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Supplementary lecture on Biology



Ecology, Biology and
Chemistry

Chemistry
{—=3

e QOur world can be viewed as having a
hierarchy of complex structures.
This is especially true for life forms.

Biology

* Viewing our world at different scale
becomes different field in science —
e.g. Chemistry, Biology and Ecology.

Ecology

http://en.wikipedia.org/wiki/Biological organisation




Ecosystem (£ it % %t) and
Biosphere (£ 1~ B])

Ecosystems are communities of organisms that interact with one
another and with their physical environment, including sunlight,
rainfall, and soil nutrients.

Organisms within an ecosystem tend to interact with one another to a
greater extent than do the organisms between ecosystems.

Ecosystems can vary greatly in size. For example, a tidal pool of only
about 2m in diameter could be considered an ecosystem. On the largest
scale, our global biosphere, could be considered the "ultimate"
Earthbound ecosystem.

[Davis and Masten, Principles of Environmental Engineering and Science, Ch5]



Habitat (= 4, # )

e A habitat Is an environment
Inhabited by a population of
organisms, and is made up of
physical factors (e.g. soil, water,
temperature, light) and biotic factors
(e.g. food, predator).




Question

 |sahuman body an habitat?
— Yes
— No



Food Web

Food web Is a description of the complex relationship between

organisms in an ecosystem.

e Secondary Predator
é/é %@@ Primary Predators
VN ~ Herbivores

Plants

Soil

Decay

- Heterotrophs

Detrivores

“A trophic pyramid (a) and ecological food-web (b)* by Thompsma 6

licensed under CC BY 3.0.



The three domains

The three-domain system is a biological classification that
divides cellular life forms into three domains:

— Bacteria (3 7)), Archaea (= #]), and Eukaryote (E +% 2 $*)

Both Bacteria and Archaea are Prokaryotes (J % 2 %) and are
mostly single-celled organisms.

Phylogenetic Tree of Life

Bacteria Archaea Eukaryota

http://en.wikipedia.org/wiki/Three-domain_system



Species (4~ #4)

Specieg

(%)
nguS « There is a hierarchy of
(%) classification of all living

organisms on Earth.

Species: a group of organisms
capable of interbreeding and
producing fertile offspring.

Panthera 77

http://sco.wikipedia.org/wiki/File:4panthera2.0.png



Example: Human Is...

Domain Eukarya 5
Kingdom Animal w4 B
Phylum Chordata ¥
Class Mammalia IR S
Order Primates %5 P
Family Homindae A F

Genus Homo A K
Species Sapiens A fA




Question

* Are white people and black people two separate
species?
— Yes
- No

10



Biodiversity (# 4 % %)

« Biodiversity is the degree of variation of life.
— Species biodiversity: number of species in an area

— Genetic biodiversity: variations in genes in a single species (e.qg.
Chinese vs. British)

— Ecological biodiversity: varieties of ways that species interact with
each other and the environment (e.g. A panda at Ocean Park vs. A
panda in the wild)

Reference: http://www.nwf.org/Wildlife/Wildlife-Conservation/Biodiversity.aspx 11



Organism (£ $)

e An Organism Is any contiguous living system, such as an insect,
animal, plant or bacterium.

e There Is no unequivocal definition of life, but usually Is
considered to have most of the following traits:
- Homeostasis (#8p T @)
- Organization ( E_ﬁ« M)
- Metabolism (F7Fr i~ )
- Growth (£ &)
- Adaptation (if &)
- Response to stimuli (¥ §lgitd xF &)
- Reproduction (% 7)

« But note that there are exceptions. E.g. Mule ()
12



Question

 Are DNA and RNA molecules considered as
organisms?
— Yes
— No

13



Cell (im¥z)

e An organism consists of one or more cells. Humans are
multicellular organisms composed of many trillions
of cells grouped into specialized tissues and organs.

« A cell is the basic structural, functional and biological unit of all
known living organisms.

nucleus %z % (chromosome are here)

http://commons.wikimedia.org/wiki/File:Biological_cell.svg
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Chromosomes (4 ¢ )

Each human cell contains 23 pairs of chromosomes (22 pairs of
autosomes and one pair of sex chromosomes), giving a total of 46 per

cell.

The human genome is the
complete set of genetic
Information for humans. This
Information is encoded as DNA
sequences within the 23
chromosome pairs.

1 2 }i
- ‘. -
Xy

19 20 21 22

http://en.wikipedia.org/wiki/File:NHGRI_human_male

_karyotype.png
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DNA

e A chromosome is itself a complex structure consisting of a single
piece of coiled double-stranded DNA, Protein and RNA.

(c) Compactan of lbops

« The DNA molecule can be
considered as a long chain of
4 kinds of basic units
(nucleotides), denoted by
A T,C,G.

e (we shall talk about this more
In the supplementary lecture
for Chemistry).

http://rupoyrl2biol.wikispaces.com/Unit+4+-+Chapter+9+-
+Genes,+Chromosomes+%26+Patterns+of+Inheritance
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Trillions of cells
Each cell:

® 46 human
chromosomes

* 2 meters of
DNA

* 3 billion DNA
subunits (the
bases: A, T, C, G)

“ Approximately
30,000 genes
code for proteins

that perform most !
life functions protein

Courtesy: U.S. Department of Energy Genomic Science program
http://genomicscience.energy.gov.

Y-GG 01-0085



Question

* Which of the following is biggest in size?

a) Chromosomes
b) Gene
¢) Nucleotide

18



Question

e What Is the form that chromosome exist most of
the time?
a) Very messy, without any specific form
b) As a X shaped form
c) As a | shaped form

19



Reproduction of Human

With an X e

chromosome and y N

22 autosomes Fggwith23 - \
chromosomes

+

With either an X or
Y chromosome and Zygote with 46

chromosomes
22 autosomes |
S Sperm with 23

chromosomes

http://learn.genetics.utah.edu/content/chromosomes/diagnose/images/fertilization.jpg
20




Reproduction - cell division
(Meliosis)

Daughter
Nuclei Il

Daughter
Nuclei
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http://en.wikipedia.org/wiki/Meiosis



Question

» Each of us has a pair of sex chromosomes, For
male, this pair is X and Y. For female, the pair Is:
a) YandX
b) Xand X
c) YandY




Question

 How does a'Y chromosome look like during cell
division?
a) X or Y Shaped
b) | or Y Shaped
c) | or X Shaped

23



How did the world of life became
what 1t IS now?

ANS: Modern evolutionary theory

24



The origin of life itself...
eh, it's not really my bag.
The origin of species is where it's at!

Modern evolutionary theory:
Beginning of Life

e Contrary to common misconception, the
beginning of Life iIs NOT a question addressed
by Darwin. It remains to be highly controversial
NOW. http://morriscourse.com/myths_of_evolution/myths_of evolution.htm

« Several hypothesis include:

— Panspermia (iZ4&# ): life distributed by
comets, meteroids, etc. [Some said the comets
brought organic molecules rather than life.]

— Deep sea vent hypothesis (iF % % & #):
proto-life developed from the alkaline fluid in
deep sea.

http://universe-review.ca/l11-02-hydrothermal.jpg i’,-.-_‘_ s #;



Modern evolutionary theory:
RNA World

o Self-replicating RNA as precursor of all lives on Earth.

RNA World Hypothesis

[A] RNA Forms [B] Ribozyme Catalyses [C] RNA Catalyses
RNA Replication Protein Synthesis

Amino

Acid
Protein

[D] RNA Encodes both [E] Proteins Catalyse
DNA and Protein Cell Activities

Cell Membrane

gy @3?@

http://biologicalexceptions.blogspot.hk/2013/09/rna-takes-first-place.html
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Modern evolutionary theory:
Last Universal Common Ancestor

(3.5-3.8 billion years ago)

BACTENA Low G + C gram-

High G + C gram. PoS'VeS
positives

ARCHAEA

Euryarchaeota
&/e purples Korarchaeota
a purples
1/B purples
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Fusobacteria
Flexibacter/
Bacteroides
Cyanobacteria
Thermus

Crenarchaeota

N Mitochondrie %7 M
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Figure 1.1a
Molecular Cell Biology, Seventh Edition
© 2013 W.H. Freeman and Company

EUKARYOTA

Fungi
Microsporidia

Animals
Plants

Slime

ok Entamoeba

Apicomplexa
(e.g., Plasmodium)

Euglena

I
{  Kinetoplasta
]

/ (e.g., Trypanosoma)

2 Parabasalia
(e.g., Trichomonas)

Metamonda
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Presumed last common ancestor of
eukaryotes and archaebacteria

Presumed last common ancestor of
all extant organisms

http://www.bio.miami.edu/~cmallery/255/255hist/mcb1.3.jpg




Timeline of evolution

Atmospheric

Insect fiy

Reptiles
Dinosaurs

http://upload.wikimedia.org/wikipedia/commons/e/eb/Timeline_evolution_of _life.svg
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Question

 |s modern evolutionary theory still agree with
Darwin’s evolutionary theory?
— Yes
- No

29



The causes of evolution

In Darwin’s theory,
evolution Is a result of
natural selection, which is
caused by variations
between organisms within
a species.

But what Is the cause of
this variations?

Fig. 24.—Skulls of Pigeons viewed laterally, of natural size. A. Wild KRock-pigeon, Columba
livia. B. Short-faced Tumbler, C. English Carrier. D. Bagadotten Carrier.

Drawn by Darwin - http://darwin-online.org.uk/
30



Current understanding of variations:
Caused by DNA Mutations

« Mutation is a change in the DNA
sequence

— Due to error in DNA replication,
chemical-induced mutation, etc.

« MCR-1 gene in chromosome 16:

- ...ATCGACCCC...

- ...ATCCACCCC...

— Asp E> His (at amino acid 294 of the http://en.wikipedia.org/wiki/File:Woman_red
protein) head natural_portrait_1.jpg

— Mutation leads to variations: Black hair
to Red hair!!!

31



Another source of variation:

Crossover .
Nuclei I
Crossover occurred Daughter
Nuclel

i

==

/'
)

v

Interphase Meiosis | he

Homologous Meiosis Il
Chromosomes

32
http://en.wikipedia.org/wiki/Meiosis



Another source of variation;
Fertilization (% #%)

Egg with 23
chromosomes +

Zygote with 46
chromosomes

Sperm with 23
chromosomes

http://learn.genetics.utah.edu/content/chromosomes/diagnose/images/fertilization.jpg
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Question

e Consider that If you and your brother, one being
very active in sport and developed strong muscles
while the other did not, would that be consider as

another source of variation?

— Yes
— NoO

34



