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Foreword

In the broadest sense, biotechnology is the use of biological processes, organisms or systems to develop products aimed
to improve some aspect of life. Biotechnology at its roots is a very old science, stretching back 7,000 years to the creation
of bread, cheese, wine, and vinegar (which all depend on harnessing and modifying some biological process). The field has
expanded dramatically over the last quarter century, powered by our understanding of DNA, the recipe card inside the nucleus
of our cells. This recipe card provides the instructions to make proteins and all the structures of the cell.

Biotechnology combines the disciplines of molecular biology, genetics, cell biology, biochemistry, and embryology, which in
turn are linked to additional fields such as chemical engineering, information technology, and robotics. Over the next few years,
biotechnology is poised to heavily impact several areas of society, including healthcare, the environment and agriculture.

Career profiles of individuals who work in these fields are also included at this site:
http://hudsonalpha.org/career-profiles
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Exploring DNA Extraction

Overview

This lesson will provide students with the opportunity to learn about the composition and structure of DNA. Students will be
provided with a variety of plant and animal samples. They will choose which sample they would like to extract DNA from and
address the specific cellular structures that serve as barriers to the extraction process.Then the students will design a lysis
buffer from everyday household materials.

This is done in order to break apart the cell membrane and/or the cell wall of the animal or plant cells. Students will then
precipitate the DNA from their chosen material.

Please note: this kit is intended for educational purposes only. It is not to be used for research or diagnostic purposes.

Content Standards

2015 Alabama Course of Study: Science
Biology 1,3

Practices

*  Ask Questions

+ Planning and carrying out investigations
* Analyzing and interpreting data

+ Developing and using models

«  Engaging in argument from evidence

«  Communicating information

Cross Cutting Concepts

«  Structure and function
«  Cause and effect: Mechanism and explanation
« Patterns

Learning Objectives

The students will:

1. Develop an experiment taking the biological barriers and the chemistry of both DNA and the
source material into account.
2. Explain the chemistry and composition of the cell wall, cell membrane and nuclear membrane and how
their experimental design addresses each.
3. Build a model, or draw a diagram, or provide a text-based response using their knowledge of DNA and the

chemical nature of cell structures to explain how the chemistry of their lysis solution impacted the fidelity of
DNA, the structure of DNA in their product.



Materials

+  coffee filters

*  rubber bands

+  clear plastic solo cups

+ wooden dowels

+ quart size storage bags & regular sandwich bags
+  Ethyl alcohol OR 91% Isopropyl alcohol

* 15 ml test tube

* 50 ml test tube

+  Optional: 1.5 ml tube

Various food samples:
Strawberries, kiwi, tilapia, chicken liver, dried peas soaked in warm water overnight (other foods such as bananas,
tomatoes may be used. Do not use citrus fruits)

Salt Solution:
10% salt solution (protects DNA and prevents shearing and the denaturation of DNA)

Various washing agents:
Examples include: Non-ultra dishwashing liquid, dishwashing powder, Tide ultra, baby shampoo, Woolite and body wash

Optional Reagents:

Contact solution (contains proteases-breaks down proteins), baking soda, meat tenderizer (contains proteases-breaks
down proteins).

General laboratory safety instructions can be found on page 6 of this manual.



Time Requirements

There are multiple approaches that may be taken in order to plan, conduct and evaluate this lab.
All components may be completed in 60 minutes.

Teachers may choose to allow students to plan their experiments a day ahead of conducting and evaluating the lab to allow
more time for evaluation and discussion.

Laboratory Safety

The best protection that you have while working in the laboratory is you. Following all safety guidelines and being
aware of the potential for accidents can greatly minimize the possibility of an accident occurring.

1. Always wear eye protection when working with laboratory chemicals or biological materials. The major potential for
damage to the eyes due to liquids is from splashes or vapors.

2. Alaboratory coat/apron should be worn at all times when working with laboratory chemicals or biological materials.

3. Gloves should be worn at all times when working with chemicals or biological materials. Remove gloves before
touching commonly used surfaces such as doorknobs and computer keyboards. Wash your hands after removing
gloves frequently and before leaving the lab.

Dispose of all materials in the appropriate disposal receptacles. When in doubt always check with the instructor.
Never eat or drink in the lab.

Always make sure you wash your hands afrer the lab.

T S -

Only closed toed shoes should be worn in the lab. Open-toed shoes or sandals are inappropriate for the lab.



Exploring DNA Extraction

Instructor Background

The purpose of this activity is to provide students with a better understanding of the chemical nature of deoxyribonucleic acid,
DNA. In order to study DNA, it must be removed from living tissue. Each cell is organized to protect the integrity of its’ DNA
and these structures serve as physical barriers to DNA removal. The DNA is contained in the nucleus, thus both the nuclear
membrane and the cytoplasmic membrane must be disrupted, dissolved, broken or damaged to release the DNA. This is the
challenge facing students as they Explore DNA Extractions.

Step 1: Food Selection

Because this is an inquiry-based activity, students should have available to them a variety of food items such as strawberries,
kiwis, tomatoes, fresh fish, and chicken livers from which to extract. As students consider their food choices, they should take
the following into consideration.

Plant cells vs. Animal cells

One of the first challenges any scientist faces in extracting DNA s to assess the type of material from which they are extracting.
Most material will fit into one of two primary categories: plant or animal. Plant cells have cell walls made mainly of cellulose
fibers. If a cell wall is present, it must be broken to allow the release of the contents of the cell. Both plant cells and animal cells
have cell membranes made of lipids, proteins and carbohydrates. Both plant and animal cells contain a nucleus.

Cell walls vs. Cell membranes

Cell wall composition varies depending on the species and may include proteins and polysaccharides. In plant cells, the cell
wall does not serve as a major permeability barrier. It primarily serves to provide shape and strength to the cell. The major
permeability barrier is the cell membrane. Note that the cell membrane is composed of a bilayer of phospholipids into which
are embedded proteins and possibly carbohydrates. These molecules have hydrophilic heads and hydrophobic tails. The
structure of the bilayer is maintained by hydrophobic interactions between the phospholipid tails. Any chemical that disrupts
those hydrophobic forces, such as soap, will disrupt the structure of the membrane and solubilize it. The cell membrane must
be disrupted to allow the release of intracellular contents.

Eukaryotic cell DNA is also encased in a second membrane, the nuclear envelope.
The nuclear envelope is composed of two lipid bilayers and protein rings or “holes” known as nuclear pores. This membrane
must also be disrupted for DNA extraction.

Both plant and animal cells are organized into tissues. Tissue organization will become important later as students plan their
extraction. Cell type and the chemical nature of membranes are important considerations as students plan their extraction
buffer.



Step 2: Maceration

Maceration is the process of mechanically breaking apart plant and animal tissues to separate cells for maximum exposure
during the extraction process. In plant tissue, this process also releases the cell contents from within the cell walll.

DNA

The code of life for living things is a molecule known as DNA, deoxyribonucleic acid. Elegant in its simplicity, it is composed of
three components: deoxyribose sugar, phosphate and four nitrogen bases (adenine, thymine, cytosine and guanine).

DNA has a negative electrical charge due to the phosphate groups on the DNA backbone.

The human genome consists of 3 billion base pairs of DNA, or roughly 6 feet of genetic material in every cell. For this
information to fit into the nucleus, it must be substantially condensed. The basis for this condensed structure begins with the
double helix or “twisted ladder” nature of this molecule resulting from its unique chemistries.

The next levels of organization result from the interaction of the negative charge of DNA with many positively charged proteins.
The DNA wraps around scaffolding proteins known as histones, much like string might be wrapped around a set of beads.
The wrapped histones are then coiled into larger groups called nucleosomes, which stack together to form chromatin strands.
Most of the time, the chromosomes are present as long tangled chromatin strands and individual chromosomes cannot
be distinguished from one another. The DNA binding proteins are also involved in opening up sections of DNA to allow
transcription. Many of these binding proteins will remain with the DNA through the extraction process. In the research lab,
additional steps are taken to remove associated proteins. For the purpose of this activity, associated proteins will remain
intact and are present in the final extraction product. Students should consider the higher order structure of DNA as they make
decisions regarding optional reagents.

Step: 3 Lysis

During lysis (derived from the word Lyse- to rupture or burst) cells are disrupted, releasing DNA from the protection of the
nucleus. The lysis solutions utilized in DNA extractions typically consist of soap and salt. Other reagents may be required
depending of the type of tissue from which DNA is to be extracted. The purpose of the soap in the lysis buffer is to break open
the cytoplasmic and nuclear membranes by destroying them.

As seen in the HudsonAlpha lysis video clip, detergent particles, micelles, contain polar and non-polar portions that mimic the
phospholipids that make up the cytoplasmic membrane. Soap molecules associate with water and the hydrophobic tails of the
soap molecules associate with the hydrophobic tails of the phospholipid molecules disrupting the membrane. As membrane
phospholipids are pulled into solution, non-polar tails are exposed. The exposed tails of both the membrane and micelle
realign with the hydrophilic regions facing outward. The resulting micelle contains both detergent and membrane particles
leaving holes in the cell/ nuclear membranes.

Soaps also help by separating the proteins found in the membranes and the cytoplasm from the DNA.

Once in the lysis solution, the positively charged ions of the salt (Na+) are attracted to the negatively charged phosphate
groups on the DNA backbone. This partially neutralizes the negative charge of DNA allowing the molecules to move more
closely together or to clump. Without the positively charged sodium ions, the negatively charged DNA strands would repel,
making precipitation impossible. The detergent and salt also help strip away the proteins associated with the DNA molecule.



Things to consider:

In this activity, several optional reagents are available to add to the basic lysis solution.

Contact lens solution and meat tenderizer both contain additional proteases, which will help to strip away proteins found in
the membranes and cytoplasm of the cells as well as those proteins associated with the DNA molecule itself. Baking soda,
otherwise known as sodium bicarbonate, is an alkaline reagent that can serve to buffer potentially acidic solutions.

Step 4: Filtration

Filtration is one process by which the bulk of the cellular debris in the lysis solution is separated from the liquid in the solution.
In this activity, filtration is conducted with a coffee filter to trap the debris while allowing the liquid portion of the solution to pass
through. Since DNA is soluble in water, it will be found in the liquid portion of the solution.

Student samples should be allowed to filter for approximately five minutes. During the filtration process, the teacher
may wish to discuss some real world uses of DNA extraction. Alternately the teacher may choose to have students
read the “Why Extract DNA?” reading passage during the filtration process.

Article found on page 18.

“Why Extract DNA?” (See article on page 18 for more detail)

Most people are familiar with forensic DNA identification and DNA paternity testing, but what else can researchers do with
extracted DNA?

. Determining the exact order of nucleotide bases, DNA sequencing, allows scientists to investigate the
whole genome of humans and other organisms.

. DNA sequencing of a variety of plants and plant pests points to novel methods to prevent food crop
infection.

. Sequencing can be used to ensure genetic diversity of endangered species and may play a vital role in
their survival.

. Cancer patients may undergo genetic testing to help doctors select the optimal treatment route.

. Patients with inherited disorders often undergo genetic tests to confirm their diagnosis.

. DNA may be used to identify pathogens much more rapidly than traditional culture methods.

. DNA evidence is currently being used to investigate ancestry and human migration patterns.

. DNA analysis of several Egyptian mummies has been used to create detailed pedigrees of pharaoh
families.

. Wooly mammoth DNA from preserved arctic specimens has been analyzed for comparison with modern
elephants.



Step 5: Precipitation

During precipitation, strands of DNA clump together. As more and more DNA aggregates, it forms clumps and
becomes clearly visible. The texture of the precipitated DNA depends on the reagents used in the lysis solution. .
Isopropanol and ethanol are completely soluble in water, but are less polar than water. Because DNAis polar, it is insoluble in
non-polar liquids. Thus when these alcohols are added to a water based solution of DNA, the solution become less polar and
DNA falls out of solution or precipitates.

The salt in the solution plays a role in the “clumping” or aggregation of the DNA molecules during the precipitation process.
The DNA becomes visible but the other cellular materials remains dissolved in the solution. DNA typically appears as stringy
clumps, which have been described as ‘mucus-like’. Each glob of translucent material contains millions of clumped DNA
strands.

Step 6: Spooling

Remember that DNA is a polar molecule. Because DNA is polar it dissolves in polar solutions such as water, and precipitates
out in non-polar solutions like alcohol. Wood and glass are also polar, so DNA will stick to them. Students should gently twirl
the wooden sticks to collect as much DNA as possible. The DNA mass can then be lifted from the alcohol solution and stored
in a microcentrifuge tube. DNA stored with alcohol is highly stable and will remain intact for long periods of time. Students may
notice continued clumping and condensing over time.

Anticipated Results
Results will vary. These are some general trends we have noticed in our results:
. When extracting from fish, fresh fish seems to work better than frozen and adding baking soda seems to
increase the yield.
. Meat tenderizer and contact lens cleaner will often cause DNA to shear into smaller fragments that are
easily visualized, but impossible to spool.
. Meat tenderizer solutions have short shelf lives. We recommend mixing this solution the day before or
storing it in a refrigerator.
. Occasionally, when using baking soda as an optional reagent, spoolable DNA forms a gelatinous mass

that looks very different from the anticipated cotton candy-like consistency. We suspect that this is due to
sheared DNA fragments that clump together during precipitation.

Evaluate

Ask students to describe their precipitation and spooling results. Students should compare and openly discuss their results.
Answers should be recorded on their inquiry guide. They should then evaluate their lysis solution in light of these observations
and record the explanation on their experimental results. Students should then use their observations and their knowledge
of DNA and the chemical nature of cell structures to build a model, draw a diagram or provide a text based response to
explain their results.Class discussion should enrich students understading of the relationship between DNA, chromosmes
and other cellular structures. Student misconceptions concerning the role of reagents in relationship to cellular structures and
the extraction process should be addressed. Ask students what new research questions they may have to help them further
understand the relationships between DNA, chromosomes and other cellular structures.



Exploring DNA Extraction

Instructor Protocol

Prior to Day One

1.

Make copies of the Expanded inquiry guide for each pair of students in the class. The guide is found on page 15 of
this manual. Permission is hereby granted to teachers to reprint or photocopy in classroom quantities the pages or
sheets needed for the students.

Dispense 3 ml of washing agents into test tubes. Label test tubes or racks with a description of each agent  *If
you use powdered dishwashing agent make a 10% solution ( 10g of powder and bring the volume to 100 ml with
water) and dispense. OPTIONAL: If you want to give the students practice measuring, you can simply place the
containers of washing agents on the lab bench and provide 10 ml graduated cylinders for each solution.

Dispense 2 ml of each of the optional reagents. Label test tubes or racks with a description of each reagent.
OPTIONAL: If you want to give the students practice measuring, you can simply place the containers of optional
reagents on the lab bench and provide 10 ml graduated cylinders for each solution.

Prepare food samples: quarter the kiwi, cut the tilapia/chicken livers into ~4 cm X 4 cm pieces, and soak the dried
peas in warm water overnight. Place foods in their respective weigh boats. Note: Place cut tilapia/chicken liver in
sandwich bags.

Dispense 25 ml of ethyl/isopropyl alcohol into 50ml test tubes. Place in freezer.
If a freezer is not available, place tubes in a cooler with ice overnight.

Optional — Dispense 100 ul of ethyl/isopropyl alcohol into 1.5 ml microcentrifuge tubes

Optional — Prepare an extraction kit/student. Take a quart size sandwich bag and place within each bag a:
sandwich bag, cup, coffee filter, rubber band, 1.5 ml microcentrifuge tube, and a wooden dowel



Day One

Content & Media Connections

Procedure

Discuss the differences in plant and animal cells
Media Connection:
HudsonAlpha iCell

Have students select their food sample and record their
choice on the inquiry guide. Students should write a statement
explaining how they think this would affect the extraction pro-
cess and describe cellular structures that serve as barriers.

Students should get their food sample and place it in the
sandwich baggie. Note: have the students get as much air as
possible out of the bag before sealing.

Review chemical composition of cell walls and cell
membranes.

Media Connection:

HudsonAlpha maceration video clip

HudsonAlpha iCell

Maceration - Students smash their food sample in the bag-
gie. Note: this works best by pressing with thumb and pointer
fingers, not pounding.

Discuss cell membrane composition and polarity of
phospholipids.

Describe the action of soap in relation to lipid
composition of the membrane.

Media Connection:

HudsonAlpha lysis action video clip

Designing the lysis solution- Introduce students to the avail-
able soaps from which to choose to make their lysis buffer.
Have the students record their selection on the Inquiry guide
with an explanation for how each reagent will aid in the ex-
traction process.

Review overall negative charge of DNA
molecules.

Explain that salt is a key component to every lysis solution.
The salt plays a role in maintaining the structural stability of
the DNA.

Relate the role of proteins, such as histones, to
maintaining the higher order structure of DNA.

Introduce students to the additional reagents that may be
added. Discuss the overall use of each reagent. Students
may choose 1, 2 or none of the reagents. If students choose
to add a reagent, they must explain why they chose to add it
in the space provided on the inquiry guide.
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Content & Media Connections

Procedure

Encourage students to record volumes of
each solution before they mix the various
agents in a single tube.

Students will make their own buffer solution by:
Choosing 1 soap solution
Taking 1 salt solution

Choose one, two or none of the optional reagents.

Bring solution to volume. Have students add water to bring the
total lysis buffer volume to 15 ml. Students should gently invert
their solutions to ensure mixing.

* Students will briefly outline the procedure on the guide.

Add the entire lysis buffer to the macerated food sample in the
baggie. Mix food sample and lysis buffer together ~ one minute,
by palpating the outside of the bag.

Define filtration. Ask students to elaborate on
the role of filtration in DNA extraction.

Filtration - Take a coffee filter and place it in a solo cup so that the
edges of the filter surround the outside of the cup and there is an
indentation in the middle. Secure the filter with a rubber band.

Discuss DNA extraction applications, or have
students read the “Why Extract?” article dur-
ing the filtration process.

Pour the food sample/lysis buffer mixture into the filter and allow
the filtrate to flow through the filtration device.
(Approx. 5min. )

Ask where students would expect to find dis-
solved DNA in the liquid filtrate: at the bottom
of cup or the solid matter in the filter paper ?

Remove filter by holding the top of the filter and sliding the rubber
band down the cup. Lift the filter and its contents. Place the filter
into the quart plastic baggie, “trash”. Save filtrate for the next
step.

Define precipitation. Review DNA solubility in
water and alternately alcohol.

Precipitation - Pour filtrate into alcohol solution.
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Content & Media Connections

Procedure

Instruct students to carefully observe the interface of the two solu-
tions and record their observations in the appropriate space on
the inquiry guide

Define spooling. Remind students that not all
groups’ DNA will be intact enough to spool.

Spool DNA with wooden dowel. Twirl the stick and spin up the
DNA, like you would cotton candy. Note: not all students may be
able to spool their DNA.

Results should be recorded on the inquiry guide.

Caution students to keep DNA in the tube once
they leave the lab. Ask students to estimate
the ‘shelf-life’ of alcohol stored DNA.

Students may take their DNA and place it in the 1.5 ml tube filled
with 100 ul of ethyl/isopropyl alcohol

* With proper storage, students’ DNA samples will remain intact
for years.

Here students should make the connections
between the lysis solution they created, how
the chemistry of the solution impacted the
fidelity of DNA, and structure of DNA.

Students should compare their results paying attention to the
consistency, quality and quantity of DNA extracted and openly
discuss their results. They should then evaluate their lysis
solution in light of these observations and record the explanation

of their experimental results. .

Student misconceptions concerning the

role of reagents in relationship to cellular
structures and the extraction process should
be addressed

Students should then use their observations and their knowledge
of DNA and the chemical nature of cell structures to build a
model, draw a diagram or provide a text based response to
explain their results.Class discussion should enrich students
understading of the relationship between DNA, chromosmes and
other cellular structures.
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Ask students what new research questions they may have to
help them further understand the relationships between DNA,
chromosomes and other cellular structures.




Expanded DNA Extraction

Name

DNA Source

Answer the following questions about your DNA source

Describe the features of your source that are likely to impact the extraction process. Ex:
high acidity or hard covering

Describe the cell structures that serve as barriers to extracting intact DNA:

Lysis Solution Components

Component

Name

Volume
Added

Provide a scientific explanation of what you think
these reagents will do to aid in your extraction

Washing
Agent

Salt Solution

Nacl

2mL

Additional
Reagent
(Optional)

Additional
Reagent
(Optional)

Additional
Water

H20

If needed, to bring total volume to 15 mL. Total
volume of ALL reagents cannot exceed 15 mL.

Basic DNA
Extraction Steps

Briefly outline the procedure you will use to extract intact DNA.

Lysis

Ve w oo

Filtration
Precipitation
Spooling

Maceration

Describe the DNA
precipitation and
spooling results




Expanded DNA Extraction Name

Compare your results to other groups. You may notice differences in the amount,
consistency or quality of extracted DNA.

What part of your
procedure or lysis solution
do you think is primarily
responsible for your
extraction results? Why?

Use your knowledge of DNA and the chemical nature of cell structures to explain your
results. You may build a model, draw a diagram or provide a text-based response. Your
response should include information about your unique lysis solution.

One goal of this activity is to understand relationships between DNA, chromosomes and

other cellular structures. You may have answered some of these questions by doing this

experiment, but what new questions do you have? What other research questions would
help explain or illustrate those relationships?




Expanded DNA Extraction Name

DNA Source How do you think your source will affect the process of DNA isolation?

Lysis Buffer Components

Component Name Volume | Provide a scientific explanation of what you think
Added | thesereagents will do to aid in your extraction.

Washing
Agent

Salt Nadl 2 mL
Solution

Additional
Reagent
(optional)

Additional
Reagent
(optional)

Additional H20 If needed, to bring total volume to 15 mL.
Water

Total 15 ML
Teacher Approval

The Total Volume of ALL reagents cannot exceed 15 mL.

Results:
Describe the DNA precipitation results.

Conclusion:
Based on your results from this experiment, what would you do differently if you were to
repeat the experiment?




Why Extract DNA?

A crime scene investigator uses a wide
variety of evidence to solve crimes. The
evidence frequently comes in the form of
DNA left at a crime scene. The Forensic
Analyst uses DNA to identify the source.
Using a CODIS (Combined DNA Index
System) database, the investigator can
compare the collected DNA to DNA
found in a large database containing
over 20 million profiles. This technology
utilizes STRs (short tandem repeats) to
identify possible matches. Forensic DNA
identification and the utilization of DNA
testing for paternity are familiar to many,
but why else might we extract DNA?

Wooly mammoth image credit: http://picasaweb.
google.com/lh/photo/zDWKpVOjPV0O_4FNu8Uo TaA

DNA based Forensic Testing

DNA analyzed at 20 STR regions across the genome - all are non-coding DNA

“‘“’"rlﬁflm mﬂ@m

DNA from a crime sample

Suspect 1
G e L
M 11,16 10,12 11,16
we e &,
m Suspect 2

This example compares STR regions between two suspects
and a crime scene sample. There are shared STRs between
suspects and the scene sample, but suspect 2 is identical to
the scene sample.

DNA Sequences of frozen or fossil remains can provide a window
into how ancient animals lived. Could such ancient DNA make it
possible to bring back extinct animals? Colossal was founded to
resurrect the wooly mammoth that has been extinct for 10,000
years. How can scientists at the company do this? Enter elephant
DNA. This may be possible with new technologies such as genome
editing and the resemblance between the elephant and wooly
mammoth DNA. Colossal hopes to reintroduce these creatures to
the Siberian tundra, where they will need dense fur and thick fat
to survive this ecosystem's extreme conditions. There is hope that
bringing back the mammoths may act as an ecological buffer. The
former home of the mammoths is warming and releasing carbon
dioxide. The return of the mammoths holds the potential hope of
returning the tundra to grassland. The return of grasses would
prevent soil melting and erosion that have advanced due to global
climate change.

DNA sequencing is a technology that finds the precise order of the bases (adenine - A, thymine - T, cytosine - C,
and guanine - G) that make up the genome. The genome refers to the entirety of the DNA in an organism. At the
same time, a gene is a specific piece of DNA that provides instructions to the cell. The Human Genome Project
was a combined effort among scientists worldwide to identify a reference sequence for all human chromosomes.
The project began in 1990 and was completed in 2003. Researchers have used this reference sequence to identify
causes of rare genetic disorders, link specific genes to disease and find DNA changes that increase the risk for
disease. In 2022, the Telomere to Telomere Project (T2T) found the sequence for the 8% of the reference genome
that remained unknown when the Human Genome Project was completed. This finished reference will be valuable
in finding new DNA functions, leading to the growing list of reasons for extracting DNA.



In recent years, great strides have been made in sequencing and understanding the genomes of agriculturally important
plants. The analysis of DNA may reveal genes that control important traits in food crops. Marker-assisted selection can
reduce the time to produce a beneficial crop compared to traditional breeding methods. This process utilizes DNA markers
and allows for analysis before the desired phenotype appears. For example, apple trees take several years to produce
fruit. Apple tree seedlings can be tested for traits important to growers after only a few weeks of growth. This lets breeders
make crosses much faster. Extracting DNA can tell farmers which plants to cross and which to cull. These are just a
few examples of the many reasons we extract DNA.

donor

resistant to pests,
but has many poor
traits

“Elite” variety
susceptible to *
pests

backcrossing

Traditional breeding requires many rounds of

backcrossing, then selecting offspring with desired

traits. Marker assisted selection would speed up the
L process by using DNA to select plants for crosses.

new variety
elite traits plus
pest resistance
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