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Abstract 

Parasitic plants invade other plants to retrieve nutrients. In particular, genus Striga (family: 

Orobanchaceae) threatens food security through infects food crops such as maize, sorghum, and 

upland rice. Currently, no efficient countermeasures exist against these noxious weeds because we 

still lack a clear understanding of the molecular mechanisms underlying plant parasitism. To address 

this issue, the facultative parasite Phtheirospermum japonicum (family: Orobanchaceae) was 

established as a model plant to study parasite-host interactions at the molecular level. Upon host 

recognition, parasitic plants, including those in the Orobanchaceae family, develop an invading 

organ called the haustorium. The haustorium in Orobanchaceae attaches to host roots, penetrates into 

host cell layers, eventually reaching the vasculature tissue and forming a parasite-host connection via 

the xylem bridge. During this developmental course, the radial pattern in parasitic root tissues is 

remarkably reorganized. I successfully developed cell-type-specific markers and observed their 

expression patterns during tissue reorganization. Interestingly, vascular-meristm-like cell 

development was observed in the central region of the haustorium. Further clonal analysis showed 

that various cell types initiated cell division simultaneously and differentiated into 

vascular-meristem-like cells, which eventually became the source of xylem cells, thus dictating 

xylem bridge formation. In addition, I performed tissue-specific transcriptome analysis coupled with 

laser microdissection and identified the first molecular markers for the parasite-specific intrusive cell 

that develops at the haustorium interface and has a unique morphological feature. Gene ontology 

analysis suggested that peroxidase activity may be an important factor at the interface region. 

Because local auxin gradients can lead to organogenesis and vascular patterning, I investigated 

whether auxin is a primary factor driving haustorium development. To examine auxin gradient 

dynamics, I next tracked the expression of synthetic auxin response promoter DR5 throughout 

haustorium development. Strong DR5 expression was observed on the surface of the haustorium 
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emerging site facing the host root. This strong expression was also maintained at the growing 

haustorium apex. During the late stage of haustorium development, DR5 expression patterns 

coincided with the location of xylem bridge formation. To clarify these dynamics, I explored the 

expression pattern and subcellular localization of PIN and AUX/LAX proteins (respectively auxin 

efflux and influx carriers). The expression of these proteins and DR5 were similar, suggesting that 

auxin transport mediators contribute to shaping auxin gradients during haustorium development. 

Application of auxin transport inhibitors demonstrated that auxin efflux activity is not important for 

haustorium initiation per se, but is crucial for xylem bridge formation. Based on these data, I 

propose a model of haustorium development regulated by the auxin transport network. 
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Chapter I: General introduction 

Parasitic plants evolved an ability to acquire nutrients from other plant species. Among variety of 

species of parasitic plants, Striga spp. in Orobanchaceae family threatens food security by infecting 

food crops such as maize, sorghum and land rice mainly in Africa. Devastating damage caused by 

Striga infection was estimated at 1 billion USD annually, affecting more than 100 million people in 

Africa (Spallek et al., 2013). Currently, there are no efficient and feasible countermeasures against 

these noxious weeds due to the lack of understanding on the molecular mechanism of plant 

parasitism. One important feature which has been successfully employed by Striga during host plant 

parasitization is to germinate in close proximity to host plants. This is achieved by sensing a host 

root-derived chemical, strigolactone. Strigolactone was originally identified as a germination 

stimulant for Striga seeds (Cook et al., 1966). More than 40 years later, the rediscovery of 

strigolactone as a plant hormone, which regulates shoot branching, has driven strigolactone research 

in various model plants (Umehara et al., 2008), leading to identifications of its signaling pathway 

and components (Reviewed in; Smith and Li, 2014). These new insights gained, in turn, led to the 

discovery of convergent evolution of strigolactone perception in parasitic plants in Orobanchaceae 

(Conn et al., 2015). Another important aspect of Striga infection is the development of a specialized 

organ, the haustorium. Nutrient transfer from host plants relies on making new vascular connection 

to host plants through the haustorium. Only parasitic plant develops haustorium, thus non parasitic 

model plants cannot be used for to study haustorium. For decades, botanists have scrutinized 

haustorium structure with various microscopy techniques (i.e., optical or electron microscopy) to 

understand how parasitic plants reach host vasculatures to steal nutrients. As a result, similarities and 

differences across haustoria in various species are well characterized. However, molecular 

mechanisms underlying plant parasitism remain largely unknown. Fortunately, rapid advancements 

in DNA sequencing technology have vastly increased genome and transcriptome accessibility in 

7



multiple organisms, including parasitic plants and especially the Orobanchaceae family. With 

currently available transcriptomic and genomic data, we can apply molecular biological techniques 

to investigations on the genetic factors behind plant parasitism. Recently, facultative parasitic plant 

Phtheirospermum japonicum is studied as a model plant for plant parasitism in Orobanchaceae. P. 

japonicum is self-compatible plants and grows easily in the laboratory conditions with relatively 

short life cycle (~ 3 months), which facilitate genetics. Furthermore, the transformation method with 

Agrobacterium rhizogenes was established (Ishida et al., 2011). Draft genome is available as well 

(Conn et al., 2015). In this thesis, I aim to explore and understand haustorium development using P. 

japonicum. 
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Chapter II:  Molecular analysis of haustorium development 

*本章については、5年以内に雑誌等で刊行予定のため、非公開。 
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Chapter III: Auxin transport network underlies xylem bridge formation in parasitic plants 

*本章は雑誌等で発表予定の未発表データを含むため、非公開。 

  

Chapter III - Abstract

1



Chapter IV: Concluding remarks 

My aim in this study was to clarify haustorium developmental mechanisms using a facultative 

parasitic plant, P. japonicum. I incorporated multidisciplinary approaches, including molecular 

biology, plant physiology, and cell biology. As a result, I have successfully elucidated haustorium 

developmental mechanisms with respect to cell fate transition and auxin involvement.  

 In Chapter II, I described haustorium developmental dynamics using live imaging 

techniques. With cell-type specific markers, I tracked major tissue reorganization during haustorium 

development. Two cell fate transitions were highlighted during this reorganization process. First, 

vascular-meristem-like cells (origin of vascular tissues) were developed in the haustorium central 

region. Based on clonal analysis, this shift is most likely achieved through re-differentiation of 

multiple cell types located within the haustorium central region. This re-differentiation represents 

non-specific cell fate transition, which depends on the cells’ relative positions within haustorium 

tissue. Second, intrusive cells were specifically differentiated from the epidermal cells. This 

re-differentiation represents specific cell fate transition. To better understand the mechanism behind 

intrusive cell re-differentiation, I performed transcriptome analysis using laser capture 

microdissection and successfully identified a unique transcriptome for intrusive cells. The 

upregulated genes in these cells should be a promising target for further functional analyses of 

haustorium in the future. 

 In Chapter III, I assessed the role of auxin in haustorium development. Based on DR5 

expression patterns, I found that auxin distribution is dynamically changed during haustorium 

development. To elucidate these dynamics, I investigated auxin transporters and demonstrated that 

PjPIN2, PjPIN3, and PjLAX1 were predominantly expressed at the haustorium apex during early 

development. Their subcellular localizations suggest a major contribution to auxin maxima 

establishment in the epidermis at the haustorium initiation site. In later developmental stages, 

Chapter IV - Concluding remarks
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PjPIN1, PjPIN3, PjLAX2, and PjLAX5 distinctly overlapped with DR5 expression pattern, 

coinciding with the xylem-bridge-formation site. Analysis of auxin efflux inhibitors also clearly 

demonstrated the importance of auxin efflux for xylem vessels connections during later development, 

but also showed that efflux was less critical for haustorium initiation and vascular-meristem-like cell 

differentiation in the earlier stages. This pattern is in contrast with stem-cell organ initiation (e.g., for 

lateral root, leaf, and flower), where organogenesis is arrested upon treatment with an auxin transport 

inhibitor, due to the lack of auxin maxima. Nonetheless, auxin maxima are involved in 

vascular-meristem-like cell specification, as its disruption alters haustorium shape and broadening 

vascular-meristem-like cell domain. These data suggest that auxin positively regulates 

vascular-meristem-like and xylem cell differentiation. Moreover, multiple transporters tightly control 

auxin distribution during haustorium formation. 

 Given that auxin function is conserved across species, parasitic plants may have adapted 

the auxin signaling pathway for haustorium development. However, we currently do not know how 

auxin signaling performs such different functions in the formation of other organs versus the 

haustorium. These processes may involve existing signaling components that undergo convergent 

evolution to specifically permit auxin responses upon haustorium formation in parasitic plants. 
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Supplementary Table 1: List of primers used in Chapter II 

 

  

name sequence purpose
HB15pro-f1 TTGGTCTCAACATggagCCGATTGCTTGTTTTGATG promoter
HB15pro-r1 TTGGTCTCAACAAaaatAGAAGGCATGGGGGGA
HB15pro-f2 TTGGTCTCAACATatttTCTCTTTCTCTGCTCATTT
HB15pro-r2 TTGGTCTCAACAAcattCTCAGTCCTTAATTA
PjWOX4-ggf1 TTGGTCTCAACATggagTTCACCGGTCCGGTTTTTAAA promoter
PjWOX4-ggr1 TTGGTCTCAagccACTTTTACCACCAAATCT
PjWOX4-ggf2-2 TTGGTCTCAggctCTCATATTCTTAAAAAATGAGA
PjWOX4-ggr2-2 TTGGTCTCAACAAgtgcTCTCATTAACAGCTGAATG
PjWOX4-ggf3 TTGGTCTCAACATgcacACACCACATATCCGTATC
PjWOX4-ggr3 TTGGTCTCAgtagTAATTAGATGGTGGGGGG
PjWOX4-ggf4 TTGGTCTCActacAGACCACTTTCCCATTTC
PjWOX4-ggr4 TTGGTCTCAACAAcattTTTATGATGGGGGCAAAAT
PjTDR-ggf1 TTGGTCTCAACATggagTGATCTCTGCACAAACGTAG promoter
PjTDR-ggr1 TTGGTCTCAACAAggggTTATGTGTAGGAAATTGT
PjTDR-ggf2 TTGGTCTCAACATccccACACTCGATCTTTTTTAT
PjTDR-ggr2 TTGGTCTCAACAAcattGGTTTAGGGGTATGGGTT
PjCASP1pro-ggf1 TTGGTCTCAACATggagACGGCGCCAAAATGATG promoter
PjCASP1pro-ggr1 TTGGTCTCAACAAcaatACAATAGAGCAGCCAGT
PjCASP1pro-ggf2 TTGGTCTCAACATattgTACGTCGTGATCCTTG
PjCASP1pro-ggr2 TTGGTCTCAACAAcattCTTCTTTGTTTCTTTTGGTTA
Venus-NTf1 TTGAAGACAAAATGgtgagcaagggcga coding region
Venus-NTr1 TTGAAGACAAACCTTTGtacagctcgtccatgcc
PjCASP1-ggf3 TTGAAGACAAaggtATGGAGAAAAGTGAATCAACC coding region
PjCASP1-ggr3 TTGAAGACAAaagcTTAATGTTTTTTTAGAGCTATAGCC
PjCASP1-ggf4 TTGAAGACAAgcttTCGAACAAAAAAAAAAGATATATTA 3'UTR region
PjCASP1-ggr4 TTGAAGACAATGACGGGCTTTTCGAG
PjCASP1-ggf5 TTGAAGACAAGTCATCCAGCCCGGAAA
PjCASP1-ggr5 TTGAAGACAAagcgGCCAAAATCGGGAA
AtCO2-ggf1 TTGAAGACAAGGAGagtattgggccttttg promoter
AtCO2-ggr1 TTGAAGACAACATTatcgttattaactagggttc
PjIRX3-ggf1 TTGAAGACAAggagTTGACCTGTGTGCCGGA promoter
PjIRX3-ggr1 TTGAAGACAAcattGGTGGTGGTGGTGTCGAG
PjHSL1pro-f1 TTGGTCTCAACATggagATCTAATAACCCACGATCGCA promoter
PjHSL1pro-r1 TTGGTCTCAACAAcgacGCGTGACAACCGAC
PjHSL1pro-f2 TTGGTCTCAACATgtcgCTGAAGTCGTGGCAT
PjHSL1pro-r2 TTGGTCTCAACAAcattGCGACGGCTCAGGG
PjGLP-f1 TTGGTCTCAACATggagTATCACGCTCTCATCTAC promoter
PjGLP-r1 TTGGTCTCAACAAacagAAGGAAAAAAAAAGGGGA
PjGLP-f2 TTGGTCTCAACATctgtTTTCCTTTTCTCTTTCCG
PjGLP-r2 TTGGTCTCAACAAcattAGTCTTTGTTAATGGGTGTG
PjCDR1-ggf1 TTGGTCTCAACATggagGGAACCGCCGAGAGATATA promoter
PjCDR1-ggr1 TTGGTCTCAACAAaagtTGAGTCCATATGTGAGAG
PjCDR1-ggf2 TTGGTCTCAACATacttCTCACAGTCTACTCAAC
PjCDR1-ggr2 TTGGTCTCAACAAcattGATGATAAGATTGTATGATACAC
PjACT-ggf1 TTGGTCTCAACATggagCTCGCTGGTTTCTTTTAA promoter
PjACT-ggr1 TTGGTCTCAACAAagatTTTGAATGGCAATGAG
PjACT-ggf2 TTGGTCTCAACATatctAAAATCACTCCCAAAT
PjACT-ggr2 TTGGTCTCAACAAcattCTCTTATTCTGAGGAACAAA
AtSYP122-ggf1 TTGGTCTCAACATatccATGAACGATCTTCTCTCCG coding region
AtSYP122-ggr1 TTGGTCTCAtcctCGTTTACAACCTCCACG
AtSYP122-ggf2 TTGGTCTCAaggaCCTTAAAGAGCTAGATCG
AtSYP122-ggr2 TTGGTCTCAACAAaagcTTAGCGTAGTAGCCGCC
XVE-ggf1 TTGAAGACAAaatgaaagcgttaacgg coding region
XVE-ggr1 TTGAAGACAAtccaatcatcaggatctcta
XVE-ggf2 TTGAAGACAAtggactcgtctggcgctcca 3'UTR region
XVE-ggr2 TTGAAGACAAaagctcagactgtggcagggaaa
OLexA-ggf1 TTGAAGACAAggagctcgacagcttgcat promoter
OLexA-ggr1 TTGAAGACAAcattgactagcttcagcgtg
NLS-f1-NT1 TTGAAGACAAccatGCCTCCAAAGAAGAAAAGAAAAGTaatgTTGTCTTCAA signal peptide
NLS-r1-NT1 TTGAAGACAAcattACTTTTCTTTTCTTCTTTGGAGGCatggTTGTCTTCAA
LoxmC-f TTGGTCTCAACATccatAACTTCGTATAGCATACATTATACGAAGTTATATGGTGAGCAAGGGCG add loxP site
LoxmC-r TTGGTCTCAACAActtgTACAGCTCGTCCA
LoxSYPter-f TTGGTCTCAACATatccATGAACGATCTTCTC add loxP site
LoxSYPter-r TTGGTCTCAACAAcattATAACTTCGTATAATGTATGCTATACGAAGTTATcgcctcgttttactctat
PjACT-ggff TTGAAGACAAggagCTCGCTGGTTTC promoter
PjACT-ggfr TTGAAGACAAatggCTCTTATTCTGAGGAACAAAAA
RT primer TATAGAATTCGCGGCCGCTCGCGATAATACGACTCACTATAGGGCGTTTTTTTTTTTTTTTTTTTTTTTT whole transcript amplification
Tagging TATAGAATTCGCGGCCGCTCGCGATTTTTTTTTTTTTTTTTTTTTTTT
PCR primer GTATAGAATTCGCGGCCGCTCGCGAT

Supplementary table 1
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Supplementary table 2: List of primers used in Chapter III 

 

 

  

name sequence purpose
Venus-linker-f TTGGTCTCAACATggagGTGGAGGTGGAGCTgtgagcaagggcgagg coding region
Venus-linker-r TTGGTCTCAACAAggccCCAGCGGCCGCAGCAGCACCAGCCTTGtacagctcgtcc
PIN1-gg1 TTGGTCTCAACATggagATAGGCATAAGGTGATTTGGGA promoter
PIN1-gg2 TTGGTCTCAACAActtgTACATTTGTACTAGAAGT
PIN1-gg3 TTGGTCTCAACATcaagACTGGGCCCATTAG
PIN1-gg4 TTGGTCTCAACAAcattCTTTTTTTTATTTTTCTTTTTT
PIN1-gg5 TTGGTCTCAACATaatgATAACACCGTCGGATTTCT coding region
PIN1-gg6 TTGGTCTCAttccAGCGGCTGGCGGCCGT
PIN1-gg7 TTGGTCTCAggaaACCGAGGCCGAGAT
PIN1-gg8 TTGGTCTCAACAActccGTAGATGTCCGACCTGGA
PIN1-gg11 TTGGTCTCAACATggccTCCCGGCGTTCGGTCGGC
PIN1-gg12-3 TTGGTCTCAACAAcagaCCAATTAAGCTGGAGTAAGTG
PIN1-gg13-3 TTGGTCTCAACATTCTGACTTGGTCACTAGTTTCATTCAGGTTCAATTC
PIN1-gg14-2 TTGGTCTCAACAAAAGCTCATAGCCCC
PIN1-gg15 TTGGTCTCAACATgcttACGAACTTCGAATTGGCCAT 3'UTR + terminator
PIN1-gg16 TTGGTCTCAACAAagcgGAAAGTTATGAGTGTTCCTCCA
PIN2-gg1 TTGGTCTCAACATggagAATCTTCCTAACCTACGTGT promoter
PIN2-gg2 TTGGTCTCAACAAagagAGGAAATTTTATATTATATAAGG
PIN2-gg3 TTGGTCTCAACATctctTCATGGTCTTATTAACATTAA
PIN2-gg4 TTGGTCTCAagagGAGGGGTCAAGTGG
PIN2-gg5 TTGGTCTCActctTCTCTCTCCTCCTACATTACAAACCCCACTACCATCTACAAACCCTCCAAACTCTTTTCTTTCTTT
PIN2-gg6 TTGGTCTCAACATcattTTTTTTTCTTTTCTTTTTAATTTAGTTTAACAAAATGGCGTCGTTGAAAGAAAGAAAAGAGTTTGG
PIN2-gg7 TTGGTCTCAACATaatgATCACAGGAAAGGACA coding region
PIN2-gg8 TTGGTCTCAgaatACCGCCACGAAGCG
PIN2-gg9 TTGGTCTCAattcGCGGTCCCCCTCCT
PIN2-gg10 TTGGTCTCAtttcGGGGAACTGGTCGGT
PIN2-gg11 TTGGTCTCAgaaaCCGCCGGCTCCATC
PIN2-gg12 TTGGTCTCAACAActccTGAAGTTGCAGCAATATCT
PIN2-gg13 TTGGTCTCAACATggccAGAGGTATATATGGTATTTTTATTT
PIN2-gg14 TTGGTCTCAtcacCATTCGTTTTCCCA
PIN2-gg15 TTGGTCTCAgtgaCCACAAGGAGATTGAA
PIN2-gg16 TTGGTCTCAagtgACCAAATAAGGCCTATAAG
PIN2-gg21 TTGGTCTCAcactCGTTTCATTCAGGTCTttatTGAGACCAA
PIN2-gg22 TTGGTCTCAataaAGACCTGAATGAAACGagtgTGAGACCAA
PIN2-gg17-2 TTGGTCTCAttatCGATTTATCTAATTTTGTTG
PIN2-gg18 TTGGTCTCAACAAaagcTTAAACCCCAAGTAGCAC
PIN2-gg19 TTGAAGACAAgcttGATTTGTTTGGCAGAATAGA 3'UTR + terminator
PIN2-gg20 TTGAAGACAAagcgCACATTTGAGTCTTTGCC
PIN3-ggf13 TTGGTCTCAACATggagCACCCCAAAAAAAGAGTAGA promoter
PIN3-ggr1 TTGGTCTCAACAAgtccCGAACCTAAAATGA
PIN3-ggf2 TTGGTCTCAACATggacGCCATTCCAAAAAA
PIN3-ggr2 TTGGTCTCAACAAcattTTGTTTTTCTCTCTGTTTCTC
PIN3-ggf3 TTGGTCTCAACATaatgATATCCTGGCACGA coding region
PIN3-ggr3 TTGGTCTCAatctTCCCCAATCTCGG
PIN3-ggf4 TTGGTCTCAagatGGCAAGCTCCACGTCACA
PIN3-ggr4 TTGGTCTCAaccgCCCTGCTGATGATT
PIN3-ggf5 TTGGTCTCAcggtAAGACTAATTACGACGCGAA
PIN3-ggr5 TTGGTCTCAACAActccTTCGGTATCCCCATTTTG
PIN3-ggf6 TTGGTCTCAACATggccGGTGAATATTTATTTATTATTATCTT
PIN3-ggr6 TTGGTCTCAtaccAACGACCAAATGA
PIN3-ggf7 TTGGTCTCAggtaTCGTTTAGGTAAGAAGATAATACA
PIN3-ggr7 TTGGTCTCAaaggCCAACAGCAATGGAAG
PIN3-ggf8 TTGGTCTCAccttCGTGGTACCCTCCT
PIN3-ggr8 TTGGTCTCAACAAaagcCAACAAGGTACTATCGAAGAA
PIN3-ggf9 TTGAAGACAAgcttCTTTTCTAAGTAGTAATCGG 3'UTR + terminator
PIN3-ggr93 TTGAAGACAAagcgACCTTATCTTCCCAAGGTA

PIN4-ggf1 TTGGTCTCAACATggagCAAAAGCCCAAAATCCAC promoter
PIN4-ggr1 TTGGTCTCAACAAaacgATTGGATCACAAAAAA
PIN4-ggf2 TTGGTCTCAACATcgttTGGTCGCATTACATAT
PIN4-ggr2 TTGGTCTCAACAAcattTTTTCTTATCAACTGTATATGC
PIN4-ggf3 TTGGTCTCAACATaatgATAAGCTGGCACGAT coding region
PIN4-ggr3 TTGGTCTCAggccGTCTCCGGGAACTGCTC
PIN4-ggf4 TTGGTCTCAggccGCCTCCATCGTGTCGTTCAAGGTCGAGTCcgacTGAGACCAA
PIN4-ggr4 TTGGTCTCAgtcgGACTCGACCTTGAACGACACGATGGAGGCggccTGAGACCAA
PIN4-ggf5 TTGGTCTCAcgacGTCGTTTCGCTCGACGGCCAGGATTTCCTcgaaTGAGACCAA
PIN4-ggr5 TTGGTCTCAttcgAGGAAATCCTGGCCGTCGAGCGAAACGACgtcgTGAGACCAA
PIN4-ggf6 TTGGTCTCAcgaaACCGACGCTCAGATCG
PIN4-ggr6 TTGGTCTCAACAActccTTTAGCCTCTCCATTCTGA
PIN4-ggf7 TTGGTCTCAACATggccGGTGAGTGTACTATATTTAATTTG
PIN4-ggr7 TTGGTCTCAACAActtgAGCACCAACTTTT
PIN4-ggf8 TTGGTCTCAACATcaagTAGTTGGGGTCTTA
PIN4-ggr82 TTGGTCTCAACAAaagcTTACCCAGTACTAAGAATTGC

Supplementary table 2
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PIN4-ggf92 TTGAAGACAAgcttGCAAACTCCACCCACACA 3'UTR + terminator
PIN4-ggr92 TTGAAGACAAagcgCACCACCACAACTAAACATACC
PIN9-gf1 TTGAAGACAAggagTTCTTCAAGGTGAGTGGC
PIN9-gr1 TTGAAGACAAcattCTTTCGTTTTTCTTTTTT
PIN9-ggf1 TTGGTCTCAACATggagTTCTTCAAGGTGAGTGGC promoter
PIN9-ggr2 TTGGTCTCAACAAaagcTGAGGCCTTTTGAG
PIN9-ggf2 TTGGTCTCAACATgcttTTATTTCTTTGTCTGCC
PIN9-ggr1 TTGGTCTCAACAAcattCTTTCGTTTTTCTTTTTT
PIN9-ggf3 TTGGTCTCAACATaatgATATCACTCACAGACCTC coding region
PIN9-ggr3 TTGGTCTCAACAActccGAAAATCTCCGATCTCGA
PIN9-ggf4 TTGGTCTCAACATggccTCGCGGCGctctTGAGACCAA
PIN9-ggr4 TTGGTCTCAagagCGCCGCGAggccATGTTGAGACCAA
PIN9-ggf5 TTGGTCTCActctCACGGAGGCGGC
PIN9-ggr5 TTGGTCTCAACAAcgacAACATAAACCCAAAATTTCAG
PIN9-ggf6 TTGGTCTCAACATgtcgTCTATTGTCACATGCTTCCT
PIN9-ggr6 TTGGTCTCAtaaaGACCACGTTAGCCC
PIN9-ggf7 TTGGTCTCAtttaGTCTCGTTCAAGTAATAATTT
PIN9-ggr72 TTGGTCTCAACAAaagcTGCCTGAACATT
PIN9-ggf8 TTGAAGACAAgcttTACCACAAGGGATT 3'UTR + terminator
PIN9-ggr8 TTGAAGACAAcaccAAAAAACAGCAAGG
PIN9-ggf9 TTGAAGACAAggtgTTCTAACAGAGAGAAATAGAGG
PIN9-ggr9 TTGAAGACAAagcgCTCCTACATTGTCTATCTT
LAX1-ggf1 TTGGTCTCAACATggagTAGATTGAGATGCCGACGC promoter
LAX1-ggr1 TTGGTCTCAACAAaaagAGAAGGGAAAAAGGGGAC
LAX1-ggf2 TTGGTCTCAACATctttTACTCACTCTCACTCCCT
LAX1-ggr2 TTGGTCTCAACAAcattCGTTTTCGAATTTCTTTTCCTCT
LAX1-ggf3 TTGGTCTCAACATaatgTCGTCCGAGAAACAAGC coding region
LAX1-ggr3 TTGGTCTCAACAAtttgAAGCTAACGCCTTCTTTT
LAX1-ggf4 TTGGTCTCAACATCAAAgtgagcaagggcgaggag
LAX1-ggr4 TTGGTCTCAACAAgattCTTGtacagctcgtccatg
LAX1-ggf5 TTGGTCTCAACATaatcACGTCATTCAGGTTTCTG
LAX1-ggr5 TTGGTCTCAACAAgggtGAAAACATAGAGTGTGGC
LAX1-ggf6 TTGGTCTCAACATacccTAACCTTACCCTCG
LAX1-ggr6 TTGGTCTCAACAAaagcTTAATGGTGGGGTGGGGC
LAX1-ggf7 TTGAAGACAAgcttTCGGATTGGGATTTCTTCAAC 3'UTR + terminator
LAX1-ggr7 TTGAAGACAAagcgATTAGGGTTGAGCACGGT
LAX2-ggf1 TTGGTCTCAACATggagATTTCATGGCTTTTGGG promoter
LAX2-ggr1 TTGGTCTCAACAAtccaCCTTGTTTATTGCTTT
LAX2-ggf2 TTGGTCTCAACATtggaGTCTTATTGATTTAGGGAG
LAX2-ggr2 TTGGTCTCAACAAcattGTTTTTGTTTTTTTCTTTCACTC
LAX2-ggf3 TTGGTCTCAACATaatgGAGTCCTCTGATAAGGTT coding region
LAX2-ggr3 TTGGTCTCAACAActccTCTGAAATCAGCTTTCTCTCT
LAX2-ggf4 TTGGTCTCAACATggccAGCCATGTTATTCAGGTTTT
LAX2-ggr4 TTGGTCTCAgaacACCGTGGTTGCACAAC
LAX2-ggf5 TTGGTCTCAgttcATTCCTTCATTCCAC
LAX2-ggr5 TTGGTCTCAACAAagatGACAAATTAGCAAAACAATAGTAC
LAX2-ggf6 TTGGTCTCAACATatctTAATATTACAAAAATCTTTGTG
LAX2-ggr6 TTGGTCTCAACAAatgaTCTCTCTGCCCAA
LAX2-ggf7 TTGGTCTCAACATtcatGCACGCAATGTGG
LAX2-ggr7 TTGGTCTCAgaacACGATGGCCAGGAACCA
LAX2-ggf8 TTGGTCTCAgttcCCGTTCTTCGGCCCTA
LAX2-ggr8 TTGGTCTCAACAAaagcTCAAGGGGCGTGAGGA
LAX2-ggf9 TTGAAGACAAgcttCATTATTCAACCATGGTGTAC 3'UTR + terminator
LAX2-ggr9 TTGAAGACAAagcgGTTGGTGACAATGATAT
LAX4-ggf1 TTGGTCTCAACATggagCGAGAGTTCCCATATC promoter
LAX4-ggr1 TTGGTCTCAACAAgttaAATTTCTGATTGGTGC
LAX4-ggf2 TTGGTCTCAACATtaacGGTGGAATTGAATCT
LAX4-ggr2 TTGGTCTCAtcgtTCTTCGTTTGGTAGAATGAG
LAX4-ggf3 TTGGTCTCAacgaGAACGAGAATCAAAT
LAX4-ggr3 TTGGTCTCAACAAcattGTCTTGGATTTTCTTT
LAX4-ggf4 TTGGTCTCAACATaatgTCTGCTCAGAAGCAA coding region
LAX4-ggr4 TTGGTCTCAACAActccTTTAAAGCTAACACCTTCTTTTT
LAX4-ggf5 TTGGTCTCAACATggccAACCATGTTATTCAGGTTCGT
LAX4-ggr5 TTGGTCTCAACAAagtaAGTCGCAGTAAATGGAA
LAX4-ggf6 TTGGTCTCAACATtactGCCAACCGATCTCG
LAX4-ggr6 TTGGTCTCAACAAaaacCCCCCCCAAAAAA
LAX4-ggf7 TTGGTCTCAACATgtttGGGAATCTATGGTCA
LAX4-ggr7 TTGGTCTCAcaagACAGCTCATATCAGACATA
LAX4-ggf8 TTGGTCTCActtgTAGTTGCCTCCAAAATTTGG
LAX4-ggr82 TTGGTCTCAACAAaagcTCAATGGTGGGGTGGTAA
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LAX4-ggf9 TTGAAGACAAgcttCAACAGCTCATATTCGTTC 3'UTR + terminator
LAX4-ggr9 TTGAAGACAAagcgGGACATGATTAGGATTTA
LAX5-ggf13 TTGGTCTCAACATggagTTGGGTCTTGAAGTTAATGGG promoter
LAX5-ggr12 TTGGTCTCAACAAtcggGTGCGATTGAATAT
LAX5-ggf22 TTGGTCTCAACATccgaGTGTTTGGAAGAGA
LAX5-ggr23 TTGGTCTCAtttaAAAGCTATGGGTAGGC
LAX5-ggf23 TTGGTCTCAtaaaGTCTCTCTTCATTTTTCAAAGTT
LAX5-ggr2 TTGGTCTCAACAAcattTTTTTTTTCTCTTCACAA
LAX5-ggf3 TTGGTCTCAACATaatgGTTCCCAATAAACAAG coding region
LAX5-ggr3 TTGGTCTCAACAActccCCTGAAGCTAACATTCTCTTT
LAX5-ggf4 TTGGTCTCAACATggccAACCATATTATCCAGGtcttTGAGACCAA
LAX5-ggr4 TTGGTCTCAaagaCCTGGATAATATGGTTggccATGTTGAGACCAA
LAX5-ggf5 TTGGTCTCAtcttACCCTTCACTATTTTTTTTTTCAA
LAX5-ggr5 TTGGTCTCAACAAagagCGTGGCAAGAGGGAGAA
LAX5-ggf6 TTGGTCTCAACATctctCGTTATCGCGATGCA
LAX5-ggr62 TTGGTCTCAACAAaagcTCAGTGCTTTGCTGGTGG
LAX5-ggf7 TTGAAGACAAgcttTGAGGACCGGCCGGCCTT 3'UTR + terminator
LAX5-ggr7 TTGAAGACAAagcgCTCGGCTGATTTTGTAACTGGTTT
LAX3-ggf13 TTGAAGACAAggagTTCGAGAGGTGTAGAGTT promoter
LAX3-ggr1 TTGAAGACAAcattGTTGCTAGCTGTTTA
LAX3-ggf2 TTGGTCTCAACATaatgGCTTCAGAGAAAGTT coding region
LAX3-ggr2 TTGGTCTCAACAActccTCTAAAATCAACCTTCTCTCTC
LAX3-ggf3 TTGGTCTCAACATggccAACCATGTAATTCAGGTATTT
LAX3-ggr3 TTGGTCTCAACAAtagcTGATGGGAGTGTTA
LAX3-ggf4 TTGGTCTCAACATgctaGTGCTGTTTATTGGGC
LAX3-ggr4 TTGGTCTCAACAAaagcCAACAACAAAAACCC
LAX3-ggf5 TTGAAGACAAgcttTGGGTTTGGAGGGT 3'UTR + terminator
LAX3-ggr5 TTGAAGACAAagcgCCACCTAATAAATTGCCACTCA
DR5-f TTGAAGACAAggagGTATCGCAGCCCAGG promoter
DR5-r TTGAAGACAAcattGGTGGATCCGATCGAT
AtPGP4-f1 TTGGTCTCAACATGGAGggtaaaggatttgggtctat promoter
AtPGP4-r1 TTGGTCTCAACAAGTCAcgcattacttcttctg
AtPGP4-f2 TTGGTCTCAACATTGACcattccttccctgg
AtPGP4-r2 TTGGTCTCAACAACATTagagtttcacagatacct
AtRPS5a-ff TTGAAGACAAggagATTCCCAGTTGCAG promoter
AtRPS5a-fr TTGAAGACAAATGGctgtggtgagagaaaca
MPpro-f1 TTGGTCTCAACATggagCCCGTCTCAATTTTTCTTCT promoter
MPpro-r1 TTGGTCTCAACAAggagAATGTGAAAGTTGAAAAG
MPpro-f2 TTGGTCTCAACATctccAAACGAATAACGACAT
MPpro-r2 TTGGTCTCAACAAcattTTTATCTATTTACTTAATCCCC
YUC3-f1 TTGGTCTCAACATaatgAATCATTGCGTGCCGCC coding region
YUC3-r1 TTGGTCTCAACAAaccgTTGACCAGCTCAACTC
YUC3-f2 TTGGTCTCAACATcggtGACCTTCTCCAAGTTG
YUC3-r2 TTGGTCTCAACAAaagcTAGGAATTATGGATACAGGGCT
GR-ggf1 TTGGTCTCAACATcgatATTCAGCAAGCCACTG ligand binding domain
GR-ggr1 TTGGTCTCAACAAaagcTCATTTTTGATGAAACAGAAGCT
HSPter-f TTGAAGACAAGCTTatatgaagatgaagatgaaatatt 3'UTR + terminator
HSPter-r TTGAAGACAAAGCGcgcctcgttttactctat
Ter-ggf1 TTGGTCTCAACATatcgATACATAACTTCGTATAATGTATGCTATACGAAGTTATCTCTAGCTAGAGTCGATCGA add LoxP site
Ter-ggr1 TTGGTCTCAgagaTCTGGATTTTAGTACTGGA
Ter-ggf2 TTGGTCTCAtctcTAGCTAGAGTCGATCGACA
Ter-ggr2 TTGGTCTCAACAAcattATAACTTCGTATAGCATACATTATACGAAGTTATATCTGGATTTTAGTACTGGATT
Lox4x-f1 TTGGTCTCAACATccatAACTTCGTATAATGTATGCT increase spacer region
Lox4x-r1 TTGGTCTCAatatCTGGATTTTAGTACTGGA
Lox4x-f2 TTGGTCTCAATATatgaagatgaagatgaaatatt
Lox4x-r2 TTGGTCTCAACAAATCGcctcgttttactctat
Lox4x-f3 TTGGTCTCAACATCGATatgaagatgaagatgaaatatt
Lox4x-r3 TTGGTCTCAAGCGcctcgttttactctat
Lox4x-f4 TTGGTCTCAcgctCTAGCTAGAGTCGATCGACA
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