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Co je molekularni ekologie?

Umeéle vytvoreny obor vymezeny technickym pristupem. Na ekologické a
evolucni problémy hleda odpovéd pomoci molekularnich metod.

Klasické problémy
a metody evolucni
ckologie

(Zoologové a botanici nakoupili cyklery a sekvendtory, snalZili se je vyuZit i k
nécemu jinému nez je taxonomie => vznikla molekuldrni ekologie)

Pracuje na ruznych urovnich variability DNA (genom, jedinec, populace,

skupina populaci, max. skupina blizce pribuznych druht)

Je to vlastné aplikovana populacni genetika — analyzuje a interpretuje
ziskana molekuldrné-geneticka data
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e Je prekvapivé kompaktni

e Je popularni - Molecular Ecology (od 1992) — dnes 24 Cisel za rok

Jeji vyznam vzrusta ...

B MOLECULAR
ECOLOGY

» dalSi casopisy — Molecular Ecology Resources, Evolutionary Applications, aj.

* ISl Journal Citation Reports® Ranking - 2012: 10/136 in Ecology; 6/47 in
Evolutionary Biology; 38/290 in Biochemistry & Molecular Biology; Impact
Factor: 6.275

 Vyslyijeji uCebnice

* Na reseni velmi odlisSnych problému pouziva obdobné metody

* Snad se da tedy i prednadset ...
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ProC pouzivat molekularni metody v ekologii?

Casto nel

paternita
identifika

izolace pc

pocet mig

adaptace

Research areas of interest to Molecular
Ecology include:

« population structure and
phylogeography

* reproductive strategies

» relatedness and kin selection

» sex allocation

* population genetic theory

» analytical methods development

¢ conservation genetics

¢ speciation genetics

* microbial biodiversity

« evolutionary dynamics of QTLs

* ecological interactions

* molecular adaptation and
environmental genomics

* impact of genetically modified
organisms

loplozeni

I/té Zijicich druht

jedince

I. imunitni geny)




EVOLUTION OTTAWA

1* Joint Congress on Evolutionary Biology

July 6-10, 2012
MOLECULAR ECOLOGY

Definice predpokladaného
A road map for molecular ecology V{/VOJE moleku Ia' rn|' ekologie

ROSE L. ANDREW,' LOUIS BERNATCHEZ,? AURELIE BONIN,? C. ALEX. BUERKLE,*

BRYAN C. CARSTENS,” BRENT C. EMERSON,®* DANY GARANT,” TATIANA GIRAUD,?
NOLAN C. KANE," SEAN M. ROGERS,” JON SLATE,"" HARRY SMITH,"" VICTORIA L. SORK,"
GRAHAM N. STONE,"? TIMOTHY H. VINES,'* LISETTE WAITS,"® ALEX WIDMER'® and
LOREN H. RIESEBERG""

 DNA sequence-based trophic ecology

* microbial diversity within multicellular organisms

* model-based phylogeography

 community phylogeography

* l|andscape genomics

* ecological genomics and molecular adaptation

* experimental and genomic studies on speciation and hybridization

* multitool and multitrait analyses of kinship, parentage and behaviour




Vychazi z populacni genetiky

e Slavni zakladatelé moderni syntézy, tricata léta
* Matematické modely spojujici genetiku a evolucni teorii

Sewall Wright
adaptivni krajina
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Image:Ronald_Fisher.jpg

RUzné otazky — ruzné pristupy

Pribuznost (neutralni znaky)
— identita (stopy stejného jedince, klony) ))) )
— paternita, vzdalengjsi pribuzni " ‘
— vztah populaci (izolovanost, vyména migrant)
— fylogeografie (historie Sireni)
— hybridizace, hybridni zény

Geny pod selekci
— MHC, MUP, ABP, reprodukCni proteiny
— geny pro zbarveni
— detekce selekce

Finacate

Kenzin

Armendaris

Carrizozo




Technické vylety (omezené)

bAR

Genetic Analysis in Excel

i\ . ~
Version 6.1




v' Diploidni s pohlavnim
rozmnozovanim

v' Vétsinou obratlovci

v' Budou ale i néktefi bezobratli

v’ Rostliny funguiji ¢asto jinak!
Ale obcas i o nich bude rec.



http://www.terrambiente.org/fauna/Mammiferi/proboscidea/elephantidae/loxodonta_africana01_big.htm

Pribuzné prednasky, tj. co se zde objevi jen okrajove?
* M. Macholan - Evolucni biologie

M. Macholan, J. Bryja - Genetické metody v zoologii
e J. Zukal — Behavioralni ekologie

e S. Pekar — Ekologie populaci

* aj. (molekularni ekologie , prorusta vsude®)



1)
2)

3)

Ziskani genetickych dat —
viz Genetické metody v zoologii

Genotypizace — analyza genotypu

stanoveni formy urcitého useku DNA (alely,
haplotypu) - vybér daného znaku (= markeru)
souvisi s urovni genetickeé variability

izolace celkové DNA z tkani

amplifikace pozadovaného useku DNA (u PCR-
based metod)

studium variability daného Useku (lokus)



Zpusoby ziskani DNA z volné Zi

1. destrukcni— zZivocich je usmrcen kvuli
ziskani tkani potrebnych na genetické
analyzy

2. nedestrukcni (invazivni) — zivocich je
odchycen a je mu odebran vzorek
tkané nebo krve

3. neinvazivni— zdroj DNA je ,zanechan za
zivoCichem a je ziskan bez potreby
odchytu, manipulace Ci dokonce
pozorovani




lzolace DNA

* rozmanity biologicky material — musi
obsahovat bunécna jadra nebo mitochondrie
s nedegradovanou DNA

* dnes vétsinou komercni kity
 velky vliv fixace vzorku



Genetické markery

Kddujici DNA (geny)
Prepisované sekvence
Geneticky kod
Ovlivnuji fenotyp
Podléhaji prirodnimu
vybéru

Narustajici vyznam v
molekularni ekologii
(transkriptomika)

Nekodujici DNA
Nefunkéni (hneznama
funkce)

Neutralni k pfirodnimu
vybéru — vétsi variabilita
Vetsina DNA u eukaryot
Pseudogeny

Repetitivni DNA



Typy genetickych markeru

* sekvence jaderné nebo organelové (mt, cp)
DNA — Sangerovo sekvenovani nebo , next-
generation sequencing”

* jaderné znaky
- dominantni (AFLP) — multi-locus markery

- kodominantni (mikrosatelity, SNPs) — single
locus markery



PCR

Z celkové DNA si namnozime jen usek, ktery nas zajima.
Co se bude mnozit? To urCi primery.

Primery — kratké oligonukleotidy komplementarni
k usekim ohraniCujicim misto naseho zajmu.

primer

DNA
templatu

P

tento usek se bude mnozit



RoboCycler Stratagene

Priklad
programu
Cykly (obvykle 20-40): 95 C 3 min
denaturace (95°C)
nasednuti primert (50-65°C ) gg g gg S
— . o S
elongace=polymerizace (72°C ) 29 C 1 min
: v v . . , 35x zpét
Nejprve vsak Casto prodluzena denaturace celkové DNA
72 C 10 min

Nakonec prodlouzena elongace



,Molekularné-genetické” metody

e analyza polymorfismu DNA
e délkovy polymorfismus (princip mikrosatelitu)

CGCACATCTCTAGCTTCGATTCAGGAA
CGCATCTCTAGCTTTGATTCAGGAA



Rozdéleni fragmentu DNA podle velikosti

e Agarosa - Hrubé rozdéleni (do rozdilu 15 bp)

* Polyakrylamid — Presnéjsi rozdéleni (4 bp)

* Sekvenator, fragmentacni analyza — nejpresné;jsi
(fluorescencné znacené PCR fragmenty, napt.
znacené primery)

=n




,Molekularné-genetické” metody

e analyza polymorfismu DNA
e sekvencni polymorfismus (princip SNPs):

CGCATCTCTAGCTTCGATTCAGGAA

CGCATCTCTAGCTTTGATTCAGGAA

genotyp diploidniho jedince: C/T




Studium variability nasyntetizovaného useku

sekvencovani (velmi dobré pro mtDNA, u nDNA problém
s odliSenim alel u heterozygotu)

SNP (,,single nucleotide polymorphism®) analyza — napt.
RFLP, SSCP, microarrays — chips, atd.

DNA — —a°
ey = - - 4 — G,
= PCR product L x %
A —@
TR o
cloned fragment e —
dfﬁmj ©

B Ml e — @ CCGATCAATGCGGCAA
WA T A AV T laser beam

capillary
CCGATCACTGCGGCAA

electrophoresis  ~




Typy ziskanych dat — kodominantni znaky

pocet pocet
lokusti Vzoikﬁ v Vz(i(l):lilez/ ) geografické
. . koordinat
populaci populaci, d

\ ICI/ID/EI,F//KG(IHIIIJIKILI;\;INIOIPIOIRISITIUIVIWIXIYI N[ A [A

EREER 233" o/ | @ 27 1|23 12 ¥ 25
| 2 |Allele frequency
;Lm Pop Ppip01  Ppip02  Ppipdd  Ppipdé  EF1 EF4 EF6 Paur05  NN18 NnP217  NnP219 X Y
/4 [TYN1  TYN 174 (176 128 [ 128 213 | 218 | 120 132 166 175 236 247 174 183 249) 251 287 291 205 209 140 170 48 76500 17.00750
f |5 [TYN2 TYN 167 | 167 132 | 132 207 | 207 | 130 136 169 175 230 245 132 188 247 249 287 287 205 218 166 166 48 76800 17.00750
| B [TYN3  TYN 176 | 178 128 | 128 207 207 | 130 130 169 163 O 0 134 130 249 243 283 293 209 213) 166 170 4876600 17.00750
| 7 [TYN4  TYN 180 | 180 130 | 132 | 207 | 207 | 118 124 171 173 220 243 184 190 247 243 283 285 209 214 140 166 4876600 17.00750
| B [TYN5 TYNM 174 174 128 128 207 207 128 138 179 181 241 241 182 188 247 253 0 0 205 208 188 162 4876500 17.00750
| 9 [TYN6  TTN 180 | 182 128 130 209 | 209 | 136 136 173 175 241 243 184| 186 253 253 295 326 209 213) 162 170 40.76500  17.00750
10 |[TYNZ7  TYN 174 180 128 130 215 | 215130 130 1730 173 241 241 190) 190 249 2490 285 326 209 213) 158 162 48.76500  17.00750
| 11|TYN8  TYN 174 176 128 134 207 | 221128 138 171 177 220 240 178 186 249 249 287 293 213 213) 162 166 48 76800 17.00750
|12 [TYN9  TYN 186 | 178 126 | 130 209 209 | 128 148 177 177 220 230 134 188 249 285 287 287 217 218 188 166 48 76800 17.00750
|13 |[TYN1D  TYN 167 | 178 128 130 209 209 | 132 134 171 175 243 245 184 186 245 247 285 287 205 218 188 174 4876600 17.00750
14 [TYN11  TYN 170 | 174 130 130 217 | 217 | 130 138 173 175 0 0 182 180 251 257 289 291 213 213) 166 170 4876500 17.00750
|15 |[TYN12  TYN 174 176 130 (132 0 | O | 134 134 175 177 220 220 186 186 249 251 293 297 209 209 158 162 4876500 17.00750
|16 [TYN13  TYN 166 ?5500 17.00750
9) |17 |[TYN14  TYN 162 . . . o 17.00750
pOPAsms m = genotypy, tj. velikosti fragmenti v populaci == 7w
|19 |TYN16  TYN 168 2 7ES00  17.00750
| 20 [TYN1Z  TYN 178 | 178 126 | 130 207 | 211 132 132 171 175 220 238 176/ 180 249| 255 289 283 178 209 162 166 48 76600 17.00750
|21 |TYN18  TYN 161 | 174 130 | 130 213 | 213 | 132 132 173 177 245 245 178 178 243 249 289 283 205 209 162 182 4876500 17.00750
|22 [TYN19  TYN 174 180 128 | 132 213 213 134 134 169 163 220 220 174| 182 249 243 285 285 209 213 13 131 4876500 17.00750
|23 |[TYN20 TYN 176 (176 130 (130 0 | O | 138 181 171 171 247 247 196 186 249 255 267 267 209 209 1: 166 48.76500  17.00750
|24 [TYN21  TYN 178 | 178 128 | 134 | 213 | 213 | 132 134 171 173 245 245 180 183 247 249 285 287 209 209 144 154 48 76800 17.00750
| 25 |[TYN2Z TYN 186 | 176 128 | 132 217 | 217 | 124 132 177 177 220 220 180 182 251 253 287 297 209 217 170 170 48 76800 17.00750
| 26 [TYN23 TYN 168 | 176 128 | 128 213 | 213 120 183 173 173 220 236 178 180 245 253 285 287 209 213 1584 162 4876600 17.00750
|27 |[TYN24  TYN 176 | 176 130 | 130 219 | 219 132 143 175 175 216 245 182 184 255 255 283 297 205 208 131 174 4876500 17.00750
|25 [TYN25 TYNM 177 (179 128 130 209 213 126 126 1586 173 241 241 188 188 249 255 289 297 198 213 188 166 4876500 17.00750
|29 |TYN26  TTN 177 (179 126 130 201 | 201 | 118 124 171 179 218 245 174| 184 249) 255 295 295 205 205 158 166 40.76500  17.00750
|30 |[TYN2Z  TYN 176 | 176 126 | 126 207 | 207 | 120 153 169 173 220 220 182 186 249) 255 291 291 205 209 136 162 48.76500  17.00750
\iwnzs TYN 163 | 172 128 132 219 | 219 130 130 169 175 240 243 136 183 245 253 285 283 209 213) 132 170 48 76800 17.00750
32 |TrN29 TYN 170 | 180 128 | 130 219 219 130 130 171 171 243 243 184 184 249 255 285 289 209 213 166 178 4876600 17.00740
Ewnau TYN 170 (177 124 130 215 | 215 138 138 171 177 232 236 184 186 249 253 285 291 209 208 162 174 4876600 17.00750
54 [NOV1  NOV 172 176 128 | 134 209 219 120 120 169 175 253 253 182 184 251 255 289 295 178 209 162 166 48833200 1650610
| 35 [NOVZ  NOV 178 | 178 130 | 130 209 209 | 128 132 173 173 238 243 182 184 249 251 285 287 205 208 136 170 48833200 1650610
pO 36 |NOV3  NOV 163 | 166 126 | 126 207 | 213|122 124 173 175 220 245 178| 186 247 247 285 285 205 213) 133 179 48.83320)  16.50610
| 37 [NOV4  NOV 167 | 178 128 | 134 205 | 205 | 118 124 173 177 220 220 186 183 253 255 287 289 205 213 162 166 48.83320) 1650610
| 35 [NOVS  NOW 176 | 178 128 | 130 201 | 201 | 130 130 173 177 243 245 174 184 247 249 287 293 201 209 162 170 48.83320) 1650610
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Microsoft Excel - PYG_Gendlex.xls

P:‘_I’l Soubor  Uprawy  Zobrazit  Wlofit  Format  Mastroje  Data  Okno M
NEHRS SR |IVE $BHR-J - - A= ooq I <D E Arial
| T &5 k] & CdpovEdEt se zmEnam M e
A1 - ﬁr 11 Distance .4
A E |c|DoD|EIF[s [ H] I ][ AMOUA. . N ol PlalR]| S|
1 [11 233 1030 22 25 22 18 23 11 wanel.
| 2 |Allele frequency
ER Pop Ppip01  Ppip02  Ppip0d  Ppip06 Ao EF6 Paurl5  NN18
74 | 4 [TYN1  TYN 174 [ 176 128128 213 215 120 13 Assignment  » (247 174 188 249 251 287
form at | & [TyNz  TYN 167 167 132 132 207 207 130 13 _ , (245 182 188 247 248 267
|6 [TYN3  TYN 176 | 178 128 128 207 207 130 13 0 184 190 249 249 283
| 7 [TYN4  TYN 180 180 130 132 207 207 118 12  Relstedness  » oy3 134 100 247 249 283
|8 [TYNS  TYN 174 174 128 128 207 207 128 13 muklocus » 241 1820 188 247 253 O
9 TYN6  TYN 180 182 128 130 209 209 136 13 243 184 186 253 253 295
GenAIeX (10 TYN7  TYN 174 180 128 130 216 215 130 1F  Temelte Y241 190 190 249 249 285
(11 |TYN8  TYN 174 175 128 134 207 221 128 13 Creats 240 178 186 249 249 287
[12|[TYN9  TYN 186 178 126 130 209 209 128 14 oooierers 1230 154 188 249 285 267
(13 |[TYN10  TYN 167 178 125 130 209 209 132 13 245 184 186 245 247 285
(14 |[TYN11  TYN 170 174 130 130 217 217 130 13 DA *| 0 182 190 251 257 289
[ (16 |TYN12  TYN 174 176 130 132 0 0 134 13 impotpata » (220 186 186 249 251 283
(16 |TYN13  TYN 166 176 126 132 215 217 122 1§ , 243 178 185 243 251 287
|17 |[TYN14  TYN 162 178 128 128 219 219 126 14 220 178 182 253 253 285
(18 |TYN15  TYN 156 176 128 132 209 209 118 12  EdtRawData » o0 178 182 249 251 285
) —— (19 |TYN16  TYN 168 178 128 128 215 217 132 13 Epotosa » Eetoqin 249 289
Y |20 |[TYN17  TYN 178 178 126 130 207 211 132 1 255 289
|21 [TYN18  TYN 161174 | 130 130 213 213 132 13  Graeh ' Cervus.., 249 289
|22 [TYN19  TYN 174 180 128 132 213 213 134 13 stats v Famoz. . 249 285
B \ |23 |TYN20  TYN 176 176 130 130 0 0 13| 1§ . , S 255 287
. |24 |[TYN21  TYN 178 178 128 134 213 213 132 1 Y 249 285
! L. |25 |[TYN22  TYN 156 175 128 132 217 217 124 132 177 177 220 ek, 253 287
Genetlc Anal'ijs In EKCEI (26 /TYN23 TYN 168 176 128 128 213 213 120 153 173 173 220 | GenePapn. 263 268
| 27 |[TYN24  TYN 176 176 130 130 219 219 132 149 175 175 216 PR— 255 283
i e |28 |TYN25 TYN 177 179 125 130 209 213 126 125 156 173 241 255 289
YErSIon o, |29 TYN26  TYN 177 179 126 130 201 201 118 124 171 179 218 AE e 255 295
|30 |[TYN27  TYN 176 176 126 128 207 207 120 153 169 173 220 MSA... 255 291
|31 |[TYN28  TYN 168 172 128 132 219 219 130 130 169 175 249 et 253 285
|32 |[TYN29 TYN 170 180 128 130 219 219 130 130 171 171 243 255 285
|33 |TYN30 TYN 170 177 124 130 215 215 138 135 171 177 232 Nexus... 253 285
|34 [NOV1  NOV 172 176 125 134 209 219 120 120 169 175 253 Phylp... 255 289
|35 [NOVZ  NOV 178 178 130 130 209 209 128 132 173 173 238 fonc 251 285
|36 [NOV3  NOV 163 165 126 126 207 213 122 124 173 175 220 ERREnE.. 247 285
|37 [NOV4  NOV 167 178 128 134 206 205 118 124 173 177 220 SPaGeDL. . 255 287
|38 |NOVS  NOV 176 178 125 130 201 201 130 130 173 177 243 — 249 287
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htto://www.anu.edu.au/BoZo/GenAlEx/



101 B

o
GAd
oL

TTATCCEATATTTACATGCTAATGEHAGCCTCCATATTCTTTATTTGCCTATTTCTACACGTAGGACGAGGTATATAT TATG

cmwmU

c
LCL.
s

B A TR T )

UUVUUUVVUDUDUUU00UUU0UU0ULUUUDUL .00U000UU0LLUUULUUUL0LU00U0U0UU0U

R R R R R R R R U R R U EU R R R RU R R R R R RS R R R R R R AR R R R RO R R R LR R R R R R U R

LG AL
G. .4

tH

HEHEEENEEEENEEENE ERONEEE D UEHEEEEENOEEEHEEEEE
BE Pase e e BB CEE
SUDLDUUDDUUDLOUUDDUUDDUUUD - U - - 0UUD0UULD UNDUUuDD

BE

P 121 1]

dodUslliduuilduuudddysng $UdUUUUd S0 UUUdUuuddY LU0 UD i BBuY

CEE B BB B B B BB B B B B BB BB BB BB E BB CEEHEEEHE CHEHHEEHE -EHHHEEEHHEHEHBE

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc...c

3 ot ol ] ] ] 0 ] ] ol ] OO o 00 ] ] ]l ] ] O ] ] ] ]

VU000V U0U00UUL0UU0VUU0UD U UUUU0UVUUU00U0V00U . 00U000UU0U

v e v rrrn rrrr v teer | rueettee e vrvrveen rerrveey trnerree|
4

R w F :
ddddddddddddddddddddddddid .LAAALLAAALA&ALLAA&.AAALLAALAA
s s e s s DUDUUULUDUULDDDODUDD Do s e e e e e e e e e s SR DUDUDOUDU

sekvence

EEHEEEEEEEEEE

EIEVE B E B EIE

EVEIEE BB EIE B E B EEE B BB ES BB EEEE EIEIE EEENEE

AAAAAAAAAAAAAAAAAAAAAAAAAAAAA.AAAA.A.AAAA.AAAAAAAAAAAAAAAAAAAAAAAAAAA

TT P Ly
R R R R T S GGGGGGGG PECRUE R RLELE AT GGGGGGGGGGGGG

20

ddddddddddddddddddddddddddddddddddddddddddddddddddddddddadddddd
A : -
GUGU00000008U5060000080006460 10 1 I088U06600 108000660 0000085506 0009

31 EVEI BB EVEY BB B EY I BB EY B BB EYES BB ETES EVE VB BB EVE B EETES B EESESES TTTTTTTTTTTTTT

zzo

.&GGGGGGG.GGGGGGGG.GGGGGGGGGG

z10
TATCTGT

LLLLLLLTTTTTTTTTTTTTTTT VB EVE VB EVE D - EVETES B EETENES - EYES B E BT E BB ETES
Tl lEE
Whuddsdddddeddstidedudd

(UEUUUUUY 000 UUsUl YU uduuUnonus

cinedddUdidlUdddddduuuddLuD HddelidddEdddUUddd dddudddsudddy

CEE B BB B B B B B B B B B BB BB BB BB E BB CEEHEEEHE CHEHHEEHHEH B EHHEE BB

Le
200
130

G
CAGCCTTCTCATCAGT,

1s0
T.

If LIl IE

2

Z El 2

%.H —

3l : e S R SR e R S
=K e 8000088800400 0888d0484880888 S8500080 188800080888 80808088880
L] =44

Z i 2

m LR dddadddadaddadaddddddddaidddaaddidaddaidaddadaddadadaadiaadiaaddaddddddo
z

£

LT R TR TR T T e T R
cddddddddddddddddddddddddd v d o ddddddddbidddddddd dddaddddddiBEY

384 tolal sequences

140

Typy ziskanych dat
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View Accessory Application RNA  World Wide Web  Options
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Mus B3314 D3.
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CTTATAGTCCAAATTCTTACAGBCTTATTCCTABCTAT.

e Alignment Editor - [$:\Bryja_J\Od Hanky\s

1140

1141
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Sequence  Alignment

1140 nu

1140 nu

1130 nu
1140 nuc
1140 nucl
1140 nuel
1140 nucl
1140 nucl
1140 nucl
1140 nuel
1140 nuel
1140 nucl
1140 nucl
1140 nucl
1140 nuel
1140 nucl
1140 nucl
1140 nucl
1140 nuel
1140 nue

[=] [Courer Hew

Mus B33Z21 E3.
Mus B3325 Al1Z.
Mus R31ZZZ AL,
Mus RE1223 BL.
Mus RE1Z225 C1.
Mus RE1ZZ6& DI1.
Mus R31Z65 EL.
Mus R31Z63 FL.
Mus RE1270 G1.
Mus RE1Z83 HI1.
Mus RE1364% BZ.
Mus R31375 DZ.
Mus REl4ld EZ.
Mus RE1415 FZ.
Mus RE1448 HZ.
Mus R31474 A3.
Mus R3151Z B3.
Mus RE1525 C3.
Mus RE1528 D3.
Mus RE152% E3.
Mus R31530 F3.
Mus RE1531 G3.
Mus RE1546 HI.
Mus RE1547 A4,
Mus R31548 B4.
Mus R31542 C4.
Mus RE1575 D4.
Mus musculus mc
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Tak, a co ted s témi daty ...



