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Definice druhu

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

* QOchranarska biologie — je nutno rozhodnout o
taxonomické jednotce (druhu), ktera vyzaduje pozornost

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




CENSUS.,‘.
OF MARINE LIFE What 7is DNA Barcoding?

Definition: Derivation of short DNA sequence(s) that enables species
identification or recognition in a particular domain of life (e.¢




BARCODING LIFE,
ILLUSTRATED

Goals, Rationale, Results
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Mark Stoeckle, The Rockefeller University
Paul E. Waggoner, Connecticut Agricultural Experiment Station
Jesse H. Ausubel, Alfred P. Sloan Foundation




Barcoding 1s 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
identitying species.




Why barcode animal and plant species?

Known Biodiversity Estimated Biodiversity
Approximately 1.7 million named 10 million species

species of plants and animals.

Ee—]

Crustaceans

Insects Molluscs

Vertebrates
[
Other Animals

|

Flowering Plants Other Plants

1 square = 10,000 species




2. 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

T~ Barcode .
e ™ Analyzer ———

tissue samples barcode
sequences

Plant pathogen
Heterodera glycines
Soybean nematode

Endangered species
Chelodia mydas
Green Turtle

Invasive species
Caulerpa taxifolia
Marine algae




Researchers have developed numerous ways to
identify species by DNA, typically tailoring the
approach to answer a specific question in a

limited set of species (e.g. phylogeny).

Like convergence on one or a few railroad gauges,
barcoding aims to capture the benefits of
standardization, which typically lowers costs

and lifts reliability, and thus speeds ditfusion
and use.




Results so far suggest that a mitochondrial gene will enable
identification of most animal species.

Focus to date: For animals, a 658 base-pair fragment of the

mitochondrial gene, cytochrome oxidase subunit I
(mtCOI).

For plants, mitochondrial genes do not ditfer sutficiently to
distinguish among closely related species. Promising
approaches to standardize plant identification use one or
possibly more barcode regions are under development.

For bacteria, a 165-TDNA emerges as very useful marker
(especially in using next-generation sequencing)




Why barcode animals with mitochondrial
DNA?

Mitochondpria, energy-producing organelles in

plant and animal cells, have their own genome.
['wenty years of research have established the
utility of mitochondrial DNA sequences in
differentiating among closely-related animal
species.

Four properties make mitochondrial genomes
especially suitable for identifying species:




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




» 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.

o 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.

o 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.




Cytochrome c oxidase I (COI) 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
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What do barcode ditferences among and within
animal species studied so far suggest?

o Barcodes identity most animal species
unambiguously.

 Approximately 2-5% of recognized species
have shared or overlapping barcodes with
closely-related species. Many of the species
with overlapping barcodes hybridize regularly.

o In all groups studied so far, distinct barcode
clusters with biologic co-variation suggest
Cryptic species.




Barcoding
North
American birds
highlights
probable

Cryptic species

Interspecific vs. intraspecific COl barcode differences
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e Tringa solitaria

"

0

8

e \Vireo gilvus

e[ Sturnetfa-magna

Minimum genetic difference (%) BETWEEN species

EJ 1 2 3 -1 5 6 7 5 g I.D 11 1.2 13 14
Maximum genetic difference (%) WITHIN species

Results for 73 species of North American are shown. Quadrants
represent different categories of species:

l. consistent with current taxonomy

Il. probable lumped species (candidate for taxonomic split)

lll. recent divergence, hybridization, or synonomy.

IVV. probable taxonomic misidentification




[ Ponge pyq |5835163] |s00bp
Pongo pygmaeus 1ﬂ43h94|‘900bp

Pongo pygmaeus |5835834 | [900bp
Gorilla

Pan paniscus
Pan paniscus

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 difter

from chimpanzees at 60
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A barcoder?

Mark Sloeckle  The Rockefeller Uniyersity
Paul Waggoner Conneclicut Agricuthural Expeiment Stafion
Jesse Ausubel Alfred P Sioan Foundation




Maintaining Credibility Amongst Taxonomic Community
Recognizing the intellectual content of taxonomy

Demonstrating the utility of DNA barcoding in classical
taxonomy problems

Integrating DNA barcoding approaches with
classical taxonomy and taxonomic methods




CENSUS.“.
OF MARINE LIFE What 7sn’t DNA Barcoding?

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




What are the main limits to barcoding
encountered so far?

 Groups with little sequence diversity

o Incomplete lineage sorting
 Resolution of recently diverged species
o Hybrids

 Nuclear pseudogenes




Priklad: Myotis blythii vs. Myotis myotis
- Introgrese mtDNA

M. myotis - Evropa M. blythii - Asie

Berthier et al. 2006




Priklad: Myotis blythii vs. Myotis myotis
- Introgrese mtDNA

samec

M. myotis - Evropa M. blythii - Asie

Berthier et al. 2006




Priklad: Myotis blythii vs. Myotis myotis
- Introgrese mtDNA

. M. blythii - Asie
M. myotis - Evropa l Tendence ke kfizeni s

podobnymi hybridy
vedla k narustu
proporce genomu M.
blythii v Evropé

Berthier et al. 2006




Priklad: Praomys cf. daltoni complex
- Intfrogrese mtDNA

Kolik je zde druhu?

Ctyfi podle genotypu — cca 7% divergence? o
Dva druhy podle fenotypu? e
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What is species???
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Rerélaining clades v
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Who is advancing barcoding?

CONSORTIUM FOR THE BARCODE QF LIFE
G e e R e ST

CONSORTIUM FOR THE BARCODE OF LIFE (CBOL) is an international initiative
devoted to developing DNA barcoding as a global standard in taxonomy.

CBOL is a collaboration of natural history museums, herbaria, biological repositories,
and biodiversity inventory sites, together with academic and commercial experts
in genomics, taxonomy, electronics, and computer science. CBOL has more
than 100 institutional members in 40 countries.

The inaugural meeting for CBOL was held at The National Museum of Natural History,
Washington DC in May 2004. The initial organizational support for CBOL was
provided by a 2.5 year grant from the The Alfred P. Sloan Foundation, renewed
in 2006 for 3 years.




ldentifikace jedince - metody

DNA fingerprinting (nazev dnes pouzivan pro rizné metody)
- velké mnozstvi kvalitni DNA

- technicka narocCnost

+univerzalita

AFLP
- kvalitni nedegradovana DNA
+univerzalita

Sekvenovani, alozymy
- nemusi rozlisit jedince

Mikrosatelity _
+ staCi malé mnozstvi nekvalitni DNA, optimalni pro neinvazivni pfistupy
- je nutné znat konkrétni lokusy a sekvence specifickych primeru




Multi-locus genetic markers

 Mnoho znaku nahodné
rozmistenych v genomu

» minisatellite DNA fingerprinting
(celogenomova RFLP)

» AFLP (amplified fragment length
polymorphism)

e presence vs. absence =
dominantni znaky (neodlisi
heterozygota)

Pr.: chromozém 1




RFLP (restriction fragments length polymorphism)
a AFLP (amplified fragments length polymorphism)

« Zakladem je nastipani DNA restrikCnimi enzymy
« — miliony fragmentu ruzné délky

* Rozdily diky:
— pritomnosti/absenci restrikCnich mist
— tandemovym opakovanim (mikrosatelity, minisatelity)
— delece a inzerce

 Zviditelnéni jen urcité Casti fragmentu




Restrikcni endonukleazy

Enzyme Site \
%,o

Recognition _
| GTAGAATTCATTCACGCA
* Each enzyme digests CATCTTAAGTAAGTGCGT

(cuts) DNA at a
specific sequence =
restriction site

« Enzymes recognize
4- or 6- base pair, %ﬂ
palindromic

(S:gq'é‘f&‘&?.?c) GTAG AATTCATTCACGCA
CATCTTAA GTAAGTGCGT




Common
Restriction
Enzymes

%
GAATTC
CTTAAG

Bro

5CTGCAG 2
3GACGTC 5

— Eschericha coli
— 5 prime overhang

— Providencia stuartii
— 3 prime overhang




Kazdy jedinec md jedinecny genom

Zaména v restrikénim
i ] , .
% misté = zde ke
%ﬂ sStépeni nedojde
GTAGAATTCATTCACGCA ’%/
CATCTTAAGTAAGTGCGT
’ = GTAGAATgCATTCACGCA
%"" CATCTTAC GTAAGTGOGT

1. Ztrata nebo nabyti restrikCniho mista




Kazdy jedinec md jedinecny genom

i i

2. Ztrata nebo nabyti SINE (napf. sekvence) nebo LINE




Kazdy jedinec ma jedinecny genom

" "

I

3. Vysoka mutacni rychlost minisatelitl — rozdily v pocCtu repetici, tj. v délce
daného useku




Sir Sk
Alec Jeffreys |

DNA fingerprinting
T  t t f t 1

T 1 ;&_1 1

« Jeffreys et al. 1985
— ,nastipani“ DNA pomoci restrikCniho enzymu
— Rozdéleni fragmentu pomoci elektroforézy
— Hybridizace (jako sonda minisatelit, napf. Alu)

 Dostatek kvalitni DNA
* VSe na jednom gelu
e Laboratorni narocnost

—




Nastipani DNA restrikCnimi

AFLP

Navazani adaptéru

_.;3‘:&\3:;&3:{% T.I "ﬁﬁq‘ _E ._:'1-1: ‘.‘,‘E__ gQiEramie DA,
Amplifikace primery o im Digestion with rara cutier, Ecortl ().
nukleotid delsimi nez je ana roauert cutor. Aeo ()
adapter . s
(jinak sekvence e SS=S  adapter ligation

komplementarni k adaptéru)

Amplifikace primery o — S e o SR
nukleotid delsimi nez je _— —
adapter (jinak sekvence ™

komplementarni k adaptéru)
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Single-locus genetic markers

e kodominantni — mozno stanovovat
frekvence alel

« allozymy a jiné funkcni geny - MM

* mikrosatelity — delkovy
polymorfismus

* SNPs (single nucleotide
polymorphisms) — sekvencni
polymorfismus

* S|NE, LINE Pf.: chromozdém 1




mikrosatelity

Tandemova opakovani kratkych motivu

— I T T —
z0lace DNA — IR

C TTTCTTTCTTTCTTTCTTTCTTTCTTTCTTTCTTTCTTTCTTTCTTTCTTT

Detekce g (11 TTT T TTTCTTICTTTCTTTTTTOTTT

— sekvenator, fragmentacni analyza

 — detektor(< "




ldentifikace jedincu zavisi na stupni polymorfismu

* multilocus microsatellite
fingerprinting — power estimated pl+ 2p.p.)
as ,probability of identity* (Pp)) Fim = 2P0+ 2.2.Cpip,
(Waits et al. 2001)

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

P o)

o
E

10 12 14 16 \ ‘—SHNW{SwanReach}

Number of loci (H=0.6)

=l
]

— = NHNW {Epping Forest}

Probability of identity
=]
5]

pilot studies with tissue samples

are required to identify P(lD) ina
population studied by e.g. Non-
invasive methods




Trus a chlupy
24 mikrosatelitovych lokusu

4 samci a jedna samice
(o jednoho vic nez podle stop a
fotografii)

Multiple-tube approach,
mnohonasobné opakovani PCR
reakci

Medvedi v Pyrenejich

Taberlet et al. 1997

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

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




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




Geneticka identifikace

Interspecific vs. intraspecific COI barcode differences Identifikace jedincu zavisi na stupni polymorfismu
E.‘ i + multilocus microsatellite
E =1 o Tringa solitaria fingerprinti!’l_g — power _es"timated Fp = Z p: + ZZ( 2p, P,):
B' p_— ] - g & as ,probability of identity” (Pp)
arcoding " | (Waits et al. 2001)
Nor £ e iI ‘
Nor th ‘ % . 7 Py =025+ 055 p1)+ 0.5 p*)*|- (0253 p1)
American birds g h | 5
o ‘g & Vireo gilvus o
e o - ? » Stumella magna !
highlights : O |
g e et f— §i 4 ——SHNW (Swan Reach)
pl‘O],‘)ﬂblC E v Number of loci (H=0.6) \
= .
T e o = ~> O E L %
S l} ]_) t]'(’ 5]_‘)t' ClES Maximum genetic difference (%) WITHIN species + pilot studies with tissue samples g"

Results for 73 species of North American are shown. Quadrants are required to identify PUD) n:a

represent different categories of species: population studied by e.g. Non-
I. consistent with current taxonomy invasive methods
Il. probable lumped species (candidate for taxonomic split) T e

Ill. recent divergence, hybridization, or synonomy.
IV. probable taxonomic misidentification

|dentifikace druhu |ldentifikace jedince
(,DNA barcoding®) (,DNA fingerprinting®)




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

* Specielni proteiny (spongikany...)




Geneticke chimery

kosman bélovousy Callithrix jacchus (asi i
Saguinus)

Dizygoticka dvojCata
DNA fingerprinting krve
Jsou to hematopoieticke chiméry

Béhem embryonalniho vyvoje vzajemna
vymena bunek kostni drené

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

Pranik embryonalnich erytroblastt a volné
DNA pres placentu u Clovéka

(pohlavi ditéte pred narozenim lze urdit |
pomoci PCR sekvenci typickych pro Chr,
jako templat periferni krev matky)




Geneticka identifikace pohlavi

1) druhy s nevyraznym pohlavnim
dimorfismem (ptaci)

2) zarodky v ranném stadiu ontogeneze
(embrya)

3) neinvazivni metody (trus, skorapky,
supiny)




Geneticka identifikace pohlavi

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

ptaci (=22, Y=ZW)
savci (3=XY, 2=XX)

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 500 i
X nebo autosomech) e

200 —
100 ——

—— 447/445 bp (ZfyI ZfX)

— 202 bp (Sry)

Sry DNA-binding motif

g @ M I @

( H M G bOX) Apodemus flavicollis Microtus arvalis Bryja a Konecny 2003

velmi podobny u vac¢natcu i

placentalud Nannomys

Ellobius

M. cabrerae

Microtus cabrerae
Sry na Chr X

Ellobius, Tokudaia
Sry zcela chybi

Nannomys
Velka variabilita




Urceni pohlavi - savci

Amplifikace genu na Chr

Y (Sry)

(nejlépe duplex PCR s genem na I
X nebo autosomech) =

300 —
200 —

100 ——

—— 447/445 bp (Zfy/ZfX)

— 202 bp (Sry)

Sry DNA-binding motif o e
M
( H M G bOX) Apodemus flavicollis Microtus arvalis Bryja a Konecny 2003

velmi podobny u vac¢natcu i
placentalu

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

Murphy et al. 2003




UrcCeni pohlavi — jiné skupiny

%
e

Chr Y obcas

| U rostlin
Rumex

Plazi
Calotes versicolor
Sry ma i 50% samic!

mmmmmmmmmmm

Hledani markeru

pomoci
nespecifickych metod —----z--zz==
(RAPD, AFLP) BT E R
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