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Transcription Translation

Strings in a 
4-letter 

language:

Strings in a 
20-letter 
language:

Introduction | Central Dogma

Strings in a 
4-letter 

language:



Library Functions| Categories

Daily Use Toolbox

• Reverse 
Complement

• Translator

Intermediate Toolbox

• Primer Tm Calculator
• Restriction Enzyme 

Cutter
• Protein Atomic 

Composition

Advanced Toolbox

• Motif Finder
• Sequence Alignment
• Co-expression 

Analysis



Library Functions | Daily Use Functions

http://www.bioinformatics.org/sms/rev_comp.html http://web.expasy.org/translate/

http://www.bioinformatics.org/sms/rev_comp.html
http://web.expasy.org/translate/


Library Functions |Intermediate Toolbox | Primer Tm

https://www.neb.com/tools-and-
resources/interactive-tools/tm-calculator

• In double-stranded DNA:
• A binds to T
• C binds to G

• In order to amplify a region of the genome, you 
design short strands of DNA that bind to the 
sequences surrounding your piece of interest

• For amplification to occur, the short strand of DNA 
must have certain properties of which melting 
temperature is most important

• The melting temperature of a piece of DNA can be 
calculated based on the different types of bonds 
predicted

https://www.neb.com/tools-and-resources/interactive-tools/tm-calculator


Library Functions |Intermediate Toolbox | Restriction Enzyme Cutter

http://tools.neb.com/NEBcutter2/

• Restriction enzymes (RE) are proteins 
that recognize specific sequences

• They cut the DNA with high specificity
• RE are often repurposed for molecular 

biology experiments

http://tools.neb.com/NEBcutter2/


Library Functions |Advanced Toolbox | Motif Finder



Library Functions |Advanced Toolbox | Motif Finder

1. Convert Genomic Sequence to Base 4 
Representation

2. Determine distribution of all k-mers in 
intergenic, non-coding regions

3. Define subset of sequences that are 
thought to be functional

4. Determine distribution of k-mers in 
functional sequences

5. Use binomial to assign an enrichment 
score to each k-mer



Library Functions |Advanced Toolbox | Sequence Alignment

Sequence Alignment Simplified Representation



Needleman-Wunsch Algorithm

• Assign a penalty to
• Mismatches
• Gaps
• Different Start Sites

• Find optimal solution for each 
subsequence iteratively

• After completing scoring matrix, 
trace back path to find the most 
optimal alignment

• This algorithm can be modified 
to have context-dependent  and 
mismatch-specific penalties 

Library Functions |Advanced Toolbox | Sequence Alignment



Library Functions |Advanced Toolbox | Co-expression Analysis

1. Input and format microarray data for 15+ experimental conditions.
2. For each gene or  probeset, find the other genes/probesets that 

correlate well -> rank top hits.
3. Compare to gene list of interest.
4. Genes that have the largest number of neighbors that are 

contained within the gene list of interest are likely functionally 
related to the genes in the comparison list.

Ex. Application: proteome determination


