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Co je molekularni ekologie?

Umeéle vytvoreny obor vymezeny technickym pristupem. Na ekologické a
evolucni problémy hleda odpovéd na zakladé molekularné-genetickych dat.

\
Klasické problémy a e \ Molekularné-geneticka

metody ekologie data a populacné-
(zoologie, evoluni biologie) genetické analyzy

(Zoologové a botanici nakoupili cyklery a sekvendtory, snalZili se je vyuZit i k
nécemu jinému nez je fylogeneticka analyza => 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



Mezioborova disciplina




Molekularni ekologie

Mechanismy
mikroevoluce

(teorie)

v kazdé generacinovy | | .. tyto vybéry jsou v
4 vybér z genofondu o Jjednotlivych démech
zménéng frekvenci... nezavislé

Pa

0 40 80 120 160 200
Generace

Zavér 9: Drift vede k divergenci mezi démy.

Genetickeé
metody v
zoologii

(praxe — data)

NED - studovany znak 342.61 bp

340 bp 350 bp
N J ‘ l
» Rl

Genotyp mikrosatelitu na lokusu NED = 326/342 nebo 327/343

w 300bp

ROX - Size standard 376 66 1
o

Programy: GeneMapper, Genotyper, Geneious, GeneMarker, ...

Molekularni
ekologie

(praktické
postupy a
interpretace
vysledka)




Pribuzné prednasky, tj. co se zde objevi jen okrajove?

* M. Macholan - Evolucni biologie + Mechanismy
mikroevoluce

* J. Bryja, M. Macholan - Genetické metody v zoologii
e J. Zukal — Behavioralni ekologie
* S. Pekar — Ekologie populaci

* aj. (molekularni ekologie , prorusta vsude®)



Jeji vyznam vzrusta ...

Volume 21

EIMOLECULAR

Je populdrni — ¢asopis Molecular Ecology (od 1992) —
dnes 24 Cisel za rok =

Vysly i jeji u¢ebnice

BMOLECULAR
ECOLOGY

Na resSeni velmi odliSnych problém{ pouziva obdobné
metody
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MOLECULAR ECOLOGY

RESOURCES

Edited By: Shawn Narum

Impact factor: 7.059
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Molecular and Statistical Advances

These papers primarily present new techniques for collecting and analysing data for molecular ecology studies. These
submissions can also describe meaningful comparisons of statistical, computational or molecular methods, or alternatively
demonstrate the existence of important problems with current procedures.

Computer Programs

These articles typically present new computer software or substantial updates of existing programs. Authors should clearly
describe the need for the program and the rationale behind its design, as well as a summary of functions, usage and output. When
relevant, authors should present an evaluation of a program’s performance compared to existing software based on real or
simulated data. Programmers are urged to remember that ‘user-friendly’ programs are more likely to be used by the community,
and that it is helpful if programs require standard input/output file formats (e.g., Genepop or Arlequin). Submissions should include
a user manual or README file with adequate guidance for new users. Software and supporting documentation should be
accessible from a long-term server (e.g., github), but can additionally be made available at academic websites.

Permanent Genetic Resources

These articles describe the development of significant genetic resources for application to evolutionary or ecological questions.
For example, these papers could describe NGS projects in which sequenced transcriptomes, genome fractions or whole
genomes have been analyzed such that a readily usable resource is presented to the molecular ecology community. These articles
may also present data on novel applications of the standard DNA barcoding loci to a hundred or more species, where the paper
presents a readily usable resource.

+ Invited technical reviews, Opinions, etc.



Volume 3, Number 4

Environmental DNA

Dedicated to the study and use of environmental DNA
for basic and applied sciences

Editor-in-Chief: Louis Bernatchez

July 2021

+ Experimental eDNA work: Testing the impact of physico-chemical factors (e.g. natural
biogeochemistry and PCR pollutants) on eDNA, degradation, transport, shedding and detection
rate, comparing detectionand abundance estimate with conventional methods.

+ Trophic and community ecology: Ecosystem dynamics, functional diversity, predator-prey
interactions (e.g. diet analysis), host-associated microbiota.

+ Palaeo-environments: Past species and community diversity and abundance
measurements, inference in space and time.

+ Biomonitoring, conservation biology: Single- and multi-species detection, comprehensive
biodiversity at different scales, abundance estimates, detection of rare, cryptic and endangered
species, non-invasive sampling, management (e.g. fisheries), occurrence and detection
estimates.

+ Invasion biology: Early species detection at low abundance, passive surveillance, impacts on
ecosystems, vectors and pathways of dispersal.

+ Environmental assessment: Impacts of pollutants and other environmental disturbance on
species and communities, microbial source tracking (fecal bacteria or pathogens).

+ Physical eDNA properties: Uptake and transformation based on geochemistry, particles,
organic chemistry or microbial community.

+ Techniques and methods: Engineering development, developing, testing and evaluating
eDNA biotechnology and biostatistical approaches.

+ Applications in citizen science and biodiversity education



ProC pouzivat molekularni metody v ekologii?

Casto nelze jinak

paternita — pareni Casto skryté a nemusi vést k oplozeni
identifikace z trusu, chlupt - pohyb jedinct skryté Zijicich druh

izolace populaci — nemusi byt zfrejma

pocet migrantl — nelze sledovat naraz vSsechny jedince

adaptace — nejsou zfejmé na prvni pohled (napr. imunitni geny)



ProC pouzivat molekularni metody v ekologii?

ecological, evolutionary, and population genomics
population structure and phylogeography
landscape genomics

community ecology and coevolution

reproductive strategies
relatedness and kin selection e

sex allocation e |

population genetic theory ooy e S
analytical methods development Rkl

conservation genetics

speciation and hybridization

microbial biodiversity

evolutionary dynamics of QTLs

ecological interactions

molecular adaptation and environmental genomics
impact of genetically modified organisms



Vychazi z populacni genetiky

Slavni zakladatelé moderni syntézy, tficata léta

Matematické modely spojujici genetiku a evolucni teorii @@
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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

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 genetické
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

—
Q.
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Co

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



RUzné otazky — ruzné pristupy
* Pribuz 3Ini znak
P_” ige:t(i)tsat((s?oepli/t;?ejr:\léhr:)ajezlli)nce, 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




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 DNA fragmentu, které se
nelisi délkou
Sangerovo sekvencovani (velmi dobré pro mtDNA, u
NDNA problém s odlisSenim alel u heterozygot)

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

DNA T o
A e
= PCR product L x ﬂ‘}
cloned fragment -

ST T ee dﬁtoj 0
I N ) — @ CCGATCAATGCGGCAA
WA A AR VT IV laser beam

electrophoresis  ~
" CCGATCACTGCGGCAA




,High-throughput sequencing”

1. Sample Prep 2. Cluster generation on flow cell
(1_5 davs) (1-5 day)

||| '

Ligate adapters Clonal Single molecular Array M i n I O N

4. Data Analysis l
(days-months) 3. Sequencing and imaging
(2-3 days)

[

=
el

lllumina




Typy populacné-genetickych dat

mikrosatelity SNPs
EEECINCED N
Ind_1 170/172 133/136 Ind_1

Ind_2 168/172 133/139 Ind_2 A/T T/T
Ind_3 168/168  136/139 Ind_3 T/T C/T
SINE AFLP
RO EEma
Ind_1 Ind_1

Ind_2 +/+ +/+ Ind_2 + +

Ind_3 -/- +/- Ind_3



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

an M MO RO =R =T R T~ b= "o B T (o BN T P R = B B | Az AT n [a R =T R =T R I F-l e W F -l e T S U= A T Tl B R DA =t R i Ll=N=lnllg s A AN



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
A INOVR HOW TR DATRD1IR D1E0 TN D MA D 12R 134 D TRRD 173 n e 245 AT

htto://www.anu.edu.au/BoZo/GenAlEx/



P PYG - Poznamkovy blok

Soubor  prawy  Formét  Zobrazeni  Mapovéda

Title Tine:"Genotype Tile for Pipistrellus data”
PRipol

Ppipoz

PRipod

Ppipog

EF1

EF4

EF&

Pauras

MRLE

e Genepop file format —

FOp

Popl, 1820 0505 0809 0511 0308 1321 0209 0506 0608 1214 0513 . , ,
Popl, 1111 0707 0505 1013 0508 0920 0609 0405 0606 1219 1212 d d h AS( tI k d t t
Popl, 2022 0505 0505 1010 0505 0000 0710 0505 0409 1416 1213 Je nO UC y O . X
Popl, 2424 0607 0505 0407 0607 0410 0710 0405 0405 1417 0512

Popl, 1818 0505 0505 0914 1011 1717 0609 0407 0000 1214 1011

Popl, 2426 0506 0606 1313 0708 1719 0708 0707 1014 1416 1113

Popl, 1824 0506 0909 1010 0707 1717 1010 0505 0514 1416 1011

Popl, 1810 0508 0512 0014 0600 0416 0408 0505 0600 1616 1112

Popl, 0222 0406 006 0010 0000 0400 0700 0508 0606 1810 1012

Popl, 1122 0506 0606 1112 0608 1020 0708 0304 0506 1210 1014

Popl, 1418 0606 1010 1014 0708 0000 0610 0600 0708 1616 1213

Popl, 1820 0607 0000 1212 0809 0404 0808 0506 0011 1414 1011

Popl, 1020 0407 0010 0621 0505 0410 0408 0506 0606 1416 1113

Popl, 0722 0505 1111 0910 0709 0404 0406 0707 0505 0212 1212

Popl, 0220 0507 0606 0400 0010 0404 0406 0506 0514 1616 1214

Popl, 1222 0505 0010 1112 0708 1010 0404 0405 0707 1214 1113

Popl, 2222 0406 0507 1111 0608 0414 0305 Q508 0707 0214 1112

Popl, 0618 0606 0BO8 1111 0709 2020 0404 0205 0707 1214 1118 . . , ,
Popl, 1824 0507 0B08 1212 0505 0404 0206 0505 0505 1416 olol

OpL. 1824 0907 0508 1317 0305 Q404 0200 0503 0203 14 oL - Jednothve a]e]y pro dany
Popl, 2222 0508 0B08 1112 0607 2020 0509 0405 0506 1414 0600

Popl, 0219 0507 1010 0711 0909 0404 0506 0607 0611 1418 1313 . o

Popl, 1220 0505 0B08 0521 0707 0413 0405 0307 0506 1416 091l

Popl, 2020 0606 1111 1119 0B08 0220 0607 0808 0411 1214 0ll4 IOkus Sou Serazen Odle
Popl, 2123 0506 0608 0BO8 0207 1717 0009 0508 0711 0916 1alz

Popl, 2123 0406 0202 0407 0610 0320 0207 0508 1010 1212 1012

Popl, 2020 0405 0505 0521 0507 0404 0600 0508 0805 1214 0411 . . v 7 r

Popl, 1216 0507 1111 1010 0508 2222 0BOY 0307 0507 1416 0213 ]_ ]ﬂi ‘t 1

Popl, 1424 0506 1111 1010 0606 1919 0707 0508 0507 1416 1216 Ve 1 OS l a OCIS OVaIly

Popl, 1421 0306 0909 1414 0609 1113 0708 0507 0508 1414 1114

Fop . .
Popz, 1620 0508 OGL1 0505 Q508 2323 0607 0608 0710 0214 1112 A
Popz, 2222 (G06 Q606 OD11 0707 1410 0607 0506 0506 1214 0413 - J, napr, Je

Popz, OB00 (404 0508 0607 0708 0420 0408 0404 0505 1216 0317

PopZ, 1122 0508 0404 0407 0700 0404 0800 0708 0607 1216 1112 o

PopZ, 2022 0506 0202 1010 0700 1020 0207 0405 0600 1014 1113

pogz, 2022 0406 0G0 0912 0307 D000 0707 0303 0806 1216 1117| prevedeno na 10/1 1

PopZ, 1414 0506 0000 1111 0700 2020 0206 0307 0606 1012 1212

PopZ, 1818 0505 0710 1111 0708 2020 0708 0305 0606 1516 1213

POpZ, 2020 0405 0208 1021 0606 0412 0607 0305 060G 1212 1012

PopZ, 1820 0505 OS08 080D 0700 0310 0710 0407 0000 1212 0212

POpZ, 0220 0406 0707 0DOD ODOD 0304 0808 0208 1617 1112 0213

POpZ, 2020 0206 0505 0500 0307 0517 0308 0105 0014 1014 0213

POpZ, 2024 0607 1010 1212 0307 1020 0808 0407 0505 1414 1213

POpZ, 2024 0500 0202 1515 0206 0420 0307 0508 0707 1414 1112

POpz, 1624 0507 0205 1115 0208 0420 0709 0205 0707 1214 1215

Popz, 1621 0607 1010 0921 0609 2222 0708 0707 1415 1416 1113

Popz, 1616 0506 0508 1010 0607 0517 0306 0509 060& 1117 1215

Popz, 1420 0507 0BO® 1010 0708 0416 0710 0506 0506 1214 0912

Popz, 2024 0405 1111 0910 0507 1921 0709 0105 0607 1014 0912

POpZ, 1620 0508 0611 0406 0511 0319 0610 0506 0610 0212 0211

Popz, 1220 0505 0G0D 000D 080D 1717 0208 0708 0606 1416 0412

POpZ, 2222 0506 0808 1010 0608 1910 0708 0307 0506 1114 0210

Pop3, 2125 (0407 0000 0606 0606 0000 0409 0708 0406 1616 0513
Pop3, 1620 (405 0609 1414 0708 1418 0203 0405 0505 1015 1011
Pop3, 1818 (0205 0910 1010 0307 0505 060% 0411 0410 1115 1112
Pop3, 1823 (0406 1010 0306 0510 1420 0208 0303 0809 1212 0712

r.‘f_'SI:arl:l ) =] @ & ._’.I @ » &) Dorudendp... | ) GMZ_lectures | () GenepopPiG




Typy dat: Sangerovo sekvenovani

.........................................................................




lllumina fastqg format

1 2 3 4 5 67 8
dHWI-ST226:253|{D14WFACXX: 2{1101):[2743):[29814| [1]d: 0 [aTCACE]
TGCGGAAGGATCATTGTGGAATTCTCGGGTGCCAAGGAACTCCAGTCACATCACGATCTCGTATGCCGTCTTCTGCTT
GAARAAAADARRRRRARARTTA
+

BACFFFFFHHFFHJIIGHIHIJJIJIIJIGDCHIIIJIJJJIJIGIGIHHERE) =FREIGHHEHFFFFDCBEBD: QCCQEC
:<CDDDD50559<BH#######

unique instrument ID and run ID

Flow cell ID and lane

tile number within the flow cell lane

'x'-coordinate of the cluster within the tile

'v'-coordinate of the cluster within the tile

the member of a pair, /1 or /2 (paired-end or mate-pair reads only)

N if the read passes filter, Y if read fails filter otherwise

o g B R o (B (1) S

Index sequence



Typy ziskanych dat — sekvence DNA

,,Allgnment 9 contlg (ze stejneho jedince)

[ !!!! EERSES !! .!!! ﬁdnraLa!ﬂrlHLA—l:mEI Tab jumps to ne
i HLA-C-3100 P =]

Fru:cthlm o0 5 3602
S-S HLAC-3100 Feference: lﬂ:ﬂ!ﬁm’ lgipmmhmhp.ﬂ? _"'I
- LEEH c1e 783 277
Brtive Layer ROIz: _ __
Consensus
oo -”" -_
5" Coverage:
Samples:
i OO X.CEMR —— b—— 260 2.CEAF 01 >
CE0Z-CHXAR D2 )
- 302-CEIF M 3
-
x| b

Legend: BN ClearBange | Known Vanant: | Unknown Yanants




Contigs from NG

reference (in resequencing) consensus

#dentity

FU'DAUU32? 34 4 : A2
FUD ADD327:34 HG23NDSXC4:2111:14443:23...

FUD AQD327:34 HG23NDEX{2:1239:17056:31 ..
FUD AQD327:34 HG23NDSKK4:2324:28782:26...
FUL ADD327:34 HG23NDSXX: 4:2324:29568:28...
FUD ADD327:34 HG23NDSKXK 4:2612:22688:81...
FUD AQD327:34: HG23INDEKK3:2366:12454:28 .
FUD AQD327:34 HG23NDEX4:1406:21703:27 ..
FIDAQD327:34 HG23NDEX{2:1239:16694:28.
FEVAQDD327:34 HG23NDSX2:1348:3857:197 ..
REV ADD327:34 HG23NDSXX3:2202:25202:145...
REV ADD327:34 HG23INDSXK2:1454:1787:205...
FID AQD327:34: HG23NDEKK:2:2159:3378:145
REVAQD327: 34 HG2INDE}{(4:1527:11171:20...
REVAQDD327: 34 HG23NDEX{3:2330:20302:34 .
FEVADD327:34 HG23ND5X4:1135:14886:21...
FUL ADD327:34 HG23INDSXX: 4:2645:21820:99...
FUL ADD327:34 HG23NDSKK2:2476:4318:724...
FUD AQD327:34: HG23NDSK{4:1670:13702:27 ..
FUD AQD327:34 HG23INDE}(4:1527:11171:20...
FUD AQD327:34 HG23NDSKK4:1135:14886:21 ..
FUL ADD327:34 HG23NDSXX3:2330:20302:34 ..
FUD ADD327:34 HG23INDSXX4:1324:14705:13..
FUL ADD327:34 HG23NDSKK2:2436:9733:216...
FID AQD327:34: HG23NDEK3:2570:30174:15..
REVAQND327: 34 HG23NDEX{4:1418:13575:33..
FUD AQD327:34 HG23NDSKK4:1325:26982:13...
FUL ADD327:34 HG23NDSX4:1621:5502:147 ..
FUD ADD327:34 HG23INDSXX4:1473:27806:22...
FUD ADD327:34 HG23NDSXK:3:1350:32208:18...
FUD AQD327:34: HG23INDEK3:2371:14371:92..
FUD AQD327:34 HG23NDEX{3:2135:117128:26...
FUD AQD327:34 HG23NDSX4:1106:31810:12...
FUL ADD327:34 HG23NDSXH2:2527:32262:35...
v REV ADD327:34 HG23INDSXX:2:2304:19153:34 .
FUD ADD327:34 HG23NDSXK2:2551:16966:23..
FUD AQD327:34 HG23INDEXH4:2258:7437:716...
FUD AQD327: 34 HG23NDSX{(4:1307:17526:16...
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coverage
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P 121 1]
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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|
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R w F :
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INCI

— srovnani se
d

h dat
mezi je

V4

T

EEHEEEEEEEEEE

EIEVE B E B EIE

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

A C
TTATCCEATATTTACATGCTAATGEHAGCCTCCATATTCTTTATTTGCCTATTTCTACACGTAGGACGAGGTATATAT TATG

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
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.&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
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190
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1s0
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Typy ziskanyc
PCR + Sanger
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Selection: 0
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View Accessory Application RNA  World Wide Web  Options

Positior: §1: 268, 1140 nucleatid 234

=k S hd ||

tode: | Select / Slide »

&I D oot
=1
=

Mus B3314 D3.

ddddddddddddddddddddddddddd

A

daddddidddddddadddddddddaddd tidddddddd ddddadddd ddddddddadddddd

”&““”“““””“““”“““mm“m“”“““””“““”“““””“““”“““””“““”“““: -

CTTATAGTCCAAATTCTTACAGBCTTATTCCTABCTAT.

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

1140

1141
1140 nue

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

ca 1000 bp

[=] [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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= AliView - Grammo1_final 146inds.snps

it Selection View Align Primer Externsl commands Help

ddRAD
At i R T : (.,snps™ file)

SIEEE b ine - EEENEES —w =500 000 bp

::: 'E_ - (depending on

e—— sequencing intensity

Pos fungaped):

Eiiéfis:es:: ik L ddRAD
(-,usnps* file)

1 SNP/locus
=50 000 SNPs

" (depending on
sequencing intensity
il etc.)
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kompletni
genomy
(Feng et al.
2020 Nature)
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