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U\ U INS/IZ/\D\2 U U\ZUN Table 1. Overview of strains of the genus Rathayibacter used in this study
Actinobacteria of the genus Rathayibacter Zgurskaya et al. 1993 (family Organism Vm/‘msggin Isolation source
Mlcrobact_erlaceae) are characterlged by 2’4'd|amm0bmyrlc acid (L_-|somer) In the cell- Rathayibacter | Ac-1601T Seeds of Dactylis glomerata, nematode Anguina agrostis, New Zealand, 1968
wall peptidoglycan and predominant menaquinone MK-10. Until 2018, the genus rathayi Ac-2581 |Dactylis glomerata, England, 1934
Included six species with validly published names: R. rathayi, R. iranicus, R. tritici, R. Ac-2582 |Dactylis glomerata, New Zealand, 1968

. e - : Ac-2583 |Dactylis glomerata, New Zealand, 1968
toxicus, R. caricis and R. festucae. More recently, another new species, R. agropyri, Ac-2584 Dactylis glomerata. Scotland

agropyri are plant pathogens causing gumming disease of wheat and cereal grasses tritici Ac-2585 Triticum aestivum, India
(Poaceae) (Fig. 1) and are transmitted to their host plants by seed gall nematodes of ﬁc-gggg r?t?cum aestivum, IE%YPL 1941
: . . . . . C- riticum aestivum, India

t_he_ genus Anguina. R. toxicus iIs alsc_) responsible for_toxmlty of_ ryegrass (Loll_um Ac-2588 Tritioum aestivum. India
rigidum) and some other grasses, which often results in fatal poisoning of grazing Ac-2589 Triticum aestivum, Iran. 1966
animals in Australia and some other countries. The type strain of R. festucae was |R.iranicus Ac-1602T Seeds of Triticum aestivum, nematode Anguina tritici, Iran, 1966
isolated from Festuca rubra infected by Anguina graminis and the type strain of R. Rathayibacter Ac-1600 Phalaris minor, Australia, 1978
caricis was recovered from Carex sp. (Cyperaceae) without any symptoms of bacterial | < "° a2 oML rigidum, Australia, 1977

) _ _ P- yp Yy Sylimg Ac-2591 Lolium rigidum, Australia, 1978
diseases or nematode infestation. Ac-2592  Phalaris minor, Australia, 1978

Here we provide the results of comparative study of Rathayibacter strains Ac-2593 |Phalaris paradoxa, Australia, 1978
preserved in the All-Russian Collection of Microorganisms (VKM). The set of 26 strains Ac-2594 |Avena fatua, Australia, 1978 | - |
R. festucae Ac-1390" Seeds of Festuca rubra, nematode Anguina graminis, Moscow region, 1991

used in this study (Table 1) contained members of six recognized species (described

i ) ) _ R. caricis Ac-1799" Phyllosphere of Carex sp., nematode not detected, Belgorod region, 1996
before 2018) anc! several novel strains, including those |sol_ated f_rom the nematode  Rrathayibacter = Ac-2595 Leaf of Tanacetum vulgare, nematode Aphelenchoides fragariae, Moscow
galls on Acroptilon repens (Asteraceae) and from necrotic lesion on Tanacetum  SsP. Ac-2596" region, 2000 e B S i e s A
Fig. 1. Bacterial (left) and nematode vulgare (A_steracege), as well as from p_lants WithOl_J_t any symptoms of bacterial and :(3022655; Leaf of Acroptilon repens, nematode Mesoanguina picridis, Uzbekistan, 1992 = & './ ;
nematode infestation, such as Pedicularis kaufmannii (Orobanchaceae) and Androsace Bl 05t < Koso-polianskil, nematode not detected, Belgorod region, 1996 koso-poljanski

(right) galls (Murray et al., 2017)

Pedicularis kaufmannii

koso-poljanskii (Primulaceae). Ac-2629 Seeds of Pedicularis kaufmanii, nematode not detected, Moscow region, 1995
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1. GENETIC CHARACTERIZATION 2. PHENOTYPIC CHARACTERIZATION
1.1. Phylogenetic analysis based on 165 rRNA and gyrB gene sequences 2.1. MALDI-TOF mass spectrometry
Phylogenetic analyses based on 16S rRNA gene sequences indicated that all studied strains belonged to the genus For all 26 strains MALDI mass-spectra (including up to 120 peaks) were obtained. The results of
Rathayibacter and they have high levels of 16S rRNA gene similarity with validly described species (Fig. 2). the MALDI MS showed that the majority of strains were affiliated with 4 known species of the genus
o R festucae DSM 159327 (AM410683) R. tritici VKM Ac-2587 (KX758036) Rathaylbacter (tozxuéu?, tritici, fe;tucge and rathzayl) an(éll,\;nost Ilkgly, bTeIongeq t(l) thzsfe speclles. Fou;
The strain VKM Ac-2121T JFQ_ festucae VKM Ac-2595 (KX758068) . R. tritici VKM Ac-2588 (KX758037) strains (V.KM Ac- 1. 1", VKM Ac-2596', VKM Ac- 597 an KM Ac-2630") were isolated from clusters o
was most closely related to R. festucae VKM Ac-2629 (KX758067) R. tritici VKM Ac-2586 (KX758035) the described species and could relate to new species. |
R. tritici (98.9%). R. tritici VKM Ac-2587 (KX758081) 100||R. tritici VKM Ac-1603T (KX758033) Common componentg of MALDI mgss-spectra (new chemotaxonomic mz.ir.kers of the genus) were
The strain VKM Ac-25967 57 R. tritici VKM Ac-2586 (KX758080) R. tritici VKM Ac-2585 (KX758034) found for all studied strains of Rathayibacter (3954, 4428 n 6458 m/z); specific mass values for each
R. tritici VKM Ac-2585 (KX758079) 88 "R. tritici VKM Ac-2589 (KX758038) species were also detected (Table 2). .
was most closely related to iy . R. toxicus VKM Ac-2594
. : . R. tritici DSM 74867 (X77438) R. rathayi VKM Ac-2584 (KX758026) ' R toxicus VKM Ac-2593
R. rathayi and R. iranicus R, tritici VKM Ac-2588 (KX758082) R. rathayi VKM Ac-1601T (KX758022) R. toxicus VKM Ac.2592
(99.7%). R. tritici VKM Ac-2589 (KX758083) 87 199R. rathayi VKM Ac-2581 (KX758023) R. toxicus VKM Ac-2591
The strains VKM Ac-2630" ~ R. iranicus VKM Ac-1602T (KC188341) 97R. rathayi VKM Ac-2582 (KX758024) R. toxicus VKM Ac-2590
and VKM Ac-2597 were most FR. tanaceti” VKM Ac-2596 (KU891049) R. rathayi VKM Ac-2583 (KX758025) ’ e Ay
closely related to R. caricis R. rathayi VKM Ac-2581 (KX758069) go| | R. iranicus VKM Ac-1602T (KX758021) R. tritici VKM Ac-2589
(99.8%). 60 | R. rathayi VKM Ac-2582 (KX758070) “R. tanaceti” VKM Ac-2596T (KX758040) R. tritici VKM Ac-2587
The strains VKM 2595 and 67 R. rathayi VKM Ac-2583 (KX758071) 100, “R. acroptilonus” VKM Ac-2597 (KX758016) B g Z{;ﬁﬁxm 22;222
RN Aci2620h ATe most ~R. rathayi DSM 7485T (X77439) 99 'R, acroptilonus” VKM Ac-2630T (KX758017) LR; it KM Ao1603T
Closely related to R festucae 6£ R. rathayl.VKM Ac-2584 (KX758072) 5 R. caricis YKM Ac-1799T (KX758015) E::R acropt::lonus: VKM Ac-2630T
(99.9%). “R. acrop_tl!onus” VKM Ac-2597 (KX758065) N | — R. oskolensis VKM Ac-2121T (KX758039) RR: acroptilonus™ VKM fc-2597
8# R. caricis VKM Ac-1799T (NR_028756) 83 [ R.festucae VKM Ac-1390T (KX758018) ch;j:e‘;K“\’; :»:ﬁgsw
“R. acroptilonus” VKM Ac-2630" (KX758066) 100| rR. festucae VKM Ac-2629 (KX758019) R oskolensis VKM Ac.2121T
R. oskolensis VKM Ac-2121T (KX758084) 99'R. festucae VKM Ac-2595 (KX758020) _I:R. festucae VKM Ac-2629
R. toxicus DSM 7488 (AUDFO01) R. toxicus DSM 7488T (AUDFO01) R. festucae VKM Ac-2595
R. toxicus VKM Ac-1600 (KX758073) R. toxicus VKM Ac-1600 (KX758027) R. festucae VKM A°'139°TT
R. toxicus VKM Ac-2590 (KX758074) 100|R. toxicus VKM Ac-2590 (KX758028) rgj e VKA AT
100 R. toxicus VKM Ac-2591 (KX758075) 68 R. toxicus VKM Ac-2591 (KX758029) R. rathayi VKM Ac-2583
R. toxicus VKM Ac-2592 (KX758076) R. toxicus VKM Ac-2592 (KX758030) R. rathayi VKM Ac-2584
| R. toxicus VKM Ac-2593 (KX758077) R. toxicus VKM Ac-2593 (KX758031) R. rathayi VKM Ac-2082
0.01 R. toxicus VKM Ac-2594 (KX758078) 0.05 R. toxicus VKM Ac-2594 (KX758032) | | | | | | | | | | . rathayl VIEW Ac-1601
M. lacticum DSM 204277 (X77441) L. antri DSM 160417 (ACLLO1) 1000 20 50 70 0 bistance rovel 10 300 200 100 0
Fig. 2. Phylogenetic tree based on 16S rRNA gene sequence Fig. 3. Tree of the GyrB gene IR 2 derived from MALDI-TOF MS protein profiling
A fragment of the gyrB (765 bp) was amplified with the designed primers 5’-GAGGTSAAGCGYCAGGGTGC-3’ and 2.2. Chemotaxonomy, physiology and biochemistry

5-CTGGCAGTCCTTRAGCTTGCC-3’ and previously described primers gyrB-F and gyrB-R (Jacques et al., 2012).

Analysis of partial gyrB gene sequences (Fig. 3) and MALDI mass-spectra (Fig. 6, Table 2) showed that cultures
under study were affiliated with both known and new species of the genus Rathayibacter (R. oskolensis, “R. tanaceti”
and “R. acroptilonus”).

The revealed physiological and chemotaxonomic characteristics, including cell-wall sugars, cell-
wall glycopolymers and polar lipid profiles, allowed clear phenotypic differentiation of strains VKM
Ac-2121T, VKM Ac-2596" and VKM Ac-2630" from each other and from the recognized Rathayibacter

species. = _ _ _ |
Table 2. Characteristics that differentiate Rathayibacter species

. ) f m R. caricis |R. festucae|R. iranicus| R. rathayi | R. toxicus | R. tritici |R. oskolensis| «R. tanaceti» |«R. acroptilonus»
1°2° PhYlogenetIC analyS]S based on MLSA W]th Concatenated Sequences Colony color Yellow |Rose-orange| Yellow Yellow Yellow Yellow Yellow Yellow Yellow
Oxidase I + i + - + + + +
In order to obtain the gene sequences, gene specific PCR primers were designed: Methyl red test + + - - ! : + nd nd
> DNA gyrase subunit B (765 bp), \écéﬂes;ir?sz s i = - - - : nd nd
. -W u .
» recombinase A (600 bp), 99/ R. caricis VKM Ac-1799T (KX758015/KX827448/KX827449/KX827450) Galactose . i i T + + + + +
» RNA polymerase subunit B (1042 bp), 100~ Rathayibacter sp. Leaf299 (LMNTO1) Xylose + + + + + +
» polyphosphate kinase (1060 bp). 100l Rathayibacter sp. Leaf296 (LMNRO1) FUSSES i - ez
_ Glu, Man, Rha + + + + + + + + +
97, “R. acroptilonus” VKM Ac-2630" (MUKNO1) Polar lipids:
Multilocus sequence analysis of R. festucae VKM Ac-1390T (KX758018/AM410811/AM410863/AM410785) Phospt QDS BL 1 Bl 5 ) ) ] PL1 PL5 PLI%_),LIZLS, PLzl,DEg3-1, PLL PL7
the concatenated genes gyrB, recA, 95| m— R. oskolensis VKM Ac-2121T (KX758039/KX827451/KX827452/KX827453)

J Glycolipids R s G2, WG, G1, G2, G2, G3, G5 GC g G2, G3 SHles Gl1, G2,G2-1 G1, G2,G2-1,G4
rooB and ppk showed that the 100196 Rathayibacter sp. Leaf185 (LMPPO1) ycolip G4, G5, G6 |G2-1,G3,G4|  G3 2259 163 G4, G5 ’ G2-1, G4 S Dt nlle
recognized and new species formed 100! Rathayibacter sp. Leaf294 (LMNOO1) S o 2010, 2300, 2400,

- thhi 5 o) 2410, 2706, ’ ’ 2470, 2631, 2899,
separate, We”-defIF_IGd clade_s Wlthln R. tanaceti” VKM Ac-25967 (LIINO1) 2822 2949, 2659, 3941, jggi’gggi’ 2201, 2799, 2659, 3941, [3015, 3046, 4131,
A e o4 Y ' e /204108 12/ W1 sciara10766) Unique peaks in | 025,307, 30045270, | 089,497, | 5410/’ (9200 327 o o, | 40994974246, 4420, 455, 2573035, 3070
bootstrap values (Fig. 4). — 88 R. rathayi VKM Ac-1601" (KX758022/KX827445/KX827446/KX827447) Ny 5699, 6664, | 4761, 6583, | 4824, 6046, | 2 20 2185 |55 5003|4932, 958L.) 4854 6046, |5797, 5824, 5860, 3548, 4323, 5395,
Using the results of this study 100 R. tritici VKM Ac-1603T (KX758033/AM410813/AM410865/AM410787) spectrum (m/z) 6966, 9407, 6612 6108, 6169, gégg gggg 5882, 6588, ° 6108, 6169, (6031, 6093, 6637, 5803, 5885
and the published data, we propose a TO0L 41 NGPPB 1083 (CPO15515) 13905 e | 5 "5 o 15006, o1 Gpas)
cut-off value of Slmllarlty for four R. toxicus DSM 74887 (AUDFO1) i ’ 11290
\ 17354
concatenated genes being 96%, the R toxi Utilization of:
28 ek ' 100|R- toxicus FH142 (LBFIO1) _ :
similarity of genes gyrB — 94%, recA — - Adonitol + + - .
s gB _997(y a??é % A 68| R. toxicus FH145 (CP010848) ST " n : :
2 e ° PP o R. toxicus WAC3373 (CP013292) meso-Enytritol : n - )
distinguish between known and new Lactobacillus antri DSM 160417 (ACLLO1) meso-Inositol + + : v + + +
species of the genus Rathayibacter. N Inuline + + v - + + + +
' Lyxose - - - - +
Fig. 4. Phylogenetic tree based on MLSA Melibiose + + - + + +
Mannitol + + + + + + + +
L-Rhamnose + + - + + +
. : . Salicin + + + - + + + +
1.3. Phylogenetic analysis based’'on whole genome sequences using ANI, dDDH and TETRA Sorbito n n v v y n
Hydrolysis of:
- . o 0 0 Tween 40 + + + + + + +
The proposed and generally accepted species boundaries for ANI and digital DDH values are 95-96% and 70%,  — - " v " , "
respectively (Chun et al., 2018; Goris et al., 2007; Richter, Rossell6-Méra, 2009). Tween 80 ) n v ; v
H,S production from q q
—R. caricis VKM Ac-1799T i peptone i i i i i " "
(s'Rig?sﬁjfz) Complete genomes of R. rathayi VKM —— "
| Ac-1601" (the type strain of the type Growth at 5% NaCl " : : X : y
——"R. acroptilonus” VKM Ac-2630T sSpecies of Rathaylbacter), R. Iranicus VKM +, Positive; — , negative; v, variable between experiments or test methods.
(MUKNO1) Ac-1602T and representatives of the
R. festucae VKM Ac-1390T recently proposed or revealed new species, W2\ INNZ IS\ DDUNZIN]
(SRX875109) R. oskolensis VKM Ac-21217, “R. tanaceti” : : : :
’ Based on the obtained data, a novel species, R. oskolensis have been described (Dorofeeva et al.
. A T 13 ; ” . . ) ’ ) ’
.?:}(gaﬁé?.'ensrs VKM Ac-2121T XEI\QG';‘STZ?A?QETS usﬁca:czoggilor;\snot\;fel\c/ll 2018), while strains VKM Ac-25967 from Tanacetum vulgare and VKM Ac-2630T from Acroptilon repens
( ) (Starodu;nova . alq 2017 Vasilenko et al are still waiting for their descriptions as two novel species.
R. iranicus VKM Ac-1602T ; ’ I Our work also resulted in creating reference MALDI mass-spectral database for the genus
(QGDV01) B 0. . Rathayibacter, comprising validly described and putative new species, which allows fast and reliable
: Comparative analysis was performed . . . . - . .
—R. rathayi VKM Ac-1601T ik aedbmes of 17 Rathavibacter strains Identification of strains. Genus-specific (3954, 4428 wn 6458 m/z) and several species-specific
(OCNLO1) whichgincluded L a?]/d S ar stra components of mass-spectra were detected which can serve as chemotaxonomic markers of the
I itici - T . genus Rathayibacter and its species. And finally, borderline similarity values for housekeeping genes
R. tritici VKM Ac-1603 whose genome sequences were available Ny . . . . .
(SRX875111) oM ata bases. .Calculated genome were proposed that allows one to distinguish strains of the recognized and novel species of this
. 7N enus: gyrB — 94%, recA — 95%, rpoB — 97% and ppk — 95.5%.
— Iﬁhgﬁnai’e“ VKM Ac-2596T relatedness indices, such as average J 9y | P PP F | |
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sighature frequency correlation coefficient
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Fig. 5. Phylogenetic tree based on OrthoANI
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