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Next Generation Sequencing and Assembly

e Platforms and strategies: NGS -- SOLID, Illumina and

454 GS FLX SOLID 4.0

Recent de novo assemblies

copyriaht 2008 Nature Publishing Group

Table 1. Assembly statistics for maize, horse, panda, blue-stain fungus (G. clavigera) and P. syringae genomes
and their cost

B73 maize Domestic horse* Giant panda’ G. clavigera* P. syringaet

Genome length 23Gb 25-27Gb 24-25Gb 325Mb 6.1 Mb
Sequencing technology/ies Sanger Sanger lllumina Sanger, 454, Illumina lllumina
Number of contigs 125,325 55316 198,274 3,361 1346
Contig N50 40 kb 112kb 40kb 32kb 11kb
Number of scaffolds 61,161 9687 81,469 2322 71
Scaffold N50 76 kb 46 Mb 13Mb 782 kb 317kb
Estimated sequencing cost $30 million $15 million $0.6 million $100,000 $4,000

Contiguity statistics are calculated for *contigs and scaffolds 1 kb or longer and *contigs and scaffolds 100 bp or longer.
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Second generation sequencers

illumina: Solexa

Applied .
Bigspystems SOL1D

3

5

Metagenomics
De novo sequencing

RNA-seq

De novo sequencing
RNA-seq,
Re-sequencing
ChIP-seq,

Meth-seq

Re-sequencing
ChIP-seq
RNA-seq

Novel
genome(s)

Both types

“known”

Genome
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CPU: 960(core)

IEEEI‘II[EE’!EE"E[ .........

Aggregation Capabilities:10. 2TFLOPS
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+ Corona_lite

Advanced analysis:
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Sequencing Glossary

Reads. A collection of clones that over-sample the target genome.

Pair-end reads. Sequence reads derived from both ends of a
sequencing-library clone.

Mate-pair reads. Sequence reads derived from both ends of a
mate-pair library clone which insert size 1s usually >1kb.

Insert size. The size of the clone-msert from which a clone-end
pair 1s taken.

Contig. The result of joining an overlapping collection of
sequence reads.

Scaffold. The result of connecting non-overlapping contigs by
using pair-end reads.

N50 size. As applied to contigs or scaffolds, that size above which
50% of the assembled sequence can be found.
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de novo assembly
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Genome assembly strategy
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Scaffold

|
TO Contig
_T0

IS | | MONDAY | |_TODAY |

contigl  contig2
Contig assembly

contig3 = Stone
Scafffolding

Contig A Gap Contig B

1. align the paired end s - - - — — - - - - —

reads onto draft — i - —

sequence — - — — - - - - - —

2. local assembly of the | |

aligned reads; new > ! :

contigs are produced : New contigs

3. gaps are now shortened. __ — 22

Repeat the whole procedure o @ — - - —

ina few iterations i ]
; S—----— New reads can be
— - — " alignad with the presence
E — - - - - — of extended reference

i Merged contig

| |

4. The gap Is now closed —

Internal gap closing
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Table. Basic information of Rrecently sequenced genomes.
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Recent whole genome sequencing projects

Organis  Genome Contig Scafjyolds
m size strategy  Coverage
© # N30 Max Total # N30 Max Total
Human  3.0Gb Solexa  45x 2.76M  1.5Kb  18.8Kb 2.18Gb  NR NR NR NR
Sangr+ 4x+
Apple 742.3 Mb :Z’g ! ‘1’ f ‘ﬁ. 122,146 16,171 NR 603.9Mb 1,629  102Kb  NR 598.3
Castor ~ 320Mb Sanger  4.59x 54,000 21.1kb  190kb  324Mb 25828  496.5kb  4.7Mb  350.6Mb
‘apevi Sangr+
f’ eV soomMb ::f:g’ 7x+4.2x 58,611  18.2Kb  238kb  53IMD 2,093  1.33Mb  7.8Mb  42IMb
Panda 2.4Gb Solexa — 74x 200,604 36,728 434,635 2.25Gb 81,496 1.22Mb  6.05Mb  2.30Gb
454+sole  24.5x+6.
Straberry  220] 28,072 215349 202 2 44 1] 214]
Straberr) oMb torid  geisan 16487 2807 15,349  202Mb 3,263  1.44Mb  4.1IMD 14Mb
454+san 16. 7x+
Cacoo 430MD gertsole " 25912  19.8kb  190Kb 2914 4,792 473.8Kb  3415Kb  326.9Mb
xa ’
454+san  31x+3.6x
Tomato 900MbD ger+sole  +82x+ 110,872 55.7kb NR 763MD 3,761 4.45Mb NR 782MD
xa+solid  140x
54+ x+106x
Potato 840Mb 434+sole LIX*I106X 111107 31Kb  NR 683MD 66,301 387Kb  NR 727Mb
xa+solid  +0.2x

18
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Flowchart of the WGS de novo assembly

Solexa part 454 part
Genomic DNA Genomic DNA
\ |
DNA fragmentation, construct paired- DNA fragmentation, construct
end libraries with variant insert sizes fragmented libraries
I |
Generate sequencing reads using Generate sequencing reads
Illumina GA technology using 454 technology
! l
Sequencing pre- Sequencing
process error correction
v |
Output contigs Outpu’E contigs
and mini scaffolds
v
Hybrid assembly and scffolding

Fill in intra-scaffold gaps and get the final scaffolds

19



raw data pre-process
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Filter low quality reads

7~

Filter or trim adapter reads

AY d

Filter PCR duplication reads

-

\

Remove contaminate reads(mitochondrion or other)

-

~

Split tandem repeat reads (di or three-nucleotides) [option]

7

\

Filter low frequency Kmer reads(Corrector)

\4
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Quality Control
 GERALD Summary.htm
%
I ane ifelifl Clusters|Clusters C;S:le 12111ttteellls;tg %PF |% Align/Alignment| %ZError
(kbases) (raw) | (PF) mi(PE)| cycles Clusters| (PF) |Score (PF)lRate (PF)
(PF)
07464 | 87676 | 75 86.17 89.76 | 99.06 | 102.41 1.30
1 | 526305 | +/- +/- +/- +/- +/- +/- +/- 4/-
4878 | 9219 21 5.25 5.95 0.25 1.62 0.22

21
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Fastq and Quality

Solexa reads of the Fastq format

s 1 1 sequence.txt...

@HWI-EAS724_0001:8:32:374:374#0/1
GAGCTGTATATGAATAATAGTTCGTTTTTCATTATCCAAGATGGATCGGTATAAAGTCTGCTAAAATAAAGGTACAACG
+HWI-EAS724_0001:8:32:374:374#0/1
fcfcfggdfggggfggggcggggggggfgggggcgggtWwgggggggggfgcggdgecgecggggtachbb] [bgcggggad

s 1 2 sequence.txt ...

@HWI-EAS724_0001:8:32:374:374#0/2
TACCGTTAATAGCAGTAATATCATAATAGTAATAGCATCATAACGGTAGTCCCATAAAAGTGTGTCAGTAGTAGTAGTA
+HWI-EAS724_0001:8:32:374:374#0/2

g99gfgggggd_adcggggeggfggeggegf geececdegggggfegcfegggegggfgacaced bd__\_c[[Yb

[Numina 1.3 format encodes a Phred quality score from 0 to 40 using ASCII 64 to 104

error probability (p):

Qsanger = —10 loglop Qsolexa-prior to v.1.3 — —-10 10g10 1 fp

# for solexa: p=0.01,Q=19:p=0,05,Q=128.p=0.10,Q=9.5:

# for phred: p=0.01,Q=20:p=0.05.Q=13,p=0.10, Q= 10;
22
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Data assessment I — Read quality distribution

Base quality distribution of Solexa Sequencing library
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Data assessment 11 — Library insert size

Distribution of library insert size in Solexa sequencing
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Insert Size (bp)
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Data assessment 111 — Mapping Rate

Solexa si

ngle end (F/R) mapping rate

~—-500bp solexa
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Data assessment IV — Duplication assessment

Solexa Sequencing Data Usage in S00bp Library

——# lane usage

5 -~ Cumulative lane usage

10 -

| 2 3 4 5 o6 7 8 9 10 11 12 13 14 15 16 17 18 19

Solexa Lane 26
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Duplicates detection and filter

F R
— . -

2N

Duplication rate vs Length for Duplication
100
8O o B
60
50 02
a0 Qaverage >20 °
0

== 300bp
== 1k-2k
e 2k-3k
——4k-5k
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Platform |  Correction Assembly
. SOAPdenovo |
| Solexa | SOAPdenovo | yelvet, Abyss |
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454 - newbler |
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