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Here, we describe the draft genome sequence of Mesorhizobium amorphae strain CCNWGS0123, isolated from nodules of Rob-
inia pseudoacacia growing on zinc-lead mine tailings. A large number of metal(loid) resistance genes, as well as genes reported
to promote plant growth, were identified, presenting a great future potential for aiding phytoremediation in metal(loid)-
contaminated soil.

The alphaproteobacterium Mesorhizobium amorphae is of pro-
found scientific and agronomic significance due to its ability to

establish a beneficial nitrogen-fixing symbiosis with leguminous
plants such as Robinia pseudoacacia (10). Copper-resistant Me-
sorhizobium amorphae strain CCNWGS0123, isolated from root
nodules of Robinia pseudoacacia in a zinc-lead mine tailing, was
found to help its host plant to survive in copper-, zinc-, and
chromium-contaminated environments. This mutualistic symbi-
osis has been used to maximize the effectiveness of bioremedia-
tion of contaminated soil (2, 5, 11). This is the first genome se-
quence of a strain of Mesorhizobium amorphae; only three other
Mesorhizobium strains, representing three other Mesorhizobium
species (Mesorhizobium ciceri biovar biserrulae WSM1271, Me-
sorhizobium opportunistum WSM2075, and Mesorhizobium loti
MAFF303099), have been sequenced in the last 10 years (4).

The genome of M. amorphae strain CCNWGS0123 was se-
quenced using a 454 GS FLX sequencer (6) and assembled with GS
De novo Assembler (“Newbler”) version 2.3, producing 257 large
contigs (�500 bp), with 7,287,282 bp in total (62.88% G�C con-
tent) and an average contig size of 28,355 bp. The draft genome
sequence comprises 7,296,463 bases, with an 18-fold coverage of
the M. amorphae strain CCNWGS0123 genome. Functional an-
notation was performed using the Rapid Annotation Subsystem
Technology (RAST) server (1), with at least one copy each of the
5S, 23S, and 16S rRNAs, 51 tRNA genes, and 7,004 protein-coding
sequences (CDSs) annotated. Of 7,004 CDSs, 1,954 were assigned
to hypothetical or unknown proteins according to the current
database. Moreover, based on BLASTp with KEGG (Kyoto Ency-
clopedia of Genes and Genomes) orthology (KO), 2,765 proteins
have orthologs (bit score, �60) in five reference strains, i.e., a
Mesorhizobium loti strain, Sinorhizobium meliloti 1021, Agrobac-
terium tumefaciens C58, Mesorhizobium sp. strain BNC1, and a
Rhizobium leguminosarum strain, which are the closest neighbors
listed in RAST (http://www.genome.jp/kegg). A total of 5,483 pro-
teins could be assigned to COG families (clusters of orthologous
groups) through the NCBI Prokaryotic Genomes Automatic
Annotation Pipeline (PGAAP) (http://www.ncbi.nlm.nih.gov
/genomes/static/Pipeline.html).

The M. amorphae CCNWGS0123 genome carries multiple
genes potentially involved in copper resistance (cusAB, encoding
an RND-type (resistance-nodulation-cell division protein family)
copper efflux system; four genes encoding putative heavy/transi-

tion metal-translocating P1B-type ATPases with a typical CPX
metal binding motif in the sixth transmembrane helix; and two
operons encoding putative copper resistance determinants, in-
cluding a multicopper oxidase [MCO], an outer membrane pro-
tein, and a blue copper oxidase [copper tolerance protein]). Phy-
logenetic analysis of the three MCOs with known MCOs shows
that they are most closely related to CopA/PcoA of previously
studied copper resistance systems (3, 9).

Genes related to plant growth promotion, including those cod-
ing for nitrogen fixation (nif), nodulation (nod), siderophores,
1-aminocyclopropane-1-carboxylate deaminase (ACC), the root-
promoting hormone acetoin, and antimicrobial compounds (e.g.,
4-hydroxybenzoate), were also identified. Fifteen type III secre-
tion system (TTSS)-like genes, which could influence the extent of
the symbiosis, depending on the host plants, encode proteins that
could form a complex across the inner and outer membranes to
the external environment (7, 8). Furthermore, 25 genes were pre-
dicted to be involved in streptomycin, novobiocin, penicillin-
cephalosporin, puromycin, butirosin, and neomycin biosynthe-
sis. Three putative chloramphenicol acetyltransferase genes were
identified in the genome, which provides chloramphenicol resis-
tance at concentrations of up to 1,000 �g/ml on tryptone-yeast
extract (TY) agar.

Nucleotide sequence accession numbers. The draft genome
sequence has been deposited in GenBank under the accession
number AGSN00000000. The version described in this paper is
the first version, AGSN01000000.
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