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Abstract  

Gravitational force is one of environmental factors that influence growth and development of 

plants. Changes in this force, including microgravity, can be one of the stress factor which 

plants have to adapt to cope with. That kind of stress can lead to several abnormalities such 

as chromosomal breakage, morphological abnormalities or changes in gene expression. The 

aim of this study was to examine the influence of simulated microgravity on gene expression 

of Arabidopsis thaliana embryos by use Random Positioning Machine (RPM). RPM is 

laboratory facility that can generate conditions comparable to the true microgravity. This 

paper studies effect of simulated microgravity on expression of genes which are involved in 

plant embryogenesis (LEAFY COTYLEDON, LATE EMBRYOGENESIS ABUNDANT), 

antioxidative system (CATALASE), mechanical stimuli (TOUCH) and gravitropism 

(SCARECROW, SHOOT GRAVITROPISM2). Changes in gene expression were detected 

using quantitative real-time PCR (qRT-PCR). Several of tested genes had increased 

transcript levels after the influence of simulated microgravity. Specifically, catalase (CAT3), 

LECs (LEC1), touch (TCH2/CML24), and gravitropism (SGR2) genes achieved significantly 

increased relative expression (level ≥ 2). The changes in the levels of expression on embryos 

of Arabidopsis depend on the type of genes and principally on the timing of the influence of 

the simulated microgravity. 
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Introduction  

Microgravity has been demonstrated to have unavoidable impacts on living organisms during 

space flights and can be considered as important factor for estimating potential health risks 

for astronauts. Changes in the strength of the gravitational field are most surely yet another 

type of stress, which is transduced by signaling chains (Martzivanou et al., 2006). In order to 

study the effects of simulated microgravity, we utilized a random positioning machine (RPM) 

in the laboratory. A RPM is a version of 3D clinostat, which continuously realizes random 

changes in the orientation relative to the gravity vector in a biological experiment (Borst et al., 

2009). The first experiment of Arabidopsis thaliana in microgravity was performed by Merkys 

and Laurinavicius (1983), they obtained some viable seeds, on the other hand several of 

seed contained nonviable embryos (reviewed in Link et al., 2014). Simulated (micro)gravity is 

stressful for plants, and has an influence on plant growth, as well as on cellular and 

molecular responses such as cell cycle, embryogenesis, seeds, photosynthesis, gravitropic 

sensing/response, cell wall composition/properties, and changes of gene expression (Link et 

al., 2014). The growth and development of plants is highly influenced by various external 

factors including abiotic and biotic stresses. The antioxidant system is involved during plant 

stress and is comprised of several enzymes. One of them is catalase (CAT, H2O2:H2O2 

oxidoreductase; EC 1.11.1.6), which is not plant specific but is present in almost all living 

organism (Islam et al., 2015). In Arabidopsis genome are located three catalase genes 

(CAT1, CAT2 and CAT3). These genes encode individual subunits, which associate to form 

at least six isozymes. CAT1 and CAT3 genes are localized on chromosome 2, and CAT2 is 

localized on chromosome 4 (McClung, 1997; Mhamdi et al., 2010). The study (Alam and 

Ghosh, 2018) described that the expression of CAT1 was found in floral organs and seeds. 

In photosynthetic tissues, also in the seeds and roots is primarily expressed CAT2 gene and 

it is known, that gene CAT3 is associated with vascular tissues, but also with the leaves 

(Mhamdi et al., 2010). The researchers (Frugoli et al., 1996) say that in mature Arabidopsis 

rosettes are detected all three transcripts of CATs; however, CAT2 and CAT3 transcripts are 

much more plentiful than those of CAT1. The expression of CAT2 and CAT3 in Arabidopsis 

is controlled by circadian rhythms, with a morning-specific phase for CAT2 and an evening-

specific phase for CAT3 (Du et al., 2008; McClung et al., 1997). In addition to that, CAT2 

revealed downregulation during leaf senescence, but senescence and also age induced the 

expression of CAT3 (Zimmermann et al., 2006). 
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Other Arabidopsis genes examined in this paper are the LEAFY COTYLEDON (LEC) genes, 

specifically: LEC1, LEC2, and FUS3 (FUSCA3), which possess principal main specificity on 

embryo development (Gaj et al., 2005; Harada et al., 2001). LEC genes are unique in that 

they are required for normal development during both the morphogenesis and maturation 

phases. For specificity suspensor cell fate and cotyledon identity are required LEC genes in 

early embryogenesis (Harada et al., 2010). The authors (Stone et al., 2001) displayed that 

these mentioned genes are also necessary in late embryogenesis during the maturation 

phase for the acquisition of desiccation tolerance. From this finding, we can say that LEC 

TFs are appropriate and essential for induction of the maturation phase of zygotic 

embryogenesis. Direct targets of LECs TF are genes involved in storage macromolecule 

synthesis (Braybrook and Harada, 2008). The author (Harada, 2001) described, how LEC 

genes play important roles during maturation. Also ectopic expression of LEC1 and LEC2 

can induce embryo development in vegetative cells (Gaj et al., 2005; Stone et al., 2001). 

Another gene studied, the LATE EMBRYOGENESIS ABUNDANT (LEA) gene, is involved 

during embryogenesis. LEA proteins are present in plants, and they accumulate to high 

levels during the developmentally regulated period of dehydration at the end of seed 

development and also in the vegetative organs, suggesting a protective role during times of 

limited water (Battaglia et al., 2008). The mentioned proteins were not plant specific, but 

were discovered in phylogenetically distant organisms and have always been connected to 

abiotic stress tolerance, particularly desiccation tolerance (Hundertmark and Hincha, 2008). 

According to their sequence similarities, the LEA proteins are divided into seven groups 

(Battaglia, 2008). In Arabidopsis, 51 LEA protein encoding genes in the genome have been 

identified; 22 of them are highly expressed in non-seed tissues. The value of the expression 

of LEA is enhanced primarily by cold, drought, and salt treatment. On the contrary, only one 

LEA gene’s expression is enhanced by heat (Hundertmark and Hincha, 2008).  

The other studied genes of this paper in Arabidopsis thaliana were TCH genes, which were 

the first to be described as being upregulated in responses to mechanical stress, being 

induced within 30 min after mechanical stimuli. This investigation is reviewed by Braam 

(2005).  In Arabidopsis, TCH1 encodes calmodulin (CAM), CAM2. TCH2 and TCH3 encode 

calmodulin-like (CML) proteins (CML24 and CML12, respectively). The TCH4 gene encodes 

xyloglucan endotransglycosylase/hydrolase, which is an enzyme involved in cell wall 

remodeling (McCormack and Braam, 2003; Toyota and Gilroy, 2013). In the genome of 

Arabidopsis 6 CAM, 50 CML, and 33 XTH genes have been identified (Becnel et al., 2006; 

McCormack and Braam, 2003). Touch is not the only stimulus which induces expression of 

these genes. The worker (Braam, 2005) described, how TCH expression increased in plants 

sprayed with a variety of hormones; e.g., auxin, cytokinin, and abscisic acid - and even by 
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simply being spraying with water. Changes by cold-shock were also displayed by Polisensky 

and Braam (1996).  

 

The genes SCARECROW (SCR) and SHOOT GRAVITROPISM2 (SGR2) have been 

identified as affecting the differentiation of both the root and the hypocotyl endodermis. 

Mutation in one of the SCR genes lead to the shoots without endodermal cell that can not 

respond to the gravity (Tasaka et al., 1999). The SCR gene is expressed in the 

cortex/endodermal initial cells and also in the endodermal cell lineage. Its tissue-specific 

expression is regulated at the transcriptional level. Scr mutant has roots without one cell 

layer, because assymetric division, that normally generates cortex and endodermis, is 

disrupted in these mutants. Also phenotype of SCR mutants indicates its key role in radial 

patterning of the root as well of the shoot (Di Laurenzio et al., 1996; Wysocka-Diller et al., 

2000). SGR2 gene is involved in the early steps of the gravitropism response and mutants of 

this gene also show misshapen seed and seedling (Kato et al., 2002). Both genes are 

involved in the regulatory mechanism of shoot gravitropism in A. thaliana. Mutation of these 

genes affects both inflorescence stem and hypocotyl gravitropism (Fukaki, 1996). 

As mentioned previously, loss or change of gravity is a stressful factor for plants. Plants are 

an important part of space research, because they will be significant components of the 

bioregenerative life-support system on long-term space missions. In such a system plants 

serve as oxygen producers, food sources, and an important element in waste management. 

Because of these factors it is key to know how conditions in outer space affect plants growth 

as well as their development.  

In the current study, we evaluated the influence of simulated microgravity on gene 

expression of CATALASES, LEAFY COTYLEDON and LATE EMBRYOGENESIS 

ABUNDANT genes, TOUCH, SCARECROW, and SHOOT GRAVITROPISM2 genes in the 

embryos of A. thaliana. The transcript levels after different exposure times under microgravity 

were examined using quantitative real-time PCR.  

Materials and Methods 

Seeds of Arabidopsis thaliana (cv. Columbia) were provided by the Department of Botany 

(UPOL, Olomouc, Czech Republic). Materials used were: MS (Murashige and Skoog, 1962), 

Agar (Duchefa, Haarlem, The Netherlands), and MES (Sigma-Aldrich, St. Louis, MO). The 

Arabidopsis thaliana (cv. Columbia) were grown in a greenhouse. Acquired immature 

siliques, about 1 cm long, were sterilized in 70% ethanol for 2 min, then in 2,5% chloramine 

for 8 min, washed by sterilized water three times, and finally collected and transferred to Petri 

dishes with MS medium (1/2 Murashige & Skoog; 0.05% MES; 1% Agar). Next, plastic Petri 
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dishes (5.5 cm diameter) with MS medium containing about 20-30 siliques of Arabidopsis 

thaliana were fixed in the center of the inner frame of the RPM (Random Positioning 

Machine; Dutch Space Company). The input max. frame speed was 50 deg/sec and the 

input min. frame speed was 40 deg/sec. The samples were exposed to this 3D-clinostat 

(shown in Fig. 1) for 48, 96, and 168 hours at room temperature. The control plants 

(embryos) were incubated under the same conditions and for the same time as the test 

samples (only without the RPM). 

Quantitative reverse transcriptase polymerase chain reaction (qRT-PCR) 

Total RNA was isolated from ∼ 100 mg of biomass per sample of embryos after 48, 96, and 

196 hours of treatment in the RPM, using a Spectrum Plant Total RNA kit (Sigma-Aldrich, St. 

Louis, MO, USA). The RNA was quantified by spectrophotometric analysis. Prior to 

amplification, all RNA samples were treated with RNase-free DNase (Promega, Madison, WI, 

USA) to eliminate genomic DNA contamination. The isolated RNA was transcribed to cDNA 

according to a common protocol by a Transcriptor High Fidelity cDNA Synthesis Kit (Roche, 

Basel, Switzerland) using anchored-oligo(dT)18 primers. The qRT-PCR was carried out on a 

LightCycler Nano Real - Time PCR System (Roche Diagnostic Corporation). The suitable 

primers (AT2G28390, CATs, CML24, LEA 4-5, SCR, SGR2) used in our study were 

designed with the Primer3 program, and the target sequences were obtained from the 

GenBank database (nucleotide database of Arabidopsis thaliana). The sequences for CML12 

and XTH22 were from (Fukaki et al., 1996); LEC1, LEC2, and FUSCA3 were from (Kraut et 

al., 2011). These primers were synthesized by Generi Biotech (Hradec Králové, Czech 

Republic), and the appropriate primer sequences are summarized in Table 1. The qRT-PCR 

was performed with a LightCycler® Fast Start DNA MasterPlus SYBR Green I kit (Roche 

Diagnostic Corporation, Prague, Czech Republic) using 10 min pre-incubation at 95°C, 40 

cycles of 10 s at 95°C, 30 s at 53-64°C (temperature dependant on the respective primers), 

20 s at 72°C, and 5-min incubation at 72°C. The primary data (Cq) were analyzed by 

LightCycler Nano Software 1.1. Gene expression was normalized per AT2G28390 as a 

housekeeping gene. The data were processed by the delta-delta method (Livak and 

Schmittgen, 2001) and compared to the expression levels in siliques of Arabidopsis thaliana 

located in the laboratory for 48, 96, and 168 hours without RPM. All measurements were 

performed in triplicate. Melting curve analysis was carried out to confirm the specificity of 

each product. Melting curve conditions were 60°C to 97°C at 0.1°C.s–1. The results were 

analysed by 2% agarose gel electrophoresis, stained with GelRedTM, and photographing 

under UV light (254 nm) using a gel documentation system (Uvitec, Cambridge, Great 

Britain).   
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Results  

In a series of experiments, the embryos of Arabidopsis thaliana were exposed to the 

simulated microgravity (RPM) for 48, 96, and 168 hours at the room temperature (Fig. 1); 

and the control samples were incubated under the same conditions and for the same time 

without RPM. In this research, we tested the relative expression of 12 genes involved in plant 

embryogenesis, antioxidative enzymes, mechanical stimuli, and gravitropism. After treatment 

under simulated microgravity, we found several genes which had increased transcript levels. 

First we measured levels of expression of the catalase genes (CAT1, CAT2, and CAT3). The 

highest level of relative expression was achieved for the CAT3 gene (2.2x) after 48 hours of 

exposure in the RPM, followed by the CAT2 gene (1.8x) after treatment of 168 hours. The 

levels of the other catalase genes were not significant. The profiles of the expression of the 

catalases (CAT1, CAT2, CAT3) of A. thaliana are presented in Fig. 2.  

Second, we tested a group of genes (LEA4-5, LEC1, LEC2, FUSCA3) involved during 

embryo development (data shown in Fig. 3). For the LEA4-5 gene, exposure to the RPM for 

168 hours was the most effective, and where we determined the highest level of expression 

(1.7x) compared with the control samples. In the case of the LECs genes, significant 

changes in the levels of gene expression were obtained for LEC1. The data shows that gene 

expression (LEC1) reached the maximum level of expression after 96 hours (2.0x) of 

simulated microgravity. Expressions after 48 and 168 hours were at the control level; this 

was similar for the expression of LEC2 and FUSCA3, which were also at the control level. 

Third, we evaluated the levels of expression of TOUCH genes (CML12, CML24, XTH22) 

influenced by simulated microgravity. The best result (7.1x) was reached by the CML24 gene 

after 48 hours of RPM exposure. Results for 96 and 168 hours were not significant. After 48 

hours of exposure, an increase was also detected in the XTH22 gene (1.8x); also CML12 did 

not show any significant increase in expression (Fig. 4).  

The last interesting group of genes studied, SCR and SGR2, are genes involved in 

gravitropism. The most effective influence on the level of SGR2 expression was after 168 

hours of exposure under simulated microgravity. The level increased steeply after 168 hours 

(3.6x), in comparison with after 48 and 96 hours. Similar results were also obtained for the 

SCR gene, which showed an increased level of gene expression (1.7x), also after 168 hours 

of the embryos in the RPM. The other expression values for shorter times of exposure under 

simulated microgravity (48, 96 h) were negligible. The data obtained confirm the positive 

effect of simulated microgravity on genes involved in gravitropism. The relative expression 

profile of the gravitropism genes (SCR, SGR2) is summarized in Fig. 5. 
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Discussion  

In this research, we studied the effects of simulated microgravity (RPM) on gene expression 

in A. thaliana over exposures times of 48, 96, and 168 hours. First, we evaluated the levels 

of expression of catalases in A. thaliana (CAT1, CAT2, and CAT3). It is known, in 

Arabidopsis, catalase genes encode a small family of proteins, which have an important role 

in controlling homeostasis of reactive oxygen species by catalyzing decomposition of H2O2 

(Du et al., 2008). Alam and Ghosh (2018) studied the expression of the catalase genes of A. 

thaliana and O. sativa. In A. thaliana, they observed that all three isozymes were highly 

expressed in the floral organs and seed. Also, they asserted that CAT1 kept a very low level 

of expression in most of the studied tissues. Furthermore, all these transcripts behaved 

differently during various stresses (cold, drought, salt, oxidative, osmotic, and biotic 

treatments). The researchers Du et al. (2008) analyzed the expression profiles in A. thaliana 

of three catalases under different treatments such as drought, cold, oxidative stresses, 

salicylic acid, etc. Under all of the stress conditions, the mRNA abundance of CAT1 was 

significantly increased. CAT1 has an important role in the elimination of H2O2, generated 

under different environmental stresses. The drought and cold stresses activated the CAT2 

gene, and CAT3 was mainly enhanced by oxidative treatments as well as at the senescence 

stage. In the study by Hausmann et al. (2014) callus cell cultures of A. thaliana (cv. 

Columbia) were exposed to parabolic flights in order to assess short-term molecular 

responses to a modified gravity field. They described that 20 seconds of microgravity, 

caused an immediate rise in levels of H2O2 and cytosolic Ca2+, and also alternation in gene 

expression were observed.  

Second, we evaluated the levels of the expression of four genes which are involved in the 

process of plant embryogenesis (LEA4-5, LEC1, LEC2, and FUSCA3). LEA4-5 is part of the 

fourth group of LEA genes. Proteins encoded by this group accumulate in dry embryos and 

in vegetative tissue during times of water deficit (Battaglia et al., 2008). In the paper by Bies-

Ethève et al. (2008) the expression profiles of several LEA genes of A. thaliana in wild-type 

background were analyzed. The LEA4-5 gene had its strongest expression in seeds, 

especially in the latest stage of seed maturation (18 - 21 day after pollination). The 

accumulation of LEA4-5 protein in late embryogenesis and dry seed was also observed by 

Olvera-Carrillo et al. (2010). These author and co-authors (Bies-Ethève et al., 2008) also 

indicated that overproduction of LEA4-5 protein can increase the tolerance to severe 

drought. Another research paper (Hundertmark and Hincha, 2008) studied the expression 

profile of 51 A. thaliana LEA genes, included LEA 4-5, under several stress conditions (cold, 

drought, high light, salt, heat, mildew). In general, the greatest increases in expression were 
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detected under cold, drought and salt conditions. In the case of LEA4-5 gene, the expression 

was mainly enhanced by salt, but was also enhanced by drought conditions.  

Gaj et al., (2005) observed a total loss of somatic embryogenesis competence in cultures of 

mutants with two or three mutated LEC/FUS genes. In the research by Ikeda-Iwai et al. 

(2002), they observed the expression of LEC1 and FUS3 genes in young siliques of 

Arabidopsis containing zygotic embryos, in primary and secondary somatic embryos, as well 

as in embryogenic callus; but not in vegetative organs such as flower buds and stems. A 

similar research paper (Ikeda-Iwai et al., 2002) concluded that FUS3 gene expression was 

also observed in stress-induced somatic embryos of Arabidopsis produced during the 

culturing of shoot-apical-tips and floral buds. The LEC1 and LEC2 genes, having similar but 

not identical functions, were each sufficient to induce embryogenic competence in somatic 

cells. 

Third, we evaluated the levels of three touch genes (CML12/TCH3, CML24/TCH2, 

XTH22/TCH4). Expression of these genes is induced by diverse mechanical stimuli, such as 

touch, wind, water spray, and cold (Polisensky et Braam, 1996; Braam et al., 1997) In the 

study by Lee et al. (2005) changes in the expression of A. thaliana genes by touch and 

darkness were examined using an Affymetrix Arabidopsis gene chip. They found that 589 

genes were induced by touch and 461 by darkness. Over 300 genes were induced by both 

stimuli. Three TCH genes were included in this study (CML12/TCH3, CML24/TCH2, 

XTH22/TCH4), and all of them were induced by both stimuli. Ca2+ is probably involved in the 

signaling pathways of touch regulated genes (Braam, 1992; Wright et al., 2002). In the study 

by Braam (1992) the level of extracellular Ca2+ was increased, which led to the induction of 

expression of the TCH2, TCH3, and TCH4 genes. As mentioned before, 20 s of microgravity 

during parabolic flight increased the levels of cytosolic Ca2+, which could affect the 

expression of TCH genes (Hausmann et al., 2014).  

Lastly, we measured the levels of expression of SCR and SGR2 genes in Arabidopsis. 

Tasaka et al. (1999) described the mutation of the SCR and SGR2 genes, and confirmed 

that after mutation of these genes the shoots did not respond to gravity; indicating that 

endodermal cells are essential for gravitropism of the shoot. The research paper by 

Wysocka-Diller et al. (2000) described how mutation of the SCR gene results in a radial 

pattern defect and the loss of the ground tissue layer in the root. They showed how scr 

mutants revealed that both hypocotyl and shoot inflorescence also have a radial pattern 

defect, loss of the normal starch sheath layer; and consequently are unable to sense gravity 

in the shoot. The mutation at either the SCR (SGR1) or SGR2 locus causes a gravitropic 

defect in hypocotyls, this information about these genes are discussed in study (Fukaki et al., 
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1996). The comparison of a sgr1 mutant which exhibited abnormal shoot gravitropism with 

wild type is presented in work (Fukaki et al., 1998).  

Based on previous studies, plants are able to grow and reproduce in outer space conditions 

Nevertheless, some abnormalities were observed, including chromosomal breakage, failures 

in seed production, nonviable embryos, and changes in gene expression (Link et al., 2014). 

 

Conclusions 

We conclude, that modeled microgravity using a RPM can alter some transcriptional activity 

of the genes studied in Arabidopsis thaliana. From our interesting results we can state that 

microgravity primarily alters the gene expression of TCH2/CML24, followed by SGR2, CAT3, 

and LEC1, respectively. Changes in gene expression were also detected in the rest of the 

genes, but these increases were under 2x. The effect of simulated microgravity not only 

depended on the specific gene, but also on the exposure time under the simulated 

microgravity. In the future, more studies should be performed on the effects of microgravity 

upon gene expression in plants, and these studies should include more than one generation 

of these plants.  
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Table 1. Primer sequences used in this work for qRT-PCR 

Fig. 1. The samples of Arabidopsis thaliana fixed in the centre of the inner frame of the 

Random Positioning Machine (RPM) used in this study. RPM simulates local microgravity, 

thanks to the independent rotation of its two axes. This machine was developed by Japanese 

plant researchers and manufactured in the Netherlands (Dutch Space). The basic principle 

consists of an inner and an outer frame rotating independently from each other in random 

direction. By varying the position randomly, the RPM simulates microgravity for objects inside 

its container. In our case, the sample is placed in the centre of the machine.  

Fig. 2. The relative expression profile of antioxidative genes (CAT1, CAT2, CAT3) in 

Arabidopsis embryos exposed to RPM for 48 (light grey), 96 (dark grey) and 168 (black) 

hours. 

Fig, 3. The relative expression profile of embryogenesis genes (LEA4-5, LEC1, LEC2, 

FUSCA3) in Arabidopsis embryos exposed to RPM for 48 (light grey), 96 (dark grey) and 168 

(black) hours. 

Fig. 4. The relative expression profile of touch genes (CML12, CML24, XTH22) in 

Arabidopsis embryos exposed to RPM for 48 (light grey), 96 (dark grey) and 168 (black) 

hours.  

Fig. 5. The relative expression profile of gravitropism genes (SCR, SGR2) in Arabidopsis 

embryos exposed to RPM for 48 (light grey), 96 (dark grey) and 168 (black) hours. 
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Gene Primer sequence (5´ to 3´) 

AT2G28390 Sense 5´- AAC TCT ATG CAG CAT TTG ATC CAC T-3´ 

Anti 5´- TGA TTG CAT ATC TTT ATC GCC ATC-3´ 

CAT1 Sense 5´- AAG TGC TTC ATC GGG AAG GA-3´ 

Anti 5´- CTT CAA CAA AAC GCT TCA CGA-3´ 

CAT2 Sense 5´ - AAC TCC TCC ATG ACC GTT GGA-3´ 

Anti 5´ - TCC GTT CCC TGT CGA AAT TG-3´ 

CAT3 Sense 5´ - TCT CCA ACA ACA TCT CTT CCC TCA-3´ 

Anti 5´- GTG AAA TTA GCA ACC TTC TCG ATC A-3´ 

LEA4-5 Sense 5´ - AGG CGG AGA AGA TGA AGA CA-3´ 

Anti 5´ - CAT CTG ATG TGT CCC AGT GC-3´ 

LEC1 Sense 5´ - GTG GAG CTC CCT TCT CTC ACT-3´ 

Anti 5´ - CTG GAC CAC GAT ACC ATT GTT-3´ 

LEC2 Sense 5´ - AGG GAA AGG AAC CAC TAC GAA -3´ 

Anti 5´- CAG TGG TGA GGT CCA TGA GAT-3´ 

FUSCA3 Sense 5´ - GTC AGC TCT CTC CGA CGT ATG-3´ 

Anti 5´ - TGA AGG TCC AAA CGT GAA AAC-3´ 

TCH3/CML12 Sense 5´ - AAG CCT TCC GCG TAT TCG ACA AGA A-3´ 

Anti 5´ - CAC AAA CTC AGA GAA ACT GAT GGT TCC-3´ 

TCH2/CML24 Sense 5´ - TCA CCA ACA GCA TCA CCA GA-3´ 

Anti 5´ - TCC AAA TCC TCA AGC ACC AC-3´ 

TCH4/XTH22 Sense 5´- GAA ACT CCG CAG GAA CAG TC-3´ 

Anti 5´ - TGT CTC CTT TGC CTT GTG TG-3´ 

SCR Sense 5´ - AGA AGC AAG ACG AAG AAG GA-3´ 

Anti 5´ - AAG ACC TGA AAC GCA GAG AC-3´ 

SGR2 Sense 5´- GTG GTT ATG CTG GCT CCT-3´  

Anti 5´ - TAA AGC TGC CGT GAT TTG-3´ 
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