Photoreceptors and flowering time: gene level identification
	

Gene level identification of defective photoreceptors and altered flowering time.

(Sensors of daylength and shade control the onset of flowering)

Health and safety:

Risk: Liquid nitrogen is exceptionally cold, causing cold burns. 
Control: Use two pairs of gloves when handling material close to liquid nitrogen temperature. Only the demonstrators will directly handle the flask.
Risk: Solution AP3 contains guanidine hydrochloride, harmful. It can produce toxic fumes in contact with bleach. Solution AP2 contains acetic acid, irritant. 
Control: Use gloves when handling the solutions. Rinse any spills with water. Do not poor bleach over spills.
Risk: High voltage during electrophoresis.
Control: Inform the instructor if the leads appear not to be fully inserted at the points of connection. The gel tank itself will only function when fully sealed (lid closed). Do not use if the lid breaks or the solution (with the live electrodes) becomes exposed.


Learning outcomes

By the end of the practical you should:
· have become familiar with the roles that phytochromes and cryptochromes, as examples of environmental sensors, play in the onset of flowering.
· have become acquainted with one means of  detection of mutations (in plant or other material) by molecular genetic techniques: analyse a DNA sequence by PCR and restriction enzyme digestion.
· understand the use of a genetic approach to unravelling biological problems.

Background: 
Flowering time and photoreceptors
The perception of the number of hours of light in the day, the photoperiod, by plants allows them to flower and reproduce at appropriate times during the year, to allow maximum seed set before dry summers or cold winters. Arabidopsis, our model plant, is adapted to moist spring (or autumn) growth, but cannot cope with summer drought. Therefore it flowers earlier in long days, i.e., waits for the summer approach to flower, or hurries to flower if germinating and growing already in summer. Varieties that grow in autumn would wait till the following late spring/early summer to flower. Sensing long days requires an endogenous timekeeper (clock) and a light sensor. 
In Arabidopsis, and other long day plants, the extended days required for flowering must contain blue light. The action of a blue light photoreceptor is necessary to sense the daylight, as seen by the behaviour of plants deficient in cryptochrome 2 (Cry2). Mutants in which Cry2 malfunctions or is absent flower as if they had not been in long days. There is an extraordinary parallel in animals, in which photoreceptors closely resembling Cry2 also play a role in our central timekeeper. A second class of photoreceptors, phytochromes (PhyA through PhyE), also play key roles in determining flowering time in plants. However, because of a unique ability to ‘see in colour’, and because of differential properties of stability or lability in the light, the roles of phytochromes in controlling flowering are more complex than those of Cry2. One phytochrome (PhyA), which accumulates during the night and nearly disappears during the day, plays a role in detecting photoperiod, by perceiving “dawn”, in conjuction with Cry2 (the role of PhyA appears to be more decisive in short day plants). Other phytochromes, particularly phytochrome B (PhyB), which remains present in the light, sense the “quality” or “colour” of the light that the plant is under, rather than the timing of the light exposure. Phytochromes absorb light most effectively in the red (R, activating) and far-red (FR, inactivating) parts of the spectrum. Plant canopies absorb visible wavelengths, but not far-red light. Light filtered or reflected by vegetation is enriched in far-red and has a reduced R/FR ratio (from the plant’s point of view, it is of a “far-redish” colour). That will directly reduce the amount of active phytochrome B. As a result, PhyB is able to sense actual or impending shading by competing vegetation. As one of several shade-avoidance strategies, low activity of phytochrome B, as in shade (or absence of activity, as in phyB mutants) results in an acceleration of flowering.
In this practical we will examine the flowering time and a point in the sequence of CRY2  and PHYB genes (whether they are wild type or mutated) in the following plants, all grown under long days:
· Wild type Arabidopsis
· A phyB mutant
· A cry2 mutant


The cry2 mutation and its detection (assay 1)
Mutations, whether induced (as in this case) or naturally occurring, often consist of very small differences in the sequence of genes, for example substitutions of single nucleotides. Here we will use a molecular assay to detect such a substitution, the difference in the CRY2 gene between the cry2 mutant and its wild type. 
The following is a section of the sequence of the CRY2 gene, as stored in GenBank. (http://www.ncbi.nlm.nih.gov/Entrez/ ).  The GenBank id. of the gene is AY057442. The numbering below is that of nucleotides in the gene.
2391  AAGGACAGTTTTATCCTGGAAGAGCTTCAAGATGGTGGATG …
[…] 
          TTCGGGACCATACCGTAAAGGAGAAGCTGG   2725
In the cry2 mutant (fha-1), at position 2425 (which is position 324 of the coding sequence) the G is replaced by an A. The sequence in cry2 is, therefore:
2391  AAGGACAGTTTTATCCTGGAAGAGCTTCAAGATGATGGATG … 
In order to detect this change, we will use a molecular assay: We will use polymerase chain reaction (PCR) to amplify from template DNA from each type of plant the sequence between nucleotides 305 and 640. The primers used to amplify will be equal (forward or F) or complementary (reverse or R) to the regions underlined above (the F primer is actually not 100% equal to the region underlined, there is one difference, because we need its amplification product to be possible to cut with a restriction enzyme). The primers will give an amplification product (an amplicon), the sequence of which will be different depending on whether the template DNA came from wild type or cry2:
wild type:	CAGTTTTATCCTGGAAGAGCCTCAAG ATGGTGGATG... GAGAAGC total length 335 
cry2:		CAGTTTTATCCTGGAAGAGCCTCAAGATGATGGATG... GAGAAGC total length 335 
Critically, the amplicon from the wild type, but not  cry2, will include the following sequence:
CCNNNNN / NNGG
This sequence is recognised and cleaved, only in the wild type, by the BslI restriction endonuclease (as indicated by the arrowhead). So, depending of which DNA template was used to obtain the PCR product, we will see the following result: 

	DNA template for PCR
	Digestion of amplicon by Bsl I
	CRY2 amplicon before digestion
	CRY2 amplicon after digestion

	wild type
	yes
	335 bp
	309 + 26 bp

	cry2
	no
	335 bp
	335 bp


The DNA fragments will be separated by agarose gel electrophoresis (smaller fragments will run faster). The 26 bp fragment will run out of the gel, but the two fragments of 335 and 309 bp should be distinguishable.

The phyB mutation and its detection (assay 2)
The sequence of PhyB is in GenBank (AY466496). The phyB-5 mutation consists of a substitution of a G for an A at nucleotide 3886. This generates a stop codon in the middle of the gene for phytochrome B, and therefore abolishes any activity of PhyB. The logic of the phyB-5 detection assay is identical to that for the cry2 mutation above, but the primers are different, specific for the PHYB gene, and the enzyme that recognises the difference between the wild type and mutant amplicons is different, Nla IV. The size of the amplicon will be similar to that of the cry2 assay, but the sequence of both is totally unrelated. 
In summary, this is the expected result, depending on the template used for PCR:

	DNA template for PCR
	Digestion of amplicon by Nla IV
	PHYB  amplicon before digestion
	PHYB amplicon after digestion

	wild type
	yes
	335 bp
	304 + 32 bp

	phyB-5
	no
	336 bp
	336 bp


Or graphically, after electrophoresis and visualisation of the phyB assay:
Loading well


phyB-5 form of PHYB amplicon

wild type form of PHYB amplicon
Direction of 
electrophoresis


phyB-5
wild type



The aim of the practical will be to determine which mutant is cry2 and which phyB, and demonstrate what effect, advancing or delaying, do active PhyB and active Cry2 play in determining flowering time.

Practical: Day 1
1. Determination of flowering time
· Per pair, examine three plants of each of the three lines provided. The plants have a rosette and a flowering stem in the centre. Count the number of leaves in the rosette only (i.e., the total number of leaves the plant had when the bolt initiated). Leaf number is a good measure of “developmental” age when the plant flowers. If the plants have well-developed flowering bolts, note that near the centre there may be small, long, narrow leaves, with almost no petiole. Those leaves are different from the larger, more spoon-shape (the petiole being the handle) ones that form the bulk of the rosette, and belong to new lateral shoots which are about to elongate. Therefore the non spoon-shape smaller leaves have appeared after flowering, belong to secondary inflorescences, and should not be included. The accuracy of your counting could be assessed by looking at the plants overall. The plants with the greatest number of flowers, which have therefore flowered for longest (earliest) will have the fewest rosette leaves, but will also have the longest flowering bolts (since they will have been flowering for the longest period). 
Note your results:
	Samples
	Mutant A
	Mutant B
	Wild type (W)

	1
	
	
	

	2
	
	
	

	3
	
	
	


Upload your results online on Google docs at the following URL:
http://tinyurl.com/RH-BioSci-BS2020-Floweringdata
· Note also what the plants look like, particularly any differences: do plants of any of the genotypes appear to have more sturdy, or spindly, stems, or with darker or lighter, or round or oblong, leaves …?

2. DNA sample preparation
Use gloves throughout the procedure.
Ensure that all manipulations, i.e. collecting the tips, are done cleanly, using the pipette, not fingers (even with gloves).
We will use a commercially-available kit for genomic DNA extraction. This kit uses two principles and columns. First, cells are lysed so the DNA comes into solution, and cellular debris is removed by retention in a ‘Qiashreder’ (lilac) column. The DNA will remain in solution. Second, the DNA is affinity-purified by binding it to a silica membrane part of another, ‘DNeasy’ (white) column, washing the membrane of the last non-DNA contaminants, and then eluting the DNA into a concentrated solution. 
· Familiarise yourself with the use of micropipettes (or “Gilsons”©). Remember that the volume is measured with the plunger pressed to the first stop down. Press and eject air before inserting the tip into the solution. Draw solution in a slow, smooth fashion, so that bubbles are not taken and the liquid does not splatter up into the pipette. 
	
	Colour of dial at the top
	Type of tip
	Volume measured accurately
	Number read in display

	P1000
	Blue
	Blue
	200-1000 μl
	0.20-1.00 (ml)

	P200
	Yellow
	Yellow
	20-200 μl
	020-200 (μl)

	P20
	Yellow
	Yellow
	0.5-20 μl
	00.5-20.0 (μl)


Note that if one digit is red (here shown as bold)  instead of black, it represents the digit on the opposite side of the decimal point. For  example in the P1000 pipette, 050 represents 0.5 ml or 500 μl. In the P20, 005 represents 00.5 μl or 0.5 μl. 
· Collect a sample for each genotype (A, B or W). Collect two medium-size or three-four small-size leaves and place them in a microfuge tube. Prepare to pipette 400 µl (P1000 pipette, side dial should read 0.40, the first digit being red, to indicate 0.4 ml) of buffer AP1.
· Follow the instructions you will be provided with, and the small pestle, to freeze your sample and crush it thoroughly but quickly the inside the tube. Crushing should last no more than 30 seconds before adding AP1 buffer.
· Add 400 μl Exctraction Buffer AP1 (contains RNase) to the crushed tissue, continue crushing until sample mix melts, and vortex vigorously. Solution AP1 contains detergents and other agents to break the cells and solubilise the DNA. Continue dispersing and breaking if necessary the plant tissue in the partly-frozen solution, using the pestle, until it becomes a dark green liquid, and no small pieces are seen. When removing the pestle, wipe it against the rim of the tube, so that any solution is left in the tube. Leave aside.
· Repeat the procedure for all three samples, using a clean pestle each time. 
· Incubate the mixture (for all samples) for 10 min at 65°C. Mix 2 or 3 times during incubation by inverting the tube. Much of the cell lysis will take place now.
· Add 130 μl Clearing Buffer AP2 to each lysate, mix, and incubate for 5 min on ice. This step precipitates detergent, proteins and polysaccharides.
· Centrifuge the lysates for 5 min at full speed (13,000 rpm). Ensure the tubes are balanced. A pellet will appear.
· Pipet each clear lysate (not the pellet) into a QIAshredder Mini spin column (lilac) placed in a 2 ml collection tube, and centrifuge for 2 min at full speed. Make sure the columns are well labelled. This column will  retain most of the cell debris, but some may go through and form a small pellet at the bottom. Leave this pellet undisturbed.
· Transfer 400 μl of the flow-through fraction just obtained into a new, labelled 2 ml tube without disturbing the cell-debris pellet. 
· Add 600 μl of Preconditioning Buffer AP3/E to each cleared lysate, mix by pipetting.
· Pipet 650 μl of the mixture above, including any precipitate that may have formed, into the DNeasy Mini spin column placed in a 2 ml collection tube. Do so for each sample. Centrifuge for 1 min at 8,000 rpm and discard the flow-through. Reuse the (now empty) collection tube in the next step.
· Repeat the step above with the remaining mixture (ca. 350 μl), into the DNeasy column. Discard flow-through and collection tubes. 
· Place the DNeasy columns (labelled) into new 2 ml collection tubes, add 500 μl Wash Buffer AW to each, and centrifuge for 1 min at 8000 rpm. Discard the flow-through but reuse the collection tubes. 
· Add 500 μl Buffer AW to each of the DNeasy columns (a second wash), and centrifuge for 2 min at full speed (13,000 rpm) to dry the membranes.
· Transfer each DNeasy column to a final, labelled 1.5 ml microcentrifuge tube, and pipet 50 μl Elution Buffer AE directly onto the DNeasy membrane. Incubate for 5 min at room temperature, and then centrifuge (with the tube lids open; this is not a problem) for 1 min at 8000 rpm to elute.
Discard the column. The tube contains your DNA extract. You will use 2 µl of it for PCR. 
3. PCR reaction
Small (0.5 ml) tubes ready for PCR are provided. They contain a small lyophilised bead. 
· Label two bead-containing tubes for each sample (one per mutation/assay), both at the top and the side of the tube, with your initials and the sample: A1, A2, B1, B2, W1, W2 (you should have six tubes in total).
· Add, in order, the following to each tube. Note that you should first ensure the bead is totally resuspended in water, i.e. the liquid is not turbid or milky, before anything else is added.
	
	Tubes A1, B1, W1 (cry2 test)
	Tubes A2, B2, W2 (phyB test)

	Water (add and resuspend the bead until it is not visible)
	21 µl (P20 pipette, 21.0, the last digit red).
	21 µl

	DNA extract
	2 µl (A, B or W)
	2 µl (A, B or W)

	Forward and Reverse primer mix
	2 µl of mix of primers F1 R1, each 10 µM
	2 µl of mix of primers F2 R2, each 10 µM


Pipetting 2 µl of DNA extract or primer mixture will require that you see the yellow tip ‘break’ through the surface of the liquid. 2 µl are pipetted with the P20 pipette, side dial reading 02.0, the last digit after the decimal point being red, to indicate 2.0 µl. Draw liquid gently. The volume will fill up only about 1-2 mm of the length of the tip. Pipette new ingredients by placing the tip directly into the liquid previously present in the tube.
The tube already contained, lyophilised:
- Thermophyllus aquaticus (Taq) DNA polymerase which will perform the amplification (DNA replication), 
- nucleotides to be polymerised
- salts and buffer providing the appropriate environment for the polymerase.
· Place your six tubes back on ice, to be collected and placed in the thermal cycler (for amplification). The amplification programme will be the following:
94C for 15 seconds	(denaturing)
57C for 15 seconds	(annealing)
72C for 45 seconds	(amplification)
Repeated 40 times. The amplification products are generated in approximately two hours, and will be available to you next week..

Practical continuation: Day 2 (can be one week apart)
4. Digestion of PCR products
· Label six microfuge tube for the digestions, one per genotype/assay (A1, A2, B1, B2, W1, W2). 
· Add to each tube the following:

	Assay 1 (Tubes A1,B1,W1) for cry2 test
	Assay 2 (Tubes A2,B2,W2) for phyB test

	10 µl of amplicon A1, B1 or W1
	10 µl of amplicon A2, B2 or W2

	15 µl of enzyme 1 (Bsl I) master mix
	15 µl of enzyme 2 (Nla IV) master mix


Each enzyme master mix contains the enzyme and its appropriate buffer (pH and ionic strength), in concentrated form, such that when mixed with the amplicons they will be at the correct working concentrations.
· Place each of your tubes at the appropriate temperature: for assay 1 in the heat block at 55C (this is the optimal temperature for Bsl I), and those for assay 2 at 37C (optimal for Nla IV). 
· Allow approximately 1 hour for the digestion to take place. A documentary related to the course will be shown during this interval.

5. Separation and observation of digested/undigested PCR products
DNA fragments are separated according to size, using horizontal agarose gel electrophoresis. Small fragments migrate faster through the agarose mesh. The gel also contains a fluorescent dye, GelRed, which intercalates in the helices and makes the DNA visible under UV light. This dye is much safer than a much-more commonly used, ethidium bromide.
3% agarose gels will be provided (very dense gels, to separate very small fragments).
· Put into each tube with digested/undigested PCR product 3 µl of sample loading buffer.
· Load approximately 15 µl of one sample into a given well, as indicated below, to be able to compare the various samples within each assay. Use the standard yellow pipette tips: hold with both hands as steady as possible (one hand keeping the shaft steady helps) and, pressing very gently, dispense the sample at the top of the well. The dense sample will drop to the bottom and stay there.
Format: 	Assay 1 (cry2)			.	Assay 2 (phyB)		       .
Size ladder	Sample A1	B1	.	W1	.	Sample A2	B2       .       W2       .

Load also 5 μl of the size ladder (standards of known size) which will help confirm the size of our assay bands. 
· Fractionate the DNA by electrophoresis (25 mV, 5 min, so DNA molecules pack will into the gel, then 100 mV 25 min), and visualise by fluorescence. 	        

Make sure you are provided with a fluorescence photograph of your gel, one each, by the demonstrator.

Lab report
The practical report should be written as a very brief scientific paper:  
· Tell another scientist the story of what you looked for, making the aim explicit (Introduction).
· Provide a very, very brief outline of the method, its principles, in 2 lines (for the details, just refer to this lab book).
· Explain what you did and found, what your or, as necessary, the class results were, visual observations, data, etc. Figures, tables, with legend and annotations, are key, but the results need explanatory text (Results). If scanning diagrams or sketches, ensure they are large enough and check the resulting quality, adjusting brightness/contrast.
· Lastly explain what you think those results mean (without repeating them), in relation to the original aims (Discussion).
· Between the results and discussion, do not forget addressing the following:
· What is the overall phenotypic appearance of the three kinds of plants (height, depth of green colour of leaves, sturdyness or spindlyness)?
· What is the result of the flowering time data? Display the class data in some visual form (of your choice). If you want to claim differences, use stats as appropriate
· What is the result of the molecular assays? Which line is the cryptochrome 2 (cry2) and which the phytochrome B (phyB) mutant?
· Knowing which is each mutant, what can you conclude about the role of cryptochrome 2 in determining flowering time? Remember that the action of the "functional" photoreceptor will be the opposite of the phenotype of the plants in which that photoreceptor is mutated ("missing"). 
· Using the same logic, what can you conclude is the role of phytochrome B in determining flowering time?
· If the effect of dense growth was (as it is) the same as carrying the phyB mutation, what could you conclude about the ecological adaptive significance of the photoreceptor?
· Provide references whenever used, but use them only if truly relevant.

Further sources
· Hillis DM et al. (2020) Life, the Science of Biology. Macmillan. Chapter 35 and 36.
· Smith A et al. (2009) Plant Biology, Garland, Abingdon. Pg 380-395 & 407-423.
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