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e
Uvod

FREE World population growth, 1750-2100

Annual growth rate of the world population
4 World population 2% 1.2 il

Pocet obyvatel planety neustale roste;
e zvySuje se spotreba potravin;

. je| ndqtné kazdym rokem zvySovat produkci a vynosnost
plodin;

* stale probiha krizeni kulturnich (zemedeélskych) rostlin
pro vyssi vynos;

* ovsem genovy fond téchto kulturnich rostlin ma sve
limity a rostliny tak nejsou odolné napfr. vaci vyssim
teplotam a jinym environmentalnim podminkam;

* — vyzkumnici se zameruji na plané (volné rostouci)
druhy techto rostlin, aby vyuzili novych genovych
informaci, které kulturni rostliny jiz nenabizi.

e Existuje néjaka environmentalni vazba na tyto rostliny?
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C III e p ral ce Cicer reticulatum Lens orientalis

(plana cizrna) (plana ¢ocka)
9 Vi) i~ X

Ziskani globalnich environmentalnich
dat z Google Earth Engine;

analyza planych predchtdcut bobovitych
rostlin (cizrny, hrachu a cocky) a
dostupnych prostorovych
environmentalnich dat;

Pisum elatius
(plany hrach)

zkoumani prostorové a genotypové
diverzifikace Cocky, hrachu a cizrny.
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Postup prace

Zpracovani bodovych dat cizrny, ¢ocky a hrachu;

¥

vybeér, stazeni a zpracovani environmentalnich datovych sad;

$

nalezeni environmentalnich faktord, které ovliviuji vyskyt zkoumanych rostlin;

4

vytvoreni shlukU rostlin na zakladé environmentalnich faktord;

3

porovnani environmentdlnich faktord s vysledky genotypovani;

$

tvorba vystupU a jejich interpretace.
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Data ro St I i n Pavodni pocet rostlin

Rostlina Latinsky nazev Poéet zdznami  Celkem
Cicer bijugum 203
Cicer echinospermum 750
« 2/3 dat z osobniho sbéru, zbyla ze svétovych genobank; e oo
neoznacena cizrna 11
* od doc. Petra Smykala z Katedry botaniky UP; S o o

Urodny pdlmésic, pfedeviim JV Turecka.

Finalni pocet rostlin se zdroji dat

Rostlina Latinsky ndzev Zdroje dat Pocet Soucet Celkem
- e o el 59
T R GBIF — Global Biodiversity Information Facility =30
. . . . Jens — Jens Berger, CSIRO, Australi 671
Lokalizace jednotlivych rostlin Cizrna SIE =L\ ustralia

GBIF — Global Biodiversity Information Facility 64

Cicer reticulatum

lJens - Jens Berger, CSIRO, Australia 1603
Australian genebank 10
GBIF — Global Biodiversity Information Facility 234
‘GBRO04 — Millennium Seed Bank Kew 25
Israel database —Israel Gene Bank 58
Jens — Jens Berger, CSIRO, Australia 192
SYROO2 — ICARDA (International Center for Agriculture Research in Dry Areas) 114
PaulGepts-Alo2011data — Data z publikace autora (Alo a kol., 2011) vyuZivajici ICARDA 55

’d USDA — Americké m| erstvo zemédélstvi 22
& % GBIS — Genebank Information System 273
’ lens Berger, CSIRO, Australia 119

NewOne - 0. Kosterin, Institute of Cytogenetics 1

Hréch Pisum elatius Peer) — Data z publikace autora (Hradilova a kol., 2019) vyuZivajici USDA, John Innes Center, ICARDA a dalgi 45

- © Cicer PLOS One —Data z publikace autora (Smykal a kol., 2018) 14
© Lens SciRep — Data z publikace autora (Smykal a kol., 2017) vyuZivajici USDA, John Innes Center, ICARDA a dal3i 232

¥ ihea Table_list — USDA, John Innes Center, ICARDA a dal3i 22
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GNSS presnost
7l X H 1°=111 km
Vyber dat rostlin
0,01°=1,11km
0,001°=0,111 km
* Bodova data rostlin obsahovala mnoho chyb; 0,0001° = 0,011 km

* kvuli zamezeni chybnych vystupU prace musela byt data vytfizena a zbyvajici data rozdélena
podle presnosti;

, v v . v .. . fiklad
* na zaklade presnosti polohy byly vytvoreny tri kategorie: Iatp on
presnost 1 obé souradnice (lat, lon) maji presnost alespon na tfi desetinna mista 35,682 36,532
pfesnost 2 jedna soufadnice ma presnost na alespon dvé desetinna mista a druha alespon na tfi desetinna mista 37,75 39,766
pfesnost 3 obé souradnice maji pfesnost alespon na dvé desetinna mista 35,42 36,28

* byly smazany zaznamy, které byly duplicitni (podle ID), obsahovaly malo presné souradnice,
nachazely se v zastavéné oblasti Ci na vodni ploSe (pro presnost 2 a 3);

* pro statistickou informaci byl jednotlivym Pocet rostlin dle presnosti polohy

. vev / / / .r PF t
rostlindm pfifazen stat, ve kterém se nachazeji. Rostlina  Latinsky nézev —
. Cicer echinospermum 710 12
Cizrna A )
Cicer reticulatum 1652 13 2
Lens orientalis 614 53 43
Hrach Pisum elatius 534 52 130
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Environmentalni data — Google Earth Engine

e GEE je platforma pro vizualizaci, stahovani a analyzu geoprostorovych dat v
cloudovem prostredi;

* GEE — zdarma pro vyzkum, obrovské mnozstvi historickych i aktualnich dat;
e skriptovaci jazyk JavaScript;

* rastrova data se nemusela stahovat, pouze se kazdému bodu rostlin
extrahovaly hodnoty pix|U z rastru.

A
' KATEDRA GEOINFORMATIKY
20 Unive




Go g|e Earth Engine Search places and datasets...

Scrlpts Docs Assets MOD13Q1.

Filter scripts.. m C

» Owner (2)
~ Writer

No accessible repositories. Click Refresh to check again.
~ Reader

No accessible repositories. Click Refresh to check again.
~ Examples

* Image

* Image Collection

» Feature Collection

» Charts

» Arrays

» Primitive

» Cloud Masking

» Code Editor

» User Interface

» Datasets
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~ Imports (1 entry) B 4 Use print(...) to write to this console.
» var table: Table users

1 .

2 pocetsnimku
3 //vloZeni externi “databdze" nazvi statl 2

4 var countries = ee.FeatureCollection("ft:1tdSwUL7MVpOauSgRzqVTOwdfy17KDbw-1d9omPu™);

5 //definovéni vlastnich stdtd, se kterymi chci dél pracovat

6 var country _name = ['Syria‘,’'Turkey', 'Lebanon', 'Cyprus','Jordan', 'Israel’, 'Iraq‘', 'Iran',") tabulka

7 //vyfiltrovani statl podle country name, které jsem si definoval pred tim i e

8 var region = countries.filter(ee.Filter.inList('Country’, country_name)); :

9 Map.centerObject(region,5); //Zoom to Study area

1e

11 //vloZeni snimku, se kterym budu praccovat

12 var dataset = ee.ImageCollection('MODIS/@@6/M0D13Q1");

13 //snimek, co jsem vybral obsahuje spolitané indexy ndvi a evi

14 var ndvi = dataset.select('NDVI');

15 //nastaveni datumi, ze kterych budou vybrany snimky

16 var set_date = ee.ImageCollection(ndvi.filterDate('2017-3-@1', '2017-3-31'));

17 //"oFez" snimku podle vybranych statd (clip) a vybrani zplsobu, jak se budou brat informace z
18 var ndvi_clip = set_date.mean().clip(region);

19 -
20 S
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Environmentalni data
Google Earth Engine

* 14 datovych sad B

Nazev datové sady Popis vrstvy Casova dostupnost Rozliseni Granularita

MOD13Q1.006 Terra Vegetation Indices 16-Day Global 250m NDVI 18.02.2000 — nyni 250 m mésiéni priméry
Evapotranspirace

TerraClimate: Monthly Climate and Climatic Water Balance for Global Palmeriv index intenzity sucha

. . . 01.01.1958 —31.12.2015 4,625 km  mésiéni priméry
Terrestrial Surfaces, University of Idaho Uhrn srazek

Padni vihkost

Evapotranspirace
FLDAS: Famine Early Warning Systems Network (FEWS NET) Land Data

T Celkovy uhrn srazek 01.01.1982 — nyni 11,1km  mésiéni priméry
Assimilation System

Vlhkost pady v hloubce 10-40 cm

OpenlandMap Soil bulk density Hustota phdy v hloubce 0, 10, 30, 60 cm
OpenlLandMap Soil pH in H20 pH pldy v H20 v hloubce 0, 10, 30, 60 cm
primér za celé
01.01.1950 - 01.01.2018 250 m .
OpenlandMap Soil texture class (USDA system) Typ textury pady (USDA) v hloubce 0, 10, 30, 60 cm obdobi
OpenlandMap Soil erganic carbon content Obsah organického uhliku v pidé v hloubce 0, 10, 30, 60 cm
OpenlandMap 5Soil water content at 33kPa (field capacity) Obsah phdni vody v 33 kPa v hloubce 0, 10, 30, 60 cm
Global SRTM CHILI (Continuous Heat-Insolation Load Index) Index CHILI odvozeny ze SRTM 24.01.2006 — 13.05.2011 90 m 1 vrstva
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Environmentalni data
ostatni datové zdroje

» 28 datovych sad

SRTM30
Nazev datové sady Popis vrstvy Casova dostupnost Rozliseni Granularita
WorldClim V2 Bioklimatické proménné Biol — Bio19 1970 — 2000 1 km Mésiéni priméry
za 30 let
SRTM30 Nadmofska vyika 2000 30m 1 vrstva
Orientace svahu
Sklon svahu
Topographic radiation aspect index (TRASP)
Odvozena data ze SRTM30 Site Exposure Index (SEI) 2000 30m 1 vrstva
Integrated Moisture Index (IMI)
Heat load index (HLI)
Compound Topographic Index (CTI)
Global Land Cover 2000 Krajinny pokryv 2000 1km 1 vrstva
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Parcentage of explained variances
B [

Statistické analyzy

* Statistické vyhodnoceni dat probihalo v programu R Studio;

* pro zjisténi dllezitosti environmentalnich faktorl byla pouZita PCA a korelaéni matice.

Scree plot —cizrna Scree plot — ¢ocka Scree plot — hrach

Seree plot
Seree plot a5 Scree plot

Percentage of explained vararces.

Percentage of explained variances
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Dim.1 Din.2 Dim.3 Dim.a Dim. 5 Dim. 6 Dim. 7 Dim. 8
bio0l 6.659089e-01 0.1352442561 0.0672471355 0.0975664194 2.290656e-03 4.076951e-03 4.444967e-04 0.0005429516
. 7 ’ o bio02 3.984354e-01 0.0429798163 0.0179692703 0.0501644806 1.054342e-02 9.755360e-04 1.069918e-01 0.0935892455 T A - SR G o1 -7 (6] B N0 Gl G2 0 D0 03 Dl ) e
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bic0s 5.797297e-01 0.0560395911 0,3306553802 0.0004295118 4.735600e-04 4.043130e-03 1.069673e-03 0.0001670587
bi006 2.870636e-01 0.2119799440 0.0373470894 0.4005883236 2.167638e-03 6.287335e-03 1.881123e-02 0.0010269642 weE 008 0.01 ll‘..lzl 00301 @M .l-ﬂ 016 018 0412 -04-013-043
bio07 1.271717e-01 0.0142441980 0.543172099 0.2673283130 2.041643e-04 7.352864e-06 1.982844e-02 0.0022632983 o B o ™ - wie L R " =2
- o w e w bio0s 1.374903e-01 0.0045747494 0.0046092908 0.4614159163 4.535736e-03 6.337571e-05 6.907494e-03 0.1495616955 . .. -01-0.03-0.0- ~0.23-
Biol  PrGmérnd ro¢nf teplota bic09 5.400805e-01 0.0881765287 0.3386060096 0.0011756685 2.223217e-03 4.067605e-03 1.548701e-05 0.0011502516
: . biolo 5.383038e-01 0.0803194664 0.3465537178 0.0007262671 2.429310e-03 4.203294e-03 2.063727e-04 0.0015552982 Azmet 045 001 103 008 027 023 09 -0.02 008 002 -004 0 -D03-D.04-005
arnv i bioll 4.864743e-01 0.1502502564 0.0117278906 0.3007271888 1.411103e-03 3.163182e-03 3.370930e-04 0.0004002340
Bio2 Prumérny denni rozsah teplot biol2 5.568144e-01 0.3492402238 0.0376380657 0.0259500270 2.746553e-04 2.213968e-03 4.894197e-04 0.0043636980 bloz ul.nez .05 -0.08 0.1 -aoouc.us n...
2 = biol3 3.160318e-01 0.6046270251 0.0267753037 0.0002857115 2.993825-03 3.231013e-03 4.804734e-05 0.0026217747
Bio4  Sezonnost teploty biol4 5.569705e-01 0.2855267564 0.04 010567970952 3. 3.326638e-04 2.439170e-03 0.0016325155 huu.-msm 0,85 -0.01-0.28-0.05 0.28 mur...
biols 1.758751e-01 0.3826174617 0.3681922552 0.0076262880 4.723548e-03 1.635206e-05 5.832671e-03 0.0017843269 = -2
i alni i Si&il &5 biols 3.071066e-01 0.6400120116 0.0107200195 0.0084258528 1.413655¢-03 3.748816e-03 1.430189e-08 0.0014338960 5o0T D42 04 084 -0.01-0.52-0.03 038 wu:...
Biob  Minimdinf teplota nejchladnéjsiho mésice biol7 5.687200e-01 0.2395751161 0.0621880955 0.0660403915 5.150681e-04 1.938175e-06 2.200854e-03 0.0008742584
A P o= biols 5.335403e-01 0.2584300773 0.0856865603 0.06ODE84329 2.402652e-06 6.562081e-04 4.416441e-03 0.0015148120 o ..a.os 018 013 02 041 04 -003-D.03-003
Bio12 Rocni thrn srazek biol9 2.499564e-0L 0.6954771606 0.0134811485 0.0073363940 6.922895e-04 4.867239¢-03 1.531782e-06 0.0003045307
= TRASP 1.542142e-02 0.0136176620 0.0005884706 0.0041755127 6.910733e-01 2.173077e-02 1.962232e-02 0.0018861040 mm..o_m-mmu 012 094 004 0.05 903 005
5 4% sex 3.410016e-03 0.0053890055 0.0003261492 0.0032331337 6.558477e-01 2.496024e-02 7.715680e-02 0.0454617560
Bio15  Sezénnost sraZek ™I 1.240040e-01 0.0232125347 0.0513889330 0.0044720839 §.392349e-03 3.606783e-01 5.625507e-02 0.0899953118 = 913-008-006-06¢ 01 0 002 de1 oM
7 HLI 5.154057-02 0.0003208536 0.0154371538 0.0035317285 5.701095e-01 1.730840e-01 1.820503e-03 0.0152079930 s
CTI Index vihkosti I 7.979402e-03 0.0647833153 0.0430929523 0.0002097582 7.373924e-02 5.049360e-01 1.048246e-01 0.0506766350
Aspect 1.6693752-07 00078505886 0.0008122060 0.0041347365 2.0672812-02 3.562013e-01 3.320638e-01 0.1227016516
5 7AtSY slope 1.863102e-01 0.0210699728 0,0222000332 0.0001607428 2.0635442-03 2.400290e-01 9.068713-02 00195213318
HLI Index tepelné zatéZe Evap 4.550480e-01 0.1624213620 0.1190792012 0.0268160166 2.548427e-03 2.288638e-04 4.257871e-03 0.0938297892
5 Rainf 3.849243e-01 0.4645397317 0.0367266499 0.0165917843 1.321000-03 5.591675e-04 2.970178e-03 0.0001486084
SEI Site Exposure Index SoilMoi  8.229463e-03 0.0006620510 0.0671095435 0.2821556119 1.125816e-03 7.984699e-05 4.608926e-04 0.1540969067
cHILT 5.820490e-02 0.0331492323 0.05135879B1 00188472004 5.706717e-01 9.630370e-03 3.914087e-03 0.0343489277
i NDVT 3.279383e-01 0.0036735263 0.0817958041 0.2698407423 1.570492e-03 1.189345e-02 3.751351e-02 0.0009340614
Aspect  Orientace svahu sEulkb10  5.743898e-01 0.0616977104 0.0176659910 0.0549207778 6.172649e-03 1.731450e-03 2.157750e-03 0.0020344380 s
. o 3 = scarbonbl0 6.033258e-01 0.0053631663 0.0084100221 0.0245311767 1.278697e-03 1.186104e-02 6.943314e-03 0.0080920030
pdsl Palmerav index |ntenz|ty sucha SpHH20b10 7.309158e-01 0.0178146179 0.0048617421 0.038135789L 5.255446e-04 1.086550e-03 2.651257e-03 0.0052647655
STexturbl0 6.362721e-05 0.2125936267 0.0474501675 0.0121852557 3.5411472-04 5.812469e-02 2.132478e-01 0.0010461720
CHILI  Index CHILI Swatconbl0 3.785106e-O1 0.0413518123 0.0275148660 0.0761884727 5.706516e-03 2.794864e-03 1.571589e-01 0.0069149007 v v ; .
aet 5.484200e-01 00796349580 0.1778762765 0.0L09030452 2.466450e-03 2.075617e-03 3.127827e-03 0.0081630383 COCka — genove SkU pl ny
. . . pdsi 6.058044e-01 0.1348911997 0.0037780980 0.0337566720 6.900230e-03 5.436756e-03 2.311636e-03 0.0083730751
NDVI Normalized Difference Vegetatmn Index pr 3.707632e-01 0.5355120156 0.0053156920 0.0286144275 4.338082e-03 4.104654e-03 4.025087e-04 0.0021707029 -
soil 5.360039-01 0.0190112014 0.1795137605 0.0055271436 1.547467e-02 4.397698e-06 5.601130e-03 0.0079086808
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Statistické analyzy

Dim2 (15.1%)

Graf komponentnich vah (41 faktor() — ¢ocka

Variables - PCA
10
05
bio01 bio11
5 B,
bio0* ol
SBulkb 1B ! CHILI 5
pHH20b10 SN
i 075
e - 050
blo({ﬂ A
. p 025
biod7 |  TRASP
-05 Text
10
i U
-10 5 05 10

0.0
Dim1 (32.9%)

20.03.2020

Graf komponentnich vah (13 faktorid) — ¢ocka

Variables - PCA
10
CHILL
HLI
R SEl i
05
bio06
Bio15
cTl /
2 R /
= \ /
& NDV] \
: — |

T oo pdsi L _hiold
] Aspeq
a

-05 \ shoos /

-10

-10 -05 0.0 05 1.0
Dim1 (26.6%)

' KATEDRA GEOINFORMATIKY

ackého v Olemouci | Prirodov




Statistické analyzy

Biplot (41 faktor() — ¢ocka Biplot (13 faktor() — ¢ocka

PCA - Biplot
PCA - Biplot

| bio19
6- L 1 bio16

.

Genové skupiny
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K6
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Cizrna

Shlukové analyzy

Hrach
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e
Shrnuti

Bylo provedeno

» Zpracovani dat rostlin a environmentalnich datasety;
* statistické vyhodnoceni;

» zjistény dUlezité environmentalni faktory;

» vytvoreny shluky podle téchto faktoru.

K ¢emu je tato prace dobra?

* Vysledky prace budou dale slouzit vyzkumnikim Katedry botaniky UP v jejich vyzkumu;
 vyuZziti novych volné dostupnych datovych sad;

* byl vytvoren kod do GEE pro dalsi stahovani dat;

* byly zjistény dulezité environmentalni faktory ovliviujici rist zkoumanych rostlin.
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Geoinformatickeé pristupy pri vyzkumu diverzity planych
predchidcu kulturnich bobovitych rostlin

Dékuji za pozornost

Bc. Premysl DRATVA
Vedouci prace: RNDr. Jan Brus, Ph.D.

Konzultant: Doc. Ing. Petr Smykal, Ph.D.
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