Guide to the Collossally, Hugely Ultra-Mega-Massive Fluctuation Test Series Experiment of Prodigiously and Perhaps Ridiculously Incredible Size, Humbly and Non-hubristically Designed to Finally and Conclusively Answer All Issues Surrounding the Role of Contingency in Evolution and Thereby Unlock, Illuminate, and Hazard Answers to the Ultimate Questions of All Existence (Maybe)
Zachary Blount
Description (Adapted from my prelim proposal)


Fluctuation tests will be used to determine rates of mutation to Cit+ for clones isolated from various generations in the history Ara-3 prior to 33,000 generations.  In general, twenty clones will be chosen from each generation of interest for mutation rate determination, though this number will be expanded for that most recent generation tested in which no clone is found to be relatively hypermutable to Cit+.  Each clone to be tested will be revived from frozen stock by growth in LB broth culture for twenty-four hours at 37ºC.  The revived clonal culture will then be preconditioned for two days in DM25.  The revived culture will be diluted 10,000-fold into 9.9 mL of DM25, grown for twenty-fours hours at 37ºC, and diluted 100-fold into a second volume of 9.9 mL DM25.  After a second twenty-four hour period at 37ºC, ten replicate 10 mL DM1000 cultures will be inoculated with 100 L of 105 dilution of the second preconditioning cultures.  An equal volume of the same dilution will also be spread on a TA plate to allow enumeration of the appoximate number of cells used to inoculate each replicate culture (this should be between 10 and 50 cells).  The DM1000 replicate cultures will be incubated at 37ºC for 48 hours.  After incubation, 100 L of 106 dilutions of five replicates will be spread on TA to allow titer determination.  Additionally, 100 L of undiluted culture from five other replicates will be spread on unamended agar plates (UA) as a control.  All replicates will then be transferred to 15 ml Corning tubes, and the cells pelletted by centrifugation for 5 minutes at 6 krpm.  Supernatants will be decanted, and the pellets resuspended in residual supernatant.  Each cell suspention will then be spread in its entirity on MC plates.  The MC and UA plates will be incubated at 37ºC for twenty-one days with examination for colonies every one to two days during that period.  Colonies will be noted as they arise.  After twenty-one days, each colony or subset thereof depending on total number found on the MC and UA plates will be patched to Christensen’s citrate agar.  Those found to cause a positive reaction, indicative of true citrate utilization will then be tested for proper Ara marker state and sensitivity to phages T5 and T6.


Mutation rates will be estimated from fluctuation tests according to the Poisson distribution method of Luria and Delbruck:  = -(1/N)lnP0, where  = mutation rate, N = average number cells in replicates, and P0 = proportion of replicates displaying no Cit+ colonies.


After completion of Cit+ fluctuation tests, subsets of the clones will be subjected to a second series of fluctuation tests analogous to the above description to determine rates of mutation to Ara+.  This is to determine whether general mutation rates are elevated in those clones found to display relative hypermutability to a Cit+ state.

Generations Tested


As a first series, clones of the following generations will be tested for rates of mutation to Cit+ as described above:  0 (REL606), 5 K, 10 K, 15 K, 20 K, 25 K, 27 K, 28 K, 29 K, 30 K, 31 K, 31.5 K, 32 K, and 32.5 K.  Prior work has indicated that the genetic background necessary for the putative final mutation to cause a phenotypic switch to Cit+ came into being at some point between 27.5 and 29 K generations.  To prevent staggering effects between generations tested, each test run will involve one clone for each of the fourteen generations of interest.  The initial series of tests will thus involve twenty runs of fourteen clones each.
Fluctuation Test Protocol

Day 1:  Revive clone of interest by inoculating 10 mL of LB broth with 10 L of thawed frozen stock of the clone.  Place culture flask in 37˚C shaker and incubate overnight.

Day 2:  Transfer 100 L of revival LB cutlure to 9.9 mL saline wet DT, vortex three times, and then transfer 100 L of diluted culture to a flask containing 9.9 mL of DM25.  Place this first preconditioning (P1) flask in the 37˚C shaker and incubate overnight.

Day 3:  Transfer 100 L of the mature P1 culture to a flask containing a fresh 9.9 mL of DM25.  Place this second preconditioning (P2) flask in the 37˚C shaker and incubate overnight.

Day 4:  Transfer 100 L of the mature P2 culture to a 9.9 mL saline wet DT, vortex three times, transfer 100 L of the dilution to a new 9.9 mL saline wet DT, vortex three times, and transfer 1.0 mL of the dilution to a 9.0 mL saline wet DT for a total dilution of 105.  Inoculate 25 tubes of 9.9 mL of DM2000 with 100 L of the final dilution each, and place them in 37˚C incubation for 48 hours.  Also plate 100 L of the final dilution on TA.  These plates should be incubated for 48 hours, and the resulting colonies counted to determine the approximate number of cells used to inoculate the replicates.

Day 5:  Check on the incubating DM2000 replicates.

Day 6:  Remove the DM2000 cultures from incubation.  Spread 100 L of undiluted culture from replicates 1 and 9 on unamended agar (UA) plates.  Also plate 100 L of 106 dilutions of replicates 2, 4, 6, and 10 on TA.  Once these platings are complete, pour all replicate cultures into 15 mL Corning tubes and pellet the cells by centrifugation at 6 krpm for 5 minutes.  Pour off the supernatant of each, resuspend the pellets in residual supernatant and plate the entire cell suspension on separate MC plates.  Allow all plates to dry.  After the plates are dry, stack the MC plates and slip a plastic plate sleeve over them.  Tape the end of the bag.  If available, place a coffee can on the end of the stack to secure the end of the bag.  If no cans are available, slip another sleeve over the first in the opposite direction.  Repeat this for the UA plates.  All plates should be incubated at 37˚C.  The TA plates should be counted after 48 hours, and these counts used to determine the number of cells plated on each MC plate.  After every 24 to 48 hours, the MC and UA plates should be removed from incubation and checked for colonies.  This is to continue for 21 days of incubation.  Each plate check should be recorded on the appropriate form.  Circle and date colonies on each plate as they are noted.

Day 21:  Remove all MC and UA plates from incubation.  Perform a final check of all plates for the presence of colonies.  All colonies, or a subset thereof, depending on the total number arising, growing on MC plates are to be patched to Christensen’s citrate plates to evaluate true citrate utilization.  Those found to be positive for citrate utilization are to be tested for proper Ara marker status, and sensitivity to phages T5 and T6
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Mutant Colony Tracking


During the monitored incubation period for MC and UA plates, any colony noted should be circled with a sharpy and assigned a numeric designation.  Until the first colony is noted, simply record “none” in the box for that replicate on the observation sheet.  For the sake of simplicity, the numeric designations will be ordinals starting with “1”.  These assigned ordinals should be recorded on the observation sheet as they arise, with each colony only be noted on the day it is first observed.  Consider the following situation.


The MC plate corresponding to ZDB148 clone replicate 9 is observed on 1/31/2007, the fourth day of its incubation, and two colonies are noted.  These should be circled and numbered as shown, with the number in the circle to prevent the confusion of the number having been assigned to a nearby or later colony.

	Date
	1/28/2007
	1/29/2007
	1/31/2007

	Days of Incubation
	1
	2
	4

	Replicate 9
	None
	None
	1,2

	
	
	
	







The plate is then observed again on 2/02/2007, after six days of incubation.  You have already noted when colonies 1 and 2 have arisen, so simply ignore them.  However, it now appears that another colony has appeared.  This should be circled (if possible, try to use a different color for the circle to prevent confusion), given the next ordinal number available, “3” in this case, and this recorded in the appropriate place on the observation sheet as shown below.


	Date
	1/28/2007
	1/29/2007
	1/31/2007
	2/02/2007

	Days of Incubation
	1
	2
	4
	6

	Replicate 9
	None
	None
	1,2
	3

	
	
	
	
	




Continue making observations like this throughout the 21 days of the incubation period as often and as regularly as possible.


Each putative mutant colony should be checked for a positive reaction on Christensen’s Citrate agar to ensure that Cit+ call is correct.  It should also be checked for sensitivity to phage T5 and resistance to phage T6.
Note:  To prevent staggering effects between generations tested, one clone will be tested from each generation of interest during each run.  As there are 14 generations of interest, each run will be of 14 clones.  Given that 20 clones will be tested for each generation, this will require twenty runs.

	Needs per run of 14 clones

	Day
	Procedure
	Flasks
	9.0 mL DTs
	9.9 mL DTs
	LB (mL)
	DM25 (mL)
	DM1000

(mL)
	TA Plates
	MC Plates
	UA Plates
	Corning Tubes

	1
	Revive
	15
	
	
	
	
	
	
	
	
	

	2
	Precon 1
	15
	
	14
	150
	150 
	
	
	
	
	

	3
	Precon 2
	15
	
	
	
	
	
	
	
	
	

	4
	Replicate Set-up
	141
	14
	28
	
	
	1410
	14
	
	
	

	5
	Incubation
	
	
	
	
	
	
	
	
	
	

	6
	Plating
	
	
	210
	
	
	
	70
	140
	28
	140

	7
	Incubation
	
	
	
	
	
	
	
	
	
	

	8
	Count TA
	
	
	
	
	
	
	
	
	
	

	Totals
	
	186
	14
	252
	150
	150
	1410
	84
	140
	28
	140


	Aggregate needs for all runs

	Day
	Procedure
	Flasks
	9.0 mL DTs
	9.9 mL DTs
	LB (mL)
	DM25 (mL)
	DM1000

(mL)
	TA Plates
	MC Plates
	UA Plates
	Corning Tubes

	1
	Revive
	300
	
	
	
	
	
	
	
	
	

	2
	Precon 1
	300
	
	280
	3000
	3000 
	
	
	
	
	

	3
	Precon 2
	300
	
	
	
	
	
	
	
	
	

	4
	Replicate Set-up
	2820
	280
	560
	
	
	28,200
	280
	
	
	

	5
	Incubation
	
	
	
	
	
	
	
	
	
	

	6
	Plating
	
	
	2940
	
	
	
	1400
	2800
	560
	2800

	7
	Incubation
	
	
	
	
	
	
	
	
	
	

	8
	Count TA
	
	
	
	
	
	
	
	
	
	

	Totals
	
	3720
	280
	3780
	3000


	3000
	28,200
	1680

(42 L)
	2800

(93 L)
	560
(14 L)
	2800
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100 L of 106 dilutions of replicates 2, 4, 6, 8, and 10 are plated on TA, to be incubated at 37 C for two days, and resulting colonies counted to determine average number of cells in the replicate cultures.  100 L of undiluted replicates 1 and 9 are plated on unamended agar (UA), to be incubated at 37 C for 21 days.   All replicates transferred to Corning tubes and the cells pelleted.  Each pellet is then spread on separate MC plates.  These will be incubated at 37 C for 21 days, with checks every one to two days for colonies.  All colonies noted, or a subset thereof, will be tested for true citrate utilization by patching on Christensen’s citrate agar.  Those found positive will be evaluated for Ara marker status, and sensitivity to phages T5 and T6.
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