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Three-dimensional Reconstruction of Wood Cell Axes by Connecting
the Centers of Gravity of Cell Sections

Kenji SUZUKI, Minoru FUJITA and Hiroshi SAIKI
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Fig. 1. Differentiating xylem of poplar. The fer to ID number for each cell. This
cells in the area enclosed by black image is obtained from the enclosed
line are used {or representation. area in Fig. 1.
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FFig. 3. Scheme of translation for section superposing. In left scheme, A and B correspond to two sec-
tions adjacent to each other. Points (O are the centers of gravity of cells on section A, and
points @ are those on B. Pairs of points connected by arrows belong to same cells. Point [
is mean co-ordinate value of all the centers of gravity on A, and point B is that on B. When
these two sections are superposed, thick arrow is referred as direction of the translation of
B. Right scheme shows the two sections superposed after the translation.



250

2-—-3—2 [EHEED
LRTHRDAPLERAOLTEE, FITRHODH & THIETAHBLOEL G & Gy Did
L L GaOGy =0, &b, 72721, ML OG, 3k LRI SNEEL T2, Bk
W L BTAMBEDOTAOBER I OB L ahiFd v, VT BE ¢ 723 EEE L TR0
iholbkdhe

2 (0,+4)=0  g=—2130,

Thabb 0 OB/ B 2RI AICEIETIUE L v,

CDER)TED LIZEEBHOTIEERD L S IZEDT,

1. FARMOBE LR UL S ICHET A FEOWFICE T N5 28T 5,

2. FNOOMRBOA, BEHIICBITLELE Ga, Gp, HEIEHLE Oa, Op & L, OsGu &

OpGp DR§HERD D, 172 LEITBIDOKRTH B DT O, Op iE—HT 5,

3. TNLOMOEHERD, b LB REIET 5,
ZDOFIFEOMAER % Fig, 412517,

EHIED LT L THESNAENH OMIBE.LE ERTH MRS TT 4 2 7L 11085
Lzo TLDMEELERIT 4+ A7V A ~NOERIE BASIC 7075 b %K L CHET L7

A AB
-]
O
\s e
(o] |
-]
®
O
©

Fig. 4. Scheme of rotation for superposing. In left scheme, section A and B are same to the right
scheme of Fig. 3. Corresponding points are connected by curved arrows, Those angles be-
tween pairs of points are calculated, and B is rotated by mean angle.

2—4 HREMOREK MRS L UHIBOHH L BLONE
Ml % 29 it & B0 OMIBPIEOERED 7 — & % b L1, Mol - 45 - BoEE
MLz

(1) Hifzih o= (curvature)
SO DELEREE b LICHRERAT 2 HEEUTO L ) 145572



251

FTHHETHZ00MAS LA (B BN PV E 2RO L HITKDT,
99w

As;
ZITAIRID2EHMOBEMTHY, g, g+ 1B IDELDDELOMENS PV THD, &
itl, HaDEHREY, INEAL (At=tau— ) L7, FLTHERNY PVE Gy
BT 54 s, A5 DFEHEAs & LTI, %
Aty
As
ERMEL 7, ORI E RO O EIZoWTEH L,

t;

Ky =

(2) Mg oAH
H BT D WTYH  TOWREE S LT, 2OUROETOEE 4 220 OERHE 45,
ERPTEL, IhEFOMIEFE TN AN OTRTIZOVTAET
248, =d 2§
Enb, CNEVMBORWROTWRMEOBME LY, WA HEM 22352 L2 X VKR
EHH L7

(3) HMEREOEL

HIMEDZRICH 2 BN, ST OB OHEICHEOSZTEAPH L 00, HLOBMEL 2
& BT E DT THEB L7 AU 0B LOBEIL 2O CoORMz M TZoft ey,
MREOBMTH > CHLEZHM Lz, T2bbH RO TOELOMBENY M VE g
= (%, y, z) ETNEEEOBELOMERY M vg= (2, ¥, 2) &

_ 254
=735,
LizhtoT
_ ESM‘,‘ - ZSm _ E’ngi
FTUSS, YTTES, 2773

L%,
4. MR ELEE

3—1 IU¥a—FiCLbZRTEBLBHEROH

Fig. 5l v ¥a—7 1 A7V AL HHMRMOFRRERT, B SHIL oUH ofifE
THY, ZOMIZ00um Thod, ALIVTLT v 4 VBT BHNRF LATTRET. BV
MR OKR & 2T, HEERICHEEL TV HIRLEZONLLDTHE, OB
22HY, FNFNHFERTRLEZST TV T 7 A MR LTS, Fig. 5A BRIy E¢
B0, FRSBRENTHB, FITNT 7 AT EICHIRIRES L3 2 EL LTWwa LI
Rzxb,

Fig. 5B BT F IS A7 DTh b, FRTRLAZI T TN T 7 4 IV TREMRO R IEC1
MERTh TR 00, BEBIKECERLIILELVWEIIZRR S, MO LETERE UM
BIZHBEICAZE, TRTHTEHEVMBENES - T, LT, b ARBMAMOMN



252

f

0
axonomet

won

sentat

. 5. Line repre
cells
ric view
C

Fig

A

B: radial view,

wood

view.
shows cells in

longitudinal

Same color

While the
erentiating

a radial file.

a ves-
white,

White points in A and B

ell diff
1

c
S

element is

€

are the center of gravity

sections on each

of cell

stance be-
tween these points are

200 zem.

The di

ection,

S

S ra-

, Ri
ction

In C
T

toward
is tangential

dire
cambium,

dire

dial

ction.




253

WhkELMHELTVA I EWbhb, HUTRLEI VTN T 7 A NTIEEHBTITOWaHEL T
WAHZ EWRDhD, TOHWIIIGREHEENSH Y, MELTWIEGIIRLIYTLT 740
THoTHLULT LR UFMIZHMELTITF LT THREVWEITHDI, FTRLASTY TV 7
A N TP IR T OME A E TR T VLI LI b, JIILEEEROMBEEZ 5
NAH, LA LT TRl &gl Fhtuin, Fig, 5SC TIPS 275D TH B,
o) R oM SIEREICHD S FTh b, BEBEROBMTESYTA 774 VD
BB AR REHNT VAT EWbH b, MOBEM L T s FHMRES R, F/afryi TRy
MU LT WA 2 edshh b, F72, WEBNTIREMR M OEMZEINTH 5%, B#RT5
WREWIG NS b BT A 2 L2 h b BHRFHOBIENIEE & IR L 28D TH S
A, BB EAOMEBEREICE) bDOTHLEELLND,

7273 LURARARHEL D & 5 1ZHEZ 0 b O RARIIZEIl L Cw b L TSR THW 8 OfL
BADEDOHBILERTRVOT, HHBEBRLPESZ DT ENTERVWI LR TNE
THho

3—2 HHORHRS
HIERIZ DT OGS F Fig, 6 I0Rd, SHIEMETRLAI VTV 7 v A VOHILD S

3. 006
. -1
b 3,005~
£
=
~ 0.004

@, 083
©
1.
2 e.eez-
©
2
5 Q.91
O

[
5
Section number

0,005
TE @.@05‘“ .__8 ..... [ 1@ B
-
o

9.004 -
Y o003
=]
o
8 o002
S
3
O €931

9% T T T T
g 19 18 20 25

Section number

Fig. 6. Curvature of cell axis along the cell length. All cells are in a radial file. In A,
cells of number 1, 2, 3, 4 are rather mature. In B, 8, 9, 10 cells are close to
cambium.
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Table 1. Variation in cell volume in radial Table 2. Coordinate value the center of grav-
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Cell Radial file number
number| 1 2 3 4 5 Cell Coordinate value ( gem)
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Résumé

Using an image processing system and a personal computer, we tried to represent the form of
wood cells as a curve by connecting the centers of gravity of the cells through serial transverse
sections. Photographs taken from poplar differentiating xylem were recorded to the image pro-
cessing system and the centers of gravity of 50 to 90 cells on each section were calculated. In
the reconstruction of serial sections, two adjacent sections were relatively moved with translation
and rotation to minimize the distance between the centers of gravity of corresponding cells,

Using these methods, we could grasp visually the three-dimensional form of cells and three-
dimensional analysis of cells e.g. curvature of wood fiber was possible.

In the differentiating zone examined, the form of cells in a radial file were similar to each other
at the center of cells, and curved to tangential direction rather than radial direction, whereas at
the tip, the forms were not similar to each other and show peculiar elongation. The cell dif-
ferentiating to a vessel element was much different to other cells and affects the form and arrange-
ment of other cells.

The curvature of cell axis was possible to be calculated along the cell length. The relation be-
tween curvature and cell differentiation was not clear in this small zone examined. Curvature
much varied even in cells belonging to the same radial file. But in the area adjacent to ray, the
curvatures of cell axes in the same radial file were resemble to each other. In the tip, curvature
tended to fluctuate somewhat. Cell volume and the center of gravity of cell were also possible to
be calculated. The examined zone was so small that volumes of cells did not relate to the

differentiation.





