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Fraser, Eisen, and Salzman

Nature 406, 799-803 (17 August 2000) 

Shotgun genome sequencing
 SEQUENCE DATA & BIOINFORMATICS


•  Data assimilation, analysis, archiving & integration


(Contemporary Biological (and Oceanographic) Science is largely 
Information Science !)


•  Field verification, process measurement & quantification


(Beyond in silico Bioinformatics and Towards Environmetnal Quantitative 
Biology) 


•  Instrumentation/methods development - benchtop/in situ


(Make New Instruments, Measure New Things - the challenge of in situ 
measurement)


•  Scalar and disciplinary integration (the cultural gap)

   (Earth Systems Science is Life Systems Science - better cross-talk required !)


TTCAATTGCCAAATCCATCACTAGATGAATGATTCTGAATCAGATATAAAATTACGTAATTGTAATAAGA

ATTGAGTTTTAAAACACATTATGGAAAAAAGGATTGTATTTCATGTTGATTTTGACTATTTTTATGCACA

GTGTGAAGAGATTAGAGATTCTAAAATAAAAGGGAAATGTGTTGCAGTTTGTATATTTTCTGATAGAGGA

GGAGATAGTGGAGCAATAGCTACTGCAAATTACAATGCAAGAAACTTTGGAGTAAAATCAGGAATTCCAA

TTATGCTTGCAAAAAATAAATTAAAAGAGCAAGATTCAGTATTTTTGCCAGCTGATTTTGATTATTATTC

AGAAGTATCATCAAAAGCAATGGAAATAATTGAAAAGTATGCAGATGTATTTGAATATGTTGGAAGAGAT

GAAGCATATCTTGATGTTACAAAAAAAACTGAGAGTGATTTTCATAATGCAGAACATCTAGCGCAACAGT

TGAAAAATGAAATAAGAAATAGTCTAAAACTTACATGTTCTGTAGGGATCACGCCAAATAAACTACTTTC

AAAAATTGCTTCAGATTATAAGAAACCAGATGGATTGACAACTGTAAAACCAGAACAAGTTGATGAGTTT

TTATCACCATTAAAAATAAGAGTAATTCCAGGTATAGGTAAAAAAACAGAAGATTTTTTTGTACAAATGC

ATGTGAATACAATAGAAGACCTAAGAGAAATTAATATTTTTGATTTAAACAAAATGTTTGGGAGAAAAAC

TGGAGGACATATTTTTAATTCTTCAAGAGGAATTGATGAAGAAATGGTTAAACCGAAAGCGCCTACAATT

CAGTTTAGCAAGATTATCACTTTAAAGAAAAATTCTAAAGAACTTAAATTTCTACGTGAAAACATAGAAA

AACTATGTGTGCAATTGAATGAAATTGCAATTGAAAACAACAAAATGTATCGCTCAATTGGAATCCAGTT

TGTAAACGAGGATTTATCCACAAGAACTAAATCAAAAATGATAAAAAATCCAGGAAATAATGTGATTGAA

TTAAAAAAAGTTGTAAATCAATTACTAGAAGAAGCATTGATAGAACAAGAAATGTTAGTTAGAAGAATTG

GAGTTAGAATTTCAGAGTTTTCAGATGTAGAGGGTCAGAGAGACATTACAAATTATTTTTAGATGTTTTT

TCAGATTCTATTCGCTTGAGTCGTTTTGTTTCAACTACTGTCACAATCAGTAAAAAGATGAATAACCACG

GAAGAAACATTATTTCGCCTGCTACAGAATGAAATTCTTCCCATGCTTCAGGATCAGTAGTCACTTTTAG

TGCGTAAACAGATAACGAAAAGATTCGAATCAAATTTACAAATATAGTTCCAAGAATTCCTAAAATAAAA


How do you make sense of this ???????
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Content Sensor

•  Extrinsic Content Sensors: Local alignment, BLAST


–  Sequence from SWISSPROT, cDNA, EST

–  Intra- and inter- genomic similarity


•  Depends on quality of database


•  Intrinsic Content Sensors: hexamer count

•  HMM: Pr (X|k previous nt), X = A, T, G, C

•  GeneMark, GeneScan: 5 order

•  2 types of content sensors: 1 for coding , other for non-coding 

sequences.

•  (some programs use both - e.g., CRITICA)


Gene Prediction Tools 

•  GENSCAN/Genome Scan 
•  TwinScan 
•  Glimmer 
•  GenMark 
•  Critica 

 

ORF = open reading frame = start codon…[GATC]n…..stop codon 

CDS = coding sequence (produces the actual protein/RNA species) 

Annotation of bacterial and archaeal genomes: improving accuracy and consistency.

Overbeek et al., Chem Rev. 2007.  107:3431-3447.


Softberry  FGENESB annotation “pipeline”. 
http://softberry.com/berry.phtml

STEP 1. Finds all potential ribosomal RNA genes using BLAST against bacterial



 and/or archaeal rRNA databases, and masks detected rRNA genes.


STEP 2. Predicts tRNA genes using tRNAscan-SE program (Washington University) 



and masks detected tRNA genes.


STEP 3. Initial predictions of long ORFs that are used as a starting point for 



calculating parameters for gene prediction. Iterates until stabilizes. Generates 



parameters such as 5th-order in-frame Markov chains for coding regions, 



2nd-order Markov models for region around start codon and upstream RBS site,


 
Stop codon and probability distributions of ORF lengths.


STEP 4. Predicts operons based only on distances between predicted genes.


STEP 5. Runs BLASTP for predicted proteins against COG database, cog.pro.


STEP 6. Uses information about conservation of neighboring gene pairs in known



 genomes to improve operon prediction.


STEP 7. Runs BLASTP against NR for proteins having no COGs hits.


STEP 8. predicts potential promoters (BPROM program) or terminators (BTERM) 



in upstream and downstream regions, correspondingly, of predicted genes. .


STEP 9. Refines operon predictions using predicted promoters and terminators as additional evidences.



     1     1 Op  1  21/0.000   +    CDS        407 -      1747   1311  ## COG0593 ATPase involved in DNA 


                               +    Term      1786 -      1823    3.2 


                               +    Prom      1847 -      1906   10.5 


     2     1 Op  2   3/0.019   +    CDS       1926 -      3065   1237  ## COG0592 DNA polymerase 


                               +    Term      3074 -      3122    9.1 


                               +    Prom      3105 -      3164    4.0 


     3     2 Op  1   4/0.002   +    CDS       3193 -      3405    278  ## COG2501 Uncharacterized ACR


     4     2 Op  2   4/0.002   +    CDS       3418 -      4545    899  ## COG1195 Recombinational DNA


           2       Op  3  16/0.000   +    CDS       4578 -      6506   2148  ## COG0187 DNA gyrase (topoisomerase II) B SU


                              
       +    Term      6516 -      6551    4.7 


                              
       +    Prom      6512 -      6571    2.3 


     
     6     2 Op  4     .       +    CDS       6595 -      9066   2957  ## COG0188 DNA gyrase (topoisomerase II) A SU


                               
       +    Term      9067 -      9098    3.4 


                               
       + SSU_RRNA      9308 -     10861  100.0  # AY138279 [D:1..1554] # 16S rRNA # B cereus


                               
       +   TRNA      10992 -     11068  101.2  # Ile GAT 0 0


                              
       +   TRNA      11077 -     11152   93.9  # Ala TGC 0 0


                               
       + LSU_RRNA   11233 -     14154   99.0  # AF267882 [D:1..2922] # 23S rRNA # Bacillus


     
     7     3 Op  1     
       .       -    CDS      14175 -     14363    158 


                         
       + 5S_RRNA     14205 -     14315   97.0  # AE017026 [D:165635..165750] # 5S rRNA # Bacil


     
     8     3 Op  2     .       -    CDS      14353 -     15249    351  ## Similar_to_GB


     
     9     3 Op  3     .       -    CDS      15170 -     15352     99 


                                           -    Prom     15373 -     15432    6.9


Typical softberry output

Expect Value (E)


E = number of database hits you expect to find by chance, in a db of a given size 

More info: www.ncbi.nlm.nih.gov/BLAST/tutorial/Altschul-1.html   

E = Kmne-λS      or       E = mn2-S’ 

m =  query length 

n =  subject length (sequence or db)     

K =  scale for search space 

λ =  scale for scoring system 

S’=  bitscore = (λS - lnK)/ln2 

(Karlin-Altschul Statistics)
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BLAST Executables & Programs


Executables: 
blastall, megablast, blastpgp, bl2seq, blastclus 

Blastall programs: 
blastp, blastn, blastx, tblastn, tblastx 

Bare minimum for blastall:


./blastall -p [program] -i [fasta file] -d [database] -o [output] 

Several different BLAST programs:

Program 
 Description


blastp
 Compares an amino acid query sequence against a protein sequence database.


blastn
 Compares a nucleotide query sequence against a nucleotide sequence database.


blastx

Compares a nucleotide query sequence translated in all reading frames against a 

protein sequence database. You could use this option to find potential translation 
products of an unknown nucleotide sequence.


tblastn
 Compares a protein query sequence against a nucleotide sequence database 
dynamically translated in all reading frames.


tblastx


Compares the six-frame translations of a nucleotide query sequence against the six-
frame translations of a nucleotide sequence database. Please note that the tblastx 
program cannot be used with the nr database on the BLAST Web page because it 
is too computationally intensive.


http://img.jgi.doe.gov/cgi-bin/pub/main.cgi
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http://img.jgi.doe.gov/cgi-bin/m/main.cgi


http://nar.oxfordjournals.org/content/vol34/suppl_1/index.dtl


http://www.sanger.ac.uk/Software/Pfam/


http://www.ebi.ac.uk/interpro/


http://string.embl.de//
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KEGG

Kyoto Encyclopedia of genes and genomes


http://www.genome.jp/kegg/


Prochlorococcus MED4   Carbon fixation


http://www.moore.org/microgenome/
 https://research.venterinstitute.org/moore/


http://www.megx.net/

MARINE MICRO SPECIFIC
https://research.venterinstitute.org/moore

http://www.moore.org/microgenome/

http://egg.umh.es/micromar/

http://www.megx.net/
________________________________________________________________________
GENERIC TOOLS AND MICROBIAL GENOME EXPLORATION
http://genome.jgi-psf.org/mic_home.htm

http://www.softberry.com/all.htm

http://www.ncbi.nih.gov/

http://img.jgi.doe.gov/cgi-bin/pub/main.cgi

http://img.jgi.doe.gov/cgi-bin/m/main.cgi
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RIBOSOMAL RNA DATABASE AND PROBE RESOURCES AND TOOLS
http://greengenes.lbl.gov/cgi-bin/nph-index.cgi

http://www.microbial-ecology.net/probebase/

http://www.arb-home.de/

http://rdp.cme.msu.edu/
________________________________________________________________________
TARGETED PROTEIN DATABASES AND SEARCH TOOLS ONLINE
http://nar.oxfordjournals.org/content/vol34/suppl_1/index.dtl

http://www.genome.jp/kegg/

http://www.ncbi.nlm.nih.gov/COG/

http://www.sanger.ac.uk/Software/Pfam/

http://www.ebi.ac.uk/interpro/

http://string.embl.de

Gene Ontology (GO;  not a database - rather, sequence semantics !)
http://www.geneontology.org/GO.doc.shtml

FGENESB Suite of Bacterial Operon and Gene Finding
Programs

FGENESB automatic annotation of bacterial and archaeal genomes.  The
FGENESB gene algorithm is based on Markov chain models of coding regions and
translation and termination sites.

Features

•  Automatic training of gene finding parameters for new bac terial genomes
using only genomic DNA as an i nput (optionally, pre-learned parameters
from related organism can be used)

• Mapping of tRNA and rRNA genes

• Highly accurate Markov chains-based gene prediction_Prediction of
promoters and terminators

•  Operon prediction based on distances between ORFs and f requencies of
different genes neighboring each other in known bacterial genomes, as we ll
as on promoter and terminator predictions

•  Automatic annotation of predicted genes by homology with COG and NR
databases.

• FGENESB gene prediction algorithm is based on Markov chain models of
coding regions and translation and termination sites.

Softberry  FGENESB annotation “pipeline”. 
http://softberry.com/berry.phtml

STEP 1. Finds all potential ribosomal RNA genes using BLAST against bacterial



 and/or archaeal rRNA databases, and masks detected rRNA genes.


STEP 2. Predicts tRNA genes using tRNAscan-SE program (Washington University) 



and masks detected tRNA genes.


STEP 3. Initial predictions of long ORFs that are used as a starting point for 



calculating parameters for gene prediction. Iterates until stabilizes. Generates 



parameters such as 5th-order in-frame Markov chains for coding regions, 



2nd-order Markov models for region around start codon and upstream RBS site,


 
Stop codon and probability distributions of ORF lengths.


STEP 4. Predicts operons based only on distances between predicted genes.


STEP 5. Runs BLASTP for predicted proteins against COG database, cog.pro.


STEP 6. Uses information about conservation of neighboring gene pairs in known



 genomes to improve operon prediction.


STEP 7. Runs BLASTP against NR for proteins having no COGs hits.


STEP 8. predicts potential promoters (BPROM program) or terminators (BTERM) 



in upstream and downstream regions, correspondingly, of predicted genes. .


STEP 9. Refines operon predictions using predicted promoters and terminators as additional evidences.



     1     1 Op  1  21/0.000   +    CDS        407 -      1747   1311  ## COG0593 ATPase involved in DNA 


                               +    Term      1786 -      1823    3.2 


                               +    Prom      1847 -      1906   10.5 


     2     1 Op  2   3/0.019   +    CDS       1926 -      3065   1237  ## COG0592 DNA polymerase 


                               +    Term      3074 -      3122    9.1 


                               +    Prom      3105 -      3164    4.0 


     3     2 Op  1   4/0.002   +    CDS       3193 -      3405    278  ## COG2501 Uncharacterized ACR


     4     2 Op  2   4/0.002   +    CDS       3418 -      4545    899  ## COG1195 Recombinational DNA


           2       Op  3  16/0.000   +    CDS       4578 -      6506   2148  ## COG0187 DNA gyrase (topoisomerase II) B SU


                              
       +    Term      6516 -      6551    4.7 


                              
       +    Prom      6512 -      6571    2.3 


     
     6     2 Op  4     .       +    CDS       6595 -      9066   2957  ## COG0188 DNA gyrase (topoisomerase II) A SU


                               
       +    Term      9067 -      9098    3.4 


                               
       + SSU_RRNA      9308 -     10861  100.0  # AY138279 [D:1..1554] # 16S rRNA # B cereus


                               
       +   TRNA      10992 -     11068  101.2  # Ile GAT 0 0


                              
       +   TRNA      11077 -     11152   93.9  # Ala TGC 0 0


                               
       + LSU_RRNA   11233 -     14154   99.0  # AF267882 [D:1..2922] # 23S rRNA # Bacillus


     
     7     3 Op  1     
       .       -    CDS      14175 -     14363    158 


                         
       + 5S_RRNA     14205 -     14315   97.0  # AE017026 [D:165635..165750] # 5S rRNA # Bacil


     
     8     3 Op  2     .       -    CDS      14353 -     15249    351  ## Similar_to_GB


     
     9     3 Op  3     .       -    CDS      15170 -     15352     99 


                                           -    Prom     15373 -     15432    6.9


Typical softberry output



