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New Developments in CDD

+ Overview of CDD
* Understanding PSSMs
» Processing and curating alignment data
» Improved tools for aligning PSSMs to protein sequences
* New tools for creating and refining PSSMs
- Cn3D 4.2
— CDTree
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Overview of CDD

« CDD is a collection of protein domains and hierarchies of domains
related by common descent

« CDD alignments are quantitatively represented by a PSSM
(Position-Specific Score Matrix)

*  Whenever possible, 3D structural data is used to define and refine
alignment models

« CDD is supported by an active curation process that identifies new
domains, builds domain hierarchies, and continually updates
existing domains

« CDD is part of the NCBI Entrez system, and is linked to many NCBI
resources

« CDD can be searched via the web, via a URL-API, or by standalone
tools against custom local databases
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Available Sequence Homology

Hit CDD

Human RefSeq
proteins (29490)

69.4% hit CDD
48.0% BLAST > MMDB
45.2% hit both

27.8% hit neither

CDD: Units of Molecular Evolution

s represent domains that originated illion years ago
~0.5 Byr ago |

Lineage specific:
Proteins from
only 1
ancient node

Ancient Diversity:
Proteins from
>1 ancient node

CDD: Units of Molecular Evolution
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CDD: Units of Molecular Structure and Function

‘ 1BS2: Yeast Arginyl-Trna Synthetase ‘ i

E£RNA-synt_1d_C

DALR anticodon
binding domain

catalytic core domain of
Arginyl tRNA synthetase

Aina_ tRNA=unt_N

firgR5_core tRHA-sunt_1d_C
( Args 1

‘ arginyl-tRNA synthetase [Homo sapiens] ‘

Understanding PSSMs ,

« PSSMs quantify the biological data in an alignment by combining the
observed residue substitution frequencies at each position with general
substitution frequences observed in conserved proteins

« PSSMs are score matrices created by PSI-BLAST and searched by RPS-
BLAST

« Scores are functions of logarithms of ratios of observed substitution
frequencies to expected frequencies
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B  Reading PSSMs

conserves a specific residue one large, positive score (> ~6), with
all other scores negative

conserves a residue type, or a set a few moderate, positive scores (~4-7),
of residues with all other scores negative
has minimal conservation only small scores (< ~4)

PSSM Viewer

http://www.ncbi.nIm.nih.gov/Class/Structure/pssm/pssm_viewer.cgi ‘

« Displays a PSSM with scores, and sorts the matrix by scores for a given residue
« Displays a PSSM where the residues at each position are sorted by score

« Subset or highlight by residue name or category

« Shows positions on both the consensus and master sequences of the CD




Analyzing PSSM Positions
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Mutation Sites in F7

‘ homozygote: ~4% F7 activity ‘
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CDD: Sources of Data

CDD v2.08: A database of Position Specific Score Matrices (PSSMs)

Single Domains

pfam01234 Pfam-A seeds: HMM based models

5252 (43%) - representing a wide variety of functional
domains derived from SWISS-PROT

concentrating on eukaryotic signaling
domains, now expanding

NCBI curated domains based on
sequence and structural alignments

cd01234
2219 (18%)

COG0123

BLAST based alignments derived from
4101 (34%)

complete proteomes of prokaryotes

SMART ;;]53?5002;23 - HMM based models originally




CDD: Initial Data Processing

1. Import alignments and identify proteins
* Import seed alignment from Pfam, SMART, or COG
» Associate each sequence with an NCBI protein Gl
2. Add sequences with 3D structural data
« If any sequence is sequence-similar to a sequence with 3D
structural data, the original sequence is replaced with the one
having 3D data
3. Create the consensus sequence
+ A column will be represented in the consensus if >50% of the
aligned sequences have a residue in that column
* The consensus residue for the column is that with the largest
weighted frequency
4. Calculate the PSSM

Uncurated CD Summary

pfam00569.11 zz
zinc finger, 22 type. Zinc finger present in dystrophin, CBP/p300. 2Z in dystrophin binds calmodulin Putative zind

finger; binding not yet shown.
Source: Pfam 2 -

Taxonomy: Fungi/Metazoa group
PubMed: 1link This domain model appears to be related to other CDs:

Lowest taxa containing
all sequences

Protein: pfam00S69 related
architactures

representatives

All proteins that &
contain this dom:

Updated:

064 AKHQAKCNICKE
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YDVCQSCFFS. (2] . TAKGHKL 3109
LCFSCFTT. (1] .NYGDOQT 52

121 IHDAVECDGCGL
3307 AKHQAKCNICKE
i 20455476 1493 KGMEYTCNKCSS

YDLCQKCELA. [1] . KHPEH

8 sequences
No structures

gi 1345703 1702 DRFVYTCHECKH. RSETH
gi 399006 1 MSNRFECDVCSA. [4] . 1 - YTGREI
gi 1176014 254 IHRVYICHTCGN. (3] .NVRYHNLRARDTNLCSRCFQE. (2] .FGANFQ:

TEEV

CDD Curation

N

« Sequences that align to the PSSM and that have 3D structural data
are added to a CD using PSI-BLAST and VAST

« A new alignment is built from representative proteins based on the
structural features revealed by VAST and evidence in the literature

« Functional features reported in the literature are annotated on the
alignment and structures

« New “child” alignments are generated from the original alignment
based on phylogenetic analysis

« Existing alignments are updated with new sequences using PSI-
BLAST

«  Curation is performed by experts at NCBI using Cn3D and CDTree
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g The CDD Alignment Model

BL

« Each sequence is aligned pairwise to the master sequence

« Aligned blocks represent secondary structure elements

« Aligned blocks have no internal gaps

« Aligned sequences have a residue at each column in the block

* Residues in the same column occupy the same position in space
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Tools for Curation

‘ ftp://ftp.ncbi.nih.gov/pub/mmdb/cdtree ‘

« Cn3D4.2

— Displays and renders structures and structural alignments
— Imports and aligns sequences and structures manually or with
BLAST and threading algorithms
— Edits and analyzes CD records in conjunction with CDTree
— Writes gapped FASTA and PSSMs
* CDTree
— Reads/writes CD records and CD projects
Creates phylogenetic and taxonomic trees of CD sequences
— Creates and edits CD hierarchies
— Updates CDs using PSI-BLAST
— Launches Cn3D sessions where alignments can be edited
Allows remastering of CD alignments

v

@l Curated CD: cd02249 [l

2 tps. Zinc inge prasent n dystrophin, C8P/p300 and many other protains. The 22 mati coordinates
incions and mi artidpztes in ligand binding or ular scaffolding. Many protsins containing
22 matits have otner zinc binding Motfs as wel, and the majoriy se rve a5 seaffolds in pathways invaling
yiransforase, protein kinase, o ubiaftn-related activity. 22 proteins can be grouped into the following functional
Chromatin modifying, cythekeletal scaffolding, ublauitin binding or conjugating, and membrane recaptor o
nnel modifying proteins.

Source: Pfam
Taxonomy: Eukaryota
PubMed: 2 links el
Protein: cd02249 related O
architectures
representatives

(view large image)

[mouse over icans ta display CD accession and name]

ar200
Structure: d02249 is part of & hisrarchy of related CD models;
1 Use the graphical representation to navigate this hierarchy
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CD Hierarchies

ArgRS_core
This is the catalytic core domain of Arginyl tRNA synthetase (AraRs). This class 1 enzyme is @ monomer, which
aminoacylates the 2'-0H of the nucleatide at the 3' of the appropriate tRNA. The core damain is based an the
Rossman fold and is responsible for the ATP-dependent formation of the enzyme bound aminoacyl-adenylate. There
are at least three subgroups of ArgRS, One type contains bath characteristic class 1 HIGH and KMSKS matifs, which
are involved in ATP binding. The other subtype lacks the KMSKS motif; however, it has a lysine N-terminal to the
HIGH motif, which serves as the functional counterpart to the second lysine of the KMSKS matif. 4 third group, which
is found primarily in archaea and a few bacteria, lacks both the KMSKS motif and the HIGH loop lysine.

current CD

 Residues aligned in the parent must be aligned in the child
« The parent always contains the master sequence of the child
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CD Family Values

‘ Blocks in the child are often larger than those in the parent ‘

‘ Parent: cd00802, Catalytic core of class | amino acyl-tRNA synthetases ‘

Feature 1
1EDQ & - | Lo
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Child: cd00671, Catalytic core of arginyl tRNA synthetase

A Family of PSSMs
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Viewing Hierarchies on the Web _

cd00802.2 class_I_aaRS_core

enzymes are mostly monomers, which
NA. The core domain is based on the

@ Color by €O Accesor " Ful-as o

dem € Compactdisp

€ Color by super

s, which are involved in ATP binding
Es35e0s o0 E430e12 e Edoes Exposl
«

=

cd00805: TyrRS_core.
cd00806: TrpRS _core.

0400418 GLKRS _core
4008072 61n_GLuRS_non_core
cd00808:G1uRS _core.

J s Yoo

E{L‘ a cd00814:HetRS _core

[ Swichto isalons Ferac
d00802 is part of a hierarchy of related Cl
Use the graphical representation to navigate t

Displays the
phylogenetic tree

Show Sequence Tree @ cdoogoz eranch € whole Hierachy

[mouse over icons to di

Coming
soon

DowwiosdEipe ety | & cdo0s02 ranch © whole Herachy

Downloads the
hierarchy into CDTree




Searching with PSSMs

« Uses the quantitative power of the PSSM rather than arbitrary text annotations
« Annotates function and reveals sites of high sequence conservation
« Provides a 3D modeling template if the PSSM is curated

Attractor = PSSM Attractor = sequence

[essl [ESSM .,

PSSM

Precomputed RPS-BLAST

‘ From Entrez Protein, look for the “Conserved Domains” link ‘

L XP 444859 Reports BLink, Consetved Domains, Links
hypothetical protein C AGL0A02189g [Candida glabrata CBS138]
850284863 }refXP_444859.1[[50284863]

Query (il 50284663 ref| XP_444859.1]]
hypothetical protein CAGLOAD218%g [Candida glabrata CBS138]
@ Concise Resul Full Resutt I~ Shaw Search Information
| . A, (U S U T |

Descriptions
Pssmid Muti.Dom Evalue

-+ Title
[HIcd0B71, ArgRS_core, This s the catabtic core domain of Arginyl tRINA Synthetase (Arg 28803 No o710
(Hlnfam05T 46, IRNA-synt_1d_C, DALR anticodon binding domain. This all alaha helical domai 45641 No 4625
[Hpfam03485, Arg_tRINA_synt_N, Arginyl tRINA synthetase N terminal domain. This domain is 43411 No Fe-14
[HICOGND18, ArgS, ArginyHRNA synthetase [Translation, ribasomal structure and biogenesis] 30368 Yes fe-157

Search for

Web CD-Search Output

‘ Click on a colored bar to align the query sequence to the CD ‘

Query [0i] 50284863 |ref| XP_444859.1]]
hypothetical protein CAGLOADZ159g [Candida glabrata CBS138]

© Concise Resull % Full Result T~ Show Search Infarmation

Ara_tRNA_snt ArgRS_core

aaRS_core
Args

tRNA-synt_1d

curated CDs .
Descriptions
- Title

cla

Pssmid MuliDom E-value

i | ArgRS_core, This is the catalyic core domain of Arginyl tRNA syniheta; o 268809 No e
+IOTAmOBT 46, tRNA-synt_1d_C, DALR anticodon binding domain. This all alpha hiffial domai 45641 Mo 4825
lafam03425, Arg_RNA_synt_N, Arginyl tRINA synthetase N terminal domain. Thifl domain is 43411 Mo 314
[t\ass_\_aaRS_tme‘ Class | aring acyHRNA synthetase (3aRS) catalytic core o 28812 Mo 0.002
BICOGN0TE, Args, ArginyHRINA synthetage [Transiation, ribosamal structure and biogenesis| 20380 Yes Ge-157
[+lpfam00750, {RNA-synt_1d, IRNA synihetases class | (R). Other iRNA synihetase sub-famil 40830 Yes fe-87

Search for architectures

(4




Standalone RPS-BLAST
 rpsblast)

‘ftp://ftp.ncbi.nih.gov/blast/executables/LATEST ‘

Irpsblast -i infile -d database -o outfilel

*  Why run RPS-BLAST on your own machine?
— ultimate flexibility
— customized databases
— batch processing
— parsing output
— speed
— it's now much easier than it might sound!

The NCBI Scoremat

ASN.1 representation of a PSSM in two formats

intermediateData {
freqratios (

01,
25379044, 10, -16 ),
, 0,
558686711792638, 10, -17 ),
139896854109911, 10, -16 },
193133860706877, 10, -16 },
109099606656283, 10, -15 }
6

ammoame |

{

{

{

{

{

{

{

{ o

{ 102752285827591, 10, -15 },
{ 60092639, 10, -16 ),
( 02722152

( 569741692, 10, -16 ),
{ 7114754777, 10, -16 },
{

{

{

{

{

{

{

{

{

{

{

{

Scores
scaled by
100

478659137545398,
156973370804235, 10, -16 },
778137132249873, 10, -16 },
635768329974439, 10, -16 },
247884702502916, 10, -16 },
100884034314323, 10, -15 },
767071894370943, 10, -17 },

L0},

S<HumOmEEC R HE

o
e

Making Custom Databases ___

emadl formatrpsdb B -

[ fto:/ftp.ncbi.nih.goviblast/executables/LATEST |

[ formatzpsdb -i infile -n dbname —o T -£ 9.82 -s 100]

database scaling
name parameters

cd02249.smp

cd02335.smp text file

¢d02336.sm P

Cd02337_smg °°”‘a'”'”‘9 Standard CDD database - 12147 PSSMs
mypssm1.smp Zlceogeammaes required to format: ~2.8 GB
mypssm2.smp final size: ~620 MB

testcd.smp




Generating Custom Scoremats

‘ Use any scoremat as input for formatrpsdb ‘

® B — cxvm — Em

Start with a sequence or a scoremat, collect matching sequences from a database,
then generate an alignment from these sequences

@ BN — xR —

Start with unaligned sequences, a VAST alignment or a CD and
build a block alignment based on evidence from 3D structures

Coming

N — EYEed — EBY oy
g

Convert an existing alignment in gapped FASTA format to a scoremat

NCB;

L

@ using Scoremats with PSI-BLAST

NCBL

(JEETTJel] | ftpuitp.ncbinin.goviblastiexecutables/LATEST |

Creating a new scoremat

blastpgp -i infile -d database -o outfile -j 3
-ul -C pssml.smp -J T

Creates a new PSSM from the alignment produced by BLASTp

Starting PSI-BLAST from an existing scoremat

blastpgp -d database -o outfile -j 3
-ul -C pssm2.smp -J T —q 1 -R pssml.smp

Finds all proteins that align to the input PSSM

Ty

@ Cn3D 4.2 |

« Launch from a CD, a VAST alignment, or a structure

« Import additional sequences and structures

= Align sequences to the master using...
— BLAST/PSSM: BLASTp scored by the current PSSM in Cn3D
— BLOCK Aligner: Algorithm using blocks as “words”
— Threader: Use contact potentials and the PSSM to align

— Manually
Pl

« Output gapped FASTA, a CD, or a scoremat
e g OFASTA

E=n -

11



® ‘FA2CD’

« command-line conversion utility /
Coming
* Input: gFASTA ora CD soon
» Output: CD, SM(f), SM(s)
‘/‘/. gFASTA
B CDTree: Refining PSSMs

« Import CDs or CD hierarchies

« Collect new sequences using PSI-BLAST

« Remaster the alignment (particular if new structures are found)
« Refine the alignment using Cn3D

« Analyze alignment using phylogenetic and taxonomic trees

« Create or extend a CD hierarchy based on the tree analysis

« Validate new child CDs using cross hits

« Output CDs or CD hierarchies

The CDD Data Tree

12



Come see us!

* Booth 207 — Try out CDTree and Cn3D 4.2

13
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