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Zakladné pojmy

Fylogeneticky strom — s kofenem (,rooted”)
— bez kofene (,unrooted”) — nejstarsi spolecny bod neni
naznacen, nedefinuje evolucni cestu

(Kladogram — info jen o poradi vétveni taxonu, délka vétvi neni relevantni, taxony vzdy
na vrcholu vétvi bez ohledu na extinkci)

Uzly — terminalni (externi) Vétve — periférni (koncCi terminalnim uzlem)
— vnitni (interni) - vnitfni (spojuji 2 vnitrné uzly)
- centralni (spojuji 4 periférni vetvy)

Bifurkace (dichotomie), multifurkace (polytomie) — plné vyreseny
Terminal - CastecCné vyreseny
leat - hvézdicovity

Internal node Star tree Partially resolved Fully resolved
(hypothetical

ancestor)

Branch
N\ {edge)
Root



homologie — obé sekvence maji stav znaku primo od ancestora
homoplazie — podobnost znaku mezi sekvencemi se vyskytuje nezavisle

Variabilni mista

- singletons — pouze jeden taxon nese mutaci
- sites phylogenetically informative — alespon dva taxony nesou mutaci

sites phylogenetically uninformative — invariable sites + singletons

Consistency index — hodnota poCtu homoplazii charakteru v dosazeném
kladogramu
Cl=m/s (minimum/observed)

Retention index — hodnota poCtu podobnosti charakteru
RI=(g-s)/(g-m)
g the maximum number of the substitutions

Rescaled index = R*C

Monofyleticka/parafyleticka/polyfyleticka skupina



Zpracovani sekvenachich dat

Manualni korekce sekvenci - Sequencher software (Gene Codes Corp.)

w<Zalineni“ sekvenci — NCBI BLAST, ED program v MUST package (Philippe,

1993), Clustal W v BioEdit 5.0.9 (Hall, 1999)

Fylogeneticka analyza - MEGA 6 program (Kumar et al., 2011)
PAUP* 4b10 (Swofford, 2001)
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MEGA v6 — Uprava sekvenc i (alignment)

Data Edit Search Alignment Web Seguencer Display Help
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15 165 cle3

25 165 clc3

33 165 clc3

45 165 clecs EEEEHEEECERAR
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85 165 clec3
85 165 clc3
115 165 clc3
135 165 clec3
155 165 clc3
185 1465 clc3
205 185 clc3
215 165 clec2
225 185 clc?Z
385 165 clc3
405 165 clc3
415 165 clc2
465 165 clc3
475 165 clc3
485 165 clc3
485 165 clc3
215 165 clc3
445 165 clc3
245 165 clc3
255 185 clc3




Alignment

Zarovnani sekvenci - dochazi k maximalizovani rezidui — vytvoreni
mezer (,gaps”) — inzercie a delece vyskytujice se v sekvenci,
kterymi se odlisuje od ,common ancestor”

Gap Opening Penalty (0-100), Gap Extension Penalty (0-100)
— snizovani — povoli vlozeni vice ,gaps‘ — min nesrovnalosti v
alignmentu — falesné shody neukazujici homologie, a naopak

Alignment — neni véc absolutni, ale najlepsi alternativa, kterou
algoritmus v pocitaci vybere

ClustalW, Clustal X, BioEdit...



Metoda konstrukce stromu

algoritmus

Kritérium

Typy dat

distance sekvence
UPGMA
Neighbour-joining
Maximum parsimony

=
O H : .
£ Minimum evolution | Maximum likelihood
£
S Bayesian analysis




Fylogeneticke analyzy

Fylogeneticky strom — hypotéza, ktera vznikla co nejlepsim
odhadem na zaklade omezeneho zdroje informaci

Metody FA — dva pristupy

1. Algoritmus - jde primo k vysledku, co je jediny strom (odpada
srovnani vzajemné si konkurujicich stromu) — metody
shlukove analyzy (UPGMA), Neighbour-joining (NJ) — obe
vyuzivaji data vzdalenosti (distance)

2. Kriterium optimalnosti — dva kroky — definovani kritéria, podle
ktereho je hodnocen kazdy strom urcCitym skore, ktere se
pouzije k naslednému srovnani v§ech stromu

- pouziti specifického algoritmu
pro vypocet funkce (kriterium optimalnosti) a pro ziskani
stromu s nejlepsi hodnotou teto funkce



Jaka by mela vybrana metoda byt?

Vykonnost — ,tempus fugit” nebo ,time is money*
pomoc — heuristické metody hledani v pfipade vyssiho
poctu taxonu &i znaku

Sila — kolik dat musime shromazdit, aby byly vysledky spravne

Konzistence — s pfidavanim dalSich znaku spéjeme k spravnému vysledku

Robustnost — do jaké miry vedou drobné odchylky od vstupnych
pfedpokladu k nespravnym zavérum

Falzifikovatelnost — urCeni nevhodnosti modelu na zaklade odchylky
od predpokladu

IDEALNI METODA NEEXISTUJE...




Metoda maximalni parsimonie —
uspornosti (MP)

Jedna z nejpouzivanejsich metod - rychla,
jednoducha, preferuje jednodusi hypotezy
platnost), tzn. vybere moznost (strom) s
minimalnim poctem evolucnich kroku
nutnych k vysvetleni vstupnich dat

Ne vsechny znaky jsou pouzitelne,
parsimony - informative



Metoda maximalni parsimonie —
uspornosti (MP)

Fitchova a Wagnerova parsimonie — nejjednodusi, nezatizené zadnymi
(F) nebo minimalnimi (W) omezenimi
vuci moznym typdm zmeén (X— Y, Y —X)

Camin-Sokalova parsimonie — jen X—Y, evoluce je ireverzibilng,
neumoznuje ztratu ziskaného znaku, moc se
nepouziva

Dollova parsimonie — takisto predpoklada symetricnost zmén, ale povoluje
znaku vzniknout jen jednou, paralelni a konvergentni ziskani znaku neni
povolené

Vazena parsimonie — ne v§echny znaky jsou stejné informativni, je subjektivni

Generalizovana parsimonie — zobecnéni uvedenych typu, pfirazeni ,costs”
v§em moznym typum zmeén



Maximum parsimony

Pocet stromd
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Maximum parsimony

Konsenzudlne stromy

(A) (B) (C)

a b c a b c a b c

(D) Strict (E) 50% majority-rule (F) 70% majority-rule
a b c a b c d e f a b ¢ d e f




Vyhody a nevyhody parsimonie
+
Dobra pochopitelnost, jednoduchost, rychlost, nizky
pocet predpokladu (jakakoliv evolu¢ni zména je

vzacna, takze MP strom Ize povazovat za nejlepsi
odhad skutecné evoluce)

Nekonzistentnost, pritazlivost dlouhych vetvi (LBA)



Metoda maximalni
pravdepodobnosti (Maximum
likelihood, ML)

- posuzuji se jednotlivé hypotézy o evolucni historii
zkoumanych taxonu z hlediska pravdépodobnosti, ze jsou
v souladu se ziskanymi daty, vysledek — maximalne
pravdepodobny odhad

Tri soucasti - vstupné data
evolucni model
fylogeneticky strom s topologii i delkou vetvi



Vyhody a nevyhody maximalni
pravdepodobnosti

+

Nizka nachylnost k chybé, robustnost vuci
odchylkam

Vysoka vypocetna narocnost



Bayesian inference

Vypocet pravdepodobnosti na zaklade specifikovaneho
modelu a na zaklade toho, co jsme o charakteru dat zjistili

Zaklad — strom s danou topologii a déelkami vetvi, model
nukleotidovych substituci a rozlozeni substitucnich
frekvenci mezi jednotlivymi nukleotidy

Princip pristupu jako u ML

VYHODY — mensi asova naroénost, strom zohlednuijici
fylogeneticky signal v datasetu, moznost pouzit i pro
smiseny dataset




Modely evoluce sekvenci (substitucné modely)
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Jukes - Cantor model (JC)
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Kimura's 2-parameter model (K2P)
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Felsenstein 1981’s model (F81)

Nékteré typy substituci muzou byt ¢astéjSi nez jiné proto, ze jsou v
zkoumanych sekvencich pocCetnejsi
Tento model uvazuje nestejné frekvence pro vSechny 4 nukleotidy

Jukes-Cantor je specialni pripad tohoto modelu, kdy maji vsechny
nukleotidy stejnou frekvenci

MO T T Pi je primérna frekvence
T,O . WO WO baze / v porovnavanych
P, = * f=[m, n; 7, 7] sekvencich
MO0 WO . O
[ TAOL T O TGO

Pokud pA=pC=pG=pT , pak F81 =JC



Hasegawa, Kishino, Yano 1985 model (HKY85)

Spojuje vlastnosti obou pfedchozich modelu (K2P a
F81)

Bere v potaz nestejneé zastoupeni jednotlivych bazi a
rozdilnou frekvenci tranzici a transverzi

]
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General time-reversible model (GTR)

Nejobecnéjsi model, vSech 6 typu substituci ma rozdilnou frekvenci

Ted Wb T
T, a . T.d T.e
P=|" © R f=[r, n.m. 7]

b md . m.f Y

M Mee Mof

Omezenim nékterého z parametru se muzeme dopracovat ke
kterémukoliv z pfedeslych modelu



Skutecné data: pozorované a oCekavaneé zmeny

« Srovnani lidské a Simpanzi mtDNA (307/1333 bp je rozdilnych)
« K2P odhaduje P=0.22, Q=0.011

« HKY85 odhaduje A=0.37, T=0.18, C=0.40, G=0.05

* Modely bohatsSi na parametry jsou blize skuteCnému stavu

Observed Jukes-Cantor Kimura 2 parameter HKY85
A C G T A C G T A C G T A C G T
A e O - A. ® o A. - ® - AD. o -
Cle . . . Cl@® . ® & ¢ - . - @ ¢ . ’ .
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Jak vybrat spravny model...

Vice parametru, vice realizmu, ale...

Vice pridanych parametru (naredeni dat) -
zvysujeme nejistotu odhadu - zvyseni chyby
vyberu (sampling error)

Malo parametru — nepresné odhady

Hodné parametru — nizka presnost



Heterogenita substitucnich frekvenci v
ruznych ¢astech sekvence

Uvedené modely predpokladaji, ze kazdé nukleotidove
misto se vyviji stejnou rychlosti

Heterogenitu subst. frekvenci je mozné do ML analyzy
zaclenit:

Gamma distribuce — rozsah, tvar
.

.

.

5 —
4 —
3
2 -

Substitutions per nucleotide
per 109 years

1




Gamma distribuce

Umoznuje vic jako dveé kategorie

Type of sequences a
Nuclear genes
Albumin genes 1.05
Insulin genes 0.40
s c-myc genes 0.47
g Prolactin genes 1.37
“3 16S-like rRNAs, stem region 0.29
é 16S-like rRNAs, loop region 0.58
§_ ym-globin pseudogenes 0.66
o
Viral genes
Hepatitis B virus genomes 0.26
R
0 03 10 , 1,'5 20 23 30 Mitochondrial genes
Substitution rate (r)
128 rRNAs 0.16
Position 1 of four genes 0.18
Position 2 of four genes 0.08
Position 3 of four genes 1.58
D-loop region 0.17
Cytochrome & 0.44




Jak vybrat parametry modelu?

Alternativa 1: odhadnout prfimo z dat pri vyhodnoceni
kazdého stromu (Casove narocné)

Alternativa 2: najit “vhodny strom” a odhadnout parametry na
zakladé tohoto stromu

Alternativa 3: opakovat rekonstrukci ML stromu pomoci

parametru odhadovanych v kroku 2, kym se nic nebude
menit

Nejjednodussi zpusob je pouzit Modeltest 3.8 (online) nebo MrModeltest



D.Posada and K.A.Crandall
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Fig. 1. Hierarchical hypothesis testing in MODELTEST. At each level the null hypothesis (upper model) is either accepted (A) or rejected (R).
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Distancni metody

Zalozené na podobnostech (vzdalenostech, rozdilech)

Poznani skutecné evolucni vzdalenosti mezi vsemi
Cleny studovaného souboru taxonu umoznuje velmi
lehkou rekonstrukci evolucni historie téchto taxonu

Opakované zmeny
jednoho znaku —
korigované distance (jako
u pravdepodobnosti)

Nekorigovana vzdalenost
— p-distance

Korekce: JC, F81, K2P,
F84, GTR

Sequence difference

Expected difference
o TN . I 'Correction’
Mo -

Observed
difference

Time



Aditivni a ultrametrické stromy

Aditivita — evolu¢ni vzdalenost mezi kteroukoliv dvojici taxonu je
soucCtem délek vsech veétvi, ktere je spojuji

Ultrametrické distance — jsou také aditivni, vSechny taxony se
vyviji v souladu s predpoklady molekularnich hodin

" Cladogram Additive tree Ultrametric tree

S A - A

UV o, O '

E cC = = =

- \% s llj * £ * UJ

50! o £ =

o £ G

= / <

T 4 » L Rttt > - >
This axis means This axis means This axis means

nothing nothing nothing



Neighbour - joining (NJ) Saitou et Nei, 1987

Casto pouzivana metoda k rekonstrukci strom( (barcoding)
Data nejsou ultrametricka, pracuje s uzlama, ne taxonama
Kombinuje rychlost’ a jedinecnost vysledku — jediny strom

Nezohlednuje shodu mezi daty a vyslednym stromem (je to vic
klastrova metoda nez optimality)

Dobra heuristicka metoda pro konstrukci ,minimum evolution® stromu

ME - Minimalizuje sumu délek vétvi, ktera je poCitana z ,pairwise distances”



Optimalni stromy a jejich spolehlivost

Exaktni pristup — Exhaustive search — porovnavani vSech moznych
stromu

Branch-and-Bound — ,pridej vetev, stanov limit”® -
kritérium, které se snazime minimalizovat, muze byt jakékoli, a s
pridavanim taxonu neklesa — nemusime hodnotit vSechny mozné
stromy, ale stanovime horni hranici kritéria, kterou zadny strom nesmi
prekrocit

Heuristicky pristup — Stepwise addition — postupné pfidavani taxonu
Star decomposition — hvézdicova dekompozice
Branch Swapping — vymena vétvi

Test hierarchickeé struktury - randomizace

Test spolehlivosti jednotlivych vétvi — Bootstrapping
Jack-knife ___, konsenzualni strom



System caroveho kodu

* DNA barcode je kratka genova
sekvence standardizovane casti
genomu pouzita k druhové

identifikaci
" ‘?IHBJ‘U

25002







Priklad: AfriCti motyli

'VOri species komplexy

Jejich parazitoidi (Tachinidae) take
(Dittrich et al 2000)

Leguminivora ptychora na lusteninach je
také species komplex

Ale nékteri skudci jsou Siroko rozsireni,
napr. Spoladea recurvalis a Maruca vitrata




Hippotion balsaminae |USHM 196484 | |Nigeria.Oyo
Hippotion balsaminae |USNM 196488 | |Nigeria.Oyo
Hippotlion balsaninas |ISNM 196486 | |Nigeria.Oyo
Hippotion balsaminae|USHM 1964B5| |Migeria.Oveo
Hippotion balsaminae |USHNM 196490 |Nigeria.Oyo
Hippotion balsaminae |USNM 196487 |Nigeria.Ovo
Hippotion balsaminae|USHMM 196489 | |[Nigeria.Dyo
Hippation balsaminae|USNM 196483 |Nigeria.Dyo

Hippotion eson|USHM 196529 |Wigeria.Ovo
-—————1}Hippntinn eson|USNM 195998 |[Kenya.Nairabl Area

Hippotien eson|SPHT 1961249 | |Xenya.Rift Valley
Hippotion eson|USHM 196527 |Nigeria.Ovo

. Hippotion eson|UsSNM 196448 | |Kenya.Rift Valley
- A[Lrllippatiun egon|USNM 196528 |INigeria.Oyo

Hippotion eson|SPHI 185466 | |Kenya.Rift Valley
Hippotion eson|USHM 195&&1||Kan3u.ﬂift v1111;
jHippotlon roseipennis| 196122 | SPHI unas |[Kenya.Rift Val ley
‘Hippotion roseipennis|196l123| 5PHEL unas |Kenva.Bift Vallay

'
e r

Hippotion eson

—lcm—

LESRA alude 125245 LIS bl 123347




Rychle a efektivni

» Celed Sphingidae — vzorky 49 druht za 6
mésicu (témérf kompletni lokalni fauna)

* DNA barcoding rozlisil druhy jak v
lokalnim, tak v globalnim meritku

* Mistni knihovny muzou byt rychle
srovnany a prispet ke globalnim
knihovham



Jak Barcoding funguje

Tvorba referencni knihovny:

e Spravne urceny jedinec (vouchers)
* Vzorek tkane

 DNA extrakce, PCR amplifikace
 DNA sekvenovani

* Odeslani dat do GenBanku

Pouziti referencni knihovny :

* Neurcené druhy

« Tkan, DNA, sekvenovani

« Srovnani s referencnimi sekvencemi



Jak se to vse deje od jedince pres
sekvenci po druh?




.. & PCR amplifikacni
& jednotka

Stovky vzorku denné, cena
od nékolika centu po dolary



Produkce dat v r. 2008

Rychlejsi a prenosnegjsi system — stovky
vzorku za hodinu

Integrované DNA mikrogipy Stolni mikrofluidné systémy



Produkce dat v budoucnosti?

« Ziskani dat
kdekoli, hned
* Cena nékolik
haléru
* Link do referencni
| databaze
« Taxonomicka GPS
* Pouzitelné

- nespecialisty




CBOL - organizace ¢lenu od r. 2008

Vice nez 170 organizaci z vice nez 50 zemi (z toho 54 organizaci z 20 rozvojovych zemi)
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Mise CBOLu: uvest DNA Barcoding
jako globalni standard

1. Vyvinout a zvednout standardy komunity

2. Barcode projekty pInit databaze

3. Globalni participace a koordinace

Prijeti taxonomickou komunitou

Koordinace s jinymi oblastmi vedy

. Prijeti regulacnimi agenturami

7. VVyvijeni produktu soukromymi spole¢nostmi

> 01 & ¢




Propojeni GenBanku s vouchery

Registry of Biological Repositories

Institutional Acronyms and Collections Codes

On This Page:

Institution TR

Segrching dstafislds

Search by Sorting columns
or Institution Name Acronym or Loecation Alphsbet indsi

search
“Stetus column
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T " Sponsors
BB, i Tambioen Somai Al f(azakhstan = Unconfirmed | Edit
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CONSRTIL N MOk THE BakooDE OF LiFe
1old Arberetum: Harvard T oy e e e
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BOLD Sequence Webpage

BOLDSYSTEM Hamagement & Analysis

W Hesperiidae of the ACG 1 [CSCR]

Wil ¥TT 13- TZEMA 21803 Sinad GT AASATIE G T
bBarcsds ldenTifiis Veikn 34 EF1 O30T BOwd w2k
] . I i . ﬂ o &= LR-ETT TZEFI4 233400 H4ED:
B cailsa I 3 CRCRIT0-04 Sample (0

Wamion 34,162 Lane 1= Foinis 1384 o 15200 Pk Lok

Lol [N Lsziibank Accassm

L Lyl agte] Trateslation Klaliix

Sayuancing Runs
Fouii Deme Fotiin Sin= Dif eCcTeain Tiace Fibe

Hucleatide Saquancs

LErIlltl': 3l ANEAL T TALA ] [REIE N R E N B S Y T ]
Camp, A ITAGGTARCCCAGEATC TTTRAAT TCCAGAT GATC AARTTTA

U o P LT e 1 R W TR PN
Comp. G: CATATAGCATTTC LA CAATRAATARTATARGATTTTGAL T

ArAATIGTA G LA TR G AGTFARCAGEATCALCTFTTTA

- TCTTCTETAGAITTAGC TATTTTTTCATTACATTTAGCAGT
ACAACAATTATTARTATAL GRATTRGAANTTTATCATTIGA
Updated 15- 1 AT T W T T T T A TR T
H-U4 g TACAT CATT CTTGERATE AN NN MMM NN

LT [T
CompT:

r2 L i —
[ B

Arving Acid Saquancs
Lenrh ; 220 ATLYFIFCINA RV GTALALLIRTELFIPGILIGETOITHT.
DHAFFRMNIHSMOLLPFSIALLISS LGS S ¥D LA FSLHLAGTISSILGATNTI

TIIEMREISELAFDOMER L WA ITA LTS s T LT | gl ] S TS

Mgt e Baicode

L] EE
117 L]

11 1T



Ceratopogonidae — 105 barcoding sekvenci

PRIMT |

Specimen | FAGs | Docu

{ Sequence Download
Count : 335

FastaFile

|.w !g? Sequence Download fPublished Sequences]
I -

'.C' bold

HEVLASY.CZ %) Mapy Google @ Pos|am1

da, no-see-ums, midgies, sand flies, punkies, and others), are a family of small flies {1—
ackflies), and Thaumaleidae. They are found in almost any aguatic or semiaguatic

kind of host animal. Culicoides, Forcipomyia (Lasiohelea), and Leploconops suck
gsyhelea feed exclusively on nectar. Species in other genera are predatory on other... full

Sample Sources

B Elizabeth Macarthur Agricultural Institute, New South Wales [
O Wagga Wagga Agricultural Institute [1273]

O Bicdiversity Institute of Ontario [978]

O mined from GenBank, NCBI [323]

O York University [95]

O Stroud Water Research Center [15]

O Canadian Mational Collection of Insects, Arachnids and Memat
O Mahidol University, Department of Medical Entomology [9]

O Australian Quarantine and Inspection Service, Horthern Austre
O Research Collection of Graeme V, Cocks [8]

B & Others [15]

imaaes representing subtaxa of Ceratopogonidae




Globalni projekty CBOL

 Fish Barcode of Life (FISH-BOL) - 30 000
morskych/sladkovodnych druhu do r. 2010
* All Birds Barcoding Initiative (ABBI) - 10
000 druhu do r. 2010

» Tephritidae — 2 000 Skudcu/prospésnych
druhu do r. 2008

« Komary - 3 300 druhu do r. 2008

* Ohrozené druhy

* Trees of the world



Stare a noveé techniky

« CBOL stavi na soucasnych taxonomickych
poznatcich

« Sequence knihovny zalozeny na voucher jedincich,
co dela vedu opakovatelnou a testovatelnou

* Voucher jedince propojuji historické, soucasneé a
budouci vyzkum

Priklad: CSIRO studie na bzucivkach mapuijici
rezistence na insekticidy a zjistovani historie pomoci
DNA z muzejnich jedincu (PNAS 103: 8757)



GenBank

http://www.ncbi.nlm.nih.gov/genbank/

Nekolik databazi — Nucleotide, Protein,
PubMed, CoreNucleotide, Structure,
Genome, etc.

Vérohodnost sekvenci vyssSi nez v
databazich CBOLu

Soucasti je BLAST - ,multialign tool"




Po zadani hesla - Insect...

e Entrez, The Life Sciences Search Engine

PubMed | All Databases | Human Genome | GenBank | Map Viewer | BLAST
Search across databases |insect |[Go | [Clear] Heip

- Result counts displayed in gray indicate one or more terms not found
!ml m PubMed: biomedical literature citations and abstracts o Books: online books 7]
|5 | ﬂ PubMed Central: free, full text journal articles L7l OMIM; online Mendehan Inherntance in Man V&

!_]_-l m Site Search: NCBI web and FTP sites (7]

i23ﬁ_?l_5§.i_: . Nucleotide: Core subset of nucleotide sequence records (7] :E_'T_i w dbGaP: genotype and phenotype 7
[_65-4252 %+ | EST: Expressed Sequence Tag records o @ ﬂ UniGene: gene-oriented clusters of transcript sequences |
'T_, E]' GSS: Genome Survey Sequence records L] El.lj?_l t, CDD: conserved protein domain database 7]}
BS?__6| -:-:l Protein: sequence databaze o 3J PP— UniSTS: markers and mapping data 7]
Ii_fl*_' I!l Genome: whole genome seguences 7] 53_ﬁ| ﬂn PopSet: population study data sets 7]
|_91_E£' ?_ Structure: three-dimensional macromaolecular structures o ,6_IJ_4_2?_I {fﬁ GEO Profiles: expression and molecular abundance profiles 7]
@ Taxonomy: organisms in GenBank ] GEOD DataSets: expenmental sets of GEO data (71}
T_I Ilvlll SNP: single nuclectide polymaorphism (7] Epigenomics: Epigenetic maps and data ssts i




Musca domestica cytochrome oxidase subunit Il (COIll) gene, partial cds; mitochondrial

GenBank: DQ133110.1
FASTA  Graphics PopSet

Go to:

LOCUS
DEFINITION

ACCESSICN
VERSION
EEYWORDS
SCOURCE
ORGANISM

REFEEENCE
AUTHORS
TITLE

JOURNAL
PUBMED
REFERENCE
AUTHCRS
TITLE
JOURNAL

FEATURES
source

=L

ORIGIN

DR133110 663 bp DHA linear INV 13-DEC-2005
Musca domestica cytochrome oxidase subunit ITI (COII) gene, partial
cds; mitochondrial.

DR133110

DQ133110.1 GI:72398995

mitochondrion Musca domestica (house fly)
Muzca domestica
Eukaryota; Metazoa; Arthropoda; Hexapoda:; Insecta; Pterygota:
Neoptera; Endopterygota; Diptera; Brachycera; Muscomorpha:;
Muscoidea; Muscidae; Musca.
1 (base=s 1 to 663)
Dittmar,K., Porter,M.L., Murray,5. and Whiting, M.F.
Molecular phylogenetic analysis of nycteribiid and streblid bat
flies (Diptera: Brachycera, Calyptratae): implications for host
associations and phylogeographic origins
Mol. Phylogenet. Ewol. 38 (1), 155-170 (200€)
16087354
2 (bases 1 to 663)
Dittmar,K., Porter M.L., Murray,5. and Whiting, M.F.
Direct Submission
Submitted (18-JUL-2005) Integrative Biology, Brigham Young
University, 401 WIDE, Provo, UI 84602, USh
Location/Qualifiers
1..663
forganism="Musca domestica™
forganelle="mitochondrion™
/mol type="genomic DNA™
fspeEimen_voucher="D1130"
fdb_xref="taxon:7370"

<1l..>»663
/gene="COII"
<1l..>»663

fgene="COII"

fcodon start=1

ftransi_tab1e=§

/product="cvtochrome oxidase subunit II"

fprotein id="AAZ72903.1"

fdb_xref;"GI:?QBSSSQG"
Jtranslation="MSTWANLGLQDSSSPLMEQLIFFHDHALMILTVMITVLVGYLMFT
LFFNEYVNRYLLHGQTIEIINTILPATIILLFIAFPSLRLLYLLDEINEPSVILEATIGH
OWYWSYEYSDFNNVEFDSYMIPTHELEPVDGFRLLDVDNEVVLEPMNSQIRILVIAADVI
HSWIVPALGVEVDGT PGRLNQTNFLINRPGLFYGQCSEICGANHSFMPIVIESIEVNY
FIE"

1 atgtcaacat gagcaaattt aggtttacaa gatagttott ctocattaat agaacaatta
61l attttttttc atgatcatgc attaataatt ttagtaataa ttacagtatt agtocggatat
121 ttaatgttta cattattttt taataaatat gttaatcgtt atttattaca tggacaaaca
181 attgaaatta tttgaactat tttacctgca attattttat tattcattge ttteoceccttet
241 ttacgattat tatacttatt agatgaaatt aatgaaccat cagtaacttt aaaggctatt
301 ggtcatcaat gatattgaag ttatgaatat tcagatttta ataatgttga atttgattct

Customize view =
Analyze this sequence =
Run BLAST
Pick Primers

Find in this Sequence

Related information =
Related Sequences

PopSet

Protein

PubMed

Taxonomy

Recent activity =
Turn Off Clear

Musca domestica cytochrome oxidase subunit
Il (COlly gene, partial cds; mitochon... Hudleatids

P W ¥ PRTSNSSEPS (Rt I A e P P B K e T B
o Musee-demmestiesmicehondria 158
Hudleotide
Q, Musca domestica (1272)
Mudlectide
Q insect (236769)
Juclectide
Q Mucleotide Sequence (1495 letters)
BLAST
See more...



CBI Signin

Nucleotide Nucleotide  ~ =
Limits Advanced Help

Display Settings: FASTA Send: _

Change region shown -
Musca domestica cytochrome oxidase subunit Il (COIl) gene, partial cds; mitochondrial P —— .
GenBank: DQ133110.1
GenBank Graphics PopSet )
>gi] 72388995 |gb|DQ133110.1| Musca domestica cytochrome oxidase subunit ITI (COII) AnaWZEthlssequence
gene, partial cds:; mitochondrial Run BLAST
ATGTCAACATGAGCARATTTAGGTTTACAAGATAGTTCTTCTCCATTAATAGAACAATTAATTTTTTTTC Pick Primers

ATGARTCATGCATTARTARTTTTAGTARTAATTACAGTATTAGTCGGATATITAATGTITTACATTATITITT
TAATARATATGTTAATCGTTATTTATTACATGGACARACARTTGARATTATTTGRAACTATTTTACCTGCR
ATTATTITATTATICATIGCTTTCCCITCIITACGATIATTATACTTATTAGATGALATTAATGARCCAT
CAGTARCTTTARAGGCTATTGGTCATCARTGATATTGAAGTTATGAATATTCAGATTTTARTAATGTTGA
ATTTGATICTTATATAATTCCTACARATGALTTACCAGTAGACGGATTTICGTTTATTAGATGTAGATART Related information -
CGAGTAGTTTTACCRATAR ATTCTCRARATTCGRAATTTTAGTARCTGCTGCTGATGTAATTCATTCATGAR
CIGTTICCTGCTTTAGGTGTARAGGTTGATGGTACTCCTGGTCGTCTAAATCAAACTAATTTCTTAATTAR
TCGRCCAGGTTTATTCTATGGACRATGTTCAGRRATTTGTGGAGCTAATCATAGTTTTATACCAATTGTA PopSet
ATTGAAAGTATTCCTGTAAATTATTTTATTARG

Find in this Sequence

Related Sequences

Protein
PubMed

Taxonomy

Recent activity =
Turn Off Clear

Musca domestica cytochrome oxidase subunit
Il {(COIl) gene, partial cds; mitochon... Nuclestids

Q Musca domestica mitochondrial (188)
Nucleatide

Q Musca domestica (1272)



BLAST

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

—
|My HCBI H

| [Sian In] [Reqisier]

» NCEY BLAST Home

Your Recent Results MNew!

BLAST finds regions of similarity between biological sequences. more...
Hucleotide Sequence (1495 let...

[ Aligning Multiple Protein Sequences? Try the COBALT Multiple Alignment Tool. _Go)

BLAST Assembled RefSeq Genomes S
Choose a species genome to search, or list all genomic BLAST databases. SOAP BLAST
8 Human O Oryza sativa 0 Gallus gallus AU besed iR AT setice b
o Mouse o Bes taurus o Pan troglodytes Avatac.
= ; % Mon, 18 Jul 2011 08:00:00 EST
O Rat O Danio rerio o Microbes
o Arabidopsis thaliana o [Orosophila melanogaster o Apis mellifera [E) More BLAST news...
Basic BLAST
Choose a BLAST program to run. Tip of the Day

Use Genomic BLAST to see the
Search a nucleotide database using a nucleotide query genomic context
Algorithms: blastn, megablast, discontiguous megablast

nucleotide blast

If you are interested in the evolution of a
iotein Blast Search protein database using a protein query particular gene or gene family it is often
Algorithms: blastp, psi-blast, phi-blast intetesting to examine the intro-sxon

structure even across species.

blastx | Search protein database using a translated nucleotide query

Mare tips...
thiastn | Search translated nucleotide database using a protein guery

thlastx | Search translated nucleotide database using a translated nucleotide query



i-ﬂ.ly NCBI

i Sign In] [Reqgister]

_J blastn | bigsip | blastx | tblastn | iblasix |

|
» NCBI/ BLAST/ blastn suite ‘

Al ACTM mraarame caarch nnclastide dstahacas neina = ancleastids anams mars Rezetnane Bookmark |

Other reports: B Search Summary [Taxonomy reports] [Distance tree of results]

¥ Graphic Summary

Nistributinn of 100 Rlast Hite nn the OQuary Sannancs 6

¥ Descriptions
Legend for links to other resources: [ unicene 3 ceo [A Gene A structure [ Map Viewer B pubChem BioAssay

Sequences producing significant alignments:

Accession Description — Yotal Ny \ e i Links
score score COVErage — walue ident
G0465784.1 | Musca domestica cytochrome oxidase subunit T (COI) gene, partial ct 2761 2761 100% 0.0 100%
AB478523.1  Musca domestica mitochondrial COI gene for cytochrome oxidase sub 2750 2750 100% 0.0 99%

AB475528.1  Musca domestica mitochondrial COI gene for cytochrome oxidase sub 2750 2750 100% 0.0 9%

AY¥5261868.1  Musca domestica tRMA-Tyr gene, partial sequence; and cytochrome 2750 2750 100% 0.0 99%,
EU154477.1 Musca domestica mitochondrion, partial genome 2739 100% 0.0 99%
EUS27636.1  Musca conducens cytochrome oxidase subunit I (COI) gene, partial c 2244 99% 0.0 33%
EUB27854.1  Musca asiatica cytochrome oxidase subunit I (COI) gene, partial cds; 2222 99% 0.0 93%
EU627693.1 Musca sorbens cytochrome oxidase subunit I (COI) gene, partial cds; 2222 99% 0.0 93%
EUB27700.1  Musca larvipara cytochrome oxidase subunit I (COI) gene, partial cds 2206 99% 0.0 93%
EUBZ7688.1  Musca confiscata cytochrome oxidase subunit I (COI) gene, partial © 2178 99% 0.0 92%
AB478530.1  Musca crassirostris mitochondrial COI gene for cytochrome oxidase st 2167 2167 9% 0.0 92%
AB4789531.1  Musca crassirostris mitochondrial COI gene for cytochrome oxidase si 2161 2161 99% 0.0 92%
EUs27701.1 Musca convexifrons cytochrome oxidase subunit I (COI) gene, parbial 2156 2156 99% 0.0 92%
EUSZ7702.1 | Musca formosana cytochrome oxidase subunit I (COI) gene, partial c 2089 2089 99% 0.0 91%
AB478533.1  Musca bezzii mitochondrial COI gene for cytochrome oxidase subunit 2061 2061 99% 0.0 91%
EUB27E95.1 Musca crassirostns cytochrome oxidase subunit I (COI) gene, partial 2056 2056 99% 0.0 1%
AB4795532.1  Musca bezzii mitochondrial COI gene for cytochrome oxidase subunit 2056 2056 99% 0.0 91%
EUS15008.1  Musca domestica isclate JIA-A-1 cytochrome oxidase subunit I (COT) 2049 2049 74% 0.0 100%
EUB27655.1  Musca inferior cytochrome oxidase subunit I {(COI) gene, partial cds; 2045 2045 99% 0.0 91%
EUS14999.1 Musca domestica isolate jia2l cytochrome oxidase subunit I (COI) ge 2045 2045 74% 0.0 100%
EUB149093.1 Musca domestica isclate jial4 cytochrome oxidase subunit I (COI) ge 2043 2043 73% 0.0 100%

FlLIR14992.1 Micra damactira ienlata 1213 rwbnchroma avidzeca cobhemit T 60T Ao nE9 n39 TA% n.n 100%



FLY TREE

2004-2008, 30 mil. USD, 649 taxonu, desitky tisic bp

FLYTREE

Assembling the Diptera Tree of Life

FLYTREE

Introduction Latest FLYTREE News:
About this Grant
About & Contact Us view all recent posts

Opportunities Rediscovering World's Rarest Fly

Features

About Flies With over 158,000 described
Pictures spedies, flies (the insect order
Fly Morphology Diptera), are among the most
Fly Nomendlature diverse groups of living organisms

on the planet.

Spedcies Highlights
Phylogeny This diversity transcends simple
Publications & Products spedes numbers and s

_— demonstrated in the great breadth
News of morphological, ecological, and
behavioral variation found in the
group.

Press Releases
Talking About Flies

Flies have a deep evolutionary

Buzz About Flies history that extends back to the
Additional Buzz Permian Period, over 250 milion
Ninkoras nen years ago.




Builders of the Dipteran Tree...

FLYTREE
Introduction

About this Grant
About & Contact Us
Opportunities

Features

About Flies

Pictures

Fly Morphology

Fly Nomendlature
Species Highlights
Phylogeny

Publications & Products

News
Press Releases
Talking About Flies

Buzz About Flies
Additional Buzz
Diptera.org

EDIT Diptera
Tenn nf 1ifn

ffwnanw.cals.ncsu.edu/entomology/wiegmanny

FLYTREE

f}fg \ Builders of the Dipteran Tree...
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DNA Taxonomie — pomoc pri reseni
problému nebo vnaseni chaosu?

Prvni zaznamy COIl do GenBanku — 1996, od té doby ca. 1000 sekvenci

dvoukridlych
V soucasnosti — ca. 153 000 popsanych druhu dipter — méné nez 1% je

zarazeno do ,Barcoding procesu”
COI nevhodny pro odliSeni blizkych druhu

Stanoveni hranic druhu — podobnost sekvenci (pairwise distances) - PROBLEM

Fylogeneticka rekonstrukce pfibuzenskych vztahd — mozné resSeni —
multigenovy pristup

Svétové sbirky hmyzu — nemoznost pouzit material pro analyzy - PROBLEM

Taxonomie zalozena vylucné/prevazne na DNA analyze — zkresleny pohled

Potfeba propoijit s ostatnimi pfistupy — INTEGRATIVNIi TAXONOMIE




