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ABSTRACT

In this paper we describe a set of 3D microscopy volumes we have
partially manually annotated. We describe the volumes annotated
and the tools and processes we use to annotate the volumes. In
addition, we provide examples of annotated subvolumes. We also
provide synthetically generated 3D microscopy volumes that can be
used for training segmentation methods. The full set of annotations,
synthetically generated volumes, and original volumes can be ac-
cessed as described in the paper.

Index Terms— ground truth, segmentation, training data

1. INTRODUCTION

Recent progress in microscopy technology has enabled the acquisi-
tion of large 3D volumetric data, including 3D multi-spectral data,
using fluorescence imaging. Analyses of these large volumes often
involve a segmentation of cells or cellular nuclei. As cell boundaries
are typically poorly defined in tissues, segmentation can be done on
nuclei rather than entire cells [1]. One then characterize and clas-
sify cells on the basis of the fluorescence in the user-defined regions
surrounding the nuclei [2].

Segmentation techniques based on deep learning have shown
great promise, in some cases providing accurate and robust results
across a range of image types [3} 14115, 16} [7]]. However, their utility is
limited by the large amounts of manually annotated data needed for
training, validation, and testing. Annotation is a labor-intensive and
time-consuming process, especially for 3D volumes.

Many publicly available annotated microscopy datasets, such as
those in the Broad Bioimage Benchmark Collection [8], are 2D im-
ages. There is a lack of 3D volumes with annotations that are avail-
able. The 3D volumes that are available are typically synthetic vol-
umes and not real microscopy volumes.

In this paper we describe a set of annotated 3D subvolumes of
real microscopy volumes, along with a set of synthetically generated
subvolumes, that are available for use by the research community. A
list of available volumes can be found in Tables[T] 2] and[3]

2. MANUAL ANNOTATION PROCESS

In this section, we describe the process we used to annotate real 3D
microscopy volumes.
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Thirty 3D subvolumes (of 128 by 128 pixels by variable depth
in z) from eight different 3D microscopy volumes were annotated.
Note that we manually annotated the nuclei in the subvolumes. Sub-
volumes from each volume were chosen such that the subvolumes
are different and representative areas of the larger original volume.
Subvolumes were also chosen from particular regions of interest,
such as regions with overlapping, densely-packed, or irregularly
shaped nuclei.

2.1. Annotating Using ITK-Snap

Manual annotations were obtained using ITK-Snap [9]. Here we
describe the specific steps in ITK-Snap we use to annotate the sub-
volumes.

We use the 3D adaptive brush as a first pass for annotating a
subvolume. Different “Active Labels” are used for nuclei that touch
other nuclei. It is acceptable for nuclei that are far away (i.e. not
touching) to have the same “Active Label.” As a result of this, as
many as eight different “Active Labels” are used for each subvol-
ume. Minor adjustments were made using a 3D round brush after
the initial use of the 3D adaptive brush.

The final result is a manually annotated subvolume with the
same size as the original subvolume. Any background voxel, i.e.
any voxel not being annotated as part of a nucleus, has a voxel in-
tensity of 0. A voxel belonging to a nucleus will have an intensity
value between 1 and m, where m is the number of “Active Labels”
used during the annotation. Each intensity value between 1 and m
corresponds to an “Active Label.”

3. SYNTHETICALLY GENERATED VOLUMES

We also generate synthetic microscopy subvolumes using SpCycle-
GAN [10]. In SpCycleGAN, we generate synthetic nuclei segmen-
tation masks where we can control the size, location, shape, and
orientation of desired nuclei. SpCycleGAN learns the properties of
real microscopy images and then generates synthetic microscopy im-
ages of nuclei with the size, location, shape, and orientation of the
nuclei in the synthetic nuclei segmentation masks. Note that only
microscopy volumes and synthetically generated nuclei segmenta-
tion masks are input to the subvolume generation process. Manual
annotations were not needed for synthetic microscopy subvolume
generation because we know the location of the nuclei as part of the
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Table 1. Table of Volumes. Subvolumes can be found in https:doi.org//10.5281/zenodo.7065147.

Number of Number of Synthetic Subvolume
Index Volume Name Original Volume Repository Subvolumes Synthetic ynt
Directory Name
Annotated Subvolumes
. . https://doi.org/10. Cleared_mouse_intestine_1/
! Cleared mouse intestine 1 | (o7 o 157032409 4 4 synthetic
2 Diabetic _Biopsy https://doi.org/10. 5 50 J—I]?lﬁziugjzgt)f;yl /
_Human Spectral 1 5281/zenodo.7023876 ->pectial-
synthetic
3 Diabetic_Biopsy https://doi.org/10. 6 50 H?iﬁ?‘gi:;ﬁ;% /
_Human Spectral 3 5281/zenodo.7023871 ->pectral-
synthetic
4 Kidney Cortex https://doi.org/10. 6 90 HuKIIIiEfySiCe(;EZ)I( U
_Human Spectral_1 5281/zenodo.5842278 - ->pectral-
synthetic
. https://doi.org/10. BABB-cleared kidney_1/
> BABB-cleared kidney 1 | (oo S 7032413 4 >0 synthetic
6 Kidney Human https://doi.org/10. 4 4 Kidney_Human
_Nephrectomy _1 5281/zenodo.7023880 _Nephrectomy_1/synthetic
. https://doi.org/10. Scale-cleared_rat_kidney_1/
7 Scale-cleared rat kidney 1 5281/zenodo.7032415 ! >0 synthetic
The entire
. https://doi.org/10. . . .
8 Rat liver_1 5581 /zenodo. 7032419 volume is 50 Rat_liver_1/synthetic
annotated.

generation process. The synthetic volumes in Table |l| were gener-
ated using SpCycleGAN as described in [10l |6, [11]. Please refer
to these publications [10 |6l [11] for a more detailed description of
SpCycleGAN and examples of how synthetic subvolumes were gen-

erated.

4. DESCRIPTION OF ANNOTATED SUBVOLUMES

We obtained manually annotated subvolumes from eight different
microscopy volumes. Here we describe each of the microscopy vol-
umes in detail.

1. The Cleared_mouse_intestine_I volume is a 512 x 930 X

157 (X X Y x Z) volume of cleared mouse intestine tissue.
The voxel dimensions are 1x 1x 1 micron® (X xY x Z). Im-
ages of paraformaldehyde-fixed mouse intestine were labeled
with DAPI and imaged using confocal microscopy with a Le-
ica SP8 confocal/multiphoton microscope using a 20X NA
0.75 multi-immersion objective. Tissues were cleared using a
modified version of previously described procedures [[12].

. The Diabetic_Biopsy _Human Spectral_1 volume is a 9464 x
2877 x 35 (X X Y x Z) volume of diabetic kidney biopsy
tissue. The voxel dimensions are 0.5407 x 0.5408 X
1.0412 micron® (X x Y x Z). Fresh-frozen human kid-
ney samples are placed in cold Optimal Cutting Temperature
(OCT) compound for 3 min and then transferred to a cry-
omold with partially frozen OCT in the bottom on a block of
dry ice. Once the OCT is completely frozen, the tissue block
is wrapped in parafilm and stored at 80 ° C. Frozen tissues are
sectioned to a thickness of 50 um using a cryostat and then
immediately fixed in 4% fresh paraformaldehyde (PFA) for
24 h, and subsequently stored at 4 ° C in 0.25% PFA. Tissue
was imaged using a Leica SP8 confocal scan-head mounted
to an upright DM6000 microscope with computer-controlled
motorized stage [13].

3. The Diabetic_Biopsy _Human Spectral_3 volume is a 12160 x

2440 x 36 (X x Y x Z) volume of diabetic kidney biopsy
tissue. The voxel dimensions are 0.5406 x 0.5408 X
1.0412 micron® (X x Y x Z). Fresh-frozen human kid-
ney samples are placed in cold Optimal Cutting Temperature
(OCT) compound for 3 min and then transferred to a cry-
omold with partially frozen OCT in the bottom on a block of
dry ice. Once the OCT is completely frozen, the tissue block
is wrapped in parafilm and stored at 80 ° C. Frozen tissues are
sectioned to a thickness of 50 um using a cryostat and then
immediately fixed in 4% fresh paraformaldehyde (PFA) for
24 h, and subsequently stored at 4 ° C in 0.25% PFA. Tissue
was imaged using a Leica SP8 confocal scan-head mounted
to an upright DM6000 microscope with computer-controlled
motorized stage [13].

. The Kidney_Cortex_Human Spectral_1 volume is a 3889 x

4734 x 19 (X x Y x Z) volume of human nephrec-
tomy tissue. The voxel dimensions are 0.5407 x 0.5407 x
1.0412 micron® (X x Y x Z). Tissue was cryosectioned
and fixed in formaldehyde (4.0% and stored in 0.25% in 1X
PBS) and imaged using an FV1000 (Olympus) microscope at
20x 0.75 NA oil immersion objective [14].

. The BABB-cleared kidney_1 volume is a 512 x 512 X

415 (X x Y x Z) volume of BABB-cleared rat kidney. The
voxel dimensions are 1 x 1 x 1 micron® (X xY x Z). Images
of paraformaldehyde-fixed rat kidney tissue were collected
with a 40X NA 1.3 oil immersion objective, using an Olym-
pus FV1000 confocal microscope system (Olympus Amer-
ica, Inc., Center Valley, PA, USA) adapted for two-photon
microscopy. Rat kidney tissues were fixed, cleared and im-
aged using confocal microscopy (anti-vimentin immunoflu-
orescence, and Lens culinaris agglutinin) and multiphoton
microscopy (Hoechst33342-labeled nuclei) as previously
described [/15]].
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Table 2. Table of Annotated Subvolumes. Files can be found inhttps:doi.org//10.5281/zenodo.7065147,

Index Volume Name Subvolume File Names Annotated File Names
Cleared_mouse._intestine_1/ Cleared_mouse_intestine_1/
Cleared_mouse_intestine_1_150_800-20/ Cleared_mouse_intestine_1_150-800-20/

1 Cleared_mouse Cleared_mouse_intestine_1_150_800_20.tif Cleared_mouse_intestine_1_150_800_20_gt.tif

_intestine_1 Cleared_mouse_intestine_1/ Cleared_mouse_intestine_1/
Cleared_mouse_intestine_1_400_300_120/ Cleared_mouse_intestine_1_400_300_120/
Cleared_mouse_intestine_1_400_300_120.tif Cleared_mouse_intestine_1_400_300_120_gt.tif
Cleared_mouse_intestine_1/ Cleared_mouse_intestine_1/
Cleared_mouse_intestine_1_400_850_57/ Cleared_mouse_intestine_1_400_850_57/
Cleared_mouse_intestine_1_400_850_57.tif Cleared_mouse_intestine_1_400_850_57 _gt.tif
Cleared_mouse._intestine_1/ Cleared_mouse_intestine_1/
Cleared_mouse_intestine_1.430_315_74/ Cleared_mouse_intestine_1.430_315_74/
Cleared_mouse_intestine_1_430_315_74.tif Cleared_mouse_intestine_1.430_315_74_gt.tif
Diabetic_Biopsy -Human_Spectral_1/Diabetic Diabetic_Biopsy_Human_Spectral _1/Diabetic
_Biopsy_Human _Spectral_1-3100-1700/Diabetic _Biopsy_Human_Spectral _1-3100-1700/Diabetic

Diabetic_Bi _Biopsy_Human_Spectral _1-3100-1700.tif _Biopsy_Human_Spectral _1-3100-1700_gt.tif
iabetic_Biopsy . YT . . . . . .

2 _Human Spectral 1 leibetch1opsy,Human,SpectraL 1/D1ab53tlc ' D1?1bet1c,Blopsy,Human,SpectraL1/D1ab§t1c .
_Biopsy_Human_Spectral _1-5300-2300/Diabetic _Biopsy_Human_Spectral _1-5300-2300/Diabetic
_Biopsy_Human_Spectral _1-5300-2300.tif _Biopsy_Human_Spectral _1-5300-2300_gt.tif
Diabetic_Biopsy_-Human_Spectral_1/Diabetic Diabetic_Biopsy-Human_Spectral _1/Diabetic
_Biopsy_Human_Spectral _1-5800-2500/Diabetic _Biopsy_Human_Spectral _1-5800-2500/Diabetic
_Biopsy-Human_Spectral _1-5800-2500.tif _Biopsy_Human_Spectral _1-5800-2500_gt.tif
Diabetic_Biopsy_-Human_Spectral _1/Diabetic Diabetic_Biopsy_Human_Spectral _1/Diabetic
_Biopsy_Human_Spectral_1-6000-1150/Diabetic _Biopsy_Human_Spectral _1-6000-1150/Diabetic
_Biopsy_-Human_Spectral_1-6000-1150.tif _Biopsy_Human_Spectral _1-6000-1150_gt.tif
Diabetic_Biopsy _Human_Spectral_1/Diabetic Diabetic_Biopsy_Human_Spectral _1/Diabetic
_Biopsy_-Human_Spectral_1-8000-1350/Diabetic _Biopsy_Human_Spectral _1-8000-1350/Diabetic
_Biopsy_Human_Spectral _1-8000-1350.tif _Biopsy_Human_Spectral _1-8000-1350_gt.tif
Diabetic_Biopsy _Human_Spectral_3/Diabetic Diabetic_Biopsy_Human_Spectral 3/Diabetic
_Biopsy_Human_Spectral_3-1529_864/Diabetic _Biopsy_Human_Spectral_3-1529_864/Diabetic
_Biopsy_Human_Spectral_3-1529_864.tif _Biopsy_Human_Spectral_3-1529_864 _gt.tif

3 Diabetic_Biopsy Diabetic_Biopsy_Human_Spectral 3/Diabetic Diabetic_Biopsy_Human_Spectral_3/Diabetic

_Human Spectral 3| Biopsy_Human_Spectral_3-1728_1100/Diabetic _Biopsy_Human_Spectral 3-1728_1100/Diabetic
_Biopsy-Human_Spectral_3-1728_1100.tif _Biopsy_Human_Spectral _3-1728_1100_gt.tif
Diabetic_Biopsy _Human_Spectral_3/Diabetic Diabetic_Biopsy_-Human_Spectral 3/Diabetic
_Biopsy_-Human_Spectral_3-3480_1070/Diabetic _Biopsy_Human_Spectral_3-3480_1070/Diabetic
_Biopsy_Human_Spectral_3-3480_1070.tif _Biopsy_Human_Spectral_3-3480_1070_gt.tif
Diabetic_Biopsy_Human_Spectral_3/Diabetic Diabetic_Biopsy_Human_Spectral _3/Diabetic
_Biopsy_-Human_Spectral_3-4180_1590/Diabetic _Biopsy_Human_Spectral_3-4180_1590/Diabetic
_Biopsy_Human_Spectral_3-4180_1590.tif _Biopsy_Human_Spectral_3-4180_1590_gt.tif
Diabetic_Biopsy_Human_Spectral_3/Diabetic Diabetic_Biopsy_Human_Spectral _3/Diabetic
_Biopsy-Human_Spectral_3-6137_1985/Diabetic _Biopsy_Human_Spectral _3-6137_1985/Diabetic
_Biopsy_Human_Spectral _3-6137_1985.tif _Biopsy_Human_Spectral _3-6137_1985_gt.tif
Diabetic_Biopsy -Human_Spectral_3/Diabetic Diabetic_Biopsy-Human_Spectral _3/Diabetic
_Biopsy_Human_Spectral_3-6320_1385/Diabetic _Biopsy_Human_Spectral 3-6320_1385/Diabetic
_Biopsy_Human_Spectral _3-6320_1385.tif _Biopsy_Human_Spectral_3-6320_1385_gt.tif

6. The Kidney_Human _Nephrectomy_1 volume is a 2912 X

stand (Olympus America, Inc., Center Valley, PA, USA),

3520 x 35 (X X Y x Z) volume of human stone dis-
ease biopsy. Tissue was fixed in 4% paraformaldehyde
overnight and stored in 0.25% paraformaldehyde. Nuclei
were stained with DAPI and imaged by fluorescence con-
focal imaging microscopy [16]. The voxel dimensions are
1 x 1 x 1 micron® (X xY x Z).

. The Scale-cleared_rat kidney_1 volume is a 512 X 512 X
200 (X x Y X Z) volume of scale-cleared rat kidney. The
voxel dimensions are 1 x 1 x 1 micron® (X x Y x Z).
An Olympus Fluoview 1000 MPE confocal/multiphoton mi-
croscope system mounted on an Olympus IX-81 inverted

equipped with an Olympus 60X oil immersion objective
was used to collect images of rat kidney. For this volume,
paraformaldehyde-fixed tissue was labeled with phalloidin
and Hoechst 33342, cleared and mounted in Scale mounting
medium [17]] and imaged by confocal microscopy using an
Olympus 25X, NA1.05 water immersion objective.

. The Rat liver_I volume is a 512 x 512 X 32 (X x Y x Z)

volume of rat liver. The voxel dimensions are 1 X 1 X
I micron® (X x Y x Z). An Olympus Fluoview 1000
MPE confocal/multiphoton microscope system mounted on
an Olympus IX-81 inverted stand (Olympus America, Inc.,
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Table 3. Table of Annotated Subvolumes Continued. Files can be found in https:doi.org//10.5281/zenodo.7065147.

Index Volume Name Subvolume File Names Annotated File Names
Kidney_Cortex_Human_Spectral _1/Kidney Kidney_Cortex_Human_Spectral _1/Kidney
_Cortex_Human_Spectral _1-1060-400/Kidney _Cortex_Human_Spectral _1-1060-400/Kidney
_Cortex_Human_Spectral _1-1060-400.tif _Cortex_Human_Spectral _1-1060-400_gt.tif
4 Kidney_Cortex Kidney_Cortex_Human_Spectral _1/Kidney Kidney_Cortex_Human_Spectral_1/Kidney
_Human Spectral_1| _Cortex_ Human_Spectral_1-1317-1381/Kidney _Cortex_Human_Spectral_1-1317-1381/Kidney
_Cortex_Human_Spectral _1-1317-1381.tif _Cortex_Human_Spectral _1-1317-1381_gt.tif
Kidney_Cortex_Human_Spectral _1/Kidney Kidney_Cortex_Human_Spectral _1/Kidney
_Cortex_Human_Spectral _1-1600-2100/Kidney _Cortex_Human_Spectral _1-1600-2100/Kidney
_Cortex_Human_Spectral _1-1600-2100.tif _Cortex_Human_Spectral _1-1600-2100_gt.tif
Kidney_Cortex_Human_Spectral _1/Kidney Kidney_Cortex_Human_Spectral _1/Kidney
_Cortex_Human_Spectral _1-1600-2400/Kidney _Cortex_Human_Spectral _1-1600-2400/Kidney
_Cortex_Human_Spectral _1-1600-2400.tif _Cortex_Human_Spectral _1-1600-2400_gt.tif
Kidney_Cortex_Human_Spectral _1/Kidney Kidney_Cortex_Human_Spectral _1/Kidney
_Cortex_Human_Spectral _1-2000-1800/Kidney _Cortex_Human_Spectral _1-2000-1800/Kidney
_Cortex_Human_Spectral _1-2000-1800.tif _Cortex_Human_Spectral _1-2000-1800_gt.tif
Kidney_Cortex_Human_Spectral _1/Kidney Kidney_Cortex_Human_Spectral _1/Kidney
_Cortex_Human_Spectral _1-750-930/Kidney _Cortex_Human_Spectral _1-750-930/Kidney
_Cortex_Human_Spectral _1-750-930.tif _Cortex_Human_Spectral _1-750-930_gt.tif
BABB-cleared_kidney_1/BABB-cleared kidney_1- | BABB-cleared_kidney_1/BABB-cleared_kidney_1-
BABB-cleared 153-85/BABB-cleared _kidney_1-153-85.tif 153-85/BABB-cleared kidney_1-153-85_gt.tif
5 kidney 1 BABB-cleared_kidney_1/BABB-cleared kidney_1- | BABB-cleared_kidney_1/BABB-cleared_kidney_1-
274-238/BABB-cleared kidney_1-274-238.tif 274-238/BABB-cleared_kidney_1-274-238 _gt.tif
BABB-cleared kidney_1/BABB-cleared kidney_1- | BABB-cleared_kidney_1/BABB-cleared kidney_1-
383-350/BABB-cleared kidney_1-383-350.tif 383-350/BABB-cleared_kidney_1-383-350_gt.tif
BABB-cleared_kidney_1/BABB-cleared kidney_1- | BABB-cleared_kidney_1/BABB-cleared_kidney_1-
405-237/BABB-cleared kidney_1-405-237.tif 405-237/BABB-cleared _kidney _1-405-237 _gt.tif
Kidney_Human_Nephrectomy_1/Kidney Kidney_Human_Nephrectomy_1/Kidney
_Human_Nephrectomy_1_1400_1400/Kidney _Human_Nephrectomy_1_1400_1400/Kidney
6 Kidney Human _Human_Nephrectomy_1_1400_1400.tif _Human_Nephrectomy_1_1400-1400_gt.tif
_Nephrectomy_1 Kidney_Human_Nephrectomy_1/Kidney Kidney_Human_Nephrectomy_1/Kidney
_Human_Nephrectomy_1_1450_230/Kidney _Human_Nephrectomy_1_1450_230/Kidney
_Human_Nephrectomy_1_1450_230.tif _Human_Nephrectomy_1_1450_230_gt.tif
Kidney_Human_Nephrectomy_1/Kidney Kidney_Human_Nephrectomy_1/Kidney
_Human_Nephrectomy_1_2000_600/Kidney _Human_Nephrectomy_1_2000_-600/Kidney
_Human_Nephrectomy_1_2000_600.tif _Human_Nephrectomy_1_2000_600_gt.tif
Kidney_Human_Nephrectomy_1/Kidney Kidney_Human_Nephrectomy_1/Kidney
_Human_Nephrectomy_1_400_2500/Kidney _Human_Nephrectomy_1_400_2500/Kidney
_Human_Nephrectomy_1_400-2500.tif _Human_Nephrectomy_1_400-2500_gt.tif
7 Scale-cleared Scale-cleared_rat_kidney_1_192-192-48/Scale- Scale-cleared_rat_kidney_1-192-192-48/Scale-
_rat kidney_1 cleared_rat_kidney_1_192-192-48.tif cleared_rat_kidney_1_192-192-48 _gt.tif
3 Rat liver_1 The entire volume is annotated. The whole original | The entire volume is annotated. The annotated vol-
volume is at Rat_liver_1/ Rat_liver_1.tif ume is at Rat_liver_1/ Rat_liver_1_gt.tif

Center Valley, PA, USA), equipped with an Olympus 60X oil
immersion objective was used to collect images of rat liver.
For this volume, paraformaldehyde-fixed rat liver tissue was
labelled with phalloidin, anti-Mrp2 immunofluorescence,
and Hoechst 33342, cleared and mounted in Scale mounting
medium [17] and imaged by confocal microscopy using an
Olympus 25X, NA1.05 water immersion objective.

Here we also describe the naming convention of the subvolumes
and annotations of the data provided. The main directory contains
eight directories, one for each of the volumes provided. Within each
of these directories will contain many subdirectories. Each subdirec-
tory corresponds to a subvolume of the original microscopy volume.
The subdirectory name will contain the original microscopy volume
name and the location of the subvolume in the original volume. Each
subdirectory will contain two files: one file corresponding to the real

microscopy subvolume, and one file corresponding to the manually
annotated subvolume. The annotated file name will contain the suffix
‘_gt’ before the file extension. Under each main directory for each
volume, there is a directory named ‘synthetic’ where synthetically
generated subvolumes are provided. Under the ‘synthetic’ directory
will be two directories, ‘gt’ and ‘syn’. ‘gt’ will contain numbered
tif files containing the masks corresponding to where the nuclei lo-
cations will be in the synthetically generated subvolumes. ‘syn’ will
contain numbered .tif files containing the synthetically generated mi-
croscopy subvolumes. The numbering of the files in ‘gt’ corresponds
to the numbering of the files in ‘syn’.
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Table 4. Eight Contiguous 2D Slices from an Annotated 3D Subvolume of the BABB-cleared kidney_I Volume

Slices of Original
Subvolume

Slices of
Annotated
Subvolume

5. EXAMPLE GROUND TRUTH ANNOTATIONS

In this section, we give a few examples of the output of our 3D
ground truth annotations. Table [d] shows eight contiguous 2D slices
from an annotated 3D subvolume of BABB-cleared kidney_1. Note
that the same nucleus across different focal planes is given the same
“Active Label” and thus has the same pixel intensity shown in the
“Slices of Annotated Subvolume” section. Also note that different
nuclei that are close to one another are given different “Active La-
bels” and thus have different pixel intensities. As indicated in Sec-
tion [2.1] nuclei that are far away may have the same “Active Label.”
Table [5]shows example 2D slices from annotated 3D subvolumes of
each volume provided.

5.1. Use of Annotated Volumes in Our Work

A subset of these annotated volumes were used to evaluate the quan-
titative performance of DeepSynth [6], NisNet3D [18], 3D Centroid-
Net [19], EMR-CNN [20], and RNN-SliceNet [21]. A partial subset
of these annotated volumes is also used to lightly retrain a version of
NisNet3D [18].

6. AVAILABILITY OF DATA

Manually annotated and synthetically generated volumes can be
accessed at https:doi.org//10.5281/zenodo.7065147.,
For a list of file names in the directory, please refer to Table [T}
For a list of annotated subvolumes in the directory, please refer to
Tables 2] and 3] The synthetically generated and annotated set is
1.67GB. The real, original microscopy volumes are found at their
respective repositories according to Table [T} The original volumes
amount to 3.13GB.

The data is distributed under Creative Commons license Attri-
bution - NonCommercial - NoDerivs - CC BY-NC-ND.

You are free to:

 Share - copy and redistribute the material in any medium or
format

* The licensor cannot revoke these freedoms as long as you fol-
low the license terms

Under the following terms:

* Attribution - You must give appropriate credit, provide a link
to the license, and indicate if changes were made. You may do
so in any reasonable manner, but not in any way that suggests
the licensor endorses you or your use

* NonCommercial - You may not use the material for commer-
cial purposes

* NoDerivatives - If you remix, transform, or build upon the
material, you may not distribute the modified material

* No additional restrictions - You may not apply legal terms or
technological measures that legally restrict others from doing
anything the license permits

More details are available in the “readme” files in the images
including how we suggest you cite our work and this paper.

7. CONCLUSION

In this paper, we provide a set of annotated 3D subvolumes of real
microscopy volumes and describe the tools we use to obtain the man-
ual annotations. We also provide a set of synthetically generated mi-
croscopy subvolumes, generated from an SpCycleGAN [7], that is
available for training segmentation networks.
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Table 5. Example 2D Slices from Annotated 3D Subvolumes

Volume Name

Slices of Annotated
Volume

Slices of Original
Volume

Cleared_mouse _intestine _1

Diabetic_Biopsy Human Spectral 1

Diabetic _Biopsy Human Spectral 3

Kidney_Cortex_Human_Spectral _1

BABB-cleared kidney_1

Kidney _Human _Nephrectomy _1

Scale-cleared rat kidney_1

Rat _liver_1

The collection of Kidney Human_Nephrectomy_1 was ap-
proved by the Institutional Review Board of Indiana University No.
1010002261.

9. ACKNOWLEDGMENTS

This work was partially supported by a George M. O’Brien Award
from the National Institutes of Health under grant NIH/NIDDK P30
DKO079312 and the endowment of the Charles William Harrison Dis-
tinguished Professorship at Purdue University.

Thirteen graduate students, working 105 hours, were involved in
obtaining the manual ground truth annotations.

The authors have no conflicts of interest. Address all correspon-
dence to Edward J. Delp, ace @ecn.purdue.edu.

We would like to thank Michael Ferkowicz and Mervin Yoder
for providing the Cleared_mouse _intestine_1 volume, Sherry Clen-
denon and Kenneth Dunn for providing the BABB-cleared kidney _1
volume, Malgorzata M. Kamocka and Kenneth Dunn for provid-
ing the Scale-cleared_ rat_kidney_1 volume, Sherry Clendenon and
Kenneth Dunn for providing the Rat liver_I volume, Michael Fer-
kowicz, Seth Winfree, and Tarek El-Achkar for providing the Kid-
ney_Cortex_Human Spectral_1 volume, Michael Ferkowicz and
Tarek El-Achkar for providing Diabetic _Biopsy Human Spectral 3,
Michael Ferkowicz, Seth Winfree, and Mervin Yoder for providing


https://doi.org/10.1101/2022.09.26.509542
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2022.09.26.509542; this version posted September 26, 2022. 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.

the Diabetic_Biopsy Human Spectral_1 volume, and Seth Winfree
and Tarek El-Achkar for providing Kidney Human Nephrectomy_1.

Please contact imart@ecn.purdue.edu for any questions about

the data.

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

[12]

10. REFERENCES

S. Winfree, S. Khan, R. Micanovic, M. T. Eadon, K. J. Kelly,
T. A. Sutton, C. L. Phillips, K. W. Dunn, and T. M. El-Achkar,
“Quantitative three-dimensional tissue cytometry to study kid-
ney tissue and resident immune cells,” Journal of the American
Society of Nephrology, vol. 28, no. 7, pp. 2108-2118, 2017.

Y. Goltsev, N. Samusik, J. Kennedy-Darling, S. Bhate,
M. Hale, G. Vasquez, and G. Nolan, “Deep profiling of mouse
splenic architecture with codex multiplexed imaging,” Cell,
vol. 174, no. 4, pp. 968-981, August 2018.

C. Stringer, T. Wang, M. Michaelos, and M. Pachitariu, “Cell-
pose: a generalist algorithm for cellular segmentation,” Nature
Methods, vol. 18, no. 1, pp. 100-106, October 2021.

N. F. Greenwald, G. Miller, E. Moen, A. Kong, A. Kagel,
T. Dougherty, C. C. Fullaway, B. J. Mclntosh, K. X. Leow,
M. S. Schwartz, et al., “Whole-cell segmentation of tissue im-
ages with human-level performance using large-scale data an-
notation and deep learning,” Nature biotechnology, vol. 40, no.
4, pp. 555-565, November 2022.

E. Kromp, L. Fischer, E. Bozsaky, I. M. Ambros, W. Dorr,
K. Beiske, P. F. Ambros, A. Hanbury, and S. Taschner-Mandl,
“Evaluation of deep learning architectures for complex im-
munofluorescence nuclear image segmentation,” IEEFE Trans-
actions on Medical Imaging, vol. 40, no. 7, pp. 1934-1949,
July 2021.

K. W. Dunn, C. Fu, D. J. Ho, S. Lee, S. Han, P. Salama, and
E. J. Delp, “Deepsynth: Three-dimensional nuclear segmen-
tation of biological images using neural networks trained with
synthetic data,” Scientific Reports, vol. 9, no. 1, pp. 18295-
18309, December 2019.

C. Fu, S. Lee, D. J. Ho, S. Han, P. Salama, K. W. Dunn, and
E.J. Delp, “Three dimensional fluorescence microscopy image
synthesis and segmentation,” Proceedings of the IEEE Confer-
ence on Computer Vision and Pattern Recognition Workshops,
pp. 2302-2310, June 2018, Salt Lake City, UT.

V. Ljosa, K. L. Sokolnicki, and A. E. Carpenter, “Annotated
high-throughput microscopy image sets for validation,” Nature
Methods, vol. 9, no. 7, pp. 637-637, Jul 2012.

P. A. Yushkevich, J. Piven, H. C. Hazlett, R. G. Smith, S. Ho,
J. C. Gee, and G. Gerig, “User-guided 3D active contour seg-
mentation of anatomical structures: Significantly improved ef-
ficiency and reliability,” Neuroimage, vol. 31, no. 3, pp. 1116—
1128, July 2006.

C. Fu, S. Lee, D. J. Ho, S. Han, P. Salama, K. W. Dunn, and
E. J. Delp, “Three dimensional fluorescence microscopy image
synthesis and segmentation,” Proceedings of the IEEE Confer-
ence on Computer Vision and Pattern Recognition Workshops,
pp. 2302-2310, June 2018, Salt Lake City, UT.

A. Chen, L. Wu, S. Han, P. Salama, K. W. Dunn, and E. J.
Delp, “Three dimensional synthetic non-ellipsoidal nuclei vol-
ume generation using bezier curves,” Proceedings of the 2021
IEEE 18th International Symposium on Biomedical Imaging
(ISBI), pp. 961-965, April 2021, Nice, France.

E. A. Susaki, K. Tainaka, D. Perrin, F. Kishino, T. Tawara,
T. M. Watanabe, C. Yokoyama, H. Onoe, M. Eguchi, S. Ya-
maguchi, T. Abe, H. Kiyonari, Y. Shimizu, A. Miyawaki,
H. Yokota, and H. R. Ueda, “Whole-brain imaging with

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

single-cell resolution using chemical cocktails and computa-
tional analysis,” Cell, vol. 157, no. 3, pp. 726-739, Apr. 2014.
M. J. Ferkowicz, S. Winfree, A. R. Sabo, M. M. Kamocka,
S. Khochare, D. Barwinska, M. T. Eadon, Y.-H. Cheng, C. L.
Phillips, T. A. Sutton, K. J. Kelly, P. C. Dagher, T. M. EI-
Achkar, and K. W. f. t. K. P. M. P. Dunn, “Large-scale, three-
dimensional tissue cytometry of the human kidney: a complete
and accessible pipeline,” Laboratory Investigation, vol. 101,
no. 5, pp. 661-676, May 2021.

S. Winfree, A. T. McNutt, S. Khochare, T. J. Borgard, D. Bar-
winska, A. R. Sabo, M. J. Ferkowicz, J. C. Williams, J. E.
Lingeman, C. J. Gulbronson, K. J. Kelly, T. A. Sutton, P. C.
Dagher, M. T. Eadon, K. W. Dunn, and T. M. El-Achkar,
“Integrated cytometry with machine learning applied to high-
content imaging of human kidney tissue for in-situ cell classi-
fication and neighborhood analysis,” bioRxiv, 2022.

S. G. Clendenon, P. A. Young, M. Ferkowicz, C. Phillips, and
K. W. Dunn, “Deep tissue fluorescent imaging in scattering
specimens using confocal microscopy,” Microscopy and Mi-
croanalysis, vol. 17, no. 4, pp. 614-617, 2011.

M. S. Makki, S. Winfree, J. E. Lingeman, F. A. Witzmann,
E. M. Worcester, A. E. Krambeck, F. L. Coe, A. P. Evan,
S. Bledsoe, K. J. Bergsland, S. Khochare, D. Barwinska, J. C.
Williams, and T. M. El-Achkar, “A precision medicine ap-
proach uncovers a unique signature of neutrophils in patients
with brushite kidney stones,” Kidney International Reports,
vol. 5, no. 5, pp. 663-677, 2020.

H. Hama, H. Kurokawa, H. Kawano, R. Ando, T. Shimogori,
H. Noda, K. Fukami, A. Sakaue-Sawano, and A. Miyawaki,
“Scale: a chemical approach for fluorescence imaging and
reconstruction of transparent mouse brain,” Nature Neuro-
science, vol. 14, no. 11, pp. 1481-1488, Nov 2011.

L. Wu, A. Chen, P. Salama, K. Dunn, and E. Delp, “Nisnet3d:
Three-dimensional nuclear synthesis and instance segmenta-
tion for fluorescence microscopy images,” bioRxiv, 2022.

L. Wu, A. Chen, P. Salama, K. W. Dunn, and E. J. Delp, “3d
centroidnet: nuclei centroid detection with vector flow voting,”
Proceedings of the IEEE International Conference on Image
Processing, October 2022, Bordeaux, France.

L. Wu, A. Chen, P. Salama, K. W. Dunn, and E. J. Delp,
“An ensemble learning and slice fusion strategy for three-
dimensional nuclei instance segmentation,” in Proceedings
of the IEEE/CVF Conference on Computer Vision and Pattern
Recognition (CVPR) Workshops, June 2022, pp. 1884—1894.
L. Wu, S. Han, A. Chen, P. Salama, K. W. Dunn, and E. J. Delp,
“Renn-slicenet: A slice and cluster approach for nuclei cen-
troid detection in three-dimensional fluorescence microscopy
images,” in Proceedings of the IEEE/CVF Conference on Com-
puter Vision and Pattern Recognition (CVPR) Workshops, June
2021, pp. 3755-3765.


https://doi.org/10.1101/2022.09.26.509542
http://creativecommons.org/licenses/by-nc-nd/4.0/

	㜹‰⁯扪਼㰠⽔楴汥⣾Ｘ〠〠潢樊㰼 呩瑬攨﻿㠱‰⁯扪਼㰠⽔楴汥⣾Ｘ㈠〠潢樊㰼 呩瑬攨﻿㠳‰⁯扪਼㰠⽔楴汥⣾Ｘ㐠〠潢樊㰼 呩瑬攨﻿㠵‰⁯扪਼㰠⽔楴汥⣾Ｘ㘠〠潢樊㰼 呩瑬攨﻿㠷‰⁯扪਼㰠⽔楴汥⣾Ｘ㠠〠潢樊㰼 呩瑬攨﻿㠹‰⁯扪਼㰠⽔楴汥⣾Ｙ〠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‱崊⽃⁛〠ㄠそਯ䠯䤊⽒散琠嬱㘶⸶㜶″〳⸹㌲‱㜳⸱㔲″ㄲ⸰㌹崊⽄敳琠嬴‰⁒ 塙娠㔴⸴㈵〠㘶〮㠸㘰⁮畬汝ਯ卵扴祰支䱩湫㸾敮摯扪ਹㄠ〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‱崊⽃⁛〠ㄠそਯ䠯䤊⽒散琠嬱㐱⸵㠶′㠳⸱ㄠㄴ㠮〶ㄠ㈹ㄮ㈱㝝ਯ䑥獴⁛㐠〠删⽘奚‵㐮㐲㔰‶〶⸴㔸〠湵汬崊⽓畢瑹灥⽌楮款㹥湤潢樊㤲‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠ㅝਯ䌠嬰‱‰崊⽈⽉ਯ剥捴⁛ㄶ㐮㌱㐠㈵ㄮ㔰㐠ㄷ〮㜹′㔹⸷㌷崊⽄敳琠嬴‰⁒ 塙娠㔴⸴㈵〠㔶㐮㈱㘰⁮畬汝ਯ卵扴祰支䱩湫㸾敮摯扪ਹ㌠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‱崊⽃⁛〠ㄠそਯ䠯䤊⽒散琠嬱㜳⸲㔴′㔱⸶㌠ㄷ㤮㜲㤠㈵㤮㜳㝝ਯ䑥獴⁛㐠〠删⽘奚‵㐮㐲㔰‵㌲⸳㠶〠湵汬崊⽓畢瑹灥⽌楮款㹥湤潢樊㤴‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠ㅝਯ䌠嬰‱‰崊⽈⽉ਯ剥捴⁛ㄸ㈮ㄹ㌠㈵ㄮ㔰㐠ㄸ㠮㘶㤠㈵㤮㜳㝝ਯ䑥獴⁛㐠〠删⽘奚‵㐮㐲㔰‴㘹⸳㈳〠湵汬崊⽓畢瑹灥⽌楮款㹥湤潢樊㤵‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠ㅝਯ䌠嬰‱‰崊⽈⽉ਯ剥捴⁛ㄹㄮㄳ㈠㈵ㄮ㔰㐠ㄹ㜮㘰㠠㈵㤮㜳㝝ਯ䑥獴⁛㐠〠删⽘奚‵㐮㐲㔰‴〶⸲㔹〠湵汬崊⽓畢瑹灥⽌楮款㹥湤潢樊㤶‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠ㅝਯ䌠嬰‱‰崊⽈⽉ਯ剥捴⁛㈰〮〷㈠㈵ㄮ㔶㈠㈰㘮㔴㜠㈵㤮㘱㉝ਯ䑥獴⁛㐠〠删⽘奚‵㐮㐲㔰″㔴⸲㠴〠湵汬崊⽓畢瑹灥⽌楮款㹥湤潢樊㤷‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠ㅝਯ䌠嬰‱‰崊⽈⽉ਯ剥捴⁛㈴㔮㜹ㄠㄹ㤮㈰㈠㈵㈮㈶㘠㈰㜮㐳㕝ਯ䑥獴⁛㐠〠删⽘奚‵㐮㐲㔰″〰⸹㔴〠湵汬崊⽓畢瑹灥⽌楮款㹥湤潢樊㤸‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠ㅝਯ䌠嬱‰‰崊⽈⽉ਯ剥捴⁛㈲㘮㈠ㄲ㐮㤳㤠㈳㈮㘷㘠ㄳ㐮㌱ㅝਯ䑥獴⁛ㄠ〠删⽘奚‱㌶⸵ㄸ〠㜱㐮㈷〰⁮畬汝ਯ卵扴祰支䱩湫㸾敮摯扪ਹ㤠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‱崊⽃⁛ㄠ〠そਯ䠯䤊⽒散琠嬲㌵⸱㘷‱㈴⸹㌹′㐱⸶㐲‱㌴⸳ㄱ崊⽄敳琠嬵‰⁒ 塙娠ㄲ㌮㘱㈰‷ㄴ⸲㜰〠湵汬崊⽓畢瑹灥⽌楮款㹥湤潢樊㄰〠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‱崊⽃⁛ㄠ〠そਯ䠯䤊⽒散琠嬲㔹⸳㈲‱㈴⸹㌹′㘵⸷㤸‱㌴⸳ㄱ崊⽄敳琠嬶‰⁒ 塙娠㄰㌮㠰㤰‷ㄴ⸲㜰〠湵汬崊⽓畢瑹灥⽌楮款㹥湤潢樊㄰ㄠ〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‱崊⽃⁛〠ㄠそਯ䠯䤊⽒散琠嬵㄰⸴㈳″㠹⸷㐷‵ㄶ⸸㤸″㤸⸰㔱崊⽄敳琠嬴‰⁒ 塙娠㔴⸴㈵〠㈶㤮ㄲ㐰⁮畬汝ਯ卵扴祰支䱩湫㸾敮摯扪਱〲‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠ㅝਯ䌠嬰‱‰崊⽈⽉ਯ剥捴⁛㌳㤮㈴㠠ㄶ㌮㐴㌠㌵〮㈰㜠ㄷㄮ㘷㙝ਯ䑥獴⁛㐠〠删⽘奚‵㐮㐲㔰′ㄶ⸴㜱〠湵汬崊⽓畢瑹灥⽌楮款㹥湤潢樊㄰㌠〠潢樊㰼⽓⽕剉ਯ啒䤨桴瑰猺⼯摯椮潲术㄰⸱㄰ㄯ㈰㈲⸰㤮㈶⸵〹㔴㈩㸾敮摯扪਱〴‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠そਯ剥捴⁛ㄲ㐮㘶㠠㜷㠠㈷㜮㐴㐠㜸㡝ਯ䄠‱〳‰⁒ ⽓畢瑹灥⽌楮款㹥湤潢樊㄰㔠〠潢樊㰼⽓⽕剉ਯ啒䤨桴瑰㨯⽣牥慴楶散潭浯湳⹯牧⽬楣敮獥猯批⵮挭湤⼴⸰⼩㸾敮摯扪਱〶‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠そਯ剥捴⁛㈶㈮㌳㈠㜶㈠㐰㐮㌶㐠㜷㉝ਯ䄠‱〵‰⁒ ⽓畢瑹灥⽌楮款㹥湤潢樊㄰㜠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‱崊⽃⁛〠ㄠㅝਯ䠯䤊⽒散琠嬳〷⸴㔱‷〱⸴㔶‵〸⸴㤷‷ㄱ⸰㌴崊⽁㰼⽓⽕剉ਯ呹灥⽁捴楯渊⽕剉⡨瑴灳㩤潩⹯牧⼯㄰⸵㈸ㄯ穥湯摯⸷〶㔱㐷⤾㸊⽓畢瑹灥⽌楮款㹥湤潢樊㄰㠠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‱崊⽃⁛〠ㄠㅝਯ䠯䤊⽒散琠嬲〷⸳㐸‶㔹⸷㌴″ㄱ⸶㘹‶㜰⸴㈲崊⽁㰼⽓⽕剉ਯ呹灥⽁捴楯渊⽕剉⡨瑴灳㨯⽤潩⹯牧⼱〮㔲㠱⽺敮潤漮㜰㌲㐰㤩㸾ਯ卵扴祰支䱩湫㸾敮摯扪਱〹‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠ㅝਯ䌠嬰‱‱崊⽈⽉ਯ剥捴⁛㈰㜮㈳㔠㘴㜮㘰㠠㌱ㄮ㔵㜠㘵㠮㌹㥝ਯ䄼㰯匯啒䤊⽔祰支䅣瑩潮ਯ啒䤨桴瑰猺⼯摯椮潲术㄰⸵㈸ㄯ穥湯摯⸷〳㈴〹⤾㸊⽓畢瑹灥⽌楮款㹥湤潢樊ㄱ〠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‱崊⽃⁛〠ㄠㅝਯ䠯䤊⽒散琠嬲〷⸳㐸‶㌳⸳〹″ㄱ⸶㘹‶㐳⸹㤶崊⽁㰼⽓⽕剉ਯ呹灥⽁捴楯渊⽕剉⡨瑴灳㨯⽤潩⹯牧⼱〮㔲㠱⽺敮潤漮㜰㈳㠷㘩㸾ਯ卵扴祰支䱩湫㸾敮摯扪਱ㄱ‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠ㅝਯ䌠嬰‱‱崊⽈⽉ਯ剥捴⁛㈰㜮㈳㔠㘲ㄮㄸ㈠㌱ㄮ㔵㜠㘳ㄮ㤷㍝ਯ䄼㰯匯啒䤊⽔祰支䅣瑩潮ਯ啒䤨桴瑰猺⼯摯椮潲术㄰⸵㈸ㄯ穥湯摯⸷〲㌸㜶⤾㸊⽓畢瑹灥⽌楮款㹥湤潢樊ㄱ㈠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‱崊⽃⁛〠ㄠㅝਯ䠯䤊⽒散琠嬲〷⸳㐸‶〱⸶㜷″ㄱ⸶㘹‶ㄲ⸳㘵崊⽁㰼⽓⽕剉ਯ呹灥⽁捴楯渊⽕剉⡨瑴灳㨯⽤潩⹯牧⼱〮㔲㠱⽺敮潤漮㜰㈳㠷ㄩ㸾ਯ卵扴祰支䱩湫㸾敮摯扪਱ㄳ‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠ㅝਯ䌠嬰‱‱崊⽈⽉ਯ剥捴⁛㈰㜮㈳㔠㔸㤮㔵ㄠ㌱ㄮ㔵㜠㘰〮㌴㉝ਯ䄼㰯匯啒䤊⽔祰支䅣瑩潮ਯ啒䤨桴瑰猺⼯摯椮潲术㄰⸵㈸ㄯ穥湯摯⸷〲㌸㜱⤾㸊⽓畢瑹灥⽌楮款㹥湤潢樊ㄱ㐠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‱崊⽃⁛〠ㄠㅝਯ䠯䤊⽒散琠嬲〷⸳㐸‵㜰⸰㐶″ㄱ⸶㘹‵㠰⸷㌴崊⽁㰼⽓⽕剉ਯ呹灥⽁捴楯渊⽕剉⡨瑴灳㨯⽤潩⹯牧⼱〮㔲㠱⽺敮潤漮㔸㐲㈷㠩㸾ਯ卵扴祰支䱩湫㸾敮摯扪਱ㄵ‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠ㅝਯ䌠嬰‱‱崊⽈⽉ਯ剥捴⁛㈰㜮㈳㔠㔵㜮㤱㤠㌱ㄮ㔵㜠㔶㠮㜱ㅝਯ䄼㰯匯啒䤊⽔祰支䅣瑩潮ਯ啒䤨桴瑰猺⼯摯椮潲术㄰⸵㈸ㄯ穥湯摯⸵㠴㈲㜸⤾㸊⽓畢瑹灥⽌楮款㹥湤潢樊ㄱ㘠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‱崊⽃⁛〠ㄠㅝਯ䠯䤊⽒散琠嬲〷⸳㐸‵㐳⸶㈠㌱ㄮ㘶㤠㔵㐮㌰㡝ਯ䄼㰯匯啒䤊⽔祰支䅣瑩潮ਯ啒䤨桴瑰猺⼯摯椮潲术㄰⸵㈸ㄯ穥湯摯⸷〳㈴ㄳ⤾㸊⽓畢瑹灥⽌楮款㹥湤潢樊ㄱ㜠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‱崊⽃⁛〠ㄠㅝਯ䠯䤊⽒散琠嬲〷⸲㌵‵㌱⸴㤴″ㄱ⸵㔷‵㐲⸲㠵崊⽁㰼⽓⽕剉ਯ呹灥⽁捴楯渊⽕剉⡨瑴灳㨯⽤潩⹯牧⼱〮㔲㠱⽺敮潤漮㜰㌲㐱㌩㸾ਯ卵扴祰支䱩湫㸾敮摯扪਱ㄸ‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠ㅝਯ䌠嬰‱‱崊⽈⽉ਯ剥捴⁛㈰㜮㌴㠠㔲㈮㐠㌱ㄮ㘶㤠㔳㌮〸㡝ਯ䄼㰯匯啒䤊⽔祰支䅣瑩潮ਯ啒䤨桴瑰猺⼯摯椮潲术㄰⸵㈸ㄯ穥湯摯⸷〲㌸㠰⤾㸊⽓畢瑹灥⽌楮款㹥湤潢樊ㄱ㤠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‱崊⽃⁛〠ㄠㅝਯ䠯䤊⽒散琠嬲〷⸲㌵‵㄰⸲㜳″ㄱ⸵㔷‵㈱⸰㘵崊⽁㰼⽓⽕剉ਯ呹灥⽁捴楯渊⽕剉⡨瑴灳㨯⽤潩⹯牧⼱〮㔲㠱⽺敮潤漮㜰㈳㠸〩㸾ਯ卵扴祰支䱩湫㸾敮摯扪਱㈰‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠ㅝਯ䌠嬰‱‱崊⽈⽉ਯ剥捴⁛㈰㜮㌴㠠㔰ㄮㄸ″ㄱ⸶㘹‵ㄱ⸸㘷崊⽁㰼⽓⽕剉ਯ呹灥⽁捴楯渊⽕剉⡨瑴灳㨯⽤潩⹯牧⼱〮㔲㠱⽺敮潤漮㜰㌲㐱㔩㸾ਯ卵扴祰支䱩湫㸾敮摯扪਱㈱‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠ㅝਯ䌠嬰‱‱崊⽈⽉ਯ剥捴⁛㈰㜮㈳㔠㐸㤮〵㌠㌱ㄮ㔵㜠㐹㤮㠴㑝ਯ䄼㰯匯啒䤊⽔祰支䅣瑩潮ਯ啒䤨桴瑰猺⼯摯椮潲术㄰⸵㈸ㄯ穥湯摯⸷〳㈴ㄵ⤾㸊⽓畢瑹灥⽌楮款㹥湤潢樊ㄲ㈠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‱崊⽃⁛〠ㄠㅝਯ䠯䤊⽒散琠嬲〷⸳㐸‴㜴⸷㔴″ㄱ⸶㘹‴㠵⸴㐲崊⽁㰼⽓⽕剉ਯ呹灥⽁捴楯渊⽕剉⡨瑴灳㨯⽤潩⹯牧⼱〮㔲㠱⽺敮潤漮㜰㌲㐱㤩㸾ਯ卵扴祰支䱩湫㸾敮摯扪਱㈳‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠ㅝਯ䌠嬰‱‱崊⽈⽉ਯ剥捴⁛㈰㜮㈳㔠㐶㈮㘲㜠㌱ㄮ㔵㜠㐷㌮㐱㥝ਯ䄼㰯匯啒䤊⽔祰支䅣瑩潮ਯ啒䤨桴瑰猺⼯摯椮潲术㄰⸵㈸ㄯ穥湯摯⸷〳㈴ㄹ⤾㸊⽓畢瑹灥⽌楮款㹥湤潢樊ㄲ㐠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‱崊⽃⁛ㄠ〠そਯ䠯䤊⽒散琠嬲㐶⸵㤸‴㈴⸱㤸′㔳⸰㜳‴㌴⸲㐷崊⽄敳琠嬱‰⁒ 塙娠ㄳ㘮㔱㠰‷ㄴ⸲㜰〠湵汬崊⽓畢瑹灥⽌楮款㹥湤潢樊ㄲ㔠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‱崊⽃⁛〠ㄠそਯ䠯䤊⽒散琠嬲㄰⸸㈷‴ㄵ⸶〳′㈱⸷㠶‴㈳⸸㌶崊⽄敳琠嬴‰⁒ 塙娠㔴⸴㈵〠㈱㘮㐷㄰⁮畬汝ਯ卵扴祰支䱩湫㸾敮摯扪਱㈶‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠ㅝਯ䌠嬰‱‰崊⽈⽉ਯ剥捴⁛㈲㔮〹㜠㐱㔮㘰㌠㈳ㄮ㔷㌠㐲㌮㠳㙝ਯ䑥獴⁛㐠〠删⽘奚‵㐮㐲㔰‴〶⸲㔹〠湵汬崊⽓畢瑹灥⽌楮款㹥湤潢樊ㄲ㜠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‱崊⽃⁛〠ㄠそਯ䠯䤊⽒散琠嬲㌴⸸㠴‴ㄵ⸷㈸′㐵⸸㐳‴㈳⸸㌶崊⽄敳琠嬴‰⁒ 塙娠㔴⸴㈵〠ㄶ㌮㠱㤰⁮畬汝ਯ卵扴祰支䱩湫㸾敮摯扪਱㈸‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠ㅝਯ䌠嬰‱‰崊⽈⽉ਯ剥捴⁛ㄳ㐮㘸㈠㐰㔮ㄹ㈠ㄴ㔮㘴‴ㄳ⸴㈵崊⽄敳琠嬴‰⁒ 塙娠㔴⸴㈵〠㈱㘮㐷㄰⁮畬汝ਯ卵扴祰支䱩湫㸾敮摯扪਱㈹‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠ㅝਯ䌠嬰‱‰崊⽈⽉ਯ剥捴⁛ㄴ㠮㠹㤠㐰㔮ㄹ㈠ㄵ㔮㌷㔠㐱㌮㐲㕝ਯ䑥獴⁛㐠〠删⽘奚‵㐮㐲㔰‴〶⸲㔹〠湵汬崊⽓畢瑹灥⽌楮款㹥湤潢樊ㄳ〠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‱崊⽃⁛〠ㄠそਯ䠯䤊⽒散琠嬱㔸⸶㌴‴〵⸳ㄷ‱㘹⸵㤳‴ㄳ⸴㈵崊⽄敳琠嬴‰⁒ 塙娠㔴⸴㈵〠ㄶ㌮㠱㤰⁮畬汝ਯ卵扴祰支䱩湫㸾敮摯扪਱㌱‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠ㅝਯ䌠嬰‱‰崊⽈⽉ਯ剥捴⁛㈷ㄮ㜱㈠㈳〮〴㔠㈸㈮㘷ㄠ㈳㠮ㄵ㉝ਯ䑥獴⁛㐠〠删⽘奚‵㐮㐲㔰‱ㄱ⸱㘶〠湵汬崊⽓畢瑹灥⽌楮款㹥湤潢樊ㄳ㈠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‱崊⽃⁛〠ㄠそਯ䠯䤊⽒散琠嬱㐰⸵㠸‶㤮㜴㐠ㄵㄮ㔴㜠㜷⸹㜷崊⽄敳琠嬴‰⁒ 塙娠㌱㔮㈱㌰‶㤷⸶㠵〠湵汬崊⽓畢瑹灥⽌楮款㹥湤潢樊ㄳ㌠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‱崊⽃⁛〠ㄠそਯ䠯䤊⽒散琠嬴〱⸳㜶′㠰⸲㘱‴ㄲ⸳㌵′㠸⸴㤴崊⽄敳琠嬴‰⁒ 塙娠㌱㔮㈱㌰‶㤷⸶㠵〠湵汬崊⽓畢瑹灥⽌楮款㹥湤潢樊ㄳ㐠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‱崊⽃⁛〠ㄠそਯ䠯䤊⽒散琠嬴㜷⸶㜠㈰ㄮㄵ㔠㐸㠮㘲㤠㈰㤮㈶㍝ਯ䑥獴⁛㐠〠删⽘奚″ㄵ⸲ㄳ〠㘲㐮㈱㄰⁮畬汝ਯ卵扴祰支䱩湫㸾敮摯扪਱㌵‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠ㅝਯ䌠嬰‱‰崊⽈⽉ਯ剥捴⁛㌷㠮㜰㤠㘹⸷㐴″㠹⸶㘸‷㜮㤷㝝ਯ䑥獴⁛㐠〠删⽘奚″ㄵ⸲ㄳ〠㔵〮㜳㜰⁮畬汝ਯ卵扴祰支䱩湫㸾敮摯扪਱㌶‰⁯扪਼㰯匯啒䤊⽕剉⡨瑴灳㨯⽤潩⹯牧⼱〮ㄱ〱⼲〲㈮〹⸲㘮㔰㤵㐲⤾㹥湤潢樊ㄳ㜠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‰崊⽒散琠嬱㈴⸶㘸‷㜸′㜷⸴㐴‷㠸崊⽁†ㄳ㘠〠删ਯ卵扴祰支䱩湫㸾敮摯扪਱㌸‰⁯扪਼㰯匯啒䤊⽕剉⡨瑴瀺⼯捲敡瑩癥捯浭潮献潲术汩捥湳敳⽢礭湣⵮搯㐮〯⤾㹥湤潢樊ㄳ㤠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‰崊⽒散琠嬲㘲⸳㌲‷㘲‴〴⸳㘴‷㜲崊⽁†ㄳ㠠〠删ਯ卵扴祰支䱩湫㸾敮摯扪਱㐰‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠ㅝਯ䌠嬰‱‱崊⽈⽉ਯ剥捴⁛㌲〮㌵㠠㜰ㄮ㐵㘠㔲ㄮ㐰㐠㜱ㄮ〳㑝ਯ䄼㰯匯啒䤊⽔祰支䅣瑩潮ਯ啒䤨桴瑰猺摯椮潲术⼱〮㔲㠱⽺敮潤漮㜰㘵ㄴ㜩㸾ਯ卵扴祰支䱩湫㸾敮摯扪਱㐱‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠ㅝਯ䌠嬰‱‰崊⽈⽉ਯ剥捴⁛ㄸ〮㜹㈠ㄳ㘮㔠ㄹㄮ㜵ㄠㄴ㐮㜳㍝ਯ䑥獴⁛㐠〠删⽘奚″ㄵ⸲ㄳ〠㔰㠮㐹㔰⁮畬汝ਯ卵扴祰支䱩湫㸾敮摯扪਱㐲‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠ㅝਯ䌠嬰‱‰崊⽈⽉ਯ剥捴⁛㌷㐮㜱㔠ㄳ㘮㔵㤠㌸㔮㘷㐠ㄴ㐮㜳㍝ਯ䑥獴⁛㐠〠删⽘奚″ㄵ⸲ㄳ〠㐳㔮〲㄰⁮畬汝ਯ卵扴祰支䱩湫㸾敮摯扪਱㐳‰⁯扪਼㰯匯啒䤊⽕剉⡨瑴灳㨯⽤潩⹯牧⼱〮ㄱ〱⼲〲㈮〹⸲㘮㔰㤵㐲⤾㹥湤潢樊ㄴ㐠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‰崊⽒散琠嬱㈴⸶㘸‷㜸′㜷⸴㐴‷㠸崊⽁†ㄴ㌠〠删ਯ卵扴祰支䱩湫㸾敮摯扪਱㐵‰⁯扪਼㰯匯啒䤊⽕剉⡨瑴瀺⼯捲敡瑩癥捯浭潮献潲术汩捥湳敳⽢礭湣⵮搯㐮〯⤾㹥湤潢樊ㄴ㘠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‰崊⽒散琠嬲㘲⸳㌲‷㘲‴〴⸳㘴‷㜲崊⽁†ㄴ㔠〠删ਯ卵扴祰支䱩湫㸾敮摯扪਱㐷‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠ㅝਯ䌠嬰‱‱崊⽈⽉ਯ剥捴⁛㌴〮ㄶ‷〱⸴㔶‵㐱⸲〶‷ㄱ⸰㌴崊⽁㰼⽓⽕剉ਯ呹灥⽁捴楯渊⽕剉⡨瑴灳㩤潩⹯牧⼯㄰⸵㈸ㄯ穥湯摯⸷〶㔱㐷⤾㸊⽓畢瑹灥⽌楮款㹥湤潢樊ㄴ㠠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‱崊⽃⁛〠ㄠそਯ䠯䤊⽒散琠嬱ㄳ⸹㈸‱㘶⸹㤴‱㈴⸸㠷‱㜵⸱㘹崊⽄敳琠嬴‰⁒ 塙娠㌱㔮㈱㌰‴㌵⸰㈱〠湵汬崊⽓畢瑹灥⽌楮款㹥湤潢樊ㄴ㤠〠潢樊㰼⽓⽕剉ਯ啒䤨桴瑰猺⼯摯椮潲术㄰⸱㄰ㄯ㈰㈲⸰㤮㈶⸵〹㔴㈩㸾敮摯扪਱㔰‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠そਯ剥捴⁛ㄲ㐮㘶㠠㜷㠠㈷㜮㐴㐠㜸㡝ਯ䄠‱㐹‰⁒ ⽓畢瑹灥⽌楮款㹥湤潢樊ㄵㄠ〠潢樊㰼⽓⽕剉ਯ啒䤨桴瑰㨯⽣牥慴楶散潭浯湳⹯牧⽬楣敮獥猯批⵮挭湤⼴⸰⼩㸾敮摯扪਱㔲‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠そਯ剥捴⁛㈶㈮㌳㈠㜶㈠㐰㐮㌶㐠㜷㉝ਯ䄠‱㔱‰⁒ ⽓畢瑹灥⽌楮款㹥湤潢樊ㄵ㌠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‱崊⽃⁛ㄠ〠そਯ䠯䤊⽒散琠嬱㘹⸹㜷‴〷⸲㌸‱㜶⸴㔳‴ㄷ⸲㠷崊⽄敳琠嬲‰⁒ 塙娠ㄳ㠮㄰㘰‷ㄴ⸱㤹〠湵汬崊⽓畢瑹灥⽌楮款㹥湤潢樊ㄵ㐠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‱崊⽃⁛ㄠ〠そਯ䠯䤊⽒散琠嬶㤮㘵ㄠ㌳㐮㌶㈠㠲⸸㔱″㐴⸴ㅝਯ䑥獴⁛ㄸ㘠〠删⽘奚″ㄵ⸲ㄳ〠㐱㜮㔱㈰⁮畬汝ਯ卵扴祰支䱩湫㸾敮摯扪਱㔵‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠ㅝਯ䌠嬱‰‰崊⽈⽉ਯ剥捴⁛㜵⸴㌲″㈳⸹㔱‸ㄮ㤰㜠㌳㌮㤹㥝ਯ䑥獴⁛㌠〠删⽘奚′㈹⸳㤷〠㜱㐮㌳㌰⁮畬汝ਯ卵扴祰支䱩湫㸾敮摯扪਱㔶‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠ㅝਯ䌠嬰‱‰崊⽈⽉ਯ剥捴⁛ㄸㄮ〳㔠㈵㠮ㄲ㤠ㄸ㜮㔱ㄠ㈶㘮㌶㉝ਯ䑥獴⁛㐠〠删⽘奚‵㐮㐲㔰‴〶⸲㔹〠湵汬崊⽓畢瑹灥⽌楮款㹥湤潢樊ㄵ㜠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‱崊⽃⁛〠ㄠそਯ䠯䤊⽒散琠嬲㌳⸸㤠㈵㠮ㄲ㤠㈴㐮㠴㤠㈶㘮㌶㉝ਯ䑥獴⁛㐠〠删⽘奚″ㄵ⸲ㄳ〠㌸㈮㌶㤰⁮畬汝ਯ卵扴祰支䱩湫㸾敮摯扪਱㔸‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠ㅝਯ䌠嬰‱‰崊⽈⽉ਯ剥捴⁛㜱⸵㘶′㐷⸶㐶‸㈮㔲㔠㈵㔮㤵ㅝਯ䑥獴⁛㐠〠删⽘奚″ㄵ⸲ㄳ〠㌵〮㔳㠰⁮畬汝ਯ卵扴祰支䱩湫㸾敮摯扪਱㔹‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠ㅝਯ䌠嬰‱‰崊⽈⽉ਯ剥捴⁛ㄳ㐮㔰㐠㈴㜮㜱㠠ㄴ㔮㐶㌠㈵㔮㤵ㅝਯ䑥獴⁛㐠〠删⽘奚″ㄵ⸲ㄳ〠㌰㠮㌸㘰⁮畬汝ਯ卵扴祰支䱩湫㸾敮摯扪਱㘰‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠ㅝਯ䌠嬰‱‰崊⽈⽉ਯ剥捴⁛㈲㐮〴㌠㈴㜮㠴㐠㈳㔮〰ㄠ㈵㔮㤵ㅝਯ䑥獴⁛㐠〠删⽘奚″ㄵ⸲ㄳ〠㈵㔮㘴㐰⁮畬汝ਯ卵扴祰支䱩湫㸾敮摯扪਱㘱‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠ㅝਯ䌠嬰‱‰崊⽈⽉ਯ剥捴⁛㤵⸰ㄵ′㈶⸸㤶‱〵⸹㜳′㌵⸱㈹崊⽄敳琠嬴‰⁒ 塙娠㌱㔮㈱㌰″㠲⸳㘹〠湵汬崊⽓畢瑹灥⽌楮款㹥湤潢樊ㄶ㈠〠潢樊㰼⽔祰支䅮湯琊⽂潲摥爠嬰‰‱崊⽃⁛〠ㄠㅝਯ䠯䤊⽒散琠嬹㔮㤱㐠ㄶ㐮ㄵㄠ㈹㘮㤵㤠ㄷ㌮㘶㙝ਯ䄼㰯匯啒䤊⽔祰支䅣瑩潮ਯ啒䤨桴瑰猺摯椮潲术⼱〮㔲㠱⽺敮潤漮㜰㘵ㄴ㜩㸾ਯ卵扴祰支䱩湫㸾敮摯扪਱㘳‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠ㅝਯ䌠嬱‰‰崊⽈⽉ਯ剥捴⁛㈹〮㐸㐠ㄵ㌮㈰㜠㈹㘮㤵㤠ㄶ㌮㈵㕝ਯ䑥獴⁛ㄠ〠删⽘奚‱㌶⸵ㄸ〠㜱㐮㈷〰⁮畬汝ਯ卵扴祰支䱩湫㸾敮摯扪਱㘴‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠ㅝਯ䌠嬱‰‰崊⽈⽉ਯ剥捴⁛㠰⸱ㄷ‱㌲⸳㠵‸㘮㔹㈠ㄴ㈮㐳㑝ਯ䑥獴⁛㔠〠删⽘奚‱㈳⸶ㄲ〠㜱㐮㈷〰⁮畬汝ਯ卵扴祰支䱩湫㸾敮摯扪਱㘵‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠ㅝਯ䌠嬱‰‰崊⽈⽉ਯ剥捴⁛㄰㐮㔴㤠ㄳ㈮㌸㔠ㄱㄮ〲㔠ㄴ㈮㐳㑝ਯ䑥獴⁛㘠〠删⽘奚‱〳⸸〹〠㜱㐮㈷〰⁮畬汝ਯ卵扴祰支䱩湫㸾敮摯扪਱㘶‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠ㅝਯ䌠嬱‰‰崊⽈⽉ਯ剥捴⁛㈰㜮㠳㔠ㄱㄮ㔶㌠㈱㐮㌱ㄠㄲㄮ㘱㉝ਯ䑥獴⁛ㄠ〠删⽘奚‱㌶⸵ㄸ〠㜱㐮㈷〰⁮畬汝ਯ卵扴祰支䱩湫㸾敮摯扪਱㘷‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠ㅝਯ䌠嬰‱‰崊⽈⽉ਯ剥捴⁛㔲㈮㜵㌠ㄵ㘮㜸㤠㔲㤮㈲㠠ㄶ㐮㠳㡝ਯ䑥獴⁛㐠〠删⽘奚‵㐮㐲㔰″㔴⸲㠴〠湵汬崊⽓畢瑹灥⽌楮款㹥湤潢樊ㄶ㠠〠潢樊㰼⽓⽕剉ਯ啒䤨桴瑰猺⼯摯椮潲术㄰⸱㄰ㄯ㈰㈲⸰㤮㈶⸵〹㔴㈩㸾敮摯扪਱㘹‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠そਯ剥捴⁛ㄲ㐮㘶㠠㜷㠠㈷㜮㐴㐠㜸㡝ਯ䄠‱㘸‰⁒ ⽓畢瑹灥⽌楮款㹥湤潢樊ㄷ〠〠潢樊㰼⽓⽕剉ਯ啒䤨桴瑰㨯⽣牥慴楶散潭浯湳⹯牧⽬楣敮獥猯批⵮挭湤⼴⸰⼩㸾敮摯扪਱㜱‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠そਯ剥捴⁛㈶㈮㌳㈠㜶㈠㐰㐮㌶㐠㜷㉝ਯ䄠‱㜰‰⁒ ⽓畢瑹灥⽌楮款㹥湤潢樊ㄷ㈠〠潢樊㰼⽓⽕剉ਯ啒䤨桴瑰猺⼯摯椮潲术㄰⸱㄰ㄯ㈰㈲⸰㤮㈶⸵〹㔴㈩㸾敮摯扪਱㜳‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠そਯ剥捴⁛ㄲ㐮㘶㠠㜷㠠㈷㜮㐴㐠㜸㡝ਯ䄠‱㜲‰⁒ ⽓畢瑹灥⽌楮款㹥湤潢樊ㄷ㐠〠潢樊㰼⽓⽕剉ਯ啒䤨桴瑰㨯⽣牥慴楶散潭浯湳⹯牧⽬楣敮獥猯批⵮挭湤⼴⸰⼩㸾敮摯扪਱㜵‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠そਯ剥捴⁛㈶㈮㌳㈠㜶㈠㐰㐮㌶㐠㜷㉝ਯ䄠‱㜴‰⁒ ⽓畢瑹灥⽌楮款㹥湤潢樊ㄷ㘠〠潢樊㰼⽓⽕剉ਯ啒䤨桴瑰猺⼯摯椮潲术㄰⸱㄰ㄯ㈰㈲⸰㤮㈶⸵〹㔴㈩㸾敮摯扪਱㜷‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠そਯ剥捴⁛ㄲ㐮㘶㠠㜷㠠㈷㜮㐴㐠㜸㡝ਯ䄠‱㜶‰⁒ ⽓畢瑹灥⽌楮款㹥湤潢樊ㄷ㠠〠潢樊㰼⽓⽕剉ਯ啒䤨桴瑰㨯⽣牥慴楶散潭浯湳⹯牧⽬楣敮獥猯批⵮挭湤⼴⸰⼩㸾敮摯扪਱㜹‰⁯扪਼㰯呹灥⽁湮潴ਯ䉯牤敲⁛〠〠そਯ剥捴⁛㈶㈮㌳㈠㜶㈠㐰㐮㌶㐠㜷㉝ਯ䄠‱㜸‰⁒ ⽓畢瑹灥⽌楮款㹥湤潢樊ㄸ㌠〠潢樊㰼⽔祰支䵥瑡摡瑡ਯ卵扴祰支塍䰯䱥湧瑨‱㐴〾㹳瑲敡洊㰿硰慣步琠扥杩渽⟯뮿✠楤㴧圵䴰䵰䍥桩䡺牥卺乔捺正㥤✿㸊㰿慤潢攭硡瀭晩汴敲猠敳挽≃剌䘢㼾਼砺硭灭整愠硭汮猺砽❡摯扥㩮猺浥瑡⼧⁸㩸浰瑫㴧塍倠瑯潬歩琠㈮㤮ㄭㄳⰠ晲慭敷潲欠ㄮ㘧㸊㱲摦㩒䑆⁸浬湳㩲摦㴧桴瑰㨯⽷睷⹷㌮潲术ㄹ㤹⼰㈯㈲⵲摦⵳祮瑡砭湳⌧⁸浬湳㩩堽❨瑴瀺⼯湳⹡摯扥⹣潭⽩堯ㄮ〯✾਼牤昺䑥獣物灴楯渠牤昺慢潵琽∢⁸浬湳㩰摦㴧桴瑰㨯⽮献慤潢攮捯洯灤是ㄮ㌯✾㱰摦㩐牯摵捥爾䝐䰠䝨潳瑳捲楰琠㄰⸰〮〼⽰摦㩐牯摵捥爾਼灤昺䭥祷潲摳㸼⽰摦㩋敹睯牤猾਼⽲摦㩄敳捲楰瑩潮㸊㱲摦㩄敳捲楰瑩潮⁲摦㩡扯畴㴢∠硭汮猺硭瀽❨瑴瀺⼯湳⹡摯扥⹣潭⽸慰⼱⸰⼧㸼硭瀺䵯摩晹䑡瑥㸲〲㌭㄰ⴲ㝔〵㨵㤺㌳娼⽸浰㩍潤楦祄慴放਼硭瀺䍲敡瑥䑡瑥㸲〲㌭㄰ⴲ㝔〵㨵㤺㌳娼⽸浰㩃牥慴敄慴放਼硭瀺䍲敡瑯牔潯氾䱡呥堠睩瑨⁨祰敲牥昼⽸浰㩃牥慴潲呯潬㸼⽲摦㩄敳捲楰瑩潮㸊㱲摦㩄敳捲楰瑩潮⁲摦㩡扯畴㴢∠硭汮猺硡灍䴽❨瑴瀺⼯湳⹡摯扥⹣潭⽸慰⼱⸰⽭洯✠硡灍䴺䑯捵浥湴䥄㴧畵楤㨸捥㉦㝢㜭慣慡ⴱㅦ㤭〰〰ⵡ㈰㘳㠹㤲㤱㘧⼾਼牤昺䑥獣物灴楯渠牤昺慢潵琽∢⁸浬湳㩤挽❨瑴瀺⼯灵牬⹯牧⽤振敬敭敮瑳⼱⸱⼧⁤挺景牭慴㴧慰灬楣慴楯港灤昧㸼摣㩴楴汥㸼牤昺䅬琾㱲摦㩬椠硭氺污湧㴧砭摥晡畬琧㸳䐠䝲潵湤⁔牵瑨⁁湮潴慴楯湳⁯映乵捬敩⁩渠㍄⁍楣牯獣潰礠噯汵浥猼⽲摦㩬椾㰯牤昺䅬琾㰯摣㩴楴汥㸼摣㩣牥慴潲㸼牤昺卥焾㱲摦㩬椾㰯牤昺汩㸼⽲摦㩓敱㸼⽤挺捲敡瑯爾㱤挺摥獣物灴楯渾㱲摦㩁汴㸼牤昺汩⁸浬㩬慮朽❸ⵤ敦慵汴✾㰯牤昺汩㸼⽲摦㩁汴㸼⽤挺摥獣物灴楯渾㰯牤昺䑥獣物灴楯渾਼⽲摦㩒䑆㸊㰯砺硭灭整愾ਠ††††††††††††††††††††††††††††††††††† ††††††††††††††††††††††††††††††††††††਼㽸灡捫整⁥湤㴧眧㼾੥湤獴牥慭੥湤潢樊硲敦ਰ‱㠴ਰ〰〰〰〰〠㘵㔳㔠映ਰ〰〰㌹㔱㠠〰〰〠渠ਰ〰〰㘹㘹ㄠ〰〰〠渠ਰ〰〱㈷ㄸ㐠〰〰〠渠ਰ〰〱㠶㤱㘠〰〰〠渠ਰ〰〰㐹ㄲ〠〰〰〠渠ਰ〰〰㔹㜶㜠〰〰〠渠ਰ〰〰㌹㤱㠠〰〰〠渠ਰ〰〰㐸ㄹ㌠〰〰〠渠ਰ〰〲〱㘷㈠〰〰〠渠ਰ〰〲〲〳㘠〰〰〠渠ਰ〰〲〲㌸㤠〰〰〠渠ਰ〰〲〲㔹㠠〰〰〠渠ਰ〰〲〲㠸〠〰〰〠渠ਰ〰〲〳〲㌠〰〰〠渠ਰ〰〲〳㈳㐠〰〰〠渠ਰ〰〲〳㌸㜠〰〰〠渠ਰ〰〰㐸㈱㌠〰〰〠渠ਰ〰〰㐸㌵㤠〰〰〠渠ਰ〰〰㐸㔷ㄠ〰〰〠渠ਰ〰〰㐹㌱㌠〰〰〠渠ਰ〰〰㔹㘲ㄠ〰〰〠渠ਰ〰〰㔹㘴㌠〰〰〠渠ਰ〰〰㔹㤵㈠〰〰〠渠ਰ〰〰㘹㔹ㄠ〰〰〠渠ਰ〰〰㘹㘱㈠〰〰〠渠ਰ〰〰㜰〰㐠〰〰〠渠ਰ〰〰㜵㌳〠〰〰〠渠ਰ〰〲〳㘰㈠〰〰〠渠ਰ〰〰㜵㌵ㄠ〰〰〠渠ਰ〰〰㠰㤳㠠〰〰〠渠ਰ〰〰㠶㔳㐠〰〰〠渠ਰ〰〰㤲㄰㤠〰〰〠渠ਰ〰〰㤷㘳㈠〰〰〠渠ਰ〰〱〳ㄳ㜠〰〰〠渠ਰ〰〱〸㘰㤠〰〰〠渠ਰ〰〲〹ㄹ㤠〰〰〠渠ਰ〰〱ㄴ〷㐠〰〰〠渠ਰ〰〱ㄵ㠷〠〰〰〠渠ਰ〰〱ㄷ㘹㘠〰〰〠渠ਰ〰〱ㄹ㔱㤠〰〰〠渠ਰ〰〱㈱㌶㔠〰〰〠渠ਰ〰〱㈳㈳㈠〰〰〠渠ਰ〰〱㈵〸㐠〰〰〠渠ਰ〰〱㈶㠹㈠〰〰〠渠ਰ〰〱㈷㄰㔠〰〰〠渠ਰ〰〱㈷㌷㜠〰〰〠渠ਰ〰〱㌱㘰㘠〰〰〠渠ਰ〰〱㌱㘲㜠〰〰〠渠ਰ〰〱㌴〸㘠〰〰〠渠ਰ〰〱㌵ㄹ〠〰〰〠渠ਰ〰〱㌹㜴〠〰〰〠渠ਰ〰〱㐱㌳㌠〰〰〠渠ਰ〰〱㐶㔹㐠〰〰〠渠ਰ〰〱㐹㔷㈠〰〰〠渠ਰ〰〱㔳㐷㔠〰〰〠渠ਰ〰〱㔵㐶㜠〰〰〠渠ਰ〰〱㘴㌶㘠〰〰〠渠ਰ〰〱㘷㐱㐠〰〰〠渠ਰ〰〱㜵㘳㔠〰〰〠渠ਰ〰〱㜷㜱㔠〰〰〠渠ਰ〰〱㠵㔲㌠〰〰〠渠ਰ〰〱㠶㘳㐠〰〰〠渠ਰ〰〱㠶㠴㜠〰〰〠渠ਰ〰〱㠷〸㔠〰〰〠渠ਰ〰〱㤴㠶㠠〰〰〠渠ਰ〰〱㤴㠸㤠〰〰〠渠ਰ〰〱㤵㌸㌠〰〰〠渠ਰ〰〱㤵㜵㤠〰〰〠渠ਰ〰〲ㄱ〲ㄠ〰〰〠渠ਰ〰〲ㄳ㐲㌠〰〰〠渠ਰ〰〲ㄴ㤷㠠〰〰〠渠ਰ〰〲ㄵ㈶㔠〰〰〠渠ਰ〰〰㐸㜱㠠〰〰〠渠ਰ〰〱㤵㠴〠〰〰〠渠ਰ〰〲ㄵ㔸ㄠ〰〰〠渠ਰ〰〰㐹〳㘠〰〰〠渠ਰ〰〲〱㔸㤠〰〰〠渠ਰ〰〲ㄶ㄰㜠〰〰〠渠ਰ〰〲ㄶㄲ㠠〰〰〠渠ਰ〰〲ㄶㄴ㤠〰〰〠渠ਰ〰〲ㄶㄷ〠〰〰〠渠ਰ〰〲ㄶㄹㄠ〰〰〠渠ਰ〰〲ㄶ㈱㈠〰〰〠渠ਰ〰〲ㄶ㈳㌠〰〰〠渠ਰ〰〲ㄶ㈵㐠〰〰〠渠ਰ〰〲ㄶ㈷㔠〰〰〠渠ਰ〰〲ㄶ㈹㘠〰〰〠渠ਰ〰〲ㄶ㌱㜠〰〰〠渠ਰ〰〲ㄶ㌳㠠〰〰〠渠ਰ〰〲ㄶ㌵㤠〰〰〠渠ਰ〰〲ㄶ㔱㜠〰〰〠渠ਰ〰〲ㄶ㘷㐠〰〰〠渠ਰ〰〲ㄶ㠳ㄠ〰〰〠渠ਰ〰〲ㄶ㤸㠠〰〰〠渠ਰ〰〲ㄷㄴ㘠〰〰〠渠ਰ〰〲ㄷ㌰㐠〰〰〠渠ਰ〰〲ㄷ㐶㈠〰〰〠渠ਰ〰〲ㄷ㘲〠〰〰〠渠ਰ〰〲ㄷ㜷㜠〰〰〠渠ਰ〰〲ㄷ㤳㘠〰〰〠渠ਰ〰〲ㄸ〹㘠〰〰〠渠ਰ〰〲ㄸ㈵㔠〰〰〠渠ਰ〰〲ㄸ㐱㐠〰〰〠渠ਰ〰〲ㄸ㐸㤠〰〰〠渠ਰ〰〲ㄸ㔹㘠〰〰〠渠ਰ〰〲ㄸ㘷㤠〰〰〠渠ਰ〰〲ㄸ㜸㘠〰〰〠渠ਰ〰〲ㄸ㤷㐠〰〰〠渠ਰ〰〲ㄹㄶ㌠〰〰〠渠ਰ〰〲ㄹ㌵㈠〰〰〠渠ਰ〰〲ㄹ㔴ㄠ〰〰〠渠ਰ〰〲ㄹ㜳〠〰〰〠渠ਰ〰〲ㄹ㤱㤠〰〰〠渠ਰ〰〲㈰㄰㠠〰〰〠渠ਰ〰〲㈰㈹㜠〰〰〠渠ਰ〰〲㈰㐸㘠〰〰〠渠ਰ〰〲㈰㘷㐠〰〰〠渠ਰ〰〲㈰㠶㌠〰〰〠渠ਰ〰〲㈱〵〠〰〰〠渠ਰ〰〲㈱㈳㤠〰〰〠渠ਰ〰〲㈱㐲㜠〰〰〠渠ਰ〰〲㈱㘱㘠〰〰〠渠ਰ〰〲㈱㠰㔠〰〰〠渠ਰ〰〲㈱㤹㐠〰〰〠渠ਰ〰〲㈲ㄵ㐠〰〰〠渠ਰ〰〲㈲㌱㌠〰〰〠渠ਰ〰〲㈲㐷㈠〰〰〠渠ਰ〰〲㈲㘳ㄠ〰〰〠渠ਰ〰〲㈲㜸㤠〰〰〠渠ਰ〰〲㈲㤴㠠〰〰〠渠ਰ〰〲㈳㄰㜠〰〰〠渠ਰ〰〲㈳㈶㘠〰〰〠渠ਰ〰〲㈳㐲㐠〰〰〠渠ਰ〰〲㈳㔸㐠〰〰〠渠ਰ〰〲㈳㜴㌠〰〰〠渠ਰ〰〲㈳㤰ㄠ〰〰〠渠ਰ〰〲㈳㤷㘠〰〰〠渠ਰ〰〲㈴〸㌠〰〰〠渠ਰ〰〲㈴ㄶ㘠〰〰〠渠ਰ〰〲㈴㈷㌠〰〰〠渠ਰ〰〲㈴㐶ㄠ〰〰〠渠ਰ〰〲㈴㘱㤠〰〰〠渠ਰ〰〲㈴㜷㤠〰〰〠渠ਰ〰〲㈴㠵㐠〰〰〠渠ਰ〰〲㈴㤶ㄠ〰〰〠渠ਰ〰〲㈵〴㐠〰〰〠渠ਰ〰〲㈵ㄵㄠ〰〰〠渠ਰ〰〲㈵㌳㠠〰〰〠渠ਰ〰〲㈵㐹㠠〰〰〠渠ਰ〰〲㈵㔷㌠〰〰〠渠ਰ〰〲㈵㘸〠〰〰〠渠ਰ〰〲㈵㜶㌠〰〰〠渠ਰ〰〲㈵㠷〠〰〰〠渠ਰ〰〲㈶〳〠〰〰〠渠ਰ〰〲㈶ㄸ㤠〰〰〠渠ਰ〰〲㈶㌴㜠〰〰〠渠ਰ〰〲㈶㔰㘠〰〰〠渠ਰ〰〲㈶㘶㔠〰〰〠渠ਰ〰〲㈶㠲㌠〰〰〠渠ਰ〰〲㈶㤸㌠〰〰〠渠ਰ〰〲㈷ㄴ㌠〰〰〠渠ਰ〰〲㈷㌰㈠〰〰〠渠ਰ〰〲㈷㐸㤠〰〰〠渠ਰ〰〲㈷㘴㤠〰〰〠渠ਰ〰〲㈷㠰㜠〰〰〠渠ਰ〰〲㈷㤶㜠〰〰〠渠ਰ〰〲㈸ㄲ㜠〰〰〠渠ਰ〰〲㈸㈸㘠〰〰〠渠ਰ〰〲㈸㌶ㄠ〰〰〠渠ਰ〰〲㈸㐶㠠〰〰〠渠ਰ〰〲㈸㔵ㄠ〰〰〠渠ਰ〰〲㈸㘵㠠〰〰〠渠ਰ〰〲㈸㜳㌠〰〰〠渠ਰ〰〲㈸㠴〠〰〰〠渠ਰ〰〲㈸㤲㌠〰〰〠渠ਰ〰〲㈹〳〠〰〰〠渠ਰ〰〲㈹㄰㔠〰〰〠渠ਰ〰〲㈹㈱㈠〰〰〠渠ਰ〰〲㈹㈹㔠〰〰〠渠ਰ〰〲ㄵ㘷〠〰〰〠渠ਰ〰〲ㄵ㤳㈠〰〰〠渠ਰ〰〲ㄶ〳ㄠ〰〰〠渠ਰ〰〲㈹㐰㈠〰〰〠渠ੴ牡楬敲਼㰯卩穥‱㠴㸾ੳ瑡牴硲敦ਲ㈱ਥ╅但�

