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From Yang et al. 2012 Briefings in Bioinformatics 



Reads 

Assembler 

Genome 



Get	
  low	
  amount	
  (1ug)	
  of	
  DNA	
  sample	
  of	
  your	
  interest 

Library	
  prep	
  (1~2	
  days),	
  Quality	
  check 

Sequencing	
  2~3	
  weeks 

assembly:1	
  week	
  or	
  longer 

1	
  months	
  or	
  so,	
  get	
  a	
  genome 



How to get a good genome in a cost-
effective way? 
•  What do you mean by ‘good genome’?	


	

one chromosome one sequence?	



•  How much shall I sequence?	


	

~30 fold illumina data, well it also depends on the assembler 

you want to use	



•  Platform to use?	


•  Data quality	



•  Assembler to choose	


•  A reference genome available?	





•  What kind of data are you getting?	


•  Read quality and error correction	


•  Assembly	


•  How to assess the draft genome	


•  Mapping and chromosomal build	


•  SNP calling, RNA-seq analysis etc. 



•  454/Sanger :  longer reads, more accurate at repeat region; 
cost much more	



Overlap-layout-consensus:	



Phrap/Phred, Lasergene suite, Newbler, CABOG..	


	



•  Illumina : time/money cost-efficient	


de brujin/string graph:	



SOAPdenovo, allpaths-lg, SGA etc. 
Seqwiki : a list of softwares 



Sanger/454: overlap-layout-consensus algorism	


1 run of 454 reads:  500,000 reads à 2.5*1011 pair-wised alignments 

Illumina:	


1 run of Hi-seq 100bp PE: 30Gb data: ~$2500: $0.08/Mb 

PacBio RSII: 4.5kb long on average, ~200Mb data	





Solution?  
Break the trillions of reads into zillions of even shorter fragments (kmer)!   

Mark J. Chaisson et al. Genome Res 2009 

“Hps” 
“bulges” 



•  Error correction: most of the time we’re 
dealing with a diploid genome	



•  Discriminate between sequencing errors and 
polymorphism	



•  Repeat resolution: insert-size of PE library 



•  What kind of data are you getting?	


•  Read quality and error correction	


•  Assembly	


•  How to assess the draft genome	


•  Mapping and chromosomal build	


•  SNP calling, RNA-seq analysis etc. 



Fasta	
  format 

Fastq	
  format 



@FCC0WM1ACXX:8:1101:1922:2135#TAGGAATA/1	
  
TGGGCAATATGCAAAAATGCCAGCGGACCCAACTCAACTCCTTCTCTTTTTTCGATTCCCTTTCCCTTTTGACCATTTCAGTCCCAAAATCCAAATCCCT	
  
+	
  
___ccccdgg]acZ[hdgfffageghidaf`ffdZhiihff[Z_gfYP\R^baccYZ]]_U_bbab]``cbccb]bGKTR[[_]`bcccb]`b	
  
	
  
 

•  FCC0WM1ACXX: instrument name	


•  8: run id	


•  1101: flowcell id	


•  1922:’x’-coordinate of the cluster within the tile	


•  2135: ‘y’-coordinate of the cluster within the tile	


•  #TAGGAATA: index sequences	


•  /1: first end of the mate pair	



Sequences	


	


+	


	


Quality vs. mapping qualityà An explanation here	


	


 



1.  Each base pair has a quality score	


2.   mapping quality/calibrated quality is more accurate than the raw quality 



How to assess the read quality? 







•  There are a couple of reasons you may have bad quality reads:	


1)  Bad quality of DNA/RNA template	


2)  Something goes wrong with the sequencing reagent	



3)  Adapter contamination	



	



•  Base composition is more informative than base quality: You’d sequence 
adapter sequences to very high base quality…	



•  Chop off those base pairs with abnormal base compositions 



./fastq_quality_trimmer	
  -­‐t	
  30	
  -­‐l	
  30	
  -­‐i	
  ../test_data/test.fq1	
  -­‐o	
  test.qualtrim.fq1 



•  What kind of data are you getting?	


•  Read quality and error correction	


•  Assembly	


•  How to assess the draft genome	


•  Mapping and chromosomal build	


•  SNP calling, RNA-seq analysis etc. 



Something I’m perfectly 
happy there’s no need to 
look into it by my eyes.. 	


	


	


A genome-wide de brujin 
graph! 



./fastx_trimmer	
  -­‐f	
  5	
  -­‐i	
  ../test_data/test.fq1	
  -­‐o	
  choped.first3bp.test.fq1	
  & 



How to correct bad-quality reads? 

•  Lots of the ‘corrector’ relies on really high 
sequencing coverage (>50 fold) to call a non-
biased distribution of k-mer so that they can 
correct reads.	



•  Not suitable for polymorphism/pool-sequence 
data	





Some popular correctors 
•  Quake: website	


Quake.py –f [fastq_file_list] –k 31 –p 4	


	


•  SOAP reads corrector:  Download link	


	


•  Coral: Download link	


	


 





Wait a minute, why there’re so many 
assemblers? 
Assembler List 



Let them run! 



hlp://gage.cbcb.umd.edu/recipes/index.html 



short reads                 contigs                        scaffolds                            chromosomes 

 
 
 

  

NNN 

de	
  bruijn	
  graph	
  

How does the assembler work? 

Different insert-length would greatly help the scaffolding process 



Now are you ready to do some 
assemblies? 



•  What kind of data are you getting?	


•  Read quality and error correction	


•  Assembly	


•  How to assess the draft genome	


•  Mapping and chromosomal build	


•  SNP calling, RNA-seq analysis etc. 



half	
  of	
  the	
  total	
  sequences 

•  Contigs: continuous sequences without any gaps 
•  Scaffolds: joined by contigs through mate-pair relationship 
•  Superscaffolds/chromosomes: joined by scaffolds by comparing to a reference 
     genome or using other source of linkage information (physical map, FISH..etc.) 
•  N50 length: how continuous is the genome  
	

the length N for which half of all bases in the sequences are in a sequence of length 
	

L < N.	



•  Gap content: integrity of the genome: gaps/kb, N%	


•  Accuracy: compare to a genome sequence produced by other platform or that of a 

related species	







•  SOAPdenovo and ALLPATHS-lg	


 

SOAP ALLPATHs-lg 

Quite flexible at the input data: 
paired-end, single-end, short insert, 
long insert… 

Has to provide overlapping and 
long-insert library data 

No requirement for sequencing 
coverage 

~100 fold 

Have separate modules for error 
correction, contiging, scaffolding, 
gapfilling 

One button run: the program will 
take care of everything 

At least 8CPUs, 5G memory for 
small genome, 150G for human 
genome 

32Gb for small genome	


512Gb for mammalian sized genome 

Longer N50, but sometimes 
accuracy is not as good as 
ALLPATHs 

Achieve both a good N50 and 
accuracy 



Input: 	

 	

 	

 	

 	

 	

 	

 	

Output:	


•  Configuration file 	

 	

 	

 	

 	

Scaffold sequences, contig sequences	


•  Kmer size: experimental	


•  Cpu number	


	


	


Three different version of SOAPdenovo	


	


SOAPdenovo127mer, SOAPdenovo63mer, SOAPdenovo31mer	


	


For different kmer range	


 



An example of SOAP configuration file 



short reads                 contigs                        scaffolds                            chromosomes 

 
 
 

  

NNN 

de	
  bruijn	
  graph	
  

How does the assembler work? 

Command line: 	


SOAPdenovo31mer all -K 31 -s test.cfg -p 32 -L 500 -o test > outlog 2> errorlog	


	


(half an hour running time with 32 threads)	


	


Let’s see an example using 3G data of a Drosophila genome… 



•  Contig N50, average length, contig number, total size of the 
contigs	



•  Mapped reads %, 	



•  Estimated map-pair distance: is it consistent with what you 
have inputed in the configuration file?	



•  Scaffold N50, average scaffold length, scaffold number, 
assembled size (genome size) 

What to read from the log file 



After Running SOAPdenovo.. 

•  Adjust the k-mer size until getting a better N50	


•  Adjust the insert-length if not consistent	
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•  Post-assembly gap-filling:	


Popular Gap-filler: SOAP-gapcloser; IMAGE	


Gapcloser –a [SOAP resulting scaffold sequences] –b [same configuration file 
you feed to SOAP] –o [name: Best Genome Ever] –p [kmer size] –t [thread 
number]	


/jbods/data00/zhouqi/soft/GapCloser -a test.scafSeq -b test.cfg -o test.gapfilled 
-t 32 1>gapfil.out 2>gapfil.errout &	


àexample	



	



 







•  What kind of data are you getting?	


•  Read quality and error correction	


•  Assembly	


•  How to assess the draft genome	


•  Mapping and chromosomal build	


•  SNP calling, RNA-seq analysis etc. 



•  Setup configuration file telling ALLPATHs to convert the reads 
format : fastqàfastb	



•  Runallpaths:	



Log file:	


Validating Fragment Libraries	



Kmer Spectrum Analysis	


Table 1: library names, number of pairs (N), original (L0) and new 
sizes (L)	



Table 2: fraction of reads in each length interval	


------------------ AllPathsReport -> assembly_stats.report 



What we get from the assembler is 
just a “draft genome” 



•  Assess the assembly: PCR or compared to reference 
sequences	



	

published EST/genome sanger sequences, 
	

compared to a sister species’ genome	



•  Link scaffolds into chromosomal sequences	


•  Gene annotation with RNA-seq data/proteins of 

related species	



•  More downstream analysis: find differential 
expression pattern, annotate regulatory sequences, 
identify copy number variation, population history 
analysis… 



There’re no existent chromosomal 
builder yet.. 
•  Blast/blat your draft genome against a 

reference genome	



•  Pick up a best-aligned scaffold for each site	



	


•  Link them 



454/PacBio/Hybrid assembly 

Illumina	
  assembly 

Gap-­‐patch	
  or	
  
extension	
  by	
  454/
Pacbio	
  	
  
Tools:	
  CABOG,	
  
PBJelly 

Mix	
  the	
  reads	
  together	
  and	
  
perform	
  hybrid	
  assembly:	
  
CABOG,	
  MIRA 



A recipe of genome assembly 

•  Sequence the DNA to at least 30 fold coverage, preferably 
with different insert-lengths and long-insert libraries 	



•  Assess the read-quality, trim them if necessary	



•  Error-correct the reads if there’s sufficient coverage	


•  Assemble the genome with assembler program, test different 

parameter sets until getting a better N50, a lower gap content	



•  Gap-filling the draft genome	


•  Align the draft genome to other genomes to build 

chromosome	



•  Gene annotation, downstream analysis  etc. 



Resources 

http://gage.cbcb.umd.edu 

hlp://assemblathon.org 

hlp://soap.genomics.org.cn	
  :	
  aligner,	
  transcriptome-­‐assembler 

hlp://www.broadinsHtute.org/souware/allpaths-­‐lg/blog/ 

hlp://seqanswers.com 



Thank you! 


