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C. COMPUTER-BASED ANALYSES

5. In-silico sequence analyses

Protocol 5.1 Sequence retrieval from public domain data bases

Purpose Retrieval of specific sequences for studying variability of Leishmania
and for designing new assays and primers

A. Introduction:

In order to make optimal use of sequences in the public domain, retrieval of specific
sequences is of great importance to study variability and to design new assays and
primers. This can be done using similarity searches, or using sequence descriptions. As the
workshop will deal with HSP70 RFLP, available sequences will be downloaded and used in
further exercises. Also the ribosomal ITS1 region is used.

General workflow:

www.ebi.ac.uk and srs.ebi.ac.uk
www.ncbi.nlm.nih.gov/sites/entrez
www.genedb.org

/ \

Specific search BLAST search

| Select sequences to use |

| Download sequences in FASTA format |

| Edit sequence descriptions |

One way of collecting sequences from public domain data bases is by using searches with
specific key words defined by the user.

Advantage: You will only retrieve sequences from which the submitter has indicated the
name or function. In general this means that the submitter is quite sure about these, and
you will in general collect only what you want. It is no guarantee for an error-free
sequence.

Disadvantage: Your search results depend largely on the key words used. If not properly
chosen, you will miss certain sequences. In addition, if the submitter made a typographical
mistake during submission, a matching key word can be missed.



Method A: Retrieval of hsp70 nucleotide sequences from EBI (joint exercise)

1. Open srs.ebi.ac.uk

Click the library page tab

Among nucleotide sequence databases, select EMBL

Click the query form tab

In the upper search box, select organism name from the pull-down menu

Type Leishmania in the search box

N o kW N

Click search

/2 standard Query Form - Windows Internet Explorer
@@ - |=§,Z' hitkpijfsrs.ebi.ac,ukfsrsbinfogi-binjwgetz

Fle Edt Wiew Favorbes Tools Help
Links 55 ITG Intranet & | TGweb =Y ITG Webmal & | Customize Links & | LearnerTv.com Learner Tv Teacher Course Education Awards Driving Tests

Google | j-‘] Zosken ~ | 2 + | @+ % Bladwiizers~ | % Speling controleren = | Automatisch san
w o 52| = | = Mudleotide - Sequence 9 fro... | £ Standard Query Form x
g "

EMBL-EBI 3:° 3£, fop) &1l Databases Enter Text Here Go Re:

Databases Tools EBI Groups Training Industry About Us Help Site

Quick Search _ Library Page [T Im0m Tools Results Projects Views Databanks

Reset search EMBL

In a single field, you can separate multiple values by: &, | or | Iy

Combine search terms

with: | & (AND) :' (i ] IOrgaﬂism Name jILE\shmama
Use wildcards ¥ (i ] IA”TE‘XT jl

o recite offomee AllText =

Get results of type: O [AiTex =

[y = O [Amext =
Result Display Options Create a view

Select the fields you want displayed in your view and choose the format

@ \iew results using:

IEMELSeqS\mpIeVie»\J hd Choose 1 or more fields: Display As: & Table € List

or

' Create a view Molecule S :
equence Farmat: |amp -
——— Data Class

Show |30 = Divisian

Sequence Length
TSI B ELE Accession Number ;I

= Y oo |

|javaseriptisubglf_Search_222_235_235_ arrow{document. farms[0], '@wwwPagehame~@aResuk@queryFrame@eanstruct’)

8. Click the query form tab

9. In the upper search box, select all text from the pull-down menu

10. Type HSP70 in the search box

11. Click search

12. Click the query form tab

13. Using the same technique, search for "heat-shock protein” (use the quotes)
14. Go to the query form

15. Repeat the previous search, but now enter in the second box “heat shock protein”
(no dash)

16. Repeat this search, but now select Combine search terms with OR from the left pull-

down menu



/= Standard Query Form - Windows Internet Explorer

= v [ hetpsijsrs.ebi.ac.ukjsrsbinjcai-binjwgetz =] 42 [ x| [coage
) o (e

Ele Edt View Favortes Took Help

¢ @ 55| -] & nudeotide - sequence 3fra... | 7 Standard Query Form X | & GeneDB fir - B - = -k
EMBL-EBIZ: 32 | by PP || Enter Text Here 6o R Give us
Databases Tools EBI Groups Training Industry AboutUs Help te In B
Quick Search__Library Page  [FTSTISSmM ool Results Proj Views Databanks
search EMBL
TE D
= o [ 7% 2 \
- gt O
ST No entries found - please try again. |#? . %%, )
with: [1(OR) = X _ A
Get results of type: In a single field, you can separate multiple values by: &, | or | iy m
Entry -
O [Amext =] ["heat-shock protein”
Result Display Options [i] |AHTex| j |"hea1 shock protein”
O [AlText =T
@ View results using: 0 [ATon ﬂ|

EMBLSeqSimpleView ¥

or

Create a view
' Create a view

Select the fields you want displayed in your view and choose the format

17. Go the Results tab.

18. Combine the previous searches to obtain the grey zone below: Q1 & (Q2 | Q4)

19. Select the entries you want to use.

20. Press the Save button

21. Select output of All to File using the FastaSeqgs format
22. Press Save and choose a location and file name

23. Done, you have now retrieved Leishmania HSP70 sequences from the EMBL data
base

24. Give each file entry a clear new name of maximum 40 characters. Include essential

information such as the accession number and an abbreviation for the species or
strain.

Additional remarks:

1. The above exercise is only an illustration of one possibility, it does not give a full
overview of all search options. Retrieving all available sequences is a matter of
proper (and sometimes inventive) selection of search terms. You can also look for
particular accessions found in literature.



2. Selecting the proper set of sequences is often achieved by trial and error: some
searches will result in too much junk, others will not get you all the sequences.

3. Searches can be combined in the Results page, but also already during the initial
search in the Query form. The above exercise could be substituted by 1 search,
when choosing Combine search terms with AND:

@ [organism Name x| [Leishmania

@ |AiText =|[HSP70 | “heat-shock protein | “heat shock protein

@ |AiText |

@ |AiText |

4. In order to select the proper sequences, it is important to critically read the
sequence descriptions. A particular sequence might be listed as “putative”,
“similar”, “precursor”, “partial”, or “mitochondrial”. These might not always be
relevant for your work.

5. Be aware that sometimes you will retrieve sequences that are the reverse
complement of a coding region. In addition, not all sequences you retrieve will
contain the entire fragment you are interested in, or some can contain a much
larger fragment.

6. Make good use of search combinations, but be aware of their effect: "Q1 & Q2" (=
"Q1 AND Q2") results in entries common to Q1 and Q2, in other words entries
that came up in Q1 and in Q2. On the other hand, "Q1 OR Q2" (= “Q1 | Q2") takes
entries that came up in Q1 or in Q2, in other words all entries from both searches.
This may be counter-intuitive at times.

7. Another possible combination is "NOT” (or “!”). E.g. in the above exercise “"Q4!Q3"
will result in entries containing the phrase “heat shock protein”, excluding the ones
with the dash.

8. Always be on the lookout for missed entries, enlarge your searches if necessary.
Sometimes searches do not result in what you expect because of the way search
terms are checked against the entries. This you will find out only empirically.

9. You can also combine specific searches with resulting entries from BLAST.

10. Use of a wildcard “*”: wildcards are used to find parts of a word in a description.
Examples:

11. “shock” will find only “shock”, but not “heat-shock”, neither “shock-70"

12. “shock*” will find “shock-70" but not “heat-shock”

13. “*shock*” will find any word or phrase that contains shock in it, like “heat-shock-
70 protein”

14. As a default, all searches are performed with a wildcard at the end of a word, as

specified under search options:

Search Options

Combine search terms
with: | & (AND) 2
Use wildcards

Get results of type: 6

Entry >



15. In the Library page you will find an extensive list of libraries you can look in for

finding sequences. Usually the general library used in the exercise is sufficient.

16. You can play around with different outputs besides FASTA, and search more
specifically in particular entry fields. Trial-and-error is the best way of starting to

deal with these options.

17. GenBank (www.ncbi.nlm.nih.gov/sites/entrez) offers the same possibilities for
searching and search combinations, but sometimes comes up with quite
unexpected results, e.g. a search for “donovani*” ends up with a few thousand

bacteria that do not have the word donovani anywhere in their description.

18. Similarly in GeneDB (www.genedb.org) BLAST and specific search options are

foreseen.

Exercises in individual groups:

1. Collect as many Leishmania HSP70 sequences as possible. Make sure you don’t have
duplicate entries by using the proper query combinations, e.g. instead of making
separate FASTA files from different queries, first combine the queries and then make
1 FASTA file.

2. If the sequences are bigger than the HSP70 coding regions, delete the extra

nucleotides. Info on this can be found in the entries themselves.

3. Put all sequences in one FASTA format file, which you identify as follows:
“HSP70_grouplD.fsa”.

4. Clearly identify each sequence with “"GroupID_accession_short description”:
> 1_AF291716_bra_complCDS
Sequence
> 1_ AY423868_tar_complCDS
Sequence
etc.

Beware: sequence names must not exceed 40 characters to be compatible with

later programs!

5. Perform the same exercise for rDNA ITS1 sequences, but replace the "HSP70" labels
by “ITS1”.



Method B: Retrieval of hsp70 nucleotide sequences from GenBank (joint exercise)

1. Open www.ncbi.nlm.nih.gov

2. Click on GenBank on the left-side menu

£ NCBI HomePage - Windows Internet Explorer

@ y v ‘8http:f/www.ncbin\mmh.gov/ v| g (| % | ‘ P~
Y_’ - | Buscar - &EBajael E7 - & 5- @ - | (3 cuardar en My Web - Entrar ~ [=JCorreo Yahoo! ~ @Mi ‘fahoo! £B
w [8 NCBI HomePage l_l fi- B8 =~ [k Pagina = {} Heramientas = >

|

(o National Center for Biotechnology Information
e NC BI National Library of Medicine National Institutes of Health

PubMed Al Datab: BLAST OMIM
v or,

Books TaxBrowser  Structure

Search | All Databases

SITE MAP » What does NCBI do?

Alphabetical List

Resource Guide Established in 1988 as a national resource for ¥ Clusters of -

. molecular biology information, NCBI creates ~ ©rthologous groups

About NCBI blic datab duct hi

gomalhsis public databases, conducts research in ,
computational biology, develops software Coffee Break,

toals for analyzing genome data, and Genes & Disease,

disseminates biomedical information - allfor ~ 'CB! Handboak

the better understanding of malecular

processes affecting human health and

disease. More about NCBI...

» Electronic PCR

and software

N—

¥ Entrez Home

3. Click nucleotide on the search tab and search for Leishmania, then Go

£ GenBank Overview - Windows Internet Explorer |:HE|E|
@@ - ‘8http:f{www.ncbi‘n\m‘n\h.gow‘Genhankjindex.html V| *2|| % | ‘ R~
Y_’ - P | Buscar - @BajaelE7 ~ & B @' 3 Guardar en My Web ~ Entrar ~ (=JCorreo Yahoo! ~ @Mi ‘fahoo! £D
w o [8 GenBank Overview lil %y - B & - [rraging v O Herramientas v

b 4
FRN@LM  GenBank Overview
PubMed Entrez BLAST OMIM

v |fgr‘Le\shmania

Structure

Sooks Taxonomy

Search | Nucleotide

NCBI Home
ome » What Is GenBank?

NCBI Site Map

4. Now you are redirected to the Entrez nucleotide resource, where you can find all
Leishmania related nucleotide sequences. However, you need to refine your search to

Leishmania heat shock protein 70. Then click on the Preview/Index tab.



xres - My NCEBI ]
) NUCIEOtIde Sign Inl [Reqister]
Protein G Structure

|[ Go ][Clear] Save Search

| for |Leishmania

L\miti Preview/index Sstlury T Clipboard T Details ]

FDWGSMEHCES. Nucleotide [31004] EST [26794] GSS [30195]
Display  Summary v | Show |20 |v|[/SotBy [¥|[Sendto |

[ Anl: 31004 | Bactena: 32 | RefSeq: 24535 | mRNA® 25058 ]
Items 1 - 20 of 31004 1 of 1551 Next
W Top Organisms [Tree]

This search in Gene shows 25787 results. including: Leishmania major (9114)
LmiF36.3860 (L eishmania major strain Friediin)’ similar to leishmania major. 1411 4-like pratein Leishmania infantum (8774)
_ y i . : 5 s Leishmania major strain Friedlin /[8308)
LinJ36.2890 (Leishmarnia infantum JPCM3). similar to leishmania major. 1411.4-like protein Leishmania braziliensis (2154)
LmiF34.3440 (L eishmania major strain Friediin): DNA topoisomerase IB, large subunit Leishmania infantum JPCMS (8023)
All other taxa (22613)

5. The result of your first search (#1) is presented, you can add new terms to refine your

search:

5a. Search field [title], Text box [heat shock protein 70]. Then click AND and
Preview

A

5 Xie3 My NCBI H
~ > = .
NLBI LF;" ‘ GF Nucleotlde Sian In] [Reqister]
All Databases Pubhted Nucleotide Frotein Genome Structure PMC Taxonomy Books
Sea:[ch‘ MNuclectide A4 |fm|LE|shmama |[ Preview ] [ Go ] [ Clear ]
Limits | Preview/Index T History T Clipboard T Details W
About Entrez
+ Enter terms and click Preview to see only the number of search results.
Entrez Nucleotide s To save search indefinitely, click query # and select Save in My NCBL
Help | FAQ + To combine searches use #search, e g #2 AND #3 or click query # for more options.
Entrez Tools Search Most Recent Queries Time Result
#1 Search Leishmania 06:49-40 31004

Check sequence
revision history
Add Term(s) to Query or View Index:
+ Enter a term in the text box; use the pull-down menu to specify a search field.
» Click Preview to add terms to the query box and see the mumber of search results, or click Index to view terms within a field

LinkOut

My NCBI

‘Title v |heal shock protein 70 ”[ Praview ]

Cli to add a term to the query box

Reference sequence

With your new search (#2) now you have 13 results:

A



- o3
<> NCBI o e SNucleotide

All Dstabases PubMed Nucleotide Protein Genome Structure PMC

Sczrch‘ Hucleotide ¥ |fm|Leishmama AND heat shock protein 70[Title] |[ Preview ] [ Go ] I Clear ] Save Search

Limits | Preview/index | History | Clipboard | Detaiss |

About Entrez
+ Enter terms and click Preview to see only the munber of search results.

Enirez Nucleotide + To save search indefinitely. click query # and select Save in My NCBL

Help | FAQ s To combine searches use #search. e.g.. #2 AND #3 or click query # for more options.

Erires Tooks Search Most Recent Queries Time Result
#2 Search Leishmania AND heat shock protein 70[Title] 09:02:59 13
#1 Search Leishmania 09:01-48 31033

sion history

Click on results 13: And you will check that your Leishmania results have been
filtered for heat shock protein 70.

£ Leishmania AND heat shock protein 70[Title] - Nucleotide Results - Windows Internet Explorer

@ \:j - ‘8 httpe e nchi.nlm.nibgov s itesfentrez L4 | *2 || % | ‘ P~
Y.’ ° ¢ | Busrar = @Rajael 7 - &0 - - | [dcuardar en My wish ~ Entrar ~ (=0Corren ¥ahoo! ~ @M vahon! tB
W [8 Leishimania AMD heat shock protein 70[Tite]... l_l ﬁ - B g%a ~ |:h Pagina ~ f,‘j Herramientas ~
[]2: XM 001684516 Reports Links Q ) A
L eishmania major heat shock protein 70, putative (LmjF28 2820) partial mRNA Leishmania AND heat shogle . (13)
gi| 157872037 jrefl XM_001684516.1|[157872037] Q, Leishmania (31004) Nucleafide
[03: XM 001566279 Reports Links
Leishmania brariliensis MHOM/BR/75/M2904 heat shock protein 70, putative (LbrM28_V2.3030)
partial mRINA

gi|154340744jrefl XM_001566279.1|[154340744]

[4: FJ226475  Repors Links
Leishmania donovani strain Dd8 heat shock protein 70 gene, partial cds
gi[209166098|gb[FI226475.1|[209166098]

5b. You can improve your search by changing the text in the query
- Search field [title], Text box [heat-shock protein 70]
- Search field [title], Text box [hsp70]

About Entrez |Click 1o see the items you have collected |
+ Enter terms and click Preview to see only the munber of search results.
Entrez Nucleotide + To save search indefinitely, click query # and select Save in My NCBL
Help | FAQ + To combine searches use #search_ e g #2 AND #3 or click query # for more options.
Entrez Tools Search Most Recent Queries Time Result
#4 Search Leishmania AND hsp70[Title] 09:06:15 21
Check sequence #3 Search Leishmania AND heat-shock protein 70[Title] 09:05:54 13
BLERTICERY #2 Search Leishmania AND heat shock protein 70[Title] 09:02:59 13

LinkOut

5c. Or you can also combine searches:

Either by writing in the upper search text box:

10



leishmania[Organism] AND heat shock protein  70[Title]
leishmania[Organism] AND heat-shock protein 70[Title]
leishmania[Organism] AND hsp70[Title]

OR
OR

Or by combining the AND/OR buttons and the search fields and text box

+ Enter terms and click Preview to see only the number of search results.

Entrez Nucleotide s To save search indefinitely. click query # and select Save in My NCBL

Help | FAQ + To combine searches use #search, e.g.. #2 AND #3 or click query # for more options.

Entrez Tools Search Most Recent Queries Time
#5 Search leishmania[Qrganism] AND heat shock protein 70[Title] OR leishmania[Organism] AND heat- 09:08:03

ch equence shock protein 70[Title] OR leishmania[Organism] AND hsp70[Title]

revision history #4 Search Leishmania AND hsp70[Title] 09:06:15

LinkOut #3 Search Leishmania AND heat-shock protein T0[Title] 09:05-54

6. Check your entries by clicking the result and...:

: XM 001684512 Reports Links
Leishmania major heat-shock protein hsp70, putative (LmjF 28 2780) partial mRINA
gil 157872029refXM_001684512.1|[157872029]

[J2: XM 001684511 Reporis Links
Leishmania major heat-shock protein hsp70, putative (LmjF28.2770) partial mEINA
gil 157872027 |refXM_001684511.1|[157872027]

[03: XM 001566275 Reports Links
Leishmania braziliensis MHONM/BE/75/M2904 heat-shock protein hsp70, putative
(LbrM28_WV2.2000) partial mRINA
gi|154340736|ref XM_001566275.1|[154340736]

O4: XM 001566274 Reports Links
Leishmania braziliensis MHOM/BER/75/M2904 heat-shock protein hsp70, putative
(LbrM28_WV2.2980) mRINA. partial cds
gil 154340734 jref3XM_001566274.1|[154340734]

O

: XM 001566273 Reports Links
Leishmania braziliensis MHOMBR/75/M2904 heat-shock protein hsp70, putative
(LbrM28 W2 2970) partial mRINA
gi|154340732|refXM_001566273.1|[154340732]

7. ...select those you want to use

17: AF291716 Reporis Links
Leishmania braziliensis heat shock protein 70 (hsp70) gene. complete cds
gi9864198|gb|AF291716.1|AF291716[9864198]

Man Taaras Dnnnre

©

(=]
—

51
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8. Click on Reports and select FASTA

F17: AF291716 & Links
Leishmania brazilie], 4gy 1 stein 70 (hsp70) gene, complete cds

2i9864198|gb|AF | wmL 16[9864198]

b Summary

018: L1605  Rep i‘:;ﬁ\ Links
Leishmania amazoy qu wuy  [rotein (hsp70) gene, 5" end of cds and 5" flanking region

2i293058|gbL14€, genpank [293058]

b INSDSeq XML

[J19: 114601  Rep|* GenBank{Full) Links

b Feature table

Leishmania amazos | T L wotein 70 (hsp70) gene (8), partial cds
gi293060(gbL 14€ Graphic [293060]
b Revision History

[J20: L14604 Reports Links

9. Now you have your sequence in FASTA format

[ Limits T Preview/Index T History T Clipboard T Details ]

Format: GenBank FASTA Graphics More Formats ¥

Download ¥ SaveV¥ Links ¥

GenBank: AF291716.1

Leishmania braziliensis heat shock protein 70 (hsp70) gene, complete
cds

>gi|9B64188 |gb|AF291716.1|AF291716 Leishmania braziliensis heat shock protein 70
(hsp70) gene, complete cds
TTAACCCTCCTTCCCCCTTTCCCTTGCTTCACATARRACCCTTTGACACATGCAGGATTTCACATAACCE
CGCACTTTCACTCTACTCCAGATATACGARGTTTCTGARGGATTGTCARGTCTCGACCACCCGTTACACE
TACATTACCCCCCTGTITTGTGTACGTGARGGACTCTTTCCCTCACTCTCTCACTATATCCATCTACCCTA
TTCGCTCATAACTCGCTTITCIATTTTCCTTTCICGTTICAGTTTTARATTGTTTCTAACTITCACCTACT
ACTACTCICICICITATICACTACATAACTITACACCICTCCCCCACCCGTTTACCACATARCCATTACC
CCCCCCTGTITIGTTGTACGTTARAMAGGATTCTTTTCCCCTCACTTICTCTCGACTATATCCCATCTACCT
TATTTICGCTTCATARACCTCGCTTTTCIARTTITCCCTTICTCGGTTTCCAGTTITARRATTGTTTCTITAR
CITTICCACCTACTTACARACTICTICTICICITIATTTCARCGTACAATAACTTTIACACCICTICCTICTT
CACTICTCTCARRGATGACGTTCGAGGETGCTATTGETATTGATCTGGECACGACGTACTCETGCGIGGE
CGIGIGGCAGARCGRGCGCEIGGAGRTCATCGCGARCGACCAGEGCARCCGCACGACGCCGICGTIACGIC
GCCTTCACGGACTCGGAGCGTCTGATCGGCGATGCCGCGAAGARCCAGGT GGCGATGAACCCGCACAACE
CGETGTTCGACGCGRAGCGCCTGATTGECCGCARGTTCARCGRACTCCGTTGTGCAGGCGEACATGARGCE
CIGGCCCTTICARGGTGACGRCGAAGGGTGACGRACARGCCCGTGATCACGGT GCAGTTCCACGGCGAGGRG
BRGACCTTCACGCCGGAGGRGGET GAGCTCGATGGTGCT GCTGARGAT GARGGAGACGGCGGAGGCGTACT
TTGECARGCAGGT GRAGARGECCETGETGACGETGCCTGCCTACTTCARCGACTCGCAGCGCCAGECGAT
GRAAGGRCGCCGGCACGATTGCGGGCCT GGAGGI GCTGCGCATCATCARCGAGCCGACGGCIGCGGCCATC
GCETACGGECTGGACARAGGECGACGACGGCARGGAGCGCARCEGTGCTGATCTTCGACCTTGECGECEGETR
CGITCGATGIGACGCTIGCTGACGATCGACGGCGGTATCITCGAGGT GALGGCGRCGALCGGCTACACCCR
CCTCGGCGGCGAGGACTTCGACARCCGCCTGGTGACCTICTTCACCGAGGAGTTCAAGCGCARGRARCARG
GECARGGRCCTGTCEICGRGCCACCGCECEGCTECECCECCTGCECACCECETGCEAGCGCGCCARGCGCR
CGCTIGTCCGCCGCGACGCAGGCGACGATCGAGATCGACGCGCTGITCGRCARCGTGGACTICCAGGCCAC
AT RO RCRC RO RCT IO RGO T AT RO ARCRA T AT TOC A AGCACRATCCARCRATARAGERN

Change Region Shown -
Customize View -

Sequence Analysis Tools

» BLAST Sequence
» Pick Primers

Recent Activity g

Turn Of Clear

B Leishmania major ...[gi:157872029]
B Leishmania brazil...[gi- 1543407 36]

Q, |eishmania[Organism] AND .. (21)
Q, Leishmania (31033) Nucleotide

All links from this record -

v Full text in PMC
» Protein

» Taxonomy

10. To save it click on Download as FASTA and save it in your sequence editor.

Search | Mucleatide v | for | [|_Go || Clear |

f Limits T Preview/Index T History T Clipboard T Details ]

Format: GenBank FASTA Graphics More Formats' ¥

Download ¥ SaveV¥ Links ¥

GenBank: AF291716.1

Leishmania braziliensis heat shock protein 70 (hsp70) gene, complete
cds

>gi|9B64198 |gb|AF291716.1|AF291716 Leishmania braziliensis heat shock protein 70
(hsp70) gene, complete cds
TTARCCCTCCTTCCCCCTTTCCCTTGCTITCACATARARCCCTTTGACACATGCAGGATTTCACATARCCG
CGCACTTTCACTCTACTCCAGATATACGARGTITCTGARGGATIGICARGTCTCGACCACCCGTTACACR
TACATTACCCCCCTGTTTGTGTACGTGAAGGACTCTTTCCCTCACTCTCTCACTATATCCATCTACCCTA
TTCGCTCATAACTCGCTTITCTATTTTCCTTTCICGTTTICAGTTTTARATTGTTTCTAACTITCACCTACT
ACTACTCICICICITATICACTACATARCTITACACCICTCCCCCACCCGTITACCACATRARACCATIACC
CCCCCCTGTTTTGTTGTACGTTARARAGGATTCTTTTCCCCTCACTTCTCTCGACTATATCCCATCTACCC

11. You can also select more than one sequence

GenBank
nown -

GenBank(Full)
’
ASN 1 Tools

XML

INSDSeq XML

TinySeq XML
Turn Off  Clear

Feature Table

12
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17: AF291716 Repors Links
Leishmania brariliensis heat shock protein 70 (hsp70) gene, complete cds
2i9864198|gb|AF291716.1|AF291716[9864198]

[118: L14605 Reports Links
Leishmania amaronensis heat shock protein (hsp70) gene. 5' end of cds and 3' flanking region
£i293058|gb/L14605.1|LEIHSPT0G[293058]

[119: L14601 Reports Links
Leishmania amazonensis heat shock protein 70 (hsp70) gene (8). partial cds
2i293060|gb/L14601.1|LEILHSPG8[293060]

[¥120: L14604 Reports Links

Leishmania amaronensis heat shock protein 70 (hsp70) mRNA complete cds
2i293056|gb/L14604.1|LEIHSPT0C[293056]

m— 20 of 21
‘ ‘ mmary V‘ Show |20 VHSortEly VHSendto v
\ ]

Next —

Display

| <

N’

12. Display them in FASTA format

| »

Seaicl]| Mucleotide v‘ for‘\eishmania[Organism] AND heat shock protein TU[I'\|

Display | FASTA | Show| 20 %[ Sendto ||

Item1-20of2

[J1: L14604. Reports Leishmania amazq 1 Links

»>gi|293056|gb|L14604.1|LEIHSP70C Leishmania amazonensis heat shock
protein 70 (hsp70) mBRNA, complete cds
CTTTATIGGGTCCTAAACACGCACTCGCACTCCAGCTGTCCGAAGAGARCACATACGCGCACAGGCACAC
GTCTCTICTCGCICTGCGCTCTATTACGTARCCCTATARACACCCCCCTCCCACACATACATACACCACCA
CTGCCGCAGAGATGACGITCGACGGCGCCATCGECATCGACCTGGECACGACGTACTCGTGCGTIGGGECET
GIGGCAGRACGACCGCGIGGRARTCATCGCGRAACGATCAGGGCARCCGCACGACRCCGTICGTACGTIGCG
TTCACGEACTCGEAGCGCCTGATCGGCEATGCCECARAGRAACCAGGTGEGCCATGRACCCGCACAACACGE
IGITCGATGCGARGCGCCTGATIGGICGCARGTTCARCGACTIGGITGTIGCAGTCGEACATGARAGCACTG

& Next sequence

13. and send them to Text

W o [f-_,’ http:ffwww.ncb\‘n\m.nih.guvfsviewer,-’viewer".l l B8 d= - [k Pagina = £} Herramientas v

|*

>gi|293056|gk|L14604.1|LEIHSP70C Leishmania amazonensis heat shock protein 70 (hsp70) mRNA, complete eds
CTTTATTGGGTCCTARACACGCACTCGCACTCCAGCTGTCCGARGAGARCACATACGCGCACAGGCACAL
GTCTCICTCGCTCTGCGCTCTATTACGTAACCCTATARACACCCCCCTCCCACACATACATACACCACCA
CTGCCGCAGAGATGACGTTCGACEECECCATCGECATCEACCTGEECACGACGTACTCETECETGGECET
GTGECAGAACGACCGCET GEARRTCATCECGRAACGATCAGGGCARCCGCACGACACCGTICGTACGTIGER
TTCACGGACTCGGAGCGCCTGATCGGCEATGCCGCARRGAACCAGGTGGCCATGAACCCGCACAACACGE
TGTTCGATGCEARGCGCCTGATTEGTCECARGTTCARCGACTTGETTGTGCAGTCGGACATGARGCACTE
GCCGTTCARGGT GACGACGAAGECTGACGACAAGCCCGTGATIICEETGCAGTACCGCGGOGARGAGARR
ACCTTCACGCCGRAGAAGATCAGCTCEATEETGCTECTEAAGATGAAGGAGACGECEEAGECETACCTER
GCAAGCAGGTGARGARGECCETEETGACEETGCCEGCETACT ICARCGACTCGCAGCGCCAGECARCEAR
GGACGCCGGCACEATTTCTGGECTGGAGETGTTECGCATCATCARCGAGCCEACGECEECEECCATCECE
TACGECCTGEACARGEECEACEACGECARGEAGCECARCETGCTEATCTTCEACCTIGECEECEGCACET
TCGATGTGACGCTGCTGACCATCGACGECGECATCT TCGAGGT GAAGGCGACGARCGGCGACACGCACCT
TGECEECEAGEACTTCGACAACCECCTCETCACGTTCTTCACCEAGEAGTTCARGCGCARGAACARGEEE
ARGRACCIGECETCGAGCCACCECTCECTECGCCETCTECECACEECET GCEAGCECECERRGCECACES 3

14. Now you can copy and paste them in a text editor.
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Protocol 5.2 Analysis of sequence chromatograms

Purpose To edit the chromatograms obtained from automated sequencers and
resolve possible conflicts in order to obtain the final deduced sequence

A. INTRODUCTION

Output from automated sequencers is limited in size, and approaches the sequence from
one direction only. It is necessary to edit the sequence chromatograms in order to extract
trustworthy information, concatenate them into larger sequences, and resolve possible
conflicts to obtain the final deduced sequence. To conclude, the new sequences can be
submitted to the public domain sequence repositories (EBI / GenBank).

Sequences used: HSP70 and ITS1 chromatograms obtained from automated sequencing

Programs used: BioEdit (www.mbio.ncsu.edu/BioEdit/BioEdit.html)

Programs not used but excellent: MEGA (www. megasoftware.net)

Sequences used: HSP70 and ITS1 chromatograms obtained from automated
sequencing.

Programs used: BioEdit (www.mbio.ncsu.edu/BioEdit/BioEdit.html)
Programs not used but excellent: MEGA (www.megasoftware.net)

14



Method: Editing chromatograms for HSP70 and ITS1 sequences by using BioEdit

software (joint exercise)

1.  Start the BioEdit software from yB'DEd": S

2. Go to File and New Alignment and Import your sequence alignment files:

* BioE dit Sequence Alignment Editor

SN Edit Sequence Rlighmert View  Accessory Application RMA  World Wids wWeb  Options  Window  Help
Mew Aligniment: Otk

Open ... ok
e D —
New Text
Open As Text
Save keS|
g
Save fs... e |
Rstrimve sequences from GerBlank or GenPept 1 ... Serol = g |
Capy file name o chpboard @MI._ mpeed chow e o fazl

Export B TTrTrArpraer | verr | terArr e TNy AT WP T PN vAAY

sy s = - SR
Impart fram Clipbasrd From tab delimited file (ag Exesl) CCAGATACGCAATACAATCTATATATGTATA!
Merge into Alignment based on a Reference Seguence
Merge from Clipboard
Append Aligriment:
o bo GenBiark
Close

Batrh AB] kn SCF trace file conversion

3. To see the chromatogram for a given sequence press Open. Check the quality of the

sequence:

“ BioEdit Sequence Alignment Editor
File Edit

= B

wiew Zoom  Horizontal Scale  Accesory Application RMA  Window  Help

2 total sequences

H IEDutierNew jlﬂ j B

Mode: [Select / Side + | Selection: 0 SRS LD Start

Fazition: Mumbering Mazk: Mone ruler at
£ 1 DIT §on - =i EENINIRAERE e praat SwE AL
. TTTT|TTTTITTTTIT???I???T|TTTTlTTTTITT??I????|TTTT|TTTTITTTTI????I?T1

:|I 10 20 20 40 50 [=u}

Alocs BRA-25 TTTTGCTACGGTTTAACCEEATCETGAAATACACTCCGEacz  TTGTETTTTCTAGCALGZCTTTCO
8loCd BRA-95 AGGECCCAAALCCTTTTGETGTAAATATAGCTTCTAGAATGETAGCcAaGTCATCCaTCOECEACACET]

“ ABI Chromatogram: C:\Dokumente und EinstellungenischoenianiEigene Dateien\SEQ\CSchweynochMAR2 6CA60C

|_~= Selected: none | Sample: 0:CS_BRA4-85 LITSR |File: C:\Dokumente und EinstelbingenschoenianiEigene DateienSEQUCSelmweymo
140 150 160 170 180 150

3T TAACATAT COCOTATACAACAA AAAAGTTCGT TOCTACSGGC TTTTTTTTTGGC GGC(

l“L A ot AR
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4. Compare the forward (Primer LITS for ITS1) and backward (primer L5.8S for ITS1)
sequences. For this convert the backward sequence as follows: Go to Sequence, than
to Nucleic Acid and than click on Reverse Complement.

* Biok dit Sequence Alignment Editor
Fie Edit EEEVSRCR Aligrenent  View  Accessory Applcstion RN Workd Wids Web  Options wndw Help

Mew Sequence
= 0 Edt Sequance

Select Positions

ﬂ & Open at cursoe position

Extract Postions
Mot |5 : Start

Go to Pubmed references ¢ e ot !
CrverwritefRetrieve sequences by ginumber in Lile by HTTP to GenBark : Serol
g1 CrverwritejRetrieve Genbank data by ginumber in tide by HTTP to GenBark (ignore sequence) ! speed slo« 'E fm
True poskions From alignment posttions ; sersrrrprrraprase rterrrerrrrraraen vy
i 50 &0 70 80

Filter out sequences contaning certain characters
p [STETTTTCTAGCAAGCCTTTCCCCAGATACSCAATACAATCT.

310 :::'" , IABGTCATCCATCECGACACGTTATETGAGCCETTATCCACHS
BOR Primers | ohgos v
Pairveise aigreneri 2
Similarity Matrix (for pansise algnments and shading) 3
Fratures L4
Sequence groups (or Familes) 3
Edit Mods "
Mask "
Togghe Coloe
Gaps »
Maripulations »
Proksin L3 Base composition and mass export (moncisotopich
Translate or Reverse-Translate (permanant) Base composition and mass export with averags masses
Translate in salacted frame (permanant) Cu'rulsmmt
Tesgghe Translation il - Shift+Chri4R
i Dbt~ =RNA
RMA-=DiNA
Translate »
Findd rect CIRF

Fired ORFs from a it of postions
Create Plasmid from Sequence

Gap beginning to minmize stop codons in reading frame 1

= ) I rrrdan camech

5. Align the forward and the converted backward sequence by hand or go to Sequence
and choose Pairwise alignment. Save the alignment obtained and close the file.

6. For editing go to File and Open your alignment. To check again with the
chromatograms Open your sequence files (see point 3!). Use Mode for editing your

sequences.

" BioEdit Sequence Alignment Editor
Fie Edt Sequence Mignment View Acosssory Apphcstion AN Waorld Wide Web  Cptions  Window Help

=0

* C:\Dokumente und Einstellungen\schoenian\Ligene Dateien\Alignments\BraB5_MayD9. bio

H E |DME|HH :J 1 j B 2 Intal sequences
| P—— T ] Sequercs Mask. None Stat
Positioe Nurrbairg Mask: Hone e &
- 9 €. wraef Sezal ]
E— o R PR T S Ol S 4
el R RN R N R R R R RN Y
| 10 20 30 40 50 &0 70 80
E0=C2 BRA-B85 PTG TACGGE T T TAACCGEAT G TEAAATACACT oG RAGGCTTGTETTTTCTAGCAAGSCTTTCOC  CAGATACGCALTACA
108 BRA-BS[TCA. ++ +Co ToAs s AC. o AR ARAC T L ACTC. G s s s s sasassrsassnasasbrnssssssss Biosssiessamintss

It is recommended to copy one of the sequences and to do all the editing there.
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& BioEdit Sequence Alignment Editor

File Edt Sequence Alignment VYiew Accessory Application RMNA  World Wide Wweb  Options  Window  Help

=0

> C:\Dokumente und EinstellungenischoenianiEigene DateienMlignments\BraB5_May09. bio
E Wm B 3 total sequences
Mode: |Edit w | Insert - | Selection: 73 Sequence Mask: None Start
o R e Pasition: 47 1

Mumbering Mask: Mone tuler at:
= = T 1 ¢.. 3 [paT QAT TTE Sorol L] i
g1 D1LD % & 'l'Eﬁ%.%illsEi!"ﬁ“ EHCAT:’_‘& @MIE speed slow oy o fast
[T R e e e T [t T r a2 2y Ty Ay Ay Aty
| 1o z0 30 40 50 &0 70 80 ¢

A0cCy BRA-25 LITHER TTTTGCTACGETTTAACCGGATCETGAAATACACTCCGEGAGECTTGTGTTTTCTAGCAAGCCTTTCOCCAGATACGCAATACAATC
21cC3 BRA-85 L5-3g8 TCATTTTCCGATGATTACACCAAAAAACATACAACTOCGGEGAGGCTTGTGTTTTCTAGCAASCCTTTCCCACAGATACGCAATACAAT(
lzonsensus B TCATTTTCCGATGATTACACCAARARMCATACAACTCCGGGEAGGCTTGTGTTTTCTAGCAAGCCTTTCCCACAGATACGCAATACAAT(
7. After editing is finished, keep only the consensus sequence and delete the other two
sequences by labeling them and pressing Edit and Cut. The consensus sequence will
then be saved in Fasta format. This sequence can then be used for multiple
alignments by either using BioEdit or MEGA softwares. In this training session we will
use MEGA for multiple alignments.
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Protocol 5.3 Sequence alignments, primer design and in-silico RFLP

Purpose To align sequences for identification of homologous positions

A. INTRODUCTION

Comparing sequences requires identification of homologous positions which is done by
aligning them. Bases on such alignments, primers can be designed and RFLP experiments
simulated in-silico.

Sequences used: Edited HSP70 and ITS1 sequences from previous workshop sessions

Programs used: MEGA (www. megasoftware.net)

Primer3 (online tool, http://frodo.wi.mit.edu)

Programs not used but excellent: GeneDoc (www.nrbsc,org/gfx/genedoc/)

BioEdit (www.mbio.ncsu.edu/BioEdit/BioEdit.html)

Method A: Aligning hsp70 nucleotide sequences (joint exercise)

8. Prepare a FASTA file containing all sequences you want to align. This file should
include sequences retrieved by SRS and BLAST, as well as the consensus sequences
from the analyzed chromatograms. Each sequence should have a concise but clear
labeling: “GroupID_accession_short description”. Include a species abbreviation in
your description.

9. Make sure you have a copy of the exercise FASTA file “Rio_Megal.fsa”.
10. Start the MEGA software.

11. Open the alignment explorer from the Alignment menu:

M MEGA 4

File Phylogeny | Alignment ‘Windows Help

! | Alignment ExplorerfCLUSTAL i

Open Saved Alignment Session

Tutorial on How t
Click rae fo active Da BELAST Search
Cuery Databanks

Show \Web Browser

Citing MEG L in
Gro to the MEGA

ViewEdit Sequencer Files

12. Choose create a new alignment.

13. Select Yes for nucleic acid alignment.
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14.

15.

16.

17.
18.

19.

20.

Retrieve sequences from the FASTA file "Rio_Megal.fsa” using the Data menu:

m M4: Alignment Explorer

Data Edit Search Alignment  Web Sequencer Display Help

D create ew Kls 3 'L 6 8 i
ﬂ [ Saved Alignment Session  ChrlH+O

u

Reopen L3 g Rel
Close 1

quences from File

n Saye Session Chtl+5
Export Alignment 4

|7 DMA Sequences
Protein Sequences

'SF Translate/Untranslste

33 Select Genetic Code Table

1& Reverse Complerment

Exit AlnExplorer

I
In the Edit menu, choose Select all, or do this by the classical Windows mouse
clicking method using the SHIFT key.

Align by ClustalW in the Alignment menu, using the default program options:

T M4: Alignment Explorer {H:\Projects',DGOSIIT Workshop Rio'te
Daka  Edit  Search | Alignment ‘Web  Sequencer Display  Help

D @y Wk
DMA Sequences |T| _| MarkfUnmark Sike  Ctrl+M

"%, dlign Marked Sites ChrleL

embl |AFZ91716 | & Unmark &l Sites
eubl |AT423867 |2 7E pelete Gap-Only Sites
enhl |AT423865 |2 Auke-Fill Gaps ;
embl |AT213542 | ATTTTEE2 TE T SIMatil o dotl. «

Wait a bit. Perhaps take a coffee.

Once aligned, switch off Base editing:

M4: Alignment Explorer {H:'Projects’ DGOSIIT Workshop H
Data | Edit Search  Alignment  Web Sequencer Display Help

| O+ ondo crl+z | L “ i
DN& B3 Copy Ctrl+C

& cut CErl4%

leup 1 I Paste CErl

[embl K Delets

embl € Delete Gaps CtrHDel

eubl Insert Blank Sequence Ch|

euhl @ Insert Sequence From File  Chrl+D

embl

lembl S Select Sitels)

Py = Select Sequencefs)

ol il Select Al Chel+4

emhl

This is of crucial importance when starting to edit an alignment, as it prevents you
from accidentally changing, inserting, or deleting bases.

When not OK, modify the alignment manually by moving residues left (BACKSPACE)
or right (SPACE).

After finishing the alignment, add your own sequences to it. Do this from the Edit
menu by allowing base editing and selecting the file option:
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m M4: alignment Explorer (H:\Projects'DGOSIIT Workshop H

Data | Edik Search  Alignment ‘Web  Sequencer Display Help

|01 unce oz | 3 |J o #
DMA Copy Chrl+C I

| & cut Chrl%

lenpy BB Paste Chrl+y

lemb 1 X Delete

embl ¥ Delete Gaps Chrl+Del

eubl Insert Blank Sequence Chrl+r
enhl J 58 & trl+1
emhl -
embl | Select Site(s)

B Select Sequence(s)

embl
Bl E select al Chrl+a

embl |7 Allowe Base Editing
euh] [ X52314 Rgzgfz_femmanla_ﬁsp

21. Use only sequences between the primer pair Hsp70sen (5’
GACGGTGCCTGCCTACTTCAA 3") and Hsp70ant (5" CCGCCCATGCTCTGGTACATC 3').

22. Save your alignment from the Data menu.

23. Export your alignment in MEGA format, input a title and indicate that these are

coding sequences:

[M4: Alignment Explorer (|
| Data Edit Search Alignment Web Sequencer Disply H
[ create New v o L || #A g
= open e

Reopen

Sequences |
Close

[ save session Ctrl+s

FASTA format

| v DHA Sequences
Pratein Sequences

“UF Translate/Uintranslate

75 Select Genetic Code Table

I | Reverse Complement

Exit AlnExplorer

24. Done. You are now ready to start aligning your own sequences in the individual
group exercise.

Additional remarks:

1. Sometimes during aligning you will get an error message that some sequence are
too divergent. Just ignore this.

2. The biggest alignment problem is working with partial sequences. ClustalW does not
deal with this well. There are two ways of preventing this to some extent: either
manual editing after the aligning procedure, or clipping your sequences prior to
aligning. The latter is possible by using the features in the GenBank or EMBL entries,
or by looking for particular motives that should appear at the beginning or the end of
your sequence, such as PCR primers:
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EM4: Alignment Explorer {C:Documents and Settingsh gvdauwera',My Documen
Data  Edit | Search  Alignment  Web  Sequencer Display  Help

=i ot ceri+r | AR “ d 08 |J e
" DNA Seque B8 Find Mex: F3
S Find Previous  Shift+F3
# Find Marked Site F4

CEs |

LHZ2182 L
—idon FEl | Highlight Mot
LCAOBClZ L. peruwiana

geauw_CAOSclZ per

LHZ430 L. peruwviana
zidon PER126_1 per

LHZ864 L. peruwiana
zidon PERZ04 1 per
M5210 L. naiffi

When working with data base retrieved sequences, you will usually have sequences
in your alignment that do not match the others. These sequences have probably
“escaped” your selection, and are not what you want. In such case double check the
entry description in the data base you retrieved it from. Alternatively, this may be a
partial sequence, part of a sequence not present in the other entries, or a reverse
complement.

You can translate your nucleic acids into amino acids to aid in aligning in case you
work with coding sequences. If your reading frame does not start from position 1,
you have to select the corresponding columns first. Careful: alignment gaps are
causing a frame shift in your translation, unless they are a multitude of 3.

Exercises in individual groups:

1.

Align your retrieved and analyzed HSP70 sequences with the ones in the above
exercise alignment. Remove any nucleotides outside the region of interest, and
remove all PCR primer sequences by site selection and cutting:

(T M4: alignment Explorer (C:\Documents and Settings'gvdauwera'My Documents,
Data | Edit Search Alignment ‘Web Sequencer Display Help

0 % Undo ctrl+z l'l, Hmmuﬂ_‘ Hn ¥
DN& B copy e ||

n29- & Paste Cirl+
¥ Delete
€ Delete Gaps ChrisDel

ITHA By Insert Blank Sequence Chrl+h
M4L7 P2 fnsert Sequence From Fils  Cirl+1

geau
el Hi# Select site(s)

I Select Sequence(s)

sido
g i Select Il Chrl+a
sido [y Allow Base Ediing

L3954 L. pananensis

yeaun_L594 pan

Make a de novo alignment from your gathered and analyzed ITS1 sequences. When
exporting into MEGA format, remember that these are not protein coding sequences.
Use only sequences between primer pair LITSR (5" CTGGATCATTTTCCGATG 3’) and
L5.8S (5' TGATACCACTTATCGCACTT 37).

Use these alignments in subsequent primer design exercises.
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Method B: PCR primers design using Primer3 software (joint exercise)

A primer is a short synthetic oligonucleotide which is used in many molecular techniques

from PCR to DNA sequencing. A pair of primers is used in most PCR variants and these are

designed to have a sequence which is the reverse complement of a region of template or

target DNA to which we wish the primer to anneal. When designing primers for PCR it is

often necessary to make predictions about these primers, for example melting temperature

(Tm) and propensity to form dimers with themselves or other primers in the reaction.

Some aspects should be taken into account when designing PCR primers:

1.
2.
3.

primers should be 15-30 bases in length.
base composition should be 40-60% (G+C)

primers should end (3") in a G or C, or CG or GC: this prevents "breathing" of ends
and increases efficiency of priming (Note: three or more Cs or Gs at the 3'- ends
ofprimers may promote mispriming at G or C-rich sequences, because of stability of
annealing, and should be avoided)

Tms between 55-70°C are preferred. Ideally, both primers should anneal at the same
temperature. The annealing temperature (Ta) will ne dependent upon the primer with
the lowest Tm. A simple formula to estimate the Tm of a DNA molecule is

Tm= 2(A+T) + 4 (G+C); but you may be aware that this is only orientative, as
different factors such as salt concentration may change the Tm value.

. 3'-ends of primers should not be complementary, otherwise primer-dimers will be

created preferentially to any other product.

primer self-complementarity (ability to form 22" structures such as hairpins) should
be avoided.

Following these rules you can design your own set of PCR primers. Nevertheless there are

different software tools which can be helpful for this purpose. In this training course you

will deal with Primer3 software.

Primer3 (v. 0.4.0)

1. Open http://frodo.wi.mit.edu/ and go to Primer3plus interface
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> Primer3 Input 0.4.0 (primer3-web/htdocs/input-040.htm) - Windows Internet Explorer

6@: - ‘E. bt fffrodo.wi. mit.edus v| || % |pr\mer3 ‘ P
Yt - 2 | Buscar - @eajacller - &7 [B+ @~ | (2cuardar en My web ~ Entrar ~ E3Camren Yahoo! + @M Yahoo! »
w [@Primer? Input 0.4.0 (primer3-wehtdacs /... l l fi - B - & - |5hPagine v O Herramientas ~

|

Primer3plus interface iore primer/oligo tools | disclaimer ‘ Primer3 Home
T (0.3.0) interface | cautions = FAQ/Wiki

Primer3 (v. 0.4.0) Pick primers from a DNA sequence.

Paste source sequence below (3'->3', string of ACGTNacgm -- other letters treated as N -- numbers and blanks ignored). FASTA format ok. Please N-out =2
undesirable sequence (vector, ALUs, LINEs, etc ) or use a Mispriming Library (repeat library): ‘ NONE ~ |

Pick left primer, [ Pick hybridization probe (internal Pick right primer, or use right primer below
or use left primer below: oligo). or use oligo below: (5" to 3' on opposite strand):

[ Pick Primers H ResetForm ]

2. Be sure that you are on Task: Detection and paste your sequence (FASTA format) or
Upload the File

£ Primer3Plus - Windows Internet Explorer

@T_-} A ‘ﬂ- bt S bioinfor matics.nl/icgi-bingorimer 3plus forimer3plus. cgi v| 1| X |pr\mer3 ‘ L~
Y., v @ | Buscar ~ @gajaellE7 - & - @4~ | (3 Guardar en My Web ~ Entrar ~ (Correo Yahoo! ~ @3 Mi Yahoo! ED
W ID. Primer3Flus l l -8 & - |k Pagina = {} Herramientas
-
3 Primer3Manager Help
Primer3Plus
pick primers from a DNA sequence About Source Code
Select primer pairs to detect the given template sequence. Optionally targets and - N
Task: im}udid/gxdﬁedmgiamcan bes_pgcgﬁefﬂ ? 7 (U sHIT I[ Resethom

Main General Settings Advanced Settings Internal Oligo Penalty Weights Sequence Quality

Sequence Id:
Paste source sequence below Or upload sequence file: l:l

Upload File

Nk sl reion: (5] [ 1

Excluded Regions: < | |>

Targets: [ | |]

T T S R s 0 14 v

< | &
€ Internet #100% -

/4 Inicio = G = Pr . Zh Prin 0 Ga . Biisqueda en &l sscritorio
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3. We will use the L. braziliensis hsp70 sequence AF291716, which has been obtained in
the previous exercise. Identify the sequence (Sequence ID) as Lbra AF291716 hsp70 PCR

Primer3Plus - Windows Internet Explorer EE

x|

H | = hittp:fAweanw bioinfor matics.nlfcgi-bingor imer 3plus/orimer3plus.cgi v || *2|| X |primer3 R
- & hé | Buscar - @EBajael E7 - g 5- @' [ Guardar en My Web - Entrar - =JCorreo Yahoo! ~ @Mi ‘Yahoo! L4
w |-.Primer3PIus | | % v B - @ - [&hPégina v F Herramientas ~
~
Task: Detection A f:;fi;‘: ;i::!iﬁ;g:s;:z:;;iiit;:;zzgﬂg Ceauncelptonalijinreesiond ‘ Pick Primers | [ ResetForm
Main General Settings Advanced Settings Internal Oligo Penalty Weights Sequence Quality

Sequence Id: Lbra AF291716 hsp70 P

Paste source sequence below Or upload sequence file: Examinar... Upload File
»gi|9864198 | gb|AF291716 1|AF29171¢ Leishmania braziliensis heat shock protein 70 (hspP0) gene. complete A
cds

TTAACCCTCCTTCCCCCTTTCCCT TGO T TCACAT AL AACCCTTTGACACATGCAGGATTTCACATAACCGCGCACTTTCACTCTACTCCAGATATACGAAGTTT
CTGAAGGATTGETCAAGTCTCGACCACCCGTTACACATACATTACCCCCCTGTTTGTGTACGTGAAGGACTCTTTCCCTCACTCTCTCACTATATCCATCTACCC
TAT TG T AT AACT O T TTCTAT T T T T T T TG T T T AGT TTT AR AT TG T TTCTAACTTTCACCTACTACTACTCTCTCTCTTATTCACTACATAACTTT
ACACCTCTCCCCCACCCGTTTACCACATAACCATTACCCCCCCCTGTTTTGT TGTACGTTAAAAGGATTCTTTTCCCCTCACTTCTCTCGACTATATCCCATCT
ACCCTATTTCGCTTCATAAACCTCGCTTTTCTAATTTTCCCTTTCTCGGTTTCCAGTTTTAAATTGTTTCTTAACTTTTCCACCTACTTACAACTTCTCTTCTC
TTTATTTCAACGTACAATAACTTTTACACCTCTCCTTCT T ACT TCTCTCAAAGATGACGT TCGAGGETGCTATTGGTATTGATCTGGGCACGACGTACTCGTG
CGTGGGCGTGTGECAGAACGAGCGCGTGGAGATCATCGUGAACGACCAGGGCAACCGCACGACGCCGTCGTACGTCGCCTTCACGGACTCGEAGCETCTGATCG
GCGATGCCGCGAAGAACCAGGTGGECGATGAACCCGCACAACACGETETTCGACGCGAAGCGUCTGATTGGCCGCAAGTTCAACGACTCCGTTGTGLAGGCGGAC
ATGAAGCACTGGCCCTTCAAGGTGACGACGAAGEETGACGACAAGCCCGTGATCACGETGCAGT TCCACGGLGAGGAGAAGACCTTCACGCCGGAGGAGGTGAG
CTCGATGOTGCTGCTCAAGATGAAGGAGACGGCECAGECETACCTTGGCAAGCAGETGAAGAMCGCCETGETCACGETGCCTGCCTACTTCAACGACTCGCAGE Y

Save Sequence

Mark selected region:

4. AF291716 sequence has 2566 bp, by alignment analysis of the sequences previously
obtained we “now” that region on which we are interested is between the bases 400 and
1900. Thus in the Included Region text box we will write 400,1500, which means that we
are interested on primers addressed to the region starting at base 400 and finishing at
1900 (approx. 1500 bp size).

Primer3Plus - Windows Internet Explorer

=% http:/Awwrw bioinfor matics.nl/cgi-bin/orimer 3plus forimer 3plus.cgi ~ | *#|| X | |primera Folihs
Z- A4 | Buscar - @pajaelE7 - & B+ 4~ | [fGuardar en My Web ~ Entrar ~ (=JCorreo Yahoo! ~ € Mi vahoo! £0
w e |-.F‘r|mer3PIu5 | | h- B o= - |kPagina v (o Herramientas +

Main General Settings Advanced Settings Internal Oligo Penalty Weights Sequence Quality
Sequence Id:|Lbra AF291716 hsp70 P

Paste source sequence below Or upload sequence file: Examinar Upload File

lgi|9864198|gb|AF291716 1|AF291716 Leishmania braziliensis heat shock protein 70 (hsp70) gene, conplete
cds
TTAACCCTCCTTCCCCCTTTCCCTTGCTTCACATAAAACCCTTTGACACATGCAGGATTTCACATAACCGCGCACTTTCACTCTACTCCAGATATACCAAGTTT
CTGAAGGATTETCAAGTCTCGACCACCCGTTACACATACATTACCCCCCTGTTTGTGCTACGTGAAGGACTCTTTCCCTCACTCTCTCACTATATCCATCTACCC
TATTCGCTCATAACTCGCTTTCTAT TT T CT T T T GT T T CAGT T T TAAAT TG T TTCTAACTTTCACCTACTACTACTCTCTCTCTTATTCACTACATAACTTT
ACACCTCTCOCCCACCCGTTTACCACATAACCATTACCCCCCCCTOTTTTGT TG TACGT TAAAAGGATTCTTTTCCCCTCACTTCTCTCGACTATATCCCATCT
ACCCTATTTCGCTTCATAA A CCTCGCTTTTCTAATTTTCCCTTTCTCGGTTTCCAGT TTTAAATTGTTTCTTAACTTTTCCACCTACTTACAACTTCTCTTCT
TTTATTTCAACGTACAATAACTTTTACACCTCTCCTTCTTCACTTCTCTCAAAGATCACGT TCGAGLGTGCTATTGETATTGATCTGGGCACGACGTACTCGTG
CGTGGGCGTETEGCAGAACGAGCGCGTGCEAGATCATCGUGAACGACCAGGECAACCCCACGACGCCGTCGTACGTCGLCTTCACGGACTCGGAGCGTCTGATCG
GUGATGCCGCEAAGAACCAGETGGCGATCAACCCGCACAACACGETETTCGACGCGAAGCGCCTGATTEGCCGCAAGTTCAACGACTCCGTTGTGCAGGCGGAL
ATGAAGCACTEECCCTTCAAGGTGACGACGAAGGGTGACGACAAGCCCGTEATCACGETGCAGTTCCACGGCGAGGAGAAGACCTTCACGLCGGAGGAGGTGAG
CTCGATGGTECTGCTGAAGATGAAGGAGACGGCGGAGGCGTACCTTEGCAAGCAGGTEAAGAAGGCCGTGETGACGGTGCCTGCCTACTTCAACGACTCGCAGE

Save Sequence

A

Mark selected region: |<

Excluded Regions: < >
Targets: [ 1
Included Region: { [400.1500 ¥
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5. Now we will click on the General Settings tab and:

- delete Product Size Ranges

- set Primer Size Min: 15 and Max:30

- set Primer Tm Min: 55 Max: 70 Opt: 60

- set Primer GC% Min: 40 Max: 60

- Let the other settings as default by the system

Task: Detection b

Main General Settings

Product Size Ranges

Select primer paws to detect the given template sequence. Optionally targsts and
included excluded regions can be specified

Pick Primers |[ Reset Form

Advanced Settings Internal Oligo Penalty Weights Sequence Quality

Primer Size Mis:[15 Ope[20 | Max[30

Primer Tm Min: |55.0 Opt: |60.0 Max:|70.0 Max Tm Difference: |100.0

Primer GC% Min: [40.0 Opt: Max: |60.0 Fix the |® prime end of the primer
Concentration of monovalent cations: 50.0 _7 Annealing Oligo Concentration: 500 |

Concentration of divalent cations: oo Concentration of dNTPs: ]
Mispriming Repeat Library: | NONE vl
Load and Save

Please select special seftings here: | Default ¥ | (nse Activate Settings button to load the selected settings)

To upload or save a settings file from vour local computer. choose here:

|[[ Examinar... l Activate Settings ] { Save Settings

6. Click on the Advanced Settings tab and:

- set Number tor Return (number of primers pairs) to 10

- delete the GC Clamp text box

- Mark Use Product Size Input and ignore Product Size Range

- set Product Size Min: 1000 Max: 1500

- let the other settings as default
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% Primer3Plus - Windows Internet Explorer

@@ - ‘L‘. htip: /e bioinfor matics.nl/cgi-bin forimer 3plus fprimer 3plus.cgi v| 2| X |pr\mer3 ‘ R~

Y_’ LA | Buscar - @pajaelE7 - & B+ 4~ | [fGuardar en My Web ~ Entrar ~ (=JCorreo Yahoo! ~ € Mi vahoo! £0

w [L‘. Primer3Plus l_l %i- B @ - [Pagna v G Heramientas v
4

Primel‘3Pl“S Primer3Manager Help

pick primers from a DNA sequence About

ot pri 2 detec i ,- ‘. fonally ta and
Task: | Detection - Sga'g.rpnmgrp,.xr: to detect the given template sequence. Optionally targets and
=== included/excluded regions can be specified.

Main General Settings Advanced Settings Internal Oligo Penalty Weights

Max Poly-X: Table of thermodynamic parameters:

Max #N's: D Salt correction formula: | Schildkraut and Lifson 1965 + |
Number To Return: 0] CG Clamp: ]

Max Self Complementarity: Max 3' Self Complementarity:

Masx 3' Stability:
Max Repeat Mispriming: [1200 | Pair Max Repeat Mispriming:
Max Template Mispriming; [1200 | Pair Max Template Mispriming;
Left Primer Acronvi Internal Oligo Acronvmn: 1
Right Primer Acronym: E Primer Name Spacer: l:l
Product Tm Min: l:l Opt: l:l Max: |:|
Use Product Size Input and ignore Product Size Range Warning: slow and expensive!

Product Size Min opt| | Max

Liberal Base Do not treat ambiguity codes in libraries as consensus [[]Use Lowercase Masking
Sequencing

Lead Bp: Spacing Bp:
Accuracy Bp: Interval Bp:

Pick Reverse Primers

7. Click on Pick Primers.
You will obtain detailed information for the best 10 primer pairs selected by Primer3.

Carefully check which pair is most suitable for your objectives and keep in mind that you
have to test their performance on the bench!!

| >

Left Primer 1 |Lbra AF291716 hsp70 PCR|gij3854198|gbAF

Sequence: (GGTATTGATCTGGGCACGAC
Start: 596 Length: 20 bp T 603 °C GC: 55.0% ANY: 40 SELF: 1.0
Right Primer 1 | Lbra AF291716 hsp70 PCRIgi9864198]gblAF B

Sequence: ‘CTCCGTCTGCTTGCTCTTTC
Start: 1750 Length: 20 bp Tm: 603 °C GC: 550% ANY: 20 SELE: 0.0
Product Size: 1155 bp Pair Any- 4.0 Pair End- 1.0
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Protocol 5.4 Phylogeny

Purpose To construct and interprete phylogenetic trees

A. INTRODUCTION

Reconstructing evolution is the primary goal of any phylogenetic analysis. Methods are
numerous, and interpretation of resulting dendrograms is not trivial. This session aims at
construction and interpretation of phylogenies based on the previously built HSP70 and
ITS1 alignments, by using the basic and most common algorithms. Trees obtained for
these two targets will be compared.

Sequences used: HSP70 and ITS1 alignments from previous workshop sessions
Programs used: MEGA (www. megasoftware.net)

Programs not used but excellent: PHYLIP
(evolution.genetics.washington.edu/phylip.html)

Method: Aligning hsp70 nucleotide sequences (joint exercise)

1. Start MEGA 4.0
2. Open your HSP70 alignment in MEGA format from the File menu.

3. Explore the tabs

Data Display Highlight Statistics Help

g'@lvl !e| Eolorl c| VlPil s| n| z| 4| ”lLEP,,el

[v|029-Z4 L. quyanensis CiGiA C T C G C AGC G
[ sidon ECGuy2 1 guy C/G A C T C G C AGCLC G
4 LEMﬁﬁQ L. guyanensis C G A LC T CGLC AGTLCHG

to familiarize yourself with data viewing, defining groups and reading frames.

6. Define the two Leishmania subgenera L. (Leishmania) and L. (Viannia) and add the
respective sequences to these groups.

7. Make a sequence selection of the complete sequences, unchecking the boxes from
the partial sequences.

8. Explore the options in the Display menu
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10.
11.

12.

13.
14,
15.
16.
17.
18.
19.
20.
21.

m M4: Sequence Data Explorer

Data | Display Highlight  Statistics  Help

El gi Show Only Selected Sequences

vuc
2 4 t Phe

w029 Color Cells

——  Use Identical Symbol

W] sidor
% Sork Sequences

Restore Input Crder

nnnnnnnn‘l
BEEEEEIE] N
BERGEERE:

oooo0o00 oo
o000 oo0o0o

T
T
T
T
T
T
T
T

@000 000
o000 oo0o0o

Identify parsimony informative sites after theoretical introduction on maximum

parsimony.

Close the data viewer.

From the Phylogeny menu, select maximum parsimony trees:

M MEGA 4

File Data Distances | Phylogeny Pattern  Selection  Alignment  Windows Help

14 g o

Tutorial on How to Tse
Click me to actreate a da

Citing WMEGL in publica

Construct Phylogeny
Bootstrap Test of Phylogeny
£ Interior Branch Test of Phylogeny

A3 Meighbar-Jaining (MJ3. .

[, Relative Rate Tests

o to the WMEGA web p

Display Saved Tree Session. ..

Display Mewick Trees from File. ..

Use the following options and Compute:

m M4: Analysis Preferences

Options Summary | Include Sites | MP Tree Search Options | Test of Phylogeny I

=l

Tree Inference

“+Method

-»Phylogeny Test and options
-»Search Options

Include Sites

-» Gaps/Missing Data

-» Codon Positions

Option setection |
Data Type Mucleotide [Coding)
Analyzis Phylageny recanstiuction

WMaximum Parsimony
Bootstrap [100 replicates; seed=G4864)

Ma-mini Branch-and-bound

Complete Delation

Tst+2nd+3rd+Moncoding

i

X Cancel| 9 Help ‘

Wait a bit...
And some more...
Have a coffee...

Have another one...

Go powder your nose...

Be patient...

Go out for lunch...

Stop and abort the calculation.

Try again with the following options:
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m M4d: Analysis Preferences ;Iglﬂ

Optiohs Surnmary | Include §iles| WP Tree Seaich Dptinnsl Test of Phylnganyl

Tree Inference

“+Method

-xPhylogeny Test and options
-»5Search Options

Include Sites

-G aps/Miszing Data

-»Codon Positions

Option |Selection I
[rata Type MNucleotide [Coding]
finalysis Phylogeny reconstruction

Maximum Pargimony
Nane ]
CHI[ level = 3] with initial tree by Random addition (50 reps] J

Complete Deletion ]
Tst+2nd+3rd+Noncoding 7]

X Cancel| 2 Help

22. Look at the different output trees and compute a consensus

different view options. Close the Tree explorer.

23. From the Distance menu, select Compute pairwise.

24. Compute with the following options:

il
Options Summary | Include Sites I
Option I Selection I
Data Type Mucleotide [Cading)
Analysiz Pairwise distance caleulation
-»Caompute Diztances only ]
e s I
-»Gapz/Mizzing Data Complete Deletion ]
-»Cadon Positions 1st+2nd+Jrd+Moncoding (]

Substitution Model
-rhdndel

“»Substitutions ta Include
-»Pattern among Lineages

»Rates amaong sites

Nucleotide: Number of differences

mjs

d: Transitions + Transversions
Same [Homogeneous)

Unifarm rates

Computal x Qancell ? Help |

25. Repeat the calculation with the following options:

m M4: Analysis Preferences

Options Summary | Include Sites |

~=lolx|

-»Codon Positions
Substitution b odel
->Model

-7 Substitutions to Include
-»Pattern among Lineages

->Hates among sites

1st+2nd+3rd+MNoncoding

Option |Selection |
Data Type Mucleotide [Coding]

Analyzis Painuize distance calculation

-xCompute Distances only J
-sGapse/Mizzing Data Complete Deletion

Nucleotide: Jukes-Cantor

al u

Same [Homogeneous]

Unifarm rates |

/ Egmputel x Qancell ? Help |

26. From the Phylogeny menu, select the following option:

. Play around with the
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M MEGA 4

File Data Distances | Phylogeny Pattern  Seleckion  Alignment  Windows  Help
ct Ph %3, Meighbor-Joining (MI)...
Bootstrap Test of Phylogeny L4 E Minimum Evolution (ME). ..

Tutorial on How to Use. £% Interior Eranch Test of Phylogary  * E Maximum Parsimony (MP), ..

e o
: T
[, Relative Rate Test =
Cliting MEGA in publica = e
Goto the WEGA web p Display Saved Tree Session...

Display Mewick Trees from File. ..

27. Calculate a UPGMA tree with the following parameters:

T Md: Analysis Preferences o =1

Dptions Summmary I Include §\tes| Testof Phylogemyl

Option |Selectlon |
Data Type Nucleotide [Coding)
Analysiz Phylogeny reconstiuction

Tree Inference

-»Methiod LIPGHA

-»Phylogeny Test and options None (]
Include Sites

-»Gaps/Missing Data Complete Deletion (]
-»Codon Positions Tst+2nd+Ird+Noncoding J

Substitution Maode!

-rModel Nucleotide: Jukes-Cantor (]
-»Substitutions to Include Al

-»Pattern among Lineages Same [Homogeneous]

-»Rates among sites Unifarm rates (]

28. Observe the equal distance of all taxa to the root.

29. Calculate a Neighbor-Joining tree:

i
Options Summary I Include ﬁwlesl Test of Phylogenpl
Option | Selection |
Data Type Mucleatide (Coding)
Analysis Phylogeny recanstiuction

Tree Inference

->Methad Meighbar-Jaining

->Phylageny Test and oplions Hane ]

Inchude Sites

-»Gaps/Missing Data Complete Deletion [}

-»Codon Positians 1st+2nd+3rd+Mancoding J
Substitution Model

->Model Mucleotide: Jukes-Cantar [ ]

-» Substitutions to Include Al

-»Pattem among Lineages Same [Homogeneous]

-»Rates among sites Uniform rates m

30. Observe the unequal distance to the root of all taxa.

x Qance\l ? Help

31. Re-root the tree on a branch:

m M4: TreeExplorer (H:Projects DGOSIIT Workshop
File Image Subtree VYiew Compute Caption Help

B&8® 8 §|&[EE i

e

£

&]

&=

=

32. Calculate a Minimum Evolution tree:
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M M4: Analysis Preferences (=] 3

Options Summary | Include gilesl ME Tree Dptions | Test of Phylogeny |

Optian ISeIection |
Data Type Mucleotide [Coding)

Analpsis Phylogeny recaonstiuction

Tee i I
-rhethod Minimum Esvolution

-»Phylogeny Test and options Mone 5]

-»Search Options CMI [level = 2) with initial tree = MJ MaxTrees = 50 J
Include Sites

-»Gapz/Mizsing Data Complete Deletion 5]

-»Codon Positions T st+2nd+3rd+M oncoding =]

Substitution Model

~>hodel Mucleotide: Jukes-Cantor 5]

-»Substitutions to Include All

»Pattern amaong Lineages Same [Homageneous)

-»Fates among sites Uniform rates (7]

x Qancell ? Help |

33. As for Maximum Parsimony, different topologies are obtained, and consensus trees
can be built.

34. Build a Neighbor-Joining tree with the bootstrap option (you can pick a different
seed number):

M M4: Analysis Preferences =1 x|

Options Summary | Include §iles| Test of F‘hylogenyl

Optian | Selection |
Data Type Muclectide [Coding)
Analysis Phylageny reconstruction

Tree Inference

-xMethod Meighbor-Joining

-»Phylageny Test and options Bootstrap [100 replicates ]

e St I
-:Gaps/Mizsing Data Complete Deletion| j
-3Codon Pasitions 1st+2nd+3rd+Moncoding ]

Substitution Model

-xModel Muclectide: Jukes-Cantor ]
-»Substitutions to Include Al

-:Pattern among Lineages Same [Homogeneous)

-:Rates amang sites Unifarm rates ]

‘ gmputel x Qancell ? Help |

35. Re-root the tree and observe what happens with the bootstrap values.

Additional remarks:

5.

A lot of different tree building options are available in MEGA, using different
substitution models, tree construction algorithms, and confidence tests.

Trees can be built using different site selections, such as synonymous versus non-
synonymous, with or without gaps, different codon positions, and also on the basis of
protein sequences.

The better the chosen model describes the actual evolutionary mechanisms, the
more reliable your phylogeny can be. It is, however, difficult to go back in time.
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10.

Beware of over-interpretation of confidence levels such as obtained with bootstrap:
they only tell you something about the consistency in your data set with the method
used, they don't tell you whether you correctly captured evolution.

The starting point of any analysis is a decent alignment.

Phylogenies start from the assumption that evolution is divergent, and works
through a series of bifurcations from a common ancestor by accumulation of
mutations. Unfortunately, evolution does not always treat us kindly, and the history
of an organisms genome includes also horizontal gene transfers, duplications, DNA
transpositions, and filtering by natural selection. It is essential to realize that the
phylogeny of a piece of DNA or protein is not necessarily identical to the phylogeny
of the organism it is derived from.

Exercises in individual groups:

Using your HSP70 alignment, build trees from protein sequences and synonymous
sites only. Compare these with the trees from the joint exercise.

Build phylogenies from the ITS1 alignment, and compare these with the HSP70
phylogeny. In this alignment, different gap treating may have a big impact as they
are numerous. As these sequences are non-coding, protein alignment is not possible

to aid in identification of homologous sites.

From both HSP70 and ITS1 phylogenies, determine the species and if possible sub-
species of the unknown sequences you received for the in silico analysis.
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6. Multilocus sequence typing (MLST)

Protocol 6.1 Analysis of MLST data

Purpose To type Leishmania species using the sequences of multiple
housekeeping genes.

A. Introduction:

Multilocus sequence typing (MLST) is used primarily to type bacteria in the format of
sequencing about 500bp of an average of 10 single copy housekeeping genes (Maiden et al
1998; Spratt 1999). You can find more information and databases for current MLST
systems at http://www.mlst.net/. The same methodology has been adapted to some
pathogenic fungal species and now for Leishmania (Mauricio et al 2006; Zemanova et al
2006). In the system being developed we have so far five genes that code for enzymes
often used for enzyme electrophoresis typing, and which are fully sequenced (from 1000 to
2000 bp). Genes are amplified by PCR using primers external to the coding region and
sequenced using internal primers. This methodology has several advantages over other
methods, as well as drawbacks. Compared with enzyme electrophoresis, for example, it
has a greatly increased discriminatory power, it can be applied to biological samples
instead of cultures, it does not require reference strains and it is portable (comparable
between labs and through databases). The last two features are also an advantage over
PCR-RFLPs. MLST is less sensitive and has less discriminatory power than microsatellite
typing, but it is more easily applicable across different species of Leishmania and to
unknown samples. Its analysis is also potentially more straightforward. MLST has so far
been used to identify genetic groups in the L. donovani complex and recombination.

The MLST system for the sub-genus L. (Viannia) is on its final stages of development.
However, 5 genes have already been fully tested and chosen to integrate the fugure 10-15
system. These are: MPI, ACON, NH2, MDH and G6PDH. Other genes being tested are:
ASAT, NH2, C20070, C320290, GPI, NH1, ICD, PGM, 6PG, ME and HK. The final systems
and conditions will be published shortly.

Technically, MLST requires knowledge of PCR and DNA sequencing, which have been
covered elsewhere.

Here, participants will practice MLST analysis on 3 gene sequences that have been
published for the L. donovani complex, which includes L. infantum (syn. L. chagasi).
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B. MATERIALS:

Samples: Edited chromatograms for 10 selected strains of the L. donovani complex.

For PCR conditions and primers for the full 10 gene MLST system for the L. donovani
complex, see references Mauricio et al (2006) and Zemanova el al (2007).

Equipment and software:
Computer with internet access
BioEdit (www.mbio.ncsu.edu/BioEdit/BioEdit.html)

MEGA (www.megasoftware.net)

SplitsTree4 (http://www.splitstree.org/)

PHASE (http://stephenslab.uchicago.edu/software.html)

Text editor program (Word, for example)

Spreadsheet program (Excel, for example)

C. METHODS

All programs will be available on the Desktop, as well as a folder with the initial data files.

a) Assemble consensus sequence for each gene and for each sample from partial

sequences obtained from internal primers.

Step 1 - Create alignment file - Open BioEdit Sequence Alignment Editor. From the File menu, open
New Alignment (or Control+N). Save it in your chosen name (Note: keep saving after each main step).

Step 2 - Import relevant raw sequences - From the File menu, open Import, then Sequence Alignment
File. Select all the electropherograms for this alignment. You may need to select All files or Abi formats

Step 3 - Clean sequences - Remove stretches of NNNN from the beginning and the end.

Step 4 - Assemble sequences - Select sequences by clicking on their names on the left hand side. From
the Accessory Application menu, choose CAP Contig Assembly Program. In the window click Run
Application button (you can change the settings first). You may need to press Enter once the program
is finished (it reads SHOW on the command prompt window). If the alignment is successful you should
obtain a new file (window) with the sequences aligned and an additional sequence called “Contig-0".
Rename the consensus sequence with a short easily identifiable name.

Alternative: if you are not able to obtain a single contig sequence with this method, import a reference
sequence for the entire gene sequence (from GeneBank or GeneDB or previous alignments), select the
reference strain and one of the raw sequences then from the Accessory Application menu, choose
ClustalW Multiple Alignment. You may need to reverse some sequences prior to alignment (Select
sequence name, go to the Sequence menu, choose Nucleic Acid, then Reverse Complement; or
Shift+Control+R). Repeat the process for all raw sequences. You can copy the aligned raw sequence
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from one window to the other with Control+F8, then paste with Control+F9. Once all aligned sequences
are imported to the alignment file, you can create a consensus sequence by copying and pasting one
(Select sequence name, then Control+C, then Control+V) and then adding the missing regions from the
other aligned sequences.

Step 5 - Check sequences for anomalies: gaps, misalignments, incorrect multibase codes (a glitch does
not reverse multibase codes in CAP). If necessary go back to the chromatograms.

Note: Instructions on how to edit raw sequences are given elsewhere.

b) Align consensus sequences from all samples for each gene and against sequences
retrieved from GeneBank/EMBL

Step 1 - Create alignment file - Open BioEdit Sequence Alignment Editor. From the File menu, open
New Alignment (or Control+N). Save it in your chosen name (Note: keep saving after each main step).
Step 2 - Import relevant consensus sequences. — One way is to copy them from each individual
alignment file, as they are finished by copy the aligned raw sequence from one window to the other
with Control+F8, then paste with Control+F9. Alternatively you can copy a sequence from the file of
origin by going to the Edit menu, then Copy Sequences to Clipboard (FASTA format), and on the
destination file by going to the File menu, then Import from Clipboard.

Step 3 - Align sequences - Select the names for all sequences, then from the Accessory Application
menu, choose ClustalW Multiple Alignment.

Step 4 - Select coding region (remove primer sequences) - For the majority of targets, the PCR
primers are outside the coding region, so by selecting the coding region their sequences are
automatically eliminated. From the Edit menu, choose Search then Find Next ORF. The open reading
frame (ORF, or coding region) will be highlighted in black. You can vertically select the regions outside
and press the Delete button. If you need to select primer sequences, you can go to the Edit menu,
choose Search then Find (Control+F).

c) Concatenate the sequences for all samples for all genes
Step 1 - All alignment files for each target should have the same samples and in the same order.

Step 2 - Save one of the alignment files with a new name. Go to the File menu, then choose Append
Alignment. Choose the alignment file for the target you want to add.

Step 3 - Repeat procedure for each target at a time until all targets have been added.

d) Identify SNPs
Step 1 - Make sure all alignment files from BioEdit were saved in FASTA format.
Step 2 - Open MEGA, then from the File menu, choose Open Data (F5). Select the file.

Step 3 - Convert FASTA file to MEGA format - From the Utilities Menu on the window, choose Convert
to MEGA format (Control+M). Press OK on the next two windows. You should now have a new tab with
the alignment in MEGA format. Save the file. Close windows.

Step 4 - Open MEGA format file - From the File menu, choose Open Data (F5). Select the file. On the
following windows, click OK/Yes for default. It should be: 1) Nucleotide sequences, 2) Protein Coding
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sequence data, 3) Standard Genetic Code. You should now have a window with an alignment view.

Step 5 - Identify SNPs - From the Highlight menu, choose Variable sites (or the V button on the top
toolbar).

Step 6 - Create SNP only file = From the Data menu, choose Export Data. Make sure to select Only
Highlighted Sites (at the bottom of the window). It is also advisable to choose the option of writing site
numbers for each site, so that you have a record of the location of each SNP. You can select different
file types.

e) Determine phase of heterozygous strains, using the program PHASE (Stephens et al
2001)

This program implements a Bayesian statistical method for reconstructing haplotypes from population
genotype data. You should be aware that it provides a probability result rather than the actual phase
for sequencing or microsatellite data, so you should be very careful when interpreting results. However,
it is very useful if physical linkage between SNPs or microsatellites is impossible to determine.

Step 1 - Open an MS-DOS window. Go to the Windows Start Menu, then choose Run, type COMMAND
in the prompt and press OK. Alternatively, also from the Start Menu, choose Command Prompt
(probably in the Programs, then Accessories menus.

Step 2 - Your PHASE program should be saved in the PHASE directory in your C:\ drive. To get there,
you may need to write “cd.." at the prompt until you only see C:\. Then type “cd PHASE". You should
obtain C:\PHASE\

Step 3 - Prepare the input file. Open the file you prepared with SNPs only from your sequence data for
one of the gene targets. Prepare an input file in the following format:

General description: Example: LocusType(i):

NumberOfIndividuals 3 () S for a biallelic (SNP) locus, or

NumberOfLoci 5 biallelic site in sequence data.

P Position(1) Position(2) P 300 1313 1500 (b) M for microsatellite, or other multi-

Position(NumberOfLoci) 2023 5635 allelic locus (eg tri-allelic SNP, or HLA

LocusType(1) LocusType(2) MSSSM allele). The default is that this denotes a

... LocusType(NumberOfLoci) #1 microsatellite locus with stepwise

ID(1) 121013 mutation mechanism.

Genotype(1) 110103

ID(2) #2 Genotype (i) for the ith individual. Given

Genotype(2) 121112 on two rows: one allele on the 1st row,

. 120003 and one on the 2nd row. It does not

#3 matter which allele is entered on each

. -1?7002 row. For biallelic loci, any two characters

ID(NumberOfIndividuals)] -1?71113 (e.g. A/C, G/T, 0/1) can be used to

Genotype(NumberOfIndividua represent the two alleles, and they do
not need to be separated by a space.

Is) Missing alleles at SNP loci should be
entered as ?. For multiallelic loci a
positive integer must be used for each
allele (number of repeats at
microsatellite loci), and data for each
locus should be separated by a space.
Missing alleles at multiallelic loci should
be represented by -1.
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In this case, your data should all be coded as S (for a biallelic locus) and you should code itas A, C, G
orT.

Step 4 - Run PHASE. At the DOS prompt, type PHASE <filename.inp> <filename.out> <number of
iterations> <thinning into interval> <burn in>

For example for the gene ASAT you may prepare an ASAT.inp file, then type:

PHASE ASAT.inp ASAT.out 100 1 100 (these 3 last numbers are the default parameters, so you can
miss them out)

As it runs, it keeps you informed, until you obtain a new PHASE prompt.

Step 5 - Results. You should obtain a summary results file, with the name that you specified.

In the output file, you should obtain a recreation of the input file with the estimated phase of the
alleles. Uncertain phase are indicated by (), wheras uncertain genotypes are indicated by [], with p (for
phase) and q (for genotypes) at the default value of 0.9. The list of probabilities for each uncertain
phase call are listed at the end of the output file.

You also obtain 6 other output files with more detailed results.

Step 6 - Evaluate results. You can check the .monitor output file to examine the goodness-of-fit and
the .fregs output file to check that the estimates accross each run are consistent. You can test the
consistency of your results by increasing the number of iterations or the thinning interval. If the
different runs keep giving different results, you can select the results from the run with the highest
average value for the goodness of fit. For the purpose of this exercise, you can try another run with a
higher number of iterations and compare with the results from the first run.

When you are happy with the results you can use the estimated phase to code your diplotype data as
haplotypes for the next analyses, particularly for bifurcating trees.

f) Code diplotypes

Step 1 - Go to the website http://linux.mlst.net/nrdb/nrdb.htm. This opens the online program NRBD
that selects non-redundant sequences.

Step 2 - Paste full alignment in FASTA or MEGA format. Click the Submit button. You should obtain an
alignment of unique sequences with concatenated titles.

Step 3 - You should assign a number or letter for each unique sequence. Heterozygous sequences
should be given a separate code. Where phase can be determined for heterozygous strains you can
assign two codes.

Step 4 - Prepare a table listing each diplotype per sample and per target.
Step 5 - Assign an MLST code for each unique combined diplotype.

g) Conduct network analysis of sequences on the program SplitsTree4 (Huson & Bryant,
2006)

Step 1. Make sure you have a file with aligned non-redundant sequences. SplitsTree4 accepts several
formats (FASTA, Nexus, PHYLIP, Clustal, for example, as well as distance files).
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Step 2. Open SplitsTree4. From the File menu, select Open. Choose your file and click Open. The
program automatically produces a network. At the bottom of the window you should find information
about the network produced. The default is likely to be a SplitsTree.

Step 3 - Choose distance measure. From the Distances menu, you can choose different statistics. The
default will be uncorrected P. Other distances incorporate factors to produce more realistic models.
However, the K2P (Kimura-2-Parameter) is very robust and widely used. Try this one first. Keep the
default settings shown on the new window and click the Apply button.

Step 4 - Choose Network building method. From the Networks menu, choose Neighbor-Net if not
already selected, or try another method for comparison. Keep default settings and click the Apply
button.

h) Manipulate and analyze networks and trees. Explore different analyses and

presentations.

Step 1. Produce bifurcating trees. From the menu Trees, choose a tree building method. Neighbor-
Joining (NJ) is recommended.

Step 2. Modify presentation of the trees and networks. From the Draw menu select a presentation style.
For example, Phylogram for the NJ tree.

Step 3. Modify view settings for the trees and networks. From the View menu select, for example,
Rotate Right and then Left. You can also use the arrows keys on your keyboard: Right and Left for
rotating, Down for zooming in and Up for zooming out. You can also click on branches, which become
highlighted in red. Then click on a node for that branch to move it around. If you click on a branch that
forms part of a split, you'll notice that all splits will be highlighted. You can move splits and sequence
names to make the network easier to view.

Step 4. Remove sequences from tree/network. You may want to focus on a smaller group. From the
menu Data, select Filter Taxa. On the left hand side, a box lists shown taxa. Select taxa you want to
remove and click the button Hide in the centre. The sequence should appear on the right hand box.
Click the button Apply.

Note: you can save trees and networks by going to the menu File, then selecting Export Image.

i) Analyze networks for evidence of recombination.
Step 1. Notice presence of splits. A large number of splits suggests recombination. Either within the

entire group or within smaller groups.

Step 2. Notice where taxa appear. Taxa at the end of long branches suggest absence of recombination,
whereas taxa sitting on intermediate branches are putative hybrids. Try to identify instances of each of
these cases in your dataset.

Step 3 - Test for recombination. From the Analysis menu, chose Conduct Phi Test of Recombination.
You can do the analysis for the entire dataset and for subsets.
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7. Analysis of MLMT data

Protocol 7.1 Population genetic analysis of Leishmania strains based on MLMT data

Purpose To construct phylogenetic trees based on microsatellite distance
measures, to assign individuals to population by using a Bayesian
statistics-based approach, to estimate the genetic isolation of the
populations defined and to perform a descriptive analysis for the
populations and the microsatellite loci.

A. Introduction:

Microsatellite profiles consisting of the repeat numbers for the different microsatellite loci
that have been assembled for every strain under study will analysed by distance based
methods and by models based on Bayesian statistics. Microsatellite genetic distances
based on the “Chord distance” or “proportion of shared alleles” measures will be calculated
using the program POPULATIONS and distance trees will be constructed using MEGA4. The
Bayesian statistics-based method implemented in STRUCTURE uses patterns of allele
frequencies for identification of distinct subpopulations and determines fractions of the
genotype for each strain that belong to each subpopulation. It was shown to accurately
infer individual ancestries and to provide information on population relationships and
history. Fstatistics which allows for testing for the genetic variation among populations is
calculated by MSA software and descriptive analysis (mean number of alleles, observed
and expected heterozygosity) of microsatellite loci and of the different populations
obtained is performed by GDA.

conversian of inpul file format - conversion of inpul file format

CONVERT

input file *.gen

Wﬂ; . = R (genepop format) |

oot i distance-based data analysis
conversion of input file format {caleufation of differant distances, 1
- b -
Population structure GDA
- most probable numbaer of input file ".nex ¥
populations in the sample set noxs format inference of phenetic trees

- information about gene fiow,
population ancestries, L
mixed genotypes descriptive data analysis
- of markers
- of populations

- Neighbor joining
- UPGMA

v

phenogram/phylogram
graphical presentation of trees

40



Method A. Preparation of data and output formats using the MSA software

package.

MSA (Microsatellite Analyzer) provides a variety of data and format outputs which are

useful for analysis of microsatellite data.

Prepare an excel file with your data as following:

Two
format
column
2 2% 2 2 2 Repeat
size
92%* 92 62 62 Length of
flanking
region
Lm2TG* Lm2TG TubCA TubCA Locus
names
DON1 110* 110 82 82 Fragment
DON39 110 110 82 82 s1ze
DON45 110 110 82 82
DONZ28 110 110 82 82
DON53 110 110 82 82
DON56 110 110 82 82
*Hint:

Marker Lm2TG contains a dinucleotide repeat (2), a the flanking region of the following has

92 bp. If the fragment size is 110 which equals to ((repeat numbers x 2) + flanking

region); the repeat number in this example is 9. d=outbred individual (h=inbred),

1=group number, here we consider all individuals as belonging to one group. Missing data

are indicated by empty cells, -1, nd, etc.

Convert the excel file into text file format (**.txt) before starting MSA.
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Copy your input file into the folder of the MSA program, then press the MSA starting

icon FIMsanalyser.exe to get the following starting screen:

« C:hProgram Files'MSAWMSA4.05MSAnalyser.exe

MSA can now also handle command line arguments?
If you are interested in this function
please read the documentation?

Uelcome to M3Analy=er 4_A5 *t

Cid» Inputfile-none ‘MS5A will use testdata.dat)

<d> Distance settings
o> Data conversion settings
Car Humber of ind’s for allelic richness:
: Minimal sample numbher per locus
L6 ' T Heterozygosity range settings

<*> _.. Run
Cg?» ... Quit
Please enter command: i

Fleaze enter the filename:input.txt

Type the command (i) and enter the name of your input file as shown. Run (1), then close
the command line window and go to the MSA folder where the output folder named

LJinput.bxt_MSAresult00 o £5nd This folder which contains many input files for other

programs and results as allele counts and allele frequencies.

Method B. Construction of distance matrices using POPULATIONS

Open the MSA folderl LJinput.txk_MSAresultd0 5n4 select the following files:

_|Formats&Data @ Genepop.gen

—

To start the program POPULATIONS open the program folder and copy the genepop.gen

file to it. Open the command line window using | [popUEerE.EiE :
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ikro_cd ¥0L 1 Domainen_Benutzer'amro'an_diesen

CaTaXakatatodotolakataksEatotstatotaiatakotaotaksiatststatatakstotokaaakstad
Populations 1.2.28 CHRS UPR?834 =
langellaPpge ..cnrs—gif .fr *
http:/s v .cnrs—gif . fr-pge *

-3aE-Juf- 303 3o 3o - Jef -3eE-3mE-Jmf-J0 3030 3o 3o - Jef e 3mE-Jmf-Jof 3o 30 3o e -Juf- oo Jf-JuE-Jof e e eI -Jui- -

Main menu

B> Exit

1> Compute individuals distances + tree

2> GCompute populations distances + tree

3> Allelic frequencies. Fstats

4> Build phylogenetic tree with a distance matrix
L>» Formated output for other softuwares

6> Choose the output format of matrix

7?2 Structured populations

Your choice:

type (1) for computing individual distances, press enter. Type the name of the input file
(in this example genepop.gen), press enter to get to this screen:

Domainen_Benutzer'.amrohan_diesen_|

Compute individuals distances + tree

Compute populationsz distances + tree

Allelic frequencies,. Fstats

Build phylogenetic tree with a distance matrix
Formated output for other softwares

Choose the output format of matrix

Structured populations

Your choice:

Mame of input file (Populations or Genepop format) 7
gENEpPOP.gen

Reconstructing phylogenetic trees with individuals

A hack

1) Get distance matrix between individuals

2> Phylogenetic tree of individuals

3> Phylogenetic tree of individwals with hootstraps on locus
4> Chooze locus to compute distances (default: all>

Your choice:

Type (2) to calculate the phylogenetic tree of individuals without bootstrap, or (3) for the
phylogenic tree of individuals with bootstraps on locus. Enter and choose on the following
screen (3) for Chord distance Cavalli-Sforza and Edwards, D¢, or (5) for “proportion of
shared alleles” distance measure DAS (also called Dps). Here we select the Dc measure.

Enter and select either (1) UPGMA or (2) Neighbor Joining for tree calculations in the next
screen. We will calculate a neighbor-joining tree in this session. If the bootstrap option is
used it is needed to type the number bootstraps wanted. In this example we selected 100.

Type an output file name. The tree calculation process will take about 15 seconds
depending on to your sample size.
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Close the command line screen and go to the program folder of POPULATIONS where the
output file can be found. Open this file using the program EDITOR and delete the lines
before the brackets as shown in the following screen:

&) ahmad +mohammad - Editor -10| x|

Datei Bearbeiten  Format 7

2 £ aguams GPOP_ _
(((((((((((((((((((DONM 55327 48-05 BD28-55327 4e-08)60:6. 10857 ¢- 05.D0N28-5.106576-05)11:1 6261
-5.84742e-11)4:1 7867 1e-11,DMN152-1 7867 1e-1113:5.743e-12,D0MBE-5.743e-12)3:2.010058-12,DON
147:0.0085633,D0N53:0.01 6661 4)30:2 68797e-06,DM146:0.016664)30:0.0164276,(DOMN45:0.0333333,)
-10,0M133:-3.72464e-10)6:1.08635e-10,DM153-1.08635e-10)6:3.25906e-11,B0 26:-3.25906e-11)6:1.0°

N vl 2

Then save the file as text file and switch to the program MEGA 4 in order to draw your

tree.

Method C: Drawing distance trees using MEGA 4

Open MEGA 4 and select ‘Phylogeny’, then select the second option 'Display Newick Trees

from File':

I Molecular Evolutionary Genetics Analysis, Yersion 3.1 =10 x|

FiIelPhyIugeny Alignment  Windows  Help

Cisplay Saved Tree Session. ..

Tuto
Click me to acifeate a data file

Display Mewick Trees Fram File, ..

Citivg MEGS in publications
Fo to the WMEGS web page
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Go to the folder of POPULATIONS and select your outputfile.The tree will appear as

follows:
m MEGA 3 Tree Explorer (CDokumente und Einstellungen®.sch - II:IIE[
Fil=  Image View Compute  Help
B&®: 8 4§ & & €
3 | il | Domo2 =]
= 5 a5 DOMEG
O Fic] DoME3
3= a0 DONO4
E_‘ 16 DOMNEY
P
_‘_:5:] 53 DoM77
 — L DOoMO3
= =K
= DoM7E
5
1 e 43 OmM139
63 54 DOoM3E
DoOM13
93 |: DoOrMAG
45 &g
Dor24
4 D41
T o
|SEL = 443401032 A

MEGA 4 allows for rooting the trees and changing the format, colors, appearance etc. by

pressing the small icons at the top or at the left side of the screen. For further graphical

applications and changes you can export the tree as graphic in *.emf (enhanced metafile)

format.

Method D: Inference of population structure using STRUCTURE

The program STRUCTURE 2.1 is used for studying the nature and extent of genetic

variation within and between populations.

To obtain the STRUCTURE input file open the MSA folder again and got to the folder
input.txt. MSAresult00. There you will find a folder Formats&Data from where you can

select the *.struct file which should look as follows:
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o MSAinput_workshop. txt.struct - Editor

Datei  Bearbeiten NEsgubis Ansicht 2

DON-01000 110 82 67 92 74 102 117 95 103 BO 90 A
DON-01000| 110 B2 67 97 74 102 117 95 103 B0 90
DON-39000 110 82 67 92 74 102 115 95 103 BO 90
DON=-39000 110 82 67 92 74 102 115 95 103 BO 90
DON-40000 110 82 67 92 74 102 115 95 103 B0 90
DON-40000 110 82 67 92 74 102 115 95 103 BO 90
DON-45000 110 B2 67 92 74 102 115 95 103 BO 90
DON-45000 110 82 67 92 74 102 115 95 103 BO 90
DON-51000 110 82 67 92 74 102 115 95 103 BO 90
DON-51000 110 B2 67 97 74 102 115 95 103 B0 90
DON-52000 110 82 67 92 74 102 115 95 103 BO 90
DON-52000 110 82 67 92 74 102 115 95 103 BO 90
DON-53000 110 82 67 92 74 102 Ak 95 103 B0 90
DON-53000 110 82 67 92 74 102 115 95 103 BO 90
DON-54000 110 B2 67 92 74 102 115 95 103 BO 90
DON-54000 110 82 67 92 74 102 115 95 103 BO 90
DON-10000 116 94 73 102 74 106 79 91 105 BO 94
DON-10000 116 94 73 102 74 106 79 91 105 B0 94
DON-48000 116 94 73 102 74 106 79 91 105 BO 94
DON-42000 114 94 73 102 74 106 79 91 105 BO 94
DON-02000 116 94 73 102 74 106 79 91 105 B0 94
DON-02000 116 94 73 102 74 106 79 91 105 BO 94
DON-03000 118 78 71 96 74 116 95 93 105 BO 94
DON-03000 118 78 L 96 74 116 95 93 105 BO 94
DON-04000 116 78 73 96 74 106 95 91 105 BO 94
DON-04000 116 78 73 96 74 106 95 91 105 B0 94
DON-66000 114 94 73 102 74 106 79 91 105 BO 94 |
4 | >

Open STRUCTURE 2.1, select ‘File’ and then ‘New Project’. Enter the name of your new
project and select your input file. Click ‘Next’ and enter the number of individuals, the
ploidy (2), the number of loci and the code for missing values (-9) as shown on this
screen:

& Step 2 of 4 - Project Wizard |

Step 2 of 4: Information of input data set

Number of indiiduals: [57 |
Ploidy of data: 2]
Number of loci: 15 |
Missing datavalue:  [o] |

Show data file format

<<Back Next>: Cancel
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Click ‘Next’. In the ‘step 3 screen’ don’t add anything. Click ‘Next’ again to open the ‘step
4 screen’ where you should select Individual ID for each individual, then press Finish to get
to a new screen and there on Proceed.

After this the small screens will disappear and a big table will show up on the main screen
of the program. There click on ‘Parameter set’ on the upper tool bar and select ‘new
parameter set’:

x|

[Run Length | Ancestry Model [Allele Frequency Model |Advanced |

Length of Burnin Period: 20000

Humber of MCMC Reps after Burnin : 200000

| OK || Cancel |

Type in the length of burn-in (usually between 10000-20000) and the number of MCMC
repetitions after burn-in (usually between 100000-200000). Choose also the appropriate
'Ancestry model’, usually ‘admixture model’. All other values are default values.

Press on OK, and type the new parameter set (20000-200000) on the following small
screen:

x|

Please name the new parameter set
|z0000-200000| |

| OK || Abbrechen |

Press OK, go back to the main tool bar, select ‘Project’ and then ‘Start Job’. Define the
numbers of K and of iterations. K represents the number of populations that will be
simulated and tested. It depends on the nature and origin of organisms tested and usually
varies between 1 and 10. For a first analysis use one iteration.

If you wish to calculate delta K (see below) you have to run at least 10 iterations per each
K.
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& Structure Scheduler x|

Select Simulations to Run
20000-200000

SetKfrom 1 | to [10 |
Number of terations: |1 |

‘ Start || Cancel ‘

K represents the number of populations that
will be simulated and tested. It depends on the
nature and origin of organisms tested and
usually varies between 1 and 10. For a first
analysis use one iteration.

If you wish to calculate delta K,s ee below, you
have to run at least 10 iterations per K.

Press ‘Start’, the job may take a long time
depending on your data size and the number of
iterations.

Press ‘Start’, the job may take a long time depending on your data size and the number of

iterations.

To show STRUCTURE results for each tested K value click on the result folder for the
respective K value in the left part of the screen.

+ | ] Swmmtatin Pl 10000_180000(10000_p00009_tun_%)
Farplat Dt plot Histogram  Trianalo plot

Fuin parneters
8 indeviduals

14 locs

A populatices aspmned
L0000 B in penod
D 10000_100003_run_t0 (Ks10) 100000 Beps

[ toaoa_1o000 =

[ tonnn_100008,
[ to00n_1oo00
[ renun_1oo0
[} 10000
[ 1a000_1n00g
[ to00a_t1ooox

Croseall pregachion of memherchip of the
2 each of the & chasters

Infrred Clusters
e JREr I |
AZL DIB1 0024 D264

Allele-freq, divergence among pops (Kxilhack: Leibler dimance),
computed using pouit estmates of P

1 2. 3 4
1 - 190 292 339

2241 - 310 134
3308 308 423

T

In this example the results for K = 4 are shown, including the values for the estimated In
probability and the mean value of In likelihood. The latter are used for each K to draw the
“likelihood of population number graph” by EXCEL. When the derived Gaussian graph

reaches a plateau, the value of K captures the major population structure in the data set.
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The number of population can be obtained more precisely by calculating the delta (A) K

(first derivative of K) values according to Evanno et al. 2005. For this 10 iterations are

needed for each K to calculate Mean and Standard deviation values. AK is estimated as the

mean of the absolute values of L’’(K) averaged over 10 runs divided by the standard
deviation of L(K), DK = m(|L"'(K)|)/s[L(K)], which expands to

AK =m(|L(K + 1) = 2 L(K) + L(K - 1)])/s[L(K)].

For our example (K=4) the following graph will be obtained:

DeltaK graph

delta k
w
|

The maximum of the graph shows the most likely number of populations in the data set.
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To see the barplots for the data analysed click on ‘bar plot’ and then on ‘show’.

£ 10000_100000(10000_100000_run_4)

£ Original order @® Plot in single line
) Group by POP Id

@ () Plot in multiple lines

| pant || sawe |[ cose |

(A) Barplots for K = 4 using order according to Q (population assignment) plotted as single
lines.

If you want to see the barplots in input order press on the respective key.

£ 10000_100000(10000_100000_run_4)

= Oviginal order ot i g b
i by 08

setiy 0 = at i mltiple ines

v || sew || cose |

(b) Barplots for K = 4 using order according to Q (population assignment) plotted as
multiple lines with strain input numbers — assignment of individual strains is possible (see
order of numbers in the input file!).

To see the summary of the STRUCTURE run click on ‘view’ and then ‘simulation

summary’:
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Method E. Measurement of Fst values using MSA

Fstatistics allows for testing the genetic variation among populations.

Make an input file by using the same MSA input file that has been applied before. The
populations as inferred by STRUCTURE should be arranged in the first column of the input
file. Indicate the population number in the third column. Save this file as Text file (*.txt).
The input file will look as follows:

Datei Bearbeiten Format  Ansicht 7
(4 2 2 2 2 2 2 2 2 2 2 2 2 2 A~
92 92 62 52 55 55 70 70 62 62 aE 68 53
Lm2TG  Lm2TG  TubCa  TubcA LmdTA LmdTA B 2] = c E E F
Indjal d 1 110 o 92 o2 74 74 96 96 117
Indjal d 1 110 110 82 82 a7 ar 92 o2 74 74 96 96 115
Indjal d 1 110 110 82 82 a7 ar 92 o2 74 74 96 96 115
Indjal d 1 110 110 82 82 a7 ar 92 o2 74 74 96 96 115
Indjal d 1 110 110 82 82 a7 ar 92 o2 74 74 96 96 115
Indjal d 1 110 110 82 82 a7 ar 92 o2 74 74 96 96 111
Indjal d 1 110 110 82 82 a7 ar 92 o2 74 74 96 96 115
Indjal d 1 110 110 82 82 a7 ar 92 o2 74 74 96 96 115
Indjal d 1 110 110 82 82 a7 ar 92 o2 74 74 96 96 115
Indial o 1 110 110 82 82 a7 ar 92 o2 74 74 96 96 115
Indial o 1 110 110 82 82 a7 ar 92 o2 74 74 96 96 115
Indial o 1 110 110 82 82 a7 ar 92 o2 74 74 96 96 115
Indial o 1 110 110 82 82 a7 ar 92 o2 74 74 96 96 115
Indial o 1 110 110 82 82 a7 ar 92 o2 74 74 96 96 115
Indial o 1 110 110 82 82 a7 a7 92 92 74 74 96 96 115
Indial o 1 110 110 82 82 a7 a7 92 o2 74 74 96 96 115
Indial o 1 110 110 82 82 a7 a7 92 o2 74 74 96 96 115
Indial o 1 110 110 82 82 a7 a7 92 o2 74 74 96 96 115
InZ+ke o 2 116 114 o4 G4 73 73 102 102 74 74 100 100 79
InZ+ke o 2 116 114 o4 G4 73 73 102 102 74 74 100 100 79
InZ+ke o 2 116 114 o4 94 73 73 102 102 74 74 100 100 79
InZ+ke o 2 118 118 78 78 71 71 96 96 74 74 110 110 a5
InZ+ke o 2 116 114 78 78 73 73 96 96 74 74 100 100 a5
InZ+ke o 2 114 114 o4 G4 73 73 102 102 74 74 100 100 79
InZ+ke o 2 118 118 o4 a4 71 71 o4 o4 74 74 110 110 79
InZ+ke o 2 116 114 a2 92 71 71 92 a2 74 74 108 108 79
InZ+ke o 2 114 118 o4 96 71 73 G4 o4 74 74 100 110 78
InZ+ke o 2 114 114 o4 G4 73 73 102 102 74 74 100 1o0 70
China i 3 118 118 86 86 73 73 G4 o4 80 80 96 98 a7
sSudanl o 4 110 110 84 34 75 75 86 o2 74 74 100 lo0 o5
sSudanl o 4 110 110 84 34 71 73 86 o2 74 74 78 78 o3
Sudanl o 4 110 110 B4 B84 71 71 86 86 74 78 78 78 o5 -
< >

Copy this input text file to the folder of the MSA program.

Open the MSAnalyser.exe, type (i) and type your input file name in the command line of
file name:
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rogram Files'MSA'MSAnalyser.exe

M5A can now also handle command line arguments!?
If you are interested in this function
please read the documentation?

Welcome to MSAnalyzer 4.88 *

i) ... Inputfile:none (MSA will use testdata.dat?

¢d>» ... Distance settings
tc) ... Data conversion settings
tr> ... Heterozygosity range settings

¢t> ... Run
Cgr ... Quit
Please enter command:i

Please enter the filename:MSA_Mahila_ok_61_popsnwithhybrids . txt_

Enter, type (d) in the command line and enter:

i Program FilesMSA\MSAnalyser.exe :
C(p>» ... Distances P_OFF IND_OFF

(z) ... Fst,. Fit_.Fis OFF
‘m» ... hack to main menu

*> ... Run
Cg» ... Quit
Flease enter command:s

(c» ... FstrsFissFit distances calc
Cg) Fzt calculated global
Cg) Fszt calculated pairwise

(1> Calculation haszed on
(4> Assume Hardy—Ueinherg
(7> Heterogeneity among loci

(n) ... Humher of permutations

Ch>» ... bhack to distance menu
(m}» ... bhack to main menu

*> ... Run
Cg) ... Quit
Pleaze enter command:

Type (s) in the command line to activate (ON) the Fst, Fit, Fis option, and enter. Then
type (c) in the command line and enter, then type (g) and enter again.

Type (b) and press enter, to see that Fst, Fit, Fis are ON. Now type (!) in the command
line and press enter to run the program. It will take approximately 30 seconds.

After that close the window and open the output folder, which is deposited after analysis in
the MSA program folder as *.txt_MSAresult00.

Open the output folder and find the F-Statistic folder:
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Now open the ‘FST_WC84-pValue...” data file:

FIS_WCE4 bk
FIT WCE4 bt

@GIDtht.xls

HFsT_wWesd-pyalu,..

1 KB
1 KB
1 KB
1 KB
Zkh

Textdatei
Textdatei
Textdatei

Microsoft Excel-arb,.,
Microsoft Excel-arb,.,

16,07.2007 11:22
16,07.2007 11:22
16,07.2007 11242
16,07.2007 11242
16,07.2007 11242

The Fst-values and p-values as shown in the following screen:

A, B o D
1 |Fst-values: 1
2 |popThONZ4 0000000 0.2767ER 0.3593653
3 |pop2MONT  0.2767BE 0.000000 0.340363
4 |pop3kONT 0393655 0.340363 0.000000
5
B
7 |P-values:
8 |popThONZ4 0000000 0.000100 0.000100
S |popZMONT 0000300 0.000000 0.000100
10 [pop3MOrT 0000300 0.000300 0.000000
11

The p-value indicates the statistical significance of Fst- value (p<0.05: significant, p>0.05:

not significant).

Guideline for interpretation of Fi— values according to Wright (1978):

< 0.05
0.05-0.15
0.15-0.25
> 0.25

- little genetic differentiation
- moderate genetic differentiation
- great genetic differentiation

- very great genetic differentiation
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Method F: Descriptive statistics analysis by using GDA

GDA software allows calculation of mean number of alleles (MNA), observed heterozygosity
(Ho) and expected heterozygosity (He)

As input file use the Genepop.gen file already generated by MSA analysis for calculation of
Fst values. This file is located inside the folder of Formats and Data. Convert the
Genepop.gen file into the GDA input file which is a nexus file (*.nex). For this copy of the
Genepop.gen file into the folder of the CONVERT131 program. Open the CONVERT.exe,
click on file, after that on Load data file, select GENEPOP input data file format and click on
OK.

E% Format of your existing dat... [lIm] B

(" CONVERT input data file format

@ GENEPOP input data file farmat

oK
| ]

Select your file from the CONVERT131 folder and click on open to see the following

screen:

E'E Enter names of the populations in the existing GE - |EI|£|
Paopulation no. Last individual in pop Population nare |
1 poplMON24 Poplii
2 pop2kd 0N Popl02
3 pop3td 0N Pop03

oK |

Click on OK to open the following screen. Select GDA (nexus format).
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Choose desired format For file conversior ll

o)

GDA (nexus format: * nex);
GENEPOP

ARLEQUIN (*.arp)

POPGENE (*.dat)

MICROSAT (*.mst)

PHYLIP (allele frequency infile)
STRUCTURE (*.5tr)

Produce table of allele frequencies

. @@ e e e e

GDA can also be used to create input files for other programs as shown above.

Click on OK and then on Save in the following screen:
Mame of nexus file to be created (input for GDA 7 x|
Spejchern | CONVERT131 x|« ® et E-

Mabilapopst3nohbybrids, nex
paperIndia_DOn_Th-+50, nex

D ateinarne: = dithhybridz. nex Speichern I
Dateityp: INexus filez [*.nex] j Abbrechen |

A message of successful conversion will be received!

Select the file converted to nexus format from the CONVERT131 folder and copy it
(*.nex) into the folder of the GDA program. Open the file:

Example of a nexus file:
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.Ej MabilapopsK3withhybrids.nex - Editor
Datei  Bearbeiten  Format 7

#rexus

beg"m goadata; ['Msa-output from File: Msa_nMabila_ok_61_popsnohybrids. txt
imensions npops= 3 nloci= 14;
format m"lss"mg=? separator=/s;
TocusalleleTlabel
Lm2TG,
TubCa,
Lm4 Ta,

W=l dun g

DoToOmMmam

12 Cs20,
13 7031,
14 TFO39

matrix

FopOol
popLlMon24 7
poplMon24d =¥y
poplMon24d 6,7
pOPLMOR 24 =g
poplMon24d 8,
poplMon24d =¥

L0 DD D ]
P
.
[RYEYEY YRS
'_\
[ =]
R
B
DWo WS
L)

R
[FARFARFARFAR FARFA]
s
R
FEN R R R R Y
n
-

(s ey lr el

Cave: marker names should have more than one letter otherwise they have to be edited,

e.g by adding a second letter!

The GDA nexus file can also be created manually!

Now run GDA by opening the gda.exe, click on the file menu and after that on open.

Select the desired file and open. Go to the file, click on Log to save the file and type a file

name. Then go to Descr and option and choose the values to be calculated:

Descriptive Statistics Options R|

[v Proportion polymorphic loci
Cutoff percentage: |99
[v Alleles perlocus

[v Allales par polymorphic locus
[v Expected heterozygosity

[v Obsersed heterozygosity

[v Sample sizes

[v Fixation index

[v Individual loci

(0]:4 Estimate Cancel
P- proportion of polymorphic loci
n- number of individuals
A- alleles per locus (mean number of alleles-MNA)
Ap- alleles per polymorphic locus

He- expected heterozygosity (genetic diversity)
Ho- observed heterozygosity

f- fixation index
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Click on Estimate to start the calculation and go back to the file menu to make the file
unlog.

The results of descriptive statistics are shown on the following screen:

Results per population for all loci:

Genetic Data Analysis

Ele Misc Descr Hierarchy F-stats Dist Diseq Help
~
Descriptive statistics (by population): T
Populaticn n e A Ap
Popl01 8.000000 0.066667 1.133333 3.000000
Popl02 8.000000 0.533333 1.866667 2.625000
Popl03 20.933333 0.933333 4.133333 4.357143
Pop004 18.000000 0.933333 4.200000 4.428571
PopO05 13.000000 1.000000 6.466667 6.466667
Mean 13.586667 0.693333 3.560000 4.175476
Populaticn He Ho i
Popl01 0.022778 0.008333 0.650000
Popl02 0.253333 0.050000 0.813333 =
Popl03 0.530347 0.265079 0.506413
Pop004 0.4362386 0.044444 0.300754
PopO05 0.707837 0.184615 0.746999
Mean 0.390130 0.110495 0.723135
-
Ready

12 Recall

Descriptive data of the microsatellite loci:

Genetic Data Analys

Bl Msc Descr Herachy Festats Det Okeq Heb

Mescriptive statistics (by locus): ~
Locus n P A Ap
Lm2Ta 60.000000 1.000000 17.000000 17.000000
TuhCA BE. 000000 1. 000000 8. 000000 B.000000
Lm4TA 68.000000 1.000000 9.000000 9,000000

Bl &0.000000 1.000000 2.000000 9.000000
c1 BE. 000000 1. 000000 4. 000000 4.000000
El &RB.0D0DDOD 1.000000 18.000000 18.000000
El 68.000000 1.000000 17.000000 17000000
Gl ©0.000000 1.000000 12.000000 12.000000
P1 &8, 000000 1.000000 14. 000000 14. 000000
01 68.000000 1.000000 4.000000 4.000000
Rl ©0.000000 1.000000 ©6.000000 0.000000
cE19 &H. 000000 1.000000 7.000000 7.00000a
CE20 67.000000 1.000000 ~000po0 12.000000
7031 ©0.000000 1.000000 .000000 11.000000
7039 &8, 000000 1. 000000 -naooog 14. 000000
All 67.933333 1.000000 10.933333 10.933333
Locus He Ho x
LmZT0 0.799129 ! 0.872015
TubCA D.749891 M D.941%578
Lm4TA 0.834532 . 0.929999
Bl 0.804575 0.264706 0.672638
Cc1 D.E7E362 D0.19117¢ D.718851
El 0.889325 0.191176 0.706204
F1 0.890959 0.132353 0.852387
81 D.BEET3E 0.132352 D.B48e07
Fl 0.774292 0.220588 0.716622
o1 0.63%9216 0.117647 0.817065
R1 0.799564 0.029412 0.983478
CE19 0.783987 0.014706 0.981372
C320 0.0854337 0.2300806 0.721996
031 0.802070 0.1470589 0.817761
F039 0.872303 0.1470592 D0.832788
All 0. 803085 0.135528 0.832284 ot
Heady
Recall
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