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1.   The 7th National Curriculum reformation (1997) is based on differentiated 
curriculum  depending on the student’s ability and preference; science 
subjects become the elective courses. 

2.   The student is supposed to take two subjects among physics, chemistry, 
biology, and earth science.   
[Physics I (22%), Chemistry I (26%), Biology I (32%), Earth Science I (23%)]

3.   Tendency not to take the advanced level of electives in science to avoid 
difficult subjects. 
[Physics II (8%), Chemistry II (14%), Biology II (12%), Earth Science II (5%)]

4.   Lack of class hours in science, teaching is mostly based on lecture and 
insufficient experimental activities, which is not desirable in science 
education  Introduce Science Research Lab course (2017)

5.   Science teacher is under heavy teaching load: 18 hrs per week.





1.  Common Properties of Life

2.  Nutrition and Digestion

3.  Circulation

4.  Gas Exchange

5.  Excretion

6.  Senses and Nervous System

7.  Reproduction and Embryonic Development

8.  Genetics

9.  Ecology



1.  Cell

2.  Metabolism

3.  Continuity of Life

4. Biodiversity and Environment

5.  Bioengineering and the Future



1.  Common Properties of Life

- Common Features

- Virus

2.  Nutrition and Digestion

- Nutrients

- Digestive System



3.  Circulation

- Blood

- Circulation System

4.  Gas Exchange

- Breathing

- Respiration

5.  Excretion

- Kidney

- Osmoregulation



6.  Senses and Nervous System

- Sensory organ

- Nerve

7.  Reproduction and Embryonic Development

8.  Genetics

- Chromosome

- Mutation

9.  Ecology

- Ecosystem

- Population Ecology



1.  Cell

2.  Metabolism

3.  Continuity of Life

4. Biodiversity and Environment

5.  Bioengineering and the Future



1.  Cell

- Cell structure and function

- Diffusion and Osmosis

- Facilitated diffusion and Active transport

- Function of Enzyme

- Enzyme properties



2.  Metabolism

- Photosynthesis

- Aerobic Respiration

- Anaerobic Respiration (fermentation)



3.  Continuity of Life

- Gene expression

- Evolution 

Thousands to

millions of years

of natural selection

Ancestral canine

African wild dog Coyote Wolf Fox Jackal



4. Biodiversity and Environment

- Species

- Classification

- Environmental Influences



5.  Bioengineering and the Future

- Genetic Engineering

- Future Trends



10th Edition - November, 2013 8th Edition - January, 2014

1488 pages 928 pages







Light Microscopes

 Specimen mounted on a glass 
slide

 Must be thinly sliced or very s
mall

 Pair of lenses
 Ocular lens 
 Objective lens

 Can be used to study 
LIVE specimens

 Resolution: 0.2 mm







Fluorescent Microscope
 any microscope that uses     

fluorescence to generate     
an image 



Luminescence

• The emission of light that does 
not derive energy from the 
temperature of the emitting body, 
as in phosphorescence, 
fluorescence, and bioluminescence.

• Luminescence is caused by 
chemical, biochemical, or 
crystallographic changes, the 
motions of subatomic particles, or 
radiation-induced excitation of an 
atomic system.



• luminescence, general term applied to all 
forms of cool light, i.e., light emitted by 
sources other than a hot, incandescent body, 
such as a black body radiator. 

• Luminescence is caused by the movement of 
electrons within a substance from more 
energetic states to less energetic states. There 
are many types of luminescence, including 
chemiluminescence, produced by certain 
chemical reactions, chiefly oxidations, at low 
temperatures; electroluminescence, produced 
by electric discharges, which may appear when 
silk or fur is stroked or when adhesive surfaces 
are separated; and triboluminescence, 
produced by rubbing or crushing crystals. 



• Bioluminescence is luminescence produced by living 
organisms and is thought to be a type of 
chemiluminescence. The luminescence observed in the 
sea is produced by living organisms, many of them 
microscopic, that collect at the surface. Other 
examples of bioluminescence include glowworms, 
fireflies, and various fungi and bacteria found on 
rotting wood or decomposing flesh. 

• If the luminescence is caused by absorption of some 
form of radiant energy, such as ultraviolet radiation or 
X rays (or by some other form of energy, such as 
mechanical pressure), and ceases as soon as (or very 
shortly after) the radiation causing it ceases, then it is 
known as fluorescence. 

• If the luminescence continues after the radiation 
causing it has stopped, then it is known as 
phosphorescence. The term phosphorescence is often 
incorrectly considered synonymous with luminescence.



Possible physical process following absorption 
of a photon by a molecule



GFP

The green fluorescent protein (GFP) is composed of 238 amino acids
(26.9 kDa), originally isolated from the jellyfish Aequorea victoria that 
fluoresces green when exposed to blue light. 

The GFP from A. victoria has a major excitation peak at a wavelength of 
395 nm and a minor one at 475 nm. Its emission peak is at 509 nm which 
is in the lower green portion of the visible spectrum. The GFP from the 
sea pansy (Renilla reniformis) has a single major excitation peak at 498 nm.  

In cell and molecular biology, the GFP gene is frequently used as a 
reporter of expression. In modified forms it has been used to make 
biosensors, and many animals have been created that express GFP as a 
proof-of-concept that a gene can be expressed throughout a given 
organism. 

Martin Chalfie, Osamu Shimomura, Charles Darwin and Roger Y. Tsien were 
awarded the 2008 Nobel Prize in Chemistry on 8 October 2008 for their 
discovery and development of the green fluorescent protein.





Confocal Microscope

 confocal laser scanning microscopy (CLSM)

 optical imaging technique for increasing optical 
resolution and contrast of a micrograph by means of adding 
a spatial pinhole placed at the confocal plane of the lens to 
eliminate out-of-focus light





Electron Microscope
 Transmission EM (TEM)

 Uses a beam of electrons to 
produce an enlarged image 
of very thinly sliced specime
n on screen or photographic 
plate

 Image focused by magnetic 
lenses

 200,000X magnification

 Cannot be used to view       
living specimens

 Resolution: 2 nm



Electron Microscope

 Scanning EM (SEM)

 3D image

 Specimens not sliced for 
viewing

 Surface sprayed with fine 
metal coating

 Also uses electron beam 
and fluorescent screen or 
photographic plates

 100,000X magnification

 Cannot be used to view   
living specimens
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Atomic Force Microscope

 Atomic-force microscopy (AFM) 
is a type of scanning probe 
microscopy (SPM), with 
demonstrated resolution on the 
order of fractions of a nanometer, 
more than 1,000 times better than 
the optical diffraction limit. 

 The information is gathered by 
"feeling" or "touching" the surface 
with a mechanical probe.





Whole-Genome Shotgun Approach to Genome Sequencing

• The whole-genome shotgun approach was developed 

by J. Craig Venter in 1992

• This approach skips genetic and physical mapping and 

sequences random DNA fragments directly

• Powerful computer programs are used to order 

fragments into a continuous sequence





Methods of sequencing

A. Sanger dideoxy (primer extension/chain-termination) 

method: most popular protocol for sequencing, very 

adaptable, scalable to large sequencing projects

B. Pyrosequencing: measuring chain extension by 

pyrophosphate monitoring





The $1000 dollar genome

Venter Foundation (2003): The first group to produce a technology capable of a 
$1000 human genome will win $500,000 … 

X - Prize Foundation: no, $5 - 20 million … 

National Institutes of Health (2004): $70 million grant program to reach the 
$1000 genome





“Optogenetics is the combination of optical and molecular 
strategies to monitor and control designated molecular and 
cellular activities in living tissues and cells using genetically 
encoded photosensitive proteins.”

What is optogenetics?














