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Method CDS Homlog EST.cov UTR.ok Intron 
Genes2011 62% 565 57% 80% 64% 
Velvet/O 73% 577 72% 89% 56% 
Trinity 71% 565 71% 88% 58% 
Cufflinks13 45% 498 65% 59% 47% 
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Is that a honeybee gene in your wasp genome?

Y B Purrfekt ? 

Gene construction, not prediction

Too much data or not enough?

Genes without genomes?

EvidentialGene ResultsEvidentialGene Recipe
http://arthropods.eugenes.org/EvidentialGene/

Gene construction software and methods continue to improve, but are imperfect.   A current 
best strategy employed with EvidentialGene uses several gene modeling and assembly meth-
ods, extracting the best of their many results. This is consistent with recent results of others, 
pertaining to transcriptome assembly [3,4]. Rough edges need smoothing: predictor models 
and transcript assemblies each have qualities the other lacks, for coding sequences and se-
quence signals, gene holes and mash-ups. Multiple lines of gene evidence can score the quality 
of competing gene constructions to select a best, if not yet perfect, gene set.

The decade of gene prediction is over; gene construction from transcript se-
quence now surpasses predictions for biological validity. To paraphrase 
others: “.. over half the gene predictions were imperfect, with missing exons, 
false exons,  wrong intron ends, fused and fragmented genes”.  Gene assem-
bly from RNA has similar problems.  Perfecting this means using all the best 
data and tools, plus evidence quality tests, to build accurate genes.

Transcript assemblies can be more accurate than predictions, but effortful to resolve conflicts.  RNA data quality 
sets limits, and software struggles at both ends of the data river.  Sensible data reduction is a major gene construc-
tion task, where 10^9 RNA reads are assembled to 10^6 of competing transcripts, and those filtered with multiple 
criteria for the closest approach to 10^4.5 biological genes. 

Suggested RNA methods:
• 1 Billion short reads, not 50 Million, may be enough. 
• Mate paired with staggered inserts (200 – 600 bp), and strand specific is helpful.
• Long (454) + Short (Illumina) together works well, both as insert paired ends.

Alternates, paralogs and bad guesses can be resolved with a genome.  Gene copy number 
variation is hard to resolve without genomic dna.  Contaminants don’t map to a genome.  
E.g. perfect mouse genes I found in two sets of arthropod RNA-seq data.  A best gene as-
sembly uses gene structure signals from a genome.   RNA assembly with and without a 
genome is the best approach to defining perfect genes.  Unless your genome is finished, 
there will be holes that RNA de-novo assembly will fill in.

Species expressed genes often differ from those mapped from other species.   
• Exon changes are common between even closely related species (Honeybee to Jewel 
wasp).   Protein exons may map faithfully yet not be expressed, or rarely, in the related 
species.  
• Big mistakes can be transferred by protein mapping when species are close enough for 
synteny to hold mistake.  Conversely a majority vote of mapped proteins from several 
species, including more distant ones, allows phylogeny/evolution to erase such computed 
mistakes and reveal the biological gene structures.

How many gene comparison studies have significant artifacts of quality?  In a recent 
review of gene orthology, "genome annotation emerged as the largest single influencer, 
affecting up to 30%" of the discrepancies among orthology assessments [1].  Gene 
function, derived from orthology or by experiment, is sensitive to imperfections.   Dif-
ferential expression measures are muddled on imperfect genes.  Many biology studies 
that use genome-wide constructed genes hinge on the gene quality.

Geneset Bits dSize 
Daphnia 502 3 
Locust.velv 482 -20 
Beetle 475 16 
Wasp 470 28 
Locust.trin 452 -87 
Fruitfly 447 89 
Aphid 444 13 

A critical component of this approach to perfecting gene sets is the ability to select biologi-
cally valid models from a large superset that includes fragments, fusions and complete fab-
rications by the gene assembly/prediction components.  EvidentialGene software for this 
uses extensive evidence annotation and maximization. It relies on deterministic evidence 
scoring, giving same result for one locus or 50,000. It is not a majority vote among alter-
nates, as some others, but the single best scoring model is chosen. The algorithm for evi-
dence scoring attempts to match expert choices, using base-level and gene model quality 
metrics. 

EvidentialGene construction steps
1. produce several predictions and transcript assembly sets with quality models.
    No single method/set is best at all loci, variants often have best among them.
2. Annotate models with all evidence, esp. gene model qualities
       (transcript introns, exons, homology, transposons, ...)
3. Score models from weighted sum of evidence.
4. Remove models below minimum evidence score
5. Select from overlapped models/locus the highest score, include fusion metrics
    (longest is not always best)
7. Evaluate results, genome-wide averages and with inspection (map views of errors)   
8. Iterate 3..7 with alternate scoring to refine final best set.
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Arthropod Gene  Families (ARP3x) 

But, gene set qualities confound gene family presence

Homology average to common families

Protein size difference to common families
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Wasp moves up to Bee RNA-assembler changes Locust species rank

Fruitfly genes improves in 10 years Aphid matches Fruitfly in 1 year

2001   .........>  2011 2010   .........>  2011

Velvet   <------>   Trinity

Too much and too little RNA at a locus results in 
gene join and fragment errors (with connivance of 
assembly tools), as in this map example and evi-
dence summary for Daphnia magna RNA assem-
blies. 

Yes.   E.g., Locust gene set is assembled without a genome.  Orthology gene family score 
is higher for locust than insects with genome-map genes (for Velvet assembly, lower for 
Trinity).  

Evidence Evigene RefSeq2 ACYPI v1 
Introns 70% 68% 52% 
EST coverage 79% 69% 49% 
RNA assembly 49% 43% 27% 
Protein score 76% 46% 47% 

 

Pea aphid v2,  2011 June
Evidence Evigene RefSeq2 OGS v1.2 
Introns 97% 90% 85% 
EST coverage 72% 67% 51% 
RNA assembly 63% 36% 29% 
Homology bits 679 635 -- 

 

Nasonia jewel wasp v2, 2012

Evidence evaluation criteria (in part)
• Protein homology (blastp bits, identity)  
• RNA read cover, include uncovered spots (fusions?)
• CDS/exon ratio, UTR exon counts point to aberrant genes
• Read intron recovery
• RNA assembly and/or reference gene equivalence  

Clade presence for gene families
Species oGene nGroup OrthoGrp OrthMis1 
                 Crustacea 
daphnia.m 38049 20334 12354 5 
daphnia.p 27825 14456 11866 10 
shrimp 28999 13397 7017 122 
                 Ticks/Chelicerata 
ixodes 11817 8594 7945 110 
spidermt 11194 6685 5937 147 
dogtick 41142 11157 4865 1189 
                  Insects 
aphid 24954 9724 8068 43 
fruitfly 11523 8449 7627 38 
locust 26797 14280 8705 15 
beetle 12523 8919 8429 29 
wasp 18662 9605 8259 23 
                 Outgroups 
human 18820 11829 11089 61 
zfish 19916 11777 11171 84 

 

Clade Only Miss OutOnly OutMiss 
Crustacea 101 580 144 213 
Ticks 64 1171 69 471 
Insects 519 1683 157 340 

OutOnly= 2+ species in clade have outgroup family, none of other clades have.
OutMiss= no species in clade has outgroup, both other clades have.
Only = all species in clade have family, none of other clades have
Miss = no species in clade has family, both other clades have

Orthology rank
increases with 
improved 
gene sets

Genome collaborators and data providers:  Daphnia Genome Consortium, Generic Model Organism Database, 
Indiana Univ. Center for Genomics & Bioinformatics, International Aphid Genomics Consortium, Nasonia jewel 
wasp Genome project, Cacao chocolate tree Genome project.  Funding: NSF mostly, NIH, Mars.  Computers: 
TeraGrid/XSEDE, NCGAS

EvidentialGenes are not perfect, yet.  But this approach appears to be working.  Gene sets for Acyrthosi-
phon pea aphid and Nasonia jewel wasp, built with EvidentialGene incorporating RNA assembly and 
gene prediction directed by evidence, prove superior on several evidence metrics to those of NCBI 
RefSeq, built with same available evidence.


