Supplemental methods
Bacterial and plant material

M. extorquens strain DSM13060 [Genbank:AGJK00000000] was originally isolated from
the buds of mature P. sylvestris trees growing in a natural stand in Oulu, Northern
Finland (65°0" N; 25°30" E) (1). For the gDNA isolation and inoculant preparation,
bacteria were grown by shaking at 28°C in M9 Minimal Salts Medium supplemented with
18.5 mM sodium succinate and 120 mM methanol (2). Pine seeds were heat-treated for
72h at +55°C, incubated in sterile water overnight at RT, and surface sterilized with 2.5%
calcium hypochlorite for 15 min. After sterilization, the seeds were rinsed three times
with sterile water and germinated on soaked sterile vermiculite in glass jars. The seeds
were allowed to germinate for 5 days in the growth chamber at 24+ 3°C at 16/8 h
photoperiod. The GFP-tagged M. extorquens DSM13060 strain (13061) was used for the
colonization studies (3). The bacterial culture was diluted with sterile water to the density
of 2.5 x 10’ CFU/mL and 100 pL of solution was pipetted on each germinating pine seed

for the inoculation.

Isolation of genomic DNA

Bacteria were grown to the late logarithmic phase and cells were harvested by
centrifugation at 4000 x g for 5 min at 4°C. The bacterial pellet was ground in liquid
nitrogen with mortar and pestle to facilitate the lysis and increase the yield. The genomic
DNA was isolated according to the Joint Genome Institute (JGI) standard protocols for

bacterial DNA isolation by using CTAB (4) with minor modifications. Two additional



extraction steps with chloroform:isoamyl alcohol and phenol:chloroform:isoamyl alcohol
were done to increase the DNA quality. The quantity and quality of DNA was assessed
against molecular weight standards to meet the JGIs specifications in 1% (w/v) agarose
gel electrophoresis in 1 x Tris-acetate-EDTA (TAE) buffer containing ethidium bromide

(0.5 ug/ml).

Genome sequencing

The draft genome of M. extorquens DSM13060 was generated at the JGI using a
combination of Illumina (5) and 454 technologies (6). For this, genome we constructed
and sequenced an Illumina GAii shotgun library which generated 65,149,632 reads
totaling 4,951.4 Mb and a paired end 454 library with an average insert size of 15 kb
which generated 505,906 reads totaling 113.9 Mb of 454 data. All general aspects of
library construction and sequencing performed at the JGI can be found at
http://www.jgi.doe.gov/. The initial draft assembly contained 734 contigs in 5 scaffolds.
The 454 paired end data were assembled together with Newbler, version 2.6 (7). The
Newbler consensus sequences were computationally shredded into 2 kb overlapping fake
reads (shreds). Illumina sequencing data was assembled with VELVET, version 1.1.05 (8),
and the consensus sequence were computationally shredded into 1.5 kb overlapping fake
reads (shreds). We integrated the 454 Newbler consensus shreds, the Illumina VELVET
consensus shreds and the read pairs in the 454 paired end library using parallel phrap,
version SPS - 4.24 (High Performance Software, LLC). The software Consed (9) was used

in the following finishing process. Illumina data was used to correct potential base errors



and increase consensus quality using the software Polisher developed at JGI (Alla
Lapidus, unpublished). Possible mis-assemblies were corrected using gapResolution (Clift
Han, unpublished), Dupfinisher (10) (C. Han and P. Chain, International Conference on
Bioinformatics & Computational Biology. CSREA Press, Las Vegas, Nevada, USA, 2006),
or sequencing cloned bridging PCR fragments with subcloning. Gaps between contigs
were closed by editing in Consed, by PCR and by Bubble PCR (J-F Cheng, unpublished)
primer walks. A total of 725 reactions were used to close additional gaps. The final draft

DSM 13060 genome consists of 12 scaffolds (240 contigs) totaling ~6.7 Mb.

Genome annotation

Automatic annotation was performed using the JGI-Oak Ridge National Laboratory
annotation pipeline. Additional automatic and manual sequence annotations and
comparative genome analysis was performed using the Integrated Microbial Genomes
system (11), as well as in-house Perl/BioPerl/Per]l Tk scripts. If we assume co-linearity
with the genome of strain AM1, the five largest scaffolds together add up 5.51 Mb and
align to the 5.51 Mb AM1 chromosome. The remaining large scaffold (1194411 bp) were
very similar in size and gene content to the AM1 megaplasmid, and is therefore likely to
be a DSM13060 megaplasmid. Apart from the analyses concerning the megaplasmid our
genome comparisons do not rely on synteny. The remaining 6 contigs were between 5-16
kb long, and did not encode AM1 orthologs. No small plasmids could be identified. The
whole genome shotgun sequences have been deposited in GenBank under accession

number AGJK00000000.



Gene origin inference

Blastp was used to compare the The DSM 13060 proteome to the nr database downloaded
from Genbank on July 10, 2013 (nr blast search; only hits with E<e-10 were included).
For the top 10 hits of each protein, a downloaded NCBI taxonomy database was used to
count the number of hits in each of the following taxonomic categories: non-extorquens
Methylobacterium (m), non-Methylobacterium Rhizobiales (r), non-Rhizobiales
Alphaproteobacteria, and non-Alphaproteobacteria (n), excluding hits classified as
“unclassified sequences”, and “other sequences”. Next, Blastp was used to compare the
The DSM 13060 proteome to and to a local database of the proteomes of M. extorquens
PA1, M. extorquens BJ001, M. extorquens CM4, M. extorquens AM1, and M. extorquens
DM4 (extorquens blast search; only hits with percent identity >80 and E<e-30 were
included). The number of hits in each of the following taxonomic categories were
counted: any M. extorquens strain other than DSM 13060 (e), M. extorquens AM1 (am1l).
The criteria used to identify potentially horizontally transferred genes and other genes of
interest in the DSM13060 genome are showed in Table S1 in the supplemental material,
along with the numbers of genes in the different categories and their distribution across
the two replicons. The categories are non-overlapping, e.g. 2a does not include genes in
la. The remaining 3518 genes (not found in any of these categories) are presumed to be

part of an Alphaproteobacterial core genome.



Utilization of 1-aminocyclopropane-1-carboxylic acid (ACC) as a sole nitrogen source
Enzymatic activity of putative ACC deaminase of M. extorquens DSM13060 was assayed
according to Poonguzhali et al. (12). Briefly, M. extorquens DSM13060 was streaked onto
ammonium mineral salts agar media (AMS) supplemented with 3 mM ACC (Sigma-
Aldrich, St. Louis, Missouri, USA) instead of NH,Cl as a sole nitrogen source. Plates were
incubated at +28 °C for 10 days and bacterial growth was compared to a M. extorquens

DSM13060 control grown on AMS media without any nitrogen source.

Screening of cellulose hydrolyzing enzymes

Ability of M. extorquens DSM13060 to hydrolyse cellulose was assayed according to
Kasana et al. (13). M. extorquens DSM13060 culture was grown under shaking in M9
minimal media at +28 °C for 48h. Ten microlitres of exponential phase growth culture
was pipetted to the center of carboxymethyl cellulose (CMC) agar plates. The plates were
incubated at +28 °C for 10 days. Development of halo zone around the colony was

considered as positive for production of cellulose hydrolyzing enzymes.

Promoter-reporter constructs

In order to study the activity of putative ACC deaminase gene (acdS) (IMG gene
accession 2507325054), cobalamin synthase (cobS) (IMG gene accession 2507327870) and
bacteriophytochrome (bphP) (IMG gene accession 2507328599), reporter constructs were
created for M. extorquens DSM13060. The promoter regions of the genes were amplified

from genomic DNA of M. extorquens DSM13060 using Phusion High-Fidelity DNA



polymerase (Thermo Scientific) and primers with restrictions sites for Mlul and Ndel
enzymes (FastDigest; Thermo Scientific) included in the overhangs, respectively.
Similarly, the mCherry gene was amplified from the plasmid pMP7604 with restrictions
sites for the Ndel and Kpnl enzymes (14, 15). The Ndel restriction enzyme was used to
create a compatible restriction site between each promoter (3’) and the mCherry gene
(57). After restriction of promoter-reporter fragments, the ligated constructs were cloned
into pJET 1.2 plasmid and propagated in E.coli DH5a (16). Plasmids were digested with
MIiul and Kpnl restriction enzymes, and the constructs were ligated into the respective
sites of pME6031 plasmid (17), to create the plasmids pMExt054, pMExt870 and
pPMEXxt599 carrying the constructs acdS:mCherry, cobs:mCherry and bphP::mCherry,
respectively. The primer sequences, plasmids and bacterial strains used in this study are

described in Table S2.

Alphaproteobacterial pfams excluded from the pfam analysis

pfam00115, pfam00033, pfam02790, pfam01059, pfam00361, pfam00361, pfam00146,
pfam00662, pfam00119, pfam00507, pfam00116, pfam00499, pfam00510, pfam00163,

pfam13631, pfam00032
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