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DNA Structure and Function



RNA and DNA



Terminology

Nucleobase
Nucleoside
Nucelotide



RNA and DNA



RNA and DNA



Base pairing via hydrogen bonds

H-bond strength: ~1-5 kcal/mol
A-T: 12-14 kcal /mol
C-G: 21-28 kcal/mol



Melting Temperature



Melting Temperature



Oligo Tool Live Demo

https://www.thermofisher.com/ch/en/home/brands/thermo-
scientific/molecular-biology/molecular-biology-learning-
center/molecular-biology-resource-library/thermo-scientific-
web-tools/tm-calculator.html



Base pairing and 5’ / 3’ Terminology



DNA Structure



DNA Structure



Genomes, chromosomes, genes, etc.



Terminology

Genome: is all the genetic information of an organism.

Chromosome: is a long DNA molecule with part or all of
the genetic material of an organism.

Chromatin: is a complex of DNA and protein found 
in eukaryotic cells.

Ploidy: is the number of complete sets of chromosomes in a cell -> 
most common are haploid, diploid, polyploid

Karyotype: is the general appearance of the complete set of 
chromosomes in the cells of a species or in an individual organism, 
mainly including their sizes, numbers, and shapes.



Prokaryotic Genomes and DNA condensation



Eukaryotic Genomes



DNA condensation in eukaryotes



From Genomes to Genes



Terminology
Gene: is a sequence of nucleotides in DNA that is transcribed to produce a functional RNA.

Promoter: is a sequence of DNA to which proteins bind to initiate transcription of a single RNA transcript from the 
DNA downstream of the promoter.

Operator (prokaryotes): is a place of an operon where activators or repressors bind to regulate transcription.

Enhancer/Silencer (eukaryotes): is a short (50–1500 bp) region of DNA that can be bound by 
proteins (activators or repressors) to increase or decrease the likelihood that transcription of a particular gene will 
occur.

Terminator: is a section of nucleic acid sequence that marks the end of a gene or operon in genomic DNA during 
transcription.

5’ / 3’ UTR: refers to either of two sections, one on each side of a coding sequence on a strand of mRNA

Exon: is any nucleotide sequence within a gene that is expressed or operative in the final RNA product.

Intron: is any nucleotide sequence within a gene that is not expressed or operative in the final RNA product.

Poly-A tail: is a stretch of RNA that has only adenine bases at the 3’ UTR end of mRNA



Genome sizes



Genomic gene and regulatory structure (prokaryotes) 



Genomic gene and regulatory structure (eukaryotes) 



Genes, Promoters, Terminators, Gene regulation



Yeast Genome Database Live Demonstration

https://www.yeastgenome.org/



Pho5 Promoter Example



Genes, Promoters, Terminators, Gene regulation



RNA Structure and Function



Genomic gene and regulatory structure (eukaryotes) 



mRNA



mRNA (messenger RNA)



mRNA 5’cap

5’ Cap functions:
1. Regulation of nuclear export
2. Prevention of degradation by exonucleases
3. Promotion of translation
4. Promotion of 5’ proximal intron excision



poly-A tail

Poly-A Tail:
- Enzymatic (post-transcriptional) additon of 20-300 adenine nucleotides 
- helps inhibit degradation of the mRNA
- important for nuclear export



mRNA splicing

Spliceosome:
5 small nuclear RNAs (snRNAs) 
+ proteins 
= small nuclear ribonucleoprotein complex (snRNP) 



mRNA alternative splicing



tRNA



tRNA (transfer RNA)



tRNA (transfer RNA)



tRNA (transfer RNA)



rRNA



rRNA (ribosomal RNA)



miRNA
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