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Sequence editing and
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EDCTP ENNEA training on data management
November 14-16 2011, Muhimbili hospital, Dar Es Salaam

Irene Bontell
(irene.bontell@ki.se)



What information can we get
from sequences?

For HIV common usages are
Subtype classification

Recombination analysis
Detection of drug resistance mutations

Selection of optimal antiretroviral therapy
Determination of co-receptor usage (V3-region

of env-gene)
= Phylogenetic relationship between strains
time of most recent common ancestor

(tMRCA)
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What part of the genome should | target?

= Subtype classification
— almost any region, preferably one with many references

Detection of recombination
— preferably a relatively long sequence

Determination of co-receptor usage

— V3 region of env
Detection of drug resistance mutations (transmitted or acquired)

— for (N)NRTIs and Pls: Protease+RT in pol
Relationship between strains, time of most recent common ancestor

(tMRCA)
— almost any region, preferably one with many references. One that is relatively conserved

(like pol) is easier to align compared to a divergent region like env

8424
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1821 2086
1 790 1186 1878 2134
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RNA-extraction

Sequencing pipeline, conventional

/ SN =1 ml plasma ——

Whole blood
cDNA synthesis
(specific primers or random hexamers) . ~

Nested PCR with specific
primers

-V

V

Output — chromatograms . Max seq length approx 1000 bp

80

60

70
GTTGCYGGGAACCCCAGAAAGTGGGRGA

Mutations in a subset of population seen as "double peaks

Sequencing with seq. primers
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Preparation of dataset

It is very important to spend the time necessary to make a good
data set.

Once you have a sequence set that you trust you can go ahead
with all the different analyses you want to perform.

1. Edit your sequences (aligned to reference), manual control necessary! Use
BioEdit or ReCall. Quality control can be done using a LANL tool.

2. Make a good, consistent, nomenclature and keep a file (or preferably
database) with additional information about the sample and patient

3. Perform BLAST to find the closest related sequences

4. Download reference strains from LANL, corresponding to the same region. Use
for example BioEdit to create one file with all sequences (your own + ref)

5. Make an alignment, save in appropriate file formats (ex. FASTA and NEXUS)

6. Check your alignment! Directly in ClustalX, or in case of a very large alignment,
using Pixel




BioEdit has lots of useful functions, S 2, K I k
Look through the menus and try 2% LQLWS arolinska

Sequence edltlng ) BIOEdIt different things!

y BicEdit Sequence Aliﬂnmenl Edito
File Edit Zoom Horizontal Scale  Accesory Application  RMA  Window  Help

=0 v Mon-editable sequence
Eiape e fzania, 14-15 Nov\Practise files\EL172_ESTF_premic.abl ——e
1) ¥ Reverse Complement lFila: C:UsersIrens\Desktop! Tanzania, 14-15 Nov'Practiss files Et172_ESTF_premix.abl
110 120 130

Positienal Crosshairs 50 60 70 80 00 100
IATAGTACAGT TTAACGAATCT GTACAAAT TAACTG TACGAGGCCCAGCAATAATACAAGAAACAGTATAAGGATAGGACCAGG ACAAACATT

v
GA
Raw Data (DATA tags1-4)
[E=HFoR|5X3

o0y ) |

}4 ABI Chromatogram: ChUsers\Irene\Desktop\Tanzania, 14-15 Nov!\Practise files\Et172_ES&R_premix.abl
e Selected: none | S2mple: A-55948 D8 |File: C:Users IraneDasktop| Tanzania, 14-15 Nov(Practiss filesEt172_ESER_premix.abl
130 140 150 160 170 180 190 200 210 220 230 240
TGACAAACAATGC CAAAATAATAATAGTACAGT T TAACGAATCTGTACAAATTAACTGTACGAGGCCCAGCAATAATACAAGAAACAGTATAAGGATAGGACCAGGACAAACA
r
K _ L}
}" DNA sequence from C:\Users\Irene\Desktop!\ Tanzanig ?" DMNA sequence fram C\Users\Irene\Desktop'\ Tanzania, 14-15 Mov\Practise files\Et172_ESER_premix.abl = [ = ]| £
- 1 tatal
=] |C0urier Hew j|1‘| j B (=] |E:C'U"Br Hew j|11 j B L
. - Selection: 0 Mode: | Select / Slide + S election: null Sequence Mask: Mone Start
Mode: | Select / Slide _» Fosiion 57 glect £ alde Positior: 1: A-55345 D& 50 Mumbering Mask: Mone ruler at;|!
= = ol _—— i TGN T = . QAT TTHE Scroll Lol o |
I DI D oo -+ E@%N% $II g1 DLD o« Eﬁ%ﬁ% ill?l:!‘ il ERTEAT A @3{[@ speed slow o - fast
LTrrrrrertrra e LTI TEEr e nannraa [ rrnnrrn [ rrer [ rrar i raa raa ey
j 10 20 | 10 20 30 40 50 &0 70 80 »f
n-55543 8 CGRLCATATTAGATCTGRLATCT| (R—-55548 DA CACTGTCGATCTGATGTCTCTGTTGTACTTGTACTCATTGCCTCCATCTCGCAGTTCCAGTRAATAGTCCTGTGATATTTGAGCTRACET
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Sequence editing - BioEdit ﬁ g arains

File Edit Sequence Alignment View | Accessory Application | RMA  World Wide Web  Options  Window  Help
= O Add / Modify / Remove an Accessory Application

ClustalW Multiple alignment
BLAST

CAP contig assembly program

DMNADist ---> Meighbor phylogenetic tree

DMNADist DNA distance matrix

DNAmI DMA Maximum Likelihood program

DNAmlk DMNA Maximum Likelihood program with molecular clock

DNAPars DMNA parsimony method

FastDNAmI DNA maxirmum likelihood

Fitch -- Fitch-Margoliash and Least-Squares Distance Methods

Kitsch -- Fitch-Margoliash and Least Squares Methods with Evolutionary Clock
MEIGHBOR -- Meighbor-Jeining and UPGMA methods

ProML Protein Maximum Likelihood program

Protdist ---= Fitch phylogenetic tree

Protdist ---> Neighbor phylogenetic tree

Protdist protein distance matrix

Protpars protein parsimony method

%" Untitled2 %{’ Untitled3
- 4 total sequences - 4 tatal
=l - - ohal sequences - —
(=] |C0uner Mew J |1‘I J B B |E0uner New j |11 ﬂ B |shade threshold 1002 ﬂj |
Made: [Selsct / Slide_~ Seleallmn(C seauence Mask: Wy 1o i [Select / Side_v] Selection: 0 Sequence Mask: None St
Position: 38 Mumbering Mask: N| 995 Select / Slide ¥ Position: Mumbering b ask: Mone uler at;|!
—_ T B oo = ,,m, *eaTGaT 1140 —_ g e o Tiee prm: Serall ol |
LI DID §en - E@% B 1' I I T S TP |CATCAT: g I DILDID §on-- E@%“ i 1' I P e ETERT @lﬂﬂ speed slow o «f fast

SMAAMRARANRAL LN RARRNRARRN R R R R R R R R R A R R LR R RN

150 130 200 2lD 220

—J
Ref.BE.FR.83.HXI;

Ref.C.ET.86.ETI}
GTTGGTTGTTTTTCT] [a_55548 DA

GRACATATTAGATCTGAATCTGACE] |7 55345 ca




Sequence editing - ReCall

http://pssm.cfenet.ubc.ca/home web-based service, registration needed

Sample Et172 (id: 8143)

ES7F_premix (forwa
L CA A G ;;\

AACAGYATA

A G G AT A

/v

| Mext base:

sex¢ -2 Karolinska
FEE5 Institutet

| Pravious base:
E Mext marked key bass:

'
| Change base:
'

@ T TR W E &0 g e @R | @ G T ¥ G Reference
T R M 3 | R | G P G Protein
ACAAGAGAAAGTATAAGGATAGGACCATG Standard
ACAAGAAACAGYATAAGGATAGGACCAG Assembled
ES8R_premix (reverse) Job name:  2010-10-26 (id: 1343)
CAAGAAACAGYATAAGGATAG( Upload date: 2010-10-26

Status: Passed
) Mixtures: 5 (cutoff: 20.0%)
\ .'rl", i I , . \ .' \ / \ |' '.I |' '. . ', | , { Marks: 27
YRR'RYAYAY / \/ "N"s: 0
Edited bases: 0
Errors: 1

Use the following keys to nawigate:

Mext marked bass: right arrow

Previous marked base: left arrow
shift + right arrow

shift + left arrow

. With key locations defined in advanced
| seftings:

down arrow

E Frevious marked key bass:  up arrow

E Use the following keys to make edits:

ACGTH

| Erase base:

E Mixture compositions:

E R=AG Y=CT K =GiT M= AC
5=GIC W= AT B=CiGT D=AGT
H=ACT V=AICHE N=ACGT

Save & Pass | | Fail Sample | | Exit |

This program is very useful
for creating a consensus
sequence (much easier
compared to BioEdit), but
does not have the other
functions of BioEdit.

You need to register by e-
mail, but it is worth doing if
you plan on analysing a large
amount of sequences

RY.KMSWEDHY |



http://pssm.cfenet.ubc.ca/home

Quality control and submission of sequences

HIV sequence dat:

PUBLICATIONS

DATABASES

SEARCH ALIGNMENTS TOOLS GUIDES

Quality Control
HIV-1 Sequence Quality Analysis

Purpose: (1) Examines sets of HIV-1 nucleotide sequences for common problems. (2) Prepares HIV-
1 sequence sets, together with related data, for submission to GenBank.

Input: The tool accepts HIV-1 nucleotide sequences in Fasta format. Before using, please read the
QC/GenBank Tool Explanation. If you have already performed QC analyses and you only want to
generate a Sequin file, you can also use the GenBank Entry Generation tool.

Input

Paste your sequence set -

Sample Input]

Upload your sequence set C-\Users\Irene\Desktop\Te [

Enter a job title QC_Submission

Enter your e-mail address

SHA hV._p)\

e
sex¢ -2 Karolinska
N Institutet

A

#* 0*
o 18¥

Job # 23014

Do not submit until you trust
your sequences

Title QC_Submission

MNJ Tree (all sequences)

If you find frameshifts and stop codons in your
sequences, go back and look in the chromatogram
to see if this really is true or if there is a mistake

Select

Mame Elast RIP Tree Stop Frameshifts Hypermutation GeneCutter
Subtype Codons Result

[T] Ref.A1.RW.92.92RWO008.AB253421 AB253421|RW|A11100 A1 M0 1 Mot Detected GeneCutter
Tree Result

[ Ref.A1.UG.92.920G037.AB253429 AB253429|UG|A1(100 Al M0 2 Mot Detected GeneCutter
Tree Result

[C] Ref.A2.CD.97.97CDKTB48.AF286238 FV336589]-1-1100 A2 Nlo0 2z Mot Detected GeneCutter
Tree Result

1 GU201516|CM|AZ 1100 A2 M0 1 Mot Detected GeneCutter
Ref.AZ.CM.01.01CM_1445MV.GU201516 Tree Result

[ D.TZ.2009.HM572355 HM572355|TZ D100 D M1 1 Mot Detected GeneCutter
Tree Result

[C]_D.T7.2008.HM572349 HM572349|T7D]100 D N1 1 Mot Detected GeneCutter
Tree Result

[[] D.TZ.2007.HM572350 HM572350|TZ D100 D M1 1 Mot Detected GeneCutter

[ D.7TZ.2009.HM572334 HM572334|TZ D100 cD N0 1 Mot Detected GeneCutter
Tree Result

[C] Ref.C.ET.86.ETH2220.U46016 U4e016]ET|C|100 ¢ Nl 1 Mot Detected GeneCutter
Tree Result

[C] Ref.C.ZA.04.04ZASK146.AY772699 AY77269%|7A|C|100 c N0 2 Mot Detected GeneCutter
Tree Result

Select

Please select all sequences that you want to submit. They should be submitted to GenBank as
a single Sequin file.

[ Create GenBank submission file from selected sequences ]

[ Download Summary

Name Surname

12 January 2012 9



Reference sequences

Under Premade Alignments
one can find the subtype
references. But you can also
search for references in the
search interface or
geography search interface.
Be careful when selecting
your reference seq. You can’t
include too many (the
phylogenetic analysis
becomes too difficult.
Include sequences that are
relevant for the question you
want to answer plus a couple
of outgroup sequences (from
a different subtype) that can
be used for rooting the tree.

Alignment type Sybtype reference

Year * 2010 -
Organism  H|\-1/S|Vcpz

Region ) pre-defined region of the genome

@ User-defined range

Mac239)

Programs and Tools

Search Interface retrieves HIV and 5V sequences, which can

then be aligned and used to build trees

Geography Search Interface retrieves HIV sequences based

on geographical distribution

Tools for working with sequences lists all our online tools,

organized by function

Alignments

HIV Premade Alignments includes Consensus and Ancestral
Sequences, Subtype Reference Alignments, and
Complete Alignments

-

GENOME -

Start: 2253 End: 3263

STLLYEM Al W Group (A-K + Recombinants) R

DMA/Protein DMA

Format Fgstg

{Coordinates: HIV1-HXEZ,

3555 N,
Se-g (s Karolinska
7 Institutet

DATABASES SEARCH ALIGNMENTS TOOLS

HIV Sequence Align

Alignment type: Subtype reference

Year: 2010

Organism: HIV-1/5Vcpz

Region: User-defined range: 2253-3263 (Coordinates in the a
3690)

Subtype: All M Group (A-K + Recombinants)

DNA/Protein: DNA

Format: FASTA

Number of sequences: 160

Download this alignment

»Ref A1 AT 03 FS1044_Dayl DOE7RE72

CCTCAAATCACTCTTTGGCAACGACCCATCGTCACAGTAAGAATAGAGEG
ACAGCTAAGAGAAGCTCTATTAGAT ACAGGAGCAGACGATACAGTATTAG
AAGACATAGATTTGCCAGGAAAATGCAAACCAAGAATGATAGCGEGAATT
GGAGGCTTCATCAAGGTALLACAGTATGATCAGATATCTATAGALATTTG
ToGAAAAAGAGCTATAGETACAGTATTAGTAGGACCTACACCTGTCAATCA

12 January 2012 10
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Reference sequences

s
Say
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o 1%‘0

Merging of the file with your sequences and the references you select can easily be done in BioEdit. (Just select
the references you want to include from your downloaded FASTA-file and copy and paste into the other file)

'y Bickdit Sequence Alignment Edito

File Edit Sequence Alignment View Accessory Application RNA  World Wide Web  Options  Window Help

= D
}" C\Users\Irene\Desktop\ Tanzania, 14-15 Mow\Practise files\1. Webbased tools\TZ_D_2253-3263 fasta |l= || = & |
n 12 total
g [CowerNew <1 <] B A B [shads thieshold 75% v |||
. ide - Selection: nul Sequence Mask: None Start
Ba] ielect / Slide Pozition: Mumbering Mask: None ruler at:}!
= = T i GAT I \ Seroll LT 1
g I DID co| - E@%ﬁﬁill I siEd|EatEar @}HE speed sow o . fast
= ””|””|””|””|””‘””|””|””|””|””|””|””|””|””|””|””|””|”n|””|””|””|””|””|””|””|””|””|””|”ﬂ
| 10 20 30 40 30 &0 70 80 S0 100 110 120 130 140

D.T2.2001.2Y
D.TZ2.2005.EU
D.TZ2.2005.EU

AG
Au

D.TZ.2005.EU0 %" C\Users\lrene\Desk‘top\Tanzama 14-15 Mov\Practise files\3. Sequence editing and alignment\HIV1_REF_2010_2253-3263_DMA fasta EI
D.TZ.2005.EU - 160 tatal
D.T2. 2005 . HM B 2 [owieNew ][ B BEIERFELES [shade threshold 75% | =] |

D.TZ2.2007.HM

Mode: |Select / Slide Selection: 0 Sequence Mask: None Start
ey o[ eleet 5l Posiion: 2 Fiel. A1 FW.92 92Fw008 2 Numbering Mask: Nane i a1
D.Tz.2008.HM TT @%ﬂﬁill BoE S e [GAT AT T ‘ IE Soroll L1 s |
D.TZ.2007.HM £ IDTID §en+E R A e BB P speed slow gy o fas
ey jlbllll'llll'llﬂ

GARG
GARG
GARG
GALG
GARG
GBRG

20 30 40 50 60 70 i‘

fER R R SR R R N SR

e
=
€]

JJ...
=l
=]

Ref Fl.BE.93.VIB50.&F077:
Ref.Fl1.BR.93.9%3BROZ20 1.21
Ref.Fl.FI.%3.FINS363.4F0"
Ref.Fl.FR.56.%6FR MP411.:
Ref.F2.CM.02.02CM 0016BET
Ref.F2.CM.55.95CM MP255.1
Ref.F2.CM.55.55CM MP257.2

EN |

P YN

PrEEEE D APIREERIE D e

bl o BN R R R R O

b o
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Alignment ClustalX

http://www.ebi.ac.uk/Tools/clustalx2/index.html

After you have edited your own sequences and selected and
downloaded the sequences you want to include as references it
IS time to make the alignment

1. Make a FASTA-file with all the
sequences to be included in the

.| Output Format Options Iili_hj

alignment (in BioEdit).
. COutput Files
2. Make sure all sequences are in frame QUSTAL format [P NEREPIR format
and cover exactly the same region GEGMSF format (] PHYLIP format
. . GDE format | NEXUS format
3. Load the FASTA file in ClustalX SR
4. Change the Qutput format options o oot e —
(under the Allgnment menu) to FASTA CLUSTALW sequence numbers : | Off -
and NEXUS Output order ; |.|5.Jigned -
Parameters output ; Off -

5. Run complete alignment
6. Manual inspection of alignment!

Name Surname 12 January 2012 12


http://www.ebi.ac.uk/Tools/clustalw2/index.html
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A
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Pol — conserved and easy to align

Help

Irees  Colors  Quality

Alignment

Edit

File

| Clustal¥ 2.0.11

210+

Font

2 ’Murtiple Alignment Mode v]

Mode
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Clustal before
alignment — no gaps
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Ref . D.CD.B2_ELI.E03454
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D.TZ.199€.AF03809%
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D.TZ.2000.HQESSE23
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ionin

h informat
the rest of the sequence.

from the
phylogenetic analysis. There

that are very

difficult to align.
If you can’t get a good

alignment it is better to
remove problematic
is enoug

regions
regions

This alignment looks ok, but

sometimes there are
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GapStrip/GapSqueeze

http://www.hiv.lanl.gov/content/sequence/ GAPSTREEZE/gap.html

HIV sequence database

DATABASES SEARCH ALIGNMENTS TOOLS PUBLICATIONS GUIDES I Search Site I

Gap Strip/Squeeze v 2.1.0

Purpose: To delete aligned columns that contain a chosen percentage of gaps or other characters.

Details: Set the gap tolerance to any value between 0% and 100%. A value of 0% will cause columns
to be deleted if they contain only a single gap ("gap stripping"), while a value of 100% will delete
only columns that are entirely gaps ("gap squeezing"). See Explanation file for additional details.

Input

Paste your alignment

Sample [nput]
Or upload your alignment

Options

Gap character(s] .
Gap tolerance qqg %

*?% gi@é Karolinsk

> Institutet

d
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Other alignment tools :

CLUSTAL can be very slow for large sets.

= MUSCLE

http://www.ebi.ac.uk/Tools/msa/muscle/

= MAFFT

http://www.ebi.ac.uk/Tools/mafft/

= T-COFFEE http://tcoffee.vital-it.ch/cgi-bin/Tcoffee/tcoffee

cgi/index.cgi

MUSCLE

- i
e comie)
= Help

b= MUSCLE website
= Jalview

= Programmatic Access
= Download

= Related Applications
E--F‘ailwise Sequence
. Alignment
E"Multiple Seguence
Alignment

[l E"Ph\;logem-'

MUSCLE related v
literature

Search for MUSCLE related
literature in Medline...
more

| Aboutus | Help

MUSCLE - Multiple Sequence Alignment

MUSCLE stands for MUltiple Sequence Comparison by Log- Expectation. MUSCLE is claimed to achieve both
better average accuracy and better speed than Clustalw2 or T-Coffee, depending on the chosen options.

Use this tool

STEP 1 - Enter your input sequences

Enter or paste a set of sequences in any supported format:

Browse...

Or upload afile:
STEP 2 - Set your Parameters
OUTPUT FORMAT: | Pearsan/FASTA |Z|

The default settings will fulfill the needs of most users and, for that reason, are not visible.

(Click here, if you want to view or change the defaut settings )

se¢ -2 Karolinska
&5 Institutet
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Alignment viewing tool: Pixel

(in the LANL tools menu)

Pixel
Show an image of an alighment with 1 pixel per residue

Purpose: This tool generates a PNG image of an alignment using 1 or more colored pixel(s) for
each residue. This way, errors in large alignments can be quickly spotted. We provided an
example of how to use the tool.

Input

Paste your alignment here -

Sample Input]

or upload your file C-\Users\rene\Desktop\Tanzania, 14-15 NowP | Browse.
Options
Choose sequence type (7) Guess (by composition)
(7 Amino-acid
@ DA

Seale 2 {each alienment residue will be a square of this many pixels per side)

| | i
‘ 1
| il
| | W | | £

Our V3 seq in Pixel

g@é Karolinska

> Institutet

Example showing a

misalignment

| -_
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Alignment viewing tool: Pixel ygyt i

Wi 18°

Our Pol seq in Pixel

Once you are confident that you have a good
alignment it is time to move on to the
phylogenetic analysis!
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