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diversity of rhizobia

“rhizobia” can be a functional term to define bacteria able to
fix nitrogen in symbiosis with legumes
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Beta-rhizobia: facts & questions

FACTS:

So far comprise Cupriavidus (Ralstonia) and Burkholderia
spp.

Not related to Rhizobium, but are closely related to plant-
associated and endophytic Betaproteobacteria, such as other

N,-fixing Burkholderia spp. and to plant growth-promoting
bacteria, such as Herbaspirillum.

QUESTIONS:

Are they genuine symbionts?

From where do they originate?

Are they widespread and important to ecology?

Is there any taxonomic relationship between them and their
legume hosts?



Are they genuine symbionts?

Need to demonstrate a genetical predisposition to
nodulate and fix N, (i.e. nod and nif genes)

Need to demonstrate an actual ability to nodulate and fix
N, to the benefit of their legume hosts



Beta-rhizobia from Mimosa spp. have nod
and nif genes that cluster together e.qg.
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Mimosa pudica nodules formed by C.
taiwanensis are fully functional symbiotic

First confirmation of symbiotic nodulation by Beta-rhizobia: Chen et al. 2003 MPMI 16:1051-1061.



Mimosa nodules formed by Burkholderia
mimosarum and B. nodosa are also fully functional

Chen et al. 2005a AEM 71: 7461-7471; Chen et al. 2005b New Phytol. 168: 661-675.



Burkholderia phymatum STM815 Is also an effective
symbiont of Mimosa spp.

M. pudica
+ Bp-GFP

M. pudica
+ Bp-GFP

M. himalayana

M. himalayana
+ Bp-GFP

+ Ct-GFP

M. latispinosa
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+ Bp-GFP

M. latispinosa
+ Ct-GFP

Clliott et al. 2007a. New Phytol.
173: 168-180.




The nodA gene of B. tuberum is
distant from Mimosa-nodulating
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B. tuberum STM678 effectively nodulates the
South African Papilionoid legume Cyclopia

Cyclopia bacteroids labelled with antibodies against
Cyclopia genistoides Burkholderia (C) and nifH protein (D)
+ B. tuberum STM678GFP (A, B)

Elliott et al. 2007b. Ann. Bot. 100: 1403-1411.




B. tuberum STM678 nodulates other
legumes In the tribe Podalyreae
(Papilionoideae)

Virgilia oropoides

Podalyria canescens

Does NOT nodulate Mimosa spp.



Beta-rhizobia are genuine
symbionts:

* They possess nod and nif genes

* They can form functional nodules on their
legume hosts, as demonstrated under sterile
conditions with reporter gene (GFP)-tagged
strains and/or specific antibodies



Where do they come from?

* In terms of geography
* In terms of evolution

Are they widespread and important to
ecology?



-rhizobia are widespread
13 characterised species of p-rhizobiaand many other isolates of 3-rhizobia

Burkholderia mimosarum

(Mimosa pigra) Burkholderia caribensis

. . . \ . (Mimosa pudica
A special affinity of M/mgsﬂa for -rhizobia ? and M. diplotricha)
»

Burkholderia phymatum
(Mimosa spp.)

Burkholderia nodosa
(Mimosa bimucronata
and M. scabrella)
Burkholderia sabiae
(M. caesalpiniifolia)
Burkholderia symbiotica

Cupriavidus (Ralstonia)

(Mimosa cordistipula) Burkholderia tuberum taiwanensis
Burkholderia diazotrophica (Cyclopia spp. and (Mimosa pudica
(Mimosa spp.) other Podalyreae) and M. diplotricha)
Cupriavidus necator (host?) Burkholderia sprentiae

Burkholderia rhynchosiae
(Lebeckia, Rhynchosia)



The large legume genus Mimosa

Mimosa species can be herbs but most are shrubs or trees from
tropical or subtropical regions

Mimosa is one of the largest genera of Mimosoid legumes, with
approximately 500 species

About 450 Mimosa species are native to Central and South America

Atlantic Ocean

Colombia

Cerrado and Caatinga regions of
mn o= Central Brazil are the major centres

Natal

R o of diversification

Atlantic Ocean




Collecting Brazilian Mimosa symbionts
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What do housekeeping genes tell us?

Burkholderia
rDNA 16S tree

Mimosa symbionts
(this study)

symbiotic
(previously described)

@ B. mallei and cepacia
complex)

() saprophytic species

97% of Mimosa symbionts in Brazil belong to the
Burkholderia genus

Burkholderia are the main symbionts of Mimosa

16S and recA tree topologies are congruent and
indicate that Brazilian Burkholderia

* are close to already described symbiotic
Burkholderia

* may constitute several new species

* are closer to saprophytic and generally
diazotrophic Burkholderia rather than to
pathogenic Burkholderia



What do nitrogen fixation genes tell us?

nifH tree

Q Alpha rhizobia

Mimosa symbionts
(this study)

symbiotic
(previously described)

@ B. mallei and cepacia
complex)

() saprophytic species

The diazotrophic character is present in many non-
symbiotic Burkholderia

Symbiotic Burkholderia nifH genes are related to
those of free-living burkholderias

Suggests that symbiotic Burkholderia didn’t
acquire their nitrogen fixing capabilities from
a-rhizobia, but added nodulation to pre-
existing N-fixing capabilities

In contrast to most a-rhizobia, some of them are
known to be free living diazotrophs



What do nodulation genes tell us?

nodC tree

» nodC genes of Burkholderia associated
with Mimosa form a monophyletic group

Suggests a unigue acquisition of
symbiotic genes

b
b o
b
b
Mimosa nodulating Burkholderia Several transfers Unique transfer

from different sources




Cerrado & Caatinga spp. grow in low pH
solls (>3.0) and prefer acid-tolerant
Burkholderia

M. ursina inoculated with Burkholderia (left)
or Cupriavidus (right)

Nodules from 67 Mimosa spp. gave a positive
signal with an antibody against Burkholderia,
and no signal with an antibody against Cupriavidus



Summary — The Betas from
Brazll

Burkholderia species are the natural symbionts of
native Mimosa species in Brazil.

Symbionts are found in 7 distinct species
complexes.

Symbiosis-related genes have the same phylogeny
as core genes — HGT is rare.

Ancient symbionts (>50 million years)

Species differ in environmental preference, not
host specificity.

Endemic Cerrado/Caatinga spp. cannot form
effective symbioses with other bacteria.



Mimosa spp. are nodulated
exclusively by Beta-rhizobia

Or are they?



Mexico Is the most important
centre of Mimosa diversity in the
Northern hemisphere (>100 spp.),
so what are the symbionts of
Mexican Mimosa spp.?



>1000 isolates from 30 Mimosa spp.
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Symbiosis-related genes have the same phylogeny as the house-keeping genes
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Mexican Mimosa symbionts

25 Mimosa spp. have been sampled from central Mexico as
far south as Tehuacan (Puebla), and as far west as Tequila
(Jalisco).

The majority of the symbionts are either Rhizobium or
Sinorhizobium; these are closely related to species already
present in central Mexico, particularly in common bean
(Phaseolus vulgatris).

Mexican endemic Mimosa spp. cannot nodulate effectively
with Beta-rhizobia, but will nodulate with native Rhizobium
strains.

“Widespread” Mexican species can nodulate with Burkholderia
Soils are neutral - alkaline.



Other centres of Mimosa diversity



“Old World” Mimosa spp. are not
nodulated by Beta- rhlzobla

M. hamata = Sinorhizobium

Does NOT nodulate effectively with Beta-rhizobia

Gehlot et al. (2013) Ann Bot 112: 179-196

M hlmalaana = ‘Slnrh/zob/um
ndia Mimosa symbionts are (Old World) Sinorhizobium spp., but we know
10st nothing about Madagascan endemics



Southern Mimosa spp. are nodulated by
Cupriavidus?

M. magentea M. ramulosa M. schledeneii

Burkholderia

Cupriavidus

But NOT C. taiwanensis



ML 16S rRNA
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Uruguayan Mimosa spp. are nodulated by novel
Cupriavidus symbionts close to C. necator
and C. pinatubonensis

Are the heavy metals in the soils (mining areas) a factc

C. necator

C. pinatubonensis

Rufo Cold et al. in prep.



Summary of endemic Mimosa

symbionts by biome

Cerrado (Brazil) = Burkholderia

Caatinga (Brazil) = Burkholderia

Mata Atlantica (Brazil) = Burkholderia

Central highlands (Mexico) = Rhizobium/Sinorhizobium
Uruguay (heavy metal soils) = Cupriavidus
Madagascar/E. Africa = ?

India = Sinorhizobium

Does Mimosa phylogeny/taxonomy have a role in this
distribution or is it soil/environment that drives it?
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M. luisana MEx (FJ982114) O
:r M. borealis MEX (F3982010) O O

o —M. lacerata mex (Fase2009) ()
20 Mya ——————O—M. caesalpiniifolia Bra (Fassz014) K
M. gracilis BRA (F1982073) *
| O |:M. robusta MEX (F3982176) .

Mimosa candollei BRrRA (F3982020) *

M. blanchetii BrA (F3982008) *

Cl 3 : Rhizobium Mexico
Cl 4 : Rhizobium Mexico

Cl 5: Rhizobium Mexico
Cl 6 : Rhizobium Mexico

Alpha rhizobia Brazil

Burkholderia Brazil

+~ 000000

M. cordistipula BRA (F3982029) *
M. occidentalis MEx (Fi982136) X

M. orthocarpa MEx (Fi982141) %

M. somnians MEX BRA (FJ982194) K
':M. adenocarpa BRA (FJ981984) *

M. pteridifolia BrA (Fi982165) *

M. claussenii var.megistophylla era (F3982026) Yo B ra Z| I
M. laniceps BRA (FJ1982102) *

M. manidea BRA (FJ982116) *

M. melanocarpa BrA (Fi982118) Y

M. ulei BRA (FI982213) Y

O-‘j M. pudica Bra (Fi982166) W

. affinis MEX BRA (F3981992)

2 Mya =]

M. goldmanii MEX (FJ982072) O

M. tricephala mex (Fase221y O @ Q
M. albida mEx (F1981993) O . O
M. tequilana mex (Fiss220) @ @ O

M. debilis BrA (Fi982041) Y MeXICO + BraZII

M. nuda BrA (FJ982133) *

aJ

6 Mya~""

M. velloziana BRA (FJ982218) *
“O————— M. xanthocentra Bra (Fis82232) Y [ )

M. hirsutissima Bra (F982085) Y

M. discobola BraA (F1982051) e
M. cyclophylla BRA (F1982037) v

M. radula BRrA (FJ982170) *

M. vestita BRA (F1982222) Y .
M. skinneri vex sra (Fass2193) e x @ @ O B razl |
M. callithrix BrA (FI982017) Y

M. venatorum BRA (FJ982219) *

trnD-trnT

0.002
—



Nodulation of Mimosa: conclusions

Mimosa has a propensity for endemism (particularly at high altitudes),
and this has resulted in large clades that have strict preferences for
particular symbiont genotypes: Burkholderia in the case of Brazil and
Rhizobium/Ensifer in the case of Mexico.

Soil characteristics, particularly pH, appear to be the main
determining factors in the selection of symbionts.

Geographical separation has resulted in these older clades no longer
being able to nodulate with other symbiont types.

BUT, other (much younger) clades are “split” between Brazil and
Mexico; these have retained their ancestral ability to nodulate with
Burkholderia.

The “switch” from a basal Burkholderia preference to the “local”
microsymbionts can occur remarkably quickly (<2 my).

CONCLUSION 1: Beta-rhizobia are very widespread.

CONCLUSION 2: Mimosa is very plastic in terms of adapting to
nodulate with a wide range of symbionts, and this has assisted
it’s spread into diverse environments.
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