Promenlivost a evoluce rostlin

Petr Smykal
Katedra botaniky, PrF UPOL
2012/13



Metody detekce a analyzy variability a
evoluce rostlin



. Morfometrie

. Biochemickeé a proteinové markery
. DNA markery

. Markery pro fylogenetické analyzy



Pocatky biometrie
Michel Adanson (1727-1806)

Familles naturelles des plantes , 1763

"In 1774 Adanson submitted to the consideration of the French Academy of
Sciences an immense work, extending to all known beings and substances. It
consisted of 27 large volumes of manuscript, employed in displaying the
general relations of all these matters, and their distribution; 150 volumes more,
occupied with the alphabetical arrangement of 40,000 species; a vocabulary,
containing 200,000 words, with their explanations; and a number of detached
memoirs, 40,000 figures and 30,000 specimens of the three kingdoms of
nature. The committee to which the inspection of this enormous mass was
entrusted strongly recommended Adanson to separate and publish all that was
peculiarly his own, leaving out what was merely compilation. He obstinately
rejected this advice; and the huge work, at which he continued to labour, was
never published.,,

Potfeboval metodu pro taxonomickou klasifikaci — vytvoril taxon by character
matrix s 65 odliSnymi znaky.
Polozil tak zaklady metod numerické taxonomie.
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Francis Galton (1822-1911)

anglicky védec, Cinny ve velmi mnoha ruznych oborech: psychologii
a antropologii, statistice, geografii a dalSich.

V matematice rozpracoval metody statistického zpracovani vysledku
pozorovani (predevSim metodu vypocitani korelaci mezi proménnymi);
zaved| korela¢ni koeficient

Galton je zakladatelem eugeniky. Galton byl bratrancem Charlese Darwina.

Statisticky studoval lidskou proménlivost a dédicnost, v kontextu se socialnimi
otazkami

Hereditary genius (1869) prvni priklad antropometrie. Dédi¢nost inteligence —
eugenicke ideje.

Snaha u dukazu gemuli (volné cirkulujicich v organismech a vstupujicich do
pohlavnich bunék ) pomoci krve kralikt - neuspésné



Typy znaku

Kvalitativni vs. Kvantitativni znaky, ne-numerické — tvary, formy vs.
numerické

Diskrétni (nespojité) vs. Spojité (kontinualni)
1. Diskrétni = cela Cisla napf. pocCet prasniku

a. Binarni = 2 stavy (0, 1) napf. pfitomno/absence listu

b. Vicestavové =vice nez 2 stavy (0, 1, 2). Kvéty Cervené, purpurove,
nacCervenalé. (mohou se re-kodovat do série binarnich)

2. Kontinualni (nekonecné série Cisel mezi stavy) napf. méreni vysky
(1.2 cm, 1.238 cm).



Karl Pearson
(1857 — 1936)

Pearsonova prace se uplatnila v rozvoji matematické statistiky pro oblast
biologie, epidemiologie, antropometrie, mediciny a socialnich dg&jin.

Korelaéni koeficient - parametricky statisticky test (predpokladajici normalni
rozdéleni)zjistujici, jak tésny je vztah proménnych a jaky ma smér (kladny
nebo zaporny)

Chi vzdalenost - je zaloZzena na korelaci mezi proménnymi, které mohou byt
identifikovany a analyzovany pomoci vzoru. Je to uzite€ny zpUsob ur€eni
podobnosti neznamého vzorku s jednim znamym. LiSi se od Euklidovskeé
vzdalenosti v tom, ze bere v uvahu korelace souboru dat, kdy je méritko
nemenna, tj. neni zavislé na rozsahu mereni.

P hodnota - je u testu, kde ma tato definice smysl pravdépodobnost, s jakou
testovaci statistika nabyva hodnot horSich (vice svédCici o testované
hypotéze),nez je pozorovana hodnota statistiky.

Chi kvadrat rozdéleni - Toto rozdéleni je odvozeno ze souctu nezavislych
nahodnych veli€in s normovanym normalnim rozdélenim.



Table 3.1. Calculation of mean, variance, standard deviation and

coefficient of variation in number of stigmatic bands in capsules of the

Poppy, Papaver rhoeas (Data from Pearson, 1900 )

pocet bliznovych lalokd u Papaver rhoeas

Pramér, odchylka, variani koeficient

5 [ 7 8 9 1w n 12 13 1 15 16
Number of stigmatic bands

Number Difference Square of f x square of
of bands  Frequency, from mean difference difference
X fx x—X x—%?% flx—%)?

5 1 5 — 438 23.04 23.04

6 12 72 — 38 14.44 173.28

T 91 637 —-28 7.84 713.44

8 295 2360 - 18 324 955.80

9 550 4950 —0.8 0.64 352.00
10 619 6190 + 0.2 0.04 24.76
11 418 4598 +12 1.44 601.92
12 195 2340 +22 4.84 943.80
13 54 702 + 3.2 10.24 552.96
14 25 350 +4.2 17.64 441.00
15 5 75 +52 27.04 135.20
16 3 48 + 6.2 38.44 115.32

2268 22327 5032.52
22327
Mean = ———=09.
2268
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Coefficient of variation =i_ x 100 = 5% x 100 = 15.2%
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Fig. 3.3. Histogram of Pearson’s data (Table 3.1) for the variation in the
number of stigmatic bands in a sample of capsules of Papaver rhoeas. Such
histograms were often used in early biometrical studies. Campbell (1967),
discussing the use of histograms, suggests that they should be used only in
cases of continuous variation. For examples of meristic or other discontinuous
variation, frequency diagrams are preferable; in these, the frequency of each
class is indicated by a vertical line on the graph.
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Fig. 3.4. Early botanical results showing approximately normal distributions. (a)

Fruit length in the Evening Primrose, Oenothera glazioviana (0. lamarckiana),
for 568 plants collected in October 1893 (De Vries, 1894). (b) Number of

primary umbel rays in Anethum graveolens for 552 plants collected in July 1893

(De Vries, 1894). (c) Number of ray-florets in Ox-Eye Daisy, Leucanthemum
vulgare (Chrysanthemum leucanthemum), collected from 1133 heads in Keswick,
England, July 1895 (Pearson & Yule, 1902). (d) Number of main-branch veins
in leaves of Beech (Fagus sylvatica) from 2600 leaves (Pearson, 1900). (e)
Number of prickles on 2600 leaves of Holly (Iex aquifolium) from trees in
Somerset, England (Pearson et al., 1901). (f) Scta length in the moss, Bryum
cirrhatum, for 522 plants (Amann, 1896).
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Fig. 3.5. A normal distribution, showing proportions of the distribution that are
included between + 1 standard deviation and + 2 standard deviations with
reference to the mean. (From Srb & Owen, 1958.)
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Table 3.5. Variation in the number of ray-florets in Leucanthemum
vulgare (Chrysanthemum leucanthemum)

5 July 1901 30 July 1901 Total
Number  Ludwig (1895 Tower (1902)> Tower (1902)> Tower (1902)®

7 2

8 9

9 13

10 36

11 65

12 148 1 1
13 427 8 8
14 383 3 3
15 455 6 6
16 479 1 8 9
17 525 0 9 9
18 625 0 8 8
19 856 2 12 14
20 1568 8 19 27
2] 3650 17 26 43
22 1790 23 11 34
23 1147 22 10 32
24 812 21 10 31
25 602 22 8 30
26 614 19 5 24
27 375 16 4 20
28 377 14 6 20
29 294 12 4 16
30 196 10 2 12
31 183 16 4 20
32 187 18 2 20
33 307 29 1 30
34 346 20 1 21
35 186 6 0 6
36 64 6 0 6
37 28 0 0 0
38 16 0 0 0
39 16 2 0 2
40 14
41 0
42 3
43 2

Total 16 800 284 168 452

"Ludwig (1895): Plants from Greiz, Plauen, Altenberg and Leipzig, 1890-5
*Tower (1902): Plants from Yellow Springs, Ohio, USA (two collections and
total from same locality)



Morfometrie

odkazuje na kvantitativni analyzu formy, coz je pojem, ktery zahrnuje velikost a tvar.
Morfometrické analyzy jsou bézné provadény na organismech, a jsou uziteCné pfi
analyze jejich fosilniho zaznamu, posouzeni vlivu mutaci na tvar, vyvojové zmeny,
kovariance mezi ekologickych faktory a tvarem, jakoz i pro odhad kvantitativné-
genetickych parametry tvaru.

Morfometrie je mozné pouzit ke kvantifikaci znakd evolu¢niho vyznam, a tim, Ze
detekuje zmény ve tvaru, odvodit néco z jejich ontogeneze, funkce nebo evolucnich
vztahu.

Hlavnim cilem morfometrie je statisticky testovat hypotézy o faktorech, které
ovlivnuji tvar.

RozliSuji se tfi obecné pristupy :
 tradiéni morfometrie
 |andmark-based morfometrie

 outline-based morfometrie



Morfologické znaky

Stipules-character of anthocyan spot
Flower-wings colour
Flower-vexillum colour

] - r
Leaflet-margin shape on the second realleaf Kvalltatlvnl

Seed-funiculus stability

Leaflet-margin shape at the first flowering node
Seed-colour at full ripeness

Seed-cotyledons colour

Leaf-type

Seed-hilum colour

Leaflet-colour

Leaflet-shape (in the first flowering ndg Plant'seeds number
Leaflet-appex shape Plant-pods number

Seed-testa colour

Stem-lenght to first productive node
Stem-length

Kvantitativni |Thousand seeds weight

Plant-seeds weight
Stem-lenght of internode under the first
productive node

Stem-number of sterile nodes

Seed-surface




Morfologické (Kategorické) data
podlehajici variabilité vlivem prostredi

cou | ey o 0|l o il o e ) Lot Lot )y ot Lot
Var. koeficient| 0,0 | 12,5 12,9 20,2 11,3 75,5 50,3 827|672 231 43,0
L0100762 Adept| 1 1 4 1 7 2 1
L0100777 Alan| 1] 1 4 3 7 1
L0100530 Bohatyr| 1| 1 4 3 6 3 1
L0100732 Janus| 1| 1 4 1 6 3 2
L0100736 Komet| 1| 1 4 3 6 3 2
L0100763 Merkur] 1| 1 4 2 7 3 1
L0100766 Pegas| 1 1 4 2 6 2 1
L0100765 Primus| 1| 1 4 2 7 2 1
L0100688 Romeo| 1| 1 4 1 6 2 1
L0100761 Sonet| 1| 1 4 2 6 4 1
L0100978 Baryton| 2| 1 4 1 1 0 0
L0100982 Hardy| 2| 1 4 1 1 1 0 0
Lodyha
Lodyha |Lodyha poéet Lodyha Listek tvar |Listek tvar |Listek tvar]
Lodyha |délka do 1.|déka pod 1. |sterilnich|Lodyha |vitveni |Lodyha v1kvit |okrajeu2 [okraje v 1|Listek tvar|Listek
ECN NAZEV Opakovani| Lodyha tvar|délka [prod. nodu |prod nodem [nodu  |typ vitvi |na bazi|olistini |[List typ[{nodu prav listu |kvit nodu Jvrcholu  |barva
L0100762  [Adept A 1 4 5 6 5 9 | 1| 7] 5 1 1 2 |7
L0100762 Adept B 1 4 5 6 5 9 0 7 5 1 1 2 7
L0100762 Adept C 1 4 5 7 ® 5 1 ® 5 1 1 2 3




Tradicni morfometrie

Tradicni morfometrie analyzuje délky, Sirky, hmotnosti, uhly a poméry oblasti.
Obecné plati, ze tradicni morfometrické udaje jsou méreni velikosti.
Nevyhodou pouziti mnoha méreni velikosti je to, Ze vétSina z nich je vysoce
korelované, jako vysledek, existuje nékolik nezavislych promennych navzdory
mnoha méreni.

Tradicni morfometrika, zaCala aplikovat multivarietni statistiku na mnozinu
proménnych, ziskanych mérenim objektu. Obvykle se zpracovavaly linearni
vzdalenosti, ale uzival se i soucCet, podil (procento, koeficient), uhel. Takto se
statisticky porovnavaly odchylky a jejich tendence, vzhledem k néjakému vzoru.
Tyto metody pfinasely fadu problémud. Méfené vzdalenosti nebyly zcela jasné
definované, tedy se méfila napriklad maximalni délka objektu, coz neni upiné
idealni, maximalni délky mohou dosahnout rizné body, které si fylogeneticky
nemusi vabec odpovidat. Méfeni mUze dat pro jiné tvary stejné hodnoty méreni,
nebot’ misto méreni je relativni (napfr. tvar elipsy a kapkovity tvar mohu mit stejnou
maximalni Sifku i délku a presto jde o tvar na prvni pohled zcela odliSny). Navic
nelze tvar odvodit zpétné, vysledkem je mnozina Cisel, jez odpovidaji
vzdalenostem, obvykle usporadané do matice, ze které je nemozné vykreslit
puvodni tvar. Pfedmét zkoumani — tvar objektu — je tedy mérenim ztracen.
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Figure 3. Landmark configuration recorded for each leaf.
Representatave H. crassifolium and H. pendulum leaves
are shown, with the locations of the 16 landmarks on their
digitalized shapes.

Figure 1. Patterns of morphological varation of Helichrysum crassifolium and Helichrysum pendulum leaves from the
Balearic Islands. Ten leaves from each sampled population are shown.

© 2012 The Linnoan Sociaty of London, Biological Journal of the Linnean Society, 2012, 106, 488513




D'Arcy Wentworth Thompson (1860 - 1948)

ON GROWTH  wdani017
AND FORM Zaklady biologické matematiky

The Complete Revised Edition

Transformacni mrizky

D'Arcy Wentworth Thompson



zakladni konceptualni vychodiska transformace tvaru jako objektu
biometrického zkoumani poprvé explicitné formuloval pravé D’Arcy
Thompson.

Jeho filozofie vychazela z platonského presvédceni, ze proménlivost
forem v pfirodé je urcitym zpusobem usporadana a ovlivhovana vice Ci
méné jednoduchou a poznatelnou soustavou usmeérnujicich sil a ze
slozité tvary organizmu lze pfevést na jednoduchy systém pravouhlych
soufadnic. Tvar téla pribuznych druhu je tak mozno vzajemné odvodit
ze zmeén (deformaci) kartezianske sité, prolozené libovolné zvolenymi
body Ci Castmi objektu.

Transformacni analyza, v zasadé omezena pouze na graficke
vystupy, vSak postrada jakoukoli kvantifikaci. Navic Thompson a jeho
nasledovnici kreslili sité subjektivne, takze myslené body slouzici jako
voditko pri deformaci site vetSinou postradaly biologické opodstatneni.

A praveé tyto skuteCnosti byly az donedavna stinem, ktery — prfes snahy
nékolika generaci matematicky orientovanych biologu pfitahovanych
jejim elegantnim grafickym stylem — tato metoda nedokazala prekrocit.

Milo§ Macholan, Vesmir 78, 1999/1



Pristupy zalozené na landmarcich

Landmark je specificky bod na objektu (napf. Spi¢ka zubu), vybrany dle urcitého
pravidla. Landmarky jsou biologicky definované (a matematicky vyznamné, pravé
je pokladame za zaklad naSich méfeni). Dulezita je moznost je lokalizovat
opakované. Pozice téchto landmarkt budeme porovnavat na jednotlivych
objektech méreni. Lze tedy fici, ze landmarky jsou vyznamné body, které se
nalézaji na vSech mérenych objektech a jez muzeme snadno nalézt.

VétSina landmarkovych metod pfifadi landmarkiim souradnice, jez poté ruznymi
zpusoby vyhodnocuje. Pfifazeni soufadnic s sebou ale nese jisté problémy —
objekty ziskaji pozici a orientaci, jiz je nutno upravit, mohou byt zrcadlové
prevracené, a zaroven je zde stale problém s velikosti, takze musely byt vyvinuty
metody na potlaceni téchto deformaci.



Prokrustova analyza

je rovnéz zalozena na zkoumani tvaru pomoci vyznacnych bodu. Kofeny této
metody sahaji do prelomu 60. a 70. let, vyuzivat se vSak zacCala az v poslednim
desetileti. Nazvana byla po bajném obrovi fecké mytologie, ktery prepadal
pocestné, pficemz kratSi natahoval na délku svého loze a delSi naopak useknutim
nohou zkracoval. Toto priléhavé pojmenovani vyjadruje samu podstatu
superpozicni techniky, jejimz cilem je s vyuzitim rotace, posunu a celkové zmény
velikosti dosahnout takové konfigurace vyznacnych bodu dvou a vice objektd, aby
byla optimalizovana urcita mira shody, v tomto pfipadé suma druhych mocnin
vzdalenosti mezi pfisluSnymi homologickymi body téchto objektt (podobné jako
napr. u obycCejné linearni regrese). Proto se této technice nékdy rika Least
Squares, zkracene LS, pfi vice nez dvou objektech potom Generalized Least
Squares, GLS.

viwv s

tykaji nemoznosti detekce slozitéjSich tvarovych odliSnosti a lokalnich deformaci a
s tim spojené ztraty podstatné Casti informace. Nicméné diky své jednoduchosti je
Prokrustova analyza i jeji varianty (napf. GRF) obzvlasté vyhodna jako prostfedek
pfedbézné analyzy dat a pfi testovani jednodussich nulovych hypotéz.

Milo§ Macholan, Vesmir 78, 1999/1



Geometricka morfometrie

Geometricka morfometrika (nebo take
morfometrie) se zajima studiem tvaru
biologickych objektu. Aplikuje statisticke
metody na porovnavani tvaru. Ugelem je
zjistit, v jakém misté se tvar vyznacuje
nejvetsi variabilitou, coz vede posléze k
uvaham dalsich vednich disciplin, které
zkoumaji, proC tomu tak je, nebo jak by se
zjistene vysledky daly

vyuzit.

Milo§ Macholan, Vesmir 78, 1999/1

Rozdily mezi nimi jsou pak ukazany ve formé lokalnich deformaci ptvodné
pravouhlé sité . Oproti Thompsonovu pfistupu vdak metoda ohebnych pasku
postrada jakoukoli subjektivitu, nebot’ poloha kazdého bodu je v prostoru
jednoznacéné urCena. Sit zde neni vlastnim objektem analyzy jako u Thompsona,
ale naopak prostredkem zobrazeni, komunikacnim médiem zprostredkujicim
vysledky biologické analyzy.



Popis fenotypového projevu

Semeno-barva v plné zralosti

. svétlezluta

. Zlutoruzova

. voskova/dvoubarevna
. Zlutozelena

. Sedozelena

. tmavozelena

. svétlehnéda

. hnéda

. ¢erna
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Linum: velikost a tvar semen; parametry primérné hodnoty
Kalibrace Area — 0,08 um/px

Flax Are EqDiameter Perimeter MaxFeret MinFeret Circularity Elongation

Statistické rozdily
(ANOVA, a<0.05)

Bonet 3,056 12,033 4,814 2,266 0,755 2,065
Jantar 3,445 12,082 4,953 2,518 0,802 1,969
Jitka 3,061 10,584 4,164 2,398 0,828 1,738
Lola 3,336 11,851 4,731 2,522 0,785 1,878
Marylin 3,155 11,367 4,471 2,393 0,771 1,873
Rina 2,992 10,269 4,125 2,298 0,839 1,798

Vyhodnoceni dat v programu MATLAB R2009a ... shlukova analyza
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Example of fruit shape and fruit color

Phenotyping as an objective and archived resource:  Tomato Analyzer
(Brewer et al., Plant Physiology, 2006, 141, 15-25; Darrigues et al., 2008 .J.

Amer Soc. Hort. Sci. 133:579-586)

In many cases tools all
ready exist to collect high
quality objective
phenotypic data




Example of fruit color

Where we need to go: from descriptor to objective data.

1 =GREEN, 2 = YELLOW (GRIN)

CIELAB
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Figure 3. Landmark configuration recorded for each leaf.
Representatave H. crassifolium and H. pendulum leaves
are shown, with the locations of the 16 landmarks on their
digitalized shapes.

Figure 1. Patterns of morphological varation of Helichrysum crassifolium and Helichrysum pendulum leaves from the
Balearic Islands. Ten leaves from each sampled population are shown.

© 2012 The Linnoan Sociaty of London, Biological Journal of the Linnean Society, 2012, 106, 488513




Table 2. Linear measurements (leaf length, leaf width, and ratio, L/W) and associated one-way ANOVA F-values

Variable Species Range Mean SD SE F

Length (mm) CRA 18.6-83.0 44,98 10.74 0.59 2.67
PEN 21.0-97.8 47.26 13.86 1.51

Width (mm) CRA 42242 11.17 3.28 0.18 483.35%
PEN 1.1-84 3.06 1.59 0.17

L/W CRA 1.8-94 4.21 1.09 0.06 1183.23+
PEN 6.4-43.8 17.93 7.00 0.76

25
*P < 0.0001.

15

Width (mm)

10

Sample sizes for Helichrysum crassifolium (CRA) and Helichrysum pendulum (PEN) are n = 333 and 84, respectively.

© 2012 The Linnean Society of London, Biological Journal of the Linnean Society, 2012, 106, 498513
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Figure 4. Scatter plot of the leaf length/width ratio and width values for Helichrysum crassifolium (black circles) and

Helichrysum pendulum (white circles).
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Figure 5. Scatter plot of the two first relative warps obtained with tpsRELW on 16 leaf landmarks from 2085 samples
(black circles, Helichrysum crassifolium; white circles, Helichrysum pendulum). Thin-plate splines analysis (TPS)
deformation grids for some extreme specimens have been situated around the plot (denoted with arrows). Virtual ranges
of the two axes are marked with a white cross. The corresponding deformation grids are also depicted.
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Leaf Morphology, Taxonomy and Geometric
Morphometrics: A Simplified Protocol for Beginners

Vincenzo Viscosi'*, Andrea Cardini®>*
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Abstract

Taxonomy relies greatly on morphology to discriminate groups. Computerized geometric morphometric methods for
guantitative shape analysis measure, test and visualize differences in form in a highly effective, reproducible, accurate and
statistically powerful way. Plant leaves are commonly used in taxonomic analyses and are particularly suitable to landmark
based geometric morphometrics. However, botanists do not yet seem to have taken advantage of this set of methods in
their studies as much as zoologists have done. Using free software and an example dataset from two geographical
populations of sessile oak leaves, we describe in detailed but simple terms how to: a) compute size and shape variables
using Procrustes methods; b) test measurement error and the main levels of variation (population and trees) using a
hierachical design; c) estimate the accuracy of group discrimination; d) repeat this estimate after controlling for the effect of
size differences on shape (ie., allometry). Measurement error was completely negligible; individual variation in leaf
morphology was large and differences between trees were generally bigger than within trees; differences between the two
geographic populations were small in both size and shape; despite a weak allometric trend, controlling for the effect of size
on shape slighly increased discrimination accuracy. Procrustes based methods for the analysis of landmarks were highly
efficient in measuring the hierarchical structure of differences in leaves and in revealing very small-scale variation. In
taxonomy and many other fields of botany and biology, the application of geometric morphometrics contributes to
increase scientific rigour in the description of important aspects of the phenotypic dimension of biodiversity. Easy to follow
but detailed step by step example studies can promote a more extensive use of these numerical methods, as they provide
an introduction to the discipline which, for many biologists, is less intimidating than the often inaccessible specialistic
literature.

Citation: Viscosi V, Cardini A (2011) Leaf Morphology, Taxonomy and Geometric Morphometrics: A Simplified Protocol for Beginners. PLoS ONE 6(10): e25630.
doi:10.1371/journal .pone.0025630



Heritabilita a vzajemna korelace znaku

Matrix of eigenvalues and vectors of principal components for 15 qualitative characters of field and
fodder pea assessed in morphological trials

Principal components (PC)
PC1 PC2 PC3 PC4 PC5 PC6

Eigenvalues

Variance 4.429 2.783 1.838 1.180 0.867 0.790
% Total contribution 29.53 18.55 12.26  7.87 5.79 5.27
% Accumulated 29.53 48.09 60.35 68.22  74.00 79.27
Eigenvectors

Stipules-character of anthocyan spot -0,123 -0,256 -0,054 -0,095 0,010
Flower-wings colour -0,094 -0,280 -0,037 -0,166 -0,023
Flower-vexillum colour -0,078 -0,253 -0,102 -0,187 -0,087
Leaflet-margin shape on the second realleaf 0,084 0,694 0,282 -0,531 -0,080 0,069
Seed-funiculus stability 0,269 -0,171 0,677 -0,090 0,518 0,151
Leaflet-margin shape at the first flowering node 0,080 0,735 0,294 -0,414 -0,146 0,116
Seed-colour at full ripeness 0,805 -0,086 0,344 0,195 -0,140  -0,055
Seed-cotyledons colour 0,078 0,000 0,736 0,430 -0,255 -0,119
Leaf-type 0,235 0,730 -0,105 0,268 0,210 -0,216
Seed-hilum colour 0575 -0,165 0,062 -0,048 0491 -0,393
Leaflet-colour 0,101 0,730 0,024 0,058 -0,036 -0,443
Leaflet-shape (in the first flowering node) 0,234 0,460 -0,384 0,246 0,305 0,406
Leaflet-appex shape 0,165 0,615 -0,122 0,458 0,024 0,227
Seed-testa colour -0,096 0,046 -0,284 0,114 0,181
Seed-surface 0509 -0,048 0,406 0,230 -0,148 0,277




Biochemické markery

Isozymy (isoenzymy) — enzymy odliSujici se v aminokyselinové sekvenci
ale katalyzujici stejnou chemickou reakci

poprveé popsany RL Hunter a Clement Markert (1957), ktefri je definuje

jako ruzné varianty téhoz enzymu, které maji stejnou funkci ve stejném
jedinci.

* enzymoveé varianty, které jsou vysledkem ruznych gendu, a tim
predstavuji rizné lokusy (isoenzymy, isozymy)

« enzymy, které jsou vysledkem rtznych alel téhoz genu (allozymy)



Figura 1.
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Ukazka dostupnych isozymovych detekénich systémii

Aspartate Aat-A
aminotransferase 3

4

2

2
Acid phosphatase Acp-A

1

7
Diaphorase Dia-A

2
Esterase Est-A

8
Glucose-6-phosphate dehydrogenase

2

3
Glutamate dehydrogenase
2

2
Glucose-6-phosphate dehydrogenase
5

Isocitrate dehydrogenase
2
3
Leucine aminopeptidase
1

Malate dehydrogenase
1

5
Phosphoglucose isomerase
?

6-Phospho-gluconate dehydrogenase
2

4

Phosphogluco-mutase
2
2

Superoxide dismutase

1

Dia-B
Est-B

Gpdh-A

Gdh-A

Gpi-A

Idh-A

Aat-C

Est-C

Gdh-B

Gpi-B

Idh-B

Lap-B

Mdh-B Mdh-C

Pgi-B

Pgd-B Pgd-C

Pgm-B

Sod-B

Lagercrantz 1988
Lundquist 1979
Poulsen et al. 1983
Muona et al. 1987

Bergmann 1978
Lunquist 1977

Lagercrantz 1988
Bergmann 1973

Scholz & Bergmann 1984
Muona et al. 1987

Scholz & Bergmann 1984
Lundquist 1979
Lagercrantz 1988

Lagercrantz 1988

Scholz & Bergmann 1984
Lagercrantz 1988

Bergmann 1973

Mdh-D

Poulsen et al. 1983
Scholz & Bergmann 1984
Lagercrantz 1988

Muona et al. 1987

Poulsen et al. 1983
Lagercrantz 1988

Poulsen et al. 1983
Scholz & Bergmann 1984

Lagercrantz 1988



Vyhody isozymovych markeru:

* Univerzalnost

« Jednoduchost stanoveni

* Vysoky polymorfismus

« Ko-dominance (moznost detekce heterozygotu)

Nevyhody isozymovych markeru:

* Nutnost prace s Cerstvym materialem

« Zavislost na ontogenetickém stari a typu pletiva

» VIliv prostredi — problem porovnani mezi lokalitami, lety
« Limitovany polymorfismus

« Dostupnost priblizné 40 isozymovych systému



Proteiny zasobnich organt — semen/hliz

Bx7

SDS-PAGE (denaturacni podminky elektroforetické separace)

Podobné vyhody i nevyhody jako isozymy, mensi polymorfismus, ale |
mensi zavislost na prostredi



Microsatellite-based maker
techniques including chloroplast
and mitochondrial microsatellite

SRAP technique to
target coding
sequencesin plant

SSCP technique based tele?nfi.ques for species R
Botstein et al. | | based on differential SpC T pNTR S
(1980) mobility analysis of Application of Utilization of ESTs
described RFLP | | single-stranded DNA RAMPO technique for by TRAP technique
technique for detecting minor to detect
fingerprinting amplicons of AP-PCR

="

1980 =

CR technology Usage of Arbitrary Allelic-specific marker Miller et al. demonstrate
invented by primers for techniques such as CAPS restriction site associated
Mullis and fingerprinting. and dCAPS to detect DNA [RAD) marker
Faloona RAPD, AFLP, AP- restriction site based genotyping
PCR, DAF differences in amplicone

Retrotransposon-based
techniques [5-SAP, IRAP,
REMAP] to detect genome-

RAP-PCR and ¢DNA-AFLP techniques
for differential RNA display

wide polymorphisms

Expansion of
microchip/array based
techniques




Geneticky marker je znama sekvence DNA, ktera mize byt jednoduse
identifikovana.

Lze jej popsat jako jisty druh variace, zpusobeny mutaci i pozménénim
puvodni sekvence, ktery se sleduje na predem daném misté.

Genetickym markerem muze byt kratka sekvence DNA, napfiklad usek DNA
se zménou jednoho paru bazi (SNP marker), pripadné delSi repetitivni Usek,
zvany mikrosatelit.

Nékteré bézné typy genetickych markeru jsou

 RFLP (neboli Restriction Fragment Length Polymorphism)
 AFLP (neboli Amplified Fragment Length Polymorphism)
 RAPD (neboli Random Amplification of Polymorphic DNA)
« VNTR (neboli Variable Number of Tandem Repeat)

 SNP (neboli Single Nucleotide Polymorphism)

« STR (neboli Short Tandem Repeat)



RAPD
(Random Amplification of Polymorphic DNA)

Nnei zapotfebi Zadné znalosti sekvence DNA pro
cilené geny, neni to nutne, protoze primery se vazi
nahodneé.

RAPD markery jsou decamery (10 nukleotidu
deélky) vedouci k PCR amplifikace nahodnych
usekl genomoveé DNA, které jsou schopny rozlisit
mezi geneticky odliSnych jedincu, i kdyZz ne nutné
reprodukovatelnym zpUlsobem

Nevyhody:
Dominantni marker, nizka reprodukovatelnost,
homoplasie fragmentu

DNA template

l RAPD-PCR

| ]
<« <
RAPD-PCR
J: products
— —

l Gel electrophoresis of
amplified fragments

$

Detection of the size of the amplified fragments
and comparison

B e e




AFLP
(Amplified Fragment Length Polymorphism)

- TTAA GAAT e
AATT CTTA

l Digestion with EcoR | + Mse |

| TTAA G
LT CTTA
l Adapterligation

L TTAA 6 | v
-~ ‘—| 7] CTTA

:l l Pre-amplification

TTAA | | a
T| CTTL_‘

Amplification with
labeled primer
[ acc |

-

| AscC *|
l Capillary electrophoresis

I

1 h

2 4 | o “ I\
& 1000 [ I
£ \ A Ll

T

Size (nt) 800




AFLP
(Amplified Fragment Length Polymorphism)
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Vyhody:
Univerzalnost
Neni nutné znat sekvenci DNA
Vysoky polymorfismus

Fingerprinting — hodné dat/experiment

Nevyhody:
Technicka a metodicka naro¢nost
Riziko homoplasie



Mikrosatelitni markery

Typy- klasifikace (dle sekvence):

* Perfect / simple perfect - sloZené z jednoho motivu (CA)n
DI/TRI/TETRA — CA/ICCA/CCAA

- Simple imperfect repeats - preruseny motiv (CA)n N (CA)n
- Compound repeats - sloZzené ze 2 a vice motivl (CA)n (GA)n

» Interupted compound repeats - prerusené, slozené s mutaci
(CCA)n NN(GCA)n+1



Mikrosatelitni markery

V genech - v koduijicich oblastech (exonech) Casto Trinukleotidové

- vintronech , UTR oblastech, promotorech

Mezi geny - intergenerickée

Mechanismus vzniku

» Single-strand slippage (svezeni) DNA polymerasy béhem replikace
« Unequal crossing over a genova konverze béhem DNA rekombinace

* Interakce mezi replikacni svezenim a rekombinaci
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A3
A4

Mikrosatelitni markery - detekce

1) PCR amplifikace

——————— Forward primer---->>>>>>>

TGAATGGTGACAACACCTCTACTCAGTTCACAC|cjyelsleyyeNeyNesNeieyNeyNelNeyNeyNesieyNeyNeseiNeyNenierNerNErNEVNETNEINTNOINEINCGAAATTTCATCTGAACAAATGCTTCTGCAC

TGAATGGTGACAACACCTCTACTCAGTTCACAC/ciNesiesyeNeyNeyielieyNeyieleyNesieseyNeyNeseNeiEtleVNEVNENEVNEYNEINEINONEINCGAAATTTCATCTGAACAAATGCTTCTGCAC

TGAATGGTGACAACACCTCTACTCAGTTCACAC|ciyesNesieiNeyNepNeNeUNeyNeleyNeyNenNeyNeUNeRNEUNCUNERNEVNEVNEVNEVNEYNEINETNEVNEINCGAAATTTCATCTGAACAAATGCTTCTGCAC

TGAATGGTGACAACACCTCTACTCAGT TCACA C NN N CH NN N et AGAGAGAGAGAGAGAGZ—\GAGAGA_ GAAATTTCATCTGAACAAATGCTTCTGCAC
<<<< ---Reverse primer --------

Nutnost zndt sekvenci prilehlou k repetici - tj. druhova specificita
coz je nejndkladnéjsi pro vyvoj novych SSR markerd pro dany druh
a omezuje to ndsledné i transferibilitu



Mikrosatelitni markery - detekce

1) Elektroforeticka separace fragmentt (odliSeni cca 8-10 bp)
2-3% NuSieve agardzovy gel, 10-12% PAGE

------- CACACACACACA - A
-------- (o] Yo\ o] R ———
-------- CACACACACACACACA - C




Mikrosatelitni markery
automaticka fragmentacni analyza




Mikrosatelitni markery - detekce

1) Elektroforeticka separace fragmentu ( idealné 1- 2 bp)
sekvenaéni denaturaéni Urea-akrylamidovy gel (6% PAGE)

 barveni gelu (EtBr/lUV nebo Ag/ VIS)
 fluorescencni znaceni primert - automatizace




Mikrosatelitni markery - odecet velikosti

1) Elektroforeticka separace fragmentti

Fluorescenéné znacené fragmenty - odecet laserem, presny standard

Relative Fluorescence Units

|

PCR Product Size (bp)
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Mikrosatelity a stabilita

Kralicky unicum Pyram
|,
| Dick Trom C
@ A9 locus Pedigree set Flanking region
| Accessi TC AC GCGC AC AT ac tepeat Total g o
Bohatyr ccession-genotype jength_lenght & S £ I 8 &
- Kralicky-unicum 13 19 1 5 1 6 90 3832 AACCCA
Solara Pyram 6 11 0 0 1 8 70 32 AACCCA
| Dick_Trom 177 11 0 0 1 8 72 364 AACCCA
@m Solara 6 12 0 0 1 7 70 362* GCCCCA
| Jackpat 12 18 1 1 1 6 92 382 AACCC A
. Jack Princess 6 11 0 O 1 8 70 362 AACCCA
Princess ackpot Catania 7 10 0 0 1 7 70 362 AACCCA
Trille 13 17 1 5 1 5 33 JEOMAACCCG
Sponzor 177 11 0 0 1 8 72 364 GCATTA
' Erygel 13 19 1 5 1 6 90 382 AACCCA
Catania Tyrkys 13 17 1 5 1 5 838 PEEMMAACCCG
310 >( 362 | Komet 6 11 0 0 1 5 72 364 AACCCA
Rondo 177 11 0 0 1 8 72 364 AACCCA
Tyrkys Erygel Saxa 13 18 1 5 1 5 90 382 AACCCA
Trille @- (298 A 382 ) Unica 13 18 1 5 1 6 90 NEEPAAcCcCcA
|
ponzor

[
Komet

Fig. 1 Summary of pedigree related accessions with indicated sizes of
AD270 (circles) and A9 loci (squares)



Mikrosatelitni markery

Vyhody:

* vysoky polymorfismus — multi-alelismus

* ko-dominance (moznost detekce heterozygotniho stavu, smési)
* jednoduchost aplikace metodiky

* Mapovatelnost — znalost pozice (lokusu)

Nevyhody:

* homoplasie, vysoka mutacni rychlost (10-3— 104 na lokus a generaci)
* pfenos mezi druhy neni zcela mozny/ aplikovatelny

* pro de novo vyvinuti - potfeba sekvenovani, obohacené knihovny

* presnost odectu alel

C3_G1 .. (CT)xATCTATCTATCTATCTATCTATCTATCTATCTATCTATCT - - - - CTCTCT... 296
C3_G10 .. (CT)nATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTCTCTCT... 300



Inter Simple Sequence

Principle of ISSR

NNNN(CA)n

(CA)INN
— CA repeat

Genomic DNA NNNNNNNNNNNNCACACACACA \\I\\'I\\'I\\'\Ii\'V TGTGTGTGTG NNNNNNNNNNNN
ren 1€ DANA NANNNNNNNNNN OIOLOIOLOL NNNNNNNNNNNVI VI VI VO VI NNNNNNNNNNNN

CA repeat [ ——
NNU(YD)

u(VDINNNN

PCR product
' -anchored primer

PCR product
5’ -anchored primer

Amplification of inter simple sequence repeat segments using 5’ and 3’ anchored
primers for CA repeats. Arrows indicate primers and double lines indicate
amplification products

Repeats (ISSR)

o

Vyhody:

* vysoky polymorfismus
* neni tfeba spec. primeru
* Jednoduchost aplikace metodiky

Nevyhody:
* mala reprodukovatelnost
* dominantni marker



SloZeni eukaryotického genomu (hrach)
mnoZstvi repetitivnich sekvenci, méné genu

Ty3/gypsy
YOo/8YPS) B Ogre (subfam. PS)

B Ogre (subfam. VP/VM)
B Ogre (subfam. VF/MT)
_ | Peabody

" | PIGY

I Cyclops

1| Ps-copia-1/751

B SIRE

| [l Other copia
Low-copy | I Other RE

repea ts _ | DNA transposons

® 4 1455 rDNA

‘~f:f;// / | Satellites

A > "1 Genes (?)
T - ' Low-copy repeats

60 - 80 % repetetivni DNA, 20 — 40% geny + regulacni sekvence



Repetetivni sekvence jsou casto ve
shlucich

A — THINIGA6  71IN16.15 71IN16.14 Bom B
17501617 L o
1 ] # .{:}.—n—___ 20 kb GGGTG BARE-1d GGGTG
) \P‘ \59
Bai W SORBARE-12 4 THNIGS g5 AfaRepoa
oooccH 60 kb ceccc BARE-1f  ceccc CCCGG  BARE-Te CCCGG

o) AND A
- RGH3b Sukkula* ahd @w\’\"' RGH2b  RGH1f  80H14.11b  80H14.10b ‘\0%6*1 HORMU-1 G;'GG AGATA
- o L
> o o ) =
RGH3a  Sukkula O 00 RoHz  ReHte 80H14t1a  BOHIA108 0RO HORMU- HORMU-1
)§—| — 8- + T+ ' 140 kb Transposon Complex |
HORMU-1__ BARE-1f HORGY-1 BARE-fe BARE-1d HORGY-1 C
N e am ¢ ) a8 180k scrcc  BARE-b  gerec
TN o
) S Q&‘“ . p\a*d‘é 80H14.8 Ci2f  Cle RGHfa ci2d ATAAG BARE-1c ATAAG Sabrina GGCAT

220 kb
W G{-’l
Cizc  Cizb Ciza oofF BARE-1c o BARE-1b Sabina____ BAGY2 7
[ Ll
225321
b T HORPIA-1
¢ MITE | Predicted gene +/- Codingstrand [ LTR  wsss Transposon coding/intemal region = Intergenic seque»ce[ Transposon Complex

MIla lokus rezistence jeCmene k padli - Weis et al. Plant Cell 2002



Retrotransposony

Transposony
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Rozdil mezi transposony a retrotransposony

Transposony Retrotransposony
sireni mechanismem

cut and paste copy and paste
inzerce v daném misté

nestabilni/mobilni stabilni
Cetnost v genomu

X 100 x 1000/100 000
vyuziti jako markeru

nevhodné vhodné / fylogeneticky informativni
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Aplikace retrotransposont
jako markeru



Priklad SSAP analyzy
s PDR-1 elementem
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Taql digest

— Genomic DNAl

| L]

h

PDR-1 adaptor

genomic DNA restriction
adaptor ligation

PCR amplification

gel separation — analysis

Nevyhody:

jako AFLP — technicky naro¢né
na presnost provedeni

mnoho krokii — moZnost chyby



Inter-Retrotransposone Amplified

Polymorphism (IRAP)

Long Terminal Repeat

Pol

LTR [>

Primer Binding Site

PPT

Principle of IRAP method

Retroelement

Retroelement

Retroelement

PCR
products




Inter-Retrotransposone Amplified
Polymorphism (IRAP)




Vliv vybéru retrotransposonu na IRAP

A B & D E MW
A L 3.0 kb
L —as — v — (=
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Figure 1. IRAP analysis with various pea Ty3-gypsy type retrotransposons—Pis-TRA (A), Cyclop (B), MITE (C), Pigy (D)

and Ogre (E) — performed with F and R primers. Genomic DNA (50 ng) from cvs. Alan (1), Bohatyr (2), Merkur (3),

Menbhir (4), Komet (5), or Adept (6) was used per PCR reaction. Negative image of EtBr stained and UV visualized on
20-cm 8% PAGE gel is shown. MW = 100-bp DNA molecular weight marker (Fermentas).



Vliv metody isolace DNA a Taq
polymerdzy na IRAP fingerprinting

12345 12345 12345MW

alé T T HETT

wd b ™ |
4 | h3.0kb
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8 B - b
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K B

cv. Zekon cv. Jackpot cv.Hardy

Figure 3. Effect of DNA isolation method — Qiagen

DNeasy kit (1), Invitek (2), salt-acidic (3) and CTAB

protocol (4, 5) — on performance of IRAP Ogre F and R

primers. In each case, 50 ng of DNA was taken in 2 pL for

the PCR reaction. MW = 100-bp DNA molecular weight
marker (Fermentas).

12 3 4 1 2 3 4 1 2 3 4MW

=~ L30kb
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Figure 4. Effect of Tag polymerase source — TAKARA
polymerase (A), BioTools (B) and Dynazine 11, Finzymes
(C) — on performance of IRAP Cyclop F and R primers.
In each case, 50 ng of DNA and 2.5 mM of Mg ions were
used for the PCR reaction with cvs. Merkur (1), Garde (2),
Tempra (3) or Kamelot (4). MW = 100-bp DNA
molecular weight marker (Fermentas).



Inter-Retrotransposone Amplified
Polymorphism (IRAP)

RETROTRANSPOSONOVE MARKERY

Odrudy hrachu

Kamelot
13 [Herold 0
18 [Menhir 0

Cyclop a Ogre LTR
fingerprinting

15 |Janus 0
Romeo

Sonet
Sponsor

Terno 0
7 |Catania 0
3 |Baryton 0
6 |Carrera 0
9 |Gotik 0

21 |Komet
Power
28 |Smaragd
Tempra
17 |[Lantra
1 |Adept




REMAP - Retrotransposon x
Mikrosatelitni polymorfismus
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iPBS: a universal method for DNA fingerprinting

and retrotransposon isolation

Ruslan Kalendar - Kristiina Antonius - Petr Smykal -

Alan H. Schulman

d

aggctcg;ataCCA-nnn-TG
ggatgctgataCCA-nnn-TG
gggctctgataCCA-nnn-TG
gacctttgataCCA-nnn-TG
tggcaatggaaCCA-nnn-TG
ggatgccgataCCA-nnn-TG
ccttgcegataCCA-nnn-TG
ttgeteecgatgCCA-nNn~-TG
agctcacgatgCCA-nnn=TG
ggctcatgatgCCA-nnn~TG
tggcaacggcegCCA-nnn~TG
cagcggagtcgCCA-nnn-TA
tggctctgataCCA-nnn~-TG
atgctctgataCCA-nnn-TA

CA-nnn-TGGtatcagagcct
CA-nnn~-TGGtatcagcatce
CA-nnn-TGGtatcagagcece
CA-nnn-TGGtatcaaaggtc
CA-nnn-TGGttccattgceca
CA-nnn-TGGtatcggcatcc
CA-nnn-TGGtatcggcaagg
CA-nnn-TGGcatcggagcaa
CA-nnn-TGGcatcgtgagct
CA-nnn-TGGcatcatgagcc
CA-nnn-TGGcgcecgttgeca
TA-nnn-TGGcgactcegetyg
CA-nnn-TGGtatcagagcca
TA-nnn~-TGGtatcagagcat

C/CA.eoivs TGG

Superfamily Copia

PBS| GAG

500— ~*SSSSESSSNESE - S Swm

B e L T

N e e e

- - - - - -

LTR

AP IN RT

RH =) TR )




Vyhody pouziti IRAP / REMAP / iPBS metod

jednoduchost

neni treba zddnych predchozich krokd, jen isolované DNA - PCR
univerzalnost (iPBS)

vhodné pro studium vnitrodruhového polymorfismu/diverzity

Nevyhody:

mensi reprodukovatelnostst - jako u jinych fingerprintovych metod
potreba pouziti stejné Taq polymerdzy

odelitatelnost délkového polymorfismus fragmenti

problematické srovndni mezi laboratoremi

homoplasie fragmentt mezi odlinymi druhy



Retrotransposon-based insertion
polymorphism (RBIP)

LTR

= - 537bp —
¥ P}

LTR

Nr. Name Year RBIP-1 RBIP-2 RBIP-3 RBIP-4 RBIP-5 RBIP -6 RBIP-7 RBIP-8 RBIP-9 RBIP-10 | RBIP-11
00581 |HS 30-18 nsl. 1977 + 0 + + + + - 0 +
00582 [Lu-DIK zL 1979 o + + + + + 0 + 0
00583 |LU-DK ZEL 1979 0 + + o = + + - 0 -
00584 [Tolar 1980 + + + + + + + - 0 +
00585 [CH-T18 1979 + = + + + - + + +
00586 [odeon 1980 - 0 + + + + + . 0 +
00603 [Tyrkys 1983 0 + + + + - + + +
00604 [HM 1926 ns 1983 o 0 + - - + 0 0 +
00605 [HC 52 nsl 1983 + + + + + - + - 0 +
00606 [LU FK ns 1983 + @ + - + + + +
00607 [Hs 16502 ns 1983 o 0 + - - + 0 +
00624 [Senator 1971 + + + + + + + 0 +
00642 [Junak 1985 + + + - + + 0 -
00644 [Emerald 1984 o + + + + 0

DUNDEE

Scottish Crop “F
Research Institute

Flavell et al. 1998, 2003

Jing et al. 2005, 2010



High throughput analysis

Retrotransposon-based insertion
polymor'phism (RBIP)

Heterozygote

No PCR amplification
(primer mismatch)
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Pisum Vavilovia Lathyrus Vicia Trifolium

TE1

TEZ2

TE3

Pisum Vavilovia Lathyrus Vicia Trifolium
I I I I I

Pisum Vavilovia Lathyrus Vicia Trifolium
l | | 1 1

+ element v
- element TE3

TE2

Pisum
TE1l

Vavilovia

Lathyrus

Vicia

Trifolium

A

5 milidny let

obsazené

element

PCR amplifikace
—

€ MiSTO (+)

prazdné

_

Inzerce retrotransposonu jako fylogeneticka znacka

misto (- )
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Retrotransposonové markery

Vyhody:

* Abundatni sloZka eukaryotickych genomu
* Dominantni (IRAP/SSAP) / ko-dominantni markery (RBIP)
* Rychla aplikace na nové druhy

Nevyhody:

* Dominantni markery (IRAP/SSAP) nepfesné pro fylogenezi —
* vhodné pro studium vnitrodruhove diverzity

« Ko-dominantni (RBIP) — presné, ale naroCné na vyvoj



Genove specifické markery



Translational Genomics in Legumes Allowed Placing
In Silico 5460 Unigenes on the Pea Functional Map
and Identified Candidate Genes in Pisum sativum L.

Amandine Bordat,*"? Vincent Savois,*' Marie Nicolas,* Jérome Salse,” Aurélie Chauveau,*®

Michael Bourgeois,** Jean Potier,* Hervé Houtin,* Céline Rond,* Florent Murat,” Pascal Marget,*

Grégoire Aubert,* and Judith Burstin*®
*INRA, UMRLEG, 21065 Dijon Cedex, France TINRA, UMR1095, 63100 Clermont-Ferrand, France
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Vyuziti syntenie s modelovymi organismy
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Single nucleotide polymorphism

Intron 1 Intron 2 EXON 3
AGCCcTATT
55 bp 250 bp
EXON 2 EXON 3
AGCgTATT
55 bp 200 bp

indel — inzertion / deletion



Mumber of SNPs

Distribuce a typy SNP(U)

5'UTR Exon Intron 3'UTR
Location of a SNP



Single Nucleotide Polymorphism
(SNP)

Baqllﬂﬂmi 131 bRb05.q1¢ * 00 31 -:| 320
AGCCCy GECCTT .ﬁ-t'c'-s'»*jn:n:-:-s-“-a: CCAG r:m-:-:
| E‘FQ
) ﬂf\/\ /\f\“- .
e e e e = S e B e S e &V oy
Eﬂﬂwmﬂmﬁﬂhﬁ.ﬂﬂ Z40

v CoCLoag T gC LT 7 Lo AT GCT GGG LC CC GL AT

ExoSeq@E3gnal 191 AbTRIS.q1c 300
:'-.'I:'C-'.'.-"E"-.':'I:':I:'-' ] T T @@ @ CL GC ATGGE ACCARGT CCC - C
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Gen po genu - sekvenovanim

]
lEﬂBSO1g14F03D4J1kaj ACTCCTCTGTTAG CHCHTHGGPCTHGTHGCHGGGGGHHTTTTHHTTCHGHCCCCTTGGGGHTI——
iEﬂBSOZg14FO3D4J1kaj ACTCCTCTGTTAG TAGGCCTAGTAGCAGGGGGARTTTTAATTCAGACCCCTTGGGGATT
*EaBSOSg14F0304J1kaj ACTCCTCTGTTAGTICAC GCCTAGTAGCAGGGGGAATTTTAARTTCAGACCCCTTGGGGATT
*EﬂBSO4g14F0304J1kaj ACTCCTCTGTTAGTICACATAGGECTAGTAGCAGGGGGAATTTTAARTTCAGACCCCTTGGGGATT
*EﬂBSO?g14F03D4J1k3j ACTCCTCTGTTAGTICACATAGGLCTAGTAGCAGGGGGAATTTTARTTCAGACCCCTTGGGGATT
4EﬂBSO9g14F03D4J1kaj ACTCCTCTGTTAGTICACATAGGCCTAGTAGCAGGGGGRATTTTARTTCAGACCCCTTGGGGATT
4@38810914F0334J1kaj ACTCCTCTGTTAGTICACATAGGLCCTAGTAGCAGGGGGAATTTTAATTCAGACCCCTTGGGGATT
*EﬂBS11g14FO3D4J1kaj ACTCCTCTGTTAG TAGGCCTAGTAGCAGGGGGAATTTTARTTCAGACCCCTTGGGGATT

1178 | ETE
ACTCCTCTGTTAGTICACATAGG

119a | L] 1218 1220 Iz
CTAGTAGCAGGGGGARTTTTARTTCAGACCCCTTGGGGATT

BS01 gl 4F 0B.04.11 kajrrag-na" BS04 gl 4F 03.04.11 Kaj Fraged
=lc A T (R ; T ] ; E
E B F B IC & k¥ ‘R G

&iﬂgh#030411kyﬁ'
C A

ql4F 030411 kaj Fragreq
A T A G

o g

m m

fF B b

Pomalé, ndkladné - vhodné pro mensi poet vzorku



Cleavage Amplified Polymorphic
Sequence (CAPS-PCR)

< |

GTTCTCTTTGTTGCACGTAATTAACTCATCATTCTTGTATATTAATTAAT Msel site TTAA
GTTCTCTTTGTTGCACGTAAGTAACTCATCATTCTTGTATATTAATTAAT

>

1. PCR
|

2. &tépeni — SRR = v -

Pokud existuje vhodné restrikCni misto v cilovém fragmentu



The Bsll dCAPS assay: creating the RE recognition
site to discern wild and mutant sequences

WL e
Mt —

Wild g
mut -

B=1T
digestion

wild —
mut e

dCAF primer:
GTGGAAGAAGCTC GACCAGGCTTTGE

GTGGARGAMCTCGACCAGECTTTGGGEE
GTGEAAGAAGCTCGACCAGGCTT TGAGG

Bzll recognition site:
CCHNNNNNNNGE

GTGGAAGRAGCTCGACCAGECT  /  TTGEGG
GTGGAAGARGCTCGACCAGECT T TGAGS

Products:
Wild - 161 mand 22
Fut - 183

WT

Mut

Derived Cleaved
Amplified
Polymorphic
Sequences
(dCAPS)

Pokud NEexistuje vhodné restrikCni
misto v cilovém fragmentu

Nutno jej vytvorit nové v PCR primeru

Nasledné je rozdil jen o délku primeru
(16-25 bp) — potfeba dobrého rozliSeni



Genové specificke markery - CAPS/dCAPS

Vyhody:

* ko-dominantni

locus-specificke

jednoduse hodnotitelneé a interpretovatelné
lehce adaptovatelné mezi laboratoremi
Nejlépe pro mapovani mezi 2 genotypy/rodici

Nevyhody:

* nutnost sekvenovani

» cCasto maly polymorfismus mezi pfibuznymi genotypy
« mala produktivita - gen po genu



Kolik SNPs detekujeme versus kolik vzorku najednou

1,000+  SNPstream
~ v e GoldenGate
'é:‘oo T + BeadArray
5 » Bead Chip
iw "
8 : Whole-genome genotyping
'2-1 il Molecular Inversion Probes o 2 Bead Chi ge
3 GeneChip 10K set s v

GeneChip 100K set

0.1 4
Perlegen wafers
.
0.01 1 L = ! = = B ! -
1 | | | | 1 1
1 10 100 1,000 10,000 100,000 10° 107

SNPs per array (#)



Specificita detekce dané béhem PCR reakce

~50 nt ~50 nt
[ch— Genomic DMNA

=

GoldenGate assay

Fluorescently labeled Allele-Specific Oligos

) _ Locus-Specific Oligo
universal primers

~50 nt

] e ———————— T —— Ganomic DMNA

e

KASPar assay

Fluorescently labeled
universal primears

Flucrescently labeled probes with quencher

TagMan assay 100 nt G 100 nt Genomic DNA
llnl-lI-I-l-l-ll-l—Tﬁc EEEEEEEEEEEEEEE
—— o—) R
Forward primer Reverse primer

Infinium Il assay
50 nt oligo is complementary to a portion of SNP sequence without SNP itself

/’ ﬂ.&ﬂer genomic DNA hybridizes to a bead, it gets extended
Bead T

by one nucleotide, which are labeled.
W _A.

Genomic DMNA
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Detekce zalozena na rozdilné Tm teploté

TET »az

/a\ﬁ- Homozygous “T"

Humuzyguﬁs“ﬂ” I N \
|| /i N
| — Heterozygous
A
K DESHEL 2\ | A
I




Hybridizaci na chipech

matrix
genomic DNA :
w i1 sz‘ 0
cross-link #
and shear

- pun’fy.
ChlIP-on-chip wet-lab portion of the workflow | L amplify.
\ / and label
\
hybridization \

P

fluorescence tag

S0

DNA microarray

http://en.wikipedia.org/wiki/ChlP-on-chip



Kodominantni marker — odliSeni i heterozygota

P1 P2  F1 F2

— [ I E— —— ® 0d0|ny
— — [ — — ‘ néchylny
AA aa Aa aa AA Aa aa AA aa AA

® ® ® ® © 6 ®R &€ ® ©

Dominantni marker — nutnost 2 analyz

P1 P2 F1 F2

-~ N

AA aa Aa Aa aa aa Aa AA Aa



Mathematical evaluation and data scoring

Used methods :

genetic distances calculations - coefficients of dis-/similarity

ordination, clustering (PCA, PCO, MDS)

dendrograms (cluster analysis - UPGMA, Ward’s method)

allele frequencies, genetic distances between groups

model-based (Bayesian inference)



Data evaluation and scoring

Distance-based approaches



Distribution of Nei genetic distances
in investigated set of pea germplasm

genetic distance distribution -
SSR+RBIP data

39
30
25
20"
151
10

0,5 0,55 0,6 0,65 0,7 0,75 0,8 0,85 0,9 0,951,0




UPGMA analysis of 450 pea accessions

\ dry-seed

dry-seed
~ fodder

fodder

} CZ fodde

0.32 0.49 0.66 0.83 1.0
Coefficient

Wit

plant research



Ward’ s hierarchical
cluster analysis
(minimalization of statistical

variability within clusters
maximalization between - as ANOVA

RBIP + SSR loci
dissimilarities matrix

/ - 0,12

F0,1

+ 0,08
+ 0,06
m Silhouette
- 0,04
+ 0,02
e e e e A B e e e e e L A A e e s S 0]

2 3 45 6 7 8 910111213 14 1516 17 18 19 20

Silhouette method

for cluster number estimation
aqmri

plant research
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Multivariate statistics -
ordination approaches

 to condense the differences into fewer characters

and visualize them in multidimensional space

« to identify the most discriminating characters



Principal component analysis (PCA)
of morphological descriptors

Factor2

field peas
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Parametric data

PCA1: 33.2%
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finds components
that accounts for
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possible



Bayesian and other
models-based methods



Molecular data analysis by Bayesian inference
STRUCTURE software

-2300 +

-2500 - “og“;“”*
2700 - R oo
' 2900 - o . .
Gotik 0,946 0,003 0,006 0,006 0,004 0,007 0,027
Arvika 0,003 0,966 0,003 0,006 0,01 0,005 0,006

Viktoria_80 0,006 0,006 0,957 0,008 0,013 0,006 0,005

1
30




Table 2. Comparison of different characteristics of most frequently used

molecular markers techniques.

| o o 2 % x | = 2| = o N
Moleculan = > = "f_" ; - - = _: S Z
Markers ~ > - 7. &) b4 = = s 7 s
Degree of M M L M M M L H
polvmorphism
Locus specificity Y N N 'l Y Y Y
Dominance D D C c . D
(D)/Co-dom. (C) '

E: f

qse.u | M o u M M
Replication
Abundance H H M L L M L
Sequence
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Markery pro fylogenetické studie



Pozadavky:
1.) univerzalnost — aplikovatelnost napfi¢ druhy, rody i Celedémi
2.) dostatecny polymorfismus

3.) liniovost — moznost sledovani linie (maternalni dédicnost)

DNA barcoding
» Chloroplastové sekvence (matK, rbcLA, trnSG)

« Jaderné kodované (Internal transcribed spacer rDNA — ITS)



DNA barcoding
a molecular operational taxonomic units (MOTU)

648 bp mMtDNA cytochrome oxidase 1 (COX1) lokus
pro obratlovce a hmyz
The Consortium for the Barcode of Life (CBOL)

Rychlejsi evoluce, mutacni rychlost nez ntDNA
Univerzalnost sekvence (primeru)

Odhadnuto ze veskeri zivoCichové by mohly byt takto
popsani behem 10 let za cca 300 mil USDA (ale
pravdepodobne meéne)

Kontraverze:

Polymorfismus populaci, bias pro samici pohlavi, gene
flow a hybridizace, prenos mtDNA do ntDNA

Barcode of Life Datasystems
Specimen Records : 3,561,705 Specimens with Barcodes : 2,651,524
Species with Barcodes : 193,653



Nuclear ribosomal internal
transcribed spacer (ITS)
region as a universal DNA

barcode marker for Fungi
(PNAS 109 (16), Mar 27 2012)

The Chaperonin-60 Universal
Target Is a Barcode for
Bacteria That Enables De
Novo Assembly of

Metagenomic Sequence Data
(PLoS One 7(11):e49755, Nov 26 2012)

Plant DNA barcodes
rbcL+matK+trnH-psbA
ITS

A A = atpF-atpH; B = IpoB; C = 1poCT; K = psbK-psbi;
M = matK; P = tmH-psbA; R = rbcl.
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Chloroplastova DNA

* 100 — 250 kb
« kruhova DNA

Pizum sativum - o | At
122168 bp

Nasledné:

* vysoka stabilita DNA

* robustnost PCR detekce

» moznost detekce i z herbarovych
materiall
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OPEN @ ACCESS Freely available online =" PLoS Oohe

Highly Variable Chloroplast Markers for Evaluating Plant

Phylogeny at Low Taxonomic Levels and for DNA
Barcoding

Wenpan Dong'*? Jing Liu'?, Jing Yu'?, Ling Wang?, Shiliang Zhou'*
Ma 01 02 03 04 05 06 07 08 09 10 11

12 13 14 15 16 17 18 19 20 21 Ma (kb)

Nn

Figure 2. Gel profiles of fragments amplified from six species using 21 pairs of primers. Numbers shown at top are sequential order of
loci asin Table 2 and Fig. 1. Numbers on right are size markers (kbp). Letters on left indicate species as follows: Cp: Chimonanthus praecox (L.) Link; To:

Typha orientalis Presl; Nn: Nelumbo nucifera Gaertn.; Ps: Paeonia suffruticosa Andrews; Pp: Prunus persica (L) Batsch.; and Pb: Panax bipinnatifidus
Seem.

doi:10.1371/journal.pone.0035071.g002
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I Fylogram odvozeny na zakladé analyzy
*:I’;ﬂr:izmmm
< elpom cpDNA (matK, trnSG)
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Breeding Scicnce 39: 371-378 {2009)

Genetic diversity and origin of timopheevi wheat inferred by chloroplast DNA
fingerprinting

Naoki Mori*", Yasutaka Kondo'’, Takashige Ishii*, Taihachi Kawahara®, Jan Valkoun®
and Chiharu Nakamura®
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Fig.3. Geographical distibution of plastotvpes found in 57 accessions of wild timophesvi wheat and six aceessions of domesticated timophesyi



Vnitrni transkribovany mezernik (ITS) mezi rDNA geny

5 3

ITS5m ITS3

18S | ITS-1 5.8S ITS-2 pLR

-+ -+
ITS2 ITS4

Fig 1. The three coding and fwo infernal fraviseribed spacer regions
of the vuclear ribosomal DNA repeat wnif of a fppical angiosperm fhof
drawn fo scale). Arrows indicate approximate locafions of the four
primers used for POR amplification.

Vyhody :

* Univerzalnost

« Moznost detekce hybridizace

* Dostate¢na variabilita i uvnitf druhu

Uznany v ramci barcoding projektu
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