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UNIT OVERVIEW

UNIT TOPIC: DNA, RNA, and Protein Synthesis
Standard B-4, Indicators B-4.1, B-4.2, B-4.3, B-4.4

GRADE LEVEL AND STUDENT CULTURE: 9" grade Honors Biology students, Freshman
Academy

CLASS STRUCTURE: three 45-minute periods (Monday/Tuesday/Friday) and one 90-minute
period (Wednesday/Thursday)

RATIONALE:

The cell is an amazingly fine-tuned machine, working nonstop to maintain homeostasis of
organisms. The most crucial of all maintenance systems of the cell’s processes is protein
synthesis. Without proteins, life would not exist as we know it. This unit provides that
understanding of the basic cellular processes that unify all living organisms and provides a basis
of understanding of molecular heredity. It is essential that students understand how their own
body functions and provides a means for the passing of genetic material to offspring. This unit
also provides an opportunity to reinforce student understanding of the nature of scientific
discovery, that advances in science requires contributions from many people over long period of
time.

The details of protein synthesis are integral to many research and discovery endeavors of the
twenty-first century. Students should be taught not only content knowledge but how to be a
global citizen. This unit provides students with the tools to be a cognizant and knowledgeable
citizen, capable of understanding advances in modern sciences. A basic understanding of the
genetic code of organisms is also important for visualizing evolution across generations. As
students learn about evolution, they will be able to apply their knowledge of DNA as the genetic
code to the differences seen in populations over time.

OBJECTIVES:

The student should understand the molecular basis of heredity, specifically the role of DNA as
the genetic material of organisms and the process of protein synthesis, specifically the processes
of transcription and translation. Students should be able to 1) understand that DNA has a
transient yet stable nature — science is about change 2) describe the process of protein synthesis
and 3) identify the products of replication, transcription and translation.

This can be broken down further into:

The student should be able to:

1. Describe the discoveries that led to the acceptance of DNA as the genetic material



2. Describe the characteristics of DNA and the process of replication

3. Explain the flow of information from DNA to RNA to proteins

4. Illustrate/identify illustrations of the processes of replication, transcription, and
translation

5. Sequence the steps of protein synthesis

6. Explain the significance of protein synthesis

Through these objectives the student should expand his learning on the following key concepts
and enduring ideas of science:

1. Tentative and every-changing nature of science and discovery
2. Unifying nature of human processes, specifically cellular processes
3. Connections between scientific knowledge and real-world applications

The student should be prepared for standardized assessment on the following:

Standard B-4: The student will demonstrate an understanding of the molecular basis of
heredity.

B-4.1 Compare DNA and RNA in terms of structure, nucleotides, and base pairs.

B-4.2 Summarize the relationship among DNA, genes, and chromosomes.

B-4.3 Explain how DNA functions as the code of life and the blueprint for proteins.

B-4.4 Summarize the basic processes involved in protein synthesis (including transcription and
translation).

CONTENT:
The content of this unit is broken down into three sections: DNA, Chromosomes and DNA
Replication, RNA and Protein Synthesis.

Lesson Topics:

» DNA: History of DNA as Genetic Material, Structure and Purpose of DNA, Nucleotides
o Key Concepts: nucleic acids (deoxyribonucleic acid (DNA) and ribonucleic acid
(RNA)), nucleotides, nitrogenous base, sugar, phosphate group, complementary
bases
» Chromosomes and DNA Replication:
o Key Concepts: gene, chromosome, DNA, genetic code, sex chromosome,
autosomal chromosome, DNA replication
» RNA and Protein Synthesis:



o Key Concepts: protein synthesis, transcription, messenger RNA, translation,
ribosomal RNA, codon, anticodon, transfer RNA, anticodon site, peptide bond,
stop codon

REFERENCES AND RESOURCES

Notes Power Point, student notes sheets, quizzes and test materials
o Adapted from Mrs. Beth Standridge (Pendleton High School, Anderson School
District 4)
Textbook Resources
o Text—McDougal Littell Biology by Stephen Nowicki
o Biology Inquiries: Standards-Based Labs, Assessments, and Discussion Lessons
by Martin Shields
SC Standards and Initiatives Documents
SC Standards Support Documents
Strawberry DNA Extraction Lab
o Adapted from Ms. Elizabeth Moon (Clemson University, Student Teacher Seneca
High School)
Video animations of protein synthesis processes
o http://www.stolaf.edu/people/giannini/flashanimat/molgenetics/transcription.swf
o http://www.cmbi.ru.nl/edu/VWO/4vwodag/gene3.swt
o http://learn.genetics.utah.edu/content/begin/dna/transcribe/




LESSON PLANS

LESSON 1

Standard B-4:
The student will demonstrate an understanding of the molecular basis of heredity.

Standard B-1:
The student will demonstrate an understanding of how scientific inquiry and technological
design, including mathematical analysis, can be used appropriately to pose questions, seek
answers, and develop solutions.

B-1.6 Evaluate results of a controlled scientific investigation in terms of whether they
refute or verify the hypothesis.

Objectives:
Describe the discoveries that led to the acceptance of DNA as the genetic material.

Identify the components of the structure of DNA.
Explain the purpose and role of DNA in organisms.

Time:
One 42 minute period, one 88-minute period

Prerequisites/Prior Knowledge:
Students have no prior knowledge of this material

Materials/Preparation:

» Chl2 Pretest and answer key

Guided notes for students

Power point presentation of notes

Chargaff’s DNA worksheet and answer key (Biology Inquiries by Martin Shields)
Open Notes Quiz sheets

YV V VYV

Safety:
There are no additional safety procedures beyond that of normal classroom procedures.

Procedures/Content:
Students should take a 12 question pre-test of the unit before any instruction has begun.

Use the Power Point presentation to present information to students while students take notes on
the provided student guided notes sheets.



» Be sure to point out the nature of science evident in the history of the discovery of DNA
as the genetic material.

» Emphasize the importance of DNA to modern practices — especially medicine and
agriculture.

» Point out to students the vocabulary section of the notes and encourage them to develop
study habits by beginning to learn the vocabulary words.

Inquiry Activity:

Before reaching the section of the notes in which Chargaff’s Base Pairing rules are presented,
distribute the student handouts of Chargaff’s DNA Data worksheet. Allow students to find a
partner to work with to complete the activity.

Students should be able to discover patterns in the pairing of bases and be able to draw
connections from the patterns to the models and pictures of the structure of DNA

Continue with the notes in the section detailing base pairing rules

Close with an Open Notes Quiz the following class period to assess comprehension.

Assessment:

Open questioning during lecture — individual and entire class
Chargaff’s DNA worksheet

Open Notes Quiz

Adaptations:
For ESOL students — more visuals and pairing with an English speaking students

For lower ability levels — additional supplemental activities for the history and structure of DNA;
entire class complete Chargaff’s DNA activity together, guided inquiry

Follow-up Lessons/Activities:
This lesson should be followed up by a discussion of RNA, replication, and protein synthesis.
Additional activities would include construction of the DNA model

Reflection:

This lesson was very successful as an inquiry lesson. Students did not respond well to having to
think critically but they were challenged and after complaints, rose to the challenge. Students did
well discovering the base pairing rules with little guidance. Students developed their critical
thinking and observation skills. The lesson also emphasized nature of science through the
discussions of the historical discoveries that led to DNA’s acceptance as the genetic material.



LESSON 2

Standard B-4:

The student will demonstrate an understanding of the molecular basis of heredity.
B-4.1 Compare DNA and RNA in terms of structure, nucleotides, and base pairs
B-4.2 Summarize the relationship among DNA, genes, and chromosomes
B-4.3 Explain how DNA functions as the code of life and the blueprint for proteins

Objectives:
Compare and contrast DNA and RNA.

Summarize the way that DNA’s genetic information is used by the cell.
Describe/illustrate the steps of replication.

Time:
Two 88-minute periods

Prerequisites/Prior Knowledge:

Students should have prior knowledge of what DNA is, the purpose of DNA and where DNA is located in
the cell from previous units and lessons in this unit.

The student should be familiar with experimental procedure including the use of a question, materials list,
procedures list, and analysis.

Materials/Preparation:

» Teacher materials —
o PowerPoint for opener, notes, discussion and exit slip
o Lab handout
» Student materials —
o Lab handout
o 1 lab materials bucket for each group
» Lab materials — (for each group)
Fruit (strawberry, banana, etc)
Ziploc baggies
10 mL DNA extraction buffer solution (detergent solution)
Filter paper
Funnel
Test tube
Glass rod
20 mL ethanol

O O O O O O O O

Safety:

» Be sure to follow all directions EXACTLY. This is important to make sure that the DNA
separates from the cells properly



» NO food or drink in the lab at any time
» Do not eat or drink any lab materials — solutions or solids!
» We will be using ethyl alcohol in the lab:
o Strong clear liquid
o Toxic if ingested or inhaled and can irritate body tissue
o Avoid body contact
o Highly flammable — avoid flames!
o Everyone must wear safety goggles and aprons at all times!
» Let me know immediately if there are any safety issues or accidents in the lab

Procedures/Content:
Use Power Point and student guided notes to introduce content about DNA replication.

DNA Extraction Lab
» Prepare the lab in advance, making student group lab stations will all required materials

Alternative Assignment for DNA Extraction Lab — virtual lab

Assessment:

Informal questioning during lecture — individual and class, check in slides in lecture
Lab handout — individual

Open Notes Quiz

Adaptations:
Students with IEPs will be assisted by resource teachers in the room or by the classroom teacher. Students
can be given more time outside of class to complete post-lab and analysis questions

For students with other considerations, ability grouping can be used. Students with special considerations
can be intentionally paired with students without considerations.

Follow-up Lessons/Activities:
This lesson could/should be followed with
o Further lab exploration of what contains DNA
o Carrying out the labs designed by students
o Exploration of the purpose of DNA for protein synthesis

Reflection:

This lesson went extremely well. The students responded well to the lab, thoroughly enjoying the
experience of smashing strawberries as an actual part of the class. Students did take away from
the experience the understanding that our food has DNA. If time had allowed, more activities
involving manipulatives for the DNA structure vs. RNA structure and the process of replication
could have been beneficial.



LESSON 3

Standard B-4:

The student will demonstrate an understanding of the molecular basis of heredity.
B-4.4 Summarize the basic processes involved in protein synthesis (including

transcription and translation)

Objectives:
Explain the flow of information from DNA to RNA to proteins.

[lustrate/identify illustrations of the processes of protein synthesis.
Sequence the steps of protein synthesis and explain the significance of the process.

Time:
Two 42-minute class periods

Materials/Preparation:

» Power Point with student guided notes sheets
» Say It With DNA worksheet activity

Safety:
There are no additional safety considerations for this lesson.

Procedures/Content:
Lecture on central dogma, protein synthesis and transcription

Say it with DNA worksheet — each student receives a slip of paper with a DNA code written out
and they have to write out the transcribed RNA strand based on their DNA code.

Assessment:

Informal questioning during lecture, check in slides
Open Notes Quiz

Say It With DNA Worksheet

Adaptations:
Students can work in pairs or small groups on the worksheet if struggling with the activity.

Reflection:
The lecture went well, students understood the material presented based on the feedback received
during lecture and through the quiz the following day. They particularly enjoyed having an



animation that we could watch several times and see the overall idea of what happens in the
process as a whole as well as the individual steps. If done again, a more hands on activity might
be better though when pressed for time, the worksheet is sufficient.



LESSON 4

Standard B-4:
The student will demonstrate an understanding of the molecular basis of heredity.

Objectives:
Explain the significance of protein synthesis.

Determine the amino acid sequence that would be produced from a sequence of DNA
nucleotides.

Time:
One 88-minute class period, one 42-minute class period

Materials/Preparation:
Say it with DNA Activity — codon cards posted around the room, DNA message sheets for each
student

Safety:
There are no additional safety considerations for this lesson.

Procedures/Content:
Finish lecture on translation and protein synthesis

Activity — Post anticodon cards around the room in random locations

Each student receives one sheet that has a DNA code on it. They must transcribe the code,
translate it, then figure what the anticodons would be for each codon. Each card has an
anticodon, amino acid, and secret word on it. Students will assemble their protein by figuring out
the sequence of anticodons then discover the secret message based on the secret words for each
amino acid.

Chapter 12 Quiz — quiz on the entire chapter

Assessment:
Codon activity student worksheet
Chapter 12 quiz

Reflection:
This lesson went very well; the students enjoyed being up out of their seats assembling their
proteins and discovering the sentences that the sequences made up. The only thing about the



activity that should be done differently is the secret sentences. Some of the sentences were
nonsensical and silly. Students said that they would have enjoyed having better sentences. This
could easily be done by altering the secret words.



LESSON §

Standard B-4:

The student will demonstrate an understanding of the molecular basis of heredity.
B-4.8 Compare the consequences of mutations in body cells with those in gametes.
All indicators of the unit

Objectives:
Compare the results of a mutation in a body cell to a mutation in a gamete.

Identify ways of genetic engineering including selective breeding and hybridization.

Time:
Two 42-minute class periods

Materials/Preparation:

» Beach ball

» List of open response questions for the review game
» Power Point of notes

» Student guided notes sheets

Safety:
There are no additional safety considerations for this lesson.

Procedures/Content:
Use the Power Point to finish the discussion of the unit’s content about mutations.

Review Game — using a beach ball with topics written on each color stripe of the ball, have
students toss the ball to each other and whichever color their thumb lands on when they catch the
ball is the category of question they have to answer.

Assessment:
Study Guide completion, notebook check, participation in review game, test

Reflection:

This lesson tied up the loose ends of the unit and helped students put the pieces together into a
more cohesive comprehension. The review game went well although student participation was
not quite what was hoped. Many students were disengaged and did not get as much out the game
as was intended. This could be improved by having a book work alternative assignment or by
having several review balls with the questions written on them so that the classes could play the
game in smaller groups with the instructor as a monitor.



UNIT ANALYSIS

The major objectives of this unit were that students should be able to 1) understand that
DNA has a transient yet stable nature — science is about change 2) describe the process of protein
synthesis and 3) identify the products of replication, transcription and translation. The unit
included a variety of instructional strategies including models, animations, charts, diagrams,
direct instruction, labs, inquiry activities, and a variety of assessments. The conveyance of the
subject matter to the students was determined by a summative multiple choice and open response
unit test.

The student performance on both the pre-test and the unit test were analyzed based on
each objective. Every question was categorized by which objective it assessed and the number of
students who answered the question correctly was collected. Data from 77 students was collected
for the pre-test and data from 67 students was collected for the unit test. In the pre-test, 33% of
the students tested correctly answered questions assessing the overarching objective of the unit.
Twenty-five percent of the students answered questions about objective 1 correctly and 24%
correctly answered questions regarding objective 2. The unit test was summative and included
both multiple choice questions and an open response section. Of the multiple choice questions
dealing with the main objective, 78% of students answered correctly. This was a 45% increase
from the pre-test. Seventy-eight percent answered questions about objective 1 correctly, a 53%
increase from the pre-test; seventy-nine percent answered questions about objective 2 correctly, a
55% increase. The average increase in correct multiple choice answers was 51%. This increase in
correct multiple choice answers indicates an increase in student knowledge of the unit content
and achievement of the objectives for the unit.

Objective Pre-test Post-test Increase in Correct
% Correct % Correct Answers
1 33.12 77.96 45%
2 24.68 77.83 53%
3 23.90 79.10 55%

The unit test also included an open response question, asking students to describe the
process of protein synthesis in detail. A word bank of suggested words was provided as a basis
for the level of detail expected. It was clear based on an overall assessment of the open response
answers that many students struggled with expressing themselves. This was based upon their
sentence structure and flow of thought. However, the content included in the student responses
demonstrates an overall understanding of the ideas of protein synthesis, the necessary steps taken
by the structures in the cell and the reasons for the processes. Some students did struggle with the
details associated with the processes by confusing parts of replication with transcription or using
the wrong name for the enzyme responsible but where the details were slightly off, the main
concepts were there. Student Sample A, G, and H (see Appendix) show an understanding of the




overall concepts and ideas, though not all students were able to articulate the details of the
processes. Student Samples C and D (see Appendix) show a high level of detail with only a few
errors in addition to an overall understanding.

Student grades were assigned based on rubrics and answer keys then posted to
PowerSchool for students and parents to observe.

This unit was a success at conveying content information to the students. Based on the
data collected and the samples analyzed, students learned the subject matter and the objectives
set for the unit were obtained. The unit’s strengths were in tying the pieces together through an
inquiry activity, a wet lab, and a variety of review methods. The students enjoyed the activities
and the lab. The unit could have been improved through more hands on activities and models to
help the students visualize the specifics of the processes. A weakness of the unit was the speed at
which students were expected to learn the material. This was due to the pressure of the upcoming
EOC and end of the year. The entire year could have been planned out to better allot time for this
particular unit.

Overall the experience has been positive; good relationships were built with the students,
cooperating teacher and other professionals at Pendleton High School. There were many
opportunities for improvement and things learned to implement in future years of teaching.



APPENDIX




Honors Biology
Chapter 12 PRE - TEST

. The process by which one strain of bacteria is apparently changed into another strain is called
a. Transcription

b. Translation

c. Transformation

d. Replication

. A nucleotide does NOT contain

a. A 5-carbon sugar
b. Polymerase

¢. A nitrogen base

d. A phosphate group

. The process by which genetic code of DNA is copied into a strand of RNA is called
a. Translation

b. Transcription

¢, Transformation

d. Replication

. In messenger RNA, each codon specifies a particular
a. Nucleotide
. Purine

b
¢. Amino acid
d. Pyrimidine

Changes in DNA sequence that alfect genetic information are known as
a. Replications
b. Mutations
c. Transformations
d. Prokaryotes

. An expressed gene is one that

a. Functions as a promoter

b. Is transcribed into RNA

¢. Codes for only one amino acid
d. Is made of mRNA

. During replication, which sequence of nucleotides would bond with the DNA sequence TATGA?
a. TATGA

b. UAUGA
c. ATACT
d. AUAGA




Honors Biology
Chapter 12 PRE - TEST

8. In which of the following ways does RNA differ from DNA?
RNA contains uracil and deoxyribose

RNA contains ribose and thymine

RNA contains uracil and ribose

RNA contains adenine and ribose

RNA contains uracil, thymine and ribose

o e op

9. 'Which of the following nucleotide(s) bond(s) with adenine?
a. Thymine only

Uracil only

Cytosine and guanine

Thymine and uracil

Thymine, uracil, and cytosine

L

10. The process of decoding mRNA into polypeptide chain is known as
Transformation

Transpiration

Translation

Transcription

Translocation

o p0 o

11. What did Hershey and Chase’s worl show?

a. Genes are probably made of DNA

Genes are probably made of protein
Genes are made of both DNA and protein
Viruses contain DNA but not protein
Bacteria contain DNA but not protein

I

12. Anticodons are part of the structure of
a. DNA

Messenger RNA

Transfer RNA

Ribosomal RNA

Proteins

o oo o



® Thinking back to our Organic
Compounds unit, what are the 2
types of nucleic acids?

What is the function of DNA?

® Where s DNA located in the
cell?

» What is the mohormer

What did scientists discover about the
relationship between dgenes and DNA?

Whal is the overall structure of the DNA
molacule?
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Frederick Griffith

® |n 1928, Griffith studied 2 forms of bacteria that causy
prielmonia.
« 1 bacteria (S) looked smooth
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"8 in a potri dish,




Oswald Avery

® Avery performed several tests:

1. Destroyed proteins
Transfotmalion occurred

ad lipids, ta
Transformation oceurred

froyed BNA
Transformation didn't occur

‘s Conclusion

@ In 1944, Avery stated tha
DMNA must be the
transforming principlel

® Some scientists didn't
believe him untif Hershey
and Chase's confirmation.
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Hershey & Chase

® In 1662, Aferd Hershey
& Martha Chase found
that DNA w: retic
matérial while studying
viruses that infect
hacteria.

more viruses,
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@ Hershey & Chase
congluded that the
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VIN

@ Why do we say “supported the hypothesis”

instead of saying it "proved it"??

@ NOTHING in science is PROVEN!

& Crick

@ James Watson & Francis
Crick used the x-ray
images produced by
Franklin & Wilkins to
create a 3-D niodel of the
DNA mulecula.

» I 1953, Watson & Grick
published their double helix
modef of DNA.

What is DNA n

@ Py i
monomers that make
up DNA

® Nucleotides consist of
3 parts:
s Phosphate Group
» Deoxyrlboss Sugar
« Nitrogen- Base

Nhogenous
ies

Franklin & Wilkins

& Rosalind Franklin &
Maurice Wilkins studied
DNA using /

%

o DNAs hombarded w/f x-
rays,

o This causes a pattern o
be captured on film.

proteins and all cellular
activity. )

Chargaff’s DNA Data

@ What is DNA?
® What does it do?

® How does it do it?




Pyskeidlies
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® Assume that a 100-base pair section of
DNA contains 45 cytosines. How many
adeninés are there? '

® Assume that an 80-base pair section of
DNA contains 30 adénines. How many
thymines are thera?

g in DNA

® Hydrogen baonds he
each of the base pairs
together.

Cevalent bonds hold
the sugar to the
phosphate.

A
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Double Helix

@ Doubde Helix -2
strands of DNA wind
around each other,

» Thé stiands are
complementary

o
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Wheit happens during DNA replication?

ACATIC




DNA and Chromosomes

Lot DA
|s located in the cytoplasm,

+ Most have s single
ciretilar DNA moleculs
that eontains nasarly all
of the cell's genetic
information.

e Plashicd — circular DNA

# Eutlcaryotic colls — DNA s
located in the nucleus.

« Each organism has a
different number of
chromosomes,

-

Chromosome
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ving DNA during
the synthesis phase
(interphase) of the cell
cycle.

® Replication assures

that every cell has @
complete set of
identical genetic
information

Chromosome Structu

® DNA is packed tightly to form chromatin

@ Chromatin consists of DNA coiled
around hisiones (proteins)

@ The histone and DNA form t GMes

® Nucleosomes pack together to form a

flo L0

The fiber supercoils to form
ghromosomes

Why does DNA need
to be replicated?

i® Whendoes DNA
replication take place?

® In prokaryotic cells,
DNA replication
begins at a single
point in the
chromosome and
proceeds, often in
2 directions, until
the entire
chromosome is
replicatad,




- o . R DNA Structure Helps
chl ication in Eukal yotes Explain How it Duplicatas

® In sukaryotic cells, DNA replication ccours at
hundreds of places.
@ Hydrogen bonds biw 2

strands are easily

» Replication proceeds in hoth directions until each
chromosoms is completely copied,

+ The sites where separalicn and replication occur are broken,
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Replication ~ How 1t Works
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Once the strands are separated, helix-destabilizing proteins
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Evary DNA molecule is back togsther,
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- half "old” and half
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3. Floating nucleotides pair up w/ the bases on the
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complementary.




® The 2 chains are
andiparallel, or run in
opposite diractions.

® Replication always
occurs na s = ¥
direction.
&' = phosphate group
3= sugar group,

FORMATION OF THE
LAGGING STRAKD
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What are the three main typés of RNA?

What |8 transeriptian?

Whatis translation?

How does translation convert an mRNA message into &
protein?

R 12-3
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& What are the three parts of a nucleotide?

@ VWhich nitrogen bases pair together?

® When during the cell cycle does replication
take place?

@ Where replication take place?

® YWhat are the four steps of replication?

Gt

ihe flow of information from
DNA to RNA to preteins.

7 tion ~ interprets RNA
into a string of amino aclds
{proteln)

& When a protein is reedsd,
tha celi makes a protein
through protein synthosts,

DMNA molecules cannct
lsave the nucleus of the
cell.

& Proteln synthests must
occur in the ribosonies
which are located in the
cyloplasm.

# Therefora, the tode must
e carriad from the
nucletis ta the cytopiasm,

RNA

zeit]} = chain of

nuctectides.

o Acts as an
middle-man b/
DNAin the
nucleus and
proteins in th
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& What are thiee differences between DNA
and RNA?
» Decxyrivose vs Ribosé sugar
& Thymine vs Uracil
+ Double halix vs Single strand

, a1 — process
of copying a sequence of
DNA to produce a
complementary strand of
‘RNA.

' RNA Molecul

@ 3 types of RNAmolecules:
e By e (mfTA) ~ middle message that is
translated to form a protein,
e EINT - forms part of ribosomes.
o Transir RMA SINA) — brings amino acids from
cytoplasm to a ribosame.

:."‘Iluurl( 12-12 ‘?N’A}.“i‘:;:'m:lrl'ntkﬂ".:

e oo itganal INA, ;
eanslr RFSh, fmiomot S b il M
rotein b Form ibowines

s of Transcerip
RNA polymerase and other proteins
recognize the start site of a gene, a
promotet, and the DNA segment begins to
~unwind.

enzyme that bonds
nucleotides together to
make RNA

2. RNA nucleotides form compléementary base
pairs with the DNA template.

= The growing RNA strand hangs freely as it is
transcribed.

s of Transcription

3. The completed RNA strand separates
from the DNA template and the RNA




NA polymerase “know” wi
madiing an RNA copy of [IN4

® RNA polymerase will-bind gnly to regions of
DNA sequence knowh as promoters,

— specific base seguences that indica

RNA polymerase whers to bind.

VIN

@ What are the three types of RNA?

® What are the steps of transeription?

stie Cod

® GO 3-nucleotide
seguence that codes
for an aming acid.

UOGOACGET
Thiz sodquonce woild bo resd thros bages ak o tire pe:
UeQ-CACGAL
The eotbsng reprosent the differont nming nefds:
VG G-CAG-GGU
Hovino-THetidine-Glysing

'RNA Editing

@ I 4 — sequences of hucleotides that

do NOT code for proteins

is — sequences of nucleotides that
DO code for proteins

@ After transcription, introns are cut out of
RNA and exons are spliced togethe

{ & — destribes i
the flow of information from

DNA to RNA {o proteins.

ioh — copies DNA

tlor — converts DNA
into RNA -

anglation — interprets RNA
into a string of amino acids
(protein)

molecule that
makes up
proteins,

s There are 20
amino acids!

10




The genetic code matches each RNA codt :
with its amino acid or function Start & Stop Codons ‘

_ @ A codon can also code for:
”’z’c‘ﬁ;" CODONS ~ signals the end of the amine acid

D i

Iy .
ool By C e ETARY & — signals the start of translation &
the aming acid methioning (Met),

£ : ]

serine
i B, [+2)

&, Ak s e i 7

he b whiese thive s g

twninttriect. : 2 ]

! Lo 1
At il | . KGH ek acd - i
Qu.mli:zl:;hlznh : P _ A LIGGGUGANMSEN 1
wLCAl doder = = |
Tty bbay
Ehted it

Univer

® For the mRNA code to
be translated correctly, ‘
cadons must be read in , L 8 T IO —

: o AN w0
the right order. -process that converts, . j |
= Achange if the order the i :

codons are read changes : ; or translates, an MRNA
the resulting proteln, _ _ message intd proteins.

® This genetic code is
shared by all orgariisms
—itis called the
“Universal G
Code”

VIN

® RIBOSOM
You know mRNA s the middle-man biw s Made up of 2 subunits:
DNA and proteins. & The large subunit has three bincing sites for 1RNA,
You know DNA is t_r-anscribed into mMRNA s The small subunk blnds to mRNA,
during TRANSCRIPTION,
You know mRNA is read in sets of 3
nucleotides, or codons. e Labges sUbLRIE
You know each codon codes for an amino . binds to IRKA
acid. . . binding sites
You know amino acids make up proteirs '

+ Ribosomas are made up of rRNA and proteins,

~smialf subunlt
binds to mRMNA

11



@ tRNA — acts as an adaptor,

biw MRNA & amino acids. SRt

e One end of the IRNA

molecule has a specific
aming agid;

o ANTICODON ~ set of 3
nucleotidss
complementary to an
MRNA codon,

Translation &

1.

The exposed codon
aftracts a tRNA
molecule carrying
an amino acid.

The tRNA

anticadon pairs with g
the mRNA codon,
bringing it very

close to the other
tRNA malecule.

Translation

3. The ribosome pulls the mRN
length of one codan. The tRNA molacule In th
sacond site is shifted into the 3% site, The
tRNA leaves the ribosonie to get another

amino acid.

strand the

2. The ribosome help

form a TinE
BOHT between the 2
amino acids. {

tRNA in the 2 site
and its amino acid

12



What are mutalions?

CHAPTER 12-4

o

@ W 1 — a cell that has a mutation
that isn't repaired by enzymes

somatic mutant cell — daughter cells
made by mitosis are affected but it
doesn't get passed to offspring

Gene Mutations

@ Point ] changes in
1 ot a few nuclectides.

base is inserted / ARl

Insorlion

ramoved, *

o Results in frameshf
mutations

Mutations

® Mutation — alteration (change) of an organisim’
DNA

= Could range from one kase pair error or issues with larg
chunks of DNA

@ Results from
1 during meiosis or profein synthesis
0 a physical or chemical agent —~ callsd a

& Gameate mutant cell - altered DNA 1S
passed on to offspring
» Results in genetic disorders

® 2 types
¢ Gene mutation
s Chromosaome mutation

o
w

(HIGI5]s lutations - shifts the
“reading” frame of the genetic message
by inserting / deleting a base.




CHECK IN

® What were some of the genetic
disorders we talked about that were
caused by errors in genes?

CHECK IN

@ What were some of the genetic
disorders we talked about that were
chromosomal disorders?

® Caused by what?

Duplic
@ ication = produces extra copies of

part of a chromosome,

- mﬂ’w'ﬂ‘]"}tﬂ!:!"ﬂ.{

C thu Ressbiealir

Qriginal chromosome

Duplication

5 | g — involve changes’
in the number or structure of chromoscmes

5 Deletions

o Duplications

a Inversions

o Translocations

Deletion

g = involve the loss of all or part
of a chromosome.

Deleton

Inversion

- reverses the direction of

nverslon




Translocation

: n — part of one chromosome
breaks off and attaches o another.

Translecation

How do genes and chiromosomes enable manipulation
of genolypes and phenotypes?

GENETIC ENGINEERING

® Cloning — identical

copy of a gene or

organisim is

praduced

« Bensfits like
transplants, saving
species, elo

» Could result in
genetic disorders or
health problems

W

H
inserting an nonmal
gene into an absent
or abnormal gene
» Gene bagins to
produge the correct
protein or enzyms,
eliminating the
disorder

w Host often rejects th
new gene

Beneficial Mutatior

eficial mulations -
changes that may be [
useful to organisms.,

® These mutations
result in phenotypes
that are favered by
natural selection and
increase in a
population.

that the crganisim expresses a certain trait

@ Can only happen If the exact location of the gene i
known
« Gene maps tell us the relativés lecation
~all the genelic materlal in an organism

The Human Genome Project mapped the DNA s
human genes.

s ~ undifferentiated
cells that have the potential 1o
hecome specialized in structure
or function
= Found in embryos

isolate
® Stem cell therapy could replace

tissue that is damaged or
diseasead ’




Selective Breeding

the method of
artificially selecting and hreeding only
organisms with a desired trait to produce
the next generation

@ All domesticated animals and crop
plants are the result of selective
breeding.

g,

tior — another
orm of selective breeding

® Choose and breed
organisms that show :
strong expression for two
different fraits

® Resulis in offspring that
shows both strong traits

Process of Selective Breedir

Successfully ® Drawhack of this ~
produce offspring recessive gene
with the desired dafects should up
trait more frequently
Inkreeding oceurs

COver several

generations, trait

becomes more

commaon




Chapter 12 Notes - DNA

12 -1 -DNA

Essential Questions:

» What did scientists discover about the relationship between genes and DNA?
» What is the overall structure of the DNA molecule?

Historv and Discovery of DNA as Genetic Material

Frederick Griffith
= In 1928, Griffith studied 2 forms of bacteria that caused pneumonia.
o 1 bacteria (S) looked smooth
o 1 bacteria (R) looked rough

= (riffith said some material must have been transferred from the

S bacteria to the R.

n » changed harmless R bacteria into disease-causing S
bacteria.

" — when one strain of bacteria apparently is changed

permanently into another strain of bacteria

The § form of the bacterium is deadly; the R form is not. 7
live - heatkilled heat-killed § bacteria
.. R bacterla C L8 bacte o+ live Rbactaria . -

dead mouse [ire mouse live metse

Oswald Avery
»  He worked for 10 years to find out what the was.
» He combined R bacteria w/ S bacteria.

o This allowed him to observe the transformation of R bacteria into S in a pelri
dish.




Chapter 12 Notes - DNA

»  Avery performed several tests:

1. Destroyed

o Transformation
2. Destroyed lipids, carbs, and mRNA
o Transformation

3. Destroyed DNA

o Transformation

» In 1944, Avery stated that must be the transforming principle!

»  Some scientists didn’t believe him until Hershey and Chase’s confirmation.

Hershey and Chase
» In 1952, Alferd Hershey & Martha Chase found that DNA was

while studying viruses that infect bacteria.

n — virug that takes

ki et SRR s Rl
VOCABULARY WORDS TQ KNOW:

»  TRANSFORMATION
¥ BACTERIOPHAGE

over a bacterium’s genetic makeup & tells it

to make more viruses.

O Hlx radloastively € Aglhtato B a blendar o €3 Contrituge the O Monsuro the
Inbeled phsg;aawiih saparole phoges mixtie w bacletia mdloaaﬂvltz inthe
baeterin, The phages outslde the bactarin form a pollet atthe poliat and the liquid,
Infect the bacterial colls,  from the eells and lmtlom oi the tesl
thelr oontents,
%\ j’ ?fémi ﬂwii » ]ﬁmtflwcﬂeny
me Hostcoll ¥ oI plge | “”W ‘
{2} DNA {€coth i )
"E}?ﬁh"
- Fligfod
Wl rad oacltva .
=,_sal!ur(° 3, .
3
Batch 22
Phifyss growi
it radtoactiws
9ho3phows(° )

3?#; dlmt
: Inpaliot

“pollat

{61 Tho oxporimont showad that T2 protolrs remain autsldo the host coll during infoction, whle T2 DNA enters the coll




Chapter 12 Notes - DNA

*  Hershey & Chase concluded that the phage’s

the bacteria, but the protein had not.
» Their findings the hypothesis that genetic material is DNA!

Franklin and Wilkins

» Rosalind Franklin & Maurice Wilkins studied DNA using

o DNA is bombarded w/ x-rays.
o This causes a to be captured on
film,

Watson and Crick

»  James Watson & Francis Crick used the x-ray images
produced by Franklin & Wilkins to create a
of the DNA molecule,
o In 1953, Watson & Crick published their

double helix model of DNA.

DNA and Nucleotides
» DNA( ) -codes for proteins and ali cellular activity.

. — monomers that make up DNA
=  Nucleotides consist of 3 parts: i |

Q

Q

O

Phosphate
group

O OH
Sugar
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»  Chargaff’s Rule (Base Pair Rule)
o ©)= (G)

o (A= (T)

} Manme of Bage

el

Structural Formala . | Mo Marag #F Base

|
|
i
i
i
|
|

. — 2 strands
of DNA wind around each other. Adonind
Dose: AT
o The strands are Pl i
Niragaous 3-0

Baso

o They fit together & are opposite of each
other.
" bonds hold each of the

base pairs together.

Fhesphate
BGagkiong

] bonds

hold the sugar to the phosphate.
VOCABULARY WORDS TO KNOW:

X-RAY CRYSTALLOGRAPHY
DNA

NUCLEOTIDES
CHARGAFF'S RULE
DOUBLE HELIX
HYDROGEN BONDS
COVALENT BONDS

VY YV VY YY

hydregen bind covaleint bond
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12-2 - Chromosomes and DNA Replication

Essential Questions:
» What happens during DNA replication?

DNA and Chromosomes
cells — DNA is located in the

»  Most have a single circular DNA molecule that contains nearly all of the cell’s genetic

information,

Ll — circular DNA

cells — DNA is located in the

» Each organism has a different number of chromosomes.

o E.coli (which lives in the large intestines) contains 4,639,221 base pairs.
o 1 human cell contains 1000x as many base pairs. Each cell’s nucleus contains at
least I meter of DNA!!!

Structure of DNA

*  DNA is packed tightly to form

» Chromatin consists of DNA coiled around (proteins)
» The histone and DNA form

»  Nucleosomes pack

together to form a thick

ﬁber Of % Coroof vt

o isnlvoles 1y . FAT TP
Y Ik Titsewtive Teiuniing avan
Lh}kwm'\ 2 ficietsiving.

» The fiber supercoils to

bbbl
5 Hyckiovioaris pack inion solt
form - .y 1l st i arvodsr Fager
oll, ani 36 fars; radinie
gonrvinted, Wipettolied
tuoniliny i,
bl bk

SO ——
/MM@\ﬁIm ek fokd 1o farm loops. ;
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DNA Replication

Why does DNA need to be replicated? .{ |

When does DNA replication take place?

— process of copying

DNA during the synthesis phase (interphase) of the

cell cycle.

Replication assures that every cell has a

set of

genetic information,

» In prokaryotic cells, DNA replication begins

often in 2 directions, until the entire chromosome is

replicated.

» In eukaryotic cells, DNA replication occurs at hundreds of

places.

o Repilication proceeds in directions until each chromosome is

completely copied.

o The sites where separation and replication occur are called

Orginof  Pamntal  Daughter
mplicptlon shand glrand

\./

X
i
:

I T L N
(T DD

. Two duughtor DA molooules o
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Structure Helps DNA Duplication

= Hydrogen bonds b/w 2 strands are

broken,

» FEach single strand then serves as

for new strand.

» Each parent strand remains

»  Every DNA molecule is
(41 » - half “Old”

and half “new”.

@ 2004 Brook Th Loam!

Replication — How It Works

1. DNA enzymes unzip the DNA at several places along the :
strand by breaking the _ b/w the base pairs.

2. Once the strands are separated, helix-destabilizing bind to the single !
|

strand the strands from coming back together

Y DGR M RIS a3 nu(,_)_»xwtmv’ . L
 base puirs safarate. Replication baging

on both strands of tha moleculd ot

thie same Sime, ' :

Auciootide. . -

nileotide --—%* E)

3. Floating nucleotides pair up w/ the bases on the strands as they are

51
&

unzipped.
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4, DNA catalyzes and links the nucleotides together to form new

strands that are complementary.

DNA polymarase

i e DA palyﬁa‘éra"se

5. Two molecules of DNA are made!
» FEach DNA molecule has 1 strand and 1 strand.
TREAIVALIGH K SR TRALSEED 1D D01 LG IS Y GRITR S 15183 1y SauwIF . . Ql.‘!gmtﬁ.l Stl'it_m.‘l new SWE_H{',\.&’,'I. . -

DNA moleeule contalng sn-original strand and one new strand.

» The 2 chains are , or run in opposite directions.

» Replication always occurs in a direction.

5’ = phosphate group

5 End & End

> = gygar group.

¥ End 5’ End
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» This 5’-»3’ direction requires one DNA strand to be synthesized

and the other o
Strand — continuous replication

Strand — discontinuous replication

=  Produces which will be

joined together by DNA ligase.

¥ FORMATION OF THE

¥ LAGGING STRAND

Lag g[ﬂﬂ i 5’
Lo < a'

ONA pot i
hagm?i?n%n;gﬁﬁge;s
of naw fragment

» DNA replication happens often, so it has to be fast.

» In humans, nucleotides are added every second.

= DNA will detect errors and replace incorrect nucleotides.
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VOCABULARY WORDS TO KNOW:
PROKARYOTIC CELL
EUKARYOTIC CELL
CHROMATIN

HISTONE

NUCLEOSOME
CHROMOSOME
REPLICATION

REPLICATION FORK
SEMI-CONSERVATIVE

DNA HELICASE
HELIX-DESTABILIZING PROTEINS
DNA POLYMERASE
ANTIPARALLEL

DIRECTION OF REPLICATION
5

7

LEADING STRAND

LAGGING STRAND

Y Y Y Y YYYYVYYYY

e
%

¥V ¥V

v v

12-3 RNA and Protein Synthesis

% What are the three main types of RNA?
» What is transcription?
» What is translation?

» How does translation convert an mRNA message into a protein?

When a protein is needed, the cell makes a protein through

DNA molecules leave the nucleus of the cell.

Protein synthesis must oceur in the ribosomes which are located in the cytoplasm.

Therefore, the code must be from the nucleus fo the cytoplasm.

But how?
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describes the flow of information from

DNA to RNA to proteins.

o Replication —

DNA

o Transcription —

DNA into RNA

o Translation —

riticleus

cytoplasm

RNA into a string of amino acids Protin
(protein) A . S
m RNA( } — chain of nucleotides.

o Acts as a middle-man b/w DNA in the nucleus and proteins in the cytoplasm.
o (U) replaces (T) in RNA
DNA RNA
Type of Deoxyribose Ribose .
sugar |
Type of Cytosine (C) Cytosine (C) '
nitrogen Adenine (A) Adenine (A) = ey
bases Guanine (G) Guanine (G) : ZaL ey =
Thymine (T) Uracil (U) Ry, i
Structure or |  Double helix Single Strand ?%\ﬁ% > 1
shape : 3 i
' 1
= 3 types of RNA molecules: C;:; ONA i
o RNA (mRNA) - Abonudcloacly  Domwyribonucllo ackd i
middle message that is translated to form a protein. ;
o RNA (rRNA) -- forms part of ribosomes. I
o RNA (tRNA) — brings amino acids from cytoplasm to a |

ribosome.

11
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Trangcription

. — process of copying a sequence of DNA to produce a

complementary strand of RNA.
" — enzyme that bonds nucleotides together to make RNA

Steps of Transcription

1. and other proteins recognize the start site of a

gene, , and the DNA segment begins to unwind.

e T TR RO

2. RNA nucleotides form with the

DNA template.
¢ The growing RNA strand hangs freely as it is transcribed.

3. The completed strand separates from the DNA template and the RNA

polymerase falls apart.

12




Promoters
How does the RNA polymerase “know” where to
start and stop making an RNA copy of DNA?

Chapter 12 Notes - DNA

transcription complex

RNA polymerase will bind

to regions of DNA sequence known as
promoters.

— specific base

sequences that indicate to RNA

polymerase where to bind.

RNA Editing

" — sequences of nucleotides that do NOT code for proteins

" - sequences of nucleotides that DO code for proteins

= After transcription, inirons are of RNA and exons are |
The Genetic Code

— 3.nucleotide

sequence that codes for an amino acid.

molecule that makes up proteins.

o There are 20 amino acids!

A codon can also code for:

o — signals the end of the amino acid chain.
o — gignals the gtart of translation & the amino
acid (Met),

For the mRNA code to be translated correctly, codons must be read in the right order.

o A change in the order the codons are read changes the resulting protein.

13
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This genetic code is shared by all organisms — it is called the “Universal Genetic Code”,

ucy

(Leu)

teucine
{Lev)

~viated as Mis.

phenylalanine
(el UCC | serine
leucine UCA | fer

CCC i proline

(Pro)

UAU

eac|

tyrosine cysteine
VAC| (| (g
UMM | sop Jusa|  sor
| tryptophan (Trp)

Stop

W

arginine

gutamine |
{Gh) §

(Arg)

| asesy paRiL

{ cac

» ACU AAU | asparagine serfne
o g;‘;i”“*’ ACC | ieonine h.AMC | (a0 HaGe| el
ACA| (M §AM | one FAGA|  aginine

methionine (Met) {L)’S) {Arg

valine alanine (Asi)) GGCL  glycine
(val) W § glutamic acid | GGA| (6]
bGAG| (O RoGe

' DNA

14
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Translation

m — process that converts, or translates, an mRNA message

into proteins.

o Madeupof2
» The large subunit has three binding sites for tRNA.
* The small subunit binds to mRNA.

o Ribosomes are made up of and

large subunit
binds to tRNA

binding sites
ribosome = :

small subunit
binds to mRNA

. — acts as an adaptor b/'w mRNA & amino acids.

o One end of the rRNA molecule has a specific

o The other end recognizes a specific

" — set of 3 nucleotides complementary to an
mRNA codon.

amino acid

~ tRNA

anticodon

15
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Steps of Translation

1, The exposed codon attracts a tRNA molecule carrying an amino acid.

The tRNA anticodon pairs with the mRNA codon, bringing it very close to the other

tRINA molecule.
tiethlening
nc@rﬁliig ERNA }
start codon
2. The ribosome helps form a between the 2 amino acids.

The ribosome breaks the bond between the tRNA in the 2" site and its amino acid.

3. The ribosome pulls the mRNA strand the length of codon, The tRNA

molecule in the second site is into the 3 site. The

the ribosome to get another amino acid.

16




1.

2,

Name: Period:

Honors Bilology - Ch 12-1 Open Notes Quiz

What is a bacteriophage?
Describe Watson and Crick’s model of the DNA molecule:
What are the three parts of a nucleotide?

Describe Frederick Griffith’s experiments that determined the presence of a “transforming principle.”

Name: QM _ Period:

Honors Biclogy - Ch 12-1 Open Notes Quiz

"RV T U efend and AWma o utdo adaon

Describe Watson and Crick’s model of the DNA molecule:

Cbuide helix

3. What are the three parts-of a nucleotide?

(iVigen ooy, Plrotpnate grose, Sugor
Describe Frederick Griffith’s experiments that detiw presence of a “transforming ;;tinciple.”
Mt

Pm/i Nvmler) §haure Gt w7

Name: Period; ___

Honors Biology — Ch 12-1 Open Notes Quiz

What is a bacteriophage?

Describe Watson and Crick's model of the DNA molecule:

What are the three parts of a nucleotide?

Describe Frederick Griffith’s experiments that determined the presence of a “transforming principle.”




Name: Petiod:

Honorg Bilology - Chapter 12-2 Open Notesg Quiz

a. TCGAAC. c. AGCTTG.
b, GATCCA. d. GAUCCA,

1. What is the difference between the DNA in prokaryotic cells and eukaryotic cells? 1
2. The sites where separation and replication occur are called
3, What is the function of the DNA helicase enzyme? '
4. What is the function of the helix-destabilizing proteins?
5. . What does it mean for DNA to be “antiparallel”?
6. Which direction does DNA replication always occur?
7. Which strand, leading or lagping, produces Okazaki fragments? :
8. What is the function of DNA ligaser
11. Which of the following events occuts directly after a DINA molecule is unzipped?
2. Mismatched nucleotide bases ate identified and replaced.
b, Hree-floating nucleotides pair up with exposed hases
¢.  Identical double-sttanded DNA molecules ate formed. ‘
d. Enzymes break hydrogen bonds between base pairs, !
12, The process of making new DNA molecules is semiconservative. This means that every new DINA molecule is composed of i
a.  two completely identical strands of DINA, !
b. one otiginal and one new strand of DNA., i
c. one strand of DNA and one strand of RNA.
d.  two strands that mix original and new DNA.
13, In eukaryotes, DINA :
a. islocated in the nucleus, ¢, 1slocated in the ribosomes. |
b.  floats freely in the cytoplasm. d. s circular. :
i
14, DNA is copied during a process called 1
2. teplication. ¢ transcription, }
b. translation. d.  transformation, ‘
15, Dusing DNA replication, a DNA strand that has the bases CTAGGT produces a strand with the bases




Name: Date: Period:

Honors Biology — Open Notes Quiz — Ch 12-3 RNA & Transcription

1. Which of the following events occurs directly after RNA polymerase recognizes the transcription start site of a gene?
a) The polymerase strings amino acids into a polypeptide.
b) Free-floating DNA nucleotides pair up with exposed DNA bases.
c) A complementary RNA strand detaches itself from the DNA.
d) The DNA strand begins to unwind, separating the two strands.

2. What is the name of the enzyme that bonds nucleotides together to make RNA?

a) DNA polymerase ¢) Helix polymerase
b) RNA polymerase d) RNA helicase
3. are specific base sequences in DNA that indicate to the enzyme where to bind in make RNA.
a) mRNA molecules ¢) Enzymes
b) Anticodons d) Promoters

4, List 3 differences between DNA and RNA;

5. Name the 3 types of RNA molecules and their role in the transcription/translation:

W A

Name: LU . Date: Period:
4

Honors Biology — No Notes Quiz — Ch 12-3 RNA & Transcription

1. Which of the following events occurs directly after RNA polymerase recognizes the transcription start site of a gene?
e) The polymerase strings amino acids into a polypeptide,
f) TFree-floating DNA nucleotides pair up with exposed DNA bases.
g) A complementary RNA strand detaches itself from the DNA.,
@The DNA strand begins to unwind, separating the two strands,

2. What is the name of the enzyme that bonds nucleotides together to make RNA?

e} DNA polymerase g} Helix polymerase
t%_RNA polymerase h) RNA heliase
3. are specific base sequences in DNA that indicate to the enzyme where to bind in make RNA.
e) mRNA molecules } Enzymes
f) Anticodons @ Promoters

4, List 3 differences between DNA and RNA:
mwe‘&; &J ‘r" {

5. Name the 3 types of RNA molecules:

Q»&Jx
NI




Name:

Honors Biology — Ch 12-3 Trans]

What is the term for a three-nucleotide sequence that ¢
a. base
b. codon

Which phrase best describes translation?
a. converts mRNA into a polypeptide
b. catalyzes bonds between amino acids

Which of the following is the site of translation?
a. vacuole
b. lvsosome

The anticodons for the codons in the mRNA with the

a. GAG—UUC—ACG—AAG.
b. GAG—TTC—ACG—AAG.

Transfer RNA

carries an amino acid to its correct codon.
synthesizes amino acids as they are needed.
produces codons to match the correct anticodons.
. converts DNA into mRNA.

SENS

ation Open Notes Quiz

odes for an amino acid?
c. amine
d. serine

produces RNA from DNA molecules
d. recycles tRNA molecules for reuse

o

¢. nucleus
d. ribosome

sequence CUCAAGUGCUUC are

¢. CUC—GAA—CGU—CUU.
d. CUU—CGU—GAA—CUC.

Date: Period:



Name Date

WORKSHEET 4.4
Chargaft's DNA Data

-Introductien

DNA was first discovered in 1868, but not much was known about the molecule unti the
1920s. Early researchers discovered that DNA was comprised of repeated units called

nucleotides. Each nucleotide contains a part called a nitrogen base. There are four different
nitrogen hases found in DNA:

Adenine (A)
Cytosine (C)
Guanine (G)
Thymine (T)

Inthe 1920s it was believed that these nitrogen bases occurred in all living things in the
same repeated pattern, such as ATGC ATGC ATGC. If this were true, then DNA could not be
the hereditary molecule. With the same repeated pattern in all species, DNA could not pro-
vide the variety needed for a molecule containing the genetic code.

After World War Il the biochemist Erwin Chargafi made some major discoveries about
the nitrogen bases in ONA. His research revealed the percentage of each base (A, C, T, and

G} found in an organism’s DNA, The table below includes some of Chargaff's data and some
more recent additions.

124

Table 4.2. Nitrogen Base Make-Up of Different Organisms” DNA
(in Percentages)

Organism A T G C

Mycobacterium tuberculosis 15.1 14.6 349 35.4
Yeast 31.3 32.9 18.7 17.1
Wheat 27.3 271 22.7 228
Sea Urchin 32.8 32.1 17.7 17.3
Marine Crab 47.3 41.3 2.7 2.7
Turtle 29.7 279 22.0 21.3
Rat 28.6 28.4 21.4 21.5
Human 309 29.4 19.9 19.8

Copyright © 2006 by John Wiley & Sons, inc.




Name

Date

Analysis

1. What observations can you make about the da

ta in the table? What patterns do you
notice?

2. What mathematical calcy!
more informati
in a table,

ations could you meke with the above data that would reveal
on about impoertant patterns? Make calculations and record your results

3. What does the data show about the make-up of DNA for different species? Explain.

Copyright © 2006 by John Wiley & Sons, Inc.

4. After seeing data like this in the 1940s, what do you think researchers concluded ahout
DNA's potential to carry the genetic code? Explain,

3. Before cancluding that the pattern seen

in the data is universal, which other species
would you want to tast? Why? :




Name Date

Chargaff's DNA Data, conry

Background Information

Adenine and guanine are similarly shaped nitrogen bases called purines. Thymine and cyto-
sine are similar in shape and they are classified as pyrimidines.

1. For at least four species in the data table, calculate the ratio of purines:pyrimidines
and organize your results in a table.

2. What can you conclude about the purine:pyrimidine make-up of DNA?

Fiecing it Together
. Chargaff's data was a central piece of evidence used by James Watson and Francis Crick
in 1953 to successfully describe the structure of DNA.
Look at a drawing of the DNA molecule that has labeled nitrogen hases. Such drawings
are easily found in biology textbooks and on the Internet, or your teacher may show you one.

1. What do you notice about the arrangement of the nitrogen bases? Record as many
observations as you can.

2. How do you think Chargaffs data helped Watson and Crick to predict that DNA looks
like this?

126
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Date Period
Lab Partners

Strawberry DNA Extraction Lab

... Today-youwill extract DNA from strawbetries—You-wiil isolate and view it under-a microscope: -

The expectation before the end of class is that you will be able to describe in detail what DNA
looks like (the structure of DNA),

PRE-LAB:
» Create a hypothesis

> Read through all materials, procedures, and questions
» Read the Safety Procedures!!

HYPOTHESIS

Form a hypothesis as to what you think DNA will look like when we 1soIate it from strawberry

eellstInas mitch detai a8 PossTblE, Wit e hy PO e TE ST s s i S SRR aiss i s 2
MATERIALS |
In each tub you should have: 1
-strawberries Each lab table should have: |
-swatch of cheese cloth -beaker of detergent solution ‘
-digposable pipettes -beaker of meat tenderizer
-test tube -beaker of ethyl alcohol
-test tube holder
-timer
SAFETY PROCEDURES

» Be sure to follow all directions EXACTLY. This is important to make sure that the DNA
separates from the cells properly

» NO food or drink in the lab at any time

> Do not eat or drink any lab materials— solutions or solids!

> We will be using ethyl alcohol in the lab:

o Strong clear liquid



Toxic if ingested or inhaled and can irritate body tissue
Avoid body contact
Highly flammable — avoid flames!
o Everyone must wear safety geggles and aprons at all times!
> Let me know immediately if there are any safety issues or accidents in the lab

o O 0

LAB PROCEDURES:
STEP 1: Mash the strawberries in your Ziploc back for 3 minutes or until completely mashed

STEP 2: Add 1 pipette of detergent solution and mash in with the strawberries. Let the solution
sit for 3 minutes while reading the rest of the lab. After three minutes, strain the strawberry
solution through the cheesecloth into the test tube. You should have at least 1 inch of hquld in
the bottom of the test tube.

--Why-am Fadding detergent?—
To get DNA out of the cells, you need to break open both the cell membranes and the nuclear

“membranes; Cell tnembianesand nuelear membranes con51st pmnamly [©)
Dishwashing detergent, like all soaps, breaks up clumps of lipids. This is why you use detergents
to remove fats (which are lipids) from dirty dishes. Adding the detergent to our strawberry cells
will break open the cell membranes and nuclear membranes and release the DNA into the
solution.

STEP 3: Add one small scoop of meat tenderizer to your tube. Invert quickly a few times. Let it
sit and answer the first question set.

Why am I adding meat tenderizer?

The nucleus of each of the cells contams multiple long strands of DNA with all the instructions
to malke your entire body. If you stretehed out the DNA found in one of your cells, it would be 2-
3 meters long. To fit this DNA inside a tmy cell nucleus, the DNA is wrapped tlohtly around
proteins. The enzyme in meat tenderizer is a protease, which is an enzyme that cuts proteins into
small pieces. As this enzyme cuts up the proteins, the DNA will unwind and separate from the
proteins.




LT WS TION DT -

DNA consists of two strands of nucleotides wound together in a spiral called a double hehx Read the
explanation in'the figure before answering questlons 1and 2.

1. The three components of each

nucleotide are: PribSplats Siigai: : s
group. '

i f
Draw a rectangle around a single gdnimedE) eyt

nuclectide in the double helix.

2. The complete name for DNA is
deoxyribonucleic acid. Which
component of each nuclectide
accounts for the "deoxyribe” part
of this name?

The drawings below show a very small sectlon of the DNA double helix from three ver very different
_organisms: a plant, a mammal, and a bacterium. Each strand of DNA shown contains five nucleotides.
Each nucleotide has:
8 = sugar molecule called deoxyribose

i ] PE PN SN SNV RPN Y
F=pnospnate group

plus one of the four bases: A = adenine, C = cytosine, G = guanine, or T = thymine

Plant - Mammal Bacterium
(From BioRad's “Forensic DNA fingerprinting kit* hitp:/Awww,bie-rad.com/ome_uploadfLiterature/12525/4006096G.pdf)

3. Complete the following sentences to describe the structure of DNA.

[n the backbone of each strand In the DNA double helix molecule, the sugar of one nucleotide is bonded
to the R in the next nucleotide.

The of the nucleotides in each strand of DNA extend toward each other in the center
of the DNA double helix molacule.

A in one strand always pairs with in the other strand, dnd G in one strand always pairs with
in the other strand. These are the base-pairing rules.




STEP 4: With your own pipette, gently put in at least 1 inch of ethyl alcohol by holding the test
‘ tube slanted and dropping the alcohol on the side and letting it run down the tube. Your should
‘get two distinct layers here due to different densities of the solutions, GENTLY set the test tube
'down into the holder and do not move or bump it while you answer the second question set.

Why am I adding ethyl alcohol?

The cold alcohol reduces the solubility of DNA. When cold alcohol is poured on top of the
-'solu‘uon the DNA precipitates out mto the alcohol layer Whﬂe the lipids and proteins stay in the
'solutlon




@\J&SHW\ et~ 72 o DNAReplication

New cells are formed when a cell divides into two daughter cells. For example, cell division in the lining
of your mouth makes the new celis that replace the cells that are rubbed off whenever you chew food.

Refore a cell can divide, the cell must make a copy of all the DNA in each chromosome: this process is
called DNA replication. .

i T NG PrOCESS of.fDNA-repliCatign 1S SHOWR AN e et i e i sttt i e

figure on the right. During DNA replication, the
two strands of the DNA helix are separated and
each old strand provides the instructions for
making a new matching strand. The nucieotides
in the new strand are added one at a time. Each
new nucleotide is maiched to a nuclectida in the
old strand using the base-pairing rules.

DMA replication results in two new DNA .
molecules that are identical to the original DNA
molecule. Thus, each of the new DNA molecules
has the same genetic information as the original
e TN AT o S R 555 i B

oo+ DNA polymerase is an enzyme that helps (0 s e oo s e
make the new matching DNA strand by adding
nucleotides one at a time and joining each new
nucleotide to the previous nucleotids in the
growing DNA strand. '

2. Eachmew nucleotide added by the enzyme

ONA mafches the

carresponding nucleotide in the old strand of . o .

DNA, in accord with the {Framn Bialogy — A Human Emphasls, Sixth Edition by Starr)
' rules.

3. In the drawing below, the small segment of plant DNA from page 3 is shown after the two strands of the
DNA molecule have been separated. Your job is fo play the role of DNA polymerase and create the new
matching strands of DNA to make two pieces of double-stranded DNA in the drawing below. Use the base-
pairing rules to write in the nuclectides for both new strands of DNA. '

[&

Old Strand Néw Sitrand New Strand Old Strand




STEP 5: Once you observe DNA start to precipitate in between the layers, try to tease up the
DNA using your pipette and record your observations. Once you see it completely, squeeze out
the air in your pipette and insert the pipetic down into only the alcohol layer. Try to suck in some
of the DNA in a VERY SMALL AMOUNT OF LIQUID

OBSERVATIONS:

Written description —

Drawiné of DNA —

-

S

STEP 6: Drop the DNA onto a blank slide. Cover with a cover slip and then view under the
miicroscope. Remember to start with the lowest magnification (smallest objective) and only use
the small adjustment knoh on the high objective lens.

CONCLUSION QUESTIONS

1. Which cells in your body contain DNAY
2. Why do these celis need DNA?

3. Which of the following do you think will contain DNAY
Bananas concrete fossils meat metal spinach
Explain your reasoning.

4, Describe the function of DNA polymerase.

S. Why is it necessary to replicate DNA. and what part of the cell cycle does this happen in?



Name

Date Period
Strawberry DNA Extraction Lab Post-Lab Questions
Why did we add detergent to the bag of smashed strawberries?
Why did we add meat tenderizer to the strawberries?
Why did we add cold alcohol on top of the strawberry solution? i
What did the DNA that we extracted look like in the test tube? {Color, shape, etc)
During replication, what gets added to the template DNA strand? :
|
Name ‘
Date Period

Strawberry DNA Extraction Lab Post-Lab Questions
Why did we add detergent to the bag of smashed strawberries?

Why did we add meat tenderizer to the strawberries?

Why did we add cold alcohol on top of the strawberry solution?

What did the DNA that we extracted look like in the test tube? {Color, shape, etc)

During replication, what gets added to the template DNA strand?




DNA EXTRACTION VIRTUAL LAB - Make Up for Strawberry DNA Lab
http./llearn.genetics. utah.edu/

DNA is extracted from human cells for a variety of reasons. With a pure sample of DNA you can
test a newborn for a genetic disease, analyze forensic evidence, or study a gene involved in
cancer. Try this virtual laboratory to perform a cheek swab and extract DNA from human cells.

Scientists isolate human DNA for a variety of reasons including:
1.
2,
3.

Where is DNA located?

What cells are typically used for DNA Extraction?

What are the steps to purifying a DNA sample?
1.

2.
3.
4

List the materials needed to purify a DNA sample

= © N 2 gk N>




Explain (in detail) how to purify a DNA sample.
1. Swab
2. Place the swab

3. The end of the swab must be S0

4. Using the micropipettor

Lysis means
5. Place the tube

The lytic solution contains 2 important ingredients &

The detergent disrupts the and causing

the cell to

The proteinase K cuts
6. Add some

The salt causes

7. Place the tube
Why is this step necessary?

8. Use the micropipettor to and

place it
9. Add some

10. Inverting (turning the tube upside down) several times

Why can you now see the DNA using your naked eye?

11.Place the tube
Why?

12. Once the liquid is removed, the DNA is allowed

13.You can store it or you

can




SAY IT WITH DNA: PROTEIN SYNTHESIS WORKSHEET: Practice Pays

Having studied the process by which DNA directs the synthesis of proteins, you should be ready to decode some DNA
"secret" messages. To do this, you must follow the procedure of protein synthesis as this is taking place right now in your cells: no
short cuts! Practice these steps by following and finishing the partially solved message below.
STEP 1: "Build" the mRNA molecule, matching the RNA nucleotides to the DNA nucleotides propetly, letter by letter,

{For purposes of simglicity, it will be assumed that this mRNA is bacterial, there are no introns to cut out!)
STEP 2: Figure out the tRNA triplets (codens) which would fit the mRNA triplets (letter by letter).
STEP 3: Look up each tRNA codon in the tRNA Dictionary (below), and find the corresponding symbol and amino acid
abbreviation for that codon. Record that one-letter symbol (and its amino acid) below each codon. "Spc" = "space”. If you have
done this correctly, the symbels should spell out a meaningful ressage in English,

Remember, C always pairs with G, G always pairs with C, A pairs with T (in DNA) or U {in RNA), T pairs with A, and U
(in RNA) pairs with A (in DNA). Clues: C & G are curved letters; A & T are angular; U is used in RNA in place of T,

When you finish the sample message below, decode the special message assigned to you (from the sheet with many
messages). Be sure to show the details of your solution on the Practice Sheet provided, and hand it in, In your DNA exam, you
will be expected to do this from memory {provided with the tRNA Dictionary).

PARTIALLY SOLVED MESSAGE

GIVEN: DNA code message --> GAR TAG AAA CTT ACT TAG AGC ATT CCT GCC CTT CGA TGC ATC

=SOLUTION (stepg-led ) e s o=
1. mRNA (built to match
the DNA message,

" letter for letfer-——— -t > CUU "AUC UUU GRAUGA "AUC UCE ™. Ty I T

W

2, tRNA (determined by
matching letters (bases)

with those in MRINA «wme-mmemn- > GAA UAG AAA CUU ACU UAG ...
3 -Amino-acidscamried by L 1 P G T
each tRNA (according to 2 5 h 1 | s
dictionary, below)------—----—--> |u o e u o
4. Symbols of amino acids:-—--=> L I F jiX I

DICTIONARY OF (RNA CODONS & THEIR AMINO ACIDS (SYMBOLS & ABBREVIATIONS)

tRNA

sym| AA tRINA| sym| AA tRNA] sym| AA tRNA| sym| AA
AAA| F | Phe CAA| V| Val GAA| L | Leu UAA| T | Iso
AAC| L | Leu CAC| V | Val GAC| L | Leu UAC| M | Met
AAG| F | Phe CAG| V| Val GAG| L | Len UAG) 1 | Iso
AAU] L | Leu CAU| V | Val GAU| L | Leu UAU| I | Iso
ACA | C | Cys CCA G | Gly GCA| R | Arg UCA| S| Ser
ACC| W | Trp CCC| G| Gly GCC| R | Arg UCC| R | Arg
ACG| C | Cys CCG| G | Gly GCG| R | Arg UCG| S | Ser
ACU | - | spc CCU| G| Gly GCU} R | Arg UCU| R | Arg
AGA | S| Ser CGA| A | Ala GGAl P | Pro UGA| T | Thr
AGC| S| Ser CGC| A | Ala GGC| P | Pro UGC|{ T | Thr
AGG| S| Ser CGG| A | Ala GGG| P | Pro UGG| T | Thr
AGUIl S| Ser CGU| A | Ala GGU| P | Pro UGyl T | Thr
AUAY Y | Tyr CUA| D | Asp GUA| H | His UUA| N | Asn
AUC | - spc CuC| E | Glu GUC| Q | Glu UuCy K | Lys
AUG| Y | Tyr CUG! D | Asp GUG| H | His UUG| N | Asn
AUU| - | spc CUOU| E | Gl GUU| Q| Glu UUU| K | Lys
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Date Period
Honors Biology Chapter 12 Closed Notes Quiz

1. The process of making new DNA molecules is semlconservatlve This means that eyery new DNA molecule i is_

R Comed 0 e e i S R e e el
a. two completely identical strands of DNA. c. one strand of DNA and one strand of RNA.
b. one original and one new strand of DNA. d. two strands that mix original and new DNA.

2. The central dogma of molecular biology states that information flows in one direction from
a. nuclei to RNA to cytoplasm. c. genes to nuclei to ribosomes.
b. ribosomes to proteins to DNA. d. DNA to RNA to proteins.

3. Choose the nucleotide sequence of the RNA strand that would be complementary to the following DNA
strand: GTAGTCA.

a. UATUAGA c. CAUCAGU
b. ACGACTG d. CATCAGT
L 4, Which of the following events occurs directly after RNA polymerase recognizes the iranscription start site
of a gene?
a. The polymerase strings amino acids into a from the DNA.
polypeptide. d. The DNA strand begins to unwind, separating
b. Free-floating nucleotides pair up with exposed the two strands.
DNA bases.

¢. A complementary RNA strand detaches itself

5. During DNA replication, a DNA strand that has the bases CTAGGT produces a strand with the bases

a. TCGAAC. c. AGCTTG.

b. GATCCA. d. GAUCCA.

6. AUG 15 the codon for the

a. start signal for translation. ¢. start signal for transcription.

b. binding site for RNA polymerase. d. binding site for DNA polymerase,

Phaosphate —— - . __
group

Nitregan
H base

—ex - 7-The entire molecule shown in the diagram above is called a{n) i _

' a. amino acid. ¢. polysaccharide.
b. nucleotide. d. pyrimidine.
8. adenine : thymine ::
a. protein: DNA ¢, guanine : cytosine
b. Watson : Crick d. guanine : thymine
9. The enzymes that unwind DNA during replication are called
a. double helixes. c. helix destabilizing proteins.
b. DNA helicases. d. DNA polymerase.

10. Refer to the illustration on the back. What is the portion of the protein molecule coded for by a piece
of mRNA with the sequence CUC-AAG-UGC-UUC?

a. Ser—Tyr—Arg—Gly ¢. Leu—Lys—Cys—TPhe

b. Val—Asp—Pro-—His d. Pro—Glu—Leu—Val
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Date
Honors Biology Chapter 12 Closed Notes Quiz

Period .

e | R R e B TE— . B EOE R Lole— g AR aleeSHERRR ot S ame AR

R S e S

agrine (A | e

| Istlsying |B




Date Period

UNIT 10 NOTEBOOK CHECK

1. 12-1 Notes, page 2, second bullet under heading ‘Hershey and Chase’

. -- virus that takes ... ...

. 12-1 Notes, page 4

What bond holds the sugar to the phosphate?

. Chargaff’s DNA Data classwork, page 125

Correct answer to #3

. Chargaff’s DNA Data classwork, page 126

Correct answer to #2 in Piecing It Together

. 12-2 Notes, page 6

The site ... ... are called

12-2 Notes, page 9

In humans, nucleotides are added every second.

12-3 Notes, page 12

Step 3 of Transcription — completed strand
. Strawberry DNA Extraction Lab

Correct answer to the blank in the Why am I adding detergent? Section

. Strawberry DNA Extraction Lab

Question Set #2, correct answer {o the first blank in question #2

10, 12-4 Notes

The four types of Chromosome Mutations in the order that they appear in the notes




Honors Biology
Unit 10 Test Study Guide
B-4.1, B-4.2, B-4.3, B-4.4, B-4.8, B-4.9

Ch 12 and 13

DUE: Monday, March 19
VOCABULARY -- the following terms are essential for you to know and understand completely.

Terms may be lested specifically or may be important for understanding other conceptual
questions.

Transformation
Bacteriophage
Frederick Griffith
Oswald Avery
Hershey & Chase
Rosalind Franklin
Watson & Crick
X-ray crystallography
Double helix

DNA

Nucleotides
Chargaff’s Rule
Hydrogen bonds
Covalent bonds
Process of Replication

DNA ligase
RNA

Differences between DNA and RNA

mRNA

tRNA

rRNA
transcription
translation
central dogma
protein synthesis
uracil

RNA polymerase
Promoter
Template strand
Intron

VYVVVVVYVYYYVYVYVYVVYVYVVYVYVYVVYVYVVYVYVVVVVVVVVYVYYY

Prokaryotic cell replication
Eukaryotic cell replication
Chromatin

Histone

Nucleosome

Chromosome

Replication

Replication fork
Semi-conservative

DNA helicase
Helix-destabilizing proteins
DNA polymerase
Antiparallel

Direction of replication

5% end

3’ end

Leading strand

Lagging strand

Okazaki fragment

YVYVYVVVVVYVVVVVVYVVYVVVVYVVYVVVVVVVYYVYYVY

Exon

Codon

Start codon (know the letters)
Stop codons (know the letters)
Amino acid

Peptide bond

Anticodon

Ribosome

Mutation

Mutagen

Mutant cell

Point mutation

Frameshift mutation
Chromosome mutation
Insertion

Inversion

Deletion

Genetic engineering

(Gene map




Honors Biology

Unit 10 Test Study Guide
B-4.1, B-4.2, B-4.3, B-4.4, B-4.8, B-4.9 Ch 12 and 13
» (Genome > Stem cell therapy
» Cloning > Selective breeding
» Gene therapy » Hybridization

» Stem cell

CONCEPT CHECKLIST - the following is a list of all concepts and ideas that you should know
and understand completely. Concepts may be tested specifically (knowing what the concept is,
parts of it, why we need it, etc) or may be important for understanding application questions that
we may or may not have seen before in class.

DNA

Structure of DNA

Parts of a nucleotide

Frederick Griffith’s experiment and conclusion
Oswald Avery’s experiments and conclusion
Hershey & Chase’s experiments and conclusion
Rosalind Franklin’s contribution to structure
Watson & Crick’s conclusion about structure
Chargaff’s rules about base pairs

Purine vs pyrimidinP

How DNA is condensed into chromosomes

Replication in prokaryotic cells

Replication in eukaryotic cells

Steps of replication

Enzymes and proteins involved in replication — name and function
Why DNA needs to be replicated

When replication happens

Where replication happens — where on the chromosome and where in the cell
End result of replication

Understand the leading and lagging strand

Antiparallel nature of DNA

YVVVVVVVVVYVYNVYVVVVYYY

RN

>

Structure of RNA

Differences between RNA and DNA

Central dogma

Protein synthesis — what is it and why do we need it
3 types of RNA molecules and functions

VVYVYVYVY




Honors Biology
Unit 10 Test Study Guide

B-4.1,B-4.2, B-4.3, B-4.4, B-4.8, B-4.9

Protein Synthesis

YV V VYV VVVYVVVVVYY

Steps of transcription

Where it happens

Why it happens

Enzymes involved in the process

End result of transcription

Promoters and terminators

RNA editing

Codons

How to determine the amino acid from the codon
Steps of translation

Where it happens

Why it happens

The major components (parts of the ribosome complex)
Role of each component of translation

End result of translation

Mutations

What a mutation is

I h a4 +a oy e

Ch 12 and 13

YW ikdl Ol CAauoaT HTITUTALIULLS
Types of gene mutations
Types of chromosome mutations

Genetic Engineering

YV VVVYY

What genetic engineering is
Why it is important

Types of genetic engineering (cloning, gene therapy, stem cells)

Selective breeding — definition and process
Inbreeding

Hybridization — definition and process
Benefits and drawbacks of genetic engineering
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(el Electrophoresis Virtual Lab

Go to the website: hitp:/learn.genetics.utah.edu/units/biotech/gel/
-- Answer the following questions as you-complete-the virtual lab.

1. How do you sort and measure DNA strands even though they are so small?
2. What other molecules does electrophoresis come in handy for separating?
3. Explain in your own words how the gel works,

4, Do you think the DNA has a positive or a negative charge?

5. the sorted groups makes them visible to the naked eye.

6. After doing electrophoresis can we see a single DNA strand?

7. List the 5 major steps used in electrophoresis?

e aooe

8. What materials will you need to make the gel?

oo o

f
9. What is the comb used for?

10. What is the use of the buffer in the electrophoresis box?

11. What does the DNA size standard contain?

12. What do the bubbles on the electrodes tell you?

13. What is the approximate length of the strands in the DNA sample that you ran?
b

C.

14. What units are used to measure DNA strand length?

N ey e it M tn e e e St M et e M Mt M e i Mag Mttt it et P e W M MmAm AN M A MMM AN Mt i v b mmrm mm mmmm am mmme v




History
What is a transformation?
What did Frederick Griffith find through his experiments?
What part of his experiments determined there was a “transforming principle”?
What was Oswald Avery’s contribution to the discovery of DNA as the genetic material?
How did Oswald Avery determine that DNA was the transforming principle?
What is a bacteriophage?
What did Hershey and Chase confirm?
Describe Hershey & Chase’s experiments.
How did Hershey & Chase determine that DNA was the genetic material?
What did Rosalind Franklin contribute to the discovery of DNA structure?
What is an x-ray crystallography?
What structure did the x-ray crystallography image suggest?

What was the structure that Waison & Crick determined for DNA?

What does double helix mean?
What does DNA stand for?
What are the three parts of a nucleotide?
Where in the double helix are the nitrogen bases located?
Does the phosphate or the sugar bond with the nitrogen base?
What are the four nitrogen bases of DNA?
What are the base pair rules?
Which nitrogen bases are purines?
Which nitrogen bases are pyrimidines?
Replication

What is replication?




What is the first step to replication?
What does DNA helicase do?

What is the role of the helix-destabilizing proteins?

What gets added in to the old strand to make the new strand of DNA?

What does DNA polymerase do?

What Is the direction of replication?

Why is there a leading strand and a lagging strand?

What is a replication fork?

In which direction does replication go?

In prokaryotes, how many points of replication are there?

In eukaryotes, how many points of replication are there?
What does it mean that DNA replication is semi-conservative?
What does anti-parallel mean?

What are Okazaki fragments?

Which enzyme seals the Okazaki fragments?
What does RNA stand for?
What are the three major differences between DNA and RNA?
What are the three types of RNA?
What is the purpose of the messenger RNA?
What is the purpose of the transfer RNA?
What is the purpose of the ribosomal RNA?
Transcription
What is the central dogma?
What is the purpose of transcription?

Where in the cell does transcription take place?




What indicates to the RNA polymerase the spot on DNA to start transcription?
What gets added to the template DNA strand to form the RNA strand?
What Indicates to the RNA polyrmerase to stop transcription?
What is an intron?
What is an exon?
Why are introns cut out and exans spliced together?
Translation
What is a codon?
Codons code for what molecule?
What is the start codon?
Which amino acid does the start codon code for?
What are the three stop codons?
What is the purpose of translation?

What are the major parts of the ribosome?

How many binding sites are on the ribosome?

What occurs at each binding site?

What does the small subunit of the ribosome bind to?
What does the large subunit of the ribosome bind to?
What is the role of the tRNA?

Why does the tRNA have an anticodon?

What is an anticodon?

After the ribosome complex is assembled, which amino acid is brought first to the ribosome by tRNA?

What type of bond is made between the amino acid in the 1% and 2™ site?
The ribosome pulls the mRNA strand down by the length of how many codons?

How many nucleotides is one codon?




What happens to the tRNA when it gets pushed into the 3™ binding site?
What indicates to the ribosome complex that translation is finished?

Is an amino acid added when the ribosome gets to a stop codon?

Mutations
What is a mutation?
What can cause a mutation?
What is a mutagen?
What does it mean if a cell is a mutant cell?
If a somatic cell is a mutant, will it pass on the mutation to daughter cells through mitosis?
If a somatic cell is a mutant cell, will the organism pass the mutation to offspring?
If a gamete is a mutant cell, will the organism pass the mutation to offspring?
What are the two main types of mutations?

What is a point mutation?

What is a substitution (gene mutation)?

What is a deletion (gene mutation)?

What is an insertion {gene mutation}?

What can an insertion or deletion result in?

What is a frameshift mutation?

What is the result of a frameshift mutation?

What is a chromosomal mutation?

What are the four types of chromosomal mutations?
What is a deletion (chromosome mutation)?

What s a duplication (chromosome mutation)?

What is an inversion {chromosame mutation)?



What is a translocation {chromosome mutation)?
Genetic Engineering
What is the name of the process of replacing specific genes in an organism to ensure a certain trait?
What is the name for all of the genetic material an organism has?
What must be known in order for genetic engineering to be possible?
What is the result of cloning?
What is gene therapy?
What is the name of an undifferentiated cell (not specialized yet}?
What is selective breeding?
What is an example of an organism that is the product of selective breeding?
How is selective breeding accomplished?
What is hybridization?

What is the result of hybridization?




Honors Biology — Unit 10 Test

1. Which result of Frederick Griffith's experiments led him to believe in a "transforming principle"?

a. Mice injected with live S bacteria died. ¢. Mice injected with dead S bacteria lived.

b. Mice injected with live R bacteria lived. d. Mice injected with dead S and live R bacteria
died.

2. As a result of the Hershey and Chase experiments, scientists believe that

a. radioactive isotopes can be used safely. d. bacteriophages can be grown in culture

b. viruses use bacterial DNA to reproduce. medium,

¢. the "transforming principle" is DNA,

3. The four types of nuclegtides that make up DNA are named for their

a. hydrogen bonds. ¢. phosphate groups.

b. nitrogen-containing bases. d. ring-shaped sugars.

4. Which of the following DNA sequences is complementary to the base sequence ACCGTAT?

a. GTTACGC c. TGGCATA

b. UCCGTAT d. CAATGCG

5. Combining the work of other scientists with their own research, Watson and Crick discovered that two strands
of DNA join together to form a(n)

a. nucleotide. ¢. double helix.
b. Xin acircle. d. covalent bond.
6. What holds base pairs together?
a. hydrogen bonds ¢. pairs of double-ringed nucleotides
b. sugar-phosphate backbones d. nitrogen-carbon bonds
7. The process that makes an exact copy of a cell's DNA is called
a, conservation, ¢, replication. i
b—preservation: t—synthesis: ;
8. What are the main functions of DNA polymerase?
a. breaks hydrogen bonds and exposes bases ¢. zips and unzips the double-stranded DNA
b. holds DNA strands apart and attracts bases d. binds nucleotides and corrects base pair errors
9. Which of the following events ocours directly after a DNA molecule is unzipped?
a. Mismatched nucleotide bases are identified and formed.
replaced. d. Enzymes break hydrogen bonds between base
b. Free-floating nucleotides pair up with exposed pairs.
bases.

¢. Identical double-stranded DNA molecules are

10. The process of making new DNA molecules is semiconservative. This means that every new DNA molecule
is composed of

a. two completely identical strands of DNA. ¢. one strand of DNA and one strand of RNA,
b. one original and one new strand of DNA. d. two strands that mix original and new DNA.
11. When new DNA molecules are formed, almost all errors are detected and fixed by

a. the correct nucleotide, ¢. DNA polymerase,

b. the sugar-phosphate backbone. d. one DNA strand,

12. The central dogma of molecular biology states that information flows in one direction from
a. nuclei to RNA to cytoplasm, c. genes to nuclei to ribosomes.
b. ribosomes to proteins to DNA. d. DNA to RNA to proteins.




13. Choose the nucleotide sequence of the RNA strand that would be complementary to the following DNA
strand: GTAGTCA.

a. UATUAGA c. CAUCAGU
b. ACGACTG d. CATCAGT
14, The main function of tRNA is to
a. carry a message that, when translated, forms strands,
proteins, d. bring amino acids from the cytoplasm to the
b. form a portion of ribosomes, a cell's protein ribosomes.
factories.

c. string together complementary RNA and DNA

15. Which of the following events occurs directly after RNA polymerase recognizes the transcription start
site of a gene?

a. The polymerase strings amino acids into a from the DNA.

polypeptide. d. The DNA strand begins to unwind, separating
b. Free-floating nuclectides pair up with exposed the two strands.

DNA bases.

¢. A complementary RNA strand detaches itself

16. What is the term for a three-nucleotide sequence that codes for an amino acid?
a. base ' c. amine
b, codon d. serine

17. Which phrase best describes translation?
a. converts mRNA into a protein ¢. produces RNA from DNA molecules
b. catalyzes bonds between amino acids d. recycles tRNA molecules for reuse

18. Which of the following is the site of transiation?
a. vacuole ¢. nucleus
b. lysosome d. ribosome

19. Mutations that can affect the offspring of an organism occur in what cell type?

a. body ¢. blood

b. gametes d. brain

20, Which of the following is an example of a mutagen?

a. repair enzyme ¢. X-ray radiation
b. triglyceride d. thymine

21. Because of base pairing in DNA, the percentage of

a. adenine molecules in DNA is about equal to the percentage of guanine molecules.

b. pyrimidines in DNA is about equal to the percentage of purines.

c. purines in DNA is much greater than the percentage of pyrimidines.

d. cytosine molecules in DNA is much greater than the percentage of guanine molecules.

22. During DNA replication, a DNA strand that has the bases CTAGGT produces a strand with the bases

a. TCGAAC. ¢. AGCTTG.

b. GATCCA. d. GAUCCA.

23. Unlike DNA, RNA contains

a. adenine, ¢, phosphate groups,
b. wracil, d. thymine.

24. What happens during the process of translation?

a. Messenger RNA is made from DNA.

b. The cell uses information from messenger RNA to produce proteins.
c. Transfer RNA is made from messenger RNA.

d. Copies of DNA molecules are made.



25,

a.

b.

26.

a.
b.

27.

a.

b.

A mutation that involves one or a few nucleotides is called a(an)
chromosomal mutation, ¢. point mutation,
inversion. d. translocation,

A promoter is a

Binding site for DNA polymerase c. Start signal for transcription
Binding site for RNA polymerase d. Stop signal for transcription
AUG is the codon for the

start signal for translation, c. start signal for transcription.

binding site for RNA polymerase. d. Dbinding site for DNA pelymerase.

Phosphate
group .

28.

a.
b.

29.

a.
b.

30.

a.
b.

31.

Nirogen
base

The entire molecule shown in the diagram above is called a(n)
amino acid. c. polysaccharide.
nucleotide. d. pyrimidine.

The amount of guanine in an organism always equals the amount of

protein, ¢. adenine.

thymine. d. cytosine.

adenine : thymine ::

protein ; DNA ¢. guanine : cytosine
Watson : Crick d. guanine : thymine

During DNA replication, a complementary strand of DNA is made from each original DNA strand. Thus, if a

portion of the original strand is CCTAGCT, then the new strand will be

a.
b.

32,

a.

b.

33.

a.
b.

34.

a.
b.

¢
d.

35.

a.
b.

36.

e o

TTGCATG. c. CCTAGCT.

AAGTATC. d. GGATCGA,

The enzymes responsible for adding nucleotides to the exposed DNA bases during replication are
replicases. ¢, helicases,

DNA polymerases. d. template enzymes.

The enzymes that unwind DNA during replication are called

double helixes. ¢, forks.

DNA helicases. d. phages.

All of the following are true about DNA replication in prokaryotic cells except
replication begins at many sites along the DNA.

replication begins at one site along the DNA loop.

replication occurs in two opposite directions,

there are two replication forks.

During transcription, the genetic information for making a protein is “rewritten” as a molecule of
messenger RNA, c. transfer RNA.
ribosomal RNA, d. translation RNA.

Transcription begins when RNA polymerase
attaches to a ribosome,

unwinds a strand of DNA,

binds to a strand of RNA.,

attaches to the promoter sequence of a gene.



37. The anticodons for the codons in the mRNA with the sequence CUCAAGUGCUUC are
a. GAG—UUC—ACG—AAG, c. CUC—GAA—CGU—CUU.
b. GAG—TTC—ACG—AAG. d. CUU—CGU—GAA—CUC,

38. Which of the following would represent the strand of DNA from which the mRNA strand
CUCAAGUGCUUC was made?

a. CUCAAGUGCUUC ¢. GAGTTCACGAAG

b. GAGUUCACGAAG d. AGACCTGTAGGA

39, Refer to the illustration above, What is the portion of the protein molecule coded for by a piece of mRNA with
the sequence AGC-UAU-CGG-GGA?

a. Ser—Tyr—Arg—Gly ¢. Leu—Lys—Cys—Phe

b. Val—Asp—Pro—His d. Pro—Glu—Leu—Val

40. Transfer RNA

a. carries an amino acid to its correct codon,

b. synthesizes amino acids as they are needed.

¢. produces codons to match the correct anticodons,
d. converts DNA into mRNA.
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Honors Biology — Unit 10 Test — Open Response

Open Response - 20 points
Describe in as much detail as possible the process of protein synthesis.

An high level of detail would include the correct use of names of enzymes, proteins, locations, etc. You
may draw diagrams or pictures to aid in your description but a diagram alone is not a description,

A high level of detail might use the following words correctly in the description, Some words may be
used more than once and some words might not be used at all.

» DNA » tRNA » small subunit

» RNA » codon > large subunit

> 5 » anticodon » double helix

> ¥ > intron » nucleotide

» Antiparallel > exon » nitrogen base

> Semi-conservative > start codon » adenine

» Leading » stop codon > guanine

» Lagging »  promoter » cytosine

» Okazaki » terminator » thymine

» DNA helicase » helix-destabilizing » uracil

» DNA ligase proteins » 5 carbon sugar

» DNA polymerase » template strand » Phosphate group

» RNA polymerase » amino acid > Replication fork

» mRNA » peptide bond » Polypeptide

» RNA » ribosome » Protein
Grading Rubric —

10 pts — Transcription

10 pts -

Translation
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Honors Biology — Unit 10 Test — Ope

Open Response — 20 points
Describe in as much detail as possible the process of protein synthesis.

An high level of detail would include the correct use of names of enzymes, proteins, locations, etc. You
may draw diagrams or pictures to aid in your description but a diagram alone is not a description.

A high level of detail might use the following words correctly in the description. Some words may be
used more than once and some words might not be used at all.

» DNA » rRNA » small subunit

» RNA » codon » large subunit

> 5 » anticodon » double helix

» F » intron » nucleotide

» Antiparallel » exon » nitrogen base

» Semi-conservative » start codon » adenine

» Leading » stop codon » guanine

» Lagging » promoter » cytosine

» Okazaki » terminator » thymine

» DNA helicase » helix-destabilizing » uracil

» DNA ligase proteins » 5 carbon sugar

» DNA polymerase > template strand » Phosphate group

» RNA polymerase » amino acid » Replication fork

> mRNA > peptide bond » Polypeptide

» tRNA » ribosome » Protein
Grading Rubric —

10 pts — Transcription
10 pts - Translation
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Honors Biology — Unit 10 Test — Open Response

Open Response — 20 points
Describe in as much detail as possible the process of protein synthesis.

An high level of detail would include the correct use of names of enzymes, proteins, locations, etc. You
may draw diagrams or pictures to aid in your description but a diagram alone is not a description.

A high level of detail might use the following words correctly in the description. Some words may be
used more than once and some words might not be used at all.

» DNA » tRNA # small subunit
> RNA » codon » large subunit
> 5 » anticodon » double helix
> 3 » intron » nucleotide
» Antiparallel » exon » nitrogen base
» Semi-conservative » start codon » adenine
» Leading » stop codon » guanine
» Lagging » promoter » cytosine
» Okazaki » terminator » thymine
» DNA helicase » helix-destabilizing » uracil
» DNA ligase proteins » 5 carbon sugar
» DNA polymerase » template strand » Phosphate group
» RNA polymerase > amino acid » Replication fork
> mRNA » peptide bond » Polypeptide
» tRNA » ribosome » Protein
Grading Rubric — : '
10 pts — Transcription Tf:d Nser )4"’( oN
10 pts - Translation —_——
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Honors Biology — Unit 10 Test — Open Kesponse

Open Response — 20 points
Describe in as much detail as possible the process of protein synthesis.

An high level of detail would include the correct use of names of enzymes, proteins, locations, etc. You
may draw diagrams or pictures to aid in your description but a diagram alone is not a description.

A high level of detail might use the following words correctly in the description. Some words may be

used more than once and some words might not be used at all.

» DNA » rtRNA » small subunit
> RNA » codon » large subunit
» 5 » anticodon » double helix
> 3 » intron » nucleotide
» Antiparallel » exon » nitrogen base
» Semi-conservative » start codon » adenine
» Leading » stop codon » guanine
» Lagging » promoter » cytosine
» Okazaki » terminator » thymine
» DNA helicase » helix-destabilizing » uracil
» DNA ligase proteins » 5 carbon sugar
» DNA polymerase > template strand > Phosphate group
» RNA polymerase » amino acid » Replication fork
» mRNA » peptide bond » Polypeptide
» tRNA » ribosome » Protein
£y r-\‘\r’\
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Honors Biology — Unit 10 Test —

Open Response — 20 points

Describe in as much detail as possible the process of protein synthesis.

An high level of detail would include the correct use of names of enzymes, proteins, locations, etc. You
* may draw diagrams or pictures to aid in your description but a diagram alone is not a description.

A high level of detail might use the following words correctly in the description. Some words may be
used more than once and some words might not be used at all.
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DNA

RNA

5

3‘)

Antiparallel
Semi-conservative
Leading

Lagging

Okazaki

DNA helicase
DNA ligase
DNA polymerase
RNA polymerase
mRNA

tRNA

Grading Rubric —

10 pts — Transcription
10 pts -
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Translation
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rRNA

codon
anticodon
intron

exon

start codon
stop codon
promoter
terminator
helix-destabilizing
proteins
template strand
amino acid
peptide bond
ribosome
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T he

small subunit
large subunit
double helix
nucleotide
nitrogen base
adenine

guanine
cytosine
thymine

uracil

5 carbon sugar
Phosphate group
Replication fork
Polypeptide
Protein
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