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Bois noir (BN) strains widespread in several winegrowing regions in Austria have been transferred for mo-
lecular studies to the lab host Catharanthus roseus by wild catches of the Auchenorrhyncha planthopper 
Hyalesthes obsoletus. Interestingly, infection of C. roseus with different stolbur genotypes (CPsM4_At1, 
CPsM4_At4 and CPsM4_At6) resulted in clear differences in symptom development, showing different de-
grees of virescence and phyllody in C. roseus fl owers. Here, we report RNA sequencing results to evaluate 
the expression of stolbur genes of different stolbur genotypes and demonstrate the expression of a large sub-
set of phytoplasma genes including hypothetical proteins in planta. 

INTRODUCTION

Bois noir (BN) associated with ‘Candidatus Phyto-
plasma solani’ is widespread in several winegro-
wing regions in Austria. The transmission of ‘Ca. 
Phytoplasma solani’ to grapevine occurs by Auchen-
orrhyncha species and the planthopper Hyalesthes 
obsoletus (Cixiidae) is seen as the major vector of 
the pathogen (MAIXNER 2011). The strains invol-
ved in disease development of BN in Europe were 
linked to cycles involving different wild plants in-
cluding nettle, bindweed and vitex with the help 
of molecular markers (LANGER and MAIXNER 
2004; JOHANNESEN et al. 2012, KOSOVAC et 
al., 2016). The marker genes used for typing of the 
different phytoplasma strains include secY, stamp, 
tuf and vmp1 (CIMERMAN et al. 2009; FABRE et 
al. 2011; JOHANNESEN et al. 2012; PACIFICO et 
al. 2009). Previous studies based on these molecular 
markers have shown dominance of a nettle associa-
ted strain named CPsM4_At1 in Austrian vineyard 
areas (ARYAN et al., 2014).

Symptom developments in plant hosts typically 
include phyllody, virescence, yellowing, stunting, 
declines and diebacks (BERTACCINI & DUDUK, 
2009; HOGENHOUT et al., 2008). Effector proteins 
of ‘Candidatus Phytoplasma asteris’ have been de-
scribed to be involved in the development of these 
phytoplasma symptoms (HOSHI et al., 2009; MAC-
LEAN et al., 2014; SUGIO et al., 2011). The ex-
pression of ‘Ca. Phytoplasma asteris’ genes is diffe-
rentiated between insect and plant hosts (OSHIMA 
et al., 2011), but little is known on the expression 
of effector like proteins of ‘Ca. Phytoplasma solani’ 
in plants. Here, we used Catharanthus roseus infec-
ted with different BN strains and showing different 
symptoms to study the expression of ‘Candidatus 
Phytoplasma solani’ genes in planta. 

MATERIAL AND METHODS

Catharanthus roseus (cv. “Sorbas Reinweiß”, Aus-
trosaat, Vienna, Austria) were grown in greenhouse 
on soil “Einheitserde Spezial, Tonsubstrat ED 63” 
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from (Einheitserdewerke, Sinntal-Altengronau, Ger-
many) at 22-30°C with 14/10 h day/night regime. 
Wuxal Super (N, P, K fertilizer with trace elements, 
Kwizda Agro, Wien) was added every second week 
at the concentration of 0.2%. ‘Ca. Phytoplasma sola-
ni’ strains were transferred to C. roseus plants by aid 
of  infected H. obsoletus and Anaceratagallia ribau-
ti fi eld collected in Austrian vineyard areas in 2012 
and 2013 (ARYAN et al., 2014). The phytoplasma 
genotypes were characterized by the marker genes 
secY, Stamp, tuf and vmp1. C. roseus plants infected 
with the accessions CrHo13_1178, CrHo13_1183 
and CrHo12_601 were selected for further analy-
sis. CrHo13_1178 and CrHo13_1183 corresponded 
to the nettle associated genotypes CPsM4_At1 and 
CPsM4_At4 respectively, CrHo12_601 correspon-
ded to the bindweed associated genotype CPsM4_
At6 (ARYAN et al., 2014). 
RNA for RNA sequencing was isolated using a 
CTAB based protocol (CHANG et al., 1993) from 
pools of healthy, CPsM4_At1, CPsM4_At4 and 
CPsM4_At6 infected plants in triplicates. Ribomal 
RNA was removed using Ribo-Zero rRNA Remo-
val Kit (Epicentre, Madison) for bacteria and for 
plants according to the instructions of the manufac-
turer. mRNA sequencing was performed at GATC 
Biotech (Konstanz) after random primed cDNA 
synthesis at the HiSeq platform (Illumina) genera-
ting 60 million reads per sample. All quality control-
led reads (Q30, min seq length 30bp; in house perl 
scripts) were subjected to a reference based assem-
bly using the available phytoplasma sequences and 
bowtie2 (LANGMEAD & SALZBERG, 2012). The 
identifi ed regions were extracted and subjected to 
further analysis and annotation (information of the 
triplicate datasets were merged into one representa-
tive dataset). All identifi ed regions were annotated 
using blast (e-value e-5; ALTSCHUL et al., 1990; 
CAMACHO et al., 2009) and NCBI’s NR database 
(http://ncbi.nlm.nih.gov/).

RESULTS AND DISCUSSION

With wild catches of H. obsoletus and A. ribauti we 
were able to transfer at least six different genotypes 
to the lab host Catharanthus roseus. As in wild po-
pulations of Hyalesthes obsoletus the majority of the 
infections belong to genotype CPsM4_At1. Interes-
tingly, infection of C. roseus with different stolbur 
genotypes resulted in clear differences in symptom 
development, showing different degrees of virescen-
ce and phyllody in C. roseus fl owers (Fig. 1). While 
CPsM4_At1 infected plants often do not fl ower at 
all, CPsM4_At4 infected plants produce small whi-
te fl owers. CPsM4_At6 infected plants on the other 
side show strong virescence and phyllody. 

Whole genome sequencing of the different genoty-
pes provides the fundament for comparison to un-
derstand the molecular basis for these differences. 
Nevertheless, genome comparison alone might not 
be suffi cient to fi nd and understand the reasons for 
phenotypic variation. Differential expression of ef-
fectors might play an important role in heterogenous 
symptom development. Little is known on expres-
sion of phytoplasma genes in its hosts in general 
and of the stolbur phytoplasma in particular. Here, 
we report RNA sequencing results to evaluate the 
expression of stolbur genes in different stolbur ge-
notypes. Although symptoms were evident and the 
genotypes were confi rmed in all analysed plants, the 
number of reads assigned to phytoplasmas was cle-
arly different between the strains. The recovery rate 
and the number of clearly expressed phytoplasma 
genes in CPsM4_At1 was below hundred, while in 
CPsM4_At6 several hundred of phytoplasma genes 
corresponding to >50% of the genome were detec-
ted. Interestingly, the expressed genes did not only 
contain annotated metabolic genes (Fig. 2), but also 
contained several hypothetical proteins showing 
very pronounced expression. 

Figure 1: Symptoms of BN infections in C. roseus. Left the bindweed associated strain CPsM4_
At6, in the middle nettle associated CPsM4_At4 and right a healthy control.
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Figure 2: RNAs reads of CPsM4_At6 mapping to gene regions encoding for a diadenosine 
tetraphosphate hydrolase (top) and a DNA-ligase (below)
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Also expression of the genes encoding for the sur-
face proteins Stamp and vmp1 was pronounced in 
CPsM4_At6 infected C. roseus. The clear expres-
sion of genes without specifi c annotation points to 
a role of the genes in plant colonialization of BN. 
Knowledge on expression of BN phytoplasma ge-
nes in its hosts and its variation will allow a better 
understanding for the necessary factors for phyto-
plasma proliferation in its host, but will also pave 
the way for a better understanding of the virulence 
factors involved in disease development.
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