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Motivation – Genome sequence data

• Genome sequence data for 
increasing number of genomes

• Undergoes regular re-
annotation (and re-assembly)

• Annotation is done 
automatically using 
computational analysis 

• Very little information on the 
changes between releases

• But previous versions are 
available (Ensembl, EMBL)

Number of species sequenced 
(source: NCBI)

956Bacteria
1565Eukaryota
1952Viruses

Number of 
genomes

Organism 
group
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Motivation – From a biologist’s perspective 

• Cannot find favourite (group) of gene(s):

– Panic!

– What happened to my gene(s)?

– Compare files manually

– Use available websites, tools…

Deleted?

Renamed?Moved?

Split?

Merged?
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Motivation – Information on changes (1)

http://www.yeastgenome.org/cache/genomeSnapshot.html#ChrSeqAnnotUpdates

Saccharomyces Genome Database (SGD)
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Motivation – Information on changes (2)

http://www.ensembl.org

Neurospora crassa – changes between 
version 2 and version 3
http://www.broad.mit.edu/annotation/fgi/

Ensembl Fungal Genome Initiative
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Motivation – Tools (1)

http://www.ensembl.org/Mus_musculus/assemblyconverter

Converter – Ensembl
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Motivation – Tools (2)

http://www.ebi.ac.uk/cgi-bin/sva/sva.pl

Compare versions - EMBL
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Motivation – Genomic data

• Flat file formats

– EMBL, Genbank: information rich, well established

– GFF (General Feature Format): less information than EMBL or 
Genbank flat files

• XML

– EMBL
– INSD, based on Genbank flat file format

– BIODAS, based on GFF flat file format

Representation
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Problem description – EMBL
gene           335..649                     

/gene=YAL069W 
/locus_tag="O13588_YEAST 
/note="Yal069wp (YAL069W)”

mRNA        335..649           
/gene="YAL069W
/note="transcript_id=YAL069W”

CDS           335..649
/gene="YAL069W“
/protein_id="YAL069W“
/note="transcript_id=YAL069W“
/db_xref="SGD:YAL069W“
/db_xref="EMBL:U73805
/translation="MIVNNTHVLTL…”

…

exon           335..64
/note="exon_id=YAL069W.1«

…

CCACACCACA CCCACACACC CACACACCAC 
ACCACACACC ACACCACACC …
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Problem description – EMBL XML
gene     335..649    

/gene=YAL069W 

/locus_tag="O13588_YEAST

/note="Yal069wp (YAL069W)”

<feature name="gene">
<qualifier name="gene">

YAL069W
</qualifier>
<qualifier name="locus_tag">

O13588_YEAST 
</qualifier>
<qualifier name="note">

Yal069wp (YAL069W)
</qualifier>
<location type="single“ complement="false">

<locationElement complement="false" type="range">
<basePosition type="simple">

335
</basePosition >
<basePosition type="simple">

649
</basePosition>

</locationElement>
</location>

</feature>
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Problem description – EMBL XML
mRNA        335..649           

/gene="YAL069W

/note="transcript_id=YAL069W”

CDS           335..649
/db_xref="EMBL:U73805
/db_xref="SGD:YAL069W“
/gene="YAL069W“
/protein_id="YAL069W“

/note="transcript_id=YAL069W“

/translation="MIVNNTHVLTL…”

<feature name="mRNA">
<qualifier name="gene">

YAL069W
</qualifier>
<qualifier name="note">

transcript_id=YAL069W
</qualifier>
location

</feature>
<feature name="CDS">

<dbreference db="EMBL" primary="U73805" />   
<dbreference db="SGD" primary="YAL069W" />   
<qualifier name="gene">YAL069W </qualifier>  
<qualifier name="protein_id">YAL069W </qualifier> 
<qualifier name="note">

transcript_id=YAL069W
</qualifier>
<qualifier name="translation">

MIVNNTHVLTL…
</qualifier>               
location

</feature>
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Problem description - Changes

• Update sequence

• Identification of a new gene

• Removal of previously predicted gene

• Merging of two neighbouring genes into one gene

• Splitting of a gene into two neighbouring genes

• …
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<feature name="gene">
<qualifier name="gene">YAL069W </qualifier>
<qualifier name="locus_tag">

O13588_YEAST
</qualifier>
<qualifier name="note">

Yal069wp (YAL069W) 
</qualifier>
<location type="single“ complement="false">

<locationElement complement="false“
type="range">

<basePosition type="simple">
335

</basePosition
<basePosition type="simple">

649
</basePosition>

</locationElement>
</location> 

</feature>
<feature name="mRNA">

<qualifier name="gene">YAL069W</qualifier>
<qualifier name="note">

transcript_id=YAL069W
</qualifier>
location

</feature>

<feature name="CDS">
<dbreference db="EMBL“ primary="U73805"/>
<dbreference db="SGD“ primary="YAL069W"/>
<qualifier name="gene">YAL069W</qualifier>
<qualifier name="protein_id">

YAL069W
</qualifier>
<qualifier name="note">

transcript_id=YAL069W
</qualifier>
<qualifier name="translation">

MIVNNTHVLTL…
</qualifier>               
location

</feature>
<sequence length="987" type="DNA" 
version="0.0">     

gtccagttaaggcctatc... 
</sequence>
…
<feature name="exon">

<qualifier name="note">
exon_id=YAL069W.1

</qualifier>     
location

</feature>
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XML difference algorithms

Summary of key properties

Insert, Delete, Move, Copy of leaf nodes; 
Update of values of text- or attribute nodes

Ordered3-Way Merge 
and Diff (3DM)

Insert, Delete, Move of leaf nodes; Update of 
values of text- or attribute nodes

OrderedJXyDiff
(XyDiff)

Insert, Delete of leaf nodes; Update of values 
of text- and attribute nodes

UnorderedX-Diff

Changes detectedOrdered/ 
Unordered 
tree

Algorithm
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XML difference algorithms

• Pre-processing:
– Parse, calculate XHash

• Matching:
– Reduce search space
– Bottom-up: Match nodes of same type and with matching 

ancestor names and calculate edit distance
– Top-down: Create minimum-cost matching using matches and 

edit distances
• One-to-one matches
• Match child nodes of parents that are matched

• Edit script 

X-Diff
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• Pre-processing:

– Bottom-up: Calculate hash values and weight

– Place sub-trees into priority queue ordered by weight

• Matching:

– Starting with heaviest sub-tree, match sub-trees

– If no match found, add sub-trees rooted in child nodes into 
priority queue

– Propagate matches further to unmatched nodes with same 
labels (up - controlled by weight of sub-tree)

• Edit script

JXyDiff

XML difference algorithms
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XML difference algorithms

• Matching:

– For each node in base document

• Find exact or close matching nodes in updated document 
(using q-gram string distance measure)

• For pairs of matched nodes

– Match sub-trees by depth-first traversal as long as child 
nodes are matched

• Post-processing:

– Propagate matches

• Edit script

3DM
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Experiments involving controlled modifications

• Genomic data of chromosome 10 of yeast with 400 genes 
• Introduce n (n = 4, 20, 40, 60, 80) changes and pair wise 

combinations of changes and produce new documents
– Update sequence
– Insert gene
– Delete gene
– Merge genes
– Split gene

• Compare base document with each of new documents using X-Diff, 
JXy-Diff, 3DM

• Process edit scripts

Experimental setup
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Experiment: Insert gene

• Correct identification 
by X-Diff, JXyDiff, 
3DM

• Additional copies of 
inserted sequence 
elements detected by 
3DM
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Experiment: Insert gene & Delete gene

• 3DM: 
+ Inserted and 

deleted elements
– Additional copies of 

sequence
• JXyDiff: 

+ Inserts and deletes 
of mRNA and gene

– Incorrect matching 
of CDS elements

• X-Diff
– Elements are 

reported as updates
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Experiment: Merge neighbouring genes

• X-Diff:
+ Deleted elements
– Updated elements 

(mRNAs - CDS)
• JXyDiff:

– Fraction of deleted 
elements

– Very few updated 
elements (CDS)

• 3DM:
+ Majority of deleted and 

updated elements
– Updates as inserts & 

deletes

Relative performance
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Experiment: Split gene

• X-Diff:
+ Inserted, majority of 

updated
– Updated mRNA 

matched with gene
• JXyDiff:

+ Inserted
– Few updated

• 3DM:
+ Inserted
– Updated

Relative performance
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Evaluation involving real genomic data

• Ensembl releases 41 and 42 of yeast chromosomes 3 and 5 
• X-Diff

+ Singular change within an element
– Large number of change within an element

• JXyDiff
– Matching elements correctly, in particular CDS

• 3DM
– Detects majority of changes
– Insert, delete of dbreference, qualifier in CDS
– Update of sequence
– Change of location of genes

Experimental setup and results

6791847511305

18641322318053

3DMJXyDiffX-DiffChromosome
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Conclusions

• Algorithms effective for detecting subset of changes

• All require significant post-processing of edit scripts

• Properties of XML representation of genomic data

– Large number of siblings

– Related elements not easily identifiable as such

– Very similar contents of nodes and sub-trees

• Properties of algorithms

– Treating XML documents as unordered trees

– Fuzzy matching using q-grams

– Propagating matches bottom-up
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Future work

• Alterations to XML representation of genomic data to address:

– Large number of siblings

– Related elements not easily identifiable as such

– Very similar contents of nodes and sub-trees

• New XML difference algorithm
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Thanks!

Questions?


