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Goals 

• Produce a reference quality genome for non-
repetitive portion of Phaseolus using primarily 
454 based sequence 

• Scaffold scale contiguity with BAC end 
sequences and fosmid end sequences 

• Construct chromosome scale contiguity with 
dense genetic map 

• High quality annotation using RNA-seq to 
bolster small amount of transcript sequences 



Sequencing for the V0.9 Genome 

• 5 linear 454 libraries (281.6 bp ave. HQ) and 10 paired 454 
recombination libraries (123.1 bp ave. HQ) 

Library Coverage (x) Average Insert Size 

Linear 17.04 NA 

GPNB 0.14 4,806 

GGAS 0.54 6,505 

GXSF 0.11 7,733 

HYFB 0.23 7,962 

HYFA 0.34 7,995 

HYFC 0.31 8,085 

HXTI 0.32 11,847 

GXNX 0.22 12,950 

HXWF 0.17 16,786 

HXWH 0.10 17,087 

TOTAL 19.50x 



Results of the V0.9 Genome 

• Very short 
contigs 
N50=15.8 kb 

• Short 
scaffolds 
N50=391.3 
kb 

• Lots of 
contigs and 
scaffolds 



Why are there so many contigs and scaffolds? 

• Shorter 454 reads 
give us less 
assembled repeat 
content 

• Phaseolus has a lot 
of repeat content 
to assemble! 

• Finished clones 
show significant 
ancestral and 
recent transposon 
activity 



Structural differences due to repeats 

Probe cocktail 
• CB100 CB100A 
• CB110 CB111 
• Subtelomeric repeat, 

khipu 
• 5S rDNA 
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Annotation results for V0.9 

• Loci 
– 26,374 total loci containing protein-coding transcripts 

• Alternative Transcripts 
– 4,347 total alternatively spliced transcripts 

• For primary transcripts: 
– Average number of exons 5.6  

– Median exon length      160 

– Median intron length    202 

– Number of complete genes 25,457 

– Number of incomplete gene with start codon 279 

– Number of incomplete gene with stop codon 597 

 



Additional Data for V1.0 

• 3 BES and 2 fosmid end sequence libraries 

• 6 linear long read 454 runs from two libraries 
(4.5x coverage, 417.9 HQ bps average)  

• Paired V3 Illumina from 2 libraries (2x100, 136 
GBs) 

Library Reads Total Bases 
(MB) 

Mean 
Length (bp) 

Repeat 
Content 

Mean V1.0 
Insert Size 

PVA 89,017 62.5 781 12% 126,959 

PVB 92,160 94.1 1,006 19% 135,292 

PVC 81,408 83.3 1,017 22% 121,960 

VUL 88,320 83.7 936 28% 34,956 

VUK 240,384 242.7 995 28% 36,001 



Assembly of V1.0 

• De-replication of 454 pairs and organelle 
identification 

• Pre-correction of 454 data for 
insertion/deletion errors using V3 Illumina 
reads 

• Assembly with modified Arachne2 

• Removal and cleaning of small contigs 

• Chromosome construction, genetic map 
integration 

• Post correction of remaining consensus errors 



Anticipated V1.0  Result 

465.7 MB incorporated in 
11 chromosomes, 98.7% of 
total bases. 
 
Contig N50 = 38.9 Kb 
 
12 Mb in scaffolds that 
couldn’t be orientated 



Preliminary map integration for V1.0 

1 2 3 4 

5 6 7 8 

9 10 11 

• 6,926/7,018 markers place in the V1.0 genome from the 
Stampede x Redhawk SNP map 

• 81 breaks and 261 joins to make 11 chromosomes 

 



RNA-seq Data Collection for Annotation 

Tissue Reads that can be mapped 

Flower Buds 29M 

Flowers 52M 

Primary Leaves 44M 

Young Trifoliates 40M 

Roots 76M 

Nodules 50M 

Young Pods 49M 

Stem 77M 

Green Mature Pods 100M 



Annotation Example V0.9 



What is left to do for V1.0? 

• Update map based on V1.0 scaffolds 

• Build final pseudomolecule set and correct 
454 errors 

• Final annotation for V1.0 

• Analysis and publication 

 

• We will make 1.0 publicly available as soon as 
the annotation is validated. 
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Assembly of the V0.9 Genome 

• De-replication of 454 paired libraries 

• Organelle and simple sequence screening 

• Assembly with Newbler 2.5.3 

• Post contamination classification of scaffolds 



Annotation Pipeline for V0.9 

• RNAseq transcript assemblies were constructed using PERTRAN 
• RNAseq transcript assemblies and published ESTs from NCBI were aligned to 

genome by PASA 
• Peptides from soybean, Arabidopsis thaliana, poplar, Medicago truncatula and 

grape were BLASTXed to repeatmasked genome and peptides aligned by BLASTX 
were further aligned by EXONERATE 

• Loci were determined from BLAT alignments of PASA EST assemblies and 
EXONERATE alignments of homologous peptides described above with 2K wiggle 
room added. Each locus genomic sequence and homologous peptides and EST ORF 
in the locus were fed into GenomeScan, FGENESH++ and FGENESH_EST for gene 
prediction. A best gene prediction per locus was selected based on EST assemblies 
and homologous peptides alignment support. The selected gene predictions were 
then fed into PASA pipeline where the EST assemblies were obtained for gene 
model improvement including adding UTRs. PASA improved gene model 
transcripts were subjected to filtering based on how good the transcript CDS was 
supported by ESTs and/or homologous peptide, and not overlapped with repeats 
for more than 20 percent. The filter gene model peptides were assigned PFAM, 
PANTHER and gene models were further filtered for those with 30% or more of 
peptides assigned to transposable element domains. 
 
 



Identifying and Classifying Transposons 

• Based on the assembled portion of V0.9: 
– LTR retrotransposons were annotated by the LTR-

Finder program  

– Non-LTR retrotransposons, LINEs and SINEs, were 
recognized by poly A or Poly T motifs as well as by 
the retrotransposase (LINEs) 

– DNA transposons were analyzed using the 
conserved domains of transposases from different 
superfamilies  

– two reported LTR retrotransposons of common 
bean, pva1-118d24-re-5 and Tpv2-6, also were 
included  


