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Sequencing methods, BAC fingerprinting, 
physical maps and FISH 	



Biosciences 741: Genomics	


Fall, 2013	


Week 2	



Lecture outline	



•  Genetic mapping methods	



•  Review of DNA sequencing	



•  Shotgun ligation & shotgun sequencing	



•  Automated DNA sequence assembly	



•  Sequencing with custom oligonucleotides	



•  Methods for dealing with repetitive DNA	



•  YAC, BAC & PAC cloning and contigs	
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Gel electrophoresis separates DNA fragments by size	


•  DNA is negatively charged, so it migrates in response to an electric 

field.	



•  The charge/mass ratio of DNA is constant (-1 per base), so all DNA 
fragments move at the same rate in a buffer solution (regardless of 
length or base composition).	



•  The gel matrix (agarose, acrylamide, etc.) slows DNA migration, and 
slows larger fragments more because they collide with the gel matrix 
more often.	



•  Denaturing reagents (formamide, urea) compete for hydrogen bonds, 
hence prevent base pairing of DNA, hence prevent sequence-specific 
effects on migration rates.	



•  If (and only if) we use relatively short DNA fragments (<600 bp), and 
high voltages (1000-5000 volts), and long migration distances (0.4 to 
2.0 meters), then it is possible to clearly separate DNA fragments that 
differ in length by only one base!	
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Figure 2.1  The principle of dideoxy (Sanger) sequencing	
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Figure 2.1  The principle of dideoxy (Sanger) sequencing	
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Figure 2.2  The phred base-
calling algorithm	



Figure 2.2 - the phred base-calling algorithm.	



Figure 2.3  Automated sequence 
chromatograms	
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Alternative sequencing technologies	


•  Pyrosequencing - DNA is fragmented and coupled to beads.  Each 

nucleotide incorporation is associated with a flash of light.  
Nucleotides are added sequentially.  Sequence reads rather short (100 
bp).  Can be adapted to massively parallel processing.	



•  Microislands (Illumina) - cell free PCR “colonies” are labeled with 
fluorescent ddNTPs, then deprotected and labeled again.  Short reads 
(2 x 50 bp), massively parallel.	



•  Polony sequencing - similar to above, but fluorescent dNTPs are added 
one at a time.  Very short reads (20-25 bp).	



•  Oligonucleotide hybridization (and/or ligation)…	



•  Mass spectrophotometric - identify oligonucleotide fragments by time 
of flight.  High signal/noise ratio, high resolution, short reads.	





9/9/13	



7	



Figure 2.5  Principles of massively parallel genome resequencing	
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Figure 2.8  Cloning vectors used 
in genome sequencing (Part 1)	
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Figure 2.8  Cloning vectors used 
in genome sequencing (Part 2)	
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Figure 2.4  An aligned-reads 
window in consed	
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Box 2.1, Figure A  Common evolutionary events and their 
effects on alignment	
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Figure 2.11  Unitigs and repeat 
resolution	





9/9/13	



15	





9/9/13	



16	



Figure 2.8  Cloning vectors used 
in genome sequencing (Part 3)	
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Figure 2.8  Cloning vectors used 
in genome sequencing (Part 4)	
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Figure 2.7  Hierarchical versus 
shotgun sequencing	



Figure 2.9  Hierarchical assembly of a sequence-contig scaffold	
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Aligning BAC clones by hybridization and fingerprinting	
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The initial assembly of human and fruit fly genomes 
at 5x to 10x coverage.	
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Figure 2.13  Alignment of two 
draft human genome assemblies	



Comparison of two draft human genome assemblies	



Discussion Questions	


•  Briefly describe the steps involved in conventional shotgun 

sequencing projects (shotgun subcloning, cycle sequencing with 
fluorescent dideoxy nucleotides, and automated sequence 
assembly).  Why is this approach so efficient?	



•  Briefly describe at least three methods of dealing with repetitive 
DNA in genome sequencing.  Why is this a significant problem 
for most eukaryotic (but not prokaryotic) genome projects?	



•  How do physical maps differ from cytological or recombinational 
maps?  Which is most relevant to genome projects?	



•  Briefly describe how BAC (and P1) fingerprinting works.  How 
can fingerprinting be used together with FISH to build physical 
genome maps?  	




