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Variation of Animals and Plants under Domestication (1868)
On the Origin of Species (1859)

ORIGIN OF

CULTIVATED PLANTS.

Géographie Botanigue Raisonée (1855) ¥
L’ Origine des Plantes Cultivées (1883)




Nikolaj Ivanovic Vavilov (1887-1943)

Centers of Origin of Cultivated Plants (1926)
The Phytogeographical Basis for Plant Breeding (1935)

Vavilov’s Eight Centers
of Crop Origin
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Kombinace pristupu pro zjisténi mozného
geografického puvodu kulturnich rostlin

Plants (living): biosystematic analyses, including
cytogenetics, chemotaxonomy, morphology, u.,nh

raphy, and so on, of the crops and their near relative
tially the Vavilovian approach).
Plants (past): archaeobotany, palynology, Carbon-14 dating,
Men (living): linguistics, oral traditions, techniques of use
and cultivation, attitudes towards the crop in culture, religion,

magic and so on,
Men (past): history, art, archaeology (artifacts and refuse left
hv man).
eology, hydrology, erosion and siltation pat-
terns, *-'-f'111i';11'li';11 yses, limnology, animal remains, and so on, for
supporting evidence of changes in climate, vegetation, and Harlan, 1971
fauna, as well as for circumstantial evidence of agriculture.

Studies on Ancient Rice—Where Botanists, Agronomists,

Archeologists, Linguists, and Ethnologists Meet




Diffused series of events—Neshitt 2004 ighly lm;_alised eveiy—Abbo et al. 2001, 2006,
Willcox 2005; Weiss et al. 2006: Morrell and : . 2002: Salamini et al.
Clege 2007 "Uﬂ” Lev Yadun et al. 2000

Repeatedly recurring evenp—Ladizinsky 1998: Single occurrence—Lev-Yadun et al. 2000,
adrzmreey—and-Gemizi 2001; Willcox 2005; Gopher et al. 2001
Kilian et al. 2007; Allaby et al. 2010
Slnw and Eradual Tanno and Willcox 2006;  Fast changing—Hillman and Davies 1990,
abyetab—2(108, 2010, Brown et al. 2009; Ladizinsky 1987; Zohary 1996

FuHer et al. 2010

Exclusive, each species selected Ahbn et al. 2010b

independentlv—Willcox 2003

Unintentional, unconscious, incident—Harlan (Untentional, conscious=>-Ladizinsky 1987; Abbo

et al. 1973; Zohary 2004; Mithen 2007 el a2 ; rem et al. 2007 Abbo et al.
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Domestikace davna i soué¢asna

8000 7000 6000 5000 4000 3000 2000 0 1000 2000



41 fazole, hrach, ¢ocka, soja, vigna
29 kukurice, ryze, pSenice, proso

Brasicaceae 25 zeli, repka,horcice

Solanaceae 18 rajce, brambor, paprika, tabak
Cruciferae 13 repka, zeli , redkev
Cucurbitaceae 13 okurek, meloun, dyné

Rosaceae 11 jablon, broskve, svestky
Liliaceae 11 cibule, cesnek,por

Daucaceae 9 mrkev, fenykl, kopr, kmin

Asteraceae 8 slunecnice, topinambur




Asie

Amerika

slunecnice,

Afrika




The “founder cro

11mon name

Einkorn wheat
Emmer wheat

Bitter vetch

Flax

Scientific name
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slunecnice

kukurice

s of the Near Eastern agriculture, after Zohary ¢

Wild p

n (Boiss.) A, et D. Love.
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Plané formy -
predchudci
péstovanych plodin

pSenice



Domestikacni syndrom
vybér vhodnych genotypu/fenotypu

- vétsi zdsobni orgdny - semena, hlizy A .‘.

* rozpadavost klasu - oo @ ®

- snizeni, ztrdta ‘eece OO
» odnoZovani x dominance i ‘Q..
* popinavost x kerovitost ®

- partenokarpie

* pohlavi kvétu - oboupohlavnost
. - reproduk¢ni isolace - homozygozita
zmeény ploidie
fotoperiodismus
viceletost x jednoletost
eliminace toxickych latek




Patterns and processes in crop domestication:
an historical review and quantitative analysis
of 203 global food crops _ e oyl

O Biennial

O Annual
Rachel S. Meyer'?*, Ashley E. DuVal’* and Helen R. Jensen®*

E Nontree perennial

M Tree

Percent occurrence

(b) Domestication syndrome traits

(a)

Life cycle
= Secondary metabolites
e Annual
= ferial plant parts
e<@= Annual
Fruit
== Nontree perennial

Abyssinia
Near East
Amazonia

Seed

Near Oceania

=+@+ Nontree perennial

Total Frequencies
Mediterranean

Reproductive strategy
e Tree

Time (y.a.)

— Caidy
@ Tree Sermiarid

== Nonshattering

Center of domestication

@ Biennial
= Life cycle

s+ Biennial
Subterranean organs,
Domestication syndrome traits

B Nonshattering

- : T P e ——— . . . . ; Lo % - o ploig
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O Subterranean organs
O Life cycle
B Reproductive strategy

O Seed

Fig. 2 The number of occurrences of life cycle types and domestication
syndrome traits for 203 food crops as a function of the time at which o
domestication occurred. (a) The number of occurrences of different life 1  Secondary metabolites
cycles are shown both cumulatively (solid lines) and by interval within each
1000 yr period (dotted lines), from the earliest domestication events until
the present. Temporal trends in the distribution of the different life cycles
show that the appearance of domesticated annuals increases from 9000 to Semiarid
4000 yr ago (ya), and then starts to slow. The broad dissemination and ‘ | Centerofdomesiaaton

Percent occurrence

B Aerial vegetative parts

Total frequencies
Abyssinia

Near East
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Amazonia

Near Oceania




Domestikaci modifikované znaky

Hrdch (Pisum sativum) znak plané formy domestikované

pukavost lusku ANO NE
dormance semen ANO NE
vyska rostliny vysoka nizka
vétveni stonku .\ NE
velikost semen mala velka
kvalita semen nizka vysoka
obsah antinutricnich latek ANO NE

kvéteni dlouhy den neutrdlni

85E 10 (softseeded)



a kliceni semen
klicové znaky domestikace




Sireni a kliceni semen
klicové znaky domestikace

uniformni kli¢eni
kulturnich forem
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Vyznam genetické diversity
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Rychlost domestikace fixace znaku 100 - 2000 let

frekvence vyskytu nerozpadavého klasu
v archeologickych ndlezech versus modelovani a experimenty

recesivita x dominance
mono X polygenost
samo x cizosprasnost

Fropartion non-shattering

F

----- Dates Archaeological Domestication
(year BP) site rate (%)
10,200 Qaramel 22
D 9,250 Nevali Cori 32
9,300-8,500 Aswad 30
% W . 8,500-7,500 Ramad 59
jecmen, psenice, 7500  elKerkh 59

6,500 Kosak Shamali 95




Rychlost domestikace

rapid transition: strong selection
40 4l 110 14l 160 200 years
| I | l | 100%4
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The domestication history of barey (Hordeum vulgare ssp. vulgare) from its wild ancestor (Hordeum vulgare ssp. spontaneum),

2-row domesticates
[lericha and Abu Hureyra)

Lax &-row domesticates
(Mesopotamia and Egypt)

Secand domestication
east of Fertile Crescent

Remains of 2-row
wild ancestar in |

human settlements ‘

Hull-less
domesticates |lran|

Wild ancestar occurring from ' |
Moaorocco ta China

Mon
Larger adhering
grains nulls (nud)

Loss of brittle rachis
{Bt1 and Bt2)
I

Lass of lateral spikelet
sterility (Vrs1 and intc)

New Phywlogist (2012) 196: 2948

www.newphytologist.com

Chwart varieties
(80 ya)

Dense G-row
domesticates
(Egypt)
Single-gene disease
resistance {60 ya)

Hull-lezs
domesticates
(Turkey, Western
and Marthern
Europe, Scandinavia)

(Y J_'

Reduced vegetative
biomass
fuzw, sdwl, dense)

Hypersensitive response

(e.g. mig locus for
powdery mildew)

Phenotypes

=
3
o
=
2

Traits and genes




Tok gent mezi planymi a kulturnimi formami

Ty
/ natural selection \

/ artificial selection’,
| ! ‘ -

" prittle rachis

seed dispersal: tough rachis
| |
u
» small, narrow grains

seed size: large, fat grains +— :
b strong selection
|

dispersal aids (hooks, «
awns etc.): no selection | |
physiological (photoperiod .' '. i = |
sensitivity, dormancy </ %——' environmentally sensitive ."
etc.)loss of function /

architecure: Can7" \r-v bushy ,.

>
e’

proto rychlejsi fixace znaki mimo genova centra



Recentni domestikace lupiny (50-100 let)

Lupinus albus, L. angustifolius, L. luteus -Stfedozemi
L. mutabilis —J. Amerika "‘

L. angustifolius habitats

» Cluster 1 Annual rainfall {mm)
o Cluster 2 O =300

o Cluster3 O 300-600

@ Cluster4 [0 GO0-200

& Clucters O =900

L #% *Vernalizace

@l ‘Fotoperioda
‘Dormance
-Pukavost luski

Fig. 7. Changes in main stem fecundity over 40 years of lupin breeding, represented by selected cultivars from Uniwhite (1967) to Jenabillup (2007).




Vernalization
response?

Cultivar Release / Photopeyod

Temperature response*
(no vern factor in
model)

Recentni domestikace lupiny (50-100 let)

Temperature response / VernaliNtion
(with vern factor in

model)

Obligate
Obligate
Obligate
Obligate
Facultative
Facultative
Non-responsive
Non-responsive
Non-responsive
Non-responsive
Non-responsive
Non-responsive
Non-responsive
Non-responsive

Gungurru

Yorrel

Uniwhite
Marri
Geebung
Uniharvest
Jindalee
Chittick
Tanjil
Wonga
Unicrop
Danja
Tallerack
Quilinock
Gungurru
Coromup

Quilinock
Mandelup
Jenabjliup

—0.0 NS
—0.0 NS
—0.0 NS
—0.0 NS
0.0 NS
0.10
0.66
0.68
0.69
0.71
0.72
0.73
0.74
0.74

0.39
0.47
0.39
0.42
0.35
0.33
0.63
0.66
0.67
0.71
0.69
0.69
0.71
0.73

J.D. Berger et al. / Field Crops Research 126 (2012) 152-164

05

Main stem biomass index

Daylengthresponse «

00 0.5
PC2:11.7% ‘Easlernyxeld response slope

Cultivarrelease date

Mainstemseedwt 93

Seedyield,

Jindalee
Vern coefficient, El
Floweringdate, <
Poddingdate

»  Westernyieldreq
Harvestindex,
Mandelup Biomass,
Seeds/plant
Growthrate,
Pods/plant

+F
se m —R e+

Maturity
PC1:75.8% A X

Uniwhite Unicrop

. . o Tempera(ure response
# Obligately vernalization responsive - P
Seedsize

M Facultatively vernalization resp

Non-responsive to vernalization (73-80) Lateralbranch seedwt | o5

Fig. 7. Changes in main stem fecundity over 40 years of lupin breeding, represented by selected cultivars from Uniwhite (1967) to Jenabillup (2007). % Nor-responsive to vernslization (86:90)

Non-responsive to vernalization (91-96)

+ Non-responsive to vernalization (>97)




Lokalizace domestikaénich gent

Locations of domestication genes

Domestication trait | Characteristic
leucospermus
of brown marbling

mallis [malll Permeable seed coat

T e A= 0 0 e 1
icunaus (iucy

Ku Dominant early flowering (removes

Moll vernalization requirement]

ve shluku nebo roztrousené ?



Chronologie fixace znak

.ozpadavost

~ \velikost semen

: klasu
mimZm3m4 l| /
vernallzace/fotoberloda v J
‘ A-
domesticates Y [vansocatoncl | 7
mutant 1 fixed AN plants / {

\ \\

/ region 3 \\
nezdvisly vznik na vice mistech ,

drift of mutants which \
Je pO kO nTC(kTU SZTF'en VI ivem relation to each other /)

50 i< =
pusobeni driftu &, { /
time (N generations) < —

are selectively neutral in




Domestikace jednou nebo vicenasobné ?

O Improved
= Domesticated
= Wild

Figure 3. Probability of obtaining a monophyletic domesticate clade over time for an N sized
population

multiple domestication events

. single demestication event

Improved

ENA Domesticated
ENA Wild

MX Domesticated
MX Wild

H. argophyllus

probability of manophyly

domestication event N generations

time in generations Peterson et al 2006




Archeobotanika - archeogenetika

Base Position
SNP
Clade
Specificity

v 604

Post-
Amplicon mortem
lengths damage
106 - 235bp
106 - 235bp
60 - 150bp
106 - 235bp
100 - 215bp
100 - 215bp

1 haplotype

specific
1 specific
2 specific

a1l haplotype

spedific

Sample
Assemblage Date of Origin
Islamic 1400 - 1812 AD
Late Christian 1100 - 1400 AD
Classic Christian 850 - 1100 AD
Meroitic 100 - 350 AD
Pre-Meroitic 1-100AD
Napatan 800 - 300 BC

NN 2 specific
O 0O 3 specific

OO0 2 specific

D000 3 specific
e e e B |

Q
g
OO0

-

East Asia World wide

6 row

Meroitic (2)
Late Christi
Islamic

‘/ wild barley
domesticated barley

Qasr Ibrim barley

* loss of function mutation

Western Mediterranean




Genetické zmény béhem procesu domestikace

(pri¢ina nebo dusledek)



Polyploidie - casty stav genomu
kulturnich rostlin

bandn, jablko, zazvor, repa
durum psenice, kukurice,
bavinik, brambor, zeli, tabadk,
podzemnice
chrysantéma, pSenice, oves
jahodnik, jiriny, cukr. trtina

.~ FreeFoto.cam



Mezidruhova / mezirodova hybridizace

Brassica nigra

« Brassica juncea

n-18

X A<+
R
U AN
YT R <

AA / >< ‘\
LY

Brassica oleracea ‘ Brassica rapa
Brassica napus




JAROSLAV DOLEZEL

{
Triticum urartu (AA) Triticum turgidum (AABB)

| | Triticum aestivum (AABBDD)
Vesmir 9/2009

Aegilops speitoides (BB) Aegilops tauschii(DD)

t;llf‘n']ﬂ(’ﬂ’ll me

Domesticated emmer Durum wheat

Common wheat

Wild Diploid Wheat Goat Grass 1 Years Before
Triticum urartu Aegilops speltoides Present (yr BP)
BB
Ad \ / B 300,000-500,000
__ Wild Emmer Goat Grass 2
Triticum dicoccoides Aegilops tauschii

__________ \\mi“““i S N, L
Cultivated 10,000

Cultivated Emmer

] Triticum dicoccum

jetmen (~5000 Mbp) TESwSSS——m—"X i G . . ., . .. MBB SN,y 9000
Zito (' 8000 Mbp) E: E E ; Iri.fi?rl:;!t.\‘pe!m ‘
pgenice tvrda (~12 000 Mbp) T Y —— 40 AABBDD

peenice sets (_1 7000 Mbp) —uw ‘Hulled’ or enclosed grains

AABB Free-threshing grains y AABEDD 8,500

= — ~ m -r w -] ~ = o = /|
=2 Bread Wheat

Triticum durum Triticum aestivum

Macaroni Wheat ‘

[Gbp = miliardy pard bazi DNA]




Triticale (x Triticosecale, Zitovec)

"From a scientific curiosity to a viable crop in the course of
a few decades"

Triticum durum (AABB)
X
Secale cereale (RR)

(x T. aestivum AABBDD)

hexa nebo octaploidni

Prvni krizenci 1940

Nyni produkce 15 miliént tun




Mutace - zmény funkce gend

Kvétdk (Brassica oleracea var. botrytis)

SEPALS PETALS | STAMENS | CARPELS | OVULES
A+E A+B+E B+C+E C+E C+D+E

Mutace v MADS-box genu (transkripénim faktoru) @H @ -0 G0 G6R
] e &8 - - & B @D

apetala-1/cauliflower B

opakovand tvorba kvétnich meristémd IR



Domestikace ve svétle molekularni biologie
aneb za vsim hledejme geny




Geny zodpovédné za domestikacni vlastnosti

Jaky typ genu ?

Jednotlivé geny s velkym Gcinkem nebo
vice genu ?

Modifikace nebo eliminace funkce ?




Kukurice (Zea mais L.)

Domestikovana v jiznim Mexiku - pred 7 tisici lety
Poskytuje nyni priblizné 25% lidské vyzivy !
produkce 800 milionu tun
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Plana kukurice teosinta (Zea mays ssp. parviglumis)

£ diploperennis
£ perennis
£ lixarians

Hiavs FHE'IJ:E.'EHHJ'

Z
£, mays parviglumis
£,

micavs huefuetenagensis

Gulf of Mexico

The modern geographical distribution of different reosintes in Mexico and Central
America.




Columbus, 1493r

O Domestication center
) Major expansions
Maize major groups
Northern USA and Canada
Southwestern USA
Northern Mexico
Lowland Mexico
Highland Mexico
Guatemala & Southern Mexico
Carribean
Andean
Northern South American
Lowland middle South American
Recent hybridizations

Corn Belt

Pyrenées-Galicia




The limits of selection
during maize domestication

Rong-Lin Wang*, Adrian Stec*, Jody Hey*, Lewis Lukens*
& John Doebley*

Maize
—— Teosinte

—
E
E
L]

=
::I.
S
-
=
-
R
[=]

o

[[] Maize allele [ Teosinte allele

TEOSINTE BRACHED 1 (tb1)

Percentage of signal per comparison

transkripcni regulator
represe buné¢ného cyklu



A transposon in tb1 drove maize domestication

Ancestral teosinte populations were highly
branched and contained a low frequency
tb1 variant with a Hopscotch insertion.

Predominant form

l Domestication

The tb1 variant with a Hopscotch insertion
swept to high frequency in modern maize
populations, yielding plants with few branches.

Predominant form

show that a transposable element (Hopscotch) inserted in a
regulatory region of the maize domestication gene, teosinte
branched1 (th1), acts as an enhancer of gene expression
and partlally explains the mcreased aplcal dominance

in maize compared-te regenitor~teasinte. Molecular
dating indicates that the Hﬂpscntch insertion predate
maize domestication by at least 10,000 years, indicating
that selection acted on standing variation rather than

new LMCas L

a HKA neutrality tests
P =0.95, P =0.41 ' P =0.04 i\ P<0.0001

C ! D Ty =

T —

A

] i
Maize cluster ] : \ = ,/’&/

Teosinte cluster 0 . - - z :
haplotype haplotype —67 kb —66 kb —-65kb  —64 kb -58 kb
Tourist Hopscotch

408bp 4,885 bp

" t "‘,

Distal Proximal
component component

VOLUME 43 | NUMBER 11 | NOVEMBER 2011

NATURE GENETICS




0.27 MYA

~9000 years ago

Domestikacni historie sdji

a

Divergence

Domestication

|

Common ancestor

Denmeisedo g

Rraadnn
"_‘ 4

J

—\ ;
r \ , I : S
G. max —{ 4 > \ 5 | >
. — N\ A A____ A N
G.sogla —{ ) el O < | ,
\J J \N| V
Substitutions  Frame-shift Indels Genes found in  Genes found in Genes involved  Genes involved in
affecting protein (2,235) G. max, missing G. soja, missing in inversions transpositions or
function/structure in G. soja in G. max (244) chromosomal
(>10,000) (712) (?7?) translocations
) (???) /
y Y
Nucleotide variants Structural variants

~r 2

L

sequence of the G. sojagenome, which contains 2.5 Mb of substitutec
bases and 406 kb of small insertions/deletions relative to G. max, i
~0.31% different from that of G. max. In addition to the mappec
915.4-Mb consensus sequence, 32.4 Mb of large deletions and 8.:

\ G. max cv. Williams 82 G. soja var. IT182932




Cereal Domestication and Evolution of Branching:
Evidence for Soft Selection in the 767 Orthologue of
Pearl Millet (Pennisetum glaucum [L.] R. Br.)

Domesticated o
N Ancestral Panicoid

80
70 -D- Tb1 locus

60

jg Pennisetum

30 glaucum

20
10 I
2 4 6 8 10 12 >12 5 10 15 20 25 30 35 >35 PgThb1

0
Number of tillers Number of branches

Wild P.glaucum Domesticated pearl millet

V_f/‘

Frequency

30 MY

9000-4000

! Pearl Wild
o millet P.glaucum

o

—Wild P. glaucum
Domesticated pearl millet

Polymorphism index n

o
o
=1
o

1000 2000 3000 4000 5000 6000

==

5' upstream Transcribed 3’ downstream region




INTERMEDIUM-C, a modifier of lateral spikelet fertility
in barley, is an ortholog of the maize domestication gene
TEOSINTE BRANCHED 1

Dvourady Sestirady

cv Bowman

Lateral
florets

Lateral
florets

Central
florete

cv Morex

int¢c intc int-c intc intc int-c int-c int-c intc intc int-c intc int-c intc intc int-c int-c
.25 7563 33 45 .62 .48 95 .13 .70 60 .84 .49 .18 ?6 .5 38
- } - . -




The origin of the naked grains of maize

Huai Wang'*, Tina Nussbaum-Wagler'#, Bailin Li*, Qiong Zhao', Yves Vigouroux't, Marianna Faller?,
Kirsten Bomblies', Lewis Lukens’ & John F. Doebley’
Nature 2005

TEOSINTE GLUME ARCHITECTURE 1




TEOSINTE GLUME ARCHITECTURE 1
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Psenice (Triticum aestivum L.)

svetova produkce 600 mil tun

20,000 tons production



Rozpadavost klasu obilovin
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Q gen - pSenice -volnd obilka, rozpadavost klasu

APZ domain AP2 domain APETALA-Z
R TN transkripcni faktor

Exon — isoleucin 329

576 617 2123 2189 2452

A

* tvar a pevnost plevy
* rozpadavost vretene klasu
« délka klasu

* vyska rostliny

CS fndel-143 mqg36 mq125 mq194 CS-DIC 5A ® dObCl me-'-éni

Simons et al. 2006 Genetics



Six-rowed barley originated from a mutation in a

3X vice semen

homeodomain-leucine zipper I-class homeobox gene
B 1/HC

A
Komatsuda et al. 2007 PNAS \ '
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Stredozemi a Blizky Vychod

Hlavni srazky - podzim a zima

Mediterranean Climate

Natanya, Israel

Potreba vyuzit toto obdobi pro .
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Oznma pséhlce VYZC(dUJe
vernalizaci - Fizenou
VRN1, VRNZ geny

MADS-box faktory

Yan et al. 2003 PNAS
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R?ie (Oryza sativa L.)

svétovad produkce 600 mil tu
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Domestikaci modifikované znaky ryze

velikost, tvar, barva, viné, obsah
amyl O’Zy Gene Chromosome Trait affected

Gw2 Grain weight/
width

Gs3 . Grain size/shape
rozpadavost, osinatost, velikost a oW 5 Grainsize
Rc Pericarp color
Tvar. IGTY Sclrd Seed d:'nm;-' Cy

Badh? 8 Grain fragrance
Oshl Grain shattering
Osh4 Grain shattering

E.

d v 7 7 g
O no Z O VCln I Sh-h Grain shatterin

Waxy Low amylose
content
Ehdl 0 Heading date
Hdl Heading date
Hd3a Heading date

Hd6 . Heading date

SES Heading date

Ehd? 0 Heading date



Vliv introgrese na vzn

k kulturni ryze

(2]

Sm 2 m Time

3 wn D

< & - =3

0 < 8 < X : 3

4 2 Neolithic Ganges rices
1] —— ———— e

~—_  Harappan /( 2
. ~
Mg T i ey X -
Proto-indicas™ —<—=x<=— — X
. B~ S
N o o

Daxi rices _ :
japonica
T

2 Longshan rices
Hemudu rices o

_/\

—

Houli rices

Jiahu
rices

Silk road Pirak japonica

Yangshao Shanxi

wild hybridhization ’ LN\ = 4
riaiationy \

Y
" sapeuea
usspoy

seoiuode/
UJapon

1NN
im
lost ricrl!s of

mid-Holocene warm period

Liangzhu rices

Chr1 Chr2 Chr3 Chrd4  Chrs Chré Chr7

Chr8 Chr9 Chr10 Chr11 Chri2

T
M-202 N - —

a 1 [ ] 'S ] | .
=y L e -2 - 4
‘ " g : -

,.L,i,l e T T e —— §
;[S L N . - —
s Y il - o e L LR

a . — - Ay

1'%
| 8

D1

d
'
T
'

-
Pi-ta

T T T T I7T T T T T T T T T T T 1T T T T 17T

T T T T T T T 1T T 1T T T T 17T

Or-ll O




Rice Domestication by

Reducing Shattering
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An SNP Caused Loss of Seed
Shattering During Rice Domestication

Saeko Konishi,»* Takeshi 1zawa,”* Shao Yang Lin,*+ Kaworu Ebana,® Yoshimichi Fukuta,?
Takuji Sasaki,” Masahiro Yano®t
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An SNP Caused Loss of Seed
Shattering During Rice Domestication

Saeko Konishi,* Takeshi 1zawa,?* Shao Yang Lin,*t+ Kaworu Ebana,? Yoshimichi Fukuta,?
Takuji Sasaki,? Masahiro Yano®t
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(Frary et al. 2002 Science)
prvni klonovany QTL

e il
homologie k Ras family GTPase \NZ

Urcuje 30% velikosti plodu

Mutace v promotorové oblasti

fw2.2 . l
Bunééné déleni l .

Interakce s beta podjednotkou
CKII kindzy v membrané Velikost plodu l



Sunflower domestication alleles support single
domestication center in eastern North America

= Improved

|mpr0V€d = Domesticated
ENA Domesticated = Wild
ENA Wild

MX Domesticated
MX Wild

H. argophyllus

Table 1. Domesticated and wild allele frequencies in eastern North American landraces
(ENA domesticated), American and Canadian wild populations (ENA wild), Mexican landraces
(MX domesticated), and Mexican wild populations (MX wild)

Gene ENA domesticated ENA wild MX domesticated MX wild

HaFT1
Domesticated allele 95% (36) 5% (2) 98% (41) 0% (0)
Wild allele 5% (2) 95% (38) 2% (1) 100% (152)
(38 total) (40 total) (42 total) (152 total)

HaGaZox
Domesticated haplotype 1 95% (36) 7% (3) 100% (48) 0% (0)
Other domesticated haplotypes 5% (2) 2% (1) 0% (0) 0% (0)
Wild haplotypes 0% (0) 91% (42) 0% (0) 100% (152)
(38 total) (46 total) (48 total) (152 total)




Geny zodpovédné za domestikacni vlastnosti

Gene

Crop

Trait

Causative change

Classification

Sel'n?

Prevalence

Domestication genes
Vrs1 (six-rowed spike 1)

tb1 (teosinte branched1)

tgal (teosinte glume
architecture 1)

sh4 (QTL 4 responsible
for the reduction of grain
shattering)

PROG1 (PROSTRATE
GROWTH 1)

gSH1 (QTL for seed
shattering on
chromosome 1)

Rc (red pericarp)

Sdr4 (Seed

dormancy 4)

Style2.1 (QTL for style
length on chromosome 2)
fw2.2 (QTL for fruit weight
on chromosome 2)

fas ( fasciated)

Barley

Maize

Rice
Tomato

Tomato

Inflorescence
structure

Plant and
inflorescence
structure

Seed casing

Shattering

Plant structure

Shattering

Grain color

Seed dormancy
Autogamy

Fruit weight
(fruit size)

Locule number
(fruit size)

Shattering and
free-threshing

Premature stop

(insertion, deletion,

or AA change)
Regulatory change

AA change

Regulatory and
AA change

AA change

Regulatory change

Premature stop

(deletion or AA change)

Regulatory change
Regulatory change

Regulatory change

Regulatory change

Domestication

Domestication

Domestication

Domestication

Domestication

Domestication
and
improvement
Domestication
and
improvement
Domestication

Domestication

Domestication
and
improvement
Domestication
and
improvement

Regulatory and AA change Domestication

N.T.

Subset of
domesticates

All domesticates

All domesticates

All domesticates

All domesticates

Subset of
domesticates

Subset of
domesticates
(most modern)
Subset of
domesticates
All domesticates

Subset of
domesticates
(most modern)
Subset of
domesticates
(most modern)
All domesticates




Norman Borlaug (1914 - 2009)

pSenice Norin 10

Mutant v genu pro kratsi internodia

RyZe IR8 (Miracle Rice)

Nobelova cena miru 1970

positiva (potravinova sobéstacnost, vysoce produktivni

odrudy)
negativa (snhiZeni diversity, zvyseni uziti pesticida,
hnojiv, zavlazovani, mechanizace, proména venkova)




Zelena revoluce a geny zakrslosti -
pSenice

Plvodné rostliny musely soutézit s
plevely

Vétsinou neoptimdlni vyziva (N, P)
Robustni, vysoké

PouZivdni umélych hnojiv a pesticidu
Potreba redukce vysky (1950-60)

Rht-1 Rht-B1d Rht-é1b Rht-D1b Rht-D1d Rht-1e RhtiB1c Rht-D1c

—

Rhbt-B1b (chromosom 4B)
Rhbt-D1b (chromosom 4D)

ortolog Ath GAI proteinu v signdlni drdze giberelini

Mutantni protein postrada N-terminalni DELLA doménu -



Zelena revoluce a geny zakrslosti -
ryze

Semidwarf (sd-1), “green revolution” rice, contains a
defective gibberellin 20-oxidase gene

Table 1. Contents of GAs in equivalent stem segments of tall vs. semidwarf rice
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Geny zodpovédné za specifické vlastnosti



The origin and evolution of fragrance in rice
(Oryza sativa L.)

Michael J. Kovach?, Mariafe N. Calingacion®, Melissa A. Fitzgerald®, and Susan R. McCouch?’
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OPEN 8 ACCESS Freely available online PLOS

Global Dissemination of a Single Mutation
Conferring White Pericarp in Rice

Megan T. Sweeney Michael J. Thomson® Yong Gu Cho”, Yong Jin Park’, Scott H. Williamson®,

Carlos D. Bustamante® , Susan R. McCouch™
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Improvement and diversification genes in rice

GIF1 (GRAIN
INCOMPLETE

FILLING 1)

GS3 (QTL for grain size
and length on
chromosome 3)

gSW5 (QTL for seed
width on chromosome 5)

GW2 (QTL for grain weight

on chromosome 2)

BADH2 (BETAINE
ALDEHYDE
DEHYDROGENASE 2)
Ghd7 (QTL for grain
number, plant height,
and heading date)

Phr1 (Phenol reaction 1)
Waxy

Gn1a (QTL for grain
number on
chromosome 1, a)
sd1 (semidwarf1)

Rice

Rice

Rice

Rice

Rice

Rice

Rice

Rice

Rice

Rice

Grain filling
Grain size
and length
Grain width

Grain width
and weight

Fragrance
Grain number,
plant structure

and flowering date

Grain discoloration
(oxidation)

Grain quality (starch)

Grain number

Plant structure

Regulatory change

Premature stop (deletion)

Deletion

Premature stop (deletion)

Premature stop
(deletion or AA change)

Several unique alleles
with different effects;
some premature stop
and deletion alleles
Premature stop

(insertion or deletion)
Intron splicing defect
(non-functional)
Premature stop (deletion)

Premature stop (deletion)
or AA change

Improvement

Improvement

Improvement

Improvement

Diversification

Improvement

Diversification

Diversification

Improvement

Improvement

Yes

Yes

Yes

N.T.

Yes

N.T.

Yes

Yes

N.T.

Yes

All domesticates
(survey not
complete)
Subset of
domesticates

Subset of
domesticates
Subset of
domesticates
(survey not compl
Subset of
domesticates

Subset of
domesticates

Subset of
domesticates
Subset of
domesticates
Subset of
domesticates

Subset of
domesticates




Domestikace a co dal ?

Super domestikace
Transgenose ...



modifikace charakteru-vyuziti plodin
domestikace novych druh
.Ztracené druhy"”

superdomestikace



Slechténi - uméni a véda
(ale také obchod)gg




Heterose -“hybridni sila F1”

1

, \ 9
iy n ——' y - o ] %

o

1930-1997: zvyseni vynosu kukurice z 1 na 8 tun/ha
za coz z 50-70% odpovida heterdozni efekt



Cytoplasmaticka samci sterilita

neschopnost produkce funkcniho pylu

Rf1-mediated Rf8/Rf*-mediated Non-restored
full fertility partial fertility T-cytoplasm

samci sterility je agronomicky vyhodna
pro produkci hybridnich semen
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! ! 7 ‘ 3 e i \ "
1 Rf2 R 1 Rf2 18 rf*
! 1 Rf2 8 ™ 1 Rf2 rf8 rf™

fertilni kvét Sterilni kvét Web Fig. F. Maize tassel phenotypes mediated by different restorer loci

T-URF13 protein in mitochondrial
membrane causes male sterility

Eji{)irélez};giﬁgﬂfﬁii?1“?5'{3“’"’ reorganizace mtDNA
CMS Texas (T) cytoplasma kukurice
it L Sr s 2
( o flize promotoru ATP6 k &asti RRN2
& | Yo genu - vznik nového membranového
proteinu T-URF13

mitochondrion nucleus



Zména zpét na vytrvalé druhy (traviny)

Annual grains feed the world, but they L7
create problems. Perennials are thrifty. o” N
Their long roots hold on to soil, water, A
and fertilizer, which means less 1 8

‘ 3]
pollution. f‘; |

Perennial wheatgrass

FALL WINTER SPRING SUMMER
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Biotechnologie a slechténi rostlin

P. Smykal



Dihaploidie
cesta ziskani homozygotnich linii

P. Smykal



Mutaéni slechténi

BEFORE & AFTER

fyzikalni
chemicka
transposony
T-DNA




TILLING aneb mutageneze v novém
(Targeting Induced Local Lesions In Genomes

{a)

Growing and phenotyping of 4 M2 plants

per M1 plant

DNA extraction from plant A and collection of M3
seeds from plant A and B separately IR OYE 70




Transgenose (6GMO)
mezi védou, etikou a politikou

Bt Gene is
inserted

Crop is infected by Peast dies when feading on
Curopean com borer any plant part




Péstovani GMO rostlin

V4 7 ® ’ A4
Globalni stav GM plodin v roce 2008 vice nez 50 000 ha
(v mil. ha)
USA 62,5
Argentina 21,0
Brazilie 15,8
- Indie 7,6
Kanada 7,6
"s Cina 3,8

*®*R

i"' Paragugy 25/
Jizni Afrika 1,8
Uruguay 0,7
Bolivie 0,6
Filipiny 0,4
& Austrélie 0,2
Mexiko 0,1
épanélsko 0,1

M 25 zemf péstujicich

GM plodiny

méneé nez 50 000 ha
V roce 2008 byla
globdlnf plocha Chile Portugalsko
s biotechnologickymi Kolumbie Némecko
plodinami 125 mil. ha, Honduras Polsko
coz predstavuje nardst Burkina Faso  Slovensko
0 9,4 % proti roku 2007 CR Egypt

(+ 10,7 mil. ha) Zdroj: Clive James, ISAAA, 2009 Rumunsko




Roundup Ready ®
- glyphosate story

i AN & Y 3 0
: - ' . s |
: | o
‘\ - \ '\\, J X
N
' ' k SR o

MONSANTO %




Bt kukurice (MON 810)
: komercni story by TSP ke

B. thuringiensis

objeveno v roce 1901 v Japonsku

1911 v Némecku

Ernst Berliner nemoc housenek motyli (Schlaffsucht) Domain

8-Endotoxin from B. thuringiensis

. cry gen - protein
StarLink ® kukufice (Aventis crop Science) 2002 Y9 P



Golden rice story

gernanylgemayl-PP

lT phytoene synthase

phytoene + 2 pyrophosphate

cril

carotene
Aelrohsion o _ zeta-c@l@sad Urase
soth prwelaly il Y RO\ U >
Soxds see hod foe ot 20} E \ 8 ST Y ‘v"' o9 crtl

u‘wa«umm

lycopene
/ \l copene cyvclase

alpha-carotene beta-carotene

10-30 ug/g

(phytoene synthase) (Narcissus pseudonarcisy
(lycopene cyclase) (Narcissus pseudonarciss

- z padni bakterie Erwinia uredovora

http://www.goldenrice.org




Rozsireni uzitnych vlastnosti
Introgrese

a . ' b : ?
T navrat k planym druhdm
‘o o vyuziti novych vlastnosti
A

L4-4

s b b
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i 0000 00 00 00
30 0000 00 00 00

L1041 241




Po vétsinu své existence lidstvo iilo Vv
tésném kontaktu s pr'lr'odou puou

lovci - sbérac¢i 300 000 generaci
» zemedeélci 600
» industridlni 8 - 10 generaci




