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	Figure 1 AUX1 and LAX3 are required for lateral root development. (a) Radial cross-section of an Arabidopsis root containing a lateral root primordium (LRP) emerging through endodermal (E), cortical (C) and epidermal (Ep) cell layers that are undergoing cell separation (denoted with an arrow). (b–e) Lateral root phenotype of 12-day-old wild-type (Col, b), lax3 (c) aux1-21 (d) and aux1 lax3 (e) seedlings. (f) Numbers of emerged lateral roots (mean ± s.d.). Asterisks indicates a significant difference from the wild-type control (P < 0.05, Student’s t-test; n = 23 (Col), 17 (lax3), 17 (aux1-21), 20 (lax3 aux1-21)). (g) Numbers of LRP at specific developmental stages in 8-day-old wild-type, aux1, lax3 and aux1 lax3 roots (expressed as stages I–VIII, according to ref. 3; mean ± s.d., n = 10 for each groups of seedlings). Asterisks indicates a significant difference from the wild-type control (P < 0.05, Student’s t- test). Scale bars are 20 µm (a) or 3 mm (b–e).
	Figure 2 LAX3 encodes a high-affinity auxin influx carrier. (a) Uptake of 3H-IAA into Xenopus oocytes injected with water or LAX3–cRNA at pH 6.4. Oocytes injected with LAX3 cRNA showed increased 3H-IAA (100 nM) uptake when compared with water-injected controls (data are mean ± s.d., n = 8 oocytes). (b). Kinetic analysis of 3H-IAA uptake by LAX3. Mean ± s.d. of IAA uptake rates at the indicated concentration are shown (n = 8 for each concentration). Experiments were repeated on oocytes from two different frogs and showed similar results. (c). Auxin analogues affect both AUX1- and LAX3-mediated IAA uptake similarly. Uptake of 3H-IAA (100 nM) into oocytes injected with either LAX3- or AUX1–cRNA were examined in the presence of excess unlabelled IAA (20 µM), the auxin analogues 2,4-D (20 µM) and 1-NAA (20 µM), and the naturally occurring auxin form IBA (20 µM). In addition, incubation with the specific auxin uptake inhibitors 1-NOA (naphthoxy-1-acetic acid, 20 µM) and 2-NOA (20 µM) reduced uptake.  Data are mean ± s.d., n = 8 oocytes. Asterisks indicate a significant reduction (P < 0.05, Student’s t-test) in transport into oocytes between AUX1 or LAX3 control oocytes and oocytes incubated with different auxins or auxin influx carrier inhibitors.
	Figure 3 LAX3 is expressed in mature tissues adjacent to developing LRP. (a–h) LAX3pro:GUS reporter expression was detected in seedling root stele tissues (a), expanding root stele cells (b), stele tissues within a radial cross-section (c) of an Arabidopsis root; but later excluded from new lateral root primordia from stage I (e), stage II (f), stage V (g) and stage VII (h) until  after lateral root emergence (d). Endodermal (E), cortical (C) and epidermal (Ep) cell layers are shown. (i–l) Root cells were detected (green) using the LTi6a–GFP plasma membrane marker. LAX3pro:LAX3–YFP expression (orange) was specifically detected in mature stele and cortical cells overlaying stage III (i), stage V (j) and newly emerged stage VII LRP (k). (l) Confocal scans of cells on the primary root surface stained with propidium iodide (red) revealed that the LAX3pro:LAX3–YFP reporter (yellow) demarked a subset of epidermal cells that were physically separating from one another. Scale bars are 500 µm (a), 50 µm (b), 40 µm (c), 100 µm (d) and 25 µm (e–l).
	Figure 4 LAX3 regulates the expression of cell-wall-remodelling enzymes. (a–f) 7-day-old GUS-stained transgenic roots expressing AIR3pro:GUS (a, b), PGpro:GUS (c, d) and XTR6pro:GUS (e, f) reporters in either wild-type (a, c, e) or lax3 (b, d, f) backgrounds. Scale bars are 50 µm (a–f).
	Figure 5 Lateral root emergence relies on an aerial source of auxin in a concentration-dependent manner. (a–b) DR5:GUS controls (left) or CAB:TMS2 DR5:GUS (right) seedlings were grown on Murashige and Skoog (MS) medium for 5 days after germination, then their cotyledons and leaves were excised and transferred to MS (a) or MS supplemented with 10 mM indole-3-acetamide (IAM, b) for 4 days. (c–f) Close-up view of lateral root primordium in DR5:GUS controls (c–d) or CAB:TMS2 DR5:GUS (e–f) seedlings treated with IAM as described above. Note that CAB:TMS2 primordia developed because of the availability of an aerial auxin source, whereas DR5:GUS control LRP development was arrested. (g) Transgenic seedlings expressing CAB:TMS2 were grown on MS medium for 5 days after germination, then their cotyledons and leaves were excised and transferred to MS or MS containing 0.1 or 1 mM IAM for a further 2 or 4 days. Roots were cleared and the number of emerged and non-emerged primordia was expressed as a percentage of the total number of lateral roots. Data are mean ± s.d., *P < 0.05; n = 271 (5d, primordial), 257 (5 + 2d, MS), 292 (5 + 4d, MS), 213 (5 + 2d, 0.1 µM IAM), 264 (5 + 4d, 0.1 µM IAM), 218 (5 + 2d, 1 µM IAM), 208 (5 + 4d, 1 µM IAM)). (h) PG:GUS seedlings were grown for 5 days on MS plates and either left intact (upper panels) or aerial tissues were excised (lower panels) then transferred to MS media for another two days. Roots were GUS-stained for 2 h. DIC imaging revealed that GUS staining was reduced at every stage of lateral root primordia monitored in PG:GUS seedlings. Scale bars are 2 mm (a, b), 40 µm (c–f) and 50 µm (h).
	Figure 6 LAX3 expression is positively regulated by auxin. (a) Confocal image of PIN2pro:PIN2–GFP expression (green) in primordia before emergence is restricted to the epidermis. (b, c) DR5pro:GUS (blue) and (d, e) DR5pro:GFP expression (green) is stronger in pin2 (c, e) mutant primordia and adjacent cells, compared with wild-type (WT) (b, d). (f, g) Confocal images of root tissues expressing LAX3pro:LAX3–YFP expression (yellow) after treatment with 0.01 µM IAA (f) or 0.1 µM IAA (g). Root cells are stained with propidium iodide (red). (h, i) DR5pro:GUS expression (blue) in wild-type (h) and slr-1 (i) root tissues after 6-h auxin treatment with 10 µM 1-NAA. Inset panels represent GUS staining in untreated controls. (j, k) LAX3pro:GUS expression (blue) in wild-type (j) and slr-1 (k) root tissues after 6-h auxin treatment with 10 µM 1-NAA. (l–n) IAA3pro:GUS expression (blue) was localized to endodermal cells in direct contact with stage II (l), stage III (m) and stage IV (n) primordia. Scale bars are 10 µm (a), 20 µm (b–e, l–n), 40 µm (f–g) and 25 µm (h–k).
	Figure 7 LAX3 is upregulated by auxin in an ARF and IAA14-dependent manner. (a, b) qRT–PCR measurements of LAX3 (a) and IAA19 (b) mRNA abundance in Arabidopsis seedlings after treatment with increasing concentrations of the synthetic auxin 2.4-D. (c–f) Confocal images of root tissues expressing LAX3pro:LAX3–YFP (yellow) after treatment with 0 (c) 0.01 (d) 0.1(e) or 1.0 (f) µM 2,4-D. Root cells were stained with propidium iodide (red). (g) RNA abundance of LAX3 in 14-day-old wild-type (Col-O), slr-1 and arf7 arf19 mutant seedling roots treated for 6 h with either 1 µM 1-NAA or no hormone (MS). RNA abundance was determined by qRT–PCR (data are means ± s.d., *P < 0.05, Student’s t test, n = 3). (h) Cross-section of GUS-stained mature root tissues expressing an IAA14pro:GUS reporter (blue) in epidermal, cortical and xylem-pole pericycle cells. Scale bars are 50 µm (c–f) and 20 µm (h).
	Figure 8 Model for auxin-dependent lateral root emergence. (a) Auxin (IAA) originating from dividing pericycle (P) cells induces cell-wall-remodelling (CWR) gene expression in adjacent endodermal (End) cells by targeting the degradation of the SHY2/IAA3 repressor protein. (b) Auxin derived from the lateral root primordium also induces expression of the auxin influx carrier LAX3 in adjacent cortical cells (C) by targeting the degradation of the SLR/IAA14 repressor protein. (c) LAX3 expression increases cell permeability to auxin, creating a positive-feedback loop. Increased auxin accumulation induces CWR expression. (d) At a later stage of primordium development, auxin induces LAX3 expression in adjacent epidermal (Epi) cells. The expression of CWR in a few cells of the different layers facilitates the emergence of lateral root primordium. Cellular auxin responses are represented as a blue colour gradient.

