Announcement for Homework



GigAssembler




Genome Assembly: A big picture
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http://www.nature.com/scitable/content/anatomy-of-whole-genome-assembly-20429



GigAssembler — Preprocessing

1. Decontaminating & Repeat Masking.

2. Aligning of mMRNAs, ESTs, BAC ends & paired
reads against initial sequence contigs.

 psLayout — BLAT
3. Creating an input directory (folder) structure.
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http://www.triazzle.com; The image from http://www.dangilbert.com/port_fun.html
Reference: Jones NC, Pevzner PA, Introduction to Bioinformatics Algorithms, MIT press


http://www.triazzle.com/
http://www.dangilbert.com/port_fun.html

RepBase + RepeatMasker

=MER51D ERV1 Homo sapiens
tgaggcaggagaaaatagcagagggaattggaagttggataaagggagaatgagtaaaagcangagagca

gaagcaaggtasagaggcgggtgagcaagaagcaagataagaagcagaagttgagcagccaaaacaaaag

taagatnanaaagaagtgagtaaggagcccacatggctggctagatccagaccaaaccagtaaggggcag
ctcctcagagatgggcatgtacattagagagaaaaagtatccttaaaatgaccccgtatgataatcaget
cattaaagctcatgeatatggactgeatatcatgeatgtacttaaaattatgggatggaggtgacgegea
agawgtcacaagcacacaggggccatagkattaagtaactaagcaacccacctatcaatcaaaaggcaga
tgctggctagagattaggcagecttgggaagagaagaaaaaaaaaacacataaaaagacccaaagtacac
taejoon@fourierseq:~/RepBase/RepBasel5.85.fastas 1s -a caaactgacgctgatctcatitcgeagaggtcageccactctecccctctectgagagtgtaatactgtget
dcotrep.ref mamsub.ref rodsub. ref taataaacttttgctgectttgetatctgtgtgtgtettgteccaattectttgtttgggacaccaagagect
diarep.ref mcotrep.ref simple.ref ggaactgcacrgcaccakctggtaaca
angrep. drorep.ref  mousub.ref spurep.ref >MIRb SINEZ2/tRNA Mammalia
fngrep.ref nemrep.ref  synrep.ref cagaggggcagcgtggtgcagtggaaagagcacgggctttgga
athrep. fugrep.ref  oryrep.ref  tmplanrep.ref gctctgecacttactagetgtgtgaccttgggeaagtcact
bctrep. grasrep.ref plnrep.ref  tmpnemrep.ref tgtaaaatggggataataatacctacctcgcagggttgt
cbrrep. humrep.ref  prirep.ref tmpxenrep.ref
celrep. humsub.ref prisub.ref wversion >LTR45 ERV1 Homo sapiens
chlrep. invrep.ref  pseudo.ref wvrtrep.ref tgtaaccgcgggaccagcccaaactgggcctactctgttgataacaaaatgtcaagttaccttgtaggta
cinrep. invsub.ref ratsub.ref zebrep.ref taacagagcccaaaactgceaagtcatgtageccgggeatgtgcaatagaaaaagetttgacctctaacaa
cinunc. mamrep.ref  rodrep.ref cacccagaaccaatgattcctcccctcggaaccaagaagaccgggacatgaccggaacctgaatgecgga
' actctttcagaagcaaaggggtccgttggcccggaagatctggggetaaaatctgectcaacatacctta
ccgtaaatggtcaaatttgaagecctccaatcagaccctgocaagecaacattectaaatectttececctt
gccctctgatcccttaaaacttigocccagaccccaaatoggggagacagattitgageccaccticctgict
ccttgetggecggttttgecaataaagectttcttttctcaaaagetggtgecatagttattggettctgt
gtgcatcaggcagcaagcccatttgetegataaca
>MER8OE hAT Homo sapiens
cagggcttcttaaccagaggtccatggatgggc ttca gtctgtgaaccctctgaaattatatacaa

a
agagggttcatagctttcatcagatictcaa

g
g

aggggtctatgatctmaaaaaggttaagaagcc tg



GigAssembler: Build merged
sequence contigs (‘rafts”)

B et e T T i —

Figure T Two sequences overlapping end to end. The sequences
are represented as dashes. The aligning regions are joined by vertical
bars. End-to-end overlap is an extremely strong indication that two
sequences should be joined into a contig.



Sequencing quality (Phred Score
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Sequencing quality (Phred Score)

Base-calling

Q — —1[] lﬂgm P<i Error

Probability
or

P =101

Phred quality scores are logarithmically linked to error probabilities

Phred Quality Score Probability of incorrect base call Base call accuracy

10 Tin10 90 %

20 Tin 100 99 %

30 1in 1000 99.9 %
40 1 in 10000 99.99 %
50 1 in 100000 99.993 %

http://en.wikipedia.org/wiki/Phred_quality score



GigAssembler: Build merged
sequence contigs (‘rafts”)

extension tail

tail extension

Figure 2 Two sequences with tails. The nonaligning regions on
either side can be classified into ‘extensions’ and ‘tails.” Short tails are
fairly common even when two sequences should be joined into a
contig because of poor quality sequence near the ends and occasional
chimeric reads. Long tails, however, are generally a sign that the
alignment is merely due to the sequences sharing a repeating ele-
ment.



GigAssembler: Build merged
sequence contigs (‘rafts”)

Figure 3 Merging into a raft. A contig (‘raft’) of three sequences: A,
B, and C has already been constructed by GigAssembler. The pro-
gram now examines an alignment between sequence C and a new
sequence, D, to see whether D should also be added to the raft. The
parts of D marked with +s are compatible with the raft because of the
C/D alignment. The program must also check that the parts of D

marked with ?s are compatable with the raft by examining other
alignments.



GigAssembler: Build sequenced
clone contigs ("barges”)

AAADDARARADDARMARARRARAR
alalalal aZaZaZaZa?2
EEEEEREEEEEEEEEREEEER
blblblblblbl bZ2b2b2
CCCCCCCCCccecocccece
clclcl c2cZcZci

Figure 4 Three overlapping draft clones: A, B, and C. Each clone
has two initial sequence contigs. Note that initial sequence contigs
al, b1, and a2 overlap as do b2 and c1.



GigAssembler:
Build a “raft-ordering” graph

AAARPAAAPPPPAPDADBADD
alalalal aZaZalaZaZ
BEERREREEEBERBBBEEBRER
blblblblblbl b2b2b2
CCCCCCCCCCCCCCCCloce
clclcl c2cl2c2c?

Figure 4 Three overlapping draft clones: A, B, and C. Each clone
has two initial sequence contigs. Note that initial sequence contigs
al, b1, and a2 overlap as do b2 and c1.

e—> @ >0 >@ >8 >@

As Bs Ae Cs Be Ce
Figure 5 Ordering graph of clone starts and ends. This represents
the same clones as in Fig. 4. (As) The start of clone A; (Ae) the end of
clone A. Similarly Bs, Be, Cs, and Ce represent the starts and ends of
clones B and C.

b2c1

alb1a?

Figure 6 Ordering graph after adding in rafts. The initial sequence
contigs shown in Fig. 4 are merged into rafts where they overlap. This
forms three rafts: alb1a2, b2c1, and c2. These rafts are constrained to
lie between the relevant clone ends by the addition of additional
ordering edges to the graph shown in Fig. 5.



GigAssembler:
Build a “raft-ordering” graph

 Add information from mRNAs,
ESTs, paired plasmid reads,
BAC end pairs: building a
“bridge”

Buil
raft.

Different weight to different data
type: (MRNA ~ highest)

Conflicts with the graph as
constructed so far are rejected.

d a sequence path through each

Fill the gap with N.

100: between rafts
50,000: between bridged barges

b2ct

albla2

Figure 6 Ordering graph after adding in rafts. The initial sequence
contigs shown in Fig. 4 are merged into rafts where they overlap. This
forms three rafts: alb1a2, b2c1, and c2. These rafts are constrained to
lie between the relevant clone ends by the addition of additional
ordering edges to the graph shown in Fig. 5.



Bellman-Ford algorithm

http://compprog.wordpress.com/2007/11/29/one-source-shortest-path-the-bellman-ford-algorithm/



Find the shortest path to all nodes.




Find the shortest path to all nodes.
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Find the shortest path to all nodes.

Take every edge and try to relax it; (N — 1 times where N is the number of nodes)




Find the shortest path to all nodes.

Take every edge and try to relax it; (N — 1 times where N is the number of nodes)




Find the shortest path to all nodes.

Take every edge and try to relax it; (N — 1 times where N is the number of nodes)




Find the shortest path to all nodes.

Take every edge and try to relax it; (N — 1 times where N is the number of nodes)




Find the shortest path to all nodes.

Take every edge and try to relax it; (N — 1 times where N is the number of nodes)




Answer: A-D-C-B-E

+7




Next-generation sequencing



Prepare genomic DNA sample
Randomly fragment genomic DNA

and ligate adapters to both ends of
the fragments.

..'_ Mucleotides

Bridge amplification

- —— . Adapter
/.r"' '_,_,d-r-"'""{'-\\
o DMAT
I l‘l I

Dense lawn

A \_ 7 of primers
"'-».,.“ \

Attach DMNA to surface

Bind single-stranded fragments
randomly to the inside surface
of the flow cell channels.

i
—_— \ _ﬁ%nmched
III B rlll‘l_. F
Y
! | Vi
iy EI !. j':i |
i 5 Ea L4
H -,fli : byl Denature the double
Add unlabeled nucleotides I q rplley stranded molecules
and enzyme to initiate solid- i .ii i
phase bridge amplification. i

Mardis ER, Annu. Rev. Genomics Hum. Genet., 2008



First chemistry cycle:
. g determine first base
f \:. : To initiate the first
® .f sequencing cycle, add
A G

all four labeled reversible
/ § h'

Image of first chemistry cycle

After laser excitation, capture the image
of emitted fluorescence from each
cluster on the flow cell. Record the
identity of the first base for each cluster.

terminators, primers, and
DNA polymerase enzyme
to the flow cell.

T A & G ®

+. > 6 - .
® o ® G ® 0 ® o G
Sequence read over multiple chemistry cycles

Repeat cycles of sequencing to determine the sequence
of bases in a given fragment a single base at a time.

Mardis ER, Annu. Rev. Genomics Hum. Genet., 2008

Before initiating the
next chemistry cycle

The blocked 3' terminus
and the fluorophore
from each incorporated
base are removed.

—>» GCTGA..



a
DMNA library preparation

4.5 hours
Ligation B «zenome fragmented
A by nebulization
Selection 3 -Nq E!Dl'lil'lg; no colony
(isolate AB _, picking
fragments +sstDNA library created
anly) with adaptors
A 2 «A/B fragments selected
using avidin-biotin
purification
gDNA = sstDNA library
b
Emulsion PCR

8 hours

e F

~— e

Anneal sstDNA to an excess of  Emulsify beads and PCR Clonal amplification occurs  Break microreactors and
DMA capture beads reagents in water-in-oil inside microreactors enrich for DNA-positive
microreactors beads
sstDMA library P Bead-amplified sstDNA library
C

Sequencing

7.5 hours

“MWell diameter: average of 44 um
«400,000 reads obtained in parallel

<A single cloned amplified sstDNA
bead is deposited per well

Amplified sstDNA library beads = Ouality filtered bases

Mardis ER, Annu. Rev. Genomics Hum. Genet., 2008



b Data collection and image analysis Collect Identify  Identify
ri boad color

Primer round 1,
ligation cycle 1
Collect .
color image Primer round 2,
ligation cycle 1
Primer round 3,
Identify Identify i 8 ligation cycle 1
bead color beads Ll | tald )
\\_._...-a/ Primer round 4,
Glass slide i} ligation cycle 1

Color space for

this sequence
Possible dinucleotides encoded by each color
2nd base
Template sequence
A C 6 1 A ) =

15t base
=-{ [ B T -]

Double interrogation

With 2 base encoding each i i i 2.
base is defined twica
A T G G A

Decoding

... . Color space sequence
A AC AA

B ik AT I
G GT (GG) AG

Basezero —(AT {76 ) TT €T

AT TG GG GA Decoded sequence
'Y ¥ Y|
AT G G A Basespaceseguence

Mardis ER, Annu. Rev. Genomics Hum. Genet., 2008

Possible dinucleotides



Mapping program

Table 1 A selection of short-read analysis software
Open  Handles ABI color Maximum read

Program Website source? space? length
Bowtie http://bowtie.cbcb.umd.edu Yes MNo None
BWA http://maq.sourceforge.net/bwa-man.shtml Yes Yes None
Maqg http://maq.sourceforge.net Yes Yes 127
Mosaik http://bioinformatics.bc.edu/marthlab/Mosaik No Yes None
Novoalign  http://www.novocraft.com No MNo None
SOAPZ http://soap.genomics.org.cn No MNo 60

Z00M http://www.biocinfor.com No Yes 240

Trapnell C, Salzberg SL, Nat. Biotech., 2009



Two strategies in mapping

d Spaced seeds b Burrows-Wheeler
Reference genome Short read Reference genome Short read
(> 3 gigabases) (> 3 gigabases)
Ohr] ACTCCOGTACTCTAAT Chr1 ACTCCCGTACTCTAAT
Chr2 Chr2
Chrim== Chri3ee=
Chr4 Chr4
Concatenate into
Extract seeds single string
L ~ =
Position N
— Burrows-Wheeler
Position 2 transform and indexing
CTGC CGTA AACT AATG
= Bowtie index I3
Position 1 ;
b (~2 gigabytes) H Y
ACTG CCGT AMAC TAAT ACTC CCGT ACTC TAAT .]\ ACTCCCGTACTCTAAT
ACTGE 2*xx AAAC ssvx - 1 N T
#xxx SOGET *+xx  TAAT Si}( Seed F LGOK Up l] T = ___/'/_Z’AT
AGTG s+sx s+es TAAT pairs per —— 3 ‘suffixes’ "#__F__d_,, A
sxss  wwss ABAC TAAT [ read;'r 4 Of I’ead |1
ACTG COGT =+es =sxx fragment 5 ]
s2asx COGT AAAC =txe 6
ACTCCCGTACTCTAAT
Index seed pairs Hits identify
positions in

Seed index
(tens of gigabytes)

genome where "
Look up each pair read is found =2

of seeds in index

ACTG =wxx ABAC wewxx

“wew” positions

. Hits identify positions

: in genome where

. spaced seed pair

= is found
=xrw CCET =vex  TAAT ':
ACTG +wes s+es TAAT Confirm hits Convert each
=xex CCOGT AAAD wexx b_\,' Checking hlt back to

genome location

I Y

T Report alignment to user €&—

Trapnell C, Salzberg SL, Nat. Biotech., 2009
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taejoon
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taejoon
taejoon
taejoon
taejoon
taejoon
taejoon

taejoon
taejoon
taejoon
taejoon
taejoon
taejoon
taejoon
taejoon
taejoon
taejoon

marcotte
marcotte
marcotte
marcotte
marcotte
marcotte
marcotte
marcotte
marcotte
marcotte

marcotte
marcotte
marcotte
marcotte
marcotte
marcotte
marcotte
marcotte
marcotte
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2811-03-85
2811-03-088
2811-83-85
2811-03-688
2811-83-85
2811-03-088
2811-03-85
2811-03-088
2811-03-85
2811-03-088

2011-83-05
2011-03-08
2011-83-05
2011-03-08
2011-83-85
2011-03-08
2011-83-085
2011-03-08
2011-83-05
2011-03-08

V3BC21.
4 V3BC21
V3BC22.
V3BC22.
V3BC23.
.F3 QV.qgual
V3BC24.
V3BC24.
V3BC25.
V3BC25.

V3BC23

V3BC21.
V3BC21.
V3BC22.
V3BC22.
V3BC23.
V3BC23.
V3BC24.
.F5_QV.qual
V3BC25.
.F5 QV.qual

V3BC24

V3BC25

Real data: environment samples

F3.csfasta

.F3 QV.qgual

F3.csfasta
F3 QV.qual
F3.csfasta

F3.csfasta
F3 QV.qual
F3.csfasta
F3 QV.qual

F5.csfasta
F5 QV.qual
F5.csfasta
F5 QV.qual
F5.csfasta
F5 QV.qual
F5.csfasta

F5.csfasta




Real data: environment samples

taejoon@cygnus:~/project/UTpond/F3$ head V3BC25.F3 QV.qual

>853 52 1477 F3

16 710 16 8 4 44 4447587545410 5114469485146411111565 1364655811
664716

>853 65 616 F3

4410 27 27 4413104529 701375170613 08061954060010 21 13 11 27 10 12 0 24 9 40 9
4 12 2548806 11 24

>853 80 1163 F3
30 29 27 31 31 323332319177 27332029712822334925265425192384 261033157
23 28 16 25 16 11 16 26 4 11 11 26 6

>853 82 1751 F3

14 33 5 24 14 25 28 12 12 23 31 19 10 27 20 27 22 8 26 22 6 28 28 28 8 24 33 23 31 28 27 24 20 19 26
17 28 16 28 28 27 20 31 32 5 17 32 31 17 30

>853 85 1481 F3

27 32 33 23 2531 4200680288 202401861112 4 26 2344411126 24 4 20606 10 4 27 14
12 22 6 25 23 8 27 12 26 25 14

taejoon@cygnus:~/project/UTpond/F3$ head V3BC25.F3.csfasta

=853 52 1477 F3

T31333313233232322123013333101302323223233332330223

>853 65 616 F3

T11131210011333220321033102021012120331321223103223

>853 80 1163 F3

T81233212303123233012303121022323203003333030030001

>853 82 1751 F3

T83321033233212112233011101112312213310233032312333

>853 85 1401 F3

T13302313302131313003132020132333203020102321230033




Real data: environment samples

taejoon@cygnus:~/project/UTpond/NCBI.bacteria$ head -n 15 V3BC25.F3.NCBI bacteria.gmapper out
#FORMAT: readname contigname strand contigstart contigend readstart readend readlength score editstring
=853 168 733 F3 Acetohalobium arabaticum|>gi|30239@797|ref|NC 014378.1] - 138156 138285 1 13T1G27A6
=853 168 733 F3 Acetohalobium arabaticum|>gi|302398797|ref|NC 014378.1] 433985 434034 1 13T1G27A6
=853 168 733 F3 Acetohalobium arabaticum|>gi|302398797|ref|NC 014378.1] 796056 796165 1 13T1G27A6
=853 168 733 F3 Acetohalobium arabaticum|>gi|302398797|ref|NC 014378.1| 1424800 1424849 1 13T1G27A6
=853 168 733 F3 Acetohalobium arabaticum|>gi|302398797|ref|NC 014378.1| 10971 11820 1 13T1G27A6
=860 574 319 F3 Alcanivorax borkumensis|>gi|110832861|ref|NC 0082608.1| 531853 531%e0 3 177360
=860 574 319 F3 Alcanivorax borkumensis|>gi|110832861|ref|NC 0082608.1| 2261669 2261716 3 17736

3

4

4

1

+

=860 574 319 F3 Alcanivorax borkumensis|>gi|110832861|ref|NC 008268.1| 404128 404175 177360

=860 574 319 F3 Allochromatium vinosum|>gi|288939764|ref|NC ©13851.1| 2026084 2026130 167360

=868 574 319 F3 Allochromatium vinosum|>gi|288939764|ref|NC ©13851.1| 2906744 2906790 167360

853 866 1426 F2 Azospirillum sp.|>gi|288956841|ref|NC ©13854.1| 2179881 2179330 21611C2G62610

=863 1722 361 F3 Azospirillum sp.|>gi|288956841|ref|NC ©13854.1| 521498 521547 1 11G3A34

=863 1722 361 F3 Acetobacter pasteurianus|>gi|258541185|ref|NC ©13209.1| - 2768567 2768616 450 11G3A34

=863 1722 361 F3 Anoxybacillus flavithermus|>gi|212637849|ref|NC 011567.1] + 11816 20 450 11G3A34
taejoon@cygnus:~/project/UTpond/NCBI.bacterias

taejoon@cygnus:~/project/UTpond/NCBI.bacterias

taejoon@cygnus:~/project/UTpond/NCBI.bacteria$ head -n 15 V3BC25.F5.NCBI bacteria.gmapper out

#FORMAT: readname contigname strand contigstart contigend readstart readend readlength score editstring

=853 562 985 F5-BC Amycolatopsis mediterranei|>gi|300781937|ref|NC 014318.1] + 5449850 5449883 2 35 298 16x16x5x3
=853 562 985 F5-BC Azospirillum sp.|>gi|288956841|ref|NC ©13854.1| + 2070763 2078797 1 35 4C12x10x5x3

=853 562 985 F5-BC Azotobacter vinelandii|>gi|226942170|ref|NC 812560.1| + 2958122 2958156 1 35 283 4C12x10x4x4

=853 562 985 F5-BC Azotobacter vinelandii|>gi|226942170|ref|NC 812560.1| - 4827430 4827464 1 35 283 4C12x10x5x%3

=853 562 985 F5-BC Aromatoleum aromaticum|>gi|56475432|ref|NC 986513.1| = 1714032 1714666 1 35 283 4C12x10x5x3

857 160 628 F5-BC Acidovorax sp.|>gi|121592436|ref|NC 008782.1| + 1825323 1825356 2 35 35 4C29

=837 160 628 F5-BC Alkalilimnicola ehrlichii|>gi|114319166|ref|NC 008348.1| + 658523 658536 2 35 315 4C29
=857 160 628 F5-BC Acidithiobacillus ferrooxidans|>gi|198282148|ref|NC 811206.1| + 610447 6le481 1 35 308 4x1x1x29
=837 160 628 F5-BC Acidovorax ebreus|>gi|222109225|ref|NC 011992.1] - 2108565 2108598 2 35 290 4C25C3

=837 160 628 F5-BC Acidovorax avenae|>gi|120608714|ref|NC 008752.1]| + 29311602 2931135 2 35 290 4C3C25

=853 1779 1130 F5-BC Acidiphilium cryptum|>gi|148259021|ref|NC 009484.1| - 2893817 2893850 1 34 284 SX5X20x2x%2

=863 1722 361 F5-BC Anoxybacillus flavithermus|>gi|212637849|ref|NC 011567.1| - 246812 246846 1 35 286 19T3x9C2
=863 1722 361 F5-BC Acidobacterium capsulatum|>gi|225871699|ref|NC 012483.1| - 2864186 2864220 1 35 286 19T3x8C3
>863 1?22 361 F5 BC Anoxybacillus flav1thermu5|>g1|21263?849]releC 011567.1] - 84667 84701 1 35 286 19T3x9C2
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