Molekularni ekologie



Co je molekularni ekologie?

Uméle vytvoreny obor vymezeny technickym pristupem.

Na ekologické problémy hleda odpovéd
pomoci molekularnich metod.

Pracuje na urovni genom, jedinec, populace, skupina populaci.

Je to vlastné aplikovana populacni genetika.

Pro¢€ pouzivat molekularni metody v ekologii?

Casto nelze jinak

paternita — pafeni ¢asto skryté a nemusi vést k oplozeni
identifikace z trusu, chlupt - pohyb jedinct skryté Zijicich druhu
izolace populaci — nemusi byt zfejma

pocet migrantd — nelze sledovat naraz vSechny jedince



Nicméné

Molekularni ekologie je pfekvapivé kompaktni
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Vysly ucCebnice,
jiz nékolik let vychazi Casopis Molecular Ecology

Na feseni velmi odliSnych problému pouziva obdobné metody
(Casto i obdobné alternativy — difuzni x koalescenéni pristup)

Snad se da tedy i pfednaset



Vychazi z populacni genetiky

« Slavni zakladatelé moderni syntezy, tficata léta
« Matematické modely spojujici genetiku a evolucni teorii

Sewall Wright
adaptivni krajina

Mean Finess




Konkrétni priklady

« Prfibuznost (neutralni znaky)
— identita (stopy stejného jedince, klony)
— paternita, vzdalengjsi pfibuzni
— vztah populaci (izolovanost, vyména migrantu)
— fylogeografie (historie Sifeni)
— hybridizace, hybridni zény

« Geny pod selekci
— MHC, MUP, ABP, reprodukc¢ni proteiny
— geny pro zbarveni

* Geneticka historie ¢lovéka,
Ochranarska genetika

i




Metody

historie:

alozymy, RFLP, DNA fingerprinting

dnes prevazné:

sekvence, mikrosatelity, SNP

DNA — PCR — sekvenator

Budoucnost, vlastné uz pritomnost:

mikrochipy? Celé genomy?



PCR

Polymerase chain reaction

(Jak z malo DNA udélat hodne)



Ochlazeni — nasednuti primeru 72°C vznik novych fragmentu
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95°C denaturace




Sekvenovani

Sangrova dideoxy metoda
Sekvence délky 500 — 1000 bp
4 kapilary - desticka s 96 vzorky za noc

Jsou i sekvenatory s 96 kapilarami




,Next generation®
sequencing

454
pyrosequencing

Solexa
SBS sequencing

Agencourt / ABI SOLID

polony sequencing

All methods ligate single, randomly sheared DNA maolecules to support
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flow cell ~1 um bead
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Sequencing
surface
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Sequencing
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Co muze byt zdrojem DNA?

« QObecné jakékoliv zivé a Casto i vysusené nebo zmrzlé
buriky s jadrem

« Kromeé tkani (optimalni je slezina) lze pouzit napf. krev, bukalni
stéry, trus, vytrzeneé pefi nebo chlupy, zbytky blan z vajiCek, svlecky,
obsah zaludku...

« S klesajici kvalitou a kvantitou vsak roste riziko kontaminace!



Fosilni DNA

Neandrtalci, mamuti,
hmyz v jantaru

Stafi az desitky tisic let

Vyhodou je nizka teplota
(zmrzla puda)

Vyzaduje to specielni pfistup
(specielné vybavenou laborator)

Vysoke riziko kontaminace

DNA poskozena — vétSinou jen kratké
sekvence mitochondrialni DNA



Dnes projekty na celé genomy
Neandrtalec

5 kompletnich mtDNA genomua 2009
Prvni verse celého genomu 2010
http://www.eva.mpg.de/neandertal/index.html
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Zfejmé obcCasné kfizeni
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Fig. 1. Samples and sites from which DNA was retrieved. (A) The three bones from Vindija from which
Neandertal DNA was sequenced. (B) Map showing the four archaeological sites from which bones were
used and their approximate dates (years B.P.).
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|dentifikace druhu

DNA barcoding

— taxon identification using a standardized DNA region

COl

(rostliny — jiné geny)
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ez o \]\l

Poached
Animal

DNA Sequence
AGICAGTC

Query:
k' 5 Dok
AGICAGIC

LR DT

Result:
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Figure 1. A diagrammatic representation of a mitochondrial
genome based on complete mitochondrial DNA sequences
from a variety of bird species.

Segment of polypeptide
coded for by the
DNA barcode region
58 - 705bp from
lhe 5'end

amino carhuxy

Figure 2. The predicted transmembrane structure for cyto-
chrome ¢ oxidase subunit 1 (COI). The area highlighted in
yellow that includes five of the twelve transmembrane regions is
coded for by the sequence designated by CBOL as the DNA
barcode region.




Janzen et al 2009

Costa Rica
3 500 druht morfologicky determinovaného hmyzu
100 000 jedincu

COl

Jen 1% druht nelze rozlisit dle sekvenci

Chyba v zarfazeni do druhu - nulova




« Kryptické druhy

 LiSi se ekologickymi
naroky




Soumracnici Hesperiidae z jednoho mimetického okruhu uréeni jako samostatné
druhy pomoci barcodingu.




Jejich housenky
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Morfologicky podobni oligofagni lumcici rodu Apanteles rozdéleni do druht dle barcodingu
a jejich hostitelé




DNA barcoding — dalsi vyuziti
Ur€eni druhu, potravy, parazitu...

Ptacéi ,malarie”
Haemoproteus, Plasmodium, Leucocytozoon

DNA z ptaci krve, primery specifické pro parazity
— sekvenovani a uréenl' linii (druht) parazitu
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Alcaide et al. 2009
Arthropod bloodmeal

Komar pisklavy
Culex pipiens




Valentini et al.

Uréeni potravy z trusu

Deosai National Park, Pakistan

Golden marmot Brown bear

Key:
@ Apiaceae

@ Asteraceae

@ Caryophyllaceae

® Cyperaceae
Fabaceae

@ Poaceae

® Polygonaceae

@ Others

TRENDS in Ecology & Evolution



[ owenstein et al. 2009
Sushi a tunaci

Tunak bily
Thunnus alalunga

Tunak australsky
Thunnus maccoyii
kriticky ohrozeny

Pamakrela temna
Lepidocybium flavobrunneum
pfi poziti za syrova mozné zdravotni problémy



Genetické chiméry

« organismy slozené z bunék s ruznymi genotypy




Prirostli samci
hlubokomorskych ryb
napojeni na krevni
obéh samice




Canine transmissible venereal sarcoma (CTVS)
= jednobunécny paraziticky vik
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Lidé
Matka a jesté nenarozené dité:

Prunik embryonalnich erytroblastu a volné DNA pfes placentu u ¢lovéka

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

Potkani — bunky embrya az v mozku




Flze embryi u Clovéka
— zfejmé celkem bézna véc

(heteropaternal superfecundation 2.4%)

— jiny genotyp vajecnikl i spermii a
somatickych tkani

Blaschko's lines



Lydia Fairchild




Urcéeni rodicu
(analyza paternity)



kachny

Neinvazivne
Genotyp matky z pefi v hnizdé

Genotyﬁy mladat z blan z
vylihlych vajec

Zjisténi vnitrodruhového
hnizdniho parazitismu

Dohledani hnizd parazitickych
samic

Opakované hnizdéni
Rekonstrukce genotypu otcu

Zjisténi extraparovych paternit




Ambystoma maculatum axolotl skvrnity
Myers & Zamudio 2004

Jde to i bez matek
Vnitfni oplozeni

Spermatofory
— Samec klade 20 — 40
— Samice sebere 15 - 20

30 — 200 vajec ve snusce

2 — 8 samcu na snusku




Kolonie, i vice nez 40 jedinc Cryptomys damarensis
Burland et al. 2004

Mnozi se jen 1 samice (kralovna) a 1 az 2
samci

Mark-recapture — minimalni disperze a
vyména mezi koloniemi

Laboratorni experimenty — inbreeding
avoidance

Vysvétluje to, pro€ se mnozi jen kralovna?

11 kolonii, mikrosatelity, RELATEDNESS

Kralovna ma mladata i se samci, ktefi nejsou
v kolonii

V kolonii ¢asto nepfribuzni jedinci opaéneho
pohlavi

Inbreeding avoidance nestaci k vysveétleni
sociality

Dominance kralovny



Analyza populacni struktury



Jak vznikaji rozdily?

- lIdealni panmikticka populace
— Jedinci se mohou navzajem x /xf /,
kFiZit se stejnou /x Y v
pravdépodobnosti R)“
7 S
/x

 Realita

« — omezeny tok genu
* — rozruznéni populaci

— Pravdépodobnost zavisi na
vzdalenosti, bariérach...

— Extrémné i nulova
pravdépodobnost







Atlantic waters

Black Sea

Spatial population genetics Fontaine et al. 2007
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Hybridizace



Sekundarni kontakt dfive oddélenych populaci

Zmeény arealu
(Sifeni z refugii)

Vliv Clovéka

— Zamerné vysazeni

Chorthippus

___xﬂ”\—’_b

(kachny divoké do Ameriky)

— Neplanovany transfer

— Zména prostfedi /

(kanaly, Suezsky pruplav)




Hybridni zony

« Mista, kde se geneticky odliSné populace stykaji a tvofi hybridy
(klasicka ale pfehnané Siroka definice)
Zbna je geograficky lokalizovana a hybridizace neomezuje integritu rodicovskych
populaci.

« Vyskytuji se u fady organismu

* Neékteré zjevné a dlouho znamé (vrany, kunky), jiné skryté
(chromosomalni hybridni zény)



JAsexuals” Geneticky totozné hemiklonalni
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Figure 5.4 Three modes of unisexual reproduction in vertebrates. In partheno-
genesis, the female’s nuclear genome is transmitted intact to the egg, which then
develops into an offspring genetically identical to the mother. In gynogenesis, the
process is similar, except that heterospecific sperm (indicated by an asterisk) from a
related sexual species is required to stimulate egg development. In hybridogenesis,
an ancestral genome from the maternal line is transmitted to the egg without
recombination, whereas paternally derived chromosomes are discarded pre-meioti-
cally, only to be replaced each generation via fertilization by heterospecific sperm
(indicated by asterisk) from a related sexual species. (After Avise et al. 1992c.)



Hybridogeneze:
vodni skokani rodu Pelophylax
(dfive v rodu Rana)

P. lessonae LL P. esculentus LR P. ridibundus RR




P. esculentus LR

Sympatrie s P. lessonae LL

LR
| Odstranéni genomu L

¥R
| Duplikace R

RR
| Gametogeneze

R

L—. | Kfizenis P. lessonae
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Koalescence
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MecC a preslice

« Rodokmen odpovida historii chromosomu Y
(pokud ovsem zeny nebyly nevérné)

« Rodokmen pres matky (a pro mtDNA) by byl upiné jiny!

« Ajiny bude pro jiné geny
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JOHN C. AVISE

Phylogeography
Geomys pinetis (pytlonos) Avise et al. 1979

maximum parsimony network

Georgia

Florida



O Pan troglodytes verus
B Fon troglodytes vellerosus

B Fan troglodytes ireglodytes

B Fan troglodytes schweinfurthii
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Lids

Gombe
Mational
Park

A 0.01

p(61X)

Population size

. troglodytes

B o005

I

b P t. troglodytes =

0.004 P t. verus

. l\ P. 1. VEruS e

-
%‘ P. t. troglodytes
2 0.002
0.001
u \
0 : | 2 3 4 5 6

Migration




Opét pres modely

Bayesian Skyline Plot
Zmény velikosti populaci

Population size (Ng1)

Figure 2. Growth signature in genealogies. Genealogies
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Selekce
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Shoda (nepfilis velka) praci detekujicich recentni selekci u ¢lovéka
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Table 2. Enriched PANTHER biological process terms

Biological process P-value®

Protein modification 9.12x 107"
Signal transduction 1.93x 107"
Protein phosphorylation 483x 107"
Protein metabolism and modification 719 x 107"
Developmental processes 266 x10°°
Olfaction 446 x10°°
Chemosensory perception 153 x10°
Cell adhesion-mediated signaling 33 x107°
Nucleoside, nucleotide, and nucleic acid metabolism 142x10°*
Cell cycle 1.95x10°*
Cell adhesion 261 x10°"
Mesoderm development 4.00x 107"
Other metabolism 6.81x 107"
Cell communication 1.06 x 10°°
Intracellular protein traffic 1.11x10°°
Other intracellular signaling cascade 1.64 x10°°
Cation transport 217 %1073
Proteolysis 241 %x10°°
lon transport 2.61x10°°
Neuronal activities 3.72%10°°
Synaptic transmission 6.35x10°°
Transport 6.44 X 10°°
Carbohydrate metabolism 834 x10°°
Cell cycle control 9.29 X 10°°
Other carbohydrate metabolism 9.79 X 10°
Protein acetylation 1.21x10°°
Cell surface receptor mediated signal transduction 173X 10°¢
Cell proliferation and differentiation 281 X102
Phosphate metabolism 3.12x 1072

“P-values were adjusted for multiple testing by Bonferroni corrections.

Nejraznéjsi funkce, ¢asto metabolismus
Casto regulaéni funkce (minimalné 14 %)



Jaké geny jsou zapnuté?



30 cm

Populus
trichocarpa x deltoides
a Malacosoma disstria

bourovec

Ralph et al. 2006

cDNA microarray
« 15496 genu > % genomu

* Po 24 hodinéch
1191 genu up-regulated
537 down-regulated

« QObrana: endochitinazy, inhibitory
proteaz

« Signalni funkce

- Transport, metabolismus,
regulace transkripce
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Transkriptom sténice
Bai et al. 2011

Rezistence k insekticidim
potvrzeni pres Real Time PCR

Wolbachia

A 1,786 (5.87%)
138 (0.45%)

9,721 (31.96%) 87 (0.29%)

/g (0.10%)

354 (1.16%) [23 (0.09%)
466 (1.53%) -/ 23(0.08%)
500 (1.67%) e /_18 (0.06%)
509 (1.67%) 7 _5(0.02%)
570 (1.87%) 2 (0.01%)
1,097 (3.61%) : 2 (0.01%)

o,
1,505 (4.95%) 120 (0.39%)

2,320 (7.63%)

6,952 (22.86%)
118 (0.39%)

3,336 (10.97%)
® biological adhesion ® biological regulation ® carbon utilization
u cell killing u cell proliferation ® cell wall organization or biogenesis
® cellular component biogenesis ® cellular component organization ® cellular process
= death = developmental process = establishment of localization
= growth = catalytic activity " unclassified biological process
®immune system process ¥ localization " locomotion
= metabolic process = multi-organism process multicellular organismal process
EARLY ' LATE : ADULT ' = pigmentation . @ reprodgctlon rgproquctive process
response to stimulus rhythmic process signaling

Developmental Stages : ‘
signaling process



