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I. INTRODUCTION

We have developed a method for rapidly searching a large collection of T-DNA transformed Arabidopsis lines for the presence of T-DNA inserts within specific genes (Krysan et al. [1996 - PNAS 93:8145]). We have a collection of 60,480 Arabidopsis (ecotype WS) lines that have been transformed with a derivative of T-DNA vector pD991:pD991-AP3. Sequence for the portion of the vector that is transferred into plants is given in the following link: sequence pD991-AP3 (See appendix I). The seed from these lines has been collected in pools derived from 9 parental lines each. The organization of the population and the operation of the facility is covered in a recent genomics article: P.J. Krysan, J.K. Young, and M.R. Sussman (1999). T-DNA as an Insertional Mutagen in Arabidopsis. The Plant Cell, vol. II: 2283-2290. Our resources are organized as follows:

 Seed:


6,720 pools of 9 (J Pools)
 DNA Preps:


270 pools of 225 (H Pools)
 DNA Super Pools:

30 super pools (X Pools)
 



9 pools of 225 per super pool
 



2025 lines per super pool
What we do: 

a. You send us PCR primers for a gene for which you want a knock-out. 
b. We perform PCR reactions using our DNA pools and your PCR primers. 

c. We will then send you the PCR reactions to analyze.

Our PCR strategy is composed of two rounds of PCR. 

a. The first round of PCR searches the entire population for T-DNA inserts in your gene. This set of reactions uses your gene primers and one T-DNA border primer and the 30 DNA super pools. 

b. If a hit is found in the first round of PCR, then a second round is performed which narrows down the hit to one particular pool of 225. 

c. Last of all, you need to order the seeds that corresponds to your hit from the Arabidopsis Biological Resource Center. One of these tubes of seed will contain your knockout. 

II. OVERVIEW OF PROCESS AND USER GUIDELINES
A. You design PCR primers for your gene of interest following the specific guidelines detailed on this web site. It is extremely important that you follow our instructions for primer design.

B. You send us your PCR primers and a photo of the gel documenting the primers performance. Please send a minimum of 100 l of your primer. This will save time and money by eliminating the need for you to send more primer for round 2 screening. Please send your primers in a tip box. We realize that a tip box is not always readily available, but we cannot possibly supply tip boxes for all orders that need to be sent out. Without tip boxes it is difficult to insure damage-free shipping. If you do receive damaged PCR reactions, please notify us and we will repeat the reactions at no charge as soon as possible. Each PI has a web page showing past and pending screens. Please tell us the name of the gene you are working with. Also, in order to serve as many users as possible, we are limiting the number of knockout screens we will perform at any one time to 5 for each PI. Please do not send any additional primer pairs until Round 2 screening is completed.

C. We will perform 62 PCR reactions for you:

Your Gene Specific Forward primer + T-DNA primer
30 DNA super pools

Your Gene Specific Reverse primer + T-DNA primer
30 DNA super pools

Forward and Reverse primer control reactions
            2 control reactions

 TOTAL






62 PCR reactions

D. We will send you the 62 PCR reactions. The tubes labeled #31 are control reactions. These contain your gene specific forward and reverse primers and the T-DNA primer. You should have a "hit" in this tube.

E. You will run the reactions out on an agarose gel, photo the gel, do a Southern blot, and hybridize the blot using a probe made from PCR product that you amplify from wild type Arabidopsis DNA using your gene specific primers. Examples of authentic hits, as well as suggested protocols, are linked to this Web Page.

F. After analyzing your Southern Blot, your next step is to determine the DNA sequence of any PCR products that pass the Southern blot test. Critical analysis of your results from the Round I PCR reactions are essential to the success of your search.

G. If the results of your DNA sequencing experiments indicate that there is a T-DNA inserted within your gene, then you will send us a service order initiation for the round 2 screen. Round 2 screens can be ordered in two ways. If you sent us at least 100 l of your primer for the round 1 screen, you can e-mail your order to us with the following information:

1. PI name- we cannot process your request without this information.

2. Primer name- Be sure to specify which primer of your pair is the one that you obtained your hit with.

3. Address- We ship your reactions for round 2 screens using this e-mail. Including your address here saves us valuable time.

4. Pool Number- Specify which pool you found your hit(s) in.

If you need to send us more primer to perform the round 2 screen, you can use the service order initiation form that you used for the round 1 order. This form can be found in section 6. Fill out the form as you did for the round 1 screen. Specify at the top of the page that this is a round 2 request. At the bottom of the page, in the special comments section, list the primers and pools that you are requesting. This set of reactions will determine which of the 9 possible pools of 225 contains your knockout.

H. We will send you the PCR products and you will run them on an agarose gel to determine which lane contains your PCR product of interest. You will contact us and let us know which reaction contains your hit.

I. You need to contact the Arabidopsis Biological Resource Center at http://www.biosci.ohiostate.edu/~plantbio/Facilities/abrc/abrchome.htm to place your seed order. Please add the prefix "CS" to the H pool number you wish to order (i.e. H5 should be ordered as CSH5). You only need to order the CSH pool number to obtain all 25 pools of 9. One of these pools of 9 carries your knockout. It is up to you to figure out which one. Please refer to the suggested protocol on this web site for identifying the individual plant.

 

Do you feel lucky? Our T-DNA transformed population is made up of 60,480 individual lines. The graph below indicates the probability that there will be a T-DNA within any given gene in our population. The two main variables affecting the odds that you will find a T-DNA within your gene are the size of the gene and the number of T-DNA lines in our population. The larger your gene, the better chance it has of being hit.

It has been published that, on average, a transformed Arabidopsis line will have T-DNA inserts at 1.7 loci. This means that some transformed lines will have T-DNA inserts at more than one loci. We have therefore included a range of values in the graph below as far as the number of T-DNA inserts is concerned. The actual number of detectable T-DNA inserts present in our population probably lies somewhere within this range of values.

[image: image3.png]alcome




III. KNOCKOUT PRIMER DESIGN GUIDELINES AND TESTING
One of the most important factors in the success of your knockout search will be the selection of PCR primers. The PCR reactions we use to identify T-DNA insertions have been carefully optimized using a particular set of conditions. It is essential that the PCR primers that you send us are proven effective under the KO Facility conditions. Below you will find detailed instructions for designing and testing your PCR primers.

You may already have PCR primers that "work" for amplifying your gene of interest. However, they may not be appropriate for use in searching for a knockout. It is vital that you first check to see if your primers conform to our primer design guidelines listed below.

You must also perform control PCR reactions that serve as an empirical test of the primer compatibility with our PCR conditions. If you do not follow these procedures you will be wasting your time and money with sub-optimal primers. We cannot overstate the importance of this.

A. You must synthesize these control primers:
Con-1A 5’ CGTCTAGGTGGTTCAGTACCTGTTGAATG 3’

Con-1B 5’ TTTATCGAAGAAACATGTCGTTGAACCAG 3’

JL-202 5’ CATTTTATAATAACGCTGCGGACATCTAC 3’

XR-2 optional, see note below.

Con-1A and Con-1B amplify a 5 kb fragment of the Arabidopsis genome and serve as a standard against which to compare the performance of your gene specific primers.

JL-202 is the T-DNA left border primer used in our PCR screens. You must synthesize this primer to test for compatibility with your gene specific primers.

B. You must synthesize two primers that amplify your gene. Choose primers at the extreme ends of your gene, or slightly outside the coding region if genomic sequence is available. Aim for a product size of less than 6 kb if possible.

C. Primer Specifications:
Length: 29 bases
Number of G's or C's allowed at positions # 28 and 29 (3' end of primer): Zero or One

Example:
 
 

 
nnnnnnnnnnnnnnnnnnnnnnnnnnnGC
BAD 

 
nnnnnnnnnnnnnnnnnnnnnnnnnnnGG
BAD
 
nnnnnnnnnnnnnnnnnnnnnnnnnnnTG
GOOD
 
nnnnnnnnnnnnnnnnnnnnnnnnnnnAT
GOOD
GC content of primer: 34% to 50%
Things to avoid: High G+C content at the 3' end of the primer (e.g. avoid G+C > 50%)

D. What about Tm? If you follow the guidelines above you should come up with a primer that works at the 65°C annealing temperature that we use for our PCR.

E. General Tips: Make use of standard primer selection software to avoid problems such as primer dimers and secondary structures.

A free, Web-based primer selection program is available at the following web site:  http://www-genome.wi.mit.edu/cgi-bin/primer/primer3_www.cgi
F. You must order EX-Taq polymerase with EX-Taq buffer from Pan Vera Corporation. Since this is the enzyme and buffer combination we use for doing your PCR reactions, it is essential that you test your primers under these same conditions. The formulation of buffers and enzymes has a dramatic effect on the performance of PCR primers making it absolutely essential that you test your primers using these exact conditions.

Pan Vera:
 1-800-791-1400

    608-233-9450

      Fax:  608-233-3007

X-Taq with X-Taq buffer: Cat # TAK RR001 (http://www.panvera.com )
G. Specific PCR reactions to perform:
 Reaction Number:
 1.Con-1A + Con-1B
This reaction tests PCR in your lab, and provides a standard with which to 

judge your gene specific primers.

 2. Con-1A + Con-1B + JL-202
 
This reaction tests the compatibility of Con-1A and Con-1B with the border 

primer.

 3. Yours-5’ + Yours-3’
This reaction tests your gene specific primers.

 4. Yours-5’ + Yours-3’ + JL-202
This reaction tests the compatibility of your primers and the border primer.

H. Run the completed reactions on an agarose gel. Load 5 µl of PCR product from each reaction. After the gel has been run and photographed, you should compare the amount of PCR products in lanes 1 and 3. Reaction 3 must appear similar in quantity to Reaction 1. If not, then you should re-design your gene specific primers. In addition, you must compare the amount of PCR product in lanes 3 and 4. Again, these two lanes should have similar amounts of PCR product. If they do not, then your gene specific primers are not compatible with the T-DNA border primer and must be re-designed.

Your primers should be desiccated. You must also tell us the dilution factor required to make a 1X solution of your primer (12 pmol/l) i.e. exactly how much water we need to resuspend your primer in to get a working solution. Do your calculation carefully, we will take your word on this! It would also be ideal if you could package the primers in a used tip box with a lid which will hold PCR tubes, we will then use this to ship you back the PCR products. These will be shipped Federal Express overnight on Mondays or Wednesdays and will need to be frozen on receipt.

If the primers pass the above test, then you are ready to mail them to the KO Facility. You must include with your primers a copy of the image of your gel documenting your primer’s performance. Clearly label the lanes of the gel 1 through 4.

------------------------------------------------------------------------

Note: XR-2 (TGGGAAAACCTGGCGTTACCCAACTTAAT) is the T-DNA right border primer used in our PCR screens. If you are requesting a knockout search be done using the right border primer, then you should test for compatibility with this primer. The success rate with the left border primer is higher than with the right border primer so we highly recommend that your first knockout search be conducted with the left border primer JL-202. If you do not find a hit with JL-202, then you can proceed to do a search using the right border primer, XR-2.

IV. DNA SEQUENCING OF PCR PRODUCTS TO DETERMINE KNOCKOUTS
Once you have completed your southern blot and have identified PCR products that appear to represent "real" knockouts, it is essential to determine the DNA sequence of any fragments that you are interested in pursuing further. DNA sequence analysis will reveal several important features of your PCR product. You may not proceed to Round 2 PCR until you have demonstrated by DNA sequencing that you have identified an authentic T-DNA insertion within your gene.

A. Is my PCR product derived from an authentic T-DNA insertion? 

This determination can be made by performing sequencing reactions using the T-DNA border primers JL-202 and JL-270 as your sequencing primers. The JL-270 primer serves as a 'nested' primer that will hybridize to the known sequence of the T-DNA left border. Although sequencing can routinely be done using the JL-202 primer, there are occasions when the use of a nested primer gives better results. In these cases, we recommend JL-270. If your PCR product is derived from an authentic T-DNA insertion, then you would expect to be able to read the T-DNA vector sequence shown below. When your sequence reaches the "typical T-DNA integration point" indicated below, then you would expect to begin reading the genomic sequence from your gene of interest. If you only have cDNA sequence available for your gene of interest bear in mind that the T-DNA may be inserted in an intron, in which case the sequence following the T-DNA integration site would appear to be 'unknown' sequence. 

  

B. Is the T-DNA really inserted in my gene? 

This determination can be made by analyzing the sequence flanking the T-DNA vector from the sequencing reactions described above. In addition, it is also helpful to do a second sequencing reaction using your gene specific primer as the sequencing primer. This reaction is especially helpful when you only have cDNA sequence available and your T-DNA is sitting in an intron. In this case, sequencing from the gene specific primer will allow you to determine if you have hit the correct gene. Since Arabidopsis is full of multi-gene families, and because PCR primers are inherently unpredictable, it is very important to determine by DNA sequence analysis that the PCR product that you are working with truly represents a T-DNA inserted in the gene you are interested. 

  

C. Is the T-DNA in a good location within my gene? 

Once you have convinced yourself that you have an authentic T-DNA insertion within the gene you are interested in, you must determine if the T-DNA insert is in a location that pleases you. The DNA sequencing read from the T-DNA border primer will precisely map the location of your T-DNA insert within your gene. Ideally, the T-DNA insert would be located in the 5' end of the coding region of the gene, a location that is quite likely to lead to "null" allele. However, there are numerous examples of T-DNA inserts within introns that also lead to "null" alleles, and inserts in the immediate 5' end of a gene are likely to disrupt transcription. In the end it comes down to your own personal decision of whether or not a particular T-DNA insert is likely to disrupt the expression of your gene and how much time and money you want to invest in pursuing it.  

 

 V. FINDING YOUR KNOCKOUT PLANT

After your second round you will contact us and tell us which pool contains your knockout. You need to contact the ABRC at http:// aims.cse.msu.edu/aims to place your seed order. Please add the prefix "CS" to the H pool number you wish to order (i.e. H5 should be ordered as CSH5). You only need to order the CSH pool number to obtain all 25 pools of 9. 

1. You will receive 25 tubes of seeds. Each tube contains seed derived from 9 parent plants. One of those tubes will contain seed for your knockout plant. Each tube will have approx. 250 seeds in it. (These are the seeds for the DNA preps and for the grow out steps so don't use all of the seed for the DNA preps).

2. Take approx. 100 seeds from the 25 pools of seeds that we send to you and sterilize the seeds with ethanol: add 95 % Ethanol to seeds and let sit for 5 minutes. Remove ethanol and let seeds dry. Once the seeds are dry, add them to a 50 ml conical tube that contains 5 mls of sterile water. Next put the seeds on a shaker in a cold room at 4 degrees. Leave them in the cold for one to three days. Move the tubes to room temperature and put them on a shaker under constant light. After 5 days the seeds should all be germinated. Collect all of the plant tissue, grind it up, and do a DNA prep (See Appendix III.)

3. After you have the DNA preps done, use the appropriate PCR primers to detect your knockout. The result of this PCR will tell you which pool of 9 contains your knockout.

4. Plant about 100 seeds from the correct pool of nine in soil.

5. When the plants have produced more than 4 true leaves, snip off a single cotyledon from each individual plant. The cotyledons from groups of ten individual plants can be pooled at this stage. Take these pooled cotyledon samples and do a DNA prep on each sample using this protocol:

     


 

APPENDIX I: SEQUENCE OF pD991-AP3

Sequence of the vector used to make the Wisconsin Alpha T-DNA population. This vector is a derivative of pD991 and is named pD991-AP3. The sequence provided is for the portion of the vector that is transferred into plants and does not include the plasmid vector sequences that are used for maintenance of the plasmid in bacteria. 
pD991-AP3
	Feature
	Location (base pair position)

	
	

	Right Border Integration site
	1 - 21

	XR-3 Primer
	52 - 80 (complement)

	XR-2 Primer
	169 - 198 (complement)

	Apetela 3 (AP3) Promoter
	251 - 746

	-glucuronidase (GUS) ORF
	863 - 2674

	Nos Terminator
	2744 - 2997

	Npt II (KAN) ORF
	4129 - 4923 (complement)

	JL-202 Primer
	5786 - 5814

	JL-270 Primer
	5854 - 5882

	Left Border Integration site
	5926 - 5938


***********************************************************

FASTA FORMAT Total length 5,938 base-pairs 

GCCAGTCAGCATCATCACACCAAAAGTTAGGCCCGAATAGTTTGAAATTAGAAAGCTCGCAATTGAGGTCTCATTCGCCATTCAGGTGCGCAACTGTTGGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGATGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGTAAAACGACGGCCAGTGCCAAGCTTATCGATTTCGAACCCATTGGCTTTTAACACCAATATAAAAACTTGCTTCACACCTAAACACTTTTGTTTACTTTAGGGTAAGTGCAAAAAGCCAACCAAATCCACCTGCACTGATTTGACGTTTACAAACGCCGTTAAGTTTGTCACCGTCTAAACAAAAACAAAGTAGAAGCTAACGGAGCTCCGTTAATAAATTGACGAAAAGCAAACCAAGTTTTTAGCTTTGGTCCCCCTCTTTTACCAAGTGACAATTGATTTAAGCAGTGTCTTGTAATTATACAACCATCGATGTCCGTTGATTTAAACAGTGTCTTGTAATTAAAAAAATCAGTTTACATAAATGGAAAATTTATCACTTAGTTTTCATCAACTTCTGAACTTACCTTTCATTAATTAGGCAATACTTTCCATTTTTAGTAACTCAAGTGGACCCTTTACTTCTTCAACTCCATCTCTCTCTTTCTATTTCACTTCTTTCTTCTCATTATATCTCTTGTCCTCTCCACCAAATGGGGTACCGATATCCTCGAGTCTAGAGGATCCCCCCCACTATCCTTCGCAAGACCCTTCCTCTATATAAGGAAGTTCATTTCATTTGGAGAGAACACGGGGGATCGGGTATCGACCATGGTCCGTCCTGTAGAAACCCCAACCCGTGAAATCAAAAAACTCGACGGCCTGTGGGCATTCAGTCTGGATCGCGAAAACTGTGGAATTGATCAGCGTTGGTGGGAAAGCGCGTTACAAGAAAGCCGGGCAATTGCTGTGCCAGGCAGTTTTAACGATCAGTTCGCCGATGCAGATATTCGTAATTATGCGGGCAACGTCTGGTATCAGCGCGAAGTCTTTATACCGAAAGGTTGGGCAGGCCAGCGTATCGTGCTGCGTTTCGATGCGGTCACTCATTACGGCAAAGTGTGGGTCAATAATCAGGAAGTGATGGAGCATCAGGGCGGCTATACGCCATTTGAAGCCGATGTCACGCCGTATGTTATTGCCGGGAAAAGTGTACGTATCACCGTTTGTGTGAACAACGAACTGAACTGGCAGACTATCCCGCCGGGAATGGTGATTACCGACGAAAACGGCAAGAAAAAGCAGTCTTACTTCCATGATTTCTTTAACTATGCCGGAATCCATCGCAGCGTAATGCTCTACACCACGCCGAACACCTGGGTGGACGATATCACCGTGGTGACGCATGTCGCGCAAGACTGTAACCACGCGTCTGTTGACTGGCAGGTGGTGGCCAATGGTGATGTCAGCGTTGAACTGCGTGATGCGGATCAACAGGTGGTTGCAACTGGACAAGGCACTAGCGGGACTTTGCAAGTGGTGAATCCGCACCTCTGGCAACCGGGTGAAGGTTATCTCTATGAACTGTGCGTCACAGCCAAAAGCCAGACAGAGTGTGATATCTACCCGCTTCGCGTCGGCATCCGGTCAGTGGCAGTGAAGGGCGAACAGTTCCTGATTAACCACAAACCGTTCTACTTTACTGGCTTTGGTCGTCATGAAGATGCGGACTTGCGTGGCAAAGGATTCGATAACGTGCTGATGGTGCACGACCACGCATTAATGGACTGGATTGGGGCCAACTCCTACCGTACCTCGCATTACCCTTACGCTGAAGAGATGCTCGACTGGGCAGATGAACATGGCATCGTGGTGATTGATGAAACTGCTGCTGTCGGCTTTAACCTCTCTTTAGGCATTGGTTTCGAAGCGGGCAACAAGCCGAAAGAACTGTACAGCGAAGAGGCAGTCAACGGGGAAACTCAGCAAGCGCACTTACAGGCGATTAAAGAGCTGATAGCGCGTGACAAAAACCACCCAAGCGTGGTGATGTGGAGTATTGCCAACGAACCGGATACCCGTCCGCAAGGTGCACGGGAATATTTCGCGCCACTGGCGGAAGCAACGCGTAAACTCGACCCGACGCGTCCGATCACCTGCGTCAATGTAATGTTCTGCGACGCTCACACCGATACCATCAGCGATCTCTTTGATGTGCTGTGCCTGAACCGTTATTACGGATGGTATGTCCAAAGCGGCGATTTGGAAACGGCAGAGAAGGTACTGGAAAAAGAACTTCTGGCCTGGCAGGAGAAACTGCATCAGCCGATTATCATCACCGAATACGGCGTGGATACGTTAGCCGGGCTGCACTCAATGTACACCGACATGTGGAGTGAAGAGTATCAGTGTGCATGGCTGGATATGTATCACCGCGTCTTTGATCGCGTCAGCGCCGTCGTCGGTGAACAGGTATGGAATTTCGCCGATTTTGCGACCTCGCAAGGCATATTGCGCGTTGGCGGTAACAAGAAAGGGATCTTCACTCGCGACCGCAAACCGAAGTCGGCGGCTTTTCTGCTGCAAAAACGCTGGACTGGCATGAACTTCGGTGAAAAACCGCAGCAGGGAGGCAAACAATGAATCAACAACTCTCCTGGCGCACCATCGTCGGCTACAGCCTCGGGAATTGTACCGAGCTCGAATTTCCCCGATCGTTCAAACATTTGGCAATAAAGTTTCTTAAGATTGAATCCTGTTGCCGGTCTTGCGATGATTATCATATAATTTCTGTTGAATTACGTTAAGCATGTAATAATTAACATGTAATGCATGACGTTATTTATGAGATGGGTTTTTATGATTAGAGTCCCGCAATTATACATTTAATACGCGATAGAAAACAAAATATAGCGCGCAAACTAGGATAAATTATCGCGCGCGGTGTCATCTATGTTACTAGATCGGGAATTGGGGTACCGAGCTCGAATTCGTAATCATGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGCAAGCTCCTCGAGGCCGACCAACCGCAAGCGTTGTCAGTGTTGCAAAGCGCTCTGTGTGGGCCTACTTTAATTGCTTCCAGTGTTAAATTGGCGAAAGGCAATAATATCGCAAAATATTGTGTTGTAAAATGTAATTATGTTTTAATTTCATGGAAATGTTTGAGCATAATTTTTATTAATGTACTAAATTACTGTTTTGTTAAATGCAATTTTGCTTTCTCGGGATTTTAATATCAAAATCTATTTAGAAATACACAATATTTTGTTGCAGGCTTGCTGGAGAATCGATCTGCTATCATAAAAATTACAAAAAAATTTTATTTGCCTCAATTATTTTAGGATTGGTATTAAGGACGCTTAAATTATTTGTCGGGTCACTACGCATCATTGTGATTGAGAAGATCAGCGATACGAAATATTCGTAGTACTATCGATAATTTATTTGAAAATTCATAAGAAAAGCAAACGTTACATGAATTGATGAAACAATACAAAGACAGATAAAGCCACGCACATTTAGGATATTGGCCGAGATTACTGAATATTGAGTAAGATCACGGAATTTCTGACAGGAGCATGTCTTCAATTCAGCCCAAATGGCAGTTGAAATACTCAAACCGCCCCATATGCAGGAGCGGATCATTCATTGTTTGTTTGGTTGCCTTTGCCAACATGGGAGTCCAAGGTTTCAGGGAAGCTGGAATTCCGGGGTGGGCGAAGAACTCCAGCATGAGATCCCCGCGCTGGAGGATCATCCAGCCGGCGTCCCGGAAAACGATTCCGAAGCCCAACCTTTCATAGAAGGCGGCGGTGGAATCGAAATCTCGTGATGGCAGGTTGGGCGTCGCTTGGTCGGTCATTTCGAACCCCAGAGTCCCGCTCAGAAGAACTCGTCAAGAAGGCGATAGAAGGCGATGCGCTGCGAATCGGGAGCGGCGATACCGTAAAGCACGAGGAAGCGGTCAGCCCATTCGCCGCCAAGCTCTTCAGCAATATCACGGGTAGCCAACGCTATGTCCTGATAGCGGTCCGCCACACCCAGCCGGCCACAGTCGATGAATCCAGAAAAGCGGCCATTTTCCACCATGATATTCGGCAAGCAGGCATCGCCATGGGTCACGACGAGATCCTCGCCGTCGGGCATGCGCGCCTTGAGCCTGGCGAACAGTTCGGCTGGCGCGAGCCCCTGATGCTCTTCGTCCAGATCATCCTGATCGACAAGACCGGCTTCCATCCGAGTACGTGCTCGCTCGATGCGATGTTTCGCTTGGTGGTCGAATGGGCAGGTAGCCGGATCAAGCGTATGCAGCCGCCGCATTGCATCAGCCATGATGGATACTTTCTCGGCAGGAGCAAGGTGAGATGACAGGAGATCCTGCCCCGGCACTTCGCCCAATAGCAGCCAGTCCCTTCCCGCTTCAGTGACAACGTCGAGCACAGCTGCGCAAGGAACGCCCGTCGTGGCCAGCCACGATAGCCGCGCTGCCTCGTCCTGGAGTTCATTCAGGGCACCGGACAGGTCGGTCTTGACAAAAAGAACCGGGCGCCCCTGCGCTGACAGCCGGAACACGGCGGCATCAGAGCAGCCGATTGTCTGTTGTGCCCAGTCATAGCCGAATAGCCTCTCCACCCAAGCGGCCGGAGAACCTGCGTGCAATCCATCTTGTTCAATCATGCGAAACGATCCGGGGAATTCGCTAGAGTCGATTTGGTGTATCGAGATTGGTTATGAAATTCAGATGCTAGTGTAATGTATTGGTAATTTGGGAAGATATAATAGGAAGCAAGGCTATTTATCCATTTCTGAAAAGGCGAAATGGCGTCACCGCGAGCGTCACGCGCATTCCGTTCTTGCTGTAAAGCGTTGTTTGGTACACTTTTGACTAGCGAGGCTTGGCGTGTCAGCGTATCTATTCAAAAGTCGTTAATGGCTGCGGATCAAGAAAAAGTTGGAATAGAAACAGAATACCCGCGAAATTCAGGCCCGGTTGCCATGTCCTACACGCCGAAATAAACGACCAAATTAGTAGAAAAATAAAAACTGACTCGGATACTTACGTCACGTCTTGCGCACTGATTTGAAAAATCTCAATATAAACAAAGACGGCCACAAGAAAAAACCAAAACACCGATATTCATTAATCTTATCTAGTTTCTCAAAAAAATTCATATCTTCCACACGTGAAAATGCCAATTTCTCAGACCTACCTCGGCTCTGCGAAGGCCCCCGCTGGTATCAAAAGTTTTTATTTCATCCGACATGGCGCGACCGACCTCAACGAGAAGGAAATTGTCGTGAACGGTGAGAAGCTCTGGGGCGTGCAAGGTTCCGGAACGAACATCGGTCTCAATGCAAAAGGGGAACGCCAGGCTCTGTTGGCCCCTCGAGGCGATCGTGAAGTTTCTCATCTAAGCCCCCATTTGGACGTGAATGTAGACACGTCGAAATAAAGATTTCCGAATTAGAATAATTTGTTTATTGCTTTCGCCTATAAATACGACGGATCGTAATTTGTCGTTTTATCAAAATGTACTTTCATTTTATAATAACGCTGCGGACATCTACATTTTTGAATTGAAAAAAAATTGGTAATTACTCTTTCTTTTTCTCCATATTGACCATCATACTCATTGCTGATCCATGTAGATTTCCCGGACATGAAGCCATTTACAATTGAATATATCCTGCC

APPENDIX II: POLYMERASE CHAIN REACTION (PCR)
You must use Hot Start PCR conditions:
Concentration of stock solutions:

PCR primers 12 pmol/µl 

Arabidopsis genomic DNA 

(ecotype WS) 0.2 ng/µl
For each reaction, put the following into a PCR tube: 

4 µl 10X X-taq buffer 

4 µl dNTP mix (comes with x-taq) 

1 µl each PCR primer 
2 µl Ws genomic DNA 

Add H2O to bring the total volume to 40 µl 

Put tubes into PCR machine, and begin the PCR program. 

Use the following PCR conditions:

	Process
	Temp
	Length of Time
	Cycles

	
	96° C
	5 minutes (hold until TAQ is added)
	

	Denaturation
	94° C
	15 seconds
	36

	Annealing
	65° C
	30 seconds
	

	Extension
	72° C
	2 minutes
	

	
	72° C
	4 minutes
	

	
	04° C
	forever
	


 


Once your samples have heated to 96, you add 10 µl of enzyme mix to each tube before closing the lid and proceeding with the cycling. If it takes longer than 5 minutes to add the enzyme, make sure that you pause the machine at 96° so that you are indeed performing a "Hot Start".

Hot Start Enzyme mix (per serving): 

 


8.5 µl  H2O

 
   1 µl  10X x-taq buffer

 
0.5 µl  x-taq polymerase

10.0 µl  Total 

APPENDIX III: SEQUENCING REACTIONS
Use your clean PCR product as the template for cycle sequencing reactions. Sequence using the following primers: JL202 and your gene specific primer.

For each reaction, add the following to each tube:

  

 2 µl BigDye 3 enzyme mix


 
 
 2 µl Dilution Buffer (Sigma)

 

 1 µl Primer (3 pmol)


 

 2 µl DNA (50 - 100 ng)


  

 X µl H2O


20 µl Total

PCR Conditions for Sequencing

	Process
	Temp
	Length of Time
	Cycles

	
	96° C
	2 minutes
	

	Denaturation
	96° C
	30 seconds
	35

	Annealing
	55° C
	20 seconds
	

	Extension
	72° C
	4 minutes
	

	
	72° C
	5 minutes
	

	
	04° C
	Forever
	


After the reactions are done, the solution is purified using a Qiagen column to remove the primers, enzymes, etc… from the reaction.

Bring your sequencing reactions to the UCLA Sequencing Facility in the Gonda Building.

APPENDIX IV: SHORTY DNA QUICK-PREP

1. Grind seedling tissue in liquid nitrogen.

2. To a 1.7 ml microtube, add 0.55 ml extraction (shorty) buffer and 0.55 ml Phenol (Tris-HCL)/Chloroform /Isoamyl alcohol (25/24/1). Transfer ground tissue to this tube until powder no longer goes into solution (between 150 and 200 mg ). Vortex tube for 20 seconds and transfer to ice.

3. Spin 5 minutes (highest speed) at 04°C, or until plant tissue is separated with the organics.

4. Transfer supernatant (~500l) to a new microfuge tube with 0.55 ml Phenol. Mix, vortex for 10 seconds and transfer to ice. Spin for 5 minutes (highest speed) at 04° C.

5. Transfer supernatant (~500l) to a new microfuge tube with 0.5 ml isopropyl alcohol and mix by inversion. Precipitate at room temperature. Spin for 10 min.

6. Pour off the supernatant and let dry for a 1/2 hour to an hour. Add 500 ml TNE, 2 ml RNAase (10 mg/ml stock). Incubate 10 min at 37°C. After this treatment, gently resuspend pellet if it is not in solution. Centrifuge to get liquid off cap and sides.

7. Add 0.55 ml Phenol mix, gently mix contents of tube by slowly inverting, spin for 5 minutes (highest speed) at 04°C.

8. Transfer supernatant (~475l) to a new microfuge tube with 0.75 ml isopropyl alcohol. Precipitate at room temp. Spin 5-10 min. Decant off liquid.

9. Rinse with 80% ETOH. Centrifuge for 30 seconds and pour off liquid.

10. Dry for 30-60 minutes.

11. Bring up in 500 l TE. Put on shaker at 200rpm at 37°C for one hour. Approximate yield = 5-10 g

STOCK SOLUTIONS

	Shorty Buffer
	Stock Solution
	500 ml

	0.2 M Tris-HCL, pH 9.0
	1 M Tris-HCL, pH 9.0
	100 ml

	0.4 LiCl
	2 M LiCl
	100 ml

	25 mM EDTA
	0.5 M EDTA

	  25 ml

	 1% SDS
	10% SDS
	  50 ml

	
	H2O
	225 ml

	Total
	500 ml


Lithium Chloride:

MW: 42.40 g/mol         Need 100ml of 2M Solution
42.40 g/mol x 2 mol/ L = 84.8 g/mol x 0.100 L = 8.48 g

 

	TNE Buffer
	Stock Solution
	500 ml

	0.01 M Tris-HCL, pH 8.0
	1 M Tris-HCL, pH 8.0
  
	    5.0 ml

	0.1 M NaCl
	5 M NaCl
	  10.0 ml

	1 mM EDTA, pH 8.0
	0.5 M EDTA, pH 8.0
	    1.0 ml

	
	H2O
	484.0 ml

	Total
	500.0 ml



 
  
 

Sodium Chloride:

MW: 58.44 g/mol         Need 10ml of 5M Solution
58.44 g/mol x 5 mol/L = 292.2 g/L x 0.010 L = 2.92g

 

	TE Buffer
	Stock Solution
	50 ml

	10 mM Tris-HCL, pH 8.0
	1 M Tris-HCL, pH 8.0
  
	  0.5 ml

	1 mM EDTA, pH 8.0
	0.5 M EDTA, pH 8.0
	  0.1 ml

	
	H2O
	50.0 ml

	Total
	50.0 ml


APPENDIX V: SIMPLE DNA MINI-PREP

1. Grind up leaf tissue in eppendorf tube.

2. Add 500 l Shorty Buffer

3. Spin 5 minutes at high speed in microcentrifuge.

4. Transfer 350 l of supernatant to a fresh eppendorf containing 350 l isopropanol.

5. Mix by inversion and spin 10 minutes at top speed in microcentrifuge.

6. Pour off liquid and dry pellet by letting it sit upside down on a paper towel. You should not expect to see a pellet, but there is DNA there, so don't worry.

7. Once the tube is dry, add 400 l TE and resuspend by vortexing and shaking at room temp for 30 minutes or something.

8. Use 2 l of prep per PCR reaction 

6. Do PCR to determine which of these pools of ten contain your knockout.

7. Repeat the leaf snipping process and perform DNA preps on individual plants to locate your knockout.






