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Polony sequencing: 2010s
Roche (454) pyrosequencing Single Molecule Sequencing:
Illumina (Solexa) sequencing Helicos Biosciences
ABI (SOLID) sequencing Pacific Biosciences
- " Nanopole
The first of the "next-
2000s

generation sequencing
technologies

RNA sequencing 1990s  Lynx Therapeutics' - %é&
Massively Parallel R 7 ** 2
Signature Sequencing ==

ﬁgzﬁ Sanger sequencing: Chain-
- termination method

Maxam-Gilbert sequencing

1970s ) :
~ Next-generation sequencing
Traditional (NGS)

sequencing
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Sanger Polony

Cyclic array sequencing
(>1 0® reads/array)
Cycle 1 Cycle 2 Cycle 3

What is base 17 What is base 27 What is base 3?




Q) m=RuE CAaTRRE) HARKA
HeliScope:

Direct sequencing of DNA molecules:
no amplification stage

DNA fragments are attached to array

Potential benefits:
higher throughput, less errors
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Sequencing Throughput
Read length Cost (1mbp)
Technology (per run)
N1 N1

Sanger ~800bp Sanger 400Kbp 500S
454 ~500bp Polony 500Mbp 60S
Solexa (PE) |2*100bp | Polony | 20Gbp 28
SOLID (PE) |2*75bp | Polony _ 40Gbp 2S
Helicos 30-35bp Single molecule | 25Gbp 1S
SMRT 10000bp Single molecule
Nanopole infinite Single molecule E

Itai Sharon, 2009, Next Generation Sequencing




- HEEN PRV




Short fragments of DNA

AC..GC TG..GT TC..CC

TT.TC CG..CA TGLAC
CT.TG AC..GC GA..GC

GT..GC AC..GC AC..GC

AA..GC AT.AT TT.CC

Short DNA sequences

ACGTGGTAA CGTATACAC TAGGC
GTAA CG CACCCTTAG
CGTATA
 ACGTGGTAA CGTATACACCCTTAGGCCAT

_—

/

ACGTGACCGGTACTGGTAACGTACA
CCTACGTGACCGGTACTGGTAACGT
ACGCCTACGTGACCGGTACTGGTAA
CGTATACACGTGACCGGTACTGGTA
ACGTACACCTACGTGACCGGTACTG
GTAACGTACGCCTACGTGACCGGTA
CTGGTAACGTATACCTCT...

Sequenced genom
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Cut DNA to larger pieces (2Kbp, 15Kbp) and sequence both
ends of each piece (Fleischmann et al., 1994)

~(length—1,000)

N
e I
ﬁ h
~500 bp ~500 bp

15Kbp mates
contig1 — — contig 2

_ N - <
resolving e
[ repeats Jﬁ: = - Better assembly of contigs,
e e gap lengths estimation

2Kbp mates




Low coverage: —

A few pieces
to assemble

©

High coverage:

many pieces
to assemble

a few contigs,

Output

many contigs,
many gaps

a few gaps

©




Coverage
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1995

1996

1997

1998

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

The number of completely sequenced genomes

Doctoral Thesis / Dissertation, Improvement of ab initio methods of gene
prediction in genomic and metagenomic sequences. 2010

by years.
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“And that's why we need a computer.”
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Oh, my God! :

What should I do now?

ﬂ' Massive amount
NGS machnies

of sequence data
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*Phylogenetic
-tree
*Homology

1. Functional
«Genome- .
features genomics

*Bio-function

3. System
biology

«Annotation
*Assembly

oQC

NGS

-Genomics . data  NC AN AF MO MAA MAC AO --- Meta
_ _ genomics
anscriptomics
*Proteomics

Metabonomics




Quality score distribution over all sequences

fwerage Quality per read
2250000
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Sequence Duplication Level == 82.2%
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i#id reference alignmentif i H ¥ tag i =

# reads processed: 27844233

# reads with at least one reported alignment: 22239985
(79.87%)

# reads that failed to align: 5516023 (19.81%)

# reads with alignments suppressed due to -m: 88225
(0.32%)

Reported 26873982 alignments to 1 output stream(s)

SHrERA: Bowtie F1 TopHat

vaEiESL



L)) wipr R &R (QC)

HREREEMERFIN TR thEROERIEEFE
BERX:

» Filter low quality reads BTN
. _ fastqc,
* Filter or trim adapter reads fastq_quality_filter

 Filter PCR duplication reads
* Remove contaminate reads(mitochondrion or other)

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

Filter low frequency Kmer reads(Corrector)

REYERFTFE
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« Contig assembly:

Short reads: Solexa,

Solid

Long reads: Sanger,

454 reads

Hybrid reads: short +

long reads
» Scaffolding

* Gap fixing

AEMERFETE

Assembly
work flow

Software & Pipeline

Transcriptome

ALLPATHS-LG

SOAPdenovo

Velvet & oases

SSPACE

Newbler

Trinity

MIRA

ABySS

.

Y

batch_SSPACE.pl

l No

if Best 3 /7—‘

.~//

Yes

¢

Asse Ebly
results
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The Broad Institute
Eukaryotic Genome
Annotation Pipeline.

Haas, B. J., Q. Zeng, et al. (2011). "Approaches to Fungal
Genome Annotation." Mycology 2(3): 118-141.




Gene
prediction
work flow

NGS|data
Y

Assembly
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Specy
model
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Ab initio

gene prediction
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Genemark ES
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Genewise

Cross validation & integration
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Annotation
off file

Protein .
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Gene counts
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Blast coverage distribution

" query
nr_db

TN I R P NRE B 45 SR
[R5y 5175 55 BT H

‘ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂnn

mmmmmmmmmmmmmmmmmmmm

Coverage

Gene counts

Peptide Length Distribution
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IhEe (Gene function)

Predicted
protein
sequence
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IR FARIH 2 R 7% ---antiSmash 24T

Gene cluster description

» »
 JHIIPKS/NRPS
Gene Cluster 1. Type = tipks-nrps. Location: 199366 - 273838 nt. Click on genes for more information.  Genes and detection info overview

DI e 45 1 4 )
LR (HMM)
T IR AR
I

0034 (type i iterative pks) ° %a: ﬁﬁ %
@ @ ¢ @i BRI R

0035 (nrps) JiR TR BT IR 2K
- @0 @0 -0 ee oo eie |UIHREER

PKS/NRPS domain annotation

Homologous gene dusters %L’\/ftl: : SmMu rf ’

Select gene cluster alignment - antlsmaSh’
unkaown organism h m m pfam
o pddC I ey - e

Alternariz afernasta DNA, AMT genes region, strain: NBRC 895...

Alternaris afternats DNA, AMT genes region, strain: NERC 895...




Genome
feature
annotation
work flow

NGS|data

Y

Assembly i ||

AEMERFETE

Y

Software & Pipeline

RepeatMasker

RNAmMmer

tRNAscan-SE

Rfam_scan

Ripcal

REPET

PseudoPipe

[ LAV A

Function & Result

L1

Masking repeated seqences

rRNA identification

tRNA identification

snRNA identification

—1

RIP
(Repeat Induced Point-mutation)

TE (transposable element) &
SSR (Simple Sequence Repeats)
identification

Pseudogene identification

R T T
P HEDY, F A
HIERE A
DNTIE
- HEFSI
.+ PR

« Non-coding
RNA

« RIP(HEH)

- RN

® %éﬂy %’
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Features Data

Assembly Size (Mb) 37.5
Scaffold N50 (kb) 178
Coverage (fold) 78
G+C content (%) 46. 01
HTFcircosA[ ML, GC Exonic (%) 51.73
T4, A LI EE S GC Intronic (%) 47. 05
U0 A T ik S o Repeat rate (%) 1. 68

Protein—coding genes 9405
Gene density (per Mbp) 250. 8

R EE IR

Exons per genes 2.53
tRNAs 12
rRNAs 19
SM(Secondary 08
Metabolism) genes

A: scaffold 2 TE 15%

B: ORF/gene
C: Gene density (genes per 100kb) * Tl

Repeats coverage (% 0 0.19
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Homology &
evolution
work flow

O
-

rthologous
genes

Paranoid] —

ryotic Ortholog Groups

sequence ID
formatting

if annotated -

species specific
-
genes
= orthology based
Phylogenetic tree

< orthologous &
-
paralogous genes

OrthoMCL

Reference

| comprehensive
families
—>< orphan genes ’
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Yang, E., Xu, L., Yang, Y., Zhang, X., Xiang, M., Wang, C., An, Z., Liu, X., 2012, Origin and evolution
of carnivorism in the Ascomycota (fungi). Proceedings of the National Academy of Sciences.
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Mya), node A
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and node B (24—
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Homology &
evolution
work flow

orthologous
genes

Reference
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4916

5565

+121/-502
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+505/-2590
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5184

+233/-373

Phanerochaete chrysosporium
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S5 Cryptococcus neoformans
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£ +104/-787 4233
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1241/411 SN Fro
h Puccinia graminis

4583

4648

+909/-188

Melampsora larici-populina

(BT Ustilago mayadis

------ 3540

4158

161959 Malassezia globosa

+127/-245

+2259

5799

Neurospora crassa

+182/-156

##  Number of gene families
+ Gene families acquisition
-  Genefamilies loss

Magnaporthe oryzae

Agaricomycotina
Pucciniomycotina
Ustilaginomycotina
Ascomycota

6,519

6,096

3,099

5,044

4,134

3,409
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sal|iwey
EIIETS)

2,373

1,867

507

754

1,141

697

3,304

2,006

1,077

270

1,948

1,974

sueydip

Duplessis, S., C. A. Cuomo, et al. Obligate biotrophy features unraveled by the genomic analysis "of
rust fungi." Proceedings of the National Academy of Sciences 108(22): 9166.
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“group14949:3-carbosxy-cis,cis-mucoante lactonizing enzyme!
group10765:PLP-dependent transferases
group10083:FAD/NAD(P)-binding domain

.. MFS general substrate transporter
S s ArOmatic compound dioxygenase

groupl0037:SGNH hyclmlase

group15943:alpha/beta-Hydrolases
“group13422 hypothetical protein AOR_1_268124 | Ankyrin repeat|Pfs, NACE

group19655-hypothetical protein
S onp18111 Ayt repoar tOC rome
group17883:hypothetical protein
group17873hypothetical protein

group17685:Cytochrome P450
group1 5476 hypothetical protein

group18657. HET domain protein = = 0 Q
group19455.Cytochrome P450 -
group20931 NAD(P)-binding Rossmann-fold domains
group21181 F-box domain
group21732 hypothetical protein
group21734 hypothetical protein
group16521:Cytochrome P450 -
group19990 phytase
group10555: Ankyrin repeat
group14474:P-loop containing nucleoside triphosphate hydrolases
group14954-Cloroperoxidase
group18984:MFS general substrate transporter

0

group16811:Cytochrome P45 - - -
group18653-alpha/beta-Hydrolases
83 el e NFLA_oo1310 N,/Cysg -binding domain

T

mi
[y
M m1i

group19472 Tricorn protease N-terminal domain

group20215hypothetical protein

group17024:Beta-D-glucan exohydrolase

group18302-Aromatic compound dioxygenase

group14401 alpha/beta-Hydrolases

group17495-conserved hypothetical protein

group 18203 Anleyrin repeat eeeccee
group16813:Galactose-binding domain-like

group15164 FAD-binding domain

group16176:(Trans)glycosidases

group20163:hypothetical protein

group13960: Aromatic compound d.mxygenase

group10146- Aromatic

p ompound dioxygenas
group20146:NAD(P)-binding Rossmann- fold domains N Y »

group19040-MFS general substrate transporter AY Hg‘
group20913:Galactose-binding domain-like

group12157.Di-copper centre-containing domain

group16233;predicted protein >, —
group18619-FAD/N AD(P)-binding domain s = I — R NY/
group19483:MFS general substrate transporter

group19526:MFS general substrate transporter ~ 2= b

group21005:Metallo-hydrolase/oxidoreductase
group19065 hypothetical protein

group19127 hypothetical protein NECHADRAFT 84376 B d . N VA . / \
group20176 dent methyltransferases 1 't 1 =
a1 R o Tochs an ate aln—10sSS ’

group21407.Clavaminate synthase-like

group21423 hypothetical protein
group19133 hypothetical protein Veranh) > /_\E ) Vara )
group17842:Probable ACP-binding domain of malonyl-CoA ACP transacylase l Y N l
group1 7853 Glycoside hydolase/dacetylase EE J\ o

e

group18205.Clavaminate synthase-
group15518: Ankyrin repeat

group19643:Heme-dependent peroxidases M2, » VA — VI Y ,
group18198 hypothetical protem —
Bomicisaimonentaliroel T e 1TZ—scoretp! ,

group18699.conserved hypothetical protein
group17033 hypothetical protemn

group16452:MFS general subsu ate transporter —_— » Y l [‘

group15447.Cytochrome P45 )

group12139:alpha/beta- Hydrnlaces -[/ I l ,
group13358:Cupredozxins VAR

group18603 hypothetical protein

group18621 Thioesterase/thiol ester delxyclrase isomerase > Ay
group10592:Gal ] Hydrolases

group14983 e synthase Tike jt ] '

group18577 NAD(P)-binding Rossmann-fold domains

group17320: Alkaline phosphatase-like
group14968 hypothetical protein
group19276: AT hook motif family protein
group10787 alpha/beta-Hydrolases | Metallo-dependent hydrolases | Composite
group19894 hypothetical protein

group18405-P-loop contaming nucleoside triphosphate hydrolases
group19447hypothetical protein
group19599:FAD/NAD(P)-binding domain

group16032:MFS general substrate transporter
group17906-hypothetical protein

group19414:hypothetical protein

group18226:N AD(P)-binding Rossmann-fold domains
group20466:Zn2/Cys6 DN A-binding domain

group16476 hypothetical protein

groupl 1247 alpha/beta-Hydrolases
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Database DB Desc pvalue  casel case2 controll control2 control3
Gene Ontolo
gy SUBFAMILY NOT NAMED 0. 003884 0 0 5 6 5
Funcat Flavodoxin, conserved site 0.005865/ 0 0 5 4 4
KEGG Salmonella v11"u1ence plasmid 0. 008163 1 1 5 4 5
65kDa B protein
KOG/COG
SpvB 0.008163 0 0 3 4 4
__< Chromo domain subgroup 0. 008163 0 0 3 4 4
Protein family Myelin PO protein 0. 009852 0 0 3 4 3
PKS/NRPS Insecticide toxin TcdB 0. 009852 0 0 3 A 3
middle/N-terminal ’
MCL grOUp Integrin alpha beta—propellor 0.009852 0 0 3 3 4
PUTATIVE UNCHARACTERIZED
PROTEIN 0. 009852 0 0 3 4 3

I ttestE G i VA ATl EZ 7T, DA A R R R R B E B =
SR AR ke E A EThRe, AT T lprScan, GO, KOG, A FEHEZL
NIRRT REFRESE R, H el XA FEZRE 55 H 5 9 St o4

ASIES] fjﬁa
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(c)

Lineage 2

Fitzpatrick, D.A. (2012)

Horizontal gene transfer in fungi,

FEMS Microbiology Letters.

AEMERFETE

GC content (%)
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Chromosome position

400 000
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Fig. 1. Detecting incidences of HGT. (a) Patchy
phyletic distribution, gene of interest is not
found in closely related relatives, and
orthologs can only be located in distantly
related species. (b) Gene of interest located in
conserved synteny block and absent from
closely related species. May also indicate a
gene loss but similarity-based searches can
help validate if it is a potential HGT event or
loss. (c) Phylogenetic inference, species gene
tree on the right differs from gene tree on the
left. Phylogenetic incongruence can be used to
detect HGT and also determine the donor
species. (d) Codon usage variation, native
genes have a preferential codon usage pattern
(blue dots); recently transferred genes have yet
to ameliorate to their new hosts genome and
still display the codon usage pattern of their
cognate genome. (e) Variation in GC
composition along a chromosome may
indicate that alien genetic material has
recently been acquired. In this case, the
transferred DNA has a GC content lower than
the recipient genome.
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