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Genome Data Files

 Gene Bank format

 plain text

 Field separators ( \, = )

 Fsa, fna formats

 Annotation starts with >

 Lines of DNA data

 Working files are all tab delimited 
text files suitable for Excel



Gene Bank format



Gene Bank format



Fsa Format

>tpg|BK006935.2| [organism=Saccharomyces cerevisiae 

S288c] [strain=S288c] [moltype=genomic] [chromosome=I] 

[note=R64-1-

1]CCACACCACACCCACACACCCACACACCACACCACACACCACACCACACCCAC

ACACACACATCCTAACACTACCCTAACACAGCCCTAATCTAACCCTGGCCAACCT

GTCTCTCAACTTACCCTCCATTACCCTGCCTCCACTCGTTACCCTGTCCCATTCA

ACCATACCACTCCGAACCACCATCCATCCCTCTACTTACTACCACTCACCCACCG

TTACCCTCCAATTACCCATATCCAACCCACTGCCACTTACCCTACCATTACCCTA

CCATCCACCATGACCTACTCACCATACTGTTCTTCTACCCACCATATTGAAACGC

TAACAAATGATCGTAAATAACACACACGTGCTTACCCTACCACTTTATACCACCA

CCACATGCCATACTCACCCTCACTTGTATACTGATTTTACGTACGCACACGGATG

CTACAGTATATACCATCTCAAACTTACCCTACTCTCAGATTCCACTTCACTCCAT

GGCCCATCTCTCACTGAATCAGTACCAAATGCACTCACATCATTATGCACGGCAC

TTGCCTCAGCGGTCTATACCCTGTGCCATTTACCCATAACGCCCATCATTATCCA

CATTTTGATATCTATATCTCATTCGGCGGTCCCAAATATTGTATAACTGCCCTTA



Optimize Searching

 Intel 80x86 is a native searching 
machine.

 It has this very powerful 
instruction pair REPZ CMPSB, 
which does string comparison 
automatically.

 SIMD?  Multiple Cores?



Optimized Compare
code CompareStr ( string pattern n -- -1 | 0 | 1 )

( 044730 8B CB             )   mov ecx , ebx

( 044732 8B 7D 00          )   mov edi , 0 [ebp]

( 044735 8B 75 04          )   mov esi , 4 [ebp]

( 044738 8D 6D 08          )   lea     ebp , 8 [ebp]

( 04473B 33 DB             )   xor ebx , ebx

( 04473D 81 E1 FF 00 00 00 )   and     ecx , # dword $FF

( 044743 F3                )   repz

( 044744 A6                )   cmpsb

( 044745 77 03             )   ja short @@1

( 044747 72 04             )   jb short @@2

( 044749 C3                )   ret     near

( 04474A                   ) @@1:

( 04474A FF C3             )   inc     ebx

( 04474C C3                )   ret     near

( 04474D                   ) @@2:

( 04474D FF CB             )   dec ebx

( 04474F C3                )   ret     near

end-code



Optimized Look
code look ( pattern n1 string n2 -- match|0 )

( 65651E4                   ) @@1:

( 65651E4 FF CB             )   dec ebx

( 65651E6 7E 19             )   jle short @@3

( 65651E8 8B 7D 00          )   mov edi , 0 [ebp]

( 65651EB 8B 4D 04          )   mov ecx , 4 [ebp]

( 65651EE 8B 75 08          )   mov esi , 8 [ebp]

( 65651F1 F3                )   repz

( 65651F2 A7                )   cmpsd

( 65651F3 75 07             )   jnz short @@2

( 65651F5 8B 5D 00          )   mov ebx , 0 [ebp]

( 65651F8 8D 6D 0C          )   lea     ebp , $C [ebp]

( 65651FB C3                )   ret     near

( 65651FC                   ) @@2:

( 65651FC FF 45 00          )   inc     0 [ebp] dword

( 65651FF EB E3             )   jmp short @@1

( 6565201                   ) @@3:

( 6565201 8D 6D 0C          )   lea     ebp , $C [ebp]

( 6565204 C3                )   ret     near

end-code



Optimized Sorting

 Excel has excellent sorting 
capabilities.

 Convert data files to the tab 
limiting text files, and use Excel to 
operate on data.



MicroRNA File

 miRBase Database

 48,885 miRNA’s

 27,790 unique miRNA’s

 5312 human miRNA’s



microRNA File
L27299 AAAAAAAAATCATGCTGCATT 

L06881 AAAAAAACCTTTTCATGACTTA 

L35469 AAAAAAAGATGCAGGACTAGA 

L11999 AAAAAAAGGGAAAAGTTTTT 

L41666 AAAAAAATGATGGTTCAGG 

M17705 AAAAAACAAGGATCCACGGAT 

M28136 AAAAAACACCGTTTCCTCCAG 

M46624 AAAAAACCGAGTGGACTTTTTG 

M18231 AAAAAACTTACGGATCAAGTTGAT

L37526 AAAAAACTTCTACAAAAATAA 

M43767 AAAAAACTTTACACCGTCGGT 

L25307 AAAAAAGCCACGCTGATACTCT 

L28788 AAAAAAGCGGCTTGTACAAAT 

L12033 AAAAAAGGAAAACAAACAGCAC 

M40980 AAAAAAGGGAATGGCTAAACTTG  



Genome Files

 Stripe off all annotation and 
formatting characters.

 Data file has only ACGT characters.

 Data read into a map array, and 
can be read and written at will.



MicroRNA Analysis

 Genome file is scanned to find 
matching miRNA patterns.

 miRNA records are sorted to 
facilitate binary search.

 Genome addresses and ID’s of 
matching miRNA are written to 
output file.



MicroRNA Analysis

 A list of genome addresses and 
ID’s of matching miRNA is 
analyzed to identify clusters of 
consecutive miRNAs.

 Clusters of miRNAs might 
represent complex cell functions.



microRNA File
11565 YAL065C hypothetical protein 
11685 Y00028 9539 
11743 Y00075 58 
11951 YAL065C hypothetical protein 
11969 Y00076 226 
11999 Y00022 30 
12046 YAL064W-B hypothetical protein 
12059 Y00021 60 
12082 Y00038 23 
12118 Y00070 36 
12150 Y00061 32 
12190 Y00066 40 
12269 Z01320 79 
12408 Y00045 139 
12426 YAL064W-B hypothetical protein 



Binary Search

 miRNA records are variable in 
length, and binary search does not 
work directly.

 A link table must be created to 
enable binary search.



Genomes Studied

 Nasuia 112,091

 Ruddii 173,806

 Equitans 490,885

 Genitalium 580,076

 E coli 4,641,652

 Yeast 12,100,000

 Elegans 100,300,000

 Mouse 2,700,000,000

 Human 3,289,000,000



Bacterial Genomes

 Bacterial genomes do not contain 
miRNAs in my database.

 There are studies on miRNAs in 
bacteria, but not extensively 
collected.



Bacterial Genomes

 Bacterial genomes are small 
enough so that I can do exhaustive 
searches on repeated patterns.

 It took a long time, 10 days for e. 
coli, to search all repeated 20 base 
patterns.



Optimized Search

 For large genomes, I generate 256 
lists, each links all patterns with 
the same 4 starting bases. 

 For each 20 base patterns, I only 
have to search one link, and speed-
up searching by 256 times.



Optimized Search

 A link list contain only offsets from 
one 4 base pattern to the next. 

 Offsets are encoded by consecutive 
7 bit values, with the MSB as 
continuation bit.

 256 link list is slightly larger than 
genome file.



Optimized Search

 Searching time for E. coli (4.6M bp) 
is reduced from 10 days to 30 
minutes.

 I think I can now handle much 
larger genomes.



Chr01 of Yeast

 20 Base repeating patterns are 
now called pearls.

 Clusters of pearls are now called 
necklaces.

 Examples shown are from 
Chromosome 1 in yeast, from an 
Excel spread sheet.



Questions?



Thank You!


