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Maize : breeding material are (homozygous) inbred lines

Zea mays phylogenetic tree :
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Current issues (climatic changes) :
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Modem inbred lines
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Divergent selection experiments (DSEs)

Inbred line
~60 \ seed lot

3
1993_ Flowering date

lowering date

Starting point:
Plants from a single inbred seed lot.

G1: one Early population 4 one Late population

Ypap-,P/ant(g) = Hpop(g) + €pop,plant ) ~ N(H”"p(g) ’ UG(E) +o9)

Response to selection:
42
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Additive genetic variance:
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Residual heterozygosity + new mutations

Starting from a narrow genetic basis, how far can we change flowering
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DSE selfing pedigrees

F252 DSE pedigrees
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4 populations from 2 genetic backgrounds,
2/3 independent families/population

Families

F252 inbred

Early
Late

F36, F39
F317, F318, (F27)

MBS inbred
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MBS DSE pedigrees

population.

plant.

Early
Late

M49, M52
M40, M53

Q 10 progenitors/population/generation.

@ Family structure: two independent families per
Q Each G19 family derives by selfing from a single GO

@ F27 (very late) representatives were discarded after G14.
@ F317 and F318 derive from a single plant from G3.

Each progenitor is characterized by the flowering date of the == 12 most extreme plants (8109 individual records).
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Response to selection

Q Control = plants from the initial seed lots. 2
2

> >

@ Average family mean (thermal time)
centered on the median control mean in
each genetic background (MBS and F252).

Q Dashed area = 95% Cl for control
individual plants.

Early families: Linear response.

Standardized response

Late families: Significant
response, non linear dynamics.

Similar dynamics in the MBS and

. — - 1
F252 genetic backgrounds. ‘ Gl GG‘ 7 ‘Glg ‘
0 5 10 15
Generation

Residual heterozygosity + Constant Mutational input ?
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Which traits were targeted by selection 7
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Transitions times versus
growth rates 7

Maize life cycle

Floral transition marks
the end of leaf initiation.

Phyllochrone : newly
formed leaves continue to
grow inside the plant
until they become visible.

At the end of leaf
emergence, plant height
still increases through
internode elongation.
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The ltemaize project

Integrative approaches of flowering time variation in maize
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Comparing Early versus Late progenitors
from the same generation.

Studying changes through time within
populations.

o Which traits were targeted by

@ Dynamics of the response to
selection 7

selection 7
o Modeling the interplay between

o Link with environmental changes
growth and development ?

(including plants/insects) ?

Use the original available plant material to better understand the determinants of
flowering time variation AND the dynamics of the response to selection.
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Itemaize workpackages

Early versus Late from
one generation

Y

ITEMAIZE - BASC

Plant material already available

from the DSEs

Task 1. FINOMICS

In depth
characterization
Gl IERE i polymorphisms
s i
and development
Phenotyping
Proteomics
Metabolomics
zm'iz“"d’"g pHenotypes  para
) genetic variations
Task 2. GROWTHMODEL k 4. CLIMATICS
Coupling plant Predict past and future
growth and plants/insects life-cycles
development from climatic series
Parametrization - and climatic data
Validation Validation and prediction
Itemaize
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[temaize consortium

Modéles mathématiques
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des plates-formes de biologie performantes,

B

Un matériel génétique original, et des terrains expérimentaux de proximité
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ltemaize people
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Task2. Growthmodel

Leaf Initiation  Tip Emergence Collar (-1)  Collar (n)

Blade

0 2 w @ 8
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Plant developmental units are called phytomers
 — and comprise a leaf, an internode and an axillary
bud. A leaf is composed of a blade and a sheath,
that ensure the rigidity of the stem. During growth,
each organ begins with an exponential phase
merely determined by cell divisions, and a linear

- - phase that also comprises cell elongation. Growth
° 10 20 500 100 500 50 is coordinated between organs (Zhu et al, 2014).

0 15 2 2

Sheath

Internode

o 100 20 a0 a0 s00 &0

Thermal time

Integration of the ODE system (coll. J. Moreno, invited professor) + Experimental
measurements of growth rates (dissections, spring + summer 2016, 5 L2 and M1
students). B. Andrieu, A. Ressayre, C. Dillmann, E. Marchadier
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Task2. Growthmodel :

MODEL

Parameter estimation

EXPERIMENT

Blade length (cm)
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Blades growing under
linear phase
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Plant dissections
at regular time points

One time-point :
allometry relationships
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Task2. Growthmodel : Preliminary results

In 2016, plants from the Early M52 (grey bars) and the Late M40 (black bars) families were dissected at regular intervals. All
organ's sizes were recorded. For each phytomer rank, coordination rules (Leaf emergence, collar) were used to assess the
developmental phase of each organ. Data allowed to estimate growth rates anf final heights.
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Final heights : Final blade length is higher in the
Late M40. Higher SAM height in the Early M52 =
higher cell volume ?

Single plants dissections seem to give valuable in-
formations.

C. Dillmann (BASC Flagship) Itemaize BASC2016 13 /17



Task4. Climatiks

Average prevalence (stem diseases) in august 2016, by population.

coll. UMR EGCE, Gif sur Yvette

w w
(5]
88 & g 3 s
8 n
£ 2 ¢z g
ek B o 2 £
S o o (4] 1] [}
a9 9 o o o
N s = s
[
Q
2
K
S o4
S g
14
) {
ln7|
! ! ! ! !
30 35 40 45 50

Date de floraison (depuis 1er juillet)

Phenological shifts change the sensitivity to herbivorous insects. Early MBS
development seems coordinated with the insect’s 2nd generation egg-laying season.
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Task4. Climatics : Ongoing work

2014 2015 2016
o=

o Role of climatic variables on plant life-cycle
7A‘ Ongoing work to analyse experimental data on
phyllochrone. E. Marchadier, C. Dillmann,

£
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E‘_’/_/*—‘ ‘//VX‘ ‘/,_/'\‘ S. Plancade, S. Huet

5 o Plant/insects Dissection of mature plants and
E‘\_//\‘ ‘;\/w,“ ‘/\/\_‘ prevalence measurements from the G20 DSE
" experiment. GQE-Le Moulon + EGCE
E‘\//\/‘ ‘/\/‘ ‘”\//\/‘ P ,

5 o PhD E. Dabré ? C. Dillmann, F.
E‘\,\//‘ ‘,\//‘ ‘ \/‘ Marion-Poll
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The input from BASC

@ Project funding (BASC phasel : RNASeq from SAM
during floral transition) — > proof of concept.

@ New collaborations between BASC teams (ECOSYS -
GQE Le Moulon - ESE) — > Measurement of
meristems temperatures in ESE climatic chambers using
material and methods from ECOSYS (A. Fortineau).

@ Maturation seminar — > Plant/insects part of the
project.

@ Project dynamics — > DSE parental seed lots included
in the Amaizing panel to build a maize gene atlas of
early growth.

® Project dynamics — > Integration of proteomic data
into whole-genome leaf metabolic model (Itemaize -
Amaizing - IMSV postdoc).
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