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Introduction Functionally similar polymorphic fasR is necessary in
* Phytopathogenic Rhodococcus is a Gram-positive, mycolic acid containing bacteria that causes leafy p hYto pat h Og e n ic RhOdOCOCC”S

gall disease (Figure 1).
* Broad host range and emerging threat to the nursery industry (Putnam and Miller, 2007).

+ Virulence loci fas (or variant), fasR, and att are suggested to be necessary to cause leafy gall disease Polymorphic fasR functions Similarly N fasR Is necessalry but not sufficient for virulence of isolates of
(Figure 2). | | - o Rhodococcus isolates D188 and A21d2 phytopathogenic Rhodococcus

* Isolates D188 and A21d2 show notable difference in structure of their virulence loci (Figure 2 and

Figure 3). | |
Figure 1. Phytopathogenic Figure 5. R. fascians fasR alleles

Rhodococcus causes leafy galls | Putative ligand  Putative DNA are polymorphic (Creason et al.,

in plants. (A) Streaked plate of binding domain ~binding domain” 2014). (A) Predicted domains of fasR.
phytopathogenic Rhodococcus Synonymous (red), non-synonymous . |
strain D188, (B) Mock (water) lll*l RIS ||||||||1|_i|||l (blue), and INDELS (green arrows with CATRD (S AMRD + fRA

inoculated Nicotiana benthamiana. +30 -8 the number of nucleotide differences).
(C) N. benthamiana inoculated with =K, Clusters of non-synonymous

strain D188. (D) N. benthamiana ] -k, substitutions in A21d2 fasR are Alateaw = B S I YNy ' I-—I I.—I I-I I-I I—I

inoculated with isolate A21d2. : denoted with “*”. (B) Sliding-window : o ,_ 0.0 . . . .
' analysis of synonymous and non- | Genotype  Mock ApFD WT fSAfRD

SynOnymOUS SUbStItUtIOﬂS |n .I:aSR O.I: fsAfRD + fRD1 fsAfRD + fRD1s2 fsAfRD + fRc

5 e ' A21d2 paired with fasR of D188.
— (GHR-aHX ) attA B GHC ) GHD GHE GHF {altG ) GtH ) — sk —mirl 2 —fash “fosB fasC fasD “fosE “fasF —— -

fasR_A2102 ggcn BoRCHARETT =Icll BEcHocRcct as
task_1047 [EECHCENNEY TEEECEEECE EEENCATTEC EoBEcccccc NG T ciT Bck GonR

Consensus ATGNC TGCANCCGAT AGAGAACCTT CAAAANNGTN CCGAGNCNNT

Figure 2. Schematic of virulence loci of two phytopathogenic isolates of Rhodococcus. Top: three loci: att (blue), Conservation‘ |
fasR (orange), and fas (green) of strain D188 implicated in phytopathogenicity. The loci flank two genes, mtrl and mtr2 ' » ‘ = g~ | | z L. ~dY | 7 I—I l_l I-‘ I_I
(yellow), predicted to encode methyltransferases; these have not been implicated in virulence. The virulence loci are carried Pt ol | e [ ]
. . . . . . 1| . . G G G G GG“ 135 ‘ / 0.0 T T T T T T T T
on the plasmid pFiD188. Bottom: three virulence loci: att (blue), fasR (orange), and fasDF (green) of strain A21d2. FasDF is fAR1087 E%gucg ggﬁ:g !ﬁﬁgﬁh‘ Mr ggﬂ:! ycdi!& g!g!g!!g?! !ng!ggr! hg!é! 180 | o | Cenot
. . . . . . . onsensus

predicted to have the functional domains of FasD and FasF of D188. These three loci are hypothesized to be present within o = _ S ‘ einsils AfRA + fRD2 AfRA + fRD3 AfRA + fRA AfRA + fRD1s2 enotype  Mock WT AfRA
the chromosome of A21d2. o~ 11 ' : 1 ' | 111 - ‘ | r Mutant fRD1 fRD2 fRD3 fRA fRD1s2 fRDc
| | | w0 ARG IR R % ==:.§ g et g
Figure 3. Schematic of fasR in D188 and A21d2. fasR_1047 © slcl CTBABGEGEE 7 clllc ic cl elcnllcl cETcGGGHEN cETYTHGEGYE cETTHEGGIGE 270

. . Consensus GGAACNGCGT GTCACGNNCC NGAACNACNG NGNATGACAC GACTCACTGC GCGAATAGTC GATGGGGACA GCTTAGCGTC GATTCGGTGC
Comparison of the fasR coding sequence of D188

(top) to fasR of A21d2 (bottom). In D188, the fasR consenaton_ [T | (11T HE "I 1l

allele has three in frame ATG codons. The Accl and — sF074 GONEM 1 E“ 8 Hggggg g:’“ l »‘ri---i*- ﬁggg I Fu Icaslr.l a6e :I a’"
. . . fasR_A21d2 | § ] A ] 315
Ncol restriction sites are also depicted; these demark TasR 1047 GCNEENGE Bric GGEE 188 BrEEGTC i cecll 360

the I‘egion that was deleted in the mutant Strain Consensus GGACCAGGAG AAATTACTCG TCGACAGGTT GATCTCGAAG CCGATCCACG ATTCTCCGTG AGGATTCAAT ACGTCTTATC GGGCGAAGTA

developed by Temmerman et al., 2000. The fasR allele consensson_ [T TTTEERNT T | [[in [TT111] | TN L [H_h"”_ [T

of A21d2 has only a single ATG start codon. Boxes = | | | | | T ol AR peaoE —— |—| ﬂ
coding sequences; lines = non-coding regions. Figure 6. Nucleotide alignment of fasR sequences show three ATG codons in-frame in fasR from M P - | i

strain D188. Each start site is highlighted by a black box. Alignment was developed using CLC
Sequence Viewer (Qiagen Company, Hilden, Germany).
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The fasR gene is necessary for phytopathogenicity of Rhodococcus. 00ll.

Genotype Mock WT ApFID188

fasR of D188 and A21d2 are homologous in function. Constructs Mutant ik

Figure 7: Heat map of pathogenicity

,\c,‘;b phenotype of mutant 18 construct
) combinations. Orange designates mutant as

‘g‘\q- QYQ‘ & pathogenic and green designates mutant as

A21d2AfasR nonpathogenic. Pathogenicity is based on the

-
(=]
1

oot Length (cm)
o
T

Figure 8. Functionally similar polymorphic fasR is necessary but not sufficient for phytopathogenicity of Rhodococcus. (A) fasR gene is
necessary for pathogenicity of D188. (B) fasR gene is necessary for pathogenicity of A21d2. (C) The D188AfasRy,,is polar and cannot be
used to inform on necessity of fasR in pathogenicity. (D) The fasR gene is not sufficient for phytopathogenicity. For A, B, C, and D, the
. R : following is the same. On the left, three-day old N. benthamiana seedlings inoculated with indicated isolates or water (mock). Photos were taken at 7

ability to inhibit root growth of N. benthamiana : : : e : : .. -
D188AfasRqx seedlings similar to wildtype dpi. At least three replicates were performed with 40 individuals per experiment. On the right, quantification of root length of part A. Error bars indicate

p D188AfasR standard error of the mean (SEM); *** represents a significant difference (p-value < 0.001) between treated plants and water (mock). Mutants were
f R d D N A t t o additionally tested on mature plants for the formation of galls. Mutants that were phytopathogenic by the ability to inhibit root growth on N.
O aS a n c O n S r u c S benthamiana seedlings showed consistent pathogenicity results by the ability to form galls on mature N. benthamiana plants (data not shown).

A Code

SV 1 Summary Future Directions

Genotype

virulence loci

gall

5 D188mn 100 fasR is necessary for ﬂLofggggﬁLz'o,l Differentiate ATG codons in D188 fasR (2" vs 3) and ATG codons

L5 D188 ,ex 1000 phytopathogenicity. / A2102 fasR. . . . .
L5 | D188rp s The two fasR variants are functionally Assess transcriptional and translational expression of fasR mutants via

A2102058 1002 fRA homologous and potentially regulate qRT-PCR and western blots respectively.

© Determine if fasR Is regulated via a post-transcriptional mechanism.
StvOPN’QQ the Same genes Thickened

L5 D188 fRD1s2 . . T~ stem
Potential 5" untranslated region Root

architecture

L5 A21d2k 1000 fRc

t - involved in regulating fasR Mpathogen,c References

D188 -
fasR_1047-1002 X | Acquisition of
fasR 2. Temmerman W, Vereecke D, Dreesen R, Montagu MV, Holsters M, and Goethals K. (2000) Leafy Gall Formation is Controlled by fasR, an AraC-Type Regulatory Gene in

virulence loci 1. Putham ML and Miller ML. (2007) Rhodococcus fascians in Herbaceous Perennials. Plant Disease. 91, 1064-1076.
FaSR |S key tO the CO-Optlon mOdeI by Maintains / Co s \ Sg&?ﬁz:ﬁzs Rhodococcus fascians. Journal of Bacteriology. 182, 5832-5840.

symptoms romosome 3. Creason AL, Vandeputte OM, Savory EA, Davis EW I, Putham ML, Hu E, et al. (2014) Analysis of Genome Sequences from Plant Pathogenic Rhodococcus Reveals Genetic

D188AfasRq, — rsAfRD

. . - Novelties in Virulence Loci. PLoS ONE 9(7): e101996.
pOte ntlal Iy m ISreg U Iatl ng the QI\J iP 4. Savory EA, Fuller SL, Weisberg AJ, Thomas WJ, Gordon MI, Stevens DM, Creason AL, Belcher MS, Serdani M, Wiseman MS, Grunwald NJ, Putnam ML, and Chang JH. (2017)
/
N
H

. Evolutionary transitions between beneficial and phytopathogenic Rhodococcus challenge disease management. eLife. 6: e30925.
knockout mutants. D188AfasR., ., a frameshift mutant with a thymine inserted at 303 base pairs downstream of 1047 expression of other genes and

start site. D188AfasRy;,, a deletion mutant made with restriction sites Accl and Ncol (Temmerman et al., 2000) reproaramminag the aenome for Figure 9: Virulence loci fasR, fas, and att co-opt the ACknOWIEdge me nts
A21d2AfasR, a non-polar deletion mutant developed by homologous recombination. (B) Constructs developed with an LS p g g g Rhodococcus genome for pathogenicity (Savory et This work is supported by the National Institute of Food and Agriculture, U.S. Department of Agriculture, award number 2014-51181-22384.

ConStltUtlve_ promotor _and different mutant alleles of fasR including different in-frame ATG variants, site-directed pathogemCIty. al., 2017). Model shows fevolutionary transition in EAS is supported by a USDA NIFA post-doctoral fellowship (#2013-67012-21139). DMS was in part funded by the E.R. Jackman Friends
mutagenesis, and a chimera. Rhodococcus between mutualist and pathogen. and Alumni, and the College of Agricultural Sciences’ Continuing Researchers Program.

Figure 4. Development of knockout mutants of fasR and DNA constructs. (A) Schematic shows three




