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Topic 1 Info 
• CB office hours 

- after lectures (Tues/Thurs 2:30-3:00) - 68-271A (except today)
 
- or by request 

• Slides will generally be posted (PDF) by 12:15 pm on day of lecture* 

• Overview slide has blue background - readings for upcoming lectures are 
listed at bottom of overview slide 

• Review slides will have purple background 

• PS1 is posted 

• PS2 will be posted soon. Look at the programming problem 

The two Python tutorials will be: 

Friday, Feb. 7 3:00 – 4:00 PM 
Monday, Feb. 10 4:00 – 5:00 PM 

* If printing, to save paper, can print multiple slides per page using Acrobat Reader. 
Under “Page scaling:” choose “Multiple pages per sheet” 
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For those reg’d for grad versions of course
 

• Please email by Tuesday Feb 11th: 

Name 
Email 
G/U Program_name 
Background (1 sentence) 
Comp Bio Interests (1 sentence or a few keywords) 

for posting 
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Local Alignment (BLAST) and Statistics
 

• Sequencing 

- Conventional 

- 2nd generation 

• Local Alignment: 
- a simple BLAST-like algorithm 

- Statistics of matching 
- Target frequencies and mismatch penalties 

for nucleotide alignments 

Background for next two lectures: Z&B Ch. 4 & 5 

4



     1D, 2D and 3D Representations of DNA
 

© Cancer Research UK. All rights reserved. This content
is excluded from our Creative Commons license. For more
information, see http://ocw.mit.edu/help/faq-fair-use/.
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Types of Nucleotides
 

P-P-P CH2 O base 
1 

• ribonucleotide 5 

• deoxyribonucleotide 4 
H H H 

23• dideoxyribonucleotide OH OH 

P-P-P CH2 O base P-P-P CH2 base 

H H H HH H 

H H OH H
 

O
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Primer 
5' NNN 
3' NNNCATGAGACAGTC… 
Template 

Sanger 

sequencing
 

method
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Evolution of Sequencing Technologies
 

• Traditional Sanger / chain termination 
sequencing (70s, 80s, 90s) 

• Fluorescent-based / dye terminator 
sequencing (90s - present) 

A T C G … • Capillary electrophoresis, 

• Large polyacrylamide gels, fluorescent tags for each base, 1 

radiolabeled DNA, 4 lanes per read lane per read 

© source unknown. All rights reserved. This content is
excluded from our Creative Commons license. For more
information, see http://ocw.mit.edu/help/faq-fair-use/.

© source unknown. All rights reserved. This content is
excluded from our Creative Commons license. For more
information, see http://ocw.mit.edu/help/faq-fair-use/.

8

http://ocw.mit.edu/help/faq-fair-use/
http://ocw.mit.edu/help/faq-fair-use/


   

    

  
  
    

 

‘Next Generation’ Sequencing Technologies
 

A variety of technologies. Differ in aspects of: 

• DNA template 
• Modified nucleotides used 
• Imaging / image analysis 

Metzker NRG 2010 

Courtesy of Macmillan Publishers Limited. Used with permission.
Source: Shendure, Jay, and Hanlee Ji. "Next-generation DNA Sequencing." Nature Biotechnology
26, no. 10 (2008): 1135-45.
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Comparison of Platforms
 

Courtesy of Macmillan Publishers Limited. Used with permission.
Source: Metzker, Michael L. "Sequencing Technologies—The Next Generation." Nature Reviews Genetics 11, no. 1 (2009): 31-46. 10

Metzker NRG 2010
 

http://dx.doi.org/10.1038/nrg2626


  

 

Next-gen Sequencing: Templates
 

Metzker NRG 2010 

Courtesy of Macmillan Publishers Limited. Used with permission.
Source: Metzker, Michael L. "Sequencing Technologies—The Next Generation." Nature Reviews Genetics 11, no. 1 (2009): 31-46. 11

http://dx.doi.org/10.1038/nrg2626


Example: bead-based pyrosequencing 1

Margulies et al.  Nature 2005

44um

Step 1. DNA Library Preparation

Step 2. PCR

Courtesy of 454 Life Sciences, A Roche Company. Used with permission.
Courtesy of Macmillan Publishers Limited. Used with permission.
Source: Margulies, Marcel, Michael Egholm, et al. "Genome
Sequencing in Microfabricated High-density Picolitre Reactors."
Nature 437, no. 7057 (2005): 376-80. 12

http://dx.doi.org/10.1038/nature03959
http://dx.doi.org/10.1038/nature03959


Bead-based pyrosequencing 2

• Show capillary sequencer
• 454 life sciences
• Solexa
• Polonies

Generates ~400+ nt per well 

x 1,000,000 wells with single bead 

= ~400 Mbp per run 

(10 hours, several $K)

(stats updated since publication)

Margulies et al.  Nature 2005
Courtesy of Macmillan Publishers Limited. Used with permission.
Source: Margulies, Marcel, Michael Egholm, et al. "Genome
Sequencing in Microfabricated High-density Picolitre Reactors."
Nature 437, no. 7057 (2005): 376-80.

Courtesy of Macmillan Publishers Limited. Used with permission.
Source: Metzker, Michael L. "Sequencing Technologies—The Next
Generation." Nature Reviews Genetics 11, no. 1 (2009): 31-46.
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Illumina/Solexa sequencing

Metzker NRG 2010

Courtesy of Macmillan Publishers Limited. Used with permission.
Source: Metzker, Michael L. "Sequencing Technologies—The Next Generation." Nature Reviews Genetics 11, no. 1 (2009): 31-46. 14

http://dx.doi.org/10.1038/nrg2626


Illumina/Solexa sequencing

Metzker NRG 2010

Source: Metzker, Michael L. "Sequencing Technologies—The Next Generation." Nature Reviews Genetics 11, no. 1 (2009): 31-46.
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Illumina Sequencing Images 

A channel C channel

G channel T channel

Merge

1/4	
  of	
  one	
  )le	
  	
  (0.03%	
  of	
  a	
  flow	
  cell,	
  GA2)
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Example 2:
 

Illumina cluster-based sequencing

Current throughput (HiSeq 2000 instrument)
one flow cell = 8 lanes, several days, ~$20K in reagents

8 lanes x 2x108 reads/lane x 100 bp / read = ~160 x 109 bp

Can double throughput by:
• PE sequencing
• Sequencing 2 flow cells at once
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Which alignments are significant?

Why Align Sequences?

Local alignment:
 

find shorter stretches of high similarity
don’t require alignment of whole sequence
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DNA Sequence Alignment I: Motivation

You are studying a recently discovered human non-coding RNA.

You search it against the mouse genome using BLASTN (N for 
nucleotide) and obtain the following alignment:  

  Q: 1   ttgacctagatgagatgtcgttcacttttactcaggtacagaaaa 45
         |||| |||||||||||| | |||||||||||| || |||||||||
  S: 403 ttgatctagatgagatgccattcacttttactgagctacagaaaa 447

Is this alignment significant?
Is this likely to represent a homologous RNA?

How to find alignments?
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DNA Sequence Alignment II
Determining significance of nucleotide local alignments
  Q: 1   ttgacctagatgagatgtcgttcacttttactcaggtacagaaaa 45
         |||| |||||||||||| | |||||||||||| || |||||||||
  S: 403 ttgatctagatgagatgccattcacttttactgagctacagaaaa 447

Identify high scoring segments whose score S exceeds 
     a cutoff x using a local alignment algorithm (e.g., BLAST)

Scores follow an extreme value (aka Gumbel) distribution:

 P(S > x) = 1 - exp[-KMN e-λx]
For sequences/databases of length M, N where K, λ are positive 
parameters that depend on the score matrix and the composition of the 
sequences being compared

Conditions: expected score is negative, but positive scores possible
Karlin & Altschul 1990
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Extreme Value (Gumbel) Distribution
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DNA Sequence Alignment III
How is λ related to the score matrix?

 

λ is the unique positive solution to the equation*:

    p r eλsiji j  = 1
                                

∑ 
i,j

pi = freq. of nt i in query, rj = freq. of nt j in subject

sij = score for aligning an i,j pair

What kind of an equation is this?  (transcendental)

What would happen to λ   if we doubled all the scores? (reduced by half)

What does this tell us about the nature of λ? (scaling factor)

*Karlin & Altschul, 1990
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DNA Sequence Alignment IV

Usually use simple match-mismatch matrices:

  i        j:     A  C  G  T

What scoring matrix to use for DNA?

  s A   1  m  m  m
i,j :

  C  m   1  m  m

  G  m  m   1  m

  T  m  m  m   1

m = “mismatch penalty” (must be negative)

When would you use a mismatch penalty of:    -1    -3   -5  ? 
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If you want to find regions with R% identities:
r   = R /100      qii = r/4      qij = (1-r)/12  (i≠j)     Set sii = 1  

DNA Sequence Alignment V 

Figuring out how to choose the mismatch penalty …

s“Target frequencies”* : qij = pipjeλ ij sij  =  ln(qij / pipj )/λ⇒

(i≠j)Then   m = sij = sij/sii = (ln(qij / pipj )/λ) / (ln(qii / pipi )/λ)  

qij are nt pair frequencies expected in high-scoring matches  

⇒ m = ln(4(1-r)/3)/ln(4r) (Assuming all pi, pj = 1/4, 1/4 < r < 1) 

*Karlin & Altschul, 1990
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DNA Sequence Alignment VI 

Optimal mismatch penalty m for given target identity fraction r

Examples:
 r 0.75    0.95      0.99
 m   -1         -2         -3

m = ln(4(1-r)/3)/ln(4r)

r = expected fraction of identities in high-scoring BLAST hits 
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