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News
Harvard Medical School: 19-Nov-2006, Eurekalert. 

Fists, feet or handbags

Fighting like a girl or a boy is hardwired into your brain, say scientists. At least it is if you're a fruit fly.

Aggression is a serious problem among humans, says Edward Kravitz. He is a professor of neurobiology at Harvard Medical School, and developed the fruit fly fighting model: "It's a problem with a biological and a genetic component.

"We want to understand these. I can't think of a better system to study than fruit flies. And no one gets hurt."

The new research is published in the Nov. 19 Nature Neuroscience advance online version. The authors are research teams from Harvard Medical School and the Institute of Molecular Pathology in Vienna.

Researchers often give names to genes. The gene that makes male and female fruit flies fight in different ways is one of them. It is called "fruitless". This is a large gene possessed by male fruit flies and well known for its role in courtship behavior. It makes proteins used in the nervous system. 

These proteins affect behavior. They are needed for normal courting. Males without them do not court females. Sometimes they court males, other research groups have shown. Females with the gene - and therefore the proteins - court other females.

The new study shows that the same gene influences another behavior differently in males and females - the way they fight.

When females fight there is a little bit of shoving and a lot of head butting. Males prefer lunges. They rear up on their back legs and snap their forelegs hard. Sometimes this nails an opponent that is too slow in getting away. 

If the male and female versions of the genes are switched, so are the fighting tactics. Male flies without fruitless go in for ladylike head butts and shoving. Females with fruitless go in for lunges.

The gender-bending fruit flies were first developed in the Austrian lab of co-author Barry Dickson. The director of the Institute of Molecular Pathology there used them to study courtship. 

Dickson created male flies without fruitless. In courtship studies these did not act like males. But it wasn't clear that they acted like females either. 

The likely reason is that fruitless is not the only influence on courtship behavior. Pheromones and anatomy are also important. These hadn't changed. 

So Dickson got in touch with Kravitz. He thought a study of aggression might answer the lingering questions about the effects of the fruitless gene.

Meanwhile, co-author Steven Nilsen had similar questions. The postdoctoral fellow in Kravitz's lab was staging contests between mutant fruitless flies. So postdoctoral fellow Eleftheria Vrontou, the lead author, packed up the Viennese flies and took them to the Boston fruit fly fight club. 

For five years, researchers in Kravitz's lab have been scoring fruit fly fights. They've been doing this to learn about normal fighting behavior. The long-term goal is to figure out how genes change those fighting patterns. 

So the scientists stage fights between fruit flies. For males they hold them in small food cups decorated with a headless female. (A live female will fly away, leaving males nothing to fight over.)

Female flies fight over a dab of fresh yeast paste - their version of dark chocolate, Kravitz said. 

All the fights are videotaped. The movies are replayed in slow motion to record each move and countermove. 

The fruit fly aggression model is part of a new trend to use fruit flies to study complex behaviors. These include sleep and responses to painful stimuli, Tompkins said. 

Fruit flies in many ways behave like humans, she added.

The findings provide a valuable guide to research that will trace neural circuits, said Bruce Baker. He is a biology professor at Stanford, and was the first person to link the fruitless gene to male courtship behavior. 

That's a big thing, he added. Scientists can now think about understanding in molecular detail the various steps and how they link together: 

It starts with the genes themselves. Then the scientists need to look at the proteins that the genes encode. And finally they have to study the role of these proteins in the nervous system, and how that can affect behavior.

There is a great deal still to learn. But fruit flies that fight like the opposite sex are starting to show us the way.

725 words

Flesch reading ease: 71.7

Flesch-Kincaid Grade level: 6.1

Word bank

Pupils will not know some of the words used in the text. Meanings are given below, followed by a table mixed randomly - to provide an exercise in matching words and meanings. 

By tackling this and the exercises that follow - which are known as directed activities related to texts (DARTs) - pupils can engage with a piece of writing, and learn a great deal from it, even when many of its ideas and words are unfamiliar to them.


Word
Meaning

1
aggression
aggressive behavior

2
aggressive
likely to attack people

3
anatomy
the structure of an animal's body

4
animal model
behavior or biology in a particular animal that is studied by scientists to shed light on human behavior or biology

5
behavior
the actions of an animal in response to its environment

6
biology
the science of life and living things

7
complex
having many connecting parts that are hard to separate

8
component
each of the parts something is made of

9
conception
fertilization of egg by sperm

10
countermove
move made in response to another

11
courtship
the behavior of animals before they mate

12
developed
invented and made usable

13
DNA
giant molecule that contains the genes; short for deoxyribonucleic acid

14
encode
carry the code for

15
environment
all the factors, such as soil, climate, other lifeforms, that affect a living thing or community

16
factor
things that actively contribute to a result

17
fertilization
joining of male and female cells to form a new cell that can become a new plant or animal

18
fruit fly
two winged insect whose larva feeds on fruit or vegetables; often used in experiments to study genes

19
gender-bending
acting in a way more usual in the opposite sex 

20
gene
tiny parts of animal and plant cells that control what is inherited. A gene is a section of DNA that does a particular job.

21
genetic
through the genes

22
hardwired
a result of how the brain is put together; opposite of learned

23
influences
produces an effect

24
inherit
get from parents at conception

25
larva
insect in first stage of life, after it comes out of an egg

26
lingering
lasting a long time

27
mate
have sex

28
molecular
about the molecules

29
molecule
the smallest part of a substance that can exist; made of two or more atoms joined together

30
mutant
changed from the normal

31
nervous system
all the nerves that carry electrical signals from one part of the body to another

32
neural circuits
complete paths of signals through the nervous system

33
neurobiology
the science of nerves and nervous systems

34
opponent
someone who argues or fights against another

35
particular
special; distinctive

36
pattern
a regular way of doing something 

37
pheromones
chemicals that are produced by animals and influence behavior

38
postdoctoral fellow
research scientist on a short-term contract after gaining a PhD

39
proteins
one of many substances that are the building blocks of living cells

40
respond
act in answer to or because of

41
stimuli
things that produce a reaction

42
system
set of parts or ideas that are organized to work together

43
tactics
methods used to achieve something

44
trace
follow tracks or other evidence

45
version
different form

Activity 1

Mixed-up meanings

Pupils should try to fill in the blanks in the final column with the words that match the meanings. The words needed are listed, but not necessarily in the right order, in the first column.

This exercise should not be tackled in isolation, but by a reader with access to the story itself: The contexts in which words are used provide powerful clues to their meanings. 


Word
Meaning
Word should be

1
aggression
complete paths of signals through the nervous system


2
aggressive
the science of nerves and nervous systems


3
anatomy
behavior or biology in a particular animal that is studied by scientists to shed light on human behavior or biology


4
animal model
fertilization of egg by sperm


5
behavior
get from parents at conception


6
biology
invented and made usable


7
complex
research scientist on a short-term contract after gaining a PhD


8
component
act in answer to or because of


9
conception
giant molecule that contains the genes; short for deoxyribonucleic acid


10
countermove
things that actively contribute to a result


11
courtship
lasting a long time


12
developed
someone who argues or fights against another


13
DNA
a regular way of doing something 


14
encode
chemicals that are produced by animals and influence behavior


15
environment
each of the parts something is made of


16
factor
the actions of an animal in response to its environment


17
fertilization
move made in response to another


18
fruit fly
produces an effect


19
gender-bending
changed from the normal


20
gene
follow tracks or other evidence


21
genetic
joining of male and female cells to form a new cell that can become a new plant or animal


22
hardwired
tiny parts of animal and plant cells that control what is inherited. A gene is a section of DNA that does a particular job.


23
influences
about the molecules


24
inherit
methods used to achieve something


25
larva
carry the code for


26
lingering
having many connecting parts that are hard to separate


27
mate
set of parts or ideas that are organized to work together


28
molecular
different form


29
molecule
the structure of an animal's body


30
mutant
have sex


31
nervous system
the behavior of animals before they mate


32
neural circuits
a result of how the brain is put together; opposite of learned


33
neurobiology
the smallest part of a substance that can exist; made of two or more atoms joined together


34
opponent
the science of life and living things


35
particular
two winged insect whose larva feeds on fruit or vegetables; often used in experiments to study genes


36
pattern
aggressive behavior


37
pheromones
things that produce a reaction


38
postdoctoral fellow
one of many substances that are the building blocks of living cells


39
proteins
acting in a way more usual in the opposite sex 


40
respond
special; distinctive


41
stimuli
all the nerves that carry electrical signals from one part of the body to another


42
system
likely to attack people


43
tactics
through the genes


44
trace
insect in first stage of life, after it comes out of an egg


45
version
all the factors, such as soil, climate, other lifeforms, that affect a living thing or community


Activity 2

Comprehension 

1. What insect have these scientist been studying?

2. What have these insects been doing with each other?

3. What is the gene called that the scientist have been working with?

4. Is it big or small?

5. What kind of behavior was the gene known to affect before this study?

6. In what way do males without the fruitless gene act unusually?

7. In what way do females with the fruitless gene act unusually?

8. The effects of fruitless on male and female courtship behavior was already known. What did this new research look at?

9. How do females normally fight?

10. How do males normally fight?

11. If a male fruit fly does not have the fruitless gene how does he fight?

12. If a female is given the fruitless gene how does she fight?

13. Earlier research, on courtship rather than aggression, had shown that males without fruitless did not act like males. Did they act like females?

14. Could the scientists explain this?

15. Do you think they were sure their explanation was right?

16. What are your reasons for that answer?

17. The scientists in Boston were studying fruit fly fights. The scientists in Vienna were studying the fruitless gene and how it affects courtship. So the groups got together to study how the __________ ____ affects they way the fruit flies _____.

18. What is the long-term goal of that collaboration?

19. What do the scientists use to encourage the male flies to fight?

20. What do they use to encourage female flies to fight?

21. How do they study the fights in detail afterwards?

22. Are the scientists interested in the way genes affect fighting only in fruit flies?

23. What other species are they very interested in?

24. Can you think why scientists would study fruit flies rather than that other species?

25. Genes ____ proteins. Proteins build ____. Bodies affect ____. Fill in the blanks with the following words: behavior, make, bodies.

26. In just one sentence what did this research show the scientists that they did not know before?

Activity 3

Find the missing word

Pupils should try to fill in the blanks using clues from the rest of the sentence. When in doubt, the length of each blank indicates the length of the missing word. A complete list of words that belong in the blanks is provided at the end of the passage.

Fists, feet or handbags

Fighting like a girl or a ___ is hardwired into your brain, say scientists. At least __ is if you're a fruit fly.

Aggression is a serious _______ among humans, says Edward Kravitz. He is a professor __ neurobiology at Harvard Medical School, and developed the fruit ___ fighting model: "It's a problem with a biological and _ genetic component.

"We want to understand these. I can't think __ a better system to study than fruit flies. And __ one gets hurt."

The new research is published in the ___. 19 Nature Neuroscience advance online version. The authors ___ research teams from Harvard Medical School and the Institute __ Molecular Pathology in Vienna.

Researchers often give names to genes. ___ gene that makes male and female fruit flies fight __ different ways is one of them. It is called ___________. This is a large gene possessed by male fruit flies and well known for ___ role in courtship behavior. It makes proteins used in ___ nervous system

These proteins affect behavior. ____ are needed for normal courting. Males without them do ___ court females. Sometimes they court males, other research groups ____ shown. Females with the gene - and therefore the proteins - _____ other females.

The new study shows that the same gene __________ another behavior differently in males and females - the ___ they fight.

When females fight there is a little bit __ shoving and a lot of head butting. Males prefer ______. They rear up on their back legs and ____ their forelegs hard. Sometimes this nails an opponent that __ too slow in getting away. 

If the male and ______ versions of the genes are switched, so are the ________ tactics. Male flies without fruitless __ in for ladylike head butts and shoving. Females with fruitless go in for lunges.

The gender-bending _____ flies were first developed in the Austrian lab of _________ Barry Dickson. The director of the Institute of Molecular _________ there used them to study courtship. 

Dickson created male _____ without fruitless. In courtship _______ these ___ not act like males. But it wasn't clear that ____ acted like females either. 

The likely reason is that _________ is not the only influence on courtship behavior. Pheromones ___ anatomy are also important. These hadn't changed. 

So Dickson ___ in touch with Kravitz. He thought a study of __________ might answer the lingering questions about the effects of ___ fruitless gene.

Meanwhile, co-author Steven Nilsen had similar questions. The ____________ fellow in Kravitz's lab was staging contests between mutant _________ flies. So postdoctoral fellow Eleftheria Vrontou, the lead author, ______ up the Viennese flies and took them to the ______ fruit fly fight club. 

For five years, researchers in _________ lab have been scoring fruit fly fights. They've been _____ this to learn about normal fighting behavior. The long-term ____ is to figure out how genes change those fighting ________. 

So the scientists stage fights between fruit flies. ___ males they hold them in small food cups decorated ____ a headless female. (A live female will fly away, _______ males nothing to fight over.)

Female flies fight over a ___ of fresh yeast paste - their version of dark _________, Kravitz said. 

All the fights are videotaped. The ______ are replayed in slow motion to record each move ___ countermove. 

The fruit fly aggression model is part of _ new trend to use fruit flies to study complex __________. These include sleep and responses to painful stimuli, ________ said. 

Fruit flies in many ways behave like humans, ___ added.

The findings provide a valuable guide to research that ____ trace neural circuits, said Bruce Baker. He is a _______ professor at Stanford, and was the first person to ____ the fruitless gene to male courtship behavior. 

That's a ___ thing, he added. Scientists can now think about understanding __ molecular detail the various steps and how they link _________ 

It starts with the genes themselves. Then the scientists need to ​​​____ at the proteins that the genes encode. And finally they ____ to study the role of these proteins in the nervous ______, and how that can affect behavior.

There is a _____ deal still to learn. But fruit flies that fight ____ the opposite sex are starting to show us the ___.

These are all the words that belong in the blanks:

"fruitless", a, a, aggression, and, and, are, behaviors, big, biology, Boston, boy, chocolate, co-author, court, dab, did, doing, female, fighting, flies, fly, For, fruit, fruitless, fruitless, go, goal, got, great, have, have, in, in, influences, is, it, its, Kravitz's, leaving, like, link, look, lunges, movies, no, not, Nov., of, of, of, of, packed, Pathology, patterns, postdoctoral, problem, she, snap, studies, system, The, the, the, They, they, together, Tompkins, way, way, will, with

Answer Key:
Fists, feet or handbags

Fighting like a girl or a boy is hardwired into your brain, say scientists. At least it is if you're a fruit fly.

Aggression is a serious problem among humans, says Edward Kravitz. He is a professor of neurobiology at Harvard Medical School, and developed the fruit fly fighting model: "It's a problem with a biological and a genetic component.

"We want to understand these. I can't think of a better system to study than fruit flies. And no one gets hurt."

The new research is published in the Nov. 19 Nature Neuroscience advance online version. The authors are research teams from Harvard Medical School and the Institute of Molecular Pathology in Vienna.

Researchers often give names to genes. The gene that makes male and female fruit flies fight in different ways is one of them. It is called "fruitless". This is a large gene possessed by male fruit flies and well known for its role in courtship behavior. It makes proteins used in the nervous system

These proteins affect behavior. They are needed for normal courting. Males without them do not court females. Sometimes they court males, other research groups have shown. Females with the gene - and therefore the proteins - court other females.

The new study shows that the same gene influences another behavior differently in males and females - the way they fight.

When females fight there is a little bit of shoving and a lot of head butting. Males prefer lunges. They rear up on their back legs and snap their forelegs hard. Sometimes this nails an opponent that is too slow in getting away. 

If the male and female versions of the genes are switched, so are the fighting tactics. Male flies without fruitless go in for ladylike head butts and shoving. Females with fruitless go in for lunges.

The gender-bending fruit flies were first developed in the Austrian lab of co-author Barry Dickson. The director of the Institute of Molecular Pathology there used them to study courtship. 

Dickson created male flies without fruitless. In courtship studies these did not act like males. But it wasn't clear that they acted like females either. 

The likely reason is that fruitless is not the only influence on courtship behavior. Pheromones and anatomy are also important. These hadn't changed. 

So Dickson got in touch with Kravitz. He thought a study of aggression might answer the lingering questions about the effects of the fruitless gene.

Meanwhile, co-author Steven Nilsen had similar questions. The postdoctoral fellow in Kravitz's lab was staging contests between mutant fruitless flies. So postdoctoral fellow Eleftheria Vrontou, the lead author, packed up the Viennese flies and took them to the Boston fruit fly fight club. 

For five years, researchers in Kravitz's lab have been scoring fruit fly fights. They've been doing this to learn about normal fighting behavior. The long-term goal is to figure out how genes change those fighting patterns. 

So the scientists stage fights between fruit flies. For males they hold them in small food cups decorated with a headless female. (A live female will fly away, leaving males nothing to fight over.)

Female flies fight over a dab of fresh yeast paste - their version of dark chocolate, Kravitz said. 

All the fights are videotaped. The movies are replayed in slow motion to record each move and countermove. 

The fruit fly aggression model is part of a new trend to use fruit flies to study complex behaviors. These include sleep and responses to painful stimuli, Tompkins said. 

Fruit flies in many ways behave like humans, she added.

The findings provide a valuable guide to research that will trace neural circuits, said Bruce Baker. He is a biology professor at Stanford, and was the first person to link the fruitless gene to male courtship behavior. 

That's a big thing, he added. Scientists can now think about understanding in molecular detail the various steps and how they link together: 

It starts with the genes themselves. Then the scientists need to look at the proteins that the genes encode. And finally they have to study the role of these proteins in the nervous system, and how that can affect behavior.

There is a great deal still to learn. But fruit flies that fight like the opposite sex are starting to show us the way.

Activity 4

What kind of statement?

Students should read the news story on page 1 about the latest scientific research, and highlight phrases or sentences according to the following key (or any other way of indicating the different types of statement that can be done with the resources in their pockets or in your classroom):

Existing knowledge

Aims of the research

Technology and methods

New findings or developments

Hypothesis

Prediction

Evidence
Issues and applications

Normally no more than one phrase or sentence should be highlighted in each paragraph, unless the reader decides that a particular paragraph contains several really important ideas. 

Usually the decision will not be too difficult. But choosing between, say, hypotheses and new findings can sometimes be tricky. There isn't always an obviously right or wrong answer, even to the scientists themselves. 

Pupils should be encouraged not to agonize too long over their choice of statement type, but to be prepared to give reasons for their decisions. 

Note: A hypothesis is a "tentative explanation that leads to predictions that can be tested by experiment or observation".
Answer Key: (This is an illustrative set of choices. There are many others.)
Fists, feet or handbags

Fighting like a girl or a boy is hardwired into your brain, say scientists. At least it is if you're a fruit fly.

Aggression is a serious problem among humans, says Edward Kravitz. He is a professor of neurobiology at Harvard Medical School, and developed the fruit fly fighting model: "It's a problem with a biological and a genetic component.

"We want to understand these. I can't think of a better system to study than fruit flies. And no one gets hurt."

The new research is published in the Nov. 19 Nature Neuroscience advance online version. The authors are research teams from Harvard Medical School and the Institute of Molecular Pathology in Vienna.

Researchers often give names to genes. The gene that makes male and female fruit flies fight in different ways is one of them. It is called "fruitless". This is a large gene possessed by male fruit flies and well known for its role in courtship behavior. It makes proteins used in the nervous system
These proteins affect behavior. They are needed for normal courting. Males without them do not court females. Sometimes they court males, other research groups have shown. Females with the gene - and therefore the proteins - court other females.

The new study shows that the same gene influences another behavior differently in males and females - the way they fight.

When females fight there is a little bit of shoving and a lot of head butting. Males prefer lunges. They rear up on their back legs and snap their forelegs hard. Sometimes this nails an opponent that is too slow in getting away. 

If the male and female versions of the genes are switched, so are the fighting tactics. Male without fruitless go in for ladylike head butts and shoving. Females with fruitless go in for lunges.

The gender-bending fruit flies were first developed in the Austrian lab of co-author Barry Dickson. The director of the Institute of Molecular Pathology there used them to study courtship. 

Dickson created male flies without fruitless. In courtship studies these did not act like males. But it wasn't clear that they acted like females either. 

The likely reason is that fruitless is not the only influence on courtship behavior. Pheromones and anatomy are also important. These hadn't changed. 

So Dickson got in touch with Kravitz. He thought a study of aggression might answer the lingering questions about the effects of the fruitless gene.

Meanwhile, co-author Steven Nilsen had similar questions. The postdoctoral fellow in Kravitz's lab was staging contests between mutant fruitless flies. So postdoctoral fellow Eleftheria Vrontou, the lead author, packed up the Viennese flies and took them to the Boston fruit fly fight club. 

For five years, researchers in Kravitz's lab have been scoring fruit fly fights. They've been doing this to learn about normal fighting behavior. The long-term goal is to figure out how genes change those fighting patterns. 

So the scientists stage fights between fruit flies. For males they hold them in small food cups decorated with a headless female. (A live female will fly away, leaving males nothing to fight over.)

Female flies fight over a dab of fresh yeast paste - their version of dark chocolate, Kravitz said. 

All the fights are videotaped. The movies are replayed in slow motion to record each move and countermove. 

The fruit fly aggression model is part of a new trend to use fruit flies to study complex behaviors. These include sleep and responses to painful stimuli, Tompkins said. 

Fruit flies in many ways behave like humans, she added.

The findings provide a valuable guide to research that will trace neural circuits, said Bruce Baker. He is a biology professor at Stanford, and was the first person to link the fruitless gene to male courtship behavior. 

That's a big thing, he added. Scientists can now think about understanding in molecular detail the various steps and how they link together: 

It starts with the genes themselves. Then the scientists need to look at the proteins that the genes encode. And finally they have to study the role of these proteins in the nervous system, and how that can affect behavior.

There is a great deal still to learn. But fruit flies that fight like the opposite sex are starting to show us the way.
Activity 5
Topic for pupil group discussion 

In this story the link between the fruitless gene and behavior is clear: If a fruit fly has the gene it fights like a male. If it doesn't have the gene it fights like a female - irrespective of its actual sex.

The connection between genes and behavior is rarely so straightforward - particularly in humans. There is no criminal gene, no scientific genius gene, no homosexual gene.

In fact the scientists who first discovered the effect of fruitless on courtship behavior in fruit flies were surprised that a single gene could have such "far-reaching effects on complex behaviors, and be so focused in what it controls". 

Behaviour, particularly in humans, is usually a complex mix of influences. So neither of the two extreme views in the nature-nurture debate is correct:

"I believe genes are important, but our environment - how our parents treat us, the food we eat, the support we get - has most effect on human behavior. It's nurture not nature that counts"

"I believe intelligence, violent behavior, a willingness to take risks, sport and musical talent, and happiness are all determined by genes. Nature makes us who we are."

However as scientists learn more and more about the effect of genes on behavior, it may alter the way we think about how other people behave. So:

Topics for discussion

A. Invite pupils in groups to read the statements below and imagine themselves in that situation. Then they should discuss how they would feel if they were a) the person being talked about, and b) other people who do not have such "good" genes? 

Should knowledge of the genes possessed by every individual be freely available? Should it be available to the government and the police?

Education

"I really enjoy teaching our genetic high-fliers. Sian is doing brilliantly. We did the right thing moving her into a special class for students with high genetic scores for intelligence."

Work

"As soon as I saw that risk-taking gene on her genetic profile, I knew we had to employ her. And I was right. She's the best stuntwoman we've ever had."

Justice
"I want to stop but I can't. I get drunk and then I get into fights. But I don't deserve to go to prison. Fighting is in my genes, you see - my old man was the same."

Family

"The man who analyzed Zak's genes when he was born said he could be a great athlete if he worked hard at it. So I reckon we should pay for extra coaching for him."

"But not for Marcia?"

"No, I don't think so. She doesn't seem to have any special genes."
B. Ask groups to decide if it is a) sensible and b) scientifically accurate to link genes and behavior in this way.

C. Finally ask the groups to try to answer the following question: Researchers study twins to learn if human behavior is caused by genes, by what happens to a child when she is growing up, or by some combination of the two. Why twins?

(Adapted from Genes and You, by the Genetic Interest Group: www.gig.org.uk/genesandyoucontents.htm)

Links to free activities, lesson plans and background information.

1. www.teachersdomain.org/resources/tdc02/sci/life/gen/journeydna/index.html The exact location of DNA is often a mystery. Take a guided tour of the human body, into a single cell, its nucleus, its chromosomes and eventually its DNA.

2. www.teachersdomain.org/resources/tdc02/sci/life/gen/genetictoolkit/index.html Video and text on the gene toolkit used by all animals. Beautiful and instructive. 

3. www.teachersdomain.org/resources/tdc02/sci/life/gen/comgencode/index.html Fascinating video of a classic experiment on the genes that animals have in common. A human gene is inserted into yeast and works well.

4. www.dnaftb.org/dnaftb/ DNA from the beginning. Animated primer on DNA, genes and heredity. "Probably the best introduction to genetics on the Web", according to the National Biological Information Infrastructure.

5. www.teachersdomain.org/resources/tdc02/sci/life/gen/proteinsynth/index.html From DNA to protein. Text and video. Detailed and aimed at older students, but worth a look.

6. http://publications.nigms.nih.gov/genetics/ Genetic basics background from National Institutes of Health.

7. www.gig.org.uk/docs/genesandyou/activities/true-or-false.pdf Quiz on Genes and You. Genetic Interest Group.

Links to more links

www.nclark.net/Genetics Materials and resources collected by experienced science teacher.

http://library.advanced.org/28599/ Gene school. "Welcome to the Gene School '99, a comprehensive, educational site exploring the fascinating innovations and discoveries of genetic science." 

Daily tip for running science class discussions and groupwork

From Running Small Group Discussions in 21st Century Science. Nuffield Curriculum Centre:

Each student should be assigned a role, e.g. in larger groups, someone who will chair the discussion and ensure everyone in the group has an opportunity to speak, someone who will present conclusions at the end, someone who will research and access resources for factually correct information, someone to take notes and bullet point what the group wants to say. 

It is vital that these roles are changed for the next group discussion, so that students can experience different ways of working within a group.

Your role during the activity
Make sure students understand your instructions. Keep them short and to the point and ask students to explain to you what they have to do.
Your role will be to facilitate group work; to praise and motivate with comments such as 'That's a good question, Harjit, it shows you've listened very carefully,' to ensure students are on task, that all are involved and, if discussion is flagging, to intervene with a question that will get the discussion back on track. 

If a group does seem lost ask them to review what they have already discussed so you can tease out relevant questions.

At the end of the lesson

Make explicit and highlight the learning skills that students have achieved through the lesson, as well as gains in conceptual understandings.

Evaluation

What evidence did I have to show that group outcomes were achieved?

Did the students have enough background information to address the task? 

Were students given an equal chance to participate in the group discussions?
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