

Forensic Biology

15. Pre-requisites:  Biology (or alternative UC Lab Life Science courses:  Marine or Agricultural Biology) with at least a C or better, Algebra, and Geometry

16.
Co-requisites:  Chemistry (if not taken previously)

18. Brief Course Description

Forensic Biology is a college preparatory course that meets the rigorous standards of UC’s lab science requirement.  It builds upon the major academic themes of Biology at an advanced level, utilizing lecture, demonstration, reading of scientific expository text, and extensive student laboratory activities and experiments in a forensic context.  The course emphasizes in depth study with problem solving and synthesis, critical thinking, hands-on manipulation and observation, computer modeling, and career pathways foundations.  Laboratory investigations will make up a majority of class time.  Students will be evaluated by comprehensive written and laboratory practical examination, independent and group research projects, through independent and group assignment of responsibilities, analytical skills, and oral and written presentations.

Forensic Biology incorporates the California Biology/Life Science Standards of Cell Biology, Genetics, Ecology, and Human Physiology, as well as related California Chemistry Standards of Organic and Biochemistry and Reaction Rates, and the California Investigation and Experimentation Standards.
19.      Course Goals and/or Major Student Outcomes 
1.
Students will build upon past knowledge acquired in past prerequisite Biology laboratory courses and continue investigation of the major themes of the California Life Science Framework at an advanced level within a forensics context.

2.
Students will use scientific terminology, principles and the investigate process which will prepare them for demanding college and university laboratory science courses.

3.
The preparation of proper laboratory reports, and research papers provide the student with the scientific reasoning and literacy skills necessary for future college students to be successful.

4.
This course is designed to create alternative pathways to careers in the forensic sciences and other fields that require a strong background in Biology without taking away other options such as Anatomy & Physiology and Medical Physiology courses.

5.
The curriculum of Forensic Biology will be relevant to numerous work place environments, emphasizing and promoting hands-on thought processes while retaining core course content.

6.
Students will investigate life science-based careers in forensics science by researching literature and on-line references.

7.
Students will be able to use advanced tools and technology in laboratory investigations and data presentation.

20. Course Objectives 

Forensic Biology Vocabulary

1.0
Goal:  Students recognize, define and use basic Biological and Forensic terminology.

1.1
Objective:  Students will increase scientific literacy skills and develop a working vocabulary base of root words, pre-fixes, suffixes and whole terms for understanding and discussing advanced biological concepts in a forensic context.

1.1.1:
Through lecture, demonstrations and class discussion, students will be exposed to terminology specific to Forensic Biology and use proper scientific terminology in laboratory reports, research papers, oral presentations and all written work.

1.2.1:
Through reading higher level scientific reference texts and supplemental materials, students will develop literacy skills in the content area and increase proficiency in reading and understanding college-level expository science text.

Cells and Microbiology

2.0
Goal:  Students will build upon their knowledge of the cell as the basic building block of life and describe structural and physiological differentiation in the eukaryotic cell.

2.1
Objective: Students will develop their ability to correctly identify cells representative of the major human histological groups, label their major distinguishing anatomical features and explain the function of each within the various human tissues, organs and organ systems.

2.1.1
Given a group of prepared histological slides, pictures, or drawings, the student will be able to name the specific tissue assign each to their respective major tissue group.

2.1.2
Students will identify and distinguish between human and animal tissue samples using preserved and mounted slides of each.

2.2
Objective: Students will discover and practice the techniques of tissue sample preparation and examination common to forensic and medical pathology laboratories.

2.2.1
Students will prepare tissues samples using a microtome and proper mounting technique for pathological examination of tissues.

2.2.2
Students will distinguish between healthy and unhealthy human tissues using mounted preserved slide samples of each for their evaluation.

2.3
Objective: Students will build upon their knowledge of aerobic and anaerobic cellular respiration and describe the order and stages of significant physiological events after the cessation of the homeostatic process inside the cell.

2.3.1
Students will describe the biochemical processes involved in the three defined stages of rigor mortis of various soft tissues at the cellular level.

2.3.2
Students will describe the rates and the factors influencing those rates of soft tissue decomposition in at the cellular level.

2.4
Objective:  Students will build upon on their knowledge of microorganisms and examine the spectrum of various agents of disease, including the pathogenic prokaryotes (bacteria), viruses, fungi and prions.

2.4.1
Using advanced compound microscopy, students will identify the three forms of bacteria and identify common diseases associated with representatives of each bacterial type and their response to gram-staining.

2.4.2
Students will explain the procedures outlined in Koch's Postulates as proof of the germ theory of disease and an appropriate technique for isolating bacteria in pure culture.

2.4.3
Students will identify representative prepared samples of pathological fungi and the common diseases associated with each.

2.4.4
Students will identify and distinguish between viruses carrying DNA vs. RNA as their nucleic acid and identify the replication processes, potential for mutant strains and some of the major diseases associated with each type of virus. 

2.4.5
Students will define and describe prions as agents of disease and discuss their role in neuro-degenerative diseases.

2.4.6
Students will investigate and report on the inherent risks associated with the legal transport and legitimate handling of biohazardous materials.

2.4.7
Students will investigate and report on the public risks associated with the illegal transport and targeted use of biohazardous materials in "bioterrorist" activities.

2.5
Objective: Students will expand on their knowledge of active and passive transport across the cell membrane and discover cellular transport, absorption, distribution, metabolism and excretion of various substances of biological and forensic significance.

2.5.1
In an illustrated graphic presentation, students will trace the cellular pathway of alcohol and a number of common drugs.

2.5.2
In an illustrated graphic presentation, Students will trace the routes of various inorganic and metallic elemental poisons.

2.5.3
In an illustrated graphic presentation, students will trace the route of various synthetic and naturally occurring organic poisons.

Genetics:

3.0
Goal: Students build upon past knowledge of Genetics.

3.1
Objective: Students will apply their knowledge of Mendelian Genetics to a variety of problems within the greater context of forensic science.

3.1.1
Students will perform monohybrid and dihybrid cross Punnett squares in conjunction with ABO Rh blood typing, and its exclusionary applications associated with issues of paternity.

3.1.2
Students will predict the probable outcome of phenotypes in various genetic monohybrid and dihybrid crosses from the genotypes of the parents and mode of inheritance (autosomal or X-linked, dominant or recessive).

3.1.3
Students will predict the probable mode of inheritance from both complete and incomplete pedigree diagrams showing phenotypes.

4.0
Goal:   Students will expand upon their knowledge of whole chromosomes, the molecular structure and hereditary function of chromosomal DNA and will discover mitochondrial DNA.

4.1
Objective: Students will develop laboratory proficiency in actual and simulated DNA Analysis.

4.1.1
Students will perform actual DNA extraction in a laboratory setting.

4.1.2
Students will explain DNA Amplification and PCR (polymerase chain reaction), utilizing graphics or three-dimensional models.

4.1.3
Students will explain the significance of STR's (short tandem repeats of base pair sequences) in the identification and matching of DNA strands.

4.1.4
Students will describe the principles of molecular fragment separation involved in DNA Fingerprinting.

4.1.5
Students will use restriction enzymes to produce RFLPs (restriction fragment length polymorphisms) which will be separated for DNA typing, utilizing the process of gel electrophoresis.

4.1.6
Students investigate the history of and report on the current status of DNA Databases such as the FBI's CODIS and their use in computerized DNA matching.

4.1.7
Students investigate the significance of VNTRs (variable number tandem repeats) and will determine the probability of matching DNA probes in the general population.

4.1.8
Students will discover the role of decay-resistant Mitichondrial DNA and its significance in tracing maternal, regional and evolutionary lineage.

4.2
Objective: Students will apply past general knowledge of the normal human karyotype and build upon their knowledge of abnormalities at the whole chromosomal level.

4.2.1
Students will analyze abnormal human karyotypes, noting structural or numerical abnormalities in autosomal and sex chromosomes and identify the resulting syndrome.

Ecology:

4.0
Goal: Students will build upon their general knowledge of atmospheric conditions, chemical cycles and other environmental factors as they apply to the decomposition and potential displacement/dispersal of forensic evidence.

4.1
Objective: Students describe the role of atmospheric conditions, including ambient air temperature, in variety of ecosystems and microenvironments and their role in biological and organic decomposition.

4.1.1 Students will investigate and report on the rates and defined stages of biological and organic decomposition as impacted by atmospheric conditions and ambient air temperatures in a variety of terrestrial environments and microenvironments.

4.1.2 Students will investigate and report on the rates and defined stages of biological and organic decomposition as impacted by water chemistry, temperature, tides and currents in a variety of aquatic environments and microenvironments.

4.1.3 Students examine the potential for crime scene evidence displacement/dispersal as impacted by atmospheric conditions.

4.1.4 Students examine the potential for crime scene evidence displacement/dispersal as impacted by tides and currents.

4.2
Objective: Students investigate the process of biological decomposition and return of inorganic materials into the environment through chemical cycles.

4.2.1
In a graphic presentation, students will trace the chemical and biological pathways in which water, carbon, nitrogen, phosphorus, sulfur, and trace elements are returned to the environment through biological decomposition.

4.3
Objective: Students build upon their general knowledge food chains and food webs and the role of decomposing bacteria and the saprotrophs in biological and organic decomposition.

4.3.1 Students describe the role of decomposing organisms as they affect the rates and defined stages of biological decomposition.

4.3.2
Students quantify the biological magnification rates of environmental pollutants and other toxins in various trophic levels of a food chain or food web.

5.0
Goal: Students will build upon their knowledge of plant and animal biodiversity and taxonomical classification.

5.1 Objective: Students will identify and classify botanic and fungal specimens of forensic significance.

5.1.3
Using field guides and color photographs, students will draw and label leaf and flower structures and identify the reproductive cycles of various poisonous plants.

5.1.4
Using field guides and color photographs, students will observe and draw the structure of poisonous fungi such as the Deathcap Mushroom.

5.1.5
Using field guides and color photographs, students will identify, describe and assign to proper taxa plants, representative of various medicinal, poisonous and otherwise toxic plants and fungi.

5.2 Objective: Students will identify and classify botanic and fungal specimens by habitat and geographical distribution.

5.2.1
Using field guides, color photographs, and simulated models, students will identify whole plants and their seeds and pollen granules of various botanical species and define their habitat, geographical range and their respective seasonal reproductive and life cycles.

5.2.2
Using field guides, color photographs, students and simulated samples, will identify spores of various fungal species and define their habitat, geographical range and their respective seasonal reproductive and life cycles.

5.2.3 Using field guides, actual samples and photographs, students will draw and label the pore and grain configuration of characteristic of various species of wood, define the habitat, geographical range of their trees of origin.

5.3.
Students will discover Forensic Entomology.

5.3.1
Using dried specimens, color photographs or models, students will draw and label representative species of the various orders of the class insecta.

5.3.2
Students will identify, describe and classify to proper taxa insect species based on their anatomy and other considerations.

5.3.3
Students will match representative insect species with their habitat and geographical range.

5.3.4
Students will identify the life-cycle stages of insects and describe their role in biological and organic decomposition and significance in determining time of death.

5.4 Objective: Students will identify and classify animal species of forensic significance.

5.4.1
Using field guides, color photographs and simulated sign, students will observe and draw the recognizable sign (tracks, scat and other evidence) of various species of vector (disease-carrying), poisonous, or other animal species that are a known threat to humans.

5.4.2
Using field guides and color photographs, students will identify, describe and assign to proper taxa plants, representatives of various species of vector (disease-carrying), poisonous or other animal species that are a known threat to humans.

6.0
Goal:  Students will build upon their knowledge of endangered and/or illegal to possess, or cultivate plant species and their significance as the object of crime.

6.1 Objective: Students will recognize endangered plant species based on local, state, national and international classification and describe the indirect legal and direct criminal acts which threaten their dwindling numbers.

6.1.1
Working from color photographs, videos and other reference sources, students will identify representative endangered plant species, name primary activities that threaten their survival as a species and penalties for such actions.

6.1.2
Working from color photographs, videos and other reference sources, students will identify representative illegal plant species and describe penalties for possession, illicit sale and use.

7.0
Goal: Students will build upon their knowledge of endangered and/or illegal to own exotic animal species or products and their significance as the object of crime through, poaching, and illegal trade.

7.1 Objective: Students will recognize major categories of endangered animal species by local, state, national and international classification, which is based on their dwindling numbers and the degree to which their native habitat/range is endangered.

7.1.1
Working from photographs, videos and other reference sources, students will identify representative endangered animal species, describe primary activities which threaten their survival as a species and list penalties for such actions.

7.1.2
Working from photographs, videos and other reference sources, students will investigate the capture, transport and maintenance of certain endangered and/or exotic animal species and describe how these activities and the production of contraband animal goods further contributes to their extinction as a species.

7.1.3
Working from government-published references, students will investigate and report on regulatory mechanisms and penalties in place to promote the survival of endangered animal species.

Human Physiology:

8.0
Goal: Students will gain an understanding of the structure, function and associated vital signs of the Integumentary System and the role it plays in Forensic investigation.

8.1
Objective: Students will describe the proper techniques for obtaining and preserving fingerprints from a variety of surfaces and conditions.

8.1.1
Given various scenarios, students will match the fingerprinting collection and preservation technique most appropriate to each situation (dusting, tape, magna brush, iodine fuming, cryoacetate fuming, metallic silver solution, etc.)

8.2
Objective: Students will describe the collection and classification of latent fingerprint.

8.2.1
Working from photographs and their own fingerprints, students will classify fingerprint samples by primary pattern type.

8.2.2
Students will match fingerprints to those in a database (AFIS) based on and index of total points of similarity.

8.3
Objective: Students will distinguish human hair from that of various animal species.

8.3.1
Working from real samples, students will examine microscopically and identify the surface scale structure, cortex, medulla and internal pigmentation patterns human hair.

8.3.2
Working from real samples, students will examine microscopically and identify the surface, cortex, medulla and internal pigmentation patterns animal hair and fur.

8.3.3
Given samples of each, students will distinguish human hair from animal hair and fur.

8.4
Objective: Students will distinguish human hair and animal hair and fur from a variety of synthetic fibers.

8.4.1
Working from real samples, students will examine microscopically and identify the distinguishing surface and internal features of synthetic fibers.

8.4.2
Given samples of each, students will distinguish human hair and animal hair and fur from synthetic fibers.

8.5
Objective: Students will describe the proper techniques for obtaining, preserving and analyzing microtrace evidence from a variety of surfaces and conditions.

8.5.1
Students will describe the use of a forensic vacuum as a tool for the collection of particulate evidence.

8.5.2
Working from prepared slides, students will identify and describe the presence of skin flakes, fingernail fragments and other micotrace particulate evidence.

8.6
Objective: Students will identify and describe the vital reaction of skin to trauma or other condition.

8.6.1.
Working from photographs, students will identify and describe the wounds made by blunt force instruments, knifeblades of various types, bullets, shotgun patterns, and ligatures as a function of damage to the dermis and underlying tissues.

8.6.2
Working from photographs, students will identify, describe and classify by degree, the presence of burns, abrasions, and contusions.

8.6.3
Working from photographs, students will identify, describe the features indicative of 'defense wounds'.

8.6.4
Using the 'rules of nine', students will estimate the amount of body area involved in burns and other widespread trauma.

8.6.5
Using photographs, students identify the superficial indicators of  postmortem lividity (hypostasis) and describe its significance in determining time of death and movement of corpse.

8.7
Objective: Students will define distinguishing marks of identification associated with the Integumentary System.

8.7.1
Using photographs and medical references, students will describe the dermal trauma and healing process associated with scar formation in various age and ethic groups.

8.7.2
Using photographs, students will identify and classify scars as to type and age of the wound indicated by their presence.

8.7.3
Using photographs and medical reference, students will identify and classify birthmarks according to type and the significance of their presence in various age groups.

8.7.4
Using medical and other references, students will describe different types of tattoos, the process which produces the image in the skin layers and the expected longevity of a tattooed image.

8.7.5
Using medical and other references, students will describe different types of body piercings, the process which produces the piercing, healing times the expected longevity of a piercing which is adorned with an object compared to those left unadorned.

8.8
Objective:  Students will describe the process by which drugs and other chemicals are chemically locked in hair and fingernails, providing not only documentation but also as a calendar of their use.

8.8.1.
In a simulated lab environment, students match increments of hair growth with known drug usage.

8.7
Objective: Students will describe the physiological responses of the integument under emotional duress.

8.7.1.
Students will report on flushing in the skin and increased perspiration as an indicator of emotional duress and its significance during polygraph or other interrogation.

9.0
Goal: Students build upon their knowledge of the Human Skeletal System as they discover Forensic Anthropology

9.1
Objective: The student will demonstrate an understanding of bone formation and physiology at the embryonic level through advanced age. 

9.1.1
The student will be able to compare the processes involved in bone formation, ossification, repair and remodeling as an indicator of the age, health, past injury and potential mortal injury in human skeletal remains.

9.1.2
The student will be able to identify joint wear and deterioration as an indicator of the age, health, body weight, life-style, past injury and handedness in human skeletal remains.

9.1.3
The student will be able to identify the degree of closure in sutures of the skull as an indicator of the age in the skeletal remains of mature and older adults.

9.2
Objective: The student will demonstrate a basic knowledge of the gross anatomical structure human skeleton.

9.2.1
Using life-size resin models of human bones, from a disarticulated skeleton, students will identify, name and classify them as to type.

9.2.2
Students will distinguish human bones, from homologous animal bones.

9.2.3
Students will describe the differences in bones structure between the sexes and major ethnic divisions.

9.2.4
Students will use the long bones of the femur and humerus to determine the height of a skeleton.

9.2.5
Students will describe the forensic significance of nitrogen loss in decaying bones of skleletal remains over time.

10.0
Goal: Students will build upon their knowledge of the Human Muscular System, understand its associated vital signs and apply this knowledge to forensic investigation.

10.1
Objective: The student will demonstrate an understanding of human muscle structure and the physiological changes it undergoes as a result of various types of injury and at the time of death.

10.1.1
Students will describe the observable aspects of rigor mortis, describing its three defined stages at the gross anatomical level.

10.1.2
Students will describe the cooling gradient of muscle mass following death and predict internal body 'core' temperature as a function of time and ambient air temperature.

10.1.3
Working from photographs, students will identify and describe the presence of deep wounds made by blunt instrument force, knifeblades of various types, bullets, shotgun patterns, and ligatures as a function of damage to underlying muscle tissues.

10.1.4
Students will identify the varied natural and controlled conditions when mummification of the skeletal muscle and other soft tissue is possible.

10.1.5
Students will describe the physiological processes involved in soft tissue mummification.

10.1.6 In a controlled laboratory environment, and using students will duplicate soft tissue mummification on samples of beef.

10.2
Objective: Students will build upon their knowledge of muscle contraction.

10.2.1
Students will perform different muscle strength and handedness tests and describe the physiological responses of the skeletal muscles in the various tests typical of those used by investigative and medical personnel in screening prospective suspects in assault cases.

10.3
Objective: Students will develop a knowledge of the facial musculature, its known depths and its reconstruction in the laboratory as a means of identification.

10.3.1
Students will perform a simulated facial reconstruction, utilizing modeling clay and resin models of the human skull.

10.3.2
Students will investigate and report on the practice of computerized facial reconstruction.

11.0
Goal: Students build upon their knowledge of the Human Digestive System and its associated vital signs and apply that knowledge to various aspects of forensic investigation.

11.1
Objective: The student will demonstrate an understanding of human digestive system and the sequence of the physical and chemical processes of digestion.

11.1.1
From drawings, preserved dissection specimens and models, students will identify the major structures of the digestive system, associated organs.

11.1.2
Students will describe the digestion and absorption of proteins, lipids and carbohydrates, naming the primary enzymes involved and their respective end products.

11.1.3
From color photographs, models and charts, students will identify the undigested contents of the major divisions of the digestive tract in the deceased and describe its significance in determining time of death.

11.1.4
Students will describe the role of the liver in the oxidation of alcohol.

11.2
Objective: Students will discover the specialty field of forensic odontology.

11.2.1
Using drawings and three-dimensional  models, students will identify the structure and dentition of the human mouth from infancy through old age.

11.2.2
Students will identify and describe the significance of dental records in the identification of human remains.

11.2.3
Students will identify bite mark evidence based on bite radius, tooth lengths and other unique configurations of dentition.

11.2.4
Students will describe the significance of teeth as a source of useable DNA in very old and badly decayed human remains and describe the procedure for its extraction.

11.2.5
 Students will describe the significance of saliva evidence, the digestive enzymes presence in saliva samples and the presence of epithelial cells in saliva.

12.0
Goal: Students build upon their basic knowledge of the Human Cardiovascular System, the Lymphatic System and apply the knowledge of these systems and their associated vital signs to forensic investigation.

12.1
Objective: Students will demonstrate a knowledge of the structural and functional significance of the cardiovascular system.

12.1.1
Using drawings, models and preserved dissection specimens, the student will be able to identify the parts and give the function of the parts of the heart.

12.1.2
Using drawings, models and preserved dissection specimens, the student will be able to identify the gross anatomical evidence of pulmonary infraction (heart attack).

12.1.3
The student will be able to distinguish the differences between the types of blood and lymphatic vessels

12.2
Objective: Students will discover the field of Forensic Serology

12.2.2
Students will describe the physical and chemical composition of blood as it response to various presumptive tests including prescription testing.

12.2.3
Students will describe the blood cells and their role in transporting lethal gases such as carbon monoxide and other toxic substances throughout the body.

12.2.4
Students will explain the process of blood clotting and its role in the antigen-antibody reaction in ABO blood typing.

12.2.5
Students will investigate and describe the MN Blood typing system.

12.2.6
Students will explain the process by which concentrations of basic drugs increase in heart blood in postmortem redistribution.

12.2.7
Students will justify the sites in the circulatory system from which blood should be removed for toxicological examination

12.2.8
Students will describe the use of the chemical luminol and other for the detection of trace quantities of blood.

12.2.9
Students will interpret blood spatter evidence as an indicator of type and degree of injury, circumstances and events at a crime scene.

12.3
Objective: Students will describe the physiological responses of the Cardiovascular System under emotional duress.

12.3.1.
Students will report on blood pressure and heart rate as an indicator of emotional duress and its significance during polygraph or other interrogation.

13.0
Goal: Students build upon their basic knowledge of the Human Respiratory System and its associated vital signs and apply this knowledge to forensic investigation.

13.1
Objective: Students will demonstrate knowledge of the structural and functional significance of the respiratory system.

13.1.1
Using drawings, models and preserved dissection specimens, the student will be able to identify the parts and give the function of the parts of the trachea, bronchial tree, alveoli, diaphragm and lungs.

13.1.2
Students will be able to distinguish between internal and external gas exchange.

13.1.3
Students describe the effects of a collapsed, perforated and punctured lung in association with broken ribs or other associated wounds.

13.1.4
Students will define the respiratory air volumes and capacities and the relationship to blood alcohol levels. 

13.1.5
Students will discuss the application of Henry’s Law and breath to blood-alcohol concentration chemistry of breath-test instruments

13.2
Objective: Students will demonstrate knowledge of the process of asphyxiation under a variety of circumstances.

13.2.3 Student will be able to describe the neural control of respiration in relation to oxygen and carbon dioxide content of the blood

13.2.4 Students will distinguish between the processes of 'wet' and 'dry' drowning.

13.2.5 Students will identify, draw and describe the significance of the various diatom species present in the blood of drowning victims.

13.3
Objective: Students will describe the physiological responses of the Respiratory System under emotional duress.

13.3.1.
Students will report on respiratory rate as an indicator of emotional duress and its significance during polygraph or other interrogation.

14.0
Goal: Students build upon their basic knowledge of the Human Nervous System and its associated vital signs and apply this knowledge to forensic investigation.

14.1
Objective: Students will demonstrate knowledge of the structural and functional significance of the nervous system.

14.1.1
Using drawings, models and preserved dissection specimens, the student will be able to identify the parts and give the general function of the parts of the central and peripheral nervous systems.

14.2
Objective: Students will demonstrate a knowledge of neural toxicology with regard to effects various drugs and other substances on the nervous system and on defined states of consciousness.

14.2.1 Students will classify drugs in the following categories, based on their effects on components of the nervous system: opiates, stimulants, hallucinogens, depressants, alcohol, poisons.

14.3
Objective: Students will describe the physiological responses of the Nervous System under emotional duress.

14.3.1.
Students will report on neural response as an indicator of emotional duress and its significance during polygraph or other interrogation.

14.3.2
Students will described the technology of the ECG (which concentrates on brainwave activity during questioning) as an alternative to the polygraph system

15.0
Goal: Students build upon their basic knowledge of the Human Urinary (excretory) System and apply this knowledge to forensic investigation.

15.1
Objective: Students will demonstrate knowledge of the structural and functional significance of the excretory system.

13.1.1
Using drawings, models and preserved dissection specimens, students will be able to identify the parts and give the general function of the parts of the excretory systems.

15.2
Objective: Students will demonstrate knowledge of systemic toxicology with regard to the excretion of alcohol, certain drugs and other substances.

13.2.1 In a laboratory simulation, students will perform a mock urinalysis.

16.0
Goal: Students build upon their knowledge of the Human Male and Female Reproductive System and apply this knowledge to forensic investigation.

16.1
Objective: The student will demonstrate knowledge of the reproductive system and its effect upon the anatomy and physiology of the human body.

16.1.1:
Using graphics and three-dimensional models, students will be able to identify the parts of the reproductive system and describe their structure and function.

16.2
Objective: The student will demonstrate knowledge of the protein structure and sperm content of semen and apply this knowledge to forensic investigation involving alleged sexual assault. 

16.2.1:
In a laboratory simulation context, students will perform chemical tests for protein that are presumptive indicators for the presence of semen on cloth and other surfaces.

16.2.2 
Using advanced compound microscopy, students will identify the presence of sperm in prepared slide samples.

Methods of Science - Techniques

17.0
Goal: The student will use scientific techniques in collecting information and apply the scientific method for its interpretation and reporting.

17.1
Objective: Students will demonstrate knowledge regarding proper investigative procedures of locating, documenting, collecting, preserving, handling and testing potential biological and organic evidence.

17.1.1 Students will describe common search procedures for various types of biological and organic evidence.

17.1.2 Students will describe the appropriate collection and preservation techniques for packaging, transport and storage biological and organic evidence.

17.1.3
Given a hypothetical investigative scenario, students will trace the 'chain of custody' of various types of biological and organic evidence from initial search through a crime lab processing.

17.1.4
Students will describe the organization and services offered by a crime lab.

17.1.5 With proper and care and use of scientific equipment, students will perform a number of the quantitative and qualitative analytical tests:

a.)
Students will define and conduct 'presumptive tests'.

b.)
Students will demonstrate proper care and procedures in conducting physical examination of evidence and record all measurements using the metric system.

c.)
Students will conduct chemical identification through tests for precipitates, gas, change in color, microchemical crystal tests and titrations. 

 d.)
Students will conduct tests involving separation techniques: distillation, crystallization, solvent extraction, and mass spectrophotometry.

e.)
Organic Analysis

f.)
Tests for Acids bases salts and pH

g.)
Thin layer and column chromatography

h.)
Gel electrophoresis

i.)
Microscopy - compound microscope - oil immersion of objectives

j.)
Microscopy - stereoscopic binocular dissecting scope

17.1.6 Students will conduct a 'mock' autopsy on a preserved cat specimen, following correct protocol for the making incisions, extracting, weighing and measuring organs and performing necessary tests.

17.2.7 Students will maintain a journal documenting their investigation, their findings and conclusions.

18.0
Exploring Related Careers

Using the resources of the library, career center and those available online from governmental and investigative agencies, students will explore and report on the educational requirements and the range of professional duties for the following careers in forensic science which require life-science expertise:

1.
Forensic Biologist

2.
Medical Examiner

3.
Coroner

4.
Forensic Lab Technician

5.
Other Forensic Specialties

21. Course Outline 

I
Introduction to Forensic Biology


A
History of Forensic Biology as a Science


B.
Milestones in Forensic Biology


C.
Biological and Forensic Terminology

1.  Vocabulary base of biology-based root words, pre-fixes, suffixes and terms

2.  Developing Literacy skills in higher level scientific expository text

II
Cells and Microbiology

A.
Structural and physiological differentiation in the eukaryotic cell

B.
Introduction to Histology

1.   Major tissue groups

2.   Comparative histology

3.   Tissue sample preparation

4.   Tissue pathology

C.
Cellular Homeostasis


1.   Aerobic and anaerobic cellular respiration


2.   Cessation of cellular processes (death) of various cell types

3.   Cellular rigor mortis

4.   The physiology of cellular decomposition

D.
The Spectrum of Pathogenic Organisms

1.   The Germ theory of disease - Koch's Postulates

2.   The Bacteria and bacterial disease

3.   Pathogenic fungi and fungal disease

4.   DNA viruses - RNA viruses and viral disease

5.   Retroviruses and mutant viral strains

6.   Prions and neurodegenerative diseases

7.   Biohazardous waste 

8.   Bioterrorism

E.
Cellular Metabolic Pathways

1.   Cellular pathways of alcohol

2.   Cellular pathways of drugs

3.   Cellular pathways of inorganic, metallic and organic poisons

III
Genetics:

A. 
Applied Mendelian Genetics

1.   ABO bloodtyping and exclusionary applications – paternity issues

2.   Modes of inheritance - autosomal or X-linked, dominant or recessive

B.
Analyzing Human Karyotypes

1.   Polyploid chromosomal defects

2.   Haploid chromosomal defects



3.   Fragmented chromosomal defects

C.
DNA Analysis

1.   DNA Amplification - PCRs

2.   STR's in DNA identification and matching of DNA strands

3.   DNA Fingerprinting

4.   Restriction Enzymes and RFLPs 

5.   DNA Databases - FBI's CODIS

6.   Computerized DNA matching 

7.   Probability of matching probes - VNTRs

8.   Significance of Mitichondrial DNA 

IV
Ecology:

A.
Biological Processes in Terrestrial Environments

1.   Defining terrestrial environments and microenvironments

2.   Atmospheric conditions and biological decomposition

3.   Atmospheric conditions and potential evidence dispersal

4.   Chemical cycles in terrestrial environments

5.   Terrestrial food chains and food webs 

a. Decomposing bacteria - saprotrophs

b. Biological magnification of toxic substances

B.
Biological Processes in Aquatic Environments

1.   Defining aquatic environments and microenvironments

2.   Water chemistry, temperature and biological decomposition

3.   Potential Evidence displacement/dispersal - tides and currents

4.   Chemical Cycles in aquatic environments

5.   Aquatic food chains and food webs 

a. Decomposing bacteria - saprotrophs

b. Biological magnification of toxic substances

C.
Botanical Species of Forensic Significance

1.   Structure

2.   Life cycles and reproductive cycles - seeds, pollen granules and wood growth

3.  Habitat and geographical range

D.
Fungal Species of Forensic Significance

1.   Structure

2.   Life cycles and reproductive cycles - spores

3.   Habitat and geographical range

E.
Forensic Entomology.

1.   Anatomy of major insect orders

2.   Life cycles and reproductive cycles

3.   Habitat and geographical range

F.
Endangered Plant and Animal Species

1.   Local, state, national and international status as endangered

2.   Random sampling of animal populations

3.   Interpreting animal sign in the field

4.   Illegal poaching of animals

5.   Illegal exotic animal transport and trade

6.   Animal goods made from rare or endangered and exotic animal species

7.   Threats on endangered species through habitat destruction

8.   Penalties for illegal activities affecting endangered and exotic species

G.
Illegal to Possess or Cultivate Plant Species

1.   Classification of illegal plant species

2.   Random sampling of plant populations

3.   Illegal cultivation or possession

4.   Illegal transport and trade

5.   Penalties for illegal cultivation or possession

V

Human Physiology:

A.
Integumentary System

1.   Basic anatomy & physiology of the Integumentary System 

2.   Fingerprints classification by pattern type

3.   Fingerprint databases (AFIS) - index of total points of similarity

4.   Collecting and preserving fingerprints

5.   Microscopy of human and animal hair and synthetic fibers

6.   Collecting and preserving potentially biodegradable microtrace evidence

7.   Microscopy of human skin flakes and inorganic/organic debris

8.    Vital reaction of skin to trauma or other condition

9.    Superficial wound analysis of epidermis and dermis

10. Defense wound analysis

11. The 'Rules of Nine' in estimating surface area of widespread bodily trauma

12. The physiological processes of postmortem lividity (hypostasis)

13. Distinguishing body marks associated with the Integumentary System

14. Physiology of drugs and other chemical history as locked in hair and nails

15. Physiological responses of the integument under emotional duress

16. Perspiration and its significance during polygraph or other interrogation

B. 
Skeletal System

1.   Basic anatomy & physiology Skeletal System


2.   Bone formation and physiology at the embryonic level through advanced age 

3.   Skeletal indicators age, health, past injury and potential mortal injury

4.   Identification joint wear and deterioration

5.   Coronal sutures and their significance in determining age

6.   Distinguishing Human bones from homologous animal bones

7.   Differences in bones structure between the sexes and major ethnic divisions

8.   Determining skeletal height from single bones.

9.   Nitrogen loss in decaying bones and its significance.

C. 
Muscular System

1.   Basic anatomy & physiology of the Muscular System

2.   Physiological changes in muscle tissue at time of death.

3.   Physiology of various types of injury in muscle tissue

4.   Rigor mortis of muss mass at the gross anatomical level

5.   Cooling gradient of muscle mass following death and body core temperatures

6.   The phenomenon of mummification of muscle tissue

7.   The sliding filament model of muscle fibers

8.   Strength tests of skeletal muscles and their forensic significance

9.   Students will build upon their knowledge of muscle contraction

10. Facial musculature and its laboratory and computerized reconstruction

D. 
Digestive System

1.   Basic anatomy & physiology of the digestive system

2.   Digestive paths of the macromolecules - primary enzymes and end products

3.   The significance of undigested contents postmortem

4.   The liver and the oxidation of alcohol


5.   Structure and dentition of the human mouth from infancy through old age

6.   The forensic significance of dental records

7.   Bite mark evidence

8.   Teeth as a source of useable DNA

9.   The forensic significance of saliva, its chemical and cellular contents

E. 
Cardiovascular and Lymphatic Systems

1.   Basic anatomy & physiology of the cardiovascular and lymphatic systems

2.   Gross anatomical evidence of pulmonary infraction (heart attack)


3.   Forensic Serology

4.   The physical and chemical composition of blood

5.   Presumptive blood tests

6.   Transport of lethal gases s and other toxic substances 

7.   The physiology of blood clotting and its role in the antigen-antibody reaction in ABO blood typing

8.   The MN Blood typing system

9.   Postmortem redistribution of basic drugs increase in heart blood 

10. Toxicological examination of blood

11.  Detection of trace quantities of blood

12. Blood spatter evidence

13. Physiological responses of the Cardiovascular System under emotional duress

14. The significance of blood pressure and heart rate during polygraph or other interrogation

F. 
Respiratory System



1.   Basic anatomy & physiology of the Respiratory System

2.   Internal and external gas exchange

3.   Injuries to the Respiratory System

4.  Respiratory air volumes and capacities and the relationship to blood alcohol levels

5.  The application of Henry’s Law and breath to blood-alcohol concentration chemistry of breath-test instruments


6.   The physiology of asphyxiation 

7.   Neural control of respiration in relation to oxygen and carbon dioxide content of the blood

8.   'Wet' and 'dry' drowning


9.   Physiological responses of the Respiratory System under emotional duress

10. The significance of respiratory rate during polygraph or other interrogation

F. 
Respiratory System

1.   Basic anatomy & physiology of the Nervous System

2.   Neural toxicology

3.   States of consciousness

4.   Physiological changes in muscle tissue at time of death

5.   Physiology of various types of injury in muscle tissue

6.   Substance classification based on their effects the nervous system

a. The opiates

b. The stimulants

c. The hallucinogens

d. The depressants

e. Alcohol

f. Poisons.

7.  Physiological responses of the Nervous System under emotional duress

8.  Significance of Neural response during polygraph or other interrogation

9.  ECG Technology as an alternative to the polygraph system

G. 
Excretory System

1.   Basic anatomy & physiology of the excretory system

2.   Systemic toxicology involving excretion of alcohol, certain drugs and other substances

3.   Presumptive tests, quantitative and qualitative urinalysis

H. 
Reproductive System

1.   Basic anatomy & physiology of the reproductive system

2.   Chemical analysis of sexual assault evidence

3.  Microscopy of sexual assault evidence

22. Texts & Supplemental Instructional Materials 

An Introduction to Forensic DNA Analysis Second Edition, Norah Rudin, Keith Inman

Forensic Science: An Introduction to Criminalistics, Peter R. De Forest, R.E. Gaensslen, and Henry C. Lee

Criminalistics: An Introduction to Forensic Science, Richard Saferstein

Lab Manual to Criminalistics: An Introduction to Forensic Science, Richard Saferstein

Biodetectives, Investigations in Forensics: Prentice Hall Publishers
Crime Scene: The Ultimate Guide to Forensic Science, Richard Platt

Bodies of Evidence, Brian Innes, 

23. Key Assignments

1.Cells and Microbiology

A.
Histology - Students will prepare tissues samples using a microtome and proper mounting and staining techniques for microscopic examination of tissues.

B.
Advanced Microscopy - Students will develop proficiency using higher-powered compound microscopes and oil immersion techniques in viewing slides at 1,000 x power.  Students will create and properly label scientific drawings of  bacteria and fungi.

C.
Isolating Bacteria - Students will culture harmless strains of bacteria in a laboratory setting and demonstrate proficiency in preparing nutrient broth, streak plate and spread plate cultures.

Genetics:

A
ABO Rh Blood Typing - In a mock paternity investigation, students will use the principles of antigens and the corresponding antibodies to type blood. Students will test unknown simulated blood with simulated anti-A, anti-B, and anti-Rh antibodies. Students will note the degree of agglutination and record the type of the blood.   Students will then perform monohybrid and dihybrid cross Punnett squares in conjunction with ABO Rh blood typing, and describe its exclusionary applications associated with issues of paternity.

B.
Gel electrophoresis - Students will perform a restriction digest of prepared DNA samples and then perform gel electrophoresis, stain gels with methylene blue, and analyze results to make a map of restriction sites, or interpret a simulated DNA fingerprinting exercise.
C.
DNA Amplification - Students will model the process of DNA Amplification and the process of the polymerase chain reaction, utilizing graphics or three-dimensional models.

D.
Human Karyotypes - Laboratory - From a collection of chromosome models, students will assemble homologous pairs of chromosomes and analyze the resulting normal and abnormal human karyotypes, noting structural or numerical abnormalities in autosomal and sex chromosomes and identify the resulting syndrome.

Ecology:

A.
Terrestrial Micro-environments - Students will set up a variety of controlled terrestrial micro-environments in which they will conduct experiments on the rates and defined stages decomposition of meat, paper and plant material in a "decomposition column".

B.
Aquatic Micro-environments - Students will set up a variety of controlled aquatic micro-environments in which they will conduct experiments on the rates and defined stages of biological and organic decomposition meat, paper and plant material in a multi-staged aquatic column.

C.
Stereoscopic Binocular Dissecting Scope - Students will identify seeds, pollen granules and wood fragments of various botanical species and define their habitat, geographical range and their respective seasonal reproductive and life cycles.

D.
Forensic Entomology - Using dried specimens, color photographs or three dimensional insect and insect life stage models, students will

1.) 
Draw and label representative species of the various orders of the class insecta.

2.)
Assign representative insect species to proper taxa.

3.)
Match representative insect species with their habitat and geographical ran.

4.)
Identify the life-cycle stages of insects and describe their role in biological and organic decomposition.

5.)
Describe the significance of the presence of various insect species and evidence of past presence in determining time of death.

E.
Field Zoology - Using field guides, color photographs and simulated sign, students will identify, describe and assign to proper taxa, representatives of various vector species, poisonous or other animals that are a known threat to humans.

Human Physiology:

A.
Fingerprint Analysis - Students will describe the proper techniques for obtaining and preserving fingerprints from a variety of surfaces and conditions.  Students will use class fingerprints, preserved by cryoacetate fuming, students will classify fingerprint samples by primary pattern type and index of total number of points of similarity.

B.
Hair & Fiber Microscopic Analysis - Working from real samples, students will examine microscopically and identify surface, cortex, medula and pigmentation features which distinguish human hair and animal fur from a variety of synthetic fibers.  

C.
Microtrace Evidence Microscopic Analysis - Working from dust samples and prepared slides, students will identify and describe the presence of skin flakes, fingernail fragments and other mico-trace particulate evidence from a variety of inorganic and organic particulate debris.

D.
Superficial Wound Analysis - Working from photographs and dummy models, students will identify and describe the presence of wounds (including defense wounds) made by blunt instrument force, knifeblades of various types, bullets, shotgun patterns, and ligatures as a function of damage to the dermis and underlying tissues.

E.
Applying The Rules of Nine - Working from photographs, students will identify, describe and classify by degree the presence of burns, abrasions, and contusions.  Students will apply the 'Rules of Nine' to estimate the amount of body area involved in widespread trauma.

F
Lividity - Using photographs, students diagram the occurrence of postmortem lividity (hypostasis) and describe its significance in determining time of death and relocation of a corpse.

H.
Forensic Anthropology - Using disarticulated human bone replicas, students will classify them as to bone type, distinguish representative bones of the two sexes, various age, ethnic divisions, body size and health factors and distinguish the human bones, from homologous animal bones replicas.

I
Determining Body Core Cooling Gradient - Students will describe the cooling gradient of muscle mass following death and predict internal body 'core' temperature as a function of time and ambient air temperature.

J.
Soft Tissue Mummification Laboratory - Students will recreate the conditions necessary for soft tissue mummification and will mummify samples of beef.

K.
Muscle Strength Tests Laboratory - Students will perform different muscle strength tests and describe the physiological responses of the skeletal muscles in the various tests typical of those used by investigative and medical personnel in screening prospective suspects in assault cases.

L.
Facial Reconstruction - Utilizing their knowledge of the facial musculature and its known depths, students will practice a clay reconstruction using a resin models of the human skull.

M.
Undigested Digestive Contents - In a simulated context, students will identify the undigested contents of the major divisions of the digestive tract in the deceased and describe their significance in determining time of death.

N.
Forensic Ondontology - Students will identify and match physical models of human dentition to dental records, including x-ray identify of known dental work, bite mark evidence based on radius, tooth lengths and other unique configurations of dentition.

O.
Luminol Laboratory - Students will use of the chemical luminol and other for the detection of trace quantities of blood.

P.
Blood Spatter Analysis Laboratory - Students will apply their knowledge of the physical properties of blood, convergence and trajectory to interpret blood spatter evidence as an indicator of type and degree of injury, circumstances and events at a crime scene.

Q.
Measuring Blood Pressure, Heart and Respiratory Rate Laboratory - Students will report on blood pressure and heart rate as an indicator of emotional duress and its significance during polygraph or other interrogation.

R.
Mock Urinalysis Laboratory - In a laboratory context, students will perform a mock urinalysis on samples of simulated urine and perform a number of presumptive tests for the presence of protein, glucose and HGH (indicative of pregnancy) and interpret their results. 

Hypothetical Investigations

A.
Given a number of hypothetical investigative scenarios throughout the course, students will apply their knowledge of Forensic Biology to date to the investigative process.

1. 
Students will demonstrate common search procedures for various types of biological and organic evidence.

2.
Students will trace the 'chain of custody' of various types of biological and organic evidence from initial search through a crime lab processing.

3.
Students will demonstrate the appropriate collection and preservation techniques for packaging, transport and storage biological and organic evidence.

4.
Students will simulate the organization and services offered by a crime lab and perform a number of the quantitative and qualitative analytical tests commonly conducted at these facilities.

5.
Students will demonstrate proper care and procedures in conducting physical examination of evidence and record all measurements using the metric system.

6.
Students will conduct and interpret the findings of  'presumptive tests'.

7.
Students will conduct chemical identification through tests for precipitates, gas, color indicators, microchemical crystal tests and titrations. 

8.
Students will conduct tests involving separation techniques: distillation, crystallization, solvent extraction, and mass spectrophotometry

9.
Students will perform gas and column chromatography.

10.
Students will perform gel electrophoresis and DNA fingerprinting.

11.
Students will conduct a 'mock' autopsy on a preserved cat specimen, following correct protocol for the making incisions, extracting, weighing and measuring and evaluating organs.  All findings will be documented on forms adapted from those in official use by the Coroner's office.

12.
Students will maintain a journal documenting their investigation, findings and conclusions in accordance with the scientific method.

24. Instructional Methods and/or Strategies 

1.
Various methods will be used to assess student progress. All of the following methods will be used, but others may be included as the year progresses. 

2.
Direct Explicit Instruction: PowerPoint lectures, reading, in class research, presentations, and guest speakers

3.
Instructional Materials: textbook; primary and secondary materials, experts from the field, and electronic media

4.
Self-directed, cooperative, and collaborative learning and laboratory projects

25. Assessment Methods and/or Tools 

Various methods will be used to assess student progress. All of the following methods will be used, but others may be included as the year progresses. 

Teacher Observation 

Student Graphic Presentations

Student Demonstrations

Student Work Samples

Quizzes by Topic

Comprehensive Written Examinations

Lab Practical Examinations

Laboratory Performance

Laboratory Reports

Research Papers and Oral reports

Performance Based Assessments
Student oral presentations
Investigative Journals

D.  OPTIONAL BACKGROUND INFORMATION

27. Context for Course (optional)
Forensic Biology is structured to greatly enhance college-bound student knowledge and understanding of life sciences.  Laboratory investigations, laboratory reports, and research papers provide the student with the scientific reasoning and writing tools necessary for future academic success.  This course is designed to create alternative pathways to careers in the forensic sciences and other fields without taking away other options such as Chemistry and Anatomy & Physiology.  The curriculum of Forensic Biology will be relevant to numerous work place environments, and emphasizes and promotes hands-on thought processes while retaining course content integrity.

Forensic Biology, first and foremost, addresses the California Biology/Life Science Standards with advance level content in the areas of Cell Biology, Genetics, Ecology, and Human Physiology, as well as related California Chemistry standards of Organic and Biochemistry and Reaction Rates, and the California Investigation and Experimentation Standards.

Respectfully submitted,

Donna West

Science Department

Littlerock High School
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