bioRxiv preprint doi: https://doi.org/10.1101/740126; this version posted August 20, 2019. The copyright holder for this preprint (which was not
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under

[«> 2N &) B

~

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

aCC-BY-NC-ND 4.0 International license.

NbCycB2 represses Nbwo activity via a negative feedback loop in the tobacco
trichome developmemt

Minliang Wu" 3, Yuchao Cui®, Li Ge!, Lipeng Cui', Zhichao Xu', Hongying Zhang?
Zhaojun Wang?, Dan Zhou', Shuang Wu?, Liang Chen®*, Hong Cui”*

1. Xiamen Key Laboratory for Plant Genetics, School of Life Sciences, Xiamen
University, Xiamen 361102, China

2. Key Laboratory for Cultivation of Tobacco Industry, College of Tobacco Science,
Henan Agricultural University, Zhengzhou, 450002, China

3. FAFU-UCR Joint Center and Fujian Provincial Key Laboratory of Haixia Applied Plant
Systems Biology, College of Horticulture, Fujian Agriculture and Forestry University,
Fuzhou 350002, China

* Co-Corresponding author (email: chenlg@xmu.edu.cn, cuihonger 13@163.com)



https://doi.org/10.1101/740126
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/740126; this version posted August 20, 2019. The copyright holder for this preprint (which was not
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under
aCC-BY-NC-ND 4.0 International license.

31  Running title: Reciprocal regulation between Nbwo and NbCycB2

32

33  Highlight

34  NbCycB2 is specifically expressed in trichomes of Nicotiana benthamiana and
35 represses the Nbwo activity via a negative feedback loop in tobacco trichome
36 developmemt.

37

38  Abstract:

39 The wo protein and its downstream gene, SICycB2 have been demonstrated to
40 regulate the trichome development in tomato. It was shown that only
41  gain-of-function mutant form of wo, Wo" (wo woolly motif mutant allele) could
42  induce the increase of trichome density. However, it is still unclear the relationships
43  between wo, Wo" and SICycB2 in trichome regulation. In this study, we demonstrated
44  Nbwo (NbWo") directly regulated the expressions NbCycB2 by binding to the
45  promoter of NbCycB2 and its genomic sequences. As a feedback regulation, NbCycB2
46  negatively regulates the trichome formation by repressing Nbwo activity at protein
47  level. We further found that the mutations of Nbwo woolly motif could prevent
48  repression of NbWo" by NbCycB2, which results in the significant increase of active
49  Nbwo proteins, trichome density and branches. Our results revealed a novel
50  reciprocal mechanism between NbCycB2 and Nbwo during the trichome formation in
51  Nicotiana benthamiana.

52

53 Key word: Feedback loop; Trichome formation; Nbwo; NbCycB2; Woolly motif;
54 L1-like box

55

56

57

58 Introduction

59 Trichomes are the specialized epidermal protuberances locating on aerial parts of

60 nearly all terrestrial plants. They can be classified into various types by cell numbers
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61  and shapes -- unicellular/multicellular, and glandular/non-glandular. In Arabidopsis, it
62  has been well-elucidated that the development of trichomes (unicellular and

63 non-glandular), is regulated by the trimeric MYB-bHLH-WDR protein activators

64 complex (GL1 (Oppenheimer et al., 1991)-GL3/EGL3 (Payne et al., 2000)-TTG1(Walker
65 etal., 1999)). This transcriptional complex activates the expression of the

66 homeodomain protein GLABROUS2 (GL2) to induce the formation of trichomes

67  (Rerie et al., 1994; Grebe, 2012). In addition, it triggers the expression of the single
68 repeat R3 MYBs (including TRY (Schnittger et al., 1999), CPC (Wada et al., 1997), ETC1,
69 ETC2, ETC3 (Kirik et al., 2004; Wester et al., 2009) and TCL2 (Gan et al., 2011)) which
70  act as negative regulators of GL3 or EGL3 by forming a repressor complex

71 (GL3/EGL3-TRY/CPC-TTG1) in trichome development (Wang et al., 2008; Wester et al.,
72 2009). Thus the control of trichome development in Arabidopsis requires a

73  regulatory loop including both activators and repressors (Grebe, 2012; Pattanaik et
74 al., 2014).

75 The trichomes are multicellular glandular (GSTs) structure in approximately 30% of
76  all vascular plants (Glas et al., 2012). Since many phytochemicals and compounds

77  with economical values can be synthesized and secreted by multicellular GSTs

78  (Mauricio and Rausher, 1997; Holldsy, 2002; Valkama et al., 2003; Freeman and

79  Beattie, 2008), multicellular glandular trichomes have considerable economic

80 pontential (Sallets et al., 2014; Huchelmann et al., 2017). However, it has been

81  demonstrated that the networks regulating unicellular trichomes did not work in the
82  development of multicellular trichomes (Serna and Martin, 2006; Yang et al., 2011;
83 Kangetal., 2016; Yan et al., 2016).

84 In tomato, a HD-ZIP IV transcriptional factor, wo protein has been demonstrated to
85 regulate the trichome initiation (Yang et al., 2011). This HD-ZIP IV member contains
86  four conserved domains including homeodomain domain (HD), the leucine zipper

87 domain (LZ), the steroidogenic acute regulatory protein-related lipid transfer (START)
88 and the START-adjacent domain (SAD). However, overexpression of wo failed to

89 induce the change of trichome density, and only ectopic expression of its

90  gain-of-function mutant alleles, Wo", could cause higher density of trichomes in
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tomato (Solanum lycopersicum) and tobacco (Nicotiana tabacum) (Yang et al., 2011;
Yang et al., 2015). The Wo" allele has two point mutations at the C-terminal domain
(Since this motif was conserved in the most wo alleles, we name it as woolly motif in
this study). The sequence analysis revealed that wo protein is more similar to
PROTODERMAL FACTOR2 (PDF2) and the PDF2 redundant protein -- ARABIDOPSIS
THALIANA MERISTEM L1 (ATML1), both of which are involved in shoot epidermal cell
differentiation (Abe et al., 2001; Ogawa et al., 2015), than GL2 in Arabidopsis.

In Arabidopsis, the ectopic expression of a constitutive active B-type cyclin induced
mitotic divisions and resulted in the increase of multicellular trichomes (Schnittger et
al., 2005). SICycB2, a hypothetical B-type cyclin, was reported to directly interact with
wo to promote the development of type | trichome (Yang et al., 2011; Yang et al.,
2015). Its homologous protein in Arabidopsis (AT5G06270) was also found to interact
with GL2 or co-repressor TOPLESS proteins (Wu and Citovsky, 2017b, a). However, as
reported in a recent study, overexpression of S/ICycB2 resulted in non-trichome
phenotype, while suppression of SICycB2 promoted trichomes formation in tomato
(Gao et al., 2017). These inconsistent results raise the important questions: what is
the function of SICycB2 in trichome formation and why the mutation of woolly motif
can promote trichome formation?

Similar to tomato, trichomes in Nicotiana benthamiana are typically multicellular
structures, and almost all of the trichomes in N. benthamiana are glandular (Fig. S1),
making it a better system for studying glandular trichomes than tomato. In addition,
the genome map of N. benthamiana has been constructed (Bombarely et al., 2012).
Thus tobacco represents an excellent model plant to study the molecular mechanism
of multicellular trichome formation (Goodin et al., 2008). In this study, we cloned the
homologues of wo and SICycB2 in N. benthamiana (named Nbwo and NbCycB2), and
constructed a two-point mutantion Nbwo allele, NbWo". To investigate their
biological functions in trichome development, we constructed overexpression and
suppression transgenic lines of all genes. We demonstrated that Nobwo could
positively regulate the expression of NbCycB2 through targeting to the cis-element in

NbCycB2 promoter and its genomic DNA sequence. On the other hand, NbCycB2
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121 could be a negative regulator of multicellular trichomes by directly binding and

122 inhibiting Nbwo activity. The previous identified mutation in woolly motif (NbWo")
123  blocked the interaction between NbCycB2 and Nbwo, removing the repression of

124 Nbwo by NbCycB2 and resulting in increased trichome density. Our results revealed
125 the mechanisms of the interaction between Nbwo and NbCycB2 in regulating the

126  development of glandular trichomes.

127

128  Materials and Methods

129  Plant materials and growth conditions

130 Sterilized seeds of N. benthamiana were germinated and grown to seedlings on
131 MS medium, which solidified with 0.8% (w/v) gellan gum under 26 °C, 14 h light/10 h
132  dark conditions. Two-week-old plants were transferred to other sterilized bottle (for
133  genetic transformation) or soil in pots to grow to maturity. All wild type and
134  transgenic plants were grown in greenhouse under 26 °C, 14 h light/10 h dark
135  condition.

136  Sequence analysis

137 The protein sequences of the homologues of wo and SICycB2 were downloaded

138 from NCBI database (http://www.ncbi.nlm.nih.gov/) and Sol genomic network

139  (Fernandez-Pozo et al., 2015) (https://solgenomics.net/). In order to further analyze

140  the grouping and relatedness, the aligned sequences were used to construct the
141  phylogenetic trees in MEGA 5 by using the maximume-likelihood (ML) criterion with
142 100 bootstrap analysis. In addition, the relative conservation for each amino acid
143  position in the protein sequences of Nbwo and NbCycB2 was evaluated via WebLogo

144  (https://weblogo.berkeley.edu/) (Crooks et al., 2004), followed by the prediction of

145  their conserved domains in SMART program (https://smart.embl-heidelberg.de/)

146  (Letunic and Bork, 2018).

147  RNA extraction and Real-time PCR

148 Total of RNA was extracted from various tissue of plants by using the Eastep®Super
149  Total RNA Extraction Kit (Promega). The cDNA was synthesized from Dnase | treated

150 total RNA using M-MLV 1st Strand Kit (Invitrogen). Real-time PCR (gRT-PCR) was
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151  determined by using SYBR Premix Ex Taq Il (TaKaRa) and performed on ABI Stepone
152  real-time PCR system (Applied Biosystems). L25 ribosomal protein (L18908) was used
153 as an endogenous control (Schmidt and Delaney, 2010). Relative expression levels
154  were determined as described previously (Guo et al., 2016). Primers are listed in
155  Table S1.

156  Plasmid construction and N. benthamiana transformation

157 To investigate the biological functions of wo and SICycB2 in N. benthamiana, the
158  full-length coding sequences of two alleles of Nbwo and NbCycB2 were amplified
159  with Nhel and BamHI, Xbal and Bglll cloning sites respectively from the general cDNA
160  of leaves (All the primers used in current study are provided in Table S1). In addition,
161  to confirm the function of the tomato Wo" gene in tobacoo trichome formation (Yang
162 et al., 2015), an allele NbWo" with two point mutations at the locus 2084 (T was
163  replaced with G, result in lle-697 changed to Arg) and 2092 (G was replaced with T,
164  result in Asp-700 changed to Tyr, Fig. S2¢) of Nbwo was generated in N. benthamiana
165 by using a Mutagenesis Kit (Toyobo).

166 To construct the overexpression (OE) lines of Nbwo, NbWo" and NbCycB2, these
167  fragments were inserted into pCXSN-HA (Nbwo and NbWo" fused with HA tag) and
168  pCXSN-FLAG (NbCycB2 fused with Flag tag) vectors respectively under the control of
169  CaMV 35S promoter (Chen et al., 2009). The suppression expression constructs of
170 Nbwo and NbCycB2 were performed by recombining with the RNAi vector
171 pH7GWIWGII with LR Clonase Il enzyme (Invitrogen).

172 To comprehensively understand the expression sites of NbCycB2, approximate
173  2880bp upstream promoter fragments were amplified by PCR using the primers
174  shown in Table S1. The promoter fragments were then inserted into the
175  corresponding site of pH2GW?7 vector to create the promoter-driven GFP-GUS
176  transformation by using Pro-NbCycB2: GFP-GUS gene fusion (Cui et al., 2015).

177 All of these constructs were transferred into Agrobacterium tumefaciens strain
178 GV3101, which were used to generate transgenic lines by using
179  Agrobacterium-mediated transformation. The gene expression levels in the

180  transgenic lines were examined by real-time PCR and western blot.
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181  Subcellular localization and tissue distribution

182 The pCXDG vector (Chen et al., 2009) was used to analyse the subcellular
183  localization of Nbwo, NbWo" and NbCycB2, which were fused with GFP driven by the
184 CaMV 35S promoter (p35s:GFP-Nbwo, p35s:GFP-NbWo", p35s:GFP-NbCycB2).
185  Transformants carrying these constructs were obtained as described above and then
186  transiently transformed into 4-week-old N. benthamiana leaves. After cultivation in
187  lowlight conditions for 48-72 h, GFP was observed using confocal microscopy (LSM
188 780, Carl Zeiss, Jena, Germany) with staining in DAPI solution (1 mg/ml) for 15 min
189  before observation.

190 The tissue distribution assays were performed as described in the previous study
191  (Jefferson et al., 1987). GUS staining was repeated at least three independent
192  transgenic lines.

193  Yeast hybrid assays

194 Yeast one-hybrid assays were performed to test the specific function area of
195  NbCycB2 promoter binding Nbwo. The promoter of NbCycB2, separated into 5
196  fragments (E: -1027 ~ -831 bp, D: -830 ~-631 bp, C: - 630 ~ -411 bp, B: -410 ~-201 bp,
197  A:-200 ~ -1bp, Fig. 2a), were amplified and inserted into the pHIS 2 vector (Clontech)
198  (NbCycB2proE, NbCycB2proD, NbCycB2proC, NbCycB2proB, NbCycB2proA). Further
199  investigation of the targeted sequences in NbCycB2 promoter were conducted by
200 point mutations in the two L1-like boxes in the D fragment (NbCycB2proD-m1,
201  mutant one L1-like box, changed 5'-GCAAATATTTACTC-3’ to 5’-GCGGGTGACTC-3’;
202  NbCycB2proD-m2, mutant two Ll-like boxes, changed 5’-GCAAATATTTACTC-3' to
203 5'-GCGGGTGACTC-3’, and 5'-ATTTACTC-3’ to 5'-GGGACTCC-3’). To test the specific
204  region of Nbwo genomic sequence binding itself, four genomic fragments of Nbwo
205 (G1, -8 ~ 251 bp, include T3 fragment; G2, 2169 ~ 2522 bp, include T4 fragment; G3,
206 3485 ~ 3780 bp, include T5 fragment; G4, 4333 ~ 4660 bp, include T6 fragment, Fig.
207  7a), were amplified and inserted into the pHIS 2 vector (Clontech) (Nbwo-G1,
208  Nbwo-G2, Nbwo-G3, Nbwo-G4). In addition, the CDSs of Nbwo and NbWo" were
209 inserted into vectors pGADT7 containing the GAL4 activation domain (AD) (Clontech).

210  The plasmids were co-transformed into the Y187 yeast strain, empty AD vector was
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211 provided as the negative control, and cultivated on SD/-Leu/-Trp (-L-W) medium and
212  tested on SD/-Leu/-His/-Trp (-L-W-H) with 60 mM 3-amino-1,2,4-triazole (Sangon
213  Biotech (Shanghai) Co., Ltd) medium.

214 The yeast two-hybrid was performed to understand the interaction between Nbwo
215  and NbCycB2. We truncated Nbwo into four segments containing: HD, LZ, START and
216 SAD domains, and fused them into AD vectors to find the target region of the
217  interaction in Nbwo. In addition, the CDS of NbWo" was also amplified and inserted
218 into AD vector. Each pair of AD and BD plasmids were co-transformed into the
219  Y2HGold yeast strain. BD-53 and AD-T constructs were co-transformed in to Y2HGold
220  as positive control, and BD-Lam and AD-T as negative control. The transformants
221  were then cultivated on SD/-Leu/-Trp medium (DDO) and tested on SD/-Ade/
222  -Leu/-His/-Trp with 40 mg/L X-a-Gal (QDO/X) or SD/-Ade/-Leu/-His/-Trp with 40 mg/L
223  X-a-Gal and 400 pg/L Aureobasidin A medium (QDO/X/A).

224 Yeast three-hybrid was conducted to analyze the binding competition between
225 Nbwo LZ domain (Nbwo-LZ) and NbCycB2 to Nbwo. The Nbwo-LZ was fused with BD
226  (Clontech). The NbCycB2 was inserted into the downstream of methionine
227  repressible promoter (PMet25: NbCycB2) in pBridge vector. The plasmid of
228  BD-Nbwo-LZ was transferred with AD-Nbwo as positive control, and empty pBridge
229  vector was transferred to with AD-Nbwo as negative control. The transformants
230  were then tested on SD/-Ade/-Leu/-His/-Trp mediums with different concentrations
231 of methionine (0, 250 pM).

232  Bimolecular fluorescence complementation Assay (BiFc)

233 In order to determine the interaction of NbCycB2 and Nbwo (or NoWo") in M.
234 benthamiana protoplasts. The CDSs of Nbwo, NbWo" and NbCycB2 were inserted
235  into the pSAT6-cEYFP-C1-B vector (2x35s: YFP-Nbwo, 2x35s: YFP-NbWo") and the
236  pSAT6-n(1-174)EYFP-C1 vector (2x35s: YFP"-NbCycB2) separately (Citovsky et al.,
237  2006). Each pair of the two plasmids were then transiently transformed into the
238  protoplasts via PEG—calcium transfection method as described in the previous study
239 (Yoo et al., 2007).

240 Moreover, to determine the interactions between Nbwo and NbCycB2 in vivo, the
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241  CDSs of Nbwo, NbWo" and NbCycB2 were fused separately with the C-terminal
242  fragment of YFP in p2YC vector; Nbwo-LZ and NbWo" were also fused with the
243  N-terminal fragment of YFP in p2YN vector respectively (Shen et al., 2011). Different
244 plasmid combinations were co-infiltrated into leaves of N. benthamiana as described
245  in previous study (Shen et al., 2011).

246 The YFP fluorescence was observed by using confocal microscopy (LSM 780, Carl
247  Zeiss, Jena, Germany). Before the observation, the transformed protoplasts were
248  cultivation in 26 °C for 12 h, and the transformed leaves of N. benthamiana were
249  cultivation in darkness for 48-72 h. Three biological repeats were observed
250 independently for each samples.

251  Dual-luciferase (Dual-Luc) assay

252 The regulatory effectors of 2x35s: HA-Nbwo, 2x35s: HA-NbWo" and 2x35s:
253  Flag-NbCycB2 were generated by using the DNA sequences with Ncol (5’-end) and
254  Bglll (3'-end) cloning sites.

255 The firefly luciferase reporters were created by inserting the B and D fragments of
256  the NbCycB2 promoter, and the Renilla luciferase was driven by the 35S promoter in
257 the pGreen-0800-11 report vector (35S: REN-NbCycB2proB: LUC, 35S:
258  REN-NbCycB2proD: LUC). The mutants of the NbCycB2 promoter D fragments were
259  also constructed using a Mutagenesis Kit (355: REN-NbCycB2proD-m2: LUC). The
260 regulatory effector and the reporter were used at the ratio of 5:1 or 5:5:1 for the
261  expression test of two or three plasmids.

262  Immunoblotting, CO-IP and pull-down assay

263 The N. benthamiana leaves (~0.5 g) were homogenized with liquid nitrogen and
264  then solubilized with 0.4 ml of lysis buffer (25 mM Tris-HCI, 2.5 mM EDTA, pH 8.0,
265 0.05% v/v NP-40, 5% glycerol, 150 mM NaCl, 1 mM phenylmethylsulfonyl fluoride
266 and 20 uM MG132) for 30 min at 4 °C. After solubilization, the protein extract was
267  centrifuged at 13,000g for 10 min at 4 °C to separate the solubilized (supernatant)
268 and non-solubilized material. Total protein (~80 pg) was then used for the
269 immunoblotting assay. After SDS-PAGE separation, the proteins were

270  electrophoretically transferred to a PVDF membrane for immunodetection.
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271 The interaction of NbCycB2 and Nbwo dimers were determined by using co-IP
272  assay in N. benthamiana protoplasts. In the expression vectors, the Nbwo protein
273  was fused to the HA and Flag tags, respectively, and the NbCycB2 was fused to the
274  GFP tag. Each pairs of the plasmids were transformed into the protoplasts via
275  PEG—calcium transfection method as described in the previous study (Yoo et al.,
276  2007). The total proteins were extracted by using lysis buffer and then incubated for
277 3 hat 4°C with 20 ul of Anti-HA Affinity Gel (Millipore). The immunoprecipitates were
278 washed five times with lysis buffer. The isolated proteins were detected by
279  immunoblotting with anti-Flag or anti-GFP antibodies.

280 In the pull-down assay, the CDSs of Nbwo, NbWo" and NbCycB2 were respectively
281 inserted into the pET22b and PGEX-4T-1 vectors to create the fusion proteins
282  (His-Nbwo, His-NbWo" and GST-NbCycB2), and then transformed into the Escherichia
283  coli BL21 strain. The purified recombinant bait proteins (2 mg His-Nbwo or
284  His-NbWo") and 2 mg of prey proteins (GST-NbCycB2) were then mixed with 1 ml
285  binding buffer (50 mM Tris-HCI pH 7.5, 0.6% Triton and X-100, 100 mM NaCl,). After
286 incubation at 4 °C for 2 h, 50 pl of glutathione agarose was added to the mixtures
287  followed by the incubation for additional 1 h. The immunoprecipitates were washed
288 five times with binding buffer. The isolated proteins were detected by
289  immunoblotting with anti-His or anti-GST antibodies.

290  Chromatin immunoprecipitation (ChIP PCR) assay

291 Four weeks old NbWo"-OE plants were used for ChIP assay as described in previous
292  study (Gendrel et al., 2005). The NbWo" proteins were precipitated by using HA
293  antibody (Santa Cruz). Primers were designed to amplify 3 fragments (length ~ 120 -
294 210 bp) within the 1.7k bp upstream sequence of the NbCycB2 transcription start site
295  (Fig. 2a), and 7 fragments within ~ 8.7k bp of genomic DNA sequence of Nbwo (Fig.
296  7a). After the immuno-precipitation, the purified DNA was analyzed by real-time PCR
297  with the primers of NbCycB2 promoter and Nbwo genomic DNA sequence fragments
298 (Table S1). Enrichment was calculated from the ratio of immuno-precipitated
299  sequences.

300 Phenotype observation
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301 Images of the transgenic plants stem were obtained using Nikon camera. The
302 observation of abaxial leaves and root hair were used an Axioplan 2 microscope (Carl
303  Zeiss AG).

304 Leaf of transgenic line and wild type seedlings, which used for scanning electron
305 microscope analysis, were fixed with 2% glutaraldehyde (0.1M phosphate buffer, PH
306  7.4) at 4 L for 12h. Then, the samples were dehydrated with a series of acohol (10%,
307  20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% and 100%) for 20 min each time.
308 Finaly, the samples were dried in a critical point drying device (Leica EMCPDQ030),
309 and coated with gold particles. The samples were observed by using a JSSM-6390/LV
310  scanning electron microscope.

311 Data deposition

312 The sequences reported in this article have been deposited in the Sol genomic

313  network (Fernandez-Pozo et al., 2015) (https://solgenomics.net/) with the accession

314  numbers as follows: Nbwo  (Niben101Scf07790g01007.1), Nbwo-allele
315  (Niben101Scf00176g11005.1), NbCycB2 (Niben101Sc¢f10299g00003.1),
316  NbCycB2-allele (Niben101Scf10396g00002.1), NbML1 (Niben101Scf00703g00003.1),
317  NbML1-allele (Niben101Scf01158g03010.1).

318

319  Results

320  Expression and cellular analysis of Nbwo and NbCycB2

321 We obtained 14 Nbwo and 8 NbCycB2 protein-related sequences from online

322  databases (Fig. S2a, b). The full-length coding sequences of Nbwo and NbCycB2

323  obtained in the current study contained 2,199 bp and 333 bp, respectively. One allele
324  of each of the Nbwo and NbCycB2 genes were identified via BLAST with 95.82% and
325  95.20% identity, respectively. The amino acid analysis determined the two-point

326  mutations at 2,084 and 2,092 of NbWo" could cause two amino acid replacements in
327  the woolly motif (lle to Arg, Asp to Tyr, Fig. S1c). Conserved domain analysis revealed
328  that NbCycB2 contained a WD40-like domain in the N-terminal (NbCycB2-WD40,

329 including an EAR like motif) and a RING-like domain in the C-terminal (NbCycB2-RING)

330 (Fig. S2d). However, no conserved domain of B-Type Cyclin protein was found in
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331  NbCycB2 protein sequences.

332 The visualization of subcellular localization revealed that NbCycB2, Nbwo and

333  NbWo" all localized to the nucleus (Fig. S3a). As shown in the self-activation assay,
334  clones of AD-Nbwo and AD-NbWo" can grow on QDO/X/A medium compared to the
335  positive control, which means they have strong self-activating ability, while the

336  mutations of woolly motif did not affect Nbwo's transactivation ability (Fig. S3b).

337 As shown in Fig. S4a, the spatial expression pattern assays of NbCycB2 and Nbwo
338 indicated they were lowly expressed in roots but at a high level in the trichome

339  containing organs. Further investigation revealed the expression of the NbCycB2

340  promoter-driven GFP-GUS transgenic lines was only detected in the trichomes of

341  leaves and stems (Fig. S4b-c). However, GUS of the Nbwo promoter-driven GUS

342  transgenic line was strongly expressed in the basal and venous regions of young

343  leaves (Fig. S4d).

344  NbCycB2 negatively regulates trichome initiation

345 Most of NbCycB2 overexpression (OE) transgenic lines underwent a dramatic

346  reduction of trichomes on leaves and stems (Fig. S5a, Fig. 1c, 1f). The root length and
347  number of branch root significantly increased in NbCycB2-OE lines (Fig. S6). Western
348  blot and gRT-PCR analysis showed the NbCycB2 transcripts significantly accumulated
349  in NbCycB2-OE lines, while the expression levels of Nbwo and endogenous NbCycB2
350 were significantly reduced (Fig. S5b, c).

351 In contrast, the density of trichomes increased significantly on the leaves and

352  stems of 16 NbCycB2 knockdown lines (NbCycB2-RNAI) (Fig. S5d, Fig. 1b, 1f). The

353  gRT-PCR analysis showed the number of trichomes negatively correlated with the
354  expression level of NbCycB2 (Fig. S5e), suggesting that NbCycB2 may play a negative
355  rolein trichome initiation.

356

357  NbWo" positively regulates trichome initiation

358 To confirm the function of Nbwo, we also generated 22 Nbwo knockdown
359 transgenic plants (Nbwo-RNAi). Compared with the wild type, trichome densities

360 were clearly decreased on the leaves and stems of most Nbwo knockdown plants
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(Fig. S7a, e). The efficiency of RNAi mediated knockdown was confirmed by qRT-PCR
in two independent lines, in which the expression of Nbwo and NbCycB2 was
significantly reduced (Fig. S7b).

As in the previous study, dramatic increases in the density and branching of
trichomes were found on the leaves and stems of NbWo"-OE plants (Fig. 1d, 1f, S7d,
S7h). Our gqRT-PCR assay showed the expression levels of the NbWo", endogenous
Nbwo and NbCycB2 genes were all significantly upregulated in transgenic lines (Fig.
S7f-g). The dwarfism phenotypes were observed in the T1 plants of NbWo"-OE (Fig.
S8).

Over-expression of Nbwo also induces the dwarfism

Twenty transgenic plants with overexpression of Nbwo (Nbwo-OE) were
generated. Interestingly, the density of trichomes was shown to negatively correlate
with the expression level of Nbwo in the TO of Nbwo-OE plants (Fig. 2a, b).
Additionally, the expression levels of NbCycB2 were significantly reduced in trichome
reduced plants (Fig. 2b). However, the decreased trichome phenotypes were not
observed in T1 plants, but the higher expression level of exogenous Nbwo (for
example, Nbwo-OE #3) also resulted in dwarfism similar to NbWo"-OE lines (Fig. 2c).
Except for the dwarfism, these two lines, however had a great difference in both
trichomes and root hairs. In the Nbwo-OE #3, the development of glandular
trichomes and the development of root hairs were normal. In NbWo"-OE #1, the
density of glandular trichomes as opposed to root hairs increased significantly (Fig.
2d-f).

Nbwo and NbWo" directly targeted the L1-like box of the NbCycB2 promoter

The expression of NbCycB2 was significantly upregulated in the NbWo"-OE lines,
and decreased in the Nbwo-RNAi lines (Fig. S7b, f). These results indicated that
NbCycB2 was positively regulated by Nbwo and NbWo". To test whether Nbwo
directly bound to the promoter of NbCycB2, NbWo"-OF (NbWo" fused with HA tag)
plants were analyzed by ChIP gRT-PCR assay with an HA antibody. Strong enrichment
of NbWo" was observed in the P2 region of the NbCycB2 promoter in NbWo'-OF

plants (Fig. 3a, b).
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391 To further determine the specific area of the NbCycB2 promoter binding to Nbwo,
392 we performed yeast one-hybrid (Y1H) assays. The five truncated fragments of
393  NbCycB2 promoter were shown in Fig. 3a. The yeast colonies containing
394  NbCycB2-proD-pHIS 2 and AD-Nbwo constructs were grown on the selection medium
395  with 3-aminotriazole (60 mM) (Fig. 3c).

396 To investigate whether Nbwo and NbwWo" directly affect the expression of the D
397 fragment in vivo, we performed dual-Luc assays. The reporters 35S:
398  REN-NbCycB2proD: LUC, 35S: REN-NbCycB2proB: LUC and the effectors were shown
399 in Fig. 3d. As shown in Figure 3e, each pair of reporter and effector was transiently
400 co-expressed in N. benthamiana protoplasts. Compared to the B fragment, when the
401  Nbwo or NbWo' was transiently co-expressed, the D fragment-driven LUC
402  expression accumulated significantly in the protoplasts, indicating that the D
403  fragment of the NbCycB2 promoter should be a specific site for Nbwo and NbWo"
404  binding.

405 Further analysis of the targeting sequence of NbCycB2proD revealed this sequence
406  contained two L1-like boxes (5'-ATTTACTC-3') (Fig. 4a). In the Y1H assay and the in
407  vivo LUC assay, when two L1-like boxes were mutated (NbCycB2proD-m2), the
408 interaction with the Nbwo protein is abolished (Fig. 4b, c). Based on these results,
409  we inferred the L1-like boxes may be the binding target of the Nbwo and Nbwo"
410  proteins.

411 NbCycB2 represses the activity of Nbwo rather than Nbwo"

412 Since the NbCycB2-OE and Nbwo-RNAi transgenic lines shared the non-trichome
413  phenotype, and the expression of Nbwo was not enhanced in the NbCycB2-RNA;j
414  lines (Fig. S5e), we suspect that NbCycB2 could affect Nbwo transactivation ability at
415  protein levels. To confirm this, constructs of overexpression Nbwo, NbWo" and
416 NbCycB2 were transiently co-expressed in the leaves of the NbCycB2pro: GFP-GUS
417  transgenic line using the Agrobacterium-mediated method (Fig. 4d). The GUS
418 induced by the transient expression of Nbwo-OE was only detected in the area
419  where there was no NbCycB2-OE Expression. However, the transient expression of

420 NbWo' caused a strong GUS staining which is independent of NbCycB2-OE
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421  expression. These results were further supported by the LUC assay, in which
422  co-expression with NbCycB2 could clearly repress the transactivation activity of
423  Nbwo, but did not affect the NbWo" protein (Fig. 4e). These results suggest that
424  NbCycB2 may act as a negative regulator of Nbwo rather than NbWo".

425  NbCycB2 suppresses the transactivation ability of Nbwo via the direct interaction
426 The interaction between NbCycB2 and Nbwo was reported in a previous study
427  (Yang et al.,, 2011). To explore which domain was involved in the physical interaction
428  between NbCycB2 and Nbwo, four truncated fragments of Nbwo containing HD, LZ,
429  START and SAD were used (Fig. 5a). Y2H assays suggested that the LZ domain of
430 Nbwo interacted with NbCycB2 (Fig. 5b). The BiFC assay was further used to verify
431  the interaction between the Nbwo LZ domain and NbCycB2 in vivo (Fig. 5c).

432 To further examine if NbCycB2 also interacts with NbWo', we used yeast
433  two-hybrid (Y2H) assays. Our results indicate that NbCycB2 physically interacts with
434  Nbwo but did not interact with Nbwo", suggesting that the interaction between
435 NbCycB2 and Nbwo can be reduced by mutations in the woolly motif (Fig. 6a).
436  Consistent with the Y2H result, the interaction between NbCycB2 and Nbwo or
437  NbWo" was further confirmed by the pull-down assay (Fig. 6b) and the bimolecular
438 fluorescence complementation (BiFC) assay (Fig. S10a).

439

440  Nbwo was restrained by NbCycB2 through forming a homodimer

441 It is known that the HD-Zip proteins bind to DNA as dimers by the LZ domain (Ariel
442 et al.,, 2007). To verify whether Nbwo can be dimerized via the LZ domain, we first
443  demonstrated in the Y2H that the LZ domain could bind to the Nbwo protein {Fig.
444  S10b). In addition, BiFC assays were used to confirm the interaction between the LZ
445  domain and Nbwo (or NbWo") proteins in vivo (Fig. 5c).

446 To test whether the NbCycB2 could bind at the Nbwo homodimer, we conducted
447  the yeast three-hybrid (Y3H) and co-IP assays. As shown in Fig. 6¢-d, NbCycB2 could
448  interact with the Nbwo dimers.

449  Nbwo could bind to its own genomic DNA

450 The endogenous expression level of Nbwo reduced in NbCycb2-OE lines (Fig. S5b)
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and increased in NbWo"-OFE plants (Fig. 1d), indicated that Nbwo may be able to
regulate self expression. In order to prove this hypothesis, ChlP assay was carried out
to check whether Nbwo could bind to its genomic DNA sequence in the leaf of
NbWo"-OE transgenic line. Interestingly, enrichment of NbWo" was found in the T5
fragment in NbWo"-OE plants (Fig. 7a, b). This result was further demonstrated by
using Y1H assay. Only the clones with AD-Nbwo (or AD-NbWo") and Nbwo-G3-pHIS 2
constructs could grow on the resistant medium, suggesting that Nbwo or NbWo"
could bind to the G3 fragments (include T5 fragment, Fig. 7a) of its own genomic
DNA sequences (Fig. 7c).
Overexpression of NbCycB2 can reduce the dwarf phenotype of Nbwo-OE plants

To determine whether NbCycB2 can inhibit the transactivation activity of Nbwo in
vivo, we crossed NbCycB2-OF #2 T1 plant to Nbwo-OE #3 T0O plants. As shown in Fig.
8 a-b, the dwarf and short-root phenotypes of Nbwo-OE #3 were indeed reduced by
the NbCycB2-OF #2. The crossed F1 plants were tested using PCR (Fig. 8 c), and the
expression of NbCycB2 and Nbwo was also verified by qRT-PCR. Compared with T1
Nbwo-OE #3 plants, the balance between NbCycB2 and Nbwo expression was

restored in NbCycB2-OE #2 and Nbwo-OE #3 crossed F1 plants (Fig. 8 d).

Discussion
NbCycB2 negatively regulates trichome initiation

It is well known that ectopic expression of a constitutive active B-type cyclin
promoted the unicellular trichome differentiate to multicellular in Arabidopsis
(Schnittger et al., 2002, 2005). The SICycB2 gene has been reported to be a
hypothesis B-type cyclin gene participating in trichome formation in tomato (Yang et
al., 2011; Gao et al., 2017). However, the function of SICycB2 during trichome
development has not been well-studied.

In this study, we found that overexpression of NbCycB2 caused a non-trichome
phenotype, whereas inhibition of NbCycB2 significantly increased the density of
trichomes instead of branching on stems and leaves (Fig.1b, S5). Consistent with the

gRT-PCR results (Fig. S4a), GUS staining assay indicated NbCycB2 is specifically
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expressed in the trichomes of leaves and stems (Fig. S4b-c), and Nbwo is expressed
in the basal and venous regions of young leaves (Fig. S4d). These results suggested

NbCycB2 serves as a negative regulator of trichome initiation. None of B-type cyclin
conserve domains were found in the SICycB2 and NbCycB2 protein sequences (Fig.

S2d). Thus, whether SICycB2 has the function of B type cyclin protein requires

further study.

NbWo" and Nbwo directly regulate the expression of NbCycB2 through binding to
the L1-like boxes in the promoter

In previous study, S/ICycB2 has been reported to be indirectly regulated by Wo"
(Yang et al., 2011; Yang et al., 2015). The expression level of NbCycB2 was
upregulated in overexpression of NbWo" plants and downregulated in Nbwo-RNAi
lines (Fig. S7), indicating that NbCycB2 may be the downstream gene of Nbwo.
Additionally, the D fragments of the NbCycB2 promoter have been shown to be the
binding target of Nbwo and NbWo" through ChiP, YIH and LUC assays (Fig. 3).
Mutation of the two L1-like box sequences in NbCycB2proD inhibited the binding of
Nbwo or NbWo" in vitro and vivo (Fig. 4b). Therefore, we proved that NbCycB2 was
directly regulated by Nbwo or NoWo" through the binding of L1-like boxes in the
NbCycB2 promoter (Fig. 4a-c). In addition, we also proved that Nbwo and NbWo" can
self-regulate the endogenous expressions by binding to its own genomic DNA
sequence by Chlp and YIH assay (Fig. 7).
The increase of trichome density and plant dwarfism was regulated by Nbwo
through different pathways

The Wo homozygous plants have been shown to cause the embryo lethality in
seeds (Yang et al., 2011). We also found the overexpression of Nbwo or NbWo" genes
causes abnormal embryonic development and results in dwarf phenotype in its
offspring (Fig. 2¢c, S6). However, the trichome phenotype of Nbwo-OF and NbWo"-OF
was completely different (Fig. 2e and 2f), suggesting that Nbwo was involved in both
the regulation of the development of trihcome and embryo. The trichomes’ density

was decreased with the expression of Nbwo in TO of Nbwo-OE lines (Fig.2a and 2e),
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511 which suggested that high expression of Nbwo in wild type background could repress
512  trichome development. Thus, we suspected the woolly motif represses Nbwo activity.
513 However, the trichome density was not increased when the SAD domain deleted
514  Nbwo CDS (including woolly motif) was overexpressed in the wild type plants (Fig.
515  S9), which suggesting that woolly motif did not have repressing activity. Therefore,
516  the decreased trichome density in high expression of wo gene plants requires further
517  investigation.

518  NbCycB2 represses the transactivation activity of Nbwo at protein level

519 The NbCycB2 gene was proven to be directly regulated by Nbwo in our study.
520 However, the similar non-trichome phenotypes of NbCycB2-OF and Nbwo-RNAi
521  transgenic lines were found (Fig. S5a, S7a). Additionally, the expression of Nbwo was
522 not increased in NbCycB2-RNAi plants (Fig. S5e). These results suggested that
523  NbCycB2 might repress the transactivation activity of Nbwo at protein levels. The
524  GUS activity of the NbCycB2pro: GFP-GUS transgenic line was upregulated by the
525  expression of Nbwo and inhibited by the co-expression of NbCycB2 (Fig. 4d), and the
526  same result was found in the LUC assay (Fig. 4e). Additionally, Hybridization with
527  NbCycB2-OE can attenuate the dwarf phenotype of T1 Nbwo-OE (Fig. 8a-b). Further
528  studies revealed that the expression of endogenous NbCycB2 and Nbwo were
529  reduced in the NbCycB2-OE lines (Fig. S5b). They were shown to be downstream
530 regulatory genes of Nbwo (Figures 3 and 7). These results altogether supported our
531  hypotheses that NobCycB2 may act as a negative regulator of Nbwo at protein levels.
532 In a previous study, SICycB2 was reported to interact with wo protein (Yang et al.,
533  2011). Further investigation of the interaction between Nbwo and NbCycB2 revealed
534  the dimerized LZ domain of Nbwo binds to NbCycB2 (Fig. 5b, c). Through Y2H, BiFC,
535  Y3H and co-IP assays, we also found that Nbwo could form a homodimer through the
536  LZ domain, and the NbCycB2 protein could bind to LZ domain of Nbwo dimers (Fig.
537  5b-c, 6 c-d, S10b). These results indicated that NbCycB2 may bind to Nbwo protein
538 via its LZ domain to form a complex, which inhibits its transactivation ability.
539 However, further study is required to determine whether NbCycB2 functions

540 similarly to its homologue gene --AT5G06270.1 which also interacts with the
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541 co-repressor TOPLESS (Long et al., 2006; Szemenyei et al., 2008; Pauwels et al., 2010;
542  Wu and Citovsky, 2017a).

543  The interaction between Nbwo and NbCycB2 was blocked by the mutation in the
544  Nbwo woolly motif

545 In Arabidopsis thaliana, the feedback loop regulation mechanisms of the R3 MYB
546  (TRY, CPC and so on) is through competitively binding to GL3/EGL3 to form a
547  non-functional trimeric protein complex (MYB-bHLH-WDR), inhibiting the formation
548  of trichomes (Wang et al., 2008; Wester et al., 2009). Feedback loop regulation has
549  been reported as an effective strategy to maintain normal organism development by
550  many HD-ZIP proteins (Ohgishi et al., 2001; Williams and Fletcher, 2005; Kim et al.,
551  2008; San-Bento et al., 2014). However, the trichome formation was not repressed
552 by the high expression level of NbCycB2 in the NbWo"'-OE plants (Fig.1d, S7d, f),
553  which suggest that the negative effect of NbCycB2 could be eliminated by the
554  mutation in NbWo". The LUC assay and GUS activity assay in the leaves of
555  NbCycB2pro: GFP-GUS transgenic lines also supported this conclusion (Fig. 4d, e).
556 Further investigation demonstrated the interaction between NbCycB2 and Nbwo
557  could be blocked by the mutation of woolly motif in NbWo" protein in vitro and in
558  vivo (Fig. 6a-b, S10a), indicating that NbWo" abolishes interaction with NbCycB2 to
559  prevent inhibition of NbCycB2. The high expressions of NbCycB2 and endogenous
560  Nbwo in NbWo"-OF lines also supported this conclusion (Fig. S7f).

561 In summary, through this study, we found NbCycB2 is specifically expressed in the
562 trichomes of N. benthamiana and negatively affects trichome formation. Further
563  study revealed the Nbwo and NbWo' were demonstrated to directly regulate
564  NbCycB2 and Nbwo expressions by binding to the L1-like box in the NbCycB2
565  promoter and its own genomic DNA sequences. In addition, the NbCycB2 protein
566  may via binding to the LZ domain of Nbwo dimers, which represses the activity of
567 Nbwo and reduces the expression of Nbwo downstream genes, eventually leading to
568 the inhibition of trichome initiation. By contrast, the interaction between NbCycB2
569 and Nbwo could be blocked by the mutation in woolly motif (NbWo"), which

570 prevents the repression by NbCycB2, and results in the dramatic increase of
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571  trichome density and branching. In previous studies, since SICycB2 is highly
572  expressed in the Wo (wo gain-of-function mutant alleles) and Wo" lines and
573  underexpressed in the Wo-RNAi lines, SICycB2 is believed to promote the
574  development of type | trichomes in tomato (Yang et al, 2011). However, the
575 function and detailed molecular mechanisms of NbCycB2 in regulating trichome
576  development have not been studied. Our findings provide further insights into the
577  regulatory network of NbCycB2 and Nbwo or NbWo" in multicellular trichomes
578  development of N. benthamiana (Fig. S11).
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Supplemental Fig. S2: Sequence analysis of Nbwo, NbCycB2 and their similar
proteins.

Supplemental Fig. S3: The subcellular localization and auto activation test of
NbCycB2, Nbwo and NbWo".

Supplemental Fig. S4: The expression pattern of NbCycB2 and Nbwo in N.
benthamiana.

Supplemental Fig. S5: Overexpression of NbCycB2 and RNA interference of NbCycB2
in N. benthamiana.

Supplemental Fig. S6: The root phenotypes of wild type, NbCycB2-RNAi #7 T1,
NbCycB2-OF #2 T1, NbWo"-OF #1 T1, Nbwo-RNAi #2 T1 seedlings

Supplemental Fig. S7: RNA interference of Nbwo and overexpression of NbWo" in N.
benthamiana.

Supplemental Fig. S8: The phenotype of NbWo"-OE lines.
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784  Figure legends

785  Fig. 1: The trichome phenotypes of NbCycB2, Nbwo and NbWo" transgenic seedlings
786  (a), (b), (c), (d), (e), are the trichomes SEMs of wild type, NbCycB2-RNAi #7 T1,
787  NbCycB2-OF #2 T1, NbWo'-OF #1 T1, Nbwo-RNAi #2 T1 10d-old-seedlings
788  respectively. The white bar is 500 um. (f) The trichome density of the wild type,
789  NbCycB2-RNAi #7 T1, NbCycB2-OEF #2 T1, NbWo'-OF #1 T1, Nbwo-RNAi #2 T1

ugn

790  10d-old-seedlings leaves were shown. indicates a difference at P<0.05 by
791  Student's t test compared to WT. “**” represent significant difference against WT at
792 P <0.01. Error bars represent SD (n = 3).

793

794  Fig. 2: Over expression of Nbwo also induce the dwarf phenotype in N. benthamiana
795  (a) Over expression of Nbwo was drivered by P35S promoter. The trichomes density
796 reduced in the stems and leaves of transgenic lines. (b) The relative expression level
797  of Nbwo andNbCycB2 in the transgenic lines measured by gRT-PCR. Error bars
798  represent SD (n = 3). (c) The root lengths were measured in the Wild type,
799  NbCycB2-OF #1 T1, Nbwo-OE #3 T1, Nbwo-RNAi #2 T1 two weeks-old-seedlings. The
800  white bar is 1 cm. (d) The root hairs of Nbwo-OF #3 T1 and NbWo"-OE #1 T1 two
801  weeks-old-seedlings were detected by microscope. The red bar is 1 mm. (e), (f) are
802  the SEMs of the Nbwo-OE #3 T1 and NbWo"-OE #1 T1 10d-old-seedlings respectively.
803  The white bar is 500 um.

804

805  Fig. 3: Nbwo and NbWo" protein can bind NbCycB2 promoter in vitro and vivo

806 (a) The fragments of NbCycB2 promoter were used to CiHP (P1, P2 and P3) and yeast
807  one-hybrid assays (A, B, C, D and E). The numbers indicate positions of the NbCycB2
808 promoter truncations. (b) Graphs show the ratio of bound promoter fragments
809 (P1-P3) versus total input detected by qRT-PCR after immuno-precipitation in
810  HA-NbWo" by HA antibodies. Data shown are mean * SE (n = 3). (c) One-hybrid (Y1H)
811  assays were used to determine the interaction of NbCycB2 promoter fragments (A, B,
812 C, D, E) bait constructs and AD-Nbwo or empty pGADT7 constructs in Y187 yeast

813  strains. (d) The schematic diagram of the effectors and reporters constructs were
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814  used in the LUC assay. (e) The relative reporter activities were measured in N.
815  benthamiana protoplasts after transiently transformed the effector and reporter
816  constructs. The relative LUC activities normalized to the REN activity are shown
817  (LUC/REN). The difference between combinations were detected by Student's t test.
818  “**” present that the LUC activity is significantly different (P< 0.01). Error bars
819  representSD {n =3).

820

821  Fig. 4: NbCycB2 can suppress the function of Nbwo, but has no effect on NbWo"

822 (a) The DNA sequences of wild type NbCycB2 promoter {ProD) and mutant fragments
823  were shown. L1-like boxes were indicated by using gray arrow. The mutated bases in
824  the ml and m2 sequences are shown by a dividing line. (b) One-hybrid (Y1H) assays
825  were used to detected the interaction between mutant D fragments of NbCycB2
826  promoter bait constructs and AD-Nbwo or AD-NbWo" in Y187 yeast strains, the
827 empty pGADT7 construct as the control. (c) Relative reporter activity was measured
828 in N. benthamiana protoplasts after transiently co-transformed the effector and
829  reporter constructs. The relative LUC activities normalized to the REN activity are
830 shown (LUC/REN). “**” present that the LUC activity has significant difference
831  between the D and m2 fragments reporter when their co-transformed with Nbwo or
832  NbWo" effector respectively (P< 0.01, Student's t test). Error bars represent SD (n =
833  3). (d) The GUS staining of the proNbCycB2: GFP-GUS transgenic line leaves, when
834  co-expressing P35S: Nbwo and P35S: NbCycB2, P355: NbWo" and P35S: NbCycB2. The
835 area of red circle was injected with P35S: Nbwo GV3101 strain; the area of Green
836 circle was injected with P35S: NbWo" GV3101 strain; the area of blue circles were
837 injected with P35S: NbCycB2 GV3101 strain. (e) The LUC activity of co-transforming
838 the effector and reporter constructs were measured. “**” present that the LUC
839  activity is significantly different between Nbwo and NbWo" effector when they
840  co-transformed with NbCycB2 effector respectively (P< 0.01, Student's t test). Error
841  bars represent SD (n = 3).

842

843  Fig. 5: NbCycB2 protein interact with LZ domain of the Nbwo protein in vitro and vivo
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844 (a) Schematic diagrams of Nbwo protein domain constructs. The numbers indicate
845  positions of the first and the last amino acid of the Nbwo truncations. (b) Interaction
846  between NbCycB2 and domains of Nbwo protein were determined by YH2 system. (c)
847  The interaction between Nbwo and NbCycB2 or itself were demonstrated by BiFC
848 assay. Each indicated pair of constructs were co-infiltrated into leaves of N.
849  benthamiana (Bar, 50 um).

850

851  Fig. 6: Mutation of woolly motif reduce the interaction between Nbwo and NbCycB2
852  (a) Interaction between NbCycB2 and Nbwo or NbWo" proteins were determined by
853 YH2 system. Blue clones grown on the QDO/X/A medium indicates positive
854  protein-protein interactions. (b) The pull down assay between Nbwo or NbWo" with
855  NbCycB2 proteins. Only recombinant HIS-Nbwo protein can co-precipitate with
856  GST-NbCycB2 protein. {c) The competitive binding between NbCycB2 and LZ domain,
857 LZ domain and Nbwo were determined by Yeast three-hybrid assays. (d) The co-IP
858  assay between NbCycB2 and Nbwo dimers. The total protein immunoprecipitation
859  was performed by using anti-HA beads.

860

861  Fig. 7: Nbwo and NbWo" can bind at itself genomic DNA sequences

862 (a) The fragments of Nbwo genomic sequences were used to CHiP (T1, T2, T3, T4, T5,
863 T6 and T7) and yeast one-hybrid assays (G1, G2, G3 and G4). The bar present 1 kb
864 DNA sequences. (b) Graphs show the ratio of bound genomic fragments (T1-T7)
865 versus total input detected by real-time PCR after immuno-precipitation in
866  NbWo"-OF lines by HA antibodies. Data shown are mean + SE (n = 3). (c) One-hybrid
867 (Y1H) assays were used to determine the interaction of Nbwo genomic sequence
868 fragments (G1, G2, G3, G4) bait constructs and AD-Nbwo, AD-NbWo" or empty
869  pGADT7 constructs in Y187 yeast strains. The clones grown on the SD/-Leu/-His/-Trp
870  (-L-W-H) with 60 mM 3-AT medium indicates the interaction between DNA fragment
871  and Nbwo or NbWo" proteins.

872

873  Fig. 8: Hybridization between Nbwo-OF and NbCycB2-0OF plants
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874  (a), (b) The phenotype of NbCycB2-OF #2 and Nbwo-OE #3 hybridization F1 two

Illll

875 weeks old (a) and mature (b) plants were shown. present wild type N.
876  benthamiana, “II”"present NbCycB2-OE/WT hybrid T1 plants, “lll”present NbCycB2-OF
877  #2 and Nbwo-OE #3 hybridization F1 plants, “IV”present Nbwo-OE #3/WT hybrid T1
878 plants. (c) F1 plants were tested by using PCR. Wild type as a negative control,
879  Nbwo-OE #3 and NbCycB2-OE #2 as positive controls. No DNA band was detected in
880 the wild type N. benthamiana. A ~330 bp DNA band was detected in NbCycB2-OE #2
881 lines. A ~2199 bp DNA band was detected in Nbwo-OE #3 lines. In contrary, two
882  bands were detected in NbCycB2-OF #2 and Nbwo-OE #3 hybridization F1 plants. (d)
883  The relative expression levels of Nbwo and NbCycb2 were measured by gqRT-PCR in
884  F1 plants. Data are given as means SD (n = 3).

885
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