MDG5101

2005/2006 Semester 2, March 2006
Practical Bioinformatics

1. Aims 

The Bioinformatics mini-course  in the Advanced Cell Biology MDG5101 course for Graduate students aims 

  
to give students who do not have any experience in bioinformatics in their undergraduate curriculum, a broad overview of what Bioinformatics covers through the use of a self-learning package of audio-video lectures 

  
to introduce students to where to find the resources for self-motivated learning as and when they require knowledge about a particular bioinformatics tool or technique through student-directed consultation with the teaching team 

  
to engage students in hands-on experience of the use of bioinformatics tools and techniques applied to a specific self-selected mini-project research topic, including framing a biological problem in bioinformatics terms, problem definition and problem-based learning. 

 
and thereby to facilitate an understanding of how bioinformatics and computational biology can help in the advancement of biomedical research

2. Method of Assessment

1. Assessment (Pass/Fail) based on Group presented material of  Mini-Project assigned

a. PPT presentation (15min) of the selected Problem Based Learning module
b. Written material submitted by 1 April 2006 2359h based on Group presented material of MiniProject to Mediawiki site at
http://everest.bic.nus.edu.sg/mediawiki/Mdg5101/

3. Course Content and Materials

1. 17 Mar06 Fri : Lecture/Briefing LT29

2. 20 Mar06 Mon: Practical Hands-on:  S1A L4 LS Lab5  4:00pm to 5:30pm 
3. 22 Mar06 Wed: Practical Hands-on:  S1A L4 LS Lab5 10:00am to 12nn
4. tbd: Grp Class Presentation (Assessed)
5. 1 Apr06 2359h Grp Wiki Submission (Assessed)

6. AudioVideo Lectures of S* Alliance course faculty – reference material. See ANNEX 1 (Not assessed)
7. One Presentation Session 

a. 15 minutes per group; 

b. approx 10 slides (free format, no template)

c. Class Q&A.
8. Homework Hands-on Self Learning Sessions: 
See ANNEX 3
a. APBioKnoppix2 LiveCD bioinformatics software. (http://www.apbionet.org/apbioknoppix/nus/)

b. Powerpoint presentations of material.

Annex 1 (Not Assessed)

AudioVideo Lectures

There are 16 Online lectures available with topics covering various aspects of bioinformatics which you can go through or use as reference material, for which you can download and keep for revision or for use whenever you feel you need to read up on the area. In addition, there are some self-explanatory ppts as pre-requisites for the course lecture.

S* Course Pre-requisites

http://www.s-star.org/course_prereq.html

S* Course Lectures

http://www.s-star.org/downloads/lectures.html

	No 
	Title & Lecturer
	Download Options
	File Size

	01
	All Lectures
	· Video + Slides 

· Slides Only 
	· 580 MB 

· 17.7 MB 

	02
	Introductory Molecular Biology
~ by Anthony Weiss ~ 
View Online
	· Video + Slides 

· Slides Only 
	· 16.4 MB 

· 1.64 MB 

	03
	An Overview of the Computational Analysis of Biological Sequences 
~ by Subbiah S ~ 
View Online
	· Video + Slides 

· Slides Only 
	· 86.1 MB 

· 0.5 MB 

	04
	Transcript Analysis
~ by Winston Hide ~ 
View Online
	· Video + Slides 

· Slides Only 
	· 15.7 MB 

· 1.97 MB 

	05
	Comparative Genomics
~ by Liping Wei ~ 
View Online
	· Video + Slides 

· Slides Only 
	· 43.4 MB 

· 0.4 MB 

	06
	Representations and Algorithms for Computational Molecular Biology
~ by Russ Altman ~ 
View Online
	· Video + Slides 

· Slides Only 
	· 51.4 MB 

· 0.9 MB 

	07
	Protein Structure Primer
~ by Shoba Ranganathan ~ 
View Online
	· Video + Slides 

· Slides Only 
	· 34.9 MB 

· 0.7 MB 

	08
	Protein Structure Prediction
~ by Betty Cheng ~ 
View Online
	· Video + Slides 

· Slides Only 
	· 41.6 MB 

· 0.5 MB 

	09
	Protein Physics
~ by Betty Cheng ~ 
View Online
	· Video + Slides 

· Slides Only 
	· 37.5 MB 

· 0.8 MB 

	10
	Genomics and Computational Molecular Biology Genomics
~ by Douglas Brutlag ~ 
View Online
	· Video + Slides 

· Slides Only 
	· 41.5 MB 

· 2.37 MB 

	11
	Protein and Nucleic Acid Structure, Dynamics,and Engineering
~ by Michael Levitt ~ 
View Online
	· Video + Slides 

· Slides Only 
	· 77.3 MB 

· 2.93 MB 

	12
	Proteomics
~ by Marc Wilkins ~ 
View Online
	· Video + Slides 

· Slides Only 
	· 14.7 MB 

· 2.55 MB 

	13
	Proteomes: Proteins Expressed as a Genome
~ by Jan-Olov.Hoog ~
(processing, will be available later) 
	· Video + Slides 

· Slides Only 
	· --- MB 

· 0.8 MB 

	14
	Structure Prediction for Macromolecular Interactions
~ by Julie Mitchell ~ 
View Online
	· Video + Slides 

· Slides Only 
	· 36.2 MB 

· 0.8 MB 

	15
	Protein - Ligand Modeling
~ by Lynn Ten Eyck ~ 
View Online
	· Video + Slides 

· Slides Only 
	· 52.1 MB 

· 0.4 MB 

	16
	DNA Microarray Analysis
~ by Mark Reimers ~
	· Slides Only 
	· 0.5 MB 

	17
	Dynamic Programming Algorithms for Haplotype Block Partitioning
~ by Michael S. Waterman ~
	· Slides Only 
	· 0.5 MB


ANNEX 2 :  


MDG5101 MINI-PROJECT Group Presentation
Instructions

1. Please form groups of about 6 to 8 persons and make sure you have a person with some bioinformatics experience in the group preferably.

2. Select ONE of the following scenarios.

3. Please gather around the computer notebook issued to you with Winzone Wireless connection to the Internet, or bring along your own notebook (must have CDRom Drive) or around the PC (free seating) in the lab.

4. Nominate one person to login to NUSNET and act as the e-scribe.

5. Please work through the problem scenario and other instructions which the instructor will give you as the lesson progresses, and discuss/brainstrom your presentation.

6. From time to time, you will be asked to share your findings, progress and updates. 

7. Read the following scenario, for anything that you don't know, generate learning issues and follow up on them.

The Scenario

Your research supervisor is not convinced that Bioinformatics is of any use to anyone. She heard that you have just taken a course in MDG5101 with a few lectures in Bioinformatics. You were so inspired by the lecturer and by what you have read, that you told your supervisor how bioinformatics can help in her research.  She challenges you to show by demonstration how that can be. 

Unfortunately, the MDG5101 lecturer did not teach you what to do and spent his time talking about something which you could not fully appreciate, and hardly any content. Feeling desperate, you decide to learn for yourself from scratch, whatever that needs to be learnt, sufficient for you to do a demonstration with a powerpoint presentation to your Supervisor to illustrate the value of bioinformatics. 

At the end of this mini-course, you will have participated in a team and identified a number of learning issues to which you have obtained answers on a just-in-time basis, and facilitated the development of a powerpoint presentation, which you will be called to give in the third session. This ppt presentation should be in the format of a scientific presentation of a research project, stating the title, the background information, the aims, results, discussion, future work etc.
The Problem #1:

DNA Sequence Controls Expression Of Gene Involved In Cancer [image: image1.png]



10/01/04 -- Scientists have discovered a DNA sequence that causes the destabilization, and hence decay, of the proto-oncogene bcl-2 (B-cell lymphoma/leukemia-2). Because the over-expression of bcl-2 is associated with cancer, this discovery may lead to new therapeutic strategies for treating the disease. 

October 8 issue of the Journal of Biological Chemistry (JBC)
an American Society for Biochemistry and Molecular Biology journal. 

Bcl-2 is a gene that, when mutated or inappropriately expressed, can cause a cell to become cancerous. Normally, bcl-2 produces a protein that inhibits cell death or apoptosis. This protein keeps death-promoting factors from producing holes in the mitochondria which can result in calcium and destructive proteins leaking out into the cell. However, the overexpression of bcl-2 in damaged cells can lead to the continued division of the mutated cells and eventually cancer. 

The expression of the bcl-2 gene is regulated both transcriptionally and post-transcriptionally. One way bcl-2 levels are controlled is through an adenine and uracil-rich sequence of nucleotides in the 3' untranslated region of the bcl-2 mRNA. This sequence, called the AU-rich element, or ARE, recruits a number of proteins that destabilize the bcl-2 mRNA, resulting in its degradation. 

A report that a region of RNA upstream of the ARE also affects mRNA stability motivated Dr. Jeong-Hwa Lee and his colleagues at the Catholic University of Korea to make a series of bcl-2 mRNA constructs with deletions around the ARE. 

From these constructs, the investigators identified a region of 30 nucleotides outside the ARE that destabilizes bcl-2 mRNA both in the absence and in the presence of the ARE. Because the region is composed mostly of cytosine and adenine repeats, they named it the CA-repeated Region (CAR). 

The discovery of a new region on the bcl-2 gene that controls its expression may be big news for cancer therapy. Several drugs that reduce the amount of bcl-2 present in the cell are already used in chemotherapy to induce apoptosis and overcome drug resistance in cancer cells. 
Source: American Society for Biochemistry and Molecular Biology 

Using the above article, answer these in the context of showing the importance of bioinformatics:

1. Where can you find bibliographic information and full text articles? For example, can you find the above paper in full text from the October 8th issue of JBC?

2. Where can you find the Bcl-2 gene, its DNA sequence, its protein sequence?

3. How does one identity the ARE regions or the CAR region?

4. How can you clone this gene using PCR and bioinformatics?

5. How do you identify restriction endonuclease sites on this gene?

6. How would you find out what functional domains are present in Bcl-2?

7. Which organisms has Bcl-2 been found in?

The Problem #2:

Prion Evolution: Structural Connections

Prions are relatively small proteins that display dramatically alternate conformations for similar primary structures. Abnormal conformations appear to cause fatal neurological diseases in a wide variety of mammals. Researchers are discovering the mechanisms behind these conformational changes, including differences that may lead to species barriers (or lack thereof) among exposed animals.

Stanley Prusiner first proposed the term prion; in the early 1980s. He found evidence of neurological diseases caused by agents that appeared resistant to the processes that normally destroy nucleic acids. Once highly controversial, the idea won Prusiner the Nobel Prize in Physiology or Medicine in 1997.

Diseases caused by prions are characterized as spongiform encephalopathies. Holes develop throughout the brain. Cells begin to die from the abnormal prions; ability to link together and form long protein rods. The tissue damage causes progressive degeneration in neurological control that can affect things like balance, muscular control, mood, and sleep (depending upon the area of the brain most affected). All prion-caused diseases are fatal.

Prions have both genetic and infectious etiologies. All mammal cells carry a gene that produces the normal form of the protein, PrPC. Sporadic or inherited point mutations in this gene can cause disease. But prions can also cause diseases by passing between individuals. The abnormal form can induce conformational change in the normal prions already present in the neurological tissues, producing more abnormal forms. These forms can then cause further conformational changes in a positive feedback loop.

The function of PrPC is not completely understood. It is concentrated in the cellular membranes of neurons and may play a role in synaptic communication. Mice missing the prion gene appeared to develop no ill effects, but also failed to develop symptoms of the disease when exposed to prions. 

The general public became interested in prions during the 1990s when Great Britain discovered an epidemic of bovine spongiform encephalopathy, or Mad Cow Disease. The discovery that people might be affected by prions ingested from beef made headlines around the world. The United States announced the first case inside its borders in late 2003. Midwestern deer and elk populations are affected by chronic wasting disease, a prion disease of concern to hunters and game animal farmers.

Abstracted from http://www.bioquest.org/bedrock/problem_spaces/prion/index.php
Copyright ©2004 BioQUEST Curriculum Consortium, All Rights Reserved

1. How would you answer the question: do these conformations of the prion differ? 

2. How do small sequence differences affect susceptibility to conformational change?

3. How can you use this example to illustrate the usefulness of Bioinformatics skills in protein structure exploration?

4. How would you search databases for protein structures, explore the three dimensional structure using visualization software, and propose scientific questions that may be answered with these tools?

The Problem #3:

Annotation of Chlamydia trachomatics Genome

Chlamydia trachomatis is an obligate intracellular pathogen of humans representing the leading cause of infectious blindness worldwide and the most common sexually transmitted disease. It has a very unique life cycle alternating between a infectious but metabolically inert phase called the elementary body (EB) and an intracellular metabolically active phase called the reticulate body (RB). It has a very small size for a gram-negative bacterium smaller than a .22 micron filter which was why in the early days, it was mistaken for a virus. 

Its genome is also very compact at approx 1 million base pairs, having apparently lost many genes. It is unable to generate its own ATP and growing exclusively within eukaryotic cells and requiring host enzymes and cellular machinery for several necessary functions. Researchers were surprised to learn that it harbors genes that could allow it to generate its own energy-storage molecule, ATP (adenosine triphosphate). Another new genomic finding explained why Chlamydia is vulnerable to penicillin. Although Chlamydia was thought to lack peptidoglycan, a vital bacterial cell-wall component and the antibiotic's major target, scientists have identified the genes for synthesizing this molecule. Other genes found for new surface proteins may be important for future vaccine development, possibly by using the gene sequence itself instead of the protein to stimulate an immune response. Data are available on the Chlamydia Genome Project Web site.

The Sanger Institute has been funded by Wellcome Trust to sequence the genome of Chlamydia trachomatis lymphogranuloma venereum (LGV) strain, serovar 'L2' in collaboration with Prof. Richard S. Stephens of the School of Public Health, University of California, Berkeley, USA and Prof. Ian N. Clarke of the School of Medicine, University of Southampton, U.K. The sequence is now finished, and can be searched on our Blast Server, or downloaded from their FTP site. The genome is 1,038,841 bp in length, with an average G+C content of 41.33 %

1. Some years ago, a collaboration among scientists at the University of California at Berkeley and Stanford University has resulted in the complete genome of another strain of Chlamydia. The study was reported in the genome issue of Science (October 23, 1998) Can you retrieve this paper? Hint: www.sciencedirect.com; www.ncbi.nlm.nih.gov/pubmed; www.lib.nus.edu.sg; (append libproxy1.nus.edu.sg to the domain name of any full text journal website that requires registration or paid subscription, and key in your NUS userid/password)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9784136

2. Just how many strains and types of Chlamydia are there? Where can you get the taxonomic tree of this ubiquitous pathogen? Hint: NCBI Taxonomy Browser

http://www.pubmedcentral.nih.gov/articlerender.fcgi?tool=pubmed&pubmedid=10684935
3. According to http://www.sanger.ac.uk/Projects/C_trachomatis_L2/, the entire unannotated Chlamydia genome can be downloaded from here. ftp://ftp.sanger.ac.uk/pub/pathogens/Chlamydia/. What steps can you take to carry out a genome annotation of the entire Chlamydia genome and map out what kinds of genes it contains?
4. What is the basis of genome annotation and which bioinformatics tools and techniques can you use to carry out genome annotation?

The Problem #4:

Bioinformatics of Avian Influenza Virus
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 Abstracted from ST, WHO

The currently circulating influenza viruses that cause human disease are divided into two groups: A and B. Influenza A has 2 subtypes which are important for humans: A(H3N2) and A(H1N1), of which the former is currently associated with most deaths. Influenza viruses are defined by 2 different protein components, known as antigens, on the surface of the virus. They are spike-like features called haemagglutinin (H) and neuraminidase (N) components. The genetic makeup of influenza viruses allows frequent minor genetic changes, known as antigenic drift, and these changes require annual reformulation of influenza vaccines.

Three times in the last century, the influenza A viruses have undergone major genetic changes mainly in their H-component, resulting in global pandemics and large tolls in terms of both disease and deaths. The most infamous pandemic was “Spanish Flu” which affected large parts of the world population and is thought to have killed at least 40 million people in 1918-1919. More recently, two other influenza A pandemics occurred in 1957 (“Asian influenza”) and 1968 (“Hong Kong influenza”) and caused significant morbidity and mortality globally. In contrast to current influenza epidemics, these pandemics were associated with severe outcomes also among healthy younger persons, albeit not on such a dramatic scale as the “Spanish flu” where the death rate was highest among healthy young adults.

Most recently, limited outbreaks of a new influenza subtype A(H5N1) directly transmitted from birds to humans have occurred in Hong in 1997 and 2003 (The WHO's Global Influenza Surveillance Network)

Avian flu was thought only to infect birds until the first human cases were seen in Hong Kong in 1997. Humans catch the disease through close contact with live infected birds. Birds excrete the virus in their faeces, which dries and becomes pulverised, and is then inhaled. Symptoms are similar to other types of flu - fever, malaise, sore throats and coughs. Those infected in the most recent outbreak, and all 18 infected in 1997 had been in close contact with live animals in markets or on farms. Avian flu has been seen to have a high fatality rate in humans. In 1997, six out of the 18 people who were infected died.  In the latest outbreak, there have been over 20 confirmed deaths from the virus. In comparison, Sars has killed around 800 people worldwide and infected at least 8,400 since it first emerged in November 2002. 

All birds are thought to be susceptible to infection with avian influenza, though some species are more resistant to infection than others. Infection causes a wide spectrum of symptoms in birds, ranging from mild illness to a highly contagious and rapidly fatal disease resulting in severe epidemics. The latter is known as “highly pathogenic avian influenza”. This form is characterized by sudden onset, severe illness, and rapid death, with a mortality that can approach 100%.

Fifteen subtypes of influenza virus are known to infect birds, thus providing an extensive reservoir of influenza viruses potentially circulating in bird populations. To date, all outbreaks of the highly pathogenic form have been caused by influenza A viruses of subtypes H5 and H7. Recent research has shown that viruses of low pathogenicity can, after circulation for sometimes short periods in a poultry population, mutate into highly pathogenic viruses. During a 1983–1984 epidemic in the United States of America, the H5N2 virus initially caused low mortality, but within six months became highly pathogenic, with a mortality approaching 90%. During a 1999–2001 epidemic in Italy, the H7N1 virus, initially of low pathogenicity, mutated within 9 months to a highly pathogenic form. More than 13 million birds died or were destroyed.

Avian influenza viruses do not normally infect species other than birds and pigs. The first documented infection of humans with an avian influenza virus occurred in Hong Kong in 1997, when the H5N1 strain caused severe respiratory disease in 18 humans, of whom 6 died. The infection of humans coincided with an epidemic of highly pathogenic avian influenza, caused by the same strain, in Hong Kong’s poultry population. The epidemic of highly pathogenic avian influenza caused by H5N1, which began in mid-December 2003 in the Republic of Korea and is now being seen in other Asian countries, is therefore of particular public health concern. H5N1 variants demonstrated a capacity to directly infect humans in 1997, and have done so again in Viet Nam in January 2004. The spread of infection in birds increases the opportunities for direct infection of humans. There are fears that the virus could exchange genes with a human flu virus if a person was simultaneously infected with both. The more this double infection happens, the higher the chance a new virus could be created and be passed from person to person. If more humans become infected over time, the likelihood also increases that humans, if concurrently infected with human and avian influenza strains, could serve as the “mixing vessel” for the emergence of a novel subtype with sufficient human genes to be easily transmitted from person to person. Such an event would mark the start of an influenza pandemic. Experts agree that another influenza pandemic is inevitable and possibly imminent.

1. Where can one read up more about the Bird Flu?

2. How can be extract the genomic data of influenza virus?

3. Can we analyse how the diagnosis of highly pathogenic strains of influenza virus takes place, and how fast we can develop a new PCR kit to diagnose people suffering from new mutant possibly human-to-human transmissible virus?

4. How can a bioinformatics database be built up?

5. Can the structures of the key proteins involved in the pathogenetic process be visualized, and analysed?

6. What are the current drugs available for treatment for bird flu and what can be done to help speed up the development of new drugs?

7. How can rational drug design help?

8. How about vaccines? Can we design vaccines against the key proteins of the virus?

9. Mechanisms of infection and pathogenicity, and the tropism for human tissues – what are the molecular bases, and how can bioinformatics help in the research process?

The Problem #5:

Aero-Metagenomics: Sequencing the Air

Metagenomics is the genomic study of unculturable microorganisms from various environmental samples. Why Metagenomics? Standard culturing techniques only account for 1% or even less of the bacterial diversity in most environmental samples. To identify the ecological, pathological, as well as potential biotecnological roles play by unculturable microbes, we need metagenomics.
(ROCKVILLE, MD, MARCH 7, 2005) — "We are beginning to inventory and better understand the vast legion of unseen microorganisms that live in our oceans and soil through our global sampling expedition and now we are extending this process of discovery to the air environment" said J. Craig Venter, Ph.D., president of the Venter Institute. "Many bacteria and viruses in the air elicit destructive immune responses in some patients and we would like to explore these genes of interest to human health. We will identify airborne bacteria and viruses and sequence their genomes to better understand the diversity of life in the air we breathe."
Unknown thousands or millions of pathogenic species from the environment are known to be un-culturable. The Genome Institute of Singapore has embarked on a project to shot-gun sequencing of  the air. The sequences they have obtained number more than 20,000

Given a blast-formatted database of aerogenomic sequences found in  http://sf01.bic.nus.edu.sg/blast/air/blast.html, propose ways in which you can identify the gene function and the gene origins of the sequences.
See the project5.ppt in IVLE for a deeper understanding of the problem and the proposal by the LSM2104 students on how to solve this problem. Critique their solution and see if you can make a powerpoint presentation on your suggestions on how to help the GIS perform the aerogenomic annotation. Comment on the possibility of discovering new genes and new species in the air.
See http://www.venterinstitute.org/press/news/news_2005_03_07.php and

http://www.newscientist.com/article.ns?Id=dn7112

[image: image4]
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ANNEX 3
Powerpoint DEMOS (Homework self-learning)
To request for a special group demonstration session for any of the following ppts, please contact the Teaching Assistant concerned or the Lecturer (Tan Tin Wee 96640347)
A few selected ppts will be presented during the practical labs.

	Grp
	Powerpoint / Word Document Presentation
	Demonstrator
	Remarks

	A
	Starting up with APBioKnoppix LiveCD and familiarizing yourself with APBioKnoppix Bioinformatics Software: Knoppix Linux operating system; KDE windows manager; Konqueror and Mozilla browser for FTP and HTTP; Kwrite text editor; Rasmol and Pymol structure visualisation; EMBOSS/JEMBOSS/wEMBOSS; Webmin Administration; MySQL, Jalview/Seaview/Clustalx sequence alignment; NUSWinzone, Netcardconfig, VPNclient and connecting to the Internet.


	Justin Choo
X3566
	Basic

	B
	Googling for information; Getting Bibliographic material; Getting databases. www.lib.nus.edu.sg; libproxy1.nus.edu.sg; Genbank NCBI; wwPDB; EMBL; UniProt; BIND; PROSITE etc.


	Justin Choo

X3566
	Elementary

	C
	Building a Bioinformatics Database I: Apache; Perl CGI and MySQL relational database management system


	Tan Tin Wee

96640347
	Intermediate

	D
	Multiple Sequence Alignment and visualization: Clustalx, Jalview; Seaview; dotplot; treeview


	Ung Choong Yong x3566
	Optional

	E
	3D structural visualization with Rasmol
	Justin Choo/Tan Tin Wee


	Optional

	F
	Building your own BLAST database for BLAST searching: Blastdb; Blastall; web interface


	Justin Choo
	Optional

	G
	Building a Bioinformatics Database II: Apache; Perl CGI and MySQL relational database management system; manipulating your output; uploading SQL files.Multiple sequence alignment with CLUSTALX


	Tan Tin Wee
	Intermediate

	H
	Sequence Alignment and Patterns
	Bhuvana
	Optional

	I
	Homology Modeling on a structural template

3hr theory completed. Practical handson
	Shoba Ranganathan/

Tan Tin Wee
	Optional

	J
	Unix Shell Programming for bioinformatics
	Tan Tin Wee
	Optional


IMPORTANT: See IVLE for uploaded reference practical sheets
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Press Release

FOR IMMEDIATE RELEASE

VENTER INSTITUTE STUDIES MICROBES LIVING IN AIR

Air Genome Project to Sample Air Using Whole Genome Shotgun Sequencing

(ROCKVILLE, MD, MARCH 7, 2005) — The .. Craig Venter Institute is launching a pilct project to better understand the diversity of
ricrobes in urban air. I addition to more deeply characterizing the microbes we breathe every day, researchers anticipate that the results
will provide information vital to designing systems that detect potentially dangerous biological substances in the air

We know that the air we breathe normally contains hundreds of mictoorganisms-bacteria, fungi, and viruses. Most are completely
harmless, but a few can cause health problers ranging from mild allergies to diseases such as the flu. To find out exactly what microbes
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