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Introduction :

) Drosophila derived from the Greek word drésos means dew loving. They belong to the Drosophilidz_le
fEfmJIY; and are most frequently known as fruit flies or often called vinegar, wine or pomace flies. Their main
distinguishing character is to stay on fruits, which are ripped or rotten. There is another related family
Tephritidae, their members are also called as true fruit flies or fruit flies. Drosophilae are different from them.
They feed primarily on unripe or ripe fruits. Many species of Drosophila are agricultural pests, especially the
Medi fruit flies. They oviposit through ovipositor.and capable of colonizing in live fruits that are still
in the process of ripening, causing massive agricultural damage. Currently, the genus Drosophila is considered
as paraphyletic group. The entire genus, however, contains more than 1500 species , which are very diverse
in their appearance, behavior, and breeding habitat . However, many members of the family Drosophilidae
are categorized into two subgenera, in which around 1100 species belong to Drosophila sub-genera, moreover,
about 330 species belong to Sophophora subgenera including D. melanogaster. Furthermore, another
Drosophila species, i.e., Hawaiian spp. have more than 500 species in which only 380 species are described.
Furthermore, they are occasionally documented as a separate subgenus or genus, i.c., Idiomyia grimshawi, but
this is not widely accepted. About 250 species are part of the genus Scaptomyza, which arose from the
Hawaiian Drosophila and later recolonized in continental areas. However, Drosophila spp. are distributed all
over the earth; moreover, many species are found in the tropical regions. Furthermore, the alpine zones, cities,
deserts, swamps, and tropical rainforest also confine them. Furthermore, hibernation takes place in many
northern species.

Their breeding takes place in numerous types of rotten vegetation and mycological materials,
comprising barks, flowers, fruits, mushrooms, and slime fluxes. However, the maggots of D. suzukii act as the
pest and feed on fresh fruits. Moreover, some species .of Dzosophila have achieved the status of parasites.and
predators. Furthermore, several species attract to lure of mushrooms and fermented bananas, but others deny
attracting to every type of bait. Furthermore, females and males are assembled for mating on appropriate
propagating materials separate from breeding sites to form leeks. Also, many Drosophila spp., comprising D.
immigrans, D. melanogaster, and D. simulans, are found neighboring and accompanying with humans and are
called domestic species. Also, human activities, such as transporting of fruits and other fresh food items, are
responsible for introducing many species throughout the world, including D. immigrans, D. melanogaster, D.
simulans, D. subobscura, and Zaprionus indianus (Farzana Khan Perveen 2018).

Objective :
i) To introduce normal “wild type” and various mutant phenotypes.
ii) To conduct genetics experiment this span of generation.

iii) To introduce the use of the chi square statistic to test hypotheses concerning expected and observed
ratios.

iv) To determine the ratio of monohybrid cross, dihybrid cross and sex linkage cross of Drosophila
melanogaster.

v) To design genetic cross to illustrate segregation, independent assortment and sex linkage.

vi) To discuss the life cycle of Drosophila melanogaster.

vii) To differentiate between male and female of Drosophila melanogaster.

viii) To determine the progeny from the cross between wild type and vestigial (monohybrid cross), wild type
and vestigial, Sepia eye (dihybrid cross) and wild type and white eyes (sex linkage cross).

ix) To familiarize you with an important research organism, the fruit fly,

Drosophila melanogaster. _ o ‘
x) To help you understand the presence or absence of a genetic trait in an individual and the ratio of that trait

in a population.
xi) To understand Mendelian genctics and inheritance of traits.
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Systematic Position :
Domain: Eukarya

Kingdom: Animalia
Phylum: Arthropoda
Class: Insecta
Order: Diptera
Family: Drosophilidae
Genus: Drosophila ("dew lover")

Species: D. melanogaster ("dark gut")

Characteristic Features

1. Physical Description

Drosophila matures through complete metamorphosis, as do all members of the order Diptera. Similar to all insects
Drosophila is covered in a chitinous exoskeleton; has three main body segments; and has three pairs of segmented
legs. Like other flies, Drosophila melanogaster has a single pair of wings that form from the middle segment of its
thorax. Out of the last segment of its thorax (which in other insects contains a second pair of wings) develops set

mudimentary wings that act as knobby balancing organs. These balancing organs are called halters. Other Physical
Features: Ectothermic; heterothermic; bilateral symmetry. Sexual Dimorphism: Female larger; sexes colored or
patterned differently.

2. Reproduction

Reproduction in Drosophila is rapid. A single pair of flies can produce hundreds of offspring within a couple of
weeks, and the offspring become sexually mature within one week. As in all insect species Drosophila
melanogaster |ays eggs. The eggs are placed on fruit, and hatch into fly larvae (maggots), which instantly start
consuming the fruit on which they were laid. Male flies have sex combs on their front legs. It has been theorized

that these sex combs might be used for mating. However, when these combs are removed it seems to have little
effect on mating success.

3. Lifespan
Average ligespan 0.3 years.

4. Behavior

The behavior of Drosophila melanogater is simplistic. They are easily drawn towards the smell of any food source,
and will mate almost
indiscriminately with any individual of the opposite sex.

5. Food Habits
As the name implies, the fruit flies lives primarily on plant material. The adults thrive on rotting plants,

and fruits; while eggs are usually laid on unripened/slightly ripened fruit, so by the time the larva develop the
fruit will have just started to rot, and they can use the fruit that the egg was laid on as their primary source of
nutrition. Drosophila are considered major pests in some area of the world for this reason.
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6.Economic Importance for Humans -

Positive impacts: This species is widely used in scientific research, Source of medicine and drug.
Negative impacts: Drosophila melanogaster has been known to over winter in storage facilites, where it can
consume/ruin vast quatities of food. As stated above, the fruit fly also lays its eggs on unripen ed fruit, and is
considered a pest in many areas.

Characteristics of Drosophila that make it a good model organism:
1. Smatl, easy and cheap to maintain and manipulate

2. Short lifespan

3. Produce large numbers of offspring

4. Development is external

5. Availability of mutants

6. Lots of previous experiments and discoveries

7. Genome is sequenced

8. Homologues for at least 75% of human disease genes
9. Exhubit complex behaviours

10. Fewer ethical concern

Drosophila as a Model Organism :

Both toxicological and pharmacological researchers use animals for scientific and research purposes (Siddique et
al. 2011, Ram and KarChowdhuri 2014). In recent years, for several emerging ethical issues, use of alternative
model organisms replacing the established mammals are encouraged in research, study and testing purposes and
for maintenance of ecological balance (Mukhopadhyay et al. 2003). Drosophila is considered to be a well-
established model organism for environmental toxicity monitoring studies as suggested by the European Centre
for Validation of Alternative Methods (Festing et al. 1998, Benford et al. 2000). Recently Drosophila has been
used vastly as a model organism in clinical drug discovery processes also (Bell et al. 2009, Giacomotto and
Segalat 2010). Fully sequenced human and Drosophila genome analysis show that approximately 75% of known
human disease genes have similar homologues in Drosophila (Lu and Vogel, 2009). Hence Drosophila is
considered as an established model insect for medical research purposes (Reiter 2001).Rationality for selecting
Drosophila as a model for this study is presented in the following points:-

» small size

s easy to handle

» short life cycle

» sexual dimorphism

» easy to anaesthetize

» low cost equipment for culture

« little space required for culture
= similarity with human genome

Life Cycle of Drosophila sp :
Drosophila completes entire life cycle within two weeks only at (25 £1)°C (Ashburner and Thomson 1978). As
other holometabolous insects, life cycle of Drosophila consists of four sta ges - ¢gg (embryo), larva, pupa and adult.

A gravid female lays nearly 400 eggs (embryos) measuring 0.05 mm in length on sugar containing fruit or decaying
materials. After nearly

12-15 h (at 25°C), 1st instar larvae which are coming out from eggs moult twice (2nd and 3rd instar larvae) at
about 24 and 48 hours. Larvae feed on sugar in fruit and micro-organisms that decomposes the fruit. After that,
larvae encapsulate itsetf in puparium for 4 days metamorphosis (at 25°C) and adutt flies emerge from puparium
(Ashburner and Thompson 1978; Ashburner et al. 2005).
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genome analysis show that approximately 75% of known human disease genes have similar homologues in
Drosophila (Lu and Vogel, 2009). Hence Drosophila is considered as an established model insect for medical
research purposes (Reiter 2001).Rationality for selecting Drosophila as a model for this study is presented in the
following points:-

* small size

* easy to handle

* short life cycle

* sexual dimorphism

* easy to anaesthetize

* low cost equipment for culture

« little space required for culture
= similarity with human genome

Life Cycle of Drosophila sp :

Drosophila completes entire life cycle within two weeks only at (25 +1)°C (Ashburner and Thomson 1978). As
other holometabolous insects, life cycle of Drosophila consists of four stages - egg (embryo), larva, pupa and adult.
A gravid female lays nearly 400 eggs (embryos) measuring 0.05 mm in length on sugar containing fruit or decaying
materials. After nearly

12-15 h (at 25°C), st instar larvae which are coming out from eggs moult twice (2nd and 3rd instar larvae) at
about 24 and 48 hours. Larvae feed on sugar in fruit and micro-organisms that decomposes the fruit. After that,
larvae encapsulate itself in puparium for 4 days metamorphosis (at 25°C) and adult flies emerge from puparium
(Ashburner and Thompson 1978; Ashburner et al. 2005).

Identification of the Fly (male/ female; different species; different mutants) :

Male Fruit Fly:-
Male fruit flies have yellow-brown bodies with brick red distinguishable eyes. Males are smaller than females.

Male fruit flies are easily identified by their color differences and certain characteristic features. However, certain
features of males are less noticeable in newly emerged male flies. Sex combs are one of the best characteristic
features found on the forelegs of male fruit flies that are used to cling onto female flies while trying to mate. In
addition, males also have hairs called claspers around the reproduction parts that help to attach to a female during

the copulation period.

Female Fruit Fly:-
The overall body colors of female and male fruit flics are similar. However, females are quite larger than male

flies.

Female flies are ready to court wi
minutes to complete the copulation.
decaying mushrooms. The size of an egg is ab
hours to hatch them.

th males after about 8-12 hours from their emergence. It takes around 15-20

Females can lay about 400 eggs, and they lay eggs on rotting fruits and
out 0.5 mm long . Once female fly lays eggs, it takes usually 12-15

Different Fly Species:-Fruit flies, a kind of filth fly, are a nuisance in homes.
Many species in this category thrive in kitchens, bathrooms, and even sink drains. As a result, residents may refer

to a varicty of filth flies as house flies. All of these fly species reproduce quickly, and infestations can spread

discases to residents. ‘ . ‘ N
The first step to control the pests is to identify which of the different house fly species is causing problems. Divided

into two groups by size, these types of house flies frequently invade homes.

Page | 4

L

e i oo






ey items. They develop inside drain _lmcs or almost
i i i eyes, these pests feed on sugary 1 : IS et

:rnil'l:::;;;:?ro?;“ﬂ t‘;ll‘ha?‘:m?“mes i“Si?jc poorly cleaned gaﬂ:u.agc condta mcr'?h};riul::;:]c:t?ca::wkll into liquids or

that drink and are attracted by vinegar, soda, or the jgice of overripe pro uc;é e el €1, tuta

sticky syrups, causing contamination. Fruit fly infestations typlcally are a11'-nb0rc q

occur anytime a suitable source of food and developmental sites are nearby.

Mutant Fruit Fly:- . -

o ; : tions.
The fruit flies in this exhibit show just a few of the mutations LhE}t oceur in na@al f_l'lli_l ﬂjl;lzoﬁl]ia ll:;g —
The genetic instructions to build a fruit fly-or any other organism-are imprinted in its d ;
molecule packaged in bundles .
called chrgmosfmcs. Like a phone book made up of different names and addresses, each chromosome consists of
many individual sections called genes. ‘ _ L .
Each gene carries some of the instructions for building one particular characteristic of an organism.
To build a complete organism, many genes must

work precisely together. A defect in a gene can cause a change in the building plan for one particular body part-or
for the entire organism.

Mutations are neither good nor bad: some may be beneficial for an organism; oth_ers may l:_Je lethal. By cre_ating
new gene versions, mutations are a driving force for changes in evolution, sometimes leading to new species.

Brologists fcarn abuut the proper fanction of any gene by stadying mutrtions.  a defective gene causes S!IUTt
wings, for instance, scientists know that the healthy version of the gene is responsible for correct wing formation.

Rearing :

Basic instruments required for fly culture
L Bottles (250 ml) and vials (40 ml ,100 %25 — mm diameter)
1. Medium (fly food)

II1. Microscope

IV. Autoclave

V. Anesthetization Equipments

VL Environment test chamber

VIIL. Funnel

VIIL. Insect pins

IX. Petridis

X. Brushes and forceps

X1. Cotton and cotton balls

| XII. Bloating paper

XIIN. Distil water

XIV. Aleohol

' XV, Labeling tape

| Environmental conditions required for fly culture
' The easiest way to grow flies is at room temperature. However, th,

25°C and 60% humidity. In these conditions generation time is

€ optimum rearing condition
equipment is readily available this is

shorter (9-10 days from e
rearing and crossing of fligs,

dry the media, necessitating frequent

Drosophila melanogaster stock was collected from one Drosophila Stoc
Department of Zoology, The University of Burdwan. Stock flies are coll

k Centre in Toxicology Research Unit,
House, Department of Zoology, Gushkara Mahavidyalaya, maintain the t

ected in vials and transferred to Animal
€mperature,

O ——

is a temperature of
£g to adult). Unless
It is preferable to
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St ol ke ; :
Drilldhald Drosophila Medium (SDM)
—"
Enviroir:a melanogaster was selected for the present study as the model organism. Flies were cultured in
ental test chamber at 22+10C. They were allowed to feed on Standard Drosophila Medium (SDM)

containing corn ct e
: powder, agar agar, sucrose an i ionic aci
ikt oy E e and yeast extra powder. Nepagin and propionic acid were added as

Components Amount

Agar-agar (Qualigens, India) Jgm
2. Corn meal (Victoria Foods 17 gm
PrivateLimited, Delhi, India)
3. Yeast extract powder 6 gm
(Qualigens,India)

| 4. Sucrose (Merck, India) 15gm
5. Distilled water 360 mL
6. Propionic acid (SRL, India) 1 mL
7. Nepagin [n-methyl-p-hydroxy- 1gm
benzoate] (Sigma Aldrich) !
8. 90% Alcohol 1-2 mL

Specified amount of Agar-agar, Corn meal, Sugar and Yeast were weighed and mixed in a 1000 mL glass beaker.
Then required amount of distitled water (as specified in the above table) was added and ‘boiled with continuous

stirring to avoid unnecessary adhesion with container. Continuous boiling reduced the volume of the food to nearly
one third (1/3) of its starting amount and a thick sticky consistency was achieved. Then propionic acid as well as
nepagin powder (dissolved in 90% alcohol) were added as antifungal agents.
Food thus prepared was used as culture medium for the flies and was poured in bottles, phials and petri plates and
was cooled subsequently,

followed by tight cotton plugging. Food containers were carefully monitored at regular intervals to avoid

contamination as well as fungal and mite infections. Food medium was changed at an interval of every fifteen (15)
days for normal fly culture. The flies used in this study have been maintained in the above mentioned laboratory
conditions for nearly 300 generations. Hence the flies used in these experiments are expected to be homogenous

in nature. Overcrowding of flies in culture was always avoided.

Fly maintenance
PROCEDURES

Keeping Stocks _ _
Most large fly laboratories maintain stocks that are not in every

Stocks should be kept as two to four independent cultures, and 1

i apart. Stocks are normally maintained in vials. o .
I%:nctr 2::;::12 fa: fazkkscplz by dump-transfer of flies to fresh vials. However, it is important to avoid too overcrowded
0S

i 1t is good practice to inspect the flies on transfer, to ensure
calrskand (W0 5':|tﬂ;;?:l S;C:tﬂi:; g;::t;i;r;:l is as gxpeclzed. Fly laborstories may keep some stocks that
that !mth AR e pre'lsle neration, and it is important that the stock keeper knows of any special requirements (o
o gleothe ofcachg::]d be entered on the stock database, se€ below). The “sick tray” is an inevitablg part
kecp any S:‘ock (Dt]he:; lsa c‘; where sickly stocks, or stocks going through a crisis, are kept under special attention. It
of any stock room,

day use at 18°C on a 4-5-week generation cycle.
t may be convenient to keep these on alternating
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is very good practice to keep the old cultures for 2 weeks (at 18°C) after transfer, so that they can be used as a
backup should the new stocks fail for any reason.

Collecting Virgins

Two general methods ensure that female D. melanogaster are virgin when used to set up a cross. These can be

called the “biological” and “genetic” methods. Only the former is considered here; for genetic tricks useful for
virgin collecting, see Chapter 12 of Ashburner (1989).

Although some variation between stocks exists, the general rule is that females will not accept a male mate until
they are 10-12 hours old (i.e., after eclosion from the pupa). Thus, flies can be collected during this window (or,
better, between 8 and 10 hr after eclosion), anesthetized, separated into males and females, and stored until needed
in yeasted vials. The females will then usually be virgin when used. As a preliminary check, the vials that were
used for storing the virgin females should be kept and inspected 3 or 4 days later for any signs of larvae. If larvae
are present, it is clear that at least one female in that vial was not virgin. Of course it does not matter too much if a
single female is incorrectly stored with the males (as long as she is discarded); but a single male in the tube of
females will play havoc. The rule for sexing for virgin collecting, especially when tired or rushed is: If in doubt, it
is amale. The following is a copvenient schedule for virgin collection.

Day 0: Clear all flies from emerging cultures in the late afternoon or early evening (e.g., 5:00
p.m. to 6:00 p.m.). Discard these flies. Store emerging cultures at 18°C in the dark.

Day 1: Put cultures at 25°C in the light, first thing in the morning. Clear all flies from the cultures ~1 hour later,
anesthetize, separate into males and females, and store these in separate vials at 18°C until required. The young
females, i.e., those that are relatively unpigmented and/or have unexpanded wings, will almost certainly be virgin.
Check that the emerging cultures have no adult flies. Return the emerging cultures to 25°C in the light and possibly
collect virgins last thing in the evening. Keep the “female” vials after using the virgins and inspect 34 days later
for larvae. If present, presume that any females from that vial were nonvirgin at the time of use. (Note that the

presence of eggs in the female-holding vials is not evidence of nonvirginity, even virgin females will lay eggs,
albeit at a low rate in comparison with mated females.)

In practice, fly workers develop their own protocols for virgin collection that suit not only the flies, but also social
and other activities. But please bear in mind, nonvirginity is by

far the most common reason for an “unexpected” result from a cross. It is therefore very good practice to design
crosses so that nonvirgin progeny will be evident by their phenotype, especially if unexpected nonvirgin progeny
could confuse the analysis of an experiment (Ashburner and Roote 2000).

Controlling Plagues and Diseases:-

i. One reason for the success of D. melanogaster as a laboratory organism is that it is relatively resistant to plagues
and diseases. The two most common problems are molds overgrowing the medium and mites. There have also
been disturbing reports recently of viral infections in some laboratories. The culprit is apparently a picornavirus
(Drosophila C virus, DCV) and the symptoms of infection are black, dying pupae. The extent to which fly
laboratories suffer from molds and mites varies greatly, but there is some general advice that can be given. The

most important advice is that prevention is better (far better) than cure; two main guidelines for preventing plagues
and diseases are below.

ii. Cleanliness. Keep a clean fly room, fly kitchen, and culture environment. For cleaning surfaces in fly rooms,
use alcohol or a spray disinfectant, e.g., “Astell D.”

iii. Isolation of new stocks. Quarantine all incoming stocks, no matter from what source, even if the distributor
swears that they are free of mold, mites, or viruses. A quarantine facility (e.g., a dedicated incubator) should be
situated as distant from the normal fly and culture rooms as possiﬁle, and all mat_erials, especially discarded vials,
must be segregated from those in regular use. It is probably _sufﬁcnent to quarantine for twp gen;ratio:;;, and qnly
transfer the stocks to the regular facility when close inspection shows‘ them to be fre_e of infection or infestation.
Far flies brought to the labaratory straight from the wild, four generations of quarantine are recommended.
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V. If an infection or infestation occurs, the first rule is to isolate all affected cultures to a quarantine facility. What
i1s done next depends very much on the nature and extent of the problem.

V. Bacteria

The most common bacterial problem is mucus-producing bacteria on the food, which often produce a reddish-
brown pigment (e. g., Acinebacter sp.). The addition of antibiotics (streptomycin, tetracycline, or ampicillin) to the
food at a concentration of 250 mg/liter is usually sufficient to cure the problem within one generation. If the
problem is recurrent, then investigate the possible sources of the comtamination (e.g., the yeast). The use of
dextrose, rather than sucrose, in the fly medium should prevent most bacterial growth. The routine use of antibiotics
in the food medium is not recommended, as this will inevitably lead to resistance.

vi. Molds

Molds, usually species of Penicillium or Aspergillus, are a common problem, as fly medium is an ideal substrate
for their growth. With healthy cultures, the flies normally out-compete these fungi, but they can prove to be serious
for weak stocks or for cultures at low density. It is now routine practice to include mold inhibitors in medium.
Those most commonly used are Nipagin M or propionic acid. For both bacteria and molds, persistent infections
that are refractory to treatment can best be overcome by washing eggs in 70% alcohol.

Several species of mites can infect cultures of Drosophila (Ashburner 1989).
Broadly speaking, the mites may be interested either in the flies’ food (food mites) or in the flies themselves. The
fly mites are rarer than the food mites, but far more dangerous. Food mites often come in with the raw materials of
fly medium (e.g., corn meal). For this reason, it is good practice to store bulk meal at - 20°C and to be scrupulous
about cleaning up any spills. One of the commonest causes of a serious mite infestation is allowing old fly cultures
to fester in culture rooms or the fly room. These rooms must be inspected regularly by someone with the authority
to autoclave old cultures without question. This is not an issue where the liberal social attitude so characteristic of
fly labs can be allowed to constrain effective management. If mites are found, then the affected cultures must be
immediately quarantined (even better, autoclaved, but this is not always acceptable). If foam or muslin cotton-wool
bungs are used, then replace these immediately with bungs of nonabsorbent, tightly balled cotton wool; these
should prevent the mites spreading further.

Rapid (i.e., daily) transfer of stocks or cultures can rid them of mites, but this can be dangerous for weak stocks.
An alternative is to collect eggs and wash them free of any mite eggs before transfer to clean vials, or to collect
pupae on paper inserts and wash them free of mites and mite eggs in 70% ethanol, again before transfer to clean
vials. Tedion has been found to be effective against some common species of food mite.

Tedion is available from the Sigma Aldrich Library of Rare Chemicals and also from local suppliers of
agrochemicals. Dilute the commercial product (usually 8% active compound) to 5000 ppm in acetone and soak 7-
cm filter papers in this solution. Allow filters to dry completely and introduce one into each culture. Serious
endemic mite infestations should never be allowed to build up. If they do, then seek professional advice to combat
them, since they will require complete fumigation of all fly-handling rooms and equipment (Ashburner 1989).

viii. Viruses

In contradiction to the statements in Ashburner (1989), infection with the double- stranded RNA virus DCV has
been found to be a setious problem in a few fly laboratories in recent years. Its symptoms are the presence of dying
black pupae, particularly in old cultures. In addition, DCV infection seems to block the induction of transgenes

under the Hsp70 heat shock promoter (T. Tully, pers. comm.). T. Tully (pers. comm.) has developed protocols for
eradicating viral infection (Ashburner and Roote 2000).

Fly transfer

Flies should be transferred every 10 lo 14 days. Students should maintain a backup culture of their flies and the
instructor should maintain backup stock cultures of all fly strains. There are two basic ways to transfer flies when
forming new cultures. One requires no anesthetizing but quick hands.

Place a funnel in the mouth of a fresh culture vial that already has media added. In the old vial (the one with flies
in it), gently tap the flies down by softly tamping the vial on a soft surface, such as a mouse pad. The flies will fall
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to the bottom and remain there for a few seconds (no more than that!), enough time to quic':kly take the p]ug off the
vial, invert it into the funnel, and gently tamp, together, the two vials to force flies down into the new V.lal‘
An alternative way is to put the flies in the freezer for about 8 minutes. This will cause the flies to fall into a state

of stupor. After placing a funnel on the new vial, invert the vial with motionless flies into the funnel. This is not as
much fun but you won't have any flies flying around the classroom.

Cleaning/ Sanitization

Keep a clean fly room, fly kitchen, and culture environment is very much important
for Drosophila culture. For cleaning surfaces in fly rooms, use alcohol or a spray
disinfectant, e.g., “Astell D.” (Ashburner and Roote 2000).

Importance of Drosophila fly culture

1. The relationship between fruit fly and human genes is so close that often the sequences of newly discovered
human genes, including disease genes, can be matched with equivalent genes in the fly.

2. 75 per cent of the genes that cause disease in humans are also found in the fruit fly.

3. Drosophila have a short, simple reproduction cycle. It is normally about 8-14 days, depending on the
environmental temperature. This means that several generations can be observed in a matter of months.

4. Fruit fly are small (3 mm long) but not so small that they can’t be seen without a microscope. This allows
scientists to keep millions of them in the laboratory at a time.

5. They are inexpensive to maintain in the laboratory.

6. They require a simple diet consisting of simple sources of carbohydrates (cornmeal) and proteins (yeast extract).
7. The only care they need is having their food changed regularly (every 10-14 days at 25°C or 5-6 weeks at 18°C).

8. Drosophila have ‘polytene’ chromosomes, which means that they are oversized and have barcode-like banding
patterns of light and dark. During early Drosophila research scientists could therefore easily identify chromosomal
rearrangements and deletions under the microscope.

9. Itis relatively straightforward to mutate (disrupt or alter) fruit fly genes.

10. The fruit fly provides a simple means of creating transgenic animals that express.certain proteins, such as the
green fluorescent protein of jellyfish.

11. The long and distinguished history of research devoted to the study of the fruit fly means that a remarkable
amount is now known about its biology.

Conclusion

The fruit fly Drosophila melanogaster is a versatile model organism that has been used in biomedical research for
over a century to study a broad range of phenomena. There are many technical advantages of using Drosophila
over vertebrate models; they are easy and inexpensive to culture in laboratory conditions, have a much shorter life
cycle, they produce large numbers of externally laid embryos and they can be genetically modified in numerous
ways. Research using Drosophila has made key advances in our understanding of regenerative biology and will no
doubt contribute to the future of regenerative medicine in many different ways. (Jennings 2011).
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INTRODUCTION

Echinoderms are unisexual animal with no

sexual dimorphism.
Fertilization external

Echinoderms are deuterostomes and hence cleavage 1s

radial, holoblastic and indeterminate.

Development 1s mostly indirect having larval stage

1n between.



LARVA

The larvae hatch in water, feed and grow through

successive larval stages to become adults.

Larvae of Echinoderms are bilaterally

symmetrical but lose sy
metamorphosis.

Different classes of Echinoderms show

structurally different larval stages.

Comparison of the larval stages of different

classes can reveal their evolutionary ancestry.



LARVAL FORMS OF DIFFERENT CLASSES

CLASS LARVAL FORMS
ASTEROIDE A& Bipinnaria
Branchiolaria
OPHIUROIDE & Ophiopluteus
ECHINOIDE & Echinopluteus
HOLOTHUROIDE & Auricularia
Doliolaria
CRINOIDE & Doliolaria

Pentacrinoid larva of
antedon/ Cystidean



Different types of larvae in Echinoderms

Echinopluteus Auricularia Doliolaria



BIPINNARIA LARVA

It 1s the first larval form of Asteroidea.

It 1s a bilaterally symmertrical, free swimming,
pelagic larva.

The pre oral region 1s elongated, postoral region 1s broad.
It possesses two ciliated bands, the pre oral and post oral bands

The anterior end of the archenteron develop as mouth whereas the
blastopore becomes the anus.
The pre oral and post oral ciliated
bands are continued over a series
of prolongation called arms.

1.Dorso-Mediawm arm
2. borso-lateral arm
3. Mouth
4.Postero-dorsal arm
5. Stomach

&.ANUS
F.Postero-lateval arm
g vewntrp-median armw
9.Pre-oral arm
10.Postoral arm

BIPINNARIA LARVA

The bipinnaria larva is free
swimming and free feeding form.

After a short period of time, it
transforms into branchiolaria
larva.




The following are the names and the number of

arms developing from pre oral and post oral
ciliated bands :

Postero lateral arm - two

1. Dorse-Medidwn arm
Post oral arm - two S
. Mputh
Postero dorsal arm - two 3 AR A SR
5. Stomitch
Antero dorsal arm - two 6. Amus
F.Postero-lateral Arm
Pre Oral arm al tWO E‘.Vﬁwtrﬂ—mﬂdl.ﬂm TR

A.Pre-oval arm
10.Postoral arm

BIPINNARIA LARVA

Ventero median arm - one

Dorso median arm - one



1.Dorso-Median arm
2.beorsp-lateral arm

3. Mouth

4 . Postero-dorsal arm
5. Stomach

&.ANUS

F.Posteveo-lateral arm
£ _vVentro-median arm
9.Pre-oral arm
10.Postoral arm

BIPINNARIA LARVA




BRANCHOLARIA LARVA

Three additional arms are present on this larval form known as
branchiolarian arms.

These help the larva to adhere with the substratum.

These arms are neither ciliated nor have calcareous rods and the
coelomic cavity extends into these arms

The three short arms are at pre oral lobe, one median
and two lateral arms.

They contain adhesive cells at
their tips which act as a sucker.

The rest arms degenerate and

L} ®Bracshiplay oyrnes
2} Adkesive dise

2} Preevol opm

41 Antero-doriot orm
=) moputh

&) GEsophipaes

F) Ztowinch

Z) AnuUE

) Iwmtestine

become long, narrow

and slender.

':EIBRACHIDLAR!A LARVA



METAMORPHOSIS OF BRANCHIOLARIA

With the help of adhesive structures, it attaches
to some object.

Anterior portion acts as stalk for some time while
posterior part having gut and coelomic chambers
convert into a young starfish.

This detaches itself and starts leading a free life.

L} ®Brashielor orwms
2} Adhesive dise

2} Preéovol arm

43 Antera-doraot orm
£} mputh

B) DEsophE@us

F) Sbprafch

T Amus

B) Imbestine




L} Brashioloy oras
2} adhesive dise

=} Preéorval opw

<1 Antero-dorsot orm
=) mputa

G) OESOPNOAOHE

F) SEomacy

) A miLE

a) lwkestine

if.fu,, ,
‘BRACHIOLARIA LARVA




OPHIOPLUTEUS LARVA

This 1s the larval form of class Ophiuroidea

This 1s free swimming, bilateral symmetrical form
having a single ciliated band.

It possesses long arms with ciliated bands at the
margin.

It has two anterio lateral, two post oral, two posterio
dorsal and two posterio lateral arms.

Out of these, posterio lateral arms are the longest
and directed forward

N
i 1 o
! » 5
H H 5:,/ ,:? Vs
B 7 g 1) Ppetero-Llateval arm
1j.";\ 1 ,"l 5 fj } ' lf:] (4 ]
& LR W—{“r! /.i/ /r__._d 2iLlert nydrosoel weth Looes
h‘x‘}- B V‘q \?545 i %j F vy i F)lnkesting
W W A ae
X‘:{ \ ’rwl.'-“i":iﬁﬁ _Cj/ ; ¥
% E’HI'J e R e S}CJES?P'ﬁﬁav.S
% Y7 S ff“‘ff &) Mouth
k‘o‘%\: jl\‘i i e Fleestere-dorgal arm
*"g !J & . g) Antero-loternl arm
‘:%'Q-‘._ ‘.__—?}‘-‘f"'—_-‘-_-
\.::f

OPHIOPLUTEUS LARVA



It has comparitively smaller, pre oral lobe.

The post anal part of the body 1s quite well developed.
Larva consists of coelomic chambers and archenteron.
There being no attachment stage.

Free swimming larva, metamorphose into tiny serpent star,
which sinks to the bottom to begin its adult existence.

; f £
/i f g 1)Ppstero-Lloteval arm
o /‘"/ /f"'"]. 2YLeft hydrosoel with Lobes
) i T *
- A

A
) lwbesting

{ _".'% Iai‘ o Ill'\_:E
% ’i'“:‘lf_-ii"-.j / gL 4)AnuUS
R}‘* \ E?ﬂi\'{"ﬁi-——l—f 9 S)Otsepnagus
(7

’Fp\{‘\] i;'/ffj; il ElMputh

bﬁ“\ﬁhﬁﬁjl\i A —F —- F‘}Pezt:rg—dgrgﬁtﬁrm
g J § 3 2] Antero-loternl arm
\}‘N. 3 e S

OPHIOPLUTEUS LARVA



ECHINOPULTEUS LARVA

It 1s a microscopic, free swimming larva of Echinoidea.

It resembles the Ophiopluteus larva where the only difference is that i1t has
more arms.

This larva shows ciliated bands which are developed into arms.

Fully developed larva consists of six arms supported by calcareous rods
and 1its tips are pigmented.

Postero lateral arms are very short and
directed outwards or backwards.

pregral arm onterolateral arm

f~postorol arm

Locomotion 1s by ciliated bands, which 1n
some cases become thickened and called
Epaulettes

ocesophngus

stero
orsal arm

unterior epauletfes

There 1s no attachment stage.

Metamorphosis is extremely rapid taking place %\ [ 5 echinus rudiment
in about an hour.

posterior 1}
epauleties [k

Fig. 27.11. Echinopluteus larva



precral arm anteroloteral arm

=~ postoral arm
‘ { oesnphnagus
aiem

rz—:ﬂl arm

unterior epauletfes

. stomach

ji

47 echinus rudiment

intestine

)

posterior

epauleties pnsterulu!erul process

Fig. 27.11. Echinopluteus larva



AURICULARIA LARVA

It 1s the first larval form of Holothuroidea.

It 1s transparent, free swimming, pelagic larva of

about 0.5-1 mm in length.

Arms are absent. Ciliated bands are well developed.

It swims about by a ciliated band which forms pre oral

loop and an anal loop.

Alimentary canal is developed which opens with mouth

and ends with anus.

Internally the larva
has a curved intestine
with sacciform
stomach

pharynx

tentacular
lobes of
hydrocoel

_____ anal loop

hydropore
spheres
probably for
swimming

anus

left somatocoal
right

ossicle

Fig. 2712 A. Auricularia larva B. Transitional stage from Auricularia to Doliolaria larva



preoral loop

[LLEL I L
ﬁl I'l,p,.‘

mouth- pharynx
lentacular
- anal loop lobes o
hydrocoel
stomach hydropore
anus " “sspheres
intestine probably for
swimming

right
somatocoal

—0SSICie

Fig. 2712 A. Aurfcularia larva B. Transitional stage from Auricularia to Deliolaria larva



DOLIOLARIA LARVA

It 1s the second larval form of Holothuroidea.

It 1s a transitional stage from Auricularia larva.

It 1s barrel shaped with continuous ciliated band which breaks into three to

five flagellated rings.

Mouth 1s shifted to anterior and anus to posterior pole.

Metamorphosis 1s gradual, during which it acquires five tentacles and one

to two functional podia.

After appearance of more tentacles and podia, sea cucumber settles to the

sea bottom and leads an
adult mode of life.
As such it 1s sometimes

called Pentacula.

In some cases, there is no
Auricularia stage, the

embryo directly develops into
Doliolaria larva.

X
mouthi-—- ki
tentacular
lobes of
hydrocoel

_____ anal loop

hydropore
spheres
probably for
swimming

anus

left somatocoal

ossicle

Fig. 2712 A. Auricularia larva B. Transitional stage from Auricularia to Doliolaria larva
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o picaicilia

: £ podan vosicks

— laft somEloooed

irmashne

Flg Z7.13. Leptonyrupts Inkaerems. A mature Doliolosis lasva




DOLIOLARIA LARVA

It 1s the larval form of Crinoidea.

It 1s a free swimming larva having four to five ciliated

bands.

It contains an apical tuft of cilia which will be
Sensory.

On the mid ventral lin

e’?
near apical plate,
adhesive pit will be
present over the first e
ciliated band.

Between second and third

1) Apical sensory tuft

2) Apieal plate
2} Adngsive pit
%) Primary
wiEséntiron
5} Enbericzdc

ciliated band lies
stomodeum or vestibule




Skeleton also develops at this larval stage.

After swimming for some time, it will develop a
stalk.

It 1s called Pentacrinoid larva.

Larva now attaches itself and internal organs rotate
to 90 degree from ventral to posterior position.

Larva forms a stalk and 1s now called as

pxrchr]aan or pnnfqnv- noid

‘)’ OV ULULUOLLL A UUiIlLUVUOLU L J.U.I.\JL

larva.
This after somtime
metamorphoses into

DOLIOLARIA LARVA

an adult. 1) Apical sensory tuft
2) Apieal plate

2) Adhgsive pit

4) Primary
wLEnenmtErnn

5} Ewleric zoc



Pentacrinoid stage of Antedon bifida; Development of a Crinoid - A, morula; B, free
a) arms: b) basals; r) radials; s) stalk larva, with bands of cilia; C, young crinoid.



Liah Pipilrotcal  (Right somatocoed

Anus Peaioroiaizml

anm
_li_,.-F'l:lE-'I'mlﬂF"\l'l
Iniestice Poslenodorsal
I BT

Flg. 2138 Dferen arvml forme n Echiecdamals. A, Hypoletcal Opsdecvads e, B Bialeml asgs of Saraceds
lardm. C. Fomiciolr arva after jorsion ol mdiel posSon. D, Sedeeesr anve B Sachnniliam Braa
F. dovicesiraminnag., G, Trmra o] § g foem A emnasiaario Deasbindyvirlaren. H. Svhanianes, | Coesribaiaos:
J, Dleslinlivan o Winkioks lanva ol Aok K. Labe Dodods v ol Soseatn L Pentaonnodr staga of
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HOMOLOGY AND PHYLOGENY OF
ECHINODERM LARVAE

Except for the Crinoids, a sedentary group, the
larvae of Asteroidea, Holothuroidea, Echinoidea
and Ophiuroidea exhibit some fundamental
resemblances:

Having Pre-oral and Post-oral loops.

Having V-shaped ciliated bands.

Presence of gut with its divisions and openings.
Coelom enterocoelic.

These are some common features indicating that
they had a common ancestor.



Ciliated band

Pre-oral lobe
Anus Clitated band
|
Bl i Anal loba

Mauth / s \

th

Stomach

o™

Cphiurgidea Echinoidea Holpthurakdea Agterodes

Flg. 21.33: Showing the development of radially symmetrical adult echinoderms from the bilaterally symmetrical larva
(after Parker and Haswall).
Meote that (i} the Ophiurcidea and Echinoidea are closely refated and (i) Holothuroidea and Asterdidea are
closely relaled.



Hypothetical basic
larval ancestral forms
are:

1. Dipleurula type

ancestral larva
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ancestral larva

hydroparic canal stone canal

oesophagus

Fig. 27.14. Dipleurula larva. Diagrammatic reconstruction of hypothetical ancestor

stomach

intestine

vestibule

Fig. 27.15. Pentactula (ancestor larva) A. Bilateral form. B. Radial condition after torsion

SIGNIFICANCE OF ECHINODERM LARVAE:

1. Bilateral larvae are transformed in radically symmetrical adult.

2. Deuterostomes
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Project Title: Glimpses of India’s Wildlife in context of world

The natural wealth of the Indian subcontinent has remained unique, mysterious and fascinating
for nature lovers.

India's wildlife is both rich and varied. More than 4% of India's land is under forest cover.
Variety of India's wildlife can be seen in the 90 National Parks, 482 wildlife sanctuaries and 23
tiger reserves established by the Government of India in an attempt to conserve this vital
resource.

According to one study, India along with 17 mega diverse countries is home to about 60-70% of
the world's biodiversity.

India, lying within the Indomalaya eco-zone, is home to about 7.6% of all mammalian, 12.6% of
avian, 6.2% oflIndia, lying within the Indomalaya ecozone, is home to about 7.6% of all
mammalian, 12.6% of avian & 6.2% of reptilian.

For Wildlife Enthusiasts, India is the perfect place to see wild animals in their natural habitat.

Endangered Species

Q
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Asiatic Black Bear
Asiatic Lion

Asiatic Wild Dog/ Dhole
Banteng

Blue Whale

Capped Leaf Monkey
Chiru /Tibetan Antelope
Wild Cat

Fin Whale

Ganges River Dolphin
Golden Leaf Monkey
Great Indian Rhinoceros
Hispid Hare

Indian Elephant or Asian Elephant



Q

Q
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Indus River Dolphin
Andaman Shrew
Asian Arowana

Kashmir Stag / Hangul

Conservation of the Species:

Q

Q

U

o 0O 0 0 o0 o

In recent decades, human encroachment has posed a threat to India's wildlife.

Since India is home to a number of rare and threatened animal species, wildlife management in
the country is essential to preserve these species.

Article 48 of the Constitution of India specifies that, "The state shall endeavour to protect and
improve the environment and to safeguard the forests and wildlife of the country" and Article
51-A states that "it shall be the duty of every citizen of India to protect and improve the natural
environment including forests, lakes, rivers, and wildlife and to have compassion for living
creatures."

The system of National Parks and protected areas, first established in 1935, was substantially
expanded.

In 1972, India enacted the Wildlife Protection Act

In 1972, Project Tiger & Project Elephant started in 1992

Further federal protections were promulgated in the 1980s.

Forest Rights Act was established in 2008

Along with over 500 wildlife sanctuaries, India now hosts 15 biosphere reserves & 25 wetlands.

India contains 172, or 2.9%, of International Union for the Conservation of Nature and Natural
Resources (IUCN)-designated threatened species. These include the Asiatic lion, the Bengal tiger,
and the Indian white-rumped vulture.

The most endangered Indian top predator of 2010, the dhole is on edge of extinction. Less than
2500 members of the species remain in the world.

There are 39 Project Tiger wildlife reserves in India covering an area more than of 37,761 km?2.



ere are a total of 34 Biodiversity Hotspots in the world that are listad as:

HMENE biodiversity hatspot
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heavily threatened by habitat loss and degradation. making their conservation crecial to protecting nalire for the benefit of all ife on Eanth.

Biodiversity Hotspots

Norlh and Cenlral Bmerica

7 Califcornia Floristic Trovincs
2. Caribbean Islands

3. Madrean pire—ocak woodlinds

4. Mescamerics

South America

5. 2tlantic Forest
&. Cerrado

T Chilean Winter Ralufall-Valdivian Furesls W e

8. Tumbss—Choddé—Magdslsna South Asia

5. T:D_‘_pll::_al Andes 2% . FBasLern -H_‘Ll'[‘l.dlqlli:l,- Tnidig
23. Indo-Burma, India and Myanmar

Burope and Central Asia 24. Western Ghats & Sri Lanka
1. Cavca=sus
11. Izarc—-Znatolian South Bast Asia and Asia-Pacific
12. Mediterransan Basin 25. East Melanesizan Islands
13. Mourtains of Central Asia 2¢. New Caledonia
27. Wew IZesland
Africa Z5. rhilippines
14. Cape Flozistic Region 25. EFulysssia-Micionssis
15. Upastal Forests of Eastein Africa 30. Southweset ustralia
l_G_; Eastern Afromontanes 31. Sundalend
17 . Guinsan Forsstes of West Africa 3Z. Wallacea
1B. Horr of Africa
1%. Madegascar and the Indian Ccsan Islands East Asia
20. Maputaland-Pondolend-Albany 33. Japan

21. Bucculent Earoo 3. ljduntai'ns of Sguthwest China



Biodiversity Hot spots of Inida 300 km

200 mi
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- The Himalayas
- Indo-Burma region ¢

- The Western Ghats ¢

- Sundaland




1. Himalaya

http://bsienvis nic. in/files Biodiversity%20Hotspots%20in%20India pdf J
Species diversity and endimism
Taxonomic Group Species Endemic Species Endemism (%)
Plants 10,000 3,160 31.6
Mammals 300 12 4.0
Birds 977 15 15
Reptiles 176 48 2.3
Amphibians 105 42 40.0
Freshwater Fishes 269 33 12.3

A =k 5 . =%
B 5 ey Moot
1. Back-Striped Weasel 2. Namdapha Flying Squirrel
3. Red Panda 4. Takin

Rhododendron

4. Tibetan Partridge




2. Indo-Burma
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Species diversity and endemism
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Taxonomic Group Species Endemic Species Endemism (%)
Plants 13.500 7.000 319

Mammals 433 73 16.9

Birds 1.266 64 5.1

Reptiles 522 204 39.1
Amphibians 286 154 53.8
Freshwater Fishes 1,262 553 3.8

Red-headed vulture
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Critically Endangerea Sunda pangoli-n

S

the saola or “Asian unicorn”

Cambodia’s national bird, the giant ibis

3. Western Ghats and Sri Lanka

Taxonomic Group | Species Endemic Species Endemism (%)
Plants 5916 3.049 515
Mammals 140 18 12.9

Birds 438 35 7.6

Reptiles 267 174 65.2
Amphibians 178 130 73.0
Freshwater Fishes 191 139 728

Gaur (Indian Bison)

IR vl :
Lion Tailed Macaque

Baccaurea courtallensis




4. Sundaland

iometors

Taxonomic Group Species Endemic Species Endemism (%
Plants 25.000 15,000 60.0
Mammals 380 172 453
Birds 769 142 18.5
Reptiles 452 243 538
Amphibians 244 196 803
Freshwater Flshes 950 350 36.8

Sulawesi Bear Cuscus

Sundaland

Environmental Hotspot




Mega diversity countries

1. Australia

2. The Congo
3. Madagascar
4. South Aftica
5. China

Australia @

& WorldAtlas

6. India 11. Brazil 16. United States
7. Indonesia 12. Colombia 17. Venezuela

8. Malaysia 13. Ecuador

9. Papua New Guinea 14. Mexico

10. Philippines 15, Peru



G@ BIGGEST THREATS TO
BIODIVERSITY jw

1. CLIMATE CHANGE

Increase in the temperature of the atmosphere has major effects on
the environment such as the seasens, rising of the sea levels, and
glacial retraats.

-----------------------------------------------------------------------

2. HABITAT LOSS & DEGRADATION
ﬂ:ig Habitat loss may either be caused by natural events like natural

calamities and geological events or anthropogenic activities like
deforestation and man-induced climate change.

4" . 3. POLLUTION
o . Be it water, qir, or land pollution, all forms of pollution appear to be
N = a threat to all life forms on Earth.

4. INVASIVE SPECIES

An exotic or unnatural species can be any kind of organism that has
been introduced to o foreign habitat. This introduction can cause
major threats o the native species.

-----------------------------------------------------------------------

5. OVEREXPLOITATION

Overexploitation refers to the act of over-harvesting species and
natural resources at rates faster than they can actually sustain
themselves in the wild.

-----------------------------------------------------------------------

6. OTHER POTENTIAL THREATS

Epidemics and infectious diseases of wildlife such as Ebola virus
disease, infectious bursal disease, and flu affect wildlife and
biodiversity.

.......................................................................

Source: hitps://vwww.biocexplorer.net/threats-to-biodiversity.html/



Photo credits:
Habatat Dale Coker, NFS
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5. No

Name of State

National park

L
[ Name Oof FTOIECIEd ATed |

—Year or motification

Area (in km?)

| Andhra Pradesh | Papikonda 2008 1012 8588
2 Rajiv Gandhi 2005 2.3952
(Rameswaram)
3 Sri Venkateswara 1989 353.62
4| Arunachal Mouling 1986 483
Pradesh

4 Namdagha 1983 1807 .82
6| Assam Dibru-Saikhowa 1999 340
7 Kaziranga 1974 858.98
& Manas 1990 500
9 Nameri 1998 200

1 Rajiv Gandhi (Orang) 1999 78.81
" | Bihar Valmiki 1989 33565

12 | Chhattisgarh Guru Ghasidas (Sanjay) 1981 1440.71
13 Indravati (Kutru) 1982 1258 37
L Kanger Valley 1982 200
5| Goa Mollem 1992 107
16 | Gujarat Blackbuck (Velavadar) 1976 3453

L Gir 1975 258.71
15 Marine (Gulf of Kachchh) 1982 162.89
L Vansda 1979 2399
20 | Haryana Kalesar 2003 46.82
21 Sultanpur 1989 143
22 | Himachal Great Himalayan 1984 754 4

Pradesh

- Inderkilla 2010 94
A Khirganga 2010 705
23 Pin Valley 1987 675
o Col. Sherjung Simbalbara 2010 2788
27 | Jharkhand Betla 1986 22633
28 | Karnataka Anshi 1987 417 34
e Bandipur 1974 872.24
4 Bannerghatta 1974 260.51
a1 Kudremukh 1987 600.57
32 Nagarahole (Rajiv Gandhi) 1988 643.39
33 | Kerala Anamudi Shola 2003 75
a1 Eravikulam 1978 a7
e Mathikettan Shola 2003 12.82
i Pambadum Shola 2003 1.32
Hf Periyar 1982 350
o Silent Valley 1984 89.52
39 | Madhya Pradesh | Bandhavgarh 1968 448 842
40 Dinosaur Fossils 2011 0.897
41 Fossil 1983 027
i Pench 1975 292 857
i Kanha 1955 941.793
il Kuno 2018 748 761
] Madhav 1959 37523
46 Panna 1981 542 66
" Sanjay 1981 464 643
4 Satpura 1981 528.729
43 Van Vihar 1979 4 452




30 | Maharashtra Chandoli 2004 317 67
] Gugamal 1975 361.28
A2 Nawegaon 1975 133.88
ad Pench (Jawaharlal Nehru) 1975 257 .26
54 Sanjay Gandhi (Borivilli) 1983 86 96
31 Tadoba 1955 116.55
36 | Manipur Keibul-Lamjao 1977 40
a5 Shiroi 1982 100
38 | Meghalaya Balphakram 1986 220
i Nokrek Ridge 1997 47 48
60 | Mizoram Murlen 1991 100
gl Phawngpui (Blue 1992 50
Mountain)
62 | Nagaland Intanki 1993 20202
83 | Odisha Bhitarkanika 1988 145
s Simlipal 1980 8457
65 | Rajasthan Desert 1992 2162
] Keoladeo Ghana 1981 2873
Bz Mukundra Hills 2006 200 .54
66 Ranthambhore 1980 282
kil Sariska 1992 2738
70 | Sikkim Khangchendzonga 1977 1784
1| Tamil Nadu Guindy 1976 2.7057
12 Gulf of Mannar Marine 1980 52602
44 Indira Gandhi (Annamalai) 1989 171
L Mudumalai 1990 103.23
= Mukurthi 1990 73.46
76 | Telangana Kasu Brahmananda Reddy 1994 1425
. Mahaveer Harina 1994 14.59
Vanasthali
7 Mrugavani 1994 36
7 | Tripura Clouded Leopard 2007 208
il Bison (Rajban) 2007 3163
81 | Uttar Pradesh Dudhwa 1977 490
82 | Uttarakhand Corbett 1936 52082
5 Gangoin 1989 2390.02
e Govind 1990 472 08
o Nanda Devi 1982 624 6
th Rajaji 1983 820
o Valley of Flowers 1982 875
B8 | West Bengal Buxa 1992 171
= Gorumara 1992 7945
o0 Jaldapara 2014 216 34
9N Neora Valley 1986 159 8917
o Singalila 1986 78.6
93 Sunderban 1984 1330.1
% | Andaman & | Campbell Bay 1992 42623
Nicobar Islands
S Galathea Bay 1992 110
9% Mahatama Gandhi Marine 1983 2815
(Wandoor)
o Mount Harriett 1987 4662
A Rani Jhansi Marine 1996 320 06
S Saddle Peak 1987 32 54
00 | Jammu & | City Forast (Salim Ali) 1992 907




Dachigam 1981 141

102 Kazinag 2000 90.88

103 Kishtwar High Altitute 1981 21915

104 | Ladakh Hemis 1981 3350
Source: National Wildlife Database, Wildlife Institute of India

BIOSPHERE RESERVE

Biosphere reserves are sites established by countries and recognized under UNESCO's Man
and the Biosphere (MAB) Programme to promote sustainable development based on local
community efforts and sound science.The programme of Biosphere Reserve was initiated by
UNESCO in 1971. The purpose of the formation of the biosphere reserve is to conserve in situ
all forms of life, along with its support system, in its totality, so that it could serve as a referral
system for monitoring and evaluating changes in natural ecosystems. The first biosphere
reserve of the world was established in 1979, since then the network of biosphere reserves has
increased to 631 in 119 countries across the world (Read more

at https://fen.unesco.org/biosphere).

Presently, there are 18 notified biosphere reserves in India.

BIOSPHERE RESERVES . =, The Sites Of India Included In Man {
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No. Name

1 Nilgiri

2  Nanda Devi

3  Nokrek

4  Great Nicobar

5  Gulf of Mannar

6 Manas

7  Sunderbans

8  Simlipal

9  Dibru-Saikhowa

10 Dehang-Dibang

Date of
Notification

18.01.1988

01.09.1988

06.01.1989

18.02.1989

14.03.1989

29.03.1989

21.06.1994

28.07.1997

02.09.1998

Area (in kmz)

5520

(Core 1240 & Buffer 4280)

5860.69

(Core 712.12,

Buffer 5,148.570) & T.
546.34)

820

(Core 47 .48 & Buffer
227.92, Transition Zone
544.60)

885 (Core 705 & Buffer
180)

10,500 km2
Total Gulf area

(area of Islands 5.55 km?2)

2837

(Core 391 & Buffer 2.446)

9630

Location (State)

Part of Wayanad, Nagarhole,
Bandipur and

Madumalai, Nilambur, Silent
Valley and

Siruvani hills (Tamil Nadu,
Kerala and Karnataka).

Part of Chamoli, Pithoragarh,
and
Bageshwar districts

(Uttarakhand).

Part of Garo hills (Meghalaya).

Southern most islands of
Andaman
and Nicobar (A&N Islands).

Indian part of Gulf of Mannar
between India
and Sri Lanka (Tamil Nadu).

Part of Kokrajhar, Bongaigaon,
Barpeta,

Nalbari, Kamprup and Darang
districts (Assam)

Part of delta of Ganges and

(Core 1700 & Buffer 7900) Brahamaputra river system

4374
(Core 845, Buffer 2129 &
Transition 1400

765
(Core 340 & Buffer 425)

5111.50
(Core 4094.80 &Buffer
1016.70)

(West Bengal).

Part of Mayurbhan) district
(Orissa).

Part of Dibrugarh and Tinsukia
Districts (Assam)

Part of Siang and Dibang Valley
in Arunachal Pradesh.

Parts of Betul. Hoshangabad and
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Pachmarhi
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Cold Desert

Seshachalam Hills

Panna

03.03.1999

07.02.2000

12.11.2001
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29.01.2008

28.08.2009

20.09.2010

25.08.2011

4926

2619.92

(Core 1819.34 & Buffer

835.92)

1828

3835.51
(Core 551.55 &
Buffer 3283.86)

12.454 kim?2

7770

4755.997

2998.98

Parts of Betul, Hoshangabad and
Chindwara districts of Madhya
Pradesh.

Parts of Khangchendzonga hills
and Sikkim.

Neyyar. Peppara and
Shendurney Wildlife
Sanctuaries and their adjoining
areas in Kerala.

Covers parts of Anupur and
Dindori districts of

M.P. and parts of Bilaspur
districts of Chhattishgarh State.

Part of Kachchh. Rajkot.
Surendra Nagar and

Patan Civil Districts of Gujarat
State

Pin Valley National Park and
surroundings: Chandratal

and Sarchu&Kibber Wildlife
Sancturary in Himachal Pradesh

Seshachalam Hill Ranges
covering parts of Chittoor

and Kadapa districts of Andhra
Pradesh

Part of Panna and Chhattarpur
districts in Madhya Pradesh

Structure of a model biosphere reserve.
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Description of some National Parks in India

Bandipur & Nagarhole National Parks, Karnatak

v’ Special Features: Veritable paradise for wildlife. Moderate climate and diverse geographical
features. Dry & tropical mixed deciduous forests

v’ Location: Situated within Chamarajanagar
v district of Karnataka, halfway down

v" the Mysore-Ooty highway.

v Prime Attractions:

v Year of Designation as National Park:

In 1973, it became one of the first of India's Tiger Reserves.

Corbett National Park

v’ Special Features: First national park of India. Hilly & reverie , valleys, plateaus and ravines.
Deciduous forests consisting 110 tree species. Lower areas are mainly populated by Sal, Pine,
Shisham and Khair trees.

v Year of Designation as National Park:
Formerly known as Hailey National Park,
established by Jim Corbett in 1936
v" Location : 63 Kms southwest of Nainital, Uttaranchal
v" Area: 52,082 hectares

v Prime attractions : Tigers, Leopards, Crocodiles,

Sloth Bear, Himalayan Black Bear, Dhole, Jackal,

Yellow Throated Martem, Himalayan Palm Civet, Indian Grey Mongoose.



Kanha National Park

v Special Features: The number of tigers has doubled and barasingha have crossed the 450 mark.
Deciduous forests, surrounded by valley & plateaus.

v Year of Designation as National Park:
As National Park in 1955 &
as Tiger Reserve in 1975

v’ Location : Forests of the Central high
lands of Mandla and Balaghat districts
in Madhya Pradesh

v Area: 940 sq. kms.

v Prime attractions : Barasingha, cheetal sambar, black duck, barking deer, gaur, hog deer,
chausingha, bison, boar, tiger, leopard, hyena and wild dog. Nearly two hundred bird species
such as storks, teals, pintails, egrets, peafowl, partridges, doves, pigeons, cuckoos, eagles, kites,

etc.
Kaziranga National Park
v’ Special Features: Listed in World Heritage Site
v Year of Designation as National Park: 1985
v’ Location : Districts of Golaghat & Nagaon in Assam

v Area: 429.93 sg.kms with an additional area of 429.40 sq.kms

v Prime attractions : One Horned Rhinoceros, Asiatic elepahnt, Asiatic wild buffalo & Royal

Bengal Tiger.
Dudhwa National Park
v’ Special Features: Forty-seven species of mammals are
found at Dudhwa; of these thirteen species are endangered.
The only place in the world inhabited by 5 species of deer

v Year of Designation as National Park: 1st February 1977

v Location : Near Palia in Lakhimpur-Kheri District in foothills of Himalaya in Terai region in Uttar
Pradesh



v' Area: 490 sq.kms

v Prime attractions : Hog deer, swamp deer, barking deer, sambhar, wild boar, leopard, tiger,
rhino.

Gir National Parks
v Special Features: It's ecosystem nurtures 450
species of plants, 350 species of birds,
32 mammal species & 24 reptiles
v Year of Designation as National Park: Established in 1965

v Location : Gir, 42 kms from Junagadh in Gujarat

v' Area:1421.13 sq. kms

v Prime attractions : Chital, chowsingha, Asiatic Lions, Leopard, Lion, sambhar, bluebul

Sunderbans National Park
v Special Features: A UNESCO World Heritage site,
one of the world’s largest delta & the mangrove
v Year of Designation as National Park:
v Location : Piyali, West Bengal

v’ Area:1330.10 sq. kms a' = A “
r i '.lL |'.I |

v Prime attractions : Bengal Tiger, Ridley Sea Turtle, porpoise, wild boar, pangolin, Gangetic
dolphin.

Some of the Bird Sancturies in India

++» Keoladeo National Park/Bharatpur Bird Sanctuary:
v’ Special Features: Designated as UNESCO World Heritage Site in 1985
v Location: Bharatpur, Rajasthan

v' Area: 29 sq. kms

Prime attractions: Sambar, Chital, Nilgai, Boar, Migratory Birds

+*» Kumarakom Bird Sanctuary



v’ Special Features: Situated on the banks of Vembanad Lake. Famous for its avian population.

Known as an ornithologist's paradise.
v Location : 12 kms. from Kottayam, Kerala
v" Area: 14 acres

v" Prime attractions: Siberian Cranes, Waterfowls, Cuckoos

+«+ Sultanpur Bird Sanctuary

v Special Features: Lush green lawns, trees, shrubs and masses of Bougainvillea.

v Location: Sultanpur, Haryana |
v' Area: 143 sq. kms

v Prime attractions: Migratory Birds, Kingfishers, Blue Bulls

«» Thattekad / Salim Ali Bird Sanctuary

v Special Features: Situated on the banks of the Priver river

v Location : 13 kms. from Kothamangalam, Kerala

v' Area:25.16 sq. kms

Prime attractions : Rare Mottled Wood Owl, Spot-bellied Eagle Owl, Malayan Night Heron.

*0

» Kaundinya Bird Sanctuary

v’ Special Features: Covered with rugged high hills and deep valleys. Two streams, the Kaigal and
the Kaundinya flow through the sanctuary. The southern tropical type of forests.

v" Location : 50 kms. from Chittor, Andhra Pradesh
v' Area: 358sq. Kms
v Prime attractions : Cheetal, Four horned Antelope,

Sambhar, Mouse Deer, Hare, Porcupine, Wild boar,

Jungle Cat, Jackal, Sloth Bear, Panther, Jungle Fowl,

Pea Fowls and Elephants.
++» Kawal Sanctuary

v’ Special Features: Variety of flora including dry deciduous teak forest and bamboo trees.



v" Location : 50 kms. from Mancherial, Andhra Pradesh
v' Area: 893sq. Kms

Prime attractions : Sloth Bear, Panther, Tiger and variety of birds like Peacocks, Patridges, Quails,
Vultures, Eagles, Kites, Owls, Mynas, Pigeons, Tree - pies, Kingfishers.



CONCLUSION

It will be worthwhile to mention that in the 31st meeting of the Standing Committee for National Board
for Wildlife (NBWL), held between August 12-13,, 2014, as many as 173 projects were listed for
clearance from 24 states of India. A total of 130 projects were cleared, but were eventually struck down
by the Supreme Court of India on the grounds that the current constitution of NBWL is a violation of law
(PA Update, 2014-15: 12-22). Again, in a single NBWL meeting, held on January 21, 2015, at least 34
project proposals, cutting across 12 states have been approved; including those for road, rail, oil drilling,
pipeline, canal construction—all being within the declared boundary of 27 wildlife sanctuaries, four
national parks, one tiger reserves and two bird sanctuaries, among others. All these projects involve
diversion of forest land within ‘Protected Area’ for non-forestry purpose.

Besides, at least 15 proposals from 10 states got clearance for diversion of forest land within 10 km
radius of national parks and wildlife sanctuaries, which according to EIA norm should not have been
given permission. The range of projects included construction of jetty in water ways and highway on
land, storage facilities, irrigation, canal construction, road, mining, thermal power, hydrocarbon
exploration.

The gamut of development projects being cleared may be indicative of country’s rapid growth, but it
also poses a question—what is the future of wildlife in India? Thanks to illegal poaching, Sariskaand
Panna tiger reserves in Rajasthan and Madhya Pradesh respectively were recently declared “tiger-less”.
Buxa Tiger Reserve in West Bengal also has no tiger now.A recent news on death of “lions” in large
number in Gujarat attracted national media attention. Also the illegal poaching or human-induced
deaths as witnessed in Manas Wildlife Sanctuary, causing decline in rhino population. But on the other
hand, deliberate and predicted deaths of Indian Elephants on railway tracks in north Bengal. Stories of
these deaths that were five times more since the railway line was broadened also attracted eyeballs.
Has any action been taken to prevent such colossal loss of wildlife—legally or illegally? Very recently,
Government of India had again cleared another railway project connecting North Bengal to Sikkim via
Rongpo, diverting 86 ha of forests land. These wildlife species are all listed under Schedule | of Indian
Wildlife Protection Act and should have been given highest protection status. Land is not the only place
with wildlife crisis. Hundreds of dead sea turtles have recently been spotted on Odisha coast. It is
alleged that uncontrolled trawling operation made the coast a cemetery for Olive Ridley turtles.

The 48 projects recommended for clearance in January 2015, if undertaken, will convert 2,144 ha of
forest land within the Protected Area. But in some cases, forest area has not been clearly defined and
maneuvered in such language as “afforestation of boundary of Protected Area for exclusion of part of
limestone bearing mineral zone” in Kamur Wildlife Sanctuary, Bihar. The title at least does not indicate
“what the limestone bearing area is” that is referred to within the sanctuary. In June 2015, NBWL had
again cleared 18 new projects and deferred four projects without rejecting a single one. These include
six projects within five tiger reserve areas (PA update, August, 2015). One can recall how years ago,
dolomite mining was totally banned in Buxa Tiger Reserve, although mining history dates back 50 years
before the tiger reserve was notified.



The forest cover in India has a target to reach 33 per cent of land area but forests within the Protected
Areas have special significance in terms of biodiversity and wildlife conservation. Years back, a study by
Zoological Survey of India on tiger reserves of India revealed how tiger reserves have contributed
towards efforts of conservation of biological diversity in the country by protecting keystone species and
forests. One has to remember that till date 70 per cent of biodiversity has been recorded from the
forested area in the world.
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ntroduction to Animal Cell Culture:

Animal cell culture basically involves the in vitro (in the laboratory) maintenance and
propagation of animal cells in a suitable nutrient media. Thus, culturing is a process of
growing cells artificially. Cell culture has become an indispensible technology in
various branches of life sciences. Animal tissue culture technology is now becoming a
significant model for many scientists in various fields of biology and medicine. Despite the
various developments in animal cell and tissue culture since the late 1800s, until the early
1950s progress in animal tissue culture was stalled due to the non-availability of a suitable cell
line. In the early 1950s, for the first time, successtul growth of cells derived from the cervical
cancer of Mrs Henrietta Lacks was demonstrated. This breakthrough using Mrs Henrietta
Lacks's cells in culture successfully transformed medical and biological research, allowing
numerous cellular, molecular and therapeutic discoveries, including the breakthrough ot the
first eftective polio vaccine. This culture is now called Hel.a, on which there were more than
60 000 publications by 2017, and which has been involved in numerous Nobel prize-winning
Innovations.
Animal cell culture is a significant tool for biological research. The importance of cell culture
technology in biological science was realized a long time ago. Earlier dedifterentiation based
experiments of cells due to selective overgrowth of fibroblasts resulted in the enhancement of
culture techniques. Animal cell culture involves isolation of cells from a tissue before
establishing a culture in a suitable artificial environment. Initial isolation of the cells from the
tissues can be achieved by disaggregation using enzymatic or mechanical methods. The source
of the isolated cells is usually an iz vivo environment, but sometimes cells are also derived from
an existing cell line or cell strain. Animal cell culture offers suitable model systems for
investigating the following factors:
e Drug screening and development.
e Mutagenesis and carcinogenesis.
e Normal physiology and biochemistry of cells.
o Potential effects of drugs and toxic compounds on the cells.
In addition, it also permits reliable and reproducible results, and is thus considered as a
significant model system in cellular and molecular biology. Mammalian cell culture requires an

optimal environment for growth. Environmental conditions are divided into nutritional
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requirements and physicochemical requirements. Nutritional requirements include a substrate
or medium that provides support and essential nutrients such as amino acids, carbohydrates,
vitamins, minerals, growth factors, hormones and gases (O., CO.). All these factors control
physical and chemical factors such as pH, osmotic pressure and temperature. In animal tissue
culture the majority of cells are anchorage-dependent and therefore require a solid or semi-
solid support in the form of a substrate (adherent or monolayer culture), whereas others can be
cultured in the culture medium, called a suspension culture. Cell culture technologies have
emerged as a tool to assess the efficacy and toxicity of new drugs, vaccines and
biopharmaceuticals, and also play a major role in assisted reproductive technology. Animal cell
culture is one of the more important and diverse techniques in current research streams.
Animal, plant and microbial cells are always cultured in predetermined culture medium under
controlled laboratory conditions. Animal cells are more complex than micro-organisms. Due to
their genetic complexity it is difficult to determine the optimum nutrient requirements of
animal cells cultured under iz witro conditions. Animal cells require additional nutrients
compared to micro-organisms, and they usually grow only when attached to specially coated
surfaces. Despite these challenges, different types of animal cells, including both

undifferentiated and differentiated ones, can be cultured successfully (1,2).

istorical Background:Tissue culture involves the iz vitro maintenance and

propagation of cells in optimal conditions. Culturing animal cells, tissue or
organs in a controlled artificial environment is called animal tissue culture. The
importance of animal tissue culture was initially realized during the development
of the polio vaccine using primary monkey kidney cells (the polio vaccine was the first
commercial product generated using mammalian cell cultures). These primary monkey kidney
cells were associated with many disadvantages such as:
e Chances of contamination with adventitious agents (risk of contamination by various
monkey viruses is high).
e Most of the cells are anchorage-dependent and can be cultured efficiently only when they
are attached to a solid or semi-solid substrate (obligatorily adherent cell growth).
e The cells are not well characterized for virus production.

e A scarcity of donor animals as they are on the verge of extinction.
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The foundation of animal tissue culture can be considered to have occurred in 1880, when
Arnold showed that leukocytes can divide outside the body. Then, in the beginning of the 19th
century, Jolly investigated the behavior of animal cells in serum lymph. The development of
animal tissue culture commenced after the breakthrough frog tissue culture technique, which
was discovered by Harrison in 1907. Due to this effort Harrison is considered as the father of
tissue culture. In his experiment he introduced tissue from frog embryos into frog lymph clots
and showed that not only did the tissue survive, but nerve fibers grew out from the cells.
During the mid-20th century, human diploid fibroblast cells were established by Haytlick and
Moorhead (3). They named this cell line MRC-5 (a cell line of fibroblasts derived from lung
tissue). Later, Wiktor et al(1964) explored the utilization of this cell line in the production of
rabies virus for vaccine production. After a couple of years they suggested a large-scale
production protocol along with a method for the assessment of purified rabies vaccine
immunogenicity. During the same time, BHK-21 (C13) cells (baby hamster kidney cells) were
established. These cells are susceptible to human adenovirus D, reovirus 8 and vesicular
stomatitis virus. The commercial production of inactivated foot and mouth disease (a viral
disease that causes sores in the mouth and a rash on the hands and feet of children) vaccine
began using a suspension process. Back in 1914, Losee and Ebeling cultured the first cancer
cells and after a few decades the first continuous rodent cell line was established by Earle
(1943) (7). In 1951, Gay established that human tumor cells can give rise to continuous cell
lines. The cell line considered as the first human continuous cell line was derived from a cancer
patient, Henrietta Lacks, as mentioned above, and HeLa cells are still used very widely.
Continuous cell lines derived from human cancers are the most extensively used resource in the
modern laboratory. The Hela discovery was followed by FDA approval for the production of
interferon from HeLa cell lines. In addition to the progress in the field of cell culture, different
media have been explored, which are typically based on specific cell nutritional requirements,
such as serum-free media, starting with Ham's fully defined medium in 1965. In the 1970s,
serum-free media were optimized by the addition of hormones and growth factors. Currently,
thousands of cell lines are available and for the establishment and maintenance of these cell

lines many media are available.
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rgan culture: The culture of native tissue (ie. un-disaggregated

tissue) that retains most of the in vivo histological features is regarded as

organ culture.

Cell culture: This refers to the culture of dispersed (or disaggregated) cells

obtained from the original tissue, or from a cell line.

Equipment: Laminar-flow, sterilizer, incubator, refrigerator and freezer (-20°C), balance, C02
cylinder, centrifuge, inverted microscope, water purifier, hemocytometer, liquid nitrogen
freezer, slow- cooling device (for freezing cells), pipette washer, deep washing sink. Besides the
basic and minimal requirements listed above, there are many more facilities that may be
beneficial or useful for tissue cultures. These include air-conditioned rooms, containment room
tor biohazard work, phase-contrast microscope, fluorescence microscope, confocal microscope,

osmometer, and high capacity centrifuge and time lapse video equipment.

Culture Vessels: In the tissue culture technology, the cells attach to the surface of a vessel
which serves as the substrate, and grow. Hence there is a lot of importance attached to the
nature of the materials used and the quality of the culture vessels. The term anchorage
dependent cells is used when the cells require an attachment for their growth. On the other

hand, some cells undergo transformation, and become anchorage independent.

Materials used for culture vessels: Glass: Although glass was the original substrate used for
culturing, its use is almost discontinued now. This is mainly because of the availability of more

suitable and alternate substrates.

Disposable plastics: Synthetic plastic materials with good consistency and optical properties
are now in use to provide uniform and reproducible cultures. The most commonly used plastics

are polystyrene, polyvinyl chloride (PVC), polycarbonate, metinex and thermonex (TPX).
Types of culture vessels: The following are the common types of culture vessels.

1. Multiwall plates

ii. Petridishes

ii. Flasks

1v. Stirrer bottles.
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imitations of Tissue Culture: There are several limitations of tissue

culture; some of them are given below.

1. Need of expertise and technical skill for the development, and regular use of

tissue culture.

2. Cost factor is a major limitation. Establishment of infrastructure, equipment and other

tacilities are expensive.

3. It is estimated that the cost of production of cells is about 10 times higher than direct use of

animal tissues.

4. Control of the environmental factors (pH, temperature, dissolved gases, disposal of

biohazards) is not easy.

5. The native in vivo cells exist in a three- dimensional geometry while in in vitro tissue
culture, the propagation of cells occurs on a two dimensional substrate. Due to this, the cell to

cell interactive characters are lost.

Risks in a Tissue Culture Laboratory and Safety: There are several risks associated with
tissue culture technology. Most of the accidents that occur in culture laboratories are due to
negligence and casual approach while dealing with biological and radiological samples, besides

improper maintenance of the laboratory.

Primary culture broadly involves the culturing techniques carried following the isolation of the
cells, but before the first subculture (3, 4). Primary cultures are usually prepared from large
tissue masses. Thus, these cultures may contain a variety of differentiated cells e.g. fibroblasts,

lymphocytes, macrophages, epithelial cells.

With the experiences of the personnel working in tissue culture laboratories, the following

criteria/ characteristics are considered for efficient development of primary cultures:

a. Embryonic tissues rather than adult tissues are preferred for primary cultures. This is due to
the fact that the embryonic cells can be disaggregated easily and yield more viable cells, besides

rapidly proliferating in vitro.

b. The quantity of cells used in the primary culture should be higher since their survival rate is

substantially lower (when compared to subcultures).
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c. The tissues should be processed with minimum damage to cells for use in primary culture.

Further, the dead cells should be removed.

d. Selection of an appropriate medium (preferably a nutrient rich one) is advisable. For the

addition of serum, fetal bovine source is preferred rather than calf or horse serum.
e. [t is necessary to remove the enzymes used for disaggregation of cells by centrifugation.

ulture Media for Cells and Tissues: Culture medium is the most

important factor for culturing cells and tissues. It provides optimum conditions of
tactors like pH, osmotic pressure etc. It also provides all nutritional requirements

needed by growing cells in the culture.

The media used in animal cell and tissue culture are of two
types:

and serum. Plasma clot is prepared by treating the blood of an animal with an anticoagulant

such as heparin. Serum is the clear fluid part of the blood, formed after blood coagulation when

tibrin separates from the plasma. cells isolation by
enzymatic and
. . . schamical actio
It is considered as an ideal T .
= culture =y o= = Primary
RUCL = . ARt confluent culture L
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growth medium for animal cells |"*"
ot S . . sub-culture
as if is formed of hundreds of G o snb-cultare —
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Cell line

(BSS) which provide essential inorganic ions, correct osmolarity, required pH (7.0-7.3), energy
(= glucose) and a pH indicator (such as phenol red). However, BSS lacks essential amino acids
and vitamins. Earle’s balanced salt solution and Hanks’ balanced salt solution come under this
category. These media cannot support growth of cells and tissues but can keep them alive for a

period of 12 hours.
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For longer survival of the culture, serum may be used or the balanced salt solution may be

supplemented with amino acids, oxygen, vitamins and serum protein (7, 8).

ulture Procedures: The procedure for tissue culture and cell culture

involve preparation and sterilization of glassware, equipment, reagents and media.
As the tissue culture is being carried out in highly aseptic condition, all the
usable, media and solutions are required to be sterilized thoroughly. Some of the
methods of sterilization include swabbing, capping, flaming, dry at, wet heat, radiation, filter

sterilization etc.

The work bench, reagent bottles and growth media are swabbed (= cleaned) with 70% ethanol
before and after operation. Culture and reagent bottles are capped with deep screw caps. The
reagents bottles are capped immediately alter using the reagent. The necks of all bottles and
the screw caps are flamed before and after opening and closing. This is a common practice to

prevent infection and maintaining aseptic condition.

Glassware, stainless steel instruments, plastic containers, distilled water, phosphate buftered
saline and growth medium are sterilized in autoclave at 121 °C and under pressure 15
Ib/square inch for 20 minutes. This process of sterilization by means of an autoclave is called as
wet heat. It is followed by dry heat. During dry heating, glass ware and dissecting instruments
are placed within a hot air oven at 160°C for one hour. The culture room or laminar How

cabinet is fitted with a UV lamp.

The lamp is switched on half an hour before the operation of the work for the purpose of
sterilization. Some heat labile constituents of the growth medium (such as polypeptides,
hormones etc.) are sterilized not by heating method but by another method called filter

sterilization. In this method liquid substances are passed through a micro filter (0.2 pm) which

ORGAN EXPLANT DISSOCIATED CELL ORGANOTYPIC
CULTURE CULTURE

CULTURE CULTURE

Tissue al gas-haud Tissua at solid-quid Disaggregated tissus; Diflersat cells co-cultured with
interface; histological intedace; cells migrate cells lorm monolayer o withcul matrix; organotypic
structure maintained 1o lorm outgrowth al solidliguid intertace siructure recrealed
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removes everything except mycoplasma (50%) and bacterial endotoxins.

Preparation of Starting Material: The starting material is an isolated tissue or a body part.
The isolated tissue or the body part consists of numerous cells cemented together by
proteinous substances. To start the cell culture, the starting tissue is to be dissociated into cells

by two methods: (1) mechanical method, (ii) enzymatic method.

In mechanical method the isolated tissue is cut into small pieces in BSS (Balanced Salt Solution)
and these are then cultured in suitable vessels. In enzymatic method, the enzyme trypsin is
generally used to dissociate cells present in the tissue by digesting the proteinous cementing

material.

Following dissociation of starting tissue into cells by the mechanical or enzymatic method, the
dissociated cells are placed in flat bottomed culture vessel (either made of glass or high grade
plastic) containing culture medium. The culture vessel should have optimum number of cells
and it should be incubated at 37°C. The inner surface of the culture vessel should have

negatively charged (SO3) group.

The transfer of dissociated cells into the culture medium is called as inoculation. A culture
established directly from differentiated tissue (isolated tissue or body part) is known as primary
culture. After sometime the bottom of the culture vessel will be covered by a continuous layer

of cells, often one cell thick. This layer of cells is known as monolayer.

The cells from the primary culture can be detached from the culture vessel by trypsin or EDTA
(Ethylene Diamine Tetraacetic Acid) treatment and transferred to fresh media. The culture so
obtained is called cell lines. The process of transterring cultured cells into fresh culture vessels

is termed as sub culturing.

The cells divide at a constant rate over successive transfers. Such cells comprise a cell strain.
Cell strains do not have an infinite life. They divide 50-100 times before dying. For long term
culture the cell lines are preserved in frozen state in liquid nitrogen in presence of cryo
preservative agents and foetal calt’ serum. Small-scale cultures are generally carried out either
in plastic petriplates or plastic T-flasks. Large-scale cultures involving mammalian cells are

carried out in bioreactors or fermenters (9).
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ypes of Animal Cell

i. Primary Culture:

Culture:

When cells are surgically removed from an organism and placed into a

suitable culture environment, they will attach, divide and grow. This is

called a Primary Culture.
ii. Sub-Culturing:

When the cells in the primary culture vessel
have grown and filled up all of the available
culture substrate, they must be Sub-cultured
to give them room for continued growth. This

is usually done by removing them as gently as
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possible from the substrate with enzymes. Some cell lines can be harvested by gently scraping

the cells oft the bottom of the culture vessel. Once released, the cell sus-pension can then be

subdivided and placed into new culture vessels.

ii. Functional Characteristics:

The characteristics of cultured cells result from both their origin (liver, heart, etc.) and how

well they adapt to the culture conditions. Frequently, these characteristics are either lost or

changed as a result of being placed in an artificial environment. Some cell lines will eventually

stop dividing and show signs of aging. These lines are called Finite. Other lines which become

immortal can continue to divide indefinitely and are called Continuous cell lines. When a

“normal” finite cell line becomes immortal, it undergoes a fundamental irreversible change or

“transformation”. This can occur spontaneously or be brought about intentionally using drugs,

radiation or viruses.

Cell-division
continues up
to infinite
divisions

Formation of primary cells

Continuous
growing cells
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«
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echniques for Primary Culture: Among the various techniques

devised for the primary culture of isolated tissues, three techniques are most

commonly used:
1. Mechanical disaggregation.
2. Enzymatic disaggregation.

3. Primary explant technique.

Technique # 1. Mechanical Disaggregation: For the disaggregation of soft tissues (e.g.
spleen, brain, embryonic liver, soft tumors), mechanical technique is usually employed. This
technique basically involves careful chopping or slicing of tissue into pieces and collection of

spill out cells.

The cells can be collected by two ways:

1. Pressing the tissue pieces through a series of sieves with a gradual reduction in the mesh size.
ii. Forcing the tissue fragments through a syringe and needle.

Although mechanical disaggregation involves the risk of cell damage, the procedure is less
expensive, quick and simple. This technique is particularly useful when the availability of the

tissue is in plenty, and the efficiency of the yield is not very crucial.

Technique # 2. Enzymatic Disaggregation: Enzymatic disaggregation is mostly used when
high recovery of cells is required from a tissue. Disaggregation of embryonic tissues is more
efficient with higher yield of cells by use of enzymes. This is due to the presence of less fibrous
connective tissue and extracellular matrix. Enzymatic disaggregation can be carried out by

using trypsin, collagenase or some other enzymes.

Disaggregation by trypsin: The term trypsinization is commonly used for disaggregation of

tissues by the enzyme, trypsin.

Many workers prefer to use crude trypsin rather than pure trypsin for the following reasons:
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1. The crude trypsin is more eftective due to the presence of other proteases
ii. Cells can tolerate crude trypsin better.

iii. The residual activity of crude trypsin can be easily neutralized by the serum of the culture

media (when serum-free media are used, a trypsin inhibitor can be used for neutralization).

Disaggregation of cells can also be carried out by using pure trypsin which is less toxic and
more specific in its action. The desired tissue is chopped to 2-3 mm pieces and then subjected to
disaggregation by trypsin. There are two techniques of trypsinization-warm trypsinization and

cold trypsinization.

Warm trypsinization: This method is widely used for disaggregation of cells. The chopped
tissue is washed with dissection basal salt solution (DBSS), and then transferred to a flask
containing warm trypsin (37° C). The contents are stirred, and at an interval of every thirty
minutes, the supernatant containing the dissociated cells can be collected. After removal of

trypsin, the cells are dispersed in a suitable medium and preserved (by keeping the vial on ice).

The process of addition of fresh trypsin (to the tissue pieces), incubation and collection of
dissociated cells (at 30 minutes intervals) is carried out for about 4 hours. The disaggregated

cells are pooled, counted, appropriately diluted and then incubated.

Cold trypsinization: This technique is more appropriately referred to as trypsinization with
cold pre-exposure. The risk of damage to the cells by prolonged exposure to trypsin at 37°C (in

warm trypsinization) can be minimized in this technique (8).

After chopping and washing, the tissue pieces are kept in a vial (on ice) and soaked with cold
trypsin for about 6-24 hours. The trypsin is removed and discarded. However, the tissue pieces
contain residual trypsin. These tissue pieces in a medium are incubated at 37°C for 20-30
minutes. The cells get dispersed by repeated pi-pettings. The dissociated cells can be counted,
appropriately diluted and then used.

The cold trypsinization method usually results in a higher yield of viable cells with an
improved survival of cells after 24 hours of incubation. This method does not involve stirring
or centrifugation, and can be conveniently adopted in a laboratory. The major limitation of cold
trypsinization is that it is not suitable for disaggregation of cells from large quantities of

tissues.

Page 12




Limitations of trypsin disaggregation: Disaggregation by trypsin may damage some cells
(e.g. epithelial cells) or it may be almost ineftective for certain tissues (e.g. fibrous connective

tissue). Hence other enzymes are also in use for dissociation of cells.

Disaggregation by collagenase: Collagen is the most abundant structural protein in higher
animals. It is mainly present in the extracellular matrix of connective tissue and muscle. The
enzyme collagenase (usually a crude one contaminated with non-specific proteases) can be
effectively used for the disaggregation of several tissues (normal or malignant) that may be

sensitive to trypsin.

Highly purified grades of collagenase have been tried, but they are less eftective when
compared to crude collagenase. Collagenase in combination with hyaluronidase is found to be
very effective for dissociating rat or rabbit liver. This can be done by per-fusing the whole
organ in situ. Some workers use collagenase in conjunction with trypsin, a formulation

developed in chick serum, for disaggregation of certain tissues (5, 6, 8).
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Fig. 36.3 : Important stages in collagenase disaggregation of lissue for primary cullure (B55-Basal salf solution).

Technique # 3. Primary Explant Technique: The primary explant technique was, in fact the
original method, developed by Harrison in 1907. This technique has undergone several
modifications, and is still in use. The tissue in basal salt solution is finely chopped, and washed
by settlings. The basal salt solution is then removed. The tissue pieces are spread evenly over

the growth surface. After addition of appropriate medium, incubation is carried out for 3-5
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days. Then the medium is changed at weekly intervals until a substantial outgrowth of cells is

observed. Now, the explants are removed and transferred to a fresh culture vessel.

Separation of Viable and Non-Viable Cells: It is a common practice to remove the nonviable
cells while the primary culture is prepared from the disaggregated cells. This is usually done
when the first change of the medium is carried out. The very few left over non-viable cells get

diluted and gradually disappear as the proliferation of viable cells commences.
dvantages of Animal Cell Culture:

A. Toxicity Testing: Cultured cells are widely used alone or in conjunction
with animal tests to study the effects of new drugs, cosmetics and chemicals
on survival and growth in a wide variety of cell types. Especially important

are liver and kidney derived cell cultures.

C. Cancer Research: Since both normal cells and cancer cells can be grown in culture, the basic
differences between them can be closely studied. In addition, it is possible, by the use of

chemicals, viruses and radiation, to convert normal cultured cells to cancer causing cells.

D. Virology: One of the earliest and major uses of cell culture is the replication of viruses in
cell cultures (in place of animals) for use in vaccine production. Cell cultures are also widely
used in the clinical detection and isolation of viruses, as well as basic research into how they

grow and infect organisms.

E. Cell-Based Manufacturing: While cultured cells can be used to produce many important

products, three areas are generating the most interest.

The first is the large-scale production of viruses for use in vaccine production. These include

vaccines for polio, rabies, chicken pox, hepatitis B and measles.

The second is the large-scale production of cells that have been genetically engineered to
produce proteins that have medicinal or commercial value. These include monoclonal
antibodies, insulin, hormones, etc. The third is the use of cells as replacement tissues and
organs. Artificial skin for use in treating burns and ulcers is the first commercially available

product (9,10).
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F. Genetic Counselling: Amniocentesis, a diagnostic technique that enables doctors to remove
and culture fetal cells from pregnant women, has given doctors an important tool for the early
diagnosis of fetal disorders. These cells can then be examined for abnormalities in their
chromosomes and genes using karyotyping, chromosome painting and other molecular

techniques.

G. Genetic Engineering: The ability to transfect or reprogram cultured cells with new genetic
material (DNA and genes) has provided a major tool to molecular biologists wishing to study

the cellular effects of the expression of these genes (new proteins).

H. Drug Screening and Development: Cell-based assays have become increasingly important
for the pharmaceutical industry, not just for cytotoxicity testing but also for high throughput
screening of compounds that may have potential use as drugs. Originally, these cell culture
tests were done in 96 well plates, but increasing use is now being made of 384 and 1536 well

plates.

I. Gene Therapy: In modern molecular biology, Gene Therapy is an experimental technique
that involves insertion of cloned/altered genes into cells using r-DNA technology to replace

defective genes causing genetic abnormalities or to prevent potential disorders.
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Introduction:

The chicken (taxon -Gallus gallus) embryo develops and hatches in 20 to 21 days and has been
extensively used in embryology studies. Historically, the chicken embryo was one of the first
embryos studied, readily available and easy to incubate, embryo development can be directly
observed by cutting a small window in the egg shell. A key to this model organism study was
the establishment of a staging atlas by Hamburger & Hamilton in 195117, which allowed
specific developmental landmarks to be seen and correlated with experimental manipulations of
development. This much cited paper included images of all key stages and was more recently
republished in the journal Developmental Dynamics (19938), for a new generation of avian
researchers. Probably just as important has been the recent chicken genome sequencing,

providing a resource to extend our knowledge of this excellent developmental model.

Fertilized eggs can be easily maintained in humidified incubators and during early stages of
development the embryo floats on to the egg yolk that it is using for nutrition. As the embryo
grows it sinks into, or below the, yolk. The regular appearance of somites allowed early
experimenters to accurately stage the embryo. The embryo was accessible and easy to
manipulate (limb grafts/removal etc) that were informative about developmental processes.
Chicken cells and tissues (neural ganglia/fragments) are also easy to grow in tissue culture.
The discovery that quail cells have a different nuclear appearance meant that transplanted cells
(chick/quail chimeras) could be tracked during development. For example, LeDourian's studies

showed how neural crest cells migrate widely throughout the embryo.

The chicken (Gallus gallus) embryo is an excellent model for the study of early vertebrate
embryogenesis and later organogenesis. The embryo is encased within a hardened eggshell

which provides a natural incubator or culture dish. Through a hole in the eggshell, the embryo



can be visualized and easily manipulated with microsurgical tools or gene constructs, then
allowed to continue development in ovum to determine the consequence of the experimental
manipulation. Fertilized chicken eggs are readily available anywhere in the world and the
equipment needed is minimal — a humidified incubator (89°C, no CO2 required), a dissecting
microscope, microsurgical tools that can be prepared in the lab or purchased, and either a hand
held mouth pipette or a manufactured micromanipulator. Fertilized eggs can be held at ~13-
16°C for up to 1 week prior to incubation. They are incubated at 38°C39°C to the desired stage
in a humidified incubator with the eggs placed on their side (horizontal). For long term post-
operative survival, it is best that the eggs be left in the incubator until experimental
manipulation. However, eggs can be removed from the incubator and held at room temperature

to slow development.
Taxonomic Hierarchy

Kingdom Animalia
Subkingdom Bilateria
Infrakingdom Deuterostomia
Phylum Chordata
Subphylum  Vertebrata
Infraphylum Gnathostomata
Superclass Tetrapoda

Class Aves



Order Galliformes

Family Phasianidae

Subfamily Phasianinae

Genus  Gallus Brisson, 1760

Species Gallus gallus (Linnaeus, 1758)
Aims
0 To investigate the effects of temperature on heart rate
0 To observe embryonic structures, particularly the somites

Learning outcomes

By the end of the practical, students will hopefully:

1. Appreciate the utility of embryos for the study of anatomy and physiology

2. Recognise the advantage of having an accessible embryo in an egg for studies of
development

2. Appreciate the dynamic nature of development

4. Understand how heart rate is regulated and how external factors can affect it

SAFE WORKING PROCEDURES AND ANIMAL ETHICS

Risks Associated with Practical



Eggs have the potential to be contaminated with Salmonella. Wear gloves throughout and
students should wash their hands before leaving the lab. Dissection implements are sharp, so
students should take care not to cut themselves or other students. Students should wear a

labcoat, gloves and enclosed shoes to protect themselves from egg splatter.
Animal Ethics Compliance

The procedures used in this practicum are in compliance with the Animal Care and Ethics
Committee and the National Health and Medical Research Council ‘India code of practice (9t

edition, 2017).

MATERIAL REQUIRED

1. Fertilized hen’s egg,

2. Incubator (88°C, preferably with automatic egg turning facility),
3. Coarse forceps,

4. Watchmaker’s forceps,

5. Fine scissors,

6. Petri dishes

EXPERIMENTAL PROCEDURES

1. Take fertilized hen’s egg.
2. 1. Eggs were incubated for 1 up to 8 days at 38.5°C to generate embryos of several

developmental stages (16 hrs/18 hrs/24hrs/33hrs/48 hrs/72 hrs/ 96 hrs etc.)



A. Opening of the egg

1. Each student pair should have one egg and an egg holder, a pair of blunt forceps and a pair of
scissors,

2. Petri dishes, PBS, disposable pipet, syringe and 23G needle, Indian ink solution, dissection
microscope.

3. Put the egg into the holder with the blunt end up (pointed end down).

4. Use the pointy end of the scissors to tap a hole in the top of the egg into the air chamber, be
very careful not to push the scissors too far into the egg.

5. Use the forceps to pick bits of shell out. Do not remove egg shell beyond the air chamber.
You will see the air chamber and the vitelline membrane.

6. Caretully remove the vitelline membrane at the top.

7. If you do not see the embryo (a ring of blood vessels should be visible) then gently swirl the
egg so that it floats up to the top of the yolk. If this doesn’t work you will need to take another
egg if available.

8. Use the forceps to break off pieces of shell down to the yolk so that the embryo (visible as a
ring of blood vessels) is exposed and the rim of the shell is just above the surface of the egg
white or albumen.

9. You may be able to see the heart beating without magnification. If not, then put the egg

under the dissection microscope.

B. Early stage somitogenesis embryos

1. Draw Indian ink solution (if available) up into a 1 ml syringe fitted with a 238G syringe
needle.

2. Open an egg as described above. Once the shell has been removed down to the level of the

yolk and the vitelline membrane has been removed, slide the syringe needle under the embryo.



It is easiest to insert the syringe needle vertically at the edge of the egg initially and then rotate
the needle until it is almost horizontal using the edge of the egg shell as a support. The tip of
the needle should end up just below the embryo in the centre of the egg.

3. Slowly inject the Indian ink solution to reveal the embryo and view under a dissecting
microscope.

4. Identify the HH stage and the diverse embryonic structures.

5. Draw your embryo and annotate the embryonic structures that you have identified.

6. Hand your drawing in at the end of the practical.

o

Fig-1. Early Chick (EC) procedure for preparing whole mounts from chick embryos to be
used in ISH. (a) After opening the egg shell, pour off the albumin. (b) Place the yolk in a
dry Petri dish with the blastoderm faceup. (c—e) Place upon the blastoderm a piece of

filter paper pre-prepared with a central hole (note the particular tetra-lobulated



cloverleaf shape of the hole), centering the hole on the embryo, and slightly press it
down with forceps to make it adhere to the blastoderm (it becomes transparent). (f) The
vitelline membrane is trimmed around the filter paper. (g) Detach the filter plus
blastoderm from the yolk in an angle, holding it with forceps. (h) Remove excess yolk
adhering to the underside of the filter paper and blastoderm, and transfer it to a Petri
dish with clean PBS. (i) Remove traces of yolk under a dissecting microscope and

transfer to another Petri dish with cold fixative solution
C. Late stage organogenesis embryos

1. Caretully tear a hole in the vitelline membrane.

2. Very caretully tilt egg contents in a large Petri dish, holding the egg very close to the dish.

3. Find and dissect the embryo, transfer it to a clean Petri dish and cover it with PBS.

4. Study embryo under a dissection microscope, determine the developmental HH stage (see
last page of the manual or link below), and identify the embryonic structures.

5. Draw your embryo, indicate the developmental stage (HH), and annotate the embryonic
structures that you have identified.

6. Hand your drawing in at the end of the practical.

Fig-1.1 Mounting of the embryo to a slide



D. Observation of developmental stages

Move around the class to study the embryonic chicken stages of your colleagues. Identify the
following structures:

- Amniotic sac

- Hensen’s node

- Neural groove and folds

- Head ectoderm

- Somites

- Brain vesicles

- Cardiogenic mesoderm

- Heart and vasculature

- Optic vesicles

- Branchial arches

- Nasal pits and nasal processes
- Otic vesicle

- Limb buds



Study of Chick Embryo at 4 Hours

Features of whole mount chick embryo at 4 hours.
1. At 4 hours of incubation the differentiation of the blastodisc into area pellucida and
area opaca can be observed in the chick embryo.
il. One quadrant of the area pellucida appears thickened which is the region of the
tuture caudal end of embryo (Fig. 7.1). After 7 to 8 hours, the thickening will

become more elongated and then represents the start of primitive streak.
Study of Chick Embryo at 16 Hours

I. Features of whole mount of chick embryo at 16 hours of incubation.

1) In the whole mount of a 16 hour chick embryo (Fig. 1.1.1) you will observe the distinct
primitive streak. The embryo at this stage is characterized as being in the primitive streak
stage.

ii) In the whole mount, the embryo is seen to have a central furrow, called the primitive groove
which appears lined by thickened primitive ridges.

iii) At the cephalic end (head end) of the embryo, closely packed cells form a thickened area,
called as Hensen's node.

iv) Part of area pellucida adjacent to the primitive streak shows increased thickness and forms
the embryonic area or embryonic shield.

v) The area of pellucida at this stage assumes an elliptical shape.

vi) An elongated primitive streak is visible which represents the long axis of the future
embryonic body. vii) The end diametrically opposite to the Hensen's node is the caudal end of

the embryo.



1 = Proamnion

2 = Area opaca (dark)

3 = Area pellucida (transparent)
4 = Embryonal region

5 = Neural plate

6 = Chorda

7 = Hensen's node

8 = Primitive streak Proamnion

Information:In the cenrtal region, you
see the area pellucida (= transparent)
surrounded by the dark area opaca (=
untransparant). The primitive streak lies in
the middle of the area pellucida as a clear
line. At the tail side of the area pellucida it
is characterized by a primitive groove
surrounded by 2 thicker walls of the
blastoderm, the primitive walls. In the
front, the primitive streak ends in a small
pit, the primitive pit or Hensen's node.
Just in front of this node one can
distinguish the formation of the notochord
(chorda). This structure induces the
formation of the neural plate and later the
neural groove.

Fig-1.1.1: chick embryo at 16 hours of incubation
II. Features of chick embryo in longitudinal section (LS) at 16 hours after incubation
i) The LS through the 16 hour chick embryo represents the embryonic chick stage shortly after
primitive streak formation. It also marks the beginning of morphogenetic movement of cells to
torm the notochord.
ii) The LS shows the ectoderm, Hensen's node, primitive pit, primitive groove, notochord and
primitive gut. The mesoderm extends on either side between ectoderm and endoderm.

Study of Chick Embryo at 18 Hours

I. Features of whole mount of chick embryo at 18 hours of incubation.
1) In the 18 hour whole embryo you will observe that the notochord has become markedly

elongated to form a conspicuous structure (Fig 2).



ii) Notochord is seen to extend from the Hensen's node towards the cephalic region present in
the middle.

iii) Embryo at this stage of development is said to be in the head process stage.

iv) Neural plate develops around the notochord.

v) The dark peripheral area opaca, the inner translucent area pellucida and the central
embryonal area are clearly visible.

vi) In the anterior region a small and more translucent portion of area pellucida, known as
proamnion can be observed.

vii) The primitive streak lies in the middle of the area pellucida in the posterior half.

viil) The neural plate and primitive streak can be seen to be separated by Hensen's node.

1 = Proamnion

2 = Area opaca (dark)

3 = Area pellucida (transparent)
4 = Embryonal region

5 = Head fold

6 = Neural groove

7 = Neural plate

8 = Chorda

9 = Hensen's node

10 = Primitive streak

Information: In the embryo stage
around ¥ hours after fertilization, the
head fold is visible as a half circular
elevated structure in the front of the
germ layer. The proamnion lies in front
of (=pro) this head fold as a clear zone.
The amnion is one of the membranes
that will protect the embryo in a later
stage

Fig-2: chick embryo at 18 hours of incubation



II. Features of chick embryo in longitudinal section (LS) at 18 hours after incubation

1) The LS of the 18 hours incubated chick embryo shows advanced inner structures of the germ
layers.

ii) Ectoderm is seen to have vertical cells while the cells of the mesoderm are represented by
heavy angular dots. Endoderm is represented by stippling backed by a single line.

iii) Yolk, ectoderm of neural plate, notochord, mesodem, ectoderm and endoderm of blastoderm
can be observed in the section of the slide.

iv) You will also observe the primitive pit, primitive ridge, and primitive gut.

Study of Chick Embryo at 24 Hours

I. Features of whole mount of chick embryo at 24 hours of incubation.

i) In the whole mount of a 24 hour old embryo (Fig 3) the cephalic region is prominently visible
because of rapid growth in this region.

ii) The cephalic region extends anteriorly and overhangs the proamnion region. The cephalic
region which projects free from the blastoderm can now be properly termed as the head of
embryo.

iii) A space between the head and the blastoderm is formed and is visible and is called the sub-
cephalic pocket.

iv) In the mid-line of the embryo the notochord is visible. It is larger at the caudal area near its
point of origin than at the cephalic area.

v) The neural plate is much more clearly visible. The neural folds appear as a pair of dark
bands.

vi) At its cephalic end, the neural groove is deeper. The neural folds are correspondingly more
prominent at the cephalic end than they are caudally.

vii) Four pairs of somites are seen in the mid-line.
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viil) Primitive streak is seen to gradually decrease in size.

ix) Foregut is also formed and is visible.

x) The part of the gut, caudal to the foregut is termed the midgut and the opening of the
midgut into the foregut is called the anterior intestinal portal.

xi) In addition to the structures, mentioned above the area opaca vitellina, area pellucida,
proamnion, Hensen's node, area vasculosa, blood islands and unsegmented mesoderm are also

seen (Fig. 3).
e 1 Area opaca (dark)

2 Area pelucida (transparent)
3 Neural fold

4 head folding

5 Foregut

6 and ng Neural groove

7 Somite

8 Chorda

9 unsegmented mesoderm
10 Hensen's node

11 Primitive streak

Information: The somites are formed in
the mesoderm at the left and right side of
the neural walls. In this stage, they are
visible as 4 to 5 segmented paired blocks.
Afterwards these structures will
differentiate in to the vertebrae, the ribs,
a part of the skin and the dorsal muscles.
Only this head region elevates above the
underlying area pellucida. In this
preparation, one can see the chorda
(notochord) in the region of the
differentiating foregut.

Fig-3: chick embryo at 24 hours of incubation
II. Features of chick embryo in transverse section (T.S) at 24 hours after incubation
i) The transverse section passing through head region (Fig. 7.7a) shows the folded neural plate
forming a complete tube.

ii) The notochord can be seen beneath the neural fold.



i) Mesenchyme, foregut, ectoderm of head, mesoderm and endoderm can be seen in this
section.

iv) The transverse section passing through mid-body of the chick embryo (Fig. 7.7b) shows
formation of somites and changes in the mesoderm.

v) Mesoderm is seen to be differentiated into: 1) dorsal mesoderm, ii) intermediate mesoderm
and 1ii) lateral mesoderm.

vi) Other structures seen in the slide are ectododerm, endoderm, lateral margin of anterior

intestinal portal, midgut and pericardial coelom.
Study of Chick Embryo at 33 Hours

I. Features of whole mount of chick embryo at 33 hours of incubation

1) The 83 hour old embryo of chick (Fig. 4) shows some of the fundamental structures which
will be involved in the formation of central nervous system and circulatory system.

ii) You will notice remarkable changes in the development of the brain. Observe that the brain
is differentiated into prosencephalon (fore-brain), mesencephalon (mid-brain), and
rhombencephalon (hind- brain).

iii) The optic vesicles have been established and can be seen in the whole mount as paired
lateral outgrowths of the prosencephalon. The optic vesicles will later extend to occupy the full
width of the head. Infundibulum is seen to have formed in the floor of the prosencephalon.

iv) Mid-region of the heart is considerably dilated and is bent to the right.

v) Twelve pairs of somites can be observed.

vi) Anterior omphalomesentric veins have developed and can be seen.

vii) The primitive streak becomes shorter because of the lengthening of the neural tube.

viil) Proamnion, neural tube, notochord, sinus rhomboidalis and sinus terminalis are also

present and can be seen.

14



= W

1 = Proamnion =
33 HRS AFTER FERTILIZATION 2 = Prosencephalon 10— Lateral mesoderm
3 = Mesencephalon 11 = Spine
4 = Rhombencephalon 12 = Sinus _rhomboidalis
5 = Somite 13 = Primitive streak
6 = Eye veside 14 = Blood islands
7 = Foregut
8=

Chorda (translucent)

Information: At about 33 hours after 2
fertilization, the embryo is about 4 mm long and anfi
the first flexion of the originally straight embryo
starts in the head region and the cranial flexure
will be visible a few hours later. At this stage 12
to 13 somites are formed. The eye vesicles are
rather large. The forebrain vesicle or
prosencephalon will divide, the midbrain vesicle
or mesencephalon remains undivided while the
hindbrain vesicle or rhombencephalon will form
a series of smaller neuromeres. The sinus
rhomboidalis (diamond-shaped???) is still
present as the only opening of the neural tube
and the primitive streak is only rudimentary. The

infundibulum (= derived from the diencephalon) :
appears as a half circular structure at the > '
ventral side of caudal part of the forebrain. The LA -
notochord or chorda dorsalis ends just behind 7 5 g e ar i
i i o AT
this venral vesicle. 2.0mm oy LR =

Fig-4: chick embryo at 33 hours of incubation
II. Features of chick embryo in transverse section (T.S) at 33 hours after incubation
i) The transverse section of the 83 hour old embryo chick shows the following structures
ectoderm, prosocoel, opticoel, mesenchyme, somatic mesoderm, splanchnic mesoderm and
endoderm.
ii) The section shows mid- structures namely, mesocoel, anterior cardinal vein, dorsal aortic
root, somatopleure, extraembryonic coelom, splanchnopleure, foregut, notochord and ventral

aortic root.
Study of Chick Embryo at 48 Hours

I. Features of whole mount of chick embryo at 48 hours of incubation
1. Head is turning onto the left side with distinct cranial flexure.

ii. Anterior neuropore closed.
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iii. Telencephalon indicated.

iv. Primary optic vessel and optic stalk well established.
v. Auditory pit is deep but wide opened.

vi. Heart is slightly S-shaped.

vii. Headfold of amnion covers entire region of forebrain.

viil. Presence of 16-19 pairs of somites (Fig. 5).

48 HRS AFTER FERTILIZATION | ~ R /1 '
& Oogbeker
ngehoorblaasjes en lens

1 = Amnion 2
2 = Metencephalon
3 = Mesencephalon o
4 = Opticcup + lens ’
5 = Prosencephalon 7
6 = Otic vesicle

7 = Branchial arches

8 = Atrium - :

9 = Ventricle —
10 = Lateral fold y
11 = Lateral mesoderm 12
12 = Vitelline arteria / vein

13 = Somite
14 = Spine
15 = Tail fold

: Boezem

'\ Ventrikel

«—Zijplooi

2.0 mm

Information: see next slide .
Staartplooi
Tip Youtube filmpje (accelerated): 1.0

http://youtu.be/Upja9l0IPgA —— ¥

Fig-5: chick embryo at 48 hours of incubation
Study of Whole Mount of Chick Embryo at 72 Hours of Incubation

I. Features of whole mount of chick embryo at 72 hours of incubation
1) The 72 hours old chick embryo (Fig. 6) as observed in the whole mount is seen to be aftected

throughout by torsion and the entire body is seen to have turned through 90". Torsion is
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complete in the chick embryo posterior to the level of heart, but the caudal portion of embryo is
not turned on its side.

ii) The long axis of the embryo due to the presence of cranial and cervical flexures, shows
nearly right angled bends in the mid brain and neck region. The mid body appears concave.

iii) Visceral arches have developed and can be seen.

iv) Mandibular arch is visible and has formed the caudal boundary of oral depression and
become more distinct.

v) Nasal pits appear as shallow depressions.

vi) Cephalization can be seen to be in process. Telencephalon has developed and is visible.

vii) In the eye, the lens, sensory and pigmented layers can be seen to have differentiated.

viil) Number of somites have increased to 36 pairs.

ix) Vitelline arteries and vitelline veins also make their appearance and are visible.

fa

72 HRS AFTER FERTILIZATION 1 =Auditive (otic) vesicle

2 = Myelencephalon

3 = Metencephalon

4 = Amnion

5 = Mesencephalon

6 = Optic vesicle + lens

7 = Diencephalon

8 = Epiphyse

9 = Telencephalon

10 = Branchial arches

11 = Heart

12 = Forelimb (wing) bud
13 = Vitelline arteria/vein
14 = Hindlimb (leg) bud
15 = Tail

Information: 72 Hours after fertilization, the
rotation of the embryo to the left is arrived such
behind the region of the heart and only the caudal
part of the embryo must twist 90 degrees. The two
flexures in the head region are almost completed.
The fourth pharyngeal groove develops and the
pharyngeal arches are thicker. Due to the cranial
flexure, the pharyngeal region (= region of the
trachea) is now located at the ventral side of the
head. The fore and hind limbs at the level of the
16th to the 20th respectively the 27th to the 32th
¥ somite pairs are visible as small buds at an

. incubation time of about 3 days.

Fig-6: chick embryo at 72 hours of incubation
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Study of Whole Mount of Chick Embryo at 96 Hours of Incubation

I. Features of whole mount of chick embryo at 96 hours of incubation

i) At 96 hours of incubation the entire body of the chick embryo has been turned through 90"
and the embryo lies with its left side on the yolk (Fig. 7).

ii) At the end of 96 hours the body folds have undercut the embryo so that the embryo is seen
to be attached to the yolk only by a slender stalk.

iii) The yolk stalk soon becomes elongated, allowing the embryo to become first straight in the
mid-dorsal region and then in the dorsal region.

iv) The progressive increase in the cranial, cervical, dorsal and caudal flexures results in the
bending of the embryo on itself so that its originally straight long axis becomes C shaped and
its head and tail lie close together.

v) Paired optic cups show more developed lens.

vi) Endolymphatic ducts arise from the paired auditory vesicle.

vii) Visceral arches appear to have thickened.

viil) Appendage buds appear increased in size and can be seen to have become elongated.

ix) The number of somites are seen to have increased to 41 pairs.

x) Allantois has also made an appearance and is visible.

xi) Omphalomesentric artery and omphalomesentric vein have also developed and can be

observed.
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96-Hour Chick

somites hindbrain

midbrain

forebrain

B 7

wing bud {\
allantois

tail bud

Fig-7: chick embryo at 96 hours of incubation
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