Otpen Spermatophyta — cemeHHble pacTeHUs: COBpPeMeHHbIe npeacTaBUTenm
Knacc Cycadopsida — caroBHMKoBblE

Knacc Ginkgoopsida — ruHkroBble

Knacc Pinopsida — cocHoBble (XBOMHLIE) l'onocemeHHble pacTeHus
Knacc Gnetopsida — rHeToBble (0005104KOCEMEHHbIE)

Knacc Angiospermae — NoKpbITOCEMEHHbIE (LIBETKOBLIE)

MOKpPbITOCEMEHHbIe
angiosperms

Bateman et al. 2006,

CeéMeHHble gymnosperms J. Exp. Bot.

spermatophytes

roriocemMeHHblIe

NanopoOTHUKKU
moniliformopses
(non-lycopsid
pteridophytes)

aycmnnodpuTbl
euphyllophytes

cocyaucTtble
trachaophyles

nnayHoBugHble
BbiCLLUUe lycopsids

embryophytes

MOP®ONOIunA Mox00GpasHble AOHK

bryophytes B

Fig. 2. Crude consensus of phylogenetic relaionships recognized by morphological analyses using extant and extinet taxa (A) and sequence-based
analyses using only extant taxa (B), illustrating the dommance of paraphyly m the former and monophyly in the latter.



AHTpoOnoreH
HeoreH Figure 22.4. A. Archaeosperma arnoldii, portion of preovule showing megaspore tetrad, nucellus (n?), and lobes of

5 integument. (Redrawn from Pettitt & Beck, 1968.) B. Elkinsia polymorpha, diagrammatic representation of cupule
2z containing preovules and showing forking branching pattern. C. Moresnetia zalesskyi reconstructed to show cupule
e - containing preovules with one-quarter of cupule removed. A—C: Upper Devonian. (B,C redrawn from Rothwell &
Scheckler, 1988.)
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Figure 23.22. A. Pachytesta-type ovule attached to Alethopteris foliage in position of a pinnule. Carboniferous.
(Redrawn from Halle, 1933.) B. Pachytesta illinoensis, transverse section at distal end of ovule showing trimerou
nature of testa. Commissured rib (cr); endotesta (e); sclerotesta (sc); sarcotesta (sa). |

Figure 23.13. A. Reconstruction of Medullosa noei, a plant approximately 3.5 m high. Pennsylvanian. (From Stewart
& Delevoryas, 1956.) B. Diagram, transverse section M. noei, stem showing two vascular segments. “Mixed”
protostele (solid black); axial strands (circles); secondary xylem (hatched); ground tissue (stippled). Upper
Pennsylvanian. (Redrawn from Basinger, Rothwell, & Stewart, 1974.) C. M. primaeva, transverse section of stem
showing numerous vascular segments and large leaf bases. Middle Pennsylvanian. (Redrawn from Stewart &
Delevoryas, 1952.)
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Cycas revoluta: Detail of expanding leaflets unrolling from previously
circinnate condition (Griffith et al., 2014)
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Cross-section of a coralloid root showing cyanobacterial zone (CZ),
triarch xylem (Xy), inner (IC) and outer (OC) cortex, and periderm (Pd).
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Fig. 5. Staubblatter von Cycadaceen. A Cycas circinalis, o ganzes Sth.von unten,nachRichard; bGruppevonPollen-

sécken (Mikrosporangien), ¢ desgl., mit gedffneten Pollensiacken, nach Blum e, Rumphia tab. 176¢. 5. Zamia inte-
grifolia, a ganzes Stb. von unten, & Gruppe von Pollensiicken von oben, ¢ eine solche von der Seite. Nach Richard.
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Puc. 215. Mukpocnopaurun u Mukpocnopa Cycadaceae.
2 — MuEpocnopsl Encephalartos

1 — TOPOJOIBHLIA pa3pe3 MUKPOCHOPAHTHA Zamia muricala Willd. ;

longifolius (Jacq.) Lehmann; 3 — momepeunsrii paspes MUKDPOCIIODAHTHsA  Stangeria schizodon Bull.;

4 — YacThb IIONMEDPEYHOr0 paspesa MUKPOCIODPAHTUA Stangeria paradoxa Moore. (I — 10 Jeffrey;
3 —no Goebel; ¢ — mo Chamberlain).
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Pmc, 221. Paspurnme My:xckoro ramerofura y Dioon edule Lind].
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Fig. 7. Die wichtigsten Fruchtblattformen der C.: 4 Cycas rewoluta. B C. circinalis. C €. Normanbyana. D Dioow
edule. L Encephalartos Preissii. F Zamia integrifolia. G Ceratozamia mexicana. F und G in NaturgroBe, die
itbrigen in verschied. MaBstabe verkleinert, A nach Sachs, Lehrbuch, ¢ nach F. v. Miller, Fragm. Phyt.
Austr. VII., E nach Miquel in Linnaea, # nach Richard, Conif. et Cycad. Tafel B, D und @ nach d. Natur.



Puc. 218. Cxema cTpoenusa cemesauatra Cycas
revoluta L.. ITpoBopmsAmas cmcTeMa HOKa3aHA
CIIONIHBIMY YePHBIMU JINHUIMH.

Pumc. 219. Meracmopsl IUKaJOBLIX.

1 — Stangeria paradoxa Moore, HWKHAA N3 TPeX KIETOK
ABJACTCHA (PYHKIMOHUPYIOEN Meracuopoin; 2 — Cera-

8M — BHYTPEHHUNA MACUCTHIN CJI0N; M — MHUKPOIINJe % tozamia mexicana Brongn., cXomHas craius; 3 — Zamia
M — HYLEINIYC; M — HADYMKHBIA MACHCTBIA CNOM;  ihchos. ("~ ho Tang, 2o Treubs 3o

n®x — HOBNILIEBAaA  KaMmeDa: CcK/A — CHJIIEDOTEeCcTa. F. G. Smith, Bce n3 Chamberlain).



Pumc. 220. Passutue apxeromms Dioon edule Lindl.

ADXEeTOHMA; 2 — B peByJabraTe IIEPBOr0 JeJeHHA 06pasoBailCh
3 — 00pasoBajuCh MOBE INEHIKOBEIE

4 — AODPO LEHTPAJIBHOR KRIETHH PasnenmniIocs,

1 — WHMOUAJIbHAA HIIETKA

UEPBAYHAS IIEHKOBAA KIETKA W MEHTPAIbHAA RIETHA;

KJIeTKM I LEHTPaJbHAA KJIETKAa paspaciachk;

00pasoBaB  OpIONIHOE KAHAJBUEBOE AAPO ¥  ALPO ANNECKIETHN ;
(ITo Chamberlain).

5 — 3pellble  apPXeTOHHH.

[
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Pumc. 220. Passutue apxeromms Dioon edule Lindl.

1— MEMNUAJBHAS IETKA aDXEroHMs; 2 — B pESyJILTATE IEPBOTO NEJICHHA 00pasoBaInCh
UePBUYHASA INEHKOBAA KJIETKA U UEHTPANbHAA KIETHA; & — 06DPA30BAIICDH IBE INEeHKOBHIE
WISTHH 1 HEHTDAIbHAA KJIETKA paspaciach; 4 — ANPO HeHTPAIBHON KJIETHH DPasemiIoch,
00pasoBaB  OpIONIHOE KAHAJBUEBOE AAPO ¥  ALPO ANLEHIETHN; 5 — 3Dejbie  apXEeTOHWH,

(ITo Chamberlain).




Zamia integrifolia
[TonepeyHble cpesbl LEWKN

apXeroHuns

_ Fig. 2A, B (n, nucleus; v, vacuole). A.
Diagram of prefertilization neck cells of Zamia;
note cell walls a-b, a’-b* which have divided the
Sect_)ndary neck cells into four. Details of the
?egmaf (indicated by arrows) where these walls
Join, the outer cell walls are shown in the inset
3agonro 0o onnoaoTBOpPeHUs Bo Bpemsi onnoaoTBopeHus at upper right. The outer wall breaks at the
place indicated by a dotted line. Positions of
nuciei, vacucles are indicated. B. Diagram of

ROLE OF ARCHEGONIAL NECK CELLS OF ZAMIA AND neck cells of Zamia at fertilization. Compare
OTHER CYCADS' 2t P < s :

SOS—— Position of points a, a’, b,b’with A; note nuclei,

large vacuoles; separation of walls a-b, a’-b’, in

e — direction indicated by arrows.



[o onnogorBopeHUn

ROLE OF ARCHEGONIAL NECK CELLS OF ZAMIA AND
OTHER CYCADS!

KNUT NORSTOG

PHYTOMORPHOLOGY 1972

Bo Bpems onnogorBopeHus

Distortion of the sperm must occur in
fertilization since the neck opening is
about 50-70 p in diameter while the
sperm is about 200 p in diameter.

Zamia integrifolia
[TonepeyHble cpesbl LEWKN
apXeroHuns

_ Fig. 2A, B (n, nucleus; v, vacuole). A.
Diagram of prefertilization neck cells of Zamia;
note cell walls a-b, a’-b’ which have divided the
secondary neck cells into four. Details cof the
Tegions (indicated by arrows) where these walls
join the outer cell walls are shown in the inset
at upper right. The outer wall breaks at the
place indicated by a dotted line. Positions of
nuciei, vacucles are indicated. B. Diagram of
neck cells of Zamia at fertilization. Compare
position of points a, a’, b,b’with A; note nuclei,
large vacuoles; separation of walls a-b, a’-b’, in
direction indicated by arrows.
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Secretions from the female gametophyte and their role
in spermatozoid induction in Cycas revoluta

Tokushiro Takaso + Yukitoshi Kimoto «
John N. Owens - Masumi Kono + Tetsuro Mimura

Fig. 1 Light micrographs of developmental stages observed during
sexual reproduction in dissected and cultured ovules of Cycas
revoluta. a Longitudinal section of micropylar portion of an ovule
after integument removal. Turgid pollen tubes protrude from the
nucellus into the archegonial chamber. Typically, two archegonia
with neck cells develop into the archegonial chamber in each female

- gametophyte. b Stage I: dry turgid pollen tubes have emerged from
- the micropylar face of the archegonial chamber. ¢ Stage II: turgid

pollen tubes are submerged in copious fluid. d Dissected upper
portions of the female gametophyte in culture on which appearance of

fluid were examined. Surface of right two gametophytes is slightly
wet. e A dry female gametophyte shows the archegonial chamber at
stage I. Neck cells are located in the center of each brownish area.
f Fluid first appears as drops around the archegonial chamber in the
cultured female gametophyte. g Cloudy substances in fluid presum-
ably from egg cytoplasm accumulate inside the archegonial chamber.
ac Archegonial chamber, ar archegonium, cs cloudy substance, flu
fluid, ne neck cell, nu nucellus, pr pollen tube. Seale bars 1 mm in

. a—c,e—gand l cmind



onblneHue Lepidozamia
peroffskyana ponroHocukamu 13
poaa Tranes

Fig. 4. Transport of Lepidozamia peroffskyana pollen on Tranes weevil
tarsus. Cycad pollen (resembling grains of rice) is visible among the
setae that cover the underside of the tarsus (foot segment). Scale bar =
100 pm.

Fig. 1. Mass gathering of Tianes weevils on male cone of
Lepidozamia peroffskyana in the early stages of pollen-shed. The
characteristic spirally opening fissure allows weevils access to the 5
cone interior. Scale-bar interval = 5 cm.



Poailination Phase: The cone axis elongates and the
microsporophylls separate in a spiral fissure around

Microsporophylls: the male the cone. Pollen is shed and weevils enter the cone.

"cone scales” bearing
numerous pollen sacs.

Cataphylls: reduced
scale-like leaves Cone Destruction: After
that surround the pollen is shed the male cone
base of the cone. is quickly destroyed by the
\ f activity of Tranes larvae
& ﬁ&f}é

18 DAYS 36 DAYS 53 DAYS 57 DAYS 61 DAYS

Table 3.  Pollination of Lepidozamia peroffskyana female cones naturally and after
exclusion of wind and insect vectors

Treatment n Mean seed number™ Mean percentage pollinated

(range in parentheses) (range in parentheses)
Natural pollination 3 270 (163-355) 83.9 (68.5-95.2)
Wind exclusion 9 230 (170-304) 70.3 (31.5-94.6)
Insect exclusion 8 216 (114-240) 0.1(0.0-0.4)

*Number of seeds pe1 cone,

el S S A ™ B Eiaise = e e i e sy + el e
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IEs R et

S
é Macrozamia
L=

Zamia

— Microcycas
— Stangeria

e

Emehha‘mcs

Ceratozamia

Bowenia
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Permian Triassic Jurassic Cretaceous P Eoc O Mi 7 Miocene _ Plif
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300 250 200 150 100 50 0Ma 20 15 10 5 0O Ma

Fig. 1. Cyad timetree infered from PHYP data assuming a relaxed molecular
dock (12), and map showing geographic distribution of genera. (A) Timetree and
(inset) distribution of genera. Numbered circles mark the ages of fossi constraints,

and unnumbered circles mark the inferred ages of the constraned nodes (9).  Quaternary; P, Pliocene; PH, Pleistocene—Holocene.

Geographic distributions were obtained from (2). (B) Enlarged view of timetree
from (A) focusing on the Miocene—Recent. L. Paleoz, Late Paleoanic; P, Paleocene
Eoc, Eocene; O, Oligocene; Mi, Miocene; PPH, Pleistoene-Pliocene-Holocene; Q,

11 NOVEMBER 2011 VOL 334 SCIENCE

Recent Synchronous Radiation
of a Living Fossil

N. S. Nagalingum,->3* C. R. Marshall,® T. B. Quental,>* H. S. Rai,%%
D. P. Little,® S. Mathews™*
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ﬂOpFI,EI,OK GinkgOaleS (rHkroBble), Ginkgo biloba

BckpbiBaHNe MMKpOCNopaHrus
obecnevnBaroT KrneTku

cybanuagepmansHoro aHdomeuyus co
Cunyp crnmpanbHbIMU YTONLWEHUSIMU CTEHOK. i

HdesoH
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Ginkgo biloba, cTeHka MUKpOCnopaHrng
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BckpbiBaHNe MMKpOCNopaHrus
obecneymBatoT KIeTku
cybanuagepmansHoro aHdomeuyus co
crnmpanbHbIMU YTONLWEHUSIMU CTEHOK.
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Puc. 215. Mukpocmopauruu u MHHpocuopé Cycadaceae.

1 — TPOOJILHBI paspe3 MHUKPOCIHOPAHTHA Zamia muricala Willd.; 2 — muxpocnoper Encephalartos

longifolius (Jacq.) Lehmann; 3 — momepeunsri paspes MUKDOCIIODAHTUsA  Stangeria schizodon Bull.;

4 — YacTh IIONMEDPEYHOI'0 paspesa MUKPOCIODAHTHA Stangeria paradoxa Moore. (I — o Jeftrey;
3 —no Goebel; ¢ — mo Chamberlain).
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Puc. 272. Ginkgo biloba L.

I — nponoibubiii paspes MOJOAOI0 ceMesayaTha, II0Ka3BIBAIONMIl
BaInK, MHTETYMEHT, HYIEJJIyC M TeTpamy Meracmop, X15; 2 —
TETpala Meracliop, OKpPYVMKEeHHAad MNNTAaTeJbHON THaHBIO. X400.
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Puc. 272. Ginkgo biloba L.

I — TPOJIONIbHLIN paspes MOJIOAOI0 ceMesadaTha, IIOKA3bIBaIOLIMH
BaJIuK, HHTENYMEHT, HYIEJNIYC M TeTpajgy Meracruop, x15H: 2 —
TerTpajga Meracrnop, OHKDPY:KeHHAad IINTaTeJbHOM THAaHLIO. X400.

Fig. 1.44 : Ginkgo biloba : A-F. The development of female gametophyte

The cell wall formation begins in a centripetal fashion from periphery inwards (Fig.
1.44D), as a result the vacuole is obliterated. The entire gametophyte becomes cellular
and the tissue thus formed is called endosperm (Fig. 1.44E). The endosperm cells are
haploid in nature, but some polyploid cells are also formed. The cells that contain 2-3
nuclei during wall-formation are transformed to polyploid cells.

http://www.biologydiscussion.com/essay/gymnosperms/essay-on-the-life-cycle-of-ginkgo-biloba-gymnosperms-botany/77616



Archegonial
initial
Neck initial

Fig. 1.45 : Ginkgo biloba ; A-D. The development of an
archegonium

http://www.biologydiscussion.com/essay/gymnosperms/essay-on-the-life-cycle-of-ginkgo-biloba-gymnosperms-botany/77616; Maheshwari & Sanwal, 1963; TaxtamksaH, 1956

Puc. 273. Ginkgo biloba L.

1 — MUKDPONUJIAPHBEIA HKOHEI KEHCKOro
ramMeropura ¢ MOBYMA apXeroHumAMHI (Cxe-
Ma), X36; 2 — MemumaHHBIA IIPOMOJIBLHEIA
paspes MOJIOTOr0 apPXeroHudA, OKDPYHKEH-
HOTO THKAHBLIO JKEHCKOI'0 Trameropura,
apXeroHmii COCTOMUT M3 [ABYX IIEHKOBBIX
KJIETOK ” OOJBIION IeHTPAJILHON Kie-
THI C HKDYIHBIM AMPOM, % 90.
(IIo Haupt).
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FIGURE 16-7 Longitudinal section (diagrammatic) showing the structure of the upper
part of a mature ovule of Ginkgo.



Fig. 1 SEM micrographs of neck cells in G. biloba. a Formation of »
the secondary neck cells about 55 days after pollination. b, ¢ Gradual
enlargement of the secondary neck cells. d About 115 days after
pollination. neck cell protrusion is obvious. e Oblique division of the
secondary neck cells. [ Four neck cells arranged imbricately and
covered by a translucent membrane. g Separation of the four neck
cells along their connecting walls, Some globular particles are on the
cell surface and cytoplasmic debris is apparent at the opening.
h Clustered material adhering to the neck cells. Arrowhead indicates
the archegonial opening. i After fertilization, all neck cells are
shriveled. but the archegonial opening (arrowhead) is still visible.

. : e . N Z
S$4800 15.0kV 13.1mm x1.00k SE(M) $4800 15.0kV 13.9mm x1.00k SE(M)

Trees (2014) 28:995-1005
DOI 10.1007/500468-014-1013-2

Structure and function of the neck cell during fertilization
in Ginkgo biloba L.

£ ~ A . e | et BRI ~ - i 0 V 1 Di Wang * Yan Lu - Min Zhang + Zhaogeng Lu
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Lu, Y., Wang, L, Wang, D., Wang, Y., Zhang. M., Jin, B. and Chen, P. 2011. Male cone morphogenesis, pollen
dev el{lpmenl and pollen dispersal mechanism in Ginkgo biloba 1. Can. J. Plant Sei. 91: 971-98 1L Gmf\gr hifoba L. is one of the

Fig. 5. Transmission electron microscope images of matured pollen of G. biloba. (a) Hemisphere pollen grain with four cells. (b)
Walls of cells within pollen. {L] Organelles within pollen, such as plastids, endoplasmic reticulum, mitochondria, Golgi bodies and
vesicle. (d) Lipids within p{) len. (e) Pollen wall in the prumde face consisting of ectexine, endexine and intine. (f) Splnulea on the
surface of the pollen wall in the proximal side. (g) Pollen wall in transition from the proximal side towards the distal side. (h) Pollen
wall in the distal side. (i) The boat-like pollen. Ap=aperture area; Ca =cavity; CW =walls cell; Ec =ectexine; En =endexine;
ER =endoplasmic reticulum; GB =Golgl body: FL =foot layer; GC =generative cell; In=intine: Inf =infratectum: L =lipids:
M =mitochondria: P =plastid: PC1 =first prothallial cell; PC2 =second prothallial cell; Sp =spinule; T =tectum: TC =tube cell;
Ve =vesicle. Scale bars =35 pum (a, 1); 1 pm (b—c, e, g-h); 0.5 pm (d); 100 nm ().



Nucellus

Nucellus

FIGURE 16-8 A, B, reconstructions of stereo computer images of the male gametophyte
of Ginkgo, based on serial histological sections; note hyphal-like outgrowths of the
pollen tube. Two ontogenetic stages are shown. Scale bars = 100 micrometers. [Courtesy
of Dr. W. E. Friedman.]
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Puc. 273. Ginkgo biloba L.

1 — MUKPOIMJIAPHLBIN HKOHEIl KEeHCKOI'O
raMeTopuTa C [OBYMA apxeroHuaAMHu (cxe-
Ma), X 36; 2 — MeOuMaHHBIA IIPONOJILHEII
Paspes MOJIOOOr0 apXEroHud, OHPYHKEH-
HOI'0 TKAHLIO MKeHcHoro ramerodura,
apXEeroHuil COCTOUT M3 [BYX IIEHKOBBIX
KJIETOK U GOJILIION LeHTPaJbHOIl Hie-
TKN C HKDPYIHBIM AODPOM, % 90.
(ITo Haupft).
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Puc. 275. Panuue cragnm pasBuTHA 3apopsima Ginkgo biloba 1. X 75.

1 — cBofonuoAaepHan

i 3 — OoJice IIO3IHAH
CTAjlIfl ¢ MEPHCTEMATHYECHKOH THAHBI ¥ HIAKHEr0o KOHIA,

(ITo Iaupt).

CknepoTtecTa
CapkoTtecTa



3apogbiw Ginkgo (Wang et al. 2011)
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June 1st I
1‘)

Germination

July 1st1
June 1stI  August 1st 1

May 1st II

.. ~=f Pollination
April 1st II d( = April 1st1 October 1st 1

May 1st1 September 1st I

Fertilization
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November 1st 1
March 1st II

@ December y@

February 1&%@-—'———0

January 1st I

FIGURE 16-4 Diagrammatic representation of the cycle of reproduction in Ginkgo
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Ginkgo : from the Chinese (later
also Japanese) word Ginkyo
meaning "silver apricot" (gin=silver,
kyo=apricot).




Felis (=Prionailurus) bengalensis, neonapaosas,
nnu 6eHranbckas kowka (B Knutae)

e e e e B x

Nyctereutes procyonoides, eHoToBMAHas cobaka
(MHTOPAYLMPOBAHHbBIE PacTeHus B SNOHUM)

CoBpeMeHHble
pacnpocTpaHuTenu
CeMSIH T'MHKIro

Paguma larvata, rv
T TR
Bird Jeholornis is eating |l
the seeds of a fallen
branch of
the Ginkgo tree.
Jehol Group of early
Cretaceous of China
(120 million years ago).
— He dhaKT, 4YTo
pacnpocTpaHsana, HO
ena

http://ginkgopages.blogspot.com
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Ginkgo biloba

3TOT INCTUK Bbin ¢ BocToKa
B cag Mo CKPOMHbIN 3aHECEH,
N ona BuaAawero oka
TalHbIN CMbICN ABNAET OH.
Cyww,ecTBO /11 34€eCb XKMBOE
Paspennnocb nononam?
Mnb, HanpoTuB, cpasy ABoe
MpeacTatoT B eAUHCTBE Ham?
N 3aragKky u COMHeHbA
PaspewwmnTt Mmon CTUX OAUH;
MNepedyTn mon TBOPEHbLA,

Cam A — ABOWUCTBEHHO eAVH.

Mepesod - B. B. /lesuka
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Ginkgo adianthoides
65 MnH. nert, llotnangus

Ginkgo yimaensis, cpegHss
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