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Background and Objectives 
 

In plants, UDP-glucuronic acid (UDP-GlcA) is synthesized by the oxidation of UDP-glucose 

by UDP-glucose dehydrogenase (UGD), which is encoded by four genes in Arabidopsis 

(UGD1, UGD2, UGD3, UGD4). However, a second pathway has been described and involves 

the oxygenation of free myo-inositol by myo-inositol oxygenase (MIOX). In Arabidopsis, 

MIOX is also encoded by four genes (MIOX1, MIOX2, MIOX4, MIOX5), MIOX3 being a 

pseudogene. Transcriptome analysis of syncytia induced by Heterodera schachtii in roots of 

Arabidopsis revealed that two MIOX genes are among the most strongly upregulated genes in 

these specialized nematode feeding cells (MIOX4 and MIOX5) (Szakasits et al., in press) 

Double mutants for MIOX genes were produced in two combinations(Δmiox1+2, Δmiox4+5) 

and infection test of single and double MIOX mutants with Heterodera schachtii showed that 

number of females per plant was significantly reduced as compared to wild-type. 

As MIOX genes are involved in synthesis of cell wall polysaccharides, this reduction in 

number of females in mutants might be due to a defective syncytial cell wall. 

In order to get a better understanding of role of MIOX genes in syncytium development, the 

applicant’s objective was to learn and use transmission electron microscope for cell wall 

studies of MIOX mutants during current STSM. Additionally, syncytial cell wall of two UGD 

double mutant combinations (Δugd1+4, Δugd2 +3) were also examined. 

 

Methods 

Arabidopsis thaliana 



Arabidopsis seeds (Col) were surface-sterilized for 15 min in 6% Sodium hypochlorite, and 

afterwards washed three times in sterile distilled H2O. The sterilized seeds were grown into 

Petri dishes (9 cm in diameter) on a modified 0.2 Knop medium supplemented with 2% 

sucrose (Sijmons et al., 1991). Seedlings were grown in a growth chamber at 24ºC with a 16-

h photoperiod. 

 

Nematode infection with the beet cyst nematode Heterodera schachtii 

H. schachtii cysts were harvested from stock cultures on mustard (Sinapsis alba cv Albatros) 

roots growing on Knop medium supplemented with 2% sucrose (Sijmons et al., 1991). 

Hatching of juveniles was stimulated by soaking cysts in 3 mM ZnCl2. The juveniles were 

washed three times in sterile H2O. Roots of twelve-day-old Arabidopsis plants were 

inoculated under axenic conditions with approximately 50 juveniles per plant. 

 

Fixation 

Segemets of infected roots were fixed in 2% paraformaldehyde and 2% glutaraldehyde in 0.05 

M Sodium cacodylate buffer (pH 7.2) for 2h and then washed 4 times in the same buffer. 

Afterwards samples were post-fixed in 2% osmium tetroxide in cacodylic buffer for 2h at 4ºC. 

Osmium solution was removed and samples were washed 3 times with cacodylic buffer for 

ten minutes. 

 

Dehydration 

Dehydration was performed through a series of ethanol washes (10%, 20%, 30%, 40%, 50%, 

60%, 70%, 80%, 90%) each for ten minutes at 4ºC. Samples were washed again 3 times in 

pure ethanol and 3 times in propylene oxide. 

 

Embedding 

Infiltration was done with mixture of propylene oxide: epoxy resin and finally with pure 

resin. The specimens were then transformed into moulds and resin was polymerized at 65ºC 

for 16h.  

 

Sectioning 

Resin blocks were collected and semi-thin sections (2-3μm) were made with a Leica 

microtome. These sections were stained with aqueous 1% crystal violet solution and 

examined under light microscope. 



   

Fig.1- Semi-thin (2 μm) section of a female syncytium (14dpi) induced in wild-type roots 
stained with 1% crystal violet and observed under light microscope. 

 
Ultra-thin sectioning 

Selected probes were sectioned on a Leica ultramicrotome and ultra-thin sections were 

collected on a Formvar coated copper grids. After staining with uranyl acetate and lead citrate 

they were examined in transmission electron microscope. 

 

Main Results 
 

1- In total 23 probes of different experimental combinations (Δugd1+4, Δugd2 +3, Δmiox1+2, 

Δmiox4+5 and wild-type) containing multiple samples were fixed, embedded and sectioned 

for light microscopy examinations.  

 

2- After preliminary investigations at light microscopy level, 14 samples originating from 

different probes were sectioned, stained and examined under transmission electron 

microscope. 

 

3- Documentation of light and transmission electron microscopy examinations of roots of 

wild-type and mutant plants infected and non-infected with beet cyst nematode consisting of 

about 200 figures was produced. 

 

4- Preliminary analysis of obtained figures indicate no differences in the structure and 

development of syncytial walls in feeding sites induced in wild-type and MIOX mutant roots 

until when this STSM was finished.  

 



5- We expect differences in syncytial cell wall development in mutants Δugd1+4 and Δugd2 

+3 as compared to wild-type. Further observation will be carried out afterwards. 

 

  
Fig. 2- Transmission electron microscopy image of cross section of uninfected wild-type 

Arabidopsis root. 
 

  

Fig. 3- Transmission electron microscopy image of cross section of wild-type Arabidopsis 
root containing syncytium collected at 10 days after inoculation. 

 

 



Fig. 4- Transmission electron microscopy image of cross section of wild-type Arabidopsis 
root containing syncytium collected at 10 days after inoculation showing details of 
wall structure. 

 

Projected publications/articles resulting or to result from the STSM 
During current STSM, many observations and images were made and this will be 

incorporated into a manuscript in near future after further validation. 
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