
Genome Center Rebels:
Next-Gen Analysis Outside the Machine



Experimental design
Molecular biology

DNA sequencing
Data analysis

Visualization
Advanced visualization tools 
enable complex design

Feedback-driven optimization 
of data generation 
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The Transition

• Unlimited Sequencing/Reagent Resources

• 1000+ CPU cluster, 100s of TBs of Disk

• Platform LSF job scheduler

• IT staff

• Flexible deadlines

• 99% Human Re-sequencing

• Tight budget with no wiggle room

• Modest compute and storage resources

• Manual job execution

• ...No way.

• Customers with grant deadlines!

• 1% human resequencing



Fragment

Paired-end

RNA-Seq

miRNA

Bisulfite

ChIP-Seq

Whole genome characterization by single-pass shotgun sequencing of 
fragments from total DNA, PCR products, etc

Whole genome characterization by shotgun sequencing from both ends of 
DNA fragments with ~200bp inserts

Quantitative transcriptome profiling by sequencing cDNAs constructed from 
messenger RNA isolated from total RNA

Discovery & quantitation of novel microRNAs and isoforms by sequencing 
cDNAs of microRNAs isolated from total RNA

Genome methylation profiling by sequencing DNA fragments bisulfite 
treated to convert non-methylated C’s into U’s

Discovery & quantitation of protein-DNA interactions by sequencing DNA 
from immunoprecipitations

Top Requested Applications



50 RNA-seq

First 10 Months of Libraries

39
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Genomic

small RNA

Genomic Reduced Representation Sequencing (RRS)

ChIP-seqs of Transcripton Factors and Histone Mods

Pooled Patient/Crop PCR

Pooled Loci PCR

ChIP-seq of RNA-binding proteins

Bisulphite converted *Not currently recommended!

DNAse 1 Hypersensitivity (DHS)

“PCR-free” genomic for 2 high AT genomes

Pooled Bacterial Genomes

180 Total Libraries, most Paired-End if relevant



Too Many Tools

Poor Algorithms

 Poor Data Formats

Recurring Intermediates

Recurring Idioms

A plethora of substitutable tools, few of which are worth using, such as: 
MAQ, Mosaik, SOAP, SHRiMP, BowTie, NovoAlign or
Velvet, Euler-SR, Edena, All-Paths, AMOScmp-shortReads, AbySS

Single-threaded, compromise-accuracy-for-performance, memory-hog 
applications like MAQ, Velvet, Euler-SR, ELAND...

Giant uncompressed TXT files from Illumina & AB, useless design-by-
committee formats like SRF, non-standardized formats like GFF 

Base-by-base coverage, lists of intervals (like annotations or clusters), base-by-
base nucleotide count and quality, FASTA, alignments

Base-by-base whole genome iteration, annotation directed base-by-base 
iteration, assemblies of non-mapping reads and mapping of original reads to 
assemblies...

Recurring Analysis Issues & Idioms
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Analysis on a Shoestring - Illumina Barcoded ChIP
• Re-write Illumina barcode binning 

(saves 20MB -- an old 454 run’s worth of data -- per lane)

• Compute base-by-base coverage from alignments

• Iterate through bases to find regions of contiguous coverage
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Analysis on a Shoestring - RNA ChIP-seq - Raw Format
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Cluster 1 Contig >AAGJ02062427_Contig62631_BCM_Spur_v2.1_Scaffold58551 Start 637
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TT
 40 7
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 17 4
AA
 39 5
CC 
 16 10
TT
 31 12
GG
 17 8
CC 
 8 6
AA
 13 31
TT
 28 20
TT
 38 26
TT
 40 17
AA
 19 40
TT
 34 17
TT
 37 29
GGG
 37 6 21
AAA
 36 14 36
CCCY
 4 16 40 2
AGTT
 40 30 31 27
AAAAA
26 6 33 40 19
TTTTT
 40 17 40 9 40
TTTTT
 13 29 40 22 40
CCCCY 
14 26 7 13 2
TTTTT
 23 27 40 15 40
CCCCC 
17 2 40 37 27
AAAA
 40 40 40 40
AAAA
 40 39 4 14
CCCC 
 7 31 40 31
AAAA
 40 25 40 15
AAAA
 18 17 29 40
AAAA
 30 14 40 28
TTTT
 40 36 15 40
CCCC 
 37 38 40 35
TTTT
 15 40 40 25
CCCC 
 20 35 40 18
TTTT
 17 31 39 23
CCCC 
 27 40 40 18
TTTT
 24 34 40 30
GGGG
 4 26 40 16
TTT
 20 14 22
TTT
 11 28 20
CCC 
 6 32 10
AAA
 14 23 28
TTT
 25 37 27
AAA
 12 17 18
TTT
 35 32 18
AATT
 6 13 20 37
HTTT
 1 9 23 23
DTTT
 1 6 22 21
CCCH
 19 9 11 1
HTTT
 1 12 10 14
CCCV
 2 40 12 1
ACCC
 3 10 30 13
AAAA
 5 5 12 13
AAMW 
 9 12 2 1
BCCC
 1 15 11 9
AAAA
 3 3 4 9
GGGT
 2 6 3 3
AAAA
 5 12 4 6
CCCCC 
40 3 9 17 4
TTTTW 
16 15 26 12 2
BGGGG
1 40 5 17 3
TTTTT
 14 14 16 8 4
AAAAA
17 4 6 9 4
ACCCGY
 6 32 8 4 2 1
GGGKK
40 2 12 2 2
CCCHMM 
 16 25 4 1 2 1
AGGGG
7 15 40 5 34
GGGGG
 26 40 6 3 8
CCCCM 
4 40 4 6 2
GGGGGV 
 14 40 40 5 6 1
CGTTTT
 16 3 40 26 14 5
TTTTTTT
 28 40 40 6 40 24 6
AAGTTTT
 8 17 6 27 14 40 40
AAGGGGG
 9 7 5 40 40 40 14
DDTTTTTTTT
 1 1 4 40 28 19 3 40 18 2
GGGGGGGGGGG
 3 40 37 40 2 4 40 13 40 5 4
GGGGGGGGGGGGG
 8 36 39 16 40 2 11 40 40 15 36 9 4
AGGGGGGGGGGGG
 4 6 36 32 40 40 7 40 40 40 39 4 4
CCCCCCCCCCHMY
 15 27 29 29 40 19 40 11 28 4 1 2 2
AAAAAAAAAAAAA
 14 40 28 10 40 15 6 40 40 7 40 14 13
GGGGGGGGGGGRR
 29 14 28 32 40 3 4 40 39 26 40 2 2
AAAAAAAAAAAAA
 12 12 40 17 40 16 9 28 40 40 23 16 12
TTTTTTTTTTTTT
 21 4 32 32 40 4 4 40 40 15 38 7 11
AAAGGGGGGGGGGGGR
 15 40 4 11 40 40 22 40 40 40 40 4 32 14 4 1
AAAAAAAAAAAAAAAAAAAAA
 6 34 40 12 11 40 40 2 25 40 40 40 40 40 40 40 16 40 32 12 12
BCCCCCCCCCCCCCCCCCCCCCCCCCCC 
 1 22 18 40 40 9 19 40 40 7 3 40 40 4 40 40 40 40 40 40 40 40 40 40 25 18 7 10
AAAAGGGGGGGGGGGGGGGGGGGGGGGGGS
25 40 40 14 8 22 38 23 38 40 40 10 40 40 5 40 40 8 40 40 40 40 40 40 37 40 18 11 6 1
AAGGGGGGGGGGGGGGGGGGGGGGGGGGGG
 12 4 22 40 40 4 34 40 40 40 40 40 40 7 3 40 40 40 40 40 40 40 40 40 28 31 40 32 10 4
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
 12 17 30 40 13 15 40 30 40 28 40 40 40 20 6 20 40 40 40 40 40 39 40 40 40 40 14 31 32 21
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAC 
 18 14 40 38 21 14 40 40 40 40 14 40 40 28 40 30 40 40 34 40 40 40 32 40 40 40 40 40 17 26 20 3
TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT
 3 33 9 30 40 25 40 40 40 40 9 40 40 40 40 6 40 40 40 40 40 40 40 40 40 40 40 40 40 39 31 8 5
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCS
 8 29 40 40 3 26 40 40 40 29 23 40 22 22 40 19 30 40 25 40 40 40 6 40 34 36 25 6 19 8 7 11 2
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCTT
 11 25 25 39 23 19 28 39 40 12 17 40 35 13 40 9 40 40 32 40 33 40 39 37 40 40 40 4 40 11 11 5 4
CTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT
 3 13 40 40 40 20 21 40 25 40 40 6 40 5 40 40 15 40 40 32 40 40 40 11 40 39 40 21 40 21 17 8 12
GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGR
 11 33 17 40 34 19 40 40 40 40 40 15 40 40 40 40 39 9 38 40 12 40 37 40 40 31 40 40 40 40 40 19 6 14 3
TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT
 8 39 38 34 14 27 19 40 40 40 26 29 40 40 40 40 40 22 4 27 40 40 40 40 40 40 31 40 40 14 36 4 24 9
CTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT
 19 11 40 40 32 22 40 40 40 40 40 14 40 40 40 40 28 40 40 40 40 40 40 40 40 40 40 40 40 26 40 24 23 29
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAM
19 22 26 14 9 35 40 40 40 24 35 40 40 40 36 33 32 17 40 40 33 40 40 40 40 34 25 40 40 39 15 40 33 2
GKTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT
 4 3 11 20 40 25 29 17 40 40 39 40 40 22 40 40 40 40 40 26 24 40 40 40 40 40 40 40 40 40 40 24 31 21
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 
 10 24 21 12 18 12 14 40 40 40 17 29 40 40 29 29 40 9 11 27 40 40 33 40 40 20 40 40 40 32 40 3 22 9
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCMT
 5 11 27 33 17 12 40 40 34 32 19 23 40 35 40 26 40 14 35 40 28 40 40 40 32 40 32 28 24 16 13 40 14 3 6
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAM
 5 11 8 34 3 18 32 35 37 38 40 40 40 40 20 29 22 23 16 35 40 32 40 40 40 35 40 30 20 14 17 28 3 40 39 2
CTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTW 
 4 8 29 36 20 21 19 40 31 40 40 27 15 40 40 28 40 21 6 40 40 6 40 40 40 40 40 40 40 40 40 40 40 30 13 30 20 2
TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT
 14 25 7 33 25 15 36 31 40 40 40 36 40 40 40 40 40 7 40 31 36 6 40 36 40 40 40 39 40 40 30 40 18 8 23 16 28 36
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCT
 5 12 16 40 12 40 19 36 40 7 40 40 31 40 23 40 11 18 13 4 5 40 40 40 40 40 39 40 22 21 33 8 3 9 4 40 16 3
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAH
 6 17 6 5 4 40 29 33 40 22 28 22 28 40 23 12 31 40 3 21 18 36 20 30 26 40 36 33 32 38 22 16 24 25 6 40 40 1
TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT
 3 12 40 17 9 16 40 40 38 40 40 40 40 40 40 40 40 13 35 12 32 3 40 22 40 40 37 40 40 29 37 40 40 6 17 21 40 40
CTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT
 3 6 6 19 31 8 8 27 35 35 40 21 40 40 24 19 33 38 7 40 16 22 6 40 28 40 26 34 40 37 28 32 13 4 21 31 20 17
AACCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCMY 
4 4 8 22 17 9 40 23 27 40 15 37 40 40 13 40 7 10 4 27 26 35 40 12 27 24 40 34 21 22 35 4 5 40 9 3 2
ACCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 
5 12 11 18 3 8 40 20 29 40 11 40 40 7 25 7 40 4 14 6 11 6 23 5 40 22 27 31 6 35 10 18 6 21 17 19 23
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAMMM
 40 4 13 32 7 25 40 14 40 40 28 37 23 31 33 40 4 22 10 18 40 22 40 27 37 20 17 31 31 23 17 4 40 40 2 2 2
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAMT
 6 18 22 3 12 14 13 10 7 40 8 15 32 33 40 40 40 13 13 26 20 13 40 13 21 11 9 26 14 8 21 40 13 40 40 1 4
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAACHMMT
 4 10 12 40 22 16 8 9 38 12 23 18 9 39 6 19 26 27 26 15 19 23 10 19 15 33 30 22 30 4 40 32 4 1 1 2 20
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCY
 7 20 13 4 8 24 19 14 31 6 18 30 10 3 30 3 40 8 12 8 19 22 40 16 40 17 30 19 21 21 35 3 5 11 21 3
AAAAAAAAAAAAAAAAAAAACCCCCCCCCCCHMTYY
 4 17 6 37 29 40 7 27 13 23 12 16 28 13 40 9 30 12 19 25 19 40 16 9 15 29 9 22 24 40 11 1 2 8 3 1
AAAAAAAAAAAAAAAAAAAAAAAGGGGGGGGGGGG
 3 23 14 5 12 16 6 11 40 13 26 19 12 31 19 20 21 13 10 17 29 7 11 10 20 11 40 4 17 6 8 15 17 40 40
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAACMMW 
 6 10 8 2 12 17 8 27 6 34 13 19 11 9 28 40 10 8 5 13 37 7 18 13 18 7 16 25 13 40 40 3 2 2 2
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAACMT
 3 3 4 4 23 14 7 20 7 13 8 28 14 5 35 40 20 10 4 18 40 5 15 21 31 21 12 6 40 4 40 40 8 2 4
AAAAAAAAAAAAAAAGGGGGGGGGGGGGGGGGGG
 3 8 23 13 40 6 10 13 7 16 18 9 7 9 40 6 6 18 32 10 15 5 40 12 10 40 19 7 7 40 13 12 10 13
GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGNS
 7 16 12 3 17 14 7 20 10 6 23 25 4 16 40 10 40 19 13 27 9 18 10 6 22 12 11 4 18 6 25 1 1
AAAAAAAAAAAAAAAAAAAGGGGGGGGGGGGGG
6 10 4 10 8 17 6 29 18 4 13 22 5 8 11 4 30 15 6 7 7 3 10 40 4 11 8 10 11 9 9 7 40
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAHMT
 13 12 20 10 4 13 6 23 23 12 20 6 27 17 13 26 16 4 18 6 7 13 8 6 8 8 14 38 40 1 1 3
AAAAAAAAAAAAACCCCCCCCCCCCCCCCTTY
 6 6 11 40 6 18 12 15 12 10 5 12 40 7 11 7 21 6 34 6 21 14 28 13 17 29 40 6 6 10 3 2
AAAAAAAAAAAAAAAACCCCCCCCCCCCGHRW 
 8 8 16 7 17 6 11 13 39 15 14 9 35 4 33 6 11 23 40 11 8 20 10 11 10 6 6 40 4 1 1 2
AAAAAAAAAAATTTTTTTTTTTTTTTTTY
 6 15 12 13 6 13 17 10 10 4 5 6 13 28 23 35 13 28 16 15 30 9 19 4 36 7 6 12 1
CCCCCCCCCCCCCCHTTTTTTTTTTTTY
 13 6 18 2 21 3 10 14 2 34 14 23 6 24 1 20 28 13 6 4 24 10 23 19 13 11 14 2
CCCCCCCCCCTTTTTTTTTTTTTTTT
 12 13 15 6 13 9 4 6 4 8 8 13 40 23 30 38 23 24 36 40 32 4 36 22 40 6
AGGGGGGGGGGGGGGKTTTTTTTTTT
 7 4 8 26 6 21 30 3 23 40 8 34 8 28 7 2 32 22 23 20 14 28 18 24 16 14
BCCGGGGGGGGGGGGGGGGGGGGGGS 
 1 3 6 5 9 6 5 7 8 6 5 3 19 29 3 32 16 4 15 5 6 12 5 5 33 2
GGGGGGGGGGTTTTTTTTTTTTTTTT
9 21 6 8 13 4 7 4 10 5 4 9 22 16 20 30 24 14 40 30 13 19 16 14 40 4
AAMTTTTTTTTTTTTTTTTTTTTTTT
 17 9 1 16 32 23 16 33 13 22 7 22 18 7 15 40 10 14 14 15 23 11 15 17 26 5
STTTTTTTTTTTTTTTTTTTTTTTTT
 2 6 18 20 21 24 21 40 22 25 20 27 40 28 9 6 40 11 8 6 22 19 11 28 40 11
AAAAAAAAAAAAAAAAAAMMTTTTTT
 4 7 3 8 25 5 14 8 40 40 17 22 18 7 9 12 40 3 1 1 20 19 6 22 19 25
AAAAAAMTTTTTTTTTTTTTTTW 
6 9 6 6 3 3 2 6 26 27 6 23 39 5 32 30 40 8 40 15 20 22 2
NTTTTTTTTTTTTTTTTT
1 11 40 38 15 36 10 23 27 40 40 6 26 26 9 40 36 32
GGGGGGGKSTT
 6 6 6 13 40 21 21 1 2 5 18
CGGGGGGGG
 3 3 4 3 40 21 11 10 40
TTTTTTTTT
 7 21 15 5 35 40 10 15 40
CCCCCYYYY
 9 4 40 40 40 1 1 1 1
AAAAAAW 
 2 4 40 40 10 40 2
TTTTTT
18 13 40 40 26 40
AGGGGG
 3 4 3 40 3 40
AAAAAA
 17 2 40 40 15 40
CGGGGT
 4 40 40 4 40 8
TTTT
 40 40 5 40
AAAA
 36 40 11 40
TTTT
 40 40 26 40
TTTT
 40 40 15 40
TTTT
 40 40 13 40
CCCY
 40 40 40 1
CCT
 40 40 1
AA
 40 40
Cluster 1 Stop 814
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Cluster 1 Contig >AAGJ02062427_Contig62631_BCM_Spur_v2.1_Scaffold58551 Start 637
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 3 32
AA
 40 20
AA
 31 29
TT
 40 7
GG
 17 4
AA
 39 5
CC 
 16 10
TT
 31 12
GG
 17 8
CC 
 8 6
AA
 13 31
TT
 28 20
TT
 38 26
TT
 40 17
AA
 19 40
TT
 34 17
TT
 37 29
GGG
 37 6 21
AAA
 36 14 36
CCCY
 4 16 40 2
AGTT
 40 30 31 27
AAAAA
26 6 33 40 19
TTTTT
 40 17 40 9 40
TTTTT
 13 29 40 22 40
CCCCY 
14 26 7 13 2
TTTTT
 23 27 40 15 40
CCCCC 
17 2 40 37 27
AAAA
 40 40 40 40
AAAA
 40 39 4 14
CCCC 
 7 31 40 31
AAAA
 40 25 40 15
AAAA
 18 17 29 40
AAAA
 30 14 40 28
TTTT
 40 36 15 40
CCCC 
 37 38 40 35
TTTT
 15 40 40 25
CCCC 
 20 35 40 18
TTTT
 17 31 39 23
CCCC 
 27 40 40 18
TTTT
 24 34 40 30
GGGG
 4 26 40 16
TTT
 20 14 22
TTT
 11 28 20
CCC 
 6 32 10
AAA
 14 23 28
TTT
 25 37 27
AAA
 12 17 18
TTT
 35 32 18
AATT
 6 13 20 37
HTTT
 1 9 23 23
DTTT
 1 6 22 21
CCCH
 19 9 11 1
HTTT
 1 12 10 14
CCCV
 2 40 12 1
ACCC
 3 10 30 13
AAAA
 5 5 12 13
AAMW 
 9 12 2 1
BCCC
 1 15 11 9
AAAA
 3 3 4 9
GGGT
 2 6 3 3
AAAA
 5 12 4 6
CCCCC 
40 3 9 17 4
TTTTW 
16 15 26 12 2
BGGGG
1 40 5 17 3
TTTTT
 14 14 16 8 4
AAAAA
17 4 6 9 4
ACCCGY
 6 32 8 4 2 1
GGGKK
40 2 12 2 2
CCCHMM 
 16 25 4 1 2 1
AGGGG
7 15 40 5 34
GGGGG
 26 40 6 3 8
CCCCM 
4 40 4 6 2
GGGGGV 
 14 40 40 5 6 1
CGTTTT
 16 3 40 26 14 5
TTTTTTT
 28 40 40 6 40 24 6
AAGTTTT
 8 17 6 27 14 40 40
AAGGGGG
 9 7 5 40 40 40 14
DDTTTTTTTT
 1 1 4 40 28 19 3 40 18 2
GGGGGGGGGGG
 3 40 37 40 2 4 40 13 40 5 4
GGGGGGGGGGGGG
 8 36 39 16 40 2 11 40 40 15 36 9 4
AGGGGGGGGGGGG
 4 6 36 32 40 40 7 40 40 40 39 4 4
CCCCCCCCCCHMY
 15 27 29 29 40 19 40 11 28 4 1 2 2
AAAAAAAAAAAAA
 14 40 28 10 40 15 6 40 40 7 40 14 13
GGGGGGGGGGGRR
 29 14 28 32 40 3 4 40 39 26 40 2 2
AAAAAAAAAAAAA
 12 12 40 17 40 16 9 28 40 40 23 16 12
TTTTTTTTTTTTT
 21 4 32 32 40 4 4 40 40 15 38 7 11
AAAGGGGGGGGGGGGR
 15 40 4 11 40 40 22 40 40 40 40 4 32 14 4 1
AAAAAAAAAAAAAAAAAAAAA
 6 34 40 12 11 40 40 2 25 40 40 40 40 40 40 40 16 40 32 12 12
BCCCCCCCCCCCCCCCCCCCCCCCCCCC 
 1 22 18 40 40 9 19 40 40 7 3 40 40 4 40 40 40 40 40 40 40 40 40 40 25 18 7 10
AAAAGGGGGGGGGGGGGGGGGGGGGGGGGS
25 40 40 14 8 22 38 23 38 40 40 10 40 40 5 40 40 8 40 40 40 40 40 40 37 40 18 11 6 1
AAGGGGGGGGGGGGGGGGGGGGGGGGGGGG
 12 4 22 40 40 4 34 40 40 40 40 40 40 7 3 40 40 40 40 40 40 40 40 40 28 31 40 32 10 4
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
 12 17 30 40 13 15 40 30 40 28 40 40 40 20 6 20 40 40 40 40 40 39 40 40 40 40 14 31 32 21
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAC 
 18 14 40 38 21 14 40 40 40 40 14 40 40 28 40 30 40 40 34 40 40 40 32 40 40 40 40 40 17 26 20 3
TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT
 3 33 9 30 40 25 40 40 40 40 9 40 40 40 40 6 40 40 40 40 40 40 40 40 40 40 40 40 40 39 31 8 5
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCS
 8 29 40 40 3 26 40 40 40 29 23 40 22 22 40 19 30 40 25 40 40 40 6 40 34 36 25 6 19 8 7 11 2
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCTT
 11 25 25 39 23 19 28 39 40 12 17 40 35 13 40 9 40 40 32 40 33 40 39 37 40 40 40 4 40 11 11 5 4
CTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT
 3 13 40 40 40 20 21 40 25 40 40 6 40 5 40 40 15 40 40 32 40 40 40 11 40 39 40 21 40 21 17 8 12
GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGR
 11 33 17 40 34 19 40 40 40 40 40 15 40 40 40 40 39 9 38 40 12 40 37 40 40 31 40 40 40 40 40 19 6 14 3
TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT
 8 39 38 34 14 27 19 40 40 40 26 29 40 40 40 40 40 22 4 27 40 40 40 40 40 40 31 40 40 14 36 4 24 9
CTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT
 19 11 40 40 32 22 40 40 40 40 40 14 40 40 40 40 28 40 40 40 40 40 40 40 40 40 40 40 40 26 40 24 23 29
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAM
19 22 26 14 9 35 40 40 40 24 35 40 40 40 36 33 32 17 40 40 33 40 40 40 40 34 25 40 40 39 15 40 33 2
GKTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT
 4 3 11 20 40 25 29 17 40 40 39 40 40 22 40 40 40 40 40 26 24 40 40 40 40 40 40 40 40 40 40 24 31 21
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 
 10 24 21 12 18 12 14 40 40 40 17 29 40 40 29 29 40 9 11 27 40 40 33 40 40 20 40 40 40 32 40 3 22 9
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCMT
 5 11 27 33 17 12 40 40 34 32 19 23 40 35 40 26 40 14 35 40 28 40 40 40 32 40 32 28 24 16 13 40 14 3 6
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAM
 5 11 8 34 3 18 32 35 37 38 40 40 40 40 20 29 22 23 16 35 40 32 40 40 40 35 40 30 20 14 17 28 3 40 39 2
CTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTW 
 4 8 29 36 20 21 19 40 31 40 40 27 15 40 40 28 40 21 6 40 40 6 40 40 40 40 40 40 40 40 40 40 40 30 13 30 20 2
TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT
 14 25 7 33 25 15 36 31 40 40 40 36 40 40 40 40 40 7 40 31 36 6 40 36 40 40 40 39 40 40 30 40 18 8 23 16 28 36
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCT
 5 12 16 40 12 40 19 36 40 7 40 40 31 40 23 40 11 18 13 4 5 40 40 40 40 40 39 40 22 21 33 8 3 9 4 40 16 3
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAH
 6 17 6 5 4 40 29 33 40 22 28 22 28 40 23 12 31 40 3 21 18 36 20 30 26 40 36 33 32 38 22 16 24 25 6 40 40 1
TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT
 3 12 40 17 9 16 40 40 38 40 40 40 40 40 40 40 40 13 35 12 32 3 40 22 40 40 37 40 40 29 37 40 40 6 17 21 40 40
CTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT
 3 6 6 19 31 8 8 27 35 35 40 21 40 40 24 19 33 38 7 40 16 22 6 40 28 40 26 34 40 37 28 32 13 4 21 31 20 17
AACCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCMY 
4 4 8 22 17 9 40 23 27 40 15 37 40 40 13 40 7 10 4 27 26 35 40 12 27 24 40 34 21 22 35 4 5 40 9 3 2
ACCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 
5 12 11 18 3 8 40 20 29 40 11 40 40 7 25 7 40 4 14 6 11 6 23 5 40 22 27 31 6 35 10 18 6 21 17 19 23
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAMMM
 40 4 13 32 7 25 40 14 40 40 28 37 23 31 33 40 4 22 10 18 40 22 40 27 37 20 17 31 31 23 17 4 40 40 2 2 2
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAMT
 6 18 22 3 12 14 13 10 7 40 8 15 32 33 40 40 40 13 13 26 20 13 40 13 21 11 9 26 14 8 21 40 13 40 40 1 4
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAACHMMT
 4 10 12 40 22 16 8 9 38 12 23 18 9 39 6 19 26 27 26 15 19 23 10 19 15 33 30 22 30 4 40 32 4 1 1 2 20
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCY
 7 20 13 4 8 24 19 14 31 6 18 30 10 3 30 3 40 8 12 8 19 22 40 16 40 17 30 19 21 21 35 3 5 11 21 3
AAAAAAAAAAAAAAAAAAAACCCCCCCCCCCHMTYY
 4 17 6 37 29 40 7 27 13 23 12 16 28 13 40 9 30 12 19 25 19 40 16 9 15 29 9 22 24 40 11 1 2 8 3 1
AAAAAAAAAAAAAAAAAAAAAAAGGGGGGGGGGGG
 3 23 14 5 12 16 6 11 40 13 26 19 12 31 19 20 21 13 10 17 29 7 11 10 20 11 40 4 17 6 8 15 17 40 40
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAACMMW 
 6 10 8 2 12 17 8 27 6 34 13 19 11 9 28 40 10 8 5 13 37 7 18 13 18 7 16 25 13 40 40 3 2 2 2
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAACMT
 3 3 4 4 23 14 7 20 7 13 8 28 14 5 35 40 20 10 4 18 40 5 15 21 31 21 12 6 40 4 40 40 8 2 4
AAAAAAAAAAAAAAAGGGGGGGGGGGGGGGGGGG
 3 8 23 13 40 6 10 13 7 16 18 9 7 9 40 6 6 18 32 10 15 5 40 12 10 40 19 7 7 40 13 12 10 13
GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGNS
 7 16 12 3 17 14 7 20 10 6 23 25 4 16 40 10 40 19 13 27 9 18 10 6 22 12 11 4 18 6 25 1 1
AAAAAAAAAAAAAAAAAAAGGGGGGGGGGGGGG
6 10 4 10 8 17 6 29 18 4 13 22 5 8 11 4 30 15 6 7 7 3 10 40 4 11 8 10 11 9 9 7 40
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAHMT
 13 12 20 10 4 13 6 23 23 12 20 6 27 17 13 26 16 4 18 6 7 13 8 6 8 8 14 38 40 1 1 3
AAAAAAAAAAAAACCCCCCCCCCCCCCCCTTY
 6 6 11 40 6 18 12 15 12 10 5 12 40 7 11 7 21 6 34 6 21 14 28 13 17 29 40 6 6 10 3 2
AAAAAAAAAAAAAAAACCCCCCCCCCCCGHRW 
 8 8 16 7 17 6 11 13 39 15 14 9 35 4 33 6 11 23 40 11 8 20 10 11 10 6 6 40 4 1 1 2
AAAAAAAAAAATTTTTTTTTTTTTTTTTY
 6 15 12 13 6 13 17 10 10 4 5 6 13 28 23 35 13 28 16 15 30 9 19 4 36 7 6 12 1
CCCCCCCCCCCCCCHTTTTTTTTTTTTY
 13 6 18 2 21 3 10 14 2 34 14 23 6 24 1 20 28 13 6 4 24 10 23 19 13 11 14 2
CCCCCCCCCCTTTTTTTTTTTTTTTT
 12 13 15 6 13 9 4 6 4 8 8 13 40 23 30 38 23 24 36 40 32 4 36 22 40 6
AGGGGGGGGGGGGGGKTTTTTTTTTT
 7 4 8 26 6 21 30 3 23 40 8 34 8 28 7 2 32 22 23 20 14 28 18 24 16 14
BCCGGGGGGGGGGGGGGGGGGGGGGS 
 1 3 6 5 9 6 5 7 8 6 5 3 19 29 3 32 16 4 15 5 6 12 5 5 33 2
GGGGGGGGGGTTTTTTTTTTTTTTTT
9 21 6 8 13 4 7 4 10 5 4 9 22 16 20 30 24 14 40 30 13 19 16 14 40 4
AAMTTTTTTTTTTTTTTTTTTTTTTT
 17 9 1 16 32 23 16 33 13 22 7 22 18 7 15 40 10 14 14 15 23 11 15 17 26 5
STTTTTTTTTTTTTTTTTTTTTTTTT
 2 6 18 20 21 24 21 40 22 25 20 27 40 28 9 6 40 11 8 6 22 19 11 28 40 11
AAAAAAAAAAAAAAAAAAMMTTTTTT
 4 7 3 8 25 5 14 8 40 40 17 22 18 7 9 12 40 3 1 1 20 19 6 22 19 25
AAAAAAMTTTTTTTTTTTTTTTW 
6 9 6 6 3 3 2 6 26 27 6 23 39 5 32 30 40 8 40 15 20 22 2
NTTTTTTTTTTTTTTTTT
1 11 40 38 15 36 10 23 27 40 40 6 26 26 9 40 36 32
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Analysis on a Shoestring - SNPs in Pooled Samples
• Tally base-by-base nucleotide frequencies and qualities

• Pick thresholds from simple error model

• 83% validated at predicted population level by RT-PCR!

• MAQ - frequent false positives and false negatives

! !
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McCullough Summary
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1% SNP ratio = 395 loci

>=5% SNP ratio = 74 loci

>= 10% SNP ratio = 42 loci

Y axis is the coverage depth
X axis is the position along the 10Kb
Black line is coverage
Red bars are SNP positions at given percent occurrence

Count of sites (Y) with a fraction of (X) SNPs

Project: SQ1202

CONTIG POSITION  DEPTH   VARIAN T  V.DEPTH  %CALLS  %QUALS  V.QUAL  QUALS
scaffold_185    11915   62      G       59      0.9516  0.9891  1266    1280  
scaffold_152    238099  90      T       85      0.9444  0.9221  1266    1373
scaffold_15     393751  77      A       75      0.9740  0.9945  1266    1273 
scaffold_147    12004   60      G       50      0.8333  0.9806  1266    1291   
scaffold_1133   6860    71      C       70      0.9859  0.9969  1266    1270   
scaffold_52     103072  70      G       70      1.0000  1.0000  1265    1265   
scaffold_3      680248  60      C       59      0.9833  0.9976  1265    1268  
scaffold_229    75856   106     C       92      0.8679  0.9426  1265    1342 
scaffold_213    71821   95      T       83      0.8737  0.9664  1265    1309   
scaffold_15     391030  69      C       61      0.8841  0.9664  1265    1309 
scaffold_140    135979  51      T       51      1.0000  1.0000  1265    1265 
scaffold_14     953190  68      A       61      0.8971  0.9708  1265    1303  
scaffold_58     76069   74      C       72      0.9730  0.9961  1264    1269  
scaffold_49     374940  60      A       60      1.0000  1.0000  1264    1264  
scaffold_35     1027666 53      G       51      0.9623  0.9929  1264    1273 
scaffold_153    150     38      G       36      0.9474  0.9937  1264    1272   
scaffold_152    131015  69      G       68      0.9855  0.9922  1264    1274   
scaffold_13     611759  50      C       48      0.9600  0.9837  1264    1285 
scaffold_1      3728402 50      G       47      0.9400  0.9821  1264    1287 
scaffold_56     392560  50      C       49      0.9800  0.9875  1263    1279 
scaffold_4739   644     74      C       73      0.9865  0.9945  1263    1270  
scaffold_22     460616  53      T       53      1.0000  1.0000  1263    1263 
scaffold_170    42834   71      A       64      0.9014  0.9730  1263    1298
scaffold_125    314020  59      G       51      0.8644  0.9776  1263    1292
scaffold_105    314291  68      C       64      0.9412  0.9914  1263    1274 
scaffold_45     5453    72      C       70      0.9722  0.9961  1262    1267 
scaffold_36     232766  82      T       76      0.9268  0.9875  1262    1278 
scaffold_21     455896  78      A       71      0.9103  0.9813  1262    1286  
scaffold_195    125468  65      C       47      0.7231  0.9575  1262    1318 
scaffold_18     1400541 68      A       65      0.9559  0.9760  1262    1293
scaffold_177    197527  62      G       62      1.0000  1.0000  1262    1262 
scaffold_176    59462   65      G       64      0.9846  0.9992  1262    1263 
scaffold_167    112530  49      A       48      0.9796  0.9968  1262    1266
scaffold_130    317115  64      A       63      0.9844  0.9992  1262    1263
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Analysis on a Shoestring - De Novo Transcriptome Assembly
• Fix bugs in AMOScmp-shortRead ... makes 

no joins after 3 days

• Try to install Euler-SR...failed & no one we 
know can get it installed either ;-)

• Add 2 new strategies to Velvet (default De 
Brujin graphs are too naïve)

• Each increases mean/median contig 
length by up to 2X (4X total, constant 
total size)

• Simple alignments + graph theory to 
aggregate results of Multi-stage assemblies

• Align reads back to assembly for 
expression (& to avoid generating/parsing 
Velvet TXT files)

• HMMER3 alpha identifies all of the Core 
Eukaryotic Genes (CEGMA set of 437)

gene 167 0 length 1602 frame 5 Ribonucleotide reductase, alpha subunit
gene 149 0 length 2221 frame 3 N-arginine dibasic convertase NRD1 and related Zn2+-dependent endopeptidases, insulinase superfamily
gene 115 5.20E-277 length 1550 frame 3 AAA+-type ATPase
gene 89 3.50E-276 length 1348 frame 1 DNA replication licensing factor, MCM5 component
gene 278 1.20E-261 length 1451 frame 4 U5 snRNP spliceosome subunit
gene 56 6.50E-256 length 2198 frame 6 RNA helicase
gene 102 3.90E-231 length 1263 frame 5 Phosphoglucomutase
gene 104 4.00E-228 length 1379 frame 4 WD40 repeat nucleolar protein Bop1, involved in ribosome biogenesis
gene 169 1.10E-204 length 1192 frame 6 RNA polymerase II transcription initiation/nucleotide excision repair factor TFIIH, 5'-3' helicase subunit RAD3
gene 295 1.30E-190 length 924 frame 2 Predicted P-loop ATPase fused to an acetyltransferase
gene 88 4.90E-183 length 819 frame 4 DNA replication licensing factor, MCM2 component
gene 38 1.20E-179 length 980 frame 1 RNA polymerase III, large subunit
gene 188 2.30E-174 length 1378 frame 3 GDP-mannose pyrophosphorylase/mannose-1-phosphate guanylyltransferase
gene 31 1.10E-170 length 750 frame 3 Alanyl-tRNA synthetase
gene 159 4.00E-170 length 979 frame 1 Vesicle coat complex COPI, beta subunit
gene 182 7.10E-170 length 949 frame 5 Glucosamine 6-phosphate synthetases, contain amidotransferase and phosphosugar isomerase domains
gene 351 2.20E-169 length 1020 frame 6 Phenylalanyl-tRNA synthetase
gene 8 3.80E-168 length 1416 frame 4 ATPase component of ABC transporters with duplicated ATPase domains/Translation elongation factor EF-3b
gene 83 2.80E-159 length 883 frame 5 Mitochondrial translation elongation factor Tu
gene 86 2.10E-158 length 720 frame 3 U5 snRNP-specific protein
gene 147 3.40E-156 length 686 frame 2 Nuclear exosomal RNA helicase MTR4, DEAD-box superfamily
gene 47 1.50E-154 length 1155 frame 2 Ribosome Assembly protein
gene 90 1.00E-153 length 857 frame 3 HAT repeat protein
gene 176 1.40E-150 length 810 frame 1 Acyl-CoA synthetase
gene 180 4.90E-150 length 785 frame 5 Karyopherin (importin) beta 1
gene 68 2.20E-146 length 673 frame 1 Serine/threonine specific protein phosphatase involved in glycogen accumulation, PP2A-related
gene 153 3.30E-144 length 688 frame 3 Vesicle coat protein clathrin, heavy chain
gene 80 3.30E-144 length 615 frame 5 Isoleucyl-tRNA synthetase
gene 233 4.50E-144 length 642 frame 3 Ribonucleotide reductase, beta subunit
gene 148 7.70E-144 length 757 frame 4 DNA/RNA helicase MER3/SLH1, DEAD-box superfamily
gene 229 1.20E-141 length 611 frame 1 26S proteasome regulatory complex, subunit RPN11
gene 46 5.20E-140 length 666 frame 3 Vesicle coat complex COPI, alpha subunit
gene 170 1.90E-136 length 578 frame 1 mRNA cleavage and polyadenylation factor II complex, BRR5 (CPSF subunit)
gene 219 4.90E-135 length 637 frame 6 NADP-dependent isocitrate dehydrogenase
gene 69 1.10E-133 length 673 frame 6 Serine/threonine specific protein phosphatase involved in cell cycle control, PP2A-related
gene 168 1.10E-133 length 758 frame 1 RNA polymerase II transcription initiation/nucleotide excision repair factor TFIIH, 3'-5' helicase subunit SSL2
gene 140 4.50E-132 length 1077 frame 2 DEAH-box RNA helicase
gene 4 4.70E-131 length 736 frame 1 Structural maintenance of chromosome protein 1 (sister chromatid cohesion complex Cohesin, subunit SMC1)
gene 320 1.70E-130 length 1023 frame 2 Phosphoglucomutase/phosphomannomutase
gene 232 1.10E-126 length 678 frame 4 Conserved protein Mo25
gene 145 3.10E-126 length 615 frame 1 Adaptor complexes medium subunit family
gene 33 2.20E-124 length 571 frame 4 P-type ATPase
gene 172 3.10E-124 length 555 frame 4 Glutaminyl-tRNA synthetase
gene 319 5.70E-122 length 512 frame 6 RNA polymerase II elongator complex, subunit ELP3/histone acetyltransferase
gene 280 2.70E-121 length 685 frame 1 Ubiquitin fusion-degradation protein
gene 152 2.10E-119 length 555 frame 2 DNA polymerase delta, catalytic subunit
gene 114 3.10E-118 length 589 frame 6 AAA+-type ATPase containing the peptidase M41 domain
gene 210 4.00E-118 length 587 frame 5 26S proteasome regulatory complex, subunit RPN6/PSMD11
gene 406 9.30E-118 length 673 frame 4 Predicted RNA-binding protein Pno1p interacting with Nob1p and involved in 26S proteasome assembly
gene 363 4.20E-117 length 1352 frame 5 sn-1,2-diacylglycerol ethanolamine- and cholinephosphotranferases
gene 122 1.00E-116 length 777 frame 2 Dehydrogenase kinase
gene 334 4.40E-116 length 598 frame 1 Adenylosuccinate lyase
gene 222 3.30E-115 length 1034 frame 6 Predicted GTPase
gene 55 9.20E-114 length 540 frame 6 ATP-dependent RNA helicase
gene 297 2.20E-113 length 555 frame 3 mRNA splicing factor
gene 151 5.00E-113 length 896 frame 4 Structural maintenance of chromosome protein 3 (sister chromatid cohesion complex Cohesin, subunit SMC3)
gene 66 1.40E-112 length 663 frame 5 Protein geranylgeranyltransferase Type I, beta subunit
gene 45 2.10E-109 length 713 frame 2 WD40-repeat-containing subunit of the 18S rRNA processing complex
gene 111 3.20E-109 length 437 frame 2 26S proteasome regulatory complex, ATPase RPT3
gene 142 3.00E-106 length 769 frame 5 Structural maintenance of chromosome protein 2 (chromosome condensation complex Condensin, subunit E)
gene 324 5.20E-106 length 596 frame 4 Glucosyltransferase - Alg6p
gene 283 1.40E-105 length 863 frame 5 Putative phosphoinositide phosphatase
gene 98 6.60E-105 length 519 frame 4 Glucose-6-phosphate 1-dehydrogenase
gene 190 2.30E-104 length 436 frame 4 Histone deacetylase complex, catalytic component RPD3
gene 326 2.90E-104 length 508 frame 1 NMD protein affecting ribosome stability and mRNA decay
gene 289 2.50E-103 length 585 frame 3 Vesicle coat complex COPII, subunit SEC23
gene 402 3.00E-102 length 1208 frame 5 Vacuolar assembly/sorting protein DID2
gene 185 5.70E-101 length 547 frame 2 Vacuolar sorting protein VPS45/Stt10 (Sec1 family)
gene 237 4.60E-99 length 945 frame 1 Inorganic pyrophosphatase/Nucleosome remodeling factor, subunit NURF38
gene 166 1.50E-98 length 592 frame 5 SAM-dependent methyltransferase/cell division protein FtsJ
gene 301 3.30E-98 length 434 frame 3 Serine/threonine protein kinase involved in cell cycle control
gene 43 5.20E-98 length 412 frame 6 Pleiotropic regulator 1
gene 341 6.80E-98 length 623 frame 1 DNA polymerase delta, regulatory subunit 55
gene 459 1.30E-97 length 783 frame 2 U3 small nucleolar ribonucleoprotein (snoRNP) component
gene 231 5.40E-96 length 439 frame 2 Spermidine synthase
gene 160 2.40E-94 length 472 frame 2 Vesicle coat complex AP-1, gamma subunit
gene 250 3.00E-94 length 546 frame 6 Golgi proteins involved in ER retention (RER)
gene 116 1.10E-93 length 589 frame 3 Mitochondrial tricarboxylate/dicarboxylate carrier proteins
gene 213 7.20E-93 length 628 frame 2 GTP-binding protein DRG1 (ODN superfamily)
gene 290 2.30E-92 length 499 frame 1 Nuclear export receptor CSE1/CAS (importin beta superfamily)
gene 107 8.80E-92 length 858 frame 5 Actin-related protein - Arp4p/Act3p
gene 84 9.50E-92 length 440 frame 4 Elongation factor-type GTP-binding protein
gene 171 1.00E-91 length 440 frame 1 Mitochondrial translation initiation factor 2 (IF-2; GTPase)
gene 119 1.10E-91 length 410 frame 6 Signal recognition particle, subunit Srp54
gene 70 2.40E-90 length 461 frame 2 Serine-threonine phosphatase 2A, catalytic subunit
gene 366 9.90E-90 length 446 frame 2 Vacuolar H+-ATPase V1 sector, subunit C
gene 347 8.20E-89 length 549 frame 4 Aminomethyl transferase
gene 255 2.00E-88 length 765 frame 5 60s ribosomal protein L30 isolog
gene 315 2.70E-88 length 738 frame 3 Seryl-tRNA synthetase
gene 291 1.40E-87 length 585 frame 4 Mitochondrial ATP-dependent protease PIM1/LON
gene 193 3.60E-87 length 340 frame 6 Vacuolar H+-ATPase V1 sector, subunit B
gene 126 1.00E-86 length 387 frame 3 Ribosomal RNA adenine dimethylase
gene 322 7.30E-86 length 413 frame 3 Ribosome biogenesis protein - Nop58p/Nop5p
gene 306 8.00E-86 length 629 frame 3 NAD/FAD-utilizing protein possibly involved in translation
gene 186 7.00E-85 length 509 frame 5 Vesicle trafficking protein Sec1
gene 123 2.20E-84 length 444 frame 4 S-adenosylmethionine decarboxylase
gene 143 4.20E-84 length 410 frame 6 Clathrin adaptor complex, small subunit
gene 349 6.20E-84 length 385 frame 4 Metallopeptidase
gene 228 1.60E-83 length 828 frame 5 Cysteine desulfurase NFS1
gene 93 1.10E-82 length 525 frame 6 Protein farnesyltransferase, alpha subunit/protein geranylgeranyltransferase type I, alpha subunit
gene 5 4.00E-82 length 984 frame 1 Molecular chaperone (HSP90 family)
gene 37 6.50E-82 length 445 frame 6 Alanine aminotransferase
gene 221 3.50E-81 length 352 frame 5 GTPase XAB1, interacts with DNA repair protein XPA
gene 311 3.60E-81 length 788 frame 1 Aldehyde dehydrogenase
gene 224 5.50E-80 length 542 frame 5 Predicted fumarylacetoacetate hydralase
gene 300 8.60E-80 length 438 frame 3 Vacuolar H+-ATPase V0 sector, subunit a
gene 141 1.10E-79 length 411 frame 2 Predicted transporter (ABC superfamily)
gene 285 1.30E-79 length 523 frame 5 Histidyl-tRNA synthetase
gene 298 4.50E-79 length 434 frame 5 Mitochondrial processing peptidase, alpha subunit
gene 378 1.40E-78 length 486 frame 5 Protein required for biogenesis of the ribosomal 60S subunit
gene 161 1.60E-78 length 428 frame 5 Exosomal 3'-5' exoribonuclease complex, subunit Rrp41 and related exoribonucleases
gene 329 3.50E-78 length 499 frame 4 Splicing factor 3a, subunit 3
gene 296 5.00E-78 length 496 frame 4 5'-3' exonuclease HKE1/RAT1
gene 179 1.00E-77 length 1024 frame 2 Predicted unusual protein kinase
gene 136 1.50E-77 length 476 frame 2 Peptidyl-prolyl cis-trans isomerase
gene 226 1.70E-77 length 485 frame 6 Ubiquinone biosynthesis methyltransferase COQ5
gene 377 6.10E-77 length 388 frame 2 Predicted ATPase, nucleotide-binding
gene 308 7.00E-77 length 430 frame 6 CTP synthase (UTP-ammonia lyase)
gene 103 8.20E-77 length 523 frame 6 Galactokinase
gene 309 3.90E-76 length 419 frame 4 Electron transfer flavoprotein ubiquinone oxidoreductase
gene 279 9.70E-76 length 398 frame 6 Ferredoxin/adrenodoxin reductase
gene 163 1.20E-75 length 388 frame 6 Vesicle coat complex COPI, gamma subunit
gene 52 8.00E-75 length 538 frame 6 ATP-dependent RNA helicase
gene 371 1.30E-74 length 393 frame 3 Vacuolar H+-ATPase V0 sector, subunit d
gene 187 1.70E-74 length 386 frame 3 Vesicle trafficking protein Sly1 (Sec1 family)
gene 184 3.80E-74 length 446 frame 4 Mn2+ and Fe2+ transporters of the NRAMP family
gene 287 5.60E-74 length 538 frame 3 DNA mismatch repair protein - MLH1 family
gene 158 1.00E-73 length 394 frame 6 Bifunctional leukotriene A4 hydrolase/aminopeptidase LTA4H
gene 129 3.70E-73 length 448 frame 4 Glycosyltransferase
gene 383 2.00E-72 length 485 frame 5 Uridylate kinase/adenylate kinase
gene 310 2.10E-72 length 327 frame 5 Glucose-6-phosphate isomerase
gene 117 3.20E-72 length 1105 frame 3 Mitochondrial carnitine-acylcarnitine carrier protein
gene 150 3.70E-72 length 402 frame 6 Mitochondrial processing peptidase, beta subunit, and related enzymes (insulinase superfamily)
gene 358 1.70E-71 length 350 frame 2 Mevalonate pyrophosphate decarboxylase
gene 420 2.90E-71 length 554 frame 4 Vesicle coat complex COPI, zeta subunit
gene 312 3.40E-71 length 318 frame 2 Glycine/serine hydroxymethyltransferase
gene 189 8.70E-71 length 388 frame 2 Dihydrolipoamide dehydrogenase
gene 94 1.00E-70 length 470 frame 2 NADH-cytochrome b-5 reductase
gene 11 9.20E-70 length 550 frame 3 GTPase Rab1/YPT1, small G protein superfamily, and related GTP-binding proteins
gene 239 1.40E-69 length 350 frame 6 Threonyl-tRNA synthetase
gene 352 2.60E-69 length 281 frame 6 Phenylalanyl-tRNA synthetase, beta subunit
gene 313 1.10E-68 length 722 frame 6 Phenylalanyl-tRNA synthetase beta subunit
gene 281 2.60E-68 length 345 frame 4 Ubiquitin-specific protease
gene 317 3.40E-68 length 304 frame 3 Pseudouridine synthase
gene 198 1.70E-67 length 433 frame 6 S-adenosylhomocysteine hydrolase
gene 133 2.40E-67 length 621 frame 5 Class 2 transcription repressor NC2, beta subunit (Dr1)
gene 337 4.00E-67 length 530 frame 4 Glycerol-3-phosphate dehydrogenase/dihydroxyacetone 3-phosphate reductase
gene 48 1.20E-66 length 418 frame 6 Microtubule binding protein YTM1 (contains WD40 repeats)
gene 22 1.80E-66 length 507 frame 1 20S proteasome, regulatory subunit alpha type PSMA5/PUP2
gene 54 2.50E-66 length 256 frame 1 ATP-dependent RNA helicase
gene 318 2.10E-64 length 415 frame 2 Sugar (pentulose and hexulose) kinases
gene 191 5.70E-64 length 263 frame 5 Gpi-anchor transamidase
gene 340 1.50E-63 length 524 frame 2 Uncharacterized conserved protein with similarity to phosphopantothenoylcysteine synthetase/decarboxylase
gene 64 1.00E-62 length 516 frame 6 Beta subunit of farnesyltransferase
gene 162 1.50E-61 length 278 frame 3 Vesicle coat complex AP-2, alpha subunit
gene 304 3.70E-61 length 314 frame 5 Predicted NAD synthase, contains CN hydrolase domain
gene 333 4.10E-61 length 256 frame 2 DNA helicase TIP49, TBP-interacting protein
gene 35 1.40E-60 length 259 frame 6 Pyruvate dehydrogenase E1, alpha subunit
gene 156 2.10E-60 length 504 frame 3 Structural maintenance of chromosome protein 4 (chromosome condensation complex Condensin, subunit C)
gene 105 3.90E-60 length 246 frame 5 Cdk activating kinase (CAK)/RNA polymerase II transcription initiation/nucleotide excision repair factor TFIIH/TFIIK, kinase subunit CDK7
gene 178 4.30E-60 length 374 frame 6 Amidases
gene 14 4.80E-60 length 388 frame 1 Molecular chaperones GRP78/BiP/KAR2, HSP70 superfamily
gene 144 6.10E-60 length 278 frame 5 Clathrin adaptor complex, small subunit
gene 9 1.10E-59 length 309 frame 5 GTP-binding ADP-ribosylation factor-like protein ARL2
gene 204 2.10E-59 length 483 frame 3 Ubiquitin C-terminal hydrolase UCHL1
gene 342 2.40E-59 length 366 frame 6 Putative methionine aminopeptidase
gene 225 4.20E-59 length 341 frame 5 WD repeat protein
gene 381 6.10E-59 length 448 frame 6 Cytochrome c1
gene 85 1.30E-58 length 271 frame 1 Translation initiation factor 2, gamma subunit (eIF-2gamma; GTPase)
gene 276 2.00E-58 length 320 frame 6 Small Nuclear ribonucleoprotein splicing factor
gene 299 2.30E-58 length 357 frame 2 Nuclear transport factor 2
gene 121 2.30E-58 length 287 frame 3 Isocitrate dehydrogenase, alpha subunit
gene 214 2.30E-58 length 312 frame 3 Predicted GTP-binding protein (ODN superfamily)
gene 183 2.40E-57 length 303 frame 4 WD40-repeat-containing subunit of the 18S rRNA processing complex
gene 376 3.20E-57 length 754 frame 1 Exosomal 3'-5' exoribonuclease complex, subunit Rrp4
gene 174 4.10E-57 length 689 frame 4 NADP/FAD dependent oxidoreductase
gene 195 9.50E-57 length 467 frame 4 Adenylosuccinate synthase
gene 211 9.90E-57 length 768 frame 4 Translation initiation factor 2B, alpha subunit (eIF-2Balpha/GCN3)
gene 91 1.10E-56 length 379 frame 5 Transketolase
gene 382 2.10E-56 length 265 frame 1 RNA-binding nuclear protein (MAK16) containing a distinct C4 Zn-finger
gene 157 3.00E-56 length 717 frame 3 Mitotic spindle checkpoint protein BUB3, WD repeat superfamily
gene 396 3.20E-56 length 346 frame 4 Phosphomannomutase
gene 387 3.90E-56 length 254 frame 5 Transcription initiation factor IIF, auxiliary subunit
gene 40 7.90E-56 length 357 frame 1 Notchless-like WD40 repeat-containing protein
gene 96 1.20E-55 length 237 frame 4 Aspartyl-tRNA synthetase
gene 92 1.40E-55 length 221 frame 2 Pyruvate dehydrogenase E1, beta subunit
gene 16 1.40E-55 length 287 frame 4 Molecular chaperones HSP105/HSP110/SSE1, HSP70 superfamily
gene 350 5.50E-55 length 754 frame 5 U3 small nucleolar ribonucleoprotein (snoRNP) component
gene 82 5.70E-55 length 447 frame 6 2-oxoglutarate dehydrogenase, E1 subunit
gene 208 1.10E-54 length 234 frame 5 Ribose-phosphate pyrophosphokinase
gene 416 1.20E-54 length 326 frame 6 Molecular chaperone Prefoldin, subunit 3
gene 71 1.20E-54 length 400 frame 5 Ras-related GTPase
gene 303 1.40E-54 length 263 frame 3 Oligosaccharyltransferase, STT3 subunit
gene 323 1.90E-54 length 461 frame 1 mRNA splicing factor PRP31
gene 427 4.70E-54 length 256 frame 4 RNA polymerase subunit K
gene 223 9.40E-54 length 274 frame 2 Putative transcription factor FET5
gene 132 2.20E-53 length 309 frame 3 Synaptobrevin/VAMP-like protein SEC22
gene 217 1.30E-52 length 249 frame 5 S-adenosylmethionine synthetase
gene 356 1.90E-52 length 301 frame 5 RNA polymerase II transcription initiation/nucleotide excision repair factor TFIIH, subunit SSL1
gene 261 4.40E-52 length 251 frame 6 Mitochondrial/chloroplast ribosomal protein S12
gene 137 5.30E-52 length 508 frame 3 Nucleoside diphosphate kinase
gene 321 1.60E-51 length 272 frame 5 AICAR transformylase/IMP cyclohydrolase/methylglyoxal synthase
gene 282 1.60E-50 length 262 frame 5 Lysyl-tRNA synthetase (class II)
gene 236 2.30E-50 length 248 frame 5 Transcription initiation factor TFIIB
gene 203 7.80E-50 length 277 frame 5 3-oxoacyl-(acyl-carrier-protein) synthase (I and II)
gene 355 9.10E-50 length 872 frame 4 Choline phosphate cytidylyltransferase/Predicted CDP-ethanolamine synthase
gene 403 1.70E-49 length 298 frame 2 Uncharacterized conserved protein
gene 44 2.70E-49 length 261 frame 2 mRNA splicing factor
gene 7 3.80E-49 length 203 frame 2 Catalase
gene 374 1.20E-48 length 206 frame 6 Protein involved in autophagocytosis during starvation
gene 361 1.70E-48 length 268 frame 2 Ribokinase
gene 286 3.50E-48 length 195 frame 6 DNA helicase, TBP-interacting protein
gene 76 6.50E-48 length 519 frame 5 Ubiquitin-protein ligase
gene 389 2.60E-47 length 196 frame 2 Uncharacterized conserved protein related to ribosomal protein S8E
gene 327 3.70E-47 length 201 frame 3 Citrate synthase
gene 41 9.70E-47 length 179 frame 4 Vesicle coat complex COPI, beta' subunit
gene 17 1.00E-46 length 315 frame 3 Translation initiation factor 3, subunit g (eIF-3g)
gene 294 3.80E-46 length 216 frame 6 Replication factor C, subunit RFC3
gene 49 6.90E-46 length 232 frame 5 WD40 repeat stress protein/actin interacting protein
gene 302 1.40E-45 length 308 frame 4 Metalloexopeptidases
gene 360 1.70E-45 length 238 frame 2 Possible pfkB family carbohydrate kinase
gene 268 2.20E-45 length 364 frame 2 Ubiquitin-like proteins
gene 332 3.50E-45 length 209 frame 6 Enolase
gene 338 3.60E-45 length 203 frame 4 Metalloprotease
gene 284 4.60E-45 length 215 frame 5 Cell cycle control protein (crooked neck)
gene 220 6.40E-45 length 334 frame 1 F0F1-type ATP synthase, gamma subunit
gene 62 1.50E-44 length 205 frame 6 Chaperonin complex component, TCP-1 beta subunit (CCT2)
gene 365 3.30E-44 length 302 frame 3 26S proteasome regulatory complex, subunit RPN9/PSMD13
gene 146 3.60E-44 length 279 frame 5 Adaptor complexes medium subunit family
gene 227 3.60E-44 length 748 frame 4 Predicted protein carboxyl methylase
gene 207 3.90E-44 length 197 frame 5 RAB proteins geranylgeranyltransferase component A (RAB escort protein)
gene 67 5.30E-44 length 173 frame 1 Serine/threonine protein phosphatase 2A, catalytic subunit
gene 202 5.70E-44 length 198 frame 3 Hydroxymethylglutaryl-CoA synthase
gene 58 7.90E-44 length 187 frame 1 Chaperonin complex component, TCP-1 delta subunit (CCT4)
gene 155 1.30E-43 length 188 frame 3 Replication factor C, subunit RFC2
gene 120 1.90E-43 length 194 frame 5 Isocitrate dehydrogenase, gamma subunit
gene 419 3.50E-43 length 215 frame 1 Transport protein particle (TRAPP) complex subunit
gene 177 1.50E-42 length 201 frame 5 Thiamine pyrophosphate-requiring enzyme
gene 362 2.10E-41 length 832 frame 5 rRNA processing protein
gene 108 4.60E-41 length 161 frame 5 Glutamine synthetase
gene 60 4.80E-41 length 178 frame 3 Chaperonin complex component, TCP-1 eta subunit (CCT7)
gene 373 5.30E-41 length 197 frame 6 RNA-binding protein required for biogenesis of the ribosomal 60S subunit
gene 292 6.80E-41 length 828 frame 1 SMT3/SUMO-activating complex, AOS1/RAD31 component
gene 218 7.30E-41 length 175 frame 6 Actin-related protein Arp2/3 complex, subunit ARPC1/p41-ARC
gene 138 8.10E-41 length 207 frame 6 Ubiquitin-protein ligase
gene 97 1.50E-40 length 738 frame 5 Dihydrolipoamide succinyltransferase (2-oxoglutarate dehydrogenase, E2 subunit)
gene 385 1.60E-40 length 193 frame 4 ER lumen protein retaining receptor
gene 354 1.80E-40 length 449 frame 1 Putative cytochrome C oxidase assembly protein
gene 181 2.00E-40 length 181 frame 6 Succinyl-CoA synthetase, alpha subunit
gene 394 2.20E-40 length 182 frame 5 Translation initiation factor 6 (eIF-6)
gene 30 4.00E-40 length 312 frame 5 20S proteasome, regulatory subunit beta type PSMB4/PRE4
gene 205 8.80E-40 length 252 frame 2 C-3 sterol dehydrogenase/3-beta-hydroxysteroid dehydrogenase and related dehydrogenases
gene 445 1.00E-39 length 182 frame 5 Mitochondrial import inner membrane translocase, subunits TIM10/TIM12
gene 42 1.40E-39 length 552 frame 3 G protein beta subunit-like protein
gene 18 1.50E-39 length 193 frame 5 Isopentenyl pyrophosphate:dimethylallyl pyrophosphate isomerase
gene 113 1.60E-39 length 154 frame 5 26S proteasome regulatory complex, ATPase RPT1
gene 53 1.60E-39 length 341 frame 4 ATP-dependent RNA helicase
gene 455 1.70E-39 length 264 frame 6 Monooxygenase involved in coenzyme Q (ubiquinone) biosynthesis
gene 395 2.00E-39 length 302 frame 2 Uncharacterized conserved protein
gene 36 2.40E-39 length 423 frame 6 Vacuolar H+-ATPase V0 sector, subunit c''
gene 331 3.40E-39 length 204 frame 4 6-phosphogluconate dehydrogenase
gene 244 3.90E-39 length 260 frame 5 Vacuolar H+-ATPase V1 sector, subunit D
gene 444 4.00E-39 length 598 frame 4 Mitochondrial import inner membrane translocase, subunit TIM9
gene 12 8.50E-39 length 231 frame 5 GTPase Rab5/YPT51 and related small G protein superfamily GTPases
gene 39 2.20E-38 length 224 frame 5 Nucleosome remodeling factor, subunit CAF1/NURF55/MSI1
gene 348 2.70E-38 length 161 frame 4 Transaldolase
gene 63 1.70E-37 length 175 frame 4 Chaperonin complex component, TCP-1 gamma subunit (CCT3)
gene 344 2.20E-37 length 228 frame 2 Oligosaccharyltransferase, beta subunit
gene 199 2.90E-37 length 211 frame 3 Transport protein Sec61, alpha subunit
gene 345 3.50E-37 length 174 frame 1 Mannose-6-phosphate isomerase
gene 413 4.80E-37 length 201 frame 6 DNA-directed RNA polymerase subunit E'
gene 77 1.30E-36 length 481 frame 3 Ubiquitin-protein ligase
gene 390 1.70E-36 length 331 frame 3 Uncharacterized proteins of PilT N-term./Vapc superfamily
gene 15 2.00E-36 length 146 frame 5 Molecular chaperones mortalin/PBP74/GRP75, HSP70 superfamily
gene 370 4.10E-36 length 261 frame 5 Cell cycle control protein
gene 380 7.90E-36 length 137 frame 1 Succinate dehydrogenase, Fe-S protein subunit
gene 260 9.80E-36 length 192 frame 1 Defender against cell death protein/oligosaccharyltransferase, epsilon subunit
gene 109 1.50E-35 length 164 frame 4 26S proteasome regulatory complex, subunit RPN7/PSMD6
gene 357 1.50E-35 length 137 frame 2 Putative arsenite-translocating ATPase
gene 399 1.60E-35 length 288 frame 6 RNA polymerase, 25-kDa subunit (common to polymerases I, II and III)
gene 26 1.70E-35 length 148 frame 1 20S proteasome, regulatory subunit alpha type PSMA2/PRE8
gene 79 5.50E-35 length 170 frame 2 Ubiquitin-protein ligase
gene 234 1.70E-34 length 175 frame 2 Mitochondrial inner membrane protease, subunit IMP2
gene 307 4.20E-34 length 911 frame 4 WD40 repeat protein
gene 368 4.70E-34 length 168 frame 1 SCF ubiquitin ligase, Rbx1 component
gene 447 4.70E-34 length 168 frame 1 Mitochondrial import inner membrane translocase, subunit TIM8
gene 216 9.90E-34 length 189 frame 1 26S proteasome regulatory complex, subunit RPN5/PSMD12
gene 346 1.60E-33 length 138 frame 1 Translation initiation factor 5 (eIF-5)
gene 51 1.60E-33 length 135 frame 6 Predicted ATP-dependent RNA helicase FAL1, involved in rRNA maturation, DEAD-box superfamily
gene 335 2.00E-33 length 215 frame 5 C4-type Zn-finger protein
gene 112 2.90E-33 length 206 frame 6 26S proteasome regulatory complex, ATPase RPT6
gene 201 3.90E-33 length 190 frame 5 Acetyl-CoA acetyltransferase
gene 165 4.60E-33 length 277 frame 3 Putative SAM-dependent rRNA methyltransferase SPB1
gene 425 6.70E-33 length 188 frame 3 RNA polymerase subunit 8
gene 339 7.00E-33 length 168 frame 4 Mitochondrial polypeptide chain release factor
gene 424 1.10E-32 length 126 frame 2 60S ribosomal protein 15.5kD/SNU13, NHP2/L7A family (includes ribonuclease P subunit p38), involved in splicing
gene 13 3.40E-32 length 126 frame 1 GTPase Rab6/YPT6/Ryh1, small G protein superfamily
gene 81 4.10E-32 length 259 frame 1 Cu2+/Zn2+ superoxide dismutase SOD1
gene 386 5.10E-32 length 250 frame 4 6-phosphogluconolactonase - like protein
gene 251 6.50E-32 length 281 frame 4 emp24/gp25L/p24 family of membrane trafficking proteins
gene 57 1.70E-31 length 133 frame 1 Chaperonin complex component, TCP-1 epsilon subunit (CCT5)
gene 20 2.30E-31 length 213 frame 4 20S proteasome, regulatory subunit beta type PSMB6/PSMB9/PRE3
gene 32 2.60E-31 length 168 frame 5 Protein disulfide isomerase (prolyl 4-hydroxylase beta subunit)
gene 154 2.60E-31 length 158 frame 1 Replication factor C, subunit RFC4
gene 265 3.10E-31 length 148 frame 2 Mitochondrial F1F0-ATP synthase, subunit delta/ATP16
gene 10 4.00E-31 length 152 frame 5 Vesicle coat complex COPII, GTPase subunit SAR1
gene 330 4.50E-31 length 149 frame 4 UDP-glucose pyrophosphorylase
gene 87 1.60E-30 length 570 frame 1 Elongation factor 2
gene 230 2.00E-30 length 169 frame 4 26S proteasome regulatory complex, subunit RPN8/PSMD7
gene 235 2.90E-30 length 121 frame 3 Fibrillarin and related nucleolar RNA-binding proteins
gene 401 3.00E-30 length 160 frame 1 Vacuolar sorting protein VPS24
gene 128 4.90E-30 length 144 frame 1 Alkyl hydroperoxide reductase, thiol specific antioxidant and related enzymes
gene 194 7.80E-30 length 121 frame 6 F0F1-type ATP synthase, alpha subunit
gene 50 1.90E-29 length 140 frame 6 Translation initiation factor 4F, helicase subunit (eIF-4A) and related helicases
gene 34 2.10E-29 length 142 frame 6 Protein phosphatase 2A regulatory subunit A and related proteins
gene 364 1.20E-28 length 146 frame 1 RNA polymerase III subunit C11
gene 325 1.20E-28 length 198 frame 6 OTU (ovarian tumor)-like cysteine protease
gene 421 1.80E-28 length 505 frame 5 Predicted glycosyltransferase
gene 173 1.90E-28 length 144 frame 6 Glutamyl-tRNA synthetase (mitochondrial)
gene 209 2.30E-28 length 162 frame 2 Fructose-1,6-bisphosphatase
gene 131 2.40E-28 length 469 frame 1 SNARE protein YKT6, synaptobrevin/VAMP syperfamily
gene 101 3.70E-28 length 291 frame 2 Ornithine decarboxylase
gene 367 3.80E-28 length 113 frame 3 Translation initiation factor 2, alpha subunit (eIF-2alpha)
gene 422 5.20E-28 length 187 frame 2 Iron binding protein involved in Fe-S cluster formation
gene 24 9.10E-28 length 134 frame 5 20S proteasome, regulatory subunit beta type PSMB1/PRE7
gene 392 1.00E-27 length 126 frame 5 F-actin capping protein, beta subunit
gene 384 1.30E-27 length 204 frame 6 Prohibitin-like protein
gene 206 1.40E-27 length 559 frame 4 DNA repair protein RAD51/RHP55
gene 435 4.20E-27 length 223 frame 3 Uncharacterized conserved protein
gene 61 4.50E-27 length 160 frame 3 Chaperonin complex component, TCP-1 theta subunit (CCT8)
gene 110 6.70E-27 length 166 frame 1 Peptide chain release factor 1 (eRF1)
gene 288 1.30E-26 length 223 frame 5 Uncharacterized conserved protein
gene 253 1.50E-26 length 132 frame 4 Adenine phosphoribosyl transferases
gene 238 1.80E-26 length 154 frame 5 DNA polymerase delta processivity factor (proliferating cell nuclear antigen)
gene 196 2.40E-26 length 233 frame 4 Serine palmitoyltransferase
gene 448 2.60E-26 length 110 frame 5 Ubiquitin-like protein
gene 95 2.80E-26 length 421 frame 6 FKBP-type peptidyl-prolyl cis-trans isomerase
gene 314 3.80E-26 length 146 frame 4 Protein required for normal rRNA processing
gene 28 4.00E-26 length 125 frame 2 20S proteasome, regulatory subunit alpha type PSMA7/PRE6
gene 200 5.80E-26 length 141 frame 1 Gamma tubulin
gene 393 6.80E-26 length 139 frame 1 Electron transfer flavoprotein, beta subunit
gene 27 7.00E-26 length 125 frame 6 20S proteasome, regulatory subunit alpha type PSMA6/SCL1
gene 252 1.50E-25 length 140 frame 6 Putative cargo transport protein EMP24 (p24 protein family)
gene 25 2.70E-25 length 119 frame 6 20S proteasome, regulatory subunit beta type PSMB3/PUP3
gene 65 1.60E-24 length 131 frame 5 Protein geranylgeranyltransferase type II, beta subunit
gene 242 2.70E-24 length 112 frame 5 U2-associated snRNP A' protein
gene 106 2.80E-24 length 127 frame 3 Calnexin
gene 440 5.30E-24 length 93 frame 2 Small nuclear ribonucleoprotein (snRNP) Sm core protein
gene 175 1.00E-23 length 259 frame 3 NADP-dependent flavoprotein reductase
gene 248 2.00E-23 length 95 frame 4 Elongation factor 1 beta/delta chain
gene 272 4.20E-23 length 121 frame 3 U6 snRNA-associated Sm-like protein
gene 432 4.60E-23 length 85 frame 4 Dynein light chain type 1
gene 446 4.80E-23 length 213 frame 2 Small nuclear ribonucleoprotein (snRNP) SMF
gene 438 6.90E-23 length 91 frame 5 Cytochrome c
gene 246 8.00E-23 length 145 frame 3 Mitochondrial F1F0-ATP synthase, subunit OSCP/ATP5
gene 433 1.00E-22 length 261 frame 3 Vacuolar H+-ATPase V1 sector, subunit F
gene 19 2.30E-22 length 89 frame 1 20S proteasome, regulatory subunit beta type PSMB7/PSMB10/PUP1
gene 59 2.50E-22 length 104 frame 4 Chaperonin complex component, TCP-1 zeta subunit (CCT6)
gene 441 2.60E-22 length 98 frame 5 Transcription initiation factor IIA, gamma subunit
gene 245 3.80E-22 length 347 frame 3 Microtubule-associated anchor protein involved in autophagy and membrane trafficking
gene 353 1.00E-21 length 96 frame 6 C2H2-type Zn-finger protein
gene 21 1.50E-21 length 78 frame 1 20S proteasome, regulatory subunit beta type PSMB5/PSMB8/PRE2
gene 241 4.10E-21 length 89 frame 5 Triosephosphate isomerase
gene 293 4.10E-21 length 409 frame 2 Molybdopterin synthase sulfurylase
gene 456 5.00E-21 length 74 frame 5 Electron transfer flavoprotein, alpha subunit
gene 400 5.40E-21 length 152 frame 1 Inosine triphosphate pyrophosphatase
gene 118 6.70E-21 length 85 frame 1 Mitochondrial phosphate carrier protein
gene 197 9.60E-21 length 114 frame 2 3-phosphoglycerate kinase
gene 449 1.20E-20 length 76 frame 3 DNA-directed RNA polymerase, subunit RPB10
gene 271 1.90E-20 length 140 frame 1 Small nuclear ribonucleoprotein E
gene 269 3.30E-20 length 112 frame 5 Translation initiation factor 1 (eIF-1/SUI1)
gene 125 4.40E-20 length 256 frame 2 Acyl-CoA-binding protein
gene 398 5.00E-20 length 125 frame 3 Rho GDP-dissociation inhibitor
gene 273 5.20E-20 length 95 frame 2 40s ribosomal protein S27
gene 78 7.70E-20 length 187 frame 2 Ubiquitin-protein ligase
gene 391 9.70E-20 length 78 frame 2 Box H/ACA snoRNP component, involved in ribosomal RNA pseudouridinylation
gene 439 1.70E-19 length 71 frame 2 Sec61 protein translocation complex, beta subunit
gene 423 7.00E-19 length 88 frame 6 Signal peptidase complex subunit
gene 458 1.20E-18 length 432 frame 1 RNA polymerase, subunit L
gene 258 1.80E-18 length 81 frame 1 Mitochondrial import inner membrane translocase, subunit TIM13
gene 23 2.00E-18 length 74 frame 3 20S proteasome, regulatory subunit beta type PSMB2/PRE1
gene 379 2.40E-18 length 97 frame 4 Molecular chaperone Prefoldin, subunit 5
gene 457 1.90E-17 length 114 frame 3 Predicted sugar kinase
gene 426 2.20E-17 length 92 frame 1 G10 protein/predicted nuclear transcription regulator
gene 139 2.10E-16 length 83 frame 4 40S ribosomal protein S15
gene 369 3.20E-16 length 93 frame 5 Predicted metal-binding protein
gene 215 6.90E-16 length 266 frame 3 NAD-dependent malate dehydrogenase
gene 409 1.30E-15 length 91 frame 2 Vacuolar sorting protein VPS28
gene 431 1.40E-15 length 59 frame 2 Small nuclear ribonucleoprotein SMD1 and related snRNPs
gene 270 3.70E-15 length 69 frame 6 Vacuolar H+-ATPase V1 sector, subunit G
gene 212 3.70E-15 length 285 frame 2 Predicted translation initiation factor related to eIF-2B alpha/beta/delta subunits (CIG2/IDI2)
gene 247 7.10E-15 length 63 frame 4 Vacuolar H+-ATPase V1 sector, subunit E
gene 266 4.40E-14 length 107 frame 4 Molecular chaperone Prefoldin, subunit 4
gene 407 1.20E-13 length 87 frame 1 Zinc-binding protein of the histidine triad (HIT) family
gene 259 1.30E-13 length 64 frame 6 60s ribosomal protein L15/L27
gene 453 3.40E-13 length 61 frame 2 H/ACA snoRNP complex, subunit NOP10
gene 249 1.00E-12 length 49 frame 1 60s ribosomal protein L15
gene 3 1.20E-12 length 294 frame 5 Ubiquitin/40S ribosomal protein S27a fusion
gene 372 1.60E-12 length 116 frame 6 Uncharacterized conserved protein
gene 164 1.90E-12 length 100 frame 4 Uncharacterized conserved protein
gene 127 3.00E-12 length 37 frame 6 60S ribosomal protein L18A
gene 305 3.50E-11 length 821 frame 6 60s ribosomal protein L2/L8
gene 411 4.80E-11 length 47 frame 4 Ribosomal protein S7
gene 29 5.70E-11 length 59 frame 2 20S proteasome, regulatory subunit alpha type PSMA3/PRE10
gene 336 7.60E-11 length 209 frame 4 Predicted metalloprotease with chaperone activity (RNAse H/HSP70 fold)
gene 316 9.10E-11 length 206 frame 6 5'-3' exonuclease
gene 414 1.70E-10 length 39 frame 6 Ribosomal protein S4
gene 412 3.70E-10 length 35 frame 3 60S Ribosomal protein L13
gene 192 4.20E-10 length 33 frame 6 F0F1-type ATP synthase, beta subunit
gene 75 4.70E-10 length 31 frame 2 40S ribosomal protein S14
gene 404 5.70E-10 length 46 frame 1 Density-regulated protein related to translation initiation factor 1 (eIF-1/SUI1)
gene 262 8.00E-10 length 41 frame 6 40S ribosomal protein S16
gene 124 9.40E-10 length 44 frame 2 60S acidic ribosomal protein P0
gene 134 1.60E-09 length 42 frame 6 Manganese superoxide dismutase
gene 6 2.50E-09 length 498 frame 1 Zn2+-binding dehydrogenase (nuclear receptor binding factor-1)
gene 2 3.10E-09 length 31 frame 5 Ubiquitin/60s ribosomal protein L40 fusion
gene 429 6.70E-09 length 37 frame 1 40S ribosomal protein S19
gene 275 6.90E-09 length 187 frame 5 Small Nuclear ribonucleoprotein splicing factor
gene 405 2.30E-08 length 32 frame 6 Translation initiation factor 5A (eIF-5A)
gene 73 2.60E-08 length 32 frame 5 40S ribosomal protein S13
gene 408 3.50E-08 length 31 frame 4 40S ribosomal protein S8
gene 430 3.80E-08 length 31 frame 5 60S ribosomal protein L27
gene 135 4.10E-08 length 31 frame 2 60S ribosomal protein L32
gene 428 4.30E-08 length 31 frame 6 40S ribosomal protein S12
gene 240 6.40E-08 length 31 frame 4 Mitochondrial chaperonin
gene 397 1.30E-07 length 45 frame 3 60S ribosomal protein L13a
gene 436 1.40E-07 length 127 frame 4 Predicted snRNP core protein
gene 130 1.60E-07 length 35 frame 1 60s ribosomal protein L10
gene 442 2.20E-07 length 38 frame 6 60S ribosomal protein L44
gene 443 2.60E-07 length 31 frame 1 60S ribosomal protein L37
gene 418 3.50E-07 length 32 frame 4 40S ribosomal protein S7
gene 417 7.10E-06 length 31 frame 4 Predicted membrane protein
gene 256 1.20E-05 length 31 frame 1 Microtubule-binding protein (translationally controlled tumor protein)
gene 437 7.80E-05 length 42 frame 4 60S acidic ribosomal protein P2
gene 277 0.00011 length 55 frame 2 Small Nuclear ribonucleoprotein splicing factor
gene 415 0.00011 length 33 frame 2 Ribosomal protein S18
gene 274 0.0003 length 310 frame 4 Small Nuclear ribonucleoprotein G
gene 454 0.00052 length 123 frame 2 40S ribosomal protein S29
gene 257 0.00074 length 39 frame 1 40S ribosomal protein S11
gene 254 0.00076 length 36 frame 5 60s ribosomal protein L24
gene 450 0.00097 length 245 frame 3 Preprotein translocase, gamma subunit
gene 267 0.0011 length 412 frame 2 60s acidic ribosomal protein P1
gene 375 0.0012 length 224 frame 1 60S ribosomal protein L30
gene 1 0.0015 length 47 frame 2 60s ribosomal protein L39
gene 74 0.0021 length 54 frame 1 60S ribosomal protein L37
gene 99 0.0021 length 221 frame 1 HEAT repeat-containing protein
gene 343 0.0025 length 106 frame 5 mRNA cleavage and polyadenylation factor IA/II complex, subunit CLP1
gene 328 0.0026 length 83 frame 1 Tyrosyl-tRNA synthetase
gene 410 0.0026 length 401 frame 3 Spindle assembly checkpoint protein
gene 434 0.0028 length 459 frame 5 60S ribosomal protein L35
gene 388 0.0032 length 83 frame 2 Proline synthetase co-transcribed protein
gene 243 0.0033 length 254 frame 1 40S ribosomal protein S6
gene 451 0.0036 length 63 frame 3 60S ribosomal protein L38
gene 452 0.0044 length 81 frame 2 40S ribosomal protein S28
gene 359 0.01 length 282 frame 4 Eukaryotic-type DNA primase, catalytic (small) subunit
gene 263 0.012 length 107 frame 5 40S ribosomal protein S15/S22
gene 72 0.026 length 216 frame 3 60S ribosomal protein L11
gene 100 0.026 length 388 frame 4 Neutral trehalase
gene 264 0.043 length 618 frame 2 Profilin
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Analysis on a Shoestring - Allele Specific Expression
• Sequencing from F1 Generation of In-bred P’s

• Competitive Mapping to P Genomes

• Compute fractional, parallel base-by-base coverage

• Look for genes with high coverage in only 1 genome
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Multi-Faceted Sequencing & Analysis

Assembly

Expression Analysis

 Gene Annotation

Nucleosome Profiling

Mass Spec & 2D PAGE
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Even Higher Order: Temporal/Spatial

Tissue 1

Tissue Y

Time Point 1 Time Point X

...... ......

...

...
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Highest Order Data & Computation
Investigator 1 Investigator N

Project 1

Project N

...

...

Private DB

Public DB
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How Can We Get There Analysis-wise?

• No More Text files
• No More Perl Engines
• No More Single-threaded Apps

• No More Clusters, Configuration, or Installation
• Standard Indexed Binary Formats
• Free, Universal Computational Engine

• Open & Extensible System for Everyone
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Our Solution - The Genome Operating System

‘File 
System’

Meta Data

Genomes

Reads

Annotations

Alignments

NovoAlign PRB

Network

Applications

Programming API

Expression

Gentuition UI

SNPs

PDFGUI

‘CPU’
PostgeSQL
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Genome OS - Design Principles

• No Cluster Required

• No Petabyte Disks Required

• Zero-Configuration

• Platform Independent

• Scales to Size of Project

• Open & Extensible

• Smart & Preemptive Computation

Efficient Algos, Fancy structs, 100% Multithreaded

Custom Binary Storage & Intermediates

All Java ‘Binaries’

Small footprint when sparse, low overhead when dense

Open specification & stellar API

Meta-Data you actually care about
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Genome OS - Progress/Current Example
gentuition new named CancerProject
gentuition CancerProject set ProjectType RNAseq
gentuition CancerProject add sample named Tumor
gentuition CancerProject add sample named Normal
gentuition CancerProject add references from Human37.fasta
gentuition CancerProject/Tumor add alignments from tumor_novos/
gentuition CancerProject/Normal add alignments from normal_novos/
gentuition CancerProject Compare

In only 36 MINUTES:
On one 8-core Apple Xserve, 32 GB RAM, 1TB Disk
Parses 8 giga-bases of Paired-End alignments (160 GB)
Organizes isoforms of all genes
Computes gene-by-gene expression profile both samples
Computes unannotated expression patches and depths
Creates PDF graph of expression
Stores it all back in 340 MB ( 0.2% of input )

MENKE PROJECT STATS
 

Secondary Analysis (alignment)
 

Tertiary Analysis (expression)

Gene Comparative Expression
18024 genes discarded for insignificant expression level

0 1 2 3 45 1 0 2 0 3 0 100 200 1000 10000 100000

wildtype

1

1 0

100

1000

10000

100000

n
u

ll

SAMPLE ALIGNED UNIQUELY ALIGNED

wildtype N/A N/A

null N/A N/A
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Genome OS - Time/Space Complexity

O( 1 ) Access to read, alignment, gene/transcript/exon, cluster, reference from any position

O( Log M ) To seek to desired start location, M = Min(partition length, data entries)

O( 1 ) To select genome “partition” that easily fits into RAM

No Locking Absolutely no locks or spinning, not even to rebalance search structures

All Single-Pass Consensus, expression levels, novel read clusters, all computed as data is read from disk

Load Balanced Parallelized within chromosomes and within files to be free from balance assumptions

O( 1 ) Access to custom defined fields

All Binary All data is stored in the smallest possible primitive type and then compressed

No Re-Parsing Data structures are stored as serialized Java objects

Amortized O( 1 ) To keep search structures balanced

Amortized O( 1 ) Space for search structure overhead, scales with lesser of genome or data size

O( 1 ) To seek to successor of any location
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Genome OS - API Example
public class ExonCoverageTask extends AWGAAlignmentTask {

  ExonRegion exon = null;
  int exonTotalCoverage = 0;


  public ExonCoverageTask(){
     super(true);
  }


  public void setup(ExonRegion exon){
     this.exon = exon;
     this.exonTotalCoverage = 0;
  }

  public void executeTask(Alignment aln){
     int alnEnd = aln.alignmentLeftPosition + gentuition.readLength - 1;
     exonTotalCoverage += Math.max(Math.min(alnEnd, exon.getEnd()) 

- Math.max(aln.alignmentLeftPosition, exon.getStart()) + 1, 0);
  }


   public void cleanup(){

 this.exon.define("total-coverage", exonTotalCoverage);
   }
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Genome OS - API Example
public class ExonCoverageTask extends AWGAAlignmentTask {

  ExonRegion exon = null;
  int exonTotalCoverage = 0;


  public ExonCoverageTask(){
     super(true);
  }


  public void setup(ExonRegion exon){
     this.exon = exon;
     this.exonTotalCoverage = 0;
  }

  public void executeTask(Alignment aln){
     int alnEnd = aln.alignmentLeftPosition + gentuition.readLength - aln.getInsertions().size() + aln.getDeletions().size() - 1;

     exonTotalCoverage += Math.max(Math.min(alnEnd, exon.getEnd()) - Math.max(aln.alignmentLeftPosition, exon.getStart()) + 1, 0);

 

     for( Byte next : aln.getDeletions() ){


 int deleteLocation = aln.alignmentLeftPosition + next - 1;

 
 if(deleteLocation >= exon.getStart() && deleteLocation <= exon.getEnd()){

 
 
 exonTotalCoverage--;

 
 }
      }
   }


   public void cleanup(){

 this.exon.define("total-coverage", exonTotalCoverage);
   }
}
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Genome OS - Current Development

PostgeSQL
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Genome OS - Release Timeline
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