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Biology: Hypothesis for the Origin of Life 
stage 1, abiotic synthesis of organic monomers: non-living synthesis of 
small organic molecules, including amino acid and nucleotide 
monomers 
stage 2, abiotic synthesis of polymers: the joining of these small 
molecules into macromolecules 
stage 3, formation of pre-cells: packaging of all these molecules into 
pre-cells, with membranes that maintained and internal chemistry 
different than the surroundings 
stage 4, origin of self-replicating molecules: made inheritance possible 
 
 
 
(Source: Essential Biology, Campbell, 4th ed., 2013) 

Biology: Tree of Life 
life: has order; is 
regulated by its 
internal and 
external 
environment; 
grows and 
develops based on 
DNA; takes in 
energy and uses it 
to perform all of 
ƭƛŦŜΩǎ activities; 
responds to environmental stimuli 
(Image source: https://en.wikipedia.org/wiki/File:Phylogenetic_tree.svg, NASA 
Astrobiology Institute, public domain) 

Biology: Classification of Organisms 
 
 
 

 

 
 

 

 
 

 

 
 

 

(Image source: 
https://en.wikipedia.org/wiki/File:Biological_classification_L_Pengo_vflip.svg, Pengo, 
public domain) 

Biology: Taxonomy Basics 
binomial: two-part species name consisting of a geus to which a 
species belongsand a unique name for that species within a genus 
convergent evolution: species from different evolutionary branches 
may share structures that are superficially similar 
analogy: similarity due to convergence 
cladistics: organisms are grouped by common ancestry 
clade: an ancestral species and all its evolutionary descendants 
three-domain system: recognizes two groups of prokaryotes, bacteria 
and archaea, and one domain of eukaryotes 
 
 
 
(Source: Essential Biology, Campbell, 4th ed., 2013) 

 
Biology: Miller-Urey Experiment (1) 

¶ simulated conditions thought to be present on early Earth 

¶ used water, methane, ammonia, and hydrogen, sealed inside a sterile 5-
liter glass flask connected to a 500 ml flask half-full of liquid water 
¶ liquid water in the smaller flask was heated to induce evaporation, water 

vapor was allowed to enter the larger flask 

¶ continuous electrical sparks were fired between the electrodes to simulate 
lightning in the water vapor and gaseous mixture 
¶ simulated atmosphere cooled so the water condensed and trickled into a 

U-shaped trap at the bottom of the apparatus 

¶ after a day, the solution collected at the trap had turned pink 

¶ at the end of one week of operation, the boiling flask was removed, and 
mercuric chloride was added to prevent microbial contamination 

Biology: Miller-Urey Experiment (2) 

¶ reaction was stopped by adding 
barium hydroxide and sulfuric 
acid, and evaporated to remove 
impurities 

¶ Miller identified five amino acids 
present in the solution; glycine, 

-halanine and ̡ -alanine were 
positively identified, while 
aspartic acid and h -aminobutyric 
acid (AABA) were less certain, 
due to the spots being faint 

(Image source: 
https://en.wikipedia.org/wiki/Miller%E2%80%93Urey_experiment#/media/File:MUexpe
riment.png, Carney, CC BY 2.5, source: 
https://en.wikipedia.org/wiki/Miller%E2%80%93Urey_experiment)  
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.ƛƻƭƻƎȅΥ 5ŀǊǿƛƴΩǎ ¢ƘŜƻǊȅ ƻŦ 9Ǿƻƭǳǘƛƻƴ 
natural selection: organisms with certain inherited traits are more likely to 
survive and reproduce 
population: group of individuals of the same species living in the same place at 
the same time 
evolutionary adaptatƛƻƴΥ ǇƻǇǳƭŀǘƛƻƴΩǎ ƛƴŎǊŜŀǎŜ ƛƴ ǘƘŜ ŦǊŜǉǳŜƴŎȅ ƻŦ ǘǊŀƛǘǎ  
suited to the environment 
observation 1: overproduction and competition; any population can produce 
far more offspring than the environment can possibly support with available 
resources, leading to competition 
observation 2: individual variation; individuals in a population vary in many 
inherited traits; no two are exactly alike 
conclusion: unequal reporductive success; individuals with inherited traits best 
suited for the environmentare more likely to have the greatest reproductive 
success 
(Source: Essential Biology, Campbell, 4th ed., 2013) 

Biology: Evidence of Evolution 
fossil record: ordered sequence of fossils in rock layers 
biogeography: geographic distribution of species 
comparative anatomy: comparison of body structures in different 
species 
homology: similarity in structure due to common ancestry 
vestigal structures: remnants of features that served important 
ŦǳƴŎǘƛƻƴǎ ƛƴ ŀƴ ƻǊƎŀƴƛǎƳΩǎ ŀƴŎŜǎǘƻǊǎ 
comparative embryology: comparison of early stages of development 
reveals homologies not visible in adult organisms 
molecular biology: examination of genes and nucleotide sequences 
modern synthesis: fusion of genetics with evolutionary biology 
 
(Source: Essential Biology, Campbell, 4th ed., 2013) 

Biology: General Outcomes of Natural Selection 
1. directional selection: shifts the 

overall makeup of the 
population by favoring variants 
at one extreme 

2. stabilizing selection: removes 
extreme variants from the 
population 

3. disruptive selection: favors 
variants at opposite extremes 
over intermediate individuals 
 (Image source: 
https://en.wikipedia.org/wiki/Direction
al_selection#/media/File:Genetic_Distribution.svg, Ealbert17, CC BY-SA 4.0) 

Biology: Origin of Species and Speciation 
species: a group of populations whose members have the potential to 
interbreed with one another in nature to produce fertile offspring 
reproductive barrier: anything that prevents individuals of closely 
related species from interbreeding 
prezygotic barrier: prevents mating or fertilization between species 
postzygotic barrier: results in hybrid zygotes if interspecies mating 
occurs 
allopatric speciation: initial block to gene flow is a geographic barrier 
sympatric speciation: origin of a new species without geographic 
isolation 
punctuated equilibria:  long periods of little apparent change 
interrupted by brief periods of rapid change 
(Source: Essential Biology, Campbell, 4th ed., 2013) 

 
Biology: Hardy-Weinberg Equilibrium 

Hardy-Weinberg equilibrium: allele and genotype frequencies in a population 
will remain constant from generation to generation in the absence of other 
evolutionary influences 

Seven assumptions underlying HardyςWeinberg equilibrium: 

¶ organisms are diploid 

¶ only sexual reproduction occurs 

¶ generations are non overlapping 

¶ mating is random 

¶ population size is infinitely large 

¶ allele frequencies are equal in the sexes 

¶ there is no migration, mutation or selection 
 
(Source: https://en.wikipedia.org/wiki/Hardy%E2%80%93Weinberg_principle)  

 

Biology: Mendelian Inheritance (1) 
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a = probability of allele R in the population, where R is dominant 
1ςa = probability of allele r in the population, where r is recessive 

Biology: Mendelian Inheritance (2)  
Coat color is indicated 
by B (brown, 
dominant) or b (white, 
recessive), while tail 
length is indicated 
by S (short, dominant) 
or s (long, recessive). 
When parents are 
homozygous for each 
trait (SSbb and ssBB), 
their children in the F1 

generation are heterozygous at both loci and only show the dominant 
phenotypes (SsbB).   

Biology: Mendelian Inheritance (3)  
If the children mate with 
each other, in the F2 
generation all combinations 
of coat color and tail length 
occur: 9 are brown/short 
(purple boxes), 3 are 
white/short (pink boxes), 3 
are brown/long (blue boxes) 
and 1 is white/long (green 
box). 
(Image and information source: 
https://en.wikipedia.org/wiki/M
endelian_inheritance#/media/Fil
e:Dihybrid_cross.svg, 

Tocharianne and White Timberwolf, public domain) 
 

https://en.wikipedia.org/wiki/Directional_selection#/media/File:Genetic_Distribution.svg
https://en.wikipedia.org/wiki/Directional_selection#/media/File:Genetic_Distribution.svg
https://en.wikipedia.org/wiki/Allele_frequency
https://en.wikipedia.org/wiki/Hardy%E2%80%93Weinberg_principle
https://en.wikipedia.org/wiki/Mendelian_inheritance#/media/File:Dihybrid_cross.svg
https://en.wikipedia.org/wiki/Mendelian_inheritance#/media/File:Dihybrid_cross.svg
https://en.wikipedia.org/wiki/Mendelian_inheritance#/media/File:Dihybrid_cross.svg


.ƛƻƭƻƎȅΥ aŜƴŘŜƭΩǎ Law of Segregation 
 

1. there are alternative versions of genes that account for variations in 
inherited characters 

2. for each inherited character, an organism inherits two alleles, one 
from each parent 

3. if the two alleles of an inherited pair differ, then the dominant one 
ŘŜǘŜǊƳƛƴŜǎ ǘƘŜ ƻǊƎŀƴƛǎƳΩǎ ŀǇǇŜŀǊŀƴŎŜ 

4. a sperm or egg carries only one allele for each inherited 
characterbecause two two alleles for a character separate from 
each other during the production of gametes 

 
 
(Source: Essential Biology, Campbell, 4th ed., 2013) 

.ƛƻƭƻƎȅΥ aŜƴŘŜƭΩǎ [ŀǿǎ ƻŦ LƴŘŜǇŜƴŘŜƴǘ !ǎǎƻǊǘƳŜƴǘ ŀƴŘ 5ƻƳƛƴŀƴŎŜ 
 
law of independent assortment: each pair of alleles segregates 
independently of other pairs of alleles during gamete formation 
testcross: mating between an idividual of dominant phenotype but 
unknown genotype 
 
law of dominance: recessive alleles will always be masked by 
dominant alleles; a cross between a homozygous dominant and a 
homozygous recessive will always express the dominant phenotype, 
while still having a heterozygous genotype 
 
(Source: https://en.wikipedia.org/wiki/Mendelian_inheritance) 

Biology: Bayesian Statistics  

Biology: Mechanisms of Evolution and Diversity 
genetic drift: change in the gene pool of a population due to chance 
bottleneck effect: genetic drift due to a drastic reduction in population 
size 
founder effect: genetic drift resulting from the establishment of a 
small, new population whose gene pool differs from that of the parent 
poplulation 
gene flow: when a population gains or loses alleles when fertile 
individuals move into or out of the population or when gametes are 
transferred between populations 
sexual selection: for of natural selection in which individuals with 
certain traits are more likely than others to obtain mates 
sexual dimorphism: manifested in size difference or adornment 
(Source: Essential Biology, Campbell, 4th ed., 2013) 

 

Biology: Macroevolution 
macroevolution: evolutionary change above the species level 
evo-devo: evolutionary developmental biology 
paedomorphosis: retention into adulthood of features that were 
juvenile in an ancestral species 
geologic time scaleΥ ŘƛǾƛŘŜǎ 9ŀǊǘƘΩǎ ƘƛǎǘƻǊȅ ƛƴǘƻ ŀ ǎŜǉǳŜƴŎŜ ƻŦ ƎŜƻƭƻƎƛŎ 
eras, periods, and epochs 
radiometric dating: used to determine the age of rocks based on the 
decay of radioactive isotopes 
ǇƭŀǘŜ ǘŜŎǘƻƴƛŎǎΥ ƳƻǾŜƳŜƴǘ ƻŦ 9ŀǊǘƘΩǎ ŎǊǳǎǘŀƭ ǇƭŀǘŜǎ  
 

Biology: Big 5 Extinction Events 
event description 

Cretaceousς
Paleogene 

66 Ma; formerly called the Cretaceous-Tertiary or KςT extinction; 
about 17% all families, 50% all genera, 75% all species became 
extinct 

Triassic-
Jurassic 

201.3 Ma; about 23% all families, 48% all genera (20% of marine 
families, 55% of marine genera), 70%-75% all species became extinct 

Permian-
Triassic 

252 Ma; killed 57% all families, 83% all genera; 90%-96% all species 
(53% of marine families, 84% of marine genera, about 96% all marine 
species and an estimated 70% of land species, including insects) 

Late Devonian 375ς360 Ma; prolonged series of extinctions eliminated about 19% 
of all families, 50% of all genera and at least 70% of all species; may 
have lasted 20 million years 

Ordovician-
Silurian 

450ς440 Ma; two events occurred that killed off 27% of all families, 
57% of all genera and 60% to 70% of all species 

(Source: https://en.wikipedia.org/wiki/Extinction_event#List_of_extinction_events) 
 
 

 

 Biology: Subdivisions of Biological Organisms 
domain cell structure properties kingdom 

eukaryotes eurkariotic multicellular, 
extensive 
differentiation of 
cells and tissues 
unicellular, 
coenocytic or 
mycellal, little or 
no tissue 
differentiation 

¶ plants   

¶ animals  

¶ protists 

¶ fungi 

eubacteria prokaryotic cell chemistry 
similar to 
eucaryotes 

eubacteria 

archaebacteria prokaryotic distinctive cell 
chemistry 

archaea 
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Biology: Prokariotic Cell Structure (1) 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
Image source: https://commons.wikimedia.org/wiki/File:Prokaryote_cell.svg, Ali Zifan, 
CC BY-SA 4.0)  

Biology: Prokaryotic Cell Structure (2) 
cocci: spherical prokaryotic cells 
bacilli: rod-shaped prokaryotic cells 
spirochaetes: sspiral-shaped prokaryotic cells 
binary fission: repeatedly dividing in half 
endospore: thick-coated protective cell produced within the produced 
within a prokaryotic cell when exposed to unfavorable conditions 
capsule: slimy outer coating of the cell wall. It is composed of the polypeptide. 
The main function of the capsule is to protect the cell from getting dry and 
also helps in protecting cells from external pressures 
cell wall: protects the plasma membrane, plays a vital role in supporting and 
protecting the cells, thick outer layer made of cellulose 
cell membrane: double layered, thin barrier, surrounds the cell to control the 
entry and exit of certain substances 

 
 
 
 

Biology: Prokaryotic Cell Structure (3) 
nucleiod: cytoplasm region containing genetic material, DNA of a prokaryotic 
organism in one big loop or circular, located inside nucleoid, plays vital role in 
cell division 
ribosome: plays a vital role in protein synthesis 
plasmids: smallest cell membrane of with double stranded DNA, rarely present 
in prokaryotic organisms, main role of plasmids is it helps in DNA exchanging 
between the bacterial cells 
pilli: thinnest membrane of prokaryotic cell, composed of protein complex 
called pilin; mainly involved in sticking to objects especially during sexual 
reproduction 
flagella: helical shaped membrane;  sizes range from 19-20nm diameter;  plays 
vital role in organism motility from place to place; helps in swimming, gliding, 
spinning and rotating both in clockwise and counterclockwise directions 
(Sources: Essential Biology, Campbell, 4th ed., 2013, 
https://en.wikipedia.org/wiki/Prokaryote) 

Biology: Archaea 

¶ similar in size and shape to bacteria 

¶ possess genes and metabolic pathways closely related to 
eukaryotes, including enzymes involved in transcription and 
translation 

¶ rely on ether lipids in their cell membranes, including aerosols 

¶ use more energy sources than eukaryotes, including organic 
compounds, metal ions, hydrogen gas, carbon-fixing 

¶ reproduce asexually by binary fission, fragmentation or budding 

¶ no known species forms spores 

¶ numerous in oceans 

¶ play roles in carbon and nitrogen cycles 

¶ can be mutualists or commensuals 
(Source: https://en.wikipedia.org/wiki/Archaea) 

 Biology: Bacteria 

¶ typically a few micrometers in length 

¶ in a large variety of shapes 

¶ among the first forms of life on Earth 

¶ inhabit many environments, including soil, water, acidic hot springs, 
ǊŀŘƛƻŀŎǘƛǾŜ ǿŀǎǘŜΣ ŀƴŘ ŘŜŜǇ ƛƴ 9ŀǊǘƘΩǎ ŎǊǳǎǘ 

¶ live in symbiotic and parsitic relationships with plants and animals 

¶ typically 40 million bacterial cells in a gram of soil and a million 
bacterial cells in a millimeter of fresh water 

¶ about 5 x 10
30

 bacteria on Earth, exceeding the biomass of all plants 
and animals 

¶ vital to the nutrient cycle 

¶ several species are pathogenic, producing exotoxins or endotoxins 
(Source: https://en.wikipedia.org/wiki/Bacteria)   

 
 
 
 

 
 

 
 

 

Biology: Protists 

¶ informal term for any eukaryotic organism that is not 
an animal, plant or fungus 

¶ often grouped together for convenience, like algae or invertebrates. 

¶ In some biological classification systems protists make up 
a kingdom called Protista, composed of "organisms which are 
unicellular or unicellular-colonial and which form no tissues 

¶ now considered to mean similar-appearing but diverse taxa that are 
not related through an exclusive common ancestor 

¶ have different life cycles, trophic levels, modes of locomotion, and 
cellular structures  

 
 
(Source: https://en.wikipedia.org/wiki/Protist)  

 
Biology: Protozoans and Slime Molds 

protozoan: protist that lives primarily by ingesting food 
flagellate: protozoan that moves by means of one or more flagella 
amoeba: have great flexibility in body shape and absence of 
permanent organelles for locomotion 
pseudopodia: amoeba that can assume virtually any shape while 
creeping over rocks, sticks, or mud at the bottom of ponds or oceans 
foram: pseudopodia with a shell 
apicomplexan: parasitic, has structure for penetrating host cells  
ciliate: protozoan names for hair-like structures called cilia 
plasmodial slime mold: amoeboid mass that can measure several 
centimeters across 
cellular slime mold: swarm together to form a colony 
(Source: Essential Biology, Campbell, 4th ed., 2013) 
 

 

Biology: Unicellular and Colonial Algae 
plankton: communities of microscopic organisms that drift or swim 
near the surfaces of large bodies of water 
dinoflagellate: a type of marine plankton with flagella 
diatom: has glassy cell walls containing silica 
green algae: named for grass-green chloroplasts; live in fresh water 
and aquariums 
seaweed: has slimy and rubbery cell walls; can be very large and grow 
in large colonies 
 
 
 
 
(Source: Essential Biology, Campbell, 4th ed., 2013) 
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Biology: Multicellular Life 
¶ has evolved independently at least 46 times including in some prokaryotes, 

cyanobacteria, myxobacteria, actinomycetes, and others 

¶ complex multicellular organisms evolved only in six eukaryotic groups: 
animals, fungi, brown algae, red algae, green algae, and land plants 

¶ evolved repeatedly for green algae and land plants, at least once for 
animals, once for brown algae, three times in fungi and several times for 
slime molds and red algae 

¶ first evidence of multicellularity is from cyanobacteria-like organisms that 
lived 3ς3.5 billion years ago 

¶ to reproduce, true multicellular organisms must regenerate a whole 
organism from sperm and egg cells 
¶ animals have evolved a diversity of cell types in a multicellular body (100ς

150 different cell types), compared with 10ς20 in plants and fungi 
(Source: https://en.wikipedia.org/wiki/Multicellular_organism)  

Biology: Eukariotic Cell Structure (1) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

(Image source: https://commons.wikimedia.org/wiki/File:Eukaryotic_Cell_(animal).jpg, 
Mediran, CC BY-SA 3.0)  

 
Biology: Eukariotic Cell Structure (2) 

plasma membrane: semi-permeable membrane, acts as boundary of a cell, 
protects and separates the cell from the external environment 
nucleus: membrane bound organelles, found in all eukaryotic cells, important 
organelle, controls the complete activity and plays a vital role in reproduction 
nuclear membrane: bilayer membrane, acts as a barrier between cell nucleus 
and other organs of a cell 
nucleolus: important membrane found inside the nucleus, plays a vital role in 
the production of cell's ribosome 
mitochondria: double membrane, filamentous organelles, which play vital role 
in generating and transforming the energy and in various functions of the cell 
metabolisms including oxidative phosphorylation 
 
(Source: Essential Biology, Campbell, 4th ed., 2013) 

Biology: Eukariotic Cell Structure (3) 
endoplasmic reticulum: helps in the movement of materials around the cell, 
contains an enzyme that helps in building molecules and in manufacturing of 
proteins, main function is storage and secretion 
ribosome: plays a vital role in protein synthesis 
golgi bodies: help in the movement of materials within the cell 
lysosomes: help in cell renewal and break down of old cell parts 
cytoplasm: membrane which protects the cell by keeping organelles separate, 
helps keep cell stable, where many vital biochemical reactions take place 
enzyme: biological catalyst 
chromosomes: made up of DNA and stored in the nucleus, which contains the 
instructions for traits and characteristics 
 
(Source: https://en.wikipedia.org/wiki/Eukaryote)  

Biology: Modes of Nutrition  
 

  energy source 

  light chemical 

carbon 
source 

CO2 photoautotrophs use light to 
drive synthesis of organic 
compounds from CO2 

chemoautotrophs extract 
energy from inorganic 
substances such as ammonia; 
all chemoautotrophs are 
prokaryotes 

organic 
compounds 

photoheterotrophs harness 
energy from light but must 
obtain carbon in organic 
form; all photoheterotrophs 
are prokaryotes 

chemoheterotrophs consume 
organic molecules for both 
energy and carbon, include 
some prokaryotes, and 
protists, and and all fungi and 
animals 

 
(Source: Essential Biology, Campbell, 4th ed., 2013) 

 

Biology: Oxidation and Reduction 
 
redox reaction: chemical reactions that transfer electrons from one 
substance to another 
oxidation: loss of electrons during a redox reaction 
reduction: acceptance of electrons during a redox reaction 
 

Biology: Cellular Respiration (1) 
 

stage 1, glycolysis: (a) a six-carbon glucose molecule is broken in half, forming 
two three-carbon molecules; split requires an energy investment of two ATP 
molecules per glucose; (b) the three-carbon molecules donate high-energy 
electrons to NAD (nicotinamide adenine dinucleotide) to form NADH (NAD + 
hydrogen); (c) also makes four ATP molecules when enzymes transfer 
phosphate groups from fuel molecules to ADP; net of two molecules of ATP 
produced; two molecules of pyruvic acid remain 

 
 
 

Biology: Cellular Respiration (2) 
 

stage 2, citric acid cycle: (a) each pyruvic acid loses carbon as CO2; remaining 
fuel molecules, each with two carbons left, are acetic acid (vinegar); (b) 
oxidation of the fuel generates NAHD; (c) each acidic acid is attached to 
coenzyme A (CoA) , derived from B vitamin pantothenic acid, forms acetyl 
CoA, which escorts acetic acid into first citric acid cycle reaction; (d) acetic acid 
joins four-carbon acceptor molecule to form a six-carbon citric acid; (e) for 
every acetic acid molecule that enters the cycle as fuel, two CO2 molecules 
exist as waste; citric acid cycle harvests energy from the fuel; (f) some energy 
is used to produce ATP directly; (g) the cycle captures more energy in the form 
of NADH and (h) a second, closely related electron carrier FADH2; (i) all carbon 
atoms that entered the cycle as fuel are accounted for as CO2 exhaust, and the 
four-carbon acceptor molecule is recycled 
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Biology: Cellular Respiration (3) 
 

stage 3, electron transport: (a) NADH and (b) FADH2 transfer electrons to an 
electron transport chain; (c) the electron transport chain  uses this energy 
supply to pump H

+
 across the inner mitochondrial membrane; (d) oxygen pulls 

electrons down the transport chain; (e) the H
+
 concentrated on one side of the 

ƳŜƳōǊŀƴŜ ǊǳǎƘŜǎ ōŀŎƪ άŘƻǿƴƘƛƭƭέ ǘƘǊƻǳƎƘ ŀƴ !¢t ǎȅƴǘƘŀǎŜΤ ǘƘƛǎ ŀŎǘƛƻƴ ǎǇƛƴǎ 
a component of the ATP synthase; (f) the rotation activates parts of the 
synthase molecule that attach phosphate groups to ADP molecules to 
generate ATP 
 

 
 
 
(Source: Essential Biology,Campbell, 4th ed., 2013) 

Biology: Cellular Respiration (4) 
ADP + H3PO4 Ą ATP + H2O                              alanine + glycine Ą alanylgycine 
ATP + H2O + alanine + glycine Ą ADP + H3PO4 alanylglycine 

glucose  ATP  proteins 

 
 

  
 
 

  

CO2 + H2O  ADP  amino acids 

 
ADP molecule ATP molecule 

  
(Image sources: 
https://en.wikipedia.org/wiki/Adenosine_diphosphate#/media/File:Adenosindiphospha
t_protoniert.svg, 
https://en.wikipedia.org/wiki/Adenosine_triphosphate#/media/File:Adenosintriphosph
at_protoniert.svg, NEUROtiker, public domain) 
 

Biology: Cellular Respiration (5) 
 
aerobic respiration:  
   glucose + oxygen Ą carbon dioxide + water + energy   
   C6H12O6 + 6O2 Ą 6CO2 + 6H2O + 2900 kJ/mol 
 
anaerobic respiration in animals: 
   glucose Ą lactic acid + energy 
   C6H12O6 Ą 2C3H6O3 + 120 kJ/mol 
 
anaerobic respiration in plants: 
   glucose Ą ethanol + carbon dioxide + energy 
   C6H12O6  Ą 2C2H5OH + 2CO2 + Energy 

 

 Biology: Plants 
name(s) scope description 

land plants, also 
known as 
Embryophyta 

Plantae 
sensu 
strictissimo 

plants in a strictest sense, includes liverworts, 
hornworts, mosses, and vascular plants, fossil 
plants similar to these surviving groups 

green plants, also 
known as 
Viridiplantae, 
Viridiphyta or 
Chlorobionta 

Plantae 
sensu stricto 

plants in a strict sense, includes green algae, and 
land plants that emerged within them, stoneworts 

Archaeplastida, also 
known as Plastida or 
Primoplantae 

Plantae 
sensu lato 

plants in a broad sense, green plants plus 
Rhodophyta, Glaucophyta, includes organisms 
that eons ago acquired chloroplasts by engulfing 
cyanobacteria 

Old definitions of 
plant (obsolete) 

Plantae 
sensu amplo 

plants in an ample sense, old classifications, now 
obsolete  

(Source: https://en.wikipedia.org/wiki/Plant) 

Biology: Plant Cell Structure (1) 
 
 
 
 

 
 
 
 
 
 
 
(Image source: 
https://www.britannica.com/scienc
e/plant-cell, Encyclopedia 
Britannica) 

 

Biology: Plant Cell Structure (2) 
mitochondrion: containing genetic material and many enzymes important for 
cell metabolism, including those responsible for the conversion of food to 
usable energy 
lysosome: an organelle in the cytoplasm of eukaryotic cells containing 
degradative enzymes enclosed in a membrane 
cytoplasm: material or protoplasm within a living cell, excluding the nucleus 
chloroplasts: light-absorbing organelles 
stroma: thick fluid surrounded by chloroplast inner membrane 
thylakoids: interconnected membraneous sacs in stroma 
grana: concentrated stacks of thylakoids 
ribosome: minute particle consisting of RNA and associated proteins, found in 
large numbers in the cytoplasm of living cells; bind messenger RNA and 
transfer RNA to synthesize polypeptides and proteins 
 

 
 Biology: Plant Cell Structure (3) 

rough endoplasmic reticulum: network of tubular membranes within the 
cytoplasm of the cell, with a rough surface 
smooth endoplasmic reticulum: network of tubular membranes within the 
cytoplasm of the cell, with a smooth surface 
nucleoplasm: substance of a cell nucleus, especially that not forming part of a 
nucleolus 
nucleolus: small dense spherical structure in the nucleus of a cell during 
interphase 
nuclear envelope: double membrane structure that surrounds the nucleus in 
eukaryotic cells and provides this compartmentalization 
nuclear pore: protein-lined channel in the nuclear envelope that regulates the 
transportation of molecules between the nucleus and the cytoplasm 
cell wall: rigid layer of polysaccharides lying outside the plasma membrane of 
the cells of plants, fungi, and bacteria 
 

 
 

 
 
 

Biology: Plant Cell Structure (4) 
plasmodesma: narrow thread of cytoplasm that passes through the cell walls 
of adjacent plant cells and allows communication between them 
cell membrane: semipermeable membrane surrounding the cytoplasm of a 
cell 
Golgi apparatus: complex of vesicles and folded membranes within the 
cytoplasm of most eukaryotic cells, involved in secretion and intracellular 
transport 
vesicle: small fluid-filled bladder 
peroxisome: small organelle that is present in the cytoplasm of many cells and 
that contains the reducing enzyme catalase and usually some oxidases 
vacuole: space or vesicle within the cytoplasm of a cell, enclosed by a 
membrane and typically containing fluid 
 
(Source: Essential Biology, Campbell, 4th ed., 2013) 
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Biology: Photosynthesis  
 

photosynthesis: с/hі Ҍ сIіh Ҧ /њIѕіhњ Ҍ сhі 
 
light reactions: generate ATP and NADHP: (a) photons excite electrons 
in chlorophyll of water-splitting photosystem; photons are then 
trapped by the primary electron acceptor; watter-splitting 
photosystem replaces its light-excited electrons by extracting 
electrons from water, which releases O2; (b) energized electrons from 
water-splitting photosystem pass down an electron transport chain to 
NADPH-producing photosystem; choloroplast uses the energy 
released to make ATP; (c) the NADPH-producing photosystem 
transfers it light-excited electrons to NADP, reducing it to NADPH  
(Source: Essential Biology, Campbell, 4th ed., 2013) 
 

Biology: Calvin Cycle 
Calvin cycle: uses products of 
light reactions to power 
production of sugar from 
carbon dioxide; enzymes 
driving the cycle are dissolved 
in the stroma; ATP generated 
by light reactions provides 
energy for sugar synthesis; 
NADPH produced by light 
reactions provide high energy 
electrons for reduction of 
carbon dioxide to glucose 
(Image source: https://en.wikipedia.org/wiki/Light-
independent_reactions#/media/File:Calvin-cycle4.svg, Mike Jones, CC BY-SA 3.0) 

Biology: Plant Anatomy 
symbiosis: mutually beneficial interaction between two different organisms 
living in close physical association 
plant: multicellular eukaryote that makes organic molecules through 
photosynthesis 
shoots: leaf-bearing plant organs 
roots: subterranean plant organs 
mycorrhizae: root-fungus combinations 
stomata: microscopic pores found on leaf surfaces 
cuticle: waxy layerthat coats the leaves of plants 
lignin: chemical that hardens plant cell walls 
vascular tissue: system of tube-shaped cells branching throughout a plant 
xylem: dead cells with tubular cavities for water transport and minerals 
phloem: living cells that distribute sugars for leave to roots 
gametangium: protective cells surrounding moist gamete chamber 
(Source: Essential Biology, Campbell, 4th ed., 2013) 

 

 

Biology: Plant Evolution (1) 
bryophyte: a small flowerless green plant of the division Bryophyta, which 
comprises the mosses and liverworts 
moss: matted bryophyte 
gametophyte: green, spnge-like part of moss 
sporophyte: stalk-like part of moss 
fern: flowerless plant that has feathery or leafy fronds and reproduces by 
spores released from the undersides of the fronds; has a vascular system for 
the transport of water and nutrients 
gymnosperm: plant that has seeds unprotected by an ovary or fruit; include 
the conifers, cycads, and ginkgo 
pollen grain: plant male gamete 
conifer: tree that bears cones and evergreen needlelike or scalelike leaves 
 

 
 
 
 

Biology: Plant Evolution (2) 
angiosperm: plant that has flowers and produces seeds enclosed within a 
carpel. The angiosperms are a large group and include herbaceous plants, 
shrubs, grasses, and most trees 
flower: complex reproductive structure that bears seeds 

sepal: outer layer of a flower base 
petal: usually colorful parts of a flower 
stamen: male reproductive structure 
anther: sac at the top of each stamen 
ovary: protective chamber containing one or more ovules 
stigma: stickly part of the carpel which traps pollen 
 
 
(Source: Essential Biology, Campbell, 4th ed., 2013) 
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Biology: Plant Evolution (3) 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(Image source: 
https://en.wikiped
ia.org/wiki/Evoluti
onary_history_of_
plants#/media/Fil
e:Plant_phylogeny
.png, Maulucioni, 
CC BY-SA 4.0) 

 
 

Biology: Angiosperm Life Cycle 

 
(Image source: https://en.wikipedia.org/wiki/File:Angiosperm_life_cycle_diagram-
en.svg, Mariana Ruiz, public domain) 

 
 Biology: Fungi 

fungus: any of a group of unicellular, multicellular, or syncytial spore-
producing organisms feeding on organic matter, including molds, 
yeast, mushrooms, and toadstools 
absorption: small organic molecules are absorbed from the 
sourrounding environment 
hyphae: thread-like filaments that make up fungi 
mycelium: feeding structure of fungus 
 
 
 
 
 
(Source: Essential Biology, Campbell, 4th ed., 2013) 

 
 
 

Biology: Animals 
animal: eukaryotic, multicellular, heterotrophic organism that obtains 
nutrients by eating 
1. male and female adult animals make haploid gametes through 

meiosis 
2. egg and sperm fuse together 
3. zygote divides by mitosis 
4. forms early embryonic stage called a blastula, a hollow ball of cells 
5. one side of the blastula folds inward, forming a gastrula 
6. gastrula develops into a sac-like embryo, which may become an 

adult or, 
7. develop into a larva 
8. which undergoes metamorphosis to become an adult 
 
(Source: Essential Biology, Campbell, 4th ed., 2013) 

 Biology: Animal Cell Structure (1) 
 
 
 
 
 
 
 
 
 
 
 
 
(Image source: 
https://www.britannica.com/scie
nce/lysosome, Encyclopedia 
Britannica)  

Biology: Animal Cell Structure (2) 
peroxisome: small organelle that is present in the cytoplasm of many cells and 
that contains the reducing enzyme catalase and usually some oxidases 
centrosome: organelle near the nucleus of a cell that contains the centrioles 
(in animal cells) and from which the spindle fibers develop in cell division 
centriole: minute cylindrical organelle near the nucleus in animal cells, 
occurring in pairs and involved in the development of spindle fibers in cell 
division 
lysosome: organelle in the cytoplasm of eukaryotic cells containing 
degradative enzymes enclosed in a membrane 
ribosome: minute particle consisting of RNA and associated proteins, found in 
large numbers in the cytoplasm of living cells; bind messenger RNA and 
transfer RNA to synthesize polypeptides and proteins 
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Biology: Animal Cell Structure (3) 
cilium: short, microscopic, hairlike vibrating structure 
cell membrane: semipermeable membrane surrounding the cytoplasm 
of a cell 
smooth endoplasmic reticulum: network of tubular membranes within the 
cytoplasm of the cell, with a smooth surface 
nuclear pore: protein-lined channel in the nuclear envelope that regulates the 
transportation of molecules between the nucleus and the cytoplasm 

nucleolus: small dense spherical structure in the nucleus of a cell during 
interphase 
nucleoplasm: substance of a cell nucleus, especially that not forming 
part of a nucleolus 
nuclear envelope: double membrane structure that surrounds the 
nucleus in eukaryotic cells 
 
 

 

Biology: Animal Cell Structure (4) 
rough endoplasmic reticulum: network of tubular membranes within the 
cytoplasm of the cell, with a rough surface 
mitochondrian: containing genetic material and many enzymes important for 
cell metabolism, including those responsible for the conversion of food to 
usable energy 
cytoplasm: material or protoplasm within a living cell, excluding the nucleus 
secretory vesicles: 
Golgi apparatus: complex of vesicles and folded membranes within the 
cytoplasm of most eukaryotic cells, involved in secretion and intracellular 
transport 
 
 
 
(Source: Essential Biology, Campbell, 4th ed., 2013) 

 

 Biology: Animal and Plant Cell Differences (1) 
1. size: animal cells are generally smaller; animal cells range from 10 to 30 

micrometers in length, while plant cells range from 10 and 100 
micrometers in length 

2. shape: animal cells come in various sizes and tend to have round or 
irregular shapes; plant cells are more similar in size and are typically 
rectangular or cube shaped 

3. energy storage: animals cells store energy in the form of the 
complex carbohydrate glycogen; plant cells store energy as starch 

4. proteins: of the 20 amino acids needed to produce proteins, only 10 can 
be produced naturally in animal cells; . The other essential amino acids 
must be acquired through diet; plants are capable of synthesizing all 20 
amino acids 

5. differentiation: in animal cells, only stem cells are capable of converting to 
other cell types; most plant cell types are capable of differentiation 
  

 

Biology: Animal and Plant Cell Differences (2) 
6. growth: animal cells increase in size by increasing in cell numbers; plant 

cells mainly increase cell size by becoming larger and grow by absorbing 
more water into the central vacuole 

7. cell wall: animal cells do not have a cell wall but have a cell membrane; 
plant cells have a cell wall composed of cellulose as well as a cell 
membrane 

8. centrioles: animal cells contain these cylindrical structures that organize 
the assembly of microtubules during cell division; plant cells do not 
typically contain centrioles 

9. cilia: found in animal cells but not usually in plant cells;  
10. cytokinesis: division of the cytoplasm during cell division, occurs in animal 

cells when a cleavage furrow forms that pinches the cell membrane in 
half; in plant cell cytokinesis, a cell plate is constructed that divides cell 

(Source: http://biology.about.com/od/cellbiology/ss/Animal-Cells-vs-Plant-Cells.htm)  

 

Biology: Animal and Plant Cell Differences (3) 
11. glyoxysomes: not found in animal cells, but present in plant cells; help to 

degrade lipids, particularly in germinating seeds, for production of sugar 
12. lysosomes: animal cells possess lysosomes which contain enzymes that 

digest cellular macromolecules; plant cells rarely contain lysosomes as the 
plant vacuole handles molecule degradation 

13. plastids: animal cells do not have plastids; plant cells contain plastids such 
as chloroplasts, which are needed for photosynthesis 

14. plasmodesmata: animal cells do not have plasmodesmata; plant cells have 
plasmodesmata, which are pores between plant cell walls that allow 
molecules and communication signals to pass between individual plant 
cells 

15. vacuole: animal cells may have many small vacuoles; plant cells have a 
large central vacuole that can occupy up to 90% of the cell's volume 

(Source: http://biology.about.com/od/cellbiology/ss/Animal-Cells-vs-Plant-Cells.htm, 
About Education) 

 

Biology: Animal Phylogeny 
body cavity: fluid-filled space separating the digestive tract from the 
outer body wall 
mesoderm: middle layer of tissue 
edoderm: inner layer of the gastrula embryo 
ectoderm: outer layer of the gastrula embyro 
pseudocoelom: if the body cavity is not completely lined by mesoderm 
tissue 
coelum: body cavity completely lined by tissue derived from 
mesoderm 
 
 
 
(Source: Essential Biology, Campbell, 4th ed., 2013) 

 
 
 
 
 
 

Biology: Major Invertebrate Phyla (1) 
sponges: stationary, mainly marine animals that appear immobile 
cnidarians: have body tissues, radial symmetry, and tentacles with 
stinging cells 
gastrovascular activity: sac with central digestive compartment 
polyp: adheres to larger objects and extends tentacles 
medusa: flattened, mouth-down version of a polyp 
molluscs: snails, slugs, oysters, and clams 
radula: file-like organ used by molluscs for feeding 
mantle: drapes over the visceral mass and secretes the shell 
gastropods: molluscs protected by a single, spiraled shell into which an 
animal can retreat; include snails and sea slugs 
bivalves: molluscs; shells divided into two halves hinged together; 
include clams, oysters, mussels, and scallops 
 
 
 

Biology: Major Invertebrate Phyla (2) 
cephalopods: molluscs; have small, internal shells; fast and agile; 
include octopus and nautilus 
flatworms: simplest animals with bilateral symmetry 
annelids: worms with body segmentation 
complete digestive tract: digestive tube with a mouth and an anus 
earthworms: annelids; segmented internally and externally 
polychaetes: annelids; marine, crawling or burrowing segmented 
worms 
leeches: annelids; free-living carnivores that eat small invertebrates 
roundworms: also called nematodes; found in marine habitats, and as 
parasites 
 
(Source: Essential Biology, Campbell, 4th ed., 2013) 
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Biology: Major Invertebrate Phyla (3) 
arthropods: jointed appendages; include crabs, lobsters, spiders, 
scorpions, grasshoppers, moths; have specialized body parts 
arachnids: arthropods; scorpions, spiders, ticks, and mites; usually 
have four pairs of walking legs and specialized feeding appendages 
crustaceans: arthropods; crabs, lobsters, crayfish, shrimps, barnacles, 
and pill bugs; have multiple pairs of specialized appendages 
millipeds and centipedes: arthropods; resemble annelids, but have 
jointed legs, making them arthropods 
insects: arthropods; three part body consisting of head, thorax, and 
abdomen; most can fly 
echinoderms: spiny surfaces; sea stars, sea urchins, sea cucumbers, 
sand dollars 
(Source: Essential Biology, Campbell, 4th ed., 2013) 

 
 
 

 

Biology: Chordate Characteristics 
characteristics: 
1. dorsal, hollow nerve cord 
2. notochord: flexible, longitudinal rod located between digestive tract 

and nerve cord 
3. pharyngeal slits: groove in the pharynx, region of digestive tube 

behind the mouth 
4. post-anal tail: tail to the rear of the anus 
5. body segmentation in backbones 
invertebrate chordates: 
 
 
 
(Source: Essential Biology, Campbell, 4th ed., 2013) 

 
 

 
 

Biology: Inertebrate Chordates 
tunicates: marine invertebrates including sea squirts, salps; have 
rubbery or hard outer coat, two siphons to draw water in and out  
lancelets: small elongated marine invertebrates; resemble fish;  lack 
jaws and obvious sense organs 
 
 
 
 
 
 
 
 
(Source: Essential Biology, Campbell, 4th ed., 2013) 

 
 
 

 
 

 

Biology: Fishes 
hagfishes: primitive and jawless;related to lampreys; slimy eellike body, slitlike 
mouth surrounded by barbels, rasping tongue used for feeding on dead or 
dying fish 
lampreys: eel-like, aquatic, and jawless; have a sucker mouth, horny teeth, 
rasping tongue; adult often parasitic  
cartilaginous fishes: sharks and rays; have flexible skeleton made of cartilage 
lateral line system: row of sensory organs running along the side of the body 
bony fishes: reinforced by calcium 
operculum: covers a chamber containing gills 
swim bladder: gas-filled sac 
ray-finned fishes: fins supported by skeletal rays; tuna, trout, goldfish 
lobe-finned fishes: muscular fins supported by stout bones homologous to 
amphibian limb bones 
 
(Source: Essential Biology, Campbell, 4th ed., 2013) 
 
 

 
 
 
 

Biology: Amphibians 
amphibians: cold-blooded vertebrate animals including frogs, toads, 
newts, and salamanders; distinguished by aquatic gill-breathing larval 
stage followed by terrestrial lung-breathing adult stage 
tetrapods: include amphibians, reptiles, and mammals  
 
 

 

Biology: Reptiles 
amniotes: animals whose embryo develops in an amnion and chorion and 
has an allantois; a mammal, bird, or reptile 
amniotic egg: fluid-filled egg with waterproof shell that encloses a developing 
embryo 
reptiles: snakes, lizards, turtles, crocodiles, alligators, birds, dinosaurs 
ectotherms: animals dependent on external sources of body heat 
birds: warm-blooded egg-laying vertebrates distinguished by the possession of 
feathers, wings, and a beak and typically able to fly 
endotherm: animal dependent on or capable of the internal generation of 
heat; a warm-blooded animal 

 

Biology: Mammals 
mammals: warm-blooded vertebrate animals distinguished by 
possession of hair or fur, secretion of milk by females, and typically 
birth of live young 
monotremes: egg-laying mammals; dick-billed platypus and echidna 
placenta: consists of embryonic and maternal tissues; joins the 
embryo to the mother 
marsupials: pouched mammals; kangaroos, koalas, opossums 
eutherians: placental mammals 



Biology: Primate Evolution (1) 
primates: any of an orderof mammals that are characterized especially by 
advanced development of binocular vision resulting in stereoscopic depth 
perception, specialization of the hands and feet for grasping, and enlargement 
of the cerebral hemispheres and that include humans, apes, monkeys, and 
related forms such as lemurs and tarsiers 

anthropoids: includes monkeys and apes 
hominins: primates of a taxonomic tribe, which comprises those species 

regarded as human, directly ancestral to humans, or very closely related to 
humans 

Austrolopithecus: fossil bipedal primate with both apelike and human 

characteristics, found in Pliocene and lower Pleistocene deposits (c 4 million 
to 1 million years old) in Africa 

Biology: Primate Evolution (2) 
Homo habilus: extinct hominid known from sub-Saharan fossil remains 
associated with crude stone tools; estimated to have flourished 1.6 to 2 
million years ago; believed to be predecessor of Homo erectus 
Homo erectus: extinct species of human lineage; formerly known as 
Pithecanthropus erectus; upright stature, well-evolved postcranial skeleton, 
but with a smallish brain, low forehead, and protruding face 

Homo neanderthalensis: lived between 28,000 and 300,000 years ago; 

specimens found across Europe and Middle East; had bigger brain size (i.e. 
approx. 1500 cc), shorter, brawnier stature, marked mid-face forward 
projection, larger and rounder eye sockets, broad nose, larger teeth, and jaw 
lacking a projecting bony chin 

Homo sapiens: binomial nomenclature for only extant human species; Homo 

is the human genus, which also includes Neanderthals and many other extinct 
species of hominid; H.sapiens is the only surviving species of the genus Homo 

Biology: Mitosis (1)  
cell division: reproduction of cells 
chromosome: structures that contain cell DNA 
mitosis: cell division resulting in two daughter cells each having the same 
number and kind of chromosomes as parent nucleus  
asexual reproduction: reproduction not involving fertilization of an egg by 
sperm 
chromatin: fibers composed of roughly equal amounts of DNA and protein 
molecules 
histone: small proteins found only in eukaryotes 
nucleosome: DNA wound around histone molecules 
sister chromatids: DNA copies 
centromereΥ ƴŀǊǊƻǿ άǿŀƛǎǘέ ƻŦ ŀ ŎƘǊƻƳƻǎƻƳŜ 
cytokinesis: process where cytoplasm divides in two 
 
(Source: Essential Biology,Campbell, 4th ed., 2013) 
 
 

 

Biology: Mitosis (2) 
phase description 

interphase period of cell growth when cell makes new molecules and 
organelles; cytoplasm contains two centrosomes; chromosomes are 
duplicated but cannot be distinguished individually 

prophase changes occur in nucleus and cytoplasm; chromosomes can be seen 
with a light microscope; each chromosome exists with identical 
ǎƛǎǘŜǊ ƧƻƛƴŜŘ ŀǘ ŎŜƴǘǊƻƳŜǊŜ άǿŀƛǎǘέ 

prometaphase last minute DNA repair, and DNA winding;chromosomes two to 
three times longer than metaphase chromosomes 

metaphase mitotic spindle fully formed; chromosome centromeres line up; 
microtubules of mitotic spindle attach to two sister chromatids 

anaphase sister chromatids separate; chromosomes move toward opposite 
poles of cell  

telophase & 
cytokinesis 

two groups of chromosomes have reached opposite ends of the cell; 
reverse of prophase; cytokinesis usually occurs with telophase 

(Source: Essential Biology,Campbell, 4th ed., 2013) 

Biology: Mitosis (3) 
 

 
(Image source: https://en.wikipedia.org/wiki/Cell_cycle#/media/File:Mitosis_Stages.svg, Ali Zifan, CC BY-SA 4.0) 

 
pp. 126-127 if specifics on graphic above needed 

 Biology: Meiosis v. Mitosis 
 

 
 
 
 
 
 
 
 
 
 
(Image source: 
https://mrborden.file
s.wordpress.com/201
4/01/mitosis-
meiosis.jpg) 

Biology: Meiosis 
sexual reproduction: reproduction involving fertilization of an egg by sperm 
gametes: eggs and sperm 
meiosis:  cell division reducing number of chromosomes in parent cell by half; 
produces four gamete cells; required to produce egg and sperm cells 
somatic cell: has 46 chromosomes 
karyotype: arrangement of ordered chromosomes in matching pairs 
homologous chromosomes: members of a matching pair 
sex chromosomesΥ ŘŜǘŜǊƳƛƴŜ ŀƴ ƻǊƎŀƴƛǎƳΩǎ ǎŜȄ 
autosomes: non-sex chromosomes 
life cycle: sequence of stages leading from the adults of one generation to 
adults of the next 
diploid organism: organisms with pairs of matching chromosomes 
haploid cell: has only one member of each pair of homologous chromosomes 
nondisjunction: members of a chromosome pair fail to separate anaphase 
(Source: Essential Biology,Campbell, 4th ed., 2013) 
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Biology: Meiosis I 
 

homologous cell separation 

phase description 

interphase chromosomes duplicate 

prophase I homologous chromosomes stick together; resulting structure has four 
chromatids which exchange corresponding segments 

metaphase I homologous pairs align; are anchored to spindle microtubules 

anaphase I attachment between homologous chromosomes breaks; sister 
chromosomes migrate as a pair 

telophase I & 
cytokinesis 

chromosomes arrive at cell poles; each pole has haploid set 

 
 
 

 

Biology: Meiosis II 
 

sister chromatids separate 

phase description 

prophase II chromosomes can be seen with a light microscope; each chromosome 
exists with identical sister joined at centromere 

metaphase II mitotic spindle fully formed; chromosome centromeres line up; 
microtubules of mitotic spindle attach to two sister chromatids 

anaphase II sister chromatids separate; chromosomes move toward opposite 
poles of cell 

telophase II & 
cytokinesis 

two groups of chromosomes have reached opposite ends of the cell; 
reverse of prophase; cytokinesis usually occurs with telophase 

 
 
 

(Source: Essential Biology,Campbell, 4th ed., 2013) 

Biology: Meiosis (3) 
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Biology: Common Chromosomal Structural Abnormalities 
deletions: a portion of the chromosome is missing or deleted 
duplications: a portion of the chromosome is duplicated 
translocations: a portion of one chromosome is transferred to another 
chromosome: 
reciprocal translocation: segments from two different chromosomes 
exchanged 
Robertsonian translocation: entire chromosome attached to another at 
centromere; in humans occurs only with chromosomes 13, 14, 15, 21, 22 
inversions: portion of a chromosome has broken off, turned upside down, and 
reattached  
insertions: portion of one chromosome has been deleted from its normal 
place and inserted into another chromosome 
rings: chromosome portion has broken off and formed a circle or ring; can 
happen with or without loss of genetic material 
isochromosome: formed by the mirror image copy of a chromosome segment 

 

Biology: Aneuplody (1) 
aneuploidy: presence of an abnormal number of chromosomes 
euploidy: state of a cell or organism having one or more than one set of the 
same set of chromosomes, possibly excluding the sex-determining 
chromosomes 

number of 
chromosomes name description 

1 monosomy refers to lack of one chromosome of the 
normal complement 

2 disomy presence of two copies of a chromosome; 
normal condition 

3 trisomy presence of three copies 

4/5 tetrasomy/ 
pentasomy 

presence of four or five chromosome copies 
sec chromosome tetrasomy and pentasomy 
have been reported in humans 

 

Biology: Aneuplody (2) 
trisomy 21Υ 5ƻǿƴΩǎ ǎȅƴŘǊƻƳŜΣ Ƴƻǎǘ ŎƻƳƳƻƴ ŎƘǊƻƳƻǎƻƳŜ ƴǳƳōŜǊ 
abnormality and most common serious birth defect in the U.S.; 
intellectual disability, heart defects, hearing and vision problems  
trisomy 18: 9ŘǿŀǊŘΩǎ ǎȅƴŘǊƻƳŜΤ ōŀōƛŜǎ ŀǊŜ ƻŦǘŜƴ born small and 
have heart defects; other features include a small head, small jaw, 
clenched fists with overlapping fingers, and severe intellectual 
disability 
trisomy 13: Patau syndrome; most common characteristics of this 
syndrome are problems such as late development, mental disability, 
multiple malformations, cardiopathy, and kidney abnormalities 
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