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GENOMICS course – syllabus 

1. 11/9. How did change our thinking about the genom content? 

Organismal complexity and gene number. (Egyed B) 

2. 18/9. Transcription regulation. Transcription site recognition at 

genomic level. (Varga M) 

3. 25/9. Epigenetics. (Varga M) 

4. 2/10. Animal genomes: Metazoa evolution and genomic aspects. 

(Varga M) 

5. 9/10. The Human Genome Project. Genome sequencing strategies 

and next generation sequencing. (Egyed B) 

6. 16/10. Sex chromosomes: origin and diversity. Y chromosome 

degeneration. X chromosome rearrangement. (Varga M) 

 23-30/10. Holidays. 



GENOMICS course – syllabus 

7. 6/11. Structure and organization of the human genom. Genes, 

regulatory and mobile genetic elements, pseudogenes. (Egyed B) 

8. 13/11. Genetic variability and phenotype. Variations in the 

genome: DNA fingerprinting. Association studies. (Egyed B) 

9. 20/11. Prokaryote and virus genome structure and evolution. 

(Varga M) 

10.27/11. Plant genomics and GMO. (Kaló P, MBK-Gödöllő) 

11.4/12. Gene expression studies. Transcriptomics. (Puskas L, SZBK) 

12.11/12. Phylogenetics and rare genomic changes. (Egyed B) 

 

 18/12. 9.00 WRITTEN EXAM! 



References, text books, curricula… 

The Origins of Genome Architecture  
 author: Michael Lynch 
 publisher: Sinauer Associates, Inc. Publishers, 2006 
 

A Primer of Human Genetics   

 author: G. Gibson 
 publisher: Sinauer Associates, Inc. Publishers, 2015 
 

The Evolution of the Genome  
 editor: T. Ryan Gregory 
 publisher: Elsevier Academic Press, 2005 

 

ELTE Dept. Genet.: https://genetics.elte.hu 
 

user: genetika2018 
pw: genetika2018 
 

Terminal exams: written at 18/12., oral exams in January 



How did change our imagination from genom content, about 
the relationship oforganismal comlexity and gene number? 

„ … somewhere between chicken and grape” (Pertea & Salzberg, Genome Biology 2010, 11:206) 

? 



First estimation about human genome size and gene number 

1964: F. Vogel (Heidelberg) 

-Hemoglobin α and β chains 

-Simplified presumption 

-Human genome: 3 × 109 bp 

-Gene number: 6,7 million !!! 

1990: NIH/DOE report on Human Genome Project 

-estimation: 100.000 genes based on average human gene size  (30 000 bp) 

-2001, Human Genome Project: decreasing gene no., increasing uncertainty 



What do we call a gene, how can it be defined? 

The „Gene” definition changed remarkably in the last one hundred years.  

- protein/RNA coding, terms of intron/exon, regulatory function, etc. 

- Distinction in the function 

 

Recent definition (what we use during the lecture): 

„A gene is a region of the genome that is transcribed into messenger 

RNA and translated into one or more proteins.” (i.e. alternative splicing) 

How do we call?  

- i.e. non-protein coding RNA genes (pl. miRNAs, snRNAs) 



Automated DNA sequencing and „Computer Biology“ 

ESTs: mRNA poly(A)3’ ends →  RT-PCR → cDNS library (’90-) 

300 cDNA library from 37 different tissue samples: ~ 87.983 sequences 

Adams MD, et al., Nature (1995):  → ca. 100.000 gene (NIH/DOE) 

Based on ESTs gene number at the end of 90’: 35 000 – 57 000 (CpG islands) 

Ho can we determine a gene ? – Based on Bioinformatics issue: 

- protein coding sequences, based on sequence homology.  

- based on de novo predictor signals (i.e. Genscan: 45.000 gén) 

- comparative study of conserved sequences (i.e. Twinscan: 25.600 gén) 

- statistical modelling (GH Markov Model, CRF: conditional random fields) 

- failed de novo predictions, false positives: pseudogenes 

- JIGSAW, Gnomon (NCBI, Ensembl): integrative metodics (2005-) 





Where do we are now? 

2001, Human Genome Consortium: 30 000 – 40 000 protein coding genes

 Celera Consortium: 26 500 „strong” + 12 000 „weak” evidence 

2004,   Human Genome Consortium: 20 000 – 25 000 genes 

 - less than Arabidopsis → organizmal komplexity? 

2010, Ensembl: 22 619 / NCBI:  22 333 protein coding genes 

 CCDS: 18 173 (http://www.ncbi.nlm.nih.gov/CCDS/CcdsBrowse.cgi) 

 fals pozitives: retrotransposons, pseudogenes, „orphan” DNA 

2018.09.10.: CCDS GeneID: 19 093 genes > 1 CCDS ID: 7 872 



Novel genes 

• CGH analyses: less differences between related species 

• de novo gene : duplication and neofunctionalization 

•gene no. differences between individuals: segmental duplications 

• large-scale copy number polymorphisms (CNVs > 1000 regions) 

• human „pangenom”: variation between races and groups 

(Li R, et al., 2010, Nat Biotechnol, 28:57-63) 

• ca. 40 Mb new sequences, + 1,3 % 

•de novo origin: non-coding sequences, ca. 18 new homo gene?  

(Knowles and McLysaght, 2009, Genome Res) 



Knowles D G , McLysaght A Genome Res. 2009;19:1752-1759 



Sequence changes in the origin of CLLU1 from noncoding DNA 

Knowles D G , McLysaght A Genome Res. 2009;19:1752-1759 

Copyright © 2009 by Cold Spring Harbor Laboratory Press 



Sequence changes in the origin of C22orf45 from noncoding DNA 

Knowles D G , McLysaght A Genome Res. 2009;19:1752-1759 Copyright © 2009 by Cold Spring Harbor Laboratory Press 



Origin of the eukaryote genom: RNA world 

ribonucleotide reductase 

Different pathways in membrane lipid 
sinthesis regarding archeas and eubacteria: 

izopren ether vs. Lipid-ester 

thymidylate synthase 

2’ –OH instability / Mutation: C » U 



Genome evolution based on rRNA sequences 

Woese and Fox, 1977 

Woese et al., 1990 



Genome evolution based on gene duplication 

ATPase membrane 
duplicated subunits: 



Origin of eukaryote genome: an 
archea-eubacteria chimera? 

Transcription and translation: Archea 

housekeeping functions: Eubacteria 



Eukaryote versus prokaryote genomes 



Genome size vs. coding sequences 



Genome size vs. introns 



Genome size vs. intergenic DNA 

-transcription sites 

-chromatin package 

-mobile elements 



Gene number 
 
vs. 
 
Coding sequence 
length 

Genome size 
 
vs. 
 
Non-coding 
sequence length  



Genome size and organizmal comlexity 

• WGC: recurrent mutations comparing whole individual genomes  

• Prokaryote: 350-8000 genes, 0.5 – 9 Mb genome 

• Multicellulare Eukaryote: > 13.000 genes, > 100 Mb genome 

• Noncoding DNA expansion (introns, mobile elements, pseudogenes) 

• Organism size vs. No. of cell types – pozitive correlation 

• Gene no. / genome size vs. multicellularity / organizmal komplexity 

Correlation? It does not depend on gene no. and genome size but even more 

how they operate!   (transcription regulation, alternative splicing etc.) 



Genome size and complexity 

• There is essentially no correlation between genome size and 

organismal complexity. 

•Clear ranking from viruses to prokaryotes to uni- and multi-

cellular eukaryotes in terms of genome size, gene no. etc. 

• Despite this gradient, there are no abrupt discontinuities in the 

scaling of genome content with genome size (C-value paradox). 

• indirect evidence that the evolution of genomic architecture are 

unlikely to be direct consequences of organismal differences in 

cell structures or physiologies. 


