Growth and d*e relopment
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L b (VIBoNINERORUCTION ]
In the coursz ctiite life’cyelz,-an organism changes from a fertilized egg into an adult. As
aevs 2 opr 1em picaeeas, all sorts of the changes take place.

(SrovveH
Growth is the permanent and irreversible increase in size that occurs as an organism mature.

Embryonic Development
The progressive changes which are undergone before an organism acquires its adult form
constitute embryonic development.

The most obvious change is growth.

19.1 GROWTH AND DEVELOPEMNT IN PLANTS

In plants growth and development involve cell division, elongation and differentiation of
cells into tissues and then organs.
Growth is an irreversible increase in size and development is a programmed series of
stages from a simpler to more complex form.
As development proceeds, cellular differentiation of structure and function takes place.
Open Growth in Plants
A plant has a growth pattern called open growth. In this growth pattern, plants add new
organs such as branches, leaves and roots enlarging from the tips of roots and shoot but
the rate of growth is not uniform throughout the plant body.
o At the beginning growth is slow.
o Gradually it becomes rapid attains a maximum state.

o After attaining maximum state, the process then gradually slows down.
19.1.1 Meristems and Growth

Meristems are young tissues or groups of cells. Growth occurs through the activity of

meristems.
o In lower plants the entire plant body is capable of growing. -
o In higher plants, entire plant body is not capable of growma_ hut | gl@\m. is linited *o

certain regions known as growing points. finthis case, tiese punt:'are tmnd r.ﬁ ISIEMS
due to presence of group of rells W nn h are ~ap¢ b|= nf dWI‘ jon. | o

Types of Meristems :
Meristemzit, cells are-seated! gtme stgin anel roo aru dre d|V|ded |nto three types.

1) Apicar-Meristemis-, ™

i) These are fouric at tie | fips 07 rootsand shoot

i) "'Hes » ar'z respai'sible-for increase in number of cells at the tips of roots and stem.
i) | [ Ty cauzc-extension of plant body and this plays important role in primary growth.

W20 itercalary Meristems

1) These are part of apical meristem which get separated from apex by permanent tissue.
i) These are situated at the bases of internodes in many plants.
iii) They are of temporary nature and play important role in production of leaves and flower.
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Fig. 19.1 Photomicrographs of the apex of a shoot (a) and a root (b).
3) Lateral Meristems
) They are present in gymnosperms and dicots
i) They play important role in increasing diameter of stem and root and thus in secondary
growth and determinate.
i) Vascular and cork cambium are examples.
GROWTH PATTERNS
There are two growth patterns.
1) Determinate
When structures grow to certain size and then stop, it is called determinate growth as in
leaves, flowers and fruits.
2) Indeterminate

In it, there is continuous growth in which meristems replenish themselves remaining
youthful as in vegetative root and stem.

QUESTIONS RELATED TO ABOVE ARTICLE
Describe the types of meristems. (DGK 2019, LHR 2021)

19.1.2 Types of Growth

1)

2)

Growth is of two types J— —

—
- . 2y L
—_— .I ll".- :

Primary Growth L

Primary tissue is added by the apical meristein or it |sﬂe uﬁ’oatnmw oﬂpl'-an‘t bg_,.d} r-“u&a@." D
apical meristem. The tissues formcd ‘h the rnrlrmrw ¢ ro Mh ar 2 cali“d as priniary tissues.
Secondary Growth VN A\ Wiy

Secondary tssue is gdaed b! |r‘ter.ca',!c.lry~ g-r \!&ﬂl!ar “cambium leadlng to increase in
thICknt,“? or it 15 4 ﬁnc e1sc m *hm@eks ‘cadsed by secondary tissue i.e. intercalary or

vasculas cainbitm \ AL

PHAQE::“( CRO'W'I H

W

2-
3-
4-

-\.

"

J %5 'i‘~' ot .nultlcellular plant is divided into four phases or zones.

x-._ 5,

‘Zone of cell division

Zone of cell elongation
Zone of cell maturation
Zone of cell differentiation
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i ‘Celi"volume increases upto 150 folds due to

Chapter—19 Growth and Development

1) Zone of Cell Division
During this number of cells increases by I =Y
mitosis. Y i —Epicaere il |
i) It occurs at the tip of roots and shoot. _ g Tiead ™
i) Cells are small, non-vacuolated with spherizai, |
nuclei lying in center of cyfoplaw‘ =} )
2) Zone of Ceii Elongatien. | 1/ /) 1) L } |
During.tkig celiiicrease thelr size. | | "] maturation
i- It lies & lirtle alfstc.n'ﬁe'fmrr-y ‘anzx-oT root and _
.QhOU & f ~Vascular

cylinder
=, | | s ey b limeters in length.

Epidermis
* —Root hair

Zone of

uptake of water. s
Iv- Plasticity of cell wall increases, and wall

pressure is reduced.
v-  Synthesis of new cytoplasm and cell wall eall division

material proceeds on
3) Zone of Maturation

Root cap

During this cell become mature Fig. 19.2 The root tip is divided into four zones.
) Cells attain full size
i) Some cells develop into pith cortex and certain other tissue do not elongate further along
the axis.

iii) Cells like fibers and tracheids elongate lengthwise more than in other direction.
4) Zone of Differentiation
During it, cells are differentiated to perform their functions.
i) Walls of cells become thicker and of many cells and tissues become pitted.
i) Various thickening appears on walls of xylem vessels and cells of various tissues differ in
the spatial dimensions and many new structural features appear.
What is growth? Discuss different phases and conditions of growth.
(Exercise Question iv)

What is growth? Discuss different phases of growth. (DGK 2019)
19.1.3 Conditions of Growth

Growth rate is influenced by number of factors both external and intey nal AII (e e>e'-: |
temperature and light are most important. e LY N VR PR Y, Sty

= N
- LT B

A) External Factors \ oy RN A
Important external factors are tempsa*tature Jlght oxygm lard | a|'-boi'i c'-ioxide.
1) Temperature
Tﬁm Jerature ||*=-Tluerc=s "rh te of grmmh Wlthln a certaln range (0-35°C)
. For ma; erm LI’O N*h optmum wamjperature is 25-30°C and it is least at 5-10°C.
o Norzaliy ra ehr g"ONf 1 iicreases with rise of temperature and decrease with decrease in
115 osratiire

I-“J vy very hlgh temperature (35-40°C) rate of growth stops and the plant may die.
Z) Light

Light plays very important role in growth of plants. Light influences growth in three
ways; intensity, quality and duration.
a. Intensity
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Increase in intensity of light increases the number of cell divisions.

b Quality _

. Red light favours elongation of cells. :

. Blue light enhances cell division but retards Cell enlargeirignt.

o Ultraviolet rays also retard cell elc nq mon

c Duration _

. It affects.growth of vegetative'and réprodustive stiveilires.

o It plays=2le ify incuging or supplass ria-flowering through photoperiodism.

3) Oxyaeny,

o pokorjsuce »sefllyizwth, regular supply of oxygen is necessary.

P V"nmam oxygen, no metabolic activity is possible, and no growth takes place.

d A very high supply of oxygen also inhibits growth.

4) Carbon dioxide

o Carbon dioxide is essential for carrying out photosynthesis.

o Low COz retards growth.

o Very high concentration of CO. also retards growth.

B) Internal Factors
Important internal factors are hormones, water, nutrition and vitamins.

1) Hormones
Plants hormones (Auxins, Gibberellins, and Cytokinins) influence growth e.g. I1AA
causes elongation of cells.

2) Water
Elongation of cells is possible due to absorption of water. Plant growth ceases in absence

of water.
3) Nutrition
Nutrients supply energy to growing parts.
o Increase in nutrition increases growth.
o Decrease in nutrition retards growth.
4) Vitamins
Vitamins are organic compounds formed within the plant body in presence of light.
If plants are grown in dark, the vitamin deficiencies are induced and growth of plant body

ceases.
QUESTIONS RELATED TO ABOVE ARTICLE

Explain how the growth rate is Influenced hv *erml fc,ct,Jrs A
19.1.4 Differentiation . | LA

Once a seed has germinated,| the pi: A8 further'de Velopineﬂt' deoer d$ on | the activities of
the meristematic tissues ang v ki 1CW tat sr oct anu roct uplcal méristems give rise to all
cells of the adult iar; it - |} '
leferentnuoﬂ is | h° hrmt ‘orl o‘ pecialized tissues. Process of differentiation in plants
is.digided into'| five| stagias:—

Stagk-1 |t epresenis £ormation of embryo.

".__'bng t iepresents formation of apical meristems of shoot and root.
Stage- 3 It represents formation of cambium for secondary growth.

Stage-4 During this stage, there is formation of leaf primordial. Root primordial develops from
root cambium called pericycle. Leaf and shoot primordial develop directly from apical
meristematic cells.
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Zypete—— . Efnry) <( | Tneriscem > Shoot elongation
| | T \ _>. Cork cambium > Bark
'_i i Root apical—> Vascular cambium _,’ Xylem
meristem —> Phloem
—> Pericycle— Bud primordia—> Lateral roots
» Tap root

“ W by a phenomenon known as apical (a) (b)
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Stage-5 Fully differentiated tissues and structures are formed including xylem, phloem, leaves,
shoots and roots.

ork cambium » Barle, | ey I
—— =P | | 7
Vazeular canbium - —— ~—3Xyleia * o
k Pl Y’ ——~—>°hl»em

l LP‘.- ,,rlmordla » Leaves
_¥ Bliooi apica. "=> Bud primordia —> Lateral shoots

Fia. 19.3 Graphic representation of arowth and differentiation in plants

QUESTIONS RELATED TO ABOVE ARTICLE

Describe differentiation in detail.

What is differentiation? Explain its phenomenon in the formation of different

structure of the body. (SWL 2022)

The development of a plant is usually correlated with its growth and different organs

growing at different rates in different directions and the development of different parts

takes place. Such reciprocal relationship is known as correlation.
Correlative effect

The most important correlative

effect in plants is apical Apical Boniliance

dominance' Dominance Released
Apical Dominance
“Influence exerted by terminal bud
in suppressing the growth of lateral
buds is called as apical
dominance.” -
In many plants, only apical bud e
grows while growth is suppressed in
lower axillary buds. In an
experiment, when apical hyd was )
removed, the growth in the! lowei
buds was fnifjibited. Sc- ctives hﬁot
apex Costple fhe de#elopl "|etri~
lateral bucs, 'I'rsz the'layxin.ef the'
teiniinal | Kud | rtopon5|ble for
) ininiting e growth of lateral buds

Buds Released
from inhibition

dominance. (Fig 19.4) Fig. 19.4 Apical Dominance: The Influence of Auxin
Work of Thimann and Skoog
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Thimann and Skoog in 1934 performed experiments and showed that apical dominance was
caused auxin diffusing from the apical bud which inhibited the growth of lateral shoot° iS5
called inhibitory effect. I~

o The removal of apex releases the laterai“buds from apica doml naice 1t rin-radiea
compensatory effect. '

Research has also indicated that-rict ¢n 'y AXiN caliss apical'demingince, cytokinins also
play imz=ojiant role in-apical dominance

If cytowizins are asnlied directiy.oi.he iriivited bud, it allows lateral buds to be released
from apicol\dorairiarice, it is ‘2450 seen that those plants that have dense growth of lateral
tiranc hes Ha re\vary liitle apical dominance.

3| qtic A A)phcauon of Apical Dominance

J . As far as practical application of apical dominance is concerned, it plays an important
role in

0] Tap root development.

(i) The inhibition of sprouting of lateral buds (eyes) in potato tuber by applying synthetic auxin.
In this case, the sprouting of eyes is prevented and storing period is increased from one to
three years.

QUESTIONS RELATED TO ABOVE ARTICLE
Describe apical dominance in detail.
Define and explain growth correlations.
(GRW 2017, LHR 2018, MTN 2019, FSD 2019, GRW 2021, MTN 2021, BWP 2021, , BWP 2022)
Define growth correlations. Describe apical dominance in detail. (FSD 2022)

19.3 GROWTH AND DEVELOPMENT IN ANIMALS

Embryology
It is the study of growth and differentiation undergone by an organism in the course of its
development from a single fertilized egg into a highly complex and an independent living
being like his parents.

Development
It is an ordered sequence of irreversible steps, with each step setting up the necessary
conditions for the next step.

Developmental stages
Since all animals are some how related through the process of evolution, there are some
similarities in their various forms of development.
Here, we will see a broad outline of the early stages of development.

| Gamete formation |  Sperm and egg formation. — (1 (1
| Fertilization 1 Egedndsperm fuse o farm zygotey, |
:__;G—l_&e__a*{‘igé_%_f__; ]\ Zyabte|Gividss; blastomeres are formed.

=] Gas.r JIAI'CH N Germ layers are formed.

N INANEAE!

| Organogenesis | Body organs formed, cells interact and differentiate.

| Growth | Organs increase in size, adult body form attained.
0.3.1 Development of Chick
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The development of chick has been taken as a basic scheme of development. It will

provide basis for understanding the early differentiation of the organ systems and the- Ty ©

fundamental process of body formation, which is common to aII vert':u at9°
FERTILIZATION AND INCUBATION - R LAY
Fertilization - ' ) VS Y LS
Chick egg (yolk) is surroundeii ty varic:= acmscnry covering serrered byfema#e reproductive tract.
J Fertilization.is mternal and\ncrrnaaly tolies piace ] iust“as ovEin enteriny in oviduct.
o Shell i s retes! 2% me ﬂgc passesfh mgh tnﬁ sheligland (uterus)
Incubation
After egg aylnw ie /e o .ent ceases unless the temperature of egg is kept nearly upto
.hndy ten\pereture of mother

NN -|r icupating eggs artificially, the incubators are usually regulated at temperature

between 36-38°C. At this temperature chicks completes development and is hatched on

21% day.
DEVELOPMENTAL STAGES
1) Cleavage

“Series of mitotic divisions after fertilization constitute cleavage.”

In bird’s egg, process of cell division is confined to small disc of protoplasm lying on
surface of yolk at the animal pole. This type of cleavage is called discoidal cleavage.
Cleavage furrows start in clear cytoplasmic region.

First and second cleavages planes are vertical.

Third cleavage runs horizontally and parallel to the surface thus cuts underneath the
cytoplasm and separates it from the yolk.

The successive cleavages become irregular and number of cells increases.

Each cell formed after division is called blastomere.

Fig. 19.5 Cleavage stages in chick

2) Morula

Formation of a rounded closely packed mass of blastomeres is called morula. It is short
lived and soon changes into blastula. i -
It consists of a disc shaped mass of cells (blastomeres) I
It lies close to the yolk. SN N
It is two or more layered thick. Th: =se Iay(=rL ang, Cc”t.'d nias odel m
In the center of blastoderm *he - siis\afe ama.lvr md LcmnIU”iy Jenned while those at
periphery qre, flattener‘ a..'i Jar"e RIS
3) Blastula, | |1 ol nl

It is cha*at,t arized b) tf e r)rnsﬁnce of s segmentation cavity or blastocoel.
o Disthidel cap cf cells-anove the blastocoel is called blastoderm.

e o o o
I.' :-_-' = :

]

W J _"w (,-,_l_,(_lll!i.l area of blastoderm in which cells remain undetached from the yolk and closely

adherent to it and is called zone of junction.
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5)
A)
i)

i)

i)

v)

Fig. 19.6 Blastula and gastrula stages in embryo of chick

Gastrula
It is the stage during which there is movement and rearrangement of cells in embryo.
Blastoderm splits into two layers an upper layer of cell called epiblast and lower layer of
cells called hypoblast.

Epiblast is mainly presumptive ectoderm and mesoderm

Hypoblast is mainly presumptive endoderm because hypoblast cells first grow outward
over the surface of yolk and then downward around it to form endodermal lining of yolk
sac.

Then central cells of blastoderm (hypoblast) are separated from yolk.

Under central cells a pool of fluid develops which raises central cells off the yolk and
gives a translucent appearance area pellucida.

At peripheral part of blastoderm where cell lie un-separated from the yolk and constitute
an area called area opaca. It is white area that transmits light.

Notochord and Mesoderm Formation
Formation of Primitive Streak
Mesodermal cells migrate medially and
caudally from both sides and create a
mid line thickening called primitive
streak. In amphibians, mesodermal cells

18 hours &3

Hypoblast i
Subgermr- ‘al spce __.--"-_ i i

do_ n(?tllnvaglnate. o  Neural gme-s , [ fatiord) o sy o
Primitive streak grows rapidly in length _ |77 e poerm-

as more and more nresur“npf,we, ash (m% ﬁi =

mesodermal cells contlnue tq, adumgct“ A Sk | T

in mldﬁlﬁ" | __x_,-"'\.\,."-. Vv I Lol ___. rudiments
Due t5 lhe:b changes,| -bia&*o\f.z..n ' Neural tube -

charges! from Gt cu lar to pe‘dl’ shaped.
yl\”ILL*I"I end—of primitive streak is
u\.cupled by an aggregation the

28 hours ‘ TR

Coelomic

primitive node or notochordal cells
while rest of cells are mesodermal cells.
Now primitive streak represents dorsal
and both lateral lips of blastopore.

These layers form
extra-embryonic

membranes

Fig. 19.7 Gastrulation in the chick

(pericardial
space)

Forming heart
tube
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i)

E)

i)

Formation of Primitive Groove and Hensen’s Node

Continuous migration of cells takes place between epiblast and hypoklast resitts in
formation of groove along the whole length of primitive streak, it istailed p.'i;ni§ive
groove. ' i ' = '
Thickened margins presen’ on eith=isid 5 cEnrinitive gré ove aré cellod primitive ridges.
At the cepinelic end oi-primitivi streak, ‘closely-rnacked cells form a local thickening
known z5 Hensens, nede. 1t reDreserits-special type of invagination.

Formatior| nf Notachard,-£ctoderm and Endoderm

(Capls frain-Hensen’s node begin to move in to form notochord (rod like structure) in mid
fine beneath ectoderm. Notochord is prominent structural feature of 18-hour chick
embryo.

After 18-20 hours of incubation, ectoderm is spread and become organized into a
coherent layer of cells merging peripherally with the yolk.

Marginal area where expanding germ layers merge with underlying yolk is known as germ
wall.

Endodermal cells also move inward and form endoderm. A cavity appears between
endoderm and yolk which first called gastrocoel and then primitive gut.

Formation of Mesoderm and Coelom

From Hensen’s node

Dorsal mesoderm is formed and organized into somites.

Lateral plate mesoderm is split into two sheet-like layers i.e. somatic mesoderm and
splanchnic mesoderm. The cavity between somatic and splanchnic mesoderm is coelom.
Somites are seen in 25-26 hour embryo these are complete cell masses lying immediately
lateral to neural folds.

Neurulation

Process during which formation of nervous system occurs is called neurulation.

Different steps occurring during this process are; .
Presumptive neural ectoderm is present in form of a band on _do_rsai I-:Jrf:_.c'e'-__of :j'_lb[.h!é:.
over the notochord. o A NN (o
During elongation of gastruia the hand t iekngss to form a |IeL,rar prate n ChICkS of 18
hours, neural plate can be szeq 4s A Flat, th 'cl«erM aiea Ot ectodermi—

In embr\m) ofi22-22 fuis) I(‘mgm{in al-fo! thing occurs forming neural groove in mid-
dorsal I'ne, wu'rr neu aI fuld" oz either side. In 24 hour embryo folding is clearly visible.

§ A € ( G
i he dmbrya s termed as neurula.
.il\'\'. |

lI\ ewral Tolds grow towards one another meet in the mid dorsal line and convert neural
groove into neural tube.

At each end of neural tube, a small opening called anterior and posterior neuro-pores are
also seen openings which close later on.
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vi) Anterior end of neural tube is wide and forms the future brain and rest of position is
future spinal cord. -

1%,

] Eig‘. 19.8 Early éhlck embryos

IR JESTIONS RELATED TO ABOVE ARTICLE

\’M"i'te a note on the development of chick up to gastrulation stage. (RWP 2019)
Write a note on Neurulation in Chick Embryo. (BWP 2019, MTN 2021)
Discuss the Notochord and Mesoderm formation in chick embryo. (FSD 2021)
Write a note on the development of chick up to gastrulation stage. (SGD 2021)
Explain the mechanism of development of chick up to neurulation.Describe in detail
the developmental process of chick. (Exercise Question iii)
What is development? Describe the principles of development in detail.

(Exercise Question v)

19.3.2 Mechanisms of Development
We know that from a single celled zygote, multicellular individual is formed and zygote
contains complete information in the form of genome which has come in the form of
chromosomes from the eggs and sperms.
During cleavage zygote divides into many cells. Each cell has full set of chromosomes
and gets complete instructions from the parents. During differentiation however some
genes remain active, while others switch off. The importance of nucleus and cytoplasm
during development is revealed from the following experiments.

Experiment of Hans Driesch
He took sea urchin’s egg at two cell stage, shook it apart and separated it into two cells.
Later on it was seen that both these cells developed into normal larvae.
Driesch concluded that both these cells contained all the genetic information of original
zygote.

Experiments of Spemann

Experiment-1 TN \
Spemann took salamander zygote and with help of minute ligaturs Gf h'ur.-fﬁ“qr: hair| divided. g
zygote into two equal halves. The nucleus was pre?:elnt".'n'or'“c' half,“bus the, p’E:'i_e-r.nc;:r"h'ad no
ucleus. .. BINARIRRR R -

Observation RYVARIEBER! -

During ':q:a-/eﬁpr;me'ﬂt*dll-or‘.w:es"ct i{\\ﬂ:vaf-:" seer-that cleavage was completed in the half

containing gueizug butithe ariucleateunalf was not seen dividing.
_ Eveiually) ‘when iju-.“!eaicd side had reached a 16-cell stage, one of the cleavage nuclei
" \rasser-the narrow cytoplasmic bridge to the anucleate side. Immediately this side started

s viding.

cXperiment-2
In another experiment, he separated two halves of embryo both of them contained nuclei
Observation
Both these halves developed into complete embryos.
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Experiment-3
He removed a single cell from 16-celled embryo. i

Observation N o~ )
He observed that this single cell is convertzsd into comnlete én hr)r bnr-al 3 It conkanied
complete genetic information. ) ) _ L4 -

Experiment-4 . TR\ AR RN RN
During_exgeriments he-aljo \cbsery/ed’ that i sometine-nacleated nalf can develop into
abnorraal nal! gi'calis: Latcr r.tuﬁiin“ M'—\nlfu that development depends on position of
gray crésceat. |\ L -

(‘ray crescent is'tht pig ment free area that appears at the time of fertilization.

| ’ - ) Nuclens
N

Fig 19.9 Spemann’s delayed nucleation experiments.

Two kinds of experiments were performed. A, Hair ligature was used to constrict and
uncleaved fertilized newt egg. Both sides contained part of the gray crescent. The
nucleate side alone cleaved until a descendant nucleus crossed over the cytoplasmic
bridge. Then both sides completed cleavage and formed two complete embryos. B, Hair
ligature was placed so that the nucleus and gray crescent were completely separated. The
side lacking the gray crescent became an unorganized piece of belly tissue; the other side
developed normally.

Conclusion
On the basis of above experiments, Spemann made two conclusions.

0] All cells contain the same nuclear information.

(i) In the gray crescent area, cytoplasm contains information essential for-development-
It is noteworthy that if all the cells contain same nuclear materil, | 1a* cnqbes ithe\ celig-tii-
differentiate. There are two ways by which tells LhLE"g(: dn‘ e.ﬂnu(tnn and! cecome a
specific structure to perforsita part.cwlar function. | \

0] During cleavage, cytoplasnyic,s£piary atioh of Letni m...atl\e ...olecules takes place.

ii Inductior or interaction. with trie iieighhc rmq cells takes place.
19 3.3 Role '“'L%’meﬁ

Differerit cyrophsmi: colrponents contain different morphogenetic determinants that are
| Clesylansille\ farceti dlfferentlatlon These determinants are present in blastomeres.
|

| "_'.'ﬁe--fe. tilized egg of an Ascidian contains cytoplasm of four different colours that is

segregated into different blastomeres.

1. Clear cytoplasm:
It produces larval epidermis.
2. Yellow cytoplasm:

It gives rise to muscle cells.
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3. Gray vegetal cytoplasm:
It gives rise to gut. _
4. Grey equatorial cytoplasm: ;

It produces notochord and neural tube.

Explain role of “Cytoplasm in davEionnne: iL” \ |
Discuss-migchanism ef-davelopmert i Animals-withi refine to Spemann’s

experiments.! I Dt (DGK 2022)
iedirh Relielpdrohti

Tirel1ygote rucleus has complete genetic information to form a complete individual.

(1), I 051 ¢enecontrolled substances are
‘1% found in the cytoplasm, and are probably q I
Cap regeneration
Acetabularia is unicellular alga. It has
On basis of structural cap, two species of Acetabularia have been identified.
After removal of cap stalk of A. mediterranea regenerated cap of A cranu.au
importait iole in develup: nint.

produced in it.
determined by
following features
i Acetabularia mediterranea containing regular shaped cap.
Results of the Experiment A
(D) NGl zus Cotainsdil the genes which determine the characteristic of the individual.

A. crenulata

(i)  The production of developmentally
active substances by the nucleus itself or
its immediate neighborhood, is, however
available in some cases. nucleus
Explanation by Example of Acetabularia
. Rhizoid attached to ground. /L ;
o Single nucleus, which may be several |
centimeters or more in size. Fig 19.10 Nuclear control of cap structures in
* A long stalk two species of Acetabularia
o Umbrella shaped cap at top.
ii. Acetabularia crenulata having irregular shaped cap.
Work of Haemmerling
Haemmerling showed that if the cap is removed a new one is regenerated.
He cut off the nucleus containing rhizome from algae of one species A. mediterrana and
grafted a similar piece containing nucleus of A. crenulata.
Experiment shows that nucleus lying at the|bése of the. olge anai mt hr fta {e to k! nuu the
regenerate was attached determined_the stracturs of Gap. It nears tr‘at irréspective of the
cytoplasm genes expresseo th=r|srlle\ lC(ordm t(, ﬁuc!ellc /
Conclusion ™y | " _ '
From airthase oxLerm’*ents it wcs\m. iuded that both gene end cytoplasm play

SN L'. ytaplasm plays the role of selection of genes.

AR

QUESTIONS RELATED TO ABOVE ARTICLE
Describe the role of nucleus in development. (LHR 2017, MTN 2019)
Explain role of nucleus in development by given example of Acetabularia.
(SGD 2022)

142



Chapter—19 Growth and Development

19.3.5 Concept of Differentiation

Presentation .
Spemann performed a series of experiments on amphlblan embryo 6 'xr"am pmreo» 31 )
differentiation. _ e NN

Basic Principle A A
A fertilized egg contains cy: op!asmle samaonents rhof are! 1euuc1II) distributed within the egg.
These different cytoplasmic comporients ureibelieied &' haie-n \lorphogerietic determinants that
controk thi fur cnm*...L ofa el Lype Thig is I’lu\l"f‘jl“eu differentiation.

Experiment-1- '

He tookiout pigee of ec 01e I rrom frogs embryo and grew it in a separate dish.
o . The ¢mbrya frira-which the piece of ectoderm was removed was unable to form normall
' fneivous'system but had a defective nervous system.

o/ " Tsolated piece did not develop any structure even though it was active and healthy.

Experiment-2
In another experiment, he separated
the mesoderm underlying ectoderm
and folded the flap of ectoderm to its \
original piece. The frog did not
develop any nervous system. /I
Conclusion Darsal lip
From the experiments, it was proved
that mesoderm had some effect on the
ectoderm to stimulate ectodermal Pelinaiy /- il
cells to form nervous system. neural fold aund ncural

. - Primary notochord development
19.3.6 Embryonic Induction and neural

T de\dopnunt\ \
Definition 4 ”"‘ -
o3 ¥

» Discarded mesoderm
opposite dorsal lip

o

Donor mesoderm
from dorsal lip

. . A\ >
Process by which some cells influence . ,?
other cells and evoke developmental {’ 13 5 ;
process is called embryonic induction. l%; \' S

f econdury :

Presentation neural development

Work on embryonic induction Was | Fig. 19.11 The Spemann primary organizer experiment
reported by Hans Spemann and Hilde

Mangold in 1924.

Experiment
They took two embryos of salamander at gastrula stage and performed foIIowmg steps on .
them. Wi

)} They removed a piece of dorsal blastopore lip from one emhrw anc tran“p.‘an ied Jhlr“o .
ventral or lateral position of another salameancer gastitls. .~ '\ % | [ &, 1

ii) It invaginated and developes-a notothard ara somites.| |\ - -

iii) It also mduced second eeryw o urn neurq| t. me md ccmnle.c ner vhus system.

Conclusion -

It was-2onclided *hat omy U—*»'I\\t Qi "t dorsal lip of blastopore were capable of
inducing &, cnrnplee embirus! This area corresponds to the presumptive areas of
roto(hoid, 'sontilesiand prechordal plate.

| S pemeninicesignated the dorsal lip area the primary organizer because it was the only

W' sisstie capable of inducing development of secondary embryo in the host. This was called

primary induction.
QUESTIONS RELATED TO ABOVE ARTICLE
Describe embryonic induction.
(GRW 2018, SGD 2021, LHR 2022, GRW 2022, RWP 2022)

143



Chapter—19 Growth and Development

Definition :
It is an inevitable process comprising negatlve physiological ch=qqe‘ mmu: b(. dy.
Signs of Old Age -
Process of aging can be iz ntlfle'i Dy fsuowing, sigrs, (oll'of| these sigis ‘need not be
present) of old age. e.g. ] /
1) Loss oi filr piameiic -
i) Developitient of small pigniéntatiarzas in the skm of face and arms.
iii) Dryzsessiana wrinklirio ori-skin.
Fa) |.ps5 0fanirity:
vin' | “Wicreased weight due to fats.
V1) Poor vision.
vii)  Forgetfulness.
viii)  General weakness.
iX) Decreased body immunity.
X) Degeneration of organs and tissues may also take place e.g.
e In joints, arthritis arises from the degeneration of cartilage
e Degeneration and disappearance of the elastic tissues in the tunica media of the blood
vessel results in arteriosclerosis which can cause blood clotting in the coronary arteries.
Mechanism of Aging
Exact mechanism is unknown, following points are worth consideration.
)] Finite Number of Mitotic Divisions
Cells of tissues have only a finite number of mitotic divisions and after reaching finite
number, tissue or organ is fully-grown.
In case of nervous system mental activity and memory deteriorate and there are fewer
nerve cells in old age.
1) Changes in Intracellular Substances
These changes occur during aging.

For example;

o Collagen acquires increased cross linkages in its protein molecules.

o Elastic tissues lose their elasticity with the passage of time.

o There is hardening and loss of resilience in dense connectlvc tmuo ¢ nq C". ulaue

IIl)  Spontaneous Mutation —~ a “, e

It may result in loss of celis a'-nd dp(" rerdtion ¢f) '[I‘ sues

Gerontology and-tis Data \
Study ﬁfxaqmc § f‘alred der o aoi‘csg/ T.*P |umber of older individuals are expected to
rise. -

=, finthe next haH larit u.y

e nilser of people over age 75 will rise from present 8 million to 14.5 million.

)
"ol *~ The number over age 80 will rise from 5 million to 12 million.
o Human life span is judged to be maximum of 120-125 years.
The present goal of gerontology is not necessarily to increase life span but to increase health
span.

144



Chapter—19 Growth and Development

Prevention of Aging
The process of aging can be slowed down by better nutrition and improved liviig

conditions e.g. e
. Regular meals ' \( |
. Regular exercise
o Adequate niEzp
. Abstingsiag! frpin gimokirg | |
. Mairtaihing, idsal wéjant'—
>[5 hese gond'tisnis can prolong life by an average of 11 years.

VIR QUESTIONS RELATED TO ABOVE ARTICLE

Describe the process of aging.

What is aging? Describe its causes and symptoms. (LHR 2018)
Write a comprehensive note on aging. (LHR 2019)
What is aging? How will you explain this process? (LHR 2017, RWP 2021)
What is aging? How will you explain this process? (Exercise Question i)
Definition
The ability to regain or recover the lost or injured part of the body is called regeneration.
Examples
1) Sponges

They have greater power of regeneration due to simple organization. They not only
regenerate their lost parts, but their small pieces can grow into a complete sponge.

2) Lobster

A lobster can regenerate its = e

pincer claw. % T %,
3) Starfish Tt e

If starfish breaks off portions of
its arms into pieces till the
central disc completely devoid of
arm is left. Then the central disc |
in almost all cases and agns in L)
some cases are cabable | 5
develohirg, iri* néwi, sefarate
individalt., |\ L L L
4) - Eerfthworr)
\ J.u."-" N i héad ™ of  earthworm s
) removed, a new head regenerate.
5) Salamanders
Salamander can regenerate its limbs. Other amphibians can regenerate limbs rapidly
during metamorphosis.

Fig. 19.12 Regeneration in (a) star fish (b) Planaria
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6) Lizard

Lizard can easily discard its tail, but tail can be regenerated by special features of |ts fail—
7) Mammals 4y

Healing of fracture and repair of skln wouna-are some.exa:nples 01 recerera; |o1
8) Plants

Regeneratlon is the basis ¢f p lant-3ropagat iwn.\An 3 pars ar a very small fragment of plant
e.g. piece wistem or leaFarieven single tissue oy celliiiay develop into a full plant.
A part-oi steniwith a fevy'leaves-rna¥ be-iaken from many kinds of plants and when
plantedin'soiliform a corplete-plant.

MECHANI M| OF RT-G -[N\ERATION

i rved 1o 20 femne-

o it is considered that during formation of missing organs same embryological process is
repeated as was in embryo i.e. the relation of undifferentiated cells and differentiation of cells.

o During regeneration many cells at injured site show differentiation.

o In invertebrates e.g. earthworm and planaria, unspecialized cells called neoblasts have

been found in the body of adult during regeneration, they are mobilized and migrate to
the site of amputation where they differentiate into specialized cell types.

In Vertebrates
In vertebrates like salamanders and newts some of the specialized tissue cell types in the
stump of an amputated limb apparently de-differentiate (become les specialized) and then
proceed to differentiate into the same and probably different types of cells.

QUESTIONS RELATED TO ABOVE ARTICLE

Write a note on regeneration. (LHR 2019, FSD 2021)
What is “Regeneration”? Discuss it in various animals. (GRW 2019, SWL 2021)
Define regeneration. Describe the mechanism of regeneration in planarian and
salamander. (GRW 2021)
What is Regeneration? Discuss at least four examples. (MTN 2022)
What is regeneration? Why it is so effective in some animals and missing in others?

Exercise Question ii
19.6 ABNORMAL DEVELOPMENT

Teratology and Abnormal Development
Teratology is branch of biology, which deals with these abnormal developments and |ts
causes. Abnormal development usually occurs under unfavorable condltln

Factors for Abnormal Development - . \ -
Any thing which interferes with the normey procesQ of Jevf‘lopmer.1 |>*ne +dcl'r wualng'
abnormalities. \ \
Important factors are: 74

)} Abnoreagl: '[IES inheritza from par anth tirougH, abnu“r. faT or defective gene (s).

i) Abnorritiviet Hueip ¢h! ormsn,i‘“1 LrGeres

iii) Environmeritat iactors | |\ '

iv) = IMafabolic defe“lJ

(0] | NBNDIRiities Inherited from Parents

-/ These abnormalities are inherited from parents through abnormal or defective genes (s).

Abnormality of development is also related to the presence of defective gene (s) on sex

chromosomes. e.g. in haemophilia only males suffer from this disease. It again depends

whether the gene is dominant or recessive, homozygous or heterozygous.
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Example
Hemophilia, which is common in male. _
(i) Chromosomal Abnormalities 14

These result when one sex chromosome is missing, or extrd Sex chicimpsame iy nresei.
These abnormalities arise during ttie formaionul gamizies when thes: ahnaiinal gametes
fuse with normal, resulted zyjjote 2130 bceimes abnotmal,

Example . WYL A

1) Klinefeltdr?s syndrome (X XY) s an 2xaranle ot trisomy of sex chromosomes.

ii) Turner”s syad-eme (XO),is\condition in which one sex chromosome is missing.

iii) XY leads 1o {alInbss,-sggressiveness, mental defect and antisocial behaviour.

(i) " d=avireamenial Factors

| "' “Environmental factors causing or contributing to abnormal development are grouped

~ together as teratogens. These defects may be through ionizing radiations e.g X-rays or

nutritional deficiencies or use of drugs.

o lonizing radiations have their effect on the developing ovum or spermatozoa.
o Nutritional deficiencies result from absence of certain substances e.g vitamins and trace
elements.

Toxins and drugs, even ingested by mother, also affect the differentiation of energy
tissues in foetus. If such deficiency is high, a cell may cause death of foetus.

(iv)  Metabolic Defects
These lead to structural deviation from normal during organogenesis. Missing or repeated
part of organ results in abnormal development and malformed individual.

Example

i) Microcephaly; individuals are born with small skull.

i) Cleft palate; individual with folded upper lip or harelip.

iii) Microdacatyl; less than five fingers.

iv) Polydactyl; more than five fingers.
QUESTIONS RELATED TO ABOVE ARTICLE

Write a note on abnormal development.
Define teratology. Discuss various types of abnormalities in development.
(SWL 2019)
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KEY POINTS

Difference between growth and development:-
The development includes all types of changes occur from:zygcte o-adult (n atl re
organism. The growth includes increase in 5iz2 of aifallult {fnatiie) orenisin.
Types of cleavage ' . \
There ara twp types of cieavage: |
1. Holobizstis cleavane _ A=
In this Gase| entire, Zydnie-—takes part in cleavage. This type of cleavage occurs in the
artinals invsiiich a small amount of yolk is present. For example frog.
weroblastic cleavage
In this case only a part of zygote takes part in cleavage. In occur in animals which have a
large amount of stored yolk. In case of birds like chicken, the cleavage occurs in a small
disc like part of the zygote. So it is called Discoidal cleavage. Discoidal cleavage is
actually Meroblastic cleavage.
Primitive streak
The cells of blastula moves inward. They form groove like structure above the
blastoderm. This groove is called primitive streak. As it is formed at very early stage of
development, so it is called primitive streak.
Role of nucleus and cytoplasm in differentiation
The nucleus has all the information in form of genes on chromosome. But these genes
cannot express on their own. They need certain switch to be turned on. This switch is
cytoplasm. It selectively turns the genes in different parts of the body. So different type
of proteins are formed in different organs.
Morphogenetic determinants
The cytoplasm of the embryonic cells have certain chemicals called morphogenetic
determinants. These chemicals determine which cells have to form which organ.
Relationship between regeneration and embryonic development :
The regenerating cells repeat the stage of embryonic development g mt, develr)pm =nt
So regeneration has a close link Wlth the enivy yonlc dovsighmerit, ) | ( —

N |

<

-

= . L LT, 1 11
1 R W i
L i . | %,
1 i
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EXERCISE

Q1
i)

i)

fa

.
V)

Q2

Fill in the blanks.

The influence of notochordal cells on
the ectodermal cells to become
nervous  system  was cal’e’o’

is.2-cohdition In |

which '”’JI siduars have sniall shli:
Growth, s
facidrs;
s Crease il
increase in

are the regions
where growth is initiated by the
proliferation of cells.

i) Induction i) Microcephaly
iii) Number of cells,size
iv) Meristem

Write whether the statement is
true or false and write the correct
statement if false.

Primary growth leads to increase in
length, while secondary growth
leads to increase in width.  (True)
The plants in which flowering is not
at all effected by the day length are
called day neutral plants. (True)
The somatic mesoderm soon splits in
the middle to form two layers (a)
outer parietal layer (b) inner visceral

layer (True)
In the clear cytoplasmic area, cytoplasm
contains information essential for
development. (True)

The phase of cell movement and
rearrangement is called cleavage.

\ (Fal.:éj;

The phase of cell movemint—nd

rearrangernent is ga! led gasirutati {116
0

Each ‘gaeftior; Hes (four | ojtioi
Encircle, thie cerrect an“v'el i
ellt|ple’ oh! )me '

om the

' 'J"';\ viH rate is influenced by:

(@) Hormones
(b) Water

(c) Vitamins
(d) Alla, b, c

dccompahied | hy two

i)

i

Q4
i)

Ans:

Neurula is the stage
embryo has:
(2) Blastoceel,
(b) Neural tuee
€).The garrn layers
(&) Archenteron
The mesodermal cells do not
invaginate but migrate medially
and caudally from both sides and
create a midline thickening called:
(a) Hensen’s node
(b) Primitive streak
(c) Epiblast
(d) Hypoblast
The negative physiological changes
in our body are called:
(a) Degeneration
(b) Abnormalities
(c) Aging
(d) Regeneration
Answer key

in whizciy

Short Questions.
What is organizer and inducer
substance?

e It is the tissue in embryo which is
capable of inducing development
in embryo. Actually it is
notochord
blastopare). | ) ([ A\

e [Chiemizal SJhsturce> amhich
incuce \de: selopinzit of embryo

\ lile.) Lscauge | primary induction

“are called inducer substances.
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i)
Ans.

il
Ly

ANS.

iv)

Ans

What is differentiation?

Differentiation is the formation of
specialized  tissue. During this
growth phase the walls of cells
become thicker, the walls of many;
kinds of cells and tissu®s |becervic
pitted: _thicirening arneal
walls ‘of' 'xyleiri”_veéssals; | cells “0f

various| tissusy \differ' in\_dpatial

dimensiong and 'meny-ew structural
1eailres,leveiop.

Cetine embryonic induction.
Development of embryo induced and
organized by notochord is called
primary or embryonic induction.
Differentiate between growth and
development.

Development

is the | It is ordered

n Jthe |

permanent and
irreversible
increase in size
that occurs as
an  organism
matures.

sequence of
steps involving
cell division
and
differentiation
from a single
fertilized  egg
up to the
formation  of
complex  and
independent
organism.

Only the size of
already formed
organs
increases.

New organs
develop to form
entire body of
individual i.e.
organogenesis.

- 1 .'_ i y 1 1
\ _..-"-\-._ b i .'..'
! L1 ..'. 1 '.. . -
A | | 1 L

Ans
i)

Ans
iv)

Ans

Ans

What is meristem? o
Growing points-iix plants consisiing
of oraup gf celis willch are. cagiakie
of\Givision are called meiistem.
IZXtensive (duestions.

Vi¥kat s aging” How will you explain
this process?

(see article 19.4)

What is regeneration? Why it is so
effective n some animals and
missing inothers?

(see article 19.5)

Describe in detail the developmental
process of chick.

(see article 19.3.1)

What is growth? Discuss different
phases and conditions of growth.
(see article 19.1.3 & 19.1.2)

What is development? Describe the
principles of development in detail.
(see article 19.3)
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