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Bves is an integral membrane protein with no determined function
and no homology to proteins outside of the Popdc family. It is
widely expressed throughout development in myriad organisms.
Here, we demonstrate an interaction between Bves and guanine
nucleotide exchange factor T (GEFT), a GEF for Rho-family GTPases.
This interaction represents the first identification of any protein
that has a direct physical interaction with any member of the Popdc
family. Bves and GEFT are shown to colocalize in adult skeletal
muscle. We also demonstrate that exogenous expression of Bves
reduces Rac1 and Cdc42 activity levels while not affecting levels of
active RhoA. Consistent with a repression of Rac1 and Cdc42
activity, we show changes in speed of cell locomotion and cell
roundness also result from exogenous expression of Bves. Modu-
lation of Rho-family GTPase signaling by Bves would be highly
consistent with previously described phenotypes occurring upon
disruption of Bves function in a wide variety of model systems.
Therefore, we propose Bves as a novel regulator of the Rac1 and
Cdc42 signaling cascades.

Popdc � cell motility � GEF

Bves (blood vessel epicardial substance) is the most studied
member of the Popdc family, which is a group of evolution-

arily conserved transmembrane proteins. Bves was discovered by
our laboratory in 1999, and is widely expressed throughout
development and adulthood in many different species. All three
developing germ layers (1), cardiac muscle (2–6), skeletal muscle
(2, 6, 7), neural tissues (1, 2), epicardium (1, 8–12), epithelial
components of the eye (13), and smooth muscle (1, 6) have been
demonstrated to express bves. Although expression of the Bves
protein is now resolved, few definitive indications of molecular
function exist.

Several possibilities for potential Bves function have been
described. Epithelial integrity of cultured corneal cells is severely
decreased by knockdown of Bves protein by using morpholino
oligonucleotides, possibly via an interaction with ZO-1 at the
tight junction (14). Perturbation of Bves function has also been
shown to disrupt proper migration of epithelial components of
the early Xenopus embryo (15) and affect wound healing of
epithelia in scratch assays (13). Mice null for the bves gene are
delayed in regeneration of skeletal muscle upon injury (7). A
recent report demonstrates that Bves knockdown by using
antisense RNA during Drosophila oogenesis results in failure of
pole cells to migrate properly to the anterodorsal side of the
embryo (16). Despite these studies, no direct molecular mech-
anism for any of these phenotypes exists at this time.

In an effort to ascribe molecular function, we conducted a
yeast two-hybrid screen and identified guanine nucleotide ex-
change factor T (GEFT) (17) as a protein that interacts with the
cytoplasmic portion of Bves. GEF proteins modulate activity of
small GTPases, specifically the Rho family of GTPases, Rac1
and Cdc42, in the case of GEFT (17–20). GEFs stimulate the
exchange of GDP for GTP, thereby activating Rho small

GTPases. The small GTPases, Rac1 and Cdc42, have myriad
effects on cell behavior, including control of proliferation,
differentiation, cell motility, and gene expression (21, 22). Given
the known functions of GEFs and Bves in regulation of cell
differentiation and motility, this relationship was studied in
detail.

The present study is the first to demonstrate direct physical
interaction of Bves with any protein and linkage to any known
molecular pathway. We further describe this interaction by
determining that transfection of a truncated version of Bves
decreases Rac1 and Cdc42 activity, and that transfection of this
Bves truncation or full-length Bves also decreases motility of
NIH 3T3 cells in real-time assays. Modulation of GEFT function
by Bves provides molecular explanation of phenotypes previ-
ously observed with disruption of Bves and is critical for future
investigation of the function of this protein.

Results
The Cytoplasmic C Terminus of Bves Interacts with GEFT. A yeast
two-hybrid screen was used to isolate Bves-interacting proteins
from an embryonic mouse heart library. The cytoplasmic car-
boxyl terminal portion of Bves (amino acids 115–358) was used
for this screen. This region of Bves contains the uncharacterized
Popdc domain (23–25). Using a yeast two-hybrid screen with
cDNAs expressed in the embryonic mouse heart, we isolated 104
interacting proteins when the carboxyl terminus (amino acids
115–358) of mBves was used as bait. Two independent clones
were isolated that contained the coding sequence for amino
acids 46–344 of the mouse GEFT protein. Both of these clones
passed the false-positive screening process. As previous exper-
iments have shown defects in cell motility/interaction (13–15), we
chose to pursue this interaction further.

Deletion Analysis of Interacting Domains. To determine which
regions of the Bves and GEFT proteins were responsible for the
interaction revealed by the yeast two-hybrid screen, a deletion
analysis further using the yeast two-hybrid method was used. A
series of truncations of the cytoplasmic portion of Bves revealed
that the portion of the protein between amino acids 250 and 300
is critical for interaction with GEFT (Fig. 1A).

The truncation analysis to determine the region of the GEFT
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protein responsible for interaction with Bves revealed that the
portion of the protein between amino acid 300 and amino acid
400 is necessary for interaction with Bves (Fig. 1 A). However,
further analysis of the results of these studies revealed that these
regions (amino acids 250–300 of Bves and amino acids 300–450
of GEFT) are not sufficient for the Bves–GEFT interaction to
occur, as neither amino acids 250–300 of Bves or amino acids
300–450 of GEFT interact with the other full-length interacting
partner. Thus, the data presented here demonstrate that the
amino acid 250–300 region of Bves and the amino acid 300–450
region of GEFT are necessary but not sufficient for the inter-
action between these two proteins.

Bves and GEFT Colocalize in Muscle Cells. As both Bves and GEFT
are highly expressed in muscle (2, 6, 20, 26), we next examined
their localization in mouse hindlimb muscle, the heart, and
intestinal smooth muscle. As shown in Fig. 2 F and K, Bves and
GEFT colocalize at the cell membrane in skeletal muscle.
Localization is not complete, as GEFT staining is also observed
in myofibrils (26) (Fig. 2K). A similar situation is observed in
cardiac muscle, where intense overlap of staining is observed at
the cell surface, with additional GEFT reactivity with the
contractile apparatus (Fig. 2 C and J). Finally, intestinal smooth
muscle also showed the same intensity of staining at the cell
surface (Fig. 2I). These data indicate that Bves and GEFT
codistribute within cells.

Biochemical Verification of mBves–mGEFT Interaction. Using a GST-
pulldown strategy, our laboratory biochemically confirmed the
Bves–GEFT interaction revealed by the yeast two-hybrid screen.
Prokaryotic GST fusion protein expression constructs of Bves
were generated, whereas GEFT-GFP fusion protein expression
plasmids were generated for use in mammalian cells. COS-7 cells
were transfected with the GEFT-GFP expression plasmid, and
protein was harvested and incubated with GST-mBves Sepha-
rose. Fig. 3B demonstrates that mBves specifically pulls down
GEFT protein, whereas no interaction is detected by using
GFP-NudeL protein as a negative control. NudeL is a microtu-
bule-binding protein unrelated to Bves function (27, 28). It
should also be noted that the Dbl homology (DH) domain (29),
which is the domain of GEFT responsible for nucleotide ex-
change activity with GTPases, falls within the region that we
have found to be necessary for GEFT–Bves interaction. This
domain is present in all Dbl family members; thus, we tested two
other members of this family, Vav1 and Cool1, for interaction
with Bves by using the GST-pulldown method. We were unable
to precipitate Vav1 above background [supporting information
(SI) Fig. S1 A]. However, we were able to pull down Cool1 above
background, but not to the degree that GEFT was reactive (Fig.
S1B). Thus, our results indicate that Bves interacts preferentially
with mGEFT in this assay and corroborate the yeast two-hybrid
analyses.

Exogenous Expression of mBves Affects Activation of Rac and Cdc42.
Having demonstrated that mBves interacts with mGEFT, we
next sought to determine whether mBves expression changes

Fig. 1. Interaction domain analysis. (A) Bves and GEFT truncations were
generated by using PCR for further definition of interacting domains. By using
a yeast two-hybrid strategy, Bves truncations (black bars) were screened
against full-length GEFT (amino acids 34–618) for interaction. GEFT trunca-
tions (gray bars) were screened against the intracellular C terminus (amino
acids 118–358) of Bves. Results of matings listed on right: � signifies growth
on selective media, whereas � indicates no growth observed upon mating. (B)
Minimal interaction domain of Bves (black bar) contains the Popdc domain,
whereas minimal interaction domain of GEFT (gray bar) contains the Dbl
homology domain.

Fig. 2. Colocalization of Bves and GEFT in cross and transverse sections of
mouse cardiac, skeletal, and smooth muscle. Bves, shown in red (A, D, and G),
is primarily distributed at the cell periphery in cardiac (A–C, J), skeletal (D–F, K),
and smooth muscle (G–I). GEFT (B, E, and H) also has distribution at the cell
membrane in these muscle types, but it displays a broader intracellular local-
ization at the myofibrils. Merged images are shown in C, F, I, J, and K.
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activity levels of the Rac and Cdc42 GTPases. As the PAK-21
protein binds to only activated (GTP-bound) forms of active
GTPases (30, 31), we used a PAK-21 pulldown approach to assay
for GTPase activity upon transfection of mBves constructs. NIH
3T3 cells were transfected with pEGFP-mBvesCT-myc or
pEGFP-C3 vector as a control. Lysates were harvested and
subjected to PAK-21 pulldown. Amounts of GTP-bound Rac1,
Cdc42, and RhoA were determined by SDS-PAGE followed by
immunoblotting by using published methodologies. Whole-cell
lysates from each sample were also immunoblotted to verify that
similar amounts of protein were used for each pulldown exper-
iment, and each assay was performed in triplicate. As seen in Fig.
4, transfection of mBves-CT markedly reduced the amount of
active Rac1 and Cdc42, whereas the amount of active RhoA
remained unchanged. As GEFT has previously been shown to
bind and preferentially activate Rac1 and Cdc42, as opposed to
RhoA (17), this result is consistent with Bves modulation of
Rho-family GTPase activity through an interaction with GEFT.

mBves Decreases Movement Speed of NIH 3T3 Cells and Increases Cell
Roundness. Having determined that expression of Bves-CT re-
duces the amount of active Rac1 and Cdc42 in NIH 3T3 cells, we
next sought to determine whether transfection of Bves-CT has an
effect on cell motility. Previous studies have determined that
reduction of Rac1 and Cdc42 activity results in a decrease in cell
movement (32–34). Time-lapse imaging was carried out with
cells cotransfected with a GFP marker plasmid together with a
plasmid expressing Bves-CT (SI Text and time-lapse Movie S1
and Movie S2). Parallel transfections with GFP marker plasmid
alone were carried out as controls. As summarized in Fig. 5A,
cells expressing Bves-CT showed markedly (�45%) reduced
speed of cell locomotion (total path length/time) compared with
control cells transfected with a GFP-only expression plasmid. In
contrast, there was no significant change in the directionality of
cell movement (net path length/total path length) with the
transfection of Bves-CT (data not shown).

As Rac1 and Cdc42 are known to regulate lamellipodial and

filopodial cell protrusions (22), we further examined cell pro-
trusive activity by using time-lapse imaging to measure positive
and negative cytoplasmic flow and quantitate the overall round-
ness of the cell. Positive cytoplasmic flow is the net area of cell
protrusions, whether from lammelopodial and/or filopodial ex-
tensions, whereas negative cytoplasmic flow represents the net
area of cytoplasmic retractions. Our analyses showed no net
change in positive or negative cytoplasmic flow, indicating no
net change in the overall level of cell protrusive activity. Nev-
ertheless, Bves-transfected cells showed an increase in roundness
(Fig. 5B). Roundness, which is calculated from the measured
area and perimeter length of a cell, quantifies how efficiently the
measured perimeter encompasses the cellular area, with maximum
roundness corresponding to a perfect circle. We found that cells
expressing exogenous Bves-CT were �25% more round than cells
transfected with a GFP marker plasmid alone (Fig. 5B).

Subsequent experiments conducted at Vanderbilt University
by our laboratory further support our findings. Disruption of
Bves/GEFT function inhibits or delays the differentiation of
skeletal myogenic cells in vitro (Fig. S2). Taken together, these
findings demonstrate that exogenous expression of full-length
Bves or the cytoplasmic carboxyl terminus of Bves negatively
regulates cell movement.

Discussion
Bves is a protein expressed in a variety of tissue types throughout
development. Several phenotypes have been reported in vivo and
in vitro when Bves protein levels are decreased, but no molecular
mechanism for these observations has been determined to this
point. The present data establish a direct physical interaction
with any protein and link Bves to an established molecular
pathway.

Upon knockdown of Bves expression in gastrulating Xenopus
laevis, defects in epithelial morphogenesis and cell movements
have been observed (15). Global inactivation of the murine Bves
gene leads to defects in skeletal muscle repair by satellite cells
(7), whereas knockdown of Bves in cultured epithelia results in
defects in wound healing (13). Finally, RNA interference anal-
ysis in Drosophila inhibits germ cell migration (16). The de-
scribed interaction with a component of the Rac1/Cdc42 signal-
ing pathway may provide the first molecular mechanism to
explain these cellular/embryonic phenotypes observed upon

Fig. 3. GST-Bves pulldown of GEFT. GST-Bves fusion proteins representing
the extracellular N terminus and cytoplasmic C terminus of Bves were tested
for interaction with GEFT-GFP and NudeL-GFP. Representative mobilities of
mGEFT-GFP and mNudeL-GFP are provided (lanes 1 and 2). No reactivity is
observed in lanes containing isolates from GST/mGEFT-GFP (lane 3), GST-
mBves1–22/mGEFT-GFP (lane 4), or GST-mBves 115–358/mNudeL-GFP pull-
downs (lane 6), indicating that these proteins do not interact. A band repre-
senting mGEFT-GFP is clearly seen in the lane containing isolate from the
GST-mBves115–358/mGEFT-GFP pulldown (lane 5).

Fig. 4. Transfection of the carboxyl terminus of Bves reduces Rac1 and Cdc42
activity in NIH 3T3 cells, but does not affect the amount of active RhoA. Cells
were transfected with either pEGFP (control) or pEGFP-BvesCT (amino acids
118–358 of mouse Bves). Lysates were harvested, and PAK-21 pulldowns were
performed. Samples from pulldowns were loaded and blotted with anti-Rac1,
anti-Cdc42, and anti-RhoA antibodies to determine relative amounts of iso-
lated active proteins. The amount of isolated Rac1 and Cdc42 is significantly
reduced upon truncated Bves expression, whereas the amount of active RhoA
remains unchanged. Cell lysates were loaded and blotted with anti-Rac1 to
verify equivalent amounts of total Rac1 were present in samples used for
assay.
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alteration of Bves expression levels previously described in the
literature.

Bves Interacts with GEFT, a Modulator of Rho GTPase Signaling. Bves
interacts with GEFT, which has previously been shown to affect
cell proliferation, foci formation (17), neurite outgrowth (18,
19), differentiation, and skeletal muscle regeneration (20), pre-
sumably through modulation of the Rho GTPase activity. The
motility of cells is controlled by Rho GTPases through regulation
of filopodial and lamellipodial extension, as well as polymeriza-
tion of actin (22). Here, we show that when a Bves truncation is
transfected into NIH 3T3 cells, movement and roundness of
these cells are dramatically affected. We also show here that
exogenous overexpression of truncated Bves reduces the amount
of active Rac and Cdc42 when expressed in NIH 3T3 cells. These
results strongly support our hypothesis that Bves modulates the
Rac/Cdc42 activity through an interaction with GEFT.

Modulation of Rac/Cdc42 Activity by Bves Is Consistent with Observed
Bves Knockdown/Knockout Phenotypes. Control of GTPase activity
via an interaction with GEFs could provide an explanation for
previously observed phenotypes that currently lack mechanistic
explanation. Numerous studies have demonstrated the critical

role for Rac/Cdc42 during gastrulation and convergent extension
of Xenopus (35–39). Our laboratory previously described a
defect in epithelial migration upon knockdown of Bves expres-
sion by using morpholino oligonucleotides on developing Xeno-
pus embryos. Specifically, Bves depletion results in randomiza-
tion of cell movements during convergent/extension. This
process is largely dictated by changes in cell shape, as cells
radially intercalate, converge toward the midline, and extend
toward the blastopore. Cells unable to alter their morphology
remain rounded and fail to undergo gastrulation properly.
Perturbation of Rac/Cdc42 activity by Bves knockdown would
seem a plausible explanation for this phenotype.

Similarly, previous work has shown that knockdown of Bves
expression in cultured corneal epithelial cells disrupted epithe-
lial integrity and delayed healing of epithelial sheets upon
wounding via scratch assay. Rac1 and Cdc42 are required for
wound healing and epithelial sheet integrity (40–46). Again, the
phenotypes observed upon disregulation of normal Bves levels
are consistent with a role for Bves in control of Rac/Cdc42
signaling.

Additionally, the Brand laboratory noted that in Bves-null
animals, skeletal muscle regeneration is delayed upon injury.
Rac/Cdc42 has been shown to affect skeletal muscle regenera-
tion (20, 47), and regeneration depends on process extenstion
and myoblast motility (48, 49). Inhibition of myogenesis after
expression of mutated Bves (Fig. S2) is consistent with these
published findings.

Potential Mechanisms of Bves Modulation of Rac/Cdc42 Activity. The
discovery of an interaction between Bves and GEFT leads us to
potential models for Bves function. Future investigations by our
laboratory will attempt to determine which, if any, of these
current models represent the actual mechanism through which
Bves generates the previously observed phenotypes. In the first
model, Bves would control the nucleotide binding ability of
GEFT. As shown previously, Bves preferentially localizes to the
plasma membrane (6, 10, 14). GEFT contains a pleckstrin
homology domain, which has been demonstrated to localize Dbl
family GEFs to the membrane (50, 51). As demonstrated here,
the intracellular carboxyl terminus of Bves interacts with the DH
domain of GEFT, which is the portion of GEFT responsible for
interaction with the nucleotide-binding pocket of GTPases. This
GEF–GTPase interaction leads to a conformational change in
the nucleotide-binding pocket of the GTPase, which stimulates
GDP release (52). A Bves–GEFT interaction may serve as a
negative regulator of GEFT activity, thereby leading to de-
creased activation of GTPase signaling. Thus, the expression of
truncated Bves may lead to aberrant blockage of this active site,
causing the experimental results presented here. Another po-
tential model for Bves regulation of GTPase signaling through
GEFT interaction is one in which Bves controls the proper
localization of GEFT to active sites of GTPase activity. As Rac
and Cdc42 activity have been previously reported to be highest
at the leading edges of motile cells (22), proper localization of
GEF proteins to the plasma membrane in these areas is critical
for proper control of cellular motility. Bves may serve to localize
GEFT to this leading edge, allowing them to catalyze nucleotide
exchange of GTPases. This model is also consistent with the
results described here. Exogenous expression of truncated Bves
may disrupt this controlled localization, resulting in a decrease
in overall GTPase activity.

In summary, we have determined that Bves interacts with
GEFT, a member of the Dbl family of GEFs, and that exogenous
expression of Bves leads to a decrease in active levels of Rac1 and
Cdc42. This represents the first direct molecular interaction
elucidated for the Bves protein and provides a current link to a
characterized cellular pathway. These results are consistent with

Fig. 5. Transfection of Bves-CT reduces motility and increases roundness of
NIH 3T3 cells. (A) Upon transfection of Bves-CT, a significant reduction in
motility speed (white bar) is observed in comparison to cells transfected with
a GFP only expressing plasmid (gray bar) (Raw data are given as Movie S1 and
Movie S2). (B) Roundness of cells measured in real-time as described in
Materials and Methods. Software analysis of cellular area and perimeter
allows determination of cell roundness. Upon transfection of Bves-CT, an
increase in roundness (white bar) of �25% is observed in comparison to cells
transfected with GFP only (gray bar). Error bars represent SEM, significance
determined by using standard Student’s t test.
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previously observed phenotypes and provide a molecular context
for future investigation of Bves function.

Materials and Methods
Yeast Two-Hybrid Screen and Deletion Analysis. The cytoplasmic portion
(Bves-CT, amino acids 115–358) of mouse bves was used to screen a 17.5-day
mouse heart library. Deletion analysis of Bves-CT and Geft was standard.
Details are provided in the SI Text.

GST-Pulldown of Dbl Family Members. Glutathione beads were prepared as
described in the SI Text. mGEFT was amplified from pCMVTag-2b-mGEFT and
cloned in frame with GFP of pEGFP-C1 (Clontech) to generate pEGFP-mGEFT.
pEGFP-mNudeL1 was generated previously by our laboratory (53). pcDNA3-
N-myc-Cool1 was a gracious gift from Richard Cerione (Cornell University,
Ithaca, NY), and pC.HA-Vav1 was obtained from Addgene.

COS-7 cells transfected with pEGFP-mGEFT, pC.HA-Vav1, pcDNA3-N-myc-
Cool1, or pEGFP-mNudeL1 were grown to confluence in 10-cm dishes. Protein
was extracted as described above. Cells were incubated on ice for 30 min with
gentle agitation, scraped off the plate, and centrifuged for 30 min at 18,000 �
g at 4°C. Cell lysate was removed from the pellet and retained.

Lysate was precleared by incubation with a 20-�l bed volume of glutathi-
one-Sepharose 4B for 2 h at 4°C, after which beads were spun down, and lysate
was removed. Glutathione-Sepharose 4B bound with GST constructs was then
added to the lysate and incubated overnight at 4°C. Sepharose conjugates
were captured by using centrifugation and washed five times with 100 �l PBS,
and bound protein was eluted with 20 �l of 1� SDS sample buffer, boiled for
3 min, and loaded onto an 10% SDS-PAGE gel. Western blotting was per-
formed by using standard methods. Blots were developed by using nitroblue
tetrazolium/5-bromo-4-chloro-3-indolyl phosphate (Roche) and scanned into
digital format (Hewlett-Packard).

Rac1/Cdc42 Activation Assay. COS-7 cells were transfected as described with
pEGFP-C3 vector and pEGFP-mBvesCT-myc (amino acids 115–358) expression
vectors. Cells were then harvested in magnesium-containing lysis buffer 2 days
after transfection, and lysates were sonicated for 5 sec and centrifuged for 30
min at 18,000 � g at 4°C following the manufacturer’s specifications for the
Rac/Cdc42 Assay Reagent Kit (Upstate Cell Signaling) (54). A total of 10 �g
Rac/Cdc42 assay reagent was added to 600 �l protein lysate and gently rocked
at 4°C for 30 min. PAK-21–agarose conjugates were collected by centrifuga-
tion for 5 sec at 14,000 � g at room temperature and washed three times with
500 �l magnesium-containing lysis buffer, and bound protein was eluted in 25
�l SDS-PAGE sample buffer. Western blotting of these samples and of 10 �l of
the original lysate as a loading control was performed by using standard
protocols.

Motility Assays. The intracellular C terminus of Bves (amino acids 115–358) was
cloned into a mammalian expression construct (pCMV-myc). NIH 3T3 cells were
cotransfected by using Lipofectamine 2000 at 95% confluency with pCMV-
myc-BvesCT and pEGFP-C1 (as a tracer for transfected cells), GFP-Bves, or with
pEGFP-C1 alone. Cells were split to �10% confluency 2 days after transfection.
For monitoring the velocity of cell motility (total path length/time), cells in
10-cm2 dishes were placed on the 37°C heated stage of a Leica DMIRE2
inverted microscope. Time-lapse images were captured by using a Hamamatsu
ORCA ER Digital Camera. Images were captured every 60 sec over a 45-min
interval by using a �10 objective. Quantitative motion analysis was carried out
by using Dynamic Image Analysis Software (Solltech). The outline of each cell
was traced frame by frame, and using these tracings the Dynamic Image
Analysis Software calculated the speed of cell movement by tracking the
change in position of the cell centroid for each frame. All data from these
experiments were evaluated by ANOVA using Statview (SAS Institute).

Experiments evaluating the effects of exogenous expression of the carboxyl
terminus of Bves were conducted at the Cell Imaging Shared Resource at
Vanderbilt University. Cells were transfected as described and split to �10%
confluence in 24-well culture plates (Nalge). Plates were placed on the 37°C
heated stage of an inverted Nikon TE300 widefield microscope with auto-
mated stage for acquisition of multiple fields or view. Images were captured
every 2 min for 30 min by using a �20 objective. Quantitative motion analysis
was carried out as described above by using Metamorph software (Molecular
Devices). Data were evaluated by using Microsoft Excel.

Cell Roundness Assay. In addition to the motility data rendered from the
analysis of exogenous expression of GFP-Bves described above, the cell trac-
ings were also used to investigate the relative roundness of cells transfected
with either GFP-Bves or GFP alone. The roundness of these cells was calculated
by using the Eq. 100 � 4� (area/perimeter2) (55). This equation provides a
measurement of how efficiently a given amount of perimeter encloses an
area: a circle has the largest area for any given perimeter with a roundness of
100%. Accordingly, the greater the number of cell protrusions, the lower the
roundness. All data obtained from quantitative assessments were evaluated
by ANOVA by using Statview as above.
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