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Abstract: [ Objective] The purpose of this research was to determine anatomically the megagametophyte
development, fertilization process and proembryo forming in Torreya grandis ‘Merrillii’ during the peri-
od from pollination to overwintering. It is noteworthy that gymnosperm differs from angiosperm is the inter-
val from pollination to fertilization is longer than 3 months. Other characteristics are archegonium and pro-
embryo. This is a basic research aim to observe these characteristics and find its special rules to differ from
other gymnosperms. It is also a research for more reproductive biology research, such as cytoplasm inheri-
tance, meiosis relevant research. [ Methods ] Artificial pollination was done on April 24 of 2014 when pol-
lination drop appears. Ovules were collected every 3 to 4 days from the middle of April to end September
in 2014. Length and diameter were measured and scales were removed. They were fixed in FAA (Vi ©
Vaacial acetic acia * Voo eana=3 5+ 90) at least 24 h, then hydrated in grated ethanol series, displaced by xylene
and then paraffin. Paraffin filled ovules were sectioned in 8 pm thick and placed in 37 °C about 12 h.
Sections were dyed by safranine and fast green and observed with SEM. [ Results ] Structure of the ovule
includes aril, integument, nucellus and megagametophyte. The aril develops its length in May mainly to

surround the nucellus for protection and formed micropyle for pollen entering into the ovule. About
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15 to 20 cells filled with tannins located on the inner side of the integument. Sporogenous tissue locates
below the middle of the nucellus. One of these cells differentiates the mega gametophyte and other cells
nourish it. The megagametophyte of T. grandis ‘Merrillii” is still at megasporocyte stage during the polli-
nation. One week after pollination, the megasporocyte undergoes meiosis and gives rise to functional mega-
spore. Other three megaspores are small in volume and degenerated soon. As the first cell of megagameto-
phyte, functional megaspore’ forming means the beginning the megagametophyte development. The func-
tional megaspore needs about one month to develop itself in the volume, nuclei size and cytoplasm abun-
dance. From June to August, megagametophyte is fully developed experiencing free nuclear stage, cellular-
ization stage and archegonium stage. The functional megaspore divides about eight times continually. The
division needs nutrition from spongy tissue directly. The spongy tissue is consumed as its volume is on the
decrease. Cellularization stage means free nuclei turned into cells with cell wall. The outer free nuclei ac-
quire cell wall first, while the inner free nuclei last. Meanwhile, the megagametophyte forms its thick cell
wall. The spongy tissue almost disappears. Moreover, T. grandis ‘Merrillii’ possess two archegonial ini-
tials, each of which can divide into four neck cells and one egg cell while ventral canal cell disappeares
quickly. Archegonium includes four neck cells and one egg cell. Neck cell can guide the pollen tube ’s di-
rection into the egg cell. Unfortunately, only two neck cells can be seen in the longitudinal cutting direc-
tion. The pollen’s stored in a tapered place, which located in the end of the integument and the top of the
nucellus. More than one pollen germinates and their trace can be seen clearly, as they move fast and ruin
nucellus cells. Tip of the pollen tube stays at the top of the megagametophyte waiting for mature egg cell.
It inflates much that formed a big cavity. Spermatophyte divides into two sperms and a sterile nucleus, a
tube nucleus. Around early to mid—September, a sperm fuses with the egg cell to form a zygote, which de-
velops into proembryo in the form of four layers. When one egg cell combines with one sperm of two, the
other one stopped. So we get only a zygote, the other egg cell stopped to develop and degenerated. In this
process, protein vacuole has a change in its volume, amount and location. Protein vacuole gives nutrition
for fertilization. We also find the change of the cytoplasm. After fertilization, cytoplasm around the zygote
turned dense. New cytoplasm means male cytoplasm may participate in the fertilization and cytoplasm in-
heritance is worthy. Before next spring comes, T. grandis ‘Merrillii’ live through the winter in the condi-
tion of proembryo. The proembryo includes 16 cells arranged in four layers, called standard proembryo.
The zygote nucleus divides three times into eight nuclei. Eight nuclei acquired their cell walls and all di-
vide one time. Diameter can measure stage of megagametophyte to some extend while length cannot clear-
ly distinguish every stage. Diameter and length increase obviously in the stage of free nuclei and cellular-
ization. And diameter has an obvious increase in the stage of megaspore forming, archegonial initials* divi-
sion and fertilization, while length increase little compared the previous stage. [ Conclusion] The develop-
ment of megagametophyte in T. grandis ‘Merrillii’ mostly follows the development pattern of Taxaceae,
only with certain differences in the proembryo type and the number of the archegonium. Unique character-
istics of T.grandis ‘Merrillii’ include interval of four months from pollination to fertilization, two archego-
nia and standard proembryo.

Key words: Torreya grandis ‘Merrillii’ ; Megagametophyte ; Proembryo ; Histological observation
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A. Overall structure. Length of aril is about a third of ovule (April 30,2014 ); B. The tannins cell out of the integument (May 2,2014); C. Telophase
of the first division of the meiosis, cell plate formed (April 30,2014); D. Anaphase of the second division of meiotic (May 2,2014); E. Functional mega-

spore formed, the trace left of regressive megaspore near micropyle (May 2,2014); F. The developing megaspore (May 12,2014). s. Scale; ar. Aril; nu.

Nucellus; i. Integument; mic. Micropyle; spo. Sporogenous tissue; t. Taninn cells; mec. Megaspore mother cell; f. Functional megaspore; dm. Degraded

megaspore; st. Spongy tissue; m. Magagametophyte.
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Fig. 1 Structure of the ovule and the megaspore
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A. Less free nuclei (June 3,2014); B. Plasma silk (July 13,2014); C. Free nuclei continue to divide (July 18,2014); D. Cellularization spongy tis-
sue, sperm nuclear formed (July 23,2014); E. The two archegonium mother cell do not divide at the same time. When the right one has not divided , the

left one has divided into the central cell and four neck cells (September 4,2014); F. The protein vacuoles appeared (September 6,2014). fn. Free nu-

clei; sp. Spongy tissue; ps. Plasma silk; be. Body cell; mw. Magaspore wall; sn. Sperm nucleus; de. Dissoved cavity; ne. Neck cell; cc. Central cell; je.
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Fig. 2 The stage of free nuclei, cellularization and archegonium forming
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Fig. 3 Elongation of the pollen tube, the fertilization and the proembryo formation
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Table 1 The process of sexual reproduction in Torreya grandis ‘Merrillii’

H [SRESS FhF12 58 BB M MR AL

Date Lenth in the diameter ~ Width in the diameter Growing of the pollen tube Development of female gametophyte

4H24H 2.6440.10 a 2.06+0.04 a b JEIALHR

April 24 Pollination Sporogenous tissue

4J130H 2.70+0.04 a 2.17£0.03 ab VoA RRE ]

April 30 Meiotic metaphase

5H2H 2.87+0.02 a 2.210.03 b hRERA T

May 2 Megaspore

6A3H%ETH18H 4.60+0.03 b 3.190.01 ¢ Y e B i R 2R 2 21 TiE B AZ I

June 3 to July18 Pollen tubes near to spongy tissue Free nuclei

THI8HETH23H 5.02+0.19 ¢ 3.26:0.04 ¢ R4 At BB

July 18 to July 23 2 sperm cells Cellular

7H23H 5.260.02 cd 3.40+0.02 d G0 BN

July 23 Archegonium mother cell

TH23HZE9H4H 5.31=0.01 cd 3.43+0.04 d Rk BRI AR BB

July 23 to September 4 Near to archegonium Archegonium

9H4H 5.50+0.13 de 3.67+0.01 e NG

September 4 Fertilization

9H 16 H 5.59+0.20 de 3.800.06 f TR

September 16 2 free nuclei of proembryo

9J120H 5.69+0.03 e 3.81x0.16 16 1 ffd )i

September 20 Proembryo
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