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Objective

e Obtain PCR template from unclonable gaps

» Take advantage of new technologies to sequence
them

* Develop methodology for closing these gaps



Finished human genome (2004)
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— Gaps on human chromosome 15

— 10 gaps

L » 7 in segmental duplicated regions

L» 3 apparently unclonable

> Not captured in human tiling path

> Not captured in chimpanzee tiling path

— 53X physical coverage screened

courtesy NCBI

)

15p12

15r11.2

15p11.1
15911.1

15q11.2

15912

15913.1
15q13.2

15913.3

15914

15915.1
15915.2
15915.3

15921.1
15921.2
15921.3

15922.1
15q22.2
15q22.31
15q22.352
15922.33
154923
15924.1

1S5q24.2
15924.5

15925.1
15925.2

15925.3
15926.1

15q26.2
15926.3



Overview.

e Process
e Analysis
e Conclusion



Overview.

* Process
e Analysis
e Conclusion



STEP 1: Align HGP & Celera
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STEP 2: Integrate shatter reads
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STEP 3: Integrate 454 data
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Newbler assembly breaks at SNPs

CTCTGCTCATTTCAGCTCGGACGGTGGTCCCT
CTCTGCTCATTTCAGCTCGGACGGTGGTCCCT

NGCAGGCCGAAACTGATGGTCTCATCTCCTGCACGCTC  Sanger data
AGCAGGCCGARACTGATGGTCTCATCTCCTGCACGCTC

454 data

Haplotype difference



454 Assembly: ALLPATHS

ALLPATHS assembly algorithm
-Finds all shared kmers between reads
-Uses shared kmers to build graph across the data

-Graphs represents contigs as edges, branch points as nodes
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454 Assembly: ALLPATHS

ALLPATHS assembly algorithm
-Finds all shared kmers between reads
-Uses shared kmers to build graph across the data

-Graphs represents contigs as edges, branch points as nodes

/.
S Y o« e _—+ .
. ._>.§/<.>;o / \o
\\A. 1.3kb >e-—»e@ :O—P./ 2.8kb
o1 e

Complete path across region: spans a gap

David Jaffe



454 Assembly: ALLPATHS

ALLPATHS assembly algorithm
-Finds all shared kmers between reads
-Uses shared kmers to build graph across the data

-Graphs represents contigs as edges, branch points as nodes
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454 Assembly: ALLPATHS

ALLPATHS assembly algorithm
-Finds all shared kmers between reads
-Uses shared kmers to build graph across the data

-Graphs represents contigs as edges, branch points as nodes
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454 Assembly: ALLPATHS

ALLPATHS assembly algorithm
-Finds all shared kmers between reads
-Uses shared kmers to build graph across the data

-Graphs represents contigs as edges, branch points as nodes
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Manual extension of contigs
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* Identify unassembled reads computationally by string search

« Manually insert reads into assembly

454 contig
“Fished” in 454 reads

GTICT!
ATGT

GTACGTGTTACATGTCTGATGTATGAGGTGTGTGTGGTACGTGTGTTATATGE

GTTACATGTCTGATGTATGAGGTGTGTGTGGTACGTGTGTTATATGCANCATGTGTGETGTAGGCANTGTGT
ACATGTCTGATGTATGAGETGTGTGTGGTACGTGTGT TATATGCARCATGTGTGGTGTAGGCANTGTGT
ATGTCTGATGTATGAGGTGTGTGTGGTACGTGTGTTATATGCANCATGTGTGETGTAGGCANTGTGT
ATGTCTGATGTATGAGGTGTGTGTGGTACGTGTGTTATATGCANCATGTGTGETGTAGGCANTGTGT
TETCTGATGTATGAGGTGTGTGTGGTACGTGTGTTATATGCAACATGTGTGGTGTAGGCAATGTGT
GTCTGATGTATGAGGTETGTGTGGTACGTGTGTTATATGCAACATGTGTGGTGTAGGCAATGTGT
TCTGATGTATGAGGTOTGTGTGGTACGTGTGTTATATGCARCATGTGTGGTGTAGGCAATGTGT
CIGATGIATGAGGTGIGIGIGGTACGTGIGT TATATGCARCATGIGIGG TG TAGGCAATGTGT
AGGTGTGIGIGGIACGTGIGT TATATGCARCATGIGIGGTGTAGGCAATGTGT

AGGTGTGIGIGGIACGTGIGT TATATGCARCATGIGIGGTGTAGGEAATGTGT
AGGTGTGIGIGGIACGTGIGT TATATGCARCATGIGIGGTGTAGGEAATGTGT
IGIGIGGTACGTGTGT TATATGCARCATGIGIGGTGTAGGEARTGTG

TGTTATATGCARCATGTGTGGTGTAGGCAATGTGT
TTATATGCANCATGTGTGETRTAGGCANTGTGT
TTATATGCARCATGTGTGRTGTAGGCANTGTGT

ATATGCARCATGTGTGGTGTAGGCANTGTGT
TTATGCARCATGTGTGGTGTAGGCANTGTGT
CANCATGTGTGGTGTAGGCANTGTGT
CARCATGTGTGGTGTAGGCAATGTGT
CARCATGTGTGGTGTAGGCAATGTGT
ARCATGTGTGGTGTAGGCAATGTGT
ARCATGIGIGGTGTAGGCARTGTGT
IGIGGTGIAGGCARTGTGT
TGGTGTGGGCARTGTGT
GGIGTAGGEAATGTGT

GIAGGCAATGIGT

GTAGGCAATGTGT



STEP 4: PCR to verify 454
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STEP 5: Cloning PCR fragments
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Hard finishing....

» Sequence flanking all 3 gaps looks normal

e Problem Is nasty repeat in gap
— Unable to clone
— Can sequence by 454 but Newbler can’t assemble
— ALLPATHS gave better assembly
— Had to finish the job by hand



Status: Closed

Size: 10225bp |

Unclonable: 21.6% I

Total 454 coverage: 98% |

Repeat motif: GGTGTTTGTGTGTGTATGGT



Gap96

Status: Closed

Size: 5474bp | |
Unclonable: 14% - |
Total 454 coverage: 83.7% [ I

Repeat motif: TATGTGTGTGGCATGTGTGGT



Status: Active

Size: 2539bp**
Unclonable: 14%

Total 454 coverage: 92%
Repeat motif:

**sequence captured so far

Gap24

Deletions complications

TGTATGGTGTGTGGCGTGTG
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Summary

< Identify gap >
'

Long range
PCR gap
v I L 4
Create shatter 454
library sequence
v
Sanger
sequence
Shatter lib
|
v
Scaffold &
integrate
v

( Verify 454 >

HGP unclonable remaining:126

- Not due to copy number variations
- In unique regions

How do we define “finished” ?
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