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|dentifikace druhu

DNA barcoding




Definice druhu

« Koncept biologického druhu (Mayr, 1942) — RIM = post- nebo
prezygotické bariéry toku genu (ne vzdy tak jednoduché — hybridni
zony, alopatricka speciace, asexualni druhy atd.)

« DalSi koncepty (napf. topotypicky = morfologicky, geneticky,
fylogeneticky aj.)

Pro¢ je vubec potireba druhy urcovat (geneticky)?

« Ochranarska biologie — je nutno rozhodnout o taxonomickée jednotce
(druhu), ktera vyzaduje pozornost

« Forenzni genetika, vyvojova stadia bez determinacnich znaku,
identifikace kofisti v travicim traktu predatoru, atd.




Barcoding is a standardized approach to
identifying plants and animals by minimal
sequences of DNA, called DNA barcodes

DNA Barcode: A short DNA sequence, from a

uniform

>

locality on the genome, used for
identifying species
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Why barcode animal and plant species?

Known Biodiversity
Approximately 1.7 million named
species of plants and animals.

Insects Molluscs

~ FloweringPlants ~ Other Plants

—isquare=—10—,[}00. spemes "

Estimated Biodiversity
10 million species




Crisis of biodiversity and classical taxonomy

DNA barcoding is
important part of
,integrative taxonomy*




Integrative taxonomy

Integr. Taxonomy

| Behavioural Biol. |




What are the benefits of standardization?

Barcode Library
(sequences linked to named specimens)

Human disease vector
Aedes albopictus
Asian mosquito

collect samples — analyze —s compare to library

Plant pathogen
Heterodera glycines
Soybean nematode

e —  Analyzer ———
«— _’_\ Endangered species
Chelodia mydas
tissue samples barcode Green Turtle

sequences

Invasive species
Caulerpa taxifolia
Marine algae

Suitable standard for animals — mtDNA




Why barcode animals with mitochondrial DNA?

control resion S
Ontrolregion  inssomal RNA

Four properties make
mitochondrial genomes
especially suitable for
identifying species

Large
_ ribosomal RNA

NADS

Human
mtDNA
(16.5kb)

coxin




1. Greater differences among species, on average 5- to 10-
fold higher in mitochondrial than in nuclear genes. Thus
shorter segments distinguish among species, and
because shorter, less expensively.

Average sequence differences in nuclear and mitochondrial DNA
between human and chimp

% sequence difference

10—

0.9%

Nuclear

9%

Mitochondrial




2. Copy number There are 100-10,000 more copies of
mitochondrial than nuclear DNA per cell, making
recovery, especially from small or partially degraded
samples, easier and cheaper.

3. Relatively few differences within species in most
cases. Small intraspecific and large interspecific
differences signal distinct genetic boundaries between
most species, enabling precise identification with a
barcode.

4. Introns, which are non-coding regions interspersed
between coding regions of a gene, are absent from
mitochondrial DNA of most animal species, making
amplification straightforward. Nuclear genes are often
interrupted by introns, making amplification difficult or
unpredictable.




Focus to date

For animals, a 658 base-pair fragment of the mitochondrial gene,
cytochrome oxidase subunit | (mtCOI) — consensus for iBOL
consortium

For plants, mitochondrial genes do not differ sufficiently to
distinguish among closely related species. Promising markers are
genes on cpDNA: matK and rbcL

For bacteria, a 16S-rDNA emerges as very useful marker
(especially when using next-generation sequencing)

For particular taxonomic groups, also other barcodes are widely
used, e.g. cytochrom b for mammals




Cytochrome ¢ oxidase | (COIl or Coxl) contains differences
representative of those in other protein-coding genes

Possible gains in accuracy or cost using a different protein-coding gene would
likely be small.

Percent identity plot (PIP) analysis of complete mitochondrial genomes

¢ — «~— 100%
. II _:U |
Anopheles gambiae - - "' 90%
VS. . |t=—-— ——— i ‘!:' o
A. quadrimaculatus COlI barcode region | i
' i
ATPE ND3 ?5%
. ND2 [a{a]] @I C.Cllll_ NDS M4 _TIQDB CYTB MND1 165 &_
Ok 4k 8k 12k
100%
Homo sapiens T — "
VS_ -I _ '—90 ;‘{}
Pan troglodytes COIl barcode region -
—- +75%
M -S|V 5T e | T Ml 1 S e
Ok 4k 8k 12k 16k

protein coding gene
ribosomal RNA gene




Barcoding, molecular taxonomy, and exploration of
the diversity of shrews (Soricomorpha: Soricidae)
on Mount Nimba (Guinea)

FRANCOIS JACQUET'*, VIOLAINE NICOLAS', CELINE BONILLO?,
CORINNE CRUAUD? and CHRISTIANE DENYS'
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Figure 3. Histograms of divergence percentage values between all sequences. Black, intraspecific distances; light grey,
interspecific distances amongst clade C; dark grey, interspecific distances excluding clade C. All sequences were corrected
using the Kimura two-parameter substitution model. Sequences corresponding to nuclear copies of cytochrome b were
excluded from the analysis. BRCA, breast cancer gene; COl, cytochrome oxidase L




What do barcode differences among and within
animal species studied so far suggest?

barcodes identify most animal species unambiguously

approximately 2-5% of recognized species have shared
barcodes with closely-related species - many of them
hybridize regularly

in all groups studied so far, distinct barcode clusters
with biologic co-variation suggest cryptic species




Interspecific vs. intraspecific COl barcode differences

3 solitari

Barcoding North
American birds

e Vireo gilvus

@ Sturnella magna

Minimum genetic difference (%) BETWEEN species

Maximum genetic difference (%) WITHIN species

Tak co treba znamena toto?




Barcodes affirm the unity of the
species Homo sapiens

Comparisons show we differ from
one another by only 1 or 2
nucleotides out of 648, while we
differ from chimpanzees at 60
locations and gorillas at 70
locations.

Pon

|
Pongo pygmasus

Pongo pygmacus

5835834
G

Pan paniscus
Pan paniscus

2%

Pan tlogl/ J' te
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17985389
32348142
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A barcoder?

\Mark Sioeckle  The Rockefeller University
Paul Waggoner Conneclicut Agricultural Expedment Station
JeEEE AUsUDel Alfred P. Sloan Foundation




Next generation sequencing of amplicons

1. Metagenomika/metatranskriptomika 3. Analyza kontaminovanych vzorkd

/ v o V' V4 OPEN a ACCESS Freely available online @PLOS I BNE
- celé spolecenstvo pudnich, vodnich _ . _
. . o o , . , Next-Generation Sequencing for Rodent Barcoding:
mi kr‘OO r‘ganlsmu, sStrevni mi kr‘Oflor'(] Species Identification from Fresh, Degraded and

Environmental Samples

- PCR genu 165 (185) rRNA

. . . @ T apmas pecific Distance z
- I Ze ' kvan* l f l kovaT é 2! |l  winter -Specific Distance 300 %
g‘ 20 250 .;?
§ 200 :
& 15 é
v 4 . 2 150 @
g 8
2. Slozeni potravy (COT barcoding) )
= 2
: S have N |71 T
- COI bar'COdlng (masozraVC') ogggggugug!nzue gﬁﬁﬁﬁﬁ%%%%éé@%’?ﬁ%%ﬁ%%o :
ooooooooooooooooooooooooooooooo
genetic distance
- C p D N A (by l O i ravc i) Figure 2. Plix:ilbu;:m[:;‘:‘nirwin K2P genetic distances within and between 103 rodent species (265 individuals) based on the
P mini-barcode .

|SE|S|AM|E| BARCODE
SEquences Seeker & AMplicons Explorer for Barcoding

Genotyping and barcoding based on
high-throughput multiplex amplicon sequencing

lllumina sequencers

lllumina MiSeq Hlumina GAllx lllumina HighSeq
4 millions reads/run 300 millions reads/run 1500 — 3000 millions reads/run
150 bp/read 150 bp/read 100 bp/read




A barcoder? ... COMING SOON

\ark Sloeckle  The Rockefeller Linlversity
Paul Waggoner Conneclicut Agricuttural Experiment Station
Jeese Ausunel Alfred P Sioan Foundation




What isn’t DNA Barcoding?

it is not intended to, in any way, supplant or invalidate existing
taxonomic practice

it is not DNA taxonomy; it does not equate species identity,
formally or informally, with a particular DNA sequence

it is not intended to duplicate or compete with efforts to resolve
deep phylogeny (e.g., Assembling the Tree of Life, ATOL)




What are the main limits to barcoding encountered
so far?

. horizontal gene transfer
. gene tree vs. organismal tree

. Incomplete lineage sorting (usually recently
diverged species)

. nuclear pseudogenes

. hybrids — mtDNA introgression




1. Horizontal gene transfer

DNA barcoding cannot reliably identify species of the blowfly
genus Protocalliphora (Diptera: Calliphoridae)

T.L Whitworth, R.D Dawson, H Magalon and E Baudry
Proc. R. Soc. B 2007 274, doi: 10.1098/rspb.2007.0062, published 22 July 2007
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Wolbachia within an insect cell
(25-70% druhu hmyzu)




Vysledky jaderne a mitochondrialni DNA si
neodpovidaji

AFLP
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Figure 1. Phylogram of the Protocalliphora genus based upon AFLP dam. The tree was generated by parsimony analy
on. Bootstrap values are shown as percentage of 1000 replicates at each node only
on status of each individual is shown on the tree. Individuals infected with wAl1,
wA2 or wB Wolbac/ia strains are respectvely represented by an opeén triangle, a solid trangle and a crcle. Non-infected

heuristic search with tree bisection-reconne
if they are 50% or greater. The Walbachia i

individuals are symbolized by NI

Symboly vpravo odpovidaji typu Wolbachia infekce
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Figure 2. Phylogram of the Protocalliphara genus based upon COT and COII data (total of 953 bp). The tree was generated by
maximum likelihood analysis using a heuristic scarch with tree bisection—teconnection. Bootstrap values are shown as
percentage of 1000 replicates at each node only if they are 50% or greater. The Whlbachia infection status of each individual is
shown on the tree. Individuals infected with wAl, wA2 or wB Wolbacka strains are respectively represented by an open triangle, a
solid mangle and a circle. Non-infected individuals are symbobized by NL Three clusters defined using 3 or 1.8% divergence as
threshold values (§3) are shown on the figure. The three ellipses indicate cases where honizontal mansfer of Wolbackia between
species seems probable (§3).

Horizontalni prenos mtDNA pres Wolbachia
(vétSinou mezi blizce pfibuznymi druhy, na
urovni rodu je barcoding OK)




2. Gene tree vs. organismal tree

Jeden gen (navic mitochondrialni) neni dostateCny pro definici druhu




3. Incomplete lineage sorting

Cas potiebny k fixaci polymorfismu = 2 N, generaci




4. Pseudogenes

Molecular Phylogenetics and Evolution 50 (2009) 633-641

Contents lists available at ScienceDirect

Molecular Phylogenetics and Evolution

SFVIER journal homepage: www.elsevier.com/locate/ympev

False phylogenies on wood mice due to cryptic cytochrome-b pseudogene

Sylvain Dubey ®*, Johan Michaux®, Harald Briinner ¢, Rainer Hutterer®, Peter Vogel ®

ALATMRITCECTTCTOAGGRGCIWRCAGTAAT TACALAIYY FACTATCAGCAATI|YECAT

Chimeric sequence A \Lﬂﬂ m "
TATCCTTCTGAGGGGC|TRC

Cytochrome b sequence A A J‘ /\ /\AM A

ANV

AATGTCCETCTGAGGAGC|s
Pseudogene sequence - Al A Ak A A N a s A et

R AT U RO A f VAW W T X

AATGTCETTCTGAGGAGCARCAGTAATTACAAACTIACTATCAGCAAT [ClECAT
PSGUdogene AAT|GITCCTTCTGACGGAGCAACAGTAATTACAAAICTIACTATCAGCAAT |CICCAT
sequence references AATIGTCCTTCTGAGGAGC|AACAGTAATTACAAACTIACTATCAGCAAT |ClcCAT

Fig. 2. Examples of electropherograms of a chimeric cyt-b sequence of lineage V/VII (V1) and of pure lineages V and VII.

Heterozygotni sekvence v mtDNA
— budte ostraziti!

NUMTS = ,nuclear copy of
mtDNA sequences

Dosti Casto gen pro cytochrom b
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5. Introgression of mtDNA
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Myotis blythii - Asie
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Myotis myotis - Evropa

Berthier et al. 2006




Priklad: Myotis blythii vs. Myotis myotis
- Introgrese mtDNA

samec

M. myotis - Evropa M. blythii - Asie




Priklad: Myotis blythii vs. Myotis myotis
- Introgrese mtDNA

samecC

/

Tendence ke zpétnému krizeni se
samci M. blythii vedla k narustu
proporce genomu M. blythii v Evropé

K

M. myotis - Evropa l

M. blythii - Asie

Kolonizujici (invazni) druh ,ukradne” mtDNA puvodnimu druhu (Currat et al. 2008)




Molecular Ecology (2010) 19, 47834799 doi: 101111 /j1365-294X.2010.04847 x

Plio-Pleistocene history of West African Sudanian
savanna and the phylogeography of the Praomys daltoni
complex (Rodentia): the environment/geography/genetic
interplay

J. BRYJA,* L. GRANJON,+' G. DOBIGNY,+* H. PATZENHAUEROVA,* A. KONECNY,*+
J. M. DUPLANTIER,+ P. GAUTHIER,+ M. COLYN,{ L. DURNEZ,§ A. LALISY and V. NICOLASY

Kolik je zde druh?

Ctyfi podle mtDNA genotypu — cca 7% divergence (cyt b)? g7,
Dva drUhy pOdle fenOtypU? daltoni - parafyleticky

U derooi - synantropni

Pfiklad: Praomys cf. daltoni complex
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Partial mtDNA introgression in Dahomey gap
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Fig. 6 Results of microsatellite analysis of individuals from Benin. (a) Factorial correspondence analysis in Genetix; squares

uals with mtDNA from clade A, friangles

A

_-v"_
Clade A

individ-

from clade C2. Note the seven individuals with mtDNA from clade A, but clustered

within individuals with mtDNA from clade C2 (marked by black squares). (b) Likelihood of models in STRUCTURE for increasing
number of populations (K); the highest likelihood is observed for K = 2. (¢) Assignment of individuals to particular populations using

the best model (i.e. K = 2; the run with the highest likelihood) in STRUCTURE.




What is species???
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Rerélaining clades
= P. daltoni (paraphyletic)
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ldentifikace jedincu

DNA fingerprinting




ldentifikace jedincu — kdy?

vétsinou kdyz jedince nevidime (pfip. u zpétnych
odchytu, kdyz chybi znacka)

neinvazivni genetika — skryta zvirata, vzorky trusu,
moci, chlupu atd. — da se spojit napf. s individualni
variabilitou potravy

forenzni genetika — identifikace DNA v zivoCisnych
produktech, pytlactvi, atd.

druhova ochrana — napr. sokolnictvi (potvrzeni
rodiCovstvi) apod.




ldentifikace jedince — unikatni
multilokusovy genotyp

minisatelitovy fingerprinting
- velké mnozstvi kvalitni DNA, technicka naro¢nost
+ univerzalita

AFLP
- kvalitni nedegradovana DNA

+ univerzalita Alec Jeffreys, the pioneer of DNA profiling

Mikrosatelity
+ sta€i malé mnozstvi nekvalitni DNA, optimalni pro neinvazivni pfistupy

- je nutné znat konkrétni lokusy a sekvence specifickych primeru

SNPs
+ velké mnozstvi znakl v genomu
- mala variabilita, je potfeba hodné lokusu, nutno znat konkrétni lokusy




Mikrosatelity

Tandemova opakovani kratkych motivu
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— sekvenator, fragmentacni analyza
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ldentifikace jedincu zavisi na stupni polymorfismu

* multilocus microsatellite
fingerprinting — power estimated

as ,probability of identity” (P p)) o+ Qpp)
(Waits et al. 2001) — napf. F) z ZZ j
program GenAlex

Py =0.25+(0.5 p2)+[0.5> p2)2]- (0253 p)

P o)

0.04

=——SHNW (Swan Reach)

10 12 14

Number of loci (H=0.6)

ntity

0.03 1
— - NHNW (Epping Forest)

Probability of ide

pilot studies with tissue samples

are required to identify P, in a
population studied by e.g. Non-
invasive methods




Medvedi v Pyrenejich

Taberlet et al. 1997

Trus a chlupy

24 mikrosatelitovych lokusu

4 samci a jedna samice s
unikatnimi multilokusovymi

genotypy (o jednoho vic nez
podle stop a fotografii)

Multiple-tube approach,
mnohonasobné opakovani
PCR reakci

#  Cannelle (adulte female) L 2 km 1
A Camille (adule male)

Fig. 3 Home range of two Pyrenean brown bears obtained by
noninvasive genetic sampling and genotyping.




 P. Hajkova — PhD thesis

Analyza prostorove akt|V|ty




Identifikovani jedinci - Horndad, NP Slovensky Raj]
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Lidska forenzni genetika

- Pozustatky vojakul z valky Vietham a Korea

|dentifikace na zaklade mtDNA pribuznych osob
(Ize jen nekdy)
V soucCasnosti: vzorek DNA (krve) pfi odvodu, jiné markery

Armed Forces Repository of Specimen Samples for the Identification of Remains

* Soudni pre
Clinton-Lewinska
Pozustatky ruského cara Nikolaje |l

 Kriminalistika

« Obeéti tragickych udalosti




Klony

Bambus Sasa senanensis

Suyama et al. 2000
Plocha 10 hektaru
AFLP

22 Kklonu

Klon na plose 300 m v pruméru

¥




Slavni klonalni bezobratli

 Rotifera — Bdelloidea

 Ostracoda
(Darwinula)

» Partenogenetickée

kKlony vysokeho stari
(miliony let)

Darwinula stevensoni




Genetickeé chiméry

e organismy slozené
Z bunék s ruznymi
genotypy

* Dictyostelium

discoideum

chimeérismus je pravidelna
soucast zivota




Geneticke chimery

 Ficus srust kofenu ruznych
jedincu

« sumky Boftryllus schlosseri
chimericke kolonie
pribuzni jedinci

* Diplosoma listerianum
| nepribuzni




Celleporella hyalina (Bryozoa)

Hughes et al. 2004

* Pravdépodobnost fuze koreluje s pfibuznosti
« Histokompatibilita

* Lepsirozpoznavani v pokrocilejsich fazich
— dozravani imunokompetence

« Specialni proteiny (spongikany...)




Ceratioid anglerfish

* miniaturni samec po
narozeni vyhleda
samici, jeji kuze
vyloucCi hydrolyticky
enzym a samec
priroste

e vznika
hermafroditicka
chimeéra




Geneticke chiméry — ,microchimerism®

« kosman bélovousy Callithrix jacchus (asi i
rod Saguinus)

» dizygoticka dvojCata

« DNA fingerprinting krve - hematopoieticke
chiméry

 béhem embryonalniho vyvoje vzajemna
vymeéna bunek kostni drene

« tyka se to asi jen krve (neinvazivni metody —
chlupy, trus — jeden genotyp)

« prunik embryonalnich erytroblastt a volné
DNA pres placentu i u Clovéka

* (pohlavi ditéte pred narozenim Ize urcit i
pomoci PCR sekvenci typickych pro Chr,
jako templat je periferni krev matky)




|dentifikace pohlavi

DNA sexing




Geneticka identifikace pohlavi - procC

1) druhy s nevyraznym pohlavnim
dimorfismem (ptaci, ale i rada savcu)

2) zarodky v ranném stadiu ontogeneze
(embrya, larvy)

3) neinvazivni metody (trus, skorapky,
supiny)




Geneticka identifikace pohlavi

druhy s genetickou determinaci pohlavi (tj.
nejCasteji pohlavni chromozomy)

ptaci (8'=Z2Z, Y=2ZW) {
savci (3=XY, 2=XX) A Y

amplifikace DNA oblasti specificke pro
heterogameticke pohlavi

W, Y — malé chromozomy




Urceni pohlavi — ptaci
Griffith et al. 1998

« CHD1W a CHD1Z, geny na pohlavnich
chromosomech (chromobox-helicase-DNA-
binding gene (CHD) — Griffiths & Tiwari
1995)

* Primery amplifikuji introny obou genu
* Introny se mohou lisit délkou

« Existuji uz tfi moznosti bézne pouzivanych
primerd

* Problematicke druhy
Struthioniformes




Manorina melanocephala

(Meliphagidae) Arnold et al. 2001

« Synove funguji jako pomocnici

« U adultu

2,31 samcu na 1 samici

medosavka hlu¢na

 Mladata v hnizde
pomér pohlavi 1:1 (57:57)

* Prvni se lihnou samci
(v 17 hnizdech z 18)

Pri opousteni hnizda jsou vetsi a tezsi




Urceni pohlavi - savci

« Amplifikace genu na Chr
Y (Sry)
(nejlépe duplex PCR s genem na
X nebo autosomech)

 Microtus cabrerae
Sry na Chr X

Ellobius, Tokudaia
Sry zcela chybi

 Nannomys
Velka variabilita

M. cabrerae

500 —
400 —
300 —

200 —
100 ——

d @ M

Apodemus flavicollis

g @

Microtus arvalis

Nannomys

Ellobius

—— 447/445 bp (ZfyI ZfX)

— 202 bp (Sry)

Bryja a Kone¢ny 2003




Urceni pohlavi - savci

« Amplifikace genu na Chr

Y (Sry)
(nejlépe duplex PCR s genem na soo T o 7145 bp (2
X nebo autosomech) e

200 — 202 bp (Sry)

100 ——

g @ M I @

Apodemus flavicollis Microtus arvalis Bryja a Konecny 2003

* Analyzy z trusu: nutno pouzivat druhove specifické markery
(jinak cross-amplification s druhy tvoricimi potravu)

Murphy et al. 2003




UrCeni pohlavi — jine skupiny

"ff#
Chr Y obcas e
| U rostlin
Rumex
Plazi

Calotes versicolor
Sry ma i 50% samic!
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