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CHAPTER ONE
(( Principles of Biology ))

Biology

Biology literally means "the study of life". Biology is such a broad field, covering the minute workings of chemical
machines inside our cells, to broad scale concepts of ecosystems and global climate change. Biologists study intimate
details of the human brain, the composition of our genes, and even the functioning of our reproductive system.
Modern biology is based on several unifying themes, such as the cell theory, genetics and inheritance, information
flow and theory of evolution by natural selection.
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Organisms are classified to:
Kingdom: Animalia
Phylum: (Division is used for plants) Chordata
Class: Mammalia
Order: Primates
Family: Hominidae
Genus: Homo
Species: sapiens
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Biology has many subdisciplines unified by five so-called axioms of modern biology:
1. Cells are the basic unit of life
2. Genes are the basic unit of heredity
3. New species and inherited traits are the product of evolution
4. An organism regulates its internal environment to maintain a stable and constant condition
5. Living organisms consume and transform energy
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‘ Organismsdivided to the Five Kingdoms

Monera, the most primitive kingdom, contain living organisms remarkably similar to ancient fossils. Organisms in
this group lack membrane-bound organelles. Such organisms are known as prokaryotes. Bacteria and blue-green
algae, or cyanobacteria are the major forms of life in this kingdom. The most primitive group, the archaebacteria, are
today restricted to marginal habitats such as hot springs or areas of low oxygen concentration.
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Protista, were the first of the_eukaryotic kingdoms, these organisms and all others have membrane-bound
organelles, which allow for compartmentalization and dedication of specific areas for specific functions. Major
groups within the Protista include the algae, euglenoids, ciliates, protozoa, and flagellates.

Fig 1. Fig 2. protista Fig 3. protista
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Fungi, are almost entirely multicellular (with yeast, Saccharomyces, being a prominent unicellular fungus),
heterotrophic and usually having some cells with two nuclei (multinucleate). Ecologically this kingdom is
important (along with certain bacteria) as decomposers and recyclers of nutrients. Economically, the Fungi provide
us with food (mushrooms, antibiotics, penicillin, was isolated from a fungus Penicillium), and crop parasites
(doing several billion dollars per year of damage).
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Fig 6. Fig 7.

Fig 5.
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Plantae, include multicelled organisms that are all autotrophic. Ecologically, this kingdom is generally (along with
photosynthetic organisms in Monera and Protista) termed the producers. Economically, this kingdom is food,
building materials, paper, and drugs products.
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Animalia, consists entirely of multicelluar heterotrophs that are all capable of mobility. Ecologically, this kingdom
occupies the level of consumers, which can be subdivided into herbivore and carnivores. Humans, along with some
other organisms, are omnivores (herbivores and carnivores). Economically, animals provide meat, pleasure (pets),
transportation, and etc.
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‘ Viruses

Because viruses cannot grow or reproduce on their own, they are not considered to be alive. To survive, a virus must
infect a host cell and take over its internal machinery to synthesize viral proteins and in some cases to replicate the viral
genetic material. When newly made viruses are released, the cycle starts anew. Viruses are much smaller than cells, on
the order of 100 nanometer (nm) in diameter; in comparison, bacterial cells are usually 1000 nm. A virus is typically
composed of a protein coat that encloses a core containing the genetic material. The genetic material carries the
information for producing more viruses. The coat protects a virus from the environment and allows it to stick to, or enter,
specific host cells. In some viruses, the protein coat is surrounded by an outer membrane-like envelope.

The ability of viruses to transport genetic material into cells and tissues represents a medical menace and a medical
opportunity. Viral infections can be devastatingly destructive, causing cells to break open and tissues to fall apart.
However, many methods for manipulating cells depend upon using viruses to convey genetic material into cells. To
do this, the portion of the viral genetic material that is potentially harmful is replaced with other genetic material,
including human genes. The altered viruses, or vectors, still can enter cells toting the introduced genes with them.
One day, diseases caused by defective genes may be treated by using viral vectors to introduce a normal copy of a
defective gene into patients. Current research is dedicated to overcoming the considerable obstacle to this approach, such
as getting the introduced genes to work at the right places and times. Virus-caused diseases are numerous like: chicken
pox, influenza, and some types of pneumonia, meades, hepatitis and many others. Viral infections in plants (e.g., dwarf
mosaic virus in corn) have a major economic impact on crop production. Planting of virus-resistant varieties, developed
by traditional breeding methods and more recently by genetic engineering techniques, can reduce crop losses
significantly. Most viruses have a rather limited host range, infecting certain bacteria, plants, or animals.
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Fig 8. Virus structure
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Fig 19. Phylogenetic Treeof Life
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( Systematics
-

A phylogentic tree of all living things, based on rRNA gene data, showing the separation of the three domains

bacteria, archaea, and eukaryotes as described initially by Carl Woese.

Trees constructed with other genes are generally similar, although they may place some early-branching groups

very differently, presumably owing to rapid rRNA evolution. The exact relationships of the three domains are still

being debated.
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Multiple speciation events create a tree structured
system of relationships between species. The role
of systematics is to study these relationships and
thus the differences and similarities between
species and groups of species. However,
systematics was an active field of research long

before evolutionary thinking was common. adl
The classification, taxonomy , and nomenclature of
biological organisms is administered by the o)
International Code of Zoological Nomenclature,

Ly

International Code of Botanical Nomenclature, and
International Code of Nomenclature of Bacterial for
animals, plants, and bacteria, respectively. The
classification of viruses, viroids, prions, and all other
sub viral agents that demonstrate biological
characteristics is conducted by the International Code
of Virus Classification and nomenclature. However,

several other viral classification systems do exist. Fig 20. The hierarchy of biological classification’s eight major taxonomic ranks.
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Traditionally, living things have been divided into five kingdoms: Monera; Protista; Fungi; Plantae; Animali.
However, many scientist now consider this five-kingdom system outdated. Modern alternative classification
systems generally begin with the three-domain system: Archaea (originally Archaebacteria); Bacteria (originally
Eubacteria); Eukaryota (including protests, fungi, plants, and animals). These domains reflect whether the cells
have nuclei or not, as well as differences in the chemical composition of the cell exteriors.
103l00ly oy dlwdis O 45 0035 Dlogge (paw e ok A

RCEIWURIN LIV PRV T PR ¥ EHPL SR VR TSP R VEET-N PG SNSRI R PR VE NP TS JRp- P W U\ JPR SHOURe] BN K CONS) R I FOWERPEL | PL IR ESN Y
o 5}.0.15 Y ‘_d)‘b
(los xS Lgss 1) Archaea -
(o xSLsy) Bactria _y
Ohslr 5 plals bog B L3l Jold) leog, 575, ¥
ol Jobo glalise sleods oS 5 30 Ol g atws il by adle bl 5 ganails oyl
el a5 cpl
Further, each kingdom is broken down recursively until each species is separately classified.
The order is: Domain; kingdom; phylum; Class; Order; Family; Genus; Species.
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There is also a series of intracellular parasites that are "on the edge of life" in terms of metabolic activity, meaning
that many scientists do not actually classify these structures as alive, due to their lack of at least one or more of the
fundamental functions that define life. They are classified as viruses, viroids, prions, or satellites.
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The scientific name of an organisms is generated from its genus and species. For example, humans are listed as
Homo sapiens. Homo is genus, and sapiens the species. When writing the scientific name of an organism, it is
proper to capitalize the first letter is the genus and put all of the species in lowercase. Additionally, the entire term
may be italicized or underlined.
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The dominant classification system is called the Linnaean taxonomy. It includes ranks and binomial nomenclature.
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Ecology
i
Mutual symbiosis between closnfish of the genus Amphiprion that dwell among the tentacles of tropical sea
anemones. The territorial fish protects the anemone from anemone-eating fish, and in turn the stinging tentacles of
the anemone protects the clown fish from its predators.
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Ecology studies the distribution and abundance of living organisms, and the interactions between organisms and
their environment. The habitat of an organisms can be described as the local abiotic factors such as climate and
ecology, in addition to the other organisms and biotic factors that share its environment.
One reason that biological systems can be difficult to study is that so many different interaction with other
organisms and the environment are possible, even on small scales. A microscopic bacterium in a local sugar
gradient is responding to its environment as much as a lion searching for food. For any species, behaviors can be
co-operative, aggressive, parasitic, or symbiotic. Matters become more complex when two or more species intract
in an ecosystem.
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Ecological systems are studied at several different levels, from individuals and populations to ecosystems and the
biosphere. The term population biology is often used interchangeably with population ecology, although population
biology is more frequently used when studying disease, viruses, and microbes, while population ecology is more
commonly used when studying plants and animals. Ecology draws on many subdisciplines.
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‘ Ethology
4

studies animal behavior (particularly that of social animals such as primates and canids), and is sometimes
considered a branch of zoology. Ethologists have been particularly concerned with the evolution of behavior and
the understanding of behavior in terms of the theory of natural selection.
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Biogeography studies the spatial distribution of organisms on the Earth, focusing on topics like plate tectonics,
climate change, dispersal and migration, and cladistics.
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Definition

Heterotrophic: deriving their energy from another organism, whether alive or dead
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Autotrophic: capable of making their own food by the process of photosynthesis, the conversion of sunlight
energy into chemical energy
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Multinucleate: having some cells with two nuclei, as opposed to the more common one
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Carnivores: eaters of other animals (b, 50) aisS o ooliinl 138 lgie a4 oylygil plos 5l a8 Slog2ge 1ylgouidseS’
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Omnivores: capable of functioning as herbivores or carnivores LlgEingS g JlgzalS Glog>ge 1ylgs ju dod
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Asexual: no recombination of genetic material, used one person for production
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Sexual: recombination of genetic material, two person involved (the variation that Darwin and Wallace recognized

as the wellspring of evolution and adaptation, is greatly increased by sexual reproduction)
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Differentiation: the process by which a less specialized cell becomes a more specialized cell type
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Organogenesis:in animal the process by which the ectoderm, endoderm, and mesoderm develop into the internal
organs of the organism
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Symbioses: organism interactions with each other SR0085 b calizie slo eS| (5SS o o 1 Sannd o
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Prokaryotic: Prokaryotic cells consist of a single closed compartment that is surrounded by the plasma membrane,
lacks a defined nucleus, and has a relatively simple internal organization
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Eukaryotic: Eukaryotic cells, unlike prokaryotic cells, contain a defined membrane-bound nucleus and extensive
internal membranes that enclose other compartments, the organelles. Eukaryotic cells are commonly about 10—100
micron, generally much larger than bacteria
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Cytoplasm = the cytosol (aqueous phase) + the organelles Fobos I3 la Sl ol pap s Jolos aolo (jies gDy g
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Vectors: in molecular biology a DNA molecule used as a vehicle to transfer foreign genetic material into another
cell, the four major types of vectors are plasmids, bacteriophages and other viruses, cosmids, and artificial
chromosomes
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CHAPTER THREE
((Cel Cydle))

‘ The Cell Cycle

Despite differences between prokaryotes and eukaryotes, there are severa common features in their cell division
processes. Replication of the DNA must occur. Segregation of the "original" and its "replica" follow. Cytokinesis
ends the cell division process. Whether the cell was eukaryotic or prokaryotic, these basic events must occur.
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Cytokinesisis the process where one cell splits off from its sister cell. It usually occurs after cell division. The Cell
Cycle is the sequence of growth, DNA replication, growth and cell division that all cells go through. Beginning
after cytokinesis, the daughter cells are quite small and low on ATP. They acquire ATP and increase in size during
the G1 phase of Interphase. Most cells are observed in Interphase, the longest part of the cell cycle. After acquiring
sufficient size and ATP, the cells then undergo DNA Synthesis (replication of the original DNA molecules, making
identical copies, one "new molecule" eventually destined for each new cell) which occurs during the S phase. Since
the formation of new DNA is an energy draining process, the cell undergoes a second growth and energy
acquisition stage, the G2 phase. The energy acquired during G2 is used in cell division.

M
(mitosis)

G2 A G1
(Gap 2} (Gap 1)
4% EUKARYOTIC
CELL CYCLE
Cells that
cease
S phase _ T
(DNA synthesis) - division

Fig 1. Cell cycle

Regulation of the cell cycle is accomplished in several ways. Some cells divide rapidly (beans, for example take
19 hours for the complete cycle). Others, such as nerve cells, lose their capability to divide once they reach
maturity. Liver cellswill divide if part of the liver is removed. The division continues until the liver reaches its
former size.

Cancer cells are those which undergo a series of rapid divisions such that the daughter cells divide before they
have reached "functional maturity”. Environmental factors such as changes in temperature and pH, and declining
nutrient levels lead to declining cell division rates. When cells stop dividing, they stop usually at a point late in
the G1 phase.
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‘ Prokaryotic Cell Division

The usual method of prokaryote cell division is termed binary fission. The prokaryotic chromosome is a single
DNA molecule that first replicates, then attaches each copy to a different part of the cell membrane. When the cell
begins to pull apart, the replicate and origina chromosomes are separated. Following cell splitting (cytokinesis),
there are then two cells of identical genetic composition.

Agrobacterium tumefaciens

Ti plasmid

Bacterial : T DNA

chromosome ~

Fig 2. Bacteria cell

The prokaryote chromosome is much easier to manipulate than the eukaryotic one. We thus know much more about
the location of genes and their control in prokaryotes.

One consequence of this asexual method of reproduction is that all organisms in a colony are genetic equals. When
treating a bacterial disease, a drug that kills one bacteria (of a specific type) will also kill all other members of that
clone (colony).

Fig 3.Rod-Shaped Bacterium, E. coli , dividing by binary fission.
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‘ Eukaryotic Cell Division

Due to their increased numbers of chromosomes, organelles and complexity, eukaryote cell division is more
complicated, although the same processes of replication, segregation, and cytokinesis till occur.
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‘ Mitosis

Mitosisisthe process of forming (generdly) identica daughter cdlls by replicating and dividing the original chromosomes.
Eukaryotic chromosomes occur in the cell in greater numbers than prokaryotic chromosomes. The condensed
replicated chromosomes have severa points of interest. The kinetochore is the point where microtubules of the
spindle apparatus attach. Replicated chromosomes consist of two molecules of DNA (along with their associated
histone proteins) known as chromatids. The area where both chromatids are in contact with each other is known as
the centromere and the kinetochores are on the outer sides of the centromere. Remember that chromosomes are
condensed chromatin (DNA plus histone proteins).
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Kinetochore

chromatid

Centromere

Fig 4. Structure of a eukaryotic chromosome.
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During mitosis replicated chromosomes are positioned near the middle of the cytoplasm and then segregated so that
each daughter cell receives a copy of the original DNA (if you start with 46 in the parent cell, you should end up
with 46 chromosomes in each daughter cell). To do this cells utilize microtubules (referred to as the spindle
apparatus) to "pull" chromosomes into each "cell". The microtubules have the 9+2 arrangement which explain later.
Animal cells have a centriole. Plants and most other eukaryotic organisms lack centrioles. Prokaryotes, of course,
lack spindles and centrioles;, the cell membrane assumes this function when it pulls the by-then replicated
chromosomes apart during binary fission. Cells that contain centrioles also have a series of smaller microtubules,
the aster, that extend from the centrioles to the cell membrane. The aster is thought to serve as a brace for the
functioning of the spindle fibers.
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micratubule Centriole
pair

Kinetochore

Fig 5.

‘ Structure and main features of a spindle apparatus

Microtubules are small hollow cylinders (25 nm in diameter and from 200 nm-25 pm in length). These
microtubules are composed of a globular protein tubulin. Assembly brings the two types of tubulin (alpha and beta)
together as dimers, which arrange themselves in rows.In animal cells and most protists, a structure known as a
centrosome occurs. The centrosome contains two centrioles lying at right angles to each other. Centrioles are short
cylinders with a9 + O pattern of microtubule triplets. Centrioles serve as basal bodies for cilia and flagella. Plant
and fungal cells have a structure equivalent to a centrosome, although it does not contain centrioles.
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‘ Phases of Mitosis

Prophase

Prophase is the first stage of mitosis proper. Chromatin condenses (remember that chromatin/DNA replicate during
Interphase), the nuclear envel ope dissolves, centrioles (if present) divide and migrate, kinetochores and kinetochore
fibers form, and the spindle forms.

Prophase Prometaphase
Interphase Interphase-prophase Chromatids of  Developing
transition chromosomes  spindle
Nuclear Nucleus
envelope Centrosomes
. Nucleolus
(—/ =i The chromatin continues to  The nuclear envelope breaks
v coil and supercail, making down. Kinetochore microtub-
Chromatin the chromatin more and ules appear and interact with
more compact. The chromo-  the polar microtubules of the
The nucleus replicates its The chromatin somes consist of identical, spindle, resulting in movement
DNA and centrosomes begins to coil paired chromatids of the chromosomes

Fig 6. The events of Prophase.
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M etaphase
Metaphase follows Prophase. The chromosomes (which at this point consist of chromatids held together by a
centromere) migrate to the equator of the spindle, where the spindles attach to the kinetochore fibers.
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Anaphase

Anaphase begins with the separation of the centromeres, and the pulling of chromosomes (we call them
chromosomes after the centromeres are separated) to opposite poles of the spindle.

Metaphase Anaphase

Equatorial Daughter chromosomes
{metaphase) plate

Each centromere divides, and
: the new chromosomes (each
The duplicated centromere derived from one member of
regions connecting paired one of the sets of paired
chrematids become aligned chromatids) begin to move
in a plane atthe cell's equator toward the poles

Fig 7. The events of Metaphase and Anaphase
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Telophase

Telophase is when the chromosomes reach the poles of their respective spindles, the nuclear envelope reforms,
chromosomes uncoil into chromatin form, and the nucleolus (which had disappeared during Prophase) reform.
Where there was one cell there are now two smaller cells each with exactly the same genetic information. These

cells may then develop into different adult forms via the processes of development.
Telophase

The separating chromosomes reach the poles
Telophase passes into the next interphase as the
nuclear envelopes and nuclecli re-form and the
chromatin becomes diffuse

Fig 8. The events of Telophase.
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Cytokinesis
Cytokinesis is the process of splitting the daughter cells apart. Whereas mitosis is the division of the nucleus,
cytokinesisisthe splitting of the cytoplasm and allocation of the golgi, plastids and cytoplasm into each new cell.
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‘ Meiosis

Sexual reproduction occurs only in eukaryotes. During the formation of gametes, the number of chromosomes is
reduced by half, and returned to the full amount when the two gametes fuse during fertilization.
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‘ Ploidy

Haploid and diploid are terms referring to the number of sets of chromosomes in a cell. Gregor Mendel determined
his peas had two sets of alleles, one from each parent. Diploid organisms are those with two (di) sets. Human
beings (except for their gametes), most animals and many plants are diploid. We abbreviate diploid as 2n. Ploidy is
aterm referring to the number of sets of chromosomes. Haploid organisms/cells have only one set of chromosomes,
abbreviated as n. Organisms with more than two sets of chromosomes are termed polyploid.
Chromosomes that carry the same genes are termed homologous chromosomes. The aleles on homologous
chromosomes may differ, as in the case of heterozygous individuals. Organisms (normally) receive one set of
homol ogous chromosomes from each parent.
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Meiosisis a special type of nuclear division which segregates one copy of each homologous chromosome into each
new "gamete". Mitosis maintains the cell's original ploidy level (for example, one diploid 2n cell producing two
diploid 2n cells; one haploid n cell producing two haploid n cells; etc.). Meiosis, on the other hand, reduces the
number of sets of chromosomes by half, so that when gametic recombination (fertilization) occurs the ploidy of the
parents will be reestablished.
Most cells in the human body are produced by mitosis. These are the somatic (or vegetative) line cells. Cells that
become gametes are referred to as germ line cells. The meiosis restricted to the gonads.
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‘ Life Cycles

Life cycles are a diagrammatic representation of the events in the organism's development and reproduction. For
example, animal life cycles have a dominant diploid phase, with the gametic (haploid) phase being a relative few
cells.

Plant life cycles have two sequential phases that are termed aternation of generations. The sporophyte phase is
"diploid", and is that part of the life cycle in which meiosis occurs. The gametophyte phase is "haploid”, and is the
part of the life cycle in which gametes are produced. In flowering plants (angiosperms) the multicelled visible plant
(leaf, stem, etc.) is sporophyte, while pollen and ovaries contain the male and female gametophytes, respectively.
Plant life cycles differ from animal ones by adding a phase (the haploid gametophyte) after meiosis and before the
production of gametes.

Many protists and fungi have a haploid dominated life cycle, while the diploid phase is only afew cells (often only
the single celled zygote, as in Chlamydomonas ). Many protists reproduce by mitosis until their environment
deteriorates, then they undergo sexual reproduction to produce aresting zygotic cyst.
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‘ Phases of Melosis

Two successive nuclear divisions occur, Meiosis | (Reduction) and Meiosis I (Division). Meosis produces 4 haploid
cells. Mitosis produces 2 diploid cells. Most of the differences between the processes occur during Meiosis .
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Prophase
Prophase | has a unique event - the pairing of homologous chromosomes. Synapsis is the process of linking of the
replicated homologous chromosomes. The resulting chromosome is termed a tetrad, being composed of two

chromatids from each chromosome, forming a thick (4-strand) structure. Crossing-over may occur at this point.
During crossing-over chromatids break and may be reattached to a differ ent homologous chromosome.
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The alleles on this tetrad:

ABCDEFG
ABCDEFG é: k )
abcdefg

abcdefg
will produce the following chromosomes if there is a crossing-over event between the 2nd and 3rd chromosomes
from the top:
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Fig 9. Crossing over events

Thus, instead of producing only two types of chromosome (all capital or al lower case), four different
chromosomes are produced. This doubles the variability of gamete genotypes. Near the end of Prophase I, the
homol ogous chromosomes begin to separate dightly, although they remain attached at chiasmata.
Crossing-over between homologous chromosomes produces chromosomes with new associations of genes and
alleles attached at chiasmata.
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Events of Prophase | are similar to those in Prophase of mitosis. chromatin condenses into chromosomes, the
nucleolus dissolves, nuclear membrane is disassembled, and the spindle apparatus forms.

Meoisis |

Early prophase | Middle prophase | Middle prophase | Late prophase |
Nuclear Chiasmata
envelope Chromatin Centrosomes —

-
- Pairs of
The chromatin begins Synapsis aligns homologs, homologs
to condense following and chromosomes shorten Coiling and shortening of
interphase Chiasmata become evident the chromosomes continue

Fig 10. Major events in Prophase |
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Metaphase |

Metaphase | is when tetrads line-up along the equator of the spindle. Spindle fibers attach to the centromere region

of each homologous chromosome pair. Other metaphase events as in mitosis.
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Anaphase |
Anaphase | is when the tetrads separate, and are drawn to opposite poles by the spindle fibers. The centromeres in

Anaphase | remain intact.
Metaphase | Anaphase |

Equatorial plate

The chromosomes line The homologous chromosomes

up an the equatorial move to opposite poles of
(metaphase) plate the cell

Fig 11. Events in metaphse |. and anaphasel.
I 5L3LT jo e yog yilw g g0 005lS Johw e slacdad 4y ppndi S90 (sl 18 Lawgi 5 0ud lax o2 5l ool 5 oS el Slej (IEH }léb’T

MLAL;A ‘;L ob)aﬁd Cawd



@ 114 51 ol )15 S 4 3 o 3 3l yeho Chapter Three Cell Cycle

Telophase | —n
Telophase | is similar to Telophase of mitosis, Telophase |

except that only one set of (replicated) _
chromosomes is in each "cell". Depending on .

species, new nuclear envelopes may or may nhot
form. Some animal cells may have division of the o o Ylher

centrioles duri ng this phase into nuclei, and the original
cell divides

Fig 12. The events of Telophase I.
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Prophasell

During Prophase |1, nuclear envelopes (if they formed during Telophase I) dissolve, and spindle fibers reform. All
eseisasin Prophase of mitosis. Indeed Meiosis || isvery similar to mitosis.

Meiosis Il

Prophase I

The chromosomes condense
again, following a brief
interphase in which DNA
does not replicate

Fig 13. The events of Prophase II.( Il jlg; sol> 0 &lig)
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Metaphase||

Metaphase Il is similar to mitosis, with spindles moving chromosomes into equatorial area and attaching to the
opposite sides of the centromeres in the kinetochore region.
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During Anaphase 1, the centromeres split and the former chromatids (now chromosomes) are segregated into
opposite sides of the cell.

Metaphase Il Anaphase Il

Kinetochores of the paired The chromatids of the

chromatids line up across chromosomes finally separate,

the equator of each cell becoming chromosomes in
their own right, and are
pulled to opposite poles

Fig 14. The events of Metaphase Il and Anaphase IL.(Il jiuT g Il jlétio 2:189)
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Telophasell
Telophase |1 isidentical to Telophase of mitosis. Cytokinesis separates the cells.
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Telophase |l Products of meiosis
5
v
Each of the four cells has
The chromosomes gather a nucleus with a haploid
into nuclei, and the cells number of chromosomes.

divide
Fig 15. The events of Telophase II..( Il jagls 2s189)
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‘ Comparison of Mitosisand Meiosis

Mitosis Maintains ploidy level, while meioss reduces it. Meiosis occurs in a relative few cells of a multi celular
organism, while mitosisis more common. Mitos's produced two cells, from one cell while meiosis produces 4 cells.

3920 9 j5en0 ol (G Lo

b oo iRl chai O Olee o om0 &S > 0 05l o0 Lai> gadsly mhaw jaie pandl 5o -)
(i slodsl) 955 o b Johoo 5l (oS Slas a4y 39950 590 Lol widl o (51 by Joh 25T )0 g alls Cuegas j920 =Y
eleiige Jsbo ¥ adsi joee (Jg 9iS o0 lls Joboo So 51 ok ¥ ol g5 55000 =Y

‘ Gametogenesis

Gametogenesis is the process of forming gametes (by definition haploid, n) from diploid cells of the germ line.
Spermatogenesis is the process of forming sperm cells (by meiosis in animals, and by mitosis in plants) in
specialized organs known as gonads (in males these are termed testes). After division the cells undergo
differentiation to become sperm cells. Oogenesis is plants process of forming an ovum (egg) (by meiosisin animals
and mitosis in the gametophyte in plant) in specialized gonads known as ovaries. Whereas in spermatogenesis all 4
meiotic products develop in to gametes oogenesis places most of the cytoplasm into the large egg. The other cells,
the polar bodies, do not develop. Human males produce 200,000,000 sperms per day, while the female produces
one egg (usually) each menstrual cycle.

(a) Spermatogenesis Oogenesis
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oo™ @D spermatiasoot L\ ARy
(diploid) i Mitosis leferentlation\' '/ T
Primary I}(/ } x\ l
spermatocyte/ o/ First meiotic k\ > Differen- | m m e
oocyte (diploid) / \  division I\ feen | Y Y Y i)
P f/.n._\§ and growth Spermlcells I//‘ (/ P {//, i
(¥ ,x x, (3 ) et (haploi) § . L ovumi(egy
= \,.__,/. ) /} w ) (haploid)

Fig 16. Gametogenesis.
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‘ Respiration Processes

Respiration is a process that can happen many ways: any process that breaks down existing molecules for the
energy needed for metabolism is a type of respiration.
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Since all living things have energetic metabolisms, they all respire. Some use oxygen in the process and are called
aerobic respires; some don’t use oxygen and are called anaerobic respirers.
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Some organisms can take molecules from the environment that can’t be used for energy and use environmental
energy to from bonds between them, producing fuel molecules that they use and pass along up the food chain.
The most common way this happens is through photosynthesis, which uses light energy to produce bonds between
carbons and make glucose. in some ecosystems, chemosynthesis happens at the bottom of the food chain: this uses
the energy of heat-boosted molecules to make sugars.
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We’ve talked about fuel makers as producers; they are also called autotrophs, “self-feeders,” and the rest of the
food chain are heterotrophs, “other feeders.”
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Most forms of respiration use sugar as a basic fuel, pulling the carbons apart and moving that bond energy into
more easily-used molecules like ATP.
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Anaerobic respiration, done without oxygen, is done many ways, all less efficient than aerobic respiration, but enough
for the cells that use it. In some cases, anaerobic respires can’t even be active around oxygen, which poisons them.
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We depend upon anaerobic respiration for a number of things. First, our own aerobic respiration starts with an
anaerobic step, so we couldn’t exist without it. However, we use many anaerobes commercially. Some anaerobes
produce ethyl alcohol, a 2-carobon molecule, as an end product of fermentation.
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Uses for that range from the obvious, in baker’s yeast, which produces some ethanol and a lot of carbon dioxide gas
to make dough rise. Some anaerobes produce various small carbon-based acids, and are involved in the making of
cheeses (and in making your milk go bad).
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Our colons, a very low-oxygen environment, are full of anaerobic bacteria, most of which do useful jobs for us.
Some anaerobes affect us in bad ways: the bacteria that produce botulism, or tetanus, are anaerobic.
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The basic process of aerobic respiration can be written

C6H1206 + 6 02 _—> 6 C02 + 6 Hzo + Energy to ATP
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Aerobic respiration has three major steps. The first step is anaerobic and happens in the cytoplasm of cells; the
aerobic steps happen in mitochondria. In the first step, glycolysis, the 6-carbon glucose molecule is destabilized
with phosphates (2 from ATP, 2 free phosphates brought in), broken roughly in half, and used to make 4 ATP
molecules.
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For every glucose molecule, 2 ATPs are invested and 4 are made, so there is a small gain for the cell.
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ATPs are made by bonding phosphate groups to ADP, adenosine disphosphate. The ATP become the “real” energy
supplier of the cell, since it is much easier to get and move energy from it than from glucose.
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The second step is called the Krebs cycle (also called the citric acid cycle). It release carbon dioxide and produces a
couple of ATPs and a lot of energy-carrying molecules that feed into the third step, the electron-transport chain,
that uses the oxygen (hydrogens are attached to make the water) and produces many ATPs.
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These last two steps produce from 32-34 ATPs, depending upon how you estimate, so the anaerobic stage is much
better at getting and moving the glucose energy than aerobic stage. Anaerobes generally get less energy from fuel
than aerobes, but their processes may work better than our glycolysis.
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In some cells, if activity is required but the supply of oxygen can’t keep up, the cell may go into oxygen debt: it
keeps doing glycolisis, building up lactic acid as a “holding” product, to get a bit of ATP even without oxygen.
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The Kerbs cycle can also be “fed” molecular bits from molecules other than carbohydrates. The fatty acid chains in
lipids hold a lot of energy for ATP production. Proteins can be broken down to amino acids (and there are many of those
in any protein), and once the nitrogen piece is removed, what’s left can be fed into the Krebs cycle for its energy.
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This also produces toxic nitrogenous wastes, which must be removed and/or processed into a nontoxic from.
Ammonia is one such waste, and the urea that we make is processed to be less toxic.
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‘ Definitions

Anaerobic: is a technical word which literally means without air (where "air" is generally used to mean oxygen),
as opposed to aerobic
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Fermentation: is the process of deriving energy from the oxidation of organic compounds, such as carbohydrates,
and using an endogenous electron acceptor, which is usually an organic compound, as opposed to respiration where
electrons are donated to an exogenous electron acceptor, such as oxygen, via an electron transport chain.
Fermentation does not necessarily have to be carried out in an anaerobic environment. For example, even in the
presence of abundant oxygen, yeast cells greatly prefer fermentation to oxidative phosphorylation, as long as sugars
are readily available for consumption. Sugars are the most common substrate of fermentation, and typical examples
of fermentation products are ethanol, lactic acid, and hydrogen. However, more exotic compounds can be produced
by fermentation, such as butyric acid and acetone. Yeast carries out fermentation in the production of ethanol in
beers, wines and other alcoholic drinks, along with the production of large quantities of carbon dioxide.
Fermentation occurs in mammalian muscle during periods of intense exercise where oxygen supply becomes
limited, resulting in the creation of lactic acid.
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Coenzyme: A cofactor is a non-protein chemical compound that is bound to a protein and is required for the
protein's biological activity. These proteins are commonly enzymes, and cofactors can be considered "helper
molecules" that assist in biochemical transformations. Cofactors can also be classified depending on how tightly
they bind to an enzyme, with loosely-bound cofactors termed coenzymes and tightly-bound cofactors termed
prosthetic groups. Some sources also limit the use of the term "cofactor" to inorganic substances. An inactive
enzyme, without the cofactor is called an apoenzyme, while the complete enzyme with cofactor is the holoenzyme.
Cofactors can be divided into two broad groups: organic cofactors, such as flavin or heme, and inorganic cofactors:
such as the metal ions Mg2+, Cu+, Mn2+ or iron-sulfur clusters
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Global warming: is the increase in the average temperature of Earth's near-surface air and oceans since the mid-
20th century and its projected continuation
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‘ Vocabulary

Accomplishment: success Cardidgo

Getting the two leaders to sign a peace treaty was his greatest accomplishment
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Boost: increase, enhance o |33

The theatre managed to boost its audiences by cutting ticket prices
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By-product: side effect, consequence, offshoot P E P
Buttermilk is a by-product of making butter ol 5,5 0 o il Y 5 e
oo o0
Cessation: end, Termination obl iy

Religious leaders have called for a total cessation of the bombing campaign
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Convert: change RX LU YR O PR

What's the formula for converting pounds into kilos? Sl oS 0 Wgy hou Jge 8
oo o o

Crammed: pack a8 )5 41,8 oS o O ygu0 A

The platform was crammed with people. Slaojl 895 oKt
oo oo

Diffuse: spread St

The chemical diffused through the cell membrane Nigds o ptiin Jolo tolid ;| olge
° o oo

Dissipate: drive away Ooaoly m 31y, 0uiS Ty

The heat gradually dissipates into the atmosphere o o1 Ghaadl) 5> 50 900 4 Lo )5
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Emit: to send out something Wylye,low ter (50 3w ) U ablw

The animal emits a powerful smell when they scared A0S o bl (558 Sl (590 S i o0 45 Sloj (]y5il
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Incor poration: include 0905 a3l (S yLino Gl

I'd like you incorporate this information to your report S bl og 3155 o |, Sledbl a5 paieaddle
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Net: remaining AL o3l

the situation that exists at the end of a series of events o STy 51 6w SO 51 a oile (BL olge b dayl

The net result of the changes will be increased fares and reduced services
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Prelude: introduction, an action or events that happened before something else or that forms an introduction to something
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CHAPTER FIVE
((INTRODUCTION TO GENETICS))

‘ Heredity, Historical Perspective

For much of human history people were unaware of the scientific details of how babies were conceived and how
heredity worked. Clearly they were conceived, and clearly there was some hereditary connection between parents
and children, but the mechanisms were not readily apparent. The Greek philosophers had a variety of ideas:
Theophrastus proposed that male flowers caused female flowers to ripen; and Aristotle thought that male and
female semen mixed at conception. Aeschylus, in 458 BC, proposed the male as the parent, with the female as a
"nurse for the young life sown within her".
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the probability of remembering someth "little man" (homunculus) inside each sperm. They contended the only
contributions of the female to the next generation were the womb in which the homunculus grew, and prenatal
influences of the womb. An opposing school of thought, the ovists, believed that the future human was in the egg,
and that sperm merely stimulated the growth of the egg.
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Pangenesis was an idea that males and females formed "pangenes’ in every organ. These pangenes subsequently moved
through their blood to the genitals and then to the children. The concept originated with the ancient Greeks and
influenced biology until little over 100 years ago. The terms"blood relative”, and "royal blood" are relicts of pangenesis.
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The Monk and his peas

An Austrian monk, Gregor Mendel, developed the fundamental principles that would become the modern science

of genetics. Mendel demonstrated that heritable properties are parceled out in discrete units, independently
inherited. These eventually were termed genes.
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Mendel reasoned an organism for genetic experiments should have:

1- anumber of different traits that can be studied

2 - plant should be self-fertilizing and have a flower structure that limits accidental contact
3 - offspring of self-fertilized plants should be fully fertile.
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Mendel's experimental organism was a common garden pea (Pisum sativum), which the process of pollination (the
transfer of pollen from anther to stigma) occurs prior to the opening of the pea flower. Since pea plants are self-
pollinators, the genetics of the parent can be more easily understood. Mendel tested all 34 varieties of peas

available. Each character studied had two distinct forms, such as tall or short plant height, or smooth or wrinkled
seeds. Menddl's experiments used some 28,000 pea plants.
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Fig 1. Different Pease types

Mendel's contribution was unique because of his methodical approach to a definite problem, use of clear-cut

variables and application of mathematics (statistics) to the problem. Using pea plants and statistical methods,

Mendel was able to demonstrate that traits were passed from each parent to their offspring through the inheritance

of genes.
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Mendel's work showed:

1 - Each parent contributes one factor of each trait shown in offspring.

2 - The two members of each pair of factors segregate from each other during gamete formation.

3 - The blending theory of inheritance was discounted.

4 - Maes and females contribute equally to the traits in their offspring.

5 - Acquired traits are not inherited.
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Mendel studied the inheritance of seed shape first. A cross involving only one trait is referred to as a monohybrid
cross. Mendel crossed pure-breeding (also referred to as true-breeding) smooth-seeded plants with a variety that
had always produced wrinkled seeds. All resulting seeds were smooth. The following year, Mendd planted these
seeds and allowed them to self-fertilize. He recovered 7324 seeds. 5474 smooth and 1850 wrinkled. To help with
record keeping, generations were labeled and numbered. The parental generation is denoted as the P1 generation.
The offspring of the P1 generation are the F1 generation (first filial). The self-fertilizing F1 generation produced
the F2 generation (second filial).
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Inheritance of two alleles, Sand s, in peas 30955 ;S 9 S (T g0 =il yg

Punnett square explaining the behavior of the S and s alelesP1: smooth X wrinkled
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F2 : 5474 smooth and 1850 wrinkled
Meiosis, a process unknown in Mendel's day, explains how the traits are inherited.
Ao oy |y Olas Jlail SSsSs wlgi oo 090 00l aizlis Jowe lo) 10 45 jaue ool _x.gljs

/ --_:i':‘;\.\
Diploid parent (= | Ss

2N 0
ha\.re segregated
| I Me|05|s I1 | l

\ P
Feslle —— {
— S | ':;/5 .\.

Gametes
Fig 3. Meiosis segregation
Mendel studied seven traits which appeared in two discrete forms, rather than continuous characters which are
often difficult to distinguish. When "true-breeding” tall plants were crossed with "true-breeding" short plants, all of
the offspring were tall plants. The parents in the cross were the P1 generation, and the offspring represented the F1
generation. The trait referred to as tall was considered dominant, while short was recessive. Dominant traits were
defined by Mendel as those which appeared in the F1 generation in crosses between true-breeding strains.
Recessives were those which "skipped" a generation, being expressed only when the dominant trait is absent.
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Mendel's plants exhibited complete dominance, in which the phenotypic expression of alleles was either dominant
or recessive, not "in between".
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Summary of Mendel's Results:
1 - The F1 offspring showed only one of the two parental traits, and always the same trait.
2 - Results were always the same regardl ess of which parent donated the trait
3 - Thetrait not shown in the F1 reappeared in the F2 in about 25% of the offspring.
4 - Traits remained unchanged when passed to offspring: they did not blend in any offspring but behaved as
separate units.
5 - Reciprocal crosses showed each parent made an equal contribution to the offspring.
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Mendel's Conclusions:
1- Evidence indicated factors could be hidden or unexpressed, these are the recessive traits.

2- The term phenotype refers to the outward appearance of a trait, while the term genotype is used for the genetic
makeup of an organism.

3- Mae and female contributed equally to the offspring's genetic makeup: therefore the number of traits was
probably two (the simplest solution).

4- Upper case letters are traditionally used to denote dominant traits, lower case letters for recessives.
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Mendel reasoned that factors must segregate from each other during gamete formation (remember, meiosis was not
yet known!) to retain the number of traits at 2. The Principle of Segregation proposes the separation of paired

factors during gamete formation, with each gamete receiving one or the other factor, usualy not both. Organisms
carry two allelesfor every trait. These traits separate during the formation of gametes.
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Dihybrid Crosses

When Mendel considered two traits per cross (dihybrid, as opposed to single-trait-crosses, monohybrid), The
resulting (F2) generation did not have 3:1 dominant.recessive phenotype ratios. The two traits, if considered to
inherit independently, fit into the principle of segregation. Instead of 4 possible genotypes from a monohybrid

cross, dihybrid crosses have as many as 16 possible genotypes.
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M ethods, Results, and Conclusions

Mendel started with true-breeding plants that had smooth, yellow seeds and crossed them with true-breeding plants
having green, wrinkled seeds. All seeds in the F1 had smooth yellow seeds. The F2 plants self-fertilized, and
produced four phenotypes:

315 smooth yellow

108 smooth green

101 wrinkled yellow

32 wrinkled green

Mendel analyzed each trait for separate inheritance as if the other trait were not present. The 3:1 ratio was seen
separately and was in accordance with the Principle of Segregation. The segregation of S and s alleles must have
happened independently of the segregation of Y and y aleles. The chance of any gamete having a 'Y is 1/2; the
chance of any one gamete having a S is 1/2.The chance of a gamete having both Y and S is the product of their
individual chances (or 1/2 X 1/2 = 1/4). The chance of two gametes forming any given genotypeis 1/4 X 1/4. Thus,
the Punnett Square has 16 boxes. Since there are more possible combinations to produce a smooth yellow
phenotype (SSYY, SsYy, SsYY, and SSYY), that phenotype is more common in the F2.
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From the results of the second experiment, Mendel formulated the Principle of Independent Assortment - that when
gametes are formed, aleles assort independently. If traits assort independent of each other during gamete
formation, the results of the dihybrid cross can make sense. Since Mendel's time, scientists have discovered
chromosomes and DNA. We now interpret the Principle of Independent Assortment as aleles of genes on different
chromosomes are inherited independently during the formation of gametes. Thiswas not known to Mendel.

Step 1 - definition of alleles and determination of dominance.

Step 2 - determination of alleles present in all different types of gametes.

Step 3 - construction of the square.

Step 4 - recombination of allelesinto each small square.

Step 5 - Determination of Genotype and Phenotype ratios in the next generation.

Step 6 - Labeling of generations, for example P1, F1, etc.

While answering genetics problems, there are certain forms and protocols that will make unintelligible problems easier
to do. The term "true-breeding strain” is a code word for homozygous. Dominant alleles are those that show up in the
next generation in crosses between two different "true-breeding strains'. The key to any genetics problem is the recessive
phenotype (more properly the phenotype that represents the recessive genotype). Usualy homozygous dominant and
heterozygous individua s have identical phenotypes (although their genotypes are different).
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CHAPTER SEVEN
((PLANTSAND THEIR STRUCTURE))

‘ General Plant Organization

A plant has two organ systems. 1) the shoot system, and 2) the root system. The shoot system is above ground
and includes the organs such as leaves, buds, stems, flowers (if the plant has any), and fruits (if the plant has any).
The root system includes those parts of the plant below ground, such as the roots, tuber s, and rhizomes.
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Fig 1.

Plant cells are formed at meristems, and then develop into cell types which are grouped into tissues. Plants have
only threetissue types: 1) Dermal; 2) Ground; and 3) Vascular.
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Dermal tissue covers the outer surface of herbaceous plants. Dermal tissue is composed of epidermal cells, closely

packed cells that secrete a waxy cuticle that aids in the prevention of water loss. The ground tissue comprises the

bulk of the primary plant body. Parenchyma, collenchyma, and sclerenchyma cells are common in the ground

tissue. transports food, water, hormones and minerals within the plant. Vascular tissue includes xylem, phloem,

parenchyma, and cambium cells.
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Fig 2. Two views of the structure of the root and root meristem

‘ Primary growth and plant’ stissues

Plant cell types rise by mitosis from a meristem. A meristem may be defined as a region of localized mitosis.
Meristems may be at the tip of the shoot or root (a type known as the apical meristem) or lateral, occurring in
cylinders extending extending nearly the length of the plant. A cambium is a lateral meristem that produces
(usually) secondary growth. Secondary growth produces both wood and cork (although from separate secondary
meristems).
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Parenchyma
A generalized plant cell type, parenchyma cells are alive at maturity. They function in storage, photosynthesis,
and as the bulk of ground and vascular tissues. Palisade parenchyma cells are elongated cells located in many
leaves just below the epidermal tissue.
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Spongy mesophyll cells occur below the one or two layers of palisade cells. Ray parenchyma cells occur in wood
rays, the structures that transport materials laterally within a woody stem. Parenchyma cells also occur within the
xylem and phloem of vascular bundles. The largest parenchyma cells occur in the pith region, often, as in corn
(Zea) stems, being larger than the vascular bundles. In many prepared slides they stain green.
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Fig 3.

Collenchyma
Collenchyma cells support the plant. These cells are characterized by thickenings of the wall, they are alive at

maturity. They tend to occur as part of vascular bundles or on the corners of angular stems. In many prepared slides
they stain red.
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Sclerenchyma
Sclerenchyma cells support the plant. They often occur as bundle cap fibers. Sclerenchyma
cells are characterized by thickenings in their secondary walls. They are dead at maturity. They, like collenchyma,
stain red in many commonly used prepared slides.
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Xylem
Xylem isaterm applied to woody (lignin-impregnated) walls of certain cells of plants. Xylem cells tend to conduct
water and minerals from rootsto leaves.
97 W3l b (0g2) obl
a5l Gane dlge g o plly slashs 09,00 55 4 HalS 5 ol sladshs (S b e sz sloojlns gl o5 conl (ke o5
While parenchyma cells do occur within what is commonly termed the “xylem” the more identifiable cells,
tracheids and vessel elements, tend to stain red with Safranin-O.
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Tracheids are the more primitive of the two cell types, occurring in the earliest vascular plants. Tracheids are long
and tapered, with angled end-plates that connect cell to cell. Vessel elements are shorter, much wider, and lack end
plates. They occur only in angiosper ms. the most recently evolved large group of plants.
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Xylem cells
Tracheids, longer, and narrower than most vessels, appear first in the fossil record. Vessels occur later. Tracheids
have obliquely-angled endwalls cut across by bars. The evolutionary trend in vessels is for shorter cells, with no
bars on the endwalls.
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Fig 4. Conducting cells of the xylem

Phloem
Phloem cells conduct food from leaves to rest of the plant. They are alive at maturity and tend to stain green (with
the stain fast green). Phloem cells are usually located outside the xylem.
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The two most common cells in the phloem are the companion cells and sieve cells. Companion cells retain their
nucleus and control the adjacent sieve cells. Dissolved food, as sucrose, flows through the sieve cells
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Epidermal Cells
Epidermis
The epidermal tissue functions in prevention of water loss and acts as a barrier to fungi and other invaders. Thus,

epidermal cells are closely packed, with little intercellular space. To further cut down on water loss, many plants
have awaxy cuticle layer deposited on top of the epidermal cells.
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Guard Cells
To facilitate gas exchange between the inner parts of leaves, stems, and fruits, plants have a series of openings
known as stomata (singular stoma). Obviously these openings would allow gas exchange, but at a cost of water

loss. Guard cells are bean-shaped cells covering the stomata opening. They regulate exchange of water vapor,
oxygen and carbon dioxide through the stoma.
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CHAPTER EIGHT
« VOCABULARY»
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‘ Summative test
~/

W 1- Thetwo lawyers.......... their contract and each opened a separ ate office.
1) resigned 2) hindered 3) terminated 4) penalized
W\ 2- Thepolice ordered therobbersto ......... their weapons.
1) cease 2) settle 3) surrender 4) collapse
¥\ 3- Thenation's economy was largely ......... by foreign aid.
1) imported 2) sustained 3) disposed 4) accompanied
W 4- Unfortunately the current law ......... any improvement in the country'strade with foreign countries.
1) impedes 2) compels 3) exposes 4) abstains
W 5 They areusing that hall to hold their party ......... .
1) juncture 2) convention 3) circumstance 4) intersection
A 6- Talking about money now would bea.......... from the main purpose of this meeting.
1) digression 2) detention 3) disputation 4) dispersion
A 7- There have been calls for the drug'simmediate ......... , following reports that it has dangerous side
effects.
1) protest 2) discharge 3) disposition 4) suspension

T 8- | have not read any of the previous chapters of this book, so you will haveto givemeabrief ......... .
1) outlook 2) synopsis 3) panorama 4) prospect
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R 9- Practical experienceisan ......... part of thiscourse.

1) integra 2) adequate 3) accelerated 4) expository
T\ 10- Some of these plantsaremore.......... to frost damage than others.

1) inherent 2) forthcoming 3) susceptible 4) instrumental
™\ 11- Thelecturer spokeslowly, ......... each word clearly.

1) converting 2) devoting 3) articulating 4) undertaking
A 12- The police are hoping that the violence will soon ......... .

1) subside 2) impede 3) resign 4) underestimate
¥\ 13- Theteacher mentioned no names but we all knew who hewas ......... to.

1) designating 2) dluding 3) signifying 4) announcing
™\ 14- By early morning, they were ready to ......... the trip that the family had been planning for two
months.

1) detach 2) propel 3) simulate 4) commence
™®™I5A ... of short-lived rules did nothing to increase the country’s stability.

1) numera 2) scope 3) mobility 4) succession
™™D 16-A ... isa statement that expresses something that people believeisalwaystrue.

1) dictum 2) decree 3) paradigm 4) declaration
W\ 17- Peoplewho sleep in the streets highlight the ... of the homeless.

1) inquiry 2) plight 3) anomaly 4) impediment
™\ 18- Thetwo sidessigned a peace ......... that lasted for only two months.

1) accession 2) accord 3) endowment 4) endorsement
™ 19- Children havea(n) .......... ability to learn language.

1) innate 2) cogent 3) impulsive 4) competent
X 20- During awar, theinterests of the stateare.......... , and those of theindividual come last.

1) expressive 2) glorious 3) paramount 4) widespread
™\ 21- He accused the environmentalists of tryingto ............... public opinion in their favor.

1) summon 2) convoke 3) manipulate 4) rotate
W 22- Heasserted that there'snota.............. of truth in the story.

1) vesting 2) relic 3) forte 4) scar

&\ 23- The chairperson proudly announced that the keynote speaker at the conference would be the .....
primatologist Jane Goodall

1) electic 2) eminent 3) empricia 4) expedient
W\ 24- According to the experts, genetic .............. is probably the most important factor in determining a
person's health.

1) fragmentation 2) germination 3) reliance 4) inheritance
W 25- Plant cell and tissue culture.......... the growth and maintenance of plant tissues in a nutrient
medium.

1) approximates to 2) meddlesin 3) involves 4) spreads
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T\ 26- I the population continues to expand, Ehrlich argues, mass starvation and ecological disaster will be

the........ consequence.

1) introverted 2) inevitable 3) indiscriminate 4) insatiable
W 27- He'sbeing kept in jail until thetrial sothat hecan't ............. any of the withesses.

1) intimidate 2) vanish 3) discard 4) represent
W\ 28- Theopration of the free market maintainsan ............ between supply, demand and price.

1) assent 2) inspection 3) affinity 4) equilibrium
R 29- Before you take calculuse, you need morethan a......... knowledge of algebra.

1) circumspect 2) mutual 3) rudimentary 4) transient

R 30- In 1784 Benjamin Franklin first suggested daylight saving time as a means of cuotting down ........
consuming candles.

1) of 2)on 3) for 4)in
TR 31- Currently 80 percent of drugs are shot down in early clinical trials because they are not effective or
areeven ......... .

1) intense 2) initial 3) toxic 4) prior
&\ 32- With such rapid advancesin the field of human transplantation, resear chers such as myself are now
beginning to consider what some have previoudly ......... unthinkable: transplanting a human brain.

1) deemed 2) pursued 3) perplexed 4) excluded
TR 33- Weather forecasters are a frequently humbled bunch. No matter how far their science advances, the
atmospherefindswaysto ......... prediction.

1) underlie 2) defy 3) expose 4) strive
¥\ 34- Many armed groups......... mix with the population to avoid identification. Sometimes they actually
use civilians as shields.

1) inherently 2) coincidentally 3) persuasively 4) deliberately
TR 35- After receiving a phone call that a bomb had been planted somewhere in the hotel, police ordered
the......... of the building.

1) resistance 2) evacuation 3) authority 4) invalidity
X 36 Cosmologists, however, can make ......... about the early universe based on the cosmic microwave
background radiation, which was emitted about 400,000 year s after the big bang.

1) concessions 2) ramifications 3) foundations 4) deductions

R 37- Thefact that there are many earth-like planetsin the univer se supports the widely held view that life

.......... the universe.
1) pervades 2) innovates 3) exemplifies 4) overlaps

T 38- Centuries before the development of effective cannons, huge artillery pieces wer e demolishing castle

wallswith .......... the weight of an upright piano.
1) estimations 2) ensembles 3) barricades 4) projectiles
R 39- Peoplein their late 90s or older are often healthier and more.......... than those 20 year s younger.
1) civil 2) durable 3) robust 4) concurrent
T 40- One of the first prominent geologists to raise concern that global warming might ......... a

catastr ophic collapse of the Antarcticicecap wasJ. H. Mercer.
1) trigger 2) negate 3) exceed 4) replace
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X 41- Sheisawoman of ......... who has never abandoned her principlesfor the sake of making money.
1) utility 2) integrity 3) treaty 4) acrimony
R\ 42- Theloud sound of theradiator asit released steam became an increasingly annoying ......... .
1) interval 2) perception 3) zenith 4) distraction
T 43- Jackson's poor typing skillswerea......... to finding employment at the near by office complex.
1) hindrance 2) supplement 3) confirmation 4) versatility
TR 44- The judge dismissed the extraneous evidence because it wasnot .......... tothetrial.
1) obedient 2) treacherous 3) pertinent 4) vulnerable
R 45- Becausebiology issucha.......... subject, it issubdivided into separate branchesfor convenience of study.
1) deficient 2) consistent 3) broad 4) mutual
T\ 46- In addition, physicians may have difficulty in deciding that an illness can be ......... the job. Many
industrial diseases mimic sickness from other causes.
1) attributed to 2) precluded from 3) refrained from 4) exposed to
TR 47- Mechanics was one of the most highly developed sciences ......... in the Middle Ages.
1) extracted 2) persisted 3) resolved 4) pursued
T 48- In the absence of death from other causes, all members of a population may exist in ther
environment until the ......... of senescence, which will cause a declinein the ability of individualsto survive.
1) ratio 2) onset 3) core 4) output
W™ 49-Before the invention and diffusion of writing, translation was .......... and oral; persons
professionally specializing in such work were called interpreters.
1) subsequent 2) unilateral 3) eventual 4) instantaneous
¥R 50- Public attitudes toward business regulation are somewhat ......... ; most people resent intrusive

government rules, yet they expect gover nment to prevent businesses from defrauding or endangering them.
1) cogent 2) emotional 3) ambiguous 4) indifferent
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PART C: Reading Comprehension:
Directions. Read the following three passages and answer the questions by choosing the best choice (1), (2),
(3), or (4). Then mark the correct choice on your answer sheet.

PASSAGE 1.

Equisetum species are classified in part based on their aeriad branching pattern. In some species, whorls of latera
branches arise a the node from the axils of the leaves, actually penetrating the marginally fused leaves; because of their
appearance, these species are called horsetails and are classified as the subgenus Equisetum. The other species, which
lack extensive branching at the nodes, are classified as subgenus Hippochaete. The two subgenera differ in stomata
anatomy as well, those of subgenus Hippochaete being sunken, and those of subgenus Equisetum occurring at the (stem)
surface. At the tip of some aerid stems are strobili or cones containing the sporangia, which are pendant from a stalked,
peltate structure cdled the sporangiophore. The sporangiophore is thought to represent an evolutionary fusion product of
an aggregate of ancestraly distinct, recurved sporangia. Some species of Equiseium, eg. E. arvense, are unusua in
having two types of aerid stems. photosynthetic vegetative stems and nonphotosynthetic reproductive stems that
terminate in strobili. The spores of Equisetum are unique among vascular plants in containing chloroplasts and unique
among land plants in having four or more unusua appendages called daters. The daters of Equisetum spores (which are
not homologous with elaters in the sporangia of liverworts) are hygroscopic and uncurl from the spore body upon drying,
aiding in spore dispersdl.

™ 1- What doestheword " whorls' in line 1 mean?

1) Alternate placements 2) Opposite placements
3) Circular arrangements 4) Fascicular arrangements

& 2- Which statement about subgenus Hippochaete is correct?

1) Several developed lateral branches characterize these species.

2) Few or poorly developed branches can be seen in these species.

3) These species are characterized by two kinds of aerial branches.

4) The leaves of these species are free to allow penetration of lateral branches.

. 3- What doestheword " sunken” in line 5 mean?
1) Deeply placed 2) Located at a higher position
3) Being smaller than common epidermal cells 4) Being larger than common epidermal cells

W 4- The" sporangiophores’ (line7) ...........

1) are most likely pendulate

2) are often formed of sporangia plus their stalks

3) probably originated from attached stalks of sporangia

4) are ancestral form of more advanced structures called strobili

™5 What istrue about the" dlaters' inline 11?

1) Structuresinvolving in spore dormancy under dry conditions.

2) Morphologically similar structures in horsetails and liverworts.

3) Structures aiding spore dispersal in both Equisetum and liverworts.

4) In horsetails, these parts are attached to the spore body, but get released from it upon drying.

PASSAGE 2:

Wood anatomy may be very complex. Its structure may provide several characters that may be of systematic
importance: these characters include tracheary element type (whether having only tracheids, termed nonporous, or
having vessels, termed porous), tracheary element anatomy (size, shape, and pit or perforation plate structure),
distribution of vessels (if present), ray anatomy, presence of resin ducts, distribution of axial parenchyma, and
presence/distribution of fibers or fiberlike cells. For example, in some angiosperms there may be differencesin the
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formation of vessel elements associated with the annual rings. The vessels may form only in the spring wood, with
summer wood either lacking or having relatively small vessels and usually containing mostly fibers; this type of
growth is called ring-porous (the term porous referring to the presence of pores, the vernacular term for vessels).
The aternative, in which vessels develop more or less uniformly throughout the growth season, is called diffuse-
porous. Ancther feature of systematic importance is ray anatomy. Rays can be uniseriate (with a single, vertical
row of cells), biseriate (with two vertical rows of cells), or multiseriate (with many vertical rows of cells). Wood
anatomical characters may be useful in phylogenetic inference and are valuable for microscopic identification of
the species. In the wood industry, the term softwood is used for a wood product derived from a conifer and
hardwood is used for one derived from a nhonmonocotyledonous angiosperm. Softwoods from conifers (such as
pine) are indeed usually softer and easier to work with than hardwoods (such as 0ak), as the latter typically contain
numerous wood fiber cells. However, there are exceptions; some so-called hardwoods, such as balsa, are quite soft.

. 6- What doestheword " complex" in thefirst sentence mean?
1) Diverse 2) Entertaining 3) Elaborate 4) Complicated
W 7- When thetracheids are present in the wood, then such structure.......... .

1) lacksfibers 2) represents a conifer
3) is caled nonporous 4) might represent a gymnosperm or angiosperm

8- Towhich group istheterm " porous’ wood applicable?

1) All angiosperms 2) Softwood conifers

3) Hardwood conifers 4) Angiosperms of temperate regions
™ 9- What doestheword " derived” in line 13 mean?

1) Grew 2) Originated 3) Resulted 4) Flew
. 10- The presence of fiberswould makethewood .......... .

1) hard 2) soft 3) moreflexible 4) easier to work
PASSAGE 3:

The undifferentiated plant cell has two courses open to it: either it can enlarge, divide, enlarge, and divide again, or,
without undergoing cell division, it can elongate. The cell that divides repeatedly remains essentially undifferentiated, or
meristematic, wheress the elongating cell ultimately differentiates. In studies of tobacco stem tissues, the addition of
auxin to the tissue culture produces rapid cell expansion, so that giant cells are formed. Kinetin aone has little or no
effect, but auxin pluskinetin resultsin rapid cell division, and large numbers of relatively small, undifferentiated cells are
formed. In other words, cells remain meristernatic in the presence of certain concentrations of both cytokinin and auxin.
In the presence of a high concentration of auxin, callus tissue—a growth of undifferentiated plant cellsin tissue culture—
frequently gives rise to organized roots. In tobacco pith callus, the relative concentrations of auxin and kinetin determine
whether roots or buds form. With higher concentrations of auxin, roots are formed, and with higher concentrations of
kinetin, buds are formed. When both auxin and kinetin are present in roughly equal concentrations, the callus continues
to produce undifrerentiated cells. Cytokinin and auxin aso act antagonigticaly in maintenance of the root apica
meristem. For meristem maintenance, the rate of cell divison must equa the rate of cell differentiation. In Arabidopsis,
cytokinins have been shown to determine root meristemn size by controlling the rate of cell differentiation at the boundary
(referred to as the transition zone) between dividing and expanding cells in the different files of vascular tissue, thereby
antagonizing, or counteracting, the effects of auxin, which mediates cell divison. In addition, cytokinins antagonize
auxin digtribution during latera root initiation. Acting in the pericycle cells a the protoxylem pole, cytokinin is a
negative regulator of latera root formation, preventing establishment of the auxin gradient required for normal initiation
of laterd roots.

™, 11- According to the passage, repeated cell division and enlargement are necessary for ................. .

1) determination 2) differentiation 3) specialization 4) meristematic activity
™ 12- What doestheword " expansion” underlined mean?

1) Division 2) Enlargement 3) Enactment 4) Differentiation
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