










 

 

Fig.1: Implementation of PUP-IT in plants.  

a, Schematic image of the PUP-IT proximity labeling system. b, Example vectors designed to express 

the FLAG-Pup(E), and PafA fused to GFP/AtRACK1a/NtRACK. Vector systems contain both the PafA 

and PUP(E) cassettes on the same backbone. c, Overlap of the identified proteins by AtRACK1a and 

NtRACK as PafA-baits compared to PafA-GFP, respectively, expressed transiently in tobacco leaves. 

d, Enrichment of the molecular function of proteins in the overlapping area of (c). e, A PPI network of 

overlapping proteins between our PafA analyses and proteins indicated as RACK1 interactors in the 

String database (https://string-db.org/). Nodes indicate proteins and edges indicate interactions, with 

line thickness indicating the strength of data support in String. f, Vectors designed to inducibly express 

STREPII-FLAG-Pup(E), combined with constitutive expression of PafA fused to TPLATE.  g, Volcano 

plots showing protein enrichment in the DEX and mock treatment groups of constructs shown in f 

expressed in Arabidopsis suspension cells. Through a two-sided t-test (determined by permutation-

based FDR calculation, using thresholds FDR = 0.05 and S0 = 1), green spots represent proteins only 

detected in the DEX group [with relative log2(FC) and -log10(p-Value) compared to the imputation], 

and red spots represent proteins with high abundance. The Pup(E) and TPLATE complex subunits were 

highlighted by increased spot size.  
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Fig.2: Employment of PUP-IT to identify proteins in cellulose synthesis.  

a, b, Volcano plots showed different enrichment of proteins in the CC1 and Lti6B groups in tobacco 

leaves (a) and Arabidopsis seedlings (b), respectively, through a two-sided t-test (determined by 

permutation-based FDR calculation, using thresholds FDR = 0.05 and S0 = 1). Green spots represent 

proteins only detected in the CC1 group [with relative log2(FC) and -log10(p-Value) compared to the 

imputation], and red spots represent proteins with high abundance. The proteins related to the CSC and 

BEN1 were highlighted with increased spot size. c, BEN1-mCherry was labelled with FLAG when co-

expressed with FLAG-Pup(E) and PafA-CC1 in tobacco leaves. d, BEN1-mCherry was co-

immunoprecipitated with EGFP-CC1 in tobacco leaves. EGFP was used as control. Arrowheads point 

to proteins of interest, with the color white corresponding to BEN1-mCherry, yellow corresponding to 

EGFP and red corresponding to EGFP-CC1. e, The membrane split-ubiquitin Y2H was used to detect 

the interaction between BEN1 and CC1. Approx. 100 colonies were used to quantify interactions and 

are expressed as ratio of growing vs non-growing colonies. f, Co-localization of dual-labelled stable 

transgenic Arabidopsis lines expressing BEN1-mCherry and EGFP-CC1, Scale bar = 10 µm. The right 

panel shows fluorescent intensity along transect in the left panel. Seedlings were grown for 5 days, and 

images were taken in the root elongation zone.  
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Fig.3: BEN1 impacts trans-Golgi function and cellulose synthesis.  

a, Five-day-old seedlings were transferred to soil and grown for 18 days in the greenhouse, scale bar = 

2 cm. b, Rosette leaves were harvested from plants growing for 3 weeks in the greenhouse and cellulose 

was measured according to Methods (Student t-test, n = 3, *P < 0.05). c, d, Three-day-old seedlings 

grown on ½ MS were transferred to ½ MS with 2 nM isoxaben or control for an additional 4 days, scale 

bar = 0.5 cm (root elongation), scale bar = 0.5 mm (root tip area) (c). Root lengths were measured for 

seedlings transferred to the different media (Student t-test, n ≥ 10, **P < 0.01) (d). e, f, Venus-CC1 and 

YFP-CESA6 in ben1 or control backgrounds were imaged following BFA treatment (50 μM for 30 min), 

scale bar = 10 µm (e), and BFA body distribution either across the root area using percentage area (% 

area; upper panel) or count per mm2 (lower panel) were used for statistical analyses (Student t-test, n ≥ 

6, **P < 0.01 & *P < 0.05). (f). g-i, YFP-CESA6 distribution in Col-0 and ben1 background, max 

intensity projection from two Z stacks with three steps of 0.3 µm (left panels Z stack starting at the 

plasma membrane and right panels starting 0.9 µm below the plasma membrane per genotype), scale 

bar = 10 µm (g), quantification of YFP-CESA6 fluorescence from Golgi bodies with relative size (h) 

and IntDen (the product of Area and Mean Gray Value)/Area of fluorescence (i), (Student t-test, n ≥ 20, 

**P < 0.01). j, Western blot to detect YFP-CESA6 in Col-0 and ben1 background using α-YFP(Venus) 

(Merck, MABE1906). YFP-CESA6 was immunoprecipitated by GFP-Trap Agarose (Chromotek, gta) 

from 0.5g seedlings grown for 2 weeks on ½ MS plates.   
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