Populacne-geneticka data

Zaklady analyzy diploidnich
kodominantnich znaku
(Mendelovska dédicnost)

L.

mikrosatelity jaderné sekvence
(T (napr. SSCP)
CCGATCAATGCGGCAA
CCGATCACTGCGGCAA SNPs
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| 2 |Allele frequency
;;ID Pop Ppip01 Ppip02  Ppip04  Ppiplé  EF1 EF4 EF6 Paur0  NN18 NnP217  NnP219
74 [TYN1 T¥N 174 176 128 128 13 216 | 120 132 | 1686 175 2368 247 174) 188 249) 251 287 291 205 209 140 170 4878500 17.00750
( | & [TYN2Z T¥N 167 | 167 132 | 132 207 | 207 | 130 136 | 1683 175 2300 245 182 188 247| 243 287 287 205 21G| 166 116G 4876500 17.00750
|6 [TYN3  T¥N 176 | 178 128 128 207 207 | 130 130 163 189 0 0 184] 190 249] 243 283 293 203 13| 166 170 4876500 17.00750
| 7 [TYN4  TYN 180 | 180 130 | 132 207 | 207 | 118 124 | 171 173 2200 243 184) 190 47| 243 283 285 203 214| 140 166 4876500 17.00750
| & [TYNS  T¥N 174 174 128 128 207 207 | 128 138 179 181 241 241 182) 188 247 263 0 0 205 209| 158 162 4876500 17.00750
| 8 [TYN6  T¥N 180 | 182 126 130 209 209 | 136 136 173 175 241 243 184) 1868 263| 263 295 226 209 13| 162 170 48.76500  17.00740
|10 TYN7  T¥N 174 180 126 130 215 2156 130 130 173 173 241 241 190) 190 249) 2430 2850 226 209 13| 158 162 48.76500  17.00740
|11 |TYN8  T¥N 174 | 176 128 | 134 207 | 221 | 128 138 171 177 2200 240 178 186 249] 243 287 293 213 13| 162 1BG 4876500 17.00750
| 12|TYN9  T¥N 186 | 178 126 | 130 209 | 209 | 128 149 177 177 2200 230 184) 188 49| 265 287 287 217 216| 158 1BG 4878500 17.00750
| 13 |TYN1D  TYN 167 | 178 128 | 130 209 | 209 | 132 134 | 171 175 2430 245 184) 186 245] 247 285 247 205 218| 158 174 4876500 17.00750
| 14 [TYN11  TYN 170 174 130 130 217 | 217 130 138 173 17 00 0 182) 190 241) Z&7 289 291 213 13| 166 170 4876500 17.00750
| 15 |TYN12  TY¥N 174 176 130 132 0 | 0 | 134 134 | 175 177 2200 220 186) 186 249] 251 293 297 203 209| 158 162 4876500 17.00750
o) |16 |[TYN13  T¥N 166 3| 162 170 48.76500  17.00740
17 |TYN14  TYN 162 1 1 1 K | 5 166 166 4876500 17.00750
PORY e = genotypy, tj. velikosti fragmentl v populaci 5 i % 875 6%
| 19 |TYN16  TYN 168 | 1o | N0 140 218 21/ | 152 134 1id) Tia 243 245 1A 1Ad) Za0) 2490 Z0Y) Ao 20a) 208 1620 170 48.76500  17.00750
| 20 [TYN1?7  TYN 178 | 178 126 130 207 | 211 | 132 132 | 171 1750 2200 233 176| 180 249] 255 289 289 178 209| 162 166 4876500 17.00750
|21 |[TYN18  TYN 161 174 130 | 130 13 | 213 | 132 132 | 173 177 245 245 178| 178 243] 243 289 289 205 209| 162 182 4876500 17.00750
| 22 [TYN19  TYN 174 180128 | 132 M3 213 134 134 163 169 2200 2200 174 182 249) 243 285 285 209 213 131 131 4876500 17.00750
| 23 |TYN20 T¥N 176 176130 1300 0 | 0 (138 181 | 171 171 247 247 186) 183 249) 265 287 247 209 209) 131 166 48.76500  17.00740
| 24 [TYN21  TYN 178 | 178 128 134 M3 213 | 1532 134 | 171 173 245 245 180) 188 247| 243 285 287 203 209 144 154 4876500 17.00750
| 256 [TYN2ZZ  TYN 186 | 176 128 | 132 M7 7 124 132 177 177 2200 2200 180) 182 281| 263 287 297 203 17| 170 170 4876500 17.00750
| 26 [TYN23 TYN 168 | 176 128 128 13 213 120 153 | 173 173 2200 236 17| 180 245] 263 285 247 203 13| 154 162 4876500 17.00750
| 27 [TYN24  TYN 176 | 176 130 | 130 219 | 219 | 132 149 175 175 216 245 182) 184 285] 2585 283 297 205 209| 131 174 4876500 17.00750
| 26 [TYN2D  TYN 177 179 128 130 209 113 126 126 1560 173 241 241 188) 188 249] 265 289 297 198 13| 158 166 4876500 17.00750
| 20 TYN26 T¥N 177179 126 1300 200 ) 201 | 118 124 | 171 179 2180 2450 174) 184 249) 265 205 295 205 205| 158 166 48.76500  17.00740
| 30 |TYN2Z  T¥N 176 | 176 126|126 207 | 207 | 120 163 | 169 173 2200 2200 182) 183 249) 2650 2091 291 205 209| 136 162 48.76500  17.00740
|31 [TYN28 T¥N 1688 | 172 128 132 219 219 | 130 130 | 1683 175 243 243 186 183 245 263 285 285 203 213| 132 170 4876500 17.00750
\ 32 | TYN29 TYN 170 180 128 | 130 219 ) 219 | 130 130 171 171 243 243 184) 184 249] 265 285 289 203 13| 166 178 4876500 17.00750
~ET‘FMI] TYN 170 177 124 1130 15 | 215 | 138 138 171 177 2320 236 184) 186 249] 263 285 291 203 209| 162 174 4876500 17.00750
54 [NOV1  NOW 172 176 128 | 134 209 219 | 120 120 | 1B3 174 253 263 182) 184 241| 285 289 295 178 209| 162 166 4883320 16.50610
(o) | 35 |[NOVZ2  NOW 178 | 178 130 | 130 209 209 | 128 132 | 173 173 238 243 182) 184 249] Z51 285 ZE7) 205 209 136 170 4883320 16.50610
p p | 35 |[NOV3  NOW 163 165 126 126 207 | 213 122 124 | 173 1750 2200 2450 178) 1868 247| 247 285 285 205 13| 133 17 48633200 16.50610
| 37 |[NOV4  NOW 167 | 178 128 | 134 206 205 | 118 124 | 173 177 2200 2200 186) 188 253| 2585 287 289 205 213| 162 166 4863320 16.50810
| 35 |NOVS ~ NOW 176 | 178 128 130 201 | 201 | 130 130 | 173 177 243 245 174) 184 247| 243 287 293 201 209 162 170 4863320 16.50810
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Microsoft Excel - PYG_GenAlex.xls

Iz_l’l Soubor  Uprawy  Zobrazit  Wlofit  Format  Mastroje  Data  Okno M
DEHRSISAQAIVE| X B@E-F 96|  Feaecr. 38 e
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A E |c|DoD|EIF[s [ H] I ][ AMOUA. . N ol PlalR]| S|
11 233 10 30 22 25 22 18 23 11 jantel...
| 2 |Allele frequency
, ER Pop Ppip01  Ppip02  Ppip0d  Ppip06 Ao EF6 Paurl5  NN18
| 4 [TYN1  TYN 174 (176 128 128 213 216 120 13 Assignment  » (247 174 188 249 251 287
fO rI I Iat |5 [TYN2  TYN 167 167 | 132 132 207 207 130 13 _ . , 245 182 188 247 249 267
|6 TYN3  TYN 176 178 128 128 207 207 130 13 0 184 190 249 243 283
| 7 ITYN4  TYN 180 180 130 132 207 207 11§ 12  Relstedness  » g3 154 100 247 249 283
|8 TYN5S  TYN 174 174 128 128 207 207 128 13 Mublocus v [241 182 188 247 283 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 [ TYNB  TYN 174 175 128 134 207 221 128 13 Create v [240 175 186 249 245 267
(12| TYNO  TYN 186 178 126 130 209 209 128 14 oneters 1230 184 188 243 255 287
(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
[ (15 [ TYN12  TYN 174 176 130 132 0 0 134 13 importpata  » (220 186 186 249 251 293
|16 | TYN13  TYN 166 176 126 132 215 217 122 1§ , 243 178 186 248 251 267
(17 [TYN14  TYN 162 178 1258 128 219 219 128 14 220 175 182 253 283 285
|18 [ TYN15  TYN 186 176 128 132 209 209 118 12  EdtRawData » o0 175 182 249 251 285
'} e (19 [ TYN16  TYN 168 178 128 128 215 217 132 13  ExportData » Arlequin., 249 289
Y |20 [ TYN1Z7  TYN 178 178 126 130 207 211 132 1 255 289
. |21 [ TYN1B  TYN 161174 | 130 130 213 213 132 13  Graeh ' Cervus.., 243 2089
|22 [ TYN19  TYN 174 180 128 132 213 213 134 13 Stats v Famez. . 243 285
. |23 [ TYN20 TYN 176 176 130 130 0 0 138 1§ N - 255 267
. |24 [ TYN21  TYN 178 178 128 134 213 213 132 1 Y 249 285
! 1! |25 TYN22  TYN 156 176 128 132 217 217 124 132 177 177 220 ek, 253 267
Genetlc Analysm 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 p— 255 263
e |25 [ TYN25  TYN 177 179 125 130 209 213 126 126 156 173 241 255 289
'1'E'E|:-";.1 |29 TYN26  TYN 177 179 126 130 201 201 118 124 171 179 218 AE e 255 295
|30 TYN2Z  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 253 265
|32 [ TYN29  TYN 170 180 128 130 219 219 130 130 171 171 243 255 265
|33 TYN3D TYN 170 177 124 130 215 215 138 138 171 177 232 Nesus. . 253 285
| 34 NOV1  NOV 172 176 128 134 209 219 120 120 169 175 253 Phylip... 255 289
|35 |NOV2  NOV 176 178 130 130 209 209 128 132 173 173 235 251 2685
|36 |NOV3  NOV 163 166 126 126 207 213 122 124 173 176 220 PopGene... 247285
| 37 |[NOV4  NOV 167 178 128 134 205 205 118 124 173 177 220 SPAGEDL... 255 267
| 35 |NOV5  NOV 176 178 125 130 201 201 130 130 173 177 243 Structure. . 243 287
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http://www.anu.edu.au/BoZo/GenAlEXx/



Velke mnozstvi populacne-
enetickych programu

> File Creation/Conversion

D @ @ - G

| .\// ,/)*\

-4--»-4-» et 4——-<
| G- @D

. e
D CO-CH-ED-CTD
T T D @D & D

Figure 1 |Flow chart of possible data exchange between different population genetics programs. Although many
programs have their own input-file specification, data files can still be exchanged between mast programs (black
arrows), avoiding tedious reformatting processes. The red stars are recommended starting points to format an initial

data set. Blue ellipses represent multi-purpose packages, whereas individual-centred programs are shown invielet. The
two conversion programs are shown in yellow. Specialized programs are shown in green, and light grey ellipses
represent programs that are not reviewed here, but the data formats of which are used by other programs allowing
indirect data exchange (white arrows). The data files associated with the programs listed on the bottom row cannot be

exchanged directly with the other programs.

Computer programs for population
genetics data analysis: a survival guide
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P PYG - Poznamkovy blok

Soubor  prawy  Formét  Zobrazeni  Mapovéda

Ppipol
Ppipoz
PRipod
Ppipog
EF1
EF4
EF6
Pauras
MHL1E
MAPZ2L17
MNP215
Pop
Fopl,
Fopl,
Fopl,
Fopl,
Fopl,
Popl,

1820
1111
2022
2424
1818
24286
1824
1819
0222
1122
1418
1820
1020
0722
0220
1222
2222
0618
1824
2020
2222
0219
1220
2020
2123
2123
2020
1216
1424
1421

1620
2222
0809
1122
2022
2022
1414
1818
2020
1820
0220
2020
2024
2024
1624
1621
1616
1420
2024
1620
1220
2222

2125
1620
1818
1823

05035
07o7
0505
0807
0503
05086
05086
0508
0406
0506
0606
0607
0407
0505
0507
0505
0406
0606
0507
0606
0508
0507
0505
0606
0506
0406
0405
0507
0506
0306

0508
0606
0404
0508
0508
0406
0506
0505
0405
0505
0406
0206
0607
0509
0507
0607
0506
0507
0405
0508
05035
0506

0407
04035
02035
0406

0809
05035
05035
0503
0503
0606
0909
0512
0&0e
0606
1010
Q000
0ol1o
1111
0606
[el=y ]
Q507
0808
0808
Qooo
0808
1010
0808
1111
0608
0202
05035
1111
1111
0909

081l
0606
05038
0404
0202
06009
Q000
0710
0208
Q808
Q707
0505
1010
0202
0205
1010
0508
0909
1111
0611
0609
0808

0000
0609
0510
1010

0511
1013
1010
0407
0914
1313
1010
0014
0olo
1112
1014
1212
0621
0olo
0409
1112
1111
1111
1212
1420
1112
0711
0521
1119
0808
0407
0521
1010
1010
1414

0503
0911
0607
0407
1010
o1z
1111
1111
1021
Q809
Qo009
0509
1212
1515
1115
0921
1010
1010
0910
0406
0509
1010

0606
1414
1010
0308

d_'SI:arl:l @m0

0308
0508
0505
0807
1011
0708
077
0609
Qo009
Q608
Q708
Q8009
0505
07009
0ol
Q708
Q608
0709
0505
Q606
Q607
0909
Q707
0808
0207
0610
0507
0508
0606
0609

0508
0707
0708
07009
07009
0307
0709
Q708
0606
07009
Qo009
0307
0307
0206
0208
0609
Q607
0708
Q507
0511
0809
0608

0606
0708
0307
0810

1321
0520
0000
0419
1717
1719
1717
0416
04009
1920
[ele]e]e]
0404
04109
0404
0404
1919
0414
2020
0404
2121
2020
0404
0413
0220
1717
0320
0404
2222
159159
1113

2323
1419
0420
0404
1920
0000
2020
2020
0412
03109
0304
0517
1920
0420
0420
2222
0517
0416
1921
0319
1717
159159

0000
1418
0505
1420

0209
0809
0710
0710
0809
0708
1010
0408
0700
0708
Q&10
0808
0408
0406
0406
0404
0305
0404
0206
0809
0509
0506
0405
0607
0909
0207
0609
0809
Q707
0708

0807
0807
0408
[el={ele]
0207
Q707
0206
0700
0607
0710
0808
0308
080D
0307
0709
0708
0306
0710
0709
Q610
0208
0708

0409
0203
0809
0208

» &) Dorudendp. ..

Title Tine:"Genotype Tile for Pipistrellus data”

0506
04035
05035
04035
0407
Q707
0503
0505
0508
0304
0600
0506
0506
Q707
0506
0405
0508
0205
0505
0508
0405
0607
0307
0808
0508
0508
0508
0307
0508
0507

0808
0506
0404
0708
0405
0303
0307
0305
0305
0407
0208
0105
0407
0508
0205
0707
0509
0506
0105
0506
0708
0307

0708
04035
0411
0303

0608
0606
0409
04035
Q000
1014
0514
0&a009
0606
0506
0708
001l
0&06G
0505
0514
0707
0707
0707
0505
0606
0506
0ell
0506
0411
0711
1010
0808
0507
0507
0508

0710
0506
0503
0&a07y
0&a009
Q606G
Q606G
Q606G
Q606G
[s]e]e]e]
1617
0014
0505
0707
0707
1415
0608
0506
0607
Q&l0
0606
0506

0406
05035
0410
0809

) GMZ_lectures

1214
1219
1416
1417
1214
1416
1416
1el6
1819
1219
1616
1414
1416
0212
1616
1214
0214
1214
1416
1414
1414
1418
1416
1214
0916
1212
1214
1416
1414
1414

0214
1214
1216
1216
1014
1216
1012
1516
1212
1212
1112
1014
1414
1414
1214
1416
1117
1214
1014
0212
1416
1114

1616
1015
1115
1212

) GenepopPYG

0513
1212
1213
0512
1011
1113
1011
1112
1012
1014
1213
1011
1113
1212
1214
1113
1112
1118
010l
011z
0609
1313
0ol1l
0114
1012
1012
0411
0213
1214
1114

1112
0413
0317
1112
1113

1112

1212
1213
1012
0212
0213
0213
1213
1112
1215
1113
1215
0elz2
0elz2
0211
0412
0210

0513
1011
1112
0712

Genepop file format — jednoduchy
ASCI kod (.txt)

- jednotlivé alely pro dany lokus jsou
sefazeny podle velikosti a
oCislovany

- 1j. napf. 128/130 je prevedeno na
10/11



Ugel populaéné-genetické analyzy

Table 5 | List of computer programs suited for a given analysis and genetic marker

Multi-allelic markers* STR Dominant SNP DNA sequences
markers (AFLP)
Descriptive statistics SPAGeD; Arlequin, DnaSP, MEGA
Linkage disequilibrium
Analysis of population Hickory Arlequin, DnaSP, MEGA

subdivision

Detection of new immigrants:

k

Detection of new immigrants:
inferred populations

Demographic expansion or Arlequin, DnaSP, IM,

decline LAMARC, Migrate

Population size IM, LAMARC, Migrate

Divergence time DnaSE IM, LAMARC,
Migrate

Migration rates DnaSE IM, LAMARC,
Migrate

Neutrality tests Arlequin, DnaSP, MEGA

patially explicit analyses
, . we mean loci for which no specific mutation model is assum 2d. In the latter case, computations

are based on allele frequencies onl are assumg frekvence alel + A sequence, STR and SNP allele
frequencies, as well as nucleotide f frekvence alel | packagess« 1e disequilibrium, and to detect new
immigrants, AFLF, amplified fragm ndem repe; mutaénl’ mOdel




1. Deskriptive statistics =
iIntrapopulation variation

* geneticka variabilita

« pocet variabilnich lokusu (polymorfismus)
* pocet alel
* heterozygotnost

» Hardy-Weiberg equilibrium



Geneticka variabilita

Polymorfismus

« podil polymorfnich lokusu (znakd) — 95 % nebo 99 % (napf. 0,8 = 4 z péti
zkoumanych mikrosatelitd maji v populaci alespon 2 alely, z nichz ta
vzacnéjSi dosahuje frekvence alespon 1% nebo 5%)

Pocet alel (number of alleles)
« pocet alel na lokus

Alelicka bohatost (allelic richness)
« pocet alel na lokus vztazeny k velikosti vzorku (metodou ,rarefaction®)

Pozorovana heterozygotnost (observed heterozygosity)
« prumérna Cetnost heterozygotu v jednotlivych lokusech

Ocekavana heterozygotnost (expected heterozyqgosity)
Hoze=1-(p?+0?) ..... pro 1 lokus se 2 alelami s getnosti p a g




Pouziti udaju o geneticke variabilite

(a)

* neutralni geneticka teorie:
He=4N_u/[4N u+1]

« mutation-drift equilibrium -

e srovnani ruznych populaci
a jejich Ne

H

o
o
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Hardy-Weinbergova rovnovaha

Pr. Jeden lokus se 2 alelami

Alela | Cetnost alely
A P
a q
Genotyp Ocekavana
cetnost genotypu

AA p?
Aa 2pQ
aa g2

prq=1
P, q - zjistime genetickou analyzou

= Hardy-Weinbergova rovnovaha

» Cetnosti genotypl zjistime
genetickou analyzou

» odchylky od oc¢ekavanych
¢etnosti = napf. y? test



Odchylky od HW rovnovahy

* nadbytek heterozygotu = negativni asortativni
pareni (ij. cilené rozmnozovani nepodobnych jedincu) —
pouzité lokusy mohou byt vyhodné v heterozygotnim
stavu (napr. geny MHC)

» nedostatek heterozygotu

 Iinbreeding (postihuje vSechny lokusy stejné)

* nulové alely (jen na nekterych lokusech bude deficit
heterozygotu)



Priklad

* Genepop on the web:
» http://genepop.curtin.edu.au/

« FSTAT


http://genepop.curtin.edu.au/

2. Analysis of population subdivision




Hierarchicka populacni struktura
Druh — populace — subpopulace (demy)

Predpoklady studia populacne-geneticke struktury

» lokusy pouzivané pro analyzu populacni struktury jsou
neutralni vuci selekci

 klasicky populacne-geneticky pristup = jednotlivé
populace jsou predem znamy (napf. chceme zjistit
uroven genetickych rozdilu mezi dvéma lokalitami)



Geneticka struktura populaci
drift, mutace a migrace

=
Aa ~
aa aa
Drift A MR T
— diferenciace subpopulaci Aa Ag 2 = Aa
diky fixaci alternativnich alel Aa 2 Aa
@ drift
Mutace
mohou zvysit diferenciaci =
(odliSit subpopulace) AA  AA \ ™ /a3
ale riziko homoplazii -~
AA AA/ =\ aa
R
- N

Diferenciaci ,pokazi® migrace
1 migrant na generaci muize stacit k setreni rozdilt!

Aa
AA
aa

AA



Vliv populacni struktury na heterozygotnost

« Extremni priklad
« Dveé izolované subpopulace s fixovanymi alelami

« Subpopulace v HW, celkové v populaci vSak nedostatek heterozygotu

>AM—20> W




F-statistika

 tzv. fixacni indexy

. Wright, Nei Fis, Fsr, Fir

* Popisuji heterozygotnost (odchylky od HW) na
ruznych méritkach



Odhad vlivu populacni struktury
na geneticky make-up populace

Celkova populace

« 3 urovné (T, S, I)

@ @ @@ @ @ @ ;Cx sclllbgopu;aci (x=1az
;zde k=3
114 @ - kazda subpopulace ma
) @ || (23 @ N, jedincii
@ @ @ . AA, Aa, aa — odlisny
Quz

symbol
@ - pt. [1-13 = 13. jedinec z

prvni subpopulace

S1 S2 S3

T




Koncept heterozygotnosti

H, — prumérna pozorovana heterozygotnost jedince v subpopulaci
H - oCekavana heterozygotnost jedince v subpopulaci za piedpokladu
nahodné¢ho pareni

H , - ocekavana heterozygotnost jedince v cele populaci za pfedpokladu

nahodné¢ho pareni

k
H, = Z H_/k H, =pozorovana heterozygotnost v subpopulaci x
x=1

1 ' . 2 = frekvence j-té : primérna ocek.
Ho=1-3% p2 b=t — oy
> - P alely v subpopulacix s = s [k heterozygotnost
l x=1 v populaci

H,=2pyg,

» pouze pro dv¢ alely na jednom lokusu (Wright 1931)
» pro vice alel je vypocet slozité¢jsi (Nei 1987)



IS

T

F statistiky

Hs = 1, SniZeni heterozygotnosti jedince kviili

H nenahodnému pareni v subpopulaci (~ HWE)
H. - 1, Celkovy koeficient inbreedingu F,, - méri
o redukci heterozygotnosti jedince ve vztahu k
d celkové populaci

(1-Fir)= (1-Fs1)(1-Fis)

Weir & Cockerham (1984)f, 6, F
Korekce na velikost vzorku a poCet subpopulaci

Vypocet odlisnosti od nuly — nejCastéji permutace



Vypocet F statistik - p riklad

Primérna frekvence alely A v celé populaci

Subpopulace 1 (N,=40)

Subpopulace 2 (N,=20)

/

Lokus AA AB BB P1) AA AB BB P2 Poy) Pozn.
A 10 20 10 0.5 5 10 5 0.5 0.5 H.-W. rovnovaha
B 16 8 16 0.5 4 4 12 0.3 0.4 deficit heterozygot
C 12 28 0 0.65 6 12 2 0.6 0.625 prebytek heterozygott
D 0 0 40 00 20 0 0 10 05 alternativné fixované
alely
Vypocet alelovych frekvenci
Pozorovana Ocekavana heterozygotnost Wrightova F-statistika
heterozygotnost
Lokus Hig Ha ) Hig Hs Hr Fis Fsro Frrg)
A 0.5 0.5 0.5 0.5 0.5 0.0 0.0 0.0
B 0.2 0.2 0.2 0.46 0.48 0.565 0.042 0.583
C 0.7 0.6 0.65 0.4675 0.46875 (, -O.ESQ 0.0027 -0.387
D 0.0 0.0 0.0 0.0 0.5 < 1.0 > 1.0
Pramer 0.058 0.261 0.300

Primérné hodnoty F statistik mohou maskovat odliSnou evoluéni historii na riznych lokusech




Hodnoty Fgr

0 — 0.05 mala diferenciace (zanedbatelna)
0.05 — 0.15 stredni
0.15 - 0.25 velka

> (0.25 velmi velka



F statistiky

popis vysledku nikoliv pfi€in — mozna alternativni vysvétleni

Recent separation, Old separation, but
no gene flow continuous (low)
gene flow
a d b a d b

N\

Time




Priklad

« FSTAT

 Genetix



3. Population assignments
Klasické problemy populacni genetiky

» Populace dany, jedinci predem zarazeni do
populaci, zajimaji nas vlastnosti populaci (F-
statistiky)

* Populace sice definovany, ale chceme k nim
priradit jedince neznameho puvodu

* Krypticka populacni struktura = predem neni dano
nic — chci zjistit klastry (tj. pfirozené populace) a
rozfadit individua do klastru (population
assignments)



Unraveling migratory connectivity

(a) strong vs. (b) weak connectivity



Geneticka analyza

« very few birds have bands, but all have
genotypes »

genetic data on population structure

problems: (1) week genetic differentiation
among populations (widespread dispersal), (2)
lack of differentiation in northern temperate zone
— recent postglaciation expansion

solution: (1) more genetic markers, (2) study of
avian parasites DNA



Population assignment tests

= program GeneClass (Piry et al. 2004)

= calculates the probability that an individual’s genotype might exist in a
particular population

= can combine data from multiple genetic marker types
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Log likelihood from population A Log likelihood from population A
5 microsatellite loci 5 microsatellite loci
F,=0.14 F,=0.04

99.9% assigned correctly  90.2% assigned correctly



Klastrovani — hledani ,prirozenych populaci®

 Distance-based methods

Matice parovych vzdalenosti

(vzdalenosti mezi kazdym parem individui)
Znazornéni mnohorozmeérnym grafem —
klastry

Exploracni metoda!

Duavéryhodnost klastri neni znama
Zavislost na distan¢ni mire i na grafickém
zobrazeni

Napr. neighbour-joining

e Model-based methods

Pouziji parametricky model

Soucasné hledam parametry pro klastry a
urcuji ¢leny klastru *
Ur€im vérohodnost vysledku

(Maximum likelihood, Bayesianska
metoda)



Bayesian clustering approach
STRUCTURE = Pritchard et al. 2000

Neznamy pocet populaci charakterizovanych raznymi frekvencemi
alel — pocCet populaci a frekvence zjistuji

Soucasné prifazuji individua do populaci

Lokusy, které nejsou ve vazbe, HW uvnitr subpopulaci
(napf. mikrosatelity, SNPs)

Mozno predem zahrnout geografickou polohu individui

Model se snazi vylozit HW nebo vazebnou nerovnovahu zavedenim
populacni struktury

Misto pfimého vypoctu — odhad pomoci Markov chain Monte Carlo



* Fragmenty destneho
pralesa

« Lokality Chawia,
Ngangao, Mbololo, Yale
(Kenya)

. 7 mikrosatelitovych
M okust

* Neighbour-joining

M/ \ « * Spatné zarazeni jedinci

b [

* =



Program STRUCTURE - Bayesiansky pfristup

Inferring the value of K, the number of populations,
for the T. hellert data Mgangag

=

log P(XK) P(KIX)

[ LR S .

—3144 ()
— 2769 i)
— 2678
—2683
—2688

O Chawia
# Mbololo
#Ngangao

Chawia Mbololo



Ln Likelihood

Stanoveni poctu ,prirozenych
subpopulaci

-20000 : 10 : :
21000 5 =la 15 20 25
-22000 - [QVE}

-23000 - .
-24000 - ¢ f
-25000 -

-26000 - ¢

-27000 A
-28000 -

-29000 -

-30000
K (number of clusters)

1



.

1.00

0.80 | i
0.60 -
0.40

0.20 4

0.00 L.J..Lu_. i
1 2 3 4 i g 7 a 9 10 11 17 13 14 14 16 17 18 19

Proporce genomu kazdého jedince nalezejici urcitému ,clusteru”

20

21




4. Spatially explicit analyses = spatial
genetics = landscape genetics

« vychazi z Bayesian clustering approach (typu
STRUCTURE) — individual based models

« do modelovani genetické informace pridava i
geografické koordinaty

« napf. programy BAPS, TESS, Geneland
(automaticky stanovuji nejlepsi pocet populaci K)



The example of very fragmented populations: the best model in BAPs
for Central and Southern Dinaromys populations (spatial clustering of
groups of individuals): K=13 (i.e. evidence of very high structuration)

44

43.5

43

42481

a2r

415+

41t

1 1 1
18 18.5 19 19.5 20 205 21 215

Pr. program BAPS

Best Partition:

Cluster 1: {C9, C13}
Cluster 2: {S6}
Cluster 3: {C8, C14}
Cluster 4: {C4}
Cluster 5: {C1, C2}
Cluster 6: {S1, S2, S3, S4}
Cluster 7: {C6}
Cluster 8: {C3, C15}
Cluster 9: {C5, C7}
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Mumber of classes
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Map of posterior probability to belong to class 4 Map of posterior probability to belong to class 3

R platform

Posterior
probability maps
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