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run on an automated sequencer
sequence control in BLAST
contig = consensus sequence
alignment and its editing
alignment trimming (removing equivocal parts)
indel coding (optional)

input format for various software (PAUP,
MrBayes, TCS...)



camera
e automated analysis (sequencer software)

e chromatogram with base calling (and with
quality information)
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https://digitalworldbiology.com/FinchTV
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weak reaction
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poorly purified reaction
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http://www.nucleics.com/peaktrace-sequencing/index.php

Distribution of 100 Blast Hits on the Query Sequence &

Curcuma colorata tRMNA-Leu (trnl) gene, partial sequence; trnl-trnF intergenic spacer, complete sequence; and tRMNA-Phe (trnF) gene, partial sequence; chloroplast

|Muuse over to see the defline, click to show alignments
Sequence ID: ghl0Q471978.1| Length: 900 Humber of Matches: 1

Color KeV for a“gnment scoras Range 1: 95 to 830 GenBank Graphics

Score Expect  Identities Gaps strand
1328 hits{1472) oo 736/7360100%) 0/736(0%) Plus/Minus

Query 1 TTALLGGGACTARARAGTAGTARLLAATTTAACTAGTALGC GTAAGGATARTGATACGGL 60
[N N N NN NN NN AR RN
Sbjct 830 TTAAAGGGACTAMARAGTAGTAMARMATTTAACTAGTAMGCGTAAGGATAATGATACGEA 771

Query 61 CTOTGAATGATTCAATAATAGAGATTA GCCCATATATGTTTA GTAGAGGTATTG 120
LELLCEEEEE T
Sbjct 770 CTGTGAATGATTCAATAATAGAGATTATTTGCCCATATATGTTTATTTGTAGAGGTATTG 711

Query 121 TATCTATCGAAATTGGGATAAGATCCAAGGATTTTAGTTCGGATACATTTGTGTTGTGAL 160
EELLCCLEEEE L e
Sbjct 710 TATCTATCGAARTTGGCATAAGATCCAAGGATTTTAGTTCGGATACATTTGTGTTGTGAL 651

Query 181 AGAGTGGAGTGAATGAGAAAGATAGTGAATTTIGTITGAACTGAATCGCTGATGaaaaza 240
IHIHHHHHHIHHHHHHIHHHHHHIHHIHHIHIHH
Shict 650 AGAGTGGAGTGAATGAGRAAGATAGTGAL TTTGAACTGAATCGCTGATGALRLRL 591

Sequences producing significant alignments: Query 24l  acaaBCAGCATAAATATTTAGGAAGTARAATTACCTTTTTATTGGOCATAGAGECACTTE 300
I
Shict 580 ARAAGGAGGATAMATATTTAGGAAGTAAAATTACCTTTTTATTGGGGATAGAGGGACTTG 531

SeleCt' & NUnE SE|ECted'D Query 301 AWCCCTCACGATTTCTARAGTCGACGGATTTTCCTCTTACTATAAATTTCATTGTTGTCE 380 _
FELLLE T e e P e e ?

-
i Alignments Sbict 530 ARCCCTCACGATTTCTARAGTCGACGGATTTTCCTCTTACTATAARTTTCATTGTTGTCG 471

Query 361 GTATTGACATGTAGAATGGGACTCTCTCTTTATTCTCGTCCGATTAATCAGTTTTTCARL 420

L soee 0 dostd bAoA . 0 |
Query 421  AGATCTATCAALCTCTGGAATGAATGATTTAATAATTGAATTGAATATTCAATTCTTCTT 460

Curcuma colorats tRMA-Leu drnl) gene, partial sequence; tral-ttnF intergqenic spi  seet 410 elxé“éH%MAé+é%ééﬂ%ﬂ%éH‘HMM«T"}‘GMT"}MHHéHHé%wT 351 L
Query 481 TCAACTTCCATCGGACTGGATTCACAATAACTCTAATTCTGAATTTTTCATATTATAATT 540

- i : - i A
Curcuma purpurascens tRMNA-Leu drnl) gene, partial sequence; trnl-trf intarget smaoe a0 eahered L AL DL 2ap

Curcuma xanthorrhiza tRMNA-Leu trnly gene, partial sequence; trnl-trnF intergenic Query  S4l ﬂffﬂﬂﬁfﬂﬁﬁfﬂ'ﬁffﬁfﬁﬁfﬂﬁﬁfﬂ'{?ﬂ'{fﬂﬂfﬁﬁfﬂf &0
Shict 280 ATCCATATAATATAATGGATTCGAGTCATGATTAATCGTTTGATTTGATATGTCAGTATG 231

Curcurma solaensis tRMALed drnl) gene, partial sequence; trnl-tinF intergenic s Query 601 TATACGTATCTATTAGGTATATRGGAACATCTTTTCTGTARTTTTCATAGACGCATTCCA 650
(NN N R N N N N NN RN N NN NN AR ARy
Curcuma langa tRMNA-Leu (rnly gene, partial sequence; trml-trmF interqenic space ®3c 230 TATACETATETATTAGETATATAGEAACATCTITTCTETALTTTTOATAGACGEATIECA - 171
Query 661 ACTACCGACGARACGTAGTCAACTTCATTCGTTAGAACAGCTTCCATTGAGTCTCTGCAC 720
- i N R i i (RN NN N NN AR N NN A RN A ARy
Curcurna heyneana tRMNA-Leu (L) gene, partial sequence; il AP IMBrABNIE S 45 0 190 ACTACCEACGAMACCTABTCAACTTCATTCETTAGRACAGCTTCCATTCAGTETETGEAL 111

Curcurna aromatica tRNALeu il nene, partial sequence; tnl AmF intergenic 5 @ery 720 TR T8

Sbjct 110 CTATCCTTTITTITIT 95
Curcuma aurantiaca tRMNA-Leu itrnl) gene, pattial sequence; trnl-trnF intBrgenic Lo we e, vonnpeew L, i e o i 0 i e e ey b P P U OV U |

Curcuma zedoaria tRMNA-Leu rnl) gene, partial sequence; trnl-trnF intergenic spacer, complete sequence; and tRMA-Phe {mF) gene, partial sequence; chloroplast 1326 1326 22% 00 100% CQ471974.1

Curcuma ochrorhiza tRIMA-Leu (trnl) gene, partial sequence; tril-trnfF intergenic spacer, complete sequence; and tRMNA-Phe (trnF) gene, partial sequence; chloroplast 1326 13260 99% 0.0 100% DQ4719721

Curcuma elata tRMA-Leu drnl) gene, partial sequence; trnl-trnfF intergenic spacer, complete sequence; and tRMA-Phe (rnF) gene, partial sequence; chloroplast 1326 1226 22% 00 100% DQ471969.1

Curcuma australasica tRMNA-Leu (drnl) gene, partial sequence; trnl-trmF intergenic spacer, complete sequence; and tRMA-Phe ({rnF) gene, partial sequence; chioroplast 1323 1323 100% 00 99% DOoG6EE4181

Curcurna alismatifolia tRMA-Leu {rnl) gene, pattial sequence; trnl-tmF intergenic spacer, complete sequence; and tRMA-Phe drmF) gene, partial sequence; chloroplast 1323 1323 100% 0.0 99% Do471962.1

Curcurna aeruginosa tRMA-Leu irnl) gene, partial sequence; trnl-trF intergenic spacer, complete sequence; and t(RMNA-Phe (drmFy gene, partial sequence; chloroplast 1321 1321 100% 0.0 99% DQ471966.1

I T e e e e o e e s A B B |

Stahlianthus irvolucratus tRAA-Leu (rol) gene, partial segquence; tril-trnF intergenic spacer, cormplete sequence; and tRMA-Phe {mF) gene, partial sequence; chloroplast 1321 1321 99% 00 99% Av424799.1



http://blast.ncbi.nlm.nih.gov/Blast.cgi

e reverse sequence (5" 2 3)

e convert to ,reverse complement” sequence (i.e., 3" 2 5’
seqguence with complementary bases)

e i.e., ACTGAAT - ATTCAGT

e combination of forward and reverse sequences
(must overlap!) into one

e CAP3 (contig assembly program), e.g.

http://doua.prabi.fr/software/cap3



http://doua.prabi.fr/software/cap3

ACTTGCAGCTGGGTGCCAAGGTTC
AATAATGTCTCTCGGGGAACCTTGGCAC

reverse CACGGTTCCAAGGGGCTCTCTGTAATAA

reverse-complement [GTGCCAAGGTTCCCCGAGAGACATTATT

ACTTGCAGCTGGGTGCCAAGGTTCCCCGAGAGACATTATT

reverse-complement
e http://www.bioinformatics.org/sms/rev comp.html
e http://www.famd.me.uk/AGL/RC.zip



http://www.bioinformatics.org/sms/rev_comp.html
http://www.famd.me.uk/AGL/RC.zip

GO GAGTCAAATTG T O TTT T TG G A TAGAGEGAC TTGAACCC T CAC GAT TTTTGAAATCGACGGATTTTCO TCTTACTATAAATTTCATTGTTGCEGG

' Translate
wzZl_3.abl(7x586)—

e el

GEGAGTCAALATTGTCTTTTTGGGGATAGLGGGACTTGAACCCTCACGATTTTTGAAATCGACGGATTTTCCTETTACTATAR

w06_4.abl(1>716)4

i

ITaGAGGGACTTGAACC CTCACGATTTTTGALALT CGACGEATTTTCETCTTACTATALRATTTCATTGTTGEL G

e sequence in FASTA format

>sequencel
GGAGTCAAATTGTCTTTTTGGGGATAGAGGGACTTGA

ACCCTCACGATTTTTGAAATCGACGGATTTTCCTCTT
ACTATAAATTTCATTGTTGCCGG
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e + base identity
e —base difference, gap opening/insertion, gap elongation/extension

e gap opening — large negative score, gap extension — small penalty

AAGCTAGTCAGTTAGC

EEEEEE RN
AAGCTGGT-AGTTAGC

/N

score = X(identities, mismatches) - 2(gap penalties)

mismatch



specified by the tree

e phylogenetic information is incorporated to guide the alignment
process

1-2
= .
3 score 1-3 ———
5 \A E—
score 4-5

similarity matrix guide tree MSA

t |

possible iteration




of two most similar sequences, successive addition of
less similar sequences

e jterative — repeated re-alignment of subgroups of
sequences, alignment of subgroups to the global
alignment, repeated re-alignment produces better score
(PRRN, DIALIGN, MUSCLE...)

e progressive with iterative refinement
 MAFFT (Multiple Alignment using Fast Fourier Transform)



o MAFFT

e http://mafft.cbrc.jp/alignment/server

e T-coffee
e https://tcoffee.crg.eu/

e Kalign

e https://msa.sbc.su.se/cgi-bin/msa.cgi

e many aligners at EMBL webpage

e https://www.ebi.ac.uk/jdispatcher/docs/webservices/#openapi



https://www.genome.jp/tools-bin/mafft
http://mafft.cbrc.jp/alignment/server
https://tcoffee.crg.eu/
https://msa.sbc.su.se/cgi-bin/msa.cgi
https://www.ebi.ac.uk/jdispatcher/docs/webservices/#openapi

ith gaps

FASTA format w

>sequencel
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e automated elimination of poorly alighed positions
(may not be homologous, saturated etc.)

e Gblocks
(https://www.biologiaevolutiva.org/jcastresana/Gblocks.html)

e trimAl (http://trimal.cgenomics.org/) — also available as
webserver (http://phylemon.bioinfo.cipf.es/utilities.html)



https://www.biologiaevolutiva.org/jcastresana/Gblocks.html
http://trimal.cgenomics.org/
http://phylemon.bioinfo.cipf.es/utilities.html

T QM HEg

T QM Eg QW

GTCCACTCTTCACCTTGTG-——————————————————— GAAGAAGACCAAAAAAGATTAAACACAAACAT-————————————— GAGTGTTTTGCAGTT

GTCAACTCTTCACCTTGTG-——————==——————————~— GAAGAAGACCAAAAAAGATTAAACACAAACATAAGAAAGTGAAGCTGAGTGTTTTGCAGTT
GTCCACTCTTCACCTTGTGCTCCGT---CGTGGTGG---GAAGAAGACCAAAAAAGATTAAACACAA-—————— AAAGTGAAGCTGAGTGTTTTGCAGTT
ETCCACTCTTICACCTIETETT==—seceoeoomooomo=s GAAGAAGACCAAAAAAGATTAAACACAA-—--———- AAAGTGAAGCTGAGTGTTTTGCAGTT
ETCAACTCTTCACCTTETECTCCETo—omoomooooooo—o—— oo o—o——— = AAGATCAAGCACAA-————=—————— GAAGCTGAGTGTTTTGCAGTT

-gappyout — gappy regions (black) removed

10 20 30 40 50 60 70 80 90 100

+ + + + + + + + + +
GTCTACTCTTCACCTTGTGCTCCGT--===—————————— AAGAAGACCAAAGAAGATCAAGCACAAGCATAAGAAGGTCAAGCTCAGCGTCTTGCAGTT
GTCCACTCTTCACCTTGTGCTACGTCTTCGTGGTGGT--GAAGAAGACCAAAAAAGATTAA-———— AACATAAGAAAGTGAAGCTGAGTGTTTTGCAGTT
GTCAACTCTTCACCTTGTGCTCCGT--—————————————————————————— AAGATCAAGCACAAACATAAGAAGGTGAAGCTGAGTGTTTTGCAGTT
GTCCACTCTTCACCTTGTG-——=——==—=—————————— GAAGAAGACCAAAAAAGATTAAACACAAACAT-———-—————————— GAGTGTTTTGCAGTT
GTCAACTCTTCACCTTGTG-———===—————————————— GAAGAAGACCAAAAAAGATTAAACACAAACATAAGAAAGTGAAGCTGAGTGTTTTGCAGTT
GTCCACTCTTCACCTTGTGCTCCGT---CGTGGTGG---GAAGAAGACCAAAAAAGATTAAACACAA-—————— AAAGTGAAGCTGAGTGTTTTGCAGTT
GTCCACTCTTCACCTTGTGTT-—-—-——————————————— GAAGAAGACCAAAAAAGATTAAACACAA-—-————-— AAAGTGAAGCTGAGTGTTTTGCAGTT
GTCAACTCTTCACCTTGTGCTCCGT--—————————————————————————— AAGATCAAGCACAA-—-—————————— GAAGCTGAGTGTTTTGCAGTT

-nogaps — colums with at least one gap (black) removed



>A
GTCTACTCTTCACCTTGTGAAGATCAAACAGCGTCTTGCAGTT
>B
GTCCACTCTTCACCTTGTGAAGATTAAAGAGTGTTTTGCAGTT

>C
GTCAACTCTTCACCTTGTGAAGATCAAAGAGTGTTTTGCAGTT #NEXUS
>D
GTCCACTCTTCACCTTGTGAAGATTAAAGAGTGTTTTGCAGTT e
or DIMENSIONS NTAX=8 NCHAR=43;
GTCAACTCTTCACCTTGTGAAGATTAAAGAGTGTTTTGCAGTT FORMAT DALY EE=DNE INTBRLEAVE=yes CaE==]
SF
MATRIX
GTCCACTCTTCACCTTGTGAAGATTAAAGAGTGTTTTGCAGTT
> A GTCTACTCTT CACCTTGTGA AGATCAAACA GCGTCTTGCA GTT
T CCACTOTTCACCT TG CARGAT T ARACAGTGT TTTCCAGTT B GTCCACTCTT CACCTTGTGA AGATTAAAGA GTGTTTTGCA GTT
oH C GTCAACTCTT CACCTTGTGA AGATCAAAGA GTGTTTTGCA GTT
T CAACTCTTCACC T TG CARGATC AR ACAGTGT T TTCCAGTT D GTCCACTCTT CACCTTGTGA AGATTAAAGA GTGTTTTGCA GTT
E GTCAACTCTT CACCTTGTGA AGATTAAAGA GTGTTTTGCA GTT
© 15 F GTCCACTCTT CACCTTGTGA AGATTAAAGA GTGTTTTGCA GTT
G GTCCACTCTT CACCTTGTGA AGATTAAAGA GTGTTTTGCA GTT
A GICTACTCTTCACCTIGTGAAGATCAAACAGCGTICTTGCAGTT H GTCAACTCTT CACCTTGTGA AGATCAAAGA GTGTTTTGCA GTT
B GTCCACTCTTCACCTTGTGAAGATTAAAGAGTGTTTTGCAGTT ,
C GTCAACTCTTCACCTTGTGAAGATCAAAGAGTGTTTTGCAGTT D
D GTCCACTCTTCACCTTGTGAAGATTAAAGAGTGTTTTGCAGTT ’
E GTCAACTCTTCACCTTGTGAAGATTAAAGAGTGTTTTGCAGTT
F  GTCCACTCTTCACCTTGTGAAGATTAAAGAGTGTTTTGCAGTT
G GTCCACTCTTCACCTTGTGAAGATTAAAGAGTGTTTTGCAGTT
H GTCAACTCTTCACCTTGTGAAGATCAAAGAGTGTTTTGCAGTT

PHYLIP

‘nr seqs’ ‘nr chars’




e Seguence conversion
http://sequenceconversion.bugaco.com/converter/biology/sequences

e Format Converter v2.0.5
https://www.hiv.lanl.gov/content/sequence/FORMAT CONVERSION/form.html

e PGDSpider (http://www.cmpg.unibe.ch/software/PGDSpider/)
e CONVERT, Formatomatic, Create

e conversion to formats for POPGEN, Arlequin, Structure, BAPS,
Phylip, MSA, SPAGeDi, FSTAT etc.

e readAl - part of trimAl distribution (commandline programe)



https://www.ebi.ac.uk/jdispatcher/sfc/emboss_seqret
http://sequenceconversion.bugaco.com/converter/biology/sequences
https://www.hiv.lanl.gov/content/sequence/FORMAT_CONVERSION/form.html
http://www.cmpg.unibe.ch/software/PGDSpider/

e different coding approaches
e do not treat/discard (missing data)

e other character (5t state)
- simple indel coding (SlC) — Simmons & Ochoterena 2000

e more complicated approaches (i.e., complex indel
coding, modified complex indel coding...)



e ifalongindel includes a shorter one completely within
than the long indel is treated as missing when the shorter
indel is coding
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GGAAACCCCCCCTTCAAACCCCAAAAGG



analyses. Syst. Biol. 50, 454-462.

Miiller, K., 2006. Incorporating information from length-mutational events
into phylogenetic analysis. Mol. Phylogenet. Evol. 38, 667—676.

Ogden, T.H., Rosenberg, M.S., 2007. How should gaps be treated in
parsimony? A comparison of approaches using simulation. Molec. Phylog.
Evol. 42, 817-826.

Graham, S.W., Reeves, P.A., Burns, A.C.E., Olmstead, R.G., 2000.
Microstructural changes in noncoding chloroplast DNA: interpretation,
evolution, and utility of indels and inversions in basal angiosperm
phylogenetic inference. Int. J. Plant Sci. 161, S83—-S86.

Young, N., Healy, J., 2003. GapCoder automates the use of indel characters in
phylogenetic analysis. BMC Bioinformatics 4, 6.



e output — NEXUS interleaved with gaps coded as
0/1/?

>seqgk
GGAAACCCCCCCTTCAAACCCCAAAAGG

seqgB
seqgC
segD
seqgk

GGAAACCCCCCCTTCAAACCCCAAAAGG

[5 indels coded]

segA
seqgB
seqC
segD
seqgk

102172
102172
01101
01101
00000


http://bioinfweb.info/Software/SeqState

I A= I

e works with header data (extract, replace...)

e alignment merging, cutting
e extracts variable sites only
e formats for TCS, MrBayes, Arlequin, Excel...

e detects number of different sequences (DNA to
haplotype collapser)


https://users-birc.au.dk/palle/php/fabox/index.php

considered
e recombination
e presence of ancestral haplotypes in populations
e low number of variable characters
e other than strictly dichotomous divergence

Clement M, Posada D & Crandall KA (2000) TCS: a computer program to estimate gene
genealogies. Molecular Ecology 9: 1657-1659.

Templeton AR, Crandall KA & Sing CF (1992) A cladistic analysis of phenotypic associations
with haplotypes inferred from restriction endonuclease mapping and DNA sequence data. lll.
Cladogram estimation. Genetics 132: 619-633.

Posada D, Crandall KA (2001) Intraspecific gene genealogies: Trees grafting into networks.
Trends Ecol Evol 16: 37-45.


https://bioresearch.byu.edu/tcs/

e frequences are used to estimate probability that
haplotype is an outgroup (correlates with haplotype
age)

e haplotypes are connected when the parsimony
probability is higher than 0.95

e resulting graph includes also missing haplotypes (extinct

or non-sampled) — on the connections among detected
haplotypes
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Pericallis Rosa pendulina



