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On the trail of viruses: understanding virus research

Worksheet B: Sequence analysis

Mutation analysis of the SARS-CoV-2 virus using MEGA

Mutations are changes in the DNA. They differ from the original DNA sequence and can be used
to visualise evolutionary processes. This will be illustrated in the following tasks. You will work with
DNA sequences of the SARS-CoV-2 virus. The sequences of the virus variants wild type, delta and
omicron are used, with the wild type representing the first virus variant to emerge. Delta and
Omicron already carry mutations. The DNA sequences each code for one of the surface proteins
(spike proteins) in the envelope of the virus. There are different types of mutations. Here you will
be working with point mutations. These are mutations that only change one DNA base.

The open-source software MEGA, which can be downloaded from
https://www.megasoftware.net/, is used for the following tasks. All you need to do is select the
operating system used, "Graphical (GUD" and the current version "MEGA 11 (64-bit)". The file
must be installed locally on the computers to be used beforehand

Start with the MEGA programme

To find existing mutations, the sequences of the three different spike proteins of wild type, delta
and omicron are first loaded into the MEGA programme. These can be found in the appendix of
this document, as well as instructions

on how to save the sequences in the § MEGAT Fle nabsis Help
correct file format. The file with the ece  EECEYUTTREEETY frouionty cometes e
sequences is loaded via "File" and then ) et rexre ) @) (o) (&) ) \©) (*

. . . ALIGN DA Convert File Format to MEGA PHYLOGENY USERTREE ANCESTORS SELECTION RATES CLOCKS DISEASE
"Open A File/Session" (see figure 1). B Printr seum..
Click on "Align" in the window that Qult MEGA
appears with the question "Analyse or @
Align File?". Another window with the
sequences of the spike proteins will O ™ » B © @ ¥ © o m X1
then open (see figure 2).

P & Figure 1
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1. WT Spike gene c c CCiC ccTccTcCccccciTC cCoHccrTccc c Cc CCTCACCAC
2. Delta Spike gene c Cc CCiC CCTCCcCaHcCCcCcCCCTC cCTcciTccc c Cc cCcTC c
3. Omicron Spike gene| c c CCcC CCMCCICCCCCTC C[ECCECCC c Cc CCTCACCAC
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Figure 2
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Task 1

a) Take a closer look at the sequences arranged one below the other. Describe which codon
they each begin with and explain the significance of this codon for translation.

b) Now scroll slowly to the right and take a closer look at the alignment. Describe in bullet
points what you notice and explain why this might be the case.

Carrying out the sequence alignment

The complete sequence alignment is carried out as follows. To do this, select the option ,Align by
MUSCLE (Codons)” in the “Alignment” menu (see Figure 3).

Confirm the subsequent question "Nothing selected for alignment. Select all?" with "OK".
Another window opens (see Figure 4) in which various parameters can be changed. The preset
parameters are useful for our project, so you can confirm them with "OK". When the programme
then asks "Would you like to remove gaps before alignment?", click on "Yes". Finally, select "w/o
gaps" directly in the alignment window (see Figure 5).

MEGA11 Data Edit Search Alignment Web Sequencer Display Help

eoce W Align by Clustalw equenzen.fas)
1= B % 1] ' W7 Align by ClustalW (Codons) %G +% ap Q2 aQ
s Aiign by MUSCLE >rotein Sequences

Species/Abbrv olo|o]o|e|e|e Align by MUSCLE (Codons) e0o® M.US‘CIA.E‘AI‘igr.m;eI:K 6g;ti6n§ “““““

1. WT Spike gene (o] a =
2. Delta Spike gene e P Mark/Unmark Site Option Setting
3. Omicron Spike gene [} Alian Marked Site GAP PENALTIES
, Gap Open [V -2.90
1 ) Gap Extend [/ 0.00

Site #
T W Delete Gap-Only Sites Hydrophobicity Multiplier [ 1.20
- v Auto-Fill Gaps MEMORY/ITERATIONS
Max Memory in MB [v] 2048
Figure 3 Max Iterations [V 16

ADVANCED OPTIONS
Genetic Code [] Standard
Cluster Method (Iterations 1,2) [“] UPGMA
Cluster Method (Other Iterations) ] UPGMA
Min Diag Length (Lambda) (] 24

?) Help Reset X ) Cancel

Figure 4
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[ NN ] M11: Alignment Explorer (Sequenzen.fas)

(s “EmE wve FPi. «0XBEXx% +% ap Q232
DNA Sequences  Translated Protein Sequences

I Y ol

Species/Abbrv
1. WT Spike gene [ [ CCHC CCHiCCcccccpuc CHcCcccc o] o] CCTCACCAC
2. Delta Spike gene (o] c CCHlC CCHlICClICCCCCHC CHiccccc c o] CCHiC o]
3. Omicron Spike gene c c CCHC CCHjCCcccccmcC CHICCHjCcCC c c CCTCACCAC
Site# 1 < with £© w/o gaps Editing enabled Selected genetic code: Standard

Figure 5

Task 2

a) Now scroll slowly through the sequences again and look at the alignment. Explain what

has changed.

b) Give an example of each of the three different types of point mutation (substitution,
deletion and insertion) that can be found in these sequences. Use the format C56G
(cysteine at position 56 is changed to glycine).

NOTE: Specify the position in relation to the wild type sequence!

Variant Mutation

Substitution Deletion Insertion
Delta
Omikron
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Investigation of mutations

In the following, you will take a closer look at four different mutations. All numbers used in the
following refer to the wild type.

Task 3

Examine the sequence alignment sites listed under a) - d) in more detail and name which variant is
mutated and how. Describe the variant, the type of point mutation, the corresponding
nucleotides and the resulting amino acids. Use the code column at the end of the worksheet for
the latter.

HELP: Since 3 nucleotide bases together always make a codon, it is important to pay attention to
which position you are looking at. If the number (site #) is dividable by three, this means that it is
the third base in the codon. Site # 57 / 3 = 19. In this case, position 57 is the third base. In order
to translate the correct amino acid, the bases 55, 56 and 57 must be selected, i.e. ACC.

a) 205-210

b) 642/643

c) 1501-1503

d) 2041-2043

NOTE: You can navigate to a corresponding site by entering the corresponding number under
"Site #" at the bottom left of the MEGA Alignment Explorer and pressing Enter. You may have to
mark the current number and then overwrite it, if the delete key on the keyboard does not work.
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Now compare your results regarding the amino acids with the programme by clicking on

"Translated Protein Sequences" (see Figure 6). Answer the question "The current Genetic Code is:
Standard. Is this correct?" with "Yes".

[ ] [ ] M11: Alignment Explorer (Sequenzen.fas)
(@[S EmE we Pi. «0XBHXQ +2 a0 2 ¢ 8

DNA Sequences ‘ Translated Protein Sequences ’

Species/Abbrv I I R R R

1. WT Spike gene FVFLVLLEILYV CVNL R LIPPA Y FITRGIVYYPDKV FR VLH LFLEMFF
2. Delta Spikegene |M[FVFLVLLPLYV C VIl L RENR LIPPAY FERGIVYYPDKVFR VLH LFLEFF
3. Omicron Spike genelM[F V F LV L LP LV CVNL R LIBEBIA Y FIERGIVY YPBIKV FR VLH LFLEFF

1 ~

v with  © wjo gaps Edit disabled for translated protein dataSelected genetic code: Standard

Site #

Figure 6

Now you can check for yourself whether you have translated the code correctly according to
your results from task 3 a) - d).

Task 4

a) In frequently used medical PCR tests, several sites in the genetic material of the virus are
compared. The mutation A69-70 (in the protein sequence) falls within one of the binding
sites for PCR primers. Explain how the PCR results of someone infected with the omicron
variant differ from someone else infected with the delta variant.

b) Analyse the side chains of the two amino acids in the mutation N501Y. Describe the
chemical properties and differences.
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¢) Examine the side chains of the amino acids of P681R at Delta and of P681H at Omikron.
This site is close to a cleavage site that is important when the virus enters the host cell.
Describe the chemical properties and differences. Discuss whether, and if so, what effects
are to be expected for the infection

Additional task

Compared to viruses, higher animals have a much larger genome. Some genes are present more
than once (through duplication or diploidy).

a) Hypothesise what the multiple presence of genes may mean for the survival chances of
an individual with a mutation.

b) Explain whether a difference in the frequency of mutations (surviving to the next
generation) is to be expected between viruses and higher animals such as humans.
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Homework

Task 1

a) Find out about the topic of artificially mutated viruses and draw up a list of pros and cons
for a discussion group. Make a note of the sources you use.

b) Find out about the advantages and disadvantages of experimenting with artificially
modified and thus mutated viruses. Choose a side of the argument and prepare to present
and defend it in a discussion round. Make a note of the sources you use.

Task 2
Find out more on the internet about PCR tests and their use to detect a corona infection.

a) Briefly summarise the procedure of a PCR test.

b) Explain why several genes are taken into account in the PCR test.
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Coding circle

p Start
[l Stop

Figure 7: Coding circle
Image: Mouagip/Wikimedia Common; public domain
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D.  Amino Acids with Hydrophobic Side Chain

* Side chain charge at physiological pH 7.4

A A Acds with Elecrically Charged Side Ch Alanine Valine Isoleucine
5 mino Acids ectrical arged Side Chains (Ala) (Val) (lle)
Positive Negative 0 0 o
A ~ P A 5 &oyh})b
Arginine Histidine Lysine Aspartic Acid Glutamic Acid 4 a2 /‘/o"““’
(Arg) (His) (Lys) (Asp) (Glu) 7o) O
o (-] o 0} e P o .
2
A’O PKa203 6lo pKa 170 Alonxz 215 /YO PKa195 A,() PKa216 NH, n::l ,,Hg’z e
o o o o o e
NHZ NHz NHZ NHz NHZ Leucine Methionine Phenylalanine
pKa.00 pKas00 pKa0.16 pKaoss praoss (Leu) o (Met) @ (Phe) e
— M e pK 2218
< NH d @ pKa 3z o ;u( 2232
s N ©o
NH,
Hz \< ® NH, b2 NH; 2909
@NH, watag ek
PKa 1210
B.  Amino Acids with Polar Uncharged Side Chains C. Special Cases
Serine Threonine Asparagine Glutamine Cysteine Selenocysteine  Glycine Proline T
yrosine Tryptophan
(Ser) e (Thr) o (Asn) 0 (GlIn) @ (Cys) e (Sec) 0 (Gly) @ (Pro) e (iyn) 0 \ (To)

vx @213 nx 216 DK @218 pKa 1.9

o gy weig sk

W?)
=‘<_ e ©
DKa 905 pK: 396 a?n nKa 900 NH h NH h
pKa1028 pK 210 pa 0%
o
pKa10.10

Figure 8: Overview of amino acids
Image: Bernd Huber/Wikimedia Commons; CC BY-SA 3.0

Sequences i
The sequences must be copied and pasted into a 7 8 > DieserPC > Dokumente v o Dokumente durchsuchen
text editor. On a Windows computer, you can use ~ ©rsenisien = NeverOrdner =- ©
the Editor or Notepad++ programme for this. On # Schnelugri
. Deskt *
an Apple computer, you can use the TextEdit + L
programme. Now you should save the file as j';:""'“ds : P .
X . . . S ACer 2023-11-01 2023-11-01
sequenzen.fas (figure 9). The file extension is & Musik 132804jpg  133516ipg
| ideos
IMPORTANT here. So make sure to delete the s
9 Dieser PC
default ending *.txt and use *.fas instead. .
etzwerk N,
Dateiname: | sequenzen.fas v
Dateityp: Alle Dateien (*.*) v
The rest of the document must be copied as Figure 9

described above:

>WT Spike gene

ATGTTCGTCTTCCTCGTCCTCCTCCCCCTCGTCTCCTCCCAGTGCGTCAACCTCACCACCCGCACCCAG
CTCCCCCCCGCCTACACCAACTCCTTCACCCGCGGCGTCTACTACCCCGACAAGGTCTTCCGCTCCTC
CGTCCTCCACTCCACCCAGGACCTCTTCCTCCCCTTCTTCTCCAACGTCACCTGGTTCCACGCCATCCA

CGTCTCCGGCACCAACGGCACCAAGCGCTTCGACAACCCCGTCCTCCCCTTCAACGACGGCGTCTAC


https://commons.wikimedia.org/wiki/File_talk:Amino_Acids.svg
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TTCGCCTCCACCGAGAAGTCCAACATCATCCGCGGCTGGATCTTCGGCACCACCCTCGACTCCAAGA
CCCAGTCCCTCCTCATCGTCAACAACGCCACCAACGTCGTCATCAAGGTCTGCGAGTTCCAGTTCTGC
AACGACCCCTTCCTCGGCGTCTACTACCACAAGAACAACAAGTCCTGGATGGAGTCCGAGTTCCGCG
TCTACTCCTCCGCCAACAACTGCACCTTCGAGTACGTCTCCCAGCCCTTCCTCATGGACCTCGAGGGC
AAGCAGGGCAACTTCAAGAACCTCCGCGAGTTCGTCTTCAAGAACATCGACGGCTACTTCAAGATCTA
CTCCAAGCACACCCCCATCAACCTCGTCCGCGACCTCCCCCAGGGCLTTCTCCGCLCCTCGAGCCCCTC
GTCGACCTCCCCATCGGCATCAACATCACCCGCTTCCAGACCCTCCTCGCCCTCCACCGCTCCTACCT
CACCCCCGGCGACTCCTCCTCCGGCTGGACCGCCGGCGCCGCCGCCTACTACGTCGGCTACCTCCA
GCCCCGCACCTTCCTCCTCAAGTACAACCGAGAACGGCACCATCACCGACGCCGTCGACTGCGCCCT
CGACCCCCTCTCCGAGACCAAGTGCACCCTCAAGTCCTTCACCGTCGAGAAGGGCATCTACCAGACC
TCCAACTTCCGCGTCCAGCCCACCGAGTCCATCGTCCGCTTCCCCAACATCACCAACCTCTGCCCCTT
CGGCGAGGTCTTCAACGCCACCCGCTTCGCCTCCGTCTACGCCTGGAACCGCAAGCGCATCTCCAAC
TGCGTCGCCGACTACTCCGTCCTCTACAACTCCGCCTCCTTCTCCACCTTCAAGTGCTACGGCGTCTCC
CCCACCAAGCTCAACGACCTCTGCTTCACCAACGTCTACGCCGACTCCTTCGTCATCCGCGGCGACG
AGGTCCGCCAGATCGCCCCCGGCCAGACCGGCAAGATCGCCGACTACAACTACAAGCTCCCCGAC
GACTTCACCGGCTGCGTCATCGCCTGGAACTCCAACAACCTCGACTCCAAGGTCGGCGGCAACTACA
ACTACCTCTACCGCCTCTTCCGCAAGTCCAACCTCAAGCCCTTCGAGCGCGACATCTCCACCGAGATC
TACCAGGCCGGCTCCACCCCCTGCAACGGCGTCGAGGGCTTCAACTGCTACTTCCCCCTCCAGTCCT
ACGGCTTCCAGCCCACCAACGGCGTCGGCTACCAGCCCTACCGCGTCGTCGTCCTCTCCTTCGAGCT
CCTCCACGCCCCCGCCACCGTCTGCGGCCCCAAGAAGTCCACCAACCTCGTCAAGAACAAGTGCGT
CAACTTCAACTTCAACGGCCTCACCGGCACCGGCGTCCTCACCGAGTCCAACAAGAAGTTCCTCCCCT
TCCAGCAGTTCGGCCGCGACATCGCCGACACCACCGACGCCGTCCGCGACCCCCAGACCCTCGAG
ATCCTCGACATCACCCCCTGCTCCTTCGGCGGCGTCTCCGTCATCACCCCCGGCACCAACACCTCCAA
CCAGGTCGCCGTCCTCTACCAGGGTGTCAACTGCACCGAGGTCCCCGTCGCCATCCACGCCGACCA
GCTCACCCCCACCTGGCGCGTCTACTCCACCGGCTCCAACGTCTTCCAGACCCGCGCCGGCTGLCTC
ATCGGCGCCGAGCACGTCAACAACTCCTACGAGTGCGACATCCCCATCGGCGCCGGCATCTGCGCC
TCCTACCAGACCCAGACCAACTCCCCCCGCCGCGCCCGCTCCGTCGCCTCCCAGTCCATCATCGCCT
ACACCATGTCCCTCGGCGCCGAGAACTCCGTCGCCTACTCCAACAACTCCATCGCCATCCCCACCAA
CTTCACCATCTCCGTCACCACCGAGATCCTCCCCGTCTCCATGACCAAGACCTCCGTCGACTGCACCA
TGTACATCTGCGGCGACTCCACCGAGTGCTCCAACCTCCTCCTCCAGTACGGCTCCTTCTGCACCCAG
CTCAACCGCGCCCTCACCGGCATCGCCGTCGAGCAGGACAAGAACACCCAGGAGGTCTTCGCCCA
GGTCAAGCAGATCTACAAGACCCCCCCCATCAAGGACTTCGGCGGCTTCAACTTCTCCCAGATCCTCC
CCGACCCCTCCAAGCCCTCCAAGCGCTCCTTCATCGAGGACCTCCTCTTCAACAAGGTCACCCTCGCC
GACGCCGGCTTCATCAAGCAGTACGGCGACTGCCTCGGCGACATCGCCGCCCGCGACCTCATCTGC
GCCCAGAAGTTCAACGGCCTCACCGTCCTCCCCCCCCTCCTCACCGACGAGATGATCGCCCAGTACA
CCTCCGCCCTCCTCGCCGGCACCATCACCTCCGGCTGGACCTTCGGCGLCCGGCGCCGCCCTCCAGA
TCCCCTTCGCCATGCAGATGGCCTACCGCTTCAACGGCATCGGCGTCACCCAGAACGTCCTCTACGA
GAACCAGAAGCTCATCGCCAACCAGTTCAACTCCGCCATCGGCAAGATCCAGGACTCCCTCTCCTCC
ACCGCCTCCGCCCTCGGCAAGCTCCAGGACGTCGTCAACCAGAACGCCCAGGCCCTCAACACCCTC
GTCAAGCAGCTCTCCTCCAACTTCGGCGCCATCTCCTCCGTCCTCAACGACATCCTCTCCCGCCTCGA
CAAGGTCGAGGCCGCGAGGTCCAGATCGACCGCCTCATCACCGGCCGCCTCCAGTCCCTCCAGACCTA
CGTCACCCAGCAGCTCATCCGCGCCGCCGAGATCCGCGCCTCCGCCAACCTCGCCGCCACCAAGAT
GTCCGAGTGCGTCCTCGGCCAGTCCAAGCGCGTCGACTTCTGCGGCAAGGGCTACCACCTCATGTCC
TTCCCCCAGTCCGCCCCCCACGGCGTCGTCTTCCTCCACGTCACCTACGTCCCCGCCCAGGAGAAGA
ACTTCACCACCGCCCCCGCCATCTGCCACGACGGCAAGGCCCACTTCCCCCGCGAGGGCGTCTTCG
TCTCCAACGGCACCCACTGGTTCGTCACCCAGCGCAACTTCTACGAGCCCCAGATCATCACCACCGA
CAACACCTTCGTCTCCGGCAACTGCGACGTCGTCATCGGCATCGTCAACAACACCGTCTACGACCCC

10
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CTCCAGCCCGAGCTCGACTCCTTCAAGGAGGAGCTCGACAAGTACTTCAAGAACCACACCTCCCCCG
ACGTCGACCTCGGCGACATCTCCGGCATCAACGCCTCCGTCGTCAACATCCAGAAGGAGATCGACC
GCCTCAACGAGGTCGCCAAGAACCTCAACGAGTCCCTCATCGACCTCCAGGAGCTCGGCAAGTACG
AGCAGTACATCAAGTGGCCCTGGTACATCTGGCTCGGCTTCATCGCCGGCCTCATCGCCATCGTCATG
GTCACCATCATGCTCTGCTGCATGACCTCCTGCTGCTCCTGCCTCAAGGGCTGCTGCTCCTGCGGCTC
CTGCTGCAAGTTCGACGAGGACGACTCCGAGCCCGTCCTCAAGGGCGTCAAGCTCCACTACACCTAA

> Delta Spike gene

ATGTTCGTCTTCCTCGTCCTCCTCCCCCTCGTCTCCTCCCAGTGCGTCAACCTCAGAACCCGCACCCAG
CTCCCCCCCGCCTACACCAACTCCTTCACCCGCGGCGTCTACTACCCCGACAAGGTCTTCCGCTCCTC
CGTCCTCCACTCCACCCAGGACCTCTTCCTCCCCTTCTTCTCCAACGTCACCTGGTTCCACGCCATCCA
CGTCTCCGGCACCAACGGCACCAAGCGCTTCGACAACCCCGTCCTCCCCTTCAACGACGGCGTCTAC
TTCGCCTCCACCGAGAAGTCCAACATCATCCGCGGCTGGATCTTCGGCACCACCCTCGACTCCAAGA
CCCAGTCCCTCCTCATCGTCAACAACGCCACCAACGTCGTCATCAAGGTCTGCGAGTTCCAGTTCTGC
AACGACCCCTTCCTCGGCGTCTACTACCACAAGAACAACAAGTCCTGGATGGAGTCCGGCGTCTACT
CCTCCGCCAACAACTGCACCTTCGAGTACGTCTCCCAGCCCTTCCTCATGGACCTCGAGGGCAAGCA
GGGCAACTTCAAGAACCTCCGCGAGTTCGTCTTCAAGAACATCGACGGCTACTTCAAGATCTACTCCA
AGCACACCCCCATCAACCTCGTCCGCGACCTCCCCCAGGGCTTCTCCGCCCTCGAGCCCCTCGTCGA
CCTCCCCATCGGCATCAACATCACCCGCTTCCAGACCCTCCTCGCCCTCCACCGCTCCTACCTCACCC
CCGGCGACTCCTCCTCCGGCTGGACCGCCGGCGCCGCCGCCTACTACGTCGGCTACCTCCAGCCCC
GCACCTTCCTCCTCAAGTACAACGAGAACGGCACCATCACCGACGCCGTCGACTGCGCCCTCGACC
CCCTCTCCGAGACCAAGTGCACCCTCAAGTCCTTCACCGTCGAGAAGGGCATCTACCAGACCTCCAA
CTTCCGCGTCCAGCCCACCGAGTCCATCGTCCGCTTCCCCAACATCACCAACCTCTGCCCCTTCGGCG
AGGTCTTCAACGCCACCCGCTTCGCCTCCGTCTACGCCTGGAACCGCAAGCGCATCTCCAACTGCGT
CGCCGACTACTCCGTCCTCTACAACTCCGCCTCCTTCTCCACCTTCAAGTGCTACGGCGTCTCCCCCAC
CAAGCTCAACGACCTCTGCTTCACCAACGTCTACGCCGACTCCTTCGTCATCCGCGGCGACGAGGTC
CGCCAGATCGCCCCCGGCCAGACCGGCAAGATCGCCGACTACAACTACAAGCTCCCCGACGACTTC
ACCGGCTGCGTCATCGCCTGGAACTCCAACAACCTCGACTCCAAGGTCGGCGGCAACTACAACTACC
GCTACCGCCTCTTCCGCAAGTCCAACCTCAAGCCCTTCGAGCGCGACATCTCCACCGAGATCTACCA
GGCCGGCTCCAAGCCCTGCAACGGTGTCGAGGGCTTCAACTGCTACTTCCCCCTCCAGTCCTACGGC
TTCCAGCCCACCAACGGCGTCGGCTACCAGCCCTACCGCGTCGTCGTCCTCTCCTTCGAGCTCCTCCA
CGCCCCCGCCACCGTCTGCGGCCCCAAGAAGTCCACCAACCTCGTCAAGAACAAGTGCGTCAACTTC
AACTTCAACGGCCTCACCGGCACCGGCGTCCTCACCGAGTCCAACAAGAAGTTCCTCCCCTTCCAGC
AGTTCGGCCGCGACATCGCCGACACCACCGACGCCGTCCGCGACCCCCAGACCCTCGAGATCCTCG
ACATCACCCCCTGCTCCTTCGGCGGCGTCTCCGTCATCACCCCCGGCACCAACACCTCCAACCAGGT
CGCCGTCCTCTACCAGGGTGTCAACTGCACCGAGGTCCCCGTCGCCATCCACGCCGACCAGCTCAC
CCCCACCTGGCGCGTCTACTCCACCGGCTCCAACGTCTTCCAGACCCGCGCCGGLCTGCCTCATCGGC
GCCGAGCACGTCAACAACTCCTACGAGTGCGACATCCCCATCGGCGCCGGCATCTGCGCCTCCTAC
CAGACCCAGACCAACTCCAGACGCCGCGCCCGCTCCGTCGCCTCCCAGTCCATCATCGCCTACACC
ATGTCCCTCGGCGCCGAGAACTCCGTCGCCTACTCCAACAACTCCATCGCCATCCCCACCAACTTCAC
CATCTCCGTCACCACCGAGATCCTCCCCGTCTCCATGACCAAGACCTCCGTCGACTGCACCATGTACA
TCTGCGGCGACTCCACCGAGTGCTCCAACCTCCTCCTCCAGTACGGCTCCTTCTGCACCCAGCTCAAC
CGCGCCCTCACCGGCATCGCCGTCGAGCAGGACAAGAACACCCAGGAGGTCTTCGCCCAGGTCAA
GCAGATCTACAAGACCCCCCCCATCAAGGACTTCGGCGGCTTCAACTTCTCCCAGATCCTCCCCGACC
CCTCCAAGCCCTCCAAGCGCTCCTTCATCGAGGACCTCCTCTTCAACAAGGTCACCCTCGCCGACGC
CGGCTTCATCAAGCAGTACGGCGACTGCCTCGGCGACATCGCCGCCCGCGACCTCATCTGCGCCCA
GAAGTTCAACGGCCTCACCGTCCTCCCCCCCCTCCTCACCGACGAGATGATCGCCCAGTACACCTCC

11
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GCCCTCCTCGCCGGCACCATCACCTCCGGCTGGACCTTCGGCGCCGGCGLCGLCCCTCCAGATCCCC
TTCGCCATGCAGATGGCCTACCGCTTCAACGGCATCGGCGTCACCCAGAACGTCCTCTACGAGAACC
AGAAGCTCATCGCCAACCAGTTCAACTCCGCCATCGGCAAGATCCAGGACTCCCTCTCCTCCACCGC
CTCCGCCCTCGGCAAGCTCCAGAACGTCGTCAACCAGAACGCCCAGGCCCTCAACACCCTCGTCAA
GCAGCTCTCCTCCAACTTCGGCGCCATCTCCTCCGTCCTCAACGACATCCTCTCCCGCCTCGACAAGG
TCCGAGGCCGAGGTCCAGATCGACCGCCTCATCACCGGCCGCCTCCAGTCCCTCCAGACCTACGTCA
CCCAGCAGCTCATCCGCGCCGCCCGAGATCCGCGCCTCCGCCAACCTCGCCGCCACCAAGATGTCCG
AGTGCGTCCTCGGCCAGTCCAAGCGCGTCGACTTCTGCGGCAAGGGCTACCACCTCATGTCCTTCCC
CCAGTCCGCCCCCCACGGCGTCGTCTTCCTCCACGTCACCTACGTCCCCGCCCAGGAGAAGAACTTC
ACCACCGCCCCCGCCATCTGCCACGACGGCAAGGCCCACTTCCCCCGCGAGGGCGTICTTCGTCTCC
AACGGCACCCACTGGTTCGTCACCCAGCGCAACTTCTACGAGCCCCAGATCATCACCACCGACAACA
CCTTCGTCTCCGGCAACTGCGACGTCGTCATCGGCATCGTCAACAACACCGTCTACGACCCCCTCCA
GCCCGAGCTCGACTCCTTCAAGGAGGAGCTCGACAAGTACTTCAAGAACCACACCTCCCCCGACGTC
GACCTCGGCGACATCTCCGGCATCAACGCCTCCGTCGTCAACATCCAGAAGGAGATCGACCGCCTC
AACGAGGTCGCCAAGAACCTCAACGAGTCCCTCATCGACCTCCAGGAGCTCGGCAAGTACGAGCAG
TACATCAAGTGGCCCTGGTACATCTGGCTCGGCTTCATCGCCGGCCTCATCGCCATCGTCATGGTCAC
CATCATGCTCTGCTGCATGACCTCCTGCTGCTCCTGCCTCAAGGGCTGCTGCTCCTGCGGCTCCTGCT
GCAAGTTCGACGAGGACGACTCCGAGCCCGTCCTCAAGGGCGTCAAGCTCCACTACACCTAA

>Omicron Spike gene

ATGTTCGTCTTCCTCGTCCTCCTCCCCCTCGTCTCCTCCCAGTGCGTCAACCTCACCACCCGCACCCAG
CTCCCCCCCGCCTACACCAACTCCTTCACCCGCGGCGTCTACTACCCCGACAAGGTCTTCCGCTCCTC
CGTCCTCCACTCCACCCAGGACCTCTTCCTCCCCTTCTTCTCCAACGTCACCTGGTTCCACGTGATCTCC
GGCACCAACGGCACCAAGCGCTTCGACAACCCCGTCCTCCCCTTCAACGACGGCGTCTACTTCGCCT
CCATCGAGAAGTCCAACATCATCCGCGGCTGGATCTTCGGCACCACCCTCGACTCCAAGACCCAGTC
CCTCCTCATCGTCAACAACGCCACCAACGTCGTCATCAAGGTCTGCGAGTTCCAGTTCTGCAACGACC
CCTTCCTCGACCACAAGAACAACAAGTCCTGGATGGAGTCCGAGTTCCGCGTCTACTCCTCCGCCAAC
AACTGCACCTTCGAGTACGTCTCCCAGCCCTTCCTCATGGACCTCGAGGGCAAGCAGGGCAACTTCA
AGAACCTCCGCGAGTTCGTCTTCAAGAACATCGACGGCTACTTCAAGATCTACTCCAAGCACACCCCC
ATCATCGTCCGCGAGCCCGAGGACCTCCCCCAGGGCTTCTCCGCCCTCGAGCCCCTCGTCGACCTCC
CCATCGGCATCAACATCACCCGCTTCCAGACCCTCCTCGCCCTCCACCGCTCCTACCTCACCCCCGGC
GACTCCTCCTCCGGCTGGACCGCCGGCGCCGCCGCCTACTACGTCGGCTACCTCCAGLCLCCCGLACC
TTCCTCCTCAAGTACAACGAGAACGGCACCATCACCGACGCCGTCGACTGCGCCCTCGACCCCCTCT
CCGAGACCAAGTGCACCCTCAAGTCCTTCACCGTCGAGAAGGGCATCTACCAGACCTCCAACTTCCG
CGTCCAGCCCACCGAGTCCATCGTCCGCTTCCCCAACATCACCAACCTCTGCCCCTTCGACGAGGTCT
TCAACGCCACCCGCTTCGCCTCCGTCTACGCCTGGAACCGCAAGCGCATCTCCAACTGCGTCGCCGA
CTACTCCGTCCTCTACAACCTCGCCCCTTTCTTCACCTTCAAGTGCTACGGCGTCTCCCCCACCAAGCT
CAACGACCTCTGCTTCACCAACGTCTACGCCGACTCCTTCGTCATCCGCGGCGACGAGGTCCGCCAG
ATCGCCCCCGGCCAGACCGGCAACATCGCCGACTACAACTACAAGCTCCCCGACGACTTCACCGGC
TGCGTCATCGCCTGGAACTCCAACAAGCTCGACTCCAAGGTCAGCGGCAACTACAACTACCTCTACC
GCCTCTTCCGCAAGTCCAACCTCAAGCCCTTCGAGCGCGACATCTCCACCGAGATCTACCAGGCCGG
CAACAAACCCTGCAACGGCGTCGCCGGCTTCAACTGCTACTTCCCCCTCAGGTCCTACAGCTTCAGG
CCCACCTACGGCGTCGGCCACCAGCCCTACCGCGTCGTCGTCCTCTCCTTCGAGCTCCTCCACGCCC
CCGCCACCGTCTGCGGCCCCAAGAAGTCCACCAACCTCGTCAAGAACAAGTGCGTCAACTTCAACTT
CAACGGCCTCAAGGGCACCGGCGTCCTCACCGAGTCCAACAAGAAGTTCCTCCCCTTCCAGCAGTTC
GGCCGCGACATCGCCGACACCACCGACGCCGTCCGCGACCCCCAGACCCTCGAGATCCTCGACAT
CACCCCCTGCTCCTTCGGCGGCGTCTCCGTCATCACCCCCGGCACCAACACCTCCAACCAGGTCGCC
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GTCCTCTACCAGGGTGTCAACTGCACCGAGGTCCCCGTCGCCATCCACGCCGACCAGCTCACCCCCA
CCTGGCGCGTCTACTCCACCGGCTCCAACGTCTTCCAGACCCGCGCCGGCTGCCTCATCGGLGCCG
AGTACGTCAACAACTCCTACGAGTGCGACATCCCCATCGGCGCCGGCATCTGCGCCTCCTACCAGAC
CCAGACCAAGTCCCACCGCCGCGCCCGCTCCGTCGCCTCCCAGTCCATCATCGCCTACACCATGTCC
CTCGGCGCCGAGAACTCCGTCGCCTACTCCAACAACTCCATCGCCATCCCCACCAACTTCACCATCTC
CGTCACCACCGAGATCCTCCCCGTCTCCATGACCAAGACCTCCGTCGACTGCACCATGTACATCTGCG
GCGACTCCACCGAGTGCTCCAACCTCCTCCTCCAGTACGGCTCCTTCTGCACCCAGCTCAAGCGCGC
CCTCACCGGCATCGCCGTCGAGCAGGACAAGAACACCCAGGAGGTCTTCGCCCAGGTCAAGCAGAT
CTACAAGACCCCCCCCATCAAGTACTTCGGCGGCTTCAACTTCTCCCAGATCCTCCCCGACCCCTCCA
AGCCCTCCAAGCGCTCCTTCATCGAGGACCTCCTCTTCAACAAGGTCACCCTCGCCGACGCCGGCTT
CATCAAGCAGTACGGCGACTGCCTCGGCGACATCGCCGCCCGCGACCTCATCTGCGCCCAGAAGTT
CAAGGGCCTCACCGTCCTCCCCCCCCTCCTCACCGACGAGATGATCGCCCAGTACACCTCCGCCCTC
CTCGCCGGCACCATCACCTCCGGCTGGACCTTCGGCGCCGGCGCCGLCCCTCCAGATCCCCTTCGCC
ATGCAGATGGCCTACCGCTTCAACGGCATCGGCGTCACCCAGAACGTCCTCTACGAGAACCAGAAG
CTCATCGCCAACCAGTTCAACTCCGCCATCGGCAAGATCCAGGACTCCCTCTCCTCCACCGCCTCCGL
CCTCGGCAAGCTCCAGGACGTCGTCAACCACAACGCCCAGGCCCTCAACACCCTCGTCAAGCAGCT
CTCCTCCAAGTTCGGCGCCATCTCCTCCGTCCTCAACGACATCTTCTCCCGCCTCGACAAGGTCGAGG
CCGAGGTCCAGATCGACCGCCTCATCACCGGCCGCCTCCAGTCCCTCCAGACCTACGTCACCCAGC
AGCTCATCCGCGCCGCCGAGATCCGCGCCTCCGCCAACCTCGCCGCCACCAAGATGTCCGAGTGCG
TCCTCGGCCAGTCCAAGCGCGTCGACTTCTGCGGCAAGGGCTACCACCTCATGTCCTTCCCCCAGTC
CGCCCCCCACGGCGTCGTCTTCCTCCACGTCACCTACGTCCCCGCCCAGGAGAAGAACTTCACCACC
GCCCCCGCCATCTGCCACGACGGCAAGGCCCACTTCCCCCGCGAGGGCGTCTTCGTCTCCAACGGC
ACCCACTGGTTCGTCACCCAGCGCAACTTCTACGAGCCCCAGATCATCACCACCGACAACACCTTCGT
CTCCGGCAACTGCGACGTCGTCATCGGCATCGTCAACAACACCGTCTACGACCCCCTCCAGCCCGAG
CTCGACTCCTTCAAGGAGGAGCTCGACAAGTACTTCAAGAACCACACCTCCCCCGACGTCGACCTCG
GCGACATCTCCGGCATCAACGCCTCCGTCGTCAACATCCAGAAGGAGATCGACCGCCTCAACGAGG
TCGCCAAGAACCTCAACGAGTCCCTCATCGACCTCCAGGAGCTCGGCAAGTACGAGCAGTACATCAA
GTGGCCCTGGTACATCTGGCTCGGCTTCATCGCCGGCCTCATCGCCATCGTCATGGTCACCATCATGC
TCTGCTGCATGACCTCCTGCTGCTCCTGCCTCAAGGGCTGCTGCTCCTGCGGCTCCTGCTGCAAGTTC
GACGAGGACGACTCCGAGCCCGTCCTCAAGGGCGTCAAGCTCCACTACACCTAA
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