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- Genomes - their coming of age

- technology leaps

- Assemblies and the struggle to cope with cheap and

large data (buzz word: big data...)

- Evaluations and a bit of genome biology



The $1000 Genome



The genome of bread wheat (T. aestivum) is …

•allohexaploid: three “diploid-like” (2n = 6x = 42)
•~17Gb genome size; >80% repeat content
•Highly similar genomes (>97% identity)

TaAA

TaBB

TaDD



Why is the assembly so complicated?



Repeat Structures in Vertebrates and (many) Plants

Plants
Repeat elements up to 20kb
Often intercalated; 
predominantly outside of 
genes

Vertebrates
Dominated by Alu repeats; 
300bp units;
Can be embraced and 
assembled using 
conventional sequencing 
libraries





Output Dimensions







Overview NGS Features

Tiny reaction volumes
High parallelization
Very low cost per bp
Huge amount of sequence information 
(Tbp)

Small reads 
High error rates (~1% illumina, up to 15% 
PacBio)
In part complex error models
Expensive equipment



Applications of NGS

RNA-Seq
DNA-methylation studies
ChIP-Seq
Exome Sequencing
De novo assembly
Genome re-sequencing

DEG, Transcriptome
Methylome, Epigenetics
TF-binding sites, regulation
Variation analysis
SVs, reference genomes
Large scale variation analysis



Oriented vs. Shotgun Sequencing and Assembly

Source: Wikimedia commons



Wheat genome sequencing strategies



The genome of bread wheat (T. aestivum) is …

•allohexaploid: three “diploid-like” (2n = 6x = 42)
•~17Gb genome size; >80% repeat content
•Highly similar genomes (>97% identity)

TaAA

TaBB

TaDD



Reduction of complexity by chromosome sorting





Usage of paired end reads and mate pairs







A Breakthrough in Sequence Assembly

l Novel algorithm for (genome) sequence assembly
l Uses standard Illumina short reads (at high coverage)
l Some specific insert library sizes needed
l Long scaffolds even in presence of high repetitity and large genome sizes
l Fast: 14 days for hexaploid wheat genome (17 Gb!)



Martin Mascher, IPK



gene annotation and results for the IWGSC Refseq v1.0 genome assembly. (A) BUSCO gene model evaluation comparing previous 
bread wheat whole genome annotations with the current annotation and selected grass reference species. 
BUSCO provides a measure for the recall of highly conserved gene models. 

Assessing genome assembly and annotation completeness with 
Benchmarking Universal Single-Copy Orthologs  (BUSCO) 



Triticeae Genomes
-Their Coming of Age-



Gene and Pseudogene Number correlates with Genome 
Size



Genes = "needles in the haystack"



Distinct chromosomal compartments:

Zone 3: the „quite“ neighborhood: 
centromer/housekeeping
Zone 2: the „industrial area“: middle parts
Zone 1: the „innovation quarter“: chromosome
ends/high recombination


