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CHAPTER 1.  INTRODUCTION TO ZOOLOGICAL 

TECHNIQUES AND LABORATORY SAFETY 

PART A  ·  FOUNDATION TECHNIQUES 

Core skills basic to field collection, preservation and observation 

Learning focus: UG entry point; PG refresher 

Scope of Zoological Technique 

A zoological technique is a defined, repeatable procedure used to collect, preserve, examine or 

analyse animal material for the purpose of scientific study. The subject spans four broad 

domains: field methods for collection and observation, laboratory methods for structural and 

biochemical analysis, molecular methods for genetic and diagnostic study, and quantitative 

methods for interpreting the resulting data. 

Competence in technique converts a biological question into verifiable evidence. A student 

unfamiliar with fixation chemistry damages tissue before it reaches the microscope; a researcher 

unfamiliar with sampling design collects data unable to answer the stated hypothesis. This book 

treats technique as a subject in its own right, distinct from the taxonomy, physiology or ecology 

to which it is later applied. 

Organization of Laboratory Work 

Every zoological laboratory exercise follows a common sequence: preparation of materials, 

execution of the procedure, observation or measurement, recording of results. Deviation from 

this sequence, particularly omission of the recording step, is the most frequent source of 

unusable data among beginners. 

Categories of Laboratory Instrumentation 

The instrumentation used in a zoology laboratory can be grouped into four broad categories on 

the basis of function. Observational instruments, comprising the compound and stereo 

microscope, extend the resolving power of the unaided eye and are treated in detail in Chapter 

3. Preparative instruments, comprising the microtome, centrifuge and autoclave, convert raw 

biological material into a form suitable for observation or analysis. Analytical instruments, 

comprising the spectrophotometer, electrophoresis apparatus and thermal cycler, generate a 

quantitative or molecular readout from a prepared sample. Support instruments, comprising the 

balance, pH meter and water bath, maintain the physical and chemical conditions on which the 

other three categories depend. 

https://doi.org/10.5281/zenodo.22762187
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2 Zoological Techniques 

A student able to place an unfamiliar instrument within this framework rapidly infers its likely 

function, its probable failure modes and the precautions appropriate to its use, even before 

consulting its specific operating manual. This classification recurs implicitly throughout the 

book: each chapter from Part B onward introduces one or more instruments and states, at the 

outset, which of these four functional categories it occupies. 

General Laboratory Rules 

● Wear a laboratory coat, closed footwear and appropriate eye protection at all times 

during practical work. 

● Read the full procedure before starting; identify hazardous reagents and their first-aid 

measures in advance. 

● Label every container, slide and reagent bottle immediately upon preparation. 

● Never pipette any liquid by mouth. 

● Report breakages, spills or injuries to the supervisor without delay. 

● Dispose of biological, chemical and sharp waste in the designated containers, not in the 

general bin. 

● Wash hands thoroughly before leaving the laboratory. 

Quality Assurance and Reproducibility 

A technique carries scientific value only if it is reproducible, meaning that a second worker 

following the same written procedure on comparable material obtains a comparable result. 

Reproducibility depends on standardization at three levels: the reagent, prepared to a stated 

concentration and stored under stated conditions; the instrument, calibrated at a stated interval 

against a known reference; and the procedure itself, followed to a stated tolerance in timing and 

temperature. 

Deviation at any one level introduces a source of error that cannot be separated, after the fact, 

from genuine biological variation. A competent practical record therefore states not only the 

result obtained but also the specific reagent batch, instrument and timing used to obtain it, so 

that an anomalous result can be traced to its likely origin rather than dismissed, or worse, 

accepted uncritically. 

Case Illustration: Tracing a Data Error 

A student obtains an unexpectedly high protein estimate for a set of six tissue homogenates and, 

before reporting the value, checks the chain of technique behind it rather than accepting the 

number at face value. The calibration curve is found to be correctly linear, the 

spectrophotometer blank is correctly zeroed, but one reagent bottle used for the assay is 

discovered to be unlabelled with its preparation date. Because the working reagent for this assay 
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is known to degrade within a week of preparation, the unlabelled bottle cannot be confirmed as 

fresh, and the entire batch of six readings is repeated with a newly prepared, dated reagent rather 

than reported as obtained. The corrected values differ meaningfully from the first set. The 

episode illustrates directly why Table 1.1 treats labelling as a precaution rather than a formality: 

an unlabelled reagent converts an otherwise sound analytical procedure into an unverifiable 

one. 

Table 1.1  Common Laboratory Hazard Classes and Precautions 

Hazard 

Class 
Representative Example Precaution 

Chemical 
Concentrated acids; formalin 

vapour 
Use a fume hood; wear nitrile gloves and goggles 

Biological 
Pathogenic cultures; fresh 

blood samples 

Use personal protective equipment; autoclave waste 

before disposal 

Physical 
Broken glassware; heated 

equipment 

Handle with care; use heat-resistant gloves near ovens 

and autoclaves 

Electrical Frayed cords on instruments 
Inspect equipment before use; keep hands dry near 

sockets 

Fire 
Flammable solvents near an 

open flame 

Store solvents away from heat sources; keep an 

extinguisher within reach 

 

Figure 1.1  General Workflow of a Zoological Investigation 
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QUICK RECAP 

•  Technique is a reproducible procedure that converts biological material into verifiable evidence. 

•  Laboratory work follows a fixed sequence: preparation, execution, observation, recording. 

•  Personal protective equipment is mandatory against chemical, biological, physical, electrical and fire 

hazards. 

•  Every specimen, slide and reagent must be labelled at the moment of preparation. 

 

COMMON ERRORS TO AVOID 

•  Beginning a procedure without reading it in full, leading to missed timing steps. 

•  Leaving slides, tubes or specimens unlabelled during a busy practical session. 

•  Treating chemical waste and general waste as interchangeable. 

 

Review Questions 

[UG]  1. Define zoological technique and state the four broad domains it covers. 

[UG]  2. List five general laboratory safety rules applicable to a zoology practical class. 

[PG]  3. Explain why incomplete recording of observations is considered a methodological 

failure rather than a clerical one. 

[PG]  4. Classify the hazard types encountered in a histology laboratory and justify the 

precaution corresponding to each. 
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CHAPTER 2.  COLLECTION, PRESERVATION AND 

MUSEUM TECHNIQUES 

Learning focus: Field-heavy, strong UG core 

Principle 

Collection is the controlled removal of specimens from their natural habitat for scientific study. 

Preservation is the arrest of post-mortem decomposition so that morphological and, where 

relevant, molecular information remains available for later examination. The two steps are 

inseparable in practice: a specimen collected without an immediate plan for fixation is a 

specimen lost to autolysis and bacterial decay within hours. 

Representative Field Collection Equipment 

● Aquatic fauna: plankton nets, dip nets, sieves, dredges, hand nets for shallow-water 

invertebrates. 

● Terrestrial fauna: sweep nets and pitfall traps for arthropods, hand collection with 

forceps for slow-moving invertebrates, live traps for small mammals. 

● Aerial fauna: aerial nets for flying insects, mist nets for birds and bats under appropriate 

permits. 

Killing and Narcotizing Agents 

● Ethyl acetate vapour in killing jars produces rapid death in insects with minimal damage 

to setae and scales. 

● Menthol crystals or carbon dioxide narcosis relax molluscs and other soft-bodied 

invertebrates before fixation, preventing muscular contraction that would distort the 

body. 

● Anaesthetic overdose under institutional ethical clearance is required for vertebrate 

specimens. 

Permits and Ethical Collection 

Collection of wild animal material in India is regulated under the Wildlife (Protection) Act and, 

for material of research or commercial value, under the Biological Diversity Act, both of which 

require prior permission from the relevant state forest department or the National Biodiversity 

Authority before a scheduled species is collected, transported or exported. A collector working 

https://doi.org/10.5281/zenodo.22762187
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6 Zoological Techniques 

outside a protected area still requires landowner consent and, for an academic project, 

institutional ethical clearance describing the species, number of specimens and method of 

killing proposed. 

Securing the appropriate permit before fieldwork begins is not a procedural formality: 

specimens collected without authorization cannot ordinarily be deposited in a recognized 

museum collection or cited in a peer-reviewed publication. The permit itself becomes part of 

the specimen's permanent scientific record alongside its locality label. 

Fixation and Preservation 

Fixation denatures cellular protein and halts autolytic enzyme activity, stabilizing tissue 

architecture. Preservation, applied after fixation, maintains the specimen in that stabilized state 

over the long term. Fixative choice depends on the taxon, the intended downstream use and the 

duration of storage; Table 2.1 summarizes fixatives frequently used in zoological practice. 

Wet Preservation versus Dry Preservation 

Wet preservation, in which the specimen is stored submerged in a preservative fluid, suits soft-

bodied animals such as annelids, molluscs and amphibians. Dry preservation, comprising 

taxidermy, skeletal mounting and pinned insect collections, suits specimens with a rigid 

exoskeleton or those from which a durable mount can be prepared. 

Outline Procedure for Preparing a Study Skin 

1. Record body measurements and locality data before any incision is made. 

2. Make a mid-ventral incision; carefully separate the skin from the underlying musculature. 

3. Remove adherent fat and tissue from the inner surface of the skin. 

4. Treat the inner skin surface with a preservative powder such as borax. 

5. Fill the skin with a suitable stuffing material, restoring natural body proportions. 

6. Position the mount; allow it to dry fully; label with species identity, locality, date and 

collector. 

Insect Pinning and Spreading 

Insects intended for a reference collection are pinned through the thorax using an entomological 

pin of appropriate gauge. Wings of Lepidoptera and Odonata are spread and dried on a setting 

board before the pin is transferred to a permanent storage drawer. 
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Labelling, Cataloguing and Museum Management 

A specimen without a locality label has severely reduced scientific value irrespective of its 

physical condition. Each specimen accessioned into a reference collection is assigned a unique 

catalogue number linked to a register recording species identity, collection locality, date, 

collector name and identification authority. Museum storage further requires control of 

temperature, humidity, light and pest infestation to prevent long-term deterioration of wet and 

dry material alike. 

Common Causes of Preservative Deterioration 

A wet-preserved specimen deteriorates when the preservative fluid is allowed to evaporate 

below the level of the specimen, when the fluid is not renewed after it becomes diluted by 

residual tissue water, or when the storage container is exposed to strong light, which bleaches 

pigmentation and embrittles certain plastics over time. Routine museum maintenance therefore 

includes periodic inspection of fluid level and clarity, replacement of a cloudy or diluted 

preservative, and storage away from direct sunlight in a temperature-controlled room. 

Dry-preserved material faces a different threat, principally insect pests such as dermestid 

beetles that consume skin, feather and fur. Regular inspection, an appropriate repellent, and 

quarantine of newly accessioned specimens before they join the main collection are standard 

preventive measures. Both preservation classes ultimately depend on the same principle 

introduced in Chapter 1: a specimen remains a scientific record only for as long as its physical 

integrity and its accompanying documentation are both maintained. 

Worked Example: Fixative Selection for a Field Survey 

A survey team collecting frogs from a wetland intends to record external morphology, deposit 

voucher specimens in a reference museum, and additionally section the liver of a subset of 

individuals for histopathological screening. A single fixation protocol cannot serve all three 

purposes equally well: 10% formalin gives excellent long-term external preservation for the 

voucher series, but its slow penetration and moderate tissue hardening make it a suboptimal 

choice for the fine nuclear detail histopathology requires. The team therefore fixes the full 

voucher series in 10% formalin as planned, while the liver samples destined for histology are 

dissected out immediately upon collection and placed directly into Bouin's fluid, which 

penetrates the small tissue block rapidly and yields superior nuclear staining once processed as 

described in Chapter 4. Both fixatives are drawn from Table 2.1, chosen not by habit but by 

matching each fixative's known properties to the specific downstream use intended for that 

portion of the sample. 
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Table 2.1  Common Fixatives Used in Zoological Preservation 

Fixative Composition Typical Use Approximate Duration 

Formalin (10%) 
Formaldehyde diluted 

in water 

General specimen 

preservation 

Several days, then transfer 

to storage fluid 

Bouin's fluid 

Picric acid, 

formaldehyde, acetic 

acid 

Histological fixation of 

small specimens 
12 to 24 hours 

70% Ethyl 

alcohol 
Ethanol diluted in water 

Long-term wet 

preservation 

Permanent, with periodic 

renewal 

FAA (Formalin-

Acetic-Alcohol) 

Formalin, acetic acid, 

ethanol 

Preservation of soft-

bodied invertebrates 
24 to 48 hours 

Carnoy's fluid 
Ethanol, chloroform, 

acetic acid 

Chromosome and nuclear 

fixation 
1 to 3 hours 

 

Figure 2.1  Preservation and Cataloguing Pathway of a Field-collected Specimen 

 

QUICK RECAP 

•  Fixation halts decomposition; preservation maintains the fixed state over time. 

•  Fixative choice depends on taxon, downstream use and storage duration. 

•  Wet preservation suits soft-bodied animals; dry preservation suits animals with rigid support 

structures. 

•  A specimen without accurate locality and date data has diminished scientific value. 
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COMMON ERRORS TO AVOID 

•  Delaying fixation after collection, allowing autolysis to begin. 

•  Using an excessive formalin concentration, which hardens tissue and hinders later histological 

processing. 

•  Omitting locality or date information from the specimen label. 

Review Questions 

[UG]  1. Distinguish between fixation and preservation, giving one example of each. 

[UG]  2. Describe the outline procedure for preparing a study skin of a small vertebrate. 

[PG]  3. Justify the selection of Bouin's fluid over formalin for a specimen intended for 

histological sectioning. 

[PG]  4. Discuss the minimum data required on a museum specimen label and its bearing on 

later taxonomic revision. 



 

© 2026.This book is published as open access under the Creative Commons Attribution 4.0 International License (CC BY 4.0).  

More K. U., Shah S. V., Kumbhar K. and Shaikh S. M. (2026) Zoological Techniques: A Practical Guide for Undergraduate 

and Postgraduate Students, https://doi.org/10.5281/zenodo.22762187   

CHAPTER 3. MICROSCOPY: PRINCIPLES AND 

APPLICATIONS 

Learning focus: UG basics; PG extends to SEM, TEM and confocal imaging 

Principle of Light Microscopy 

A compound light microscope forms a magnified image of a specimen by passing light 

sequentially through a condenser, the specimen, an objective lens and an ocular lens. Total 

magnification is the product of the objective and ocular magnifications. Resolving power, the 

ability to distinguish two close points as separate, depends on the wavelength of light used and 

the numerical aperture of the objective rather than on magnification alone. 

The Compound and Stereo Microscope 

The compound microscope is used for thin, translucent preparations such as stained sections 

and smears. The stereo, or dissecting, microscope provides a lower-magnification three-

dimensional view suited to gross dissection and sorting of whole specimens, fitted with a wider 

working distance for manipulation under the lens. 

Illumination and Köhler Alignment 

Image quality in light microscopy depends as much on correct illumination as on the lens 

system itself. Köhler illumination, the standard alignment used in research microscopes, 

focuses the light source at the plane of the condenser aperture rather than at the specimen plane, 

producing even, glare-free illumination across the field of view regardless of the lamp filament's 

own structure. Correct condenser height and aperture diaphragm setting, adjusted for each 

objective in turn, control both illumination evenness and the effective numerical aperture 

reaching the specimen; closing the aperture diaphragm too far increases apparent contrast but 

reduces true resolving power, a trade-off students frequently mismanage when a preparation 

appears insufficiently sharp. 

Routine Care of a Compound Microscope 

● Carry the instrument with both hands, one supporting the base. 

● Clean lenses only with lens tissue, never with a laboratory cloth. 

● Begin focusing on the lowest objective power before switching to higher magnification. 

● Cover the microscope after use; store it in a dust-free cabinet. 

https://doi.org/10.5281/zenodo.22762187
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Phase-contrast and Fluorescence Microscopy 

Phase-contrast microscopy converts small differences in refractive index within an unstained, 

living specimen into visible differences in brightness, allowing observation of living cells 

without fixation or staining. Fluorescence microscopy illuminates a specimen labelled with a 

fluorochrome using light of a specific excitation wavelength, then detects the longer-

wavelength light re-emitted by the fluorochrome, giving high-contrast localization of the 

labelled molecule against a dark background. 

Confocal Laser Scanning Microscopy 

Confocal microscopy uses a focused laser beam and a pinhole aperture placed before the 

detector to exclude out-of-focus light, so that only light from a single thin optical plane 

contributes to the image. Successive optical sections through a fluorescently labelled specimen 

can be reconstructed into a three-dimensional image, a property valuable for thick tissue and 

whole-mount preparations. 

Electron Microscopy 

Electron microscopes use a beam of accelerated electrons in place of light, achieving resolution 

several orders of magnitude finer than any light-based instrument, because the wavelength of 

an electron beam is far shorter than that of visible light. 

Scanning electron microscopy (SEM) directs a focused electron beam across the surface of a 

specimen and detects electrons scattered from that surface, producing a detailed three-

dimensional image of surface topography. Specimens require fixation, dehydration, critical-

point drying and coating with a thin conductive layer, typically gold or platinum, before 

examination. 

Transmission electron microscopy (TEM) passes an electron beam through an ultrathin section, 

typically 60 to 90 nanometres thick, forming an image from the electrons transmitted through 

the specimen. TEM resolves internal cellular ultrastructure, including organelle membranes, 

beyond the reach of light microscopy. 

Selecting a Microscopy Technique for a Research Question 

The choice among the techniques compared in Table 3.1 follows from the biological question 

asked rather than from equipment availability alone. A question about living cell behaviour, 

such as ciliary movement or phagocytosis, requires phase-contrast or, where a specific protein 

must be tracked, fluorescence microscopy on a live, unfixed preparation. A question about the 

three-dimensional distribution of a labelled structure within a thick tissue block is best 

addressed by confocal microscopy, which alone permits optical sectioning without physical 

cutting. 
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A question about external surface architecture, such as insect cuticular ornamentation, calls for 

scanning electron microscopy, whereas a question about internal organelle structure, such as 

mitochondrial cristae morphology, requires transmission electron microscopy. Selecting a 

lower-resolution, lower-cost technique adequate to the question asked is good practice; 

selecting a technique inadequate to the question is a common and avoidable design error in 

student projects. 

Worked Example: Calculating Total Magnification 

A student examines a stained blood smear using a 40x objective and a 10x ocular lens. Total 

magnification is the product of the two values: 40 multiplied by 10 gives 400x, meaning a 

structure 400 times its true size appears on the retina or camera sensor. Switching to a 100x oil-

immersion objective with the same 10x ocular raises total magnification to 1000x, the setting 

conventionally used to examine red blood cell morphology and to search for intracellular 

parasites such as Plasmodium. Magnification alone, however, does not guarantee that finer 

detail becomes visible: if the objective's numerical aperture is insufficient for the structure in 

question, increasing magnification further only enlarges an already blurred image, described 

among microscopists as "empty magnification," rather than resolving any additional true detail, 

which is why Table 3.1 reports resolution as a property distinct from, and ultimately more 

informative than, magnifying power alone. 

Table 3.1  Comparison of Microscopy Techniques 

Technique 
Approximate 

Resolution 
Sample Requirement Typical Use 

Light (compound) 

microscopy 
0.2 micrometre 

Thin stained section or 

smear 

Routine histology, 

cytology 

Phase-contrast 

microscopy 
0.2 micrometre Unstained living cells 

Observation of living cell 

structure 

Fluorescence 

microscopy 
0.2 micrometre 

Fluorochrome-labelled 

specimen 

Localization of specific 

molecules 

Confocal laser scanning 

microscopy 

0.1 to 0.2 

micrometre 

Fluorescently labelled thick 

specimen 

Three-dimensional cellular 

imaging 

Scanning electron 

microscopy 

1 to 10 

nanometre 
Metal-coated dry specimen Surface ultrastructure 
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Technique 
Approximate 

Resolution 
Sample Requirement Typical Use 

Transmission electron 

microscopy 

0.1 to 0.2 

nanometre 
Ultrathin resin section Internal ultrastructure 

 

Figure 3.1  Path of Light in a Compound Microscope 

QUICK RECAP 

•  Magnification is the product of objective and ocular power; resolution depends on wavelength and 

numerical aperture. 

•  Phase-contrast microscopy permits observation of living, unstained cells. 

•  Confocal microscopy excludes out-of-focus light, permitting optical sectioning of thick specimens. 

•  SEM images surface topography; TEM images internal ultrastructure, both at resolutions beyond 

light microscopy. 

 

COMMON ERRORS TO AVOID 

•  Focusing on high power before locating the specimen on low power, risking slide damage. 

•  Cleaning objective lenses with an unsuitable cloth, scratching the lens coating. 

•  Confusing magnification with resolving power when comparing instruments. 

Review Questions 

[UG]  1. State the formula for total magnification in a compound microscope and define 

resolving power. 

[UG]  2. Differentiate between a compound microscope and a stereo microscope in terms of 

use. 

[PG]  3. Explain the role of the pinhole aperture in confocal laser scanning microscopy. 

[PG]  4. Compare the sample preparation requirements of SEM and TEM, relating each to the 

type of structural information obtained. 
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Chapter 4.  Microtomy and Histological 

Techniques 

PART B · HISTOLOGICAL AND CYTOLOGICAL TECHNIQUES 

From tissue to slide: processing, staining and chromosome analysis 

Learning focus: Core UG and PG practical skill 

Principle 

Histological technique converts a piece of solid tissue into a thin, stained section suitable for 

microscopic examination. The pathway comprises fixation, dehydration, clearing, infiltration, 

embedding, sectioning, staining and mounting, each step preparing the tissue for the one that 

follows. Failure at any single step, most commonly incomplete fixation or incomplete 

dehydration, compromises every subsequent step and cannot be corrected later. 

Fixation 

Fixation cross-links or precipitates cellular protein, arresting autolysis and preserving structural 

relationships between cell components. Common fixatives include 10 percent neutral buffered 

formalin for general histology, Bouin's fluid for delicate tissue, and glutaraldehyde for material 

destined for electron microscopy. Fixative volume should exceed tissue volume by a factor of 

fifteen to twenty to ensure adequate penetration. 

Choice of Fixative and Common Artefacts 

Fixative selection balances speed of penetration against the degree of chemical alteration 

introduced into the tissue. Formalin penetrates slowly but preserves antigenicity well, favouring 

its use where a section may later require immunohistochemical labelling. Bouin's fluid 

penetrates rapidly and gives excellent nuclear detail in small specimens, but the picric acid it 

contains can interfere with certain downstream molecular applications unless thoroughly 

washed out. 

Common fixation artefacts include shrinkage from prolonged exposure to a strongly 

dehydrating fixative, and a hardened, difficult-to-section block from a fixative left to act for far 

longer than necessary. Recognizing an artefact as a technical error, rather than a genuine tissue 

feature, is a skill developed only through repeated comparison of a poorly and a well-processed 

section of the same tissue type. 
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Tissue Processing Sequence 

1. Dehydration: the tissue passes through an ascending series of ethanol grades, typically 50, 

70, 90 and 100 percent, removing tissue water. 

2. Clearing: a clearing agent such as xylene replaces the dehydrating alcohol and renders the 

tissue translucent, at the same time being miscible with the embedding medium. 

3. Infiltration: molten paraffin wax replaces the clearing agent within the tissue, providing 

internal support for sectioning. 

4. Embedding: the infiltrated tissue is oriented and cast into a wax block, which is allowed 

to solidify completely before sectioning. 

Sectioning 

A rotary microtome cuts paraffin sections between four and six micrometres in thickness for 

routine work. A cryostat, which sections frozen unfixed or lightly fixed tissue at sub-zero 

temperature, is used where speed is required or where a reagent under study would be lost 

during paraffin processing, such as certain enzymes or lipids. Sections are floated on a warm 

water bath to remove cutting compression, then mounted on a glass slide. 

Staining and Mounting 

Haematoxylin and eosin (H&E) is the routine stain of histology: haematoxylin, a basic dye, 

colours acidic structures such as the nucleus blue to purple, while eosin, an acidic dye, colours 

basic cytoplasmic and extracellular structures pink. Special stains extend this baseline where a 

specific tissue component is of interest, as summarised for histochemical methods in Chapter 

5. Following staining, the section is dehydrated, cleared and mounted permanently under a 

coverslip using a resinous mounting medium. 

Interpreting a Routine Section 

A well-prepared H&E section should show intact tissue architecture free of folds, tears or air 

bubbles beneath the coverslip, with the nucleus sharply differentiated in blue-purple against 

pink cytoplasmic and stromal detail. Uneven staining across a section commonly indicates 

incomplete deparaffinization or an exhausted staining reagent rather than a true biological 

difference, and the section should be repeated before any structural conclusion is drawn from 

it. Systematic scanning of the section at low power before selecting a field for high-power 

examination avoids the common beginner error of describing an unrepresentative, atypical 

region of the tissue as though it were characteristic of the whole. 

Worked Example: Diagnosing a Processing Fault 

A batch of liver sections examined after routine H&E staining shows widespread cell shrinkage, 

with clear, empty-looking spaces separating the cells from one another across the entire slide. 
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Because the fault appears uniformly across every section in the batch rather than in a single 

section, a fault in an individual step of processing, rather than a peculiarity of one animal, is the 

more likely explanation. Reviewing the processing log for the batch reveals that the ninety and 

hundred percent ethanol stations had not been refreshed for several weeks and had become 

diluted through carryover from earlier batches, so that dehydration was effectively incomplete 

despite the tissue having passed through the full nominal schedule in Table 4.1. Replacing the 

ethanol series and reprocessing a fresh batch from the same fixed tissue block resolves the 

artefact, confirming the diagnosis and illustrating why a processing schedule specifies not only 

duration but also the maintained quality of each reagent station. 

Table 4.1  Representative Tissue Processing Schedule 

Step Reagent 
Approximate 

Duration 
Purpose 

Fixation 
10% neutral buffered 

formalin 
12 to 24 hours Preservation of tissue structure 

Dehydration 
Ascending ethanol series, 50 

to 100% 

30 minutes per 

grade 
Removal of tissue water 

Clearing Xylene 
30 to 45 

minutes 
Removal of dehydrating agent 

Infiltration Molten paraffin wax 1 to 2 hours Support for sectioning 

Embedding Paraffin block Until solidified Formation of the tissue block 

Sectioning Rotary microtome Variable 
Production of thin sections, 4 to 6 

micrometres 

 

Figure 4.1  Histological Technique Pipeline 
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QUICK RECAP 

•  The histological pathway proceeds through fixation, dehydration, clearing, infiltration, embedding, 

sectioning, staining and mounting. 

•  Fixative volume should exceed tissue volume fifteen to twenty times to ensure adequate penetration. 

•  Routine paraffin sections are cut at four to six micrometres; a cryostat sections frozen tissue for speed 

or heat-labile components. 

•  H&E staining differentiates nucleus (haematoxylin, basic dye) from cytoplasm (eosin, acidic dye). 

 

COMMON ERRORS TO AVOID 

•  Under-fixing a large tissue block, leaving the core poorly preserved. 

•  Incomplete dehydration, leaving residual water that produces poor sectioning quality. 

•  Sectioning before the wax block has fully hardened, producing torn or compressed ribbons. 

Review Questions 

[UG]  1. List the sequence of steps in routine paraffin histological technique. 

[UG]  2. State the colour reactions of haematoxylin and eosin and the structures each stains. 

[PG]  3. Explain why a cryostat section is preferred over a paraffin section for the demonstration 

of certain enzymes. 

[PG]  4. Discuss the consequences of inadequate fixative volume relative to tissue volume. 
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Chapter 5.  Histochemistry and 

Immunohistochemistry 

Learning focus: PG-weighted; UG overview 

Principle of Histochemistry 

Histochemistry localizes a specific chemical constituent within a tissue section through a 

reaction that yields a visible, usually coloured, end product at the site of the target molecule. 

Unlike routine staining, which distinguishes tissue components largely by dye affinity, a 

histochemical reaction is chosen for its chemical specificity for carbohydrate, lipid, protein, 

nucleic acid or enzyme activity. 

Representative Histochemical Reactions 

● The periodic acid-Schiff (PAS) reaction oxidizes vicinal diols in neutral carbohydrates 

to aldehydes, which react with Schiff reagent to give a magenta product; it 

demonstrates glycogen and mucosubstances. 

● Sudan Black B dissolves selectively in tissue lipid, producing a black colouration used 

to demonstrate fat deposits. 

● The Feulgen reaction hydrolyses DNA to expose aldehyde groups that react with 

Schiff reagent, giving a purple-red, DNA-specific colouration used in quantitative 

cytophotometry. 

● Enzyme histochemistry captures the product of an enzyme-substrate reaction as an 

insoluble coloured precipitate at the exact site of enzyme activity, for example alkaline 

phosphatase localization. 

Choosing a Histochemical Method 

The histochemical methods listed in Table 5.1 are chosen according to the tissue component 

under investigation, since no single stain is informative for every biomolecule class. A study of 

glycogen storage in an invertebrate hepatopancreas, for example, is appropriately investigated 

with the periodic acid-Schiff reaction rather than a general connective-tissue stain, while a study 

of lipid mobilization during starvation is appropriately investigated with Sudan Black B on 

frozen, unprocessed tissue, because the organic solvents used in routine paraffin processing 

would otherwise dissolve the very lipid the study seeks to demonstrate. 
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Principle of Immunohistochemistry 

Immunohistochemistry (IHC) exploits the specific binding of an antibody to its target antigen 

to localize a single protein within a tissue section. In the indirect method, an unlabelled primary 

antibody binds the target antigen, and a labelled secondary antibody directed against the 

primary antibody then binds in turn; the label, typically an enzyme such as horseradish 

peroxidase, converts a colourless substrate to a coloured, insoluble product at the site of 

binding. Because several secondary antibody molecules can bind each primary antibody, the 

indirect method amplifies the signal relative to a directly labelled primary antibody. 

Antigen Retrieval and Fluorescence In-Situ Hybridization 

Formalin fixation cross-links protein and can mask antigenic sites; antigen retrieval, achieved 

by heating the section in a buffer or by limited proteolytic digestion, restores antibody 

accessibility before the IHC procedure. Fluorescence in-situ hybridization (FISH) applies a 

comparable principle to nucleic acid: a fluorochrome-labelled DNA probe hybridizes to a 

complementary sequence within the tissue or chromosome preparation, permitting direct 

visualization of a specific gene locus. 

Controls in Histochemistry and Immunohistochemistry 

Interpretation of any histochemical or immunohistochemical result depends absolutely on an 

appropriate control run alongside the test section. A positive control, a section known to contain 

the target constituent, confirms that the reagents and procedure performed as expected; a 

negative control, in which the primary antibody or key reagent is omitted, confirms that the 

observed colouration reflects the intended reaction rather than non-specific background 

binding. A result reported without a matched control accompanying it cannot be regarded as 

scientifically interpretable, however striking the colouration obtained. 

Case Illustration: Confirming Glycogen with a Diastase Control 

A section stained by the periodic acid-Schiff method shows strong magenta granules within 

hepatocyte cytoplasm, consistent with glycogen storage, but PAS alone cannot distinguish 

glycogen from other neutral carbohydrate material that also reacts positively. To confirm the 

identification, a duplicate, adjacent section is first digested with the enzyme diastase, which 

specifically hydrolyses glycogen, before PAS staining is applied. Loss of the magenta reaction 

in the diastase-treated section, contrasted against its retention in the untreated section, confirms 

that glycogen specifically, rather than another PAS-positive substance, accounted for the 

original staining. This paired diastase-digestion control is the standard method by which a PAS 

result is upgraded from a suggestive observation to a specific, defensible identification. 
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Table 5.1  Histochemical Stains and Target Biomolecules 

Stain / Method Target Biomolecule Typical Result 

Periodic acid-Schiff (PAS) 
Neutral carbohydrates, 

glycogen 
Magenta colouration 

Sudan Black B Lipids Black colouration 

Feulgen reaction DNA Purple-red colouration 

Mercury bromophenol blue Proteins Blue colouration 

Alkaline phosphatase 

histochemistry 
Enzyme activity site 

Coloured precipitate at reaction 

site 

 

Figure 5.1  Principle of Indirect Immunohistochemistry 

 

QUICK RECAP 

•  Histochemistry localizes a chemical constituent through a reaction specific to that constituent. 

•  PAS demonstrates carbohydrate; Sudan Black B demonstrates lipid; the Feulgen reaction is DNA-

specific. 

•  Indirect immunohistochemistry uses a labelled secondary antibody to amplify signal from an 

unlabelled primary antibody. 

•  Antigen retrieval restores antibody accessibility lost during formalin fixation. 
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COMMON ERRORS TO AVOID 

•  Applying IHC without an antigen retrieval step, giving weak or absent staining. 

•  Omitting a negative control, making a background reaction indistinguishable from true positive 

labelling. 

•  Interpreting a histochemical colour reaction without a matched, appropriately stained control 

section. 

Review Questions 

[UG]  1. Explain the chemical basis of the periodic acid-Schiff reaction. 

[UG]  2. State the purpose of the secondary antibody in indirect immunohistochemistry. 

[PG]  3. Discuss the need for antigen retrieval in formalin-fixed, paraffin-embedded sections. 

[PG]  4. Compare the principle of immunohistochemistry with that of fluorescence in-situ 

hybridization. 
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Chapter 6.  Chromosome Preparation and 

Karyotyping 

 

Learning focus: PG core; UG introductory 

Principle 

Chromosome preparation captures dividing cells at metaphase, the stage at which chromosomes 

are maximally condensed and individually distinguishable, then spreads them on a slide for 

microscopic analysis. The resulting karyotype, an ordered display of an organism's 

chromosome complement by size and morphology, is basic to cytotaxonomy, cytogenetic 

diagnosis and evolutionary comparison between related species. 

Steps in Metaphase Chromosome Preparation 

1. Obtain actively dividing cells from bone marrow, peripheral blood culture, or a cultured 

cell line. 

2. Arrest cells at metaphase using colchicine or a related spindle-inhibiting agent. 

3. Treat cells with a hypotonic solution, causing them to swell and disperse the chromosomes. 

4. Fix cells in a mixture of methanol and glacial acetic acid, typically in a three-to-one ratio. 

5. Drop the fixed cell suspension onto a clean, chilled slide and allow it to air-dry, spreading 

the chromosomes in a single plane. 

6. Stain the preparation and examine it under oil-immersion light microscopy. 

Sources of Dividing Cells and Culture Considerations 

Bone marrow provides an actively dividing cell population directly, without the need for prior 

culture, and is favoured where a rapid preparation is required from a small mammal. Peripheral 

blood requires a short-term culture, typically 48 to 72 hours in a medium containing a mitogen 

such as phytohaemagglutinin to stimulate lymphocyte division, before the same colchicine-

hypotonic-fixation sequence is applied. A cultured cell line offers the most reliable and 

repeatable source of metaphase plates, since its growth conditions and division rate are already 

standardized, but is unavailable for species not yet established in culture, a substantial limitation 

for comparative cytogenetic surveys of wild, non-model taxa. 
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Chromosome Banding 

Uniform staining, as with Giemsa alone, identifies chromosome number and gross morphology 

but cannot distinguish chromosomes of similar size. Banding techniques introduce a 

longitudinal pattern of light and dark bands unique to each chromosome pair, permitting 

unambiguous identification and detection of structural rearrangement. 

Karyotype Analysis and Polytene Chromosomes 

A karyotype is constructed by photographing or digitally capturing a well-spread metaphase 

plate, then arranging the chromosomes in homologous pairs by decreasing size to produce an 

idiogram. Polytene chromosomes, found in certain insect tissues such as the dipteran salivary 

gland, arise through repeated DNA replication without cell division and display a characteristic 

banding pattern directly visible without artificial banding treatment, making them useful for 

fine-scale mapping of chromosomal rearrangement. 

Applications in Comparative Cytogenetics 

Karyotype data support taxonomy directly where closely related species cannot be reliably 

separated by external morphology alone but differ in chromosome number or banding pattern, 

a situation common among rodents, fish and several insect groups. Comparative karyotyping 

across a genus can additionally reveal the chromosomal rearrangements, such as fusion, fission 

or inversion, that accompanied speciation, providing evolutionary evidence independent of, and 

often complementary to, the molecular sequence data described in Part D. 

Worked Example: Constructing an Idiogram 

A well-spread metaphase plate from a rodent bone marrow preparation is photographed, and 

the length of each of its forty chromosomes is measured from the digital image along with the 

position of each centromere. Chromosomes are then paired by matching each measured length 

and centromere position against its closest counterpart, giving twenty homologous pairs, which 

are numbered from largest to smallest and arranged in a standard row for presentation as an 

idiogram. A pair whose centromere lies at the exact midpoint is classified as metacentric, one 

with the centromere distinctly off-centre as submetacentric, and one with the centromere near 

one end as acrocentric, a classification that itself frequently assists in tracking which pair 

corresponds to which chromosome across successive preparations of the same species. 

Table 6.1  Chromosome Banding Techniques Compared 

Technique Principle Primary Application 

C-banding 
Selective staining of constitutive 

heterochromatin 

Identification of centromeric 

heterochromatin 
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Technique Principle Primary Application 

G-banding Trypsin treatment followed by Giemsa staining 
Chromosome identification and 

karyotyping 

Q-banding Quinacrine fluorescent staining Fluorescent chromosome identification 

NOR 

staining 
Silver staining of nucleolar organizer regions 

Localization of ribosomal RNA gene 

clusters 

 

Figure 6.1  Steps in Metaphase Chromosome Preparation 

 

QUICK RECAP 

•  Metaphase is the chromosome stage used for routine chromosome preparation because condensation 

is maximal. 

•  Colchicine arrests mitosis; hypotonic treatment disperses chromosomes for clean spreading. 

•  Banding techniques permit identification of individual chromosome pairs beyond size and shape 

alone. 

•  Polytene chromosomes display a natural banding pattern useful for fine chromosomal mapping. 

 

COMMON ERRORS TO AVOID 

•  Insufficient hypotonic treatment, leaving chromosomes clumped and difficult to score. 

•  Excessive colchicine exposure, causing chromosome over-contraction. 

•  Dropping the fixed suspension onto a warm or greasy slide, giving poor spreading. 

Review Questions 

[UG]  1. Define karyotype and state the metaphase stage's relevance to its preparation. 
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[UG]  2. List the sequential steps of metaphase chromosome preparation. 

[PG]  3. Differentiate C-banding from G-banding in principle and application. 

[PG]  4. Explain why polytene chromosomes are useful in fine-scale chromosomal mapping. 
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Chapter 7.  Centrifugation Techniques 

PART C · BIOPHYSICAL AND BIOCHEMICAL TECHNIQUES 

Instrumentation for separating, quantifying and analysing biomolecules 

Learning focus: PG-weighted; UG overview 

Principle 

Centrifugation separates particles suspended in a liquid according to their size, shape and 

density by subjecting the suspension to a centrifugal field generated by rapid rotation. The 

effective force is expressed as relative centrifugal force (RCF), a multiple of standard gravity 

that depends on rotational speed and the radius of rotation; larger or denser particles sediment 

at lower speed than smaller or less dense ones. 

Sedimentation Behaviour 

A particle in a centrifugal field sediments at a rate governed by its mass, its shape and the 

difference between its own density and that of the surrounding medium; a dense, compact 

particle such as a nucleus sediments far more readily than a diffuse, low-density structure such 

as a microsomal vesicle. This differential behaviour, rather than any active separation 

mechanism, is what allows a mixed cellular homogenate to be resolved into its component 

fractions purely through a sequence of centrifugal steps of increasing severity. 

Types of Centrifuges and Rotors 

● Low-speed clinical centrifuges sediment whole cells and coarse debris. 

● High-speed centrifuges sediment organelles and coarse precipitates. 

● Ultracentrifuges, operating at the highest speeds, separate macromolecules such as 

ribosomes and viral particles, and support density-gradient work. 

● Fixed-angle rotors hold tubes at a constant angle, giving rapid pelleting; swinging-

bucket rotors reorient during the run, giving cleaner gradient separation. 

Differential and Density-Gradient Centrifugation 

Differential centrifugation subjects a homogenate to a series of successively increasing speeds; 

at each step, particles heavier than the prevailing threshold sediment as a pellet while lighter 

particles remain in the supernatant, which is then carried forward to the next, faster spin. 

Density-gradient centrifugation instead layers the sample over a preformed gradient of 

increasing density, typically sucrose or caesium chloride, and separates particles either by the 
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depth at which their own density equals that of the surrounding medium, or by their 

sedimentation rate through the gradient. 

Precautions in Centrifuge Operation 

Tubes loaded into a rotor must be balanced in matched, opposite pairs of equal mass, since an 

unbalanced rotor spinning at high speed generates a vibration capable of damaging the drive 

shaft or, in a severe case, causing rotor failure. Ultracentrifuge rotors additionally carry a 

defined maximum speed rating that must never be exceeded, and are retired from service after 

a stated number of runs regardless of apparent condition, because metal fatigue accumulates 

invisibly with repeated stress at high rotational force. 

Worked Example: Calculating Relative Centrifugal Force 

Relative centrifugal force is calculated as 1.118 multiplied by 10 to the power of minus five, 

multiplied by the rotor radius in centimetres, multiplied by the square of the rotation speed in 

revolutions per minute. For a rotor of radius 10 centimetres spinning at 3,000 rpm, RCF equals 

1.118 times 10 to the power of minus five, times 10, times 3,000 squared, which works out to 

approximately 1,006 times gravity, sufficient to pellet whole cells and nuclei but well below the 

force needed to sediment ribosomes or viral particles. Doubling the rotation speed to 6,000 rpm 

at the same radius raises RCF roughly fourfold rather than twofold, since force scales with the 

square of speed, a relationship that explains why a modest increase in rpm produces a 

disproportionately large increase in sedimenting force. 

Table 7.1  Common Centrifuge Types and Speed Ranges 

Type 
Approximate Speed 

Range 
Typical Application 

Low-speed (clinical) 

centrifuge 
Up to 6,000 rpm Sedimentation of cells, coarse debris 

High-speed centrifuge 6,000 to 25,000 rpm Sedimentation of organelles, precipitates 

Ultracentrifuge 
25,000 to over 

100,000 rpm 

Separation of macromolecules, subcellular 

fractionation 
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Figure 7.1  Differential Centrifugation Scheme for Subcellular Fractionation 

 

QUICK RECAP 

•  Relative centrifugal force depends on rotational speed and radius, not on speed alone. 

•  Differential centrifugation separates particles stepwise by size and density using successive speed 

increases. 

•  Density-gradient centrifugation resolves particles along a preformed density gradient. 

•  Fixed-angle rotors favour speed of pelleting; swinging-bucket rotors favour gradient resolution. 

 

COMMON ERRORS TO AVOID 

•  Loading unbalanced tubes, causing rotor vibration or failure. 

•  Selecting a differential protocol when a density-gradient separation is required for the resolution 

needed. 

•  Disturbing the pellet while decanting the supernatant. 

Review Questions 

[UG]  1. Define relative centrifugal force and the factors on which it depends. 

[UG]  2. Distinguish a fixed-angle rotor from a swinging-bucket rotor. 

[PG]  3. Outline the sequence of a differential centrifugation protocol used for subcellular 

fractionation. 

[PG]  4. Compare density-gradient centrifugation with differential centrifugation in terms of 

resolving power. 
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Chapter 8.  Spectrophotometry and 

Colorimetry 

 

Learning focus: Common to UG and PG laboratories 

Principle: The Beer-Lambert Law 

Spectrophotometry measures the amount of light of a defined wavelength absorbed by a 

solution, relating that absorbance quantitatively to the concentration of the absorbing substance 

through the Beer-Lambert law, A equals epsilon multiplied by c multiplied by l, where epsilon 

is the molar extinction coefficient, c is concentration and l is the path length of light through 

the sample. Because absorbance is directly proportional to concentration at a fixed path length, 

a calibration curve prepared from known standards allows the concentration of an unknown 

sample to be read from its measured absorbance. 

The Calibration Curve 

Quantification by spectrophotometry rests on a calibration curve prepared from a dilution series 

of a known standard, with absorbance plotted against concentration; because the Beer-Lambert 

relationship is linear only over a limited concentration range, an unknown sample giving an 

absorbance value outside the linear portion of the curve must be diluted and re-measured rather 

than extrapolated, since extrapolation beyond the calibrated range systematically overestimates 

or underestimates the true concentration. 

Instrumentation 

A UV-Vis spectrophotometer directs light from a source through a monochromator, which 

selects a narrow band of wavelength, through the sample cuvette, to a photodetector that 

converts transmitted light intensity into an electrical signal. A single-beam instrument measures 

the blank and the sample sequentially through one optical path; a double-beam instrument splits 

the light into a reference path and a sample path measured simultaneously, giving greater 

stability against source fluctuation. 

Representative Colorimetric Applications in Zoology 

● Protein estimation by the Biuret or Bradford method, read at a fixed visible wavelength 

against a bovine serum albumin standard curve. 

● Nucleic acid quantification by absorbance at 260 nanometres, with the ratio of 

absorbance at 260 to 280 nanometres used to assess protein contamination. 
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● Enzyme assays in which the rate of formation of a coloured product is monitored over 

time to determine enzyme activity. 

Flame Photometry 

Flame photometry, a related technique, atomizes a sample in a flame and measures the intensity 

of characteristic light emitted by specific metal ions, most commonly sodium and potassium, 

providing rapid estimation of these electrolytes in biological fluids. 

Sources of Error 

Stray light, an unclean cuvette, an air bubble in the light path and an incorrectly matched reagent 

blank are the principal sources of error in routine spectrophotometric work. Because a small 

error in absorbance translates directly into a proportional error in the reported concentration, 

technique that appears merely careless, such as handling a cuvette by its optical faces, has a 

direct and quantifiable effect on data quality rather than being a purely cosmetic lapse. 

Worked Example: Reading Concentration from a Calibration Curve 

A calibration series of bovine serum albumin standards at 0, 20, 40, 60, 80 and 100 micrograms 

per millilitre gives absorbance readings of 0.00, 0.21, 0.42, 0.63, 0.84 and 1.05 respectively at 

595 nanometres, a straight-line relationship confirming the assay is behaving as the Beer-

Lambert law predicts across this range. An unknown tissue extract gives an absorbance reading 

of 0.53 under identical conditions; reading this value against the calibration line, or equivalently 

dividing 0.53 by the slope of approximately 0.0105 absorbance units per microgram per 

millilitre, gives an estimated concentration of approximately 50 micrograms per millilitre. Had 

the unknown instead given a reading of 1.40, outside the calibrated range entirely, the correct 

response would be to dilute the extract and re-assay it, not to extrapolate the line beyond the 

concentrations actually tested. 

Table 8.1  Beer-Lambert Law: Variables and Units 

Symbol Quantity Unit 

A Absorbance Dimensionless 

epsilon Molar extinction coefficient Litre per mole per centimetre 

c Concentration of solution Mole per litre 

l Path length of light through sample Centimetre 
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Figure 8.1  Optical Path in a Single-beam UV-Vis Spectrophotometer 

 

QUICK RECAP 

•  Absorbance is proportional to concentration at constant path length, per the Beer-Lambert law. 

•  A double-beam spectrophotometer corrects for source fluctuation by simultaneous reference 

measurement. 

•  The 260 to 280 nanometre absorbance ratio indicates protein contamination of a nucleic acid sample. 

•  Flame photometry estimates sodium and potassium through characteristic flame emission. 

 

COMMON ERRORS TO AVOID 

•  Failing to zero the instrument against an appropriate blank before sample measurement. 

•  Using a fingerprint-smudged or scratched cuvette, introducing stray light error. 

•  Reading absorbance outside the linear range of the calibration curve. 

Review Questions 

[UG]  1. State the Beer-Lambert law and define each of its terms. 

[UG]  2. Differentiate a single-beam from a double-beam spectrophotometer. 

[PG]  3. Explain the significance of the 260 to 280 nanometre absorbance ratio in nucleic acid 

quality assessment. 

[PG]  4. Describe the principle of flame photometry and its typical biological application. 
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Chapter 9.  Chromatographic Techniques 

Learning focus: PG core; UG introductory 

Principle 

Chromatography separates the components of a mixture by their differential distribution 

between a stationary phase and a moving mobile phase. Components with greater affinity for 

the stationary phase migrate more slowly than those with greater affinity for the mobile phase, 

so that a mixture applied at a single point resolves into spatially or temporally separated bands 

as the mobile phase advances. 

Paper and Thin-layer Chromatography 

In paper chromatography, cellulose paper serves as the stationary phase and a liquid solvent as 

the mobile phase; the distance travelled by a compound relative to the solvent front, expressed 

as the retardation factor or Rf value, is used for tentative identification. Thin-layer 

chromatography (TLC) replaces paper with a thin layer of silica gel or alumina coated on a 

rigid support, offering faster separation and sharper resolution than paper chromatography for 

the qualitative screening of amino acids, lipids and pigments. 

Interpreting an Rf Value 

The Rf value of a compound is characteristic for a given stationary phase, mobile phase and 

temperature, but is not an absolute physical constant and cannot be compared reliably between 

runs performed under different conditions. Confident identification of an unknown compound 

therefore requires the unknown to be run alongside an authentic reference standard on the same 

plate under the same conditions, so that identity is judged by co-migration to an identical Rf 

rather than by comparison with a value quoted from a different laboratory or a different day. 
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Column, Gas and High-performance Liquid Chromatography 

Column chromatography packs an adsorbent into a vertical column and is used at preparative 

scale to isolate a purified fraction from a mixture. Gas chromatography (GC) vaporizes the 

sample and carries it through a coated capillary column by an inert carrier gas, resolving volatile 

compounds such as fatty acid methyl esters or pesticide residues by their differential retention 

within the column. High-performance liquid chromatography (HPLC) forces a liquid mobile 

phase through a densely packed column under high pressure, achieving high-resolution 

separation and quantification of non-volatile compounds such as proteins, hormones and 

pigments. 

Applications in Zoological Research 

Chromatographic technique supports zoological research across pigment biology, where paper 

and thin-layer chromatography separate the carotenoid and pterin pigments responsible for 

animal colouration; toxicology, where gas chromatography detects and quantifies pesticide 

residue in tissue as introduced in Chapter 16; and endocrinology, where HPLC quantifies 

circulating hormone concentration from a small blood or tissue sample with a sensitivity that a 

colorimetric assay alone cannot match. 

Worked Example: Calculating an Rf Value 

A pigment spot applied near the base of a thin-layer plate migrates 6.4 centimetres from the 

origin while the solvent front migrates 8.0 centimetres before the plate is removed from the 

developing chamber. The Rf value is the ratio of these two distances, 6.4 divided by 8.0, giving 

0.80. A second, co-run reference standard of known identity also migrates to an Rf of 0.80 under 

the same conditions, supporting, though not by itself proving beyond doubt, that the unknown 

pigment shares the identity of the reference standard; a third spot on the same plate migrating 

only 3.2 centimetres, giving an Rf of 0.40, is clearly a distinct, more polar compound retained 

more strongly by the stationary phase. 
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Table 9.1  Comparison of Chromatographic Techniques 

Technique Stationary Phase Mobile Phase Typical Application 

Paper 

chromatography 
Cellulose paper Liquid solvent 

Separation of pigments, amino 

acids 

Thin-layer 

chromatography 

Silica gel or alumina 

layer 
Liquid solvent Rapid qualitative separation 

Column 

chromatography 

Packed adsorbent in a 

column 
Liquid solvent Preparative-scale separation 

Gas 

chromatography 

Coated capillary 

column 
Inert carrier gas Volatile compound analysis 

HPLC 
Packed column, fine 

particles 

Liquid solvent under 

pressure 

High-resolution quantitative 

separation 

 

Figure 9.1  Principle of Chromatographic Separation 

 

QUICK RECAP 

•  Chromatographic separation depends on differential affinity of components for stationary and 

mobile phases. 

•  The Rf value expresses migration distance relative to the solvent front in paper and thin-layer 

chromatography. 

•  Gas chromatography suits volatile compounds; HPLC suits non-volatile compounds requiring high 

resolution. 

•  Column chromatography is used at preparative scale to isolate a purified fraction. 
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COMMON ERRORS TO AVOID 

•  Overloading the stationary phase with excess sample, causing streaking rather than discrete bands. 

•  Allowing the solvent front to run off the plate before development is complete. 

•  Selecting an unsuitable mobile phase polarity for the compound class under study. 

Review Questions 

[UG]  1. Define the retardation factor (Rf value) and state how it is calculated. 

[UG]  2. Differentiate paper chromatography from thin-layer chromatography. 

[PG]  3. Explain why gas chromatography is restricted to volatile or volatilizable compounds. 

[PG]  4. Compare HPLC with conventional column chromatography in terms of resolution 

and operating pressure. 
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Chapter 10.  Electrophoretic Techniques 

 
Learning focus: PG core 

Principle 

Electrophoresis separates charged molecules by their differential migration through a gel matrix 

under an applied electric field. Migration rate depends on the net charge, size and shape of the 

molecule and on the pore size of the gel; in the specific case of SDS-PAGE, described below, 

migration depends on molecular size alone. 

Agarose Gel Electrophoresis 

Agarose gel electrophoresis separates DNA and RNA fragments, which carry a uniform 

negative charge from their phosphate backbone, so that migration through the agarose pores 

depends primarily on fragment size; smaller fragments migrate faster than larger ones. 

Fragments are visualized under ultraviolet light after staining with an intercalating dye such as 

ethidium bromide, and sized by comparison with a co-run molecular weight marker. 

Gel Casting and Sample Loading 

A polyacrylamide gel is cast between two glass plates as two discrete layers, a lower resolving 

gel of higher acrylamide concentration and a shallow upper stacking gel of low concentration 

and lower pH, the latter concentrating each protein sample into a sharp, narrow band before it 

enters the resolving gel and encounters the pore size that will separate it from its neighbours. 

Uneven or bubble-contaminated gel polymerization, or uneven loading volume between wells, 

is a frequent avoidable cause of a distorted or "smiling" band pattern that complicates accurate 

size comparison. 

PAGE, SDS-PAGE and Isoelectric Focusing 

Native polyacrylamide gel electrophoresis (PAGE) separates proteins in their folded, native 

state by a combination of charge, size and shape. Treatment with sodium dodecyl sulphate 

(SDS), an anionic detergent that coats the polypeptide chain in proportion to its length and 

denatures its secondary and tertiary structure, converts SDS-PAGE into a method that separates 

proteins by molecular weight alone, permitting estimation of subunit size by comparison with 

standard proteins of known weight. Isoelectric focusing instead separates proteins along a stable 

pH gradient according to their isoelectric point, the pH at which a protein carries no net charge; 

combining isoelectric focusing with SDS-PAGE in two dimensions resolves complex protein 

mixtures by both charge and size. 
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Blotting Techniques 

Blotting transfers macromolecules resolved by electrophoresis onto a membrane for specific 

detection. Southern blotting detects a specific DNA sequence using a labelled complementary 

probe; Northern blotting applies the same principle to RNA; Western blotting transfers proteins 

and detects a specific protein using a labelled antibody, following the same indirect-detection 

logic described for immunohistochemistry in Chapter 5. 

Estimating Molecular Weight from a Gel 

Molecular weight of an unknown protein or DNA fragment is estimated by plotting the 

logarithm of the known standard sizes against the distance each has migrated, producing an 

approximately linear calibration line within the resolving range of the gel; the unknown's 

migration distance is then read against this line rather than compared to the standards by eye 

alone, since visual comparison is considerably less accurate than the plotted calibration, 

particularly toward the extremes of the gel where migration distance changes only slightly with 

size. 

Worked Example: Estimating Size from a Standard Curve 

A set of protein standards of known molecular weight, 116, 66, 45, 35 and 25 kilodaltons, is 

run alongside an unknown sample on the same SDS-PAGE gel. Plotting the logarithm of each 

standard's molecular weight against the distance it migrated produces an approximately straight 

line across this range; the unknown band, migrating to a position between the 45 and 35 

kilodalton standards and closer to the 35 kilodalton marker, is read from the fitted line as 

approximately 38 kilodaltons. Because the relationship is only approximately linear and 

degrades toward the extremes of the gel, an unknown migrating close to either the largest or the 

smallest standard is reported as a size estimate accompanied by that caveat, rather than as an 

exact, high-confidence value. 

Table 10.1  Electrophoretic Techniques and Typical Matrices 

Technique Matrix 
Molecule 

Separated 
Typical Application 

Agarose gel 

electrophoresis 
Agarose gel 

DNA, RNA 

fragments 
Nucleic acid sizing 

Native PAGE Polyacrylamide gel 
Native 

proteins 

Protein separation by size and 

charge 
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Technique Matrix 
Molecule 

Separated 
Typical Application 

SDS-PAGE 
Polyacrylamide gel with 

SDS 

Denatured 

proteins 

Protein molecular weight 

determination 

Isoelectric focusing pH-gradient gel Proteins Separation by isoelectric point 

Western blotting 
Membrane transfer of a 

PAGE gel 

Specific 

proteins 

Protein identification with 

antibodies 

 

Figure 10.1  Steps of SDS-PAGE Analysis 

 

QUICK RECAP 

•  Migration rate in agarose gel electrophoresis depends chiefly on nucleic acid fragment size. 

•  SDS coats protein in proportion to length, converting SDS-PAGE into a size-based separation. 

•  Isoelectric focusing separates proteins by isoelectric point along a pH gradient. 

•  Southern, Northern and Western blotting detect specific DNA, RNA and protein targets respectively. 

 

COMMON ERRORS TO AVOID 

•  Overheating the gel during electrophoresis by running at excessive voltage. 

•  Omitting a molecular weight marker, preventing accurate sizing of the resolved bands. 

•  Incomplete transfer during blotting, leaving target molecules within the gel rather than on the 

membrane. 
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Review Questions 

[UG]  1. Explain why DNA fragments migrate toward the positive electrode during agarose gel 

electrophoresis. 

[UG]  2. State the role of SDS in SDS-PAGE. 

[PG]  3. Differentiate Southern, Northern and Western blotting by the molecule each detects. 

[PG]  4. Explain the principle of two-dimensional gel electrophoresis and the resolution it 

achieves over one-dimensional SDS-PAGE. 
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Chapter 11.  Radioisotope Techniques in Biology 

Learning focus: PG-weighted 

Principle 

A radioisotope is an unstable atomic form that decays with emission of detectable radiation at 

a fixed, characteristic rate expressed as its half-life. Substituting a radioisotope for its stable 

counterpart within a biological molecule allows that molecule to be traced through metabolic, 

developmental or binding pathways by detecting the emitted radiation, without altering the 

chemical behaviour of the labelled molecule. 

Decline of Routine Radioisotope Use 

Radioisotope methods, once basic to nucleic acid and protein labelling, have been substantially 

displaced in routine laboratory practice by fluorescent and chemiluminescent alternatives that 

avoid the licensing, shielding and waste-disposal burden associated with radioactive material, 

a shift evident in the fluorescent dideoxynucleotide sequencing described in Chapter 13 and the 

enzyme-linked detection systems described in Chapters 5, 10 and 15. Radioisotope technique 

nonetheless remains the method of choice for a small number of applications, particularly 

whole-body and whole-organ metabolic tracing, where its sensitivity and quantitative reliability 

have yet to be matched by a non-radioactive alternative. 

Autoradiography and Liquid Scintillation Counting 

Autoradiography places a radiolabelled specimen, such as a tissue section or a chromatography 

plate, in contact with a photographic emulsion or a phosphor imaging plate; radioactive decay 

exposes the emulsion at the exact location of the label, and subsequent development yields an 

image showing the spatial distribution of the labelled molecule within the specimen. Liquid 

scintillation counting instead quantifies total radioactivity in a liquid sample: the sample is 

mixed with a scintillation fluid whose molecules emit a flash of light on absorbing energy from 

radioactive decay, and a photomultiplier tube counts these flashes to give a quantitative measure 

of radioactivity. 

Radiation Safety and Waste Disposal 

● Handle radioactive material only in a designated, monitored work area, using shielding 

appropriate to the radiation type emitted. 

● Wear a personal dosimeter and monitor hands and work surfaces regularly for 

contamination. 

● Segregate radioactive waste by isotope and half-life, storing it for decay or disposal 

according to institutional and national regulatory requirements. 

https://doi.org/10.5281/zenodo.22762187
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● Maintain a signed record of receipt, use and disposal for every radioactive stock. 

Choice of Isotope for a Labelling Study 

Isotope selection weighs the energy and type of radiation emitted, the half-life relative to the 

planned duration of the experiment, and the chemical position at which the isotope can be 

incorporated into the molecule of interest. A short-lived, low-energy emitter such as 

phosphorus-32 suits a nucleic acid study completed within days, since it delivers a strong signal 

quickly and decays to negligible activity soon after, simplifying eventual waste disposal; a long-

lived emitter such as carbon-14 suits a metabolic tracing study intended to follow a labelled 

compound through a slow physiological pathway over weeks. 

Worked Example: Residual Activity After Decay 

A stock of phosphorus-32, with a half-life of 14.3 days, begins at an activity of 100 units on the 

day of receipt. After one half-life, 14.3 days, activity falls to 50 units; after two half-lives, 28.6 

days, activity falls to 25 units; after four half-lives, roughly 57 days, activity has fallen below 

7 units, generally considered low enough for many institutions to permit disposal as ordinary 

waste, subject always to the specific regulatory threshold and monitoring requirement in force 

locally. Planning a labelling experiment around this decay curve, rather than around the nominal 

activity printed on the stock's original label, ensures the working solution used on the day of 

the experiment actually delivers the intended signal strength. 

Table 11.1  Common Radioisotopes Used in Biological Tracing 

Isotope Approximate Half-life Typical Application 

Carbon-14 5,730 years Metabolic pathway tracing 

Phosphorus-32 14.3 days Nucleic acid labelling 

Iodine-125 59.4 days Protein and hormone labelling 

Hydrogen-3 (Tritium) 12.3 years Autoradiographic cell labelling 

Sulphur-35 87.5 days Protein synthesis studies 
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Figure 11.1  Autoradiography Procedure 

 

QUICK RECAP 

•  A radioisotope traces a biological molecule without altering its chemical behaviour. 

•  Autoradiography localizes radioactivity spatially; liquid scintillation counting quantifies total 

radioactivity. 

•  Isotope choice depends on the half-life and the type of radiation suited to the study. 

•  Radioactive waste must be segregated, recorded and disposed of according to regulatory requirement. 

 

COMMON ERRORS TO AVOID 

•  Selecting an isotope of unnecessarily long half-life for a short-duration experiment, complicating 

waste disposal. 

•  Working with unshielded stock radioactive material outside a designated area. 

•  Failing to maintain a usage and disposal record for a radioactive stock. 

Review Questions 

[UG]  1. Define half-life and state its relevance to the choice of a radioisotope for a biological 

study. 

[UG]  2. Differentiate autoradiography from liquid scintillation counting by the information 

each provides. 

[PG]  3. Justify the use of phosphorus-32 over carbon-14 for the labelling of a nucleic acid 

probe. 

[PG]  4. Outline the safety and record-keeping requirements for handling radioactive material 

in a research laboratory. 
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Chapter 12.  Nucleic Acid Extraction and PCR-

based Techniques 

PART D · MOLECULAR BIOLOGY AND BIOINFORMATICS 

DNA-level tools basic to modern taxonomy, genetics and diagnostics 

Learning focus: PG core; UG conceptual 

Principle of Nucleic Acid Extraction 

Extraction of DNA or RNA from animal tissue proceeds through three general stages: lysis of 

the cell and nuclear membrane to release nucleic acid, removal of protein and other 

contaminants, and precipitation or column purification of the nucleic acid in a form suitable for 

downstream use. Lysis is typically achieved with a detergent and a proteolytic enzyme; protein 

is removed by organic extraction, salting out, or binding of nucleic acid to a silica membrane 

under chaotropic salt conditions, followed by washing and elution. 

Quantification and Quality Assessment 

Extracted nucleic acid is quantified spectrophotometrically by absorbance at 260 nanometres, 

with the ratio of absorbance at 260 to 280 nanometres used to assess protein contamination as 

described in Chapter 8, and confirmed structurally by agarose gel electrophoresis, on which 

intact genomic DNA appears as a single high molecular weight band and degraded DNA 

appears as a smear. 

Common Causes of Extraction Failure 

An extraction yielding little or degraded nucleic acid usually traces to one of a small number of 

causes: prolonged storage of tissue at ambient temperature before lysis, allowing endogenous 

nuclease activity to degrade the sample; incomplete removal of a polymerase inhibitor such as 

residual ethanol, phenol or a polysaccharide co-extracted from certain invertebrate or plant-
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associated tissue; or mechanical shearing of high molecular weight DNA during overly 

vigorous pipetting or vortexing. Because these failure modes are not visually distinguishable 

from a genuinely low starting quantity, a spectrophotometric and gel-based quality check, 

described below, is performed before any extract is committed to a downstream molecular 

procedure. 

Principle of the Polymerase Chain Reaction 

The polymerase chain reaction (PCR) amplifies a specific DNA segment exponentially through 

repeated thermal cycling. Each cycle comprises three steps: denaturation, in which the double-

stranded template separates into single strands at high temperature; annealing, in which two 

short synthetic primers bind to complementary sequences flanking the target region at a lower 

temperature; and extension, in which a heat-stable DNA polymerase, most commonly Taq 

polymerase, synthesizes a new complementary strand from each primer. Because the products 

of one cycle serve as templates for the next, the target sequence doubles with every cycle, 

yielding a large quantity of amplified product after twenty-five to thirty-five cycles. 

Variants of PCR 

● Reverse transcription PCR (RT-PCR) first converts an RNA template into 

complementary DNA using the enzyme reverse transcriptase, permitting amplification 

of an expressed gene sequence. 

● Real-time or quantitative PCR (qPCR) monitors amplification as it proceeds using a 

fluorescent reporter, allowing quantification of the starting template amount rather 

than end-point detection alone. 

● Randomly amplified polymorphic DNA (RAPD) uses short, arbitrary primers to 

generate a strain- or population-specific band pattern useful in genetic fingerprinting. 
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● Restriction fragment length polymorphism (RFLP) analysis digests amplified or 

genomic DNA with a restriction enzyme and compares the resulting fragment pattern 

between individuals or species. 

Primer Design 

An effective primer pair is specific to the target sequence, free of self-complementarity that 

would cause primer-dimer formation, and matched in melting temperature between the forward 

and reverse primer. Primer length of eighteen to twenty-five nucleotides and a guanine-cytosine 

content between forty and sixty percent are typical starting parameters, refined using dedicated 

primer-design software prior to synthesis. 

Optimizing Annealing Temperature 

The annealing temperature is generally set a few degrees below the calculated melting 

temperature of the primer pair and is the single parameter most often adjusted when a PCR fails 

to amplify cleanly. An annealing temperature set too low permits primers to bind at partially 

mismatched sites, producing multiple non-specific products visible as extra bands on the 

confirmatory agarose gel; an annealing temperature set too high reduces primer binding 

efficiency at the intended site and can suppress amplification altogether. A gradient PCR, in 

which a single reaction is run simultaneously across a range of annealing temperatures on the 

same thermal cycler, is the standard method for empirically determining the optimal value for 

a new primer pair. 

Worked Example: Designing a Barcode PCR Protocol 

A researcher aims to amplify the cytochrome c oxidase subunit I (COI) barcode region, 

approximately 650 base pairs, from a set of freshly preserved insect specimens. Using the 

universal LCO1490 and HCO2198 primer pair at an annealing temperature of 51 degrees 

Celsius, an extension time of one minute at 72 degrees Celsius, and 35 cycles, the researcher 

obtains a strong single band at the expected size on the confirmatory agarose gel for most 
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specimens, but no product at all for several specimens preserved in the field several months 

earlier. Because degraded template DNA amplifies poorly across a long target, the researcher 

repeats the failed reactions using a shorter, internal primer pair targeting only 250 base pairs of 

the same gene region, successfully recovering usable sequence from the degraded samples, 

illustrating the general principle that primer and amplicon design should be matched to template 

quality rather than fixed regardless of sample condition. 

Table 12.1  Components of a Standard PCR Reaction Mixture 

Component Function 

Template DNA Source of the target sequence 

Forward and reverse primers Define the region to be amplified 

Taq DNA polymerase Catalyses synthesis of the new DNA strand 

Deoxynucleotide triphosphates (dNTPs) Building blocks for the new DNA strand 

Magnesium chloride Cofactor required for polymerase activity 

Reaction buffer Maintains optimal pH and ionic conditions 

 

Figure 12.1  Three-step PCR Thermal Cycle 
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QUICK RECAP 

•  Nucleic acid extraction proceeds through lysis, contaminant removal and purification. 

•  PCR amplifies a target sequence exponentially through cycles of denaturation, annealing and 

extension. 

•  RT-PCR amplifies from an RNA template; qPCR quantifies template amount during amplification. 

•  Effective primer design balances specificity, length, guanine-cytosine content and matched melting 

temperature. 

 

COMMON ERRORS TO AVOID 

•  Contaminating a DNA extraction with nuclease activity, degrading the sample before purification is 

complete. 

•  Setting an annealing temperature too low, causing non-specific primer binding and spurious 

products. 

•  Omitting a no-template control, making laboratory contamination indistinguishable from a true 

positive result. 

Review Questions 

[UG]  1. List the three steps of a single PCR thermal cycle and state the purpose of each. 

[UG]  2. State the significance of the 260 to 280 nanometre absorbance ratio for extracted 

DNA. 

[PG]  3. Differentiate RAPD from RFLP as methods of genetic fingerprinting. 

[PG]  4. Discuss the parameters considered in the design of an effective PCR primer pair. 
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CHAPTER 13.  RECOMBINANT DNA 

TECHNOLOGY AND GENE ANALYSIS 

Learning focus: PG core 

Principle 

Recombinant DNA technology combines DNA from two different sources into a single 

molecule, most commonly by inserting a gene of interest into a carrier molecule, or vector, 

capable of independent replication within a host cell. The technology depends on two classes 

of enzyme: a restriction endonuclease, which cuts DNA at a specific recognition sequence, and 

DNA ligase, which joins compatible DNA ends to form a continuous molecule. 

Restriction Enzymes and Vectors 

A restriction enzyme recognizes a short, usually palindromic, sequence of four to eight base 

pairs and cleaves the DNA backbone at or near that sequence, often leaving single-stranded 

overhangs termed sticky ends that facilitate subsequent ligation. A cloning vector, typically a 

bacterial plasmid, carries an origin of replication, a selectable marker such as an antibiotic 

resistance gene, and a cloning site into which the digested gene of interest is inserted using the 

same restriction enzyme, ensuring compatible ends. 

Preventing Vector Self-ligation 

A linearized vector can rejoin its own two ends during the ligation step without incorporating 

the intended insert, producing a background of non-recombinant colonies that complicates 

screening. Treating the cut vector with alkaline phosphatase, which removes the terminal 

phosphate group required for ligation, prevents this self-ligation while leaving the insert, which 

retains its own terminal phosphate, free to ligate normally, substantially enriching the 

proportion of true recombinant colonies recovered after transformation. 

Steps in Recombinant DNA Cloning 

1. Isolate the gene of interest, either from genomic DNA or as a PCR product. 

2. Digest both the gene of interest and the vector with the same restriction enzyme. 

3. Ligate the digested gene into the vector using DNA ligase. 

4. Transform the recombinant vector into a suitable host cell, typically Escherichia coli. 

5. Select transformed colonies on a medium containing the appropriate selective agent. 
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6. Screen and confirm recombinant colonies by restriction digestion or sequencing. 

DNA Sequencing and Genomic Libraries 

Sanger sequencing determines nucleotide sequence through controlled synthesis of 

complementary strands terminated at each base position by a fluorescently labelled 

dideoxynucleotide, with the resulting fragments resolved by size using capillary 

electrophoresis. Next-generation sequencing (NGS) platforms instead sequence millions of 

short DNA fragments in parallel, giving far greater throughput at lower per-base cost and 

enabling whole-genome and metagenomic studies not feasible with Sanger sequencing alone. 

A genomic library represents the entire genome of an organism as a collection of cloned 

fragments held within a vector population, while a complementary DNA (cDNA) library 

represents only the genes expressed in a given tissue at a given time, prepared from messenger 

RNA through reverse transcription. 

Applications in Zoological Research 

Recombinant DNA technology underlies the production of recombinant proteins, such as a 

specific hormone or enzyme, for use as an assay standard; the construction of a gene probe used 

in fluorescence in-situ hybridization as described in Chapter 5; and the generation of a 

genetically modified model organism used to study gene function directly by observing the 

consequence of its disruption or overexpression. 

Case Illustration: Blue-White Screening of Recombinant Colonies 

A common cloning vector carries a marker gene that, when intact, allows a transformed 

bacterial colony to metabolize a substrate in the growth medium into a blue product, producing 

a visibly blue colony. Insertion of a gene of interest into the cloning site physically disrupts this 

marker gene, so a colony carrying a true recombinant plasmid remains white against a 

background of blue, non-recombinant colonies that took up the re-circularized vector alone. A 

researcher screening a transformation plate selects only white colonies for further analysis, then 

confirms each candidate by restriction digestion of its extracted plasmid, since the blue-white 

distinction, though a highly effective first filter, does not by itself guarantee that the insert taken 

up is the correct one or is present in the intended orientation. 

Table 13.1  Common Restriction Enzymes and Recognition Sequences 

Enzyme Source Organism Recognition Sequence 

EcoRI Escherichia coli GAATTC 

HindIII Haemophilus influenzae AAGCTT 
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Enzyme Source Organism Recognition Sequence 

BamHI Bacillus amyloliquefaciens GGATCC 

PstI Providencia stuartii CTGCAG 

 

Figure 13.1  Steps in Recombinant DNA Cloning 

 

QUICK RECAP 

•  Recombinant DNA technology depends on restriction enzymes for cutting and DNA ligase for 

joining. 

•  A cloning vector supplies an origin of replication, a selectable marker and a cloning site. 

•  Sanger sequencing terminates synthesis at labelled bases; NGS sequences many fragments in 

parallel. 

•  A genomic library represents the whole genome; a cDNA library represents expressed genes only. 

 

COMMON ERRORS TO AVOID 

•  Using two restriction enzymes producing incompatible ends for the vector and the insert. 

•  Omitting a control transformation, making selection efficiency impossible to judge. 

•  Assuming an antibiotic-resistant colony is necessarily a true recombinant without confirmatory 

screening. 

Review Questions 

[UG]  1. Define restriction endonuclease and state the role of DNA ligase in cloning. 

[UG]  2. List the essential components of a bacterial cloning vector. 

[PG]  3. Compare Sanger sequencing with next-generation sequencing in principle and 

throughput. 

[PG]  4. Differentiate a genomic library from a complementary DNA library. 
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Chapter 14.  Bioinformatics Tools in Zoology 

Learning focus: PG core; UG orientation 

Principle 

Bioinformatics applies computational methods to biological sequence data, allowing a DNA or 

protein sequence generated in the laboratory to be compared against public reference databases 

for identification, functional annotation or evolutionary analysis. The approach has become 

basic to modern zoological taxonomy through DNA barcoding, in which a short, standardized 

gene region is sequenced and matched against a reference library to assign species identity. 

Basic Steps of a Bioinformatics Search 

A typical bioinformatics investigation begins with a sequence generated in the laboratory, most 

often by the Sanger or PCR-based methods of Chapters 12 and 13, checked for quality by 

inspecting its chromatogram trace for ambiguous base calls before any downstream analysis is 

attempted. The verified sequence is then formatted according to the simple, widely used FASTA 

convention, a single header line beginning with the greater-than symbol followed by the 

sequence itself, before submission to a database search or alignment tool. 

Sequence Databases 

GenBank, maintained by the National Center for Biotechnology Information (NCBI), and the 

European Molecular Biology Laboratory (EMBL) database are the principal international 

repositories of nucleotide and protein sequence data, mirrored and cross-referenced with one 

another. The Barcode of Life Data System (BOLD) maintains a specialized reference library of 

standardized barcode sequences linked to voucher specimens, supporting species-level 

identification from a short DNA fragment. 

Sequence Alignment and Phylogenetics 

The Basic Local Alignment Search Tool (BLAST) compares a query sequence against a 

database and reports the closest matches ranked by similarity score, giving a rapid first 

indication of sequence identity. Multiple sequence alignment tools such as Clustal Omega align 

three or more sequences simultaneously, positioning homologous residues in common columns 

as a basis for further comparative or phylogenetic analysis. A phylogenetic tree, constructed 

from an aligned dataset using software such as MEGA, represents the inferred evolutionary 

relationships among the sequences through branching patterns proportional to genetic 

divergence. 
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Representative Applications in Zoology 

● Species identification from an unknown tissue sample or environmental DNA fragment. 

● Confirmation of cryptic species previously indistinguishable by morphology alone. 

● Reconstruction of evolutionary relationships among populations or related taxa. 

● Primer design for a target gene region, and preliminary evaluation of candidate binding 

sites for molecular docking studies. 

Limits of Sequence-based Identification 

A BLAST search reports the statistically closest matches within the database queried, not 

necessarily the true identity of the organism sampled, and its reliability is bounded by how 

completely the relevant taxonomic group is represented in that database. A high percentage 

identity against a poorly represented group should be treated as a provisional lead requiring 

confirmation by an independent line of evidence, such as morphology or a second, independent 

gene region, rather than as a final determination, a distinction of particular importance in 

biodiversity-rich but taxonomically under-sampled regions. 

Worked Example: Interpreting a BLAST Result 

A COI barcode sequence obtained from an unidentified tissue sample returns a top BLAST 

match of 99.7 percent identity to a named species already represented by multiple accessioned 

records in GenBank, with the next-best match falling to 91 percent identity against a different 

species. Because the top match is both very high in absolute identity and clearly separated from 

the next-closest alternative, and because the matched region and sequence length are 

appropriate for the barcode marker used, the result supports confident species-level 

identification. A second query returning a top match of only 87 percent identity, with several 

other species clustered closely around a similar value, would instead be reported only to genus 

level or higher, and flagged as a candidate for confirmation by an independent morphological 

or additional-marker check before any species-level claim is published. 

Table 14.1  Commonly Used Bioinformatics Databases and Tools 

Resource Primary Function 

GenBank (NCBI) Repository of nucleotide and protein sequences 

BLAST Sequence similarity searching 

Clustal Omega Multiple sequence alignment 

MEGA software Phylogenetic tree construction 

BOLD Systems DNA barcode reference library 
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Figure 14.1  Workflow of Sequence-based Species Identification 

QUICK RECAP 

•  Bioinformatics compares laboratory-generated sequence data against reference databases for 

identification and analysis. 

•  GenBank and EMBL are principal general sequence repositories; BOLD is specialized for DNA 

barcoding. 

•  BLAST ranks database matches by similarity; multiple sequence alignment positions homologous 

residues for comparison. 

•  A phylogenetic tree represents inferred evolutionary relationships as branching patterns. 

 

COMMON ERRORS TO AVOID 

•  Accepting a low-identity BLAST match as a confirmed species identification without corroborating 

evidence. 

•  Aligning sequences of markedly different length without appropriate trimming, distorting the 

alignment. 

•  Constructing a phylogenetic tree from an insufficiently variable gene region for the taxonomic level 

under study. 

Review Questions 

[UG]  1. State the function of the BLAST tool in sequence analysis. 

[UG]  2. Name two public sequence databases used in zoological bioinformatics. 

[PG]  3. Explain the principle of DNA barcoding as a species identification method. 

[PG]  4. Discuss the precautions needed before accepting a BLAST result as a confirmed 

species identification. 
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Chapter 15.  Immunological Techniques 

PART E  ·  IMMUNOLOGY, TOXICOLOGY AND CELL CULTURE 

Assay-based techniques bridging physiology, pathology and biotechnology 

Learning focus: PG core; UG overview 

Principle 

Immunological techniques exploit the high specificity of the antigen-antibody interaction to 

detect, localize or quantify a particular molecule within a biological sample. Because an 

antibody binds its target antigen with a specificity comparable to that of an enzyme for its 

substrate, the interaction underlies diagnostic tests ranging from simple agglutination to 

quantitative enzyme immunoassay. 

Agglutination, Precipitation and Immunodiffusion 

Agglutination occurs when a multivalent antigen present on a particulate surface, such as a red 

blood cell or a latex bead, is cross-linked by antibody into a visible clump, forming the basis of 

blood grouping tests. Precipitation occurs when a soluble antigen is cross-linked by antibody 

into an insoluble lattice; immunodiffusion allows antigen and antibody to diffuse toward each 

other through a gel, forming a visible line of precipitation at the zone of optimal proportion, a 

pattern used to test for the identity, partial identity or non-identity of two antigen preparations. 

Polyclonal versus Monoclonal Antibodies 

A polyclonal antibody preparation, raised by immunizing a host animal with the antigen of 

interest, contains a mixture of antibodies recognizing several distinct sites on that antigen, 

giving a strong but somewhat variable signal that differs between production batches. A 

monoclonal antibody, produced from a single cloned antibody-secreting cell line, recognizes 

exactly one site with high specificity and is reproducible indefinitely from batch to batch, a 

property that makes monoclonal reagents the preferred choice for a quantitative assay such as 

the sandwich ELISA described below, despite their higher cost of production. 

Enzyme-linked Immunosorbent Assay (ELISA) 

ELISA quantifies an antigen or antibody using an enzyme-labelled reagent whose activity, 

measured colorimetrically, is proportional to the amount of target present. In the sandwich 

format, most widely used for antigen quantification, a capture antibody bound to the well 

surface binds the test antigen, an enzyme-linked detection antibody then binds a separate site 

on the same antigen, and addition of a substrate produces a colour proportional to bound antigen 

concentration, read spectrophotometrically as described in Chapter 8. 
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Blood Grouping and Antibody Titre 

Blood grouping applies the agglutination principle directly: red cells are mixed with antisera 

specific to the A, B and Rh antigens, and the pattern of agglutination observed identifies the 

blood group. Antibody titre, the reciprocal of the highest serum dilution still producing a 

detectable reaction, provides a semi-quantitative measure of antibody concentration, commonly 

used to follow the immune response to an experimental antigen over time. 

Constructing and Reading a Standard Curve 

Quantitative ELISA results are read from a standard curve constructed by plotting the 

colorimetric signal produced by a dilution series of a known antigen standard against its 

concentration, following the same calibration logic introduced for spectrophotometry in 

Chapter 8. A test sample's concentration is interpolated from this curve using its measured 

signal, provided that signal falls within the linear portion of the curve; a sample producing a 

signal above the highest standard must be diluted and re-assayed rather than extrapolated 

beyond the calibrated range. 

Worked Example: Reading a Sandwich ELISA Plate 

A sandwich ELISA standard series of 0, 5, 10, 20, 40 and 80 nanograms per millilitre of a target 

hormone gives absorbance readings of 0.05, 0.18, 0.34, 0.65, 1.20 and 2.05 respectively after 

substrate development, and plotting these values confirms an acceptable linear range up to 

approximately 40 nanograms per millilitre, beyond which the curve begins to plateau as capture 

antibody sites become saturated. A test serum sample gives an absorbance of 0.92; interpolating 

against the linear portion of the standard curve gives an estimated concentration of 

approximately 28 nanograms per millilitre. A second test sample giving an absorbance of 2.40, 

above the highest standard, is diluted two-fold and re-assayed rather than read directly from the 

plateau region of the curve, where a given absorbance no longer corresponds reliably to a single 

concentration value. 

Table 15.1  Types of ELISA Formats Compared 

Format Principle Typical Application 

Direct ELISA Labelled primary antibody detects antigen Rapid antigen screening 

Indirect 

ELISA 

Labelled secondary antibody detects primary 

antibody 
Antibody titre determination 

Sandwich 

ELISA 
Antigen captured between two antibodies 

Quantification of a specific 

antigen 
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Format Principle Typical Application 

Competitive 

ELISA 

Labelled and unlabelled antigen compete for 

binding 
Detection of small molecules 

 

Figure 15.1  Principle of Sandwich ELISA 

 

QUICK RECAP 

•  Immunological techniques depend on the specific binding of antibody to antigen. 

•  Agglutination involves particulate antigen; precipitation and immunodiffusion involve soluble 

antigen. 

•  Sandwich ELISA quantifies antigen using paired capture and detection antibodies. 

•  Antibody titre is the reciprocal of the highest reactive serum dilution. 
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COMMON ERRORS TO AVOID 

•  Omitting a blocking step in ELISA, allowing non-specific binding and elevated background signal. 

•  Interpreting weak agglutination as a negative result without adequate mixing time. 

•  Comparing antibody titres from assays run on different days without a shared reference standard. 

Review Questions 

[UG]  1. Differentiate agglutination from precipitation as immunological reactions. 

[UG]  2. Describe the principle of blood grouping by the agglutination method. 

[PG]  3. Explain the sequence of binding events in a sandwich ELISA. 

[PG]  4. Define antibody titre and describe how it is determined. 
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Chapter 16.  Toxicological and Bioassay 

Techniques 

Learning focus: PG core; UG overview 

Principle 

Toxicological bioassay exposes a test organism or biological system to graded concentrations 

of a substance and measures a defined biological endpoint, allowing the toxicity of the 

substance to be expressed as a quantitative value comparable across studies. The endpoint 

measured, whether mortality, mutation frequency or DNA damage, determines the specific 

assay selected. 

LC50 and LD50 Determination 

The median lethal concentration (LC50) or median lethal dose (LD50) is the concentration or 

dose of a substance causing death in fifty percent of a test population within a defined exposure 

period, commonly ninety-six hours for aquatic organisms. A preliminary range-finding trial 

establishes an approximate toxic range, followed by a definitive test using a closer series of 

concentrations bracketing the expected LC50 or LD50; mortality at each concentration is 

recorded and the LC50 or LD50 value is calculated from the resulting dose-response 

relationship, typically using probit analysis. 

Acute versus Chronic Toxicity Testing 

An acute toxicity test, of which the LC50/LD50 determination is the principal example, 

measures the response of a test population to a single, relatively high exposure over a short, 

standardized period, and is primarily used to rank and classify substances by hazard. A chronic 

toxicity test instead exposes the test population to lower, environmentally realistic 

concentrations over a substantial fraction of the organism's lifespan, measuring sub-lethal 

endpoints such as growth rate, reproductive output or the enzyme biomarkers described below; 

chronic data are generally regarded as more directly relevant to real-world ecological risk than 

acute LC50/LD50 values alone. 

Genotoxicity Assays 

The Ames test uses histidine-dependent bacterial strains to detect mutagenic activity: a test 

substance capable of reversing the histidine mutation allows bacterial colonies to grow on 

histidine-free medium, and the number of revertant colonies indicates mutagenic potency. The 

comet assay embeds individual cells in a thin agarose layer and subjects them to electrophoresis; 

damaged DNA migrates from the nucleus to form a tail resembling a comet, and tail length or 
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intensity indicates the degree of DNA strand breakage. The micronucleus assay scores the 

frequency of small, additional nuclear bodies, or micronuclei, arising from chromosome 

fragments or whole chromosomes not incorporated into the main nucleus during cell division, 

providing a measure of chromosomal damage. 

Enzyme-based Biomarkers of Toxicity 

Sub-lethal exposure to a toxicant frequently alters the activity of specific enzymes before any 

overt sign of toxicity appears; acetylcholinesterase inhibition, for example, is a widely used 

biomarker of exposure to organophosphate and carbamate pesticides, measured 

spectrophotometrically in tissue homogenate. 

Selecting a Test Organism 

A standardized aquatic toxicity test conventionally uses a sensitive, widely available and well-

characterized indicator species, such as a particular daphnid, fish or amphibian larva specified 

in national or international test guidelines, precisely so that results obtained in different 

laboratories remain comparable. Substituting a locally available but non-standard species 

without independent validation of its sensitivity threshold undermines this comparability, even 

where the substitution is otherwise ecologically reasonable for the site under study. 

Worked Example: Estimating LC50 by Graphical Interpolation 

A ninety-six-hour acute toxicity test on a fish species exposed to a candidate effluent gives zero 

percent mortality at 2 milligrams per litre, 20 percent mortality at 4 milligrams per litre, 55 

percent mortality at 8 milligrams per litre, 85 percent mortality at 16 milligrams per litre and 

100 percent mortality at 32 milligrams per litre. Plotting mortality against the logarithm of 

concentration and reading across from the fifty percent mortality mark to the fitted line gives 

an approximate LC50 of 7 to 8 milligrams per litre, a value that would ordinarily be refined by 

formal probit analysis rather than read by eye alone, but which illustrates the underlying logic: 

LC50 is interpolated from the dose-response relationship rather than read directly from any 

single tested concentration, since the concentration series is rarely designed to include the exact 

fifty percent point. 

Table 16.1  Toxicological Bioassay Endpoints Compared 

Assay Endpoint Measured Typical Application 

LC50/LD50 test Concentration or dose causing 50 percent mortality Acute toxicity ranking 

Ames test Reverse mutation frequency in bacteria Mutagenicity screening 

Comet assay DNA strand breakage in single cells Genotoxicity assessment 



 

59 Zoological Techniques 

Assay Endpoint Measured Typical Application 

Micronucleus 

assay 
Frequency of micronucleated cells 

Chromosomal damage 

assessment 

 

Figure 16.1  General Procedure for LC50/LD50 Determination 

QUICK RECAP 

•  LC50 and LD50 express acute toxicity as the concentration or dose lethal to half a test population. 

•  The Ames test screens for mutagenicity using a bacterial reversion system. 

•  The comet assay and micronucleus assay measure DNA strand breakage and chromosomal damage 

respectively. 

•  Enzyme biomarkers such as acetylcholinesterase inhibition detect sub-lethal exposure before overt 

toxicity. 

 

COMMON ERRORS TO AVOID 

•  Omitting the preliminary range-finding trial, resulting in a definitive test that brackets the wrong 

concentration range. 

•  Using an exposure period inconsistent with the standard protocol for the species and endpoint under 

study. 

•  Failing to include a solvent control when the test substance requires a carrier solvent. 

Review Questions 

[UG]  1. Define LC50 and state the exposure period conventionally used for aquatic toxicity 

testing. 

[UG]  2. State the principle of the Ames test. 

[PG]  3. Differentiate the comet assay from the micronucleus assay in the type of DNA damage 

each detects. 

[PG]  4. Explain the value of an enzyme-based biomarker such as acetylcholinesterase 

inhibition in toxicological monitoring. 
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Chapter 17.  Animal Tissue Culture Techniques 

Learning focus: PG core 

Principle 

Animal tissue culture maintains living cells, tissue fragments or whole organ rudiments outside 

the body under controlled, sterile, nutritionally defined conditions. The technique allows direct 

experimental manipulation of cellular processes without the confounding influence of an intact 

organism, and underlies applications from basic cell physiology to vaccine production and 

toxicity screening. 

Laboratory Set-up and Sterilization 

Tissue culture requires strict asepsis: work is performed within a laminar air-flow cabinet, all 

glassware and media are sterilized by autoclaving or filtration, and surfaces are routinely 

disinfected, because animal cells grow far more slowly than most microbial contaminants and 

a culture overrun by contamination cannot be recovered. 

Primary Culture and Established Cell Lines 

A primary culture is established directly from disaggregated animal tissue and retains 

characteristics close to the tissue of origin, but has a finite capacity for division before 

senescence. An established, or continuous, cell line arises from a primary culture that has 

acquired the capacity for indefinite division, whether spontaneously or through deliberate 

transformation, and offers a standardized, reproducible system for repeated experimentation, 

generally at some distance from native tissue physiology. 

Culture Medium and Growth Conditions 

A complete growth medium supplies a balanced salt solution, amino acids, vitamins, a 

carbohydrate energy source and, typically, ten percent serum providing growth factors and 

attachment proteins not otherwise chemically defined; antibiotics are frequently included at a 

low maintenance concentration as an additional safeguard against contamination, though their 

routine use can mask a low-grade infection until it becomes severe. Incubation is maintained at 

a species-appropriate temperature, commonly 37 degrees Celsius for a mammalian line, in a 

humidified atmosphere enriched with five percent carbon dioxide to stabilize the bicarbonate-

based buffering of the medium. 

Steps in Primary Animal Cell Culture 

1. Collect the tissue sample aseptically and rinse it in a balanced salt solution. 
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2. Disaggregate the tissue mechanically or enzymatically, commonly using trypsin or 

collagenase, to obtain a cell suspension. 

3. Seed the cell suspension into a culture vessel containing complete growth medium. 

4. Incubate at a controlled temperature and carbon dioxide concentration appropriate to the 

cell type. 

5. Change the medium at regular intervals to replenish nutrients and remove metabolic waste. 

6. Sub-culture the cells on reaching confluence, and cryopreserve stock aliquots for long-

term storage. 

Viability Assay and Cryopreservation 

The MTT assay measures cell viability and proliferation by the reduction of a tetrazolium salt 

to an insoluble coloured formazan product by metabolically active cells, quantified 

spectrophotometrically as an index of cell number or metabolic activity. Cryopreservation 

stores viable cells at ultra-low temperature, typically in liquid nitrogen, in the presence of a 

cryoprotectant such as dimethyl sulfoxide that limits ice-crystal damage during freezing and 

thawing. 

Recognizing Contamination 

Bacterial or fungal contamination typically announces itself through sudden medium turbidity, 

an abnormal colour change in the pH indicator included in most media formulations, or visible 

microbial growth under low-power microscopy, and demands immediate discarding of the 

affected culture rather than attempted rescue, since surviving contaminants readily spread to 

adjacent cultures sharing the same incubator or laminar flow cabinet. Mycoplasma 

contamination is more insidious, producing no visible turbidity and only a subtle reduction in 

growth rate, and is detected only by a dedicated molecular or staining test performed at routine 

intervals on an ongoing culture stock. 

Case Illustration: Deciding When to Sub-culture 

A researcher inspects a flask of adherent cells under an inverted microscope and estimates the 

cells cover approximately eighty-five percent of the available growth surface, with cell borders 

beginning to flatten against their neighbours in the most densely populated regions. Because 

most established lines lose their normal growth characteristics if allowed to reach full 

confluence and remain there, the researcher sub-cultures the flask that day rather than waiting 

for the culture to reach one hundred percent coverage, detaching the cells with trypsin, diluting 

the resulting suspension into fresh medium at a standard split ratio, and reseeding two new 

flasks. A parallel flask left unattended over a weekend and inspected on the following Monday 

shows sheets of detached, rounded cells floating in acidified, yellow-brown medium, 

illustrating the consequence of missing the sub-culturing window rather than monitoring 

confluence at the recommended interval. 
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Table 17.1  Primary Culture and Established Cell Line Compared 

Feature Primary Culture Established Cell Line 

Source Directly isolated from tissue 
Derived from primary culture, often 

immortalized 

Lifespan 
Limited, finite number of 

divisions 
Extended or indefinite divisions 

Genetic 

stability 
Closer to original tissue May show karyotypic drift 

Typical use 
Tissue-specific physiological 

study 
Standardized, repeatable experiments 

 

Figure 17.1  Steps in Primary Animal Cell Culture 

 

QUICK RECAP 

•  Tissue culture maintains living cells outside the body under sterile, defined conditions. 

•  A primary culture has finite division capacity; an established cell line divides indefinitely. 

•  Aseptic technique is essential because animal cells divide more slowly than most contaminants. 

•  The MTT assay measures viability through formazan formation by metabolically active cells. 

 

COMMON ERRORS TO AVOID 

•  Working outside the laminar flow cabinet, introducing microbial contamination. 

•  Allowing a culture to remain past confluence without sub-culturing, causing nutrient depletion and 

cell death. 

•  Freezing cells without an adequate cryoprotectant, causing ice-crystal damage and loss of viability 

on thawing. 
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Review Questions 

[UG]  1. Differentiate a primary culture from an established cell line. 

[UG]  2. State why strict asepsis is essential in animal tissue culture. 

[PG]  3. Describe the principle of the MTT assay for measuring cell viability. 

[PG]  4. Explain the role of a cryoprotectant in the cryopreservation of cultured cells. 
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Chapter 18.  Ecological Sampling Techniques 

PART F · ECOLOGICAL, WILDLIFE AND BEHAVIOURAL TECHNIQUES 

Field-based methods for populations, habitats and behaviour 

Learning focus: Common to UG and PG study 

Principle 

Ecological sampling estimates the abundance, distribution or composition of organisms within 

a habitat from a representative subset of that habitat, since exhaustive enumeration is rarely 

feasible. The validity of any resulting estimate depends on the sampling design used, the size 

and number of sampling units, and the degree to which the units chosen represent the habitat as 

a whole. 

Quadrat and Transect Sampling 

A quadrat is a defined area, commonly a one square metre frame for vegetation or intertidal 

sampling, placed at random or systematic intervals within the study site to record the organisms 

present within its boundary. A transect is a line or belt laid across an environmental gradient 

along which quadrats, or point observations, are taken at fixed intervals, allowing change in 

community composition to be related directly to the underlying gradient, such as elevation, 

depth or distance from a water source. 

Randomization and Replication 

A sampling design gains validity from randomization, which prevents the unconscious bias of 

a collector who tends toward visually accessible or apparently species-rich patches, and from 

replication, which allows the natural variability between sampling units to be distinguished 

statistically from a genuine difference between sites or treatments. A single quadrat, however 

carefully placed, describes only itself; a defensible estimate of a site's community composition 

requires a number of independently placed replicates sufficient to characterize the variability 

actually present, a number best determined by a preliminary pilot survey rather than assumed 

in advance. 

Plankton and Benthos Sampling 

Plankton, comprising phytoplankton and zooplankton, is sampled by towing a fine-mesh net of 

standard mesh size through a known volume of water, concentrating organisms for enumeration 

under the microscope. Benthic organisms are sampled using a grab or corer that lifts a defined 

volume of sediment from the bottom, which is then sieved to retrieve macroinvertebrates for 

identification and counting. 
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Physico-chemical Analysis and Biodiversity Indices 

Physico-chemical parameters of the habitat, including temperature, pH, dissolved oxygen and 

salinity for aquatic sites, or soil moisture and organic content for terrestrial sites, are recorded 

alongside biological sampling because these parameters strongly influence species distribution 

and must be reported together with abundance data. Biodiversity indices condense the resulting 

species and abundance data into a single comparative value: the Shannon-Wiener index 

incorporates both species richness and evenness of abundance, while the Simpson index 

expresses the probability that two individuals drawn at random from the sample belong to 

different species. 

From Raw Counts to Comparative Indices 

Raw abundance counts recorded across quadrats or transects are first tabulated as a species-by-

site matrix before any comparative index is calculated, since the Shannon-Wiener and Simpson 

indices summarized in this chapter both operate on the proportional abundance of each species 

within a defined sample rather than on absolute counts alone. Two sites of markedly different 

total abundance can nonetheless return a similar diversity index value if the relative proportions 

among their constituent species are similar, a distinction worth stating explicitly to students 

who otherwise expect diversity and abundance to track one another directly. 

Worked Example: Calculating the Shannon-Wiener Index 

A quadrat survey records three species present in the following proportions of total individuals 

counted: species A at 0.50, species B at 0.30 and species C at 0.20. The Shannon-Wiener index 

is calculated as the negative sum, across all species, of each proportion multiplied by its own 

natural logarithm: for this sample, the contributions are approximately 0.347, 0.361 and 0.322 

respectively, summing to an index value of approximately 1.03. A second site with the same 

three species present in exactly equal proportions of 0.333 each returns a higher index value of 

approximately 1.10, despite having identical species richness, because the Shannon-Wiener 

index rewards evenness of abundance in addition to the mere number of species present, 

precisely the property that a simple species count would fail to capture. 

Table 18.1  Common Ecological Sampling Methods and Their Targets 

Method Habitat Organism Group 

Quadrat sampling Terrestrial, intertidal Vegetation, sessile invertebrates 

Belt transect Terrestrial, aquatic Distribution along an environmental gradient 

Plankton net sampling Open water Phytoplankton, zooplankton 
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Method Habitat Organism Group 

Sediment grab 

sampling 
Benthic zone Benthic macroinvertebrates 

Pitfall trapping Terrestrial soil surface Ground-dwelling arthropods 

 

Figure 18.1  Quadrat Sampling Layout within a Study Transect 

QUICK RECAP 

•  Ecological sampling estimates population and community parameters from a representative subset 

of the habitat. 

•  Quadrat sampling records organisms within a defined area; transect sampling relates composition to 

an environmental gradient. 

•  Plankton is sampled by net tow; benthos is sampled by grab or corer followed by sieving. 

•  The Shannon-Wiener and Simpson indices summarize species richness and evenness in a single 

comparative value. 

 

COMMON ERRORS TO AVOID 

•  Placing quadrats non-randomly by unconscious preference for visually rich patches, biasing the 

estimate. 

•  Using too few sampling units to characterize the variability present in the habitat. 

•  Recording biological data without accompanying physico-chemical measurements needed for 

interpretation. 

Review Questions 

[UG]  1. Define quadrat sampling and state one habitat in which it is commonly applied. 

[UG]  2. Differentiate plankton sampling from benthos sampling in method and target 

organisms. 
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[PG]  3. Explain what the Shannon-Wiener index measures beyond simple species richness. 

[PG]  4. Discuss the design considerations affecting the reliability of a transect-based 

ecological survey. 
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Chapter 19.  Wildlife Census and Population 

Estimation Techniques 

Learning focus: PG-weighted; UG overview 

Principle 

Wildlife census techniques estimate the size, density or distribution of a free-ranging animal 

population without requiring enumeration of every individual, an approach necessary because 

direct total counts are rarely practical for mobile, cryptic or wide-ranging species. Method 

selection depends on the mobility, detectability and identifiability of the species under study. 

Direct and Indirect Count Methods 

Direct count methods record animals actually observed, whether by ground survey, vantage-

point count or aerial survey, and are best suited to conspicuous species in open habitat. Indirect 

methods infer presence and abundance from signs left by the animal, including tracks, scat, 

burrows, calls or camera-trap photographs, and are preferred for cryptic, nocturnal or low-

density species in closed habitat. 

Marking Methods and Their Selection 

A marking method must be visible or detectable throughout the study period, must not alter the 

marked individual's behaviour or survival relative to unmarked individuals, and must be 

appropriate to the biology of the species concerned. Options range from a numbered leg band 

or ear tag for a vertebrate, through a fin clip or elastomer tag for a fish, to a fluorescent dust or 

paint mark for many invertebrates; a method causing even a slight reduction in survival or an 

increased conspicuousness to predators biases the resulting population estimate and must be 

piloted before adoption in a full study. 

Mark-recapture and Line Transect Methods 

The mark-recapture method captures, marks and releases a sample of individuals, then captures 

a second independent sample after a defined interval and records the proportion of marked 

individuals within it; the Lincoln-Petersen estimator uses this proportion to calculate total 

population size, on the assumption that marked and unmarked individuals mix freely and are 

equally likely to be recaptured. Line transect distance sampling instead records the 

perpendicular distance from a fixed transect line to each animal or animal sign detected, and 

uses the resulting distribution of detection distances to estimate the effective area surveyed and, 

from it, population density. 

Camera Trapping, Telemetry and Sign-based Census 
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Camera trapping deploys motion-triggered cameras at fixed stations to photograph passing 

animals; for species with individually distinctive markings, such as tiger stripe patterns, 

repeated photographic capture of identified individuals over multiple stations supports a 

capture-recapture population estimate without physical handling. Radio-telemetry and satellite 

tracking attach a transmitter to a captured individual, allowing its location to be recorded 

remotely over an extended period, providing data on home range, movement pattern and habitat 

use rather than population size directly. Pugmark and scat-based census methods, long used for 

large carnivores in the Indian subcontinent, identify individuals from track dimensions or 

estimate relative abundance from sign density along a standardized survey route. 

Population Density from an Estimate 

A population estimate obtained by mark-recapture or a related method describes the number of 

individuals present within the effectively sampled area, and must be divided by that area to 

yield density, a step frequently overlooked by students who report an estimate as though it 

applied automatically to the entire study region. Correctly defining the effectively sampled area, 

accounting for animal movement across the boundary of a trapping grid during the study period, 

is itself a well-recognized methodological difficulty addressed by dedicated spatial capture-

recapture models in advanced practice. 

Worked Example: Applying the Lincoln-Petersen Estimator 

A first trapping session captures and marks 40 individuals of a small mammal species, which 

are then released back into the study area. A second trapping session conducted one week later 

captures 50 individuals, of which 10 carry a mark from the first session. The Lincoln-Petersen 

estimator calculates total population size as the first sample size multiplied by the second 

sample size, divided by the number of marked recaptures: 40 multiplied by 50, divided by 10, 

giving an estimated population of 200 individuals. Had only 4 marked individuals been 

recaptured instead of 10, the same formula would give an estimate of 500, illustrating how 

sensitive the estimator is to the recapture count and why an adequately large second sample is 

essential to a reasonably precise estimate. 

Table 19.1 Wildlife Population Estimation Methods Compared 

Method Data Required Suitable Species 

Mark-recapture 
Marked and recaptured individual 

counts 

Mobile, individually identifiable 

animals 

Line transect distance 

sampling 
Perpendicular sighting distances Visually detectable animals 

Camera trap capture-

recapture 

Photographic identification 

records 
Individually patterned mammals 
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Method Data Required Suitable Species 

Pugmark / track census 
Track measurements along fixed 

routes 
Large carnivores 

 

Figure 19.1  Mark-recapture Protocol (Lincoln-Petersen Method) 

QUICK RECAP 

•  Direct methods count animals observed; indirect methods infer presence from signs. 

•  The Lincoln-Petersen estimator calculates population size from the proportion of marked recaptures. 

•  Line transect distance sampling estimates density from the distribution of detection distances. 

•  Radio-telemetry provides movement and home-range data rather than a direct population estimate. 

 

COMMON ERRORS TO AVOID 

•  Assuming free mixing of marked and unmarked individuals when territoriality or trap-shyness 

violates that assumption. 

•  Using too short a time interval between mark and recapture samples, so marks have not yet mixed 

into the population. 

•  Misidentifying individuals from ambiguous camera-trap images, inflating the apparent population 

estimate. 

Review Questions 

[UG]  1. State the assumption underlying the Lincoln-Petersen mark-recapture estimator. 

[UG]  2. Differentiate direct from indirect wildlife census methods. 

[PG]  3. Explain the data recorded in line transect distance sampling and its use in estimating 

density. 

[PG]  4. Discuss the advantage of camera-trap capture-recapture over physical mark-recapture 

for elusive carnivores. 
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Chapter 20.  Remote Sensing, GIS and Animal 

Behaviour Study 

Learning focus: PG-weighted; UG orientation 

Principle of Remote Sensing and GIS 

Remote sensing acquires information about the Earth's surface from satellite or aerial sensors 

without direct physical contact, while a Geographic Information System (GIS) stores, analyses 

and displays that information, together with field-collected data, as spatially referenced layers. 

In wildlife ecology, the combination allows habitat characteristics to be mapped and related 

quantitatively to animal distribution recorded by field survey or telemetry. 

GPS and Habitat Mapping 

A Global Positioning System (GPS) receiver records the geographic coordinates of a field 

observation, specimen locality or telemetry fix with an accuracy typically within a few metres, 

providing the spatial reference required to enter field data into a GIS. Common data layers used 

in habitat mapping include land cover classification derived from satellite imagery, a digital 

elevation model describing terrain and slope, and a vegetation index such as the Normalized 

Difference Vegetation Index (NDVI), which estimates vegetation density and health from the 

differential reflectance of healthy vegetation in the red and near-infrared bands. 

Species Distribution Modelling 

Field GPS records of confirmed species occurrence, combined with the environmental data 

layers described above, can be used to build a species distribution model, a statistical 

relationship between recorded presence and the underlying habitat variables that is then 

projected across the wider landscape to predict where the species is likely to occur beyond the 

points actually surveyed. Such models are only as reliable as the environmental layers and the 

geographic spread of the occurrence records feeding them, and a model built from a 

geographically clustered or environmentally narrow set of records should be interpreted 

cautiously outside the range it was trained on. 

Principle of Ethogram-based Behaviour Study 

An ethogram is a structured, exhaustive catalogue of the discrete behaviour patterns displayed 

by a species, each behaviour defined precisely enough that independent observers record it 

consistently. Once an ethogram is established, standardized sampling rules are applied to 

convert continuous behaviour into quantifiable data: focal-animal sampling follows one 

identified individual for a fixed period and records every occurrence of each defined behaviour, 

https://doi.org/10.5281/zenodo.22762187
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while scan sampling records the behaviour of every visible individual in a group at fixed time 

intervals, giving a population-level rather than an individual-level picture. 

Focal Animal Sampling Protocol 

1. Select a focal individual for observation, ensuring it can be followed for the full sampling 

period. 

2. Define the sampling period and interval in advance of observation. 

3. Record continuously every occurrence of each ethogram-defined behaviour shown by the 

focal individual. 

4. Code the recorded behaviour according to the established ethogram categories. 

5. Compile the coded data into a behavioural time budget expressing the proportion of time 

spent in each activity. 

Inter-observer Reliability 

Because behavioural data depend on human judgement in a way that instrument-based 

measurement does not, a behavioural study should establish inter-observer reliability before 

data collection begins, typically by having two trained observers independently code the same 

recorded sequence and calculating the percentage agreement or an equivalent statistic between 

their records. Reliability below an accepted threshold, commonly around eighty to eighty-five 

percent agreement, indicates that the ethogram's behavioural definitions require further 

refinement before the study proceeds, rather than a problem to be addressed after data collection 

is already complete. 

Bioacoustics 

Bioacoustic methods record and analyse animal sound using directional microphones and 

spectrographic software, allowing species identification, individual recognition and 

behavioural context to be inferred from call structure, a technique of particular value for cryptic 

or nocturnal species that are rarely seen but frequently heard. 

Worked Example: Building a Behavioural Time Budget 

A focal-animal sampling session on a captive primate over a sixty-minute observation period 

records 24 minutes of feeding, 18 minutes of resting, 12 minutes of locomotion and 6 minutes 

of social grooming, coded continuously against a previously validated ethogram. Converting 

each behaviour to a percentage of the total observation period gives a time budget of 40 percent 

feeding, 30 percent resting, 20 percent locomotion and 10 percent grooming. Repeating this 

same protocol across multiple individuals and multiple days, then averaging the resulting time 

budgets, allows the researcher to describe a representative activity pattern for the study 
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population and to test statistically, using the methods of Chapter 21, whether that pattern differs 

between, for example, a wild and a captive population of the same species. 

Table 20.1  GIS and Remote Sensing Data Layers in Habitat Mapping 

Data Layer Source Application 

Land cover classification Satellite imagery Habitat type delineation 

Digital elevation model Satellite or aerial survey Terrain and slope analysis 

Vegetation index (NDVI) Multispectral satellite data Vegetation health and density 

Species occurrence points Field GPS records Distribution mapping 

 

Figure 20.1  Focal Animal Sampling Protocol 

QUICK RECAP 

•  Remote sensing supplies habitat data; GIS integrates that data with field observations as spatial layers. 

•  NDVI estimates vegetation density from differential red and near-infrared reflectance. 

•  An ethogram is a precisely defined catalogue of behaviour patterns basic to consistent behavioural 

recording. 

•  Focal-animal sampling records one individual continuously; scan sampling records a group at fixed 

intervals. 

 

COMMON ERRORS TO AVOID 

•  Using an ethogram with ambiguously defined categories, reducing agreement between independent 

observers. 

•  Selecting a focal individual that repeatedly moves out of observable range during the sampling period. 

•  Interpreting a single NDVI image without accounting for seasonal variation in vegetation cover. 

 



 

74 Zoological Techniques 

Review Questions 

[UG]  1. Define ethogram and state its role in behavioural sampling. 

[UG]  2. Differentiate focal-animal sampling from scan sampling. 

[PG]  3. Explain the principle by which NDVI estimates vegetation density from satellite 

reflectance data. 

[PG]  4. Discuss the value of bioacoustic recording for the study of cryptic or nocturnal species. 
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Chapter 21.  Biostatistics for Zoological Data 

Learning focus: Common to UG and PG study 

Principle 

Biostatistics applies statistical method to biological data, converting raw measurements or 

counts into summary values and formal tests that support or refute a stated hypothesis. Sound 

statistical practice begins before data collection, with a sampling design adequate to the 

question, and continues through data description, hypothesis testing and interpretation of the 

result within its biological context. 

Data Types and Presentation 

Biological data are classified as qualitative, categorizing observations into non-numeric classes 

such as sex or species, or quantitative, expressed as numeric counts (discrete data) or 

measurements (continuous data). Tabulation and graphical presentation, including frequency 

tables, bar diagrams, histograms and scatter plots, condense raw data into an interpretable form 

and frequently reveal a pattern not apparent from a simple list of values. 

Measures of Central Tendency, Dispersion and Probability 

The mean, median and mode describe the central value of a dataset, each suited to a different 

data distribution or scale. Variance and standard deviation describe the spread of values about 

the mean, while the standard error describes the precision of the mean itself as an estimate of 

the true population value. Probability theory underlies inferential statistics: a dataset 

approximating the normal distribution supports the parametric tests described below, while a 

markedly skewed or ordinal dataset generally requires a non-parametric alternative; the Poisson 

distribution, describing the probability of rare, independent events, is commonly relevant to 

count data such as the number of parasites per host. 

Null Hypothesis and Type I and Type II Error 

Every test of significance evaluates a null hypothesis, typically the assertion that no true 

difference or association exists, against an alternative hypothesis proposing that one does. 

Rejecting a true null hypothesis is termed a Type I error, conventionally limited to a five percent 

probability by the chosen significance threshold; failing to reject a false null hypothesis, most 

often because the study sample was too small to detect a real but modest effect, is termed a 

Type II error. Statistical power, the probability of correctly detecting a true effect, is increased 

chiefly by increasing sample size, and should be estimated at the study design stage rather than 

discovered as an unwelcome explanation for a non-significant result obtained afterward. 

Tests of Significance 

https://doi.org/10.5281/zenodo.22762187
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A test of significance evaluates whether an observed difference or association is unlikely to 

have arisen by chance alone, expressed as a probability value, or p-value, against a conventional 

threshold, usually 0.05. Student's t-test compares the means of two groups; one-way analysis 

of variance (ANOVA) extends the comparison to three or more groups; the chi-square test 

evaluates association or goodness of fit for categorical, frequency-based data. 

Correlation, Regression and Statistical Software 

Correlation measures the strength and direction of a linear association between two continuous 

variables, expressed by the Pearson correlation coefficient, while regression models the 

quantitative relationship between a dependent variable and one or more independent variables, 

supporting prediction as well as description of association. Statistical software, ranging from 

spreadsheet functions in MS Excel to dedicated packages such as SPSS and the R programming 

environment, performs these calculations reliably at a scale impractical by hand and 

additionally supports the graphical output basic to result presentation. 

Reporting Statistical Results 

A statistical result reported in a thesis or manuscript should state the test used, the test statistic 

obtained, the associated degrees of freedom where applicable, and the exact or bounded p-value, 

presented alongside a descriptive summary such as the mean and standard error rather than the 

p-value in isolation. Reporting only that a result was "significant," without these accompanying 

values, prevents a reader from independently judging the strength of the evidence and is 

inconsistent with the transparency expected of a scientific publication. 

Worked Example: Applying Student's t-test 

A researcher compares body weight between a control group of ten rats and a treatment group 

of ten rats, obtaining a mean of 220 grams with a standard deviation of 15 in the control group 

and a mean of 205 grams with a standard deviation of 14 in the treatment group. Applying an 

independent-samples t-test to these two groups gives a t-statistic of approximately 2.34 with 18 

degrees of freedom, corresponding to a p-value of approximately 0.031, below the conventional 

0.05 threshold, so the null hypothesis of no difference between groups is rejected and the weight 

difference is reported as statistically significant. The researcher additionally reports the actual 

mean difference of 15 grams and its confidence interval alongside the p-value, since the p-value 

alone states only that a difference exists, not its likely biological magnitude. 
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Table 21.1  Common Statistical Tests and Their Applications 

Test Data Type Purpose 

Student's t-test Continuous, two groups Comparison of two means 

One-way 

ANOVA 
Continuous, three or more groups Comparison of multiple means 

Chi-square test Categorical / frequency data 
Test of independence or goodness of 

fit 

Pearson 

correlation 
Continuous, paired data Strength of linear association 

Linear 

regression 

Continuous, dependent and independent 

variables 

Prediction and relationship 

modelling 

 

Figure 21.1  Decision Pathway for Selecting a Statistical Test 

 

QUICK RECAP 

•  Statistical design begins before data collection with an adequate sampling plan. 

•  Mean, median and mode summarize central tendency; variance and standard deviation summarize 

spread. 

•  The t-test, ANOVA and chi-square test address two-group, multi-group and categorical 

comparisons respectively. 

•  Correlation measures association strength; regression models and predicts a quantitative 

relationship. 
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COMMON ERRORS TO AVOID 

•  Applying a parametric test to markedly non-normal data without checking the distribution 

assumption. 

•  Treating a statistically significant result as automatically biologically important. 

•  Confusing correlation with a causal relationship between two variables. 

Review Questions 

[UG]  1. Differentiate the mean, median and mode as measures of central tendency. 

[UG]  2. State the purpose of the chi-square test and the data type to which it applies. 

[PG]  3. Explain the distinction between correlation and regression. 

[PG]  4. Discuss the assumptions that must be checked before applying a parametric test of 

significance. 
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Chapter 22.  Research Methodology, Thesis 

Writing, Ethics and Intellectual Property 

Learning focus: PG core; UG orientation 

Research Design and Literature Review 

A zoological research project begins with a clearly stated problem, refined into a testable 

hypothesis through a systematic review of existing literature that identifies what is already 

known, what remains unresolved, and how the proposed study will add to that knowledge. The 

study design, encompassing the sampling strategy, techniques to be applied and the statistical 

analysis planned, should be finalized before data collection begins, since a design flaw 

discovered afterward is rarely correctable. 

Referencing and Scientific Writing 

Every factual claim, method or figure drawn from another source requires accurate citation, 

both to credit the original author and to allow a reader to verify the claim independently; 

common referencing styles include the author-date format and the numbered reference format, 

the specific choice generally fixed by the target journal or institution. Scientific writing favours 

precision over elaboration: a claim is stated once, supported by evidence, and expressed in the 

past tense for completed work and the present tense for generally accepted fact. 

Preparing the Manuscript for Peer Review 

Submission to a peer-reviewed journal follows the target journal's specific formatting and 

referencing requirements, detailed in its instructions to authors, and is generally accompanied 

by a cover letter stating the manuscript's novelty and its fit to the journal's scope. Reviewer 

comments returned after the initial submission should be addressed point by point in a 

structured response letter, distinguishing a change actually made to the manuscript from a 

reasoned justification for a suggestion not adopted, since an unaddressed reviewer comment is 

a common and avoidable cause of an otherwise sound manuscript's rejection. 

Thesis Structure and Plagiarism 

A thesis or research manuscript conventionally follows the IMRaD structure: Introduction, 

Materials and Methods, Results, and Discussion, preceded by an abstract and followed by a 

reference list, as summarized in Table 22.1. Plagiarism, the presentation of another person's 

words, data or ideas as one's own without acknowledgement, is a serious breach of academic 

integrity regardless of intent, and is routinely screened for using similarity-detection software 

prior to submission. 

https://doi.org/10.5281/zenodo.22762187
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Animal Ethics 

Research involving live vertebrate animals requires prior approval from an Institutional Animal 

Ethics Committee, constituted in India under the Committee for the Purpose of Control and 

Supervision of Experiments on Animals (CPCSEA), which reviews the proposed procedure 

against the principles of replacement, reduction and refinement before permitting the study to 

proceed. Field research on wild populations similarly requires compliance with relevant 

wildlife protection legislation and collection permits issued by the appropriate forest or wildlife 

authority. 

Intellectual Property Rights 

Intellectual property rights protect the outputs of research with commercial or applied value: a 

patent protects a novel, non-obvious and industrially applicable invention for a defined term, 

while copyright protects the original expression of a published work, including a thesis, without 

requiring formal registration. A researcher developing a novel diagnostic method, bioassay 

protocol or biotechnological process should establish patentability, generally through prior 

disclosure to the institution's technology transfer office, before public disclosure of the work in 

a conference or publication, since prior public disclosure can itself defeat a later patent claim. 

The Three R Principles in Animal Research 

The three R principles evaluated by an Institutional Animal Ethics Committee are replacement, 

the use of a non-animal or lower-sentience alternative wherever it can answer the same 

scientific question; reduction, the use of the minimum number of animals statistically sufficient 

to obtain a reliable result, informed by the power consideration introduced in Chapter 21; and 

refinement, the modification of a procedure to minimize pain, distress or lasting harm to the 

animals actually used. A research proposal that has not explicitly considered all three principles 

is generally returned by the committee for revision before any approval is granted. 

Case Illustration: From Objective to Publishable Result 

A postgraduate student begins with a broad interest in the effect of a wetland pollutant on local 

amphibian populations, and through the literature review narrows this into the testable 

hypothesis that the pollutant reduces tadpole growth rate at concentrations already reported in 

the affected wetland. The study design specifies a laboratory bioassay following the 

LC50/LD50 logic of Chapter 16 at sub-lethal concentrations, growth measured at fixed 

intervals, and a one-way ANOVA comparing growth rate across concentration groups as set out 

in Chapter 21. Data collection, statistical analysis and manuscript drafting each follow directly 

from decisions made at the design stage, and the completed manuscript, structured according 

to Table 22.1, is submitted only after Institutional Animal Ethics Committee approval obtained 

before the study began is cited in the methods section, closing the loop from the original broad 

interest to a specific, defensible, publishable result. 
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Table 22.1  IMRaD Structure of a Zoological Thesis or Manuscript 

Section Content 

Introduction Background, rationale, objectives 

Materials and Methods Study area, sampling, techniques used, statistical analysis 

Results Findings presented through text, tables and figures 

Discussion Interpretation of results in light of existing literature 

Conclusion and References Summary of findings, cited literature 

 

Figure 22.1  Workflow of a Zoological Research Project 

QUICK RECAP 

•  A testable hypothesis is refined from a stated problem through systematic literature review. 

•  The IMRaD structure organizes a thesis or manuscript into Introduction, Methods, Results and 

Discussion. 

•  Institutional Animal Ethics Committee approval, under CPCSEA guidelines, is mandatory before 

vertebrate research begins. 

•  A patent requires novelty and is defeated by public disclosure occurring before an application is filed. 
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COMMON ERRORS TO AVOID 

•  Finalizing the study design after data collection has already begun, leaving flaws that cannot be 

corrected. 

•  Paraphrasing a source closely enough to constitute plagiarism despite the absence of a direct 

quotation. 

•  Commencing vertebrate animal research before Institutional Animal Ethics Committee approval is 

obtained. 

Review Questions 

[UG]  1. List the sections of the IMRaD thesis structure in order. 

[UG]  2. Define plagiarism and state why it is regarded as a breach of academic integrity. 

[PG]  3. Explain the role of an Institutional Animal Ethics Committee under CPCSEA 

guidelines. 

[PG]  4. Discuss why public disclosure of a novel method before filing can defeat a subsequent 

patent claim. 
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Appendix I  ·  Glossary of Technical Terms 

Concise definitions of terms used repeatedly across this book. A term defined in detail within a 

specific chapter is not repeated here. 

Term Definition 

Absorbance The logarithmic measure of light attenuation by a sample, basic to 

spectrophotometric quantification. 

Agglutination Clumping of particulate antigen caused by cross-linking antibody. 

Amplicon The DNA product generated by a polymerase chain reaction. 

Antigen retrieval Restoration of antibody-binding ability lost during tissue fixation. 

Autolysis Self-digestion of tissue by its own enzymes after death, arrested by 

fixation. 

Autoradiography Localization of a radiolabelled molecule by its exposure of a 

photographic emulsion. 

Bioassay An experimental procedure that measures a biological response to 

quantify the potency or toxicity of a substance. 

Biodiversity index A single numerical value summarizing species richness and evenness 

within a community. 

Blocking Saturation of non-specific binding sites in an immunoassay before the 

specific reagent is applied. 

Calibration curve A graph relating instrument response to the concentration of known 

standards. 

Chaotropic salt A salt that disrupts hydrogen bonding, used to denature protein during 

nucleic acid purification. 
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Term Definition 

Colchicine An alkaloid that arrests dividing cells at metaphase by inhibiting spindle 

formation. 

Confluence The state of a cell culture in which cells cover the entire available 

surface. 

Cryoprotectant A chemical agent that limits ice-crystal damage to cells during freezing. 

Denaturation Loss of the native structure of a protein or nucleic acid, whether by heat 

or chemical agent. 

Ethogram A structured catalogue of the discrete behaviour patterns displayed by a 

species. 

Fixation Chemical or physical stabilization of tissue structure, arresting 

decomposition. 

Formazan The coloured, insoluble product formed from a tetrazolium salt by 

metabolically active cells, basic to the MTT assay. 

Genotoxicity The capacity of an agent to damage the genetic material of a cell. 

Half-life The time required for half of a given quantity of a radioisotope to decay. 

Histochemistry Localization of a specific chemical constituent within a tissue section by 

a chemically specific reaction. 

Homogenate A tissue sample disrupted into a uniform suspension of cellular and 

subcellular components. 

Idiogram A diagrammatic representation of a karyotype arranged by chromosome 

size and morphology. 

Isoelectric point The pH at which a protein carries no net electrical charge. 
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Term Definition 

Karyotype The ordered chromosome complement of an organism, displayed by size 

and morphology. 

Ligation Enzymatic joining of two DNA fragments by DNA ligase. 

Mark-recapture A population estimation method based on the proportion of marked 

individuals recovered in a second sample. 

Metaphase The stage of cell division at which chromosomes are maximally 

condensed and aligned for analysis. 

Micronucleus A small additional nuclear body formed from a chromosome fragment 

not incorporated into the main nucleus. 

Monochromator An optical component that isolates a narrow band of wavelength from a 

light source. 

Numerical aperture A measure of the light-gathering ability of a microscope objective, 

determining resolving power. 

Passage A single cycle of sub-culturing a cell line from one vessel to another. 

Phylogenetic tree A branching diagram representing inferred evolutionary relationships 

among sequences or taxa. 

Primer A short synthetic oligonucleotide that initiates DNA synthesis at a 

specific site. 

Probit analysis A statistical method converting a sigmoid dose-response curve into a 

linear form for calculating LC50 or LD50. 

Quadrat A defined sampling area used to record organisms present within its 

boundary. 
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Term Definition 

Reagent blank A control sample containing all reagents except the analyte, used to zero 

an instrument. 

Recombinant A DNA molecule formed by joining genetic material from two different 

sources. 

Restriction endonuclease An enzyme that cleaves DNA at a specific recognition sequence. 

Retardation factor (Rf) The ratio of the distance travelled by a compound to the distance 

travelled by the solvent front in chromatography. 

Sedimentation The settling of particles under gravitational or centrifugal force. 

Titre The reciprocal of the highest dilution of a serum still producing a 

detectable reaction. 

Vector A DNA molecule, typically a plasmid, used to carry a gene of interest 

into a host cell. 
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