LAB UNIT 5
Speciation: An Evolutionary Process

Learning Objectives
Students will….
· determine instances of speciation in honeybee populations by analyzing, graphing, and interpreting results of wing length in a sample honeybee population.
· determine instances of speciation in honeybee populations by analyzing mitochondrial DNA patterns through the use of electrophoresis. 
· identify characteristics associated with hybridized honeybee populations through discussion of morphological and DNA data.
· extend their knowledge of laboratory procedures used to determine hybridization of honeybee populations by answering specific questions about morphological and DNA sampling.
Introduction
The process where, over time, one species evolves into different species is called speciation. This process is considered a defining process for populations with respect to their evolutionary futures. This is because, in most cases, speciation is accompanied by genetic isolation; two populations, which in the past have shared a genetic pool, become isolated enough to respond to selective pressures as two separate units. Mutation and other agents are also causing differentiation within the genetic pool of the two populations on which selection acts. A case in point would be cats and dogs, which shared a common ancestor in the distant past; yet we do not expect the family dog and cat to mate and produce offspring, or for that matter, to even live together in harmony. Although sometimes reversible, we look upon speciation as that first visible divergence that can lead to the isolation of two populations that once shared a gene pool and can occur through genetic drift and natural selection. Darwin’s thesis was entitled Origin of Species. This work has resulted in a continued fascination with the mechanisms of speciation as shared by current naturalists and biologists. 
In an effort to understand how species arise, we will be working with a practical application for characterizing species by examining morphology and genetics. We will examine the hybridization, of honeybees in the United States. The honeybee, Apis mellifera Linnaeus, is native to Europe and was likely brought to the U.S. by European settlers in the 1600s. In 1956, an African subspecies, Apis mellifera scutellata, was imported into South America from Africa because they are better honey producers in tropical climates. Some of these bees escaped and mated with the European honeybees, forming an African hybrid that established hives. The descendants of these escapees have moved northward. In the 1990s they were found in Texas. More recently they have been found as far north as Nevada, and as far east as Louisiana. For a while, it appeared that they would not spread further, but a possible second introduction has led to residency in Florida. 
The problems associated with the African and hybridized honeybees are that they exhibit more defensive stinging behavior and have had greater instances of hive abandonment when stressed in captivity. These behaviors can be detrimental to the honeybee industry. This behavior is quite different from the long domesticated European bees that are descended from the bees brought by earlier settlers. The current pollinator industry depends on transporting beehives long distances to and from fields to be pollinated. Over 100 different crops, accounting for $20 billion in revenue per year, rely on honeybee pollination (Tarpy 2007). The hybridized bees are wreaking havoc on the economies of many western states that depend heavily on successful honeybee pollination of their crops. Most scientists feel it is only a matter of time before they arrive in North Carolina. Whether they can establish residency in the NC climate is debatable. We will look at the efforts now underway to monitor the spread of this hybridization. 
Activity One: Monitoring the Hybridization of European Honeybees
Background
Honeybees are social insects that work together in a highly structured manner. Within each hive, the bees belong to one of three groups or castes: queens, drones, or workers. Each hive has only one breeding female, the queen, who can lay over a thousand eggs a day and may live anywhere from two to eight years. She is larger than the workers and the drones. Drones are males. They only live about eight weeks and there are only a few hundred ever present in the hive at one time. Their sole role is to mate with a new queen if one is produced. Drones are driven out of the hive to die after the mating season. Worker bees are all sterile females. The workers maintain the hive and are responsible for cleaning and feeding the larvae. As they get older, they will become foragers, gathering nectar, pollen, and performing other hive necessities. 
You will use two methods to identify hybridized hives. The first involves measuring wing lengths of a sample of worker bees and comparing those lengths to a sample of known African and European bees (Figure 5-1). This method, FABIS (Fast African Bee Identification System), was developed by the government as a quick and inexpensive way to detect worker bees from potentially hybridized hives. Suspect hives can then be subjected to the full United States Department of Agriculture (USDA) identification method that measures 23 separate morphological characters and examines the pattern obtained with computer-assisted cluster analysis. 
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Figure 5-1.  Measuring Wings (Reproduced with permission from Tarpy, 2007)
The second method you will use involves DNA analyses. For example, mitotyping (Figure 5-2), a process in which a portion of mitochondrial DNA (mtDNA) is examined and amplified by polymerase chain reaction (PCR). Mitochondria are small cellular organelles that are only inherited from the mother. They contain a small circular loop of their own maternal DNA. This mtDNA is then subjected to an enzyme that cuts it at a specific location. If the worker bee had a European mother, the mtDNA would be cut into two pieces. If the worker bee had a hybridized mother, the enzyme would be unable to cut the hybridized bee mtDNA loop, resulting in one piece.
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Figure 5-2.  Mitotyping Schematic: EHB = European Honeybee, AHB = Hybridized Honeybee (modified with permission from Tarpy, 2007) 
DNA Analyses
These methods are much more expensive, and in the case of mitotyping, only give information about the mitochondria of the workers—material inherited from their mother, the queen of the hive. The queen may be genetically a European bee, with respect to her mitochondria, but still have mated with a hybridized drone. Their progeny, or the resulting hybridized workers, may still display the defensive and hive-abandonment behaviors that tend to be dominant. This is because they have still inherited 1/2 of their overall DNA from their father.

Table 5-1.  Possible matings and progeny (complete the empty columns by the end of lab)
	Possible Matings
	Type of Inherited mitochondria
	# of Bands on the Gel
	Inherited 
Behavior
	Wing lengh (Longer/ shorter)
	tables in lab room

	African/Hybridized mother with either father
	African or Hybridized mitochondria
	
	Hybridized behavior – more defensive
	
	

	European mother with European father
	European mitochondria
	
	European 
behavior – less defensive
	
	

	European mother with African/ Hybridized father
	European mitochondria
	
	Hybridized behavior -more defensive
	
	


Morphological Characteristics 
You will be given a file that contains pictures of wings from twelve known African worker bees, twelve known European worker bees, and twelve unknown worker bees. You will compare the frequency distribution of wing size of the unknown bees to those of the known African and European bees. Remember, most African bee traits are dominant and so a worker that has a hybridized father or mother should favor the phenotype of the hybridized parent. Only those bees whose parents were both European bees will resemble the known European worker bees.


procedure I
1. Measure the wings of all 36 bees. Note the specific points to begin and end your measurements (see Figure 5-3). Each student within a student group of four should measure nine wings.
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Figure 5-3.  How to Measure Bee Wings

Table 5-2.  Wing length of bees (cm)
	African bees
	European bees
	Unknown bees

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	AVERAGE WING LENGTH

	
	
	



2. Graph the distributions using the supplied Excel spreadsheet template. Make sure to keep a copy of your graph. 
Molecular Characteristics
We will next be running a simulation of the type of data that you would collect if you used mitotyping to identify hybridized colonies. You will be given DNA samples that have been amplified by PCR and exposed to digestion by an enzyme. We can separate DNA fragments of different sizes using agarose gel electrophoresis in which the DNA is placed in a gel matrix and then subjected to an electric current. DNA is negatively charged and the DNA fragments will move toward the positive pole. The large fragments will move more slowly than the smaller fragments. The fragments will separate by size in the gel. A marker dye in the sample moves ahead of the fragments so that you can tell when to stop applying electric current. The gel can then be removed and stained with a dye that binds to the DNA, allowing you to visualize the fragments. You should expect to get the same general pattern, two fragments with European mtDNA, one fragment with hybridized mtDNA. The exact spacing between different fragments will vary from student group to student group or from what you may see in the primary literature. This is due to the duration and size of gel that is run. 
procedure II
The Micropipette
1. Before beginning the experiment, you should become familiar with the use of the micropipettes (see Figure 3-4). Please pay careful attention as your laboratory instructor demonstrates this technique. Pipetting can be difficult, particularly when using such small portions. It is important to be able to properly measure each sample. 
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Figure 5-4.  Parts of a Micropipette
2. Use the practice gels and the practice loading solution provided to practice pipetting and loading wells on a gel. Since this is a technique that you will use in subsequent courses, take the time to learn this now. There is a short video clip on pipetting that you can find on the laboratory Web site. 
3. Your laboratory instructor will have already prepared 0.8% agarose gels for the class. The gel solution will be placed in 3 DNA electrophoretic units and covered with 0.25× TAE buffer. Examine the gel. You should be able to see 8 wells at the anode (black) end of the unit. The DNA samples will migrate toward the cathode (red) end of the unit during electrophoresis. 
Loading the Gel with Pre-digested DNA Samples 
1. We have prepared DNA from three suspect hives. Each student group will be given bullet tubes containing DNA from two different unknown bees from one of the suspect hives and two known bees (1 hybridized and 1 European to use for the DNA comparison). Everyone within each student group will load one of these samples into the gel. You will be sharing the gel with another student group. You will be instructed as to which lane you will load and which hive you will be testing. NOTE: It is imperative that you use the assigned samples and run them in the assigned lanes (see step 5 below). 
2. Pulse spin the tubes in the microcentrifuge for 2 seconds to force the liquid to the bottom of the tube. NOTE: Be sure that all tubes are in a balanced arrangement in the rotor of the centrifuge.
3. Place the DNA samples in a foam rack until you are ready to load the gel.
4. Load the gel in the order presented in step 5 below. Each student will load one sample into one of the three class gels. One group will load the first 4 lanes of the gel: another group, testing the same suspected hive, will load the last 4 lanes.
5. Use a separate tip for each sample and load 20 µL of each sample into the wells of the gel in the following order:
Lane 1: Known European	(20 µL)
Lane 2: Known Hydridized	(20 µL)
Lane 3: Unknown #1		(20 µL)
Lane 4: Unknown #2 		(20 µL)
Lane 5: Known European	(20 µL)
Lane 6: Known Hydridized	(20 µL)
Lane 7: Unknown #1		(20 µL)
Lane 8: Unknown #2		(20 µL)

6. Secure the lid on the gel unit and connect the electrical leads to the power supply. The power supply will be set to 200V and the mtDNA samples will run for 20 minutes. The tracking dye should move down the gel away from the wells. Be sure to check that you can see tiny bubbles rising from the wire electrodes when the power is running. 
7. Check with your laboratory instructor when you think the gel has finished running. Turn off the power to the unit and unplug the electrical cord before removing the lid.

Staining the Separated DNA Samples
Slide the gel off the electrophoretic unit tray into the plastic weigh boat. Cover the gel with the Fast Blast blue stain. Leave the gel in the stain for 2–3 minutes, but no more than 3 minutes. Pour the stain back into the Fast Blast beaker. It can be reused. 
Transfer the gel into the plastic rinsing tray containing warm tap water. Swirl gently for 10 seconds to rinse the gel. Discard the water and refill the tray with clean warm water. Gently swirl every minute for 5 minutes. Change the water a second and third time, swirling once again every minute for 5 minutes. Discard the water. 
Place the gel in a new weigh boat. Initially, the bands will be a little fuzzy, but will become sharper about 10–15 minutes after the final rinse. You may want to use a white light box to better visualize the bands. 

Data/observations sheet
Name: __________________________________________________________________
Lab/Section: _____________________________________________________________
Partner’s Name (if applicable): _______________________________________________
Date (of Lab Meeting): _____________________________________________________

Draw the resulting bands in the gel below: (or take a pictures of your stained gel and insert the image below)
Lanes:
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Results at your Assigned Table
Morphological Data
1. On your graph, is there overlap between the curves of the African and European bees?


2. Does the distribution of the unknown bees fall completely within that of the African or European bees? If not, how confident can you be that the unknown bees are from a hybridized hive?


DNA Analyses
3. Using DNA analyses, could you identify your unidentified bees as Hybridized or European bees?


	What were your results?


4. How do your electrophoretic results compare to the morphological data you graphed?  
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