Plant Breeding Revised and
Reversed




Outline

Reverse Breeding
A Conceptually very easy
A Technically demanding

Near Reverse Breeding
A Conceptually fAnot very easyo
A Technically very simple
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Reverse Breeding Concept

A Suppression of recombination during spore formation
(transformation)

A Production of Doubled Haploids from such spores

A Crossing appropiate DH lines on the basis of matching
molecular markers
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Traditional hybridisation and pedigree
selection

Generation ' ‘ Selected parents are crossed.

p B F, plants grown with mini-

mum competition, eli-
mination of eventual
self-pollinated  plants
and poor plants.
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Fig. 12.6 Pedigree method of selection after hibridiia,tion of self-pollinated plants RUK ZWAAN



ReversdBreedingConcept (I)
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ReversdBreedingConcept(ll)
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ReversdBreedingConcept(lil)

Heterozygous plant
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Microspore Culture
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Microspore Embryogenesis




(D)H-0 Plantlets (Primary
Regenerants)




Inter-line Variation (DH)




RNA interference to specifically knock
down target genes

. Target genes (early and middle prophase):

DMC1.: strand exchange

| RNA interference'
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ASY1/SDS homologue synapsis

SPQO111: double strand break formation

DNA construct integrated

in the plant genome
PremRNA

MRNA
mMRNA folded



Eggplant: transformation with the AtDMC1
RNAIconstruct

;a
EGGPLANT, pRZ051 RNAI transformants
Transformant ID |PCR T-DNA |p|oidy level [pollen |
051-1 + 4x aberrant
051-2 + 4x aberrant
051-3 + 4x aberrant
051-4 + 2X wit
051-5 + 2X aberrant
051-6 4 2x aberrant
051-7 + 4x aberrant
051-9 + 2X intermediate
051-11 + 2x wt
051-12 + 2X aberrant e —
051-13 + 2X wt 051-27 ® 9]
051-14 + 2X aberrant i 4
051-15 + 2x intermediate [ v (5
051-17 + 2x aberrant o ]
051-19 + 2x wit
051-20 + 2x wit @ e 06
051-21 + 2x wit (8
051-22 + 2x wit
051-23 + 2X aberrant « S.0/89
051-26 + 2x intermediate @ ® O
051-27 F 2X aberrant ~
1051-3 + 2x wt control
1051-4 + 2X wit
1051-5 + 2X wit

Of the 21 TO plants, 11 showed a clear effect on polle
formation indicative for a functional construct

#06 and #27 showed strongest phenotype
based on pollen morphology




Eggplant: DMC1 RNAI leads to univalent
formation during meiosis |

wt control 051-6 051-27

Quantitative analysis of meiotic metaphase | pollen mother cells (PMCs) of eggplant transformants 051-6 and 051-27

transformant total # of PMCs 241 221+ 111 201+211 181+3Il 161+4ll 141+511 121+6ll 101+711 8I+9ll 6l+09l 1211

051-6 145 59 13 18 22 11 9 9 2 1 1
051-27 68 54 9 2 3 - - - . R
wt 32 - - - - - - - - . - 32

U DMC1 RNAI leads to a strong shift towards univalent formation frequency during meiosis




Conseguences of univalent formation

Probability to obtain of full set of chromosomes per spore when no
bivalents are formed:

1/2%

In Arabidopsis with 2n = 2x= 10, the number of normal sporésiil@
32 (1/25) this means approx. 3% (= number of seeds)

In eggplant with 2n= 2x= 24 this meahsSpore in 40960.024%)
Observed frequency in Arabidopsis (knemkt) is in many cases higher
than expected

Univalent segregation and synaptonemal complex: not well understood

See: Pradillo et al. , 52007) Genetics 175: SREL
Hartung et al. , (2007) The Plant Cell 19: 3¢EI®9 3
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Eggplant: production of DHs from DMC1
RNAI microspores

Eggplant events 05& and 05127 have been successfully used to generate DH plants

#DHs #n #2n #3n #4n # aneuploid
Event 051-6 25 3 20 2

0 0
051-27 25 5 19 0 1 0
control 100 16 82 2 0 0

All DHs obtained are euploid



ReverséBreedingConcept:
Probability calculation, theoretical example

Heterozygous plant
Haploid chromosomerre x

\

Probability that a complementar
DH combination is absent:
(2x7 1)/

y

Number of possible

combinations with n DHS;;

n(n-1)/2

\/

Probability of finding a complementary
DH (99%) when n DHs are produced:

0,01= ((2-1)/2¢) nn-1y2
n(n-1)/2>log(0.01)/log ((2-1)/2%)
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Numbers of DHOs requl
of finding complementary lines

- -
Haploid Number of | Model species/ crop
chromosom | DHs
e number required
5 17 Arabidopsis
6 25 spinach, corn salad
7 34 cucumber
8 49 onion
9 70 barley, carrot, sugarbeet, most vegetable
Brassicaobs, |l ettuce
10 98 maize, sorgum, Asparagus, cocoa
11 138 banana, watermelon, celery, fennel,
common bean
12 195 tomato, pepper, melon, rice, egg plant a




Reverse Breeding Concept (I1V):
Chromosome Substitution Lines
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Reverse Breeding Concept (V):
Breeding per Chromosome?
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Suppression of recombination by
DominantNegative DMC1

l » RNAI
technology patented
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Crystal structure of the human DMCL1 protein
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RB: Transmission by grafting

Vascular ring




Harvesting Phloem RNAs
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Model: Systemic RNA Signals & Function
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Yoo & Kragler et al. (2004) Plant Cell
Lucas, Yoo & Kragler (2001) Nature Cell Biol. Rev.
Ruiz-Medrano, Xoconostle & Kragler (2005) Current Opin. Plant Biol.




Chemical Reverse Breeding

Chemical Genetics

a
(¢} o) (o]
j\ | HNT N= HN =
sP >N }—NH )‘"S
H s HN
OH OH OH
1 2 Mirin 3
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Figure 1 Structure and biological activity of mirin. (a) The structures of compounds discussed in the
text; compound 3 is the corrected structure for mirin. (b) Mirin causes a G, arrest. MDA-MB-231 cells
were incubated with or without 100 uM mirin for 24 h, then fixed, stained with propidium lodide and
analyzed by flow cytometry. (c) Mirin inhibits the phosphorylation of ATM. MDA-MB-231 cells were
incubated with mirin for 1 h and irradiated (10 Gy), and cell lysates were made 30 min later. Western
blots were probed for ATM (Abcam) and p(S1981)ATM (Epitomics). Compare b and ¢ to similar
experiments of Dupré et al.},

Corrected structure of Mirin, a smaiolecule inhibitor of the MretRad50NBs 1 complex.
Garner et. al (2009) Nature Chemical Biology 5, nr 3.
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Reverse Breeding Summary

Gene(s) with proven record (e.g. AtDMC1
knock-out)

The endproduct is not transgenic
The endproduct is a traditional F1 hybrid
Traditional seed production

Chromosome substitution as bonus: more
hybrids from thefisameo pa

Breeding/Recombination per chromosome

., 2
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ReverseBreedingConcept summary

N
| Selected plant (any level of
heterozygocity)
1 - Suppression of
meiotic recombination
Spores/gametes containing randpm
combinations of maternally or
paternally inherited chromosomesp
2 Regeneration doubled
— haploid plants
Diploid lines containing random
combinations of maternally or
paternally inherited chromosomes
3 Selection of complementarny
— lines (marker assisted)
» Crossings of complementary lings {3
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