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Toshitaka Yoxovama: Embryvogenesis and Cone Growth

Cryptomeria japonica
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Reproductive cycle of Cryplomeria japonica.
13 Male cone formation 23y Meiosis of pollen mother cell
3 Genergtive cell 43 Pollen dispersal
5} Female cone formation 63 Differentiation of nucellus and integument
73 Pollination 2 Meiosis of megaspore mother cell
9)  Fertilization 10> Maturation of embryo
11} Seed dispersal 123 Cone formation
12} Period of rest 143 Flowering
15) C(me dmrdnpment iﬁ} Fmbryo development
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Stage in development of the mak and female gametophytes
in Cryptomeria juponica.
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Numeral in parenthesis shows the length of bar in the lower porhon of each photograph.
Plate 1
1.

gD

A p"rt of female cone at the time favourable for pollination, showing micropyler

W
e T

fluid (az‘rows;(
4. BEH oMY
A longitudinal section of a female cone at the time of pollination. o ovule, b bract,
March 25, 1971 (0.5 mm}
RO L ADRETEO ST
3 A3 40w

A longitudinal section of a pollinated ovule, arrow: pollen

a Hes, (0.5 mm)

b Bk 19714

ain, os: ovuliferons




— 16 — MRBBSTHE W B
scale, i: integument, n: nucellus, b: bract. March 13, 1971, (40p)
6 FROEANE (ex) ZROEZTERR RED. RO LTBOMIMITERO MR L TRE V.
m : fEO 5 RO L B 197148 3 A138 . (40R)
A longitudinal section of nucellus, showing pollen grains (arrows) got out exine (ex).
Cells in the micropylar end of nucellus are larger than those in the chalasal end.
m: portion of a megaspore mother cell. March 18, 1971, (40p)
7. BB S HHE. BESHOMMNTE %, 197143 4150, (10s)
A megaspors mother cell at the time of pollination. March 15, 1971, (10w
8 oS EHERO RS RO 1 8P, SROORBNTHE TS 5o 19714F 3 J19H.
A transverse section of a nucellus showing a megaspore mother cell at the metaphase
of the first division of melosis. March 19, 1971,
b 3HOXIET (BoSHFD) GRAD ten ool iEE (& <~ FEED.
Three megaspores (arrows) and spongy tissue surrounding them.

Plate 2
HILORW .. SR OB THELMBEO T 208, p @ B . 1971483 B130, (20w
A longitudinal section of micropyle which is open at the time of pollination.
p: pollen grain. March 18, 1971, (20p)
2. BALOMSLRE. BIVEBRT A BREOBNBORESMBE LTS THEILEH U T 5. p
TERYRL. 19714E 3 H19E, (20w
longitudinal section of closed micropyle. Inner cells of integument elongate and

close micropyle., p: pollen grain. March 19, 1971, (20p)
BB L 2 BRILO MBI 19714 3 H19R, (20
A transverse section of closed micropyle. March 19, 1971, (20
4. YEREOFNTE. o . 1971424 1 2 Ho
A longitudinal section of young cone, o ovule, April 2, 1971,
SRR D BT 00 H¥Ro 1971F 4 A 2 Ho
A transverse section of young cone. o: ovule. April 2, 1971,
6. YEEOMKEO—H. o Pk 1971F 4 H 2 B (0.5mm)
A part of longitudinal section of young cone. o2 ovule, April 2, 1971, (0.5 mm)
7. REEENOWOOCAOWRENE. RIZESRE, T2 U E. 19714443
Ho

Young cones at the beginning of cone growth stage showing a non-pollinated cone

R

&

{upper) and a pollinated cone (lower)., April 3, 1971,
8. WMEROBMIE. o By 10 BRE, 19714 4 H21H. (80w
A transverse section of a ovule. n: nucellus, it integument. April 21, 1971, (80s)
9. SRR IEROMETE. 19715487 8o (800
A longitudinal section of a ovule in a non-pollinated cone, April 7, 1971, (80p)
Plate 3
1~8, BERBRROMIE. RO 5 L2 A HOMIRER O 2B, RO TIRE B
FUTETOH 19714 A7 o Q0p) 1: IO, 2: HL LMo TN, 3D IW
D GEMERBA) O (RHD.
A longitudinal section of a ovule in a non-pollinated cone. Cytoplasm has been los-

ing in cells of the ovule except embryo sac and spongy tissue. 1: closed micropyle.
April 7, 1971, (20p), 2! constriction of nucellus,  April 7, 1971, (20, 3: a few free
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fore collapse.  April 7, 1971 (20p)
(201 4 i

e 2 R
)’y i

(&

Pollen germination on agar bed. 4 an exine was broken by swelling of intine. 5,

elongation of pollen tubes. in: intine, (30p)

A19H. (0w

2.

s

74 Pollen germination on the nucellus,
7t a pollen grain (avrow) before germination. March 19, 1971 (30w

2: germinated pollen grains. tn: pollen tube nucleus, gt generative cell, March

gation of pollen tube (arrow) on the surface of nucellus, 1 integument,
ot nucellus, March 24, 1971, (104

ST A, 197141 4 A2

R 2t

Fo (200)

A tranmsverse section of a nucellug, showing the growth of male gametophvie (arrow)

[

in the dire

o the long axis of ovale,  April 21, 1971,
(200
25,

(2

YT B 19714E 4 H21H,

A part of longitudinal section of nucellus, showing the branched tip of male game-~

tophs

e Carrows).  April 21, 1971 (30w

Ui,
120, (208)

A Jongiiadinal secton of nucellus, showing male gametophyte, o central cell, tn:

pollen tube nucleus, sn; stalk cell nucleus, arrow: the location where pollen grain ger-
mintated, May 20, 1971 (20

5
%
1, Ve

A longitudina! section of nucellus, showing the change in nucellus tissue. The thick-
ening of cell walla in the middle part, stained densely in 5, 6, 7, and brightened in
3, 9 seems to prevent the movement of male gametophyte toward female gameto-
phyte. myg: male gametophyte, 7, 8: idential section, 8, 9: photographs taken using a
differential-interference microscope (MNikon model T). 6: April 21, 1871 (20p), 71 May

¢

20, 1971 (200, 8, 9 May 20, 1971,

Plate 5

micropyle. May 20, 1971, (80u)
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2. W:-“io 'iJ; N2 X‘v i iX XLl gk . ~ 3 A 'l' U)o n: i%i‘./m\f i: {%\fyio

&=

&

1971454 H218. 40w
A longitudinal section of nucellus, showing the large central vacuole and the free
nuclear stage of female gametophyte in the embryo sac. 1! nucellus, i1 integument.
April 21, 1971, (40p)
VR, 197148 4 A21 B, (40p)
A transverse section of nucellus, n: nucellus, April 21, 1971 (40w
M5y (RED. nt Hile 1971485 H20H, (208)
Enlarged view of the free nuclear stage of female gametophyte, showing the thin

layer of cytoplasm in which free nuclel (arrow) are scattered. n: nucellus. May 20,

1971, (204

OB o B, mw : jEo S 1971455 H20H . (40p)
The later free nuclear stage of female pametophyte, mw: megaspore wall. May 20,

1971, (40&)

, EDMEBREN LB, 197195 A208, (40w
Membranes begm to be formed between free nuclel inward from circumference of

female gametophyte, May 20, 1971, (40p)
; HE CRBIOMRD (D
Ao 1971455 H20H . (40w

A longitudinal section of micropylar half of female gametophyte, showing archegonial

initial cells (arrow). May 20, 1971, (40u)

HED 5. MR 2 HOBAE LTINS, 197146 178, (201

BRI B A48, 197156 F17H, (B

8~9. A part of the female gametophyie after fertilization, showing two nuclel in

cell. 8: Jume 17, 1971, (204), 9: June 17, 1971 (51

ik L 7o IR BRI, ne: g o 1971456 3 Ho (20

A longitudinal section of archegonia, unc: neck (:e}‘i, en: egg nucleus, June 3, 1971,
(2012)
~3. HEMEREACRAD. B Tind. 1971475 4261, (200

A longitudinal section of nucellus {arrows), showing devy elopmg male gametophvies

toward archeganiaa May 26, 1971, (ZO;A)

The male gametophyte (arrow) which has penetrated nucellus tissue, showing a large

x

central cell (¢) and two small nuclel, pollen tube and stalk cell. 4: May 26, 1971, (40
w), B: May 26, 1971, (20p)

6. ! O AR (RED, 1971466 /3 3 Mo (200)
Central cells (arrow) above archegonia. June 3, 1971, (20w)
T~8. RSB L TR S hs 2 o HIE (ﬁk.:- Yo fgr MEMECEIR, n B, en: IR

o 1971456 A3 B T (40k), 81 (20p)
Two spermatids (arrow) formed above archegonia by the division of a central cell



1 nucellus, en: 2 8, 1871, {40p), 8 June 3, 1971 (20
(5113}

Fusion of

w

Plate

-~

)(J u)

Formation of proembryo,

ed in a femals

4: Four proembrvos (arvows) are obx st suspen

ur upper tier, ec: embryonal cells, June 3, 1971 {204

Hi7w. 86

A longitudinal section of female gametophvie, showi s {arrow)

phivte by elongali Is and embryonal

shed into the femal

tube cells, g
e 1BTIEET

A8, (80w

A longitudinal section of a completed embrye,  sat shoot apex, ra: roob apex, co:
e July 28, 1871 (80u
(2040

Tune 17, 1971,

oot

cotyledon, fo: female gametophy

Farly embryo develo

Plate B
3

Shoot apex of a mature embyyo,  July 28
2. A part of a female gametophyte at t v has complated,
TJuly 28, 1971, (20

3, A part of a coriex of embrve,  July 28,

4, The early (msbr}m, 1971

cotviedon (arrows) taiti

5, The embryoe at the

female gv

taken out fro

& U5 F-gE _—
>ted, which wa

6, The embry

(80w
A longitudinal section of ovule at the time of early embryo development. i:

nale gametophyvte, s0 suspensor.  Juse 7, 1971, @800

ment, n: nucellus, i



Embryogenesis and Cone Growth in Cryplomeria jaoponice

Toshitaka Yoxovama™®

The developmental process of gametophytes was observed histologically and cytologically
from the pollination stage to the morphological completion of embryo. The relation between
cone growth and development of ovale, gametophytes, and embryo was studied. The process
of seed formation was described on the bhasis of these experimental results and the literature
on the cone and seed formation. The cone size at the time of seed maturation, and the relation
between the cone size and the number of full seeds per cone were investigated,

Female cones which had been isolated by bags were artifically pollinated only once on
March 11. Cones were collected regularly after the pollination, and their diameter and

weight with seeds were measured. Then, congs were fixed in FAA and embedded in parafin,

fresh

Their sections were cut at 10~-12x thick in series with a rotary microtome and stained with
safranin-first green combination,

On the surface of nucellus, pollen grains germinated and pollen tubes elongated slightly
after a week from pollination. Pollen tubes began to enter into the tissue of nucellus after
two weeks from pollination. From this time, the growth rate of cone increased rapidly. The
difference in growth between pollinated and non-pollinated cones began to be appreciable after
three weeks from pollination. Non-pollinated cones increased in size slightly, but in mid-May
nearly all cones died,

Cones and ovules grew vigorously for about nine weeks between pollination and fertiliza-
tion. The space for embryogenesis was formed in ovules during this period.

Meiosis of megaspore mother cells were observed during flowering stage, and female
gametophyte developed in enlarging ovules. The fusicn of male and female gametes occurred
in archegonia after twelve weeks from pollination,

In a few weeks prior to fertilization the growth rate of cone decresed and soon after
fertilization nearly final size of cone was attained.

A male gametophyte had a generative cell and a pollen tube nucleus at pollination time.
When it was entering into the tissue of nucellus, a central cell and a stalk cell were formed.
A male gameiophyte was staying in an upper part of nucellus during the development of
female gametophyte,  Spermatids were formed between nucellus and a group of archegonia
by division of a central cell.

The tissue of nucellus between archegonia and micropylar end, where male gametophytes
developed, was classified into the following three parts according to thelr characteristics. In
the wupper part near the micropylar surface of nucellus, protoplasm of surface cells disappeared
shortly before male gametophyte entered into the nucellus tissue, and then nearly all cells
collapged with development of male gametophyte. It seemed that middle part prevented the
movement of male gametophyte toward female gametophyvte with the thickening of cell
walls. The branching and bending of a male gametophyte were observed in these two parts,
but it moved straight toward archegonia in the lower part. A male gametophyte spent nearly
80% of total developmental period from pollination to feriilization, both in the upper and

middie parts of nucellus,

Received April 26, 1975
{1} Silviculture Division
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