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A look at the 454 sequencing technology
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Genome Sequencing with

pyrosequencing

* Fast and Cheap Sequencing: an important
goal

* Pyrosequencing: attractive alternative to
current sequencing techniques

 |sanger _|454Roche
bps per run ~10° ~108

read length 700-1000 ~400

cost per run ~1000 5 ~15000 5

cost per Mbp 10K $ 100 %

accuracy high low (in-dels)



Key Issues with pyrosequencing

* Read Length: on average 250-400bp

* Orientation: Original and complement
(lgnored for this work)

° Errors
> Insertions: ~36%
o Deletions: ~27%
> Ambiguous Bases: ~21%
> Substitutions: ~1 6%



Need for Alignments

* Required as a preprocessing step for
number of procedures.

* For example, from reads to haplotypes:

ALIGNMENT

ERROR
CORRECTION

HAPLOTYPE
RECONSTRUCTION

FREQUENCY
ESTIMATION




Pairwise alignment
* If reference genome is available, then
pairwise alignments can be done

* But don’t work :

o Primarily because of insertions due to
pyrosequencing

130
\ i
ead_0159\beg | lergth| 25041-250 AT AR A AAACD - A A AR
ead_0210\heg| 2length| 2547 1- 254
ead_ 0123 heg| 2length| 2507 1-250
ead_ 1 168\beg | 2length| 25671-256
ead_ 1640|beg| 2length| 25371-263
ead_ 054 3| heg |dlength| 255 1-253
ead_0583beg | Sllength| 256/1-256
ead_ 0655 heg |Sllength| 2500 1-250
ead_ 0248 heg | Ilenath| 25371-253
ead_ 1866|beg | Fllength| 243 1-249
ead_ 0207 beg| Fllemgth| 249 1-249
ead_ 1 263 heg | Slength| 250 1-250
ead_07A5\beg | Sllength| 25571-253
ead_0181|beg | Ilength| 25471-254
ead_0282|heg|? lergth| 24501-248
ead_07d6|heg| 1 1 [lengt| 250/ 1-250
ead_ 1295|heg| 1 2length| 25651-256
ead_ 1608\ heg| 149 |lemgth| 25201-252
ad_124|heg| 1Slength| 255°1-253
ead_0223\heg| 1Slength| 25451-254
ead_0323|heg| 15lemgth| 25051-250
ead_ 1997 heg| 1Slengt| 2570 1-257
ead_ 1 76lbeg| 16length| 256/1-256
ead_1170|heg| 1Elength| 257M-267
ead_ 154 3|heg| 1 Fllergth| 25671-256
ead_ 1534|heg| 20length| 25201-252
ead_0292|heg| 19length| 2551-265
ead_06E9|heg | 19length| 25271-252
ead_0303\heg| 20length| 25401-254
ead_ 1450\beg |21 lengt| 24901-249
ead_075d|heg| 23 lergth| 25451-251
ead_ 0068 heg| 23 length| 2540 1-251
ead_0390\heg| 23 length| 25551-253
ead_ 1594 heg| 24 |lemgth| 25451-264
ead_ 1492 heg| 25lemngth| 2EO 1-260
ead_ 1483\heg| 25length| 25201-252




Issues with Multiple Alignments of

short pyrosequencing reads
* Huge number of reads: ~100,000 reads in a
single run

* Out of box alignment software are not
feasible :

* Because of high complexity. Most are of
the order of O(N*) e.g. Muscle, Clustalw

* Do not give accurate alignhments for reads.

Primary reason: Do not take into account the
position of the reads w.r.t. genome.



Pyro-Align Algorithm

* Based on the parallel framework of
Sample-Align-D algorithm

* Sample-Align-D  gives super-linear  speed-ups on
multiprocessors; hence gives speed advantages when used on
sequential machines

* Assumptions:

o The original genome or the wildtype is
available

o The reads are in forward’ orientation



Pyro-Align Algorithm sketch

»Align each read to the reference genome,
using semi-global alignment.

* This will place the reads in correct positions

»Do a Hierarchical Progressive alignment:

Reorder the reads using the starting positions of the
reads to ‘generate’ a guidance tree.

Do pairwise alignments according to the tree.
Do profile-profile alignments in a hierarchical fashion



Hierarchical Progressive alignment
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Pyro-Align Algorithm Complexity
Analysis

» Semi-global alignment = O(N Ly L)

» Clustering & Reordering = O(N+NL)

* Pairwisealignments = O(N L%)

» Profile-Profile alignments = O(N log N L)

* Total Asymptotic Complexity= O(N log N
L2c + N L?%R)

* Where:

* N= number of reads

e Lg= Average length of reads



Quality Assessment

* Obijective:
> To access the quality of the alignments w.r.t the
original genome
o Ensure that the system is able to handle reads
from multiple haplotypes
* Problems:

> Ground truth for the alignments is not
available(cannot be done with eyeballing due to
large number of reads)

o Standard benchmarks such as Balibase or Prefab
cannot be used.



Quality Assessment

* We choose HIV pol gene with length of
|970bp as wildtype for the experiments

* Four sets of genomes from the wildtype
are produced at 3%, 5%, 7% and 0%
mutations.

* These mutated genomes are used to
produce the reads.

® The reads are aligned and the consensus
from the reads is compared with the
reference genome.



Quality Assessment

Genomes obtained from different mutations of the wildtype
| Dist_003 | | Dist_005 | | Dist_007 | | Dist_010
~—]
| WILDTYPE
S— - T — _/ — X
Reads from Dist 003 Reads from Dis| 005 Reads|from Dist 007 Reads from Dist 10

l Alignment of thi reads using wildtype for overlafping alignment l
CONSENSUS | | CONSENSUS |

| CONSENSUS | | CONSENSUS |
The consensus obtained from the alignment is compared with the mutated genomes




Results

* Successful alignment of reads from
mutated genome reads as well as the
mixture.

bead_02Es|sey| 189 length| 26041- 250 -B-B- -B- A - A8 - A I A-TTA - BT A - -B-BE - -E- B - B - .
fead_0552|0eg| 187 length| 260-1-250 [T - -E-B- - -g-l-A- WA - SWAcE- A B-W-A-TTA-BTA- A-Cc-Wa-c-&-cc-M-8-
rezd_0513|neg| 197 length] 2544-251 (1 - -g-A- -H- 5N B8 B WA E A B - - A-TTA-BTA- -Acce-a-c-a-cc--B-
bead_ {1 d62|0eg| 192 leagth| 260-4-250 [T - -E-B- N - e BN B A Ba - AT - BEa - -a-ce-Ma- -5 -ec-B-B-
read_ 064 2|neg| 192 length| 25271-252 (1] - -E-8- -N- -f-l-B-lA- A8 A - A - B~ - B -a-ce-Ma-c-a-cc-M-8-
bezd_ {682bey| 192 length| 2634-255 [T - .cHe . |- N-H BN e N e R -B- 3 S .a.ce.@a.c-al.ec-@-B-
bead_0720|beg| 198 eagth| 29574-245 [T - -5 -H- gl -E- A - WA B-a- -B- SETa - -B-ce-Wa- e -2 -cc-l-B-
rezd_0263|eg| 197 length| 24554- 249 -g-Ac-M- s B8 B STA- 8- A CA - A - -A-cc-Wa-c-a.-cc-H-B-
bezd_0320|6eg| 197 ength| 2694-251 [T - -e-&8- -H- A 8N R S - - A S A - -i-ce-Wa-c-&-bc-l-B-
bead_0244|beg| 197 leagth| 26571-2565 (1] - -g-Ae - N -e--B- A - A Ba - -8 A - -a-ce-Ma-c-2-cc-§-B-
rezd_0349\heg| 197 length| 2524252 -g-A- -H- 5-H B8 B WA - 8- Ac -B- A - - -cc-A-c-a-ec-M-B-
bead_{E3d|beg| 198 leagth| 26274-2562 [T - -5 -H- e BN R A - BEA - -B- A - -@a-ce-Wa- -5 -ec-M-B-
bead_ {18S)0eg| 198 length| 26574-2565 (1] - -E-EE - - 5N BN B B - B - A - -8 A - -a-ce-Ma-c- & oo -M-B-
rezd_0549\0eg| 203 length| 25671-256 - - -E-A--H- c-Ml-a-Ba- A8 A -8 A - -A-cc-@A-c-a-cc-§-B-
bead_{218|bey| 203 leagth| 26254-262 - - -g-&- -H- e B EecH - A - -B- A - @l cc-fa- cla- cc-§-H-
fead_0270meg| 204 length | 2499-249 - - - -E-B- - -e-W-A- WA - A8 A CA - A - -A-cc-Wa-c-4-cc-§-B-
rezd_0596|heg| 205 length| 250250 -E- 8 -E A - A B - A - -8 - A - - ce-MA-c-&-cc-l-B-
bead_ {4 16|beg| 208 ength| 26571- 255 -E-E -8 A - AR - A - -8 A - A - cclle - ©- - co - A -
fead_0S7d|neg| 20Eength| 253 4-253 - - - - - - - C-A -B- A - A G- A - . B A - -A-ce-la-c-a-ec-l-B-
bezd_O0G7|bey| 207 length | 2544284« 0 o 0 o oo - - A -8 - ACKE . A - -B- A .&.ce.Ma.c.-sl.ec-H-B-
bead_ 1 26EMey| 207 leagth| 26 471- 261 A -8 A - A B - A - -8 a3 B -8 -ce-Ma- g8 oo Bal -
rezd_ 1 328|heg| 208 length| 255- 259 -8 A - A B - A - -8 A - -A-cc-MA-c-a-cc-@-B-
bezd_ 1 27d|beg| 200 ength| 2625 262 -B- - - - A - -B- i - -B-ee- -2 g -&.-6c-H-B-
bead_08E0sey| 209 leagth | Z6E-2E0 -« - - - oo oo oo oo - -8 A - A - A - A A - -@.-ce-Wa- -2 -ec-B-B-
bead_ 1 4260eg| 213 length | 252252 -+ -« o m oo s m e e oo c-M- A - A B - A - -8 - A - -&-ce-MA-c-&-cc-@-B-
bead_028S|seg| 208leagth | ZROM-ZE0 -« -« - - o oo oo o oo i A - A - A - -8 A - -A-ce-Ma-c-&-cc-§-B-
bead_ 1 490\0eg| ZAEeagHh | ZREM-ZEE - - - - - - - oo o oo o oo A - A B - A - -B- A - -&-ce -2 e -2 -ec-M-B-
bezd_0S47|heg| 216 length | 258 M-254 -« c 0 s oo oo e o e e e o A - A - A - -8- A - -A.-cc-Wa-c-a.-cc-B-B-
bead_00GS|beg| 208 eagth | ZEE-ZET -« -« - c o s o oo oo oo oo oo A - A - -8 A - -a-ce-Ma-c- & cc-M-B-
bead_00ZE|neg| Z0Blemgth | Z5F =254 -+ © c m ot m e m e e e e e oo e a e A B - A - -8 A - -A8-cc-@a-c-a-cc-§-B-
bezd_ 01 16]0eg| Z20Memgth | ZBGM-256 - c c om0 s m s e e e e e e i aa e e A G- A - -8 A - - -cc-A-c-a-ec-l-B-
bead_0E12|0eg| 222 leagh | ZBRA-ZET -« -« - c - s s oo o oo o oo oo oo - - -B- A - -8 -ccllla -2 -ecl- B -B-
bead_0302|0eg| Z22eagth | Z6H =264 -+« c mc ot s s e ot e e m e e e i e e i . -B -8 - A - -&-ce-Ma-c-&.-cc-H-B-
bz 0340|beg| 222emgHh | 2899289« -« 0 o o o e e e e e e e e e e e e -E- -B- A .&.cc.@a.c-al.ec-@-B-
bead_0d54d|neg| 226 leagth| 26 471- 261 -B- A - -8 -ce -2 e -2 -ec-M-B-
rezd_ 1909|heg| 225 length| 255253 -8 A - -&.c-Hel-cla-cc-B-8-
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Ongoing Works—Sketch of

parallelization of pyro-Align
* Proposed Approach:

»In parallel on multiple processors, align
each read to the reference genome, using
semi-global alignment.

»Do a Parallel Hierarchical Progressive
alignment using sample-align-D
»>We expect super-linear speedups for

parallel pyro-align giving enormous
advantage in terms of timing and memory



Conclusions and Future work

* A low complexity algorithm for aligning
huge number of pyrosequencing reads is
presented.

* Successfully aligned the reads from
mutated and mixture of mutated genomes.

* Presented the quality assessment and
compared with pairwise alighments

* We are working on parallelization of the
algorithm
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