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elongation or directional organ growth. In the dark, SPR1 only interacts with CSN to control the next
MT-related biological process. (B) In wild-type plants, the expression level of SPR1 accords with the
balance of stability and polymerization of MTs. MTs arrays are transverse to the elongation axis, which
result in a normal anisotropic expansion of cells. Meanwhile, in the SPR1 overexpression transgenic,
sprl mutant, and MTs drug treatments plants, the balance of MTs was disrupted, which in turn led to the
helix of the MTs and following isotropic expansion of cells.
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Fig. 4. SmSPR1 protein localization and increase in PPM tolerance. (A) Confocal images of SmSPR1.:
GFP hypocotyl (green) and immunofluorescence stained with anti-tubulin antibodies (red). (B) SmSPR1.:
Changes in GFP fluorescence after the addition and removal of the MT-depolymerizing drug, PPM. (C)
Seedling phenotypes of the wild-type and transgenic plants grown in a medium containing 9 M PPM.
(D) PI staining of roots of the wild-type and transgenic plants with higher concentrations of PPM in the
presence of light. (E) Photomicrographs of roots from the wild-type and transgenic seedlings treated

with 7 pM PPM. (F) Root length of wild-type and transgenic seedlings treated with 7 M PPM. (G)
Root width of the wild-type and transgenic seedlings treated with 7 M PPM. For (F) to (G), the data are
expressed as the mean =SD of > 30 seedlings. Asterisks indicate significant differences using the

6 W X GtHeQ W § ¥.01). Bars in (A) and (B) = 10 pm, (C) =1 cm, (D) and (E) = 100 pm.
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Fig. 5. Overexpression of SmSPR1 rescues in the sprl background and overexpression of Arabidopsis
SPR1 causes a similar hypocotyl helix phenotype. (A) Phenotype of the wild-type, sprl mutant and
overexpression SmSPRL1 transgenic plants in the sprl mutant background in the presence of light. (B)
Etiolated seedling phenotype of the wild-type, sprl mutant and overexpression SmSPR1 transgenic
plants in the sprl mutant background; Blue short arrows show different root morphologies; Red boxes
and long arrows indicate magnified hypocotyls. (C) Semi-quantitative RT-PCR analyses of the wild-type,
sprl mutant and overexpression SmSPR1 lines (L1-L6). (D) P35S: AtSPR1 transgenic plant shows a
right-handed helix hypocotyl in etiolated seedlings compared to the wild type. (E) Semi-quantitative
RT-PCR analyses of wild type and overexpression AtSPR1 lines (L1-L7).
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Fig. 6. SmSPR1, CSN5A, and HY5 interaction in vivo. (A) Fi

It is made available under a CC-BY-NC 4.0 International license.

OE Dark

» Light

I:1 1:10  1:100 1:200 1:500 1:1000 1:1  1:10 1:100 1:200 1:500 1:1000

SD-TL+X-a-Gal

SD-TLHA+X-a-Gal

OE Light

» Dark

D SmSPRI-YFP" SmSPR1-YFP" SmSPRI-YFP" SmHYS5-YFP"
SmCSNSA-YFP¢  AtCSNSA-YFP¢ AtHYS5-YFP<  SmCSN5SA-YFP¢
Dark filed

Bright filed

Merge

-

ve-day-old etiolated seedlings were

transferred to light conditions for another four days of growth. Bars = 10 pm. (B) Five-day-old

light-grown seedlings were transferred to the dark for another six days of growth; Red arrows show

scanning electron micrographs of the hypocotyl. (C) Interactions of SPR1 and CSN5A, HY5, and COP1

in a Y2H system. (D) SPR1, CSN5A, and HY5 interact with each other in the BiFC system. Bars= 10
m.
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Fig. 7. Model of SPR1, CSN, and HY5 interactions and helical growth. (A) In the light, SPR1, CSN, and
HY5 could interact to each other for the stabilization or reorganization MTs and ultimately mediate cell
elongation or directional organ growth. In the dark, SPR1 only interacts with CSN to control the next
MT-related biological process. (B) In wild-type plants, the expression level of SPR1 accords with the
balance of stability and polymerization of MTs. MTs arrays are transverse to the elongation axis, which
result in a normal anisotropic expansion of cells. Meanwhile, in the SPR1 overexpression transgenic,
sprl mutant, and MTs drug treatments plants, the balance of MTs was disrupted, which in turn led to the
helix of the MTs and following isotropic expansion of cells.
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