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Whole Genome Fragment
Assembly of Zymomonas
mobilis and Its Metabolic

| W’ Pathways
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Introduction

= Genome Sequencing project
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_ Introduction (cont’d)

" u Random shotgun method

s 1970 CH 2 0fl Frederick Sanger & S22 =%
S0l 2ol notel & ™

« XS DNAZ2ES TEIGHH Jefiol 2 Al MES
gHEN Ot €8

= Pattern matching, dynamic programming, HMM model
S Us Marst 2112|550 22E
» 82, F0b2, 212 F 2L 700 O OlMES2 &Al
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Whole-genome Sequencing
Strategy

» Random small insert and large insert library
construction

» Library plating

» High-throughput DNA sequencing
= Assembly

» Gap closing

s Editing

» Annotation
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Random shotgun method (cont’d)
s Q5 2I| NS data® 20|

X240 o8t Y2 WX @S

2
» DNA X212 & 22| ZJ| A€ data®l readS= 25 A Z0il

24
ol SSRO0IPR L readdata 2N HE2S HO0IS 2HEE [}

P, SHEX @2 S0l &=,
| : readS9 EZ 20].
G : &8H HIAEe 20].
n:. 28 %
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Difficulties
. Repeated/duplicated Region

m Lack of Coverage

s Sequencing Error

= Unknown Orientation
m Chimera

Difficulties
~Repetitive / duplicated regions

s Repeated/duplicated Region

A X B8 X C R
X KE K X XC Xt —11':_;:._ —=-
x:x[)(c.x: y———
Fragment A X B Xt Xr €
. Xl " Xe Xr
sampling \T\\\ -/ Shortest reconstruction
—
\ I / \ =
\\ \ I I . \ Coroct raconsiriction




Difficulties
Using mate-pair information

= Mate-paird £ & 0| & 8t gap-filling 2 & 1t

contig-ordering

Raasdt """~ Reawz

Insert
Vector

o J”j:‘;»‘::—_,"‘m w——""“m"‘ ——
s P B S «“,"/ e TN,
A o 7 A7 O N
Ny N W — _—
Conbg + Contig 2 + Contig 3
d Gap 1 Gap 2

Fragment Assembly

m  Popular assemblers
» Phrap, TigrAssembler, CAP3, Celera Assembler

»  Usually implemented the ‘overlap-layout-consensus’ strategy

.. Pair-wise alignment between every two sequencing-
data(read).

. Laying out reads, merging reads overlapping another.
5. Making consensus sequence from layout of reads.
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Fragment Assembly
| Assemble 2t&

- Shortest Common Superstring problem -

Lalcla[r]ofc]afc]T]a]
[als]r[+]s]c]alc]T]]
(alr]elcafc]r]c]o]c]
Lrlrafric]c]afc]r]4]
[alclalr[clclalc]Tial
[alofr[a]alc]a[c]T]A]
[a[r]e[c]aJcfrjcfafc] [rjajajr][ec[ajc]r]a]

[alclalt[c]clafe|ria[c]c|a[c]r]a[a]T]c[c[a]c][T]a]

Fragment Assembly
. &R algorithm= (cont d)

m pair-wise comparison algorithm
= Needleman-Wunsch algorithm (global alignment)

a Smith-waterman algorithm (local alignment)
FASTA (William Pearson)

BLAST (altschul)

MSA(Multiple Sequence Algorithm)
PSI-BLAST

s In PHRAP, banded smith-waterman algorithm.




Fragment Assembly
1. Unitig / Scaffold analysis (contig ordering)

2 W

Unitig

?

v
A 4
v

scaffold

Fragment assembly of Z.mobilis
ey —
« Data JI2 L 24 MOIS IS TR OYUES
» AF2 20 : Python / Perl
= Data Jt3 : 9
P

« Low-quality™ & T H, assemble & EHIt XS5t 2 F& A
o=

-

» Data &4 : 2000
» ReadE 2| UHE AR} T+, contigs & 3 J| 24, ordering
A £E, UIAA Al read(chimera)E 2 S.




Fragment assembly of Z.mobilis

1 Xt Assembly

s read =0fl ([} 2 contig == B &}

e --- No Filtering
AT — Filtering/Trimming
119" AR
/ 1,148
’ ~1,031
— 7
<'_1,000 . o3
W 1
fey !
< !
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© 500 _ 5’46
— 487
388 375 - -340(58,987)
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7.8x
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Fragment assembly of Z.mobilis

1 At Assembly (cont’d)

s 210/Jt 10K O| &2l contig= 2| & & 0|

2 AM [ 7T e o ST TmmmmmmTTTmmmmToomme e
-~ No Filteri 2.01M
M o Filtering =7 20M
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:
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'
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reads ==
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Fragment assembly of Z.mobilis

1 Xt Assembly (cont’d)

m 1 X} assemble =& 2=
= 2820 contig.
SAEN SK.

» Mate-pair& £ I}

Fragment assembly of Z.mobilis

2 Xt Assembly

» OffsetOl 500bp~5000bp OILHOl U= read=

= 43671 contig.
» Mate-pair2@ £0t =&,

SR

s
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Fragment assembly of Z.mobilis
% & Contig

= ContigS 2t2] FAE 2 2 mate-paird 2 S
Ol Eot0 8I0 2| & Al scaffold Al =,

NN .
i

Fragment assembly of Z.mobilis

s 384 2] FOSMID data, Pmel, Pacl, Notl & 2304 =2 & X0l
2 5t physical-map At 2.
= 12702 ordered scaffold 48 4.
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Fragment assembly of Z.mobilis

Contig - ordering (cont’d)

01 el DDy

20) 0]
sco ‘W

40) 48 N
N e S I

49] 31 36, 2 16,
sciz L0 2 L9y

Fragment assembly of Z.mobilis
Contig - ordering (cont’d)
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Fragment assembly of Z.mobilis
_ Annotation

= ORF prediction 2 ZEQJHE 0|28 & M|
genome sequenceS gene s d 0| =
== =
T =.
« Glimmer / GeneMark S
« HMM model2 AIS &

m ORF sequenceE &4 &l gene= 2l sequence= 1t

H ol 2 ORFE2 Jls =4,
Fragment assembly of Z.mobilis
Annotation (cont’d)

m 21120 SR & A

Information storage and processing 306
Cellular processes 412
Metabolism 531
Poorly characterized 863
total 2,112
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Fragment assembly of Z.mobilis
Annotation (cont d)

Microbial Genomics

The Complete Genome sequence

of Zymomonas mobilis submitted to NCB!
Access # AE 008692

——

- 1

e A =4 ) SIS
/ FUoo 2 } 3 P
,,. - . ‘ 7 % . R
st L - 2 Z.mobilis ] i 4 -
1 s 2 2052457 bp X1 . B
{

; Z. mobilis: a valuable aicohoi-producing microorganism
|

§ An alternative energy source for replacing costly fossil fuel

|
} © Sequencing/Analysis of 2.1 milion base pairs of DNA

i -Identification of 2,068 genes (34% unknown genes)
f

| © Complete genomic analysis, developing DNA chips, processing patents
[t _—
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See drehaeg and Eybaclerig genore projects sorted by tawnomic groups.

Presentin GenBank [80] Annotation in Progress {151 Sequencing in progress {106]
ONCBI grphical view CSeq ing center - Archaea - Bacteria

Completed Present in Public Datshbases [80 genonves) b Wierobidl gereoees

Conpleted: Annotation in Progress {15 genomes)

< Bordetolia pertussis ~2.9 Wb [Sarger Centex]
& Chicrolum tepidum -2.1 Mb (TIGR)
<& Haemophilus ducreyi ~1.8 Mb {microbial- pathogenesis)
< Helicobacter hepaticus A7 Mb {Chinese National Hurnan Genome Center at
ATCC 3449 ’ Shanghai]
oo 'WG-Biotech/University of
©  Lepospiraimterrogans ~18Mb gfmnbmwnnmmé
o Mm{ : ~? Mb [University of Washingtor]
& Methangsarciog mazel 4.9 Mb {Goettingen Genomics Leboratory]
<O Meisseriz gonorrhoess ~2.2 Mb {U. Okiahoras)
¢ Parachlampdia sp. 1.6 Mb My:xol{h] Ecology Group. Technische
stramm UWE2S Unitversitaet Muenchen]
o Wm!\ ~2.2 Mb [TIGRForsyth Dental Centes]
< Rhodobacter capsulatus ~3.7 Mb {University of Chicagn)
< Shipella Hexnwrida ~4.7 Mb {Microbial Genoms Center)
< Xanthomonas -5 Mb [Chirese National Human Genome Cenier at
campestris Shangha]

gm Lymemenas mobilis 2,052,457 bp (Macrogen]
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[ Conclusions
8 Py . /9]

8t= X = 2| genome project.
220t
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