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Annex 17 Generating Consensus Sequences with Sequencher

1. Purpose
The purpose of the procedure is to derive the sequence of the 450 nucleotides encoding
the carboxyl terminus of the N gene of measles virus, or the 739 nucleotides encoding
the sequencing window of the E1 gene of rubella virus, or the approximately 1018
nucleotides from the non-coding region of the measles virus between the M and F
coding regions (MF-NCR), from an existing PCR product.

2. Related Documents
Title
Measles Genotyping RT-PCR protocol

Rubella Genotyping RT-PCR protocol
Measles MF-NCR RT-PCR protocol
Agarose Gel Electrophoresis Protocol for Analysis of PCR Products

PCR Products Clean-Up Protocol
Sequencing Reaction Set-up Protocol

Sequencing Reactions Clean-Up Protocol

3. Definitions
Term Definition
WHO World Health Organization
MeV Measles Virus
RuVv Rubella Virus
MF-NCR Non-Coding Region between M and F coding regions of measles genome
MeaNS Measles Nucleotide Sequence Database
RubeNS Rubella Nucleotide Sequence Database
ID Identification
Indel Insertion or deletion
Guide N-450 or MF-NCR or E1-739 sequence FASTA file cropped to the correct
sequence | window

4. Equipment/Software
e Computer for using Sequencher and Mega software
e USB/flash drive to transfer chromatogram (.abi) files
e Microsoft Office Power Point software (for editing phylogenetic trees)
e Sequencher sequence analysis software USB toggle

5. Supplies for Using Sequencher
One of the following, depending on the analysis being performed:
e Measles N450 guide sequence
e Rubella E1-739 guide sequence
e Measles MF-NCR guide sequence
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6. Safety Precautions
To protect the computers from viruses, make sure to update anti-virus software. It is
recommended to use a secure flash drive to ensure the computers remain virus-free.

7. Sample Transfer
A. Transfer the chromatogram files to the flash drive once the sequencing run has completed.

B. Copy the chromatogram files (.abi) from the flash drive into a separate folder on a
computer before beginning the sequence analysis. Add FASTA files of the guide
sequences to this folder. Create a subfolder for each sample.

C. Save the output files from Sequencher into this folder so that they are easily
identified.

D. Multiple samples can be imported into Sequencher software at once but only edit one
sample at atime.

8. Importation of data

A. Insert the Sequencher USB into a port on your computer.

B. Open the Sequencher program. A window labeled Untitled projectopens.

C. Under File>Import>sequences find the folder that contains your chromatograms.
Highlight the chromatograms you want to import, plus the guide sequence, then
click open. For the rubella genotyping window and the measles MF-NCR, import all
chromatograms for the specimen, even if it was amplified in two PCR fragments. The
chromatograms and guide sequence are imported into the main parameters
window.

& Sequencher - [MF-NCR_D4_Indels_7-23-21.5PF)
ﬂF:Ie Edit Select Assemble Contig Sequence View Window Help

Azzembly Parameters |S13ndam :l Azzemble Automaticaly J Azsemble Inberacliveiy| Azzamble o Fieferencel @ ﬂ ﬂ
Parpmaters: (Duty Dats, With ReAligne:, ' gap placement) Min Ovedap = 21, Min Maich = 84%
| | size || | ousity | King [ Lage [ Modifed
283 BPs 88.1%  AutoSeq Frag... - Wed, Aug 10, 2018 1:45:34 Pl
00%  AutoSeq Frag... - Wed, Aug 10, 2019 2:01:14 P
S7.4%  MuboSeq Frag... - Wed, Aug 10, 2018 2:13:58 Pu
§5.7% AutcSeq Frag... - The, Aug 18, 2018 B:23:38 AM
58.3%  AuteSeq Frag.. - Thea, Aug 11, 2018 8:57:43 AM
v MutoSeq Frag... - Wed, Aug 4. 2021 2:4:12 P
33.8%  AuteSeq Frag. - Wed, Aug 10. 2018 2:11:03 Ful
w0 AutoSeq Frag,. - Wed, Aug 4, 2021 2:34:12 Pl
W00t AutoSeq Frag... - Wed, Aug 10, 2018 2:05:51 PM
E5.4%  AutoSeq Frag. - Wed, Aug 10. 2018 2:45:18 Ful
B9 E%  AutoSeq Frag. - T, Ausg 11, 2018 8:57:48 AM
305 5P 4% Autdeq Frag.. - Wed, Aug 10, 2019 1:45054 PU
2 503 ER S4.4%  AuboSeq Frag... - Tha, Aug 18, 2018 8:23:28 AM
nston_WF #1015 BPs DA Fragment - Wiad, Aug 4. 2021 21248 Pl

D. Important: The program has a ‘Trim’ function. If your sequences are imported into
an ‘Ends trimming’ window first, close that window. Trim parameters canbe
changed: Click window>user preference. Under add imported sequences to trim
window uncheck all imported sequences box.

E. Once the sequences are imported, the Quality column is a good indication of the
quality of each chromatogram. The Size column indicates how many nucleotides are
in each sequence. Both of these column values will change when the sequences
have been edited or trimmed. See picture in section 9.C above. Low quality
sequences may not assemble into a contig. It may be possible to crop
chromatograms to remove the low-quality regions (see section 11), then assemble
again.
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9. Generating a Contig
A. Once the sequences are displayed in the main window, click assembly
parameters. Verify that the minimum match percentage is set to 85%.
Minimum overlap should be set t020%. Click OK to return to the main window.
B. Highlight the sequences to align. Choose all sequencesderived from your
sample plus the guide sequence. Click on Assemble automatically.

& Sequencher - [MF-NCR_D4_Indels_7-23-21.5PF)
HFile Edit Select Assemble Contig Sequence View Window Help

I Assembly Parameters |I| Standard ﬂl Agsemble Automaticaly I Assemble |rtetaclive|y| Assemble hoReFerenoeI @] il 4_ﬁ|

Parameters: (Dirty Data, With ReAligner, 2’ gap placemant): Min Overlap = 21, Min Match = 84%

Name | Size [ Quality I Kind I Lab
+3 EE 23 8Fs 55.1% AutoSeqFrag,.. -
2 EEEET 14 8P 100%  AmtoSeq Frag,.. -
2 N 2038Ps §7.5%  AutoSeq Frag.. -
2 SE 807 BF's 7%  AutoSeq Frag.. -
Reig 4601 _2nd] 538 BFs §8.2%  AutoSeq Frag... -
3 EEE 389 BFs 558%  AutoSeqFrag.. -
5 EEIRE 83 8Ps 518%  AutoSeq Frag.... -
o= SEIE 151 BFs 100%  ActoSeq Frag... -
B jE-5145 20 274 BFs 100%  AdtoSeq Frag.. -
o3 BEEE &71 BFs E8.4%  AutoSeq Frag... -
o5 EEEE 840 BF's 535%  AutoSeqFrag.. -
=) 105 BFs 57.4%  AutoSeq Frag.. -
o3 EER 803 BFs $9E%  AutoSeq Frag... -
B dmonston_WF| 1015 8Py DMA Fragment

C. Anew file will be created, labeled ‘contig’.

L

=
ﬁ File Edit Select Assem Contig Sequence Vie Window Help
Azzembly Parameters [Standard _"] Azsemble Automatically I Bzsemble Inleractivelyi Aszemble to Heferenc:el i I A | i‘
Paramaters: [Dirty Data, With Redligner, 2’ gap placement): Min Overlap = 21, Min Match = 84%
Name [ Size | Qualty | Kind [ Label
[+ @ ContigiD0ad] 1025 BPs Contig of 14
ﬂ Assembly Completed x
Time Blapsed: 00:00:00 Assemble by Name: Off
lbems Selected: 14 Number of Contigs: 1
Comparisons Perfformed: 238 MNumber of Fragments: 0
Close

D. If the chosen files do not create a single contig, or if individual sequences will not
assemble, first check the quality percent listed. If it is very low, the software may
not be able to find sufficient similarity with the other sequences. It may be possible
to trim low quality ends (see section 11) and then try to re-assemble.

E. Open the contig by double clicking on the square next to its name. A new overview
window opens to show a line diagram representing the sequencesaligned to each
other. Each horizontal line represents a sequence in the contig. The line will be
green if the fragment is in the forward orientation and red if it is in the reverse
orientation. Below the sequences you can see the coverage map and below the
coverage map you will see the start and stop map. The diagram key is at the base of
the window.

Controlled Document — DO NOT DUPLICATE



CDC protocol for the molecular epidemiology of measles virus and rubella virus; version 7/25/2022

F.

ﬂ Sequencher - [Contig[0003]]

Bl File Edit Select Assemble Contig Sequence View Windo

ﬂl Bazes I Summar_l,l|

Sort Optionz Find Get Info

Rub-easy1 _F1_91121

i ] Hole in contig
Single fragment
: B2 Multiple fragments same direction
| = Both strands

: Il Both strands plus

| = $-Start codon frame 1
'h?-‘,./-StoD codon frame 2

Diagram Key

et
Bumps on

fragments |
show motifs, |
hollow i
rectangles |
show features!

In an open contig window, it is possible to switch from the Overview (with the lines
representing sequences) to the Bases view (with the nucleotide sequences) by
clicking on ‘Bases’ (see above). To return to the Overview, click on ‘Overview’ (see
below) at the top left of the contig window. In the Overview, a frame (dashed line,
see above) indicates the part of the contig that will be visible when the Bases view is
chosen. Click and hold the frame to move it. In the Bases view, the sequence names
are listed on the left side and the consensus sequence is located at the bottom. Dots
below the consensus sequence indicate mismatches in the alignment. As long as the
guide sequence is part of the alignment, there will be many dots because the guide
sequence may be a different genotype.
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4 Sequencher - [Contig[0003]]
| File Edit

ﬂl Dweriewm

1@ Rub-zssyi_F1_311ZR ETGCTGGGGCTTCC :CCACC: : GACACCGIGATGAGTGTIGTICGCCCTICGCCR
1| Rub-sssy1_F1_8333F I X GFC A CCGTGATGAGTGIGTICGECccTCcaCEE
q@ rubsella 1-T35guide

43| Rub-sssyi_FZ_S5TTR
{E5| Rub-sasyi_FZ_ES4SF

Select Assemnble Contig Sequence View Window  Help

Summar_l,l| Cut bap Find | Show I:hn:umah:ugrams| Redligner

T2 highlight base | ELS lioo 110 li1zo 130
cal disagreements |CTIGCIGGGGCTITCCTICCACCTICGACACCGTIGATGAGTIGIGITCGCCCTICGCCE
kit A easana S A AR R R R R IR A

ambiguities

G. The guide sequence should always be in the forward orientation. The orientation of
the abi files depends on the primer used, e.g. if MV214 was used, the orientation
should be reverse, with MV216 it should be forward. If the orientation of the
sequences is not correct, on the top toolbar, click View and then select Reverse &
Comp, to change the orientation. Verify the orientation after each reassembly.

Ul Sequencher - [Contig[0001]]
El File Edit Select Assemble Contig  Sequence  View Window Help

ﬂ Bazes | Summar}l|

Sort | Options

[

Displa
Displa
Displa
Displa
Displa

y Codon Map

y Cut Map Inset

y Format Ruler

y RMA-5eq Data & Plots...
y FastQC Report...

Reverse & Comp

Sequenced Strand

Ctrl+R

Ctrl+4
Ctrl+5

Bases, Map, Overview, ... »

o SRR

10. Cropping individual sequences
A. If a sequence is not assembling with the other sequences from a sample, double click on the
box next to the sequence name. A new window containing the sequence bases will open.
B. Highlight poor-quality bases at the beginning and end of the sequence and click delete on
keyboard.
Notice that after deletion of low-quality bases the overall quality of the chromatogram
increases but the size of the sequence decreases.
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Azzembly Parameters |Standan:| j .&ssemble.&utomaticall}l| Assemblelnteractive|y| Azzembh

Parameters: (Dirty Dats, With ReAligner, 3 gap placement): Min Cverlap = 20, Min Match = 80%

Name | size | Quality |
[&] Centiglozz] 1104 BPs (
2 | 74zEPe A |
‘@ Rub sasy2-F1-3112R :
4] Rub ezsy2-F2-3345F ] Rub easy2-F1-8633F =N
] Rub easy2-F2-E8TTR ﬂ Owerview || CutMap | = 2= Fiuler | Find | Show Chr
Residus: 1 [Sequenced Strand) Seguence Le
1 |PENEENEEEE BCACCETGAT GRGCGTGTTC GLCCITECED
31 G{.'IETGTCCﬂ GCATCCTCAC RRGACCGICC GGGTCRAGIT
B1 CCATRCAGRG ACCAGGRCCG TCTGGCRACT CICCGITECC

121 GGOGTGTCAT GCRACGTCAC CACCGAGCAC CCITTCTGCR
181 ACRCGCCGCA CGEACRACTC GAGGTCCAGG TCCBGCCCGA
201 CCCCGGGGAC CTGGTTGAGT ACATCATGRAA TTACACCGGC
241 BATCAGCAGT CCCUGGIGGGS CCTCGGGAGC CCGRACTGOC
281 ATGGCCCCGA CTGEGGCOCTCC CCEGTITGOC RACGCCATIC
a2 CCCTGACTGC TCGCGGECTITG TGEGGECCAC GCCAGAGCGT
3e1 CCCCGECTGC GOCTGETCGA CGUCGRACGAC CCCTTGCTGC
01 GCACTGCCCC TGEGCCOCGEC GAGGTGIGEG TGACGCCCET
241 CRTAGGCIES HEcwoamecy EEGCTCETCE EoimiiecE:
421 CABCCGGGHS ECTCTGGCGH GGEMIWEWS: [ENscCEAIN

i, . e T 4 Ly L Ll
= =

L1 48
ATATGHTAT GEGECHEEEE
GAT

CGTTGTCGC)CGAGRT KRl TCTCGTGTACATCGACAGY
GCACGGAGATICAGAGCTGECRTGTANCACTGRAWGCACGTCT
CTGREATCTCRCATAGCTCCARCECGRCACTARTACGTCTCEG
- -

Notice that after deletion of low-quality bases the overall quality of the chromatogram
increases and the size decreases.

-

Untitled Project
Azzembly Parameters |Standan:| ﬂ Aszemble Automatically | Azzemble Interactivel_l,l| Azzeml|

Parameters: {Dirty Data, With ReAligner, 3 gap placement): Min Owverlap = 20, Min Match = 80%

HName | Size | Quality |
5] Centigloooa] 1104 BPs

1 | 520 BPs g8.5% |
JE) Rub essy2F18112R rﬂ S =l
1) Rub sasy2-F2-8945F Ul Easy.e-timeRaor (=L
JE| Rub sasy2-F2EETTR ﬂ I:I\-'erview| Cut Map | ﬂ ﬂ Ruler | Find | Shaw Cl
Residus: 521 {(Sequenced Strand) Sequence |

1 piwwtwewe BCACCGTGAT GAGCOGTGTTC GCCCTTGCES

41 G{.'IEIGTCCE GCATCCICAC ARGACCGICC GGGTCAAGTT

g1 CCATRACRAGAG ACCAGGACCG TCTGGCRACT CTCOGITGCC

121 GGCGTGTCAT GCARCGTCAC CACCGAGCAC CCTTTCTGCR
161 ACACGCCECA CGGACAACTC GAGGTCCAGG TCCEGCCCGR
201 CCCCGGGEAC CTGGTTGAGT ACATCATGRA TTACACCGGD
241 BATCRGCRGT CCCGGETGEGG CCTCGGGAGC COGARCTGCC
281 ATGECCCCGA CTGGGCCTCC CCOGGTTTGCC ARCGCCATIC
az1 CCCTGACTGC TCGCGGCTIG TGGGEGECCAC GOCAGAGCGT
ae1 CCCCGGCIGC GOCIGGTOGA CGCCGACGAC COCTIGCTGE
401 GCACTGCCCC TGGGOCCGEC GAGGIGTGEG TEACGCCCGET
441 CATAGGCIES MEERaamec EEGCTCETCE ERieiiecHe
a1 CRECCGGGHS ECTCTGGCGH GEEMNSENEE HSusGGEAN

=1 |

C. Close the window and try to assemble with contig by highlighting both the individual
sequence and the assembled contig.
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D. Chromatograms that are very short or of overall low quality may not assemble and should
be deleted from the Sequencher file.

Cropping sequences in a contig

A. The order of sequences can be changed. Drag the guide sequence to the top of the
list using the mouse (a little hand image will appear).

| W

B. Find the beginning of the sequencing window using the guide sequence.
Alternately, click Find and type the start sequence from the table below into the
search window and click Find.

Virus Region Start End Length
Measles | N450 AAGGTCAGT CTAGACTAG 450
Rubella El CAAGTTYC GGGYGAGAGCG 739
Measles | MF-NCR TTCTGTAG TCATGGG 1018*

MF-NCR length can vary because of insertions and deletions.

C. Once the beginning of the window is identified, delete all bases in all sequences
that precede the beginning of the guide sequence or are before the Bold nucleotide
in the search sequence. Highlight the nucleotides to be deleted in the consensus
sequence and pressing the delete button on the keyboard.
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E] Contigloo03]
ﬂ Owerview || Summary | Cut Map Find Show Chromatograms | Redligner

4E5| Rub-essy1_F1_si1zr|RCGGCC] C
4E5| Rub-e= 8333F CCTICCACCTC]
{@ rubsllat-T33guide

4E2| Rub-easyi1_F2_S5TTR
AEE| Rub-sasy1_F2_S345F

GITCCACLCGGA
EIGTTCCACRCGGA

GITCCATRACRAGR

[ 173 fragment bases ||l 1 110 120 130 110 150 160 170 | IETE
and 95 consensus
bases selected

D. Find the end of the sequencing window, using the guide sequence or sequence
search information provided above, and delete all bases in all sequences that
continue past the guide sequence or are after the Bold nucleotide in the search
sequence. To do this, highlight the nucleotides to be deleted in the consensus
sequence and press the backspace key on the keyboard. Do not press the delete
key, this will shift the sequence alignment. If the delete key is used instead of
backspace, go to Edit and click Undo.

& Contigoo03]
4| Overvien| Summay || Cuthap || Find | Show Chiomatagrams| | Rietligner |

CARGTCAGC
CAAGTGAGT
4B Rubeasyi_F2 8545F|CEAGTGAGTTE

[J1J209 fragment bases| 730 T740
and 120 consensus |[CARGTGAGTIGCGGGGGTG.
s st RETGRETIECEEREET

11. Removing the guide sequence and cropping overlapping regions
A. Once the sequences are cropped, remove the guide sequence. This can be done
in Overview or Bases view.
B. Highlight the name of the guide sequence
C. Right click on the name and select Remove Selected Sequences
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R
Rub-easy1_F1_8833F
Export Sequence(s)... -
Get Info... Ctrl+1 b-=asyl_F2_B345F
e —————————————r Edit Label... >
] 483
‘T oo in contig Select All Ctrl+A
% Single fragrment =
i Multiple fragments =
B Eoth vt-ande I Remove Selected Sequences I
Both strands plus -
........................ 3
LBt o Show MNGS Data Using
{ B=F, ~Stop cadon fram Open External Data Folder
Compare Bases To ¥
Compare Translation To >

Call 5econdary Peaks...
Edit Features...
Feature Listing
Reference Sequence

Rename Sequence...

Help

D. A warning window will open stating “You are about to remove 1 sequence
fragment from this contig” click Remove Fragments.
&

You are about to remowve 1 sequence fragmentig) from this contig.

| L ) Are you sure you really want to do this?

[~ Dont show this message again

Remove Fragments | Cancel |

E. Removing low quality sequences within the sequencing window
Crop the beginnings and ends of poor-quality sequences for each sequence
individually, not on the consensus sequence. This should not reduce the overall
length of the alignment. Do this by first clicking on the Show Chromatogram
button. Identify low-quality nucleotides, highlight the individual nucleotides in
each sequence and use the delete button at the beginning and the backspace
button at the end to remove them (see below).
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1 _(_)ri_gjn_a_l view _v_vi_th poor quality sequences in the overlapping region.

A TREG e CEE S CEe T T TERCACCECCARTECS
R - GECA

AAATIECOTITTECCECEETET o Ty tart

2. Highlighting and removing the ends of low-quality sequences.

riow  Help

F. Remove any gaps the poor-quality sequences may have caused in these
overlapping areas by highlighting the gaps in the consensus sequence and click
delete on the keyboard. It is necessary to look at the chromatograms while doing
this to avoid accidentally deleting a nucleotide. See below for how to open
chromatograms. If there are many gaps, it may be better to re-assemble after
removing the low-quality sequence as described above. Note: Verify the orientation
of the contig after each reassembly.
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12. Quality control of chromatograms

Choose the Bases view to examine confidence of base calls: Not all of the base calls

will be of equivalent quality. The color shading of the nucleotides can be used as a

general guide, but all chromatograms should be inspected, regardless of the color

(see below). Sequencher confidence ranges: The lighter the color, the better the

quality of the peak as determined by the software. Preset confidence ranges as

described as percent quality are dark blue <20%, medium blue is between 20-40%,

and light blue is >40% confident. These can be changed in the User Preference

section of the software; however, it is strongly discouraged to make them too

lenient.

A. Guidelines for handling discrepancies:

a. If at least one chromatogram has a high-quality peak, the consensus can
be edited to match the high-quality chromatogram (see below).

b. Sequencing of samples may have to be repeated, depending on the
overall quality of the sequencing results.

B. Examine chromatograms: Check the entire length of the cropped sequence for quality and
disparities by clicking Show Chromatograms. The peak height can be adjusted with the
slider bars on the left of the chromatogram. This does not change the quality of the
chromatogram.

C. Check the consensus sequence for discrepancies: If the sequences vary from each
other or if the program could not determine a base, a mark (®) will be displayed
under the consensus sequence at this position. Ambiguous bases are labeled
withN, R, K, Y, M, or S, depending on the mixed bases.

D. Click on the nucleotide in the consensus sequence to highlight the position inall
aligned sequences. Compare the chromatograms.

E. Compare the mismatch position for all aligned sequences. If at least one sequence
has a high-quality peak, the other sequences can be edited tomatch.
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TRARCCGCAGTECCCAGCA . CAARARCGACC 6C GGCCC AGGCCCCCCCCRARRGACTCCACGOACCAGGCOAL
raxaBcecasEeEccaccabIlTECA -Em.cccr_"r TTATC aﬁr.lcmcur.;.mc.ccr.cau,-.‘m cEgC
ThrACCECASHERCCRGCRARTETCRARARCE luE.‘ SET ‘Ti\TCITGA“I.GBhAGAR.GGEC GERACAARAR

RBAAnCeAEECRTE T TR TENT CRERG CARCAAGSECCReNENARAAGECCEC

______ . ~ J-l!:l 1 Ir@ta:!%2
||i,||11r[ilnn[.llt.llalnnnf,l.'l:.(,n(.| lj,[(.Hl,'.L‘,lln [
A "'r'a ANANAAANANN A0 A A A A ALAN TR HIGH QUALITY
\ TR AYACR TR YRR TR VY VY RVAY TAYAW A YAV RTA'RVANATAVE (RTRYERY LYAT
) ¥ A LY LY Y Y AAATANAYE WAAS WAVA'RS 'A'ATR' VA Q
TR 81 g taag Tl
T A & A C C G A G T G e oe a5 oc o wis THET =
TT TR TR AR T T T IR AR AT+ 443 41T an 3 aaa Tt arfranads
A A AR A R Y YA RN A AT A Y R AV - W AT AVATATAY - VAV-YATAY ".‘-,-,';;-F' Rt = i LOW QUALITY
2450 Pl wri base B0 Basf D of 5
c 6o oag fag ca kT 1
T T a AT A AT T T TAAAAIAT T T 3 83 8T 33 ddd T 33T [nhaA
=2/ e AV A o AA W A A A A SV \ oo LOW QUALITY
- WA o WA Y ALV ALY WA AL Y N, "J_d.-“;" ' \ \ \.fJ ‘lif'\w\ - I AN R

F. Click on the letter of the base you wish to change in the consensus sequence
and type the correct letter. Close the chromatograms. The altered base will be
highlighted inred.

Important: Only alter a base if you can clearly determine it, based on the
chromatograms. Do not alter a nucleotide based on the base call of the
analysis program alone, the quality of the chromatogram must support it.

Note: Measles N-450 and rubella E1-739 sequences are always exactly 450 and
739 nucleotides long. Very rarely MF-NCR sequences may have indels. If high-
guality chromatograms show evidence of indels, please discuss with GSL.

13. Special considerations for contigs composed of chromatograms from multiple PCR products

For the rubella genotyping window and the MF-NCR, the contig may consist of
chromatograms from two PCR fragments. In the overlap between the two fragments, it
is possible to find discrepancies that are caused by the PCR primer at the end of a
fragment. Amplification can still occur if there are a few mismatches between the
primer and the template, this results in PCR amplicons with the primer sequence at the
end and not the ‘original’ sequence in the template. In this case, it is best to trust the
chromatogram that is not close to the end of a fragment (provided the sequence
quality is good). It is also useful to verify the presence of the primer sequence, and
then delete it from the end of the chromatogram. To locate the primer sequence, enter
the sequence into the Find window.

The example below shows the end of rubella fragment 1 (top sequence, 8633F primer),
overlapping with fragment 2 (bottom sequence, 8945F primer). The highlighted
nucleotide in position 382 is different in both chromatograms. However, the top
nucleotide is part of primer 9112R. Therefore, the bottom sequence is the correct one.
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Els2

4| Overview | summary || Cutap | Find || Show Chiomatograms || Fietligne: |

45| 3112R_2_Doa_13)

48 511

PEE

§E == GIGIGGGT CATAGGCTHIEHGcCECECE

| ssas CIG GIGIGGGT CATAGGCTIHICAGGCGCETAAGTGCGGACTCCACATACGCECTGEACCETACGGACACGCTACCGTCGARATGCCCGAGTGGATCCACGCCCACACCAC

[12 fragment 3 Taso Ia Ts70 |LIEED] Ian IqJJ Ti10 Tazo Tz30 T110 Iqu Tzi6
bases at GCCCCIGGECCCGEECGAGETGIGEGTCRCGE aT LTRGGC T!r LGGECGCEYAAGTGCGGRCTCCACATACGCGCTGEACCETACGEACACGCTACCGTCGRAARTGCCCGAGTGEATCCACGCCCACACCAD

consensus
position 372

TG 66CCCGG6GCG6 AGGETGETGEGEGETCARACGCCCI6 TCATAGGCTCTC AGGCGCG

C
|
MAWAAAMMMAWMMM@AM\/\W "\
i‘iT I B B LR E 8
List of primers at the internal end of fragments
Amplicon | Primer Primer sequence Reverse complemented sequence
name

RuVF1 9112R GCG CGC CTG AGA GCC TAT GAC | GTC ATA GGC TCT CAG GCG CGC

RuVF2 8945F TGG GCCTCCCCG GTT TG

MF-NCR G22F CAC AAG CGA CCGAGG TGA CC

MF-NCR 4801F CAC AAG CGACCGAGGTGAC

MF-NCR 4869R CTT GGCCCTTAG TTTTGT TTA G| CTA AAC AAA ACT AAG GGCCAA G

MF-NCR 4869R-H1 | CTT GGC CCT CAG TTTTGT TTA G| CTA AAC AAA ACT GAG GGCCAA G

MF-NCR 5145R GGT TGC CGT GGT CGT GTG TG | CAC ACA CGA CCA CGG CAA CC

MF-NCR 5145R-B3 | GGT TGC CGT GGT GGT GTG TG | CAC ACA CCA CCA CGG CAA CC

14. SEQUENCHER: Exporting the consensus sequence
A. Highlight the edited contig, click on contig>rename contig or simply double click
on the word contig to rename. Give the contig the name of the sample.
B. Click on File>export>Consensus. Under format>FASTA.

Ui Sequencher - [MF-NCR_D4_Indels_7-23-21.5PF]
[ File | Edit Select Assemble Contig Sequence View Window Help

bs. NewProject lssemble Automatizall || Assemble Interactivel
Fari New Praject From Template * |n Overlep = 21. Min Match = 84%

[ Open Project.. | [ Size
10248Ps

Open Recent >

Close Project

Import ¥

(E i > Sequence(s)..
Open Window Ctrl+0 Consensus...

Clase Window Cirl+W Contig...

Get Info... Chrl+1 Selection As Subproject...
Save Project CirlsS Overview As Test...

Save Project As.. Selected Bases...

Save Project As Template... Sl

Revert To Saved Project... Summary...

Set Header & Footer..
Print Setup...
Print... Ctrl+P

Print Trace in One Page...

Exit Ctrl+Q

C. Click export to export, chose file location and save.
D. The edited Sequencher file can be saved for easy reference.
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15. Sample Retention and Storage
All sequencing chromatogram files (.abi) and Sequencher files should be backed up onto
the server or external drive. Do not rely on the sequencer computer or personal
computer for storage of these files.

16. Reporting Results
Results should be reviewed by supervisor/SME prior to uploading to MeaNS/RubeNS
databases. For the measles N450 and rubella E1-739, this should be done within 2
months of specimen receipt.
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