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What	can	we	do	with	an	assembly?	

Since	we	can	never	know	the	actual	sequence,	
or	its	varia%ons,	valida%ng	an	assembly	is	tricky.	
	
But	once	you’ve	used	all	the	assemblers,	which	
assembly	should	you	choose?	
Should	you	trust	it?	
Is	it	good	enough	to	start	annota%ng?	



Reads	

As	we	discussed	earlier,	the	connec%on	between	
assembly	and	reads	are	commonly	lost,	as	most	
assemblers	are	(at	least	in	part)	de	bruijn	graph	
based.	
How	well	the	reads	match	the	assembly	is	
crucial	for	the	assembly’s	reliability	though.	



Data	congruency	

	
	

Read-pairs	in	par%cular	are	useful	when	mapped	
back	to	an	assembly.	We	can	look	for	things	like:	

• no	read	coverage	
• paired	reads	in	different	con%gs	
• too	long/short	pair	distances	
• reads	in	wrong	direc%on	



How	do	we	map	the	reads	back?	

•  Many	tools	available,	we	commonly	use	BWA,	
Burrows	Wheeler	Aligner,	or	bow-e	(which	is	
also	based	on	the	Burrows	Wheeler	
transform).	

•  Read	mapping	is	a	very	simple	problem	
compared	to	de	novo	assembly,	but	can	s%ll	
be	confused	by	troublesome	genomic	regions.	

	



BWA	

The	Burrows-Wheeler	Transform	is	originally	a	
data	compression	algorithm	that	reversibly	sorts	
a	string	of	characters	into	runs	of	similar	
characters.	This	can	be	used	to	create	a	very	
efficient	index	of	the	target	sequence.		
In	short	–	read	mapping	becomes	a	quite	
efficient	opera%on	that	is	generally	always	
worthwhile.	
The	result	files	can	be	a	problem	though…	
	



SAMtools	and	the	SAM/BAM/CRAM	format(s)	

One	of	the	few	formats	that	bioinforma%cs	have	
(more	or	less)	a	standard	format	for	is	the	SAM	
format	for	read	mappings.	
The	SAM	format	itself	is	a	plain-text	format	of	
read-coordinates.	
SAM	files	can	be	converted	to	binary	BAM	files	
which	are	more	compact,	or	CRAM	files	which	
are	compressed	even	further.	



SAM	format	

SAM	format	is	“readable”	in	that	it	looks	like	
this:	
	

Sequence Alignment/Map Format Specification

The SAM/BAM Format Specification Working Group

2 Sep 2016

The master version of this document can be found at https://github.com/samtools/hts-specs.
This printing is version e087be0 from that repository, last modified on the date shown above.

1 The SAM Format Specification

SAM stands for Sequence Alignment/Map format. It is a TAB-delimited text format consisting of a header
section, which is optional, and an alignment section. If present, the header must be prior to the alignments.
Header lines start with ‘@’, while alignment lines do not. Each alignment line has 11 mandatory fields for
essential alignment information such as mapping position, and variable number of optional fields for flexible
or aligner specific information.

1.1 An example

Suppose we have the following alignment with bases in lower cases clipped from the alignment. Read r001/1
and r001/2 constitute a read pair; r003 is a chimeric read; r004 represents a split alignment.

Coor 12345678901234 5678901234567890123456789012345
ref AGCATGTTAGATAA**GATAGCTGTGCTAGTAGGCAGTCAGCGCCAT

+r001/1 TTAGATAAAGGATA*CTG
+r002 aaaAGATAA*GGATA
+r003 gcctaAGCTAA
+r004 ATAGCT..............TCAGC
-r003 ttagctTAGGC
-r001/2 CAGCGGCAT

The corresponding SAM format is:1

@HD VN:1.5 SO:coordinate
@SQ SN:ref LN:45
r001 99 ref 7 30 8M2I4M1D3M = 37 39 TTAGATAAAGGATACTG *
r002 0 ref 9 30 3S6M1P1I4M * 0 0 AAAAGATAAGGATA *
r003 0 ref 9 30 5S6M * 0 0 GCCTAAGCTAA * SA:Z:ref,29,-,6H5M,17,0;
r004 0 ref 16 30 6M14N5M * 0 0 ATAGCTTCAGC *
r003 2064 ref 29 17 6H5M * 0 0 TAGGC * SA:Z:ref,9,+,5S6M,30,1;
r001 147 ref 37 30 9M = 7 -39 CAGCGGCAT * NM:i:1

1The values in the FLAG column correspond to bitwise flags as follows: 99 = 0x63: first/next is reverse-complemented/
properly aligned/multiple segments; 0: no flags set, thus a mapped single segment; 2064 = 0x810: supplementary/reverse-
complemented; 147 = 0x93: last (second of a pair)/reverse-complemented/properly aligned/multiple segments.
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There	is	a	lot	of	good	informa%on	in	there	
though!	

CIGAR string 

Tags 



Feature	Response	Curves	(FRCs)	

Looks	for	regions	that	
has	suspicious	sta%s%cs,	
“features”.		
A	perfect	assembly	
would	have	zero	
features.	
	

•  Low/High	coverage	
•  Low/High	paired	
coverage	

•  High	singleton	count	
•  High	span	(pair	on	
other	con%g)	

•  High	ou%e	
•  Compression/Stretch	

hdps://github.com/vezzi/FRC_align	



REAPR	

REAPR	(Hunt	et	al.	2013)	

Uses	same	principle	of	FRCurve:	
•  Iden%fies	suspicious/erroneous	

posi%ons	
•  Breaks	assemblies	in	suspicious	

posi3ons	
•  The	“broken	assembly”	is	more	

fragmented	but	hopefully	more	
corrected	(REAPR	cannot	make	
things	worse…)	



How	was	the	sequence	produced?	

MEGAN is a useful and widely applied tool for the
exploration of metagenomes, as evidenced by several pub-
lications.47,48 However, it appears that even though se-
quences of 100 bp are considered to be long enough to
identify a species with MEGAN, perhaps better results
would have been achieved with longer lengths, since shorter
read lengths have been correlated with under-prediction.43

As indicated by Table 2, the SISPA-amplified sample not
only showed bias in amplification (as in coverage over the
genome), it also shifts the result toward the dominant ge-
nome in the composition. This indicates another bias in-
troduced by the amplification, where the dominant genome

seems to be favored for amplification compared to the
underrepresented. Combined, these 2 biases can produce
serious problems in detection of viruses in relatively low
quantities compared to the dominant genome in the sam-
ple. These results are comparable to those of previous in-
vestigations into low-input amplification of viral genomes
as well as whole-genome amplification by SISPA.45,49 If
this holds true in a larger sample set, it would strongly
discourage the use of SISPA for metagenomics where the
target agent is suspected to be in the background—for
example, analysis of complex diseases, or for semi-
quantitative analyses. The amount of reads classified in the

Figure 2. The number of sequencing reads in taxonomic groups
classified by MEGAN using LCA parameters Min support 5,
Min Score 50, Top Percent 10, and Min complexity 0.44. As
noted in Table 3. Results for both AFSV and APMV-1 are low
compared to the results in Table 2, which should be taken into
account studying the figure.

Table 3. MEGAN Classified Reads Using LCA Parameters Min
Support 5, Min Score 50, Top Percent 10, and Min Complexity 0.44

Classification
SISPA-amplified

Reads
Unamplified

Reads

Adenoviridae 410,453 231,452

African swine
fever virus 20 27

Avian
paramyxovirus 119 68

Other sequences 12,710 3,055

Not assigned 49,877 18,616

No hits 167 95

Low complexity 28,441 77,023

Figure 1. Comparison of coverage by mapping the reads to the Ad2 reference genome using Bamview. Amplified and unamplified
samples are mapped together overlapping. Shown is the discrepancy between the amplified approach and the unamplified approach.
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Many	library	prepara%on	techniques	will	affect	
the	sequencing	output.	As	shown	by	this	figure	
from	a	virology	
paper,	whole		
genome		
amplifica%on	
(WGA)	can		
severely	alter		
the	coverage	
profile.	



Repeats	

Single-copy	sequence	

Kmer	content	

As	you	remember	from	earlier,	the	kmer-spectra	
tells	us	what	informa%on	is	in	the	READS.	

Noise	



KAT	

Going	back	to	KAT	(Kmer	Analysis	Toolkit),	we	
can	extract	the	kmer-content	of	the	assembly	as	
well	as	the	reads.		
With	this	informa%on	we	can	compare	if	the	
kmer	informa%on	in	the	reads	correspond	well	
to	that	of	the	assembly.	



8.2 Some heterozygous assembly scenarios

One of the most interesting scenarios for this tool is the assembly of heterozygous
genomes. Since the kmer spectra clearly shows di↵erent distributions for both
the heterozygous and the homozygous content, it is relatively easy to know how a
perfect reconstruction assembly should look like. Interestingly, most assemblies
don’t look like that at all, presenting duplications, inclusion of extra variation,
etc.

Figure 19: Copy number plots for the C.fraxinea “Tree35” assembly from PE
only data using standard parameters.

a) b)

Figure 20: Copy number plots showing how (a) single haplotype mosaic or (b)
separated haplotypes C.fraxinea “Tree35” assemblies would look against the PE
spectra.

Besides the obvious insights and the possibility of comparing di↵erent results,
we are also working on using this kind of analysis to help improve the assemblies,
but that still, as of now, lies outside the scope of KAT.
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Comparing	kmer	content	of	reads	vs.	assembly	

In	this	graph	we	see	a	diploid	assembly	(thus	the	
two	peaks),	colored	by	kmer	content.		

	 	 	 	 			This	plot	shows	
	 	 	 	 			several	kmers	being	
	 	 	 	 			used	mul%ple	%mes	
	 	 	 	 			more	in	the		
	 	 	 	 			assembly	than	in		
	 	 	 	 			the	read	set.		



Comparing	kmer	content	of	reads	vs.	assembly	

There	are	two	ideal	kmer	contents	for	this	
assembly;	a)	shows	the	ideal	kmer	content	from	
a	haploid	assembler,	and	b)	show	the	ideal	kmer	
content	from	a	diploid	assembler.	

8.2 Some heterozygous assembly scenarios

One of the most interesting scenarios for this tool is the assembly of heterozygous
genomes. Since the kmer spectra clearly shows di↵erent distributions for both
the heterozygous and the homozygous content, it is relatively easy to know how a
perfect reconstruction assembly should look like. Interestingly, most assemblies
don’t look like that at all, presenting duplications, inclusion of extra variation,
etc.

Figure 19: Copy number plots for the C.fraxinea “Tree35” assembly from PE
only data using standard parameters.

a) b)

Figure 20: Copy number plots showing how (a) single haplotype mosaic or (b)
separated haplotypes C.fraxinea “Tree35” assemblies would look against the PE
spectra.

Besides the obvious insights and the possibility of comparing di↵erent results,
we are also working on using this kind of analysis to help improve the assemblies,
but that still, as of now, lies outside the scope of KAT.
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Ques%ons?	

Also,	there	is	coffee	before	the	exercise!	


