting secondary structure

Performing phylogenetic analyses, thereby determining
evolutionary relationships (inferring homology)

Generating position-specific scoring matrices for use with
sensitive sequence search methods

XXXX é NATIONAL HUMAN GENOME RESEARCH INSTITUTE
B R
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Overarching Considerations

» Absolute sequence similarity
Create the alignment by lining up as many common characters
as possible

Conservation
Take into account residues that can substitute for one another and
not adversely affect the function of the protein

Structural similarity
Knowledge of the secondary or tertiary structure of the proteins
being aligned can be used to fine-tune the alignment

XXXX é NATIONAL HUMAN GENOME RESEARCH INSTITUTE
B R

Protein vs. Nucleotide Multiple Sequence Alignments

Concentrate on the protein level rather than on the nucleotide
level

Protein alignments tend to be more informative
Less prone to inaccurate alignment (“20 vs. 47)

Can “translate back™ to nucleotide sequences affer doing the
alignment

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Divisior R
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Find sequences to align through database searches
satisfying a reasonable E-value cutoff

Run the multiple sequence alignment program

Inspect and assess the quality of the alignment

Remove sequences that seriously disrupt the alignment, then realign

Add back remaining sequences, based on key residues in the alignment

Interpret the alignment

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Division of ol R rch

Selecting the Sequences

Use a reasonable number of sequences to avoid technical
difficulties

Global alignment method: compute time increases
exponentially as sequences are added to the set

Most alignment algorithms are ineffective on huge data sets
(and may yield inaccurate alignments)

Phylogenetic studies resulting from inordinately large data sets
are almost impossible

Good starting point: 10-15 sequences
Ballpark upper limit: 50-100 sequences

4 NATIONAL HUMAN GENOME RESEARCH INSTITUTE
NN Division of of Reszorch
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Selecting the Sequences

Sequences should be of about the same length

Trim sequences down, so as to only use regions that have been
deemed similar by either:

» Pairwise search methods (e.g., BLAST)
* Profile-based search methods (e.g., PSI-BLLAST)

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Divisior R

Selecting the Sequences

4. Consider the degree of similarity in the sequence set, depending
on what question is being asked

* Use closely-related sequences to determine “required”
(highly conserved) amino acids

» Use more divergent sequences to study evolutionary
relationships

» Good starting point: use sequences that are 30-70% similar to
most of the other sequences in the data set

* The most informative alignments result when the sequences in
the data set are not “too similar’’, but also not “too dissimilar’

XXXX A4 NATIONAL HUMAN GENOME RESEARCH INSTITUTE
X ik !
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Inspection: An Iterative Process

Perform alignment on small set of sequences

Examine the quality of the alignment, looking for:
» Conservation of residues across alignment
* Conservation of physicochemical properties
» Relatively neat block-type structure
» Excessive numbers of gaps

If alignment is good, can add new sequences to data set, then
realign

If alignment is not good, remove any sequences that result in the
inclusion of long gaps, then realign

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Divisior R

Inspection: An Iterative Process

Use visualization tools to identify “key residues” and “problem
regions” (e.g., JalView)

Cross-check against “expertly created” multiple sequence
alignments available online

Use any available information from solved X-ray or NMR
structures to nail down structurally important regions and to
assess where gaps can (or cannot) be tolerated

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Divisior R

27



NHGRI Current Topics in Genome Analysis March 12,2014
Week 3: Biological Sequence Analysis Il

Interpretation

* Absolutely-conserved positions are required for proper structure
and function

» Relatively well-conserved positions are able to tolerate limited
amounts of change and not adversely affect the structure or
function of the protein

* Non-conserved positions may “mutate freely,” and these
mutations can possibly give rise to proteins with new functions

Gap-free blocks probably correspond to regions of secondary
structure, while gap-rich blocks probably correspond to
unstructured or loop regions

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Divisior R

Clustal Omega

Allows for automatic multiple alignment of nucleotide or amino
acid sequences

Can align data sets quickly and easily

Can bias the location of gaps, based on known structural
information

Works with Jalview, Java applet for viewing and manipulating
results

Sievers et al., Mol. Syst. Biol. 7: 539, 2011

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Divisior R
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Progressive Alignment

Align two sequences at a time, starting with the two most related
sequences

Gradually build up the multiple sequence alignment by adding
additional (less-related) sequences to the alignment

Uses protein scoring matrices and gap penalties to calculate
alignments having the best score

Major advantages of method
» Generally fast
o Alignments generally of high quality

XXXX % NATIONAL HUMAN GENOME RESEARCH INSTITUTE
| Division ;

Progressive Alignment

>sequence A
VHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTORFFESFGDLST
>sequence B
VOLSGEEKAAVLALWDKVNEEEVGGEALGRLLVVYPWITORFFDSFGDSLN
>sequence C
VLSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFPTTKTYFPHFDLSH
>sequence D
VLSAADKTNVKAAWSKVGGHAGEYGAEALERMFLGFPTTKTYFPHFDLSH

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Divisior R
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Progressive Alignment

1. Calculate a similarity score (percent identity) between every
pair of sequences to drive the alignment

For N sequences, this requires the calculation of
[N X (N - 1)]/2 pairwise alignments

Sequences  Alignments

4 6
10 45
25
50

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Divisior R

Progressive Alignment

>sequence A
VHLTPEEKSAVIALWGKVNVDEVGGEALGRLLVVYPWTORFFESFGDLST

>sequence B
VOLSGEEKAAVLALWDKVNEEEVGGEALGRLLVVYPWIORFFDSFGDSLN

>sequence C
VLSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFPTTKTYFPHFDLSH

>sequence D
VLSAADKTNVKAAWSKVGGHAGEYGAEALERMFLGFPTTKTYFPHFDLSH

A B C D

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Divisior R

30



NHGRI Current Topics in Genome Analysis
Week 3: Biological Sequence Analysis Il

Progressive Alignment

2. Derive a guide tree based on the pairwise comparisons

Can infer from tree that A and B share greater similarity with
each other than with C or D

I
I

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Divisior R

Progressive Alignment

* Align A with B = alignment AB (fixed)
» Align C with D 2 alignment CD (fixed)

* Represent alignments AB and CD as single sequences

.,
I

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Divisior R
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Progressive Alignment

* Align “sequence” AB with “sequence” CD

* Continue following the branching order of the tree, from the
tips to the root, merging each new pair of “sequences”

A

D ———————————

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Divisior R

Progressive Alignment: Advantages

Do “easier” alignments between highly-related sequences first

Use information regarding conservation at each position to help
with more difficult alignments between more distantly related
sequences later on in process

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Divisior R
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Progressive Alignment: Disadvantages

 If initial alignments are made on distantly related sequences, there
may be errors in the initial alignments

Once an alignment is “fixed”, it is not reconsidered, so any errors
in the early alignments may propagate through subsequent
alignments

Clustal Omega does allow for guide tree iterations to hedge
against errors introduced early in the alignment process
(at the cost of increased compute time)

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Divisior R

Clustal Omega Output
Pairwise alignment scores
Multiple sequence alignment

Cladogram
e Tree that is assumed to be an estimate of a phylogeny
» Branches are of equal length

» Cladograms show common ancestry, but do not provide an indication of the
amount of “evolutionary time” separating taxa

Phylogram
» Tree that is assumed to be an estimate of a phylogeny
* Branches are not of equal length

» Branch lengths proportional to the amount of inferred evolutionary change

XXX é NATIONAL HUMAN GENOME RESEARCH INSTITUTE
0 Dy n R
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Clustal Omega Conservation Patterns

Conservation patterns in multiple sequence alignments usually
follow the following rules:

[WYE ] Aromatics
[KRH] Basic side chains (+)
[DE ] Acidic side chains (—)

[GP] Ends of helices
[HS] Catalytic sites
[C] Cysteine cross-bridges

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Divisior R

Clustal Omega Conservation Patterns

Interpretation is empirical — there is no parallel to the
E-values seen in BLAST searches to assess “significance”

* entirely conserved column

(want in at least 10% of positions)

“conserved”
(strongly similar properties)

“semi-conserved”

(weakly similar properties)

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Divisior R
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hitps://www.ebt.ac.uk/Tools/msa

Clustal Omega

t form Web services Help & Docume hare " Feedback
Tools > Multiple Sequence Alignment > Clustal Omega
Multiple Sequence Alignment
Clustal Omega is 3 new multiple sequence alignment program that uses seeded guide trees and HMM profile-profile techniques to generate alignments.
STEP 1 - Enfer your input sequences
Entor or pasto a sot of | PROTEIN : sequences in any supported format:
[>FOSE_MOUSE Protein losB
QYLSSVDSFGS! GEMPGSFVPTVTA
ITTSQOLAWLVQPTLIS! LASQPPAVDPYDMPGTSYSTPGLSA!
GGPSTSTTTSGF ARARPRF Tl AMAKCANRRRELT
DOLEEEKAELESEAELQKEKE ALEFVLVAHKPGCKIPYEEGPGPGPLAEVRD
LPGSTSAKEDGFGWLLPPPPPPPLPFOSSRDAPPN

LTASLFTHSEVQVLGDPFPVWSPSY
[TSSFVLTCPEVSAFAGAQRTSGSEQPSDPLNSPSLLAL

J
Or, upload a fle:  Browse...  No file selected.

STEP 2 - Sat your paramotors
OUTPUT FORMAT  Clustal wio numbars :

The defauit sottings wil &M the noods of most users and, for that reason, are not visiblo.

(Ciick hers, If you want o view or change [he defauk seltings.)

STEP 3 - Submit your job
Be notified by email (Tick this box if you want fo be notified by email when the resulls are avaiiable)

Submit

If you plan to use these services during 3 course please contact us.

Please read the FAQ before seeking help from our support staff.

Feedback
Tools > Multiple Sequence Alignment > Clustal Omega

Muitiple Sequence Alignment

Clustal Omega is 3 new multiple sequence alignment program that uses seeded guide trees and HMM profile-profile techniques to generate alignments,
STEP 1 - Enter your input sequences
Enter or pasto a sotof | PROTEIN : sequences in any supported format:
Protein fosB
'YOSGSRCSSSPSAESCYLSSVDSFGSPPTAAASQECAGLGEMPGSFVPTVTA
ITTSQOLAWLVQPTLISSMAQSCGQPLASQPPAVDPYDMPGTSYSTPGLSA GASGS
SGF ARARPRF 18 AAAKCRNRRRELT
DOLEEEKAELESEAELQKEKE ALEFVLVAHKPGCKIPYEEGPGPGPLAEVRD
IFGVWLLPPPPPPPLP LTASLFTHSEVQVLGDPFPVVSPSY
TSSFVLTCPEVSAFAGAQRTSGSEQPSDPLNSPSLLAL
Or, upload a fle:  Browse...  No file selected.

STEP 2 - Sat your paramotors

DEALIGN INPUT SEQUENCES MBED-LIKE CLUSTERING GUIDE-TREE MBED-UKE CLUSTERING ITERATION NUMBER of COMBINED [TERATIONS

no i yes tlyes < || detau(0) :
MAX GUIDE TREE ITERATIONS MAX HVM ITERATIONS ORDER
_delauk 2| detauk ;| abgned :

STEP 3 - Submit your job

fiad by emall (Tick this box If you want 10 bo natitiod by email when the results are avaiiabio)

1f you plan to use these services during a course please contact us.
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Colour
Download Alignment File Hide Colors  Send to ClustalW2_Phylogeny | L cou RED Small (small+ hydrophebic (ind!.aromatic -Y))
DE BLUE Addic
CLUSTAL 0(1.2.0) maltiple sequence alignment
RK MAGENTA Basic - H
TO38_MOUSE 25 AR0 GREEN Hydroxyl + sulfiydyl + amine + G
FOS8_BUMAN o
FO8_CHICK Others Grey Unusual aminc/imino acds etc
FOS_RAT
FOS_MOUSE FCADLSUSEANF €0
R R T T T R I T
FOGB_MOUSE 110
X 110
TO6_CHICK 12
TOS_RAT 1
705 113
tavsesaies wessewsereieuze we : R P
FO§B_MOUSE 120
_RUMAN 10
TOg_cmIck KA——1C
PO3_RAT 20
rOS_vOUSE ™—5C
. Lt %A 3 e eresmaseesgecararyese
yos8_mousE X521 xrvL 230
FOES_NUMAN 230
Tog_cuIck Ea
rOS_TAT 212
TO3_xoUse m
Sesaeraeses eAveseeeaiany Sipheaie Saeaiates, eeie, a0ze 5
rOSB_mousE ararL »PPIPIL 263
FOSB_BUNAN GEGPLA-EVADLIG—SAPAKEDGF SNLLFF PPPPPLFFQ——— 267
FOS_CHICK L SAEPFOE 268
FO5_RAT m
FO5_MOUSE m
. £ oae e -
TOSB_MOUSE 294
\_UMAN SQDAP 298
ros5_Cmick P T 36
_RAT 229
FO§_MOUSE ” T 22
e e O e .
TO88_MOUSE ~VSPSYTSST e
_WUvAN e
r08_Cwick 7
rO5_RAT AL 30
¥O5_wOUSE SEPTLLAL w0
senwiengr vege L $9..1 v e,eejeves

16.35561

10.31115,

Phylogram

FOS_RAT:0.01948,
FOS_MOUSE10.01210)

Tools > Multiple Sequence Alignment > Clustal Omega
Results for job clustalo-120140301-151344-0178-43085370-pg
Alignments  Result Summary

Phylogenetic Tree
This is a Nelghbour-joining tree without distance corrections.

Download Phylogenetic Tree File

{
PO8_MOUSE:0. 01654,
FOSS_BUMAN:0.C2288)

0
FOS_CHICK:0.11070)

Branch length: @ Cladogram (. Real

FOSB_MOUSE 0.01854
FOSB_HUMAN 0.02288
FOS_CHICK 0.1107

FOS_RAT 0.01948

FOS_MOUSE 0.0121

Services Research Training Industry About us
By topic Overview Overview Overview Overview
By name (A-Z) Publications Train 2t €81 Members Ared Leacership
Heio B Support Research groups Train outsice E81 Workshops. Funding
Postdocs & PhDs Train online SME Forum Background
Contact organisers. Contact Industry Collaboration
programme: Jobs
FPeopie & groups

36

March 12,2014



NHGRI Current Topics in Genome Analysis
Week 3: Biological Sequence Analysis Il

®00

e

Phviogeneti Tree < Owital Omaga « R &80

£ @ T /e 0 A AR 001 W S b T a7 A< aaonko-420 4038

153)44-0 74 3063373-pobenaivn 1- Py waree

cﬁ- =T

Tools > Multiple Sequence Alignment > Clustal Omega

Alignments Result Summary

Phylogenetic Tree
This is a Neighbour-joining tree without distance corrections.

Download Phylogenetic Tree File

(
P088_MOUSE:0.01654,
FOSS_BUMAN:0.02288)
10.35561,
FO5_CMICK:0.11070)
10.11115,
FOS_RAT:0.01948,
FOS_MOUSE’0.01210))

Phylogram
Branch length: _ Cladogram @ Real
FOSB_MOUSE 0.01854
FOSB_HUMAN 0.02288
FOS_CHICK 0.1107

FOS_RAT 0.01948
FOS_MOUSE 0.0121

Results for job clustalo-120140301-151344-0178-43085370-pg

Services Research Training Industry About us
By topic Overview Overview Overview Overview
By name (A-Z) Publcations Train 2t €81 Memoers Ared Leacership
Help & Support Research groups Train outsice E81 Workshops Funding
Postdocs & PRDs Train online SME Forum Background
Contact organisers Contact Industry Callaboration
programme Jobs
People & groucs
News

Fatan Semmary < Costa Orega < L 181

O e e

Clustal Omega

Input form We vices

Help & Documentation

Tools > Multiple Sequence Alignment > Clustal Omega

Alignments Phylogenetic Tree  Submission Detalls

Liriabo-12014000 113401162 7B DIACEN S oviarsinsa-twrrnay

Results for job clustalo-120140301-154013-0278-83886685-0y

—TE |

= Share

™ Feedback

Input Sequences Jalview
clustalo-120140301-154013-0278-93886695-0y.input e
Too! Output
clustalo-120140301-154013-0278-93886695-0y.output
Alignment in CLUSTAL format with base/residue numbering
clustalo-120140301-154013-0278-93886695-oy.clustal_num
Phylogenetic Tree
clustalo-120140301-154013-0278-93886695-0y.ph
Percent Identity Matrix
lustalo-120140301-154013-0278-93886695-0y.pim
Services Research Training Industry About us
By topic Overview Overview Overview Overview
By name (A-Z) Publications Teain at EBI Members Area Leadership
Help & Support Research groups Train outsice 81 Workshops Funding
Postdocs & PhDs Train online SME Forum Background
Contact organisers. Contact Industry Collaboration
programme Jabs.
People & groups.
News
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Jalview

Java applet available within Clustal Omega results
Used to manually edit Clustal Omega alignments

Color residues based on various properties
Pairwise alignment of selected sequences
Consensus sequence calculations
Removal of redundant sequences

Calculation of phylogenetic trees

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Divisior R

Default view

sereces resu 420160301-154718-0609-93631811

LT208/3
. 20
S -
S -
AP
AS
AS

[FOS8_MOUSE/1-338
[FOSB_HUMAN/1-338
FFOS_CHICK/1-367
FOS_RAT/1-380
[FOS_MOUSE/1-380

SPSA---E
SPSA---ESQ
ASP

ASP

ASP

Conservation—— Sl N Bilm || EJ?- l-_l_-_
- 98+ 6 6 - 877 =-=--598 8 7797~

8 77875 75 8467+9 9

quany® Bl il L ] e =W ol Inm '0_ m P_ml

ConsensUs MFQGF +GDYEA+SSRCSSASPAGDSLSYY+SPADSFSSMGS PVN+QDFCADL+VSSANFVPTVTAISTS P

rce poame 7 DL bn

Conservation Conservation of total alignment (indication of percent identity)
Quality Alignment quality, based on BLOSUM scores

Consensus Based on percent identity

XXXX AV 4 NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Division ;
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Colour > Percentage Identity

800 [To0k/ sereces resu 120140301-154718-0£09-93631811
e £
10 ) 20 ) 30 40 ) 50 60
FOSB_MOUSE/1-338 - QARPG DS G- SPS ---EI LSSV CSPPTA-AASQE GEGEMPGSEV
FOS8_HUMAN/1-338 - QARPG DS GHl - SPSA---E LSSV CSPPTA-AASQE GEGEMPGS BV
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FOS_RAT/1-380 SGENADNEASSS SPAGDSLSYXHSPA SSMCSPVNTQDFEADESVSSANE! S P
FOS_MOUSE/1-380 SGENADMEASSS SPAGDSLSYNMHSPA) SEMGSPVNTQDFEADESVSSANE! S P
Conservation J— E— j - ! — _EJ_ = -l a2 n
Quaticy® N il Em e = W ol lem 0 m l_m
Consensus.
MMFQGF +GDYEA+SSRCSSASPAGDSLSYY+SPADSFSSMGSPVN+QDFCADL+VSSANFVPTVTAISTSP
e 3 D rose rusa Resie OLN D!

Agreement

81 - 100%
61 - 80%
41 - 60%
<40%

FOS_
[FOS_MMOUSE/1-380

Conservation J E 9 986

Background Color

Dark blue
Medium blue
Light blue
White
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FOS

Calculate > Calculate Tree > Neighbour Joining Using BLOSUMG62
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)

T-COFFEE

* Combines sequence, profile, and structural information
* Protein structures

* RNA secondary structures

Specialized algorithm for aligning transmembrane proteins,
non-coding RNAs, and homologous promoter regions

Can combine output from other methods into a single
“master alignment”

Freely available at http://tcoffee.org

Magis et al., Methods Mol. Biol. 1079: 117-129 (2014)
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Understanding Analyses

Sequence —— —> Results

Inspection

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Divisior R

Online Training o
Resources An Online Bioinformatics Curriculum

Suggested curriculum tracks
tailored to individual needs
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Bioinformatic Analysis

i
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Data Mining e
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Bioinformatics Tools

ikt

Bioinformatics Systems
Computational Biology

Searls, PLoS Comput. Biol. 8: ¢1002632, 2012
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Current Topics in Genome Analysis 2014

Next Lecture
March 19, 2014

Genome-Scale Sequence Analysis

Tyra Wolfsberg, Ph.D.
National Human Genome Research Institute
National Institutes of Health
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