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SUMMER RESEARCH PROGRAM FOR SECONDARY SCHOOL SCIENCE
TEACHERS

LESSON PLAN

Edwin Klibaner

Extraction of DNA from White Onion

The procedures involved in biotechnology implementation are predicated on the isolation of DNA
from a tissue sample. [Content Standard E- Understandings about science/technology] This laboratory
exercise is designed to give you the opportunity to extract DNA from onion tissue. The technique used
is quick and easy for both you and your students. The DNA that is isolated can be digested using
various endonucleases, followed with an electrophoresis of the digest. We use an onion because of its'
cost, abundance and low starch content. You will make the onion filtrate from onion treated with salt,
distilled water, and dishwashing DNA to be more clearly seen. The SDS detergent causes the cell
membrane to break down by emulsifying the lipids and proteins of the cell and disrupting the polar
interactions that hold the cell membrane together. The detergent then forms complexes with these
lipids and proteins, causing them to precipitate out of solution. The use of NaCl salt shields the
negative phosphate ends of the DNA which allows these ends to come closer so they can precipitate
out of a cold 95% ethyl alcohol solution. You will be altering the filtrate so that you can "spool" DNA
out when it precipitates. The DNA is soluble in the detergent solution but is insoluble in the alcohol.
[Content Standard B- Structure and properties of matter]When you add the chilled alcohol, the DNA
will come out of solution and easily spool on a glass rod. At the end of the exercise you will find a flow
chart summarizing the steps and solutions required.

The procedure has three basic steps:

Homogenization which involves heating and blending the onion tissue in order to break down the cells.
[Content Standard C- The cell] The heat treatment softens the phospholipid in the cell membrane and
denatures the DNAse enzymes which if present, would cut the DNA into small fragments so that it
would not spool. The onion tissue is mixed in a blender with homogenization media, which breaks
down the cell wall, cell membrane and nuclear membrane allowing the release of DNA.

Deproteinization which involves adding a protease enzyme Papain - a common enzyme used to clean
soft contact lenses. This will denature the proteins clinging to the DNA making the molecule flexible
and easy to spool. Precipitation of DNA which involves adding ethanol alcohol which causes every
component in the filtrate to stay in solution except DNA. The DNA will gather at the interface of the
filtrate and ethanol and can be spooled out with a glass rod.

Homogenization media

SDS (Sodium Dodecyl Sulfate) is a biological detergent which causes the cell membrane to break
down further and emulsifies the lipids and proteins of the cell by disrupting the polar interactions that
hold the cell membrane together. The detergent forms complexes with these lipids and proteins causing
them to precipitate out of the solution. SDS is the major ingredient in laundry detergent.

EDTA (Ethylenediamine tetracetic acid) weakens the cell by binding the divalent cations (Mg++ and

11/2/2014 19:44
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Ca++) which are needed for membrane stability. This further aids in breaking open the cells of the
onion.

NaCl (Sodium chloride) enables nucleic acids to precipitate out of an alcohol solution because it
shields the negative phosphate end of DNA causing the strands to come closer together and coalesce.

1. DNA is found in the nucleus of membrane-bound cells. The membranes are lipid and protein in
composition. The cell membranes must be lysed in order to release the DNA.

2. DNA is a polymer made up of repeating chains of nucleotides. The sugar and phosphate
components of DNA (the backbone) are both readily soluble in water.

3. The phosphate groups on the outside of DNA carry a negative charge. These negative charges
are attracted to and are neutralized by cations such as sodium. When sodium is added to DNA it
forms a protective "shell" around it. On the other hand, protein molecules precipitate from
solution in the presence of salt.

4. DNA is insoluble in ethanol (ethyl alcohol). As ethanol is added to a solution containing DNA,
the DNA will come out of solution and stick to whatever is around.

5. At room temperature DNA begins to denature by the action of DNase (present in cell extracts).
DNA extraction procedures must be carried on in ice.

Procedure:

1. Place 100 ml of homogenizing solution in a beaker heat the solution in a water bath until it
reaches 60 C

2. Mince the onion and add to the solution when it has reached 60 C. Stir and let sit for 15 minutes.
Try not to let the temperature go much above 60 C. The temperature is intended to denature
proteins that would break up the DNA into small segments.

3. After the heat treatment, immediately place the beaker into an ice bath for 5 minutes. Swirl the
solution gently to allow even cooling throughout. This step slows down the break down of DNA.

4. Pour the contents of the beaker into the homogenizer and blend as per the flow chart.

5. Filter the homogenate through cheesecloth draped over a clean beaker.

6. Pour some of the filtrate into a large test tube. Hold your test tube with filtered homogenate at
an angle, gradually pour twice the volume of ice cold alcohol down the wall of the test tube as
there is homogenate present.

7. Watch what happens. You should see some stringy substance precipitate out. This is DNA.
When it looks very stringy, place a glass rod into the tube so that the end of the rod is just bellow
the upper layer of liquid( alcohol ) and try to spool the DNA. It should look very clear and
glistens around the glass rod. Using a glass stirring rod, gently but quickly twirl the rod into and
out of the 2 layers. Gently lift the rod out of the tube and observe any substance attached to the
rod.

8. This DNA represents all the DNA found in the onion cells. The chromosomes were broken in the
process and the DNA precipitated due to the chemical treatment.

To use DNA for cloning or restriction digests, wash with 95% ethanol, then 70% ethanol. Air dry and
resuspend in 500ul TE buffer. Heat in a 60 C water bath for 10 minutes to denature potential DNases.
Store at -20 C. TipsDNA clings to glass - negative charge of DNA is attracted to positive charge in the
silica of glass. Therefore, use plastic tubes for the spooling part of this lab You can make simple glass
rods by heating the ends of glass pasteur pipettes and pushing the end to make a small hook. These
make dandy rods to spool and hook up the DNA. A similar procedure to this one can be used to extract
DNA from animal tissue such as calf thymus. Thymus glands from calves are sold in butcher shops and
gourmet grocery stores as "sweetbreads". You can use either fresh or frozen.

hitp://www.scienceteacherprogram.org/biology/oniondna. html
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Protocol
Extraction of DNA from Onion
Dice an onion into small pieces
weigh out 50g of onion
place onion into a 250 ml beaker
+
add 100 ml of homogen. medium incubate in a 60 C water bath for 15 min.
chill quickly in an ice bath (15-20 C) handle the DNA gently, not rough
pour chilled preparation into blender homog. for 45 sec. at low speed homog. for 30 sec. at high speed
pour into a 1000 ml beaker allow to stand in ice bath for 15-20 min.
pour through 4 layers of cheesecloth over a 500 ml beaker in ice
slowly add cold 95% ethanol down the side of the beaker 80 ml
spool out DNA in one direction only
dry the DNA with paper towel and suspend in TE buffer, store in freezer

Homogenization Medium

5% SDS (50g/L) 0.15M NaCl (8.8g/L)

0.15M sodium citrate (43.7g/L) -=-==-=snemnmnun --0.001M EDTA (0.5M stock, 2ml/L)
TE Buffer pH 8.0

0.01M Tris-HCI pH 8.0 5 mls of 2M stock

0.001M EDTA pH 8.0 2 mls of 0.5M stock

Return to Biology Menu
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The procedures involved in biotechnology implementation are predicated on the isolation of DNA
from a tissue sample. [Content Standard E- Understandings about science/technology] This laboratory
exercise is designed to give you the opportunity to extract DNA from onion tissue. The technique used
is quick and easy for both you and your students. The DNA that is isolated can be digested using
various endonucleases, followed with an electrophoresis of the digest. We use an onion because of its'
cost, abundance and low starch content. You will make the onion filtrate from onion treated with salt,
distilled water, and dishwashing DNA to be more clearly seen. The SDS detergent causes the cell
membrane to break down by emulsifying the lipids and proteins of the cell and disrupting the polar
interactions that hold the cell membrane together. The detergent then forms complexes with these
lipids and proteins, causing them to precipitate out of solution. The use of NaCl salt shields the
negative phosphate ends of the DNA which allows these ends to come closer so they can precipitate
out of a cold 95% ethyl alcohol solution. You will be altering the filtrate so that you can "spool" DNA
out when it precipitates. The DNA is soluble in the detergent solution but is insoluble in the alcohol.
[Content Standard B- Structure and properties of matter]When you add the chilled alcohol, the DNA
will come out of solution and easily spool on a glass rod. At the end of the exercise you will find a
flow chart summarizing the steps and solutions, required. '6' % 4 /

The procedure has three basic steps: &ﬂ M S’ ‘LW-

Homogenization which involves heating and blending the onion tissue in order to break down the cells.
[Content Standard C- The cell] The heat treatment softens the phospholipid in the cell membrane and
denatures the DNAse enzymes which if present, would cut the DNA into small fragments so that it
would not spool. The onion tissue is mixed in a blender with homogenization media, which breaks
down the cell wall, cell membrane and nuclear membrane allowing the release of DNA.

Deproteinization which involves adding a protease enzyme Papain - a common enzyme used to clean
soft contact lenses. This will denature the proteins clinging to the DNA making the molecule flexible
and easy to spool. Precipitation of DNA which involvies adding ethanol alcohol which causes every
component in the filtrate to stay in solution except DNA. The DNA will gather at the interface of the
filtrate and ethanol and can be spooled out with a glas} rod.

Homogenization media

SDS (Sodium Dodecyl Sulfate) is a biological detergent which causes the cell membrane to break
down further and emulsifies the lipids and proteins of the cell by disrupting the polar interactions that
hold the cell membrane together. The detergent forms complexes with these lipids and proteins
causing them to precipitate out of the solution. SDS is the major ingredient in laundry detergent.

EDTA (Ethylenediamine tetracetic acid) weakens the cell by binding the divalent cations (Mgt++ and
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Ca++) which are needed for membrane stability. This further aids in breaking open the cells of the
onion.

NaCl (Sodium chloride) enables nucleic acids to precipitate out of an alcohol solution because it
shields the negative phosphate end of DNA causing the strands to come closer together and coalesce.

1. DNA is found in the nucleus of membrane-bound cells. The membranes are lipid and protein in
composition. The cell membranes must be lysed in order to release the DNA.

2. DNA is a polymer made up of repeating chains of nucleotides. The sugar and phosphate
components of DNA (the backbone) are both readily soluble in water.

3. The phosphate groups on the outside of DNA carry a negative charge. These negative charges
are attracted to and are neutralized by cations such as sodium. When sodium is added to DNA it
forms a protective "shell" around it. On the other hand, protein molecules precipitate from
solution in the presence of salt.

4. DNA is insoluble in ethanol (ethyl alcohol). As ethanol is added to a solution containing DNA,
the DNA will come out of solution and stick to whatever is around.

5. At room temperature DNA begins to denature by the action of DNase (present in cell extracts).
DNA extraction procedures must be carried on in ice. ,/

Procedure: /,b}’l e po 'e"17 mJ W

1. Place 100 ml of homogenizing solution in a beaker heat the solutlon in a watgr bath until 1t /
reaches 60 C ”wv mvC oo M Caa b2
2. Mince the onion and add to the solution when it has reached 60 C Stlr and let sit f'or 15
minutes. Try not to let the temperature go much above 60 C. The tempe turﬁ 1S mtended to
denature proteins that would break up the DNA into small segments <8 [O me1 “
3. After the heat treatment, immediately place the beaker into an ice bath for 5 minutes. Swirl the
solution gently to allow even cooling throughout. This step slows down the break down of DNA.
'\J_QN 4. Pour the contents of the beaker into the homogenizer and blend as per the flow chart l u
bl‘ 5. Filter the homogenate through cheesecloth draped over a clean beaker. &D
6. Pour some of the filtrate into a large test tube. Hold your test tube with filtered homogenate at
an angle, gradually pour twice the volume of ice cold alcohol down the wall of the test tube as
there is homogenate present.
7. Watch what happens. You should see some stringy substance precipitate out. This is DNA.
When it looks very stringy, place a glass rod into the tube so that the end of the rod is just
bellow the upper layer of liquid( alcohol ) and try to spool the DNA. It should look very clear
and glistens around the glass rod. Using a glass stirring rod, gently but quickly twirl the rod into
and out of the 2 layers. Gently lift the rod out of the tube and observe any substance attached to
the rod.
8. This DNA represents all the DNA found in the onion cells. The chromosomes were broken in
the process and the DNA precipitated due to the chemical treatment.

To use DNA for cloning or restriction digests, wash with 95% ethanol, then 70% ethanol. Air dry and

resuspend in 500ul TE buffer. Heat in a 60 C water bath for 10 minutes to denature potential DNases.

Store at -20 C. TipsDNA clings to glass - negative charge of DNA is attracted to positive charge in the
silica of glass. Therefore, use plastic tubes for the spooling part of this lab You can make simple glass
rods by heating the ends of glass pasteur pipettes and pushing the end to make a small hook. These

make dandy rods to spool and hook up the DNA. A similar procedure to this one can be used to
extract DNA from animal tissue such as calf thymus. Thymus glands from calves are sold in butcher
shops and gourmet grocery stores as "sweetbreads". You can use either fresh or frozen.
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Protocol

Extraction of DNA from Onion
Dice an onion into small pieces
weigh out 50g of onion
place onion into a 250 ml beaker
+
add 100 ml of homogen. medium incubate in a 60 C water bath for 15 min.

chill quickly in an ice bath (15-20 C) handle the DNA gently, not rough

Gl;:hilled preparation into blender homog. for 45 sec. at low speed homog. for 30 sec. at high speed

V4

pour into a 1000 ml beaker allow to stand in ice bath for 15-20 min.
- 741——

our through 4 layers of cheesecloth over a 500 ml beaker in ice
H ugh 4 lay L 4(7

slowly add cold 95% ethanol down the side of the beaker 80 ml ?w

L

#‘“ .
dry the DNA with paper towel and suspend in TE buffer, store in freezer

spool out DNA in one direction only

Homogenization Medium

5% SDS (50g/L) 0.15M NaCl (8.8g/L)

0.15M sodium citrate (43.7g/L) -----==-=--------- 0.001M EDTA (0.5M stock, 2ml/L)
TE Buffer pH 8.0

0.01M Tris-HCI pH 8.0 5 mls of 2M stock

0.001M EDTA pH 8.0 2 mls of 0.5M stock

Return to Biology Menu
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Genome Sizes

The genome of an organism is the complete set of genes specifying how its phenotype will develop
(under a certain set of environmental conditions). In this sense, then, diploid organisms (like
ourselves) contain two genomes, one inherited from our mother, the other from our father.

The table below presents a selection of representative genome sizes from the rapidly-growing list of
organisms whose genomes have been sequenced.

Table of Genome Sizes (haploid)

r

I Base pairs | Genes | Notes
X174 5,386 1 virus of E. coli
[Human mitochondrion (16,569 |37 3
Epstein-Barr virus ¢
(EBV) 172,282 80 causes mononucleosis

nucleomorph of
Guillardia theta

I[M}'cop]asma genitalium I580,0?3 IS 17
: two of the smallest true organisms
Mycoplasma 816,394 679 ga

pheumoniae
]Ricketrsia prowazekii 1,111,523 834 Ibacterium that causes epidemic typhus
| | P

all that remains of the nuclear genome of a red alga
(a eukaryote) engulfed long ago by another eukaryote

551,264 511

\Treponema pallidum ]I,l38,01] [1,039 lbacterium that causes syphilis

smallest genome yet found in a free-living organism
(marine g-proteobacterium)

]Helicobac!er pylori !17,667,86'l [1,589 [chief cause of stomach ulcers (not stress and diet)
\Methanocaldococcus

Pelagibacter ubique 1,308.759 |1,354

1,664,970 1,783

iannaschii These unicellular microbes look like typical bacteria
PR ————— |I 669.695  |1.885 but their genes are so different from those of either

bacteria or eukaryotes that they are classified in a

Methanothermobacter 1751377 |r.oog |third kingdom: Archaea.
thermoautotrophicus : L ’

_t ) A 'C . y

Mreplococ ity 2,160,837 (2,236 (the pneumococcus

preunmoniae
A virus (of an amoeba) with a genome larger than

Pandoravirus 2473870 [2556 that of the bacteria and arc.h.aea above and about the
same as that of some parasitic eukaryotes
[Example].

[!.:'.steria monocylogenes |2,944,528 [2,926 i2,853 of these encode proteins; the rest RNAs

Synechocystis 3,573,470 4,003 |a marine cyanobacterium ("blue-green alga")

. coli K-12 4,639,221 4,377 4,290 of these genes encode proteins; the rest RNAs

10/31/2014 18:08
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139 3

[Phae

) : 6 strain that is pathogenic for humans; has 1,346 genes
alb el 544x107 3416 ot found in E. coli K-12
Schizosaccharomyces 12.462.637 |4.929 Fission yeas't. A eukaryote with fewer genes than the
pombe {three bacteria below.
Agmbacfer{um 4674062 [5.419 Useful vector _for q?akrng trar?sgemc plaqts; shares
tumefaciens many genes with Sinorhizobium meliloti
Pseudomonas 6 Increasingly common cause of opportunistic
I 6.3x10 5,570 | fections i
laeruginosa infections in humans.
Sinorhizobium meliloti [6.691.694 16,204 The rhizobial symbiont of alfalfa. Qenome consists of
one chromosome and 2 large plasmids.
Saccharomyces 12,495,682 (5,770 |Budding yeast. A eukaryote.
cerevisiae
[Neurosporacrassa (38,639,769 10,082 |Plus 498 RNA genes.
Thalassiosira 345 %106 (11,242 A diatom. Pl'us 144 cl]loroplasl and 40 mitochondrial
pseudonana genes encoding proteins .
This free-living unicellular organism lives as both an
amoeboid and a flagellated form. 4,133 of its genes
are also found in other eukaryotes suggesting that
; . 6 they were present in the common ancestor of all
Noegleria grubert 41x 10 HaoiEr eukaryotes. The great variety of functions encoded
by these genes also suggests that the common
ancestor of all eukaryotes was itself as complex as
many of the present-day unicellular members.
Drosophila 122,653,977 [~17,000 the "fruit fly"
melanogaster
(Caenorhabditis elegans [100,258,171[21,733
Humans 33 x 109 ~21,000 |[Link to more details. ]
Although Tetraodon seems to have more protein-
letraodon nigroviridis o x 10 [27.918 encoding genes than we do, it has much less
(a pufferfish) 3.42x 10 ; non-coding DNA so its total genome is about a tenth
the size of ours.
Mouse 28x10°  [~23,000
Amphibians 10101 |2
oo . 9 a flowering plant (angiosperm) with one of the
drabidepsis thaliana 10,135 x 10° 27,407 smallest genomes known in the plant kingdom.
the Norway spruce, a conifer (gymnosperm). Even
» o 9 though it has only ~900 more genes than Arabidopsis,
Clpeaianies 196x 10" 28,354 it has 145 times as much DNA. Most of this appears
to be derived from transposons.
Psilotum nudum 25x 10!t 1? Note

Even though Psilotum nudum (sometimes called the "whisk fern") is a far simpler plant than
Arabidopsis (it has no true leaves, flowers, or fruit), it has 3000 times as much DNA. No one knows

10/31/2014 18:08
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why, but 80% or more of it is repetitive DNA containing no genetic information. This is also the case
for some amphibians, which contain 30 times as much DNA as we do but certainly are not 30 times as

complex.

The total amount of DNA in the haploid genome is called its C value. The lack of a consistent
relationship between the C value and the complexity of an organism (e.g., amphibians vs. mammals) is

called the C value paradox.
How many genes does it take to make an organism?

The scientists at The Institute for Genomic Research (now known as the J. Craig Venter Institute) who
determined the Mycoplasma genitalium sequence have followed this work by systematically
destroying its genes (by mutating them with insertions) to see which ones are essential to life and
which are dispensable. Of the 485 protein-encoding genes, they have concluded that only 381 of them
are essential to life.

Welcome&Next Search .
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Agarose gel

to reveal DNA

Electrophoresis of DNA requires a staining step to make the separated DNA fragments visible. The
safest and easiest method is to use methylene blue solution. As methylene blue carries a positive
charge, it binds to the negatively charged DNA fragments and stains them blue. We have found two
suitable methods for staining agarose gels.

“a world of learning”

Method One - using dilute Methylene Blue
solution

Carefully slide the agarose gel into a small shallow
container and pour in dilute methylene blue solution
(0.025%) until the gel is submerged. Allow to stand for
up to 16 hours so the stain diffuses into the gel and
binds with the DNA fragments.

Method Two - using concentrated
Methylene Blue solution

Carefully slide the agarose gel into a small shallow
container and use a pipette to cover with a few millilitres
of concentrated methylene blue solution 0.1%). Add
just enough to cover the surface of the gel with the
concentrated stain. Allow to stand for 5 minutes, then
rinse off the excess stain. Leaving the gel in the
container, seal it with cling wrap to prevent any
evaporation and allow it to stand for up to 16 hours so
the stain diffuses into the gel.

Destaining

Once staining is achieved by either of the methods
described above, you can heighten the contrast between
the stained DNA fragments and the background gel by
destaining. This involves soaking the stained gel in
clean water to leach out unbound methylene blue.
Change the water occasionally until no further stain can
be seen in the rinse water or until the DNA fragments
can be plainly seen in the gel.

Note

« Wear gloves and a protective laboratory coat to
avoid staining your skin and clothing.

e« Methylene blue stain may be reused, so retain
excess stain in a labeled bottle.

Southemn Biological - A Division of Cogitamus Pty Ltd
ACN 097 468 954 ABN 25 838 926 933
19-21 Worrell Street or PO Box 57 Nunawading Victoria 3131  Australia
Phone: +61 3 9877-4597 Fax: +61 3 9894-2309
Email: sales@southernbiological.com  Web: www.southernbiological.com
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