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Fragment Assembly
As we saw in Lecture 10, efficient DNA Fragment Assembly is performed in four steps:

Find overlapping reads
Merge reads into contigs
Link contigs into supercontigs
Derive consensus sequence
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Steps 1 and 2, and the associated vocabulary, have already been covered in the lecture
notes for Lecture 10.

At present we shall continue where we left off at Step 2, having obtained a contig graph
(see Fig. 1) where reads have been merged up to the boundaries of repeats.
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Fig 1. Contig graph structure



Aside on repeats
It is clear that repeats are generally problematic for our algorithm.

However, in two cases we can easily detect them and treat them appropriately:

e if they are either shorter than the read length (because reads that span the
repeat will disambiguate them)

e if they have a higher rate of pair diffs than our sequencing error rate (because in
that case our algorithm will directly be able to differentiate between them)

In other words, we can decrease the rate of problematic repeats for our algorithm by
increasing read length and/or decreasing sequencing error rate.

In practice, the error correction performed by our algorithm corrects up to 98% of
single-letter sequencing errors.

Step 3 - Link contigs into supercontigs

a) Identify unique contigs
Once we have our contig graph from Step 2, we need to determine which of the contigs
are “unique” contigs, and which are “overcollapsed” (repeat) contigs.

We can do this using two criteria:

e Density of reads (e.g. a high density indicates an overcollapsed contig) (see
example in Fig. 2)

e The number of incident edges in the contigs graph (e.g. if a contig has several
incoming and outgoing edges then it is a repeat) (see Fig. 3)
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Fig. 2: Unique contig (of left) vs. denser overcollapsed contig

Fig. 3: Overcollapsed contig (in center) with several incident edges



b) Chain together unique contigs
Once we have identified the unique contigs, we can use paired reads to find links
between them (i.e. if the left read of a pair is at the end of contig A, the right read is at
the start of contig B, we deduce that A is to the left of B in the contig chain). The
resulting chain is made up of supercontigs (made up of contiguous unique contigs), and
gaps which correspond to the repeat contigs (see Fig. 4).
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Fig. 4: Unique contig chain

We can then fill in the gaps with the repeat contigs, using the contig graph from Step 2.

Step 4 - Derive consensus sequence
We now have a chain of contigs, which are each made up of many overlapping reads. All
that remains is to derive the final sequence of bases.

We choose each base by weighted voting among all the overlapping reads (see Fig. 5).
Another possible approach is to take the maximum-“quality” base.
TAGATTACACAGATTACTGA TTGATGGCGTAA CTA
TAGATTACACAGATTACTGACTTGATGGCGTAAACTA
TAG TTACACAGATTATTGACTTCATGGCGTAA CTA

TAGATTACACAGATTACTGACTTGATGGCGTAA CTA
TAGATTACACAGATTACTGACTTGATGGGGTAA CTA

TAGATTACACAGATTACTGACTTGATGGCGTAA CTA

Fig. 5: Weighted voting to build consensus sequence



Some assemblers
Some assemblers that are used in practice are:

PHRAP
o Early assembler, widely used, good model of read errors
o Overlap O(nz) -> layout (no mate pairs) -> consensus
Celera
o First assembler to handle large genomes (fly, human, mouse)
o Overlap -> layout -> consensus
Arachne
o Public assembler (mouse, several fungi)
o Overlap -> layout -> consensus
Phusion
o Overlap -> clustering -> PHRAP -> assemblage -> consensus
Euler
o Indexing -> Euler graph -> layout by picking paths -> consensus

Quality of assemblies

Paired-read-distance distribution

A major factor in assembly quality is the distribution of the distances between paired
reads that we use. In practice we use paired-read-distances from 2k up to 150k: shorter
distances allow us to efficiently link nearby contigs, while longer ones link far-off contigs
which may be separated by very long repeats.

Reads with small (<20k) paired-read-distances typically use plasmid vectors, whereas
very distant paired reads (150-200k) use BAC vectors.

Mouse genome example

As a sample distribution, consider the case of the assembly of the mouse genome (see
Table below).



Tabla 1 Distribution of sequence reads

Inzart sze (ko) Vactor Reads {miicns) Baszast folons) Saquance coveraget Prysical coverage$
Al Iisad Parad Assamblad Told =Phred20 Tola =Phred20

2 Plasmid 38 a7 34 29 1.8 1.5 0.7 081 12

4 Plasmid na 24.7 221 215 14.7 126 5.89 5,03 17.7

[} Plasmid 1.2 1.0 0.8 08 05 05 0.22 019 1.0

10 Plasmid 25 24 2.1 1.7 1.3 1.0 052 0.42 43

40 Fosmid 21 1.3 1.2 1.1 Q8 05 026 0.21 93
150-200 BAC 04 0.4 0.4 0.4 oz 0.2 0.08 007 147

Othar| Plasmid o007 0.05 0.03 0.04 o 0.03 0.01 0.01 0.02

Tela 414 33.6 2.7 284 19.2 183 788 853 47.2
Cantra Reads jmilions) Bazast [pfons) Saquence coveragat Pryscal coverage§

Al Usad Parad

Assamblad Told >Phrad20 Tola >Phred20

10.7 9.2 428 368

Whitehead Instiute 222 18.0 15.9 187

Washington Univarsity 1.5 7A 47 39 1.87 1.57
Sangar Instiuta &7 4.7 33 2.7 1.08
Univarsity of Utah 08 05 03 03 011
The Institute for Ganomic Resaarch 05 04 02 0.2 0.08
Teta 414 284 18.2 163 653

*The approvdimats maan siza of insarts of vadous libraras. Each library was indiidualy tracked and ewaluated. Insert dzas wana inindad 1o cover & namaw rangs &s detenminad ampincally against
assambled saquenca.

T Bases refers to the bases presant in the used reads after rimming for quality.

1 Sequence coverage estimated on he basks of all used reads after timming for quality and a 2.5-Gb euchromatic genome. This axdudes the heterochromatic portion, which cortaing exensiee amays of
tandarmly repeated saquencs such a5 that faund in the cantromerss, rDNA saglites and the Spi00-rs array.

4§ Physical coverage rafars to the bial donad DNA in the paired reads.

| Canzists of a small number of unpaired raads and BAC-based reads used for mathods development and consistency chacks,

N50 contig length
To quantify the distribution of contig lengths, a commonly used metric is the N50 contig
length, which is defined as follows:

If we sort contigs from largest to smallest, and start covering the genome in that order, N50
is the length of the contig that just covers the 50th percentile.

Continuing with our mouse genome example, the Table below contains the N50
statistics for the assembly of the mouse genome:

Tama 2 Basie statisties of the MGSCv3 assembly

Features MNumbar MED length o) Bases (Go) Bases plus gaps (Go) Parcantage of gancme
Al anchorad contigs 176,471 259 2372 2372 4.9

Al anchored suparcontigs arT 18,600 2472 2477 8.1

Al utracontgs a8 50,800 2,472 2,493 9a.7
Unanchored contigst 48,243 23 0106 0106

Lamgest 200 suparcontigs 200 18,700 2.352 2455 98.2
Largest 100 supercontigs 100 22,800 1,955 2,039 B1A

*Mat induding gaps.
T Calodated an the bags of a2.5-Gb euchromatic ganame, Indudes spanned gaps,

1 Tha unancharad cartigs, graupad int 44,166 unancharad suparcantigs with an NS0 valua of 3.4 kb, Tha N5D walus far al cortigs is 24 8 kb, and for &l supercantigs is 16,900 kb fxcuding gaps
nspecion suggasts that mast of fhase unanchared cortigs fal inta gaps in the ultracortigs and ara thus accourted forin the bases pus gaps’ estimate,



