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Abstract Plant secondary cell wall (SCW) provides physical support for upright growth and the transportation of water and
nutrients. In our previous report, we characterized ZmIQD27, an SCW development-related protein, colocalized with microtubules
and its loss of function would result in upward water-transportation failure. While the molecular mechanism of how ZmIQD27
mediates microtubular arrangement was not addressed. In this paper, a ZmCaM-ZmIQD27-ZmKLCR cascade was identified in
maize. Interactions between ZmIQD27 and ZmCaMs and ZmKLCRs were verified in vivo and in vitro. ZmIQD27 motif that is
responsible for binding CaMs and KLCRs was characterized. A proposed model of ZmIQD27 acts as a scaffold protein that senses
signals and mediates the SCW transportation on microtubules guided by kinesin, was proposed. Our results would be essential for
enriching the molecular network of how ZmIQD27 modulates secondary cell wall development, which would finally help in
marker-assisted maize breeding.
Keywords Secondary cell wall; ZmIQD27; ZmCaM; ZmKLCR; Interaction

Introduction
The plant cell wall has a primary cell wall (PCW) and a secondary cell wall (SCW). The PCW forms when a cell
divides. SCW forms between the cellular plasma membrane and PCW in specific cell types, such as epidermic
cells that offer mechanical support and xylem vessel elements that conduct water and nutrients. Both PCW and
SCW contain cellulose, hemicellulose, and pectin, while the latter contains a variable amount of lignin.

The common feature of IQD proteins is the presence of a central region of 67 conserved amino acid residues,
referred to as the IQ67 domain. Diverse biological functions of IQD proteins have been reported (Abel et al., 2005;
Abel et al., 2013; Feng et al., 2014; Ma et al., 2014; Bürstenbinder et al., 2013; 2017a; 2017b; Wu et al., 2016; Bi
et al., 2018; Yuan et al., 2019; Liu et al., 2020; Li et al., 2021; Mei et al., 2021). Novel functions of IQDs on the
production of biomass and cell wall chemistry were reported (Badmi et al., 2018). In Arabidopsis, loss-of-function
of Atiqd5 lines showed changed morphogenesis of pavement cell (PC) shape (Mitra et al., 2019).

ZmIQD27 was the first IQD protein that was reported to have functions in mediating SCW development in maize.
There are at least 27 IQDs in maize, 26 of which were reported by Cai et al. (2016). ZmIQD27, the mutated gene
of a drought-sensitive maize mutant screened from an EMS-induced mutant library of maize B73 (Lu et al., 2008),
was characterized. ZmIQD27 functions by colocalizations with microtubules. The drought-sensitive phenotype of
the mutant was due to defects of metaxylem vessels (Li et al., In press). A putative function of ZmIQD27 in SCW
patterns consistent with that of AtIQD13 (Oda and Hasezawa, 2006; Oda et al., 2010; Oda and Fukuda, 2012; Oda
et al., 2013a; 2013b; Sugiyama et al., 2017). Detailed molecular mechanism of how ZmIQD27 modulates
microtubules and its loss-of-function leads to a disorder arrangement of microtubules, was not revealed.

A CaM-IQD-KLCR cascade was characterized in Arabidopsis (Abel et al., 2013; Bürstenbinder et al., 2013;
2017a; 2017b). IQD proteins belong to the family of CaM/CML-binding proteins. Calmodulin (CaM) and closely
related CaM-like (CML) proteins are principal sensors of dynamic intracellular calcium (Ca2+) fluctuations. CaM
binding was detected in the absence of Ca2+. The IQ67 domain mediates CaM binding in vitro (Bürstenbinder et
al., 2013). In Arabidopsis, AtIQD1 interacts with CaM1, CaM2, CML8, and CML9 by pull-down assay
(Bürstenbinder et al., 2013). IQD1 interacts with CaM1, CaM2, and CaM6, while IQD20 interacts with CaM2 and
CML13 (Bürstenbinder et al., 2013).
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Kinesins are a class of microtubule-based molecular motors that are usually hetero-tetrameric, consisting of two
heavy chains (KHC) and two light chains (KLC) subunits, and facilitate directional transport of organelles,
vesicles, multiprotein or ribonucleoprotein complexes to specific cellular destinations, generally toward the cell
periphery. Kinesin light chain-related-1 (KLCR1) is a novel class of protein that interacts with IQDs. Three
KLCRs from Arabidopsis, named KLCR1-3, were cloned and subjected to yeast two-hybrid (Y2H) assay. KLCR1
interacts with IQD1 (Bürstenbinder et al., 2013). In vivo, the binding of KLCR1 to IQD1 was confirmed in yeast
and in plants. GFP-tagged IQD1 localized to microtubules, while expressed RFP-tagged KLCR1 displayed diffuse
cellular fluorescence, indicative of cytosolic localization (Bürstenbinder et al., 2013). When co-transfected,
RFP-tagged KCLR1 colocalized with the microtubular pattern of GFP-tagged IQD1 fluorescence, indicating the
recruitment of RFP-tagged KLCR1 to the microtubular network by GFP-tagged IQD1 (Bürstenbinder et al., 2013).
However, there are no CaMs or ZmKLCRs found interacting with ZmIQD27 in maize, there is no such a
“ZmCaM-ZmIQD-ZmKLCR” cascade characterized in maize.

In this paper, ZmCaMs, and ZmKLCRs in maize were characterized and cloned, and interactions between
ZmIQD27 and ZmCaMs, and ZmKLCRs were verified in vitro and in vivo. A ZmCaM-ZmIQD27-ZmKLCR
cascade was characterized in maize, which would finally enrich our molecular network of how ZmIQD27
mediates SCW development.

1 Materials and Methods
1.1 Plant materials
Maize seedlings were maintained at (28±2)°C under a 14 h light (3 500 lux)/10 h dark photoperiod at 70%
humidity in a greenhouse.

Nicotiana benthamiana plants were grown in a greenhouse at 22°C to 24°C under long-day conditions (16 h of
light/8 h of dark).

1.2 Gene cloning and vector construction
DNA and amino acid sequences of CaMs and KLCRs in Arabidopsis were obtained by typing gene accession
number (Table 1) in TAIR (https://www.arabidopsis.org/index.jsp). BlastN and BlastP were performed in
MazieGDB (https://www.arabidopsis.org/index.jsp) to obtain homologous CaMs and KLCRs in maize.

Total RNA was extracted from maize root, electrophoresis was later performed to check RNA quality. RNA was
further reverse-transcript into cDNA. Gene-specific primers were used to amplify the coding sequences of
ZmIQD27, ZmCaMs, and ZmKLCRs (without terminal codons) with appropriate restriction enzyme sites from
cDNA. Primers used in PCR amplifications were listed in Table 1. Amplified fragments were ligated in-frame to
the 5’-terminus with the expression vector. Truncated ZmIQD27 (ZmIQD27 Ⅰ~ZmIQD27 Ⅴ) were amplified and
vectors were constructed as described. Primers used to amplify truncated ZmIQD27 Ⅰ to Ⅴ were listed (Table 1).

1.3 Sequence alignment and phylogenetic analysis of ZmCaMs and ZmKLCRs
Multi-alignments of ZmCaMs and AtCaM2 in Arabidopsis, ZmKLCRs, and AtKLCR1-3 in Arabidopsis were
performed by using MEGA7.0. The phylogenetic trees were constructed by the neighbor-joining (NJ) method
using the MEGA7.0 program with Poisson-corrected distances, with 1 000 bootstrap replicates.

1.4 Subcellular localization
ZmIQD27, ZmCaMs, and ZmKLCRs were cloned in frame into expression vector driven by 35S promoter.
ZmIQD27, ZmCaMs, and ZmKLCRs were recombined with GFP, thus GFP signals could be traced for
subcellular localization. For transient expression assays, Nicotiana benthamiana leaves were co-infiltrated with
Agrobacterium tumefaciens GV3101 pMP90RK harboring plasmids and the silencing suppressor p19 in a 1:1
ratio. Bacterial cultures were adjusted to an optical density of 0.5 at 600 nm using infiltration buffer, and
Nicotiana benthamiana leaves were pressure-infiltrated through the abaxial epidermis. Transgenic leaves were
placed in the dark for more than 48 h and the GFP signal was detected by laser scanning confocal microscopy
(Zeiss LSM 800, Oberkochen, Germany).
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Table 1 Forward and reverse primers of genes in our study

Gene name Gene accession number Primer sequence-F Primer sequence-R
IQD27 GRMZM2G024799 ATGGGTAAGAAGGGAAATTGGTTCAC CTTAAAGGACCTCGTGCCG
CaM1 GRMZM2G117582 ATGGCGGACCAGCTCACC CTTGGCCATCATAACCTTGACGAACT
CaM2 GRMZM2G067511 ATGGCGGACCAGCTCACC CTTGGCCATCATCACCTTCACGAAC
CaM3 GRMZM2G152891 ATGGCGGACCAGCTCACC CTTGGCCATCATGACCTTGACG
CaM4 GRMZM2G115628 ATGGAGGAGGTGGAGCAGCA CTCCCATGCTCTTCCAGCT
CaM5 GRMZM2G155822 ATGGGAGGTGTAATTAGTGGTGACTCA

CC
TTCTTCTTCGTCCTCGTCTTCTTCATT
ATTGATCC

CaM6 GRMZM2G142693 ATGGGAGGTATAATTAGTGGGGAC TTCTTCTTTATCTTCATCATCATCGTC
TTC

KLCR1 GRMZM2G147377 ATGCCTGGAATTACAATGGATGG TGCAGCAACTGCATTTCTCTTG
KLCR2 GRMZM2G060947 ATGCCTGGAATTACAGAGGA TGCAGCAACGGCATTTCTCTT
AtCaM2 At2g41110 - -
AtKLCR1 AT4G10840 - -
AtKLCR2 AT3G27960 - -
AtKLCR3 AT1G27500 - -
IQD27 Ⅰ - ATGGGTAAGAAGGGAAATTGGTTC CCGGTAGTTCCGCCGCGCCAT
IQD27 Ⅱ - TCGCTGCGCGGGCTGATC CTACTTAAAGGACCTCGTGCCGA
IQD27 Ⅲ - CGCGCGCGCG CCGGTAGTTCCGCCGCGCCAT
IQD27 Ⅳ - ATGGGTAAGAAGGGAAATTGGTTC CGCCGCCGGAC
IQD27 Ⅴ - CGCGCGCGCG CTACTTAAAGGACCTCGTGCCGA
IQD27 Ⅰ - ATGGGTAAGAAGGGAAATTGGTTC CCGGTAGTTCCGCCGCGCCAT

1.5 Yeast-two hybridization (Y2H)
To further verify protein-protein interactions, full-length, and truncated ZmIQD27 were amplified and cloned into
pGBKT7, ZmCaMs and ZmKLCRs were amplified and cloned into pGADT7, and later verifications were
conducted as the manufacturers’ instructions. All the sequences of the primers used in the cloning process are
given (Table 1).

pGADT7-CaMs/KLCRs was introduced together with pGBKT7-ZmIQD27 (either full length ZmIQD27 or
truncated ZmIQD27) into the yeast strain AH109 by cotransformation. The co-transformations were selected on
different SD mediums lacking tryptophan (Trp) and Leucine (Leu) (SD/Trp-Leu-) and finally on the SD medium
lacking adenine (Ade), His, Trp, and Leu (SD/Trp-Leu-His-Ade-).

1.6 Bimolecular Fluorescent Complimentary (BiFc) and immune-fluorescence
The fluorescence signal of the yellow fluorescence protein (YFP) was measured for protein-protein interactions.
The open reading frames of ZmIQD27, ZmKLCRs, and ZmCaMs were amplified from Maize cDNA. The
amplified open reading frame was inserted into the pUC-SPYCE or pUC-SPYNE vector, driven by the 35S
promoter, and fused to the YFP-N or YFP-C in the frame. Plasmids were transformed into GV3101, and the
positive colony was selected for later analysis. The mixtures of the bacterial cultures were incubated, then
infiltrated into fully grown upper leaves of a six-week-old Nicotiana benthamiana. The YFP signal was detected
by laser scanning confocal microscopy (Zeiss LSM 700, Germany). YFP signals would be visualized when there
is protein-protein interaction.

1.7 Pull-down assay
For pull-down assay, the ZmIQD27 and CaM/KLCR coding regions were cloned into the pET-28b (+) and
pGEX-4T-1 vectors, respectively. The recombinant 6×His-ZmIQD27 and GST-CaMs/KLCRs proteins were
purified using amylose resin (Yeasen) and Ni-NTA sefinose resin (Smart-Lifesciences). GST-CaMs/KLCRs or
GST protein alone was immobilized with amylose resin and incubated with 6×His-ZmIQD27 in incubation buffer
under gentle agitation. After being washed five times, 1×SDS loading buffer was added into the bead-retained
protein and boiled for 5 min, followed by analyzing in 12% SDS-PAGE, then visualization by Western blot assay
with anti-GST and anti-6×His antibodies.
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2 Results
2.1 Identification of CaMs and KLCRs in maize
To characterize the homozygous CaMs and KLCRs in maize, DNA and amono acid sequences of CaMs and
KLCRs in Arabidopsis were obtained by typing gene number (Table 1) in TAIR
(https://www.arabidopsis.org/index.jsp). BlastN and BlastP were performed in MazieGDB to obtain homozygous
CaMs and KLCRs in maize. As a result, six CaMs, named CaM1-6, were found in maize (Table 1). ZmCaM1-3
has 149 amino acids in total. Amino acids sequences of ZmCaMs were aligned. Sequence identity either between
CaM1 and CaM2, or between CaM2 and CaM3, was 99.0% (Figure 1A; Figure 1C). Sequence identity between
CaM1 and CaM3 was 98.65%. ZmCaM5 and ZmCaM6 have 187 amino acids. The sequence identity between
CaM5 and CaM6 was 93.02%. The expression level of ZmCaM4 identified in the MaizeGDB database was low in
general. Since a high level of sequence similarity, we select and cloned ZmCaM2, ZmCaM3, ZmCaM5, and
ZmCaM6 respectively for later analyses.

Two KLCRs, named ZmKLCR1 and ZmKLCR2, were found in maize by using the CDS sequence of AtKLCR1
as a query (Table 1). The identity of amino acid sequences for ZmKLCR1 and ZmKLCR2 was 94.53% (Figure 1B;
Figure 1D). ZmKLCR1 and ZmKLCR2 were cloned for later analyses.

Figure 1 Sequence alignment of CaMs and KLCRs in maize and Arabidopsis
Note: A: Amino acid sequence alignments of ZmCaM1-6 and AtCaM2; B: Amino acid sequence alignments of ZmKLCR1-2 and
AtKLCR1-3; C: A phylogenetic tree of ZmCaM1-6 and AtCaM2; D: A phylogenetic tree of ZmKLCR1-2 and AtKLCR1-3



Molecular Plant Breeding 2023, Vol.14, No.16, 1-11
http://genbreedpublisher.com/index.php/mpb

5

2.2 Subcellular localization
To gain insights into the cellular sites of ZmIQD27, ZmCaMs, and ZmKLCRs, we studied the subcellular
distribution of those proteins after transient expression in Nicotiana benthamiana leaves, which is a convenient
system in which to monitor protein localization (Deeks et al., 2012). The GFP-tagged CaM2, CaM3, CaM5, and
CaM6 were found in the cell membrane, cell cytoplasm, and cell nuclear (Figure 2). The GFP-tagged ZmIQD27
expression vector was transformed into Nicotiana benthamiana leaves. GFP signals were visualized at cortical
microtubules (Figure 3B), which was consistent with our previous results (Li et al., In press). GFP-integrated
KLCR1 and KLCR2 were visualized in the cell cytoplasm and cell membrane (Figure 3C; Figure 3D). The
subcellular localizations of ZmCaMs and ZmKLCRs were consistent with their putative cellular functions.

Figure 2 Subcellular localization of ZmCaMs
Note: A: Subcellular localization of GFP expression vector driven by 35s promoter; B: Subcellular localization of GFP tagged CaM2;
C: Subcellular localization of GFP tagged CaM3; D: Subcellular localization of GFP tagged CaM5; E: Subcellular localization of
GFP tagged CaM6; BF: Bright field; GFP: Green fluorescent protein; Scale bars=20 μm

2.3 ZmIQD27 interacts with ZmCaMs, and ZmKLCRs in vivo
ZmIQD27 are typically signal proteins that bind to CaM. In Arabidopsis, IQDs act as scaffold proteins and
mediate cell wall formation via KLCR. To validate in vivo interactions of ZmIQD27 with ZmCaMs and
ZmKLCRs, we performed yeast two-hybrid interaction (Y2H) assays. Full-length ZmIQD27 was amplified from
cDNA by using the primers (Table 1). Four ZmCaMs (ZmCaM2-3, ZmCaM5-6) and two ZmKLCRs (ZmKLCR1
and ZmKLCR2) were cloned and ligated to pGADT7 vector. ZmIQD27 was ligated to the pGBKT7 vector. As a
result, interactions were found between ZmIQD27 and ZmCaM2, ZmCaM3, ZmKLCR1, and ZmKLCR2, while
no interaction was found with ZmCaM6 and ZmCaM5 (Figure 4B).

Interaction between ZmIQD27 and ZmCaM2, ZmCaM3, ZmKLCR1, and ZmKLCR2 were further verified by
BiFC (Figure 4C). YFP signals were visualized at the cell membrane and cell cytoplasm, indicating their
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interactions at the cell membrane and cell cytoplasm. It is noteworthy that ZmCaM2 locates in the cytoplasm,
when cotransformed into Nicotiana benthamiana leaves with ZmIQD27, YFP signals were visualized at
microtubules, indicating the recruitment of ZmCaM2 to the microtubular network by ZmIQD27.

Figure 3 Subcellular localization of ZmIQD27 and ZmKLCRs
Note: A: Subcellular localization of GFP expression vector driven by 35s promoter; B: Subcellular localization of GFP tagged IQD27;
C: Subcellular localization of GFP tagged KLCR1; D: Subcellular localization of GFP tagged KLCR2; BF: Bright field; GFP: Green
fluorescent protein; Scale bars=20 μm

Figure 4 Protein-protein interactions between ZmIQD27 and ZmKLCRs, ZmCaMs in vivo
Note: A: Positive and negative controls of Y2H analysis, Vectors pGBKT7 (BD) and pGADT7 (AD) were used as negative controls,
and vectors pGBKT7-53 and pGADT7-T were used as positive controls; B: Y2H analyses, interaction is indicated by the ability of
cells to grow on a dropout medium lacking Leu, Trp, His, and Ade; C: BiFC analyses, Fluorescence was observed in the nuclear
compartment of transformed cells, which resulted from the complementation of the C-terminal region of YFP fused with ZmKLCRs
or ZmCaMs with the N-terminal region of YFP fused with ZmIQD27, Scale bars=20 μm
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2.4 ZmIQD27 interacts with ZmCaMs, ZmKLCRs in vitro
To confirm the interaction between ZmIQD27 and ZmCaMs, ZmKLCRs in vitro, a pull-down assay was
performed. The full-length ZmIQD27 was expressed with 6×His tag in E. coli, and the 6×His-ZmIQD27
recombinant proteins were purified using amylose resin and Ni-NTA sense resin. ZmCaMs and ZmKLCRs were
expressed in E. coli as a GST tag recombinant protein. Purified ZmCaMs/KLCRs-GST or GST alone was
incubated with bead-bound 6×His-ZmIQD27 fusion protein. The recombinant protein ZmIQD27-6×His interacts
with ZmCaM2/3/5/6-GST interacts but not with GST alone (Figure 5A; Figure 5B; Figure 5C; Figure 5D). The
recombinant protein ZmIQD27-6×His interacts with ZmKLCR1/2-GST interacts but not with GST alone (Figure
5E; Figure 5F).

Figure 5 Pull-down assays for interactions between ZmIQD27 and ZmKLCRs, ZmCaMs
Note: A: Pull-down assay for interactions between ZmIQD27 and ZmCaM2; B: Pull-down assay for interactions between ZmIQD27
and ZmCaM3; C: Pull-down assay for interactions between ZmIQD27 and ZmCaM5; D: Pull-down assay for interactions between
ZmIQD27 and ZmCaM6; E: Pull-down assay for interactions between ZmIQD27 and ZmKLCR1; F: Pull-down assay for
interactions between ZmIQD27 and ZmKLCR2; Equal amounts of GST-ZmCaMs/KLCRs and GST were combined with anti-GST
magnetic beads preincubated with 6×His-ZmIQD27, Pulled-down samples were analyzed by immunoblot with anti-GST and
anti-6×His antibodies. “+” and “−” indicate the presence and absence of corresponding proteins in the reactions, respectively, GST:
Glutathione S-Transferase

2.5 ZmIQD27 motif responsible for binding CaMs and KLCRs
To further clarify the motif that is responsible for binding CaMs and KLCRs, respectively, full length ZmIQD27
were truncated into Ⅰ ~Ⅴ (Figure 6). The total length of ZmIQD27 was 1 683 bp. ZmIQD27 has 561 amino acids
in which there is an IQD domain ranges from 209 to 231. Truncated ZmIQD27 Ⅰ (1 to 231), Ⅲ (209 to 231) and Ⅴ
(209 to 561), contained IQD domain. Ⅰ and Ⅴ interacted with ZmCaM2 and ZmCaM3, as well asl KLCR1 (Figure
6E; Figure 6I). Ⅲ interacted with ZmCaM2 and ZmCaM3 (Figure 6G). Truncated ZmIQD27 Ⅱ (231 to 561)
interacted with KLCR1 and KLCR2. Ⅳ (1 to 209) interacted with KLCR1. Based on these results, we
summarized that IQ domain was responsible for binding CaMs, which was as expected; KLCR1 can binds with
the motif either at the N terminal and C terminal fragments divided by IQ domain. The motif that responsible for
KLCR2 binding needs a further study.
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Figure 6 Truncated ZmIQD27s interact with ZmCaMs and ZmKLCRs
Note: A: Schematic diagram of the truncated ZmIQD27, named as Ⅰ, Ⅱ, Ⅲ, Ⅳ, and Ⅴ used in this experiment; B: Positive controls of
Y2H analysis; C: Negative control of Y2H analysis; D: Y2H analysis between full-length ZmIQD27 and ZmCaMs and ZmKLCRs; E:
Y2H analysis between truncated ZmIQD27 Ⅰ and ZmCaMs and ZmKLCRs; F: Y2H analysis between truncated ZmIQD27 Ⅱ and
ZmCaMs and ZmKLCRs; G: Y2H analysis between truncated ZmIQD27 Ⅲ and ZmCaMs and ZmKLCRs; H: Y2H analysis between
truncated ZmIQD27 Ⅳ and ZmCaMs and ZmKLCRs; I: Y2H analysis between truncated ZmIQD27 Ⅴ and ZmCaMs and ZmKLCRs

3 Discussion
Screening from an EMS mutant library of maize B73, a drought-sensitive like mutant was characterized
previously in our lab (Li et al., 2023). The causal gene of the mutant was ZmIQD27. ZmIQD27 colocalized with
microtubules, its mutation resulted in a microtubular orientated SCW deposition defect (Li et al., 2023). The
detailed molecular mechanism of how ZmIQD27 modulates microtubule arrangement remain unclear. In our study,
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a ZmCaMs-ZmIQD27-ZmKLCRs cascade would contribute to the underline molecular mechanism of how
ZmIQD27 mediates microtubule arrangement.

IQD protein is a class of calmodulin-binding proteins, interactions between IQD protein and CaM were verified in
Arabidopsis (Bürstenbinder et al., 2013), however, there is no relevant report in maize. Published AtCaM,
AtKLCR and their interactions with AtIQD1 protein in Arabidopsis (Bürstenbinder et al., 2013) offer a research
basis to conduct our study. Four CaMs and 2 KLCRs were cloned after homozygous alignments with CaM and
KLCR in Arabidopsis. A high level of sequence similarity of CaM and KLCRs between that in Arabidopsis and
that in Maize, indicating the sequence and functions of CaMs and KLCRs would be conserved in Arabidopsis and
Maize. In Arabidopsis, there are interactions between IQD and CMLs, which were not included in our analysis.
Further analysis including CaM and CML is necessary to uncover the interactions between IQD27 and its
interacting proteins.

In Arabidopsis, recruitment of KLCR1 from cytoplasm localization to microtubules by IQD1 was found
(Bürstenbinder et al., 2013). In our BiFC assay, recruitment from the cytoplasm to microtubules was visualized
when ZmCaM2, not ZmKLCR1 or ZmLLCR2, was cotransformed with ZmIQD27, although ZmKLCR1 and
KLCR2 interact with ZmIQD27. A further functional study of ZmKCLR1 and ZmKLCR2 is necessary to give a
full explanation of the molecular mechanism of ZmIQD27 in mediating SCW development.

Summary from our results, a model of ZmIQD27 acts as a scaffold that mediates vesicle from Golgi to the cell
membrane was proposed. ZmIQD27 integrates signals via interaction with ZmCaMs and later guides the
microtubule-guided and kinesin-dependent vesicle transportation from Golgi to the cell membrane (Figure 7).

Figure 7 A proposed model for how ZmIQD27 mediates cell wall development via microtubules
Note: ZmIQD27 is proposed to function as a scaffold protein that likely recruits various cargos to kinesins (KHCs) via associated
KLCR1 or KLCR2 for unidirectional transport along microtubule tracks, transport cargos are currently
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