
Plant Breeding Revised and 

Reversed



Outline

Reverse Breeding

Å Conceptually very easy

Å Technically demanding

Near Reverse Breeding

Å Conceptually ñnot very easyò

Å Technically very simple



Reverse Breeding Concept

Å Suppression of recombination during spore formation 

(transformation)

Å Production of Doubled Haploids from such spores

Å Crossing appropiate DH lines on the basis of matching 

molecular markers



Traditional hybridisation and pedigree 

selection



Reverse Breeding Concept (I)

Selection of heterozygous plantsProduction of hybrid plants

Selection of lines

ñForward breedingò ñReverse breedingò

Production of lines

Selection of ñend-productòat the start of the breeding cycle



Reverse Breeding Concept(II)

Starting hybrid

Original lines



Reverse Breeding Concept(III)

Etc.

REVERSE BREEDING

MEIOSIS 

DH-production

MEIOSIS 

Etc.

DH-production

Heterozygous plant



Microspore Culture



Microspore Embryogenesis



(D)H-0 Plantlets (Primary 

Regenerants)



Inter-line Variation (DH1)



RNA interference to specifically knock 

down target genes

AAAAAAAAAAAA

AAAAAAAAAAAA

AAAAAAAAAAAA

RNAi

promoter region DMC1 DMC1intron terminator DNA construct integrated

in the plant genome
Pre-mRNA

mRNA

mRNA folded

Target genes (early and middle prophase):

ASY1 / SDS: homologue synapsis

SPO11-1: double strand break formation

DMC1: strand exchange

RNA interference



Eggplant: transformation with the AtDMC1 

RNAiconstruct
EGGPLANT, pRZ051 RNAi transformants

Transformant ID PCR T-DNA ploidy level pollen

051-1 + 4x aberrant

051-2 + 4x aberrant

051-3 + 4x aberrant

051-4 + 2x wt

051-5 + 2x aberrant

051-6 + 2x aberrant

051-7 + 4x aberrant

051-9 + 2x intermediate

051-11 + 2x wt

051-12 + 2x aberrant

051-13 + 2x wt

051-14 + 2x aberrant

051-15 + 2x intermediate

051-17 + 2x aberrant

051-19 + 2x wt

051-20 + 2x wt

051-21 + 2x wt

051-22 + 2x wt

051-23 + 2x aberrant

051-26 + 2x intermediate

051-27 + 2x aberrant

1051-3 + 2x wt

1051-4 + 2x wt

1051-5 + 2x wt

Of the 21 T0 plants, 11 showed a clear effect on pollen 

formation indicative for a functional construct

#06 and #27 showed strongest phenotype

based on pollen morphology

051-6

051-27

control



Eggplant: DMC1 RNAi leads to univalent 

formation during meiosis I
wt control 051-27051-6

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

transformant total # of PMCs 24 I 22I + 1II 20I + 2II 18I + 3II 16I + 4II 14I + 5II 12I + 6II 10I + 7II 8I + 9II 6I + 9II 12II

051-6 145 59 13 18 22 11 9 9 2 1 1 -

051-27 68 54 9 2 3 - - - - - - -

wt 32 - - - - - - - - - - 32

ü DMC1 RNAi leads to a strong shift towards univalent formation frequency during meiosis



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

In eggplant with 2n= 2x= 24 this means 1 spore in 4096 (0.024%)

Observed frequency in Arabidopsis (knock-out) is in many cases higher 
than expected

Consequences of univalent formation

Probability to obtain of full set of chromosomes per spore when no 

bivalents are formed:

1/2X

Univalent segregation and synaptonemal complex: not well understood

See: Pradillo et al. , 52007) Genetics 175: 505-511

Hartung et al. , (2007) The Plant Cell 19: 3090-3099



Eggplant: production of DHs from DMC1 

RNAi microspores

# 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

Eggplant events 051-6 and 051-27 have been successfully used to generate DH plants

All DHs obtained are euploid



Reverse Breeding Concept:

Probability calculation, theoretical example

Heterozygous plant

Haploid chromosome nr = x

Probability that a complementary 

DH combination is absent:

(2xï1)/2x

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= ((2x-1)/2x) n(n-1)/2

n(n-1)/2>log(0.01)/log ((2x-1)/2x)



Numbers of DHôs required for 99% certainty 

of finding complementary lines

Haploid 

chromosom

e number

Number of 

DHs 

required

Model species / crop

5 17 Arabidopsis

6 25 spinach, corn salad

7 34 cucumber

8 49 onion

9 70 barley, carrot, sugarbeet, most vegetable 

Brassicaôs, lettuce

10 98 maize, sorgum, Asparagus, cocoa

11 138 banana, watermelon, celery, fennel, 

common bean

12 195 tomato, pepper, melon, rice, egg plant



Reverse Breeding Concept (IV): 

Chromosome Substitution Lines

x



Reverse Breeding Concept (V): 

Breeding per Chromosome?

X



RNAi

technology patented

AAAAAAAAAAAA

AAAAAAAAAAAA

AAAAAAAAAAAA

promoter region DMC1 DMC1intron terminator

Dominant 

Negativesubunit

FTO

AAAAAAAAAAAAAAAAA

ATG TAG82

DMC1 mRNA

DMC1 protein

Suppression of recombination by 

Dominant Negative DMC1



Crystal structure of the human DMC1 protein

Molecular Cell, Vol. 14, 363ï374, May 7, 2004, Copyright 2004 by Cell Press

Structural Basis for Octameric Ring Formation

and DNA Interaction of the

Human Homologous-Pairing Protein Dmc1

pose a model for the interaction of the Dmc1 rings

with DNA.
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Takehiko Shibata,3 Hitoshi Kurumizaka,1,4,6,*
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RB: Transmission by grafting



Harvesting Phloem RNAs

PS RNAs
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Model: Systemic RNA Signals & Function

?

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

Corrected structure of Mirin, a small-molecule inhibitor of the Mre11-Rad50-NBs 1 complex. 

Garner et. al (2009) Nature Chemical Biology 5, nr 3.



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

Å The end-product is not transgenic

Å The end-product is a traditional F1 hybrid

Å Traditional seed production

Å Chromosome substitution as bonus: more 
hybrids from theñsameò parents

Å Breeding/Recombination per chromosome

Reverse Breeding Summary



Selected plant (any level of 

heterozygocity)

Spores/gametes containing random

combinations of maternally or

paternally inherited chromosomes

Suppression of 

meiotic recombination

Regeneration doubled

haploid plants

Diploid lines containing random

combinations of maternally or

paternally inherited chromosomes

Crossings of complementary lines

Selection of complementary

lines (marker assisted)

Reverse Breeding Concept: summary
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