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Introduction : 
Drosophila derived from the Greek word drósos means dew loving. They belong to the Drosophilidae 

lamily; and are most frequently known as fruit flies or often called vinegar, wine or pomace flies. Their main 
alstinguishing character is to stay on fruits, which are ripped or rotten. There is another related family 
lephritidae, 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 
Mediteranean fruit flies. They oviposit through ovipositor and capable af colonizing in live fruits that are still 
in the process of ripening, causing massive agricultural damage. Curently, the genus Drosophila is considered 
as paraphyletic group. The entire genus, however, contains more than 1500 species , which are very diverse 
m their appearance, behavior, and brecding 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.., Idiomyia grimshawi, but 
this is not widely accepted. About 250 species are part of the genus Scapiomyza, 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 tropicai rainforest atso confine then. Furthermore, hibernation takes place in many 
northern species. 

Their brecding takes place in numerous types of rotten vegetation and mycological materials, 
comprising barks, flowers, fruits, mushrooms, and slime fluxes. However, the maggots ofD. suzukii act as the 
pest and feed on fresh fruits. Moreover, some species.of Drosophila 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. simulns, 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. 
ii) 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 inkage. 
vi) To discuss the life cycle of Drosophila melanogaster. 
vii) To differentiate between male and female of Drosophila melanogaster. 
viil) 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 (sexx linkage cross). 
ix) To familiarize you with an important research organism, the fruit fly, 
Drosophila melanogaster. 
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 genetics and inheritance of traits. 
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Systematic Position : 
Domain: Eukarya 

Characteristic Features 

1. Physical Description 

2. Reproduction 

Kingdom: Animalia 

3. Lifespan 

4. Behavior 

Phylum: Arthropoda 

Average ligespan 0.3 years. 

Class: Insecta 

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

Order: Diptera 

5. Food Habits 

Family: Drosophilidae 

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 lays 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. 

Genus: Drosophila ("dew lover") 

Species: D. melanogaster ("dark gut") 

indiscriminately with any individual of the opposite sex. 

The behavior of Drosophila melanogater is simplistic. They are casily drawn towards the smell of any food source, 
and will mate almost 

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 unripened truit, and is 

considered a pest in many areas. 

Characteristics of Drosophila that make it a good model organism: 
1. Smat, 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 concen 

Drosophila as a Model Organism : 
Both toxicological and pharmacological rescarchers use animals for scientific and rescarch 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 rescarch, 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 Europcan Centre 
for Validation of Alternative Methods (Festing et al. 1998, Benford et al. 2000). Recently Drosophila has been 
used vastty as a model organism in ctinicat drug �iscovery processes also (Betl et ai. 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 rescarch purposes (Reiter 2001).Rationality for selecting 
Drosophila as a model for this study is presented in the following points: 

small size 

casy 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 1l°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), 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 adut flies emerge from puparium 
(Ashburner and Thompson 1978; Ashburner et al. 2005). 
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3enome 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 

rch purposes (Reiter 2001).Rationality for selecting Drosophila as a model for this study is presented in the 

following points: 
small size 

casy 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 stagcs - 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), 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, 

larvac encapsuiate itsetf in puparium for 4 �ays metarmorphosis (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 flies are similar. However, females are quite larger than male 

flies. 
Female flies are ready to court with males after about 8-12 hours from their emergence, It takes around 15-20 

minutes to complete the copulation. Females can lay about 400 eggs, and they lay eggs on rotting fruits and 

decaying mushrooms. The size of an egg is about 0.5 mm long. Once female fly lays eggs, it takes usually 12-15 

hours to hatch them. 

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

diseases to residents. 

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. 
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Fruit Fly 
rellowish-white or tan with red eyes, these pests feed on sugary items. They develop inside drain lines or almost 

any source of moisture that accumulates inside poorly cleaned garbage containers. Fruit flies are kitchen invaders 

hat drink and are attracted by vinegar, soda, or the juice of overripe produce. The insects crawl into liquids or 

Sticky syrups, causing contamination. Fruit fly infestations typically are more frequent in summer and fall, but will 

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

Mutant Fruit Fly: 
The fruit flies in this exhibit show just a few of the mutations that occur in natural fruit fly populations. 
The genetic instructions to build a fruit fly-or any other organism-are imprinted in its DNA, a long, threadlike 
molecule packaged in bundles 
called chromosomes. Like a phone book made up of different names and addresses, each chromosome consists of 
many individual sections called genes. 
Each gene carries some of the instructions for building one particular characteristic of an organism. 
To builda complete organism, many genes must 
work precisely togeiher. A defect in a gene can cause a change in the building plan for one particular bo�y part-or 
for the entire organism. 

Mutations are neither good nor bad: some may be beneficial for an organism; others may be lethal. By creating 
new gene versions, mutations are a driving force for changes in evolution, sometimes leading to new species. 
Brotvgists Bearn abUnt the pruper functivn uf ary gene ty studying mutatiuns. Ha defeutive gene causes short 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 
I. Bottles (250 ml) and vials (40 ml ,100 ×25 -mnm diameter) 
II. Medium (fly food) 
II. Microscope 
V. Autoclave 

V. Anesthetization Equipments 
VI. Environment test chamber 

VIL, Funnel 

VIIL. Insect pins 
IX. Petridis 

X. Brushes and forceps 
X1. Cotton and cotton balts 

XIL. Bloating paper 
XIII. Distil water 
XIV. Alcohol 

XV. Labeling tape 

Environmental conditions required for fly culture The easiest way to grow flies is at room temperature. However, the optimum rearing condition is a temperature of 25°C and 60% humidity. In these conditions generation time is shorter (9-10 days from egg to adult). Unless equipment is readily available this is unnecessary for successful rearing and crossing of flies. It is preferable to keep flies out of drafts and direct sunlight or heat sources. These will rapidly dry the media, necessitating frequent media changes and the potential to dehydrate the flies. 
Collection of flies 
Drosophila melanogaster stock was collected from one Drosophila Stock Centre in Toxicology Research Unit. Department of Zoology, The University of Burdwan. Stock flies are collected in vials and transferred to Animal House, Department of Zoology, Gushkara Mahavidyalaya, maintain the temperaturc, 
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Standard Drosophila Medium (SDM) 
Drosophila melanogaster was selected for the present study as the model organism. Flies were cultured in 
Environmental test chamber at 22+12C. They were allowed to feed on Standard Drosophila Medium (SDM) 

containing corn powder, agar agar, sucrose and yeast extract powder. Nepagin and propionic acid were added as 
antifungal agents. 

Agar-agar (Qualigens, India) 

2. Corn meal (Victoria Foods 
PrivateLimited, Delhi, India) 
3. Yeast extract powder 

(Qualigens,India) 
4.Sucrose (Merck, India) 

Components 

5. Distilled water 

6. Propionic acid (SRL, India) 

7. Nepagin [n-methyl-p-hydroxy 
benzoatej (Sigma Atdricth) 

8.90% Alcohol 

Fly maintenance 

Amount 

PROCEDURES 

3 gm 

Keeping Stocks 

17 gm 

6 gm 

15 gm 

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 boited 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. 

360 mL 

Food thus prepared was used as culture medium for the flies and was poured in bottles, phials and petri plates and 

was cooled subseguently, 

1 mL 

1 gm 

1-2 mL 

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. 

Most large fly laboratories maintain stocks that are not in everyday use at 18°C on a 4-5-week generation cycle. 

Stocks should be kept as two to four independent cultures, and it may be convenient to keep these on alternating 

generations, 2 weeks apart. Stocks are normally maintained in vials. 

Most stocks can be kept by dump-transfer of flies to fresh vials. However, it is important to avoid too overcrowded 

cultures and only 20 or so flies should be transferred. It is good practice to inspect the flies on transfer. to ensure 

that both sexes are present and that their phenotype is as expected. Fly laboratories may keep some stocks that 

require selection of cach generation, and it is important that the stock keeper knows of any special requirements to 

keep any stock (these should be entered on the stock database, see below). The "sick tray" is an inevitable part 

of any stock room, a place where sickly stocks, or stocks going through a crisis, are kept under special attention. It 
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S 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 a male. The following is a convenient 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, frst 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 3-4 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 wil be evident by their phenotype, especially îf 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 picomavirus 
(Drosophila C virus, DC) and the symptoms of infection are black, dying pupae. The extent to which fly 
laboratories suffer from mnolds 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. 

i. 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." 

ii. 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 possible, and all materials, especially discarded vials. 
must be segregated from those in regular use. It is probably sufficient to quarantine for two generations, and only 
transfer the stocks to the regular facility when close inspection shows them to be free of infection or infestation. 
For flies brought to thc laboratory 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 
1s done next depends very much on the nature and extent of the problem. 
v. Bacteria 

Ihe 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 
Tood 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 contamination (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 thbis 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. 

vi. Mites 

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 futher. 
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). 

vii. Viruses 

In contradiction to the statements in Ashburner (1989), infection with the double- stranded RNA virus DCV has 

been found to be a serious 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 to 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 fresth culture vial that alrcady has media added. In the old vial (the one with flies 
in it), gently tap the flies down by softly tamping the vial ona 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 quickly take the plug off the 
Vial, invert it into the funnel, and gently tamp, together, the two vials to force flies down into the new vial. 
An alternative way is to put the flies in the freezer for about 8 minutes. This will cause the flies to fall intoa 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 segquences of newly discovered 

human genes, including disease genes, can be matched with cquivalent 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 s0 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 18C). 

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. It is relatively straightforward to mutate (disrupt or alter) fruit fly genes. 
10. The frit tly provides a simple means of creating transgenic animals that expresscertain proteins, such as the 
green fluorescent protein ofjellyfish. 
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 is 
radial, holoblastic and indeterminate.

 Development is mostly indirect having larval  stage 
in 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 symmetry duringsymmetrical but lose symmetry during
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
 asteroidea

 oPhiuroidea

LARVAL FORMS
 Bipinnaria
 Branchiolaria

 Ophiopluteus
 echinoidea
 holothuroidea

 crinoidea

Ophiopluteus
 Echinopluteus
 Auricularia
 Doliolaria

 Doliolaria
 Pentacrinoid larva of 

antedon/ Cystidean



Different types of larvae in Echinoderms



BIPINNARIA LARVA

 It is the first larval form of Asteroidea.
 It is a bilaterally symmertrical, free swimming,

pelagic larva.
 The pre oral region is elongated, postoral region  is 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.blastopore becomes the anus.
 The pre oral and post oral ciliated

bands are continued over a series
of prolongation called arms.

 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
 Post oral arm
 Postero dorsal arm

- two
- two
- two

 Antero dorsal arm
 Pre oral arm
 Ventero median arm
 Dorso median arm

- two
- two
- one
- one





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.and two lateral arms.
 They contain adhesive cells at 

their tips which  act as a sucker.
 The rest arms degenerate and

become long, narrow 
and slender.



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.





OPHIOPLUTEUS LARVA
 This is the larval form of class Ophiuroidea
 This is 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 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



 It has comparitively smaller, pre oral lobe.
 The post anal part of the body is 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.



ECHINOPULTEUS LARVA

 It is a microscopic, free swimming larva of Echinoidea.
 It resembles the Ophiopluteus larva where the  only difference is that it 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 its tips are  pigmented.
 Postero lateral arms are very short and 

directed  outwards or backwards.
 Locomotion is by ciliated bands, which in

some  cases become thickened and called
Epaulettes

 There is no attachment stage.
 Metamorphosis is extremely rapid taking place

in  about an hour.





AURICULARIA LARVA

 It is the first larval form of Holothuroidea.
 It is 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





DOLIOLARIA LARVA

 It is the second larval form of Holothuroidea.
 It is a transitional stage from Auricularia larva.
 It is barrel shaped with continuous ciliated band  which breaks into three to 

five flagellated rings.
 Mouth is shifted to anterior and anus to posterior  pole.
 Metamorphosis is gradual, during which it  acquires five tentacles and one 

to two functional  podia.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 is sometimes 
called Pentacula.

 In some cases, there is no 
Auricularia stage, the
embryo directly develops into 
Doliolaria larva.





DOLIOLARIA LARVA

 It is the larval form of Crinoidea.
 It is 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 line,  On the mid ventral line, 

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

 Between second and third 
ciliated band lies
stomodeum or vestibule



 Skeleton also develops at this larval stage.
 After swimming for some time, it will develop a

stalk.
 It is called Pentacrinoid larva.
 Larva now attaches itself and internal organs  rotate 

to 90 degree from ventral to posterior  position.
 Larva forms a stalk and is now called as  

Cystidean or PentacrinoidCystidean or Pentacrinoid
larva.

 This after somtime
metamorphoses into 
an adult.



Development of a Crinoid - A, morula; B, free 
larva, with bands of cilia; C, young crinoid.

Pentacrinoid stage of Antedon bifida; 
a) arms: b) basals; r) radials; s) stalk





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. 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.





Hypothetical basic 

larval ancestral forms 

are:

1. Dipleurula type 

ancestral larva

2. Pentactula type 

significance of echinoderm larvae: 

1. Bilateral larvae are transformed in radically symmetrical adult.
2. Deuterostomes

2. Pentactula type 

ancestral larva



























Glimpses of India’s Wildlife  

 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% ofIndia, 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 

 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  

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



 Indus River Dolphin 

 Andaman Shrew 

 Asian Arowana  

 Kashmir Stag / Hangul 

Conservation of the Species: 

 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 km². 

 

 

 































Description of some National Parks in India  

 

 

Bandipur & Nagarhole National Parks, Karnatak 

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

 Location: Situated within Chamarajanagar  

 district  of Karnataka, halfway down  

 the Mysore-Ooty highway.  

 Prime Attractions:  

 Year of Designation as National Park:  

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

 

Corbett National Park 

 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.  

 Year of Designation as National Park:  

Formerly known as Hailey National Park , 

established by Jim Corbett in 1936 

 Location : 63 Kms southwest of Nainital, Uttaranchal 

 Area : 52,082 hectares 

 Prime attractions : Tigers, Leopards, Crocodiles,  

Sloth Bear, Himalayan Black Bear, Dhole, Jackal, 

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

 

 



Kanha National Park 

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

 Year of Designation as National Park:  

As National Park  in 1955 & 

 as Tiger Reserve in 1975 

 Location : Forests of the Central high  

lands of Mandla and Balaghat districts  

in Madhya Pradesh 

 Area : 940 sq. kms. 

 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 

 Special Features: Listed in World Heritage Site  

 Year of Designation as National Park: 1985 

 Location : Districts of Golaghat & Nagaon in Assam 

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

 Prime attractions : One Horned Rhinoceros, Asiatic elepahnt, Asiatic  wild buffalo & Royal 
Bengal Tiger. 

Dudhwa  National Park 

 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 

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

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

 

 

 



 Area : 490 sq.kms  

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

Gir National Parks 

 Special Features: It’s ecosystem nurtures 450  

species of plants, 350 species of birds,  

32 mammal species & 24 reptiles 

 Year of Designation as National Park: Established in 1965 

 Location : Gir, 42 kms from Junagadh in Gujarat 

 Area : 1421.13 sq. kms  

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

Sunderbans National Park 

 Special Features: A UNESCO World Heritage site,  

one of the world’s largest delta & the mangrove 

 Year of Designation as National Park:  

 Location : Piyali, West Bengal 

 Area : 1330.10 sq. kms  

 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: 

 Special Features: Designated as UNESCO World Heritage Site in 1985 

 Location:  Bharatpur, Rajasthan 

 Area: 29 sq. kms  

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

 Kumarakom Bird Sanctuary  

 

 



 Special Features: Situated on the banks of Vembanad Lake. Famous for its avian population. 
Known as an ornithologist's paradise.  

 Location : 12 kms. from Kottayam, Kerala  

 Area: 14 acres  

 Prime attractions: Siberian Cranes, Waterfowls, Cuckoos 

 Sultanpur Bird Sanctuary  

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

 Location: Sultanpur, Haryana 

 Area: 143 sq. kms  

 Prime attractions: Migratory Birds, Kingfishers, Blue Bulls 

 Thattekad / Salim Ali  Bird Sanctuary  

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

 Location : 13 kms. from Kothamangalam, Kerala 

 Area : 25.16 sq. kms  

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

 Kaundinya Bird Sanctuary  

 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.  

 Location : 50 kms. from Chittor, Andhra Pradesh 

 Area : 358sq. Kms  

 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  

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

 

 

 



 Location : 50 kms. from Mancherial, Andhra Pradesh 

 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. 

Biosphere Reserves 

 

 

 

 

 

 



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 I 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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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 1951[1], 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 (1993), 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 
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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 (39°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-

16ºC for up to 1 week prior to incubation. They are incubated at 38ºC39ºC 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   
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                          Order Galliformes   

                             Family Phasianidae   

                                Subfamily Phasianinae   

                                   Genus Gallus Brisson, 1760   

                                     Species  Gallus gallus (Linnaeus, 1758) 

Aims 

• To investigate the effects of temperature on heart rate 

• 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 

3. 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  
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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 (9th 

edition, 2017). 

 

MATERIAL REQUIRED  

1. Fertilized hen’s egg, 

2. Incubator (38°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.) 
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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. Carefully 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 23G 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. 
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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. 

 

 

 

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 
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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. Carefully tear a hole in the vitelline membrane.  

2. Very carefully 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 
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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 
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Study of Chick Embryo at 4 Hours  

Features of whole mount chick embryo at 4 hours.  

i. At 4 hours of incubation the differentiation of the blastodisc into area pellucida and 

area opaca can be observed in the chick embryo.  

ii. One quadrant of the area pellucida appears thickened which is the region of the 

future 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.  

i) 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. 
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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 

form 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. 

i) In the 18 hour whole embryo you will observe that the notochord has become markedly 

elongated to form a conspicuous structure (Fig 2).  
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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.  

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

 

Fig-2: chick embryo at 18 hours of incubation 

 

 



 
12 

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

i) 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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viii) 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). 

 

 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.  
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iii) 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: i) dorsal mesoderm, ii) intermediate mesoderm 

and iii) 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  

i) The 33 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.  

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

present and can be seen. 
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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 33 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  

i. 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.  

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

 

 

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  

i) The 72 hours old chick embryo (Fig. 6) as observed in the whole mount is seen to be affected 

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.  

viii) Number of somites have increased to 36 pairs.  

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

 

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.  

viii) 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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Fig-7: chick embryo at 96 hours of incubation 
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