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The homepage provides users with three ways to  
access ChromDB genes: by entering a gene  
symbol, synonym or keyword in a query text box, by  
homology using the local BLAST function, or from a  
table of protein groups. ChromDB displays two  
types of sequences; those derived from genomic  
sequencing projects and transcript-based  
sequences derived from EST collections. 

*Maize genes were identified originally from EST collections and include a number of partial proteins.  
We have incorporated introns from GSS contigs/singletons into our existing cDNA-based sequences  
to produce pseudo-genomic sequences. In some cases full length, inbred B73 genomic sequences  
are available; for other genes the genomic sequence has gaps, where intron sequences are not  
complete or are comprised of different inbred sequences from which the EST contigs were produced. 
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The mission of ChromDB ( www.chromdb.org ) is to  
bring together information on homologs of chromatin-  
associated proteins encoded by plant genomes,  
organize this information logically and in a comparative  
manner across species (with reference to other  
eukaryotes to the extent possible), and make the data   
readily accessible to all members of the research and  
teaching communities who are interested in the role  
played by chromatin proteins in the control of gene  
expression and genome organization.  

Database priorities include: 
• provide complete sets of genes encoding  

chromatin-associated and RNAi-associated  
proteins for those plant species with complete  
or nearly-complete genome sequences  
(Arabidopsis, rice, and poplar) and in-progress  
genome projects (e.g. medicago and maize) 

• provide the community with highly curated  
proteins that represent the best available  
splicing models (especially where biological  
support is not available), and annotations  
(including gene ontology) for plant protein  
sequences 

• search EST collections to identify and display  
chromatin-associated and RNAi-associated  
proteins for non-genomic based organisms  
(will include partial protein sequences) 

• provide a molecular phylogenetic context for  
understanding the evolutionary diversification  
of these protein families during plant evolution  
with reference to animal and fungal homologs. 

ChromDB genes are organized into distinct protein groups wherein all  
sequences share common functional domains (Pfam, Smart, Interpro, etc).  
While one particular protein group may contain homologous proteins; other  
groups, although highly similar, contain proteins not derived from one  
common ancestor. The table presents an overview of the protein groups  
organized according to major categories, subgroups, and individual protein  
groups. For example, the GNAT superfamily, which has the ChromDB  
designation of HAG, is a group of histone acetyltransferases within the major  
category of histone modification (acetylation and deacetylation).  ChromDB  
gene designations are based on three to five-letter symbols, representing  
each protein group, followed by a numeral, e.g., HAG1 or HAG101. Because  
it is often not possible to determine orthology relationships unambiguously,  
such as Arabidopsis and maize or rice, gene numbers in our system do NOT  
imply orthology. Arabidopsis genes are indicated by the numerals 1-99, maize  
by 101-199, and rice by 701-799. ChromDB genes are database names and  
are not intended to supplant official names which have priority in the literature,  
for example the ChromDB gene CHR1 is the Arabidopsis gene DDM1.  
Recognized gene symbols are listed as synonyms in the database. The  
community is encouraged to use ChromDB names where official, previously  
designated symbols do not exist.  

The “Form FASTA Files Based on Pfam Domain” tool allows users to select a  
Pfam domain that is present in ChromDB and to generate a FASTA file with the  
sequences containing only the amino acids present in this domain for each  
protein.  The user can select either all of the organisms or a specific one, and can  
select, if any, the number of amino acids surrounding the domain to be included in  
the sequence.  If there are multiple domains of the selected domain present in the  
protein, a FASTA sequence is output for each domain.  Letters are appended to  
the ChromDB name in the order that the domain appears in the protein, with “a”  
indicating the first domain in the protein. 

The Pfam Domain Viewer is a tool developed at ChromDB to display the Pfam domains that are  
present within ChromDB proteins. The user can view domains by selecting an individual protein  
group or by selecting a specific Pfam domain; each option has a drop-down box to facilitate the  
selection.  The protein group selection limits the view to all domains found in one select group of  
related proteions; however, the individual Pfam selection enables a user to view domains found  
in multiple protein groups. 

Phylogenetic Reconstruction : 
Domains of protein sequences were aligned using Muscle 3.52 [Edgar, RC (2004) MUSCLE: a multiple  
sequence alignment method with reduced time and space complexity. BMC Bioinformatics 5(1):113].   
The alignments were edited using GeneDoc ( http://www.psc.edu/biomed/genedoc/ ) to remove  
non-aligning amino acids or regions from the alignment.  Bayesian phylogenetic analyses were  
performed using MrBayes 3.0B4 [Huelsenbeck, JP, Ronquist, F (2001) MRBAYES: Bayesian inference  
of phylogeny. Bioinformatics 17:754].  Searches were run using four different Markov chains for  
3,000,000 generations setting the prior amino acid substitution rate matrix to average oval all the  
models (i.e. aamodelpr = mixed).  The first 10,000 trees were discarded and a consensus tree was built. 

Statistical Tests for Positive Selection : 
Positive selection was tested using a maximum likelihood framework.  Using the amino acid alignment  
as a guide, the nucleotide sequences of the genes were aligned in-frame.  The codeml program in the  
PAML package was used to conduct both branch and branch-site tests for positive selection [Yang, Z.  
H. (1997) PAML: a program package for phylogenetic analysis by maximum likelihood.  Comput. Appl.  
Biosci. 13:555].  For branch-site analyses, the method proposed in Zhang J.  et al  2005 was used to  
construct a likelihood ratio test based on branch-site test 2 or “the branch-site test of positive selection”   
[Zhang, J., R. Nielsen, Z. Yang, (2005) Evaluation of an Improved Branch-Site Likelihood Method for  
Detecting Positive Selection at the Molecular Level. Mol Biol Evol 22: 2472]. 

• Identification of homologs in complete genome sequences (plants,  
animals, fungi, and protists) 

• Reannotation via interspecific multiple sequence alignment to detect  
conserved amino acid sequences in annotate introns 

• Phylogenetic analyses using edited amino acid sequence alignments,  
followed by reanalysis after removal of long branches to prevent long  
branch attraction 

• Identify clades (subfamilies) present in the most recent common  
ancestor of plants and animals 

• Identify new plant-specific clades (subfamilies) in the most recent  
common ancestor of monocots and dicots (as well as Arabidopsis and  
poplar) 

• Use Ka/Ks analyses to identify clades under positive selection  
(neo-functionalization) 
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Database Contents 

Database Display 

Mulitple Sequence Alignment Curation 
Segments from multiple sequence alignment of rice (NRPD701 and 702),  
Arabidopsis and poplar proteins (before rice models are current TIGR models) 

T ranslational starts adjusted 
portion of intron included in model 

sequence removed 

portion of exon not included in model, 
sequence added 

~300 amino acids 
removed from end 

NRPD702 after 
NRPD702 before 
NRPD701 after 
NRPD701 before 
Arabidopsis 
Poplar 

NRPD702 after 
NRPD702 before 
NRPD701 after 
NRPD701 before 
Arabidopsis 
Poplar 

NRPD702 after 
NRPD702 before 
NRPD701 after 
NRPD701 before 
Arabidopsis 
Poplar 

Phylogenetic Results 

A Bayesian phylogenetic tree was constructed  
using proteins comprising the ChromDB  
DNA-methyltransferase (DMT) protein group.  As  
shown in Figure 1, the tree has five distinct groups,  
one of which is not found in plants (DNMT3 group)  
and two of which are plant specific (CMT group and  
DRM group).  The CMT group is comprised of  
proteins that have a chromo domain in addition to  
the DNA-methylase domain that defines the DMTs. 
The DRMs are also known as the  
“Domains-Rearranged Methyltransferases” as  
these proteins show a rearranged structure within  
their methyltransferase domain.  In this group, the  
branch leading to DMT710, DMT10, and DMT907  
is a good candidate for positive selection tests.  As  
demonstrated in Figure 2, both branch and  
branch-site analyses detected positive selection on  
this branch, suggesting that these proteins could  
have evolved a function that is different than the  
other DRM proteins. 

Arabidopsis Poplar Rice Maize*

Core histone proteins 46 48 56 58
Histone H2A 13 16 15 16
Histone H2B 11 7 15 13
Histone H3 14 13 15 14
Histone H4 8 12 11 15

Linker histone H1 family 13 20 11 15
Histone H1 subfamily 3 7 4 6
Single myb linker histones 6 6 3 6
HMGA linker histones 4 7 4 3

Non-histone DNA binding proteins 36 41 36 29
HMG Box (HMGB) proteins 14 15 11 11
Methyl-DNA binding domain proteins 13 14 17 14
Jumonji domain proteins 9 12 8 4

DNA methyltransferases 11 9 10 14

Histone acetyltransferases (HATs) 12 12 8 12
GNAT superfamily 3 5 3 4
MYST family 2 2 1 2
CBP family 5 3 3 5
TAFII-250 family 2 2 1 1

Histone deacetylases (HDACs) 16 16 18 15
RPD3/HDA1 family 10 11 14 10
HD2 family 4 3 2 4
SIR2 family 2 2 2 1

Histone methyltransferases 49 65 45 44
SET domain proteins 39 51 37 37
Arg-specific histone methyltransferases 6 8 4 2
Compass subunits 4 6 4 5

Histone demethylases 4 6 4 3
Histone ubiquitinases 4 5 4 3

Bre1 homologs 1 2 1 1
Rad6 homologs 3 3 3 2

Nucleosome/chromatin assembly complexes 15 22 15 17
NAP1 homologs 6 8 6 5
MSI1 (CAC3) homologs 5 7 3 5
CAC2 homologs 1 1 1 1
CAC1 homologs 1 2 2 3
ACF1 homologs 1 2 2 1
HIRA/TUP1 homologs 1 2 1 2

ATP-utilizing chromatin remodeling complexes 57 78 58 56
SWI2/SNF2 ATPase/helicase domain proteins 42 57 42 41
SWI/SNF Cx components (SWI3, SWP73, SNF5 homologs) 7 10 8 6
Actin-related proteins 7 9 6 6
ACF1/NURF301 homologs 1 2 2 3

Transcription elongation - nucleosome
displacement 13 19 14 11

SPT4 homologs 2 2 1 1
SPT5 homologs 2 2 2 3
SPT6 homologs 2 3 1 1
SPT16/CDC68 homologs 2 4 3 1
PAF Complex Components 5 8 7 5

Chromatin compaction complexes 15 16 14 12

Polycomb group complexes: (Pc, EPL, ESC, Su(z)12 homologs) 7 8 7 7

Condensin Complex Components 8 8 7 5

Histone acetylation/deacetylation related factors 33 45 26 20

Bromodomain (acetyl-histone binding) proteins 25 34 20 13
ADA2 homologs (HAT-associated) 2 4 1 2
SIN3 homologs (HDAC-associated) 4 3 2 2
SAP18 homologs (HDAC-associated) 1 3 1 2
TATA binding protein associated factor 5 1 1 2 1

Argonaute 10 15 18 15
Dicer-Like 4 5 5 4
RNA-dependent RNA polymerase 6 7 5 4
RNA Helicase 1 2 1 2
RNA Polymerase IV Subunits 4 4 5 2
HUA Enhancer (HEN) 2 2 1 1
Double stranded RNA-Binding Protein 5 9 7 6

RNA interference-Associated Proteins

DNA-interacting, Chromatin Associated Proteins

Histone modification: acetylation/deacetylation

Histone modification: methylation/demethylation

Chromatin assembly and remodeling


