TERM 1: WEEK 11 – 12 (13th – 24th April)
Strand 2:  Genetics    	 	  
	
Sub-strand 2.2 	Diversity and relatedness of organisms       

[bookmark: _GoBack]Lesson Activity 2.2

The specific learning outcomes (SLO) targeted in this activity are provided below:

	Specific Learning Outcomes: Students are able to 
	Skill level
	SLO code 
	Achieved
(Yes / No)

	Define homeotic genes
	1
	Bio2.2.1.1
	

	Explain the control of homeotic genes on major body plans
	
3
	
Bio2.2.3.3
	

	List/Describe the different levels of organization (cells, DNA and organism) leading to common origin of species
	2
	Bio2.2.2.3
	

	Explain the similarities or differences between the different levels of organization
	3
	Bio2.2.3.4
	

	Describe the different stages of the embryonic development in vertebrates
	
2
	Bio2.2.2.2
	



Instructions:

i. If you have access to the internet, refer to Central School’s website: www.centralschool.edu.vu, Year 12 Biology folder Term 1 Week 11 – 12, to access other resources.
ii. Answer the following questions.















1. Homeotic genes
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(Source: https://www.khanacademy.org/science/biology/developmental-biology/signaling-and-transcription-factors-in-development)
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(Source: https://www.sciencedirect.com/topics/agricultural-and-biological-sciences)


a. Define homeotic genes

______________________________________________________________________

______________________________________________________________________







b. Explain how homeotic genes control major body plans of Drosophila.

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________


______________________________________________________________________

______________________________________________________________________










2. Levels of organization
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(Source: https://plato.stanford.edu/entries/levels-org-biology/)
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(Source: https://sciencetrends.com/levels-biological-organization)
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(Source: https://sciencing.com/levels-organization-biology)

a. List the different levels of organization from the simplest to the most complex level.

______________________________________________________________________

 ______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

b. Explain the similarities between the different levels of organization.

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________



c. Explain the differences between the different levels of organization.

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________











3. Stages of embryonic development in vertebrates.
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Summary of Developmental Phenomena Associated with the Life of an Individual Vertebrate Animal
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a. Describe the different stages of the embryonic development in vertebrates.

i. Early embryonic period

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________
	
ii. Larval period or period of transition

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

iii. Late embryonic period

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________
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Introduction

How many legs does a fruit fly have? Even if you're not particularly
into fruit flies, you may know that insects tend to have six legs total
—as compared to, say, the eight legs of spiders. Also, you may have
noticed that a fly's legs usually grow out of the middle part of its
body—its thorax—and not, say, out of its head.
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Image credit: modified from Drosophila melanogaster, by Madboy 74
(€CO/public domain)

What's responsible for this orderly organization of body parts in
something as tiny as a fly? As it turns out, a set of master regulator
genes are expressed in different regions of a fly's body during
development. These genes turn on the right genetic "program" for
development of each section of the body. They make sure, for
example, that the fly's thorax carries legs while its head does not.
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In this article, we'll take a closer look at these and other homeotic
genes, also called selector genes. By definition, these are genes that
"select" the identity of entire segments or structures in the bodies
of developing organisms.

Homeotic mutations in fruit flies

Homeotic genes are responsible for determining the identity of
particular segments or structures of the body. So, when homeotic
genes are inactivated or expressed in unusual locations due to
mutations, they may cause body segments to take on new—and
sometimes startling!—identities.

As an example, let's look at a homeotic gene called Antennapedia.
Normally, Antennapedia is expressed in what will become the
second segment of a fly's thorax, starting when the fly is a tiny
embryo and persisting into the adult fly. There, the gene acts as a
master regulator, turning on the genetic program that makes the
fly's second pair of legs and other segment-specific structures.
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If Antennapedia stays where it's supposed to and does its job, we
get a nice, normal-looking fly with all its appendages in the right
place. But what happens if a genetic mutation causes expression of
the Antennapedia gene to expand into the fly's head? This type of
mutation causes legs to grow from the fly's head in place of
antennae! In other words, the gene activates its normal, second-

segment leg development program, but in the wrong part of the fly.
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Image credit: modified from Antennapedia mutation by toony, CC BY-SA
3.0. The modified image is licensed under a CC BY-SA 3.0 license

Another fly homeotic gene with dramatic effects is the
Ultrabithorax gene. This gene is expressed strongly in the third
segment of the thorax, which bears the fly's rearmost pair of legs.
Ultrabithorax expression in this region of the fly starts early in
development and continues throughout the fly's life.
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1 Utvabithorax

Image credit: modified from Hox genes of fruit fly, by PhiLiP, public domain

Wings usually form only in the second segment of the thorax, not
in the third, which instead makes small structures called halteres
that help the fly balance. The job of Ultrabithorax is to repress
second-segment identity and formation of wings in the third
segment. When Ultrabithorax is inactivated in the developing third
segment due to mutations, the halteres will be converted to a
second set of wings, neatly positioned behind the normal set.!
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Overview of fruit fly Hox genes

Antennapedia and Ultrabithorax are not the only homeotic genes in
a fruit fly. In fact, a whole set of different homeotic genes act in
different regions of the fly's body, ensuring that each segment
takes on its correct identity. These genes are typically expressed in
the regions they regulate, starting early in embryonic development,
and they continue to be expressed in the adult fly.

The diagram below shows eight major homeotic genes in flies. The
upper part of the diagram shows where each gene is most strongly
expressed in the mature fly, while the lower part of the diagram
shows where the genes are located on the chromosome. The order
of the genes on the chromosome more or less mirrors their order of
expression along the head-tail axis of the fly.
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What exactly are these homeotic genes? Each gene encodes a
transcription factor that is expressed in a specific region of the fly
starting early in its development as an embryo. The transcription
factors change the expression of target genes to enact the genetic
“program” that's right for each segment.

The homeotic transcription factors shown in the diagram above all
contain a DNA-binding protein region called the homeodomain,
which is encoded by a segment of DNA called the homeobox.
Because they contain a homeobox, homeotic genes of this class are
sometimes called Hox genes for short.
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Homeotic genes are clustered in the Antennapedia complex (ANT-C)
and the Bithorax complex (BX-C). They are expressed along the
anterior—posterior axis of the embryo and participate to the definition
of the segmented pattern of both the embryo and the adult fly
(McGinnis and Krumlauf, 1992). In these segments, embryonic
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Levels of Organization in Biology

First published Mon Feb 5, 2018

Levels of organization are structures in nature, usually defined by part-whole relationships, with
things at higher levels being composed of things at the next lower level. Typical levels of
organization that one finds in the literature include the atomic, molecular, cellular, tissue, organ,

organismal, group, population, community, ecosystem, landscape, and biosphere levels. References
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The Levels Of Biological
Organization: How The Body Is
Organized

By: Daniel Nelson on October 25, 2017




image11.png
The levels of biological organization are the hierarchy of living
organisms from simplest to most complex: atoms to molecules,
cells, tissues, organs, organ systems, organisms, populations,

communities, ecosystems, and, finally, the biosphere.
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The human body maintains its life processes at different levels of
structural organization. Depending on who you talk to, the exact
number of categories may vary, as some people prefer to
categorize systems of the body differently. In general, though,
scientists have placed the structural levels into six different
categories: chemical processes (organelles), cells, tissues, organs,

organ systems, and the whole organism.
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Chemical Processes, Macromolecules, and
Organelles

The first level of structural organization can be thought of in
terms of chemical processes and molecules. The atom is a
fundamental constituent of matter, consisting of a nucleus that is
orbited by electrons. When one or more atoms joined together,
they form a chemical structure called a molecule, with one or
more chemical bonds holding the molecule together. A large
amount of the molecules that are important to living things are
called macromolecules. The term “macromolecules” refers to
large molecules formed through the process of polymerization.
One of the most famous macromolecules is deoxyribonucleic acid

or DNA, which functions as the blueprints for all known life.
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“The human body is the most complex
system ever created. The more we learn
about it, the more appreciation we have

about what a rich system it is.” — Bill

Gates

Macromolecules can join together into organelles, which are tiny
structures that exist within the bodies of cells. Examples of
organelles are mitochondria, which creates eneray to enable the
cell to carry out its functions, and chloroplasts which let plants

use solar energy to make sugar.
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Cells: The Building Blocks of the Body
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After organelles and macromolecules, cells are the most basic
part of the human body, and they are the foundation of structure
and function in the body. Every person has around 100 trillion
cells, by the time that they grow into adulthood. Every cell will
carry out a special function that allows the body to survive, but
they won't all carry out the same function. Cells are specialized in
function and in their form, with the different types of cells

carrying out different roles.

Nerve cells have long projections called axons, which carry
electrical signals throughout the body and to other cells.

Meanwhile, muscle cells have many mitochondria so that they can
generate the energy the body needs to move. Epithelial cells, also
known as skin cells, serve as a protective barrier between interior
organs and the outside world, helping to regulate body

temperature and prevent infections. Sex cells, or gametes, exist in
two different varieties: sperm cells and eggs. These sex cells are

what allow reproduction and the passing on of genetic material.
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Tissues Are Task-Specific

Cells work together and form mutticellular groups to carry out
specific tasks. These groups of specific cells are referred to as
tissues, and the human body is made up of four different types of
tissue. The four different tissue types are connective tissue,

nervous tissue, muscle tissue, and epithelial tissue.
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Organ Systems and the Whole Organism

Organ systems are made up of groups of organs. There are ten
major organ systems within the body, which all work together to
make up the human body itself. The ten organ systems are the
circulatory system, the digestive system, the endocrine system,
the integumentary system, the muscular system, the nervous
system, the reproductive system, the respiratory system, the

skeletal system, and the urinary o excretory system.
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Organism

Anorganism is a recognizable, self-contained individual. Organisms can be
unicellular organisms such as bacteria or amoebae, or multi-cellular
organisms comprised of organs and organ systems. A human being is an
example of a multi-cellular organism.

Population

A population is a group of multiple organisms of the same species within a
specific area. For example, a pride of lions in Kenya, Africa, is a population.

Community

A community consists of all the different species within a certain area. The
population of lions in Kenya, plus the populations of gazelles, giraffes,
elephants, dung beetles, and all other species in that area, add up to a
community.

Ecosystem

An ecosystem is made up of all the communities in a certain area, as well as
all the non-living, physical components of the environment. Rocks, water and
dirt are a part of an ecosystem. Ecologists may study populations,
communities, or whole ecosystems.

Biosphere

The biosphere is all of the ecosystems on Earth added together. Every
animal, plant, bacteria, rock, and molecule is a part of the Earth's biosphere.
Non-biologists, such as meteorologists and geologists, may join biologists to
answer questions at this level of biology organization.
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The embryonic period of development in all vertebrate species may be resolved into three distinct phases:

a. An early embryonic period which begins at the time when the egg starts to develop and wAich reaches its culmination when the embryo has
attained the state of primitive, generalized body form (see Chaps. 10 and 11, and fig. 255).

b. A period of transition then follows during which the structural condi tions prevalent in primitive body form are transformed into the morphology
present in definitive body form. Definitive body form is reached when the embryo assumes a general resemblance to the adult form, of the species.
The changes described in Chaps. 12-20 are concerned to a considerable extent with this phase of development.

<. The late embryonic period. This phase of development comprises the changes which the embryo experiences for a time after it has achieved
definitive body form. In the human embryo, it includes several months of fetal growth in the uterus, and in the chick it is of about a weeka€™s
duration continuing from day 14 of incubation to the time of hatching around day 20. In the frog it is a brief period during the close, and possibly
shortly after, metamorphosis.

The period of transition may be regarded as the larval period of development. If so conceived, two types of larval forms exist, namely ( 1) free-living
larval forms such as the frog tadpole in which the body structures are adapted to a free-living existence outside of protective embryonic structures,
and (2) non-free-living larval forms in which the larval or transitional period is passed within the confines of covering egg membranes or within the
protective tissues of the female or male parent. Free-living larval forms include Amphioxus, most fishes, and amphibia, while some fishes and all
reptiles, birds, and mammals may be regarded as having a protected larval existence.
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A. Period of Preparation
During this period the parents are prepared for reproduction and the reproductive cells or gametes are elaborated.
8. Embryonic Development

1. Early embryonic period

This period begins with fertilization of the egg and ends with the development of primitive embryonic body form with its basic conditions of the
various systems. The basic or group condition of a particular vertebrate organ-system s that stage of development of the system when it possesses
structural features common to all embryos of the vertebrate group. When the common or primitive embryonic conditions of the various systems are
present, a common, basic, primitive embryonic body form also is present. Hence, all vertebrate embryos tend to pass through a stage of
development in which the shape and form of the developing body resembles that of all other vertebrate species at this stage of development. This
stage of body formation is known as the primitive, embryonic body-form stage,

2. The larval period or period of transition

During this phase of development, the basic conditions of the organ-systems, which are present at the end of primitive body formation, are
tive body form. At the end of this period of development the general form of the organ-

transformed into the structural conditions present in defi
systems, and of the embryo as a whole, resembles the adult morphology of the species. Hence the term: ** definitive body forma€X

3. The late embryonic period

This part of development intervenes between the time when definitive body form is established and the episode of hatching or birth. In free-living
larval species it comprises a brief period at the end of metamorphosis.

C. Post-embryonic Development
Post-embryonic development may be divided into the following periods:

1. Prepuberal period

During this time the organ-systems grow and enlarge, and the reproductive mechanisms mature.

2. Puberal period and the adult

The organism now is capable of reproduction, and in size, activity, and appearance is recognized as an adult.
3. Period of senescence and dedline

The sexual activities lessen and the organ-systems of the body may very slowly undergo regressive changes.
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Homeotic genes

Homeotic genes control development of whole body segments or structures. When they are
overactive or missing, weird things can happen!
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Key points
« Homeotic genes are master regulator genes that direct the development
of particular body segments or structures.

When homeotic genes are overactivated or inactivated by mutations, body

structures may develop in the wrong place—sometimes dramatically so!

Most animal homeotic genes encode transcription factor proteins that

contain a region called the homeodomain and are called Hox genes.

Hox genes are turned on by a cascade of regulatory genes; the proteins
encoded by early genes regulate the expression of later genes.

Hox genes are found in many animals, including fruit flies, mice, and
humans. Mutations in human Hox genes can cause genetic disorders.




