Additional File 2:
Using Cortical Cell Length Profiles to Compare Root Growth Characteristics

A constant rate of root growth, reflecting an underlying “steady state” pattern of root cell
development, is assumed in the calculations that link root growth, meristem size, and mature
cortical cell lengths to cell production rates, cell cycle lengths, and elongation rates.
Consequently, seedling were grown on 1x Murashige and Skoog medium, which has been
reported to promote steady root growth [1], and the root growth rate and cortical cell length
measurements were made seven days after germination. This timing is important because prior
to 4-5 days the size of the meristem is still expanding, as auxin-, cytokinin-, and gibberellin-
mediated signaling pathways adjust to eventually achieve the mature “steady state” meristem
length [2]. Steady root growth was verified in the roots evaluated by comparing growth rate
between days 5 and 6 with that occurring between days 6 and 7 (data not shown).

Root cortical cell files were selected for analysis because cortical cells provide an easily
identifiable, relatively consistent, and commonly assessed root tissue layer in which the root
growth zones are clearly recognizable [3, 4, 5, 6]. The usefulness of measurements of a single
tissue layer to interpret overall root growth characteristics arises from the observation that the
common longitudinal cell walls between root cell layers constrains the tissues into shared and
coordinated rates of cell elongation and division [7, 8]. Consequently, the measurement of the
cortical cell files allowed a good comparison of the relative root growth characteristics of various
seedling genotypes, but does not necessarily indicate the size of growth zones in all other tissue

layers.

When cortical cell lengths are plotted as a function of cell position along the cell file
beginning at the quiescent center, distinctive growth characteristics in exocyst mutants are
evident (Supp. A-Fig.1A). Rapidly expanding cells are encountered closer to the quiescent
center in exocyst mutants compared to wild-type Col O roots, reflecting their shorter meristems.
In addition, cortical cells expand to a shorter mature cell length in exocyst mutants than in wild
type. The cell length profile was used to determine the size of the growth zones (described in
the Methods section) as well as several important growth parameters. The cell production rate
was calculated by dividing the root growth rate by the average mature cell length [9, 5]. An
estimate of the length of the cell cycle was obtained by dividing the number of cells in the
meristem by the cell production rate and multiplying by the In(2) [10], a calculation partially

justified by the observation that cells throughout the meristem divide at a near constant rate



[7,10]. This approach identified slower rates of cell division in brassinosteroid mutants,
consistent with published results [11, 12] and verifying that the method is capable of detecting

prolonged cell cycles.

Also evident in these plots is a high degree of variability in the cell lengths within each
individual cell file, which becomes particularly pronounced after cell elongation ceases in the
maturation zone of the root, resulting in plots that appear jagged rather than smooth. Biological
variation is also observed in the position in the cell file at which exponential expansion begins,
which varies between exocyst genotypes and also within a given genotype (Supp. A-Fig. 1B),

although the shape of the plots for a particular genotype appears quite similar.
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Supplement A - Figure 1. Cell expansion in the elongations zone. (A) Cortical cell length
profiles as a function of cell position from single cell files in the root tips of exocyst mutants and
Col-0. (B) Cortical cell length profiles as a function of cell position for cell files in three different
secha exo70AL1 root tips. (C) Cortical cell length profiles as a function of distance from the

guiescent center for exo84b, secba exo70Al, and Col-0 (using data for the same cell files as



plotted in A). (D) Cortical cell lengths as a function of time out of the meristem (i.e. in the

transition/elongation zones) for the same cell files plotted in C.

Cell Elongation in the Elongation Zone

The slope of the curves in the accelerated elongation zone appears roughly similar
between all genotypes examined in the plots of cell length as a function of position (Supp. A-Fig.
1A) or as a function of distance from the quiescent center (Supp. A-Fig. 1C). These slopes do
not represent the rate of elongation (i.e. the change in cell length as a function of time) because
the horizontal axis is not time. One approach to determining the rate of cell elongation
involves translating cell position into time by considering the time interval between cortical cells
leaving the meristem (i.e. to enter the transition/elongation zone). An estimate of the time
interval between consecutive cortical cells “passing” this developmental point is made by taking
the inverse of the meristem’s cell production rate [9,13 14]. The time a particular cell has been
in the transition/elongation zone can then be estimated from the number of cells that lie between
a particular cell and the boundary of the meristem. This allows the cell length data to be plotted
as a function of time, as shown in Supp. A Fig. 1D, revealing curves with reduced slopes in
exocyst mutants, i.e., the cells in exocyst mutants are expanding at a slower rate compared to
wild-type. The validity of this approach depends on constant steady-state root growth, and the
absence of cell division in the cell file outside of the meristem. As previously described, care
was taken to assure steady state growth in the roots examined. Additionally, while cells were
often observed in the process of cell division in the meristem, they were never observed dividing
outside of the meristem, nor were there instances outside of the meristem in which two
consecutive cells in a cell file had half the length of their neighboring cells, indicative of a recent

cell division.

Fourteen cell files (seven roots) for each genotype were evaluated in this way to enable
statistical comparisons of cortical cell elongation rates. In this analysis, data for each cell file
was taken for that portion of the cell file that was in the elongation zone, specifically identified in
each root. This aligned the beginning of the accelerated expansion zones, and thereby
adjusted for differences between roots in the cell position at which accelerated cell elongation
begins (e.g. differences seen in Supp. A-Fig. 1B). Further, each root’s cell production rate was
used to estimate the time interval between cells for that particular root. When the resultant data
were plotted with cortical cell length as a function of time (Supp. A-Fig. 2A), the distribution
appeared to approximate an exponential function, as has been observed in the elongation zone

by others (in supp materials of [13]). Fundamentally, exponential elongation can be described



asY =Y, e where “Y” is the length of the cell at time “t”, “Y,” is the initial length when the cell
enters the elongation zone, and “k” is an exponential time constant describing how quickly the
cell elongates. Exponential elongation is mathematically predicted if the rate of elongation is
proportional to cell length (and also, coincidentally, to the lateral surface of the cell available for
exocytosis). Notably, exponential expansion is suggested by a model for cell wall loosening and
expansin-mediated cell elongation [15, 16].
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Supplement A — Figure 2. A. Example of cell elongation data as a function of time in the
elongation zone for 14 cell files in seven secb5a exo70Al roots. B. Cell elongation data for
secba exo70ALl (from A) after log transformation and linear regression compared to similar data
for Col-0 (STATOGRAPHICS output).

To facilitate comparison of the exponential elongation curves, as well as to determine
the closeness-of-fit of the data to an exponential, it was convenient to perform a logarithmic
transformation on the cell length data. This transformation converted the exponential function
into a linear one, such that In(Y) = In(Y,) + kt. Linear regression analysis was then used to fit
In(Y) versus time data to a line with a y intercept of In(Y,), and a slope equal to the time
constant k. Correlation coefficients and R-squared values indicated a high percentage of
variability in the data was explained by the linear relationship Table Al). Differences between
the lines generated for different genotypes were then compared for significance using multiple
regression / Potthoff analysis [17, 18, 19]. Potthoff analysis was implemented using
STATOGRAPHICS Centurion XVI Version 16.1.03 software from StatPoint Technologies, Inc.
(An example of STATOGRAPHICS graphical output is Supp. A-Fig. 2B). The exponential rate

constants for all mutant lines were significantly different from ColO (p<0.001, Potthoff analysis).



On the other hand, the exponential rate constants for the mutants with the most severe root
growth defects (sec8-3; sec8-4 exo70A1-2; and exo84b-1, highlighted in yellow in Table Al) as
well as BFA treated Col0 roots were not significantly different from each other (p>0.05, Potthoff
analysis). The exponential curves describing elongation for each genotype are plotted in

Supplement A — Fig. 3, and described in Table Al.

Table A1. Linear regression of log transformed

300 + —Col-0 . .
cell lengths as a function of time:
—exo70A1 In(Y) = kt + In(Yo)
Exponential : R-

—secba Correlation

exo70A1 Rate In(Yo) | Yo Coefficient squoared
—sec8-4 Constant (k) (%)

exo70A1 Col-0 6.90E-03 | 2.62 [13.69| 0.952 90.55
—sec8-3 exo70A1 6.17E-03 | 2.77 [15.98| 0.940 88.44

secba exo70A1 5.24E-03 | 248 |11.91| 0.954 91.09
sec8-4 exo70A1 | 4.23E-03 | 2.39 |10.91| 0.919 84.52

—ex084b

Cortical Cell Length (microns)

bri1-2 sec8-3 4.65E-03 | 2.20 [9.02| 0.934 | 87.21

oy ex084b 4.43E-03 | 2.38 [10.78| 0.927 | 85.89

bri 5.64E-03 | 2.71 [15.07| 0917 | 84.11

Col-0 BFA10 | [det2-1 6.09E-03 | 2.36 [10.54| 0.937 | 87.72

0 e pin2-1 4.83E-03 | 2.94 [18.91| 0.939 | 88.23
0 200 400 600 aux1-7 5.34E-03 | 2.68 |14.64| 0949 | 90.03
Time in Elongation Zone (Minutes) Col0: BFA 10mM| 4.90E-03 | 2.21 [9.10| 0.907 | 82.32

Supplement A — Figure 3. Exponential curves describing cortical cell elongation as a function of

time in the elongation zone.

Cell Elongation in the Meristem

Determination of the cortical cell elongation rate in the meristem is more difficult. In the
meristem, elongation rates cannot be determined directly from cell length measurements
because cells in the meristem are dividing randomly with respect to position in the cell file.
Instead we approached the observed cortical cell lengths in the meristem as a probability
distribution, and recognized that these cell lengths fall between a maximum length (I.x) and %2
of that maximum. We used the 90™ percentile of the observed cell lengths as an estimate of
Imax- After observing root meristematic cell divisions occurring during the course of our confocal
microscopy, we noted that the time for cytokinesis is very short relative to the cell cycle length
(T). We therefore estimated the rate of elongation as % I, divided by T. This is equivalent to
assuming a constant rate of elongation from the time the cell divides until just before it divides
again. Such a constant rate of elongation would seem to be necessary to accommodate the
coordinated elongation between the cell layers comprising the various root tissues where cell

division is occurring at different times. Validation of such an assumption was possible by



determining the average length of cells in the meristem. The assumption of a constant rate of
elongation predicts that the average cell length will be about 75 percent of |, If the cell is only
elongating for a portion of the cell cycle, then the rate of elongation will need to be higher during
that time to achieve the same final length, and the average cell length will deviate from the 75
percent. Analysis of our data showed that the average cell length was close to 75%, varying
from 73-83% (Table 2). Furthermore, the results indicate that the cortical root cells of exocyst
mutants do not have a slower rate of cell elongation compared to wild-type (Col0), and the
assumption of a constant rate of elongation in the meristem appears roughly validated.
Importantly, the calculations correctly identify the slower elongation rates known to exist in two
brassinosteroid mutants (i.e. bril-2 and det2-1), validating this approach.

Table A2 v secba | sec8-4 ; ; B S | Col-0
Col-0 [exo70A1 ex070A1| exo70A1 sec8-3 (exo84b| bri1 | det2-1 | pin2-1| aux1-7 +BFA10

Length of cell cycle (hrs) | 14.9| 13.3 | 148 | 13.0 | 13.3 |11.71|20.2| 20.1 (149 | 14.6 | 131

90" percentile lypay (M) |8.31| 868 | 8.41 | 956 |10.15|10.59|7.61 | 6.82 [9.80 | 9.97 [10.19

Cell elongationirate 0.279] 0.327 | 0.285 | 0.366 |0.381/0.4520.188[0.170 |0.329|0.341 | 0.388

(uM/hr)
Average cell length (uM) | 6.04 | 6.50 | 6.73 | 7.89 | 7.87 | 8.61|5.52| 5.14 |7.53 | 7.93 | 7.73
Average as % |max 73% | 75% | 80% | 83% | 78% | 77% |73% | 75% | 77% | 80% | 76%

Evaluation of cell width expansion in the meristem

Confocal images of the meristem were captured in a midline plane that optimized our
ability to measure cell lengths in two cortical cell files. These same images were utilized to
assess cell widths in the meristem; however, not all cell files were assessed. Both cell files
were assessed when the cell widths appeared similar in each file and as might be expected if
both were imaged through a midline optical slice. In some roots it was noted that one cell file
appeared notably wider than the other, presumably because the optical slice was not through
the midline of the narrower cell file. Therefore, to better approximate the true cell widths, data
was only collected from the wider cell file in such cases. The resultant sample size was 7-14
cells for each cell position taken from seven roots for each genotype. The plot of the average
cortical cell width as a function of cell position for each genotype is provided below (Supp. A —
Fig. 4).
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Supp. A — Figure 4. Cell width expansion
as a function of cell position in the
meristem. Exocyst mutants demonstrate a
course of cell width expansion that is similar
to Col-0, while auxin mutants (pin2-1 and
aux1-7) show slightly less and

f pin2-1 brassinosteroid mutants (bril-2 and det2-1)
ausdir show slightly more cell width expansion

Col-0 BFA10 compared to Col-0.
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