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SMORE’s oligonucleotide designer 

Welcome!  
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Terminology 

5’ 3’ The ends of DNA that denotes directions. DNA reads from 5’ to 3’ 

bp Base pair (unit of length of DNA) 

Complementary base pairing The pairing of DNA bases. A pairs with T, and vice versa. 

C pairs with G, and vice versa. 

Fusion site The DNA sequence where two oligos bind by complementary base pairing 

Oligonucleotide / oligo A short segment of DNA. 

 

Palindromic DNA (or RNA) sequence that reads the same as its reverse complement 

E.g. 5’ AGCT 3’  

Query sequence The sequence you like to synthesise 

Repeat Reoccurring DNA sequences, e.g. ATCCGGATCCGGATCCGG is a repeat of 

ATCCGG 

Reverse complement The reverse complement of a DNA sequence is that formed by the complementary 

bases. E.g. reverse complement of 5’ ATGTC 3’ is 5’GACAT 3’ 

Synthesis The chemical production of DNA segments 

Target site A short length of DNA sequence that is recognised by recombinase proteins 

Unspecific binding The binding of DNA that does not follow complementary base pairing 
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Introduction 

This designer Program helps the design of oligonucleotides for target site synthesis.  

The use of SMORE’s recombinases requires target sites. However, target sites cannot be directly 

synthesised due to their length and repeating sequences. An alternative is to break down the long 

sequence and repeats into oligonucleotides (oligos). There are several challenges to oligo design: 

1. The target site must be separated into oligos that bind with each other at a fusion site by 

complementary base paring. 

2. The fusion site must not be palindromic to other such sites. 

3. The fusion sites must be significantly different from each other to prevent unspecific binding. 

This Program provides an easy and automatic design process of oligonucleotides. It would tell you the 

exact oligos you should order. 

 

 

What does this Program do? 

Given a query sequence, the Program returns two oligo parts that can be used to assemble the query 

sequence. The optimal solution is defined by these criteria: 

1. Min length of the repeat tolerable in the oligo 

2. Max length of the repeat tolerable in the oligo 

3. Min length of the oligo 

4. Max length of the oligo 

The criteria would follow the instructions of the DNA oligo provider. The Program favours solutions 

that separate the query sequence into the least number of oligos. Each oligo is 45-200 base pairs long, 

and contains fusion sites for complementary base-paring with each other.  

For details on the construction of the fusion site, please go to Definition of fusion site on page 9.



Page 3 of 10 
 

Before you start 

To use the design program, you need to install two additional Programs beforehand. They are called: 

1. Java SE Development Kit 8 

2. Eclipse IDE 

Please make sure you agree to their terms and conditions before downloading. The SMORE program 

has been tested to work in Windows 10. This manual also applies to macOS. But please note that some 

versions of macOS may be incompatible. 

We start by installing these two programs. Are you ready? 

 

Step 1: Installing Java SE Development Kit 8 

First, you will download the Java SE Development Kit 8. This provides an environment for using the 

Java programming language – the language SMORE’s oligonucleotide designer is written in. 

1. On your browser, go to: http://www.oracle.com/technetwork/java/javase/downloads/jdk8-

downloads-2133151.html  

 

2. Locate the following box on the page. Make sure the heading ends with “8u151”. 

 

3. For Windows user, press download for “Windows x64”. Please note that the download for 

Windows x86 would not work for the oligo designer. 

 

For macOS user, press download for macOS. 

 

4. Open the file you just downloaded.  

For Windows user, jdk-8u151-windows-x64.exe 

For macOS user, jdk-8u151-macosx-x64.dmg 

5. Follow the installation instruction for the Java SE Development Kit 8. The default 

configuration is sufficient and suitable for the SMORE Program. 

 

6. You have done well! The next step is to install the Eclipse IDE

Heading 

http://www.oracle.com/technetwork/java/javase/downloads/jdk8-downloads-2133151.html
http://www.oracle.com/technetwork/java/javase/downloads/jdk8-downloads-2133151.html
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Step 2: Installing Eclipse IDE 

Here, you would install an IDE called Eclipse. Think of it as an easy and organised way to use the 

SMORE Program.  

1. On your browser, go to: http://www.eclipse.org/downloads/eclipse-packages/  

 

2. Locate the following icon. Do NOT press “Download 64 Bit”. Press “Download packages”. 

This prevents unnecessary downloads. 

 

 
 

3. Locate the following page. Choose your operating system (Windows or macOS) at the upper-

right corner. 

 

 

4. Download the 64 bit “Elipse IDE for Java Developers” (shown above). 

 

5. Follow the installation instruction for Eclipse IDE. The default configuration is sufficient and 

suitable for the SMORE Program.  

 

To access the IDE easily later, put the shortcut on your desktop. 

 

6. Good job! Now let’s proceed to get the actual SMORE’s Program.

Press here 

Press here 

http://www.eclipse.org/downloads/eclipse-packages/
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Step 3: Installing SMORE’s oligo designer 

Finally! You are prepared to get SMORE’s oligo designer. It is as easy as what you just did. 

1. On your browser, go to https://github.com/MihaiAC/Edinburgh_UG-iGem2017-

OligoDesigner  

 

2. Our Program is on this website called Git Hub. Locate the following bar and press “Clone or 

Download”. 

 

Afterwards, press “Download ZIP. 

 

 
 

3. In your document viewer, unzip/ extract your downloaded file. 

 

Put a file in a place you prefer, e.g. Desktop. 

 

The preparation is done! Time to build some oligos!

Press here 

https://github.com/MihaiAC/Edinburgh_UG-iGem2017-OligoDesigner
https://github.com/MihaiAC/Edinburgh_UG-iGem2017-OligoDesigner
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Step 4: Setting up SMORE’s oligo designer 

Here, you will learn how you could set up SMORE’s oligo designer.  

1. Open Eclipse IDE. Follow the instruction for first time use. The default configuration is 

sufficient and suitable for SMORE’s Program. 

 

2. On the top-left corner, click File > Import 

 

3. In the pop-up window, click General > Existing Projects into Workspace 

 

4. In the new window, click Browse for the option “Select root directory”. Choose the unzipped 

SMORE’s Program file. 

 

5. Now, you could see the file “OligoDesigner” on the left. 

 

 
6. Double click “OligoDesigner” > “src” > “Main.java”. Scripts would appear at the centre of 

the window. 

 

7. On the top navigation bar, press “Run” > “Run”. An Error message would occur. 

 

8. This means SMORE’s Program is running well! 
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Step 5: Designing Oligos 

In the last section, you would enter the parameters of your desired target site. The Program would 

swiftly tell you the oligonucleotides you should order! 

1. On the navigation bar, click “Run” > “Run Configurations…” 

 

2. In the new window, click the “Arguments” tab.  

 

Click in the box under “Program Arguments” 

 

 
 

3. Now you can decide how your oligos would be. You would enter five parameters in the 

“Program arguments” box (below). Parameters 2-5 would depend on the instructions by the 

DNA provider.  

 

Parameter 2 represents the minimum length of the repeat tolerable in the oligo 

Parameter 3 and 4 determines the range of the oligo length 

Parameter 5 represents the maximum length of the repeat tolerable in the oligo 

 

Parameter Input example 

1. The query sequence (5’ to 3’) “ATAACTTCGTATAATGTATGCTATACGAAGTTAT” 

2. Min length of the repeat (in bp) 4 

3. Min length of the oligo (in bp) 15 

4. Max length of the oligo (in bp) 60 

5. Max length of the repeat (in bp) 6 

 

 

  

Type here 
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For example, to design a target site shown in the above table, you would: 

Type “ATAACTTCGTATAATGTATGCTATACGAAGTTAT” (include the quotation marks). 

Press Enter.  

Type “4” (exclude the quotation marks). Press Enter. 

Type “15” (exclude the quotation marks). Press Enter. 

Type “30: (exclude the quotation marks). Press Enter. 

Type “6” (exclude the quotation marks). Press Run at the bottom right of the window. 

  

4.   To check the result, open the folder that contains the SMORE Program. Open the file 

      named “Output.txt.” The result can be one of the following three: 

 

a. Congratulations! The Program has now provided you with two oligos that satisfy the 

conditions. 

 

b. Oh no! The conditions cannot be met. Please change your conditions and try again! 

 

c. The sequence is too long, and the Program does not have enough computing power to 

find out the answer. 

 

If the Program does not produce a result immediately, wait for at least 3 minutes. The 

calculation takes time! 

 

       5.  You have successfully designed oligos to use with SMORE!  

 

If you like to learn more about the Program, the following sections contain an overview of the 

principle of the Program. 
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Definition of fusion site 

The fusion site in the Program must satisfy the following criteria: 

1. The fusion site is 4 base pairs long 

 

2. The fusion site has at least one G or C 

 

3. The fusion site has at least one A ot T 

 

4. The fusion site is NOT palindromic with other fusion sites 

 

E.g. Fusion site 5’ AGCT 3’ is palindromic, as its reverse complement is also 5’ AGCT 

3’  

 

5. The fusion site is sufficiently different from other fusion sites, i.e. a maximum of 2 bases 

can be at the same position.  

 

 E.g. Fusion site 5’ AGTT 3’ and 5’ AGAT 3’ are insufficiently different, as 3 bases were 

identical. 

 

This principle is also applicable on reverse complements. 

 

E.g. Fusion site 5’ AGTT 3’ and 5’ ATCT 3’ are insufficiently different. The reverse 

complement of 5’ ATCT 3’ is 5’ AGAT 3’, which shares 3 identical bases with the fusion 

site 5’ AGTT 3’. 

 

If a repeat designated by the user has two occurrences, they are separated into two oligos.
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How does the Program work? 

SMORE’s design Program returns the optimal oligonucleotide combination using the following 

method: 

 Firstly, a suffix array is constructed from the query sequence1, i.e. the sequence the user 

provides. A suffix array may be viewed as an interchangeable structure of strings and sequences. 

 Secondly, the repeats within the query sequence are detected efficiently using a framework 

detailed by Becher, Deymonnaz and Heiber2. 

 The Program subsequently identifies all possible fusion sites and their positions in the query 

sequence. A constraint graph is constructed from the fusion sites and their positions. This produces a 

constraint satisfaction problem3.  

 Next, every possible and valid (see Page 9) combination of fusion site is tested. The number 

of fusion sites in a combination increases from 1 to the following value: 

 𝑓𝑙𝑜𝑜𝑟(
𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑞𝑢𝑒𝑟𝑦 𝑠𝑒𝑞𝑢𝑒𝑛𝑐𝑒

𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝑙𝑒𝑛𝑔ℎ 𝑜𝑓 𝑎 𝑝𝑎𝑟𝑡
) 

If a combination of fusion sites satisfies all constraints, it is immediately returned. The Program stops 

after it outputs the oligonucleotides. 

 

Improvements 

Since constraint satisfaction problems are greatly improved by a suitable combination of heuristics, 

multiple heuristics may be attempted to improve the runtime of the Program. 
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