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Introduction 

In this manual, we provide a new twist on an old standard ς namely, the biology teaching lab 

that introduces students to the concept of mitosis (or cell division) by viewing slides of onion 

root tips.  However, instead of using a compound light microscope to view prepared slides or 

examining live cells stained with Toluidine Blue, this manual describes a way to use the lab to 

further introduce students to some of the techniques involved in epifluorescence microscopy.   

In particular, we describe how to stain leek root tips (instead of onion root tips) with Acridine 

Orange (a fluorescent dye that, when bound to DNA, glows bright green if excited by blue light).  

We then explain how to view the slides using a relatively inexpensive, open source 

epifluorescence microscope that we have developed called the OPN Scope (Fig. 1).   

 

Figure 1.  The 3D-printed version of the OPN Scope (mounted on 

an Olympus CH microscope).   
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In the process, students should not only receive the opportunity to learn the basics about cell 

division (including identifying cells in the various stages of mitosis), but also get the chance to 

become familiar with epifluorescence microscopy ς a rather sophisticated technique that is 

often not available in a lab course until college (if not, graduate school).   

Plus, because the onion root tip lab is such a staple in the biology teaching curriculum, we 

believe that most instructors should be generally familiar with the exercise.  Indeed, numerous 

papers and manuals have described variations of this educational activity over the years ς both 

in the literature (Woodard, 1948) and online (Marietta College, 2017; Nuffield Foundation, 

2017; Carboni, 2010).  Still other websites offer virtual labs, where students can review images 

of dividing cells taken from previously prepared slides (The Biology Corner, 2017; The Biology 

Project, 2017; Marr, 2017; Rossi, 2017; Rutgers University, 2017; Davidson, 2015).   

Of course, unlike a virtual lab, the activity described here affords students the opportunity to 

develop their own lab skills by preparing live cell cultures for epifluorescence viewing.  

However, we have streamlined many of the underlying procedures, so that students can focus 

their efforts on searching for dividing cells (which often proves to be the most engaging and 

exciting part of the lab).  Ultimately, we hope that this exercise will provide both an enjoyable 

and educational experience to students (and, ideally, their teachers as well).  We further 

encourage instructors to experiment with different techniques, stains, and cells to improve 

upon this activity, and we look forward to seeing some of the results.   

How a Basic Epifluorescence Microscope Works 

For those who are not familiar with how an epifluorescence microscope works, we explain the 

basic principles behind the instrument in our OPN Scope article, which we wrote for The Journal 

of Chemical Education in 2016 (Stewart and Giannini, 2016).  However, for readers who may not 

have access to that journal, we briefly summarize the key concepts here.   

Specifically, in order to induce fluorescence, an epifluorescence microscope sends an intense 

(but narrow) band of light down onto a given sample, which excites electrons in the specimen 

(Stewart and Giannini, 2016).  As those electrons fall back to their άƎǊƻǳƴŘέ ǎǘŀǘŜΣ ǘƘŜȅ ŜƳƛǘ 

light at a longer (andΣ ǘƘǳǎΣ ƭƻǿŜǊ ŜƴŜǊƎȅύ ǿŀǾŜƭŜƴƎǘƘΣ ǿƘƛŎƘ ƛǎ ƪƴƻǿƴ ŀǎ άŦƭǳƻǊŜǎŎŜƴŎŜέ 

(Stewart and Giannini, 2016).   

By way of illustration, as explained above, DNA that has been stained with the fluorescent dye 

Acridine Orange will typically glow bright green when struck by blue light.  Thus, to view the 

corresponding nuclei or chromosomes of cells stained with Acridine Orange, an epifluorescence 

microscope first sends a ǇƻǿŜǊŦǳƭ ǿƘƛǘŜ ƭƛƎƘǘ ǘƘǊƻǳƎƘ ŀƴ άŜȄŎƛǘŀǘƛƻƴ ŦƛƭǘŜǊΣέ ǿƘƛch allows only a 

narrow band of wavelengths in the blue spectrum to pass (Fig. 2, left; Stewart and Giannini, 

2016ύΦ  ¢Ƙŀǘ ōƭǳŜ ƭƛƎƘǘ ǘƘŜƴ ǎǘǊƛƪŜǎ ŀ άŘƛŎƘǊƻƛŎ ƳƛǊǊƻǊΣέ ǿƘƛŎƘ ƛǎ ŘŜǎƛƎƴŜŘ ǘƻ ǊŜŦƭŜŎǘ all but the 
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anticipated green fluorescent light down onto the sample (Fig. 2, middle).  Upon reaching the 

specimen, the blue light excites electrons in the Acridine Orange molecules (Fig. 2, bottom), 

which have bonded with the DNA (and other structures) in the cells.  As those electrons fall 

ōŀŎƪ Řƻǿƴ ǘƻ ǘƘŜƛǊ άƎǊƻǳƴŘέ ǎǘŀǘŜΣ ǘƘŜȅ ŜƳƛǘ ŀ ƎǊŜŜƴ ƭƛƎƘǘΣ ǿƘƛŎƘ Ƙŀǎ ŀ ǎƭƛƎƘǘƭȅ ƭƻƴƎŜǊ 

wavelength (and, thus, a lower energy) than the blue light that was used to excite the electrons 

(Fig. 2, bottom; Stewart and Giannini, 2016).  That emitted green light then travels up through 

the microscope and passes through the dichroic mirror as well as ŀƴ άŜƳƛǎǎƛƻƴ ŦƛƭǘŜǊέ όCƛƎΦ 2, 

right) ς both of which let only wavelengths in a narrow band of the green spectrum to pass (Fig. 

2, top).  Along the way, of course, the objective and ocular lenses in the microscope facilitate 

the process by focusing the blue excitation light onto the sample and the emitted green light 

for viewing (Fig. 2; Stewart and Giannini, 2016).   

 

Figure 2.  Examining cells stained with Acridine Orange, using an epifluorescence 

microscope.   

With respect to the mechanics of an epifluorescence microscope, typically, these instruments 

house their excitation filter, dichroic mirror, and emission filter in a small plastic or metal 

ŎƻƴǘŀƛƴŜǊ ŎŀƭƭŜŘ ŀ άŦƭǳƻǊŜǎŎŜƴŎŜ ŦƛƭǘŜǊ ŎǳōŜΦέ  ¦ǎǳŀƭƭȅΣ ǘƘŜǎŜ ŎǳōŜǎ ŀǊŜ specifically designed to 

fit a particular type of microscope and view a particular type of fluorescent stain, dye, or tag.  

http://pages.stolaf.edu/opn-lab/equipment/


http://pages.stolaf.edu/opn-lab/equipment/  5  February 16, 2017 
 

Also, the microscopes that house these filter cubes normally have a way to slide or rotate each 

cube into (and out of) place for epifluorescence or bright-field viewing.  Of course, to learn 

more about these instruments, readers can visit any number of websites, such as the Leica 

Microsystems Fluorescence Microscopy web page, Nikon Microscopy U web page on 

Fluorescence Microscopy, Olympus Fluorescence Microscopy Resource Center, and 

ThermoFisher Scientific web page on Epifluorescence Microscope Basics (to name a few).   

We have also included with this manual some of the Supporting Information from our OPN 

Scope article ς specifically, the supplement on how to 3D print one version of the instrument 

(S1) along with the necessary CAD and STL files (S2 and S3, respectively) and the supplement on 

how to build an alternate version of the microscope using mainly PVC parts (S4).  We hope that 

the background information provided in these supplements will help readers become more 

familiar with how a simple epifluorescence microscope can be designed, built, and used.   

Materials and Methods 

At the outset, readers should know that, over the years, several papers and manuals have 

described variations of the onion root tip lab with varying degrees of sophistication.  For 

example, Woodard (1948) sets forth a number of detailed procedures for preparing cells using 

the Feulgen technique (see also Marietta College, 2017) while other online sources describe 

staining methods using Toluidine Blue or other dyes (Nuffield Foundation, 2017; Carboni, 2010).   

Although our protocols are similar to some of the procedures set forth in those publications, we 

have tried to streamline the process for students and teachers in order to reduce the amount of 

time that it takes to prepare the cells for epifluorescence viewing, the amount of equipment 

needed to prepare these cells, and some of the safety risks presented by these other 

techniques.  Most notably, we (and others) have found that it is not absolutely necessary to 

incubate the root tips in a hot water bath (60° C) as they sit in a container of hydrochloric acid 

(HCl) in order to later see chromosomes in the dividing cells (Carolina Biological Staff, 2016).  

Consequently, we do not include this step in our procedures, which not only eliminates the 

need for the hot water bath itself, but also reduces the safety risks associated with the lab since 

the HCl remains at room temperature throughout the exercise.   

Nevertheless, readers should still make sure to review ǘƘŜ άIŀȊŀǊŘǎέ ǎŜŎǘƛƻƴ ōŜƭƻǿ ǎƛƴŎŜ I/ƭ 

and Acridine Orange are dangerous chemicals that can cause serious injuries if not used or 

handled properly.  Also, before lab, instructors and their students should read the Material 

Safety Data Sheets for these compounds in order to understand the risks posed by them.  

Anyone in lab should further wear the appropriate protective equipment (e.g., gloves, goggles, 

lab coats, etc.) when working with HCl and Acridine Orange since exposure to these substances 

can cause severe injury or irritation (as well as other harmful effects).   

http://pages.stolaf.edu/opn-lab/equipment/
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With that background in mind, the protocols for conducting this lab activity are fairly 

straightforward, and we describe them below. 

First, instructors should have the following items on hand for students before they begin the 

exercise:   

¶ 1 to 2 organic leeks (prepared roughly one week in advance as described below);  

¶ 100 mL of 1-M HCl in an appropriate container (e.g., a glass bottle with a tight cap);  

¶ 100 mL of tap water also in an appropriate container (e.g., a glass bottle);  

¶ 100 mL of Acridine Orange solution (50 mg/L) in a glass bottle wrapped in aluminum foil 

with a tight cap (or other appropriate container); and  

¶ 1 to 2 boxes of standard glass slides and corresponding cover slips.   

We recommend wrapping the bottle containing the Acridine Orange solution in aluminum foil 

in order to prevent any bleaching of the fluorophore by the surrounding light in the room 

before the exercise.  Otherwise, the nuclei and chromosomes of the cells may not appear as 

bright when viewed with the OPN Scope.  We also use deionized water to make our stock 

Acridine Orange solution, but readers can use distilled water instead.   

In addition to the items described above, we list in Table 1 below the supplies that each lab 

group will need in order to conduct this educational activity.  Ideally, each group should have 

their own OPN Scope, which should be mounted on a conventional compound light microscope 

with a removable head (S1).  Alternatively, readers can make a version of the OPN Scope using 

mostly PVC parts (S4), although making all of the necessary pieces and assembling the 

instrument will likely require a woodworking or other similar tool shop.  In addition, while not 

absolutely necessary, we suggest that instructors also provide their students with digital 

microscope cameras and corresponding computers, so that students can take photographs of 

their fluorescent cells.  Students can further use these images to create a slide show or figure 

depicting the various stages of mitosis as part of a final lab report, poster, or paper for the 

project.   
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Table 1.  Necessary Supplies for Each Lab Group to Examine Leek Root Tips Stained with 
Acridine Orange Solution (50 mg/L) Using the OPN Scope.   

Qty Item/Description Qty Item/Description 
1 Compound light microscope with a 

removable head (or the PVC version 
of the OPN Scope) 

5 mL 1.0-M HCl 

1 Set of 3D-printed parts for the OPN 
Scope (not necessary if using a PVC 
version of the OPN Scope) 

5 mL Acridine Orange solution (50 mg/L) 

1 Fluorescence filter cube that 
generates blue excitation light and 
can view green emitted light (e.g., a 
GFP filter cube will suffice) 

5 mL Tap water 

1 High-intensity (e.g., 1,000-lumens or 
higher) tactical LED flashlight that 
will fit into the OPN Scope 

3 Small glass bottles or beakers (e.g., 
10 mL) to hold the HCl, tap water, 
and Acridine Orange solution 

1 Digital microscope camera and 
related software (optional) 

1 Pair of small scissors (to cut the leek 
roots) 

1 Laptop or desktop computer for 
viewing images from the digital 
microscope camera (optional) 

1 Pair of small tweezers 

5 to 10 Glass slides and corresponding cover 
slips 

1 Squirt bottle or plastic transfer 
pipette 

1 to 2 Fresh (organic) leeks whose roots 
were cut at least one week earlier 
and have been re-growing in tap 
water 

1 Single-edged razor blade 

  1 Short length (e.g., 4 to 6 inches) of a 
wooden dowel (3/4-inch diameter) 
or a new pencil with a fresh eraser 
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Step 1.  Purchase fresh (organic) leeks from a local grocery store, super market, or coop (Fig. 3).  

We recommend using leeks because we have experienced more success finding dividing cells in 

leek root tips than in onion root tips.  In addition, we believe that fresh organic leeks are less 

likely to have been sprayed with chemicals that could interfere with the growth of any roots 

(compared to other commercial leeks that may have been treated with different herbicides or 

pesticides).   

 

Figure 3.  A fresh organic leek purchased from a local supermarket. 

 

http://pages.stolaf.edu/opn-lab/equipment/
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Step 2.  Cut off the roots of the leek (Fig. 4), making sure to leave roughly 0.5 cm of each 

existing root intact (Fig. 4C) since this should help expedite the growing process.   

 

Figure 4.  Cutting the roots of a fresh leek to initiate the growing process (and, thus, cell 

division).  Make sure to leave roughly 0.5 cm of each existing root intact to facilitate new 

growth.   

 

Step 3.  Then, place the leek in a beaker filled with tap water, so that new roots can begin to 

grow (Fig. 5A).  If necessary, stick three or four toothpicks into the leek to suspend it in the 

beaker (and, thus, keep its roots from pressing up against the glass bottom, which could 

interfere with the growing process).  Also, in our experience, it typically takes about one week 

for new roots to grow long enough for the lab.  In addition, we have found that these new roots 

tend to grow off to the side, often at an odd angle compared to the stalks of the roots that 

were previously cut (Fig. 5B).  While the new roots are growing, readers should further make 

sure to keep the beaker filled with fresh tap water, so that the leek does not dry out.   

http://pages.stolaf.edu/opn-lab/equipment/
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Figure 5.  Growing new leek roots.  (A) Placing a fresh leek into a beaker 

of tap water after cutting the roots.  (B) New leek roots growing after 

roughly 1 to 2 weeks.   

http://pages.stolaf.edu/opn-lab/equipment/
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Step 4.  After about seven days, cut off the ends of some of the new leek roots and prepare 

them for staining.  Specifically, cut off a new root (which should be fairly white in color) roughly 

1 cm from its pointed end.  Then, use a tweezers to place the root into a small glass bottle or 

beaker of HCl (1.0 M), and let it soak for 8 to 12 minutes (Fig. 6, left), depending upon the 

results of earlier pilot tests.  In the interests of expediency, we further suggest cutting off and 

processing several new leek roots at once, so that students can prepare a series of slides in 

advance (since some slides may not contain cells in every phase of mitosis).  Relatedly, we have 

found that roots which have turned a dull brown or appear somewhat fuzzy are likely too old to 

be used in this lab activity, and they may not contain many (or any) mitotic cells.   

 

Figure 6.  Preparing a leek root for Acridine Orange staining by first letting it soak in 1.0-

M HCl for 8 to 12 minutes (left), then placing it in tap water for 10 minutes (middle), and 

finally letting it soak in Acridine Orange stain (50 mg/L) for 30 seconds to 2 minutes.   

Step 5.  After 8 to 12 minutes have passed, use a tweezers to remove the leek root from the HCl 

and then place it in a small glass bottle or beaker of tap water so that it can soak for 10 more 

minutes (Fig. 6, middle).   

Step 6.  Once the leek root has finished soaking in the tap water, use a tweezers to remove the 

root and place it in a small glass bottle or beaker of Acridine Orange (50 mg/L), where it should 

soak for 30 seconds to 2 minutes (Fig. 6, right), again depending upon the results of earlier pilot 

tests.  Readers can further wrap the container of Acridine Orange in aluminum foil to prevent 

any bleaching of the fluorophore from the overhead lights.  This step, however, is not 

absolutely necessary in order to view (or obtain useful photographs of) dividing cells.   

http://pages.stolaf.edu/opn-lab/equipment/
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Note:  If simply seeking to view the cells using only bright-field microscopy, readers can let the 

leek root sit in a small well or other container filled with 0.5% Toluidine Blue for 4 minutes 

(Nuffield Foundation, 2017; Carboni, 2010).  Then, rinse the root by successively placing it in at 

least two other wells or containers filled with tap water for at least 1 minute each.   

Step 7.  After the leek root has finished soaking in Acridine Orange (or been rinsed following its 

Toluidine Blue staining), use a tweezers to place the root onto a standard glass slide.  Then, use 

the single-edged razor blade to cut off the root tip, roughly 2 or 3 mm from its pointed end (the 

rest of the root can be discarded as chemical waste).  Readers can further use the single-edged 

razor blade to gently tenderize the root tip (as if dicing it without actually cutting it into pieces), 

which should make the tip easier to squash.  Next, add a small amount of water on top of the 

root tip using a squirt bottle or plastic transfer pipette.  Then, place a standard cover slip over 

the tip, and crush or squash it by pressing straight down on the cover slip with a short wooden 

dowel or the eraser end of a new pencil.  Flattening the root tip in this manner will make it 

easier to view the cells under the microscope.   

Step 8.  After the leek root tip has been squashed, place the slide under a microscope, which 

has the OPN Scope mounted on top (Fig. 1).  Then, turn on the LED flashlight to the brightest 

setting with its telescopic head fully extended, slide the drawer containing the filter cube into 

place, and look through the eyepiece to view the stained cells (Fig. 7).  Any nuclei and 

chromosomes should appear bright green in color (Fig. 7).  Students can further connect a 

digital microscope camera to a laptop or other computer and take photographs of their 

fluorescent cells (Fig. 7).  As part of this process, students can also search for cells in the 

different phases of mitosis to put together a gallery of images as part of the lab project (Fig. 7).   

Step 9.  Once finished, make sure to clean up the surrounding work space and properly dispose 

of both the HCl and Acridine Orange (or Toluidine Blue) solution as chemical waste.  None of 

these items should simply be poured down any drains.   

Results 

Using the above protocols, it is possible to obtain sharp and vivid images of leek root tip cells in 

the various stages of mitosis (Fig. 7), and these results are similar to those that have be 

previously depicted in the literature or online using the Feulgen technique (Woodard, 1948) or 

Toluidine Blue staining (Marr, 2017; Carboni, 2010).   

Specifically, in our experiments, we have consistently seen cells undergoing prophase, where 

the chromosomes start to condense in the nucleus (Figs. 7A and 7B); metaphase, where the 

chromosomes begin to align themselves along the center of the mitotic spindle (Figs. 7C ς 7F); 

anaphase, where the chromosomes separate and move to opposite sides of the cell (Figs. 7G 

and 7H); and telophase as well as cytokinesis, where the cell starts to divide (Figs. 7I and 7J).   
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Figure 7.  The stages of mitosis, as demonstrated by various leek root tip cells stained 

with Acridine Orange (50 mg/L) and viewed at 400x total magnification using the 3D-

printed version of the OPN Scope (with a Nikon B-2A filter cube) mounted on an 

Olympus CH-2 microscope.  (A and B) Prophase.  (C ς F) Metaphase.  (G ς H) Anaphase.  

(I ς J) Telophase and Cytokinesis.  Images taken using an OMAX 14-MegaPixel digital 

microscope camera and its related TOUP software.   

Of course, not every slide that we have prepared has contained cells in each phase of mitosis.  

Nevertheless, we have been able to find cells in several different mitotic phases on one slide.  

Plus, we have found that preparing multiple (e.g., 3 or 4) slides at once affords more time to 

search for cells under the microscope, and having several slides at the ready enables us to 

quickly move onto the next slide once we have finished examining the current one.  Usually, we 

have been able to find cells in every phase of mitosis by examining between 2 and 4 slides, but 

additional slides might be required depending upon the age and quality of the leek roots.   

Also, for schools that seek to use only bright-field microscopes with their students, the above 

protocols can generate similar images of dividing cells when the leek roots are stained with 

Toluidine Blue (Fig. 8), and these results are again similar to other images that have appeared 

online (Marr, 2017; Carboni, 2010) or in the literature (Woodard, 1948).  In particular, following 

the above procedures, we have repeatedly seen chromosomes that were stained a dark blue or 

a deep purple in each of the various phases of mitosis (Fig. 8).   

Of course, as with the leek root tips that had been stained with Acridine Orange, we were not 

always able to find cells in every stage of mitosis on one slide.  Instead, at times, we needed to 

search multiple slides to find examples of cells in each one of the mitotic phases.  Thus, as 

suggested above, instructors may want to have their students prepare several leek root tips for 

Toluidine Blue staining at the outset, so that more time can be dedicated to searching the slides 

for dividing cells.   
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