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http://chslearns.vail.k12.az.us/pluginfile.php/1738/course/section/616/central%20dogma.png 



Central Dogma  
Of Molecular  
Biology 

http://www4.ncsu.edu/~bjreadin/ 
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The Human Genome Project 
 
 
•  Possibility first raised in the mid 1980s 
 
•  1990 a plan was created to begin work over 15 years 
 
•  Automatic release of draft data (1996 Bermuda Statement) 
 
•  Immediate submission of finished sequence 
 
 
 





~20,500 genes 
Published 1998 



The race to the finish 

•  1998 Celera Genomics began private sector sequencing, led by J. Craig  
Venter using WGS 
 
•  2000 President Clinton announced that the genome could not be patented 
and should be freely available to everyone 
 
•  The human genome working draft announced in 2000 
 
•  Publicly funded sequence published in 2001 in Nature 
•  Celera data was published in 2001 in Science 
 
•  Essentially complete genome in 2003 
•  2006 the last chromosome published (chr 1) 
 
 



Whole Genome  
Shotgun 

<1000bp 

sequence 
assembly 

sequence 
assembly 

Hybrid Sequencing Strategy 

clone by clone 
Bacterial Artificial 

Chromosomes 
Ave size 150 kb 

Finishing        Annotation 

map 

Mapped 
back to 
chromosome 



Sequencing chemistry changed in next gen 
sequencing technologies 

Sanger 
sequencing 

454, Illumina GAIIx 
and HiSeq2000 

PacBio, Nanopore 

Sequencing-
by-synthesis 

Single molecule 
sequencing 

ABI 3730 



Human ~3Gb:  
22 chromosomes + sex 
chromosomes 
GRCh38 

Reference genomes: 

Mouse ~3 Gb:  
19 chromosomes + 
sex chromosomes 
GRCm38 

Zebrafish ~1.4 Gb:  
25 chromosomes, no 
specific sex 
chromosomes 
Zv10 
(GRCz10 coming soon) 



Do we know how many genes there are? 

~22,000   ~26,000   

  Protein coding genes         

1980’s  100, 000 
 
 2000    40, 000 
 
Today  ~ 20, 000 
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Eukaryotes: 
More complex: Introns and Exons 

5’ end 3’ end 

Prokaryotes: 
Simple protein-coding gene 

donor  
slice site 

acceptor  
splice site 

intron nnnnG GTnnn nnnCAG nnnn 

exon exon 

Genomic 
DNA 



What is in a gene? 

Translation 

           Splice donor 
C29A34C38A62G77g100t100a60a74g84t50 

Splice 
acceptor 
c78a100g100G53 

aataaa T/GT rich 

Poly A signal intronic splice  
enhancers/silencers 

Exonic splice  
enhancers/silencers 

CpG Island 

CG 

CG 

50bp 
GCGCG 

•  It is estimated that 3% of the human 
genome contains coding sequence 

3’ intron exon 5’ 

ATG 

miRNA  
binding sites 

Upstream  
repressor 

Upstream  
enhancer 

Promoter 

TATA 

25-30bp    TSS 

  +1 

TFBS 
5’ UTR 

3’UTR 

Post-translational 
modification 



AUGCCTG~~~~~~~~~~~~~~~~~~~~~~~~~~~AATAAA~~~~~~~~AAAAAAAA mRNA 

Reverse transcriptase transcribes  
the mRNA into a complimentary  
strand of DNA (cDNA) 

TACGGAC~~~~~~~~~~~~~~~~~~~~~~~~~~~TTATTT~~~~~~~~TTTTTTTTT cDNA 

5’ end 3’ end 

Sequences submitted to databases 

Evidence for genes: DNA (in vitro) 
mRNA extracted from tissue sample 

Expressed Sequence Tags (ESTs) 
shorter stretches of cDNA (`800bp) sequences 
 from both ends 

EST 

ATGCCTG~~~~~~~~~~~~ 

5‘ –> 3’ 

~TTATTT~~~~~~~~TTTTTTTTT 

3‘ <– 5’ 

mRNA degraded and a second  
strand of cDNA made 

ATGCCTG~~~~~~~~~~~~~~~~~~~~~~~~~~~AATAAA~~~~~~~AAAAAAAA 



Evidence for genes: Protein 

AUGCCTGCT~~~~~~~~~~~~~~~~~~~~UAG~~~~AATAAA~~~~~~~AAAAA mRNA 

5’ end 3’ end 

mRNA in cell 

Protein purified in lab and 
sequenced (Mass  
Spectrometry) or cDNA 
translated into protein 
computationally 

Sequences submitted to database 

Stop 
Codon 

polyA signal 
polyA tail 

Translation into protein 

Amino acids made  
from triplets of DNA  
(codons) 

Protein Met-Pro-Ala~~~~~~~~~~~~~~~~~~    ~~~ AA 
Start 
Codon 

* 



AAAAAA 

ESTs 

Genomic sequence 

Protein 

Making the transcript from evidence: 

Analysis pipeline 

Gene structure 

cDNAs 

Sequences from  
databases 

Annotation 



Manual Annotation and Biotypes: 

Annotation: 
based on transcriptional evidence 

Protein Coding 
 Known_CDS 
 Novel_CDS 
 Putative_CDS 
 Nonsense_mediated_decay 

 
Transcript  retained intron 

 putative 
 
  Non-coding   lincRNA 

        Antisense 
      Sense_intronic 
      Sense_overlapping 
     3’_overlapping_ncRNA 

 
Pseudogene 

 Processed 
 Unprocessed 
 Transcribed 
 Translated 
 Unitary 
 Polymorphic 

 
Immunoglobulin 

 IG_pseudogene 
 IG_Gene 
 TR_Gene   
  

Biotypes 

Sequences 
 from  
databases 





Mutually exclusive 

Skipped exon 

Retained intron 

Alternative splice donor 

Alternative splice acceptor 

Alternative first exon 

Alternative final exon 

Reference model 

Alternative Splicing 



GPR56:  
Human G protein-coupled receptor 56 gene 



Unprocessed 

Duplication 

Reverse transcription and re-
integration into genome 

AAAAAA 

Processed 

AAAAAA 

* * **

Havana pseudogenes 

Disruption to coding sequence and stop codons 



Non-coding genes: 

microRNAs:  Under 200 residues  
  Highly conserved signature 
  Imported from Rfam database  

Long non-coding RNAs: 
(lncRNAs)  Over ~ 200 residues 

  Not highly conserved between species 
  Manually annotated 
  Some very well-known e.g. Hotair (HOX antisense intergenic RNA) 
  Many others not yet characterised 
    



GENE2-AS1 

GENE2-UA1 

GENE2-OT1 

GENE1-IT1 

GENE 1 (Coding) GENE 2 (Coding) 

GENE1-AS1 

GENE2-AS2 

GENE2-AS3 

antisense strand 

lincRNA 

GENE2-GENE1-AS1 

sense strand 5’ 

5’ 

lncRNAs 



GAS5: growth arrest-specific 5 (non-protein coding) 

intronic snoRNAs 



Do we know how many genes there are? 

20,300  24,885  14,424  

22,606  11,662    8,015   

26,459    7,014       264  

  Coding  Non-coding     Pseudogene
  



Who provides gene sets? 

http://www.ncbi.nlm.nih.gov/projects/CCDS/
CcdsBrowse.cgi (CDS only) 

http://vega.sanger.ac.uk 

http://www.ensembl.org 

http://genome.ucsc.edu/ 

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



Differences in the gene sets 

Automa'c	  annota'on	  
•  Fast	  
•  Unfinished	  sequence	  or	  

shotgun	  sequence	  
•  Consistent	  
•  Under/Over-‐predic:on	  
•  Limited	  func:onal	  

annota:on	  
•  Predicts	  ~75%	  loci	  
	  
	  
	  
	  
	  

Manual	  annota'on	  
•  Slow	  
•  Prefer	  finished	  sequence	  
•  Flexible	  –	  can	  deal	  with	  

inconsistencies	  
•  Consult	  publica:ons	  
•  Extensive	  biotypes	  
•  Excellent	  func:onal	  annota:on	  

	  
Automated annotation alone is not sufficient for researchers needs 

 
GENCODE gene set 



NCBI - RefSeq 

•  Non-redundant gene set 
•  Accessed via browsers or Entrez Gene 
•  Accessions for genomic DNA, transcripts and proteins 
•  Primarily protein-coding 
•  Semi-curated 

 

	   	  	  	  	  	  	  	  Automated 	   	   	  	  	  	  	  	  	  Curated	  
Genomic 	  	   	  NC_12345	  
mRNA 	  	   	  XM_12345 	  	  	  	  	  	  	  NM_12345	  
ncRNA 	   	  XR_12345 	  	  	  	  	  	  	  	  NR_12345	  
Protein 	   	  XP_12345 	  	  	  	  	  	  	  	  NP_12345	  



UCSC gene set 

•  Non-redundant gene set 
•  Automatic annotation based on BLAT alignments 
•  Transcripts require Genbank accession plus one other 

supporting feature (eg. Uniprot) 
•  Includes RefSeq models (require no additional support) 
•  Both protein-coding and non-coding 
•  Data hub for ENCODE data, displays GENCODE 

geneset (for human and mouse) 
 hVp://genome.ucsc.edu/	  



Ensembl gene set 

•  Multiple biotypes (Known, Novel, ESTgenes, Pseudogenes) 
•  Automatic annotation based on pair-wise alignment using 

exonerate 
•  Transcripts require supporting mRNA and protein evidence 
•  Both protein-coding and non-coding transcripts 
•  Includes merged data from VEGA and CCDS and is called 

the GENCODE geneset 



VEGA gene set 

•  Manually annotated using Otterlace/ZMAP annotation 
software 

•  Based on direct pairwise alignment of mRNA, EST and 
protein evidence (including cross-species) 

•  Multiple biotypes, reflect confidence levels 
•  Includes additional data sources as DAS tracks (eg. 

CAGE tags, RNAseq) 



•   Consensus CoDing Sequence project 
  
The Consensus CDS (CCDS) project is a collaborative 
effort to identify a core set of human and mouse protein 
coding regions that are consistently annotated and of high 
quality. The long term goal is to support convergence 
towards a standard set of gene annotations.  

•  Havana, Ensembl, RefSeq, HGNC and MGI 

•  Produce reference CDS: set ATG-STOP on human and 
mouse genome - must agree. No UTRs. 



CCDS website: GATA3 gene ATG->STOP 



Comparing Gene Sets 
How many genes are there? 

	   	   	  Human   Mouse 
RefSeq (2013) 
Coding genes   19,119    20,553 
Total transcripts   35,539    27,113 
 
UCSC   
Coding genes   21,520    21,181 
Total transcripts   82,960     55,121  
 
Ensembl  (Gencode) 
Known coding     20,805 (e75)   23,871 
Total transcripts   196,501   94,647 
 
VEGA (unfinished)  
Coding genes     19,520 (v59)   16,359 
Total transcripts   181,669   73,869 
 
CCDS    18,800 (v106)   20,080 (v104)  

   (30,499)   (23,880) 



GENCODE pipeline 
Aim of GENCODE :annotate all evidence based gene features in 
the human genome   





Goal:  

• Correct regions in the genome that are currently misrepresented 

• To close as many gaps as possible 

• To produce alternative assemblies of structurally variant loci 
where necessary 

• Scientific community can report loci in need of review 

• Human, mouse and zebrafish 

http://www.ncbi.nlm.nih.gov/projects/genome/assembly/grc/ 
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http://www.ncbi.nlm.nih.gov/gene 



Searching the databases: How to find gene location 
BLAST  

(Basic Local Alignment Search Tool) 

Genomic DNA as query  
against the databases 

ATGCTAGGATCCGATTGCAAG!
CCTGAATCCGGCCTAATTTAC!
GGTATGGGTCCAATAGGGACC!
AATGGCAGTTAGATATCGTAG!
ATCGTGGGACAGTAGGATAAG!
ATAGCAGATAGACAGTAAGAC!
ATGATAGACGATAGATACAGA!

Pattern matching to 
millions of sequences 
in the databases 

BLAST results 
and alignment 





Modified	  from	  GD	  Lewis,	  R	  Gerszten	  et.	  al.	  	  	  JACC	  2008;52;118	  

Genome Transcriptome Proteome Metabolome 

ENVIRONMENT 




