
Molecular Biology

Arthur Günzl, PhD

Dept. of Genetics & Genome Sciences

University of Connecticut Health Center

Bioinformatics and Computational Biology

Course (BME5800) September 13, 2016

DNA structure and function

Recombinant DNA technology

DNA sequencing

DNA amplification



Deoxyribonucleic Acid (DNA)

5’

3’ 2’

From Alberts et al., Molecular Biology of the Cell

The haploid human genome consists of

~3,000,000,000 bp 

The combined a-helical length is ~2 m

A human nucleus’ diameter is ~10 mm, 

containing 46 chromosomes 



a. 5’-ACTGTTCCTCGAAGGGTT-3’

b. 5’-AACCCTTCGAGGAACAGT-3’

c. 5’-TGACAAGGAGCTTCCCAA-3’

d. 5’-GGTCCTGGAGAAAAGTCT-3’

e. None of the above

5’-TTGGGAAGCTCCTTGTCA-3’

Which one is the reverse primer ?

||||||||||||||||||

3’-AACCCTTCGAGGAACAGT-5’



Recombinant DNA Technology

Recombination

Process in which DNA molecules are broken and

the fragments are rejoined in new combinations

Recombinant DNA

Any DNA molecule formed by joining DNA segments

from different sources



Restriction enzyme

One of a large number of endonucleases that can cleave a

DNA molecule at any site where a specific short nucleo-

tide sequence occurs

Recombinant DNA Technology

Key Enzymes

5’-...GTACCTAG AATTCCTAGTG...-3’

||||||||            |||||||

3’-...CATGGATCTTAA GGATCAC...-5’

5’-...GTACCTAGAATTCCTAG...-3’

|||||||||||||||||

3’-...CATGGATCTTAAGGATC...-5’

Eco RI

TT

TT

(sticky end)



SmaI    CCC GGG               Serratia marcescens



DNA ligase

Enzyme that joins the ends of two DNA strands together

with a covalent bond to make a continuous DNA strand

Recombinant DNA Technology

Key Enzymes

5’-...GTACCTACCC-3’ 5’-pGGGCTAGTG...-3’

||||||||||          |||||||||

3’-...CATGGATGGGp-5’ 3’-CCCGATCAC...-5’

T4 DNA ligase
+ ATP

5’-...GTACCTACCCGGGCTAGTG...-3’

|||||||||||||||||||

3’-...CATGGATGGGCCCGATCAC...-5’



Recombinant DNA Technology

plasmid cloning vector

Multiple Cloning Site



plasmid

vector

gene

RESTRICTION DIGEST

donor DNA

DNA LIGASE (ATP)

recombinant plasmid

Gene cloning



Transformation of E. coli

The bacteria will not take up plasmid DNA from its environment. It has

to be mistreated to do so, e.g. the membrane has to be damaged to allow

for DNA entry.

E. coli is made competent for transformation by

CaCl2 / heat shock

electroporation

Transformed E. coli are selected via

expression of a selectable marker (Ampr)



gene X

Host or Chromosomal 

DNA

Plasmid DNA

Bacterium

Plasmid DNA does not integrate into the bacterial genome

It replicates autonomously typically in high copy numbers

Due to its small size (~5 kbp) it can be separated from

genomic DNA (~3,700 kbp) and efficiently purified.



How to obtain DNA fragments for cloning ?

(Note: Historic slide)

Libraries:

Genomic DNA – fragmentation  (mechanical, sonication, enzymatic) –> cloning

mRNA -> cDNA –> cloning

Nowadays, genome sequences are known or 

relatively easy to obtain. Thus, it is possible 

to amplify a DNA sequence of interest and 

either use it directly in an assay or clone it 

into a plasmid construct



DNA is synthesized by DNA polymerase

5’-...GpApApTpTpCOH
| | | | | |

3’-...CpTpTpApApGpApA...-5’

5’-...GpApApTpTOH
| | | | |

3’-...CpTpTpApApGpApA...-5’

pgpbpaCOH

pp
(pyrophosphate)

DNA  POLYMERASE



Amplification of DNA fragment of interest by

the Polymerase Chain Reaction (PCR)

DNA polymerase+primers + Template +

dNTP’s

heat cool elongate restart

Heating denatures 

DNA (separates 

strands)

Primers anneal to 

complimentary 

strands

DNA polymerase 

elongates from primer 

annealing

Multiple reaction cycles result in an exponential increase of specific amplification product

95°C ~56°C 72°C

Kary B Mullis obtained the Nobel prize for Chemistry in 1993 for inventing PCR



[real-time] quantitative (q)PCR

Semi-quantitative (RT-)PCR

Ct (cycle threshold) is defined as the number

of cycles required for the fluorescent signal

to cross the threshold



qPCR
SYBR green

SYBR Green binds to DNA.

The resulting DNA-dye-complex 

absorbs blue light (λmax = 497 nm) 

and emits green light (λmax = 

520 nm). The stain preferentially 

binds to double-stranded DNA

The TaqMan probe principle relies on 

the 5´–3´ exonuclease activity of Taq 

polymerase to cleave a quenched dual-

labeled probe that binds to the target 

sequence.

This method is highly specific and, due 

to the availability of different 

fluorophores, it can be applied to 

multichannel applications that measure 

more than one amplification in the 

same reaction.



DNA Sequencing

1st and “Next” generation sequencing (NGS) is predominantly based on the 

“chain termination” (“enzymatic”, “dideoxy”)  method invented by Frederick 

Sanger et al. (1977, PNAS 74, pp 5463-5467).  

The principle is based on dideoxy nucleotides in which the 3’ hydroxyl 

group, which is essential for formation of the next phosphodiester bond, is 

replaced by a hydrogen. 

These nucleotides are so-called chain terminators because they prevent 

the incorporation of the next nucleotide and cause DNA synthesis to stop.

Frederick Sanger and Walter Gilbert obtained the Nobel prize for Chemistry

in 1980 for Determination of base sequences in nucleic acids



ribose deoxyribose di-deoxyribose

Ribose sugars



5’-...GCTACCTGCATGGA-3’

|||||||||||||||||||

3’-...CGATGGACGTACCTCTGAAGCG...-5’

oligonucleotide primer

for DNA polymerase
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DNA Sequencing

normal deoxyribonucleotides

dGTP, dATP, dCTP, dTTP



DNA Sequencing

From Alberts et al.,

Molecular Biology of the Cell,

p 505 
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Modern Automatic Sequencing works in one reaction 

with fluorescent-labeled terminators



Next (2nd) generation sequencing technology:

454 sequencing (pyrosequencing)

illumina solexa sequencing

Advantages

fast (Hi-seq 4000: per 3.5 day run: 12 human genomes or

1.5 Tb of sequence data (~5 billion reads).

cost-effective (reduced cost per base)

without cloning (PCR integrated in the method)

Disadvantages

short reads (454: 1000 bp/read)/Solexa: up to 250 bp/read)

intense on bioinformatics



Nature 2008, 456:387-392 

Science 2010, 328:710-722

“next generation sequencing” 

Nature 2014, 510:363-369



Solexa technology (http://www.illumina.com)
step 1 - prepare genomic DNA sample



454 pyrosequencing

The GSflx can sequence 100 megabases
of raw DNA sequence per 4.5-hour run

Attach DNA fragments to beads
Amplify the DNA

Place beads in microscopic wells
(44 mm in diameter / PicoTiterPlate)

A mix of bead-bound enzymes are
also packed into the well.

The plate is flowed
successively with
oligonucleotides 
and light flashes
are measured



454 pyrosequencing

light signal



The solexa technology
step 2 - immobilize DNA on flow cell surface



Solexa technology
step 3 - amplify DNA to immobilized clusters



Solexa technology
step 3 - amplify DNA to immobilized clusters



Solexa technology
step 4 - sequence one nucleotide at a time



Solexa technology
step 4 - sequence one nucleotide at a time



DNA polymerization requires the 3’ hydroxyl group

fluorescent protection group



Next generation sequencing has enabled many 

innovative high throughput approaches

RNA-seq: Transcriptome; quantification of transcript levels, discovery of novel

transcripts and transcript isoforms (alternative splicing). 



Next generation sequencing has enabled many 

innovative high throughput approaches

Polysome and ribosome profiling: Translatome

From Piccirillo et al., 2014, Nature Immunology

RPF: ribosome-protected fragments



From Siegel et al., 2009, Genes & Dev

ChIP-seq revealed that open chromatin marks (modified histones and histone 

variants) identified regions of transcription initiation in Trypanosoma brucei

Next generation sequencing has enabled many 

innovative high throughput approaches

Chromatin Immunoprecipitation (ChIP)-seq: Genome-wide binding sites of a 

histone, transcription factor, RNA polymerase, DNA repair enzyme, etc.



Third generation (single molecule) sequencing  
Pacific Biosciences Single molecule real time (SMRT) technology

Reads: 3-5 kb, up to >20kb

no DNA amplification

Highly accurate

Can detect minor variants, <1%

Modified nucleotide detection

See video http://www.pacb.com/smrt-science/smrt-sequencing/

http://www.pacb.com/smrt-science/smrt-sequencing/


Nanopore sequencing

No polymerization

No library preparation

No light detection

Sequence accuracy not high

Not yet enough reads for

transcriptomes

Oxford Nanopore Technologies® 

An electrode measures 

variations in the 

current



THE END

Any questions – contact me !

Arthur Gunzl

office R1144 (400 Farmington Ave)

phone 8878

E-mail gunzl@uchc.edu


