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Reading Guide for James D. Watson, DNA: The Secret of Life. New York: Alfred A. Knopf, 2003.

Read: Chapter 1 (Paragraphs 1-42) and Chapter 2.
Core question:

What is the code that executes the laws of life?
Introduction:


[image: image1]
The science of genetics is generally thought to begin with Gregor Mendel, who published his study on heredity in pea plants in 1866. In fact, humans have made use of the principles of heredity to select for better crops and livestock long before that, but it wasn’t until Mendel that people began to understand the underlying mechanism.

The core text is taken from DNA: The Secret of Life written by James D. Watson and Andrew Berry. Watson is a molecular biologist and is best known for his discovery of the structure of DNA. For this achievement, he received the Nobel Prize in Physiology and Medicine in 1962, an honour shared with the other two co-discoverers Francis Crick and Maurice Wilkins. 

In this selected reading, Watson first outlined the historical background of genetics. Before Mendel, the two main approaches to heredity were “pangenesis” and “preformationism”. The main difference between the two theories is that the former one involves the assembly of minuscule, preformed body parts while the latter one involves enlargement of a completely preformed individual. Both theories were disproved in the 19th century. It was around the same time when Mendel published the results of his study on the inheritance of pea plants. By observing the inheritance patterns of several generations of pea plants which he cultivated and quantitatively analyzing his results, he proposed that traits of the plants are passed down to their progeny by specific factors called “genes”. From the ratio of green to yellow peas in the progeny, he further deduced that these factors come in pairs with one having dominance over the other. With Mendel’s discovery, scientists started to search for this factor, which was later found to be on the chromosome.

After locating the inheritance factor on the chromosome, scientists then moved on to study the nature of this factor. For many years biologists had believed proteins to be the genetic material, but Oswald Avery brought DNA to scientists’ attention with his experiment on transformation of the bacteria Pneumoncoccus. Shortly after Avery’s results were published, Watson began his research on genes. Having been in the midst of keen scientific competition, he vividly recounted the race among scientists to determine the structure of the genetic information carrier. Realizing that the key to understanding how DNA carries genetic information lies in the chemical structure of the molecule, Watson began his DNA project in Cambridge with Francis Crick, Maurice Wilkins and Rosalind Franklin. Watson and Crick’s first DNA model was three-chained with the backbone at the center, but it was inconsistent with the X-ray evidence of DNA crystals and the team was forced to cease their research. The DNA modeling only resumed later with the discovery of the B form of DNA. This time they took into consideration chemical evidences as well as the X-ray crystallography results. Based on density measurements of the DNA, the ratio of DNA bases and the X-ray photos of the DNA, they eventually constructed a two-chained, helical DNA model with the bases pairing up at the center to hold the two chains in place. Their model was published in 1953, less than a century after Mendel’s discovery of “genes”.

For thousands of years humans have pondered the secret of life, and at last it seems the key has been found. There used to be a group of scientists who believed that life depended on a vital force given by an omnipotent god. Can their view still hold with the knowledge of DNA as the blueprint of life? Or are science and religion bound to be at odds with each other? Developments in genetics, especially in genetic engineering, also raise many moral concerns. With genetic modification, we can now create high-yield crops and produce medicine using bacteria. Would it be acceptable to apply such technology on humans? Near the end of the second chapter Watson commented that life was “just a matter of physics and chemistry”. Do you agree with him? Does that mean life is only a complex organization of atoms following the instructions on DNA, or is there more to life than a series of chemical reactions?

Suggested outline of the text:
Chapter 1

Paragraphs

1 –5: the importance of studying genetics (genetic diseases).
6 – 10: the history/development of genetics.
6: the application of genetics in agriculture ages ago.

7: reason why few people tackle the mechanism of heredity until Gregor Mendel. The failure to distinguish heredity and development identified as the major fault.

8: Greek view on heredity: “pangenesis”. Darwin used modified version to explain his natural selection theory.
9: “preformationism”, in which a preformed individual called a homunculus is inside the egg/sperm.
10: Defeat of the pangenesis and preformationism theories by August Weismann’s mice tail-cutting experiment and microscopes respectively in the 19th century.

11 – 18: Gregor Mendel’s influence in genetics.

11: Mendel’s youth.
12: Mendel used quantitative approach to study pea plants, which was first among biologists at the time. Ratio of red and white flowers.


13 – 14: Mendel’s later life.
15 – 18: Observation of green and yellow peas leads to theory of dominant and recessive alleles being transmitted through generations.

19 – 22: Identification of Mendel’s paired factors of heredity.

21: Walter Sutton located Mendel’s paired factors on the chromosomes in1902.

22: Theodor Boveri also proposed the chromosome theory of inheritance.

23 – 29: Thomas Hunt Morgan’s discovery of sex-linked traits and recombination of chromosomes.

23: Morgan’s objection to Sutton-Boveri’s theory.


24: Choice of fruit fly in breeding experiments.

25 – 27: Morgan’s method of experiment. Discovery of “sex-linkage” in inheritance (fruit fly eye colour).
28: Recombination of chromosomes during meiosis rendered Morgan’s original objection unwarranted.

29: Gene mapping made possible due to recombination.

30 – 34: The social significance of genetics (Mendel’s discovery + Darwin’s theory).

30: Public concern of the “degenerate classes”.


31 – 33: Darwin’s natural selection explained based on genetic variation.


34: Application of Darwin’s theory to humans.
35 – 42: Francis Galton and eugenics.
Chapter 2

1 – 3: How the author was drawn to research on genes. Influence of Schrödinger.

4: Early works on identifying the molecule that bears the code of life. Isolation of nuclein by Friedrich Miescher.

5 – 12: Identification of DNA as bearer of genetic information by Oswald Avery.


5: Molecular structure of DNA revealed partially.

7 – 9: Fred Griffith observed genetic transfer between rough and smooth strains of Pneumococcus.
10 – 12: Oswald Avery proved DNA as the transforming factor of the smooth and rough bacteria.
13 – 17: The author did his Ph.D. following Luria.

18 – 22: Maurice Wilkins made use of X-ray diffraction to determine 3-D structure of DNA molecules.

23 – 25: Linus Pauling discovered the alpha-helix structure of polypeptides.
25: Confirmation of the alpha-helix structure using X-ray crystallography by Sir Lawrence Bragg.
26 – 33: The author took up research at the Cavendish where he worked with John Kendrew, Max Perutz, Francis Crick and Rosalind Franklin.


28 – 29: About Crick. 
30 – 31: Meeting with Maurice Wilkins about model-building approach to DNA structure.


32 – 33: About Franklin and her dispute with Wilkins.
34 – 38: Failure of the first DNA model.


34: Franklin’s seminar on crystalline DNA.
35 – 36: Construction of a wrong 3-chain DNA model with backbone in the center.

37 – 38: The author was forced to stop DNA modeling.

39 – 40: The idea of complementary DNA strands by Crick based on Erwin Chargaff’s discovery of 1:1 ratio between DNA bases (A and T, G and C).
41 – 42: Linus Pauling’s mistake in structure of DNA.

43 – 51: Correctly building the 2-chain DNA model.
43 – 45: DNA modeling started again. The helical structure confirmed by X-ray pattern.

46: 2-chain instead of 3 based on density measurement.

47 – 48: The base-pairing scheme.
49 – 51: Complementarity of the DNA strands and its significance on DNA replication.

52 – 57: Presentation of the 2-chain DNA model.


52 – 53: The author accounted for their success.

54 – 57: Different responses of the scientists.
58 – 61: Investigating the mechanism of DNA replication.

60: Use of centrifugation and N isotopes to prove the unzipping hypothesis.

61: Discovery of DNA polymerase by Arthur Kornberg.
62 – 64: Conclusion.
Study Questions (Answers can be found at the end of this session.)
Chapter 1

(Para. 1-5: The importance of studying genetics) 

1. Why did the high incidence of the “Hapsburg Lip” occur in Hapsburgs?

(a) It is a genetic disease.
(b) Intermarriage among the Hapsburgs.


(c) Their diet led to the “Hapsburg Lip”.
(d) They were proud of having “Hapsburg Lip”.
(Para. 6-7: History and development of genetics)

2. What was the very first genetic manipulation?

(a) Generating insecticide-resistant plants.
(b) Interbreeding of human.
(c) Curing the genetic diseases.
(d) Improving domestic animals and plants.
(Para. 8-10: History and development of genetics) 

3. What led to the end of “preformationism”?

(a) Better microscope.


(b) Mendel’s theory of inheritance.

(c) The theory of pangenesis.

(d) August Weismann’s mice tail-cutting experiment.

(Para. 11-18: Gregor Mendel’s influence in genetics) 

4. How did Mendel’s training in physics help him deal with biology?

(a) He approached the problem of inheritance quantitatively.

(b) A lot of issues of inheritance are related to physics.

(c) His training in physics helped him develop a more critical mind.

(d) He adopted a qualitative approach to look at the colours of flowers.

True or False

(Para. 11-18: Gregor Mendel’s influence in genetics)

5. One kind of gene is called “dominant”, and the other is called “recessive”.   

(Para. 11-18: Gregor Mendel’s influence in genetics) 

6. For how many years had the scientific community neglected Mendel’s findings?

(a) 5 years.
(b) 15 years.
(c) 25 years.
(d) 35 years.
(Para. 11-18: Gregor Mendel’s influence in genetics)

7. What are the major findings of Mendel? 
I. Specific factors are passed from parents to offspring.
II. Specific factors are in pairs.
III. The offspring receives one such factor from each of the parents.

(a) I and II only
(b) I and III only
(c) II and III only
(d) I, II and III.
True or False

(Para. 19-22: Identification of Mendel’s paired factors of heredity)

8. Scientists found chromosomes in cells with better microscope in the late 19th century. 

9. What is the conclusion of Sutton-Boveri’s theory?

(a) Chromosome contains DNA.

(b) Genes are on chromosomes.

(c) Chromosomes are doubled.
(d) Chromosomes in the sex cells are not paired up.

(Para. 23-29: Thomas Hunt Morgan’s discovery of sex-linked traits and recombination of chromosomes)

10. What animal did Morgan use as a model to prove Sutton-Boveri’s theory?

(a) Cockroach.
(b) Frog.
(c) Fruit fly.
(d) Butterfly.
True or False

(Para. 23-29: Thomas Hunt Morgan’s discovery of sex-linked traits and recombination of chromosomes)

11. The eye-colour gene of fruit fly is located on the Y chromosome.  

(Para. 23-29: Thomas Hunt Morgan’s discovery of sex-linked traits and recombination of chromosomes)

12. Consider any two genes on a single chromosome. What is the relation between the frequency of gene reshuffling and their distance?

(a) The longer the distance between the two genes, the higher the frequency of reshuffling is.
(b) The shorter the distance between the two genes, the higher the frequency of reshuffling is.

(c) The distance between the two genes is not related to the frequency of reshuffling.
(d) There is no reshuffling of genes.
True or False

(Para. 31-34: The social significance of genetics)

13. The Victorians believed that virtues could be inherited genetically.   

True or False

(Para. 35-42: Francis Galton and the logic of eugenics)

14. Charles Darwin was a younger cousin of Francis Galton.   


(Para. 35-42: Francis Galton and the logic of eugenics)

15. According to the author, why was Galton able to develop many fundamental principles of modern statistics?

(a) Galton was clever.
(b) Galton was interested in Nama woman.
(c) Galton was a scientific man.
(d) Galton had the passion for quantification.
True or False

(Para. 35-42: Francis Galton and the logic of eugenics)

16. Galton’s analysis on eugenics took the effect of the environment into account.  

Chapter 2

(Para. 1-3: What is life?)

17. What is Schrödinger’s view about life?

(a) Life can be explained by laws of physics at that time.
(b) DNA is the genetic code of life.
(c) Life could be thought of in terms of storing and passing on biological information.
(d) Life is just a matter of physics and chemistry.
(Para. 4-5: Protein and DNA) 

18. How many kinds of amino acids are proteins built up from?

(a) 20.
(b) 16.
(c) 8.
(d) 4.
 (Para. 6-12: DNA as the genetic material) 

19. In Griffith’s work, which of the following combinations of Pneumococcus bacteria CANNOT kill the mice?

(a) S bacteria.
(b) R bacteria.
(c) S bacteria + R bacteria.
(d) Heat-killed S bacteria + normal R bacteria.
(Para. 6-12: DNA as the genetic material) 

20. Following Griffith’s work, Avery discovered ______ as the transforming factor.

(a) sugar-like coat

(b) protein

(c) RNA

(d) DNA

True or False
(Para. 15: The author did his Ph.D. following Luria)

21. Watson chose to follow Luria instead of Muller because the analysis of phages was speedier than that of fruit flies. 

(Para. 18-22: X-ray diffraction of DNA by Wilkins) 

22. What was the insight provided by Wilkins’s X-ray diffraction photograph of DNA?

(a) DNA contains A, T, C & G bases.
(b) There are two chains of DNA.
(c) DNA has a highly regular crystalline packing.
(d) DNA is the genetic material.
True or False.
(Para. 23: Contribution of Linus Pauling)
23. Linus Pauling discovered the alpha helix structure of protein.  

True or False.
(Para. 31-33: The opinion of Wilkins and Franklin on solving DNA structure)
24. Franklin had insisted that no model-building could commence unless she confirmed that DNA was the genetic material.  

(Para. 31-35: The opinion of Wilkins and Franklin on solving DNA structure) 

25. What did Wilkins believe about the structure of DNA?

I. DNA has two chains.
II. DNA has three chains.
III. DNA is a helix.
(a) I only.

(b) III only.
(c) I and II only.
(d) II and III only.
(Para. 34-38: Failure of the first DNA model) 

26. How many chains were there in the model that the author and Crick originally worked on?

(a) 1.
(b) 2.
(c) 3.
(d) 4.
(Para. 39-40: Inspiration from Chargaff) 
27. Which of the following features of DNA was/were contributed by Erwin Chargaff’s paper?

I. Adenine (A) and Thymine (T) occurred in roughly equal amounts.
II. Guanine (G) and Cytosine (C) occurred in roughly equal amounts.

(a) I only.

(b) II only.
(c) I and II.
(d) None of the above.
(Para. 43-48: DNA structure modelling) 

28. Refer to Para. 43, what was the structural information provided by Franklin’s X-ray photograph of B-form DNA?

(a) DNA is helical.
(b) DNA contains A, T, C & G bases.
(c) DNA is three-chained.
(d) DNA is the genetic material.
(Para. 43-48: DNA structure modelling) 

29. Which of the following contributed to the two-chain, rather than three-chain model of DNA?

I.  X-ray diffraction photo of DNA.
II. DNA density-measurement evidence.
III. The idea of Watson as a biologist.
(a) II only.
(b) I and II only.
(c) II and III only.
(d) I, II, and III.
True or False

(Para. 43-48: DNA structure modeling) 

30. The base pairing of DNA is A to T, C to G. 

(Para. 52-57: Presentation of the 2-chain DNA model) 

31. Why did the Cambridge biochemists dislike the author’s finding?

(a) DNA structure is not significant.
(b) They found the double helix without doing experiments.
(c) They were not interested in DNA structure.
(d) DNA should be three-chained.
(Para. 58-60: Meselson-Stahl experiment) 

32. What did the Meselson-Stahl experiment reveal?

(a) The unzipping idea for DNA replication.
(b) A-T, C-G base pairing of DNA.
(c) There are two kinds of nitrogen atoms.
(d) DNA is composed of nitrogen only.
(Para. 64: What is life?)

33. The author believes that life is just a matter of  
(a) physics and mathematics.

(b) psychology and chemistry.

(c) physics and chemistry.

(d) psychology and mathematics.
— End —
( Historical background of the study of heredity


( About the author


( Milestones in genetics


	# Mendel and early investigations in mechanism of heredity


( Understanding the structure of DNA


	# Identifying DNA as the genetic information carrier


	# DNA modeling, initial trials and final success


( Issues related with the discovery








Page 11/11

