









	
 Home

	 Add Document
	 Sign In
	 Create An Account














[image: PDFKUL.COM]






































	
 Viewer

	
 Transcript













Discipline: Botany Paper: Archegoniate Lesson: Morphology, Anatomy and Reproduction of Funaria Lesson Developer: Dr. Anita Sehgal1, Dr Vibha Gulyani Checker2 Department/College: 1Miranda House, 2Kirori Mal College Lesson Reviewer: Dr Veena Ganju Department/College: Deshbandhu College Lesson Editor: Dr Rama Sisodia, Fellow in Botany ILLL



Institute of lifelong learning, University of Delhi



1



Table of contents 



Introduction







Systematic position







Habitat and Distribution







Gametophyte  Morphology  Anatomy







Apical Growth







Reproduction  Vegetative reproduction  Sexual reproduction 



Male reproductive structure or Antheridium







Female reproductive structure or Archegonium







Fertilization







Sporophyte







The Young Gametophyte







Life cycle







Summary







Glossary







Exercises







References



Institute of lifelong learning, University of Delhi



2



Introduction The subclass Bryidae includes 14,000 species and 650 genera, comprising highly specialized group of bryophytes. They are characterized by (a) filamentous protonema, (b) leaves with distinct midrib, (c) endothecial origin of archesporium, (d) columella not overarched, (e) presence of trabeculae and seta and (f) structurally complex capsule. Its members are known as true mosses. Funaria, Polytrichum, Pogonatum are a few of the representative members. Order Funariales consists of annual terrestrial plants with terminal rosettes of leaves. The leaves are sessile and broad at the base. The capsule bears an inner (endostome) and outer (exostome) ring of 16 peristome teeth each. The teeth of two rings are arranged opposite to each other. The calyptra is distended. The family Funariaceae is widespread and gregarious. Its members have broad, one-celled thick leaves except at the midrib. The capsule is pear shaped and is borne on long twisted seta from which its type genus Funaria derives its name as ‘Funis’ in Latin means a rope. It was used by Schreber in 1791 to relate the characteristic twisting of the seta when dry to a rope. The calyptra has a long slender beak.



Systematic position Division: Bryophyta Class: Bryopsida Sub Class: Bryidae Order: Funariales Family: Funariaceae



Habitat and Distribution Funaria is the largest genus of Funariaceae preferring alkaline soils for its growth and development. It is usually found as a small to medium sized, yellowish-greenish plant in dense patches in moist shady soils, tree trunks, rocks and burned-over sites. The genus includes about 117 species with 18 species represented in India. Funaria hygrometrica has a cosmopolitan distribution and is found extensively from tropics to the arctic. It is also known as bonfire/post fire species as it is the characteristic bryophyte, which appears during recolonization at the burnt sites that are rich in ash and nutrient contents especially nitrogen and phosphorous. Institute of lifelong learning, University of Delhi
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Gametophyte Morphology The plant body is the gametophyte and consists of two distinct growth stages, (i) a juvenile stage represented by prostrate filamentous protonema (Fig. 1A) and, (ii) an upright leafy gametophores (Fig. 1B, C, D). The juvenile protonema is a transient vegetative structure. The fully grown protonema resembles algal growth. It consists of freely branched green filaments (known as chloronemal branches) forming a bright green mat like coating on the moist soil. The cells of green filaments are separated by cross walls and contain many discoid chloroplasts. These green filaments are attached to the substratum by colorless or brown branches penetrating the soil. These are rhizoidal branches and their cells lack chloroplast and are separated by oblique septa between them (Fig. 1A). Oblique septa are probably an adaptation to promote rapid water conduction. During development several lateral buds develop on protonema.



Each lateral bud



develops into a leafy shoot which remains attached to the substratum by rhizoids at its base (Fig. 1A). Later, protonema degenerates and the young moss plant consists only of erect leafy shoot, 1-3 cm in height, representing a gametophyte. Fig. 1E is a scanning electron micrograph of a cryopreserved gametophyte. Each gametophyte (Fig. 1B, C) may be unbranched or show monopodial branching. Branches arise from below a leaf. Dichotomous branching, a characteristic feature of liverworts is absent in mosses. The central axis of moss plant is called stem and it grows with the help of an apical cell with three cutting faces. It bears lateral leaves which are more crowded and larger near the apex than the base.



The leaves are ovate in outline, sessile, broad at the base (Fig. 1F, 2E)



and are



inserted spirally initially in three vertical rows but later change to 3/8 phyllotaxy. The sessile leaves show entire margin and a pointed apex; are chlorophyllous (Fig. 1G) and thus principal photosynthetic organs of Funaria plant. The leaves present at different levels of gametophore may vary morphologically and structurally from each other. The younger leaves present at the apex of gametophore are devoid of midrib but and mature leaves present at the base of gametophore have a distinct midrib. The prostrate branches and the lower region of upright branches usually bear colorless scale-like leaves. Leaves surrounding the terminal sex organs are called as perichaetial leaves (Fig. 3A) and are largest of all. They can be distinguished by their color, size and shape from the foliage leaves present on lower region of the stem. The stem has been referred to as cauloid and the leaf as phylloid by Koch (1956). Institute of lifelong learning, University of Delhi
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Fig-1 A-H Funaria diagrammatic representation of A. Juvenile stage-protonema B. gametophyte C.
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side view of gametophyte D. top view of gametophyte E. same as D after cryopreservation F. W.M. leaf G. part of a leaf to showing chlorophyllous cells H. line drawing of rhizoids. Source: A:http://www.yourarticlelibrary.com/biology/plants/7-most-important-methods-ofvegetative-propagation-biology/6994/ B. http://www.slideshare.net/jayakar/life-cycle-offunaria C.,D: http://www.andrewspink.nl/mosses/broad.htm E:http://www.rms.org.uk/mmc2014/generalinformation/features/scientificimagingcompetition F: http://wnmu.edu/academic/nspages/gilaflora/funaria_hygrometrica.html G: http://botanyprofessor.blogspot.in/2013/05/mosses-of-central-florida-3-funaria.html H: Authors Numerous multicellular, slender, branched rhizoids (Fig. 1H) arise from basal part of the stem. These rhizoids penetrate the substratum approximately equal to the height of erect shoot. The rhizoid system of the moss plant is very elaborate. The rhizoids arising near the base of the stem are brown, stout, and almost cable-like forming the main anchoring system. These descend almost vertically downwards from the stem for almost two centimeters. From each of these arise irregularly branched lateral (secondary) rhizoids of fine diameter which are colorless and thin (Fig. 1H). These further branch to form tertiary rhizoids of still finer diameter and are comparable to root hairs. Cells of rhizoids are separated by oblique septa, are colourless in the young stages but become red or brown at maturity (Fig. 2A). Rhizoids usually contain oil droplets and become green by developing chlorophyll when exposed to light. The gametophyte of a moss plant resembles a small flowering plant with leaves, stem and rhizoids. In fact, these organs are analogous to leaves, stem and roots of flowering plants but with a difference. In angiosperms, these structures are sporophytic with diploid number of chromosomes whereas the cells of moss plant have nuclei with haploid number of chromosomes. Anatomy 1.



Stem: Cross-section of the stem shows that it is divided into three distinct regions,



epidermis, cortex and the central cylinder (Fig. 2B, C). The outermost layer, known as Institute of lifelong learning, University of Delhi
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epidermis, is composed of a single layer of tangentially elongated cells. These cells bear chloroplasts in younger regions of the stem.



In mature stem, epidermal cells lack



chloroplast and become thick walled. Pores or stomata are absent. Inner to epidermis, is cortex that surrounds the central cylinder. The cortex is composed of large thin walled parenchymatous cells of relatively greater thickness (Fig. 2B, C). In the young stems, the cells of cortex contain chloroplasts. In the mature stem, the cortex is divided into two regions, outer thick-walled cells next to the epidermis and the inner thin-walled cells surrounding the central cylinder. The peripheral region of cortex usually contains leaf traces which end in the cortex and do not join the central conducting strand. The central conducting cylinder is not divided into xylem and phloem. It is made up of vertically elongated, narrow, thin walled, colorless cells lacking protoplasm. These dead cells are called hydroids; help in upward movement of water and solutes and also provide mechanical support to a certain extent. According to Doyle these hydroids are functional counterparts of tracheids. Hebant referred to them as hadrom and observed the occurrence of only hydroids in gametophore of Funaria. However, the leptoids counterparts of sieve tube elements were not found.



He also observed wall ingrowths on the contact wall



between parenchymatous cells constituting the hadrom and hadrom sheath. 2. Leaf: Young leaf (Fig. 2D, E) has a very simple structure consisting of a single layer of large thin walled parenchymatous cells. These cells are rich in chloroplasts, which are prominent, large and can divide even after the leaves have attained maturity. A mature leaf shows a midrib in the center and one celled wing on either side (Fig. 2D). The midrib is several cells thick. It consists of upper and lower epidermis. Below the epidermis, cells are elongated, large and thin walled. These thin walled cells are followed by thick walled cells. Stomata are absent in the leaf of Funaria.



Apical Growth Growth of the plant is by means of a single pyramidal (tetrahedral) apical cell located at the stem tip. It has three cutting faces and demarcates segments parallel to each face. Each of the segments formed divide periclinally into an inner and outer cell. The inner daughter cells divide and form inner tissue of the stem whereas the outer daughter cells form leaves and outer region of the stem.
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Fig-2 A-E: Funaria A.W.M. rhizoids showing oblique septum. B. T.S. stem C. Diagrammatic view of T.S. stem depicting epidermis, cortex and central strand D. V.s. leaf E. W.M. leaf. Source A, B: Authors C-E: http://www.slideshare.net/jayakar/life-cycle-offunaria
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Gametophores of Funaria reproduce by both vegetative and sexual means.



1.



Vegetative reproduction: Leafy gametophores of Funaria propagate vegetatively



by following methods: a) Multiplication of primary protonema by fragmentation: Sometimes primary protonema breaks into small fragments accidentally or by the death of some cells in between. The detached fragments consisting of either several cells or a single green cell develop into a new protonema. b) Secondary protonema: Sometimes protonema may be formed by methods other than from germination of spores such as detached cell of the leaf, stem or rhizoids under favorable conditions of moisture. These are known as secondary protonema. From this secondary protonema, leafy gametophores are formed in an essentially similar manner to primary protonema. The rhizoids of a leafy gametophore may come up the substratum and get exposed to light under moist conditions. These rhizoids turn green to produce the leafy gametophore in the same manner as in a primary protonema. c) Gemmae: During unfavorable conditions, small bud-like structures called gemmae are formed from terminal cells of the protonema by transverse, longitudinal or oblique divisions. These multicellular bodies consist of thin-walled cells that contain numerous chloroplasts. These bodies eventually detach to produce protonema on return of favorable conditions. Berkeley (1941) was first to observe gemmae formation in F. hygrometrica. Gemmae are also formed on the leaves and stem of gametophore during unfavorable conditions and have the ability to develop into leafy gametophore under favorable conditions. d) Bulbils: These small structures develop on rhizoids and lack chloroplasts. During favorable conditions the bulbils develop into new protonema which in turn will form leafy gametophores. e) Apospory: The production of gametophytes directly from the vegetative cells of the sporophyte without the formation of spores is called apospory. Chlorophyllous protonemal filaments sometimes arise from the unspecialized cells of the different parts of the sporophyte. Protonemal filaments produce lateral buds, which later develop into a leafy gametophore. These aposporously produced gametophores are similar in appearance to normally produced gametophores, but are genetically diploid.



2.



Sexual reproduction:
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Sexual reproduction takes place by the formation of male and female reproductive structures called antheridia and archegonia (Fig.3, 4, 5) respectively. These reproductive structures develop in terminal clusters on leafy gametophores (acrocarpous) and project from the surface of plant. Funaria is monoecious and autoicous as male and female sex organs develop on separate branches of the same plant. The main shoot of the gametophores bears group of antheridia at its apex and is known as male branch whereas the female branch develops as a side shoot at the base of the male branch (Fig.3A). Funaria is protandrous as antheridia mature before the archegonia. This ensures cross fertilization in the moss plants. The female branches usually grow more strenuously to become longer than the male branches. (i) Male reproductive structure or Antheridium:



Position: Male shoot can be easily recognized by orange colored mature antheridia that are borne in closely packed clusters on the expanded tip of the leafy antheridiophore (Fig.3A). Antheridia are not sunken in position but project from the surface of antheridiophore. Antheridial clusters (heads) are surrounded by a rosette of spreading leaves, called perigonial leaves (Fig.3A), which are compactly arranged and are larger than the vegetative leaves. These leaves form a shallow cup like structure known as perigonium to protect the antheridium. Numerous sterile and erect capitate hairs are intermingled with the antheridia (Fig.3B-G, 4). These are known as paraphyses. Paraphyses are multicellular and consist of a single row of 4-6 chlorophyllous cells (Fig. 3 B,D,E). All the cells of paraphysis are elongated and narrow with an exception of apical cell. It is large and subspherical in shape. Paraphysis helps in moisture conservation, protection, photosynthesis, and release of androcytes by building up pressure. Paraphysis are elongated and narrow with an exception of apical cell. It is large and sub-spherical in shape. Paraphysis helps in moisture conservation, protection, photosynthesis, and release of androcytes by building up pressure. a)



Structure: A mature antheridium has a club-shaped, elongated orange colored



body borne on a short multicellular stalk (Fig. 3 B,D-G). The body has an outer, singlelayered jacket of polyhedral and flattened cells that contain chloroplasts when the antheridium is young. As the antheridium matures chloroplasts are converted to orange colored chromoplasts. Antheridium wall encloses a dense central mass of numerous small cells called androcytes. Each androcyte produces a single biflagellate sperm (Fig. 5 M). Institute of lifelong learning, University of Delhi
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Distal end of antheridium forms a cap like structure known as operculum (Fig. 3 B, E), which consists of one or two cells distinguished by their larger size, thicker walls and colorless contents.



Fig-3 A-G Funaria A. Monoecious plant B. L.S. antheridial head C. Tip of a male branch with antheridial cluster (a) D. W.M. of antheridial head showing antheridia (a) and Institute of lifelong learning, University of Delhi
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paraphyses (p) E. an antheridium (a) and paraphysis (p) Note stalk (s) at the base and operculum (arrow)at the tip of antheridium. F. W.M. of antheridial head showing antheridia (a) and paraphyses (p) G. same as F. enlarged to show antheridia (a) and paraphyses (p) Source: A, B: http://www.slideshare.net/jayakar/life-cycle-offunaria, C: http://www.bioimages.org.uk/html/p1/p16340.php D: http://wnmu.edu/academic/nspages/gilaflora/funaria_hygrometrica.html E: http://www.bioimages.org.uk/html/p1/p16326.php F, G: Authors



Fig-4 Funaria L.S. tip of the male branch (mb) showing antheridial head with (a) and paraphysis (p).



antheridia



Source: Authors b) Development: Antheridium originates from the superficial cell termed as the antheridial initial (Fig.5A), located at the apex of the antheridiophore. The antheridial initial cell becomes papillate and projects above its neighboring cells. It then divides by transverse divisions to form an outer cell and an inner/basal cell (Fig.5B). The inner cell forms the embedded portion of the stalk of the antheridium. The outer cell is known as antheridial mother cell. Each antheridial initial cell divides transversely to form a short filament of three to four cells (Fig.5C). The terminal cell of the filament divides again by two vertical intersecting walls, so that an apical cell with two cutting faces is formed (Fig.5D). It cuts off the segments in two rows, parallel to its cutting Institute of lifelong learning, University of Delhi
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faces in a regular alternate sequence (Fig.5E). Now, upper 3-4 cells of this filament divide by diagonal vertical walls, each forming two unequal cells (Fig.5G). The smaller daughter cell differentiates as first jacket initial (Fig.5F,G). Larger daughter cell subsequently undergoes division to differentiate into outer second jacket initials and inner primary androgonial cells. So each cell of the filament forms two jacket initials and one primary archegonial cell (Fig.5H). The primary jacket cells further divide anticlinally to form a single layered wall (jacket) of the antheridium (Fig.5I,J). The jacket cells contain chloroplasts when young which change to chromoplasts as the cells mature. The apical cell of the filament differentiates into cap region or operculum of the antheridial wall (Fig.5K, L). The primary androgonial cells undergo divisions to form several androgonial cells, the last generations of which are known as androcyte mother cells. Each androcyte mother cell divides to give rise to two androcytes that eventually metamorphose into biflagellate antherozoids (Fig. 5M).
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Fig 5 A-L Funaria A-L Successive stages of antheridial development M. An antherozoid with two flagella. Source: Authors



c) Dehiscence: At maturity, the antheridia dehisce when they come in contact with water in the form of rain or dew that gets collected in the cup formed by closely arranged perigonial leaves (Fig. 8A). The antheridia absorb water. This leads to swelling (Fig. 3E) of the inner surface of the outer wall of the opercular cell which becomes mucilaginous. Opercular cell bursts as pressure generates within it. An apical aperture is thus formed at distal end of antheridium (Fig. 8B, C). The mass of androcytes oozes out as slow stream of a viscous fluid (Fig. 8B, D). Simultaneous contraction of antheridial wall and development of the hydrostatic pressure within antheridium also help in the release of androcytes. Androcytes spread out in the form of a thin layer. The cell membranes of the androcytes dissolve in water and biflagellate antherozoids are liberated (Fig. 8E,F) (ii) Female reproductive structure or Archegonium:



a) Position: The archegonial branches or archegoniophore arise laterally at the base of the male shoot (Fig. 3A). Archegonia are borne in clusters at the tip of these branches. They are not as distinct as antheridia. Perichaetial leaves surround the cluster of archegonia and protect them. Paraphyses are also present intermingled with the archegonia. b) Structure: (Fig. 6A-E) The apical part of female branch shows several archegonia arranged in clusters (Fig. 6A). Fig. 6 B, E show the same in a longitudinal section. The mature archegonium is flask shaped structure with an elongated neck, a swollen venter and a long columnar massive stalk. The enlarged venter has a two cell layered wall and encloses a cavity known as venter cavity. The venter cavity has a large basal egg cell and a ventral canal cell above it (Fig. 6C,D). The elongated neck consists of a row of six or more neck cells enclosing a single row of neck canal cells with dense contents.
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A



B



C



fm p e E



D



Fig.6 A-E Funaria A. an archegonial cluster showing long necks (arrow) B. Diagrammatic sketches of L.S. archegonial head and C. a single archegonium. D. W.M. of an archegonium depicting an egg (e) and paraphysis (p) E. L.S. female branch (fm) bearing archegonial head. Source: A: http://www.sciencephoto.com/media/538102/view B,C: http://www.slideshare.net/jayakar/life-cycle-offunaria D,E: Authors
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k i Fig.7 A-I Funaria Successive stages in the development of archegonium K. Note the twisted neck of the archegonium. Source: A-K Authors



c) Development: A single apical cell acts as an archegonial initial (Fig. 7A) that divides transversely to form two cells. The basal cell is called stalk cell and the upper is termed archegonial mother cell (Fig.7B). Latter differentiates two cutting faces with an archegonial initial at the tip of the archegonial branch. It cuts off 4-8 segments that divide again to form long columnar stalk of the mature archegonium that remains embedded in the tissue of the archegonial branch. The apical cell now divides by three intersecting oblique divisions, forming a central tetrahedral primary axial cell surrounded by three peripheral cells (fig. 7C, D). The three peripheral initials undergo one vertical division each to form six jacket initials (fig. 7E). Unlike Hepaticopsida, in Funaria the neck develops by the divisions of the axial cell and not from the jacket cells. The axial cell undergoes transverse division to form an inner central cell and an outer primary cover cell (fig. 7F). The inner central cell Institute of lifelong learning, University of Delhi



17



divides transversely to form the inner primary ventral cell and outer primary neck canal cell (fig. 7G). The primary neck canal cell then divides transversely to form a row of neck canal cells which occupy the lower and the median part of the neck (fig. 7H). At this stage, the outer primary cover cell functions as an apical cell with four cutting faces, one basal and three laterals. The divisions of the three lateral faces form a jacket of the neck comprising six rows of cells, whereas divisions of the basal face form an axial row of neck canal cells which occupy the upper part of the neck. Thus in Funaria, the neck canal cells in the median and lower part of the neck develop from the primary neck canal cells and those in the upper region of the neck develop from the basal face of the cover cell. Therefore the neck has a dual origin. The Primary venter cell undergoes transverse division and gives rise to a venter canal cell and an egg cell (Fig. 7I). The long neck of Funaria is twisted and is a characteristic feature of Funaria (Fig. 7K). Just before fertilization, neck canal cells and the ventral canal cell degenerate (fig. 8G) to form a slimy mucilaginous fluid which absorbs moisture and swells. Consequently, the terminal cells of the archegonial neck are forced apart and even some of the neck cells are thrown off. A free passage way down to the egg is thus formed for the entry of antherozoids.



Fertilization In Funaria fertilization essentially requires water as in other bryophytes. Usually, a shallow, cup-like structure acting as a splash cup is formed by overlapping perigonial bracts surrounding the terminal antheridial cluster (Fig. 8A). The apical cup holds a thin film of water collected as a result of rain or dew. Operculum, the apical cell of the antheridium absorbs water and bursts making way for the spirally coiled biflagellate antherozoids to escape from the antheridium (Fig. 8 B,C).. Each antherozoid is still enclosed within a vesicle (Fig. 8 E). The vesicles dissolve on coming in contact with water and the antherozoids are set free (Fig. 8F).. Androcytes then spread out in the form of a thin film on the water surface and eventually move down from the perichaetial cup to the archegonial cluster situated at a lower level. Rain drop splashes from a height would also result in antherozoids
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Fig.8 A-G Funaria A. Plant exhibiting splash cup (sp). Rhizoids (rh) are also visible B. mass of antherozoids (s) oozing out of ruptured antheridium (a) C. Ruptured antheridium. Arrow shows open operculum D. mass of antherozoids (s) E. An antherozoid in a vesicle F. An antherozoid G. An archegonium showing sperm travel in the neck. Source: A: http://delta-intkey.com/britms/images/berke241.jpg B:http://en.wikisource.org/wiki/Popular_Science_Monthly/Volume_25/June_1884/Modes_of _Reproduction_in_Plants C-G Authors falling



on



the archegonial



cluster lower



down. The antherozoid



dispersal



is also



accomplished by small insects. These insects feed on the mucilage exuded by the paraphyses surrounding the sex organs. Upon reaching the archegonial cluster the antherozoids swim towards archegonia. Entry of antherozoids into the archegonium is facilitated by the presence of chemotactic substances in the mucilage. All guided antherozoids enter into the neck of the archegonium, but only one of them fuses with the egg nucleus to complete fertilization (Fig. 8G). After fertilization a zygote is formed with double set of chromosomes. Zygote is the first cell of the sporophytic generation.



Sporophyte The zygote enlarges and secretes a wall around it. It divides to form an embryo, which subsequently leads to formation of sporophyte (Fig. 9A, B). The sporophyte of Funaria is located at distal end of female branch and is therefore an acrocarpous moss. a) Structure: The mature sporophyte is divided into three distinct regions: foot, seta and capsule (Fig. 9A,B). Foot: It forms the basal region of the sporophyte. It is a dagger-like, small conical structure (Fig. 9C) inserted in the tissue of the apical region of the leafy archegoniophore. It functions as an anchorage and an absorbing organ. The outer walls of epidermal cells in foot have finger like wall ingrowths to increase their surface to volume ratio for absorption of nutrients. These wall ingrowths fuse at their extreme end forming labyrinth containing pockets of cytoplasm. These cells are termed as transfer cells. Similar type of extensive labyrinths is also present in the neighboring gametophytic tissue. Seta: It is a long, cylindrical, tough, stalk-like structure and appears reddish-brown in color (Fig. 9B). Moreover, it is twisted because of which Funaria derives its name. At maturity, it Institute of lifelong learning, University of Delhi
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Fig.9 A-I Funaria A. Gametophytes with sporophytes B. A single gametophyte with sporophyte C. W.M. foot D. T.S. seta E. T.s. apophysis F. L.s. wall of apophysis showing stomata G. Scanning electron micrograph of stomata H. A capsule with calyptra (arrow). Note the degenerated neck at the tip of calyptra I. Capsule showing operculum after removal of calyptra. Source: A http://www.hiddenforest.co.nz/bryophytes/mosses/familys/funariaceae/funar01.htm
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B: http://www.slideshare.net/jayakar/life-cycle-offunaria C Authors D.,E,F Aothors G: http://www3.botany.ubc.ca/bryophyte/sem/funaria_stomata.html H:http://www.uni-koeln.de/math-nat fak/botanik/lehre/exkursionen/kleineexkursionen/moose/funaria/funaria.htm I: https://www.flickr.com/photos/stephenbuchan/6995753486/ bends in a characteristic manner and bears the capsule at its tip lifting it more than an inch above the tip of the leafy gametophore. It is differentiated into an outer epidermis, thick walled cortex and a central strand of thin walled cells (Fig. 9D). Epidermis is covered with a cuticle. The central strand acts similar to the primitive type of vascular system. The thickwalled cells of cortex provide strength to the slender seta so that it can withstand the weight of the capsule. Seta helps in conduction and provides support to the sporophyte. Capsule: The pear-shaped capsule of Funaria (Fig. 9A, B) is a highly organized structure. It is initially of green color (Fig. 9H, I) and subsequently turns yellow and then orange (Fig. 14A, F, G). The apex of capsule is covered by a conical hood or a cap, known as the calyptras (Fig. 9H). The calyptra



is covered by a multi-layered cuticle including layers



analogous to the cuticular layer, cell wall projections, electron-lucent and electron-dense cuticle as observed in vascular plants. The calyptra and its associated cuticle represent a unique form of maternal care in embryophytes. This organ has the potential to play a critical role in preventing desiccation of immature sporophytes and thereby may have been essential for the evolution of the moss sporophyte. Calyptra falls off at maturity leaving the capsule bare with operculum at its apex (Fig. 9I, 14A, F). The complex internal structure of the capsule can be studied in longitudinal section (Fig. 10A, B). A significant feature of moss capsule is that fertile tissue is reduced to an archesporium whereas the sterile tissue includes major part of capsule i.e. apophysis, capsule wall, collumella, operculum and peristome teeth. Moss capsule can be divided into three well marked regions. i. Apophysis: It is the lowermost region of capsule and is somewhat swollen (Fig. 10A, B). It is the photosynthetic portion of the capsule and therefore green. It also plays a role in conduction of water and food materials. It is also called the neck of the capsule. Cross section of apophysis shows that it is covered by epidermis on the outer side. The epidermis is obstructed by stomata, which leads to airspace below known as the substomatal cavity (Fig. 9F). Figure 9G is a scanning electron micrograph of stomata. Inner to the epidermis is present a broad spongy region of sterile cells rich in chloroplasts with distinct intercellular Institute of lifelong learning, University of Delhi
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spaces (Fig. 10A,B).. This spongy region envelops the central conducting strand, which is composed of vertically elongated, thin-walled, narrow cells lacking chloroplasts. The central conducting strand is connected with the central strand of the seta below. ii. Theca proper: It lies between the apophysis and the opercular region (Fig. 10A, B). It is a slightly bent, swollen middle region of the capsule. It is the fertile part of the capsule and produces spores. The capsule wall in theca region is several cells thick. The epidermal layer is in continuation with epidermal layer of apophysis. It contains fewer chloroplasts and is followed by colorless parenchymatous hypodermal layer.
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Fig.10 a-F Funaria A. L.s. mature capsule B. Diagrammatic representation of A. C. L.s. capsule through annulus (an) region showing diaphgram (d), outer peristome teeth (op) and inner peristome teeth (ip) D. An operculum (slightly ruptured on the left E. Apical part of the capsule showing intact peristome teeth that twist spirally to the left and converge together at the tip to a small central pad of tissue F. Two outer peristome (op) teeth on the left and two inner peristome (ip) teeth on the right. Note the thickened transverse bars on
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the outer teeth G. T.s. capsule moss H. Apart of G. enlarged to show epidermis (e), capsule wall (cw), spore sac (ss) and columella (co). Source: A, B: http://www.slideshare.net/jayakar/life-cycle-offunaria C. http://www.biologie.uni-hamburg.de/b-online/e46/peristom.htm D. http://www.plantasyhongos.es/briofitos/Bryidae_capsula.htm E. http://www.visualphotos.com/image/1x6041862/coloured_sem_of_funaria_sp _moss_spore_capsule F. http://delta-intkey.com/britms/www/funariac.htm G,H authors Beneath the two layered hypodermis is present spongy layer with loosely arranged cells containing chloroplast. Theca is differentiated into following regions and can be studied with the help of longitudinal sections (Fig. 10A, B) as well as transverse sections (Fig. 10G, H): Columella: (Fig. 10A, B, G, H) It is the central cylindrical colorless core of the theca of capsule. It is made up of parenchyma cells. The upper cone-shaped end of the columella is connected with the operculum (Fig. 10D). and at the lower constricted end it is connected with the central strand of apophysis. The columella provides nutrients and water for the development of spores in the spore sac. Spore sacs: (Fig. 10A, B, G, H) The columella is surrounded on the outer side by an elongated spore sac containing numerous spores. L.S. of the capsule reveals that the inner wall of spore sac is only single layered whereas the outer wall is 3-4 layered. Each spore mother cell gives rise to four haploid spores. Elaters are absent in the spore sac of Funaria. Air space: A large air space is present on the outer side of the spore sac. It is traversed by delicate strands of elongated green parenchymatous cells, known as trabeculae (Fig. 10A, B). The trabeculae traverse from the innermost layer of the capsule wall to the outer wall of the spore sac and connect both the layers. iii. Apical portion: The apical region of the capsule can be differentiated in two important parts, the operculum and peristome (Fig. 10A-F). Operculum or lid: It is an obliquely placed, conical, cap-like terminal region of the capsule (Fig. 10D). and is 4-5 layers thick. The inner layers form the major portion of the operculum and are composed of small, thin walled parenchymatous cells. It is bound by an epidermal surface layer which consists of thick walled cells. Initially the operculum is Institute of lifelong learning, University of Delhi
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continuous with the theca region but later it becomes delineated by the presence of a narrow, circular constriction (Fig. 10C). Two/ three layers of radially elongated, thick-walled cells are present below the constriction. These cells constitute the circular rim or diaphragm and join the epidermis to the peristome. They are perforated within and in the center by the thin-walled cells, which are in continuation with the columella. Peristome: (Fig. 10A-F, 14B-E) Beneath the operculum are present peristome teeth (Fig. 10E). It consists of two rings of long, conical teeth (Fig. 10F), one within the other and thus are of orthodontous type. Sixteen teeth are present in each set. The outer set is called exostome whereas the inner set is termed endostome. The teeth of both the sets are opposite to each other (Fig. 14E) and are on the same radii. The conical distal ends of the teeth of the outer set merge towards each other and join terminally to form a small central disc of tissue (Fig. 10 E, 14B, C). The peristome teeth are shaped structures to guard the opening of the spore sac. They are joined to the base of the rim or diaphragm (Fig. 10C). The outer set of the peristome teeth, being hygroscopic, respond to the changes in humidity (Fig. 14C). The presence of peristome teeth closing the mouth of the theca region reduces the speed of spore discharge. The broadest lower part of the operculum is called annulus and is present above the rim of the theca region (Fig. 10C). Annulus is composed of 4-5 layers of cells. The upper two or three layers of annulus constitute a special ring of modified cells forming the edge of the detached operculum. The lower two layers of annulus, composed of thin-walled cells with distended form, make up the annulus proper. The thin walled annulus cells degenerate; operculum gets loosened and is later dropped off (Fig. 14F). b) Development: (Fig 11A-M, 12A-I) The zygote (Fig. 11A) undergoes a transverse division forming a lower hypobasal and an upper epibasal cell (Fig. 11B). Both cells undergo two successive diagonal divisions (Fig. 11C, D). As a result an apical cell with two faces is differentiated in the epibasal as well as in the hypobasal half. Divisions of the epibasal apical cell contribute to the formation of capsule and the upper part of the seta while those of the hypobasal apical cell form the remaining part of the seta and the foot. In Funaria, the embryo at this stage has biapical growth i.e. it has two growing points (Fig. 11E). The embryo now changes from ovoid to ellipsoid and finally results in a spindle shaped structure by the active divisions of two apical cells (Fig. 11F-H). The spindle grows rapidly at the upper end. Divisions at lower end are irregular. Biapical growth of embryo continues till the embryo assumes elongated, cylindrical form (Fig. 11L, M, 13B, C, D). The apical region of embryo divides to form operculum, spore sac and a part of apophysis. The sub-apical region of embryo harbors intercalary meristem which divides to
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form seta and lower region of apophysis. Lower most region of embryo enlarges to form foot (Fig. 11L). The function of foot is to obtain water, nutrients and food from parent plant for the developing sporophyte. Fertilization stimulates upper 2/3 of the venter cells to divide and form calyptra, a protective maternal covering that surrounds the capsule till maturity (Fig. 11L). The two cutting faces of the epibasal apical cell (Fig. 11G, 12A) divide by a vertical wall forming a quadrant (Fig. 11I, 12B).



Cells of quadrant further divide by a curved



anticlinal division to form a larger rectangular and a smaller triangular cell (Fig. 11J, 12C). At this stage, the eight cells of the embryo (four triangular and four rectangular) are arranged alternately. Four rectangular cells divide periclinally to form eight peripheral cells, which are divided into two regions, inner and outer (Fig. 11K, 12D). Inner cells form the endothecium whereas outer cells form amphithecium. Figure 12 shows successive stages of capsule development as viewed in transverse sections. The cells of amphithecium and endothecium form primary embryonic layers of sporangium. Endothecium differentiates further to form the columella, single-layered inner spore sac wall and fertile cells of the sporogenous tissue in theca region ( Fig. 12E-I). It also forms central mass of thin walled parenchymatous cells of operculum which are in continuation with columella. In the apophysis region endothecium differentiates to form conducting strand.
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M Fig. 11 A-K Funaria successive stages in the development of young sporophyte. M Archegonial branch whose perichaetial leaves have been removed to show young sporophyte (s), and degenerating neck (n). Source: Authors
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Fig. 12 Funaria A-I Successive stages of capsule development as seen in T.S. showing the development of five rings of cells, endothecium, amphithecium and columella. Source: Authors



Embryonic cells of amphithecium differentiate to form epidermis, hypodermis, spongy layer and trabeculae in theca region; and operculum, peristome teeth and the all the tissues external to conducting strand in the apophysis region of the capsule. Morphologically, figure 13A-F shows various developmental stages beginning from protrusion of young capsule from the leafy gametophyte with the help of elongating seta. The degenerating neck of the archegonium can still be seen at the tip of young capsules. To begin with the seta carrying the capsule is straight but later it bends in a manner characteristic of Funaria. At maturity, the calptra (Fig. 9H, 13G) falls off the capsule exposing the operculum (Fig. 9I, 14A).
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d) Dehiscence: As the mature capsule dries, the thin walled cells of the annulus and operculum (Fig. 10C) shrink and eventually rupture. Operculum too gets loosened in the process and is thrown away. Falling off the operculum exposes the peristome teeth (Fig. 10E, 14B, F). The outward hygroscopic movements (Fig. 14D) of the peristomial teeth are responsible for falling of the operculum. Columella and adjoining thin walled tissue shrivel. Slits are formed and spores disperse gradually through these slits (Fig. 14C). In Funaria, there is a constitutional mechanism for dispersal of spores only under favorable conditions. Hygroscopic movements of the peristome teeth regulate spore discharge. Under conditions of high humidity, outer peristome teeth absorb water and move inwards together, thus closing the mouth of cavity containing spores. In dry conditions, peristome teeth loose water and bend outwards (Fig. 14D) with jerky movements. Inner peristome teeth are analogous to sieve and therefore spores are dispersed easily. The seta of the mature sporophyte displays hygroscopic movements. In dry weather, it twists and bents(Fig. 14F,G) by loosing water, thus helping in release of spores (Fig. 14E). e) The Young Gametophyte f)



The spores of Funaria are haploid and thus represent the first cell of the gametophytic generation. They are released through wind. Moss spores are resistant to degradation and help the plant to survive under unfavourable conditions. They also help in dispersal of the species to newer habitats. Structurally, they are small, spherical structures with a smooth surface ranging in diameter from 12-20 µm. The spore wall is two layered. The outer layer known as exine or exospore is smooth smooth and brown colored, whereas and the inner wall or intine or endospore is colorless. The cytoplasm of spore contains a single nucleus, oil globules and chloroplasts. The moss spore germinates (Fig. 15A) under favorable conditions of light, temperature and humidity. Absorption of water by the spore results in swelling of the intine leading to rupture of the exine. Intine produces a papilla through the rupture of exine. Spore protoplast moves into papillae and a germ tube is formed in the center of aperture (Fig. 15A). It soon forms a long filamentous, green, primary protonema which grows over the soil and branches irregularly (Fig. 15B). Cell walls of protonemal cells are colorless. Growth of protonema is apical. It forms two different types of branches i.e. the chloronemal branches and the rhizoidal branches (Fig. 15C). The chloronemal branches are positively phototropic, green because of the presence of chloroplasts in their cells and grow upright. The rhizoidal
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Fig. 13 A-G Funaria sporophyte-successive stages of development. Note the seta emerging from gametophyte and carrying the developing capsule at the tip. G. shows an upper capsule with calyptra (arrow) and a lower capsule without seta. Source: A. http://commons.wikimedia.org/wiki/File:Funaria_hygrometrica.jpeg



B. http://wisplants.uwsp.edu/bryophytes/scripts/bigphoto.asp?bigphoto=/FUNHYG_ML4.jpg&taxon =Funaria%20hygrometrica%20Hedw.&phog=Michael%20L%FCth&spcode=FUNHYG C. http://www.fnanaturesearch.org/index.php?option=com_naturesearch&task=



Institute of lifelong learning, University of Delhi



31



view&id=543 D.E. http://commons.wikimedia.org/wiki/File:Funaria_hygrometrica.jpeg F. http://commons.wikimedia.org/wiki/File:Sporophytes_of_the_moss_Funaria_hygrometrica_ -_USGS_Bee_Inventory_and_Monitoring_Laboratory.jpg G. http://mikawanoyasou.org/koke/hyoutangoke.htm
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Fig. 14 A-G Funaria A. sporophyte without calyptras but with operculum B. A sporophyte showing intact peristome after removal of operculum C. Scanning Electron Micrograph of the intact peristome teeth converging to a central mass of cells. D. Diagrammatic representation of outwardly curved outer peristome teeth and erect inner peristome teeth. E. Sporophytes showing peristome teeth F. Sporophytes after falling off of operculum. G. Dry sporophytes after spore dispersal. Source:



A: https://www.flickr.com/photos/stephenbuchan/6995753548/



B: http://www.countrysideinfo.co.uk/moss_article/page1.htm



E



C: http://scinerds.tumblr.com/post/21613885257/funaria-hygrometrica-peristome D: http://www.plantasyhongos.es/briofitos/Funariales.htm E. http://www.turkleronline.net/hayat/bitkiler/bitki_sayfa_1.htm: F: http://www.nhm2.uio.no/botanisk/mose/Helge_Gundersen/HGGkompr/ G: https://www.flickr.com/photos/huenchecal/3517909584/ branches have oblique cross walls, are non-green and penetrate into the soil for absorption and anchorage. They become green when exposed to light on the surface of soil. The rhizoidal branches are not homologous to rhizoids of Hepaticopsida but being subterranean represent the hidden half of the protonema. The choronemal stage is later followed by the caulonemal growth stage (Fig. 15C, D). Factors such as low temperature, submersion, low light intensity promote the formation of caulonema. Most of the cells of choronema stage degenerate after a growth of ~ 20 days. However, a few apical cells that remain alive form another type of filaments known as caulonema. These filaments are negatively phototrophic and grow rapidly on the surface of substratum. Their cells have brown walls, oblique septa (Fig. 15 D), and fewer, spindle shaped irregularly distributed chloroplasts. The branches of caulonema are small and horizontal. These caulonemal filaments branch regularly growing extensively with the help of an apical cell. The side branches of caulonema are small, erect or horizontal and contain several chloroplasts (Fig. 15D). They grow slowly, resemble choronema and when a critical stage is reached, they form several small buds. Each bud usually arises as a lateral swelling just behind a cross wall at the base of the aerial branches but may also develop directly on the brown filaments of the prostrate system. Soon a tetrahedral apical cell with three cutting faces is differentiated in it. The apical cell divides and re-divides to form the leafy gametophore which eventually grows intoa mature gametophores (Fig. 15D). Cytokinins, the naturally occurring growth factors are known to have two different effects on protonema. They induce branching of unbranched caulonema
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Fig. 15 A-D Funaria A. Spore germination B. Chloronemal filaments C. Primary protonema D. Protonema bearing buds and a young gametophyte. Source A: https://www.anbg.gov.au/bryophyte/life-cycle-in-nutshell.html B: http://en.wikipedia.org/wiki/Protonema#mediaviewer/File:Physcomitrella_Protonema.jpg C: http://www.soivakasvio.edu.hel.fi/galleria/itiokasvit/sammaleet/sammaleet_5.htm D: http://www.slideshare.net/jayakar/life-cycle-offunaria



and bud formation. Branching occurs after treatment with pico-molar concentrations of cytokinins whereas bud formation requires micro-molar concentrations. Cytokinins thus independently stimulate both processes. Gametophores subsequently produce large number of leaves and rhizoids. Protonemal branches degenerate and several gametophoresborne on the protonema become independent. Figure 16 summarizes the developmental stages leading to the formation of a gametophore beginning from spore germination.
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Fig. 16 Funaria A-G Successive gametophyte/sporophyte formation.



stages



beginning



from



spore



germination



to



Source: http://5e.plantphys.net/article.php?id=237



Life cycle Funaria exhibits alternation of generations (Fig. 17). Two distinct individuals, sporophyte and a gametophyte, each with different functions and genetic constitution alternate with each other in the single life cycle of the moss. Leafy gametophyte of the plant represents the haploid phase (n) in the life cycle of Funaria. The diploid phase (2n) is the leafless sporogonium, and is partially dependent on the leafy gametophyte for nutrition. The haploid plant reproduces by antheridia and archegonia that form male and female gametes which subsequently fuse to form zygote (Fig. 17). This phase represents sexual generation. The zygote develops into diploid sporophyte that reproduces by the formation of spores and represents asexual generation. The spores form protonema that represents an intermediate phase between a sporophyte and a gametophyte. Protonema also reproduces vegetatively.



Summary 1. The genus Funaria belongs to sub-class bryidae, order funariales and family funariaceae.
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Fig. 17 Funaria-Life cycle Source: http://nyagyaa.blogspot.in/2012/01/funaria.html
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2. It is usually found as a small to medium sized, yellowish-greenish plant in terrestrial places. 3. The plant body is the gametophyte and consists of two distinct growth stages, (i) a juvenile stage represented by prostrate filamentous protonema and, (ii) an upright leafy gametophore. 4. Protonema consists of freely branched green filaments (known as chloronemal branches) forming a bright green mat like coating on the moist soil. These green filaments are attached to the substratum by colorless or brown rhizoids penetrating the soil. During development, several lateral buds develop on protonema. Each lateral bud develops into a leafy shoot. Protonema degenerates and the adult gametophytic plant consists only of erect leafy shoot, 1-3 cm in height, representing a moss plant. 5. Gametophores of Funaria frequently reproduce by both vegetative and sexual means. 6. Leafy gametophores of Funaria propagate vegetatively by multiplication of primary protonema by fragmentation, secondary protonema, gemmae, bulbils and apospory. 7. Sexual reproduction takes place by formation of male and female reproductive structures called antheridia and archegonia respectively. These reproductive structures develop in terminal clusters on leafy gametophores and project from the surface of plant. Funaria is monoecious and protandrous. 8. Antheridia are borne in closely packed clusters on the expanded tip of the leafy antheridiophore. Antheridial cluters are surrounded by a rosette of spreading leaves, called perigonial leaves. Numerous long, green, sterile, erect capitate hairs known as paraphyses are intermingled with the antheridia. A mature antheridium has a club-shaped, elongated orange colored body borne on a short massive multicellular stalk. The body has a singlelayered outer jacket of polyhedral and flattened cells. Antheridium wall encloses a dense central mass of numerous small cells called androcytes. Each androcyte produces a single biflagellate sperm. At maturity, the antheridia dehisce on coming in contact with water. An apical aperture is thus formed at distal end of antheridium. The mass of androcytes oozes out as slow stream of a viscous fluid. 9. The archegonial branches or archegoniophore arise laterally at the base of the male shoot. Perichaetial leaves surrounded the cluster of archegonia and protect them. Paraphyses are also present with the archegonia. The mature archegonium is flask shaped structure with an elongated neck, a swollen venter and a long columnar massive stalk. The venter cavity has a large basal egg cell and a ventral canal cell above it. Just before fertilization, neck canal cells and the ventral canal cell degenerates to form a slimy
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mucilaginous fluid which absorbs moisture and swells. A free passage way down to the egg is thus formed for entry of antherozoids. 10. Water containing antherozoids may move down from the perichaetial cup to the archegonial cluster situated at a lower level. The antherozoid dispersal is also accomplished by water or small insects.



Only one sperm unites with the egg nucleus to complete



fertilization. After fertilization a zygote is formed with double set of chromosomes. Zygote is the first cell of the sporophytic generation. 11. Zygote divides to form an embryo, which subsequently leads to formation of sporophyte. The mature sporophyte is divided into three distinct regions: foot, seta and capsule. It forms the basal region of the sporophyte. It is a dagger-like, small conical structure inserted in the tissue of the apical region of the leafy archegoniophore. It functions as an anchorage and an absorbing organ. Transfer cells are present in foot region. Seta is a long, cylindrical, tough, stalk-like structure and appears reddish-brown in color. It bears the capsule at its apex and lifts it more than an inch above the tip of the leafy gametophore. The pear-shaped capsule of Funaria is a highly organized structure. The apex of capsule is covered by a conical hood or a cap, known as the calyptra. Calyptra falls off at maturity leaving the capsule bare at its apex. 12. Moss capsule can be divided into three well marked regions. Apophysis is the lowermost region of capsule is photosynthetic. It also plays a role in conduction of water and food materials. Theca region lies between the apophysis and the opercular region. It is a slightly bent, swollen middle region of the capsule. It is the fertile part of the capsule and produces spores. Theca is again differentiated into columella (the central colorless cylindrical region, providing nutrients and water for the development of spores in the spore sac), spore sac (contains numerous spores), air space (traversed by trabeculae), apical portion (differentiated into operculum, peristome teeth and annulus). In Funaria, there is a constitutional mechanism for dispersal of spores only under favorable conditions. Hygroscopic movements of the peristome teeth regulate spore discharge. 13. The spores of Funaria are haploid and thus represent the first cell of the gametophytic generation. They are released through wind. Spores are small, spherical structures with a smooth surface ranging in diameter from 12-20 microns. The spore wall is two layered. The cytoplasm of spore contains a single nucleus, oil globules and chloroplasts. Absorption of water by the spore results in swelling of the intine leading to rupture of the exine. Intine produces a papilla through the rupture of exine. Spore protoplast moves into papillae and a germ tube is formed in the center of aperture. Positively phototropic, green chloronemal branches and non-green rhizoidal branches are formed. Low temperature, submersion, low
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light intensity promotes the formation of caulonema. The side branches of caulonema are small, horizontal and choloronematic and develop buds. Leafy gametophore develop from the buds. 14. Funaria exhibits alternation of generations. Two distinct individuals, sporophyte and a gametophyte, each with different functions and genetic constitution alternate with each other in the single life cycle of the moss.



Glossary acrocarpous: with the gametophyte producing the sporophyte at the end of the stem or main branch. Most acrocarpous mosses grow erect in tufts, and they are not or only sparsely branched. amphithecium: the outer embryonic tissue of an embryonic capsule surrounding the central endothecium; gives rise to all tissues from the epidermis to the outer spore sac; annulus: one or more rings of enlarged, specialised cells between the mouth of the capsule and operculum, aiding in dehiscence. antheridium (pl. antheridia): the male gametangium; a multicellular stalked, structure with a jacket of sterile cells and producing large numbers of antherozoids (male gametes); globose to broadly cylindrical in shape. antherozoid: a motile male gamete; in mosses propelled by two flagellae. anticlinal: oriented perpendicular (rather than parallel) to the surface. apical cell: a single cell at the apex of a shoot, leaf or other organ that divides repeatedly to produce new leaves, stems or other organs. apophysis (pl. apophyses): a differentiated sterile neck at base of the capsule, between the seta and urn; sometimes swollen or expanded. archegonium (pl. archegonia): the female gametangium; a multicellular, flask-shaped structure consisting of a stalk, a swollen base (venter) containing the egg and a neck through which the antherozoid swims to fertilise the egg. autoicous: with male and female gametoecia on separate stems or separate branches of the same plant (monoicous). cf. synoicous, paroicous, dioicous. calyptra (pl. calyptrae): a membranous or hairy hood or covering that protects the maturing sporophyte; derived largely from the archegonial venter. caulonema: a secondary, bud-generating part of the filamentous moss protonema, typically reddish brown with few chloroplasts and consisting of long cells with oblique end walls. Institute of lifelong learning, University of Delhi
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chloronema: the filamentous part of the protonema that contains chloroplasts. columella: the sterile, central tissues of a moss capsule. foot: the basal organ of attachment and absorbtion for the bryophyte sporophyte, embedded in the gametophyte. gametophore: loosely used for the leafy moss gametophyte plant developed from a protonema. gemma (pl. gemmae): uni- or multi-cellular, globose, clavate, filiform, cylindrical or discoid structures, borne on the aerial part of the plant and functioning in vegetative reproduction. operculum (pl opercula): the lid covering the mouth of most moss capsules, becoming detached at maturity; usually separated from the mouth by an annulus. paraphyses (sing. paraphysis ): sterile hairs composed of uniseriate cells, coloured or hyaline, associated with antheridia and sometimes archegonia. perichaetial leaf: a modified leaf surrounding the archegonia. perichaetium: the female gametoecium, consisting of the sex organs and the perichaetial leaves surrounding them. periclinal: oriented parallel (rather than perpendicular) to the surface. perigonial leaf: a modified leaf associated with and surrounding the antheridia. perigonium: the male gametophore, consisting of the sex organs and the perigonial leaves associated with them. peristome: a circular structure generally divided into 4, 8, 16 or 32 teeth arranged in single or double (rarely multiple) rows around the mouth of the capsule and visible after dehiscence of the operculum. protonema (pl. protonemata): a filamentous, globose or thallose structure resulting from spore germination and including all stages up to production of one or more gametophores. The protonema varies in the amount of chlorophyll present and the degree of obliqueness of its end walls, and in its branching. seta (pl. setae): the elongated portion of the sporophyte between the capsule and the foot. splash-cup: a cup-shaped androecium in which the dispersal of antherozoids is aided by the action of falling raindrops. theca (pl. thecae): the spore-bearing part of a moss-capsule trabecula (pl. trabeculae): projecting cross-bars formed from the horizontal walls on either face of arthrodontous exostome teeth; also strands of cells bridging spaces within some capsules.
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transfer cells: specialised cells at the interface of the gametophyte and sporophyte which transfer nutrients from the former to the latter. venter: the swollen basal part of an archegonium, containing the ovum.



Exercises Q1 Differentiate between the following: I. II.



Choloronema and caulonema Calyptra and operculum



III.



Exostome and endostome



IV.



Hydroids and leptoids



V.



Perichaetium and perigonium



Q2 Fill in the blanks: I. II.



Archesporium differentiates from ……………………….. The gametophytic phase is divided into ……………stage and ……………stage



III.



……………..are absent in the sporophyte of Funaria



IV.



Funaria is ………………… moss as the antheridial and archegonial heads are borne on two distinct branches of the same plant.



V.



Sterile hair associated with antheridia and archegonia are known as …………….



Q3 Match the following: I. II.



Perigonium



a) vegetative reproduction



Splash cup mechanism



b) archegonial head



III.



Protonema



IV.



Perichaetium



d) antheridial head



Calyptra



e)



V.



c) capsule fertilization



Q4 Answer the following: I.



The sporophyte of Funaria shows high degree of specialization and sterilization. Comment.



II. III.



Describe the splash cup mechanism in Funaria. How do the peristome teeth help in dispersal of spores? Explain.
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IV.



Draw well labeled diagrams of (a) L. S. sporophyte (b) L.S. antheridial head (c) L.S. archegonial head.



V.



Describe the phenomenon of bud formation in protonema and conversion of chloronema to caulonema.
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