
Gene modeling with NGS data has been applied to Daphnia, and is in progress for Nasonia, to 
produce improved, evidence-based gene sets.  Evidence of exons (transcription data), introns 
(EST and RNA-seq), and gene boundaries (mate-pair RNA-seq, protein homology and tandem 
duplicates) are used with Augustus predictions.   The best gene set is extracted from several 
predictions by combining all evidence with a heuristic method that mimics that of expert 
annotators.   This new gene set for Daphnia pulex is much improved from the first set.  Protein 
homology evidence is extensive, and indicates that Daphnia's gene set is one of the most 
complete among arthropods.   Notable statistics:  Daphnia2 recovers twice as much protein 
homology (82%) as Daphnia1, Daphnia2 recovers 90% of ESTs, versus 75% for Daphnia1, and 
Daphnia2 recovers 66% (5 Mb) of genome expression not in Daphnia1.   

The first Daphnia gene set left us with a quandry: most differential expression is in unannotated 
regions.  Genes 2.0 resolve this quandry ... in favor of untranslated regions and non-coding RNA 
genes that have strong differential expression to environmental stresses.  Gene models of your 
favorite arthropod can also be improved, using extensive and high quality NGS transcriptome 
data, combined with current arthropod homology, careful modeling of genes from this evidence, 
attention to non-coding expression, and species-specific evidence. 

Genes 2.0 NGS predictions finds more expression

Old
New

Express

Alt. 
Predictions

Arthropod Human Plant 
Daphnia 2 6826      -- 

Ixodes 2209 447 
Tribolium 1684 524 
Apis 1478 482 
Pediculus 1337 410 
Drosophila  355 330 

Best match to model genes

Daphnia 1 3286 1004 

Percent genes found
Arthropod Human  Plant 
Daphnia 2 70.7   --  

Tribolium 67.9   6.7 
Apis 67.3   6.1 

Drosophila  66.3   4.6

Pediculus 67.3   5.0 
Ixodes 66.4   5.3 

Daphnia 1 68.4 12.0 

Gene models are D. pulex JGI V11 (official release 1 from 2007), D pulex NCBI Gnomon 
(2007), and new predictions (Genes2, 2010).  Statistics are the proportion of bases matching 
evidence. Evidence includes (1,2) EST assemblies for D. pulex and D. magna, (3) Proteins-Arp2 
the complete protein sets from 6 closest arthropod genomes (aphid, apis, crab, ixodes, pediculus, 
tribolium), (4) Tile genes, the genome tile expression gene-like regions unpredicted by JGI 
genes.  The Genes2 set is selected from all 6 prediction sets (several evidence sets withAugustus, 
JGI, Gnomon) to maximize evidence scores. This improves overall quality. 5,000 with no-
evidence, single-predictor models are discarded, giving a total of 39,000 as protein coding, 6,000 
classed as non-coding RNA with expression-supported long exon spans.  
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Take a genome assembly, and a good set of gene evidence from EST sequences, proteins of 
related species, and next generation data of tiling and RNA-seq expression, then one can model 
genes rather accurately according to gene evidence.    Building a new gene set with current 
software is in progress for Daphnia, completed for Aphid and other insects.   PASA is used for 
EST assembly and gene validation.  BLAST is used to locate related proteins (tblastn), and 
annotate predicted genes (blastp).  Exonerate refines protein gene mappings.  Augustus models 
genes using all evidence of ESTs, mapped proteins, tiling and RNA-Seq expression. Other 
predictors, such as fgenesh, GeneID, SNAP, Gnomon, are valuable additions.  Methods for 
combining predictions to one best set are still problematic; one such is EvidenceModeler that 
uses evidence weightings.  

Software and statistical methods for gene finding and differential expression, using next 
generation RNA-seq and genome tiling data (NGS), have been developed and tested with 
arthropod genomes (Daphnia, Drosophila, and Nasonia).  Abundant NGS transcription evidence 
is nearly sufficient to determine gene structures without predictive methods. RNA-seq and 
genome tiling methods find exon expression with similar power. RNA-seq, like ESTs, add intron 
splice information; Mate-pair RNA-seq often identifies gene boundaries, solving a major 
problem in gene modeling.  Large amounts of transcriptional "dark matter" do not resolve as 
coding genes, but likely are long non-coding RNA.  Accuracy and sensitivity of gene expression 
determination is increased with whole-gene NGS methods.   

 aphid bombyx daphnia drosmel ixodes nasonia 
Total EST 168,000 246,000 166,000 568,000 194,000 176,000 
Assemblies 24,700 33,200 18,200 42,600 16,200 21,900 
Genes w/ EST 9,600 8,500 10,600 9,200 7,800 8,700 
   Gene updates aphid bombyx daphnia drosmel ixodes nasonia 
% Incorporated 23 4 35 18 16 6 
% UTR addition 10 14 13 13 8 26 
% Gene extension 4 3 4 2 4 2 
% Gene Merging 1 2 5 3 4 3 
% Alternate splice 5 4 6 8 5 9 
% New Gene 23 56 17 14 37 27 
 Assembly Errors aphid bombyx daphnia drosmel ixodes nasonia 

% Low/0 identity 14 13 22 5 30 12 
% Duplicates 7 8 5 2 5 2 
% Split across scafs 1.0 0.7 0.3 0.2 2.9 1.0 
 

  Daphnia 1 Aphid1 Bee Wasp 1 Mot h1 Beetle Mosquito1 Fruitfly 1 Tic k1 Mouse Wo rm 
Genome  200  460  220  290  480  180  580  180  1,760  3,450  100  
N. gene   32,000  32,800  17,000  27,300  16,300  16,400  18,900  13,70 0  20,500  27,600  20,100  
CDS size  1,360  1,340  1,690  1,620  1,460  1,420  1,400  1,650  1,070  2,140  1,300  
Exons/gene  6.6  6.7  7.1  6.3  6.4 4.5  3.5  4.0  5.7  8.0  6.0  
Exon size    210  200  240  260  230  310  420  410  190   280   200  

 Intron size 72 75/900  88/600  81/530  810/97  51/17 00 64/19 00 63/750  1730/ 90 1600/ 90 51/500  

  Intrn > Ex 10%  41%  36%  24%  86%  34%  36%  27%  87%  85%  33%  
UTR size    370  500  340 680  440  -- 240  800  540  --  260  
Altern . Tr. 10%  24%  -- 23%  18%  -- -- 36%  15%  65%  20%  

Arthropod Gene Structure

Arthropod EST Genes

arthropods.eugenes.org

Genes 2 Diff. Expression in Noncoding areas

Arthropods/euGenes is a comparative database of current 
gene sets, orthology and summary data at 
http://arthropods.eugenes.org.  New OrthoMCL orthology 
for 263,000 genes of 14 species were computed on the 
TeraGrid in 2010.  Web-searchable common gene summary 
pages describe these orthologs, along with GBrowse genome 
maps and BLAST services.  Analytical summaries include 
gene structure statistics, EST assemblies, gene quality 
statistics, and species ortholog gain/loss tables.   Certain 
features of gene structures are conserved (coding length), and 
others distinguish species (intron sizes and number, gene 
duplications).  EST assemblies are useful to validate gene 
predictions and genome assemblies.  Daphnia pulex 
maintains the strongest homology to human and other non-
arthropod eukaryotes, followed by Ixodes.  Among insects, 
Tribolium has the strongest non-insect homology, partly due 
to good quality gene modeling. Gene duplication rate is quite 
variable compared to singleton genes, and lacks a strong 
phylogenetic trend. As yet unpredicted orthologous genes 
exist in these genomes, and species gene sets differ in this. 
 

gene ortholog
search  at

Daphnia Genes 2.0 quality

Genes 1 Genes 2

Arthopod Homology to Human/other

Find where Pediculus is 
missing gene groups 
that all other arthropods 
have, with the search at 
Arthropods.euGenes.or
g.  Or find groups with 
1-1 orthologs in all 
species. You can search 
for groups by gene 
name, function or ID. 
 

Daphnia has best matches and longest alignments to human and other model eukaryote gene sets 
(Tribolium has the best of the insects).   Genes2 improves on matches to Human genes among 
arthropod genomes: Daphnia2 has 44% of these, vs 21% for Daphnia1. Ixodes has 15%, 
Tribolium has 10%, and a small 2% for Drosophila mel.  Percent of Human genes found: 71% 
for Daphnia2, 69% for Daphnia1, 68% for Tribolium, 66% for DrosMel 

Evidence N NCBI07 Genes2
 Exon Sensitivity
EST-D.pulex 64302 0.731 0.732  0.892
EST-D.magna 89949  0.783 0.829  0.915
Proteins-Arp2   0.473 0.579  0.822 
Tile genes   0.000 0.129  0.659 34850
  Exon Specificity
All evidence   0.566 0.543  0.411 

 Gene model Accuracy 
found gene 9476  10459  10989 

    matched CDS 0.610 0.712  0.861
    7036  7217   7481  
    7036  7140   7565  
   Gene Totals  
Coding bases  30Mb 36Mb  48Mbb 
Genes count  31K 37K  45KK* 

 * 39K mRNA; 6K noncoding-RNA  
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