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Basic facts from Food and Agriculture Organization (FAO)

“Plants are the primary basis for human sustenance, used directly
for food, clothing and shelter...”

“Seeds and Plant Genetic Resources: A basis for life”
Conservation and Diversity of seed stocks and varieties
Sustainability, Quality of seeds
Food security, Crop productivity
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The importance of seeds in our daily life
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Hazelnuts

Golden flax seeds Brazil nut Cashew nuts Pumpkin seeds




Who are you?

Go to https://www.menti.com/

Voting code 7351 1510
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https://www.menti.com/

Flowering plants
Evolution of land plants (simplified)

i D’ic\ots

Gymnosperms

Monocots

b v Mosses
[ A

Green algae 2 i
4 —
o Flowering plants
B Seed plants

Vascular plants

Land plants
~ 1500 ~ 500 ~ 420 ~ 350 ~ 150

million years ago
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Seed germination
Vegetative growth
Flowering

Fruit and seed development

Environmental cues:
 Temperatures
* Day length

Arabidopsis thaliana




Most plants have whorls of floral

The flower . o
organs arranged in concentric circles
 The outer two whorls (sepal wm‘,( _)/s’nfme,, peral -
and petal) form the perianth, (T J /L,/J - -
the non-reproductive B ( \\ 2
structures. 7 o \ 4
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* The inner two whorls (stamen
and carpel) represent the
male and female reproductive
organs.
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The flower

pistillata
B gene

petal carpel
stamen

Mk
apetalaZ2
A gene
sepal \
]
Who rl 1 =Se pal c A ge n eS Dornelas, M. C. and Dornelas, O. (2005). From leaf to flower: revisiting Goethe's concepts on
the "metamorphosis” of plants. Braz. J. Plant Physiol. 17: 335-344 CC-BY.
Whorl 2= peta | A+B genes Parcy, F., Bomblies, K., and Weigel, D. (2002). Interaction of LEAFY, AGAMOUS and
a ga m OU S ! TERMINAL FLOWERI in maintaining floral meristem identity in Arabidopsis. Development
o 129: 2519-2527.
C gene Who rl 3 _Sta me n ) B + C g e n eS Bowman, J.L., Smyth, D.R., and Meyerowitz, E.M. (1991). Genetic interactions among floral
—_— homeotic genes of Arabidopsis. Development 112: 1-20
Who rl 4 _Ca rpel ’ C ge n eS Krogan, N.T., Hogan, K., and Long, J.A. (2012). APETALA2 négafiyplifregilates multip[e

floral organ identity genes in Arabidopsis by recruiting the co-repressor TOPLESS and the
histone deacetylase HDA19. Development 139: 4180-4190


http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1677-04202005000400001
http://dev.biologists.org/content/129/10/2519.long
http://dev.biologists.org/content/112/1/1.long
http://dev.biologists.org/content/early/2012/10/03/dev.085407

Flowers are diverse in shape and colour
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Flowering plants are defined by their flowers

of®

PN S lant with
flower p . : : .
Rt hermaphrodite moncl)ecmus dlocicmus
flowers plant plant

Maize
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Reproductive organs:
male

The androecium (from the
Greek “ andros oikia”, the
man’s house) is composed
of the stamens.

The stamens are made of a
stalk, the filament, and the
anther at its top. The anthers
are containing the pollen.
The mature pollen grain
contains two sperm cells
and one vegetative cell.

Vegetative nucleus
Generative cell

Engulfment
of GC

Pollen coat deposition,

PMII secreted by tapetum

Vacuole Py’

\ Early bicellular Late bicellular
Polarized MS O pollen pollen
Tapetum
MS
polarization

O
O~
Free MS
O O
MS
release Callo/se wall

o
S

~fe

Tricellular pollen

Reserves accumulation,

pollen maturation,
dehydration

Mature pollen
Sperm cells

Pollen release,
pollination

Stomium ~

Germinating
pollen

Callase secretion ON@); " |
by tapetum O ‘T @
Pollen
mother cell

’:;,\é,y Hafidh S, Honys D. 2021
B @ Annu. Rev. Plant Biol. 72:581-614



Reproductive organs: Female — The pistil

The gynoecium (from the Greek “gynaikos

oikia”, the woman’s house) at the centre of

the flower. It is also called pistil. It consists
of three parts.

« At the top, there is the stigma where the
pollen grains land to start the pollination
of the female flower.

* Then there is the style, a stalk supporting
the stigma through which the pollen tubes
are growing towards the ovules.

At the bottom, there is the ovary made of
one or more (fused) carpels. The carpel
forms a hollow structure containing the
ovules.




Reproductive organs: Female — The ovule
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The ovules carry the
female gametophyte,
produced by meiosis.

/\ Hater F, et al. 2020.
»
Al Annu. Rev. Plant Biol. 71:517-46
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Meiosis
FM

0 Ovule
primordium

MMC
formation
@ Mitotic

divisions

@/\@

\ Cellularization ,M

Seed
development

®

Fertilization
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Haploid — Diploid cycle

fertilization

/"'—\ K’\

Female 2 G Male
gametophyte \ gametophyte
1n
Y Heterosporous :
(Megaspores| Zygote vascular plant  (Microspores
(i.e., Selaginella, Salvinia,
n v Pinus, Arabidopsis)
Embryo
C ~— (Sporolphyte] e .
MeIoSIS MeIoSIS
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Melosis

Cellular division - Mitosis

Mitosis Daughter cells
Interphase Prophase Metaphase — Telophaso
7 7 ~ N // 2n 2 cells with identical
. Id 7V ind i i < genetic information
2n 4n J\¢ // 2n
Replivcaﬁon ' Segrevgaﬁon l
Mslosle Telophasa Il oA
Prophase Il Metaphase Il Anaphase Il 0\ { N7
Telophase | J”

Anaphase | 0\ n o .
repnase  Prosnesel - Hetenese! ~N gL — = = 1 J > 4 cells with different
/e WN 4 TN 5 TR = — genetic information

2n 4n . -, -L {
v Segragation
Replication J / n
Pairing y ,
Segregation

Reductive cellular division - Meiosis

EPCEITEC Introduction to Genetic Analysis by Griffiths, Wessler, Carroll and Doebley, 10th edition CORE19 17



Melosis — recombination and cross-over

Two-chromosome stage

A b
A B A b U Y Exchange of QNA betwegn
o o e sister chromatids results in
-oTIMb = O Z genetic information
O reshuffling between the
Four-chromatid stage homologous chromosome
A B oA.B
A B P b N
O U U— O m— Source of variations for
—_— —b B . .
SCOm— ..C_ evolution of traits
a L :L ~3 b

EPCEITEC Introduction to Genetic Analysis by Griffiths, Wessler, Carroll and Doebley, 10th edition CORE19
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From flower to fruit: pollination and fertilization

Angiosperm Reproduction
@ AmoebaSisters

@
EPCEITEC CORE19 19



Why floral structure matters

* Plant reproductive strategy and genetic
diversity
* Pollen dispersal
« Pollinator interactions https://youtu.be/LiczM-w3V-U
* Reproductive isolation
« Benefits to people
* Food crops for human consumption
* Aesthetics

(@) C E | | E C See Hileman, L.C. (2014). Trends in flower symmetry evolution revealed through phylogenetic and CORE19

developmental genetic advances. Philos. Trans. R. Soc. Lond. B. Biol. Sci. 369: 20130348..


http://rstb.royalsocietypublishing.org/content/369/1648/20130348
https://commons.wikimedia.org/wiki/File:Anthophora_on_Salvia_1.jpg
https://www.blogs.nrcs.usda.gov/wps/portal/nrcs/blogdetail/nrcsblog/home/?cid=nrcseprd985814
MDF
https://commons.wikimedia.org/wiki/File:Vellappallam_Rice.jpg

Journey of the
pollen

Intensive
communication
between male
and female
organs

EPCEITEC

Pollen Sperm  Pollen tube  Micropyle
grain nucleus

Pollen

tube Filiform

. \\ \ apparatus

| \ \ \ Synergid

Egg

Stylar

tissue

Ovule Antipodal
cells
Female
gametophyte
Inner and outer
integuments
100 pm
/\ Johnson MA, et al. 2019.
l: Annu. Rev. Plant Biol. 70:809-37
CORE19 21



Communication male - female

At the stigma: In the style: At the ovule Between gametes
Compatibility Compatibility Attraction and guidance Double fertilization
Pollen grain germination Pollen tube growth Polyspermy block
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Annu. Rev. Plant Biol. 72:581-614

EPCEITEC CORE19 22

v.‘ Hafidh S, Hor
B 2nnu. Rev.

021
72:581-614



FrUit and SeedS Example of the Rosaceae family

a Drupe (peach) C Drupetum (raspberry)
Pistil > Fruit (d”hp“lyt)
Ova >> Seed Ovary
ry ( Seed —O -
Seed LStone—‘/
Stone \ Carpel
(endocarp) Receptacle
Hypanthium
The number of seeds
. ] b Pome (apple) d Achenetum (strawberry)
Is determined by the
number of ovules oy
. el —
G LA

Hypanthium ——

Receptacle

h. Liu Z, et al. 2020.
A& Annu. Rev. Plant Biol. 71:547-73
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Menti

* Name some fruits and seeds you eat

EPCEITEC CORE19 24
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monocotyledon

Monocots vs dicots ;jg;’;:;gj;m seed coal epicolyl coleoptie (7"
Monocotyledons or monocots. 'ﬂcoieopme I ~ |
Those are grass and grass-like J—epaoly d -
flowering plants. It also includes cereal i "ypocotyl T
grains and crops like rice, maize, wheat, %'adide 7 \root
onions, garlic. When the seed is fsfs":dctgat pdiae:  hypacoly first leaves
germinating, only one leaf will ovary wall /X _
appear. ‘ ,

epicotyl hypocotyl Sodtvigion A
Dicotyledons or dicots. '
Those are flowering plants like . S hypocmy‘\ A d
tomatoes, paprika, peas, beans, S cotyledon
avocados, sunflowers, and many " E
others, including the Magnolids. When coat
the seed is germinating, two leaves D q
will appear. cotyledons radicle root

© 2006 Merriam-Webster, Inc.



Dispersal

* menti

Can you cite methods of seed dispersal?

EPCEITEC Name of the presentation 27



Seed dispersal

Wind

Seed dispersal method is also adapted to
the environment where the plants is
growing.

Animals

EPCEITEC CORE19 28



Fruits were/are bred for human consumption

Plant breeding aims to produce plant varieties more useful for
human consumption by increasing yield and quality,
improving disease resistance, drought, frost, flood
resistance, etc.

It has been crucial for increasing crop production in response to
increased food demand, notably in the 1960s. This has been
referred to as the Green Revolution.

 Norman Borlaug

an American agronomist (1914-2009), received the Nobel
Prize for Peace in 1970 for his work on plant breeding to
Increase agriculture production in the 1950s and 1960s.

semi-dwarf wheat and rice with high yield saved people from
starvation.



https://www.nobelprize.org/prizes/peace/1970/borlaug/facts/

Breeding, some examples

6 vegetables that are the same plant

Over hundreds of years farmers have been breeding one plant — called
Brassica Oleracea — into dozens of different varieties. These six vegetables
you can find in the grocery store are actually all the same plant.

BRUSSELS SPROUTS BROCCOLI
Lateral leaf buds Flower buds/stems
| 4

CABBAGE
Terminal leaf bud

CAULIFLOWER
Flower buds

KALE<

Leaves

.’ WILD MUSTARD PLANT

" (Brassica Oleracea)
CORE19 30

SOURCE: Botanist in the Kitchen TECH INS|
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Genetlcs Segregation of traits
@ @ A‘
J

Nowsd or weinkied npe aeeda

© ©

Yelow cr grezn seed interiors
/----\ Green o yelow urripe pods

«Jr

Purpis <r 'white pedan

1)

Infated ar yinched fpe pods ﬁxlll oremny ﬂOWUl'! Long o ghorl slens

J. G. Mendel discovered the principles of heredity, and
established the laws of genetic inheritance.

EPCEITEC Introduction to Genetic Analysis by Griffiths, Wessler, Carroll and Doebley, 10th edition CORE19 31



Segregation of traits, the genetics

* Traits (Phenotype) are carried

Mendel’s results

Pure Pure

by genes @D « @
- Each gene has two alleles l
(inherited by mother and by Fi
father) Q
« Composition of alleles: Seffed Crossed wih
Genotype
* One allele is dominant
* One allele is recessive “10Q :Q
* The dominant allele is giving the
phenotype @ :Q

EPCEITEC

Introduction to Genetic Analysis by Griffiths, Wessler, Carroll and Doebley, 10th edition

Mendel’s explanation

P YIY x yly

Fi

l

Yy
l

Equal segregation

1 T YIY|T Yy |z vy
QO QO
L s YT oy L |z vy
Y0 @ Y @
CORE19 32




Hybrid vigour, F1 hybrid

14 Days f‘ Maize
il
P1 By P2
{ _ 8
oL, N |
(AR ! (3 - , y REE=T
¢ c w y ) AW 7\ x N ‘L; ﬂ{ 3
! k‘ . ) R ? .- Pt T,V M 3 ‘7\ ;1 p'.
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: St -, \ ¢ ‘.i E 3 i
a1 35 ;
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~ < I l{‘
Parent2 P

A

Crop breeding is performed by crossing varieties of the same species to remove
unwanted traits and bring together the traits of interest.

Some other traits are enhanced in the hybrid offspring because of mixing the
genetic information of both parents.

These hybrids tend to be bigger, grow faster and be more fertile than either parent.



Plant hormones

Plant hormones are tiny chemical messengers that help the plant

* grow,

« develop

« protect itself against a stressful environment and attacks from bacteria, fungi,

e T S

=ljeyle cﬁ

animals.

@ A2iorc

® & ~NO

There are five crucial hormones responsible for fruit and seed development
Abscisic acid (ABA), Auxin, Cytokinin, Ethylene, Gibberellins.

EPCEITEC CORE19 34



Plant hOrmOneS Gibberellins (GA) are essential for growth, seed

N
“OH
(o) 0~ "OH

Abscisic Acid

X

HO

Cytokinins
x

NH :
N
O

N N

germination, fruit growth, and sex determination in

Abscisic acid (ABA), the stress MONGECIOUS SPecies
hormone.

It helps fight against drought sl
stress and high temperatures ¢
seed dormancy and desiccation .

Auxin (IAA, Indole-3-acetic acid), the growth

hormone. It affects every aspect of plant Hoo
development, including morphogenesis W4,
Ethylene

==

A gaseous hormone.

It controls fruit ripening, flower senescence, and sex
determination in some species. It helps the plant to
respond to some stresses.

Cytokinins work together with auxin during plant
development. Important for senescence (plant
aging), for shooting.



Auxin and GA for fruit growth

< ;; " Auxin + GA |
——l l'/

EPCEITEC CORE19 36



Auxin and GA for fruit growth

fertilization

Fruit development

Fruit without seeds: parthenocarpy

Hormones help to
coordinate fruit
growth to the
number of
developing seeds

@ C_E=I'T E=CZ Alabadi D, Blazquez MA, Carbonell J, Ferrandiz C & Perez-Amador MA (2008) Instructive roles for hormones in plant CORE19

development. Int. J. Dev. Biol.
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Auxin and cytokinin for embryo morphogenesis

Auxin production >> Shoot apex

Auxin transport + Cytokinin >> Vascular development

Auxin + cytokinin signalling >> Root apex

EPCEITEC CORE19 38



Ethylene and ABA — Fruit maturation

Ethylene promotes fruit softening and

i its!!
flavour and colour development But not in every fruits!!

EPCEITEC CORE10 39



Hormones for fruit maturation

B
grtarzi Strawberry  Kiwifruit Melon TX::;:) Banana
I I I I I —

“Non-
climacteric”

“Climacteric”

Climacteric Fruit ripe after being harvested. The fruit will become softer and sweeter.

They are transported in controlled-atmosphere
storage conditions: low O2, high CO2

These conditions suppress the high production
of ethylene by the fruits.

Non-Climacteric Fruit won't mature after harvest.

CORE19 40




ABA for dormancy; GA for seed germination

EPCEITEC

At maturation, the seeds accumulate ABA to
accumulate reserves of nutrients.

ABA also helps the seed to survive the desiccation
Process.

Then the seeds become dormant, waiting for good
growth conditions to germinate.

Reduced ABA and production of GA lead to

seed germination.

Lost of dormancy inside the fruit >
preharvest sprouting

CORE19 41



Climate changes — Higher temperatures

Temperature change in Czech Republic since 1901

o W rd v ’ v rd rd
PRUMERNA TEPLOTAV CRV JEDNOTLIVYCH MESICICH
@ Primérna teplota mésice z let 2011-2020
@ Primérna teplota mésice z let 1961-1970
25°C O detou poskytuje CHMU
1éind rob !
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0°C & -0 @ 14 @ 12
@00 @-16
-5°C .';:: 1 .-2'8
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G & TS S https://faktaoklimatu.cz

e info na faktaoklimatu.cz/teplota-cr-mesice zdroj dat: CHMU



Impact of high temperature on plant development

/ e
—
20°C 28 °C 20°C 28°C

Escape strategy
Accelerated growth

8?;5 CEI'TEC Quint, M., Delker, C., Franklin, K. A, Halliday, K. J. & Zanten, M. van. Molecular and genetic control of plant
thermomorphogenesis. Nature Plants 2, 15190 (2016).
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Impact of high temperature on seed development (auxin)

; Control t R Hight : k IAA (10-M
Control temp. High temp. + mock +1AA (10°M) s ol s KRR
T F e
‘* vy : A
é,l \ b
. 200um

High temperatures impact pollen development
Thus, fertilization and seed production

Auxin may help to protect against it!

Sakata, T. et al. Auxins reverse plant male sterility caused by high temperatures. PNAS 107, 8569—8574 (2010).



Climate change threatens to reduce the quantity of

crops, lowering yields and their nutritional value

IF WE DON'T ACT TO PREVENT

LEeleleElaNEEl CILIMATE CHANGE e

br: 95% Cl

temperatures would res YOUR BEER BEER

average

. L COULD GET
global production of ric

maize, and soybean.

The Intergovernmental Panel on Cili
reported in 2018 that global tempera
by
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Crop

Wheat Rice Maize Soybean

(Zhao et al., 2017)



High temperatures also affect embryo morphogenesis
21°C 34°C

Juan Francisco Sanchez Lopez, unpublished



Outlines

* Fruits are produced by flowering plants

* Flowers have various shape, smell and colours to attract pollinators
* To produce a fruit, the flower needs to be pollinated and fertilized

* The pistil becomes the fruit, the ovules become the seeds.

* In the seed, the embryo develops into the next generation offspring
* Meiosis is necessary to maintain the ploidy of the plant.

* Traits of interest were selected for food production, thanks to the work of
geneticists like Mendel and Borlaug.

» Plant hormones are crucial for fruit and seed production
 Climate changes may threaten fruit and seed production

m CEITEC Name of the presentation 47
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