Protocol for the Inter-simple Sequence Repeat Approach (ISSR)
DNA extractions.  

Use a method which will give a good quality of relatively clean DNA.  The standard CTAB extraction will likely be sufficient for most groups.  Specific groups with high levels of tannins or phenolics may require additional cleaning. (Our technique for Quercus has been optimized to remove these secondary compounds). Generally fresh tissue is best but frozen and silica-gel dried material can work equally well. 

Generating ISSR data.  

PCR Master Mix:  Make a standard PCR reaction Master Mix with one of the primers, aliquot 25 µl of the Master Mix into individual tubes, put 1-1.5 µl of undiluted DNA sample into each tube (you should do a series of DNA amounts and MgCl2 amounts for a couple of your samples, to determine the optimum concentrations to give you good bands when you start the project), and amplify them.  

The constituents are a modification of those originally proposed by Wolfe et al. (1998) which allow for "dirtier" DNA extracts in each 25 µl reaction.  The following are two slightly different recipes which work for different taxa. We will test both or variations of these with our samples. 
Table 1

PCR Constituents for 25 µl ISSR reactions

	#
	H2O
	buffer
	MgCl2*
	dNTPs**
	BSA+
	primer++
	Taq

	1
	19
	2.5
	2
	2
	0.5
	0.25
	0.25

	2
	38
	5
	4
	4
	1
	0.5
	0.5

	3
	57
	7.5
	6
	6
	1.5
	0.75
	0.75

	4
	76
	10
	8
	8
	2
	1
	1


5



Table 2

PCR Constituents for 25 µl ISSR reactions

	#
	H2O
	buffer
	MgCl2*
	dNTPs**
	BSA+
	primer++
	Taq

	1
	17
	3
	2.5
	4
	2.5
	0.5
	0.1

	2
	34
	6
	5
	8
	5
	1
	0.2

	3
	51
	9
	7.5
	12
	7.5
	1.5
	0.3

	4
	68
	12
	10
	16
	10
	2
	0.4


5

*Assums MgCl2 concentration at 50mM; with 25mM you'd use 2.5ul and reduce water by 1.25 µl each rxn

**dNTPs--10mM concentration in a mix; includes 40µl of each dNTP plus 240µl water

+BSA (bovine serum albumin)--4mg/ml concentration

++primers--20mM concentration

Test the quantity of DNA in at least a few sets of extracts (corresponding to many individuals in a population) to determine whether the concentration is roughly comparable across extracts.  This can be done with a spectrophotometer or by comparison in an agarose gel. If different extracts within and among populations show high variability in DNA concentration, all the extracts should be routinely measured for concentration, and then DNA must be standardized approximately (by dilution, or drying and rehydration in less water) across samples and populations.  This isn't always necessary.  

It is important to amplify each set of samples and a particular primer twice--giving two amplification replicates.  A few bands appear and disappear at random, depending on conditions and the probabilistic nature of PCR.  Bands are scored as "present" for a sample and a given primer only where they occur in both replicates, and "absent" where they occur in only one replicate or neither of them.  Each fragment scored as "present" is treated as a "dominant" (amplified) band for that locus, while one scored as "absent" is treated as a "recessive" (null) band; note that homozygous dominant and heterozygous genotypes can't be distinguished in diploid individuals.  This must be accommodated in statistical formulas in arriving at F-equivalent "phi" statistics.

Primer sequences:  The following is a set of commonly used dinucleotide and trinucleotide primers which work for various plant groups; you could also invent your own primers (e.g., (CAC)4GT). Not all may work for a particular plant group, but over 85% should.  Data from 3-4 of the "best" for your group should be sufficient for all purposes.  Most of these will give fragments ranging between 750bp and 1750bp in size.  The primers below in bold are those which give some amplification for the majority (or all) of the vascular plant groups I have used this technique with; these would be the first primers you should try with your group.

ISSR PRIMERS

Name*

Sequence

814

(CT)8TG

844A

(CT)8AC

844B

(CT)8GC

17898A

(CA)6AC

17898B

(CA)6GT

17899A

(CA)6AG

17899B

(CA)6GG

HB 15

(GTG)3GC

The first seven primers were designed by Wolfe; where she incorporated ambiguous nucleotides. These are shown here in a "decomposed" state providing specific primers without ambiguities.  The different A and B primers from the decompositions actually amplify considerably different sets of primers, which means they're both useful independently.  You should initially test most or all primers with very different repeat unit combinations, with a handful of individuals from different populations or species, to find out which primers give the sharpest bands and the variation best suited to your question.  (Even sticking to the repeat units given above, many more primers could be designed and tested by simply changing the two end nucleotides that "anchor" the primer [avoiding lots of As or Ts, however, since these don't provide stable annealing and don't amplify that well]).  You would ideally settle on 3-4 primers to use with all the samples you've collected.  It is also a good idea to conduct a pilot study of one or more species, using one to three populations of many individuals, to determine empirically the minimum number of individuals you should sample to capture 95% or more of the genetic variation in a given population.

Thermal cycling:  The following amplification program is the general program used for running ISSRs.:

94ºC for 2 minutes; 35 cycles of: 94ºC for 30 secs, 44ºC for 45 secs, 72ºC for 1 min 30 secs; 72ºC for 20 min; and 4ºC hold forever.  In certain cases, one may want to change the primary "core" program from 35 to 40 cycles if amplification is weak, perhaps also with a concomitant slight increase in the amount of DNA template used.

Gel visualization:

Run out 5 µl of the 25 µl products on a 1.3% agarose "mini-gel" stained with ethidium bromide included in the agarose, just until the tracking dye has traveled 1/4-1/3 of the gel length, to check for good amplification.  Batches of good amplification products can be combined and run (using 10 µl of each product) in 1.5% to 2% agarose on "maxi-gel" rigs to provide the greatest separation.  Use a 250 base-pair ladder on both sides and in the middle of your running samples to compare bands across samples on the gel.  Ethidium bromide (EtBr) can be included in the gel when run although during long runs the EtBr can run off the end of the gel.  For even staining it is best to run the gel and later stain in a solution of EtBr. A large gel should run 2-4 hours depending on the voltage (needs testing for your setup).  The gel is then visualized in UV light and digital images made of the gel.  Automatic band detection and sizing is best and any standard gel imaging system will be able to do that.  
DNA sequencer visualization: 

An alternative to gel visualization is using an automatic DNA sequencer to view the ISSR fragments.  This is much more costly as it requires the purchase of florescent primers and sequencer supplies, but it does give more exact size determinations. (This would be difficult and overly costly on the equipment we have here at FLC). 
Scoring the data.  Data points are the presence/absence of each distinct (not "ghost") band across all samples for the same primer, in both replicate sets of amplifications.  

Analysis. ISSRs are dominant markers thus information on recessive and dominant alleles is lost.  The nature of the data prevents its use in common parsimony analyses. You can see this performed occasionally in published works but it technically violates the assumptions of the analysis.  Tree building can be performed using UPGMA and Neighbor Joining methods.  Other phenetic methods and ordination, most frequently PCoA are also applicable. Standard genetic analyses can be performed if the dominant marker statistic is used.  Further analysis of gene sharing and genetic structure can also be performed using Bayesian estimation in the program HICKORY for determining F statistics and the program STRUCTURE for inferring gene pool differentiation. This last method which is particularly good for hybrid studies is used very well in the paper for class discussion Zalapa et al., 2009. 
Literature Cited or Examples of the use of ISSRs in natural systems
It is good to cite other studies that have used this system with as support that it’s a valid technique.  The following are a list of publications using the technique annotated for type of use.

McCauley, R. A. and H. E. Ballard, Jr. 2002. Inferring nativity and biogeographic affinities of central and marginal populations of Froelichia floridana (Amaranthaceae) from inter-simple sequence repeat (ISSR) markers. Journal of the Torrey Botanical Society 129(4): 311–325.
This is a work by myself using ISSR markers for differentiating widespread populations within a wide ranging species.  It is available in PDF format on my faculty page.

Cortés-Palomec, A. C., R. A. McCauley, and H. E. Ballard, Jr. 2006. Population genetic structure in temperate and tropical species of Viola (Violaceae) with a mixed breeding system. International Journal of Plant Sciences 167(3): 503–512.
Another ISSR project I was involved in.  This focused more on breeding system evaluation but the techniques are the same.  This is also available on my faculty page. 

Rubio de Casas, R., E. Cano, L. Balaguer, E. Pérez-Corona, E. Manrique, C. García-Verdugo, P. Vargas. 2007. Taxonomic identity of Quercus coccifera L. in the Iberian Peninsula is maintained in spite of widespread hybridisation, as revealed by morphological, ISSR and ITS sequence data. Flora 202: 488-499.

This paper for class discussion also uses ISSR markers (in conjunction with other techniques) in light of hybridization in Quercus. 

Chokchaichamnankit, P. Chulalaksananukul, W. Phengklai, C. Anamthawat-Jonsson, K. 2008. Species and genetic diversity of Fagaceae in northern Thailand based on ISSR markers. Journal of Tropical Forest Science 20(1): 8–18.

This paper shows the maximum extent of application of this technique.  The technique works best at low taxonomic levels (within or among closely related species) They used it among genera which to me is suspect but it can provide support for the applicability of the technique. Plus it looks at oaks.  
Kothera, L., S. M. Ward, S. E. Carney. 2007. Assessing the threat from hybridization to the rare endemic Physaria bellii Mulligan (Brassicaceae). Biological Conservation 140: 110-118.
Another paper from our course list. This uses ISSR markers in understanding hybridization mostly focusing on a conservation aspect.  And it’s local having been used here in Colorado.

Wolfe, A.D., Xiang. Q-Y, and Kephart, S.R. 1998. Assessing hybridization in natural populations of Penstemon (Scrophulariaceae) using hypervariable inter simple sequence repeat markers. Molecular Ecology 7: 1107-1125.
This was one of the first papers to describe the use of this technique for assessing hybridization in natural populations of plants. Prior to this paper these markers were used for distinguishing various cultivars of domesticated plants. Thus in the history of ISSR analysis it’s an important paper. 

