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1. Introduction

What is Pyviko?

Pyviko stands for Python Viral Knockouts (stylized: pyViKO). Pyviko is a tool for designing molecular
cloning protocols in complex viruses or other organisms with overlapping genes. This web version of
Pyviko finds mutations in a target gene that insert a premature stop codon without changing the amino
acid sequence of the overprinted gene. The online version of Pyviko also includes a restriction site
designer, helping to identify co-occuring mutations that also do not change the amino acid sequence of
the overlapping gene but either add or remove a restriction enzyme recognition site. For more
information, see the manuscript “Pyviko: An automated Python tool to design gene knockouts in
complex viruses with overlapping genes” in BMC Microbiology".

What is an “overprinted gene”?

An overprinted gene is defined as the extension of one gene's open reading frame into the reading
frame of a second gene. A single DNA sequence can code for multiple proteins in different reading
frames or by reading in different directions. For more information, see the Wikipedia article on reading

frames or this (open access) paper on the origins of overprinted genes’.

2. Gene knockouts with Pyviko

The web interface for Pyviko can be found at http://louiejtaylor.github.io/py ViKO/. For the examples

below, we will design knockouts of a gene from Human Immunodeficiency Virus 1 (HIV-1), Vpr,
which is overprinted into by another HIV-1 gene, Vpx. cDNA sequences for Vpr and Vpx are below:

>Vpr
atggaacaagccccagaagaccaagggccacagagggagccatacaatgaatggacactagagcttttagaggaacttaagagtgaagctgt
tagacattttcctaggatatggctccataacttaggacaacatatctatgaaacttacggggatacttgggcaggagtggaagccataataa
gaattctgcaacaactgctgtttatccatttcagaattgggtgtcgacatagcagaataggcgttactcgacagaggagagcaagaaatgga
gccagtagatcctag

>Vpx
atggaaaacagatggcaggtgatgattgtgtggcaagtagacaggatgaggattaacacatggaaaagattagtaaaacaccatatgtatat
ttcaaggaaagctaaggactggttttatagacatcactatgaaagtactaatccaaaaataagttcagaagtacacatcccactaggggatg
ctaaattagtaataacaacatattggggtctgcatacaggagaaagagactggcatttgggtcagggagtctccatagaatggaggaaaaag
agatatagcacacaagtagaccctgacctagcagaccaactaattcatctgcactattttgattgtttttcagaatctgctataagaaatac
catattaggacgtatagttagtcctaggtgtgaatatcaagcaggacataacaaggtaggatctctacagtacttggcactagcagcattaa
taaaaccaaaacagataaagccacctttgcctagtgttaggaaactgacagaggacagatggaacaagccccagaagaccaagggccacaga
gggagccatacaatgaatggacactag

a. Input formats

Pyviko accepts input in FASTA and plaintext format. Input is case-insensitive and whitespace is
ignored.


https://en.wikipedia.org/wiki/Reading_frame
https://en.wikipedia.org/wiki/Reading_frame
http://louiejtaylor.github.io/pyViKO/
http://www.ncbi.nlm.nih.gov/pubmed/22821011
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Instructions:

1. Paste the sequence of the target gene (Vpr)

into the first textbox.

2. Choose the options for the type of knockouts

you wish to make, then press “submit”:

pyViKO knockouts

Input:

Enter the DNA sequence of the gene you wish to
knock outin either plain text or FASTA format.

=>Vpr
a. If you do not wish to make restriction atggaacaagccccagaagaccaagggecaca
gagggagccatacaatgaatggacactagagct
site changes, check the “Ignore tttagaggaacttaagagtgaagctgttagacatt
L. . ' ttcctaggatatggctccataacttaggacaacat |-
restriction site changes” box. atctatgaaacttacggggatacttgggcaggag
tggaagccataataagaattctgcaacaactgct -
b. If you do not wish to include mutations atttatccatteanaattnantatenaratancan
that perturb the start codon, check the Options:
“Ignore start codon mutations” box. O L
gnore restriction site changes
: Ol tart cod tati
c. If your gene does not include an phiore start cogon mitatens

overprinted counterpart, uncheck the
“Input sequence contains overprinted
gene” box. Otherwise, paste the
overlapping gene (Vpx) sequence here.

& Input sequence contains overprinted gene

Enter the DNA sequence of the overprinted gene:
=>Vpx
atggaaaacagatggcaggtgatgattgtgtggc| |
aagtagacaggatgaggattaacacatggaaaa
gattagtaaaacaccatatgtatatttcaaggaaa
gctaaggactggttttatagacatcactatgaaag |-

tartaatrrasaaaataanttranaantaracatec

Submit

b. Results:

Results:
Consensus sequence:

Yourinput sequence is below. Overlapping nucleotides are shown in bold. Green nucleotidesindicate
codons that can be mutated to a stop (or non-start) coden without changing the amino acid sequence of the

The input sequence is shown
overprinted gene, and are links to full mutant sequences.

first. Nucleotides that overlap in

the target and overprinted gene 1. ¢4 xcAAGCCCCAGAAGACCAAGGGCCACAGAGGGAGCCATACAATGAATGGACACTAGAG

CTTTTAGAGGAACTTAAGAGT GAAGCTGTTAGACATTTTCCTAGGATATGGCTCCATAACTTAGGACAACA
TATCTATGAAACTTACGGGGATACTTGGGCAGGAGT GGAAGCCATAATAAGAATTCTGCAACAACTGCTGT

are shown in bold. Green

nucleotides are links to full

mutant sequences. Each green

link is a codon that can be AGCCAGTAGATCLTAG

mutated to a stop (or non-start)

codon. Sequences of individual point mutants are below in FASTA format, with the mutated codon shown in bold.

> Mutant at codon 1: ATG -> GTG; no restriction site changes cesign sites
GTGGAACAAGCCCCAGAAGACCAAGGGCCACAGAGGGAGC CATACAATGAATGGACACTAGAGCTTTTAGAG GAACTTAAGAG
TGAAGCTGTTAGACATTTTCCTAGGATATGGCTCCATAACTTAGGACAACATATCTATGAAACTTACGGGGATACTTGGGCAGGAG
TGGAAGCCATAATAAGAATTCTGCAACAACTGCTGTTTATCCATTTCAGAATTGGGTGTCGACATAGCAGAATAGGCGTTACTCGA
CAGAGGAGAGCAAGAAATGGAGCCAGTAGATCCTAG

> Mutant at codon 3: CAA -> TAA; no restriction site chan
ATGGAATAAGCCCCAGAAGACCAAGGGCCACAGAGGGAGCCATACAATGAATGLRERC TAGAGC AGAGGAACTTAAGAG
changes which assists in the

design of additional restriction site changes in the context of a particular mutant.

Mutant sequences:

Each sequence below the target
consensus sequence is an
individual point mutant. A
“design sites” link is next to the
list (or lack of) restriction site
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3. Restriction site design with Pyviko

The restriction site designer (http://louiejtaylor.github.io/pyViKO/designer.html) accompanies Pyviko's
knockout designs by facilitating the addition or deletion of restriction sites for a particular mutant. The

screenshots in the below example were generated by clicking the green “design sites” link (circled in
red) next to the CAA — TAA mutant at codon 3 of Vpr.

a. Input formats

As before, the restriction designer accepts input in FASTA and plaintext format. Input is case-

insensitive and whitespace is ignored.

Instructions:

1. The simplest input method is to click the
“design sites” link on the knockout design
page, as all the relevant information will
appear by default.

OR

1. Paste the sequence of the target gene (Vpr)
into the first textbox.

2. Options:

a. Input the three-nucleotide codon you
wish to mutate. Note that the designer
does not enforce that the input mutated
codon ensures the fidelity of the
overprinted gene, as it is assumed that
this information is coming from the
knockout designer.

b. Input the position of the mutant codon.
The first codon has position 1.

c. Enter the search range. This is the
distance (in both directions) away
from the mutated codon to search for
restriction site mutations.

3. Enter the sequence of the overlapping

pyViKO designer

Input:

Enter the DNA sequence of the target gene you
wish to knock outin either plain text or FASTA
format:

atggaacaagccccagaagaccaagggccaca
gagggagccatacaatgaatggacactagagcet
tttagaggaacttaagagtgaagctgttagacatt
ttcctaggatatggctccataacttaggacaacat
atctatgaaacttacggggatacttgggcaggag
tggaagccataataagaattctgcaacaactgct

gtttatccatttcagaattgggtgtcgacatagcag !~
aatannrattacrtroacanannanancaanaa

Options:

taa Mutated codon
3 Codon position

20 | Searchrange (nt away from mutation)

Enter the DNA sequence of the overprinted gene:

atggaaaacagatggcaggtgatgattgtgtggc
aagtagacaggatgaggattaacacatggaaaa
gattagtaaaacaccatatgtatatittcaaggaaa
gctaaggactggtittatagacatcactatgaaag
tactaatccaaaaataagttcagaagtacacatc |~
rrartannnnatnrtaaattantaataaraarat

Submit

gene (Vpx) into the last textbox and press “Submit”.


http://louiejtaylor.github.io/pyViKO/designer.html
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b. Results:

Consensus sequence:

The input sequence is shown first.
Nucleotides that overlap in the
target and overprinted gene are
shown in bold. Green nucleotides
are links to full mutant sequences.
Each green link is a codon that can
be mutated to change a restriction
enzyme recognition site without
changing the amino acid sequence
of the overprinted gene. Note that
the consensus sequence already
contains the input mutation.

Mutant sequences:

Each sequence below the full
consensus sequence is an individual
point mutant. The full consensus
(overlapping + target) sequence is
shown for each mutant. The
nucleotide in bold is the nucleotide

that, when mutated, adds or removes

the indicated restriction site.

4. Citation

If you use Pyviko in your research,
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LJ Taylor, K Strebel. “Pyviko: An
automated Python tool to design
gene knockouts in complex viruses
with overlapping genes.” BMC
Microbiology. 2017 Jan 7;17(1):12.
doi: 10.1186/s12866-016-0920-3.

References:

Results of restriction site design:

The input consensus gene sequence is below, including the input mutated codon. Overlapping
nucleotides are shown in bold. Green nucleotides indicate point mutants that add orremove a
restriction site without changing the amino acid sequence of the overprinted gene, and are links to full mutant
sequences.

ATGGAAAACAGAT GGCAGGTGATGATTGTGTGGCAAGTAGACAGGAT GAGGAT TAACACAT GGAAAAGATT
AGTAAAACACCATATGTATATTTCAAGGAAAGCTAAGGACTGGTTTTATAGACAT CACTAT GAAAGTACTAA
TCCAAAAATAAGT TCAGAAGTACACATCCCACTAGGGGATGCTAAATTAGTAATAACAACATATTGGGGTC
TGCATACAGGAGAAAGAGACTGGCATTTGGGTCAGGGAGT CTCCATAGAAT GGAGGAAAAAGAGATATAG
CACACAAGTAGACCCTGACCTAGCAGACCAACTAATTCATCTGCACTATTTTGATTGTTTTTCAGAATCTG
CTATAAGAAATACCATATTAGGACGTATAGTTAGTCCTAGGTGTGAATATCAAGCAGGACATAACAAGGTAG
GATCTCTACAGTACTTGGCACTAGCAGCATTAATAAAACCAAAACAGATAAAGCCACCTTTGCCTAGTGTT
AGGAAACTGACAGAGGACAGATGGAATAAGCCCCAGAAGACCAAGGGCCACAGAGGGAGCCATA
CAATGAATGGACACTAGAGCTTTTAGAGGAACTTAAGAGTGAAGCTGTTAGACATTTTCCTAGGATATG
GCTCCATAACTTAGGACAACATATCTATGAAACTTACGGGGATACTTGGGCAGGAGT GGAAGCCATAATAA
GAATTCTGCAACAACTGCTGTTTATCCATTTCAGAATTGGGT GTCGACATAGCAGAATAGGCGTTACTCG
ACAGAGGAGAGCAAGAAATGGAGCCAGTAGATCCTAG

sequences of individual point mutants are below, with the mutated nucleatide shown in bold.

> Mutant at nt 513: G -> A; adds Mboll, Bbsl restriction sites
ATGGAAMACAGATGGCAGGTGATGAT TG TGTGGCAAGTAGACAGGAT GAGGAT TAACACAT GGAAAAGAT TAG TAAAACAC
CATATGTATATTTCAAGGAAAGCTAAGGACTGGTT TTATAGACAT CACTAT GAAAGTACTAAT CCAAMAATAAGTTCAGAAGTA
CACATCCCACTAGGGGATGCTAAAT TAGTAATAACAACATAT TGGGGTCTGCATACAGGAGAAAGAGACTGGCATTTGGGTC
AGGGAGTCTCCATAGAAT GGAGGAAAAAGAGATATAGCACACAAGTAGACCCTGACCTAGCAGACCAACTAATTCATCTGCA
CTATTTTGATTGTTTTTCAGAAT CTGCTATAAGAAATACCATAT TAGGACG TATAGT TAGTCCTAGGTGTGAATAT CAAGCAG
GACATAACAAGGTAGGATCTCTACAGTACT TGGCACTAGCAGCAT TAATAAAACCAAAACAGATAAAGCCACCTTTGCCTAGT
GTTAGGAAACTGACAGAAGACAGAT GGAATAAGCCCCAGAAGACCAAGGGCCACAGAGGGAGCCATACAATGAATGGACAC
TAGAGCTTTTAGAGGAACT TAAGAGTGAAGCTGT TAGACAT TTTCCTAGGATAT GGCTCCATAAC T TAGGACAACATATCTAT
GAAACTTACGGGGATACTTGGGCAGGAGTGGAAGCCATAATAAGAAT TCTGLAACAACTGCTGTTTATCCATTTCAGAATTG
GGTGTCGACATAGCAGAATAGGCGTTACTCGACAGAG GAGAGCAAGAAAT GGAGCCAGTAGATCCTAG

> Mutant at nt 519: A -> G; removes Bccl restriction site
ATGGAAMACAGATGGCAGGTGATGAT TG TGTGGCAAGTAGACAGGAT GAGGAT TAACACAT GGAAAAGAT TAG TAAAACAC
CATATGTATATTTCAAGGAAAGC TAAGGACTGGTT TTATAGACAT CACTAT GAAAG TACTAATCCAAMAATAAGTTCAGAAGTA
CACATCCCACTAGGGGATGCTAAAT TAGTAATAACAACATAT TGGGGTCTGCATACAGGAGAAAGAGACTGGCATTTGGGTC
AGGGAGTCTCCATAGAAT GGAGGAAAAAGAGATATAGCACACAAGTAGACCCTGACCTAGCAGACCAACTAATTCATCTGCA
CTATTTTGATTGTTTTTCAGAATCTGCTATAAGAAATACCATAT TAGGACG TATAGT TAGTCCTAGG TG TGAATATCAAGCAG
GACATAACAAGGTAGGATCTCTACAGTACT TGGCACTAGCAGCAT TAATAAAACCAAAACAGATAMGCCACCTTTGCCTAGT
GTTAGGAAACTGACAGAGGACAGGTGGAATAAGCCCCAGAAGACCAAGGGCCACAGAGGGAGCCATACALT GAATGGACA
CTAGAGCTTTTAGAGGAACTTAAGAGTGAAGCTGTTAGACAT TTTCCTAGGATATGGCTCCATAACT TAGGACAACATATCTA
TGAAACT TACGGGGATACT TGGGLAGGAGTGGAAGCCATAATAAGAAT TCTGCAACAACTGCTGTTTATCCATTTCAGAATT
GGGTGTCGACATAGCAGAATAGGCGTTACTCGACAGAGGAGAGCAAGAAAT GGAGCCAGTAGATCCTAG

> Mutant at nt 531: C ->T; adds BspCNI restriction site
ATGGAAMACAGATGGCAGGTGATGATTGTGTGGCAAG TAGACAGGAT GAGGAT TAACACAT GGAAAAGAT TAG TAAAACAC
CATATGTATAT T TCAAGGAAAGCTAAGGACTGGTTT TATAGACAT CACTATGAAAG TACTAATCCAAAAATAAGTTCAGAAGTA

'Taylor LJ, Strebel K. “Pyviko: An automated Python tool to design gene knockouts in complex viruses with overlapping genes.” BMC Microbiology.
2017 Jan 7;17(1):12. doi: 10.1186/s12866-016-0920-3. ?Sabath N, Wagner A, Karlin D. “Evolution of viral proteins originated de novo by overprinting.”
Mol Biol Evol. 2012 Dec;29(12):3767-80. doi: 10.1093/molbev/mss179.
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