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Mini Review

ABSTRACT

Cell is the structural and functional unit of life, in every living organisms are
made from a cells. Every cell containing cytoplasm, nucleus and plasma
membrane. A collection of cells is referred to as a tissues, on this review we
will discussing plant and animal tissues. Plant tissues are majorly divided
into meristematic and everlasting tissue, permanent (everlasting tissue)
tissue again categorised into simple and complex tissue. Simple tissue
(composed of single cell type) sub classified into dermis, parenchyma,
collenchyma, sclerenchyma. Complex tissue (tissue composed of more than
one cell type) sub-categorised into xylem and phloem, xylem vessels
containing tracheids, phloem containing sieve tubes and companion cells,
sieve tubes and RBC does not containing nucleus, ultimate all cells
containing nucleus except sieve tubes and RBC. Animal tissues are
classified into epithelial, connective, muscular and nervous tissues.
Epithelial tissues classified into simple epithelium and compound
epithelium, simple epithelium again classified into squamous, cuboidal,
columnar, ciliated epithelium. Connective tissues categorised into loose
connective tissue, dense connective tissue, specialised connective tissue.
loose connective tissue containing areolar and adipose tissues, specialised
connective tissue containing bone, cartilage, blood, lymph. Muscular tissue
sub-classified into striated (skeletal), unstriated (easy), cardiac tissues. In
this review provide detail information about these plant and animal tissues.
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INTRODUCTION

A group of biological cells that perform a similar way to function called as tissue. Cells of multi cellular organisms
show division of labour, various metabolic activities are performed by different group of cells [1. Each such group of
cells forms a tissue. Plant tissues are of two main types- meristematic and permanent tissues. Meristematic tissue
is the dividing tissue present at the growing regions of plants, they are meant for growth of an organ [2. Permanent
tissues are derived from meristematic tissue till they lose the ability to dividel3l. Animal tissues are epithelial,
muscular, connective and nervous tissue. Depending on shape and function, epithelial tissue is classified as
squamous, cuboidal, columnar and glandular, epithelium acts as a protective tissue in animals as it does in plants.
Striated, smooth and cardiac muscles are three types of muscular tissues. They perform movement by contraction
and relaxation!#l. The different types of connective tissues in our body include areolar tissue, adipose tissue, bone,
cartilage, tendon, ligament and blood. Connective tissues have widely spaced cells (fibroblasts) embedded in a matrix
having a variety of proteins, polysaccharides, minerals, salts and proteins fibers such as collagen and elastin. They
bind or connect other tissues together, e.g., muscle to bone (tendon), bone to bone (ligament) or various body parts
(blood). Nervous tissue is made up of neurons that receive and conduct impulses, impulse is the passage of electrical
activity along the axon of a nerve cell. Epithelial tissues has free surface, which faces either a body fluid or the outside
environment. Cells are compactly packed with little intercellular matrix. Simple epithelium is composed of a single
layer of cells and functions as a lining for body cavities, ducts and tubes. The compound epithelium consists of two
or more cell layers and has protective function as it does in our skin. Simple epithelium, on the basis of modification,
divided into three types: Squamous, cuboidal, and columnar. Squamous epithelium is made of single thin layer of
flattened cells with irregular boundaries, present in the wall of blood vessels and air sacs of lungs. Cuboidal
epithelium are composed of a single layer of cube-like cells. Present in ducts of glands and tubular part of nephrons
in kidneys, helps in secretion and absorption. Columnar epithelium are composed of a single layer of tall and slender
cells, present in the lining of stomach and intestine, helps in absorption and secretion. Ciliated epithelium are
modified cuboidal or columnar epithelium, cell bears cilia on their free surfaces, present in the inner surface of hollow
organs like bronchioles and fallopian tubes. Epithelial tissue has a variety of functions depending on where its located
in your body, including protection, secretion and absorption. Tissue that supports, protects, and gives structure to
other tissues and organs in the body. Connective tissue also stores fat, helps move nutrients and other substances
between tissues and organs, and helps to repair damaged tissuel®l. Skeletal muscles are under our conscious control,
which is why they are also known as voluntary muscles, since the tissue looks striped when viewed under a
microscope. Nervous tissues is found in the brain, spinal cord, and nerves. It is responsible for coordinating and
controlling many body activities!®l. Its stimulates muscle contraction, creates an awareness of the environment, and
plays a major role in emotions, memory, and reasoning. The cells of the meristematic tissue divides actively to form
specialized structures such as buds of leaves and flowers, tips of roots and shoots, etc. These cells help to increase
the length and girth of the plant. Primary dermal tissues, called epidermis, make up the outer layer of all plant organs
(e.g., stems, roots, leaves, flowers). They help deter excess water loss and invasion by insects and microorganisms.
Ground tissue carries out different functions based on the cell type and location in the plant, and includes
parenchyma (photosynthesis in the leaves, and storage in the roots), collenchyma (shoot support in areas of active
growth), and sclerenchyma (shoot support in areas where growth has created). Vascular tissue transports water,
minerals, and sugars to different parts of the plant. Vascular tissue is made of two specialized conducting tissues:

Xylem and phloem. Xylem tissue transports water and nutrients from the roots to different parts of the plant(’..
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Plant tissues

The cells of meristematic tissue are similar in structure and have thin cellulose cell walls. The cells may be spherical,
oval, polygonal or rectangular in shape. The cells of tissue are compactly arranged and do not have intercellular
space. The cells have dense protoplasm with prominent nuclei. Vacuoles in these cells are either small or absent. On
the basis of their position in the plant body, meristematic tissues are classified into three types- Apical, Lateral and
Intercalary meristems. Apical meristem present at the tips of roots, shoots, branches and leaves. It brings about the
elongation of the root and stem, it results in increase in the height of the plant, which is called primary growth. Lateral
meristem present along the lateral side of the stems and roots, example: Cork cambium(&2l, It causes the organs
(stem or root) to increase in diameter and girth, this is called secondary growth. Intercalary meristem located at the
base of leaves or internodes, Eg: stem of grasses and other monocots and below the nodes Eg: mint. It provides an
increase of length of organ such as leaves and internodes. Meristematic tissue acts as a parent tissue from which
other tissues develop, these tissue take part in growth by formation of new cells. The place of injury in plants is healed

up by the formation of new cells by meristem(10.11] (Figure 1).

Figure 1. Plant tissues.
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Permanent tissues

A permanent tissue is a group of cells, which is derived from the meristematic tissues, but these cells have lost the
power of division temporarily or permanently. The development process by which cells which have been derived from
meristematic tissue, take up a permanent shape, size and function is called differentiation. Permanent tissues are
of three types: Parenchyma, collenchyma, and sclerenchyma. Parenchyma forms the bulk of plant body, it consists
of thin walled living cells, the cells are isodiametric, i.e., equally expanded on all sides!12],

Parenchyma: Parenchyma is present in all the organs of the plants, i.e., roots, stems, leaves, flowers, fruits and
seeds!®3l. The main function of parenchymatous tissue is storage of food, e.g; starch in the parenchyma of cortex of
potato tuber. Parenchyma forms the framework of all the plant organs and tissues like cortex, pitch etc. If chloroplast

is present, the parenchyma tissue is called chlorenchyma and it performs photosynthesis!**! (Figure 2).
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Figure 2. Parenchyma.
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Collenchyma: Collenchyma is usually found in 3-4 layers beneath epidermis in stem, petioles and leaves of
herbaceous dicot plants. The cells of this are living, elongated and irregularly thickened at the corner, in collenchyma,
intercellular spaces are generally absent. It provides the mechanical support, protection, flexibility and elasticity to
the plants organs. It allows easy bending in various parts of the plant (leaf, stem) without breaking, when cells of
collenchyma contains some chloroplasts, they manufacture sugar and starch 1517 (Figure 3).

Figure 3. Collenchyma.
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Sclerenchyma: Sclerenchyma cells are dead cells and they are devoid of protoplasm, they are long and narrow as the
walls are thickened due to lignin, such cell walls are called lignified. The cells of sclerenchyma are closely packed
without intercellular spaces. Cells of sclerenchyma are of two types: Fibers and sclerides!!8l. Fibers consists of very
long, narrow, thick and lignified cells. Sclereids are irregular shaped, this tissue is present in stems, around vascular
bundles, in the veins of leaves and in the hard covering of seeds and nuts. Husk of coconut is made up of
sclerenchymatous tissue. Sclerenchyma is mainly mechanical and protective in function. It gives strength, rigidity,

flexibility and elasticity to the plant body and, thus, enables it to withstand various strains [19] (Figure 4).
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Figure 4. Schlerenchyma.
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Complex permanent tissues

The complex tissue consists of more than one type of cell having a common origin, all these cells coordinate to
perform a common function. Complex tissue are of two types: Xylem or wood and phloem or bast. Xylem and phloem
are both conducting tissues and also known as vascular tissues; together both constitute vascular bundles.

Xylem: Xylem is a vascular and mechanical tissue, xylem is composed of cells of four different types, tracheids, vessels
of tracheae, xylem parenchyma and xylem sclerenchyma (or fibers). Except xylem parenchyma, all other elements are
dead and bounded by thick lignified wall, tracheids and vessels are tubular structures!2°l. The main function of xylem
is to carry water and minerals salts upwards from the root to different parts of shoots, hence also called water
conducting tissue. Since walls of tracheids, vessels and sclerenchyma of xylem are lignified, they give mechanical
strength to the plant body. The parenchyma stores food and helps in the sideway conduction of water(21.22 (Figure 5).
Figure 5. Xylem.
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Phloem: Phloem is a living conducting tissue, it also contains tubers just like xylem but does not perform mechanical
function. Phloem is composed of following four elements or cells: Sieve tubes, companion cells, phloem parenchyma
and phloem fibers(23l, Sieve tubes are slender, tube like structures with perforated walls. Companion cells are living
parenchymatous cells lying on the sides of the sieve tubes. Sieve tubes and companion cells have close cytoplasmic
connections with each other through fine pits. Phloem fibers are thick walled fibers with simple pits, phloem
parenchyma are thin walled, living cell of parenchyma of phloem. Phloem transports (conducts) photosynthetically
prepared food materials from the leaves to the storage organs and later from storage organs to the growing regions
of the plant body24l(Figure 6).
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Figure 6. Phloem.
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Protective tissues: Protective tissues are a part of plant tissue system, protective tissues include epidermis and cork.
Epidermis is the outermost protective layer of plant organs, epidermis are elongated and falttened, without
intercellular space. They are living cells but their inner contents are similar to parenchyma cells[25. In leaves,
epidermis bears small pores called stomata, in some plants living in very dry habitats, the epidermis may be thicker
since protection against water loss is critical. The function of epidermis is the protection of plant from injury and
infection, cuticle of epidermis also helps to reduce water loss by evaporation to prevent dessication. Stomata present
in the epidermis allow gaseous exchange to occur during photosynthesis and respiration, it also facilitates
transpiration(26l,

Cork (or Phloem): Cork cells are dead cells without having intercellular spaces, they appear at the periphery of roots
and stems when they grow older and increase in girth. They also have a chemical called suberin in their walls that
nakes them impervious to gases and water. The function of cork in plant body is to provide protection. It provides
plants from external injury and infection, it also prevents dessication. Since cork does not catch fire easily, it is used
for insulation, shock-absorber, and linoleum, it is also used for making sports good, such as shuttle-cock, table tennis
paddles, cricket balls, etc [27-29],

Animal tissues

Epithelial tissues: All layers and organs in the body are lined by a group of tissues called Epithelial tissues which are
commonly referred to as Epithelium, they cover the surface of all internal as well as external organs!29l. Epithelial
tissue is highly permeable, thus it plays a significant role in the exchange of substances across the cells and helps in
maintaining the osmoregulation. Depending on the number of layers of cells it is composed of, epithelium has been
divided into simple epithelium and compound epithelium. The main function of epithelial tissue are protection,
secretion, absorption, and sensation 31, Simple epithelium is composed of a single layer of cells which mainly make
up the linings of ducts, tubes and other cavities in the body. Based on the structure of the cell, the simple epithelial
tissue is classified three types: Squamous epithelium, cuboidal epithelium, columnar epithelium(32],

Squamous epithelium: It is a simple single-layered epithelium, structurally, squamous epithelium is made up of flat

cells with irregular boundaries. It forms linings of blood vessels and alveolil33! (Figure 7).
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Figure 7. Squamous epithelium.
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Cuboidal epithelium: It is made of cube-shaped cells. It forms the lining of kidney tubules and ducts of salivary
glands[33)(Figure 8).
Figure 8. Cuboidel epithelium.
Simple cuboidal Epitheli-

Connective tissue
Columnar epithelium: It is composed of tall and slender, column-shaped cells. It forms the lining of stomach and
intestine, in some organs, cuboidal and columnar epithelial have cilia present on the outer surface which is called
ciliated epithelium. It helps in the directional movement of materials along the hollow organs like the respiratory tract.
The cuboidal or columnar epithelia which are specialised in secretion are called glandular epithelium which includes
the exocrine and endocrine glands34 (Figure 9).

Figure 9. Columnar epithelium.
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Compound epithelium: It is a multilayered (two or more layers of cells) tissue, helps in protection and has a limited
role in secretion. Skin is a compound epithelium which functions as a barrier against, chemical and mechanical
stresses!33! (Figure 10).

Figure 10. Compound epithelium.
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Connective tissue

The connective tissue is specialized to connect and anchor various body organs. It connects one bone with another
and a bone with a muscle. The cells of connective tissue are loosely spaced and embedded in an intercellular matrix.
The matrix may be jelly like, fluid, dense, or rigid. The nature of matrix decided the function of connective tissue.
Connective tissue binds other tissues together in the organs, connective tissue also provides the structural framework
and mechanical support to different tissues. It is also concerned with body defence, fat storage, repair etc. The main
function of connective tissue are binding, supporting and packing together different organs of the body. It connects
and supports the different tissues, organs, and parts of the body, among the animal tissues, connective tissues are
the most abundant ones in the body. The connective tissue cells are freely arranged in a matrix and are widely
distributed in the body!36l,

Types of connective tissues

Areaolar connective tissue: Except for blood, all other cells secrete collagen (elastin) which offers elasticity and
flexibility to the tissues. It is found underneath the skin; also around nerves and blood vessels, it is composed of
fibroblasts, macrophages, and mast cells. It provides support and repair tissues[3¢! (Figure 11).

Figure 11. Connective tissue.
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Adipose tissue: it consists of large number of oval and rounded adipose cells (adipocytes) filled with fat globules. The

adipose tissue is abundant below the skin, between the internal organs (E.g: around the kidney) in yellow bone
marrow. It serves as a fat reservoir. Adipose tissue acts as food reservoir by storing fat. It acts as an insulator and
regulates body temperature. It is present in skin and organs, it is composed of fat globules and is characterized by
fat storage. It provides insulation due to the fat present, areolar tissue and adipose tissue are two types of loose
connective tissues where the cells and fibers loosely scattered in the semi-fluid matrix[37:38] (Figure 12).

Figure 12. Adipose tissue.
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Bone: It is a hard connective tissue which forms the framework of the body, it has a rigid matrix rich in calcium and

Cytoplasm

collagen fibers. Functions include protection, support, facilitates movements and serves as a site for blood cell

production(32.49(Figure 13).
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Figure 13. Bone.
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Cartilage: It is made of chondrocytes with dense, flexibility intercellular materials. In the majority of vertebrates,
cartilages in embryos get replaced by bones on maturity. They are present at the tips of external ears, bronchi,
vertebral column, etcl4142! (Figure 14).

Figure 14. Cartilage.
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Blood: It is the only fluid connective tissue composed of blood cells (RBC, WBC, and Platelets) and plasma.
Transportation, defence, blood clotting and helps in homeostasis, blood, bone, and cartilage are specialised
connective tissues!*344] (Figure 15).

Figure 15. Blood.
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Areolar (loose) connective tissue: it is a loose and cellular connective tissue, its matrix consists of two kinds of fibers:
White collagen fibers and yellow elastic fibers. Areolar connective tissue is found between the skin and muscles,
around blood vessels and nerves and in the bone marrow. If fills the space between different tissues and organs,
hence called packing tissue 5l It acts as supporting and packing tissue between organs lying in the body cavity. It

provides rapid diffusion of oxygen and nutrients from blood vessels, it helps in repair of tissues after an injury. It helps

in fighting foreign antigen and toxin [46l.
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Dense connective tissue: it is fibrous connective tissue. It is characterized by ordered and densely packed collection
of fibers and cells 471, It is the chief component of ligaments and tendons 48],

Ligament: These are elastic structures made up of yellow elastic fibrous tissues which connect bone to another 9l
Tendons, are cord like, strong inelastic structures that join skeletal muscles to bones, they are composed of white
collagen fibrous tissue. It has great strength but its flexibility is limited [50.51],

Skeletal tissue: It forms the endoskeleton of the body of vertebrates. It includes cartilage and bone.

Muscular tissue, is responsible for movement in our body. Muscles contain special proteins called contractile
proteins, which contract and relax to cause movement 521, On the basis of their location, structure and function, there
are following three types of muscles fibers: Straited muscles (straited, skeletal or voluntary muscles), Smooth
muscles [53.54] (unstraited, visceral or involuntary muscles), Cardiac muscles (straited, involuntary muscles).
Nervous tissue: A tissue which is specialized to transmit messages in our body is nervous tissue. Brain, spinal cord
and nerves are all composed of nervous tissue 551, Nervous tissue contains highly specialised for the conduction of
impulse over great distance at great speed. A neuron consists of a cell body (cyton or soma) with a nucleus and
cytoplasm, from which long thin hair -like parts arise called dendrons. Dendrons further branched out to form
dendrites 56571, From the distal part of cyton arises a very long process called axon [58l, The nervous tissue is
responsible for the reception and transmission of information between different parts of the body [5°.. The dendrites

receive impulses and the axon takes impulses away from the cell body [60],
CONCLUSION

Cell is the basic structural and functional unit of life, every living organisms made of cells, without cell there is no
living organisms, human life is also starting from single cell that is zygote, male gamate sperm cell, female gamate
ovum fuse together in fallopian tubes in female reproductive system, fertilization process takes place then formation
of zygote then zygote develops form embryo then develops into foetus finally mature baby will develops in mother
womb. In plants also pollen grains reaches to stigma develops pollen tube through this tube pollen grains reaches to
ovule one pollen grains fuses to egg cell, another pollen grains fuses to polar nuclei, then finally ovary develops into
fruit, ovule develops into seed, this seed germinate and forms a new baby plant. A group of cells is called, without
cells there is no tissues, without tissues we cannot performs our daily activities, higher organisms need tissues for
performing daily activities, in this review we provided all plant and animal tissues and their functions, it is useful know

about their plant and animal tissues names, location and functions.
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