
[image: image1.jpg]lines. First. screening should be voluntary. and
confidentiality must be assured. Second. screen-
ing requires informed consent. Freiest educa-
tional materials should explain the hazards (for

| effecis ana tne loss of in-
surability) and benefits of choosing to be tested
or choosing not 10 be t2sted. Third. provigers o
screening services have the obligation to ensure
that adequate education and counseling are in-
cluded in the program. Fourth, quality control of
all aspects of the laboratory testing. including
systematic proficiency testing, is required and
should be implemented as soon as possible. An
finally. there should be equal access to testing.

In view of the importance of the voluntary
nature of screening and anticipated rapid
changes in current information. legislative actien
to require cystic fibrosis screening is undesirable
at present. There is consensus, however. that
cystic fibrosis carriers should not be discriminat-
ed against with regard to insurability or employ-
ment. If evidence of discrimination emerges. cor-
rective legislative action should be considered

When population-based screening be-
comes availadle. who should be offered the test-
ing and in w setting? The most appropriate
group for population-based screening comprises
those of reproguctive age. Although it is recog-
nized that testing will often be provided to cou-
ples during pregnancy, it is preferable to offer
screening before conception. Preconception
testing offers a couple that has a one-in-four risk
of having an affected child a broader range of re-
productive options

The optimal setting for carrier testing is
through primary health care providers. Commu-
nity- based screening programs provide an alter-
native setting. At present, newborn screening
primarily to detect carriers is inappropriate, as
are screening programs directed at children
below reproductive age

Education of the lay communi® and health
care providers concerning the disease. its genet-
ic transmission. and carrier testing is an impor-
tant goal. Both traditicnal and innovative mcth
ods should be used for community education.
Education regarding carrier testing for cystic fi-
brosis could have a major effect on the level of
genetic knowledge in the population

In addition to obtaining informed consent,
providers of carrier screening must ensure the
avaiiauiiily of appropriate genetic counseling.
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Those with a negative carrier test should require
minimal counseling but should be reminded of
the limitations of the test. Those identified as
carriers should be informed of the personal and
family implicat.ons of their staws

Group and individual counseling services
should be available. Afier specialized training,
physicians. nurses. social workers, and other
health care personnel could provide much of this
counseling service. A range of teaching devices
10 be shared witn family members should be de-
veloped and evaluated as an adjunct to counsel-
ing

Couples found to have a one-in-four risk
require comprehensive individual genetic coun-
seling by a qualified professional. This counsel-
ing should be nondiractive and cheuld help the
couple to make reproductive decisions conso-
nant with their own beliefs. Educational materials
that present a range of views and options should
be developed

Pilot programs investigating research ques-
tions in the delivery of population-based screen-
ing for cystic fibrosis carriers are urgently need-
ed. These programs should address clearly de-
fined questions. including the effectiveness of
educational materials, the level of utilization of
screening, laboratory aspects. counseling is-
sues. costs, and the beneficial and deleterious
effects of screening. One important issue is to
determine the effect on couples who are at in-
creased risk because only one partner has an
identified cystic fibrosis mutation. Pilot programs
should examine alternative models of delivery
that could be generalized. Federal funds are crit-
ically needed to carry out these programs.

The development of carrier-screening pro-
grams for cystic fibrosis should not detract from
the current scientific efforts to improve the treat-
ment of this disease. Currently, about 30,000
Americans have cystic fibrosis, and additional
children with the disease are born every day
The ability to identify couples ai iR il S 2
to be important even if more successful treat-
ments are devalaned

Reprinted with the permission of the h _ ==+ s of
Health and the New England Journal of Mecicine. July 1390

“Currently. screening tests can detect between 90 and 95
percent of the known mutations i CF carriers of European
ancestry. How might this ability affect the NIH position on

popuiation screening for CF?
=

-
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[image: image2.jpg]Examine Figurs 1.2
and read the positions from top to beitom
What is the base sequence for the 1¢ posi-
tions in the box? This procedure allows ge-
naticists tn raad many-taces nf DN
also can compare the base sequences for
the same gene in many different pecple

Thau

. Figure 1.3 represents the bases present in
a small part of the gene for CF (from one
chromosome) for six different high school
students. The entire CF gene contains
about 250.000 bases—far too many to list
on this page. Working in teams of three,
use the worksheets your teacher provides
to list the sequences of one strand of DNA
from the maternal chromosome for ¢
viduals listed at the top of the wor
The corresponding base sequences
the paternal chromosome appear aicng-
side each individual's sequences on the
worksheet. (Remember, chrdmosomes
come in pairs—one from the mother [ma-
ternal]. the other from the father [paternal] )

Exchange worksheets with one of your
partners and check each other's lists.

. With your partners, examine the bass se-
quences of both chromosomes from
Norma, Karen, and Josina, who do not
have CF. Circle any differences. (Later you
will discuss how a person can have a dif-
ference in his or her DNA sequence and
not have a genetic disorder.)

. Examine the base sequences for Lezh,
Martin, and Richard. Circle any differences
between their seaiiences and those of the
unanected individuals.

. What is especially different about the DNA
sequence for Richard? Propose a hypothe-
Sis to explain your obser.cticn. (Hint: Line
up the base sequences from Richard and
Martin, beginning with nnsitinn 24 2ng
working backwards until you come to a dis-
crepancy.)

LRERSERRY &

LAaNa Sequenices Copyvinaster

Figure 1.2 An autoradiograph—a method to
determine base secuerces

7. Recall that the base sequence, in triplets,
codes for specific amino acids. In steps 2-
5, you discovered that some differences in
the base sequence for a gene cause a ge-
netic disorder (such as CF). whereas other
differences have no effect. A question left
unanswered was: How can a person have
a difference in his or her base sequence
and yet not have a genetic disorder? Pro-
pose a hypothesis to answer this question

8. Use Figure 1.4 to determine the amino

acios coded for in the eight DNA triplets
you listed on the worksheet. Record the
appropriate amino acids in the proper
columns on the worksheet

9. The amino acid sequence determines the

protein's composition. Compare the protein
formed by this portion of the base se-
quenees for Norma, Karen, and-JosiAa.
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Figure 1.3 DNA sequences





[image: image4.jpg]What do you find? This should help explain
why some people with ditferent base se-
quences are unaffected by genetic disor-
ders.

10. Examine the amino acid sequence for the

proteins of Leah, Martin, and Richard
What causes CF in these people?

QuESTIONS FOR Discussion

1. Cystic fibrosis is an autosomal rz e
disorder. That means that affected individu-
als have inherited an abnormal allele from
gach paient. Would a pefson who has a
sequence like Leah's and a second se-
quence like Norma's have CF?

2. Assume that a person has one allele with

the sequence shown for Leah and a sec-
ond allele with the sequence shown for

Activity I DNA Sequences Copymaster

Richard. Would the person have CF? Ex-
plain your answer.

. A person can have the same sequence of

DNA for the 24 bases as does Josina and
still have CF. Propose a hypothesis to ex-
plain this. How might you test your hypoth-
esis? Remember that the 24 bases of the
DNA sequence you have examined repre-
sent only a small fraction of the DNA (ap-
proximately 250,000 bases) found in the
CF gene.

(a6 ihe-ad e iseiitent o) OF €Sty and
the screening policy statement from The
National Institutes of Health your teacher
provides. Discuss the relevant implications
of cystic fibrosis testing and genetic
screening in general.
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Activity 1 Worksheet A Base Sequences

‘ Norma Karen
Position # ‘ Chromosome Amino acid Chromosome |Chromosome Amino acid ~ Chromosome
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Activity 1 Worksheet B Base Sequences

! Josina Leah
Position # | Chromosome Amino acid ~ Chromosome |Chromosome Aminc ocid  Chromosome
7 from 7 from 7 from 7 from
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Activity 1 Worksheet C Base Sequences

Martin Richard
Position # | Chromosome  Amino acid Chromosome |Chromosome Amino acid Chromosome
7 from 7 from 7 from 7 from
Mother Father Mother Father
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[image: image8.jpg]LABORATORY WORKSHEET—

«4_¢/_”_ﬁd SIMULATING DNA FINGERPRINTS

BACKGROUND INFORMATION

The human genome is comprised of all the genes possessed by humans. Scientists have
begun to apply molecular biology to decoding small portions of the genome for personal
identification. DNA fingerprinting is one method of using DNA to identify individuals. This
method takes advantage of the fact that large portions of the human genome are made up of
repeated sequences of varying lengths that do not code for proteins. In the process of DNA
fingerprinting, a small sample of human DNA is cut with a restriction enzyme. The resulting
fragments, each with a different mass, are separated by electrophoresis. Fragments that contain
repeats are then labeled. This produces a series of bands that show the lengths of the
fragments containing repeats by their position. Thus, a unique pattern of bands can be
established for each individual in the world. In this investigation, you will simulate the process
of making and using DNA fingerprints.

PROBLEM
How can DNA be used for the identification of criminals?

MATERIALS (per student)

scissors graph paper |

PROCEDURE ==

1. The accompanying table describes the pattern of genes and repeats of a particular segment
of DNA for five individuals. This information will be used to construct models of the DNA
segment for each of the five individuals.

Individual DNA Sequence
1 Gl G2 1R G3 4R GI G5 IR =GO R G

2 GI G2 1R G3 BR-—~—G4—--G5 3R G6 - 2R-~-GF
3 GI G2 11R G3 8R G4 G5 SR=G6-. 8l G7
4 GI G2 6R G3 2R G4 G5 9R G6 TR G7
5 Gl G2 4R G3 5R G4 G5 12R G6 4R G7

Key: G = gene R = repeats

= VO





[image: image9.jpg]2. Cut a lengthwise strip of graph paper two boxes wide. Starting at the top, label the first

box GI and the second box G2.
3. For each repeat, label a box R. For example, for individual 1, the ten boxes following G2
would be labeled R.

4. Continue labeling the boxes through to G7, remembering to put the proper number of R's
(repeats) in the correct locations. Write the number of the individual on the back of the

‘ strip.

| 5. Fold a clean sheet of graph paper into sixths lengthwise. Unfold the paper and number the
boxes up the left-hand edge, starting at the bottom, from 1 through 25. This sheet will be
used to record the DNA fingerprints of individuals 1 through 5 and of an unknown criminal
Label the first of the six columns / for individual 1: the second, 2 for individual 2: and so
on. Label the sixth colunth CRIMINAL.

6. Select one of the five individuals to be a criminal. Note: Do not tell your classmates which
individual you have selected. Make a duplicate strip of DNA for that individual following
the procedure outlined in steps 3 through 5.

. Cut the strip representing the criminal's DNA between genes 4 and 5. This represents the
cutting of DNA by restriction enzymes.

8. Arrange the two pieces of the DNA strip in order of size, with the largest first. This
represents the separation of DNA pieces through electrophoresis

9. Count the number of boxes in the longest piece of DNA. Color in a box in the column of
your data table marked CRIMINAL directly across from this number. Repeat this procedure
using the shorter fragment. You should have two marks in the column. These represent the
marks that DNA tagged with a radioactive probe would leave on a photographic plate—a
DNA fingerprint.

10. Exchange the DNA fingerprint of your criminal with one of your classmates.

11. Prepare DNA fingerprints for individuals | through 5.

OBSERVATIONS
1. Did any of the five individuals have the same DNA fingerprints?

2. Which individual was the criminal?

ANALYSIS AND CONCLUSIONS

1. If the possible number of repeats between two genes varies between 1 and 20, what is the
probability of having exactly 3 repeats? &

2. Why is it unlikely that two individuals would have the same DNA fingerprint?

-\ =< -
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3. 1f blood or hair samples are recovered at the scene of a crime, how could they be used to

make a positive identification of a criminal?

CRITICAL THINKING AND APPLICATION

j 8

e

What characteristic differs from person to person. causing the fragments to separate
difierently during electrophoresis”

. What characteristic of DNA makes it possible to use radioactive probes to label it?

What would be the most logical explanation for two individuals having exactly the same
DNA fingerprints?

. Why is it more useful to differentiate between human DNA fragments based on the number

of repeats rather than by looking at the differences between the genes?
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Constructing models

Aedvly 3 The Role of RNA

DNA is the nucleic acid that is responsible for storing a cell's genetic information in the
form of coded instructions. Because DNA does not leave the cell's nucleus, the instructions
must be copied onto a messenger that can bring the genetic information from the nucleus to
the ribosomes. Once here, the ribosomes make proteins, which control the biochemical
pathways within the cell.

The nucleic acid that is responsible for performing these functions is RNA. RNA consists of a
single chain of nucleotides. Each nucleotide contains a 5-carbon sugar (ribose), a phosphate
group, and one of the following nitrogenous bases: guanine, adenine, cytosine, or uracil.

Although a cell contains many different forms of RNA, there are three main types that are
involved in expressing the genetic code. The three main types of RNA are messenger RNA
(mRNA), transfer RNA (tRNA), and ribosomal RNA (rRNA). The process of \rans(erring‘the
genetic information from DNA to mRNA is called transcription. The process that decodes mRNA
into a protein is known as translation.

Below is a model of each of the nucleotides of mRNA. Trace each model and make the
appropriate number of copies for each (number that appears in parentheses to the left of each
model). Then cut out each nucleotide.

=k Jodke

Uracil /
Ribose ’] Ribose j G
ol \ 1 R |

Phosphate Phosphate
group group

= [
Lol [l

Cytosine
Ribose ] Ade’;ne Ribose :]
@[] (1) B e
Phosphate Phosphate
group group

Il boos [ Loeed

Assume that transcription has already taken place and that a portion of a DNA molecule with
the code AGT GTT GCT initiated the formation of a RNA molecule with the code UCA CAA-
CGA. Each combination of three nitrogenous bases on mRNA is=called a-codon. Construct a —=—
model of this molecule using the nucleotides you have cut out.- —





[image: image12.jpg]Messenger RNA travels to the ribosomes, where the genetic information must be decoded.
Transfer RNA (tRNA), meanwhile, is present in the cell’s cytoplasm. On each tRNA molecule,
there are three exposed nitrogenous bases that will pair with a codon on mRNA.

Trace the drawings of tRNA below and join these molecules to the mRNA model you have
already constructed.
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1. Can your tRNA molecule join with your mRNA molecule in any other configuration? Explain
your answer.

2. Which nitrogenous base in mRNA can join only with the

a. adenine base of tRNA? .

b. uracil base of tRNA? r= —

¢. guanine base of tRNA?





[image: image13.jpg]3. What sequence of bases in tRNA can join only with base sequence AAA in mRNA?

Attached to each tRNA on the end opposite its three bases (called an anticodon) is an amino
acid. An anticodon specifies for each of the cell's 20 amino acids. By matching the tRNA anti-
codon to the mRNA codon, the correct amino acid is put into place in the ribosome.

Now trace the amino acid models below and join them to the proper tRNA anticodon.

¥
q Glutamine

g B

Serine

G

i
b
| Arginine

=
ﬁ\_J' ﬁ\_J' __Jf

L

4. Which amino acid has the anticodon AGU?

5. Which amino acid has the anticodon GUU?

6. Which amino acid has the anticodon Gcu?

v
7. What is the amino acid sequence of the Protein that was formed?
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Class

Order of Codon in DNA

Order of Codon in mRNA

FIGURE OUT THE CODONS AND AMINO ACIDS

Use what you have learned about pairing of nitrogen bases,

and a biochemistry book to fill in the missing parts in
the chart below. The first one is done for you. s

Amino Acid Coded for by mRNA

CTT GAA glutamic acid
GCA
e UCA
CCT.
it Dl S B LT D ACU
GGG
UAA stop code
CAT
AUC — e
CGA —
ATC stop code
CAA D e —
AAA
ACT UGA
uuG
ATG
V
histidine
lysine
trytophan
methionine (and start code)
-6

Copyright ©1991 by Merrill Publishing Company
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ORGANIZING INFORMATION

Use the table below to identify the amino acid that is coded for by each set of three nitrogen bases, or codon,
in the mRNA molecule. The group in which the amino acid is located is indicated by the first base in the codon.
The correct row within that group is indicated by the second base, and the correct column is indicated by the
third base. To find the amino acid that is coded for by the codon CGA, for example, do the following: Because
the first base is C, look down the first column until you find the C group. Because the second base is G, look for
the G in the column labeled Second Base within the C group. Because the third base is A, look for the A column
that matches the row established by the first two letters of the code. Thus, the codon CGA codes for the amino
acid called arginine. For more help, refer to Organizing Information in the Skill Handbook, pages 810 to 813.

Messenger RNA Codons for Amino Acids
First Base Second Base Third Base
U C A G
U phenylalanine phenylalanine leucine leucine
U < serine serine serine serine
A tyrosine tyrosine (stop) (stop)
G cysteine cysteine (stop) 4ryptophan
u leucine leucine leucine leucine
c € proline proline proline proline
A histidine histidine glutamine glutamine
G arginine arginine arginine arginine
8] isoleucine isoleucine isoleucine methionine (and
% start code)
c threonine threonine threonine threonine
A asparagine asparagine lysine lysine
G serine serine arginine arginine
U valine valine valine valine
i G c alanine alanine alanine alanine
A aspartic acid aspartic acid glutamic acid glutamic acid
G glycine glycine glycine glycine

1. What are the four mRNA codons for threonine?

2. What are the six codons for serine?

3. What are the amino acid sequences resulting from each of the following segments of mRNA?

a. CGAGAAGUC

b. AACUCCAUG

c. UGGGGUAAG

d. CCACUAAGU

e. GACCACACA

-\ P-
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Pre-Lab Discussion -

Genes are the units that determine inherited characteristics. such as hair color
type. Genes are leng!
(the building

and blood
ths of DNA molecules that determine the structure of polypeptides

blocks of proteins) that our cells make. The sequence of nucleotides in DNA
determines the sequence of amino acids in polypeptides, and thus the structure of
proteins

In a process called franscription. which takes place in the nucleus of the cell,
messenger RNA (mRNA) reads and copies the DNA's nucleoti
a complementary RNA molecule. Then the mRNA carries this information in the form of 4
code to the ribosomes, where protein synthesis takes place. The code, in DNA or mRNA.

specifies the order in which the amino acids are joined together to form a polypeptide
The code words in mRNA. however, are not directly

de sequences in the form of

recognized by the corresponding
amino acids. Another type of RNA called transfer RNA (tRNA) is needed to bring the
mRNA and amino acids together. As the code carried by mRNA is “read” on a ribosome,
the proper tRNAs arrive in turn and give up the amino acids they
polypeptide
the langu.

carry to the growing
chain. The process by which the information from DNA is transferred ir
of proteins is known as translation

In this investigation. you will simul

nto

ate the mechanism of protein synthesis and
thereby determine the traits inherited by fictitious organisms called CHNOPS, CHNOPS
whose cells contain only one chromosome. are members of the kingdom Animalia.

A CHNOPS chromosome is made up of six genes (A, B, C, D, E, and F ), each of which is
responsible for a certain trait.

Problem

How can the traits on a particular chromosome be determined? How can these traits
determine the characteristics of an organism?

Materials (per student)

Blue pencil
Orange pencil V'

Procedure

1. To determine the trait for Gene A of your CHNOPS, fill in tt
Gene A in the Data Table. Notice the sequence of nucleotides in DNA. On the line provided,
write the sequence of nucleotides of mRNA that are complementary to DNA. Then, on the line
provided, write the sequence of nucleotides of tRNA that are complementary to mRNA.

- In order to determine the sequence of amino acids, match each tRNA triplet with the specific

amino acid in Figure 1. Using a - (hyphen) to separate cach amino acid number, record this
information in the appropriate place in the Data Tagl&

he information in the box labeled

. Using Figure 2, find the trait that matches the amino acid. sequence. Record this-information in
the appropriate place in the Data Table





[image: image17.jpg]4. Repeat steps 1 through 3 for the remaining genes (B through F)

5. Using all the inherited traits. sketeh your CHNOPS in the space provided

I B e
r tRNA Triplet | Amino Acid Number | Amino Acid Sequence Trait

A Sl 1
[ ACC | 20 | 20-11-13 | hairless |
! | 2 4
| AGC 16 20-12-13 | hairy |
| 2 i 21 |
CGA 2 = 20-21-21 Plump |
AAC 4 13-14-15 skinny !
s ol Bl o EE
; CGC - 3 16-2 | fourlegges |
| £GG .Y ol 5 12-7-8-1 | long nose |
- ~
= AGG J 7 ‘ 5-7-8-1 [‘ short nose |
| AAA | 8 | o8 | no freckles |
5 I 1 I
| uuu | 9 | 9-4 freckles 3
| GGU | 12 11-3:2 | blue skin a
| UAU | 13 | 11-3-3 ! orange skin
I T
cce | ; i 66-10 | male
AUC | 6 | 6-6-14 temale
| 1 i el
| s o Figure 2
GGA
badeadiy @ FROL . v ona it
Figure 1
Observations
Data Table
T ]
Gene A Gene B Gene C |
|
| {
J DNA  ACC GGT TAT | DNA  AGC CGA DNA  TTT AAC ‘,
mRNA ‘ mRNA FRENR T T SN e
|
L - |
J tRNA } tRNA MRS el i e e oo
Amino acid | Amino acid Amino acid
sSequence’ LTl ST SENRE. sequenee oo o sequence |
‘ Trait | Trap Trait |
= : J
Gene D Gene E | GeneF
DNA GGA CGC CGA DNA GGG AGG AAA CCC DNA ATC ATC CTA |
|
mRNA | mRNA AN el o o )
| aNa tRNA “| tRNA 5 |
i Z
,‘ Amino acid | Amino acid Amino acid |
sequence | sequence e . -| sequence o iRl
LTrait Trait Trait i |
| o

tatet
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Analysis and Conclusions

L. Distinguish between translation

it Class Date

and transcription

2. What is the specific site for transcnfﬁmn and translation in the cell?

3. How many tRNA nucleotides form an anticodon that will attach to the mRNA codon?

VO




