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Vascular plant one-zinc-finger protein 2 is localized both to the nucleus and stress
granules under heat stress in Arabidopsis
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ABSTRACT
VASCULAR PLANT ONE-ZINC FINGER (VOZ)1/and VOZ2 have an ability to bind to the specific cis-element in
the AVP1 promoter of Arabidopsis, which function on the PhyB-dependent flowering and possibly in
various stress responses as potential transcription factors, although nuclear localization of VOZ proteins is
still unclear. In this study, we found that VOZ2 is dispersed throughout the cytoplasm under normal
growth conditions, whereas VOZ2 is transferred not only to the nucleus but also to the cytoplasmic foci
under heat stress conditions. The VOZ2 foci predominantly co-localized with a marker of stress granules
(SGs), which were cytoplasmic granular structures for mRNA storage and decay under abiotic stress
conditions. We also demonstrated that GFP-VOZ2 with a nuclear localization signal was rapidly degraded
via the ubiquitin/proteasome pathway under the heat stress conditions. Also, stress-related expression of
DREB2A in the voz1voz2 mutant was significantly upregulated by heat stress as compared with that in the
wild-type Arabidopsis. Our results suggest that VOZ2 is localized to SGs and nucleus under heat stress
conditions, and functions as a transcriptional repressor of DREB2A in Arabidopsis.
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Introduction

Plants are continuously exposed to various abiotic and biotic
stressors from the natural environment, because being sessile
organisms, plants cannot escape from such a stressful environ-
ment. To survive in such stressful environments, plants have
developed complicated regulatory mechanisms for adapting to
the changes in environmental conditions promptly. Abiotic
stressors include temperature, drought, salinity, and osmotic
stresses. Among these abiotic stressors, heat stress has a strong
effect on plants in the natural environment and causes exten-
sive losses in agricultural fields.1-3

To adapt to heat stress conditions, plants induce a lot of heat
shock protein (HSP) genes necessary for heat stress (HS) toler-
ance under HS conditions.4 The expression of HSP genes is reg-
ulated by heat shock transcription factors (HSFs). Among
HSFs, HsfA1a, 1b, and 1d function as the main positive regula-
tors of HS-responsive gene expression. Also, heat-inducible
HsfA2 and A7 in addition to HsfB1, B2a and B2b are critical
for HS response.5-7 In Arabidopsis, DEHYDRATION-
RESPONSIVE ELEMENT BINDING PROTEIN 2A (DREB2A)
is one of the transcription factors involved in the activation of
the expression of not only drought-responsive but also
HS-responsive genes. DREB2A recognizes a specific cis-acting
element called the dehydration-responsive element (DRE) in
drought- and HS-responsive genes. DREB2A expression is
induced rapidly by HS but only gradually induced by drought
stress.8

In eukaryotic cells, the control of gene expression is deter-
mined by transcription and by post-transcriptional control.9

Eukaryotic cells under stressful conditions halt translation initi-
ation and induce formation of cytoplasmic granular structures
formed by RNA–protein complexes, which are referred to as
stress granules (SGs) or processing bodies (P-bodies).10 SGs
contain untranslated mRNAs, translation initiation factors, and
proteins involved in the mRNA-associated protein translation,
and function to serve as RNA triage centers that sort transcripts
to various cellular destinations, whereas P-bodies are another
type of cytoplasmic granules containing untranslated mRNA,
translation repressors, and mRNA degradation machinery.11

SGs and P-bodies dynamically exchange with each other to
change the biochemical composition and messenger ribonu-
cleoproteins (mRNPs) for the control of mRNA function.12 In
plants, environmental stressors such as heat, oxidative stress,
UV irradiation, and translation inhibition lead to the formation
of SGs and P-bodies.13,14

We previously identified transcription factors called vascular
plant one-zinc-finger protein (VOZ) 1 and VOZ2, which have
been strongly conserved in land plant evolution. The VOZ2
protein has been demonstrated to bind to GCGTNx7ACGC in
vitro in the V-PPase (AVP1) promoter. VOZ proteins share a
considerable homology with the NAC protein family in the C-
terminal basic region and are classified into NAC subgroup
VIII-2.15 Recently, VOZs were found to interact with phyto-
chrome B and to upregulate flowering locus T (FT) and
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downregulate flowering locus C (FLC).16 We previously
reported that the voz1voz2 double mutant shows increased cold
and drought tolerance but decreased resistance to pathogens
and heat stress.17 Although the green fluorescent protein-fused
VOZ2 signal was predominantly observed in the cytoplasm
under normal growth conditions, nuclear-localization-signal-
containing but not nuclear-export-signal-containing VOZ2
protein can complement the late-flowering phenotype of the
voz1voz2 double mutant, indicating that VOZ proteins relocate
from the cytoplasm to the nucleus and regulate the flowering
signaling pathways.16 Nonetheless, no clear nuclear localization
of VOZ proteins under normal growth conditions has been
observed in Arabidopsis, these data indicate possible transcrip-
tional regulatory function of VOZ proteins under particular
growth conditions.

Here, we demonstrated that VOZ2 protein relocates from
the cytosol to the nucleus and SGs under heat stress conditions.
Besides, stress-related expression of DREB2A in the voz1voz2
mutant was significantly upregulated by heat stress as com-
pared with that in the wild-type Arabidopsis by heat stress
treatment.

Results

The VOZ2 protein is localized to the nucleus and granular
structures in the cytoplasm under heat stress

We previously reported that the voz1voz2 double mutant shows
higher sensitivity to high-temperature conditions, suggesting
that VOZ1 and VOZ2 are involved in heat stress responses.
Since we previously reported that around 42�C is a critical tem-
perature of thermotolerance of Arabidopsis (ecotype Colum-
bia-0),17 we decided to set 42�C as the heat stress temperature
in this study. To explore the function of VOZs under heat stress
conditions, we first examined the subcellular localization of
VOZ2 by immunostaining with an anti-VOZ2 antibody. As
shown in Fig. 1A, VOZ2 was found to be dispersed throughout
the cytosol under normal growth conditions, but VOZ2 locali-
zation was dramatically changed to both the nucleus and cyto-
plasmic granular structures after the seedlings were incubated
at 42 �C for 2 h.

Next, we observed the dynamics of the changes in the locali-
zation of VOZ2 under heat stress by means of transgenic Arabi-
dopsis plants expressing a translational fusion of VOZ2 with
green fluorescent protein (GFP) under the control of the cauli-
flower mosaic virus (CaMV) 35S promoter or its promoter, and
we found that the distribution of GFP-VOZ2 was changed to
the cytosolic foci after 20 min of 42�C heat stress treatment.
Then, the fluorescence of GFP-VOZ2 foci gradually decreased
after 2- h of heat stress treatment at 42�C (Fig. 1B, C). The
formation of GFP-VOZ2 foci was apparently delayed for
40 min at 40 �C or 120 min at 39�C (Fig. S1).

Heat stress induces degradation of VOZ2 in the nucleus
and cytosol via different kinetics

We analyzed the degradation kinetics of VOZ2 by western blot-
ting with the anti-VOZ2 antibody. Two-week-old WT seedlings
were incubated at 42�C and then were collected at 4-time

points (0, 1, 2, and 3 h), and subjected to SDS-PAGE followed
by western blotting with the anti-VOZ2 antibody. In line with
the changes of GFP-VOZ2 fluorescence under the high-tem-
perature conditions, VOZ2 was not degraded until 1 h of high-
temperature incubation, but this protein was gradually
degraded after 2 h of incubation (Fig. 2A).

Next, we investigated where the VOZ2 protein is mainly
degraded in the cell under the high-temperature conditions
using the plants expressing a fusion protein 35S::GFP-VOZ2
with either a nuclear export signal (NES) or a nuclear localiza-
tion signal (NLS). Cytosol-resident VOZ2 (GFP-VOZ2-NES)
was slightly degraded after 3 h of incubation at 42�C, whereas
nucleus-localized VOZ2 (GFP-VOZ2-NLS) was rapidly
degraded under the high-temperature conditions, and the pro-
tein almost disappeared after 3 h of incubation (Fig. 2B). The
degradation of GFP-VOZ2-NLS was completely inhibited by
the addition of a 26S proteasome inhibitor MG-132 (Fig. 2C),
suggesting that the nucleus-localized VOZ protein is rapidly
degraded by the ubiquitin/26S proteasome system.

VOZ2 is associated with SGs under the high-temperature
conditions

Heat stress treatment induced granule structures of VOZ2 and
GFP-VOZ2 in the cytosol (Fig. 1). In eukaryotic cells, granular
structures that form in the cytosol are referred to as SGs or

Figure 1. High-temperature treatment induced relocalization of VOZ2 to the
nucleus and cytoplasmic foci. (A) Immunostaining of the root epidermal cells of a
5-day-old WT plant with the anti-VOZ2 antibody. The seedlings were grown under
normal growth conditions (22 �C) or incubated for 2 h at 42 �C. Scale bars D
5 mm. (B) Localization of GFP-VOZ2 in the 7-day-old voz1voz2 mutant expressing
VOZ2::GFP-VOZ2 and CaMV35S::GFP-VOZ2. The images of epidermal cells were
taken in the root division zone at 42�C for up to 3 hours. Scale barsD 5 mm.
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P-bodies. In plants, SGs and P-bodies are known to be formed
under various stressful conditions including heat, oxidative
stress, UV irradiation, and translation inhibition.18

We speculated that the VOZ2 foci formed under the heat
stress conditions were associated with SGs or P-bodies. To
confirm that VOZ2 colocalizes with PABP8 and DCP1,14

marker proteins of SGs and P-bodies, respectively, we gener-
ated transgenic Arabidopsis plants expressing both tagRFP-
PABP8 or tagRFP-DCP1 and GFP-VOZ2 under the control
of the CaMV35S promoter. Under normal temperature con-
ditions, both tagRFP-PABP8 and GFP-VOZ2 were dispersed
throughout the cytosol, whereas after the incubation at 42�C,
the cytoplasmic granular structures of tagRFP-PABP8 and
GFP-VOZ2 were formed after 20 min under the high-
temperature condition, and the 2 types of granular structures
merged completely (Fig. 3A, C). In contrast, GFP-VOZ2 foci
were partially merged with the P-body marker tagRFP-DCP1
after the heat stress treatment (Fig. 3B). From these results,
we concluded that the VOZ2 protein is associated mainly
with SGs and partially with P-bodies under heat stress
conditions.

Next, to determine whether VOZ2 is one of the essential
components of SG assembly or disassembly under heat stress,
we analyzed changes in the number of tagRFP-PABP8 signals
of Arabidopsis seedlings in the WT or voz1voz2 background.
PABP8 foci were induced not only in WT but also in the voz1-
voz2 background under heat stress (Fig. 4A). No statistically
significant differences in the formation rate and the number of
the granule structures were observed between plants with the
WT and voz1voz2 background (Fig. 4B). After 24 h recovery at
22�C from 30 min of the heat stress treatment, tagRFP-PABP8
foci were completely disappeared, and the tagRFP-PABP8 fluo-
rescence were dispersed throughout the cytosol not only in WT

but also in the voz1voz2 mutant background (Fig. 4C). From
these results, we concluded that VOZ2 is not essential for
processes of assembly or disassembly of SGs.

VOZ functions as a suppressor of DREB2A under heat
stress conditions

To determine how high temperature affects the expression of
VOZ proteins, we measured the levels of VOZ1 and VOZ2
expression in WT and voz1voz2 plants by real-time qRT-PCR.
Both VOZ1 and VOZ2 expression levels were reduced dramati-
cally under the high temperature conditions (Fig. 5A, B). In
contrast, expression of a drought and heat stress responsive
transcription factor, DREB2A, was significantly enhanced in
voz1voz2 plants compared with the WT under the high-tem-
perature conditions (Fig. 5C). Note that DREB2A expression
was already suppressed even in the non-heat stress conditions
(Fig. 5C inset). These results suggest that VOZ2 protein func-
tion as transcriptional repressors of DREB2A not only under
heat stress but also non-heat stress conditions.

Discussion

Although VOZ proteins were speculated to function as tran-
scriptional activators,15 no clear localization of VOZ has ever
been observed in the nucleus under normal growth conditions.
In this study, we showed that VOZ2 is transferred from the
cytosol to the nucleus under heat stress conditions (Fig. 1). We
also found that heat stress leads to the rapid degradation of
nucleus-localized GFP-VOZ2 proteins (Fig. 2B). The degrada-
tion was completely inhibited by the proteasome inhibitor
MG132. These results suggested that VOZ2 proteins relocated
into the nucleus, subsequently were rapidly degraded via the
ubiquitin/26S proteasome pathway under heat stress.

Yasui et al. reported that VOZ proteins function down-
stream of phyB to promote flowering to regulate FT and FLC
expression; besides, VOZ proteins in the nucleus are subjected
to proteasome-dependent degradation under far-red and dark
conditions in a phytochrome-dependent manner. Yasui et al.
also reported that nuclear localization signal-containing but
not nuclear export signal-containing VOZ2 protein could com-
plement the late-flowering phenotype of the voz1voz2 double
mutant, indicating that VOZ proteins function in the nucleus
for regulation of flowering.16 We previously reported that
VOZ2 is degraded by the ubiquitin-proteasome system under
cold-stress conditions.17 These results suggest that VOZ pro-
teins are transferred to the nucleus and function as transcrip-
tional regulators when the plant cells perceive certain
environmental signals (e.g., light, cold or heat), and then are
rapidly subjected to the ubiquitin/proteasome-dependent deg-
radation for inactivation. Nevertheless, we cannot rule out the
possibility that VOZ2 continuously moves to the nucleus and
subjects a subsequent degradation in non-stressful conditions,
and disappears from the nucleus under heat stress conditions
because of the decrease of VOZ2 transcription and the seques-
tration of VOZ2 in the SGs or P-bodies. In this case, the
nuclear-resided VOZ2 protein might function in the normal
growth conditions as a transcriptional regulator.

Figure 2. The VOZ2 protein was degraded under heat stress in the ubiquitin/pro-
teasome-dependent manner. (A) Degradation time course of VOZ2. Fourteen-day-
old seedlings of WT Arabidopsis were incubated at 42 �C for various lengths of
time (0, 1, 2, or 3 h). (B) The degradation time course of the transgenic Arabidopsis
lines expressing GFP-VOZ2-NES or GFP-VOZ2-NLS under the control of the
CaMV35S promoter in the voz1voz2 mutant background. Fourteen-day-old seed-
lings of the transgenic Arabidopsis lines were incubated at 42 �C for various peri-
ods of time (0, 1, 2, or 3 h). (C) High-temperature dependent degradation of GFP-
VOZ2-NLS is completely inhibited by a 26S proteasome inhibitor, MG132. Root tis-
sues of the WT and GFP-VOZ2-NES- or GFP-VOZ2-NLS-expressing lines were sub-
jected to SDS-PAGE, and then the VOZ2 protein amounts were analyzed by
western blotting using an anti-VOZ2 polyclonal antibody.
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In addition to the transcriptional regulation of gene
expression, post-transcriptional regulation is also important
for various physiologic processes especially in the stress
response for rapid and dominant expression of specific
stress-induced transcripts.9 Under various stressful condi-
tions, eukaryotic cells form cytosolic granular structures
composed of RNA-protein complexes; these structures are
called SGs and P-bodies and are intended for mRNA turn-
over and translational repression.12

SGs and P-bodies contain several RNA-binding proteins,
for instance, 2 homologous nucleoplasmic RNA-binding
proteins, TIA-1 (T-cell internal antigen 1) and TIAR (TIA-
1-related protein). These proteins work as translational reg-
ulators by binding to specific mRNA to form untranslated
messenger ribonucleoproteins. Under stressful conditions,

TIA or TIAR proteins dramatically change their subcellular
distribution to associate with SGs or P-bodies.19

In higher plants, proteins of the oligouridylate-binding
protein 1 family (UBP1s) are known as TIA-1/TIAR-related
proteins, which were found to bind to a polyuridylate tract
to enhance intron recognition, splicing, and mRNA accu-
mulation. UBP1s are assembled into SGs under various
stressful conditions.20 Heat treatment changes the localiza-
tion of UBP1b from the nucleus to SGs in Arabidopsis.
UBP1 acts as SGs’ central component, and protects heat
stress tolerance-related transcripts from exonucleolytic deg-
radation via interactions with the 30-UTR of mRNAs to
play a fundamental role in thermotolerance.13,21,22 In plants,
another DNA- and RNA-biding family of proteins, the
CCCH-type tandem zinc finger proteins (TZFs), colocalized

Figure 3. GFP-VOZ2 associates with SGs and P-bodies under heat stress. Colocalization of GFP-VOZ2 with an SG marker, tagRFP-PABP8 (A), and a P-body marker, tagRFP-
DCP1 (B), respectively, in the root epidermal cells of 7-day-old seedlings under the standard growth conditions (22 �C) or after incubating for 3 h at 42 �C (heat stress con-
dition). Arrowheads in B is merged structures of GFP-VOZ2 and tagRFP-DCP1. (C) Time course of the formation of granular structures of GFP-VOZ2 and tagRFP-PABP8 in
root tip cells at 42�C. Scale bars D 5 mm.
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with both SGs and P-bodies under various stressful condi-
tions including heat and hypoxia. TZFs are highly con-
served among eukaryotes and perform critical functions in
mRNA metabolism in animals and yeast. In plants, a much
higher number of TZFs has been found, and among them,
a class of TZF family proteins containing an arginine-rich
(RR) motif, which are referred to as RR-TZF.23 It has been
reported that RR-TZF proteins are associated with P-bodies
and SGs to perform functions crucial for plant growth,
development, and stress response. One of RR-TZF proteins,
AtTZF1, can bind to both DNA and RNA in vitro and

colocalizes with P-bodies and SGs under certain stress
conditions.14

In this study, we demonstrated that VOZ2 colocalized with
both SGs and P-bodies under heat stress conditions (Fig. 3).
We previously reported that VOZ proteins in higher plants
have a well-conserved unconventional CCCH zinc-finger motif,
which functions as the DNA-binding domain of VOZ-family
proteins.15 Taking VOZ proteins as P-body- and SG-associated
CCCH-type zinc proteins into consideration, VOZs may have
an ability to bind to RNA and to participate in sequestration of
particular mRNAs under heat stress for turnover and transla-
tional repression of specific mRNAs.

We previously reported that VOZ proteins are required for
resistance to higher temperatures in Arabidopsis.17 Neverthe-
less, little is known about the molecular mechanism by which
VOZ proteins function under heat stress conditions. In this
study, we found that localization of the VOZ2 protein is dra-
matically changed (to the nucleus and cytoplasmic foci) under

Figure 4. The granule structures of PABP8 in WT or the voz1voz2 mutant under
heat stress conditions. (A) Subcellular localization of tagRFP-PABP8 was observed
in 7-day-old WT and voz1voz2 seedlings. (B) The box-and-whisker plot shows the
number of tagRFP-PABP8 foci (SG markers) in root tip cells of WT and voz1voz2
lines were treated at 42 �C for 20 min or 30 min. P values were calculated by the
Mann–Whitney U test (�P < 0.05). (C) Seven-day-old WT and voz1voz2 seedlings
expressing tagRFP-PABP8 were incubated at 42 �C for 30 min, followed by incuba-
tion at 22 �C for 24 h, and images of root tip cells were captured using the confocal
microscope. Scale barsD 5 mm.

Figure 5. Relative expression levels of the VOZ1, VOZ2, and DREB2A genes in the
root under heat stress. The gene expression levels were analyzed by quantitative
reverse transcription polymerase chain reaction (qRT-PCR). Seven-day-old seed-
lings were incubated at 42 �C at 3 time points (0, 30, and 60 min). The expression
levels of VOZ1 (A) and VOZ2 (B) in the WT are presented as the values relative to
the data at 0 min. (C) DREB2A gene expression levels in WT are presented as a
value relative to the data at 0 min. UBQ10 served as the internal expression control.
Data are represented as a mean § standard error (SE) from 3 replications. Signifi-
cant differences are indicated by asterisks above the bars (t-test; P < 0.05). The
experiments were repeated 3 times and yielded similar results. Inset; the expres-
sion profile of DREB2A at 0 min in the high temperature condition.
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high-temperature conditions. We also found that heat stress-
induced DREB2A is significantly upregulated in the voz1voz2
mutant. We previously reported that the expression levels of
several cold-responsive genes including CBF4, ZAT12,
COR15A, and RD29B are increased under low-temperature
conditions in the voz1voz2 mutant. Thus, VOZ proteins func-
tion as negative regulators of abiotic stress response pathways.17

Arabidopsis HsfA1 transcription factors serve as the main-
positive regulators in heat stress-responsive gene expression.
The expression of DREB2A under heat stress is also regulated
by HsfA1s. Nuclear localization of HsfA1 under heat stress is
negatively regulated by the interaction with HSP90.7

In this study, we demonstrated that some of the VOZ2 mol-
ecules are transferred from the cytosol to the nucleus and then
are degraded by the ubiquitin/proteasome system, and the rest
of VOZ2 molecules in the cytosol are associated with SG or
P-body structures under heat stress conditions. These observa-
tions suggest that VOZ2 possibly functions as a negative regula-
tor of DREB2A to directly associated with DREB2A or
indirectly regulate its expression to suppress the up-stream reg-
ulator HsfA1 function in the cytosol under normal growth con-
ditions. Further studies are needed to clarify how the dual
localization of VOZ2 in the nucleus and cytoplasm contributes
to a heat stress response.

Materials and methods

Plant materials and growth conditions

Arabidopsis thaliana Col-0 was used as the wild-type plants in
this study. The voz1voz2–2 mutant was generated by crossing
voz1 (WISCDSLOX489–492O10) and voz2 (SALK_115813).
Plants expressing 35S::GFP-VOZ2 were kindly provided by T.
Kohchi. GFP-VOZ2 with NES or NLS was expressed by intro-
ducing the plasmid donated by Y. Yasui into the voz1voz2–2.
All plants used in this study were grown on 1/2 Murashige-
Skoog (MS) agar plates at 22�C under a 16-h light, 8-h dark
photoperiod.

Plasmid construction

Primer sequences are listed in Table S1. For expression of the
N-terminal tagRFP fusion under the control of the CaMV 35S
promoter, PABP8 (At1g49760) or DCP1 (At1g08370) were
amplified by PCR from a cDNA derived from seedlings of Ara-
bidopsis. tagRFP fragment and either PABP8 or DCP1 were
inserted into pENTR using In-Fusion Cloning. The tagRFP-
PABP8 and tagRFP-DCP1 fragments were transferred into the
pFAST-G01 vector by Gateway LR recombination reactions.

To generate transgenic Arabidopsis expressing tagRFP-
DCP1 or tagRFP-PABP8 and GFP-VOZ2, transgenic Arabi-
dopsis expressing 35S::GFP-VOZ2 was transformed by Agro-
bacterium-mediated floral dip transformation.24

Western blot analysis

Total protein was extracted from roots of 14-day-old Arabidop-
sis seedlings. The sample ground with a mortar and pestle and
dissolved in a buffer (50mM Tris-HCl pH 7.5, 150 mM NaCl,

1 mM EDTA, 1 mM CaCl2, 1% Triton X-100) containing a pro-
teinase inhibitor cocktail (Nacalai Tesque) was centrifuged at
10,000£ g for 10min at 4�C. Then, 12.5 mg of the supernatant
of samples was subjected to SDS-PAGE. Western blotting was
performed using a 5,000-fold diluted anti-VOZ2 antibody17 as
the primary antibody and a 10,000-fold diluted goat anti-rabbit
IgG antibody.

Quantitative RT-PCR (qRT-PCR) analysis

For qRT-PCR, total RNA was isolated from WT and voz1voz2
double-mutant plants with the Nucleo Spin RNA kit (TaKaRa).
cDNAs were synthesized from 1 mg of total RNA of each plant
using the ReverTra Ace qPCR RT Master Mix (TOYOBO).
Quantitative real-time PCR was conducted using the THUN-
DERBIRD SYBR qPCR Mix (TOYOBO) and Eco Real-Time
PCR System (Illumina) according to the manual. The expres-
sion level was normalized to an internal control gene (UBQ10,
At4g05320). The primers are listed in Table S1.

Drug treatments

Fourteen-day-old seedlings were transferred to a liquid half-
strength MS medium supplemented (or not supplemented)
with 50 mM MG132 (Nacalai Tesque, Kyoto, Japan) and incu-
bated for 5-h, with 10 mM wortmannin (Wako, Japan), and for
24-h. Total protein was extracted and subjected to SDS-PAGE
followed by protein gel blotting using the anti-VOZ2 antibody.

Confocal microscopy and statistical analyses

GFP and tagRFP fluorescent images were obtained using a con-
focal laser microscope (ECLIPSE E600; Nikon). The captured
images were processed in the Nikon EZ-C1 software. The
image analysis was done using the ImageJ software. SGs and
P-bodies whose size was larger than 0.5 mm were scored as pos-
itive. The analyzed image data are presented as the box-
and-whisker plots. Boxes and solid lines in the boxes show the
upper (75th) and lower (25th) quartiles and median values,
respectively. Whiskers indicate the 95% confidence intervals.
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