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Medicago genomics and its use to study plant-pathogen

interactions in alfalfa
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Structural, comparative and functional
genomics studies of model legume spe-
cies have taken a spectacular turn in the
last few years. Progress in genome se-
quencing (1950 BAC clones have been
sequenced generating 279 Mbp sequence
of which 190 Mbp non-redundant of the
cc. 500 Mbp total genome size), chip
technology, genetic mapping (see Figu-
re 1), and map based cloning (see Figu-
re 2) contributed tremendously to our un-
derstanding of the molecular bases of
symbiotic nitrogen fixation, endomycor-
rhiza (see Figure 3 and 4), plant patho-
gen interactions, and other aspects of le-
gume species.

In our laboratory besides the study of
symbiotic nitrogen fixation we focused
on Fusarium disease, which is one of the
most damaging fungal pathogen of al-
falfa (see Figure 5). In order to grow al-
falfa (Medicago sativa 1..) more safely
and economically we have identified re-
sistant determinants against the fungal
pathogen Fusarium oxysporum f.sp. me-
dicaginis and try to transfer some of the
genes into alfalfa cultivars by introgres-
sion. To this end, different Medicago li-
nes (diploid and tetraploid M. sativa)
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were tested in biological Fusarium test.
Resistant individuals were selected and
in sexual crosses between resistant and
susceptible individuals F1 and F2 pro-
genies were generated and dominant-
recessive nature and segregation ratios

were determined. In a diploid M. sativa
F2 population the recessive Fusarium
determinant (fms1) was mapped and map
based cloning was started. The progress
of the genetic mapping and molecular
cloning work is shown in Figure 6.
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Figure 2: Map based cloning of Early Symbiotic Genes
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Biological Nitrogen Fixation is the
conversion of inert N, to NH,. Only
prokaryotes are able to fix nitro
When fixing N, they are either
free, in association, or in symbiosis. One
of the most important NF systems is the
legume-Rhizobium symbiosis. Its
symbiotic N, fixation efficiency is 100-
300 kgN/ha/year.
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Medlicago sativausing genetic engineering
techniques in the mid 1980s, like L5,
ENODIZ2 & NOD25(See Figure 3.)
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Figure 1. Comparative genetic map- Figure 3. Schematic representation of symbiotic nitrogen fixation and endo-
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Reporter gene construct for promoter specificity

Figure 4: Molecular cloning of nodulin-25

Fusarium wilt serious disease of many plants
of alfalfa described in 1927 in the US
the causal agent is a fungus, Fusarium oxysporum f. sp. medicaginis & Fusarium solani
a vascular disease: a fungal pathogen blocks the xylem and disrupts the water transport
* Fusarium toxins are additional factors
Infection + favored by high temperature
+ the pathogen survives in soil for ~ 10 y (rotation does not help)
Symptoms + Dbiotic stress shoots become yellow and reddish, then wilt
+ sections of the root show brownish discoloration of the xylem

Biological test for Fusarium

* Fusariumn strains are maintained on Czapek-Dox medium

+ freshly formed spores are washed off

+ the tip of the roots are cut off

* plants are soaked in Fusarium inoculum for 24 hours (10° conidiums/ml)

+ treated plants are put into soil and grown for more than 2 months in fitotrons (26 °C, 75%-0s humidity)

Figure 5: Fusarium oxysporum as an alfalfa fungal disease

To test the feasibility of the introgressi-
on of the fimsl locus from diploid to te-
traploid plants the recessive Fusarium
determinant identified in diploid alfalfa
was introduced into a susceptible tetrap-
loid line by the 4x-2x crosses. F1 hyb-
rids were self-pollinated and homozygo-
tes for the recessive trait have been
looked for. These derivatives if approp-
riate will be used in breeding programs
to develop Fusarium resistant cultivars.
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Figure 6: Map based cloning of fms1

In parallel experiments Fusarium resis-
tant M. fruncatula accessions were scree-
ned for and genetic test have been per-
formed to learn more about the nature
and genomic position of the determi-
nants. To this end two dominant resis-
tant determinants were identified in the
model plant Medicago truncatula.
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