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ABSTRACT A culture collection of 41 bacteria isolated from the rhizosphere of culti-
vated barley (Hordeum vulgare subsp. vulgare) is available at the Division of Plant
Sciences, University of Dundee (UK). The data include information on genes puta-
tively implicated in nitrogen fixation, HCN channels, phosphate solubilization, and
linked whole-genome sequences.

he microbial communities thriving at the root-soil interface, that is, the rhizosphere
microbiota, represent an untapped resource of plant probiotic functions (1, 2).
Bacterial members of the microbiota capable of enhancing a plant’s mineral uptake
from soil and pathogen protection, namely, plant growth-promoting rhizobacteria
(PGPRs), have gained prominence in both basic scientific and translational applications
(3-5). As a resource for comparative investigations of the plant microbiota across host
species, we present a collection of 41 bacterial strains encompassing 15 genera with
the presence of at least 5 putative plant growth-promoting (PGP)-associated gene
orthologs, including, dinG, hcn, nif, pho, and pqq (Table 1) (6).
Strains were isolated from the rhizosphere of cultivated barley (Hordeum vulgare L.
subsp. vulgare), the fourth most cultivated cereal worldwide (7), which was grown in
an agricultural soil used for previous barley-microbiota investigations (8, 9). Bacterial
rhizosphere fractions were obtained by detaching the soil adhering the uppermost
6 cm of barley roots by vortexing in phosphate-buffered saline (PBS) buffer. Serial dilu-
tions were plated onto R2A and nutrient agar media and incubated at 20°C for 48 to
72 h (10, 11). Individual CFUs were selected for isolation based on morphological varia-
tion; clean isolate liquid cultures were stored at —80°C in 70% glycerol following 24 to
48 h of shaking incubation at 27°C.
DNA was extracted as per the manufacturer’s instructions using the FastDNA spin Editor Irene L. G. Newton, Indiana University,
kit for soil (MP Biomedicals, USA). Individual bacterial isolates were subjected to whole- B‘Oomfngton
genome sequencing using the “standard service” of MicrobesNG (Birmingham, UK). ?;':i);"aih;ii?azczcgfsb:rgin;:ﬁiegaytzdezamlaer
Briefly, bacterial genomic DNA libraries were prepared using the Nextera XT library the terms of the Creative Commons
prep kit (llumina, USA) following the manufacturer’s protocol with the following modi- Attribution 4.0 International license.
fications: 2 ng of DNA were input, and PCR elongation time was increased to 1 min. deir‘zsaigﬁg)?f:;s:;;iio LRSI,
DNA quantification and library preparation were conducted on a Hamilton Microlab *present address: Federico Concas,
STAR automated liquid handling system. Pooled libraries were quantified using the GlaxoSmithKline Research and Development,
Kapa Biosystems library quantification kit for lllumina on a Roche light cycler 96 quanti- Stevenage, United Kingdom.
tative PCR (qPCR) machine. Libraries were sequenced by using an lllumina HiSeq The authors declare no conflict of interest.
. . . . . Received 1 November 2021
instrument with a 250-bp paired-end protocol. Reads were adapter trimmed using Accepted 28 January 2022
Trimmomatic (v0.30) with a sliding window quality cutoff of Q15 (12). De novo assem- Published 17 February 2022
bly was performed using SPAdes (v3.7), and contigs were annotated using Prokka

Volume 11 Issue 2 e01064-21 A Mierobiolesy  myra.asm.org 1


https://orcid.org/0000-0002-2020-6642
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://mra.asm.org
https://crossmark.crossref.org/dialog/?doi=10.1128/mra.01064-21&domain=pdf&date_stamp=2022-2-17

Robertson-Albertyn et al.

‘ubis snid ayy Aq pardidap st swouab [eLd1deq YoeS Ul UoIIedYIUSPI Y] >

‘7074 UOISISA BIep UM (0°9° LA) M19ALD AQ pauyap sesjues anbjun pue 1samo| 2y} s13)j21 AWOUOXe) Ulens q

*s95592014d dljogeIaWw paydadsul aY3 UIYIM paynuapl sauab [enyde 11dap s19119] [eude) ‘9496 ‘HoInd INY »

£€90%795S43 (4014 NY'oO'H'a'e’v + 896'TTS L€ 90S'€LY'S veL1g ds snjjppquad velld
9€90%795S43 €007 n's NYo'H'a'9V + 6Tty 14%4 6L6'0LE'S Xajduwis snjj1>pqliad €ellg
7€90%795S43 Lv'6S BE:A v e + H'4'3'a’D'e 6YE'6€T S YTL'vLS'9 0€1!g "ds sbuowopnasd o€l
9C€8E19SYT 989 NY'H + 866V ¥69'L 0T€'995'9 8z 11g "ds wnua1dLqoDIN 8cllg
7996£95S44 86'8¢ nay YHY 689'£60'L [44 ov/L'167'9 9z g ds 4a10pqopad ocllg
1996€95S43 LE'6S BE:A e + H'4'3'a’D’'e 6v'0ST [49 TL1'S0P'9 €119 ds spuowopnasq €clg
0996€95S43 96'59 NYO'H'ADV + €20'99 14} €18759'v 1gn111op] sbuowoydoijouals cellg
6596€95S43 SL'[9 NY'H 095T6€ 0¢ 608'880°¢ LZ11g “ds wnua1pqo.IN Lzig
8596€95S43 €69 X'Nd'H'a’v + 1 00L16T 8 970'98.'s 81L11g "ds yjissopy 8LLg
9596€95S43 ¥'1l9 BE:A n'd + 9 £69'8C LLE S/8'6019 Daub.ia]ipatl SDUOWOpNasqd cLig
§5596£95S4d 65 0€6'SL 691 £18'569'9 s1uID> spuowiopnasd Liig
¥596€95S41 ¥¥'6S z1L8'o9l 9 S97'969'9 S1uip3 sbuowopnasd oLLd
€596£95543 L9'LS 610'€ ¥19°1 669'L5S'Y sijapnbo pjjauyvy 90lL'd
¥096€95S41 6'S9 d'O'H'ADVY + 9//1'SL €0l 876'LS9'Y 1gn1dp| sbuowoydoijouals colg
€096€95S43 ¥6'L9 606'L¥T 14 €€T'159°E 8614 "ds wnL23o0qoDIN 86!9
2096£95S43 €5°6€ £16'981 SL STO'ELS'S 969 "ds snjjoqliad 9%6!9
L096€95SY3 L7'v9 01094T ¥S 0Ti'6£9's sUDI>spj sN22020poyyY Le'd
0096€95S43 SL09 00%'s91L €L 781'9€1L'9 51SU3210X SDUOWOPNAsd 68!d
865695543 98'6¢ S€0°LT %14 612'9LS'S xajduwis snjj1>pqliad 7819
£656€95S43 6159 0S6'9L Lzt L81'€68'Y €819 "ds Ja1pqosyiy €8ld
9656£95543 6'LE Si'69€ 99 8/9'508'S wnua3pbaw vlsald 8!
§656£95543 §6'99 90£'66 L6 81¥'LS9'Y 1gn1110p] sbuowoydoijouals 1819
¥7656€95S43 8¥'0t 8002 9L0'L sLz'Lol's supiajo3iobliy snjjog 08!d
€656£95543 €89 S€9'8/L oLL 08€'zI8'e SUDpAX0 Wna120qOIN 9/14
0656€95S43 9€'C9 NY'H + H'43'aD'e SSL'EE 9€¢ L¥S'€9T's 0£1g “ds spuowiopnasd 014
6856€95S41 61°99 NYO'H'ADY + 4 866'7LL 8€L L£0'SSL'Y 1qn11120] spuowoydoijouals 9919
8856€£95543 0'89 n'v NY'H'a'v + 43'aD'e 898'€91l el 0€6'19£'9 S1uip3 sbuowopnasd ¥9ld
9856€95S43 L1'6S n'sa1'v N'L'Y'H3 6€T'6LE V4 69%'191°S winiqpj wnii23opqoiby orlg
§856£95S4d L9vS r NY'HIY + 61€'£69 0¢ L8LESL'Y nbimpny 131o0qoa1ug Sylg
¥856€95S41 6£'89 NY'H + 8LLLLL LS G88'cEq’E winioljoj winlia}dopqo.iN 4%k
7856£95S43 86'8¢ n'y YHY £90'1L06 €¢ TLEL6T9 9g1g "ds 1210pqopad o¢ld
1856€95S43 €099 NYO'H'ADY + ¥09'£9 901 065'56SY 1qn111o0| spuowoydoijouals Selg
6/56€95S41 LO'6E n'vy NYHY TLL'806 €¢ €0£'S87'9 £2'9 "ds 1210pqopad JA4L:|
8/56€95S43 799 NY'H + 4 v6S'Er L1T LLY'TLL'S 9¢ig "ds Jappqoiyuy 9clg
££56€95S43 €€'99 NY'HID'V + 13'aD'e S9L'E8E [474 710'6€6'y pjodipIydp viuImig €l
¥/56€95543 '6S v n'y'H'a + 43'a’>'g 78676 LLL S9Y'£69'9 S1uip3 sbuowopnasd 80!d
€/56£95S43 7809 BE:A v NY'H'a + H'4'3'a’D’'e 80089 891 ¥9¥'0£5'9 WinJipadpdIssbiq sbuowopnasd 90!9
/56£95S4d L1'6S n's'y NY'L'H3 €ES'LLY Lz TLe’lolL’'s wniqoy wnlia3>pqolby so'g
L£S6€95SY3 [44°]3 n'y d'H'a'V 9,7'08C 163 ¥21'990'S “ds wnua3opqoashiyd ¥o!d
0£56€95S43 64,9 NY'H'a + an 8¥/L'€9 96 £08'87S'E winioljo4 winliad0qo.IN €0'd
695695543 7569 NY'HD €9€°CLL 8/ YTT'v66'E abJuIsn03 J3120qIuD|d cold
*OU UOISSdIde (%) 3u23U0d udy Jiu oyd >Duip bbd (dq) >N sbiuo> (dq) az1s qS912ads |eusldeg ?)e|os|
VN3 J5 JO'ON swousn

paynuapl (s)auab
uoiado Ydod

Apnis s1y} Ul paguISIP ,5331L[0SI [e1I91e] [BNPIAIPUL | JO SSWOUIB JO SISqUINU UOISSIDI. pue ‘SD13s1a3deIeYD Dlwouab ‘uoijeljyje djwouoxe] | 319V.L

mra.asm.org 2

Issue2 e01064-21

Volume 11


https://www.ebi.ac.uk/ena/browser/view/ERS5639569
https://www.ebi.ac.uk/ena/browser/view/ERS5639570
https://www.ebi.ac.uk/ena/browser/view/ERS5639571
https://www.ebi.ac.uk/ena/browser/view/ERS5639572
https://www.ebi.ac.uk/ena/browser/view/ERS5639573
https://www.ebi.ac.uk/ena/browser/view/ERS5639574
https://www.ebi.ac.uk/ena/browser/view/ERS5639577
https://www.ebi.ac.uk/ena/browser/view/ERS5639578
https://www.ebi.ac.uk/ena/browser/view/ERS5639579
https://www.ebi.ac.uk/ena/browser/view/ERS5639581
https://www.ebi.ac.uk/ena/browser/view/ERS5639582
https://www.ebi.ac.uk/ena/browser/view/ERS5639584
https://www.ebi.ac.uk/ena/browser/view/ERS5639585
https://www.ebi.ac.uk/ena/browser/view/ERS5639586
https://www.ebi.ac.uk/ena/browser/view/ERS5639588
https://www.ebi.ac.uk/ena/browser/view/ERS5639589
https://www.ebi.ac.uk/ena/browser/view/ERS5639590
https://www.ebi.ac.uk/ena/browser/view/ERS5639593
https://www.ebi.ac.uk/ena/browser/view/ERS5639594
https://www.ebi.ac.uk/ena/browser/view/ERS5639595
https://www.ebi.ac.uk/ena/browser/view/ERS5639596
https://www.ebi.ac.uk/ena/browser/view/ERS5639597
https://www.ebi.ac.uk/ena/browser/view/ERS5639598
https://www.ebi.ac.uk/ena/browser/view/ERS5639600
https://www.ebi.ac.uk/ena/browser/view/ERS5639601
https://www.ebi.ac.uk/ena/browser/view/ERS5639602
https://www.ebi.ac.uk/ena/browser/view/ERS5639603
https://www.ebi.ac.uk/ena/browser/view/ERS5639604
https://www.ebi.ac.uk/ena/browser/view/ERS5639653
https://www.ebi.ac.uk/ena/browser/view/ERS5639654
https://www.ebi.ac.uk/ena/browser/view/ERS5639655
https://www.ebi.ac.uk/ena/browser/view/ERS5639656
https://www.ebi.ac.uk/ena/browser/view/ERS5639658
https://www.ebi.ac.uk/ena/browser/view/ERS5639659
https://www.ebi.ac.uk/ena/browser/view/ERS5639660
https://www.ebi.ac.uk/ena/browser/view/ERS5639661
https://www.ebi.ac.uk/ena/browser/view/ERS5639662
https://www.ebi.ac.uk/ena/browser/view/ERS6138326
https://www.ebi.ac.uk/ena/browser/view/ERS5640634
https://www.ebi.ac.uk/ena/browser/view/ERS5640636
https://www.ebi.ac.uk/ena/browser/view/ERS5640637
https://mra.asm.org

Microbiology Resource Announcement

6L
18

A{
suepfxo ulm_nachml,w oud

8619 "ds WwnLa19eqodIN 86!

Micr Obacte; ium foliorum

<65

Bootstrap _Phylum §
24 Actinobacteria Y ’
c 43 Firmicutes ] a
° 62 I Bacteroidetes o ! ! o
e 81 [T Proteobacteria o .
® 100 I

3

FIG 1 Whole-genome phylogenetic tree of individual genomes (ANI cutoff, 96%) constructed incorporating additional sequences for Bifidobacterium
longum NCC2705 (GCA_000007525), Microbacterium foliorum DSM 12966 (GCA_000956415), Bacillus subtilis NCIB 3610 (GCA_006088795), Pedobacter luteus
DSM 22385 (GCA_900168015), Stenotrophomonas lactitubi M15 (GCA_002803515), and Pseudomonas aeruginosa PAO1 (GCA_000006765). Protein predictions
were obtained using Prokka (v1.14.6), and the tree was constructed with 100 bootstrap iterations and annotated with iTOL (24). The size of circular shapes

on the periphery of the tree reflects the number of the indicated PGPR genes ranging from 1 to 7 present in each individual sample.

(v1.12) (13, 14). On the basis of GC content, unambiguous taxonomic annotations gen-
erated using amphora classification (15) and whole-genome average nucleotide iden-
tity (ANI) to identify individual “founder” members (ANI cutoff, 96%) yielded 41
genomes retained for downstream analyses. To compare only components of charac-
terized metabolic pathways, predicted genes were concatenated and annotated with
eggNOG-Mapper (v1.0.3) (16, 17). The resultant annotation file was parsed in Python to
generate a table of taxonomic identities (IDs) of Kyoto Encyclopedia of Genes and
Genomes (KEGG) ortholog (KO) identifiers. From this table, a presence-absence matrix
of all KOs predicted at least once in each isolate was generated in R (https://www.r
-project.org). Predicted proteomes were clustered using OrthoFinder (v2.2.1) and func-
tionally annotated using InterProScan (v5.29-68.0) (18, 19). Clusters and annotations
were aggregated using KinFin (v1.0) (20). Cluster and KO intersections were defined
using UpSetR (v1.3.3) (21). The phylogenetic tree (Fig. 1) was constructed using
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bcgTree (v1.1.0) and RAXML (v8.2.12), using RAXML's GTRGAMMA model and 100 boot-
strap iterations (22, 23); default parameters were used for all analyses unless otherwise
noted.
The collection is available as frozen isolates preserved in 300 to 500 ulL of nutrient
or R2A medium containing 50% glycerol and maintained at —70°C. To revive the fro-
zen cultures, we recommend using a sterile inoculating loop to transfer a small amount
(e.g., 50 uL equivalent) of the frozen culture onto a nutrient or R2A agar medium base
following standard microbiological procedures. The plates should be incubated at 27°C
for 24 to 48 h.
Data availability. The genomic sequences reported in this study are deposited in
the European Nucleotide Archive (ENA). Accession numbers for the individual genomes
are provided in Table 1. To acquire isolates, or for questions or suggestions, please con-
tact Davide Bulgarelli at d.bulgarelli@dundee.ac.uk.
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