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Rhizobia: aerobic gram-negative soil
bacteria

+ When plants are deprived of nitrogen, rhizobia are
capable of establishing nitrogen-fixing symbiosis.

+ Rhizobia infect roots to form root nodules. The
bacteria then undergo nitrogen-fixation within the
cell cytoplasm.

+ Rhizobia and plant exchange sighals during this
process. The rhizobia continue to provide nitrogen
to plant in exchange for plant carbon compounds

« Evolution in legumes has shown the ability to

obtain nitrogen from rhizobia while growing in poor

cnilc



Sinorhizobium meliloti:
rhizobia symbiont to alfalfa

e |Legume symbiont

e (Creates nodules in the roots the convert
Dinitrogen to ammonia

e Aerobic but lives in low Oxygen

e Affects stable agriculture and ecosystem
function — nitrogen fixation



General Features of S. Meliloti 1021
genome

Table 1. General features of the S. meliloti strain 1021 genome

Feature Chromosome pSymA pS Genome

Length (bp) 1,654, 13¢5 1,354 226
G + C ratio

Protein-coding regions

[ransfer RNAs

tmMERNA*

Ribosomal RNA operons

t

Protein-coding genes
8

Average length of protein-coding
genes | pb)

Genes with functional
assignment

Orphan genes (% of total
protein-coding genes)

Regulatory genes (% of total
protein-coding genes)

Insertional and phage sequences
(% of replicon size)

RIME elements
Palindromes A, B, and C

"tmRNA derves its name from the presence of two separate damams, one that functions as

Sorvas as an mRNA




S.

meliloti genome is fully sequenced

3 Replicons

o 3.65 mb Chromosome

o 1.35 mb pSymA megaplasmid

o 1.68 mb pSymB megaplasmid

megaplasmids act like larger plasmids

pSymB provides extended metabolic pathways
pSymA provides factors included in node formation
42% of genes found in 582 paralogous families

o Genome — no recent size constraints— more
adaptive organism

2% of genes are Insertion sequences

o most near pSymA near genes used for symbiosis

o shows Symbiotic elements prone to change



pSym Megaplasmids - Genomic information not found in
the chromosome that contains 100kb or more of
information

e Found in highly diverse species
e (Contain the ABC transporter genes

e pDSYmA pSymB
May be transferable non-transferable
No essential genes contains essential genes

MENRE Chromosomal like



Linear Representation of Genome




First and Second line, Fig. 1

Top line derived from
coordinates relative to the
genome sequence on Web site.

Blue = Small molecule metabolism
Green = Macromolecule metabolism
Orange = Structural elements
Yellow = Cell processes

Red = Elements of external origin
Pink = regulators that are not
classified

Gray- Unknown/Hypothetical




Third and Fourth line, Fig. 1

e Distribution of phage-related sequences
e Recently duplicated genes




Fifth Line, Fig. 1

e GC% variation along the replicons
e Dotted line is the mean




Nitrogen Fixation and Metabolism

e Large relative portion located on pSymA
e No homologous genes
e Factors allowing S. Meliloti to live in low

oxygen environment
o Cytochrome c oxidase

o NADH-ubiquinone gene clusters (pSymA +
Chromosome)

e Nitrogen fixation — high energy
expenditure
e lives in low Oxygen environments



Transportation and Regulatory
Protein Frequency
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Transport functions

e Makes up the largest class of genes (~12%)
e Mainly ABC Transport proteins
e Abundance is high in pSymB (17.4%)



Regulatory proteins

8.7% of genes

most are LysR family

high abundance on pSymA

GntR regulators — more on megaplasmids
AsnC regulators — more on chromosome

no Serine-Threonine kinases found

only 7 regulatory families in S.meliloti make
up Quorum sensing system



Bacterial Adhesion mechanisms

e Adhesion to root hairs not well understood
e 1 putative adhesin, 2 agglutinin-like genes,
1 ABC transporter

o all similar to attachment genes of A.tumefaciens
e Two new pilus systems thought to be

homologous and located on chromosome
and pSymA



Comparison between M. loti and S.
Meliloti




Sinorhizobium meliloti vs. M. loti

e 35% of M.loti genes had no ortholog in S. meliloti
e Megaplasmid genes in S. meliloti were spread out in the
M. loti
e Symbiotic plasmid genes of M. loti have no orthologs in
S. meliloti
o exceptions: nitrogen-fixing and nodule forming
genes



Determination of S. meliloti 1021 shows that it has a
composite structure consisting of three unique replicons of
different architecture and service features.

o This is consistent with the hypothesis that both megaplasmids were
inherited from an ancestor with a single chromosome.

o Acquirement of pSymB has increased the metabolic capacity
considerably.

o Acquirement of pSymA also led to ability to nodulate, colonize low-
oxygen environment of nodules, and metabolize nitrogen compounds
under various chemical forms.

o Complete genome sequence allows for opportunities to study the
rhizobium-legume symbiosis and the nitrogen-fixation mechanisms of
these bacteria.
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