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 Development of early root apical meristem (RAM) is the key to plant 

vascular system. How cells in early developmental stage initiate differentiation 

is not well known. Recent studies have shown that LOMESOME HIGHWAY 

(LHW) and MONOPTEROS5 (TMO5), or TMO5-LIKE1 (T5L1), act together as 

a transcription factor to up-regulate genes involved in early vascular 

development. Here we report that one gene, known as At1g28070, could be 

up-regulated by the heterodimer LHW-TMO5 or LHW-T5L1. The result shows 

that not only the heterodimer, but also other transcription factors can regulate 

the target gene At1g28070. Meanwhile, other homologues of LHW could be 

involved in the transcription of the target gene. We also plan to look at 

At2g33510, a homologue gene of At1g28070. 

INTRODUCTION 

Arabidopsis thaliana is a well-established model species for studying 

plant cell development and cell-to-cell communication. Previous studies have 

shown how early vascular cells differentiate, but not much on how the 

differentiation initiates. Our lab has found that LONESOME HIGHWAY (LHW), 

which encodes one bHLH transcription factor, binds with TARGET OF 

MONOPTEROS (TMO5) or with TMO5-LIKE1 (T5L1), to act as a transcription 

factor and regulate genes involved in early RAM development. Previous 

microarray analysis suggests that the heterodimer up-regulates about 67 

genes (Ohashi-Ito et al. 2014), one of the genes is At1g28070. This target 
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gene At1g28070 encodes an unknown protein that presumably functions in 

early vascular cell proliferation. To investigate the relationship between the 

heterodimer and the target gene, we first compared the expression pattern of 

the two, and then checked the gene expression level of At1g28070 in 

wildtype, lhw mutant and tmo5t5l1 double mutant. 

RESULT AND DISCUSSION 

At1g28070 has an overlapping expression pattern with the heterodimer 

LHW-TMO5 or LHW-T5L1. 

Previous studies have shown that the heterodimer is only active in 

xylem precursor cells. Meanwhile, the expression pattern of the heterodimer 

LHW-TMO5 or LHW-T5L1 is the same as observed in genes LOG3, LOG4, 

and AHP6 (Ohashi-Ito et al. 2014, Fig H-M). LOG3 and LOG4 promote 

cytokinin signaling and thus the proliferation of xylem precursor cells. AHP6, 

however, inhibits cytokinin signaling, keeping the cells undivided. Therefore, 

the heterodimer regulates in between cell proliferation and cell maintenance. 

Our result shows At1g28070 expression pattern overlaps with, but not 

completely matches, the pattern of the heterodimer (Figure 1A, B). This result 

is not sufficient to conclude the relationship between the target gene and the 

heterodimer, thus we need further investigation.  
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Xylem precursor cells LHW and TMO5/T5L1 

Figure 1A, B: Cross sections of root apical meristem (RAM) above quiescent center (QC). LHW-
TMO5 or LHW-T5L1 is distributed only in xylem precursor cells. 
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At1g28070 is up-regulated by the heterodimer and other transcription 

factors. 

We then looked at the gene expression level of At1g28070 in lhw 

mutant and tmo5t5l1 double mutant. If At1g28070 is up-regulated by the 

heterodimer, the gene expression level should be lower in mutant types. The 

result (Fig. 3) shows that there are certain decreases in the gene expression, 

especially in tmo5t5l1 double mutant, which shows that it is highly possible for 

At1g28070 to be up-regulated by the heterodimer. However, there is a less 

significant decrease in lhw mutant, suggesting that other homologues of LHW 

can bind with TMO5 or T5L1 to transcribe At1g28070. Meanwhile, there are 

still certain levels of gene expression in tmo5t5l1 mutant, which shows that 

other transcription factors might be involved in gene transcription as well.  

 

 

 

 

 

 

 

Figure 2. A) Expression pattern of gene At1g28070, vertical section. B) Horizontal section of the same 
root tip shows At1g28070 expression pattern.  

Fig. 3. At1g28070 expression level in wildtype, lhw mutant and tmo5t5l1 double mutant. The 
gene expression level is calculated as the quantitative RT-PCR concentration in the cells. 
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METHOD 

Plant Material 

We use Arabidopsis thaliana accession Columbia as the wild type and as the 

background of all the mutants in the study. Mutants include lhw mutant and 

tmo5t5l1 double mutant. The transfected A. thaliana with At1g28070-

expressing-fluorescence is prepared for this study as well. Seedlings were 

germinated on MS agar plate including appropriate antibiotics within 22°C 

chamber at 24-hour light condition. 

Observation on gene expression 

We performed PI staining on transfected A. thaliana, and then used confocal 

microscopy to observe expression pattern of the gene At1g28070. 

RNA Extraction, Reverse Transcription, Real-Time-PCR 

Wildtype, lhw mutant, tmo5t5l1 double mutant were used in this process. 

Isolated RNA samples from June, 2014 were used to obtain an optimal result. 

Plasmid Construction and Plant Transformation 

Construct plasmids containing At2g33510-YFP or At2g33510-GUS. To induce 

At2g33510-YFP or -GUS, dip 7-day-old wildtype A. thaliana into the plasmid-

containing agrobacteria content and grow within 22°C chamber at 24-hour 

light condition. At2g33510 is a homologue gene of At1g28070. After the plant 

transformation, we will look at expression pattern of At2g33510 and compare 

the difference with At1g28070.  

CONCLUSION 

 LHW-TMO5 and LHW-T5L1 are known to up-regulate about 67 genes, 

which presumably undergo certain signaling pathways to regulate the 

proliferation of xylem precursor cells. But how exactly those genes are 
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involved in cell growth is not well studied. At1g28070 is considered to be one 

of those genes, but we are not sure of its function. From the result we have 

shown, the expression pattern of the target gene overlaps with the 

heterodimer. Meanwhile, in the tmo5t5l1 double mutant, the gene expression 

level is significantly reduced. Both results suggest that the heterodimer up-

regulates the target gene. The reason why lhw mutant does not have 

significant reduction in gene expression level remains unsolved, but there are 

two possibilities. 1) One of the wildtype samples is not in optimal condition 

and the standard deviation is relatively high. If we repeat the experiments on 

other samples, there may be a more significant difference in gene expression 

level. 2) Other homologues of LHW are involved in the process. The LHW 

homologues bind with TMO5 or T5L1 to act as a heterodimer to transcribe 

At1g28070.  

 Besides the investigation on At1g28070, it is worth investigating 

At2g33510, a homologue gene that may have a similar function as At1g28070. 

Both genes can also be found in many important crops, such as rice, sorghum 

and grape. In the future, it is worth knowing the function of the two genes so 

that we can apply the knowledge to practical studies. 
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